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Polymers are everywhere in our daily lives, from workplaces to homes. Biopolymers 

play a crucial role in biomedical applications. These organic materials found in natural 

sources are known as biopolymers. They are gaining increased attention due to 

environmental concerns and the awareness that global petroleum resources are limited. 

Biopolymer nanocomposites have been a focus of much research due to their unique 

properties, including improved structural and functional features, non-toxicity, 

biocompatibility, and biodegradability. Many naturally occurring polymers such as 

chitin, starch, collagen, alginate, and cellulose are attractive options as they can reduce 

dependency on manufactured items while being environmentally friendly. Biopolymers 

have been used for years as excipients in conventional immediate-release forms for oral 

drugs, aiding in the manufacturing process and protecting the drug from degradation 

during storage. This review focuses on the main properties of biopolymers as well as 

the recent trends in biopolymer-based Drug Delivery Systems, forecasting their broad 

future clinical applications. 
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INTRODUCTION 

Biopolymers are biodegradable polymers 

produced by living organisms. (1) Due to the 

increasing interest in promoting environmental 

sustainability, biopolymers can potentially replace 

synthetic plastics. (2) Their structural backbone of 

nitrogen, oxygen, and carbon atoms makes 

biopolymers readily biodegradable. These 

materials are naturally recycled through biological 

processes, forming humic matter, water, carbon 

dioxide, biomass, and other natural substances 

during biodegradation. (3) 

Biopolymers are commonly found in the life 

cycles of fungi, bacteria, plants, and animals, and 

include polysaccharides produced by bacteria and 

fungi, such as cellulose and starch. Additionally, 

they encompass non-polymeric molecules like 

lipids and macrocycles, as well as macromolecules 

such as nucleic acids, proteins, carbohydrates, and 

lipids. Microbial biopolymers have the potential to 

replace natural water-soluble polymers or 

synthetic materials in various applications related 

to food, medicine, and other sectors. These 

biopolymers are created by different 

https://www.ijpsjournal.com/
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microorganisms and consist of 

exopolysaccharides, endopolysaccharides, and 

polyhydroxyalkanoates. Most microbial 

polysaccharides consist of carbohydrate moieties 

such as glucose, mannose, and rhamnose, along 

with non-carbohydrate moieties and uronic acid. 

Biopolymers-based nanoparticles show promise 

for delivering therapeutic medications to tumour 

cells, such as ovarian cancer cell lines, due to their 

good biodegradation and biodistribution in 

biological systems. (4,5) Biopolymers have a wide 

range of applications, including tissue 

engineering, medication delivery, gene delivery, 

and other biomedical uses, making them an 

important interface between chemistry and 

biology. (6–8) While natural polymers are 

biocompatible and biodegradable, their poor 

solubilities and low mechanical and thermal 

qualities limit their applicability. 

Classification Of Biomaterials 

Chitosan, Nanocellulose, Polylactic acid, and 

Lipids are some of the most popular biomaterials 

in biomedicine. They are widely used due to their 

availability and inherent qualities including 

biocompatibility and antibacterial activity. 

Chitosan: Chitosan is considered a "magical" 

polysaccharide with various therapeutic 

applications. Chitosan characterized as a non-toxic 

biopolymer, ranks as the second most abundant 

compound composed of glucosamine and N-acetyl 

glucosamine units, holding significance in 

biomedicine. The exoskeletons of fungus and 

crustaceans contain it in nature. (9) 

Its qualities, including biocompatibility, 

biodegradability, muco-adhesiveness, and 

renewable sourcing, are its primary advantages. 

Chitosan is often combined with either natural or 

synthetic polymers, which enhances its 

physicochemical and mechanical properties. 

Despite its numerous advantages, the main 

disadvantage of chitosan is its poor solubility, as it 

is minimally soluble at the physiological pH of 7.4. 

(10,11) 

Nanocellulose: Cellulose is a type of linear 

homopolymer that consists of D-glucose units 

linked together by β-1,4 glycosidic bonds. It is 

made up of microfibrils with nanoscale diameter 

and is surrounded by lignin and hemicellulose. 

Cellulose is the most abundant biopolymer found 

on Earth. There are three forms of nano-structured 

cellulose referred to as "nanocellulose." These 

forms include cellulose nanofibers, nanocrystals, 

and bacterial nanocellulose (BNC) which 

originates from Gluconacetobacterxylinus.(12,13) 

Nanocellulose possesses several characteristics 

that make it suitable for medical usage, including 

abundance, elasticity, low thermal expansion, 

solubility, substantial surface area, aspect ratio, 

low cost, and low density. Nanocellulose can 

undergo several chemical modifications such as 

oxidation, amination, epoxidation, esterification, 

silylation, carboxymethylation, sulfonation, and 

can also have thiol- and azido-functional 

properties. Additionally, they can be charged or 

hydrophobic.(14,15) 

Polylactic Acid: Polylactic Acid is produced 

through the fermentation of carbohydrates. In 

contrast to traditional petroleum-based polymers, 

Polylactic Acid is the most popular polymer for 

use in biomedical applications. The raw material 

for Polylactic Acid is produced through the 

fermentation of sugars. (16,17) In the 

manufacturing and medical industries, Poly lactic 

acid has several advantages. When it comes into 

contact with water, it breaks down into L-lactic 

acid monomers, which are used to modify its 

mechanical properties. (18) 

Lipids: Lipids and fats are essential for the body's 

homeostatic processes. It is vital to the human 

body's most important processes, namely energy 

storage and cell integrity maintenance. Organic 

solvents can dissolve lipids since they are nonpolar 
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and greasy by nature. Phospholipids, fats and oils, 

waxes, and steroids are examples of lipids. (19,20) 

Lipid-based drug delivery systems are one of the 

main kinds of drug delivery systems that are 

comprised of these biomolecules because of their 

enormous potential. Due to their ability to deliver 

water-insoluble medications, boost drug 

bioavailability, exhibit low antagonistic potential, 

high bioactivity, natural biocompatibility, and 

facilitate drug transport and release by fusion with 

the celiac membrane, lipid-based drug delivery 

systems have drawn a lot of interest.(21) 

Collagen: The human body contains a significant 

amount of collagen, with 29 different types 

known. Type I collagen is mainly found in bones, 

tendons, and skin. Collagen types I, II, III, V, and 

XI naturally produce fibrils that support the 

extracellular matrix in animals mechanically and 

structurally. Collagen-based materials have 

become increasingly popular in tissue engineering 

due to their advantages, including improved cell-

material interaction and essential cell adhesion and 

proliferation. (22)  

Polyphenols: Plant-based meals contain different 

types of polyphenols, each with unique amounts, 

physicochemical properties, and nutritional 

benefits. These polyphenolic substances are easily 

oxidized because they have numerous hydroxyl 

groups. However, since they are naturally strong 

antioxidants, many of them can be added to food 

to provide additional health benefits. The different 

types of polyphenols found in plant-based meals 

include flavonoids, phenolic acids, stilbenoids, 

curcuminoids, and tannins.(23) 

polymers From Renewable Resources  

Poly Lactic Acid: The first step involves the 

creation of lactic acid, which can be done 

chemically or biologically. Depending on the 

method employed, lactic acid polycondensation 

produces PLA with a low or high molar mass. It 

took 45 to 60 days for polylactic acid to break 

down into mono and oligomers in the compost's 

high humidity and 50 to 60 °C temperatures.  

Thermoplastic Starch: Blends of polymers and 

starches are used to make hard injection-molded 

packaging, foamed loose-fill to fill in voids in 

transport packaging, flexible and rigid films, trays, 

and containers, as well as cardboard. 

Polyesters of Microbiological Origin: 3-

hydroxybutyrate, poly(3-hydroxybutyrate-co-3-

hydroxy valerate), and poly(3-hydroxybutyrate-

co-3-hydroxy hexanoate. Both agriculture and 

medicine use these kinds of biopolyesters. 

Polyester decomposes in soil and ocean in the form 

of fibers, films, bottles, and containers. They are 

also utilized in tissue engineering and medicine to 

create coatings for bone implants and medications 

with controlled release. 

Renewable Polyolefins: Biopolyethylene is the 

primary representative of this class of bioplastics. 

Petrochemical raw materials are substituted with 

raw materials derived from renewable resources in 

the manufacturing of this biopolymer. 

Polymers Derived From Fossil Raw Materials  

Synthetic Aliphatic Polyesters: Biodegradable 

surgical sutures are made of a polymer called 

polycaprolactone. Copolymers are utilized to 

accelerate the deterioration process because the 

material takes several months to degrade. It has 

additionally been utilized in the creation of 

stiffening dressings because of its low softening 

point. 

Synthetic Aliphatic–Aromatic Copolymers:To 

enhance these characteristics, biodegradable 

aliphatic polyester chains are extended with 

additional monomers, either aromatic or aliphatic. 

Due to one of the monomers' initial restricted 

availability, Poly trimethylene terephthalate 

flexibility and mechanical qualities make it an 

excellent polymer for use in the manufacturing of 

fibers. 

Water-Soluble Polymers: A polymer known as 

poly(vinyl alcohol) (PVA) is soluble in water but 
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insoluble in the majority of organic solvents. At 

times, the definition of "biodegradation" is not 

entirely clear. 

Role Of Biopolymers And Importance In 

Nature 

Biopolymers are essential for the basic cellular and 

metabolic functions of living organisms. They can 

be found in plants and algae, which are abundant 

in organic ecosystems. Gelidium seaweeds are a 

great source of nutritional agar and alginin, while 

brown algae can also be used to extract these 

biopolymers. In addition, companies can obtain 

biopolymers like starch and dextran through 

fermentation processes. (24) 

Specific Features Of Biopolymer: 

 

Biopolymers Vs Conventional Synthetic 

Materials 

Living organisms produce a diverse range of 

polymers, which are an essential component of 

their cells, morphology, and dry matter. These 

polymers are also non-carcinogenic, non-

immunogenic, non-thrombogenic, carbon-neutral, 

and less toxic, making them easily extractable. 

However, recent research has suggested that these 

materials may have adverse health impacts, 

particularly on pregnant women and 

newborns.(25–27) 

Fortunately, biopolymers are an eco-friendly 

alternative to traditional plastics. They are 

biodegradable, so they can be disposed of in the 

environment and broken down by microorganisms' 

enzymes. Additionally, biopolymers are extremely 

hydrophilic, sustainable, biocompatible, and low-

toxicity, giving them an edge over traditional 

plastics (Table 1).(28)  

Table 1. Characteristics of biopolymers vs. synthetic polymers 

Characteristic of 

Materials 
Biopolymers Synthetic Polymers 

Main source Agro‐resources Petroleum and gas 

Biodegradability/ 

environmentally friendly 
YES NO/slow 

Structure Well defined Stochastic 

Chemical backbone 

structure 
Carbon, oxygen, and nitrogen Mostly carbon 

Dispersity Unity ˃1 

Physicochemical 

resistance 
Low High 

Toxicity Low High 

Thermal stability Low High 

Mechanical properties Low High 

Sustainability High Low 

Availability High Decreasing 

Cost High (depends on the type) Low 

Applications Of Biopolymers 

The properties that are most suitable for proposing 

biomaterials include surface energy, 

hydrophilicity/hydrophobicity erosion process, 

shape and structure, molecular weight, lubricity, 

material chemistry, water absorption degradation, 



Subhasish Pramanik, Int. J. of Pharm. Sci., 2024, Vol 2, Issue 7, 2307-2328 |Review 

                 

              INTERNATIONAL JOURNAL OF PHARMACEUTICAL SCIENCES                                                                                2311 | P a g e  

and erosion. The packaging of pharmaceutical 

medicines plays a crucial role in ensuring their 

convenience, safety, and identification. 

Additionally, the packaging also affects isolation. 

Biopolymers are widely used to deliver probiotics 

and other bioactive substances that are prone to 

breakdown during preparation, storage, or in 

unfavorable environmental conditions of the 

human gut. The biopolymer components inhibit 

aggregation and are characterized by a large 

electrical charge (Fig-1). (29–31) 

 
Figure 1. The use of biopolymers with modified nanoparticles for drug delivery 

Biopolymers Use In Controlled Drug Release: 

Encapsulation plays a crucial role in shielding 

living cells from harm by ensconcing them in 

biopolymer membranes. This technique is utilized 

for the formation of microcapsules and 

macrocapsules. The process entails enclosing or 

covering one or more materials, referred to as the 

active core material, with another material or 

system, which acts as the shell, casing, carrier, or 

encapsulant. (32,33)  In macrocapsules, living 

cells are trapped in large chambers that allow for 

diffusion. These chambers can be made from flat 

sheets, hollow fibers, and disks with semi-

permeable properties. Macro capsules can be used 

as intra or extra-vascular devices. However, the 

main disadvantage of this technique is the 

potential for developing thrombosis. 

Microcapsules are used in encapsulation to rapidly 

transfer beneficial substances such as glucose or 

insulin. Most studies focus on developing 

microcapsules with low inflammatory responses, 

successfully used in treating endocrine 

diseases.(34) Numerous biocompatible polymers 

have been utilized as encapsulation materials. The 

controlled-release methods may vary depending 

on the mechanism that governs the release of the 

active agent from the delivery system. The primary 

mechanisms that control the release of the active 

agent are biopolymer erosion, diffusion, and 

swelling, followed by diffusion, or degradation. 

The diffusion process takes place as an enclosed 

medication or another active substance moves 

across the outer membrane of the capsule via the 

biopolymer used in the controlled-release device. 

In diffusion-controlled systems, the drug delivery 

mechanism needs to remain stable in the body and 

retain its size and form through swelling or 

breakdown.(35,36)
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Figure 2. Graphical representation of drug encapsulation 

Alginate Use For Drug Delivery: The substance 

alginate is derived from brown algae and is present 

in the form of alginic acid sodium, calcium, and 

magnesium salts. Macrocystis pyrifera, Laminaria 

hyperborea, Saccharina japonica, and 

Ascophyllum nodosum are the algae species used 

for extracting alginate. While alginate can be 

produced by various bacteria species such as 

Azotobacter vinelandii and various Pseudomonas 

species, it is not commercially available. (37). 

Alginate is used as an encapsulating agent in 

diabetes treatment, bioartificial organs, and for the 

protection of hepatocytes or parathyroids. 

However, alginate gels cannot provide 

immunoprotection as they are too porous, so they 

must be coated with cationic polymers of synthetic 

origin in most applications (Table 2).(38) 

Chitosan Use For Drug Delivery: It exhibits a 

significant affinity for polyanions, is soluble in 

acidic aqueous solutions, and contains reactive 

NH3+ and OH‐ groups. Chitosan-based compounds 

are a good fit for controlled-release technologies 

because of their pH-sensitive characteristics. 

Acidic drugs have more permeability when 

chitosan is utilized in membrane formation. 

Chitosan is crucial in creating biocomposites for 

biomedical uses like tissue engineering and drug 

delivery, allowing for various modifications. 

Chitosan is widely used in pharmaceutical and 

dental professions due to its anti-tumor, 

antibacterial, and fungal properties (Table 3). It 

also plays a key role in dental material synthesis. 

(39,40)

Table 2 Alginate use for drug delivery 

Biopolymers Drug Role of Biopolymer Benefits References 

Alginate & 

methylcellulose 
Indomethacin Drug delivery carrier 

Controlled drug 

release: No drug-

polymer interaction. 

(41) 

Alginate & 

Sodium 

carboxy 

methylcellulose 

Ceftriaxone 

sodium 
Multiarticulate bead 

The biopolymer matrix 

reduced drug release in 

the stomach but 

sustained it in the 

intestines. The beads 

swelled at pH 1.2 but 

eroded at pH 6.8. 

(42) 

Alginate 
Metformin 

hydrochloride 

Drug delivery 

system 

Optimal release timing: 

microspheres can be 

utilized in diabetes 

treatment. 

(43) 

Alginate Rifampicin 
Drug delivery 

carriers 

Nanoparticles are pH 

sensitive, releasing the 

(44) 
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active substance most 

effectively at pH 7.4. 

Safety tests showed no 

systemic toxicity after 

oral administration. 

Alginate Ibuprofen 
Drug delivery 

system 

Drug release was 

maintained at 67.53% 

for 4 hours. 

(45) 

Alginate Insulin 
Sustained release of 

drug 
 (46) 

Table 3. Chitosan use for drug delivery 

Biopolymers Drug 
Role of 

Biopolymer 
Benefits References 

Chitosan Interferon‐α 

Nanoparticle

s for oral 

deliver 

In mice, the presence of 

nanoparticles in the plasma 

was observed just 1 hour 

after administration 

(47) 

Chitosan and 

graphene 
Isosfamide 

Sustained 

drug 

microspheres 

Isosfamide entrapped in 

microspheres achieved the 

most controlled drug 

diffusion. 

(48) 

Chitosan and 

xanthan gum 
Ciprofloxacin 

Controlled‐

release 

hydrogel 

As the drug concentration 

increased, the hydrogel's 

entrapment efficiency 

improved, reaching a 

maximum of 93.8%. 

(49) 

Chitosan and 

oleic acid 
Camptothecin 

Controlled 

drug system 

The encapsulation 

efficiency was 

approximately 78%. The 

drug was released slowly in 

the stomach and controlled 

in the intestines. Chitosan-

encapsulated drug showed 

75% resistance to 

hydrolysis. 

(50) 

Chitosan and 

alginate 
Amygdalin 

Drug 

delivery 

system 

A controlled release of 

amygdalin was carried out 

for 10 hours. The highest 

percentage of amygdalin 

released was 70.46% at pH 

3.1, 81.86% at pH 5.0, and 

86.03% at pH 7.4. 

(51) 

Chitosan and 

cellulose 
Amoxicillin 

Controlled 

drug release 
High-loading capacity (52) 

Chitosan and 

cellulose 
5-fluorouracil 

Drug 

delivery 

system 

Increase drug loading 

capacity and 
(53) 

Chitosan and 

PVP/PEG 

Acyclovir 

hydrochloride 

Sustained 

release 

skin-friendly and high 

mechanical strength 
(54) 
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Agar Use For Drug Delivery: Agar is a 

biopolymer obtained from specific types of algae, 

mainly Gelidium sp. and Gracilaria sp., which 

make up the supporting structure of algae. Agar 

consists of two fractions: agarose and agaropectin, 

which are responsible for gelling and non-gelling 

properties, respectively. During processing, 

agaropectin is usually removed to produce agar 

powder with higher gel strength. Chemical 

modification, such as hydroxypropylation, 

acetylation, etherification, and oxidation, is 

commonly used to improve agar quality. Among 

these methods, oxidation is the most commonly 

used. Agar is widely used in the food industry due 

to its gelling capacity, gel reversibility, and high 

hysteresis. It is odorless and can form a gel. Agar 

can be used as an encapsulating agent; however, 

when only agar is used, drug release occurs in two 

phases. The first phase results in the release of 10-

20% of the drug, based on the agar content of the 

beads, followed by a slower and more prolonged 

second phase. Agar is a natural, inert, non-toxic, 

renewable, biocompatible, and inexpensive 

material, making it an excellent candidate for the 

development of sustained-release dosage 

systems.(55,56) 

Starch Use For Drug Delivery: The constituents 

of starch granules consist of water, proteins, 

phosphate esters, free fatty acids, and 

lysophopholipids. The capacity of native starch to 

be digested by pancreatic enzymes following oral 

consumption and then absorbed from the small 

intestine into the systemic circulation has been the 

subject of research. For instance, starch has been 

modified to create resistant starch, which has led 

to its application in enhancing the gut microbiota 

population and influencing signalling pathways 

linked to the prevention of inflammation, the 

management of diabetes, and the prevention of 

overweight. (57) 

Table 4. Applications of starch for drug delivery. 

Biopolymers Drug 
Role of 

Biopolymer 
Benefits References 

Corn starch 

Chlorhexi

dine 

gluconate 

Long‐term drug 

delivery system 

During the 21-day 

observation period, the in 

vitro drug release 

effectively suppressed the 

growth of Staphylococcus 

aureus. 

(58) 

High‐amylose 

starch‐ 

microcrystallin

e cellulose 

Ranitidine 

hydrochlo

ride 

Gastric‐floating 

drug delivery 

systems 

The system containing a 

starch/cellulose ratio of 

3:7 (wt./wt.) 

demonstrated sustained 

buoyancy for over 24 

hours in vitro tests. The 

release of the drug was 

45.87% within the initial 

hour, and it continued to 

be released for up to 10 

hours. 

(59) 

Maize starch 

Probiotics

, 

e.g., 

Lactobaci

llus 

plantarum 

Microencapsulat

ed probiotic 

L. plantarum, when 

encapsulated in a starch 

matrix, demonstrated 

enhanced stability and 

absorption in low-acid 

environments, and the 

cells remained highly 

(60) 
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viable even after heat 

treatments, unlike those 

in formulations 

with native starch. 

Starch‐clay 

composites 
Tramadol 

Tablet 

formulations 

It took about 350 minutes 

for the controlled drug 

release of tramadol from 

starch-clay 

biocomposites. 

(61) 

Glutinous rice 

sodium 

alginate, and 

calcium 

chloride 

Metformi

n 

hydrochlo

ride 

Hydrogel beads 

for controlled 

drug delivery 

The initial drug 

entrapment efficiency for 

metformin hydrochloride 

was initially low due to 

its high solubility, but it 

significantly improved 

when combined with pre-

gelatinized starch gel. 

(62) 

 

Enseteventrico

sum starch 

Epichloro

hydrin 

Drug‐release 

sustaining 

pharmaceutical 

excipient 

The in vitro drug release 

profile displayed minimal 

burst release followed by 

sustained release over 12 

hours. 

(63) 

 

Starch‐

chitosan 

Hydroxyu

rea 
Cancer therapy 

Acidic conditions caused 

the drug release to 

increase because it was 

pH-sensitive. Certain 

concentrations of the 

drug, starch, and chitosan 

caused cancer cells to die 

due to their toxicity. 

(64) 

PVA‐corn 

starch 

hydrogel 

Erythrom

ycin 
Wound dressing 

Erythromycin released 

from the PVA/corn starch 

network was more than 

that of the medication 

containing PVA hydrogel 

(76.7 mg of the total drug 

released after 1800 min). 

(65) 

Cellulose Use For Drug Delivery: The structural 

component of green plants, algae, and oomycetes' 

cell walls is called cellulose. Nanocellulose is a 

type of biocompatible nanomaterials that are 

generally safe to use in various biomedical 

applications. Building nanocellulose-based 

biocomposites has gained a lot of popularity in the 

last several years. Furthermore, during fabrication, 

Nanocellulose plays a part in the adhesion and 

brittleness properties and assists in incorporating 

desired qualities such as antibacterial and 

antioxidant activities, barrier properties, super-

hydrophobicity, or super-hydrophilicity. Some 

nanoparticles are also employed with the alginate 

and gelatin matrix in addition to these two 

biopolymers. But now since it has a naturally 

occurring matrix-like structure and is 

biocompatible, Nanocellulose is thought to be the 

best biomaterial for tissue engineering.(66) 

Hydroxypropyl methyl cellulose ethyl cellulose, 

bacterial cellulose, cellulose esters, and cellulose 

nanocrystals are some of the cellulose systems that 
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have been reported for transdermal medication 

administration. 

Polylactic Acid And Its Use For Drug Delivery: 

Polylactic acid is increasingly employed in diverse 

biomedical applications such as medication 

delivery, prostheses, vascular grafts, bone screws, 

anchors, spinal cages, tissue engineering scaffolds, 

and implants for both short- and long-term use. 

Chen et al. utilized calcium phosphate, magnesium 

powder, and Poly lactic acid to form a 

biocomposite. This composite, characterized by 

lower cytotoxicity, improved mechanical 

properties, and biocompatible byproducts upon 

degradation, augmented bone tissue healing.(67) 

Probiotic Encapsulation And Delivery Using 

Biopolymers: Probiotics are live organisms that, 

when consumed in sufficient quantities, can 

improve the health of their hosts. Strains such as 

Lactobacillus plantarum, Lactobacillus casei, and 

Lactobacillus paracasei exhibited antifungal, 

antibacterial, and antioxidant properties. 

Probiotics encapsulated in food matrices retained 

viability when stored in the refrigerator for two 

months. (68) 

Probiotic Delivery Using Chitosan: Chitosan 

possesses an uncommon characteristic as a 

positively charged polysaccharide with 

antibacterial properties. Due to its role as an 

encapsulating agent that supports cell survival, it 

cannot be used independently. 

Probiotic Delivery Using Agar: The cause of this 

is the increased capacity to produce films and the 

decreased capacity to aid in the creation of 

coatings. To use the film-forming solution as an 

encapsulating material, it must be cooled to 40 °C 

to integrate essential oils. (69,70) 

Probiotic Delivery Using Starch: Starch is 

mostly utilized in the pharmaceutical industry to 

encapsulate medications or active ingredients 

when they are formed into tablets or oral 

formulations. For instance, the addition of alginate 

to starch produced microcapsules that were more 

resistant to probiotics in gastric simulation 

circumstances. 

Probiotic Delivery Using Cellulose: Its 

degradation in the digestive system restricts its use 

as an encapsulating material for probiotics. When 

other materials like gelatin or carrageenan are 

added, the microencapsulation properties of 

carboxymethyl cellulose are enhanced. 

Table 5. Recent application of Biopolymer 

Biopolymers 
Encapsulated 

Strain 

En-

capsulatio

n Method 

Benefits References 

Alginate 

Lactococcus 

lactis spp. 

cremoris 

Extrusion 

There was neither bacterial 

discharge in the stomach 

simulation condition (first 120 

min) nor bacterial survival in 

the intestinal fluid until 240 

min. 

(71) 

Alginate 

Bifidobacterium 

pseudocatenulat

um 

Extrusion 

After being submerged in the 

small intestine fluid 

simulation, none of the 

probiotic cells that were not 

coated survived. In contrast, 

the tested microgels retained 

(72) 
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5.6 log10 CFU/g of live 

probiotic organisms. 

Chitosan, 

agar, and 

gelatin 

Lactobacillus 

plantarum 

Emulsificat

ion 

About 6 mm-diameter 

particles did not dissolve in 

SGF 20 minutes after 

exposure. The biopolymer-

free formula showed a full 

decline in cell viability after 2 

hrs, while coated particles 

showed a viability of 9.2 

CFU/g at the same time. 

(73) 

Chitosan and 

alginate 

vaccine with 

Lactobacillus 

plantarum 

Extrusion 

Because of the encapsulation, 

the oral vaccination 

containing L. plantarum, 

which was used to prevent 

spring viremia of the carp 

virus, remained efficacious 

even after 56 days. 

(74) 

Rice starch 

Lactobacillus 

casei, 

Lactobacillus 

brevis, and 

Lactobacillus 

plantarum 

Extrusion 

For two months, the 

encapsulated cells' vitality 

(8.27/8.46/7.65 log CFU/g) 

was maintained at a low 

temperature. On the other 

hand, during storage, non-

encapsulated cells lost about 3 

log CFU/g of their vitality. 

(75) 

Cassava 

starch and 

alginate 

Lactobacillus 

brevis 

Emulsificat

ion 

The vitality of L. brevis 

encapsulated cells was 8.69 

log CFU/mL after 5 hours of 

maintenance under the same 

conditions, compared to 6.87 

log CFU/mL for non-

encapsulated cells. 

(76) 

Microorganism sources of natural 

biopolymers: 

Dextran: Dextransucrase is an enzyme found in 

lactic acid bacteria that plays a crucial role in the 

creation of dextran in nature. This enzyme 

transfers D-glucopyranosyl residues from sucrose 

to dextran, which is the primary extracellular 

pathway for dextran production. Various 

reactions, such as etherification, oxidation, and 

esterification, have been used to modify a wide 

range of glycoconjugates. However, clinical trials 

have shown that dextran can have some 

unexpected side effects, such as hepatotoxicity and 

thrombocytopenia.(77,78) 

Plant Sources Of Natural Biopolymers  

Pectin In Drug Delivery Applications: Pectin's 

hydrophilicity, which results in its good 

biocompatibility, low toxicity, and 

biodegradability, is mostly due to the widespread 

occurrence of hydroxyl and carboxyl groups in the 

substance. Furthermore, empirical evidence 

indicates that the incidence of colon cancer is 
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significantly elevated in individuals with intestinal 

media pH of 7.0, while the average pH of the colon 

in healthy individuals is 6.5.(79)  

Smart Biopolymers for Special Applications: 

The distinction between natural and synthetic 

polymers comes from the fact that while these 

molecules can be produced chemically from fats, 

proteins, amino acids, or vegetable oils, they also 

exist naturally in our bodies. Biodegradable 

polymers have numerous applications in different 

areas of life. Examples of these include lignin, 

natural rubber, and polysaccharides such as 

sodium alginate, cellulose, and chitosan. The more 

significant polysaccharide is sodium alginate, 

which has been extensively utilized in medicine as 

an alginate fiber for hemostatic gauze or as a 

hydrogel preparation.. (80)  

Table 6 displays the recent patents and ongoing 

clinical trial stages of major drug delivery systems 

(DDS) for various treatment applications. Lipid-

based nano drug delivery systems, such as 

liposomal and extracellular vesicles (EVs), are the 

most researched, followed by hydrogels and 

nanofibers. 

Table 6 Ongoing clinical trials and patents of major drug delivery systems 

Drug delivery 

system 

Product name 

/Sponsor 

Major 

biopolymer 
Application References 

Hydrogels 

Catasyn™ Hydrogel Chitosan 
Superficial 

burns treatment 

(81) 

HemCon bandage Chitosan 
Coronary 

angiography 

(82) 

Dextenza® 

PEG N-hydroxy 

succinimidyl 

glutarate 

Conjunctivitis 

(83) 

ProCore Ltd. Hyaluronic acid Osteoarthritis (84) 

Liposomes 

Celsion Lipids Anticancer (85) 

Syncore 

Biotechnology 
Lipids Anticancer 

(86) 

University of Rome 

Tor Vergata 
Lipids 

COVID-19 

treatment 

(87) 

 

Extracellular 

vesicles 

University of 

Louisville 

Grape based 

exosomes 
Colon cancer 

(88) 

Tel-Aviv Sourasky 

Medical Center 

T-REx™-293 cells 

exosomes 

COVID-19 

pneumonia 

(89) 

Isfahan University of 

Medical Sciences 

Mesenchymal cells 

exosomes 

Cerebrovascular 

disorders 

(90) 

Micelles 

Asan Medical Center Polymeric micelles 
Ovarian cancer 

treatment 

(91) 

Samyang 

Biopharmaceuticals 

Cor 

Polymeric micelles 

Advanced 

pancreatic 

cancer 

(92) 

Dendrimers 

Starpharma Pty Ltd Poly-L-lysine 
Bacterial 

vaginosis 

(93) 

National Institute of 

Allergy and 

Infectious Diseases 

Poly-L-lysine 
Herpes simplex 

ii 

(94) 

Ashvattha 

Therapeutics, Inc. 

Poly-amidoamine 

dendrimers 

Macular 

degeneration/ 

(95) 
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diabetic 

macular edema 

Nanofibers Esfahan University of 

Medical Sciences 
NA 

Endodontics 

procedures 

(96) 

Biomaterials for Special Applications Based on 

Natural Polymers: 

It provides dressing materials made mostly of 

natural polymers, which are created in the form of 

films and hydrogels among other things. Chitin 

and its derivative chitosan, which are the 

fundamental components of marine crustacean 

shells (e.g., crabs, shrimp, and krill), are examples 

of natural polymers with intriguing biological 

features that are obtained from renewable sources 

and additionally generated by certain bacterial or 

fungal species' microbial fermentation. The 

criteria of contemporary dressing materials and 

implants are mostly satisfied by biomaterials based 

on the polysaccharides above. The usage of 

biodegradable materials responds to worldwide 

trends in the creation of mostly disposable items 

while also assisting in lowering the expenses 

related to trash storage and disposal.(97,98) 

Evaluation Parameters For Biopolymeric 

Nanoformulations 

The determination of the mean and distributional 

sizes of the particles is a crucial factor in 

determining the bionanosuspension'sstability.In 

both nanosuspension and bionanosuspension, the 

amorphous drug-loaded nanoparticles can be 

described. The determination of zeta potential is an 

additional metric utilized in the assessment of 

particle surface charge, which determines the 

stability of both nano- and bionanosuspension. 

Therefore, both nanosuspension and 

bionanosuspension stability are attributed to 

consistent particle size distribution.(99–101) 

Biopolymers A Novel Bioretardant In Nano-

Formulations Development 

After extracting the biodispersant from Cicer 

arietinum seeds using double-distilled water and 

ethanol, the biodispersant was collected and 

subjected to additional analysis for 

physicochemical properties such as colour, odor, 

particle size, shape, solubility, and IR spectral 

studies. Major biopolymers found in cereal grains 

include lipids, non-starch polysaccharides, 

protein, and starch (Table 7). The IR spectrum of 

the isolated biomaterial revealed the presence of 

tertiary alcohol groups, aromatic ring secondary, 

and saturated hydrocarbons. (102) 

Table 7 Recent biomedical applications of major biopolymers-based nanofibers fabricated by 

electrospinning. 

Biopolymers System composition Applications References 

Cellulose 

Cellulose-AuNP-AgNP Wound healing (103) 

Cellulose acetate/ Pramipexole Wound healing (104) 

Cellulose-camptothecin Sustained DD (105) 

Cellulose acetate/nano 

cellulose/tranexamic acid 
Drug delivery (106) 

Chitosan 

MOF-5/CS/polyethylene oxide Air filter (PM 2.5) (107) 

Polyvinyl alcohol/CS/AgNP 
Dye removal and 

antibacterial 
(108) 

CS/polyvinyl alcohol/ halloysite 

nanoclay/ cephradine 
Drug delivery (109) 

CS/polyethylene oxide Sustained DD (110) 

CS/CuS/fucoidan Tissue engineering (111) 
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Polyurethane-modified CS/ 

linezolid 
Wound healing (112) 

Polylactic 

acid 

PLA Mask filter (113) 

PLA/bacitracin/zataria multiflora Antibacterial (114) 

CS/PLA/chondroitin sulfate/ 

AgNP 
Antibacterial (115) 

PLA/PCL/magnetic 

nanoparticle/tetracycline 

hydrochloride 

Drug delivery (116) 

CHALLENGES AND LIMITATIONS 

Numerous problems continue to impede the quick 

acceptance of biopolymer utilization. Certain 

items, particularly in humid or unfavorable 

settings, have low mechanical properties, quick 

disintegration, and high hydrophilic capacity, 

making their use unfeasible. Furthermore, by 

taking into account the inherent qualities and 

susceptibility of the chosen strain, this will 

optimize the entire process and reveal methods for 

creating the ideal formulation using preclinical, in 

vitro, and in vitro methods that take into account 

capsule release, production, packaging, shipping, 

and storage.  First, the majority of research done to 

date has been done in vitro; as a result, additional 

in vivo and clinical studies are required to prove 

the health advantages of biopolymers and their 

biocompatibility in a range of biomedical 

applications, particularly when they are utilized as 

drug delivery encapsulation materials. More 

research is required to determine the right 

molecule to utilize in combination or alone to treat 

different diseases and achieve the necessary 

payload at therapeutically relevant concentrations 

in a carefully regulated manner. Second, 

enhancing end-use mechanical qualities, kinetics 

and release, heat resistance, and barrier properties 

to produce materials that are as good as or better 

than synthetic products. Certain items, particularly 

in humid or unfavorable settings, have low 

mechanical properties, accelerate degradation, and 

have a high hydrophilic capacity, making their use 

unfeasible. A thorough multidisciplinary study 

involving microbiologists, physicians, and 

engineers specializing in biomaterials, food, 

agronomy, and chemistry is required, even though 

the application of encapsulated probiotics has been 

extensively studied. Probiotic encapsulating 

formulation prototypes will become more refined 

and effective as a result, and the most appropriate 

polymeric carriers will be used in product 

manufacture to identify the most targeted and 

potent probiotic strains.  

Third, in this quickly developing subject, it is 

necessary to address the issues pertaining to 

expenses, economic factors, and the discrepancy 

between policy and global adoption of the new 

technology. 

CONCLUSION 

The use of biopolymers such as PLA, silk, and 

chitosan is the subject of growing research interest 

in medical applications. Biopolymer 

nanocomposites are particularly intriguing due to 

their unique properties, including 

biocompatibility, biodegradability, nontoxicity, 

and improved structural and functional features. 

These new materials are highly significant in 

medicine, as synthetic materials do not fully meet 

the requirements of living systems. This review 

succinctly highlights the significant benefits of 

specific biopolymers, particularly chitosan and 

cellulose, in biomedical applications, such as 

antimicrobial agents, drug delivery systems, 

implant materials, and tissue engineering. Recent 

studies have demonstrated that the use of 

biopolymers, in combination with synthetic 

materials, has the potential to revolutionize the 

field of medicine. 
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ABBREVIATION 

DDS-Drug delivery system. 

CFU-Colony forming unit. 

BVC- Bacterial nanocellulose 

PVA- Poly vinyl alcohol 

BNC -Bacterial nanocellulose  

CNC- Cellulose nanocrystal  

CNF- Cellulose nanofibers 

CS -Chitosan 

CM- Convergent method 

CMC- Critical micellar concentration  

DM -Divergent method  

DDS- Drug delivery system 

ES -Electrospinning  

ECM- Extracellular matrix  

EVs- Extracellular vesicles  

FDA -Food and Drug Administration 

GPC- Global production capacity 

GTA -Glycerol triacetate 

HMPA -2,2-bis(hydroxymethyl)propanoic acid 

HNT- Halloysite nanotubes 

MTX-- Methotrexate  

NC- Nanocellulose 

NF- Nanofiber 

PEG- Polyethylene glycol 

PVP- Polyvinylpyrrolidone  

PCL- poly-caprolactone  

PLA -Poly lactic acid  

PMS -Polymeric micelles  

AuNP –Gold nanopartical 
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