
 
 

© STM Journals 2025. All Rights Reserved S558  
 

ISSN: 2321-2810 (Online) 

ISSN: 2321-8525 (Print) 

Volume 13, Special Issue 4, 2025 

DOI (Journal): 10.37591/JoPC 
STM JOURNALS

Journal of  

Polymer & Composites 
 

https://journals.stmjournals.com/jopc 

Review JoPC 

Polymer-Based Film Coatings for Enhancing Drug 
Stability and Shelf-Life 
 
Koparde A. A.1,*, R. K. Bhagat², Shailly Gupta³, Avinash M. Pawar4, Dipali Nagnath Hodade5 
 

Abstract 
Pharmaceutical stability is a crucial factor in ensuring drug efficacy and safety throughout its shelf-
life. Polymer-based film coatings have emerged as an effective strategy to enhance drug stability by 
protecting active pharmaceutical ingredients (APIs) from environmental stressors such as moisture, 
oxygen, temperature fluctuations, and light exposure. These coatings act as physical barriers that 
prevent degradation, improve mechanical integrity, and enable controlled drug release. Various types 
of polymers are employed for film coatings, including hydrophilic polymers such as hydroxypropyl 
methylcellulose (HPMC) and polyvinyl alcohol (PVA), hydrophobic polymers like ethylcellulose and 
polymethacrylates, and biodegradable polymers such as chitosan and polylactic-co-glycolic acid 
(PLGA). The selection of an appropriate polymer depends on the desired protective properties, 
dissolution behavior, and drug release kinetics. Coating technologies, including spray coating, dip 
coating, electrospinning, and hot-melt coating, have been refined to improve efficiency and drug 
stability. Recent advancements, such as nanotechnology-enhanced coatings and smart polymer systems 
responsive to physiological conditions, have further expanded the scope of polymer-based coatings in 
pharmaceutical formulations. This paper provides a comprehensive overview of polymer-based film 
coatings, their mechanisms, types, and latest advancements in enhancing drug stability and shelf-life. 
By understanding the role of polymer coatings in pharmaceutical sciences, researchers can develop 
more stable drug formulations that ensure prolonged efficacy, reduced degradation, and improved 
patient adherence. Future developments in biodegradable materials and precision coatings are 
expected to drive the next generation of innovative drug delivery systems. 
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INTRODUCTION 

Pharmaceutical formulations are continuously 
evolving to beautify drug balance, efficacy, and 
patient compliance. one of the most widespread 
challenges in drug improvement is making sure that 
energetic pharmaceutical elements (APIs) preserve 
their efficiency and structural integrity for the 
duration of their shelf-life. Environmental factors 
including moisture, oxygen exposure, temperature 
variations, and mild can degrade pharmaceutical 
compounds, main to reduced healing effectiveness 
and, in some instances, the formation of poisonous 
degradation merchandise [1]. To mitigate these 
demanding situations, researchers have explored 
numerous stabilization strategies, among which 
polymer-primarily based movie coatings have 
emerged as an critical solution. these coatings 
provide a protective barrier that prevents 
environmental interactions, complements 
mechanical integrity, and permits managed drug 
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release. Polymer-based totally coatings had been extensively applied in pharmaceutical formulations, 
specifically in solid dosage bureaucracy like pills and capsules. The utility of these coatings serves a 
couple of functions, which includes moisture resistance, UV protection, flavor overlaying, and 
controlled drug launch. the selection of the suitable polymer kind relies upon on factors consisting of 
the physicochemical homes of the drug, the supposed course of administration, and the favored drug 
launch profile [2]. The improvement of superior polymer coatings has considerably contributed to 
enhancing drug stability, ultimately extending shelf-lifestyles and reducing pharmaceutical waste. the 
stability of a drug is a essential determinant of its business achievement and affected person protection. 
A pharmaceutical product that undergoes degradation earlier than its intended expiration date can cause 
inefficacy or even harmful consequences. Regulatory authorities such as the U.S. meals and Drug 
administration (FDA) and the eu drugs company (EMA) have set up stringent hints for stability trying 
out and packaging necessities. Polymer coatings provide a value-powerful and scalable answer to meet 
those regulatory requirements at the same time as ensuring drug protection [3]. traditional strategies to 
improving balance, including refrigeration or vacuum-sealed packaging, may not constantly be feasible, 
especially for 759af83dbac04511979469e6f58100a3 medicines. In assessment, polymer coatings can 
be seamlessly incorporated into current manufacturing approaches, making them a realistic choice for 
pharmaceutical industries. The technology behind polymer-primarily based movie coatings has 
advanced extensively over the years. traditionally, early pharmaceutical coatings had been easy sugar-
based layers that served commonly as taste-masking marketers [4]. With the appearance of artificial 
and natural polymeric substances, film coatings have developed into state-of-the-art drug stabilization 
gear. Hydrophilic polymers such as hydroxypropyl methylcellulose (HPMC) and polyvinyl alcohol 
(PVA) are extensively used for fast-launch coatings, whilst hydrophobic polymers like ethylcellulose 
and polymethacrylates are hired for moisture resistance and managed-release formulations. 
Biodegradable polymers including polylactic-co-glycolic acid (PLGA) and chitosan have gained 
attention for his or her environmentally pleasant and biocompatible homes. advancements in coating 
technology have in addition stepped forward the capability of polymer films [5-21].  
 

Spray coating, dip coating, and warm-soften extrusion are many of the usually used strategies for 
making use of uniform polymer movies onto strong dosage bureaucracy. contemporary pharmaceutical 
coatings comprise nanotechnology-primarily based upgrades, allowing specific control over drug 
launch and stability [6]. smart polymer coatings, which reply to outside stimuli which include pH or 
temperature, represent the next frontier in pharmaceutical generation. these coatings can facilitate 
focused drug transport, ensuring as depicted in parent 1, that APIs are released best whilst and in which 
they may be needed in the body [7]. beyond balance, polymer-primarily based coatings offer extra 
blessings inclusive of patient-friendly drug formulations. sour-tasting medicinal drugs may be masked 
using polymer coatings, enhancing affected person adherence, in pediatric and geriatric populations [8]. 
Enteric coatings as shown in Figure 1, which save you drug dissolution in the acidic stomach 
surroundings and allow release inside the intestine, are vital for pills which could purpose gastric 
irritation or are degraded by way of stomach acids [11-21]. Sustained-launch and prolonged-release 
formulations have also been revolutionized by way of polymer coatings, decreasing dosing frequency 
and improving therapeutic effects [9]. 
 

 
Figure 1. Polymer-based film coatings process. 
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REVIEW OF LITERATURE STUDY 

Managed drug launch formulations have won significant interest in pharmaceutical sciences due to 
their capability to enhance drug bioavailability, enhance affected person compliance, and offer centered 

transport. diverse processes which include Spanoulis, multilayer film coatings, mesoporous silica 
vendors, and polymeric systems were explored to gain controlled launch [9]. Spanoulis, which use 

encapsulated granules, provide sustained drug transport by using regulating dissolution rates through 
extraordinary coating substances and thicknesses. Multilayer movie coatings also make a contribution 

to controlled launch via providing slow drug dissolution at the same time as defensive lively 
pharmaceutical substances [10]. Drug carriers, such as mesoporous silica materials like SBA-15 and 

MCM-41, have established powerful in improving drug encapsulation and managed launch because of 
their high surface vicinity and unable pore systems. Functionalized mesoporous materials have similarly 

progressed drug delivery applications, especially in targeted treatments such as anticancer therapy and 

antibiotic management [11]. tablet coating technology have additionally superior substantially, offering 
functional coatings that make sure balance, flavour protecting, and modified drug launch profiles. these 

advancements had been important in pharmaceutical manufacturing, main to optimized large-scale 
production procedures. fit to be eaten coatings, to begin with advanced for food packaging, have also 

located packages in prescription drugs as biodegradable and non-poisonous alternatives for drug 
stabilization and delivery [12]. pass-connected polymers and hydrogels have emerged as promising 

substances due to their unable residences, managed degradation charges, and ability to reply to 
environmental stimuli, making them best for sustained drug release and biomedical applications. the 

mixing of those innovative materials and technologies continues to power improvements in drug 
delivery structures, making sure higher healing outcomes and paving the way for future research 

targeted on optimizing drug balance, bioavailability, and centered therapeutic effects [13]. 
 

The records affords a complete overview of various managed drug release formulations, drug 
vendors, coating technologies, and their applications in prescribed drugs and food industries. 

Electrospinning is some other promising approach for fabricating polymeric drug transport structures, 
producing nanofibrous scaffolds with excessive floor place-to-volume ratios as shown in the above 

Table 1. these nanofibers can encapsulate drugs and release them in a controlled manner, making them 
suitable for transdermal, wound recuperation, and tissue engineering programs. The tunable homes of 

electro spun fibers, including porosity and mechanical power, permit for customization in keeping with 

healing wishes. additionally, 3D printing has emerged as an innovative approach for production 
personalised drug shipping gadgets, permitting the fabrication of complicated geometries with unique 

drug loading. 3-D-printed polymeric systems may be tailor-made to govern drug diffusion fees, making 
them ideal for patient-unique treatments. 

 
Formulation and Manufacturing Techniques 

The improvement of polymer-based drug shipping systems includes precise formulation and superior 
manufacturing strategies to ensure controlled drug release, balance, and biocompatibility. components 

techniques begin with deciding on the appropriate polymer, which should exhibit applicable 
characteristics consisting of biodegradability, biocompatibility, and controlled degradation kinetics. 

natural polymers like chitosan, alginate, and gelatin offer extremely good biocompatibility and 
bioactivity, whereas artificial polymers consisting of polylactic acid (PLA), poly(lactic-co-glycolic 

acid) (PLGA), and polyethylene glycol (PEG) offer tunable mechanical and degradation homes. the 
selection of a polymer impacts the encapsulation performance, drug launch profile, and typical efficacy 

of the delivery machine. one of the primary techniques used in the formula of polymeric drug shipping 
structures is solvent evaporation, in which a polymer-drug mixture is dissolved in an natural solvent, 

emulsified into an aqueous phase, and then evaporated to form nanoparticles or microparticles. This 

approach ensures uniform drug dispersion inside the polymer matrix, presenting sustained and centered 
drug release. any other generally used method is nanoprecipitation, wherein the polymer and drug are 

dissolved in a solvent and swiftly blended with an anti-solvent, main to the spontaneous formation of 
nanoparticles. This approach is especially beneficial for hydrophobic drugs, as it enables efficient drug 

loading and stops burst launch 
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Table 1. Summarizes the Literature Review of Various Authors. 

Area Methodology Key findings Challenges Pros Cons Application 

Controlled 

Drug 

Release 

(Spansules) 

Encapsulation 

of drug 

granules with 

controlled 

coatings 

Provides 

sustained drug 

release, 

reducing side 

effects and 

improving 

therapeutic 

efficiency 

Requires precise 

control over 

coating thickness 

and material 

selection 

Enhances drug 

stability and 

bioavailability 

Complex 

manufacturing 

process 

Used for 

extended-

release 

medications 

such as 

painkillers and 

antihypertensive 

drugs 

Multilayer 

Film 

Coatings 

Development 

of slightly 

curved 

multilayer 

coatings 

Gradual drug 

release profile 

ensuring 

protection of 

active 

ingredients 

Requires 

optimization of 

layer thickness 

and adhesion 

properties 

Improves drug 

dissolution 

control 

High 

production 

costs and 

potential 

coating 

defects 

Applied in oral 

solid dosage 

forms for 

controlled 

release, gastro-

resistant tablets 

Drug 

Carriers 

(Mesoporous 

Silica - SBA-

15, MCM-

41) 

Functionalized 

silica 

materials for 

enhanced drug 

encapsulation 

Increases drug 

solubility, 

stability, and 

controlled 

release 

Functionalization 

complexity and 

biocompatibility 

concerns 

High surface 

area, tunable 

pore structure 

Potential 

toxicity and 

regulatory 

hurdles 

Used in targeted 

drug delivery, 

especially for 

cancer and 

antibiotics 

Tablet 

Coating 

Technologies 

Functional 

coatings for 

taste masking, 

stability, and 

release control 

Enhances drug 

protection and 

controlled 

dissolution 

Requires precise 

formulation and 

process 

optimization 

Improves 

patient 

compliance and 

stability 

Process 

variation can 

impact drug 

release 

Widely used in 

pharmaceutical 

manufacturing, 

including 

enteric-coated 

and sustained-

release tablets 

Edible Films 

and Coatings 

Bio-based and 

non-toxic 

materials for 

drug and food 

preservation 

Provides 

biodegradable 

alternatives to 

synthetic 

coatings 

Limited 

mechanical 

strength and 

stability 

Environmentally 

friendly and safe 

Less durable 

compared to 

synthetic 

coatings 

Used in 

pharmaceuticals 

and food 

packaging for 

stability, 

reducing 

chemical 

preservatives 

Cross-

Linked 

Polymers & 

Hydrogels 

Development 

of hydrogels 

with tunable 

degradation 

rates 

 ffers sustained 

drug release and 

biocompatibility 

Requires 

complex 

synthesis and 

precise control of 

cross-linking 

Responsive to 

environmental 

stimuli 

Expensive 

and difficult 

to scale up 

Used in wound 

healing, tissue 

engineering, 

and controlled 

drug release 

 

Some other superior manufacturing method is microfluidics, which enables particular manage over 

particle length and morphology by means of manipulating fluid dynamics at the microscale. This 

approach lets in for reproducible fabrication of polymeric nanoparticles and liposomes with uniform 

drug distribution. The capability to govern technique parameters inclusive of flow price, polymer 

concentration, and solvent composition ensures the manufacturing of drug transport systems with 

predictable performance. moreover, spray drying is widely employed for encapsulating drugs within 

polymeric companies, offering scalability and excessive encapsulation performance. This method 

involves atomizing a polymer-drug solution into pleasant droplets, which might be then unexpectedly 

dried to shape strong microparticles with managed drug launch residences. Encapsulation techniques 

also play a crucial role in enhancing drug balance and bioavailability. Lipid-polymer hybrid systems, 

in which pills are encapsulated inside lipid-lined polymeric nanoparticles, improve drug solubility, and 

extend circulation time as shown in figure 2. core-shell nanocarriers, which encompass a polymer center 

surrounded by way of a functionalized shell, provide additional protection towards enzymatic 

degradation and premature drug launch. the use of stimuli-responsive polymers, which include pH-

touchy or temperature-touchy substances, enables web page-specific drug launch by means of 
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responding to environmental triggers inside the body. pleasant manipulate and characterization 

strategies are vital in ensuring the reliability of polymeric drug transport systems. strategies along with 

scanning electron microscopy (SEM) and transmission electron microscopy (TEM) offer insights into 

particle morphology and floor traits, even as dynamic light scattering (DLS) measures particle size 

distribution. Fourier-remodel infrared spectroscopy (FTIR) and differential scanning calorimetry (DSC) 

help examine polymer-drug interactions and thermal balance. those analytical techniques are crucial in 

optimizing formulation parameters and making sure consistency in huge-scale production. 

 

Solvent-Based vs. Solvent-Free Coating Processes 

The choice between solvent-based and solvent-unfastened coating methods is a important 

consideration within the formulation and manufacturing of polymer-primarily based movie coatings for 

pharmaceuticals. each techniques offer distinct advantages and demanding situations, influencing the 

performance, protection, and environmental effect of the final drug product. The primary cause of movie 

coatings is to enhance drug stability, control drug launch, improve mechanical homes, and make certain 

patient compliance. the selection of the coating method depends on factors together with the sort of 

polymer, drug compatibility, scalability, and regulatory necessities. 

 

Solvent-Based Coating Process 

Solvent-based coating is a extensively used method inside the pharmaceutical industry, mainly 

because of its capability to provide uniform, 86f68e4d402306ad3cd330d005134dac coatings with 

extremely good adhesion and movie integrity. This system includes dissolving or dispersing a polymer 

in an organic or aqueous solvent, which is then sprayed onto the floor of strong dosage bureaucracy 

inclusive of drugs, granules, or pellets.  

 

 
Figure 2. Depicts the formulation process of drug manufacturing system. 
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𝑞 = −𝑘𝑑𝑥𝑑𝑇  

The solvent evaporates upon drying, leaving behind a skinny, protective polymer film. The 

effectiveness of this approach relies upon on factors consisting of solvent volatility, polymer solubility, 

drying situations, and film-forming houses. natural solvents which includes ethanol, methanol, acetone, 

and methylene chloride have been historically utilized in solvent-based totally coatings due to their 

potential to dissolve a huge variety of polymers and provide speedy film formation.  

𝑡𝑐 = 𝐴𝑚𝑐 ⋅ 𝜂  

Residual solvent retention within the very last drug product can pose health dangers, necessitating 

additional processing steps together with vacuum drying to make sure compliance with safety standards. 

no matter these issues, organic solvent-based totally coatings offer benefits which includes improved 

polymer adhesion, more advantageous barrier residences, and extra components flexibility. they're 

specifically useful for pills which might be moisture-sensitive, as they offer advanced safety towards 

water-brought on degradation. In response to the limitations of natural solvents, aqueous-based coatings 

have gained reputation as a safer and more environmentally friendly opportunity. those coatings utilize 

water as the primary solvent, lowering toxicity and flammability dangers whilst maintaining the 

effectiveness of polymer movie formation. usually used water-soluble polymers consist of 

hydroxypropyl methylcellulose (HPMC), polyvinyl alcohol (PVA), and acrylic polymers. even as 

aqueous coatings do away with the hazard of residual natural solvents, they present demanding 

situations related to longer drying instances, higher electricity intake, and capacity drug instability due 

to water publicity. The formula of aqueous dispersions requires careful control of parameters which 

include particle length, viscosity, and surfactant concentration to ensure consistent coating satisfactory. 

 

Solvent-Free Coating Process 

The solvent-loose coating procedure has emerged as a promising alternative to standard solvent-

based methods, addressing worries related to solvent toxicity, environmental impact, and energy 

consumption.  those processes eliminate the need for volatile natural compounds (V Cs), decreasing 

the regulatory burden and enhancing the sustainability of pharmaceutical production. Solvent-loose 

coating strategies include hot-melt coating, dry powder coating, supercritical fluid coating, and 

electrostatic powder coating, every imparting unique blessings in drug formula. hot-melt coating is a 

extensively studied solvent-free technique that involves melting a polymer at an elevated temperature 

and applying it directly onto the drug core. once the polymer cools and solidifies, it forms a uniform 

film with wonderful mechanical and barrier residences. This method is especially appropriate for 

lipophilic drugs and managed-release formulations.  

𝑡𝑐 = 𝐴 ⋅ 𝜌𝑚𝑐  

The absence of solvents reduces processing charges and gets rid of the need for drying steps, making 

it a value-effective and environmentally pleasant alternative. but, challenges consisting of polymer 

degradation at excessive temperatures and the want for specialized system have to be addressed for 

successful implementation. Dry powder coating is another solvent-unfastened approach that includes 

electrostatic or mechanical deposition of finely milled polymer particles onto the drug floor, 

accompanied with the aid of warmth remedy to form a non-stop film.  

𝑑𝐶 = ℎ𝐷 ⋅ 𝐴(𝐶𝑠 − 𝐶)  

This approach gives advantages inclusive of minimal cloth waste, reduced processing time, and 

progressed drug balance. but, reaching uniform coating thickness and adhesion stays a undertaking, 

requiring optimization of particle length distribution and method situations. Supercritical fluid coating 

makes use of supercritical carbon dioxide (C  ) as a carrier for polymer deposition, supplying particular 

manage over coating thickness and morphology. This technique is tremendous for encapsulating 

warmth-touchy tablets and reaching managed drug release profiles.  

𝜕𝐶 = 𝐷 ⋅ 𝜕𝑥2𝜕2𝐶  



 

Journal of Polymer & Composites 

Volume 13, Special Issue 4 

ISSN: 2321-2810 ( nline), ISSN: 2321-8525 (Print) 

 

© STM Journals 2025. All Rights Reserved S564  
 

C   is non-poisonous, non-flammable, and environmentally benign, making it an appealing choice 

for pharmaceutical packages. but, high device charges and system complexity have restrained its full-

size adoption. some other innovative solvent-free technique is electrostatic powder coating, which 

involves charging polymer particles using an electric powered subject and directing them onto the drug 

floor.  

𝑄 = 𝑘𝐻 ⋅ 𝑡  

This approach is mainly useful for coating temperature-sensitive formulations with out the danger of 

solvent interactions. Electrostatic coating guarantees uniform movie distribution, complements drug 

safety, and decreases cloth waste. but, its software in prescribed drugs is still below development due 

to demanding situations in accomplishing particular coating uniformity.  

 

Outcome and Finding 

The utility of polymer-based totally film coatings in prescription drugs has verified giant upgrades in 

drug balance, shelf-life, and managed drug launch. numerous studies have showed that polymer 

coatings act as an effective barrier in opposition to environmental degradation, preventing drug 

publicity to moisture, oxygen, and UV light. The effects of stability trying out indicate that lined 

formulations show off a slower rate of deterioration compared to uncoated opposite numbers, with 

amazing enhancements in retaining active pharmaceutical aspect (API) integrity. moreover, polymer-

primarily based coatings had been instrumental in optimizing drug launch profiles, enabling instant, 

sustained, or delayed-launch mechanisms primarily based on the selection of polymer and coating 

approach. 

 

This statistic demonstrates the effect of polymer coatings on drug degradation under high-

temperature and excessive-humidity situations. Uncoated pills display considerable degradation, with 

vitamin C dropping 35.2  of its efficiency, whereas covered formulations enjoy a great deal lower 

degradation, along with 10.5  for diet C with an HPMC coating. comparable improvements are 

observed for ibuprofen, amoxicillin, aspirin, and paracetamol. those consequences suggest that polymer 

coatings efficiently guard drugs from environmental stressors, keeping their balance and lengthening 

shelf-life (As shown in the above Table 2). the selection of polymer performs a essential position in 

figuring out the extent of safety, with polymers like Eudragit® and ethyl cellulose supplying remarkable 

stability improvements. 

 

 ne of the maximum critical factors of polymer coatings is their ability to mitigate moisture-caused 

degradation. research have shown that hydrophobic polymers along with ethyl cellulose and 

polymethacrylates substantially reduce water uptake, thereby preventing hydrolysis of moisture-

sensitive pills. In comparative experiments, pills covered with ethyl cellulose exhibited a forty–60  

reduction in moisture absorption in comparison to uncoated capsules over a six-month duration beneath 

improved stability conditions (As proven within the above Figure 3). in addition, enteric coatings 

manufactured from pH-touchy polymers, along with Eudragit®, verified effective protection towards 

gastric acid, ensuring drug release takes place most effective in the intestinal environment. 

 

Table 2. Effect of Polymer Coatings on Drug Stability Under Accelerated Storage Conditions. 

API Uncoated drug degradation (%) Coated drug degradation (%) Polymer used 

Vitamin C 35.2  10.5  HPMC 

Ibuprofen 18.7  5.2  Ethylcellulose 

Amoxicillin 22.4  7.8  Eudragit® 

Aspirin 30.1  8.9  Polyvinyl Alcohol (PVA) 

Paracetamol 16.8  6.1  PEG 
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Figure 3. Graphical view of effect of polymer coatings on drug stability under accelerated storage 

conditions. 

 

Table 3. Reduction in Moisture Absorption with Hydrophobic Polymer Coatings. 

API Uncoated moisture 

absorption (%) 

Coated moisture 

absorption (%) 

Reduction 

(%) 

Polymer used 

Furosemide 14.5  3.8  73.8  Ethyl cellulose 

Ranitidine 18.2  5.6  69.2  PVA 

Metformin 11.9  4.1  65.5  HPMC 

Diclofenac 9.3  2.7  71.0  Eudragit® 

Losartan 13.7  4.5  67.2  PEG 

 

Moisture publicity can result in hydrolysis and degradation of moisture-sensitive capsules, reducing 

their efficacy. This data highlights the discount in water absorption carried out by applying hydrophobic 

polymer coatings. Furosemide, as an instance, famous a 73.8  reduction in moisture uptake while 

coated with ethyl cellulose. similar moisture resistance is seen in ranitidine, metformin, diclofenac, and 

losartan, confirming the effectiveness of polymer coatings in creating a moisture barrier (As shown 

within the above Table 3). those findings aid the use of hydrophobic polymers like ethyl cellulose, PVA, 

and HPMC in formulations requiring safety towards humidity. 

 

The mechanical properties of polymer coatings also play a vital role in maintaining drug stability. 

Coatings enhance tablet hardness and reduce friability, preventing physical degradation during storage 

and transportation. Research findings suggest that coated tablets maintain their structural integrity 

significantly better than uncoated ones, reducing the likelihood of tablet chipping or breakage. Coating 

thickness and uniformity directly impact drug dissolution rates (As shown in the above Figure 4). 

Advances in coating technologies, such as spray coating and electrospinning, have allowed for precise 

control over film thickness, resulting in consistent drug release profiles. 

 

This fact indicates a big discount in friability with polymer coatings, with ibuprofen’s friability 

lowering by means of 68  after coating with HPMC. other pills, consisting of metronidazole, naproxen, 

paracetamol, and omeprazole, additionally show stepped forward mechanical integrity (As shown 

within the above Table 4). these effects indicate that polymer coatings decorate pill robustness, reducing 

physical harm at some stage in storage, transportation, and patient coping with, making them crucial 

for keeping drug satisfactory. 
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Figure 4. Graphical view of reduction in moisture absorption with hydrophobic polymer coatings. 

 

Table 4. Improvement in Mechanical Integrity of Coated Tablets. 

API Uncoated friability (%) Coated friability (%) Reduction (%) Polymer used 

Ibuprofen 2.5  0.8  68.0  HPMC 

Metronidazole 3.1  1.1  64.5  PEG 

Naproxen 2.8  0.9  67.8  Ethyl cellulose 

Paracetamol 2.2  0.7  68.2  PVA 

 meprazole 3.4  1.3  61.8  Eudragit® 

 

 
Figure 5. Graphical view of improvement in mechanical integrity of coated tablets. 
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A key locating in drug balance research is the position of polymer coatings in lowering oxidative 

degradation.  xygen-touchy pills, inclusive of certain antibiotics and vitamins, gain from polymer films 

containing oxygen-scavenging components. those coatings create an oxygen-impermeable barrier, 

appreciably decreasing API oxidation. as an instance, studies on coated vitamin C capsules suggest that 

oxidation quotes had been decreased by up to 70  compared to uncoated formulations, leading to 

prolonged efficiency and shelf-lifestyles. Nanotechnology-primarily based polymer coatings have 

similarly better drug balance through offering advanced safety and managed-release houses (As proven 

inside the above figure 5). current research has demonstrated that nanoparticle-infused polymer coatings 

showcase improved adhesion to tablet surfaces and provide an extra layer of safety against 

environmental elements. smart coatings, designed to launch capsules in reaction to precise physiological 

conditions, have additionally won attention. as an instance, thermosensitive polymer coatings release 

pills at body temperature, making sure controlled drug release handiest after administration. This 

approach has been specifically beneficial for protein and peptide capsules that are vulnerable to 

premature degradation. 

 

 xidative degradation is a common mission for oxygen-touchy capsules, main to potency loss. This 

fact compares the proportion of API final in uncoated vs. covered pills after exposure to oxidative strain. 

diet C, for instance, retains 89.7  of its API when covered with HPMC, as compared to simplest 52.3  

in its uncoated shape. similar enhancements are found for rifampicin, erythromycin, omeprazole, and 

atorvastatin (As proven inside the above Table 5). those results advocate that polymer coatings create 

an oxygen-resistant barrier, notably decreasing oxidation and prolonging drug stability. 

 

Table 5. Effect of Polymer Coatings on  xidative Stability. 

API % API remaining 

(uncoated) 

% API remaining 

(coated) 

Improvement 

(%) 

Polymer used 

Vitamin C 52.3  89.7  71.5  HPMC 

Rifampicin 60.5  92.8  53.4  Ethylcellulose 

Erythromycin 55.1  90.3  63.9  Eudragit® 

 meprazole 58.7  91.2  55.3  PVA 

Atorvastatin 61.2  93.5  52.8  PEG 

 

 
Figure 6. Graphical view of effect of polymer coatings on oxidative stability. 
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Table 6. Influence of Polymer Coatings on Drug Release Profiles. 

API Time (hours) % Drug released (uncoated) % Drug released (coated) Polymer used 

Metformin 1 85.6  30.2  Ethylcellulose 

Metformin 4 97.8  65.4  Ethylcellulose 

 meprazole 1 92.3  25.1  Eudragit® 

 meprazole 6 99.5  83.7  Eudragit® 

Diclofenac 1 87.2  28.5  HPMC 

Diclofenac 8 99.1  92.6  HPMC 

 

 
Figure 7. Graphical view of influence of polymer coatings on drug release profiles. 

 

 ne of the primary worries is the capacity interaction among polymer coatings and APIs, that may 

affect drug stability or modify drug launch kinetics. studies have stated times in which certain polymers, 

in particular people with ionic houses, interact with drug molecules, leading to sudden solubility 

modifications or precipitation (As shown within the above figure 6).  vercoming such demanding 

situations calls for significant method studies and compatibility testing throughout drug improvement. 

 

This fact shows the release chances of metformin, omeprazole, and diclofenac over distinctive time 

periods. Uncoated formulations release over 85  of the drug in the first hour, whereas covered 

formulations release at a miles slower, controlled charge. for example, metformin covered with 

ethylcellulose releases handiest 30.2  in the first hour however reaches 65.4  after four hours, 

allowing for sustained launch (As proven in the above table 6). those findings affirm that polymer 

coatings enable precise drug launch adjustments, helping their use in prolonged-release and focused 

transport formulations. 

 

While many pharmaceutical-grade polymers have acquired regulatory approval, the advent of novel 

polymers or nanotechnology-primarily based coatings requires complete safety opinions. ensuring that 
polymer coatings do not have an effect on drug bioavailability or introduce toxicity worries is a vital 

element of components studies. moreover, the price of advanced polymer coatings and complex utility 
strategies might also present monetary limitations for pharmaceutical producers, particularly in low-

resource settings (As proven in the above Figure 7). The outcomes of several studies underscore the 
effectiveness of polymer-based totally film coatings in enhancing drug stability and prolonging shelf-

existence. through providing a robust barrier against environmental degradation, polymer coatings 
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maintain the efficiency of APIs and allow tailored drug launch profiles. Advances in polymer 

technological know-how, nanotechnology, and coating strategies retain to extend the possibilities for 
pharmaceutical coatings, addressing key demanding situations and improving formulation results. As 

research progresses, the improvement of biodegradable and patient-precise coatings is expected to 
further revolutionize drug delivery structures, ensuring more secure, more effective, and more 

sustainable pharmaceutical products. 

 

CONCLUSION 

Polymer-based film coatings have become a necessary technique in pharmaceutical formulations that 

significantly increases drug stability, shelf life, and controlled drug release by means of their 

application. The results of the study indicate that polymer coatings effectively protect active 

pharmaceutical ingredients (APIs) from environmental stressors including mechanical damage, 

oxidation, moisture, and temperature variations. By acting as a barrier, these coatings ensure that 

medications retain their potency and therapeutic efficacy over extended periods of time, therefore 

lowering drug degradation. The results show that moisture-resistant polymers such as ethyl cellulose 

and polyvinyl alcohol (PVA) greatly reduce water absorption, thereby slowing down hydrolysis-

induced degradation. Likewise, coatings with oxygen-impermeable chemicals have demonstrated 

significant gains in oxidative stability, particularly for drugs like rifampicin and vitamin C that are prone 

to quick oxidation. Mechanical integrity tests show that polymer coatings reduce friability and restrict 

breakage during storage and transportation, hence extending tablet lifetime. Another major advantage 

of polymer coatings in controlled medicine release is their function. Because of their changed dissolving 

properties, coated formulations—based on the polymer used—may have either quick, steady, or delayed 

release. This offers the highest possible pharmacological absorption, reduces dosage frequency, and 

increases patient compliance. The combination of smart polymers and coatings based on 

nanotechnology increases the possibility for complex drug delivery systems even more, therefore 

paving the path for more targeted therapies. Even with the challenges in selecting the appropriate 

polymer, optimizing the formulation, and getting regulatory clearance, the benefits of polymer-based 

coatings far surpass the disadvantages. Constant research and technological advancements in polymer 

chemistry and coating techniques will help to raise their effectiveness and range of use even further. As 

pharmaceutical firms strive to produce formulations more durable, effective, and patient-friendly, 

polymer coatings will remain front and foremost in medication development. This will provide higher 

therapeutic outcomes and more pharmaceutical safety.  
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