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Abstract 
_________________________________________________________________________________________________________________ 

Polymers, both synthetic and natural, play a critical role in modern drug delivery systems by 
enhancing the efficacy, targeting, and release profiles of therapeutic agents. This comprehensive 
review delves into the various types of synthetic polymers such as poly (lactic-co-glycolic acid) 
(PLGA), polyethylene glycol (PEG), and polyvinyl alcohol (PVA), as well as natural polymers like 
chitosan, alginate, and gelatin. These polymers are explored for their potential to improve solubility, 
bioavailability, and controlled release of drugs. Moreover, their application in targeted drug delivery, 
particularly for cancer, cardiovascular, and inflammatory diseases, is highlighted. The review also 
compares the advantages and limitations of synthetic versus natural polymers, discussing their 
biodegradability, biocompatibility, and regulatory considerations. Advances in polymer-based drug 
delivery platforms such as nanoparticles, hydrogels, and micelles are also examined, offering 
insights into future directions in personalized medicine. The highlights of provide in the review 
article, initially basics of drug delivery, polymer, polymerization with role of polymer in 
polymerization.  At intermediate, classification, sources of polymer with that some advanced 
approached in drug delivery and lastly, marketed, recent available products with future challenges 
and current status in the drug delivery. 

Keywords: Biodegradable polymer; natural; compatible; drug delivery; treatment; enhancing; 
polymers. 

  

 

1. Introduction 

Drug delivery refers to the method or process of 
administering a pharmaceutical compound to achieve a 
therapeutic effect in humans or animals. The goal of drug 
delivery systems is to control the rate, time, and place of 
drug release, ensuring that the drug reaches the target 
area in the body efficiently and at the right concentration. 
These systems can be tailored to enhance the stability, 
bioavailability (BA), and solubility of drugs, improving 
patient outcomes and minimizing side effects 1-2. 

Polymers play a crucial role in drug delivery by acting as 
carriers for the drug, allowing for controlled and 
sustained release. Biodegradable and biocompatible 
polymers like polylactic acid (PLA), polyethylene glycol 
(PEG), and polycaprolactone (PCL) are often used to 
create matrices, nanoparticles, or hydrogels that 
encapsulate the drug3. These polymers protect the drug 
from degradation, enhance its solubility, and enable 
targeted delivery to specific tissues or organs, reducing 
the need for frequent dosing and improving therapeutic 
efficacy. By using polymers, drug delivery systems can be 

fine-tuned for various applications such as cancer 
therapy, pain management, and infectious diseases like 
tuberculosis 4. The word polymer derived from Greek 
word “poly” means many and “meros” means pieces. 
Polymers are the substance which are used in 
pharmaceutical preparation. A polymer is a material 
consisting of large molecules called macromolecule, 
which are made by joining of repeating units called 
monomers. Polymers can be natural or synthetics are 
found in living organism minerals (proteins, cellulose, 
and nucleic acid) and man- made materials (concrete, 
glass, plastics, rubbers) 5-6. 

The process formulation of polymers from monomers 
called polymerization. Polymers both natural and 
synthetic are created via polymerization of small 
molecule known as monomers. When the number of 
monomers is very large, the compound called a high 
polymer 7. 

Pharmaceutical polymer is frequently employed to 
produce controlled release, increased stability, and 
improved bioavailability (BA). The initial drug 

http://jddtonline.info/
http://dx.doi.org/10.22270/jddt.v14i10.6802
https://crossmark.crossref.org/dialog/?doi=10.22270/jddt.v14i10.6802&amp;domain=pdf
https://orcid.org/0009-0004-2349-8582
https://orcid.org/0009-0001-5893-7985
https://orcid.org/0000-0003-2062-2678
https://orcid.org/0009-0008-9853-8357
https://orcid.org/0009-0001-1789-2354


Saini et al.                                                                                                                                  Journal of Drug Delivery & Therapeutics. 2024; 14(10):153-165 

ISSN: 2250-1177                                                                                            [154]                                                                                            CODEN (USA): JDDTAO 

concentration and polymer chain relaxation determine 
the rate of a drug release from a matrix product, which in 
general exhibits a sustained release characteristic 8. 
Polymeric drug delivery systems based on natural and 
synthetic polymer are rapidly emerging in 
pharmaceutical fields. Polymers play an important role in 
the advancement of drug delivery technology by allowing 
the release of two types of drugs, hydrophilic and 
hydrophobic 9-10. 

1.1.  Drug delivery system:  

A drug delivery system is a method designed to transport 
therapeutic agents to specific areas in the body to achieve 
optimal drug concentration for treatment 11. These 
systems aim to control the timing, dosage, and location of 
drug release, enhancing the therapeutic effect while 
minimizing side effects 12. Modern drug delivery systems 
include various technologies such as nanoparticles, 
liposomes, hydrogels, and implants, which improve the 
stability, solubility, and targeting of drugs. This targeted 
approach helps in treating conditions more effectively, 
reducing the need for frequent dosing, and increasing 
patient compliance 13. 

Drug delivery systems is defined technologies that carry 
drugs into the body. These technologies include method 
of delivery, such as a pills that swallow or a vaccine that 

is injected.  A variety of polymers used to create a variety 
of drug delivery system, including tablets, capsules, 
injectable, transdermal patches and topical formulations 
14-15. 

In pharmaceutical formulation polymers are used as an 
excipient. Excipients are ingredients other than active 
pharmaceutical ingredients [API] in a pharmaceutical 
dosages form. Excipients are inactive ingredients are 
added in formulation to improve the stability 16. They 
may be used to enhance the active ingredient therapeutic 
properties, to facilitate drug absorption, to reduce 
viscosity, to enhance solubility, or to add bulk to solid 
formulation that have small amounts of potent active 
ingredient 17. During manufacturing process, excipients 
can improve the handling of active substances.  

1.2.  Polymerization:  

Polymerisation is a chemical process in which formation 
of polymers from monomers. Monomers are chemically 
bonded together to form a long chain or three-dimension 
network structure called as polymer 18. The polymers are 
used in pharmaceutical industry as excipient in tablet 
binding, emulsion, suspension and mechanical supports 
and protective and stabilizing agents. Pharmaceutical 
polymers are increased stability and more bioavailability 
(BA) of formulation 19. 

 

 

Figure 1: Representation of polymerization from monomers 

 

Types of polymerisations: Polymerization is the chemical 
process in which monomers combine to form a polymer 
20. There are several types of polymerizations, each with 
distinct mechanisms: 

1) Chain polymerisation:  

Chain polymerization, also known as addition 
polymerization, is a process where monomers containing 
a double bond or another reactive group link together in 
a stepwise fashion to form a polymer chain 21. The 

reaction occurs in three key stages: initiation, 
propagation, and termination. During initiation, a 
reactive species like a free radical, cation, or anion is 
generated, which opens the double bond of the monomer. 
In the propagation step, this reactive site transfers to the 
newly formed end of the growing chain, allowing 
additional monomers to rapidly attach, forming long 
polymer chains 22. The process continues until 
termination, where the reactive chain end is neutralized, 
either by combination or disproportionation. Chain 
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polymerization is fast and efficient, making it useful for 
creating high molecular weight polymers like 
polyethylene, polystyrene, and PVC 21-23. The resulting 
polymers are usually thermoplastic, with characteristics 
such as strength, flexibility, or transparency, depending 

on the monomers and conditions used in the 
polymerization process. In this reaction, monomers are 
added to proceed the growth of polymer chain 22. Chain 
polymerization can be divided in three main types in the 
Table 1 as below.

 

Table 1: List of types of chain polymerization with suitable details 21-25 

Type of Chain 

Polymerization 

Key Features Example 

Free Radical 

Polymerization 

- Initiated by free radicals 

- Requires heat, light, or a chemical initiator 

- Rapid reaction 

- Broad range of monomers can be used 

Polyethylene (PE), 

Polystyrene (PS) 

Cationic Polymerization - Initiated by an electrophile (cation) 

- Highly sensitive to impurities 

- Often used for monomers with electron-rich double bonds 

Polyisobutylene (PIB), 

Polyvinyl ether 

Anionic Polymerization - Initiated by nucleophiles (anions) 

- Highly controlled (living polymerization) 

- Suitable for monomers with electron-deficient double bonds 

Polybutadiene, 

Polystyrene (living 

polymer) 

 

The each type of chain polymerization differs in its 
initiation mechanism and is suitable for specific kinds of 
monomers, which influences the properties of the 
resulting polymers. 

2) Step polymerization 

Step polymerization, also known as condensation 
polymerization, is a process where bi-functional or multi-
functional monomers react to form a polymer through a 
series of stepwise reactions. Unlike chain polymerization, 
in step polymerization, any two reactive monomers, 

oligomers, or polymer chains can combine at any stage of 
the reaction 26. As the monomers react, small by-products 
like water, alcohol, or hydrogen chloride are often 
released. The polymer chains grow gradually, and high 
molecular weight polymers are only formed towards the 
end of the reaction. In this process, multifunctional 
monomers react together to form covalent bonds, to 
release small molecules 27. The several types of 
polymerization mentioned in the Table 2 as below.

 

Table 2: List of types of polymerizations, brief description and few examples 26-28 

Types of polymerizations Description Example 

Addition polymerization Monomers add together without loss of any atom Polyethylene, 

Polypropylene, 

polyvinyl chloride 

Condensation polymerization Monomers react together with the loss of small molecules, 

such as water or alcohol. 

Nylon, polyester, 

polyurethane 

Ring -opening polymerization A cyclic monomer is opened up and the monomer units are 

added together to form a polymer chain 

Polystyrene, 

polyisoprene 

Crosslinking Polymer chains are joined together to form a three -

dimensionless network 

Vulcanized rubber 

 

3) Ring -opening polymerization 

Monomer is broken, typically by the action of a catalyst 
or initiator, which generates an active species that 

propagates the polymer chain 29. The reaction continues 
as more monomer rings open and attach to the growing 
polymer chain. ROP is often used to synthesize polymers 
with controlled structures and properties. 
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This technique is widely employed for creating 
biodegradable polymers such as polylactic acid (PLA), 
polycaprolactone (PCL), and other aliphatic polyesters 30. 
These materials are used in medical devices, drug 
delivery systems, and environmentally friendly 
packaging due to their biodegradability and tunable 
mechanical properties. The ROP method allows precise 
control over molecular weight and polymer architecture, 
making it an essential tool in modern polymer chemistry 
28-31. 

4) Crosslinking polymerization 

Crosslinking polymerization is a process in which 
polymer chains are interconnected by covalent bonds, 
forming a three-dimensional network structure 32. This 
occurs when multifunctional monomers or crosslinking 
agents, containing more than two reactive sites, react 
with polymer chains, linking them together at multiple 
points 33. The result is a polymer with enhanced 
mechanical properties such as increased strength, 
elasticity, and resistance to solvents and heat. Polymer 
chain is joined together to form a three -dimensionless 
network 34. 

1.3.  Role of Polymers in Drug Delivery:  

Polymers play a critical role in drug delivery systems by 
enhancing the effectiveness, safety, and targeting of 
therapeutic agents. Their unique properties allow for 
controlled and sustained release of drugs, improving 
bioavailability, reducing side effects, and increasing 
patient compliance 33-34. The several key roles of 
polymers in drug delivery discussed as following: 

• Immediate release dosage forms Tablets: 
Polymers including polyvinyl -pyrrolidine (PVP) and 
hydroxypropysl methylcellulose (HPMC) used as 
binders in formation of granules and improve flow 
property of tablets 32. 

• Capsules: Polymers used as excipient to increases the 
bulk weight in capsules. Mostly Gelatin is used as a 
shell material for hard and soft capsules. 

• Control release drug: Polymers are used to release 
the drug in a controlled manner. 

• Enhance bioavailability: Polymer can improve the 
BA of drug 32-35.   

Polymers are versatile tools in drug delivery, enabling the 
development of more effective, patient-friendly, and 
targeted therapies. They are used in various forms, 
including microspheres, nanoparticles, hydrogels, and 
liposomes, across a range of medical applications 36. 

2. Classification of Polymers and Sources of 
Polymers  

Polymers facilitate controlled and sustained release of 
drugs, ensuring that medications are delivered at optimal 
rates and concentrations to target sites in the body. 
Additionally, polymers can be engineered for targeted 
delivery, allowing for specific interactions with tissues or 
cells, which minimizes side effects and maximizes 
therapeutic efficacy 37. The types of polymers used in 
drug delivery systems include biodegradable polymers 
(like polylactic acid and polycaprolactone), which break 
down safely in the body; natural polymers (like chitosan 
and alginate), which are biocompatible and often derived 
from biological sources; and synthetic polymers (like 
polyethylene glycol and polyvinyl alcohol), which can be 
customized for specific drug formulations and release 
profiles. These versatile materials enable the 
development of advanced drug delivery systems such as 
NPs, hydrogels, and microspheres, significantly 
improving the effectiveness of various therapies 38. 

Polymers can be classified based on different criteria, 
such as their source, structure, polymerization process, 
or properties as below following Fig. 2.

 

 

Figure 1: Classification of polymers with their listed examples 
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2.1 Types/Classification of Polymers:  

The classification of polymers on the basis of their few 
parameters discussed in the below description:  

2.1.1 Natural polymers: Natural polymers are 
polymers that are present in nature and extracted 
from natural resources as plant and animals. They are 
composed of repeating units of monomers, such as 
sugars, amino acids, or nucleotides, and play essential 
roles in biological processes 39. Common examples of 
natural polymers include cellulose, which provides 
structural support in plants; chitin, found in the 
exoskeletons of insects and crustaceans; proteins, 
which are vital for cellular functions and structures; 
and DNA, the genetic material that carries hereditary 
information. 

• Natural polymers from plant origin: 
Polysaccharides (Cyclodextrins, cellulose, starch, 
pectin, gum etc. 

• Natural polymers from animal origin: 
polysaccharides (chitosan, chondroitin, sulphate) 

• Natural polymers from microbial origin: 
Polysaccharides (Alginate, Dextran), Polyesters 
(phase), Polyamides 9 (Poly-glutamate) etc. 

2.1.2 Semisynthetic polymers: semi synthetic 
polymers are polymers are obtained by chemical and 
physical process of natural polymers Examples; 
cellulose acetate (rayon), cellulose nitrate and 
vulcanized rubber etc. Semisynthetic polymers are 
derived from natural polymers through chemical 
modification or processing, combining the beneficial 
properties of both natural and synthetic materials. 
These polymers undergo transformations to enhance 
their performance, stability, or applicability while 
retaining some characteristics of their natural 
precursors. The common examples include cellulose 
derivatives such as cellulose acetate and 
carboxymethyl cellulose, which are used in 
applications like films, coatings, and pharmaceuticals 
40. 

2.1.3 Synthetic polymers: synthetic polymers are 
polymers obtained from low-molecular compounds 
(monomers) in laboratories. Examples: nylon, 
terylene, polyethylene, PS and Teflon. 

2.1.4 Classification of polymers based on 
polymerization   

• Additional polymerization: For example, poly 
ethane, Teflon, polyvinyl chloride, etc.  

• Condensation polymerization: Examples include 
nylon-6,6, perylene, polyesters, etc. 

2.1.5. Classification of polymers based on structure  

• Linear polymer: The structure of polymers 
containing long and straight chains. 

• Branched-chain polymers: when linear chains of 
polymer form branches. 

• Cross-linked polymers: They are composed of 
bifunctional and trifunctional monomers. They have a 
stronger covalent bond in comparison to other linear 
polymers. 

2.1.6.  Classification of polymer based on 
molecular forces                                                                                                                             

• Elastomers: These are rubber like solids, and weak 
interaction forces are present in them. For example, 
rubber.  

• Fibres: Strong, tough, high tensile strength and strong 
forces of interaction are present. For example, nylon-
6,6. 

• Thermoplastics: These have intermediate forces of 
attraction. For example, polyvinyl chloride.  

• Thermosetting polymers: These polymers greatly 
improves the material’s mechanical properties. For 
example, phenolics and silicones 38-41.   

2.2 Sources of Polymers:  

The origins from which polymers are obtained, 
categorized into three main types: natural, synthetic, and 
semi-synthetic sources. Natural polymers are derived 
from living organisms, including plants (e.g., cellulose 
and starch), animals (e.g., proteins and chitin), and 
microorganisms (e.g., polysaccharides like alginate and 
xanthan gum) 42. Synthetic polymers are artificially 
created through chemical processes, primarily from 
petrochemical sources, such as polyethylene, 
polystyrene, and nylon. Semi-synthetic polymers are 
modified versions of natural polymers, created by 
chemically altering their structure to enhance certain 
properties, like cellulose acetate 43. The origin and 
sources of polymers mentioned in the Table 3 with 
complete description and details. These are the different 
types of polymers Table 3 as below.
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Table 3: List of types of polymers and their sources 42-45 

Type of Polymer Characterization Examples Sources 

Natural Polymers Biodegradable, biocompatible, derived from 

living organisms. 

Cellulose, Chitin, 

Proteins 

Plants, Animals, 

Microorganisms 

Synthetic Polymers Man-made, often non-biodegradable, 

produced through chemical processes. 

Polyethylene, Nylon, 

Polystyrene 

Petrochemicals 

Semi-Synthetic 

Polymers 

Modified natural polymers, enhanced 

properties through chemical alteration. 

Cellulose Acetate, 

CMC 

Natural sources (e.g., 

cellulose) 

Addition (Chain-

Growth) Polymers 

Formed by adding monomers with 

unsaturated bonds in a chain reaction. 

Polyethylene, 

Polystyrene 

Petrochemical 

sources 

Condensation (Step-

Growth) Polymers 

Formed through stepwise reactions releasing 

small molecules (e.g., water). 

Nylon, Polyester Natural & 

petrochemical 

sources 

Cross-linked 

Polymers 

Formed by creating a three-dimensional 

network, enhancing strength and durability. 

Vulcanized Rubber, 

Epoxy Resins 

Natural and synthetic 

sources 

Elastomers Flexible, rubber-like materials with high 

elasticity. 

Natural Rubber, 

Silicone 

Natural and synthetic 

sources 

This table categorizes the types of polymers based on their characteristics, providing a clear overview of examples and their respective 
sources. 

2.3.  Ideal characteristics of Polymers: in Drug 
Delivery:  

The ideal characteristics of polymers for drug delivery 
systems include biocompatibility, ensuring that the 
material does not elicit an adverse immune response; 
biodegradability, allowing for safe and gradual 
breakdown in the body without toxic residues; and 
controlled release properties, enabling sustained and 
targeted delivery of therapeutic agents to enhance 
efficacy while minimizing side effects 46. Additionally, the 
polymers should possess adequate mechanical strength 
to withstand physiological conditions, as well as 
solubility and swelling behavior to facilitate drug release. 

The few important key role and ideal characteristics of 
polymers describe as follows: 

• Polymer should be non-toxic, non-immunogenic. 

• Polymer should have good mechanical strength. 

• Polymer should be compatible with the environment. 

• Polymer can be soluble in organic solvents to mask 
taste 44-47. 

They should be easily processable to form various 
delivery systems such as NPs, hydrogels, and 
microspheres, allowing for versatile applications in 
different therapeutic areas 47. These characteristics are 
crucial in developing effective, safe, and patient-friendly 
drug delivery systems. 

3. Advanced Approaches of Polymers In Drug 
Delivery 

Advanced approaches in the use of polymers for drug 
delivery have revolutionized therapeutic strategies by 

enhancing the precision and efficacy of treatments. One 
prominent method is nanoparticle-based drug delivery, 
where polymeric nanoparticles encapsulate drugs, 
enabling targeted delivery to specific cells or tissues, 
such as tumor sites, while minimizing systemic side 
effects. Another approach is the development of smart 
polymers, which respond to environmental stimuli (such 
as pH, temperature, or specific biomarkers) to release 
drugs in a controlled manner, ensuring that the 
therapeutic agents are delivered precisely when and 
where needed 48. Additionally, polymer-drug conjugates 
can improve solubility and stability of poorly soluble 
drugs, enhancing their bioavailability. Hydrogels are also 
gaining attention for their ability to swell and retain large 
amounts of water, providing sustained release of drugs 
while mimicking biological tissues. Furthermore, 3D 
printing of polymeric drug delivery systems allows for 
customization and optimization of drug formulations and 
release profiles 49. Collectively, these advanced polymeric 
approaches hold the potential to improve patient 
outcomes and transform the landscape of drug delivery 
in various therapeutic areas. 

The various advanced approaches used in polymers in 
the several drug delivery systems, these are discussed in 
the below description: 

3.1.  Biodegradable and biocompatible polymers:  

Biodegradable polymers are typically categorized into 
two groups: synthetic and natural polymers 46. 
Biocompatible synthetic polymers are often designed to 
be biodegradable, and their degradation products can be 
absorbed by the human body. In contrast, natural 
polymers are metabolized into metabolites that the 
kidneys can easily eliminate. Common synthetic 
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biodegradable polymers include polyglycolic acid (PGA), 
polylactic acid (PLA), poly(lactide-co-glycolide) (PLGA), 
and polycaprolactone (PCL) 50. Additionally, several 
natural polymers, such as cellulose, gelatin, and chitosan, 
are well-known for their degradability and 
biocompatibility. A range of antimicrobial techniques has 
been developed using these degradable biocompatible 
polymers. Polyglycolic acid (PGA) is a biodegradable and 
biocompatible aliphatic polyester that is widely utilized 
in medical applications. It can be synthesized from 
glycolic acid through ring-opening polymerization 49-51. 

Similarly, polylactic acid (PLA) is a biodegradable, 
bioabsorbable thermoplastic aliphatic polyester derived 
from renewable resources. Lactic acid exists in two 
optical isomers, L- and D-lactic acid, and PLA is produced 
from lactide via ring-opening polymerization 52. PLA is 
commonly used in medical implants, including screws, 
pins, rods, and orthopedic devices. Due to its 
biodegradability, PLA has also been employed in the 
production of semipermeable microcapsules, generating 
non-toxic metabolites in the body upon degradation.

 

Table 4: List of biodegradable polymers used in the drug delivery 48-52 

Biodegradable Polymer Application Examples in Drug Delivery 

Polyglycolic Acid (PGA) Sutures, drug delivery 
systems 

Used in drug-loaded microspheres for sustained release 

Polylactic Acid (PLA) Medical implants, tissue 
engineering 

Employed in controlled release formulations and implants 

Poly(lactic-co-glycolic 
acid) (PLGA) 

Drug delivery, tissue 
engineering 

Utilized in nanoparticles and microspheres for targeted 
delivery 

Polycaprolactone (PCL) Sutures, drug delivery 
systems 

Used in slow-release drug formulations and implants 

Chitosan Wound dressings, drug 
delivery 

Formulated into nanoparticles and hydrogels for mucosal 
delivery 

Gelatin Drug delivery, scaffolds for 
tissue engineering 

Used in microspheres for sustained release and controlled 
drug delivery 

Alginate Drug delivery, tissue 
scaffolds 

Employed in hydrogels and beads for encapsulating drugs 

Hyaluronic Acid Drug delivery, dermal 
fillers 

Used in targeted delivery systems and as carriers for anti-
cancer drugs 

Starch Drug delivery, food 
applications 

Formulated into tablets and films for controlled release 

This table 4 provides an overview of various biodegradable polymers, their applications, and examples of their use in drug delivery 
systems. 

 

3.2. Targeted drug delivery system polymer in 
nanoparticle (NPs):  

The nanoparticle is coated by polymer, the release is then 
controlled by diffusion of the drug from the polymeric 
membrane. Membrane coating acts as a drug release 
barrier, drug solubility and diffusion in the polymer 
membrane becomes a determining factor in drug release 
53.   

Polymeric NPs: Polymeric nanoparticles (NPs) are solid 
particles composed of macromolecular polymers, 
specifically designed for targeted drug delivery. These 
nanoparticles typically range in size from 10 to 100 
nanometers, making them ideal for penetrating 
biological barriers and facilitating cellular uptake. They 
are fabricated from biodegradable and biocompatible 
polymers, ensuring safety and minimizing adverse 
reactions within the body. Polymeric NPs have gained 
significant attention in the medical field for their 
versatility in treating a wide array of diseases, including 
cancer, neurodegenerative disorders, and cardiovascular 

diseases 54. Their unique properties allow for enhanced 
drug solubility, controlled release, and targeted action, 
improving therapeutic efficacy while reducing side 
effects. The utilizing polymeric NPs, researchers aim to 
optimize drug delivery systems, leading to more effective 
and patient-friendly treatment options 55. 

Dendrimers: Dendrimers play a significant role in drug 
delivery systems due to their unique branched structure 
and nanoscale size, which allow for enhanced drug 
solubility, stability, and targeted delivery. These highly 
branched, tree-like macromolecules provide numerous 
functional groups that can be modified to improve their 
compatibility with various therapeutic agents. 
Dendrimers can encapsulate drugs within their internal 
cavities or conjugate them on their surface, enabling 
controlled release and minimizing systemic side effects 
56. Their precise architecture facilitates the attachment of 
targeting ligands, such as antibodies or peptides, 
ensuring that the drug is delivered specifically to 
diseased cells while sparing healthy tissues. Additionally, 
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dendrimers exhibit excellent BA and can overcome 
biological barriers, such as cell membranes, enhancing 
cellular uptake. This combination of properties makes 
dendrimers an attractive option for various applications, 
including cancer therapy, gene delivery, and vaccines, 
significantly improving the efficacy and safety of 
therapeutic interventions 57. Example: Poly 
(amidoamine) (PAMAM). 

3.3.  Hydrogels for drug delivery:  

Hydrogels are highly hydrated mesh networks formed 
from natural, synthetic, or semi-synthetic polymers, 
which are covalently crosslinked. This material is used 
for local drug delivery because they provide high 
biocompatibility, drug protection 55-57. Hydrogels enable 
the encapsulation. Hydrogels and hydrogel drug delivery 
systems are traditionally defined as being natural or 
synthetic. Hydrogels are naturally origin include; 
chitosan, alginate, fibrin, gelatin, or hyaluronic acid-
based hydrogels; polyethylene (PEG), or polyvinyl 
alcohol are common synthetic hydrogels. The semi-
synthetic hydrogels like gelatin methacryloly ghydrogels. 
Which are gelatin -based but functionalized by synthetic 
methacrylol groups 58.  

3.4.  3D printed drug delivery system:  

The one or more multiple drug dosage forms 
manufactured by one type of 3D printing technology. In 
more and more research, three-dimensional bioprinting 
was which a new era of 3D is printing technologies where 
researches aim to build living tissue models. The first 
publication of 3D -printed tablet in 1996 when solid 
samples were created with a desktop printer from PCL 
and PEO polymers containing blue and yellow dyes 59. A 
3D printed drug delivery system refers to the innovative 
application of 3D printing technology to create 
customized pharmaceutical formulations and devices 
that enhance the precision and efficiency of drug delivery. 
This approach allows for the fabrication of complex 
geometries and personalized designs that can be tailored 
to the specific needs of individual patients 60. By utilizing 
materials such as biodegradable polymers, hydrogels, 
and even bioinks, 3D printing enables the production of 
dosage forms with controlled release profiles, thereby 
improving drug bioavailability and therapeutic 
outcomes. 

3.5. Techniques used 3D Printing:  

There are several different 3D printing techniques: Fused 
deposition modelling (FDM), Powder bed fusion, 
Material jetting, Binder jetting, Vat polymerization, Direct 
energy deposition, Laminated object manufacturing 
(LOM) 61.  

 

3.6.  Polymers drug conjugates:  

Polymer-drug conjugates (PCDs) are nanosized drug 
delivery systems that combine drug molecules with 
polymers. They are developed for a variety of uses in 
cancer treatment, Alzheimer’s disease treatment and 
drug delivery system with low toxicity. PDC’s can improve 
the solubility of drugs and designed to release drug at a 
controlled rate polymer drug conjugates have a longer 
half - life other than drug delivery systems 62. PDC’s made 
up of polymeric backbone, linker, targeting ligand 
components. Polymer used in PDC’s: Poly(caprolactone) 
(PCL), Polyethylene glycol (PEG), and Hyaluronic acid 
(HA). 

Moreover, polymer-drug conjugates can be engineered 
for targeted delivery, as the polymer can be 
functionalized with specific targeting ligands (e.g., 
antibodies, peptides, or small molecules) that direct the 
conjugate to particular cells or tissues, such as tumor 
cells. This targeted approach can enhance the therapeutic 
effect while reducing systemic toxicity, a critical 
consideration in cancer therapy and other diseases 63. 
The use of biocompatible and biodegradable polymers in 
these conjugates also contributes to their safety profile, 
as they can be broken down into non-toxic metabolites 
after the drug has been released. Polymer-drug 
conjugates represent a promising strategy in modern 
drug delivery systems, offering a versatile platform for 
improving the efficacy and safety of various therapeutic 
agents 61-64. 

4. Recent Marketed and Current Products in 
Drug Delivery                                      

Recent advancements in drug delivery systems have led 
to the development and marketing of several innovative 
products that utilize polymers to enhance therapeutic 
efficacy and patient compliance 65. One notable example 
is Abraxane, a nanoparticle albumin-bound formulation 
of paclitaxel, which employs a polymeric carrier to 
improve solubility and facilitate targeted delivery in 
cancer treatment. Another significant product is 
Neulasta, which utilizes a PEGylated form of filgrastim; 
the polyethylene glycol (PEG) polymer extends the drug's 
half-life, allowing for less frequent dosing in patients 
undergoing chemotherapy. Lantus, an insulin 
formulation, employs a polymeric approach to provide a 
prolonged release of insulin, ensuring stable blood 
glucose control for diabetic patients 66. Moreover, Sutent, 
a cancer medication, uses a polymer-based delivery 
system to optimize the bioavailability of sunitinib, 
thereby enhancing its therapeutic effects 64-65.  

The various marketed products of polymer loaded 
products discussed in the Table 5 as below following 
description.
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Table 5: List of marketed products with following polymer details 

These products exemplify how polymer-based drug delivery systems can improve the pharmacokinetics of drugs, leading to better 
treatment outcomes and increased patient satisfaction. As research continues to evolve, the integration of polymers in drug delivery is 
expected to yield even more innovative therapies tailored to meet specific clinical needs 67-69. 

5. Future Prospects and Current Status 

The future prospects for the utilization of polymers in 
enhancing drug delivery are promising, with ongoing 
research and technological advancements paving the way 
for more effective and personalized therapeutic 
approaches. Current innovations in polymer science, 
such as the development of smart polymers that respond 
to specific physiological stimuli (like pH or temperature), 
are expected to significantly improve controlled and 
targeted drug release systems. These advancements 
could lead to therapies that deliver drugs precisely where 
and when they are needed, thereby maximizing efficacy 
while minimizing side effects 84. 

Moreover, the integration of 3D printing technologies 
with polymer drug delivery systems holds potential for 
creating customized dosage forms tailored to individual 
patient needs. This could revolutionize how medications 
are formulated, allowing for the combination of multiple 
drugs into a single delivery system, thus improving 
patient compliance and treatment outcomes 85. 

Research is also focused on developing biodegradable 
and biocompatible polymers that can safely degrade in 
the body, eliminating concerns about toxicity and long-
term accumulation. As regulatory frameworks evolve to 
accommodate novel drug delivery systems, the market is 

Drug/API 

 

Brand Name Use/Application Drug Polymer Type/Class Dosage Form Ref. 

Tolevamer K-BIND® treatment of 

hyperkalemia 

Calcium, polystyrene Powder, 

suspension 

[67] 

Colestipol Cloestid® Used to lowering 

cholesterol level in blood 

Copolymer of 

diethylenetriamine 

Tablet [68] 

Diclofenac Voltaren XR To treat a mild -to -

moderate pain 

Sodium Carboxymethyl 

cellulose, Sodium alginate 

Tablet [69] 

Amoxicillin Amoxil, Moxilin To treat bacterial 

infection 

 PAM, PVA Powder for oral    

suspension, 

dispersible 

tablets 

[70] 

Paracetamol Panadol, 

Tylenol 

Used to treat pain and 

fever 

Cellulose Tablet, 

suspension 

[71] 

Verapamil Verasol* Used to treat high blood 

pressure 

Sodium alginate, chitosan Tablet [72] 

Morphine 

sulphate 

Vermor®10 Used to treat pain HPMC Injection, 

Tablet 

[73] 

Clonidine Arkamin® To treat high blood 

pressure 

 PVP Powder, tablet [74] 

Ivermectin Iverhope Used to treat parasitic 

disease such as 

hookworm 

 PCL Injection, 

Tablet 

[75] 

Cetirizine Cetzine® Used to treat allergies, 

hay fever 

Chitosan Tablet [76] 

Rabeprazole Rabekind® Used to treat in duodenal 

ulcers 

CMC, HPC Tablet [77] 

Cefixime Zifi® To treat bacterial 

infection 

Ethyl cellulose, chitosan Tablet [78] 

Metformin Metford- 500 Used to treat high blood 

sugar level 

Polyacrylate, xanthan gum Injection, 

Tablet 

[79] 

Telmisartan Telmidax-40 To treat high blood 

pressure 

PEG, PVP Injection, 

Tablet 

[80] 

Myo-inositol Mychiro  PCOS Polythioether, 

polyuethanes 

Tablet [81] 

Amlodipine Amlip®-5 Used as hypertensive drug  PVA, sodium alginate Tablet  [82] 

Salbutamol Asthalin To treat chest tightness, 

cough 

EC, sodium carboxy 

methyl cellulose 

Inhalers, Tablet [83] 
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likely to see an increase in approved polymer-based 
therapeutics 86. 

Additionally, the application of nanotechnology in 
polymer drug delivery systems is set to expand, with 
ongoing studies exploring the use of polymeric NPs, 
micelles, and liposomes for improved solubility and 

bioavailability of challenging drug candidates. The 
combination of polymeric materials with biologics and 
gene therapies is another area of growth, offering 
exciting possibilities for treating complex diseases like 
cancer and genetic disorders 87. The various advance 
approaches utilized in the enhancing the drug delivery in 
Table 6 as below description.

Table 6: List of future recent approaches in the drug delivery 83-86 

Type of 

Polymer 

Example Features/Use/Application 

 

 

 

 

Synthetic 

Polymers 

Poly(lactic-co-glycolic 

acid) (PLGA) 

Biodegradable and biocompatible copolymer used in controlled drug 

release; employed in cancer therapies and vaccines for sustained 

release and improved bioavailability. 

Polyethylene Glycol 

(PEG) 

Enhances solubility and circulation time of drugs; used in PEGylated 

formulations like Pegasys for hepatitis C, improving 

pharmacokinetics and reducing immunogenicity. 

Polycaprolactone (PCL) Biodegradable polyester used in slow-release formulations; 

applicable in orthopedic and tissue engineering devices. 

Natural 

Polymers 

Chitosan Biodegradable and biocompatible; used in nanoparticles and 

hydrogels for drug delivery, particularly in cancer treatment and 

wound healing, leveraging its mucoadhesive properties for 

enhanced absorption. 

Alginate Forms hydrogels for controlled drug release; utilized in oral and 

injectable formulations, particularly for localized treatment of anti-

inflammatory drugs. 

Gelatin Biocompatible and biodegradable; used in microspheres for 

sustained drug release and as scaffolds in tissue engineering. 

 

 

 

 

Hybrid 

Approaches 

Dendritic Polymers Highly branched synthetic polymers that encapsulate drugs; 

improve solubility and target delivery, particularly for cancer and 

gene therapies through ligand attachment. 

Natural-Synthetic 

Polymer Blends 

Combining natural (e.g., gelatin) and synthetic (e.g., PLGA) polymers; 

used to create scaffolds for tissue engineering and localized drug 

delivery, offering controlled release and enhanced biocompatibility. 

Smart Polymers Responsive polymers that release drugs upon environmental stimuli 

(e.g., pH or temperature); utilized in targeted delivery systems for 

improved efficacy. 

This table outlines various approaches in utilizing synthetic and natural polymers for enhancing drug delivery, highlighting their 
features and specific applications in therapeutic treatments 88. 

The recent advancements in synthetic and natural 
polymers for drug delivery systems reflect a growing 
trend toward personalized and targeted therapies. By 
harnessing the unique properties of these materials, 
researchers are developing innovative formulations that 
enhance drug solubility, stability, and release profiles, 
ultimately improving treatment outcomes across a wide 
range of medical conditions 89-90. Continued exploration 
and development in this field promise to further 
revolutionize drug delivery, making it more effective and 
patient-centered. 

Conclusion 

In conclusion, the comprehensive review of synthetic and 
natural polymers in enhancing drug delivery 
underscores the significant advancements in 
pharmaceutical technology aimed at improving 
therapeutic efficacy and patient outcomes. The unique 
properties of synthetic polymers, such as 

biocompatibility and controlled release capabilities, 
combined with the inherent advantages of natural 
polymers, such as biodegradability and non-toxicity, 
create versatile platforms for drug delivery systems. The 
recent innovations, including the development of hybrid 
approaches and smart polymers, highlight the potential 
for tailored therapies that can respond to specific 
physiological conditions, thereby optimizing drug release 
and minimizing side effects. As research continues to 
evolve, the integration of these polymers in drug delivery 
systems holds great promise for revolutionizing 
treatment paradigms across various medical fields, 
ultimately leading to more effective and personalized 
therapeutic solutions. 

List of Abbreviations: 

PEG: Polyethylene glycol; PVP: Polyvinyl pyrrolidone; 
PCOS: Polycystic ovary syndrome; PVA: Polyvinyl 
alcohol; HPMC: Hydroxypropyl methylcellulose; PAM: 



Saini et al.                                                                                                                                  Journal of Drug Delivery & Therapeutics. 2024; 14(10):153-165 

ISSN: 2250-1177                                                                                            [163]                                                                                            CODEN (USA): JDDTAO 

Polyacrylamide; PAL: Polycaprolactone; EC: Ethyl 
cellulose; CMC: Carboxymethyl cellulose; HPC: 
Hydroxypropyl cellulose 

Ethical Approval: Not applicable. 

Consent for Publication: Not applicable. 

Human and Animal Ethical Right: Not applicable. 

Conflict of Interest: The authors declare no conflict of 
interest, and no funding was required to conduct these 
review data. 

Acknowledgments: The corresponding authors 
would like to thank, all involved members and faculty 
staff for their collaboration.  

Availability of Data and Materials: The data 
supporting this study’s findings will be available in the 
cited references. 

Funding: The research received no external funding.  

Author Contribution: All authors have equal 
contribution in the compilation of data. 

References 

1. Tiwari G, Tiwari R, Sriwastawa B, Bhati L, Pandey S, Pandey P, 
Bannerjee SK. Drug delivery systems: An updated review. 
International journal of pharmaceutical investigation. 2012 
Jan;2(1):2. https://doi.org/10.4103/2230-973X.96920 

2. Manish G, Vimukta S. Targeted drug delivery system: a review. Res J 
Chem Sci. 2011 May;1(2):135-8. 

3. Gandhi KJ, Deshmane SV, Biyani KR. Polymers in pharmaceutical 
drug delivery system: A review. Int J Pharm Sci Rev Res. 2012 
May;14(2):57-66. 

4. Luckachan GE, Pillai CK. Biodegradable polymers-a review on recent 
trends and emerging perspectives. Journal of Polymers and the 
Environment. 2011 Sep;19:637-76. 
https://doi.org/10.1007/s10924-011-0317-1 

5. Pillai O, Panchagnula R. Polymers in drug delivery. Current opinion 
in chemical biology. 2001 Aug 1;5(4):447-51. 
https://doi.org/10.1016/S1367-5931(00)00227-1 

6. Liechty WB, Kryscio DR, Slaughter BV, Peppas NA. Polymers for 
drug delivery systems. Annual review of chemical and 
biomolecular engineering. 2010 Jul 15;1(1):149-73. 
https://doi.org/10.1146/annurev-chembioeng-073009-100847 

7. Srivastava A, Yadav T, Sharma S, Nayak A, Kumari AA, Mishra N. 
Polymers in drug delivery. Journal of Biosciences and Medicines. 
2015 Dec 25;4(1):69-84. 
https://doi.org/10.4236/jbm.2016.41009 

8. Kaur R, Kaur S. Role of polymers in drug delivery. Journal of Drug 
Delivery and Therapeutics. 2014 May 15;4(3):32-6. 
https://doi.org/10.22270/jddt.v4i3.826 

9. Bhatt S, Pathak A, Grover P, Bharadwaj A, Bhatia D, Tomar R, Kaurav 
M. Different aspects of polymers-A review article. Materials 
Today: Proceedings. 2022 Jan 1;64:1490-5. 
https://doi.org/10.1016/j.matpr.2022.04.926 

10. Vilar G, Tulla-Puche J, Albericio F. Polymers and drug delivery 
systems. Current drug delivery. 2012 Jul 1;9(4):367-94. 
https://doi.org/10.2174/156720112801323053 

11. Srujana S, Anjamma M, Alimuddin, Singh B, Dhakar RC, Natarajan 
S, Hechhu R. A Comprehensive Study on the Synthesis and 
Characterization of TiO2 Nanoparticles Using Aloe vera Plant 
Extract and Their Photocatalytic Activity against MB Dye. 
Adsorption Science & Technology. 2022;2022 
https://doi.org/10.1155/2022/7244006 

12. Rani K, Paliwal S. A review on targeted drug delivery: Its entire 
focus on advanced therapeutics and diagnostics. Sch. J. App. Med. 
Sci. 2014 Jan;2(1C):328-1. 13. Rastogi V, Yadav P. Transdermal 
drug delivery system: An overview. Asian Journal of 
Pharmaceutics (AJP). 2012;6(3). https://doi.org/10.4103/0973-
8398.104828 

14. Ansari MA, Chung IM, Rajakumar G, Alzohairy MA, Alomary MN, 
Thiruvengadam M, Pottoo FH, Ahmad N. Current nanoparticle 
approaches in nose to brain drug delivery and anticancer therapy-
a review. Current pharmaceutical design. 2020 Mar 
1;26(11):1128-37. 
https://doi.org/10.2174/1381612826666200116153912 

15. Afzal O, Altamimi AS, Nadeem MS, Alzarea SI, Almalki WH, Tariq A, 
Mubeen B, Murtaza BN, Iftikhar S, Riaz N, Kazmi I. Nanoparticles 
in drug delivery: From history to therapeutic applications. 
Nanomaterials. 2022 Dec 19;12(24):4494. 
https://doi.org/10.3390/nano12244494 

16. Hassan SS, Kamel AH, Hashem HM, Bary EA. Drug delivery systems 
between metal, liposome, and polymer-based nanomedicine: a 
review. Eur Chem Bull. 2020;9(3):91-102. 
https://doi.org/10.17628/ecb.2020.9.91-102 

17. Drishya S, Are RP, Hota P, Babu AR. Nanoparticles as Drug Delivery 
Carrier-synthesis, Functionalization and Application. Current 
Pharmaceutical Design. 2024. 
https://doi.org/10.2174/0113816128304018240415095912 

18. Salave S, Patel P, Desai N, Rana D, Benival D, Khunt D, Thanawuth 
K, Prajapati BG, Sriamornsak P. Recent advances in dosage form 
design for the elderly: a review. Expert Opinion on Drug Delivery. 
2023 Nov 2;20(11):1553-71. 
https://doi.org/10.1080/17425247.2023.2286368 

19. Firdous Z, Dhapake P, Padole N, Dhoble N, Baheti J. Different 
approaches for transdermal nano-carrier delivery system. 
Research Journal of Topical and Cosmetic Sciences. 
2023;14(2):94-104. https://doi.org/10.52711/2321-
5844.2023.00015 

20. Pal R, Pandey P, Anand A, Saxena A, Thakur SK, Malakar RK, Kumar 
V. The Pharmaceutical Polymer's; A current status in drug 
delivery: A Comprehensive Review. Journal of Survey in Fisheries 
Sciences. 2023 Mar 16:3682-92. 

21. Pires PC, Mascarenhas-Melo F, Pedrosa K, Lopes D, Lopes J, 
Macário-Soares A, Peixoto D, Giram PS, Veiga F, Paiva-Santos AC. 
Polymer-based biomaterials for pharmaceutical and biomedical 
applications: A focus on topical drug administration. European 
Polymer Journal. 2023 Apr 3;187:111868. 
https://doi.org/10.1016/j.eurpolymj.2023.111868 

22. Attia MS, Elsebaey MT, Yahya G, Chopra H, Marzouk MA, Yahya A, 
Abdelkhalek AS. Pharmaceutical polymers and P-glycoprotein: 
current trends and possible outcomes in drug delivery. Materials 
Today Communications. 2023 Mar 1;34:105318. 
https://doi.org/10.1016/j.mtcomm.2023.105318 

23. Siafaka PI, Gündoğdu EA, Cağlar ES, Gonzalez-Alvarez M, Gonzalez-
Alvarez I. Polymer Based Gels: Recent and Future Applications in 
Drug Delivery Field. Current Drug Delivery. 2023 Nov 
1;20(9):1288-313. 
https://doi.org/10.2174/1567201819666220907124040 

24. Pal R, Pandey P, Rai B, Koli M, Chakrabarti M, Thakur P, Rizwan M, 
Saxena A. Chitosan: as highly potential biopolymer obtainable in 
several advance drug delivery systems including biomedical 
applications. Environmental science. 2023;3(4). 

25. Nordin AH, Ahmad Z, Husna SM, Ilyas RA, Azemi AK, Ismail N, 
Nordin ML, Ngadi N, Siti NH, Nabgan W, Norfarhana AS. The state 
of the art of natural polymer functionalized Fe3O4 magnetic 
nanoparticle composites for drug delivery applications: A review. 
Gels. 2023 Feb 1;9(2):121. https://doi.org/10.3390/gels9020121 

26. Hochreiner EG, van Ravensteijn BG. Polymerization-induced self-
assembly for drug delivery: A critical appraisal. Journal of Polymer 
Science. 2023 Dec 15;61(24):3186-210. 
https://doi.org/10.1002/pol.20230579 

27. Shi Z, Hu Y, Li X. Polymer mechanochemistry in drug delivery: 
From controlled release to precise activation. Journal of 

https://doi.org/10.4103/2230-973X.96920
https://doi.org/10.1007/s10924-011-0317-1
https://doi.org/10.1016/S1367-5931(00)00227-1
https://doi.org/10.1146/annurev-chembioeng-073009-100847
https://doi.org/10.4236/jbm.2016.41009
https://doi.org/10.22270/jddt.v4i3.826
https://doi.org/10.1016/j.matpr.2022.04.926
https://doi.org/10.2174/156720112801323053
https://doi.org/10.1155/2022/7244006
https://doi.org/10.4103/0973-8398.104828
https://doi.org/10.4103/0973-8398.104828
https://doi.org/10.2174/1381612826666200116153912
https://doi.org/10.3390/nano12244494
https://doi.org/10.17628/ecb.2020.9.91-102
https://doi.org/10.2174/0113816128304018240415095912
https://doi.org/10.1080/17425247.2023.2286368
https://doi.org/10.52711/2321-5844.2023.00015
https://doi.org/10.52711/2321-5844.2023.00015
https://doi.org/10.1016/j.eurpolymj.2023.111868
https://doi.org/10.1016/j.mtcomm.2023.105318
https://doi.org/10.2174/1567201819666220907124040
https://doi.org/10.3390/gels9020121
https://doi.org/10.1002/pol.20230579


Saini et al.                                                                                                                                  Journal of Drug Delivery & Therapeutics. 2024; 14(10):153-165 

ISSN: 2250-1177                                                                                            [164]                                                                                            CODEN (USA): JDDTAO 

Controlled Release. 2024 Jan 1;365:259-73. 
https://doi.org/10.1016/j.jconrel.2023.10.042 

28. Seth AK, Parmar G, Aundhia C, Shah N, Gohil D. Smart Polymer 
Systems: A Futuristic Approach to Enhance Therapeutic Efficacy. 
Current Organic Chemistry. 2024 Aug 1;28(15):1164-78. 
https://doi.org/10.2174/0113852728305580240429100851 

29. Bisen AC, Biswas A, Dubey A, Sanap SN, Agrawal S, Yadav KS, Singh 
V, Rawat P, Sagar S, Mugale MN, Bhatta RS. A review on polymers 
in ocular drug delivery systems. MedComm-Biomaterials and 
Applications. 2024 Jun;3(2):e77. 
https://doi.org/10.1002/mba2.77 

30. González Z, Ferrandez-Montero A, Domínguez-Robles J. Recent 
Advances in Polymers as Matrices for Drug Delivery Applications. 
Pharmaceuticals. 2023 Dec 1;16(12):1674. 
https://doi.org/10.3390/ph16121674 

31. Parveen S, Gupta P, Kumar S, Banerjee M. Lipid polymer hybrid 
nanoparticles as potent vehicles for drug delivery in cancer 
therapeutics. Medicine in Drug Discovery. 2023 Oct 30:100165. 
https://doi.org/10.1016/j.medidd.2023.100165 

32. Pandey P, Pal R, Khadam, V, Chawra H, Singh R, Advancement and 
Characteristics of Non-Ionic Surfactant Vesicles (Niosome) and 
their Application for Analgesics. International Journal of 
Pharmaceutical Investigation. 2024;14:616-632. 
https://doi.org/10.5530/ijpi.14.3.74 

33. Ranade VV. Drug delivery systems: 3A. Role of polymers in drug 
delivery. The Journal of Clinical Pharmacology. 1990 Jan;30(1):10-
23. https://doi.org/10.1002/j.1552-4604.1990.tb03432.x 

34. Srivastava A, Yadav T, Sharma S, Nayak A, Kumari AA, Mishra N. 
Polymers in drug delivery. Journal of Biosciences and Medicines. 
2015 Dec 25;4(1):69-84. 
https://doi.org/10.4236/jbm.2016.41009 

35. Liechty WB, Kryscio DR, Slaughter BV, Peppas NA. Polymers for 
drug delivery systems. Annual review of chemical and 
biomolecular engineering. 2010 Jul 15;1(1):149-73. 
https://doi.org/10.1146/annurev-chembioeng-073009-100847 

36. Pal R, Pandey P, Koli M, Srivastava K, Tiwari V, Gaur AK, Dutta P. 
The Comprehensive Review: Exploring Future Potential of 
Nasopulmonary Drug Delivery Systems for Nasal Route Drug 
Administration. Journal of Drug Delivery and Therapeutics. 2024 
Mar 15;14(3):126-36. https://doi.org/10.22270/jddt.v14i3.6444 

37. Zhang Z, Ortiz O, Goyal R, Kohn J. Biodegradable polymers. 
Handbook of polymer applications in medicine and medical 
devices. 2014 Jan 1:303-35. https://doi.org/10.1016/B978-0-
323-22805-3.00013-X 

38. Hocking PJ. The classification, preparation, and utility of 
degradable polymers. Journal of Macromolecular Science, Part C: 
Polymer Reviews. 1992 Feb 1;32(1):35-54. 
https://doi.org/10.1080/15321799208018378 

39. Balaji AB, Pakalapati H, Khalid M, Walvekar R, Siddiqui H. Natural 
and synthetic biocompatible and biodegradable polymers. 
Biodegradable and biocompatible polymer composites. 
2018;286:3-2. https://doi.org/10.1016/B978-0-08-100970-
3.00001-8 

40. Abbasov IB. Biodegradable polymer materials in medicine. Journal 
of Composites and Biodegradable Polymers. 2021;9:1-6. 
https://doi.org/10.12974/2311-8717.2021.09.01 

41. Pal R, Pandey P, Thakur S, Chanana A, Singh RP. Biodegradable 
Polymer's Enhancing Drug Delivery Activity In Different Novel 
Drug Delivery System. WJPPS. 2022 Nov 22;12(1):2046-69. 

42. Das B, Paul S, Sharma HK. A review on bio-polymers derived from 
animal sources with special reference to their potential 
applications. Journal of Drug Delivery and Therapeutics. 2021 Mar 
15;11(2):209-23. https://doi.org/10.22270/jddt.v11i2.4763 

43. Rajeswari S, Prasanthi T, Sudha N, Swain RP, Panda S, Goka V. 
Natural polymers: A recent review. World J. Pharm. Pharm. Sci. 
2017 May 31;6:472-94. https://doi.org/10.20959/wjpps20178-
9762 

44. Pal R, Pandey P, Waheed S, Thakur SK, Sharma V, Chanana A, Singh 
RP. Transdermal Drug Delivery System (TDDS) As A Novel Tool 
For Drug Delivery. WJPR. 2022 Nov 30;12(2):688-711. 

45. Williams CK, Hillmyer MA. Polymers from renewable resources: a 
perspective for a special issue of polymer reviews. Polymer 
reviews. 2008 Feb 1;48(1):1-0. 
https://doi.org/10.1080/15583720701834133 

46. Bhatt S, Pathak A, Grover P, Bharadwaj A, Bhatia D, Tomar R, 
Kaurav M. Different aspects of polymers-A review article. 
Materials Today: Proceedings. 2022 Jan 1;64:1490-5. 
https://doi.org/10.1016/j.matpr.2022.04.926 

47. Luckachan GE, Pillai CK. Biodegradable polymers-a review on 
recent trends and emerging perspectives. Journal of Polymers and 
the Environment. 2011 Sep;19:637-76. 
https://doi.org/10.1007/s10924-011-0317-1 

48. Sung YK, Kim SW. Recent advances in polymeric drug delivery 
systems. Biomaterials Research. 2020 Jun 6;24(1):12. 
https://doi.org/10.1186/s40824-020-00190-7 

49. Liechty WB, Kryscio DR, Slaughter BV, Peppas NA. Polymers for 
drug delivery systems. Annual review of chemical and 
biomolecular engineering. 2010 Jul 15;1(1):149-73. 
https://doi.org/10.1146/annurev-chembioeng-073009-100847 

50. Arif U, Haider S, Haider A, Khan N, Alghyamah AA, Jamila N, Khan 
MI, Almasry WA, Kang IK. Biocompatible polymers and their 
potential biomedical applications: A review. Current 
pharmaceutical design. 2019 Sep 1;25(34):3608-19. 
https://doi.org/10.2174/1381612825999191011105148 

51. Pal R, Pandey P, Nogai L. The Advanced Approach in The 
Development of Targeted Drug Delivery (TDD) With Their Bio-
Medical Applications: A Descriptive Review. International 
Neurourology Journal. 2023 Oct 7;27(4):40-58. 

52. Patel B, Chakraborty S. Biodegradable polymers: emerging 
excipients for the pharmaceutical and medical device industries. 
Journal of Excipients & Food Chemicals. 2013 Dec 1;4(4). 

53. Masood F. Polymeric nanoparticles for targeted drug delivery 
system for cancer therapy. Materials Science and Engineering: C. 
2016 Mar 1;60:569-78. 
https://doi.org/10.1016/j.msec.2015.11.067 

54. Pandey P, Pal R, Singh S, Gupta H. The Current Status In Mucosal 
Drug Delivery System (Mdds) And Future Prospectus In Delivery: 
A Systematic Review. International Journal of Pharmaceutical 
Sciences & Medicine (IJPSM). 2023;8(10):76-106. 
https://doi.org/10.47760/ijpsm.2023.v08i10.007 

55. Prajapati SK, Maurya SD, Das MK, Tilak VK, Verma KK, Dhakar RC, 
Dendrimers in drug delivery, diagnosis and therapy: basics and 
potential applications, Journal of Drug Delivery and Therapeutics. 
2016;6(1):67-92 https://doi.org/10.22270/jddt.v6i1.1190 

56. Nanjwade BK, Bechra HM, Derkar GK, Manvi FV, Nanjwade VK. 
Dendrimers: emerging polymers for drug-delivery systems. 
European Journal of Pharmaceutical Sciences. 2009 Oct 
8;38(3):185-96. https://doi.org/10.1016/j.ejps.2009.07.008 

57. Mandal AK. Dendrimers in targeted drug delivery applications: A 
review of diseases and cancer. International Journal of Polymeric 
Materials and Polymeric Biomaterials. 2021 Mar 4;70(4):287-97. 
https://doi.org/10.1080/00914037.2020.1713780 

58. Kumar GA, Wadood SA, Maurya SD, Ramchand D, Interpenetrating 
polymeric network hydrogel for stomach-specific drug delivery of 
clarithromycin: Preparation and evaluation, Asian Journal of 
Pharmaceutics-October-December 2010; 179-184. 
https://doi.org/10.4103/0973-8398.76738 

59. Pal, Rahul & Chanana, Arsh & Singh, Ravindra & Pandey, Prachi. 
(2023). Recent Approaches on 3D Printing (3DP) in 
Pharmaceuticals as Dominance Role in Traditional Formulation. 
International Journal of Innovative Science and Research 
Technology. 8. 989. 

60. Bácskay I, Ujhelyi Z, Fehér P, Arany P. The evolution of the 3D-
printed drug delivery systems: a review. Pharmaceutics. 2022 Jun 
21;14(7):1312. 
https://doi.org/10.3390/pharmaceutics14071312 

https://doi.org/10.1016/j.jconrel.2023.10.042
https://doi.org/10.2174/0113852728305580240429100851
https://doi.org/10.1002/mba2.77
https://doi.org/10.3390/ph16121674
https://doi.org/10.1016/j.medidd.2023.100165
https://doi.org/10.5530/ijpi.14.3.74
https://doi.org/10.1002/j.1552-4604.1990.tb03432.x
https://doi.org/10.4236/jbm.2016.41009
https://doi.org/10.1146/annurev-chembioeng-073009-100847
https://doi.org/10.22270/jddt.v14i3.6444
https://doi.org/10.1016/B978-0-323-22805-3.00013-X
https://doi.org/10.1016/B978-0-323-22805-3.00013-X
https://doi.org/10.1080/15321799208018378
https://doi.org/10.1016/B978-0-08-100970-3.00001-8
https://doi.org/10.1016/B978-0-08-100970-3.00001-8
https://doi.org/10.12974/2311-8717.2021.09.01
https://doi.org/10.22270/jddt.v11i2.4763
https://doi.org/10.20959/wjpps20178-9762
https://doi.org/10.20959/wjpps20178-9762
https://doi.org/10.1080/15583720701834133
https://doi.org/10.1016/j.matpr.2022.04.926
https://doi.org/10.1007/s10924-011-0317-1
https://doi.org/10.1186/s40824-020-00190-7
https://doi.org/10.1146/annurev-chembioeng-073009-100847
https://doi.org/10.2174/1381612825999191011105148
https://doi.org/10.1016/j.msec.2015.11.067
https://doi.org/10.47760/ijpsm.2023.v08i10.007
https://doi.org/10.22270/jddt.v6i1.1190
https://doi.org/10.1016/j.ejps.2009.07.008
https://doi.org/10.1080/00914037.2020.1713780
https://doi.org/10.4103/0973-8398.76738
https://doi.org/10.3390/pharmaceutics14071312


Saini et al.                                                                                                                                  Journal of Drug Delivery & Therapeutics. 2024; 14(10):153-165 

ISSN: 2250-1177                                                                                            [165]                                                                                            CODEN (USA): JDDTAO 

61. Aguilar-de-Leyva Á, Linares V, Casas M, Caraballo I. 3D printed 
drug delivery systems based on natural products. Pharmaceutics. 
2020 Jul;12(7):620. 
https://doi.org/10.3390/pharmaceutics12070620 

62. Pal R, Pandey P, Nogai L, Anand A, Suthar P, SahdevKeskar M, 
Kumar V. The future perspectives and novel approach on gastro 
retentive drug delivery system (GRDDS) with currrent state. 
Journal of Population Therapeutics and Clinical Pharmacology. 
2023 Sep 19;30(17):594-613. 
https://doi.org/10.53555/jptcp.v30i17.2852 

63. Khandare J, Minko T. Polymer-drug conjugates: progress in 
polymeric prodrugs. Progress in polymer science. 2006 Apr 
1;31(4):359-97. 
https://doi.org/10.1016/j.progpolymsci.2005.09.004 

64. Ekladious I, Colson YL, Grinstaff MW. Polymer-drug conjugate 
therapeutics: advances, insights and prospects. Nature reviews 
Drug discovery. 2019 Apr;18(4):273-94. 
https://doi.org/10.1038/s41573-018-0005-0 

65. Adepu S, Ramakrishna S. Controlled drug delivery systems: current 
status and future directions. Molecules. 2021 Sep 29;26(19):5905. 
https://doi.org/10.3390/molecules26195905 

66. Bernabeu E, Helguera G, Legaspi MJ, Gonzalez L, Hocht C, Taira C, 
Chiappetta DA. Paclitaxel-loaded PCL-TPGS nanoparticles: In vitro 
and in vivo performance compared with Abraxane®. Colloids and 
Surfaces B: Biointerfaces. 2014 Jan 1;113:43-50. 
https://doi.org/10.1016/j.colsurfb.2013.07.036 

67. Agrawal P, Chopra D, Patra SK, Madaan H. Periodic paralysis: an 
unusual presentation of drug-induced hyperkalemia. Journal of 
Pharmacology and Pharmacotherapeutics. 2014 Mar;5(1):63-6. 
https://doi.org/10.4103/0976-500X.124429 

68. Dorr AE, Gundersen K, Schneider Jr JC, Spencer TW, Martin WB. 
Colestipol hydrochloride in hypercholesterolemic patients-effect 
on serum cholesterol and mortality. Journal of chronic diseases. 
1978 Jan 1;31(1):5-14. https://doi.org/10.1016/0021-
9681(78)90076-0 

69. Henrikson PÅ, Thilander H, Wåhlander LÅ. Voltaren® as an 
analgesic after surgical removal of a lower wisdom tooth. 
International Journal of oral surgery. 1985 Aug 1;14(4):333-8. 
https://doi.org/10.1016/S0300-9785(85)80022-3 

70. Ricart E, Soriano G, Novella MT, Ortiz J, Sàbat M, Kolle L, Sola-Vera 
J, Miñana J, Dedéu JM, Gómez C, Barrio JL. Amoxicillin-clavulanic 
acid versus cefotaxime in the therapy of bacterial infections in 
cirrhotic patients. Journal of hepatology. 2000 Apr 1;32(4):596-
602. https://doi.org/10.1016/S0168-8278(00)80221-4 

71. Hay AD, Redmond NM, Costelloe C, Montgomery AA, Fletcher M, 
Hollinghurst S, Peters TJ. Paracetamol and ibuprofen for the 
treatment of fever in children: the PITCH randomised controlled 
trial. Health Technol Assess. 2009 May 1;13(27):1-63. 
https://doi.org/10.3310/hta13270 

72. Mancia G, Messerli F, Bakris G, Zhou Q, Champion A, Pepine CJ. 
Blood pressure control and improved cardiovascular outcomes in 
the International Verapamil SR-Trandolapril Study. Hypertension. 
2007 Aug 1;50(2):299-305. 
https://doi.org/10.1161/HYPERTENSIONAHA.107.090290 

73. Power I, Noble DW, Douglas E, Spence AA. Comparison of im 
ketorolac trometamol and morphine sulphate for pain relief after 
cholecystectomy. British journal of anaesthesia. 1990 Oct 
1;65(4):448-55. https://doi.org/10.1093/bja/65.4.448 

74. Robertson D, Goldberg MR, Hollister AS, Wade D, Robertson RM. 
Clonidine raises blood pressure in severe idiopathic orthostatic 
hypotension. The American Journal of Medicine. 1983 Feb 
1;74(2):193-200. https://doi.org/10.1016/0002-9343(83)90607-
1 

75. Ashour DS. Ivermectin: From theory to clinical application. 
International journal of antimicrobial agents. 2019 Aug 

1;54(2):134-42. 
https://doi.org/10.1016/j.ijantimicag.2019.05.003 

76. Cloud ML, Enas N, Humphries TJ, Bassion ST, Group TR. 
Rabeprazole in Treatment of Acid Peptic Diseases (Results of 
Three Placebo-Controlled Dose-Response Clinical Trials in 
Duodenal Ulcer, Gastric Ulcer, and Gastroesophageal Reflux 
Disease (GERD)). Digestive diseases and sciences. 1998 
May;43:993-1000. https://doi.org/10.1023/A:1018822532736 

77. Brogden RN, Campoli-Richards DM. Cefixime: a review of its 
antibacterial activity, pharmacokinetic properties and therapeutic 
potential. Drugs. 1989 Oct;38(4):524-50. 
https://doi.org/10.2165/00003495-198938040-00004 

78. Snorgaard O, Køber L, Carlsen J. The effect of metformin on blood 
pressure and metabolism in nondiabetic hypertensive patients. 
Journal of internal medicine. 1997 Nov;242(5):407-12. 
https://doi.org/10.1046/j.1365-2796.1997.00236.x 

79. Unger T, Schupp M. Telmisartan: from lowering blood pressure to 
end-organ protection. Future Cardiology. 2005 Jan 1;1(1):7-15. 
https://doi.org/10.1517/14796678.1.1.7 

80. Unfer V, Carlomagno G, Dante G, Facchinetti F. Effects of myo-
inositol in women with PCOS: a systematic review of randomized 
controlled trials. Gynecological Endocrinology. 2012 Jul 
1;28(7):509-15. 
https://doi.org/10.3109/09513590.2011.650660 

81. Fares H, DiNicolantonio JJ, O'Keefe JH, Lavie CJ. Amlodipine in 
hypertension: a first-line agent with efficacy for improving blood 
pressure and patient outcomes. Open heart. 2016 Sep 
1;3(2):e000473. https://doi.org/10.1136/openhrt-2016-000473 

82. Yates DH, Peters MJ, Keatings V, Thomas PS, Barnes PJ. Reduced 
dose salbutamol in comparison with standard dosage for 
symptom relief in asthma. European Respiratory Journal. 1995 
Nov 1;8(11):1847-51. 
https://doi.org/10.1183/09031936.95.08111847 

83. Meeuwisse WH. The effect of salbutamol on performance in elite 
non-asthmatic athletes (Doctoral dissertation, University of 
British Columbia). 

84. Kumar P, Narayan Maiti U, Sikdar A, Kumar Das T, Kumar A, 
Sudarsan V. Recent advances in polymer and polymer composites 
for electromagnetic interference shielding: review and future 
prospects. Polymer Reviews. 2019 Oct 2;59(4):687-738. 
https://doi.org/10.1080/15583724.2019.1625058 

85. Wang Y, Xu Z, Wu D, Bai J. Current status and prospects of polymer 
powder 3D printing technologies. Materials. 2020 May 
23;13(10):2406. https://doi.org/10.3390/ma13102406 

86. Jeuken RM, Roth AK, Peters RJ, Van Donkelaar CC, Thies JC, Van 
Rhijn LW, Emans PJ. Polymers in cartilage defect repair of the 
knee: current status and future prospects. Polymers. 2016 Jun 
4;8(6):219. https://doi.org/10.3390/polym8060219 

87. Satchi-Fainaro R, Duncan R, Barnes CM. Polymer therapeutics for 
cancer: current status and future challenges. Springer Berlin 
Heidelberg; 2006. https://doi.org/10.1007/11547785 

88. Mukherjee C, Varghese D, Krishna JS, Boominathan T, 
Rakeshkumar R, Dineshkumar S, Rao CB, Sivaramakrishna A. 
Recent advances in biodegradable polymers-properties, 
applications and future prospects. European Polymer Journal. 
2023 Jun 23;192:112068. 
https://doi.org/10.1016/j.eurpolymj.2023.112068 

89. Gao D, Lv J, Lee PS. Natural polymer in soft electronics: 
opportunities, challenges, and future prospects. Advanced 
Materials. 2022 Jun;34(25):2105020. 
https://doi.org/10.1002/adma.202105020 

90. Shah SS, Shaikh MN, Khan MY, Alfasane MA, Rahman MM, Aziz MA. 
Present status and future prospects of jute in nanotechnology: A 
review. The Chemical Record. 2021 Jul;21(7):1631-65. 
https://doi.org/10.1002/tcr.202100135

 

 

https://doi.org/10.3390/pharmaceutics12070620
https://doi.org/10.53555/jptcp.v30i17.2852
https://doi.org/10.1016/j.progpolymsci.2005.09.004
https://doi.org/10.1038/s41573-018-0005-0
https://doi.org/10.3390/molecules26195905
https://doi.org/10.1016/j.colsurfb.2013.07.036
https://doi.org/10.4103/0976-500X.124429
https://doi.org/10.1016/0021-9681(78)90076-0
https://doi.org/10.1016/0021-9681(78)90076-0
https://doi.org/10.1016/S0300-9785(85)80022-3
https://doi.org/10.1016/S0168-8278(00)80221-4
https://doi.org/10.3310/hta13270
https://doi.org/10.1161/HYPERTENSIONAHA.107.090290
https://doi.org/10.1093/bja/65.4.448
https://doi.org/10.1016/0002-9343(83)90607-1
https://doi.org/10.1016/0002-9343(83)90607-1
https://doi.org/10.1016/j.ijantimicag.2019.05.003
https://doi.org/10.1023/A:1018822532736
https://doi.org/10.2165/00003495-198938040-00004
https://doi.org/10.1046/j.1365-2796.1997.00236.x
https://doi.org/10.1517/14796678.1.1.7
https://doi.org/10.3109/09513590.2011.650660
https://doi.org/10.1136/openhrt-2016-000473
https://doi.org/10.1183/09031936.95.08111847
https://doi.org/10.1080/15583724.2019.1625058
https://doi.org/10.3390/ma13102406
https://doi.org/10.3390/polym8060219
https://doi.org/10.1007/11547785
https://doi.org/10.1016/j.eurpolymj.2023.112068
https://doi.org/10.1002/adma.202105020
https://doi.org/10.1002/tcr.202100135

