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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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Полимеры стали неотъемлемой частью новой системы доставки лекарственных средств. Одним из успешных био-
разлагаемых полимеров является PLGA, который состоит из сложных полиэфиров молочной и гликолевой кислот. Это 
один из одобренных «U. S. Food and Drugs Administration» (FDA, США) биоразлагаемых полимеров, который в послед-
нее время широко используется в терапевтических целях.
Цель. Познакомить химиков-исследователей с новыми свойствами и применением PLGA в области фармации.
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Материалы и методы. В качестве источников информации использовались различные базы данных, такие как Science 
Direct, Scopus, Web of Science, PubMed и Google Scholar. Поиск проводился по следующим ключевым словам и слово-
сочетаниям: PLGA, доставка новых лекарств, наночастицы PLGA, биомедицинское применение PLGA.
Результаты. Фармацевтическая и биомедицинская промышленность переполнены синтетическими и натуральными 
полимерами. Механические и вязкоэластичные свойства полимеров делают их пригодными для временной и про-
странственной доставки лекарственных препаратов в течение длительного периода. Применение методов сополиме-
ризации приводит к модификации водорастворимости полимеров и делает их пригодными для различного исполь-
зования системами доставки лекарственных веществ. Благодаря свойствам биосовместимости и биоразлагаемости 
полимеры стали использоваться в новых системах таргетной доставки лекарств. Сополимер молочной и гликолевой 
кислоты PLGA – представитель этих систем. PLGA универсален, так как может использоваться для инкапсуляции ма-
лых молекул, в тканевой инженерии, при восстановления костей и т. д., ввиду способности воспроизводить любой 
размер и принимать любую форму.
Заключение. Сенситивность и способность к биоразложению PLGA делают этот сополимер интеллектуальным поли-
мером для адресной и непрерывной доставки лекарств, а также в различных видах биомедицинского использования.
Ключевые слова: PLGA; перспективный полимер; биоразлагаемый; биосовместимые полимеры
Список сокращений: PLGA – сополимер молочной и гликолевой кислоты; PLA – полимер молочной кислоты; PGA – 
полигликолевая кислота; ПЭГ – полиэтиленгликоль; SNA – сферическая нуклеиновая кислота; NP – наночастицы; FDA 
– Управление по санитарному надзору за качеством пищевых продуктов и медикаментов – агентство Министерства 
здравоохранения и социальных служб США; EMA – Европейское агентство лекарственных средств; CFTR – трансмем-
бранный регулятор муковисцидоза; ЛВ – лекарственное вещество.

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].

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 α-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-

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 α-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:

• compatibility with the drug;
• high drug loading;
•suitable molecular weight for diffusion or to be ab-

sorbed by endocytosis;
• nonimmunogenic, biocompatible and biodegrad-

able.

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 ΔF508-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-PEGPS-341) 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 µm [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-

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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Figure 1 – Synthesis of PLGA

Figure 2 – Hydrolytic degradation of PLGA

Figure 3 – Autocatalytic degradation of PLGA
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2 LUPRON DEPOT (leuprolide acetate for depot suspension), 2014. Available from: https://www.accessdata.fda.gov/drugsatfda_docs/label/2014/
020517s036_019732s041lbl.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.
6 PRIALT (ziconotide intrathecal infusion). Available from: https://www.accessdata.fda.gov/drugsatfda_docs/label/2007/021060s003lbl.pdf. 
Accessed on 31 May 2021.

Table 1 – Physicochemical properties and application of different grades of PLGA1

Polymer Type Viscosity 
(dl/g)

Glass transition 
temperature (°C)

Crystalline Melt 
Transition (°C) Solubility Application 

RESOMER® 
RG 502

Poly(D,L-lactide- 
co-glycolide) 50:50 0.16–0.24 42–46 Amorphous A, B, C, D, E, F Controlled 

release
RESOMER® 
RG 653 H

Poly(D,L-lactide- 
co-glycolide) 65:35 0.32–0.44 46–50 Amorphous A, B, C, D, E, F Controlled 

release
RESOMER® 
RG 752 H

Poly(D,L-lactide- 
co-glycolide) 75:25 0.14–0.22 42–46 Amorphous A, B, C, D, E, F Controlled 

release
RESOMER® 

RG 858 S
Poly(D,L-lactide- 

co-glycolide) 85:15 1.3–1.7 50–55 Amorphous A, B, C, D, E, F Controlled 
release

RESOMER® 
L 206 S Poly(L-lactide) 0.8–1.2 60–65 180–185 A, D, E Medical 

device
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

Polymer surface erosion due to the uptake of water Slow degradation of Crystalline drug and fast degradation  
of the amorphous drug on release

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  
on degradation rate References

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 
of the drug The hydrophilicity of the drug Increases [28]

Shape and size  
of the matrix The ratio of surface area to volume of the device Increases [29]

Table 4 – Marketed products

Drug product Active ingredient Dosage form / route of administration
Lupron Leuprolide acetate Microsphere / Intra muscular2

Sandostatin LAR Octreotide Microsphere / subcutaneous3

Zoladex Goserelin acetate Implant / Subcutaneous4

Atridox Doxycycline hyclate Insitu forming gel / Periodontal5 
Eligard Leuprolide acetate Insitu forming gel / Subcutaneous [87]
Prialt Zinconotide Acetate Implant / Intrathecal6

1 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.
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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 seizures1.

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. 

1 Spritam. Available from: https://www.spritam.com/#/patient. 
Accessed on 23 April 2021.

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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