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ABSTRACT

 The greatest medication encapsulation and distribution options have received substantial 
research on biodegradable natural polymers. For their potential to act as an effective vehicle for 
site-specific medication delivery in the body, biodegradable nanoparticles (NPs) are attracting more 
interest. They provide enhanced biocompatibility, and practical release patterns for a variety of 
medicines to be used in a number of applications. This article has explored the various applications of 
these particles, including cancer therapy, implantable device, and antioxidant delivery. However, there 
is still potential to investigate more biodegradable polymers for cutting-edge biological applications.

Keywords: Biodegradable nanoparticles, Cancer therapy, Implantable device, 
Antioxidant delivery, Challenges.

INTROdUCTION

 Innovative carriers for the organization of 
drug atoms, biodegradable nanoparticles (NPs) are 
a new type of nanotechnology. The arrangement of 
drug atoms is done using innovative transporters 
called biodegradable nanopar ticles (NPs). 
Due to their distinctive qualities, biodegradable 
nanoparticles have recently grown in prominence, 
including targeted medicine delivery, enhanced 
bioavailability, and improved therapeutic viability to 
administer the medication at a steady rate1. With the 
right design, nanoparticles have a huge potential 
to increase the viability of active anticancer agents 
by focusing more intensely on the correct place for 
a successful treatment with fewer adverse effects. 

A few natural boundaries should be considered to 
facilitate a basic conveyance, starting at the level 
of the framework and moving down to the level 
of the organ and the cell2. Recently, a significant 
amount of research on nanoparticles has been 
conducted with a number of uses in the therapeutic 
field. Nanoparticles are designed to transfer 
medications in an improved and maintained way. 
The development of long-flowing nanoparticles 
with high catalytic productivity has been inspired 
by recent breakthroughs in nanotechnology. This 
article focuses on characteristics like biocompatibility 
and biodegradability, which are regarded as 
essential requirements for nanoparticles to be used 
successfully as a transporter atom in drug delivery 
systems. Understanding the physical properties 
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of nanoparticles, notably their particle size and 
dispersion, zeta potential, and surface science, is 
crucial for the development of efficient drug delivery 
systems. In general, nanoparticle size and surface 
properties enable enhanced intracellular gathering 
in tumor cells through detached targeting elements 
and quick advancement of nanoengineering and 
help towards achieving dynamic targeting delivery 
by co-functionalization of nanoparticles utilizing 
appropriate targeting ligands3. Due to their ease of 
incorporation and the fact that they have no effect on 
cells or tissues, biodegradable nanoparticles have 
generated a great deal of interest in pharmaceuticals 
and quality delivery systems. This article provides an 
overview of how biodegradable nanoparticles are 
used in quality treatment and boost the effectiveness 
of the attributes that are being targeted.

Biodegradable Polymer Nanoparticles and Their 
advantages
 The same as their non-biodegradable 
counterparts, biodegradable nanoparticles can be 
organized according to the way they are made and 
how they are used, either by encapsulating the 
elements of interest in nano capsules or by merging 
them into nanospheres. Dendrimers serve as an 
example of nanospheres, and micelles, liposomes 
are other examples of good nano capsules.

 The use of biodegradable nanoparticles 
supports the overall benefits of nanomedicine, such 
like controlled and moderated load delivery and 
targeted conveyance, which boost restorative effects 
and diminished outcomes, particularly for some 
cytotoxic medications. Biodegradable nanoparticles 
have the additional benefit of lowering cytotoxicity in 
the body. To further enhance the drug release profile 
and focus on proficiency, other surface changes 
should also be allowed.

 Polymers have demonstrated good 
biocompatibility and biosafety when creating 
biodegradable nanoparticles. In order to regulate 
drug discharge, it is also possible to modify the 
surface and size of the molecules4. Potent polymeric 
nanoparticles of 10-500 nm size can be employed 
to transport beneficial species to the surface by 
either implanting or encapsulating the species inside 
their polymeric gride4,5. Based on the fundamental 
materials used to make the nanoparticles, polymeric 
nanomaterials can be separated into two major 

types: blended compounds like poly-D-L-lactide-
co-glycolide (PLGA), polylactic acid (PLA), poly-
e-caprolactone (PCL); and common compounds 
like chitosan. This collection of polymers can 
go through a cycle of debasement to become 
tarnished into substances that can be safely 
handled inside the body. Numerous internal and 
external variables, including the size and shape as 
well as internal variables like pH and temperature, 
both have an impact on the payload delivering 
profile, all affect the rate of reaction of polymeric 
nanoparticles. Comparing engineered polymers 
to their conventional polymer counterparts, the 
overall benefit of a fairly lengthier drug discharge 
period is enjoyed6. 

 Drugs, antibodies, and other biomolecules 
have been delivered at specific sites using 
biodegradable nanoparticles. Among the most 
popular biodegradable polymer matrices for the 
preparation of nanoparticle are: 

Poly-lactic-co-glycolic acid (PLG)
 PLG is one of the most widely utilised 
biodegradable polymers (Fig. 1). Get hydrolyzed as 
it enters the body to create biodegradable metabolite 
monomers such lactic and glycolic acid. As lactic 
acid and glycolic acid is already present in body 
and participating in different pathways so there is 
almost no risk to use PLG for successful delivery of 
drugs. Most commonly, emulsification-dissemination, 
dissolvable dissipation and nanoprecipitation 
procedures have been used to create PLG NPs7. PLG 
nanoparticles have been utilised in the fabrication of 
protein- and peptide-based nanomedicines and for 
In vivo delivery systems6,7.

Fig. 1. The PLGA's structure. The suffixes x and y, respectively, 
indicate the quantity of lactic and glycolic acids8

Polylactic acid (PLA)
 In the body, the polymer PLA (Fig. 2) 
breaks down into lactic acid monomers, making 
it biocompatible and biodegradable. As part of 
the Calvin cycle, the liver converts lactic acid into 
glucose, a typical transitory outcome of anaerobic 
breath. When it happens, the body starts using 
glucose as fuel. As a result, using PLA nanoparticles 
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is safe and doesn't cause any substantial harm. 
The majority of the methods used to create PLA 
nanoparticles9,10 include soluble uprooting, salting 
out, and soluble dispersion. The fundamental 
advantage of the salting out technique is that it 
releases pressure on protein encapsulants7. 

degradable. Gelatin (Fig. 5) is ampholytic in 
nature containing cation and anion clusters as 
well as a hydrophilic cluster. 

 How many cross links there are between 
molecules cationic and anionic groups that gelatin 
exhibits affect its mechanical properties, including its 
ability to retain heat and work. Gelatin's properties 
can be changed to create the specific kinds of 
NPs that are needed. Emulsion, desolvation, or a 
combination of these processes can be used to 
produce gelatin nanoparticles7,15,16.

Fig. 2. Poly lactic acid's chemical structure (PLA)8

Poly-e-caprolactone (PCL)
 In human body, the ester bond present in 
PCL (Fig. 3) is degraded by hydrolysis and produce 
compound which is almost nontoxic. In this regard, 
analysts have begun to pay attention to PCL as a 
potential competitor for use in implanted devices 
and medicine delivery. Due of PCL's slower rate of 
deterioration than polylactides, it is now a stronger 
applicant for long-lasting implantable devices. Most 
of the time, nanoprecipitation, dissolvable uprooting, 
and dissolvable dissipation have been used to 
arrange PCL nanoparticles7,11,12. 

Fig. 3. Poly-e-caprolactone (PCL) Chemical structure8

Chitosan
 The scavenger found ordinary biopolymer 
chitin which was incompletely N-deacetylated 
to produce chitosan (Fig. 4), a changed normal 
sugar polymer. For the readiness of chitosan 
nanoparticles, four strategies have been announced- 
polyelectrolyte complex formation, ionotropic 
gelation, microemulsion, and emulsification 
solubilized dissemination7,13,14. 

Fig. 4. Chemical Structure of Chitosan8

Gelatin 
 A common and secure element in food 
and medicine is gelatin. Gelatin NPs are useful 
for delivering drugs in a regulated manner. 
They are inexpensive, non-toxic, bioactive, and 

Fig. 5. Gelatin Chemical Structure8

Poly-alkyl-cyano-acrylates (PAC) 
 Chemical esterases present in the body 
degrade poly-alkyl cyanoacrylates (Fig. 6), which are 
both biodegradable and biocompatible. They produce 
some toxic substances upon degradation that either 
energize or destabilize the focused sensory system. 
As a result, it is not permitted to use this polymer on 
humans. PAC nanoparticles are typically organized 
by polymerization reaction, and nanoprecipitation7,9. 

Fig. 6. Chemical structure of Poly-alkyl-cyano-acrylates8

Immunology
 Since different nanotechnologies have 
developed over time, they can now be used in a 
variety of fields, primarily for the drug delivery and 
diagnostics17–21. The biocompatibility requirements 
for using nanomaterials (NMs) successfully in 
medicine are far exceeded by the physicochemical 
variability of NMs. As an example, growing concerns 
about tissue collection and cytotoxicity result from 
the fact that the great majority of inorganic or 
carbon-based compounds are not biodegradable 
and ineffectively dissolvable22. High concentrations 
of inorganic nanoparticles (NPs) alter physiological 
processes that cause injury, but smaller doses 
could not exhibit immediate toxicity but could hide 
long-term events that would manifest later. Since 
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NPs have the ability to trigger potentially explosive 
reactions that need to be appropriately examined 
before any biological case, NP communication with 
the resistive framework (IS) needs special attention23. 
The physical properties of the NPs determine 
whether or not the IS's cells and atoms will recognize 
them. In particular, the distinctive surface science 
frequently identifies NP insusceptible similarities and 
plays a significant impact in how humans interact 
with the climate24. NM coatings that can evade the IS 
and delay their release once administered, such as 
in the circulatory system, are the subject of ongoing 
research25. To improve drug delivery frameworks, 
NM surfaces can be modified with polymers like 
poly (ethylene glycol) or poly (2-oxazoline) and 
useful nano-instruments is perhaps the most  
well-known technique. Many researchers are 
actively striving to trigger a resistant response by 
tailoring inorganic or natural NPs for explicit adjuvant 
mobility in antibody conveyance, although there 
haven't been many new materials developed to stop 
IS26. Numerous NMs reveal amazing drug/quality 
conveyance performances or immunomodulatory 
activities27. Some of them already contribute 
significantly, particularly in the delivery of Covid 2 
(SARS-CoV-2) antibody, while others have potential 
uses for interfering with odd resistant responses such 
as the COVID-19-triggered cytokine storm28. 

 The abundance of evidence emphasizes the 
need for a thorough investigation of nanomaterials 
induced invulnerable reactions in order to separate 
their safe dangerous components and design safe 
particles for therapeutic applications. This article 
concentrates on a few models biodegradable NPs 
and their untapped potential.

 A few formulat ions are gradual ly 
incorporating nanotechnology's advantages29,30. 
Particularly, biodegradable NPs reveal extraordinary 
flexibility of action in the medical field. The possibility 
of designing safe, functional nano-devices will 
support the development of very effective quality 
or drug delivery systems. The use of degradable 
NPs with tailored resistance responses could also 
advance antibody adjuvant technology. In any 
case, the astonishingly rapid development of NM's 
improvement will require constant immunological 
research and painstakingly controlled IS calibration. 
The immunizer intervened uncontrolled safe 
reactions to PEGylated NPs previously used in 

nanomedicines propose that NP surface science 
and its alterations to expand solvency and postponed 
flexibility be further studied. 

Applications
In Cancer Therapy 
 In developed nations, cancer is a leading 
cause of death. Chemotherapy, radiation, and 
medical procedures are currently the standard 
treatment modalities for the management of 
cancer. Chemotherapeutic professionals destroy 
healthy cells during chemotherapy, which reduces 
the useful vitality and causes high poisonousness. 
Chemotherapy is at present widely used. Therefore, 
delivering the drug selectively to malignant cells in 
order to extend their life and lessen their toxicity is 
the main goal of nanomedicine in the treatment of 
oncological disorders. For instance, Park et al. have 
shown that the most serious side effect of using this 
medicine is the development of cardiomyopathies, 
which is greatly reduced when doxorubicin, a 
powerful antineoplastic agent, is incorporated in 
pegylated PLGA-NPs31. Polymeric NPs have been 
found to transmit several Chemotherapy medications, 
such as doxorubicin, camptothecin, etc in a variety 
of malignant growths. It should be mentioned that 
many forms of cancers are not susceptible to 
the remarkable supporting intercessions due to 
variations in the cell tools, which, in turn, accounts 
for the multidrug resistance32.

 Poly(lactide-co-glycolide)-d-tocopheryl 
polyethylene glycol 1000 succinate nanoparticles 
(NPs) were successfully employed in heart disease-
safe cells to mimic doxorubicin and metformin as 
P-glycoprotein inhibitors33. Drug delivery methods 
used by NPs in the treatment of neoplastic diseases 
can include dynamic focusing or uninvolved focusing, 
with the latter method being strictly regulated by the 
former34. Detached targeting involves delivering the 
medication by utilizing the tumor's characteristic 
vascularization, which permits atoms to split via 
convection or unbiased dispersion in the interstitial 
space and in living cells. A common interaction 
identified in many tumors influencing individuals is 
the improved penetration and maintenance impact 
(EPR-impact), which is specifically misused. When 
conditions such as hypoxia or a fiery state are 
present, the endothelium lining of veins becomes 
more porous, enabling particles that gather in the 
tissue spaces to enter35. The NPs are adequately 
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functionalized to allow active targeting by blocking 
certain antibody, protein, or peptides from being 
present on the exterior. Finally, the receptor type that 
is continuously overexpressed in tumour cells was 
taken into consideration while choosing the ligand36. 

 Epigal locatechin-3-gal late (EGCG) 
transporter polymeric nanoparticles were examined 
by Sanna et al., in models of prostate cancer 
cells37. They employed three distinct nanoparticles, 
and the dynamic fixing was demonstrated. They 
dispersed non-functionalized forms of two distinct 
NPs that were correctly tagged with tiny particles 
made to bind to the PSMA, which, in particular, 
is overexpressed in prostate cancer. PSMA is a 
prostate-explicit layer antigen. They used pseudo-
mimetic dipeptide (DCL-NPs) and aspartate-
glutamine (AG-NPs) to functionalize PLGA-PEG 
NPs (Fig. 7). They were able to demonstrate that 
the EGCG-containing nanoparticle framework had 
an impact on proliferation in vitro and the ability 
to prevent the growth of tumors in mice models. 
Additionally, a crucial increase in the opponent of 
cancer action was noticed at the site of In vivo activity 
for the functionalized NPs38. 

testing of the chemotherapy medication DOX. By 
adding a functionalized end to the PEG chains, the 
extracellular section of the FSHR receptor-specific 
MAb was transferred to the surface of the NPs. The 
PEG wire updated several aspects, such as the 
stream's increased duration and the association's 
likelihood of focusing on moieties outside of NPs.
 
 By using biocompatible polymers instead 
of iron oxide on NPs' surfaces, it may be possible 
to create biodegradable drug delivery systems that 
are useful for both In vivo and In vitro applications. 
To focus In vitro development on ovarian malignant, 
integrated polymeric nanocomposites were created 
by individually combining the anticancer medications 
(DOX, PTX). After 40 days, the developed plan 
resulted in a decrease in ovarian tumor size from 2920 
to 143mm in immunodeficient female Balb/c mice39. 

 A composite material for NPs is made of 
polyurethane because of its great synthetic flexibility. 
By choosing the optimum amount of folic acid (FA) 
to functionalize drug-stacked nanogels, it is possible 
to decide the materials' ultimate properties while 
maintaining the stability of the carrier and preserving 
the ligand-restricting partiality. Different masking 
patterns for ovarian cancer cells have been noticed 
when the actin fibre was revised. Furthermore, the 
ultimate fate of NPs, in which they ultimately decay 
and deliver their contents, was also observed37.

Implantable devices
 The functionality of implanted devices 
composed of biodegradable materials is constantly 
being improved. Biodegradable nanoparticles can 
be included in implantable devices like muscle 
obsession devices in addition to being employed in 
nano drug delivery systems (such as meniscal fix 
tacks, fixation pins and plates for break obsession, 
impedance screws, and stitch secures) and 
biodegradable stents for percutaneous coronary 
intervention40,41. Some of these devices have been 
successfully supported and may be purchased on 
the market42. The embedded devices are given 
the ability to gradually degrade, owing to the 
biodegradable nanoparticles during the beneficial 
reconstruction process, the host tissues gradually 
replace the implant43. 

 Significant advancements have been 
made, especially in the area of interventional 

Fig. 7. Schematic representation of the designed targeted 
EGCG NPs37

 One of the main goals of nanomedicine is 
the use of polymeric NPs to treat cancer since they 
could be tested on substances that are generally 
avoided during chemotherapy because they are so 
dangerous but could really be helpful in this situation.
The addition of polyethylene glycol (PEG) chains 
to the outside of the nanoparticles (NPs) results 
in reduced reticuloendothelial framework (RES) 
uptake and increased length in the flow. With 
this alteration, there is a new probability that the 
supportive specialist will achieve its goal without 
needing to modify the medication's substance. A 
method of treatment for ovarian tumours included 
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cardiology. In addition to limiting neointimal 
hyperplasia and reducing restenosis following 
revascular izat ion, new medicat ion-elut ing 
stents have been developed to also reduce 
stent apoplexy, a problem that was reported at 
higher recurrence with the original stents44. By 
neutralizing the acidic environment with the help 
of oligo(lactide)-joined magnesium hydroxide 
nanoparticles, Lih et al., have created a new 
method to stop corrosive-induced incendiary 
reactions related to biodegradable PLGA. They 
demonstrated in pig models that modifying 
Mg(OH)2 nanoparticles added to disintegrating 
coatings on drug-eluting blood artery stents could 
effectively reduce the stimulating reaction and 
in-stent intimal thickening45. According to their 
research, biodegradable nanoparticle alterations 
could improve the clinical effectiveness and 
applicability of biodegradable devices used in a 
variety of biological specialties. Biodegradable 
stents were developed to take the place of 
exposed metal stents because of the significant 
risk of in-stent restenosis when utilizing metal 
materials. Amazing testing is sti l l  required 
to obtain the perfect balance of the polymer, 
medication, and corruption rate in order to avoid 
using excessive or continuous force and to keep 
the integrity of the circulatory system after the 
implantation of stents46. 

Antioxidant delivery
 The cytotoxic effects of cells being 
exposed to engineered nanopar ticles have 
been linked to oxidative pressure. The age of 
reactive oxygen species (ROS) and other natural 
processes might alter as a result of changes in 
the biological and physicochemical properties 
of nanoparticles after they enter the human 
body47. Another type of nanoparticle, known as 
PVAX, has been developed by Kang's team and 
was made from copolyoxalate that contained 
vanillyl alcohol (VA), a cell reinforcement that 
can be found in common spices. PVAX is broken 
down and releases VA, providing restraint and 
being hostile to apoptotic processes, when 
high quantities of H2O2 are present at the sites 
of ischemia/reperfusion (I/R). At the bottom of 
PVAX, VA and the H2O2-responsive peroxalate 
ester links are covalently united. PVAX has 
demonstrated effectiveness in treating a variety 

of I/R lesions, including rear appendage, liver, 
and heart I/R48,49. 

 Superoxide dismutase (SOD) and catalase 
(CAT) were successfully administered to the sore 
site by Andrabi et al.,50 utilising biodegradable 
nanopar t ic les (nano-SOD/CAT) to protect 
mitochondria from oxidative stress, minimising 
accidental injury to the spinal cord51.

 To track ROS and protect cells from 
apoptosis brought on by oxidative stress, Tapeinos  
et al.,52 developed biodegradable PLGA microspheres 
enclosed in collagen type-I and MnO2 nanoparticles.

Challenges
 A deeper comprehension of the various 
biological interaction mechanisms and particle 
engineering are still needed to maximize NPs 
as a delivery strategy. The hazardous effects of 
medications on healthy organs or body parts are 
lessened by manipulating the system over time. 
However, there is still potential to investigate 
more biodegradable polymers for cutting-edge 
biological applications. Due to its adaptable 
formulation, sustained release characteristics, 
nanoscale size, and biocompatibility with different 
cells and tissues in the body, biodegradable NPs, 
on the other hand, seem to be a potential drug 
delivery carrier.

CONCLUSION

 Creating new drug delivery systems can be 
facilitated by using NPs comprised of biocompatible 
and biodegradable polymers. These polymers' 
biocompatibility, mechanical attributes, and low 
cytotoxicity make them suitable choices for drug 
delivery systems. Such NPs have always had the 
potential to function as an efficient medication 
delivery mechanism that can deliver a various 
medicinal substances and biomolecules to the 
targeted locations.
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