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ABSTRACT:

Natural polymers have gained significant attention in the development of novel drug delivery systems due
to their biocompatibility, biodegradability, and low toxicity. These polymers, derived from plant, animal,
and microbial sources, offer a versatile platform for targeted and controlled drug release, minimizing side
effects and enhancing therapeutic efficacy. Key examples include chitosan, alginate, gelatine, and
cellulose derivatives, which are explored in diverse drug delivery formats like hydrogels, nanoparticles,
and microcapsules. Their structural flexibility enables drug encapsulation, sustained release, and specific
targeting to diseased tissues or organs. Moreover, natural polymers can be functionalized to respond to
physiological triggers such as pH, temperature, and enzymes, optimizing drug bioavailability and patient
compliance. the landscape of personalized medicine. This review underscores the benefits, challenges, and
future prospects of natural polymers in creating effective, safe, and innovative drug delivery systems.

Keywords: Natural polymers, Drug delivery systems, Biocompatibility, Biodegradability, Controlled
release, Targeted delivery, Chitosan, Alginate, Gelatin.

1. INTRODUCTION:

Natural polymers extracted from organic sources such as microorganisms, algae, plants, or animals have
been widely used for decades in biomedical applications such as pharmaceuticals, tissue regenerations
Polysaccharides, proteins, and polyesters derived from plant and animal kingdoms are part of the family
of natural polymers. Several of these polymers comprise our diet and have been used in various human
application. These polymers are recognized by the biological environment and directed into metabolic
degradation !

Natural polymers are components of biological systems responsible for performing various essential
functions ©*} For instance, specific natural polymers, such as cellulose and chitin, play a vital role in
maintaining the structural integrity of cells in plants and animals. In contrast, others, such as lysozymes,
offer biological protection against surrounding environments * The diversity in their origin and
composition provides these natural polymers with distinct physicochemical and biological properties and
are of interest in various fields, e.g., in the manufacture of paper goods and textiles, as additives in food
products, in the formulation of nutraceuticals and functional foods, and in the biomedical field (e.g., in
cosmetic treatments and drug delivery) [ Their exploitation is favourable due to the natural abundance,
renewability, and intrinsically low carbon footprint of polymers derived from renewable resources. Natural
polymers are essential for supporting life and enabling organisms to adjust to their surroundings through
vital biological processes like molecular identification and genetic information transfer (¢}

Sodium alginate is a natural polymer extracted from marine algae that has a wide range of applications in
the industrial field because of its unique and excellent structural and chemical properties, including the
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preparation of new materials for pharmaceutical preparations, the biomedical field, the food field, the
cosmetics field and the environment field”**!%11.121' Natural reserves of are very abundant, and natural
polymers are preferred over synthetic polymers due to their excellent biocompatibility and natural
degradability, and they are considered sustainable and promising alternative to petroleum- derived
polymer!'*!*With the development of nanotechnology, the preparation of nanostructured SA materials
has gained in-depth research and made great progress [ Among them, nanofibers are considered one of
the most promising nanotechnologies for overcoming the current challenges and shortcomings of modern
drug delivery systems and achieving the desired release pattern [!”-1%1° Sodium alginate nanofiber (SANF)
membranes prepared based on electrostatic spinning technology have excellent properties, such as high
specific surface area, high drug loading capacity, controlled drug delivery, and reduced drug side effect
[16].

One of main causes of impairment world is bone loss brought on by non-healing fracture following trauma,
disease like osteoporosis and which impact millions of individuals worldwide *° Despite their long
history and widespread use, the materials currently used in clinics include metals ceramics and polymers
21l Nanotechnology has made significant strides in recent years, with the use of nanomaterials in
regenerative medicine as well as in bone tissue engineering. Osteoprogenitor cell migration and
recruitment is the first step in the complicated and dynamic process of bone tissue engineering, followed
by the cell’s proliferation, differentiation, matrix formation and bone modelling *?! The structure and
organization of the extracellular matrix (ECM) and cells that are hierarchal and span multiple orders of
magnitude (nm to cm) greatly influence the characteristics of bone tissue. Therefore, novel approaches are
taking into account the hierarchal assembly of tissue, from the nanoscale to macroscale, and are needed
for the healing and restoration of bone defects [>* Nan composites and nanomaterials are a potential
platform for bone tissue engineering because they can resemble the structure of the natural extracellular
matrix and ensure robust bone tissues by utilizing bone-shaped architecture. Which deal with the
implementation of natural biopolymers that mimic the environment of the natural extracellular matrix
(ECM). In bone tissue engineering, scaffolds are the substitute for the extracellular matrix. Scaffolds are
composed of biodegradable biopolymers, which are porous in nature and can provide a bioactive
environment in which the cells can adhere and proliferate. It also contains cells, some growth factors and
certain biochemical signals, which can replace and repair the damaged tissues by creating a new
environment that will allow the cells to build up their own native extracellular Matrix ?** A morphogenetic
signal, receptive host cells, an appropriate carrier of the signals that can send them to specific places and
subsequently function as a scaffold for the emergence of the responsive host cells, and a healthy well-
vascularized host bed are all required for the regeneration of bone. This also provides structural integrity
and a supporting matrix for bone regeneration [>>* Scaffolding materials for bone tissue engineering can
be stiff or injectable, with the latter requiring surgical implantation [*®* The optimum bone tissue scaffolds
for bone tissue engineering must be  osteoconductive and osteogenic. The requirement of osteo
conductivity of these scaffolds is to promote the attachment, survival and migration of osteogenic cell *7!
Directing stem cells towards the osteoblastic lineage, osteo inductive scaffolds not only provide the
physical strength but also assist in incorporating pharmacological action 27} To establish functional bone
tissue engineering. Sustained release of a hydrophilic drug from the hydrophobic polymer carrier might
be difficult, and phase separation and splitting of the drug from the matrix may occur, causing sudden
release of the active substance in a layered scaffold-drug delivery system the hydrophilic drug can be
preserved in a hydrophilic polymer in a form of particles, and integrated into the hydrophobic scaffold
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allowing for a longer and more stable release. This system many advantages since it can provide physical
bonds between biological parts such as cells and scaffolds due to drug and polymer scaffolds cell retention
capacity 28}

Tetracycline (Tet) is an antibiotic used in the prophylaxis and treatment of both human and animal
infections against microorganisms such as gram-positive and gram-negative bacteria, protozoa, parasites,
and mycoplasmas. Tet, which has a versatile and changeable structure, has been used in the treatment of
diseases for more than half a century now due to its chemical backbone that interact with the cellular
target. Basically, in the working mechanism of Tet antibiotic interfere with bacterial proteins by binding
to them at the site of biosynthesis through the 30S subunit of the bacterial ribosome. The mechanism of
action of tetracyclines makes it impossible for bacteria to attach tRNA and in consequence the inhibition
of the development of the bacterial cell occurs. Tet is used clinically for bacterial dysentery, trachoma,
pertussis pneumonia purulent meningitis, skin infections and otitis media. In the study of swamy et al
used PCL nano fibres enriched with Tet in different concentrations and tested the influence of the
concentration of the drug on the speed of tissue regeneration.

The treatment of skin diseases through topical drug administration offers significant advantages compared
to systemic routes. These advantages include targeted drug delivery, minimized systemic drug exposure
(and, consequently, fewer systemic side-effects), and avoidance of hepatic first-pass effect Topical
formulations are also easy and painless to administer (non-invasiveness), ensuring good patient
compliance. They can be tailored to have controlled drug release, leading to therapeutic effects that last
for a longer period of time studies.

2. NATURAL POLYMER:

Plant based polymers are naturally available and can be made into natural polymers. Natural gums are
hydrophilic carbohydrate polymer of high molecular weight. As these plant elements are rich in
carbohydrates most, they are insoluble in organic solvents. Gum either water soluble or absorb water and
swell in cold water in order to provide viscous solution *!

2.1CLASSIFICATION OF NATURAL POLMERS:
Natural polymers are classified in three main categories, such as.

Classification of Natural pelyvmers based on source

Animals
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Fig No. 1: Classification of natural polymers.
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2.2 COMPOUND OF NATURAL POLYMERS:

1. POLYSACCHARIDES FROM PLANT ORIGIN:

Natural polysaccharides are complex carbohydrates composed of long chains of monosaccharide (sugar)
units linked together by glycosidic bonds. These biopolymers are found in various natural sources,
including plants, animals, and microorganisms. Natural polysaccharides serve a wide range of functions
in biological systems and have numerous industrial and commercial applications. Natural polysaccharides
are valued for their biodegradability, biocompatibility, and sustainable sourcing. They are widely utilized
in the food industry, pharmaceuticals, cosmetics, agriculture, and other sectors, making them an essential
class of biopolymers.

CELLULOSE: Cellulose is the most prevalent organic substance on Earth and a form of carbohydrate
[30.31.32.33] dressings have high absorption capacity, which helps in managing exudate, preventing.
Cellulose -based wound dressings can help prevent biofilm formation on the wound surface. Biofilms are
communities of bacteria that can impede the healing process and make wounds more susceptible to
infection. Cellulose dressings can create a barrier that inhibits biofilm formation. Some cellulose-based
biomaterials, particularly those with 3D structures, can provide a scaffold for the formation of granulation
tissue. Granulation tissue is a critical part of the proliferative phase of wound healing and plays a role in
wound closure and tissue repair. It's important to note that the effectiveness of cellulose-based wound
dressings may vary depending on the specific product, wound type, and individual patient needs. Overall,
cellulose-based biomaterials are part of the broader field of biomaterials used in wound care. It
complex polysaccharide composed of repeating glucose molecules and is present in the cell walls of all
plants and many algae. Cellulose provides structural rigidity and resilience to plants, and is essential for
their growth and development. Additionally, it is an essential component of wood, cotton, and other natural
fibers. There are numerous industrial applications for cellulose, including the production of paper, textiles,
biofuels, and other renewable materials. In some culinary products, it is also used as a low-calorie
thickener and stabilizer. Due to its capacity to promote tissue regeneration and lesion closure, cellulose
has been used in Wound healing. Cellulose-based dressings, when placed to a wound, can provide a moist
environment that helps hasten healing and inhibit the growth of germs. Additionally, cellulose dressings
can absorb excess wound exudate, thereby reducing inflammation and preventing infections. Certain types
of cellulose dressings, such as those manufactured from carboxymethyl cellulose (CMC), can form a gel-
like barrier over the incision to promote healing and alleviate pain. Another form of cellulose-
based Wound dressing is manufactured from bacterial cellulose, which is generated in a manner similar
to 3D printing by certain bacteria. This form of dressing has a highly porous structure and can serve as a
scaffold for the growth of new tissue and the healing of wounds. Burns, chronic ulcers, and surgical
incisions are among the categories of lesions for which cellulose-based dressings have been shown to be
safe and effective in both preclinical and clinical studies [*+33¢)

Cellulose-based biomaterials can play a beneficial role in skin Wound healing. These materials are used
in various wound care products and dressings to support the healing process by providing a suitable
environment for tissue regeneration. Cellulose-based wound dressings are often designed to maintain a
moist environment around the wound. Proper moisture control helps create conditions that are conducive
to cell migration, proliferation, and tissue repair. Moist wound healing can promote faster healing and
reduce scarring. Wounds often produce exudate, which is a combination of blood, serum, and other fluids.
Cellulose-based dressings have high absorption capacity, which helps in managing exudate, preventing
dressings have high absorption capacity, which helps in managing exudate, preventing it from
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accumulating around the wound, and reducing the risk of infection 7). Cellulose-based wound dressings
can help prevent biofilm formation on the wound surface. Biofilms are communities of bacteria that can
impede the healing process and make wounds more susceptible to infection. Cellulose dressings can create
a barrier that inhibits biofilm formation. Some cellulose-based biomaterials, particularly those with 3D
structures, can provide a scaffold for the formation of granulation tissue. Granulation tissue is a critical
part of the proliferative phase of wound healing and plays a role in wound closure and tissue repair. It's
important to note that the effectiveness of cellulose-based wound dressings may vary depending on the
specific product, wound type, and individual patient needs. Overall, cellulose-based biomaterials are part
of the broader field of biomaterials used in wound care, and they contribute to creating a favourable
environment for the body's natural wound healing mechanisms to function optimally.

2. PROTEINS FROM ANIMAL ORIGIN:

Natural proteins are large, complex molecules that play vital roles in biological processes. They are one
of the fundamental classes of biomolecules and are made up of long chains of amino acids. Proteins are
essential for the structure, function, and regulation of various components of living organisms. Natural
proteins are fundamental biological macromolecules with diverse functions, and they are crucial for the
proper functioning of living organisms. They are extensively studied and have a wide range of applications
in various fields, including medicine, biotechnology, and scientific research.

GELATIN: It derived from collagen obtained from animal tissues, has been explored for its potential
applications in wound healing. Collagen is a major component of the extracellular matrix in connective
tissues, and it plays a crucial role in tissue repair and regeneration. dressings or sponges can be used as
wound dressings. These materials provide a moist environment, which is conducive to wound healing, and
they can also serve as a barrier against microbial. these dressings may help promote cell proliferative and
tissue repair. It can used to create hydrogels, which are water-containing gels that can provide hydration
to the wound. Hydrogels are designed to maintain a moist environment, which supports cell migration,
angiogenesis (the formation of new blood vessels), and other processes crucial for wound healing.
CHITOSAN: Chitosan is a naturally occurring polysaccharide derived from the exoskeletons of
crustaceans, such as shrimp, crab, and lobster. Biodegradable, non-toxic, and biocompatible, chitosan is
a Linear polymer composed of randomly distributed -(1-4)-linked d-glucosamine and N-acetyl-d-
glucosamine units. Chitosan's capacity to adhere to and trap fats and cholesterol in the digestive tract has
made it a popular weight loss and cholesterol-lowering dietary supplement] 334941 it i5 also used as a
biodegradable packaging material and for wound healing and water remediation. Although chitosan has
been studied for its potential antibacterial, antifungal, and antitumor properties, additional research is
required in these areas. Chitosan's potential to promote wound healing has been investigated. Chitosan,
when administered to a wound, can produce a protective film that prevents infection and promotes healing.
It is believed that its wound-healing properties result from its ability to stimulate the production of growth
factors and promote the formation of new blood vessels, both of which are necessary for the regeneration
of damaged tissue *?!- Chitosan can also promote the formation of granulation tissue, a type of tissue that
forms during the healing process and is composed of new blood vessels and connective tissue.

3. FROM MICROBE POLY ESTERS:

Now a day, Polyesters are one of the most economically important and widely used classes of polymers
among the polycondensation polymers. The ‘Polyesters’ is a term used for polymeric material having ester
groups in the polymeric main chain of macromolecules instead of ester groups in the side chain of
macromolecules, as in the case of poly (vinyl acetate), poly (methyl methacrylate), Or Cellulose triacetate,

IJFMR240631051 Volume 6, Issue 6, November-December 2024 5



https://www.ijfmr.com/

~ Y International Journal for Multidisciplinary Research (IJFMR)

i

IJFMR E-ISSN: 2582-2160 e Website: www.ijfmr.com e Email: editor@ijfmr.com

etc. Since time immemorial, the use of natural polyester has been in vogue to mankind. The reports show
that the shellac (Natural polyester) was used in the mummies embalming by esters of Egyptians and as a
resin for phonographic records journey of synthesizing synthetic polyesters has been known since the late
eighteenth century as a resinous form, the exact composition of which remained unknown. Earlier reports
of these types of polyester resin show that Berzelius was the first scientist who synthesized first polyesters
of polybasic acids and polyvalent alcohol by reacting tartaric acid and glycerol in 184741. Many other
efforts had been made at the same time those from Berthelot, who obtained a resin by reacting glycerol
and camphoric acid in 1853 who made glycerides of succinic acid and citric acid in 1856 first
commercially important polyester was alkyd resins, developed for the coating, varnishes, and paints
applications. Alkyd resins are essentially polyester of phthalic anhydride, glycerol, and monocarboxylic
unsaturated fatty acids. Alkyd resin was first marketed in 1929 by the General Electric Company of the
However, the modern history of polyesters began with the work of the Carothers in 1930s. He proved the
macromolecular theory of Staudinger by experimental studies on the reaction between aliphatic dibasic
acids and diols and recognized the relationship between the degree of polymerization.

HYALURONIC ACID: The body naturally produces hyaluronic acid (HA), which is present in many
tissues including the skin, joints, and eyes. It is a glycosaminoglycan , a kind of molecule composed of
units of sugar molecules that repeat repeatedly. Hyaluronic acid is crucial for the skin's ability to retain
moisture, elasticity, and plumpness. It can store 1000 times its weight in water, preventing dryness and
wrinkles while preserving the skin's hydration levels. Dermal fillers, which plump up the skin and
minimize the appearance of wrinkles and fine lines, are only one example of how hyaluronic acid is
employed in a variety of medicinal and cosmetic purpose 344434647} it {5 ysed in certain joint injections
to lessen discomfort and inflammation in arthritis sufferers. The healing of wounds benefits greatly from
hyaluronic acid (HA). The body reacts to a skin injury by creating a blood clot to halt the bleeding , and
then it begins to restore the tissue. In this healing process, hyaluronic acid plays various roles. Hyaluronic
acid generates a gel-like matrix after an injury that gives new cells a framework to develop into. This
matrix aids in the creation of a scaffold for the generation of new tissue. This matrix may aid in preventing
scarring by directing the creation of new tissue. Hyaluronic acid promotes cell migration and proliferation
by attracting and activating immune cells and other cells vital to the healing of wounds. Additionally, it
promotes the growth of fibroblasts, which are cells that create the proteins required for tissue repair,
including collagen. Inflammation is a normal component of the healing process for wounds, however
excessive inflammation may slow down healing and cause scarring. Hyaluronic acid aids in reducing
inflammation. By preventing the synthesis of pro-inflammatory molecules, hyaluronic acid aids in the
reduction of inflammation.

3.0 NATURAL POLYMERS FOR BIO MEDICAL USE:

3.1. Antibacterial:

Antimicrobial medication coatings, antimicrobial gauze or dressings, and medical tapes containing
antimicrobial agents are a few examples of antimicrobial wound healing techniques. Chi et al. created a
patch called the biomass-energetic chitosan microneedle array (CSMNA) to aid in healing wound ¥} Due
to its exceptional qualities and inherent antibacterial capabilities, chitosan is often utilized for wound
healing ! The microneedle’s microstructure also helps to prevent excessive skin and patch adherence
while delivering the drug-carrying agent to the target location. Meanwhile, a temperature-sensitive
hydrogel wraps vascular endothelial growth factor (VEGF) in the CSMNA micropore ¥ As a
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consequence, the temperature rise brought on by the inflammatory response of the wound may be exploited
to regulate the release of smart drugs. Biomass CSMNA patches have been proven in studies to support
tissue regeneration, angiogenesis, collagen synthesis, and inflammatory control during wound healing
Therefore, this multifunctional CSMNA patch may be helpful in clinical applications such as wound
healing 5%

Fig no:2 Antibacterial agents

3.2. Hydrogel Preparation and Application

Hydrogels prepared from natural polymers have attracted extensive attention in many due to their
excellent biocompatibility, degradability, and flexibility [59]. Hydrogels are three-dimensional networks
formed by hydrophilic polymers through chemical cross-linking (covalent or ionic bonds) or physical
cross-linking (hydrogen bonds, van der Waals forces, and physical entanglement) swollen in water 152!
Hydrogels based on natural polymers such as alginate, starch, cellulose derivatives, chitosan, collagen,
hyaluronic acid, pectin, and so on show good degradability, biocompatibility, nontoxic degradation
products, good flexibility similar to natural tissue, and have natural abundance, which endows them with
widespread applications in medicinal fields, for instance, as drug carriers, wound dressing for wound
healing, substrates for cell culture, cell delivery systems, scaffolds for tissue regeneration>>->*
Hydrogels based on natural polymers have emerged as promising alternatives for the ECM in biomedical
applications due to their unique integration of biodegradability, biocompatibility, mechanical property
tunability, biomimicry, and responsiveness, which could provide microenvironments with the preservation
of cellular functions, promotion of cell health, and encouragement of tissue formation 13336/

Hydrogels based on natural polymers have emerged as promising alternatives for the ECM in biomedical
applications due to their unique integration of biodegradability, biocompatibility, mechanical property
tunability, biomimicry, and responsiveness, which could provide microenvironments with the preservation
of cellular functions, promotion of cell health, and encouragement of tissue formation °7*
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3.3. Drug Delivery

Extensive research has been conducted on the use of natural polymers as carriers for drugs and other
bioactive substances, which has garnered a great deal of interest. Natural polymers have inherent
advantages such as biocompatibility, controlled enzyme degradation, specific interactions with some
biomolecules and easy modification, which make them versatile for drug delivery applications. In this
context, drug delivery systems (DDSs) constructed using representative natural polymers such as
polysaccharides (chitosan and hyaluronic acid) and proteins (silk fibroin and collagen) are generally
summarized. These DDS systems are used to deliver payloads, which mainly include low molecular
weight drugs, proteins, and DNA, and are employed for various applications such as tissue engineering,
wound healing, or anticancer therapy. Moreover, a DDS constructed by modified biopolymers has also
been presented, focusing on the chemical and morphological modifications, the additions of smart stimuli-
triggered or targeted motifs, and so on, which promoted delivery and therapy efficiency.

Polysaccharides and protein-based materials show more similarities to the extracellular matrix, thus
endowing natural polymer-based drug carriers with minimally invasive properties Moreover, polymer
chains are abundant in some groups with accessibility to modification, including amino groups, carboxyl
groups, hydroxyl groups %

3.4. Wound Healing:

Natural polymers play significant roles in different skin wound healing processes, contributing to the
overall effectiveness of wound management and tissue repair. Natural polymers such as chitosan and
hyaluronic acid can help reduce inflammation in the early inflammation phase of wound healing. With its
anti-inflammatory properties, chitosan can minimize the inflammatory response, while hyaluronic acid
contributes to a balanced immune response, potentially reducing excessive inflammation [

Natural polymers like collagen, chitosan, and keratin provide a scaffold for cell migration and
proliferation. Collagen-based dressings act as a structural framework for cells to move into the wound area
and stimulate cell division, promoting granulation tissue formation As a primary component of the
extracellular matrix, collagen facilitates the formation of this supportive network. It guides fibroblasts to
synthesize new collagen, helping reestablish tissue integrity. Hyaluronic acid and alginate maintain a moist
wound environment conducive to cell proliferation and migration. This wet environment also helps
prevent the formation of scabs, promoting faster healing. Specific natural polymers, such as keratin, have
been found to minimize scarring and promote a more natural appearance of healed tissue This is
particularly valuable in aesthetic areas or where scar formation could impair function. Chitosan has
inherent antimicrobial properties, helping prevent infections in the wound area. Chitosan dressings can
inhibit the growth of bacteria, making them suitable for wounds at risk of infection. Alginate dressings,
composed of seaweed-derived alginic acid, absorb excess exudate from the wound. This maintains a moist
environment and helps prevent bacterial proliferation in overly damp condition.

3.5. Skin Tissue Engineering

Due to their excellent biocompatibility, biodegradability, and low cytotoxicity, as compared to synthetic
polymers, natural polymers find extensive application in skin tissue engineering Polysaccharides and
protein-based materials are the two primary categories of natural polymers employed in hydrogels for this
purpose. Dermal substitutes comprising collagen or hyaluronic acid serve as scaffolds for cellular growth.
On the other hand, epidermal substitutes, consisting of keratinocytes and fibroblasts, replace the outermost
layer of skin Natural polymers, including alginates, collagens, hyaluronic acid, and, are commonly used
in bone tissue engineering. These polymers are employed in three primary forms: nanofibrous scaffolds,
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hydrogels, and microspheres. have also been developed for bone tissue engineering by combining natural
polymers with hydroxyapatite. Bone scaffolds serve as a crucial application of natural polymers and
provide a supportive structure for cellular. Osteogenic differentiation, involving transforming
mesenchymal stem cells into bone-forming osteoblasts, is another essential aspect of natural polymer
utilization. Additionally, natural polymers are used in bone regeneration strategies, acting as scaffolds or
carriers for growth factors to promote the restoration of damaged or lost bone tissue [©¥
3.6. Cartilage Tissue Engineering

Cartilage is composed of thick proteoglycans and collagen. This thick and lubricated structure presents
particular challenges for adhesives and bonding strategies. Furthermore, cartilage defects lack a
regenerative capacity, as they lack blood vessels/neural tubes. Natural polymers, such as collagen,
chitosan, alginate, silk fibroin, and hyaluronan, have extensive applications in cartilage tissue. serve as
primary natural polymers in cartilage tissue engineering, providing a supportive structure for cellular
growth. Various materials can fabricate these scaffolds, including chitosan, collagen, alginate, silk fibroin,
hyaluronan, and. Chondrogenic differentiation is another significant application of natural polymers
involving transforming mesenchymal stem cells into chondrocytes, contributing to cartilage formation.
Furthermore, natural polymers are being investigated for repair and regeneration techniques to promote
the restoration of damaged or lost cartilage tissue. These techniques often employ natural polymers as
scaffolds or carriers for growth factors (1]

3.7 Heart Valve Tissue Engineering:

Polysaccharides are the most abundant biomaterials in nature and meet several criteria for eligibility for
tissue engineering, which include biocompatibility, biodegradation, and the ability to support cell
development. Due to their biological properties and structural and functional similarities to ECM, it is
reasonable to use them in tissue engineering Polysaccharides become essential to promote heart valve
tissue regeneration in combination with appropriate cells or bioactive molecules. Their applications for
heart valve tissue engineering are vast and varied, and approximately 70% of all studies in this field focus
on chitosan, alginate, hyaluronic acid, and cellulose, respectively [

3.8 Cell Encapsulation:

Cell encapsulation instead of therapeutic product encapsulation leads to longer delivery times, as cells
continuously release encapsulated products. Moreover, cell encapsulation allows for the transplantation of
non-human cells, which may be considered an alternative to the limited supply of donor tissues. In
addition, genetically modified cells could also be immobilized to express any desired protein in vivo
without host genome modifications Cell immobilization displays a significant advantage compared to
protein encapsulation, allowing for the sustained and controlled delivery of de novo-produced therapeutic
products at constant rates, leading to physiological concentrations. The versatility of this approach has
adapted its use in treating diabetes, cancer, central nervous system diseases, heart diseases, and
endocrinological disorders, among others. Hydrogels are among the most promising biomaterials for
recreating native extracellular matrix (ECM) properties due to their high-water content, biological
compatibility, and moldability 3

4] Natural Polymers for Environmental Use

4.1. Food Packaging:

Various natural polymers from renewable sources have been used to develop biobased food packaging.
The primary natural sources used for packaging are derived from polysaccharides, lipids, proteins, or
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blends of these polymers. The utilization of these natural materials is linked to their biodegradability and
renewability However, other advantages are expected when used for food packaging. For example, these
materials can act as carriers of functional substances, add well-being benefits, incorporate flavourings and
colourings, enhance organoleptic characteristics, improve mechanical and barrier resistance, etc.
Polysaccharides possess suitable oxygen barriers and have sites for hydrogen bonding formation, which
can be used to incorporate functional substances, e.g., colouring, flavouring, and antioxidant agents. In
contrast, these materials do not exhibit an excellent barrier to water vapor, which can be overcome by
blending with other hydrophobic substances, such as lipids. Polysaccharides have been used to develop
natural-based packaging [646°]

4.2.NanoFertilizersandMicronutrients:

Biopolymers such as alginate, cellulose, chitin, chitosan, hemicellulose, lignin, polypeptides, and
polyesters, used as nanocarriers to encapsulate nutrients and avoid dissolution and oxidation, are an eco-
friendly option due to their natural origins and are biodegradable when compared to bulk synthetic.
Chitosan is the most accepted biopolymer for agriculture due to its innocuous origin and ability to protect
plant cells. It is also an easy-to-manipulate matrix to program the adsorption and slow release of the target
active ingredient. The cover of nano fertilizers is designed to be porous for the slow release of the nutrient
content [66:67)

4.3. Nanocarriers of Insecticides

Polymer-based materials have also been found to be effective insecticide carriers, mainly by increasing
their solubility in water. Microspheres composed of chitosan and cashew tree gum were developed and
loaded with the essential oil of active against larvae of Aedes aegypti, to use as a bioinsecticide to control
larvae proliferation. These chitosan-based capsules showed a prolonged larvicidal effect. Similarly,
microcapsules of alginate and chitosan were found to be suitable matrices to carry nano imidacloprid
bioinsecticide (6!

5. NATURAL POLMER APPOACH IN SUSTAINED RELEASE DRUG DELIVERY SYSTEM:
The use of natural polymers and their semi-synthetic derivative in drug delivery continues to be an area
of active research. Drug release retarding polymers are the key performer in matrix systems. Various
polymers have been investigated as drug retarding agents, each presenting a different approach to the
matrix system. Based on the features of the retarding polymer, matrix systems are usually classified into
three main groups: hydrophilic, hydrophobic and plastic. Hydrophilic polymers are the most suitable for
retarding drug release and there is growing interest in using these polymers in sustained drug delivery.
There are various numbers of natural polymers which have been investigated as sustained release agent.
5.1. ALOE MUCILAGE:

The inner part of the leaves of Aloe vera (L.) many compounds with diverse structures have been isolated
from both the central parenchyma tissue of Aloe vera leaves and the exudates arising from the cells
adjacent to the vascular bundles. The bitter yellow exudates contain 1, 8 dihydroxyanthraquinone
derivatives and their glycosides [®’% The aloe parenchyma tissue or pulp has been shown to contain
proteins, lipids, amino acids, vitamins, enzymes, inorganic compounds and small organic compounds in
addition to the different carbohydrates. These matrix systems showed good swelling properties that
increased with an increase of aloe gel concentration in the formulation. The directly compressed matrix
type tablets also showed modified release Behaviour with 35.45% and 30.70% of the dose released during
the first hour and the remaining of the dose was released over a 6 hours period for those formulations
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containing the lower ratios of gel to drug, namely 1:0.5 and 1:1. The formulation that contained the highest
ratio of gel to drug, namely 1:2 exhibited only a 23.25% drug release during the first hour with the
remaining of the dose being released over an 8 hour period. The dried A. vera gel polysaccharide
component therefore showed excellent potential to be used as an excipient in the formulation of direct
compressible sustained- release matrix type tablets. In another investigation matrix tablets of Glimepiride
with Aloe miller leaves mucilage and Povidone was formulated and studied its functionality as a matrix
forming agent for sustained release tablet formulation. They found to have better satisfactory
physicochemical properties with low SD values!’!-7?!

Fig no:3 Aloe mucilage

5.2. FENUGREEK MUCILAGE:

Trigonella commonly known as Fenugreek, is plant of the leguminous family. Fenugreek seeds contain a
high percentage of mucilage (a natural gummy substance present in the coatings of many seeds). Although
it does not dissolve in water, mucilage forms a viscous tacky mass when exposed to fluids. Like other
mucilage containing substances, fenugreek seeds swell up and become slick when they are exposed to
fluids "> husk from the seeds is isolated by first reducing the size, and then separated by suspending the
size reduced seeds in chloroform for some time and then decanting. Successive extraction with chloroform
removes the oily portion which is then air dried "# A different extraction procedure is also reported to
isolate the mucilage from the husk. The powdered seeds are extracted with hexane then boiled in ethanol.
The treated powder is then soaked in water and mechanically stirred and filtered. Filtrate is then
centrifuged, concentrated in vacuum and mixed with 96% ethanol. a study the mucilage derived from the
seeds of fenugreek, was investigated for use in matrix formulations containing propranolol
hydrochloride. K4M was used as a standard controlled release polymer for comparison purposes. A
reduction in the release rate of propranolol hydrochloride was observed with increase in concentration of
the mucilage in comparison to that observed with matrices. The rate of release of propranolol
hydrochloride from fenugreek mucilage matrices was controlled by the drug: mucilage ratio.

Fenugreek mucilage at a concentration of about 66.\. W\W was found to be better release retardant
compared to Hypromellose at equivalent content [}
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Fig no:4 Fenugreek mucilage

5.3. GUAR GUM;

Guar gum comes from the endosperm of the seed of the legume plant Cyamopsis tetragonolobus. Guar
gum is prepared by first drying the pods in sunlight, then manually separating from the seeds. The gum is
commercially extracted from the seeds essentially by a mechanical process of roasting, differential
attrition, sieving and polishing. The seeds are broken and the germ is separated from the endosperm. Two
halves of the endosperm are obtained from each seed and are known as Guar Splits. Refined guar Splits
are obtained when the fine layer of fibrous material, which forms the husk, is removed and separated from
the endosperm halves by polishing. The refined Guar Splits are then treated and finished into powders by
a variety of routes and processing techniques depending upon the end product desired [®* Chemical, guar
gum is a polysaccharide composed of the Sugars galactose and mannose. The backbone is a linear chain
of 1, 4- linked mannose residues to which galactose residues are 1, 6-linked at every second mannose,
forming short side- branches "”) Guar gum is more soluble than locust bean gum and is a better emulsifier
as it has more galactose branch points. It degrades at extremes of pH and temperature (e.g. pH 3 at 50°C)
[78] stable in solution over pH range 5-7. Strong acids cause hydrolysis and loss of viscosity, and in strong
concentration also tend to reduce viscosity. It is insoluble in most hydrocarbon solvents. Guar gum is used
and investigated Guar gum is used and investigated as a thickener in cosmetics, sauces, as an agent in ice
cream that prevents ice crystals from forming and as a fat substitute that adds the "mouth feel" of fat and
binder or as disintegrator in tablets. The I.R spectral analysis studies confirmed no interaction between
phenytoin with used natural gums.

GUAR SEFD GUAR sPLIT GUAR GUM POWDER

WWW.STABILITYLINE.COM

Fig no: 5 Guar gum
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5.4 TAMARIND GUM:

Tamarind xyloglucan is obtained from the endosperm of the seed of the tamarind tree, Tamarindus indica,
a member of the evergreen family. Tamarind Gum, also known as Tamarind Kernel Powder (TKP) is
extracted from the seeds. The seeds are processed in to gum by seed selection, seed coat removal,
separation, hammer milling, grinding and sieving. Tamarind gum is a polysaccharide composed of
glucosyl: xylose: galactosyl in the ratio of 3:2:1. Xyloglucan is a major structural polysaccharide in the
primary cell walls of higher plants. Tamarind xyloglucan has a (1 4)-! -D-glucan backbone that is partially
substituted at the O-6 position of its glucopyranosyl residues with "-Dxylopyranose. Some of the xylose
residues are! -D-glycosylated at O-2 .It is insoluble in organic solvents and dispersible in hot water to form
a highly viscous gel such as a mucilaginous solution with a broad pH tolerance and adhesivity. Tamarind
gum is nonnewtonian and yield higher viscosities than most starches at equivalent concentrations] 7%
Polymer Drug Release Mechanism: Different methods allow the therapeutic chemicals linked to the
polymers to be released from the polymeric matrix at a regulated place. Polymer characteristics are used
to distribute a medication to tissues over a predetermined period. For instance, polymers that release drugs
only when the PH or temperature changes are known as stimuli sensitive polymer 81}

Degradation: natural physiological and biological processes breakdown some biodegradable polymer.
Additionally, they may be engineering to break down when hydrolysed resulting in shorter more controlled
chain with negative consequence

Diffusion: Often, a reservoir device is Utilised to store the medication, which is housed in the tablets core
or polymeric network and protected by a shell. The drugs rate of diffusion from the core will be controlled
by the polymer used in the shell water diffuses into the centre of the device dissolving the mediation which
is subsequence released Depending on the polymer the shell may be swell or degrade Diffusion system
may be divided into two categories:

1. only the dissolved substance in the centre is used there is a reduction in drug load overtime as the central
2.The initial concentration of the mediation in the core is greater than the concentration of aqueous
solubility drug load remain stable for a longer length of time as the dissolved substance diffuses outwards
more rapidly

Swelling: distribution is swelling as it fills up, the matrix former may regulate the place at which the
mediation is released. As a result of increased polymer swelling diffusion paths becomes longer,
decreasing the gradient of drug concentration .so the medication is released in to the bloodstream over the
longer period of time. swelling of the polymer on the other hand, may speed up the release by increasing
molecular mobility Diffusion Another governing factor in mediation — controlled system and drug release
formulation triggered by solvents have made enormous development overall. With the use of hydrogels
and other polymeric carrier systems, therapeutic drugs may be delivered safely and more effectively to
difficult-to-reach physiological areas such as the brain and liver The polymer-conjugated therapeutics have
demonstrated better drug release kinetics by avoiding carrier buildup, according to the research!?!

6. APPLICATION OF NATURAL POLYMERS IN DRUG DELIVERY SYSTEM:

6.1. Gelling agents

Study was carried out to find the gelling potential of gum exudates from the stem of moringa oleifera.
Diclofenac sodium gels were formulated with concentration of mucilage ranging from 5.5 to 8.5 W/W
Better gel characteristics were observed at the concentration of 8 percent W/W. As the PH Of the gum is
below 5.77 and the viscosity of the formulation 33l
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6.2. SUSPENINGAGENTS

comparative Study of gums of moringa oleifera and tragacanth was reported. Zinc oxide suspensions were
prepared with gum of Moringa oleifera and tragacanth. Their sedimentation profile, degree of flocculation
and rheological behaviour were compared. The results revealed that the suspending properties of Moringa
oleifera gum are comparable with that of gum tragacanth (34}

6.3 Surfactants:

A Study on interfacial properties and fluorescence of a coagulating protein extracted from Moringa seeds
and its interaction with sodium dodecyl sulphate [SDS] was carried out. The study reported.®!

6.4. Film forming property:

Study of reported that gum of M. oleifera has enormous potential for use in the preparation of polymeric
films as drug delivery the films as prepared using gum of M. oleifera using gum of M. oleifera parts of 10
percent W/W of mucilage of gum of M. oleifera with different proportion of plasticizers. There were
evaluated for parameters like water uptake tensile strength, folding endurance and water vapour
transmission rate (36!

6.5.AS Stabilizer:

Plant phenolics have gained considerable interest in recent years for their potential effects against food
related microorganisms. Phenolic extract obtained from the leaves of M. oleifera & Morainic showed
stabilizing activity. In the present study effect of addition of phenolic extract from leaves of M. oleifera
and M. indica on the shelf life of pineapple juice stored at 4 0 C was investigated by monitoring the
changes in titration acidity and sensory parameters for 8 weeks. Results observed that the extracts of
natural phenolics can be used to improve the quality and safety of foods [#7]

6.6. Cosmetics use:

Various parts of Moringa oleifera have cosmetic value. Cognisa Laboratories Aerobiologist team
developed Puri care TM and Puri soft TM, two active ingredients based on botanical peptides from the
seeds of Moringa oleifera tree that purify hair and skin and offer protection against the effects of pollution.
Moringa seed oil, known as Behen oil is widely used as a carrier oil in cosmetic preparations. The healing
properties of Moringa oil were documented by ancient cultures. Moringa oil possesses exceptional
oxidative stability which may explain why the Egyptians placed vases of Moringa oil in their tombs. It
can be used in body and hair care as a moisturizer and skin conditioner. Other uses include soap making
and for use in cosmetic preparations such as lip balm and creams %!

6.7 water purification:

Moringa has the ability to remove hazardous materials from water. After oil extraction of Moringa seeds
the left press cake contains water soluble proteins that act as effective coagulants for water purification.
The charged protein molecules can serve as nontoxic natural polypeptides to settle mineral particles and
organics in the purification of drinking water, vegetable oil, depositing juice and beer. Moringa seeds
showed similar coagulation effects to alum. It is also reported that a recombinant protein in the seed is
able to flocculate gram positive and gram-negative bacterial cells. Moringa seeds could be used as a bio
absorbent for the removal of cadmium from aqueous media. Thus, water purifying attributes of Moringa
seeds are as coagulant, microbial elimination and as a biosorbent ()

ADVANTAGES OF NATURAL POLYMERS IN DRUG DELIVERY SYSTEM:
1. Naturally occurring polymers produced by living organisms hence they are biodegradable and
biocompatible.
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2. They show no adverse effect on the environment or human being.

3. Carbohydrates in nature and composed of repeating monosaccharide units. Hence, they are non-toxic.
4. Economic and Easy availability.

5. Safe and devoid of side effect They are from a natural source and hence, safe and Without side effects.

@0

. DISADVANTAGES OF NATURAL POLYMERS IN DRUG DRLIVERY SYSTEM:

1. Microbial contamination during production they are exposed to external environment and hence, there
are chances of microbial contamination.

2. Batch to batch variation — manufacturing is controlling procedure with fixed quantities of ingredients
While production of natural polymer dependent on environment and various physical factors

3. The uncontrolled rate of hydration-Due to differences in the collection of natural materials at different
times, as well as difference in region, species and climate conditions the percentage of chemical
constituents present in a given material may vary.

4. Heavy metal contamination-There are chances of heavy metal contamination often associated with

herbal excipients

9. LIMITIONS OF NATURAL POLYMERS IN DRUG DELIVERY SYSTEM:

Natural polymers have limitations in drug delivery system include;

1. Poor aqueous solubility, low bioavailability, and drug in viscosity upon storage

2. They also have uncontrolled hydration limited thermal stability, and in ability to perform under high
temperature and pressure.

3. These drawbacks restrict their applications in drug delivery systems. However, grafting of natural
polymers can improve their properties and characteristics, such as gel strength, and drug release
profile.

4. Graft co polymers have gained important in the development of drug delivery systems.

5. In addition, natural polymers like alginates have limitations in the development of modified- release
dosage forms and formulations with adequate mechanical strength.

6. Blending alginates with other natural polymers such as chitosan, pectin and carrageenan can overcome
these limitations and improve drug carriers.

7. Overall, natural polymers have limitations in drug delivery, but grafting and blending with other
polymers offer potential solutions.

10. CONCLUSION

In this review, we have highlighted the enormous potential and diverse importance of polyphenolic
substances in tissue engineering and drug delivery. These natural compounds have unique features, such
as antioxidant, anti-inflammatory, and anticancer activities, that offer great opportunities for improving
current medical practices. The potential of polyphenols can be further improved by producing various
biomaterials. Polyphenolic substances can provide significant benefits.

Effective treatment of obesity has always been a major clinical problem, as traditional drug therapy makes
it difficult to achieve the desired therapeutic effect and is always accompanied by side effects. Therefore,
this has led to the development of innovative DDSs that use safe and degradable polymers as carriers to
deliver therapeutic agents to the appropriate target cells. Although there are still significant challenges,
there are already a large number of important results from preclinical
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