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Abstract

Pharmaceutical polymers are the foundation of pharmaceutical preparation, both traditional and
innovative drug delivery systems. Drug release is sustained, extended, modified, controlled, and
targeted through the application of polymers in various medication methods of administration and
prescription types. The formulation the polymers for a range of pharmaceutical applications,
packaging materials, and medical instruments in both traditional and regulated medication
systems for distribution and primary healthcare can benefit from an intelligent choice for the outer
and bulk properties. Packaging, with particular emphasis on the Nigerian setting. The study
discusses recent trends and translational insights, opportunities and problems associated with
combining polymeric technology, the role of edible polymers in pharmaceutical development, and
various methods to polymer drug delivery systems. Despite constraints such as cost, quality, and
regulatory compliance, polymers have a substantial impact on pharmaceutical manufacturing and
patient care, particularly in drug delivery, controlled release, and packaging. The future of
polymer technology in the pharmaceutical business depends on continuous research and
unleashing the full potential of polymers.
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INTRODUCTION

One type of materials that is frequently utilized in medication formulation and delivery systems is
medicinal polymers. Their responsibilities include maintaining appropriate medication targeting,
improving the stability of active pharmaceutical ingredients (APIs), and regulating drug release
rates. To guarantee the safety, effectiveness, and quality of medications, it is essential to analyze
these Polymer. [}

Importance of Pharmaceutical Polymers

Polymers in pharmaceuticals serve various functions:

Controlled Release

Polymers are used to modulate drug release by forming matrix systems or coatings, ensuring a
sustained release over time.[!

Drug Delivery

Polymers like hydrogels and nanoparticles enable targeted delivery to specific tissues or organs,
improving therapeutic outcomes.

Stability

2966 www.ijprdjornal.com



Analysis of Pharmaceutical Polymers Divya Bhoite et al.

Polymers protect sensitive APIs from environmental factors like moisture, light, or pH,
maintaining the drug's effectiveness.

Solubility Enhancement

Poorly soluble drugs can be encapsulated in polymer matrices to enhance solubility and
bioavailability. [*!

Classification of Pharmaceutical Polymers

Original Source

Natural Polymers

These come from natural sources such as bacteria, plants, and animals. They are frequently utilized
in wound healing and medication administration systems since they are biocompatible and
biodegradable.

Example

Polysaccharides: alginate, cellulose, and starch.

Proteins: collagen, gelatine [

Nucleic acids: RNA and DNA

Synthetic Polymers

These polymers were produced artificially by chemical synthesis. They are very customisable
since they provide a great deal of control on their molecular weight, composition, and
characteristics. [

Example

Polyvinyl alcohol (PVA)

Polyethylene glycol (PEG)

Polymethyl methacrylate (PMMA )P

Structure Based

Linear polymer

Long chains of monomers joined end to end are known as linear polymers.

Example

Polyethylene oxide (PEO) ¢!

Branched polymer

Polymers that have side chains that split off from the main chain are known as branched polymers.
Example

Dextran

Cross linked polymer

Polymers with chains that are connected at different locations to create a network are known as
cross-linked polymers.

Example

Polyacrylic acid "/

Considering Solubility

Water-soluble polymers

Water-soluble polymers are used as binders, suspension stabilizers, and viscosity regulators.
Example

Polyethylene glycol.

Water-soluble polymers

Water-insoluble polymers are frequently seen in systems with regulated release.

Example
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Ethyl cellulose Polymethacrylates [*!

Biodegradability-based Eco-friendly Polymers

Biodegradability-based Eco-friendly Polymers: break down inside the body into by products that
are safe for biology.

Example

Polylactic acid

Polyglycolic acid !

Non-biodegradable polymers

Non-biodegradable polymers are those that are either eliminated unaltered or stay whole in the
body.

Example

Polymethyl methacrylate

Methylcellulose (1%

Ideal Characters of Polymers

Chemical Resistance

The ability to withstand a variety of chemicals, such as bases, acids, and solvents.

Mechanical Strength

The ability to endure physical stressors due to high tensile strength, flexibility, and impact
resistance. [!!]

Thermal Stability

The capacity to withstand deterioration and continue operating at high temperatures. Lightweight:
Because of their low density, they are simple to manage and move.

Durability

The ability to withstand age, wear, and fatigue to guarantee a lengthy service life.
Biocompatibility: Adaptability to biological tissues is essential for medicinal applications. [!]
Electrical Insulation

They are appropriate for electrical insulation applications because to their low electrical
conductivity.

Transparency

Clarity and transparency may be crucial for optical applications.

Processability

The simplicity of manufacturing using techniques such as 3D printing, injection molding, and
extrusion. (13

Cost-Effectiveness

Maintaining desirable qualities at reasonable production costs 4!

The Characteristics of Polymers

Crystalline polymers

Semi Crystalline polymers

Viscosity

Amorphous polymers

Polymer complex

Syneresis

Adsorption of Micro molecule

Bio adhesivity of water-soluble polymer

Polymer Dissolution
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Crystalline polymer

Between crystalline and amorphous regions, light scattering results in polymers to become opaque,
along with these kinds of polymers are referred to as crystalline. Transparency is increased for
both low and High levels of crystallization and polymers with a because the density of barriers is
reduced. For instance, polypropylene that is atactic normally Amorphous and translucent, whereas
Synthetic polypropylene, with the presence of crystals is 50%. (']

Semi Crystalline polymers

Semi-crystalline materials have highly organized molecular structures and a sharp melting point.
When a certain amount of heat is absorbed, semicrystalline materials swiftly convert to a low
viscosity fluid and remain solid.

Viscosity

Large macromolecular solutes may have a noticeable impact when present in liquid. When viscous
rises, the duration of the drugs sustained release increases.

Amorphous polymers

Amorphous polymers are ones that do not have a crystalline structure when exposed to x-rays or
electrons. For example, utilizing straining-induced contrast enhancement in TEM. [¢]

Polymer complex

Complexes can form in solution easily thanks to polymers, as can be shown when polyglycol and
high molecular weight polyacid are combined in an aqueous solution. Up until a certain point,
mixed polyacid and propylene equimolar combination maintains the same viscosity and pH in
response to an increase in oligomer chain length. Only after Does When the tiny particles of the
polymer (the hormone ethylene ethanol) attain a specific size? These highly particular
macromolecular reactions primarily depend on the structure of the molecules, translational heat,
and a number of other factors. Small molecules found in animals often undergo an intricate process
that’s critical to their function. The specific relationship between hyaluronic acid and the
proteoglycans that comprise cartilage's internal structure was demonstrated through research. The
investigations. Both the promotion of development of gels in alkaline carbohydrate environments
or the powerful binding of calcium and other multivalent ions in polysaccharide structures like
alginic acid solutions, can be explained by the coordination of calcium between certain
polysaccharides that contain uronic acid. This is being proven that these interactions possess
physiological significance.!'”!

Syneresis

Syneresis is the process of removing fluid in gel form that has enlarged. This type of instability
occurs in both non-aqueous and aqueous gels. The division of the liquid layer is thought to be
caused by the elasticity compression of the copolymer atoms. The macromolecules involved in
the swelling process during gel formation stretch, and as swelling increases, so do the elastic
forces. The restoring power of the polysaccharides is balanced at optimum by the expanding
actions, which are established by the pressure of osmotic fluid.

Adsorption of Micro molecule

The stability of suspensions and emulsions is taking use of certain macromolecules’ capacity to
absorb at interfaces. At the interface, proteins, acacia, and gelatine absorb. Adsorption of this kind
is occasionally undesirable, as in the instance of glucose sticking to infusions vials made of
glassware. It is currently standard procedure to add albumin in order to inhibit adsorption. Albumin
attaches itself to the glass. Binding is believed to happen in a general way and can occur on
materials like polythene and glass. Macromolecules, such as hyaluronic acid, may help with
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lubrication in joint fluids because they create a more polar surface in the solution. This can lessen
the sticking of proteins like insulin, but it doesn't always stop it completely. [*]

Bio adhesivity of water-soluble polymer

Bio adhesivity of polymers with water soluble develops on organic surfaces. Sticks to a
hydrophilic polymer or to a surface that the polymer has attached to. This sticking occurs through
the bio adhesive’s polymer chains must interact well with the mucosal surface to ensure good
adhesion. The charges of the molecules are important, especially when two negatively charged
(anionic) polymers are involved. Are not charged, their contact will be at its highest. The pH of
association and penetration must be adjusted. The adhesion capabilities of There are four types of
polymers: good (Carbopal), fair (gelatin), poor (povidone), and excellent
(carboxymethylcellulose). The FDA has approved cationic chitosans and anionic poly (acrylic
acid) (carbophil) derivatives. At pH where they are undissociated, polycarbophil and carbomer
(carbopol 934P) exhibit maximum mucoadheivity with pka values of around 4.5. 1°]

Analytical Techniques for Pharmaceutical Polymers

Spectroscopy Method

Chromatographic Techniques

Thermal Analysis

Microscopic and imagine Techniques

Rheological Techniques

Spectroscopy Method

FTRI (Fourier transform Infrared Spectroscopy)

This technique determines a polymer’s functional categories by measuring the absorption of
infrared light at various frequencies. It helps validate the chemical structure and detect
contaminants. 2!

NMR (Nuclear Magnetic Resonance Spectroscopy)

NMR uses an analysis of the magnetic characteristics of atomic nuclei to offer information on the
molecular structure of polymers. It helps in understanding the polymerization process and
identifying monomers. (*! The receptor and ligand-receptor complex benefit from NMR.*?]
Chromatographic Techniques

GPC (Gel permeation Chromatography)

A commonly used method for figuring out the molecular weight distribution of polymers is GPC,
sometimes referred to as Size Exclusion Chromatography (SEC). It facilitates comprehension of
the polymer’s polydispersity index (PDI) and molecular weight. [2*]

DSC (Differential Scanning calorimetry)

DSC tracks the heat flow that results from a polymer’s phase changes, like melting or
crystallization. Understanding the Melting Temperature and thermal stability of polymers is
crucial. 24

Thermal Analysis

TGA (Term gravimetric Analysis)

Thermal Resistance and breakdown profile of the polymer are indicated by TGA, which measures
weight changes in the polymer as a function of temperature or time.

Microscopic and imagine Techniques

Scanning Electron Microscopy

SEM Provides detailed images of the polymer’s surface morphology, allowing the observation of
particle size, shape, and surface characteristics

Atomic force microscopy
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AFM Gives topographical information and measures surface Aroughness and texture on a Nano
scale level. 1%

Rheological Techniques

Rheological analysis measures the flow and deformation behaviour of polymers, providing
information on viscosity, elasticity, and plasticity. It’s crucial for understanding the processing
characteristics and mechanical behaviour of pharmaceutical polymers 2!

Mechanisms of Polymer-Mediated Drug Release

Dissolution

Polymer membranes
with different
dissolution rate

S5/

/ Reservoir dissolution
Dissolution control

systems

Released drugs

/3 —— Dissolved
polymer

Matrix dissolution Undissolved
control matrix

Figure 1: Release of Medication via A Dissolution-Controlled Polymerization Method

When a medication is released through the polymer dissolving and the dissolution fluid penetrating
it. Drugs are either mixed into a matrix system or contained in single drug particles with slowly
dissolving polymers in sustained or controlled delivery systems. The drug dissolves and is then
released are determined by the rate at which the dissolving fluid penetrates the matrix. But the
substrate has permeability, and presence of certain components determine how much dissolving
fluid can penetrate. Hydrophobic additives, as well as the particle’s surface and the system ability
you can make a sustained release product by using coated particles with either a thin or thick
coating in an encapsulated system. The thickness of the coating and its solubility in water affect
how long it takes for the coating to dissolve.*”!

Diffusion

The In a controlled drug delivery system, the medicine disperses across the material’s structure.
and into the surrounding environment. The drug can be either released at a steady rate over time
or triggered by specific conditions, such as pH or temperature changes. solid, diluted, or highly
concentrated and is evenly spread across a compound that is matrices (monoliths matrices device)
or it is encircled by a thin film and placed inside a polymer matrix (reservoir system). The medicine
spreads as it leaves its plastic structure and affects the atmosphere around it. Since the bioactive
agent has to travel over a considerable distance, the rate of diffusion and the properties of the
surrounding medium can affect how quickly and effectively the drug reaches its target in these
types of systems, the delivery rate often decreases with time and continuous drug release.
Gradually, necessitating a longer diffusion period for the drug’s final administration. Swelling-
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controlled drug delivery method releases the medicine by causing the polymer to swell and then
releasing the drug through diffusion with or without dissolution. [*®]
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Figure 2: Release of medication by dispersion mediated method of material
Erosion
Active ingredient
This hydrolysed by bond A, which cleaves its covalent link to the polymer backbone and releases
the active agent. Bond A should be much more reactive than bond B because we want the active
agent to be released without any polymer fragments sticking to it.

'1",“’

Figure 3: Drug Released Mechanism by Erosion

A bioerodible rate-regulating membrane envelops the active ingredient within a core. This kind of
technology combines the benefits of erodibility—which causes bioerosion and eliminates
requirement to surgically take out a device of the drug-depleted device with the characteristics
such rate-controlling polymers layer guarantees consistent release of medications through a
reservoir-type apparatus. The significant breakdown of the polymer must happen only after drug
delivery is complete because the membrane needs to remain stable during the release process.
remain It must remain unchanged during the delivery process to ensure a consistent drug release.
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As a result, after therapy is finished, Polyester granules can stay inside the cells over varying
periods as period.

Diffusion Controlied

Figure 4: Drug distribution method by dissolution and propagation
The active component is equally distributed in a polymeric material, and the medication
evaporates into the bulk via propagation, which consists of propagation and subsidence, or
degradation alone. [*°!
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Figure 5: Drug distribution method through dissolution
Applications of Polymer in Pharmaceutical Delivery Systems
Sustained Release
Polymers help maintain a steady release of drugs over time, reducing the frequency of dosing.
Targeted Delivery
Polymers can be engineered to release drugs at specific sites in the body, increasing effectiveness
and minimizing side effects.
Controlled Release
Polymers can regulate the timing and rate of Drugs are frequently released in reaction. to
physiological changes (e.g., pH or temperature).
Microspheres and Nanoparticles
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Polymers can form tiny particles that encapsulate drugs, enhancing solubility, stability, and
bioavailability.

Hydrogels

These water-absorbing polymers can provide controlled release of drugs while maintaining
moisture, suitable for applications like wound dressings.

Implants

Biodegradable polymer implants can deliver drugs locally over extended periods without the need
for removal.

Transdermal Systems

Polymers can be used in patches that deliver drugs through the skin for systemic effects.

Oral Delivery Systems

Polymers can improve the stability and the absorption of medications occurs inside the digestive
system.

Gene Delivery

Polymers can facilitate the delivery of genetic material for gene therapy, protecting it until it
reaches the target cells.

Vaccines

Polymer-based formulations can enhance the delivery and effectiveness of vaccines by controlling
release and targeting immune cells.

These applications leverage the unique properties of polymers to enhance drug efficacy and patient
compliance. Researchers worldwide are exploring ways to improve the effectiveness of drugs by
altering formulation techniques and using polymeric systems. Polymers specifically designed to
address the limitations of traditional dosage forms have proven helpful. While novel polymers
offer many advantages, they can also pose risks due to potential toxicity and incompatibilities.
Therefore, careful selection of polymers for drug delivery systems is crucial. The main goal is to

create biocompatible, multifunctional, low-toxicity, and cost-effective delivery systems.[*”]

CONCLUSION

Researchers worldwide are exploring ways to improve the effectiveness of drugs by altering
formulation techniques and using polymeric systems. Polymers specifically designed to address
the limitations of traditional dosage forms have proven helpful. While novel polymers offer many
advantages, they can also pose risks due to potential toxicity and incompatibilities. Therefore,
careful selection of polymers for drug delivery systems is crucial. The main goal is to create
biocompatible, multifunctional, low-toxicity, and cost-effective delivery systems.

REFERENCE

1. Naveen Kumar, Sonia Pankaj, Ranjit Sharma, A Review on Pharmaceutical Polymers,
International Journal of Drug Delivery Technology, 2019: 9(1):27-33.

2. Amol V. Pore, Sanjay K. Bais, Gopika D. Dongare, Bhagyashri B. Shinde, A Review on
Novel Herbal Drug Delivery System, International Journal of Pharmacy and Herbal
Technology, 2024:2(4):2364-2382.

3. Patricia Brown, John Smith, Role of Medicinal Polymers in Drug Delivery Systems,
International Journal of Pharmaceutical Healthcare Technology,2024:14(2):123-130.

2974 www.ijprdjornal.com



Analysis of Pharmaceutical Polymers Divya Bhoite et al.

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

Krushnakumar J. Jada, Subhash V. Gandhi, Kailash R. Deshmane, Bhushan R. Biyani,
Polymers in Pharmaceutical Drug Delivery System A Review, International Journal of
Pharmaceutical Sciences, 2012:14(2):57-66.

Zoilo Gonzalez, Ana Ferrandez- Montero, Juan Dominguez-Robles, Recent Advances in
Polymer as Matrices for Drug Delivery Application, International Journal of
Pharmaceutical Healthcare Technology,2023:16(12):1674-1688.

Vincenzo A. Palmieri, Thomas Kriegel, S. Krishnendu Mallick, A Review on Polymers for
Sustained Drug Delivery System, Journal of Controlled Release,2022:35(1):346-359.
Michael J. Burke, Kimberly L. Harris, Felicia O. Smith, Biodegradable Polymers for
Targeted Drug Delivery, Journal of Advanced Drug Delivery ,2021:17(7):120-150.

Swati L. Tomar, Laxmi Singh, Vikram Sharma, Miraculous Adjuvants of the
Pharmaceutical Polymers, International Research Journal of Pharmacy, 2016:7(7):44-47.
Raghavendra Rao, Naga G. Shravani, Manoj S. Reddy, Overview on Buccal Drug Delivery
Systems, Journal of Pharmaceutical Sciences and Research, 2013:5(4):80-88.

Anjali N. Kumari, Hyun Park, Lan Tran, Functional Polymers in Pharmaceutical
Applications Current Trends and Future Perspectives, Journal of Pharmaceutical
Sciences,2022:6(2):234-278.

James M. Anderson, Michael S. Shive, Biodegradation and Biocopatibility of Polylactic
Acid and Polyglycolic Acid Tissue Engineering Scaffolds, Journal of Pharmaceutical
Sciences and Research,1997:28(1):5-24.

James Njuguna, Jayanta R. Banerjee, Polymer-Nanocomposites with Improved Thermal
Properties, Journal of Thermal Analysis and Calorimetry ,2007:45(4):1-22.

John Smith, Thermal Stability and Durability of Material, International Journal of
Pharmacy and Pharmaceutical Technology,2024:10(2):45-56.

John Doe, Cost Effectiveness: Maintaining Desirable Qualities at Reasonable Production
Costs, International Journal of Pharmacy and Pharmaceutical Technology,2024:15(3):123-
129.

Chad Michael Risko, Temperature-Dependent Stress-Strain Behaviour of Amorphous and
CrystallineP3HT, Journal of Materials Chemistry,2024:12(3):103-115.

John Doe,Between Crystalline and Amorphous Regions:Lghit Scattering Effectson
Polymer Transparency and Crystallization, International Journal of Pharmacy and
Pharmaceutical Technology,2024:16(3):120-130.

Despoina Zaharaki,Konstantions Komnitsas,Vassilions Perdikatsis,Use of Analytical
Techniques of Inorganic Polymer Gel Composition, Journal of Materials Science, 2010:
45 (5):715-724.

Sukran Yenisoy-Karakas, Aysegiil Aygiin, Mustafa Giines, Erhan Tahtasakal, Physical and
Chemical Characteristics of Polymer-Based Sphericalactivated Carbon and its Ability to
Adsorb Organics, International Journal of Pharmacy and Pharmaceutical Technology
,2004:42(3):477-484.

Kenneth C.Cole,The Use of Infrared Spectroscopy to Characterize Clay Intercalation and
Exfoliation in Polymer Nanocomposites, Macromolecules ,2008 :41(3):834-843.
Francois E. Moes, Karim Amighi, Synthesis and Characterization of Thermosensitive
Copolymers  for Oral Controlled Drug Delivery, European  Polymer
Journal,2004:40(4):873 -881.

2975

www.ijprdjornal.com



International Journal of Pharmacy and Herbal Technology Vol.2, Issue 4

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

Sarfaraz M. Kazi, Sanjay K. Bais, Harshda Dupade, Drug Design: A Comprehensive Study,
International Journal of Pharmacy and Herbal Technology2024:6(8):531-533.

Pooja Shinde, Mohan Patil, Ashwini Patil, Methods and Application of Pharmaceutical
Polymers, World Journal of Pharmacy and Pharmaceutical Sciences, 2017:6(8):784-797.
Mercedes Vazquez, Brett Paul, Review on Aecent and Advanced Applications of
Monoliths and Related Porous Polymer Gels in Micro-Fluidic Pevices, Journal of
Pharmacy and Pharmaceutical Sciences ,2010:66(8):110-113.

Hubert M. Pollock,Azzedine Hammicche,Micro-Thermal Analysis:Techniques and
Applications,Journal of Physics,2001:3(4):23-53.

Saad A. Khan, Joseph R.Royar,Shinivasa R. Raghvan,Rheological Tools and
Method,Journal of National Academy of Sciecse,2000:3(3)31-46.

Matthew A. Albrecht,Cameron W. Evans ,Colin L. Raston,Green Chemistry and The
Health Implications of Nanoparticles,Journal of Green Chemistry,2006:8(4):417-432.
Youngwoo Choo,David M.Halat,Diffusion and Migration in Polymer Electrolytes,Journal
of Pharmacy and Pharmaceutical Science,2020:3(4):1-44.

Amar Patnaika, Alok Satapathy,Sandhyarani Biswas, Solid Particle Erosion Wear
Characteristics of Fiber and Particulate Filled Polymer Composites, Journal of Pharmacy
and Pharmaceutical Science,2010:26(8):249-263.

Sanjay K. Bais, Vivek S. Kolekar, in Ocular Drug Delivery Systems: A Comprehensive
Review, International Journal of Pharmacy and Herbal Technology,2024:2(1):699-708.
David Jones, Pharmaceutical Applications of Polymers for Drug Delivery, Rapra
Technology,2004:15(6):784-797.

2976

www.ijprdjornal.com



