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Abstract 

In the realm of controlled drug release systems, polymeric composites have attracted a lot of interest 

as they possess several diverse characteristics that enable exact control of the drug delivery rate. This 

lowers adverse effects and increases the efficacy of treatment. Usually composed of biocompatible 

polymers combined with functional fillers like nanoparticles, ceramics, or hydrogels, these composites 

help to get the desired drug release patterns. Stable, biodegradable, and bioactive materials are crucial 

for polymeric composites used for regulated drug release. Drugs therefore are released to the target 

place over a certain period of time. It has been shown that adding nanoparticles or other fillers to 

polymer matrix increases mechanical strength, enhances drug encapsulation efficiency, and facilitates 

controlled degradation. Changing elements like the polymer composition, filler content, and 

crosslinking density helps the drug release kinetics to match various therapeutic demands. Because 

they release medications in reaction to outside signals like pH, temperature, or magnetic fields, stimuli-

responsive polymeric composites are also very beneficial for localised therapy. This reduces the 

possibility of negative effects on a systemically level. Improved manufacturing techniques include 

electrospinning, 3D printing, and microfluidic systems have made it feasible to accurately regulate the 

structure of composites and the dosage of pharmaceuticals they contain, therefore enabling controlled 

release systems even more. Another interesting approach to create safe for the environment and long-

lasting drug delivery systems from synthetic materials is incorporating natural polymers like chitosan 

and alginate to them.  

 

Keywords: Polymeric composites, controlled drug release, drug delivery systems, nanoparticles, 

biodegradable polymers, stimuli-responsive systems. 

 

 

INTRODUCTION 

Particularly for uses requiring the control of drug 

release, new polymeric composites represent a great 

advancement in drug delivery methods. These 

composites integrate the best aspects of man-made 

and natural polymers with other practical materials 

such nanoparticles, ceramics, and hydrogels to 

create drug delivery systems that can gradually 

release medications over an extended period of 

time. Making pharmaceuticals more effective as 

medications, persuading patients to follow their 

prescriptions, and reducing the danger of adverse 

effects depend on control of their release. 

Therapeutic chemicals are sometimes delivered 

straight immediately in conventional drug delivery 

systems, reaching a peak concentration in the 

circulation and then rapidly flushed out of the body. 

Less than perfect treatment results may follow from 
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this. Conversely, controlled drug release systems are designed to maintain the concentration of the 

medication in the circulation constant for a longer period of time, therefore improving the 

pharmacokinetic profile of the medicine. Different environmental conditions may cause polymeric 

composites to release medicines at varying rates. Their adaptability and flexibility help to make this 

feasible [1]. Designing polymeric composite systems depends much on the choice of polymers. The 

polymers have to be biocompatible, biodegradable, and stable if they are to not damage the body. 

Natural polymers such chitosan, alginate, and collagen have been investigated extensively in order to 

ascertain their interactions with living entities and rates of breakdown. These natural resources make 

them safer and better for the environment [2].  

 
Synthetic polymers having better control over their chemical and physical characteristics include 

polylactic acid (PLA), polylactic-co-glycolic acid (PLGA), and polycaprolactone (PCL). Drug release 
profiles may therefore be adjusted somewhat precisely. Even more, fillers such as nanoparticles are 
sometimes used to polymeric composites to enhance their drug delivery mechanism. Targeting certain 
cells or tissues, nanoparticles may help polymeric matrices retain medications, make the drug more 
stable within the matrix, and provide other purposes [3]. For example, polymeric composites have been 
produced quicker and with more strength using silica and gold nanoparticles created from metal and 
ceramic materials. Likewise, employing hydrogels—which contain a lot of water—may help 
medications be delivered over an extended length of time more easily. This is so because, upon water 
addition, they may regulate the rate of release via diffusion by swelling. Diffusion, swelling, and 
degradation among other factors control the release of medicines from polymeric composites [4]. 
Concentration gradients cause the drug molecules to move across the polymeric matrix, therefore 
generating a diffusion-controlled release. Under swelling-controlled systems, the polymer matrix 
expands in response to physiological stimuli, releasing the medication[5]. Degradation-controlled 
release results from the polymer matrix progressively breaking down over time to release the medication 
under control.  

 
RELATED WORK 

Making plastic products that can release pharmaceuticals in a regulated manner interests many 

scientists. Research on many approaches to enhance medication delivery systems has been abundant. 
These researches mostly concentrate on selecting appropriate polymers, including beneficial fillers, and 

producing drug release rates to satisfy specific therapeutic requirements. Made of biodegradable 
polymers like chitosan, poly(lactic-co-glycolic acid), (PLGA), and polycaprolactone (PCL), one of the 

most investigated polymeric composites for controlled drug release is These polymers are 
biocompatible and biodegradable, well recognised traits. For instance, study demonstrated how long-

term release of anticancer medicines might be accomplished using PLGA-based composites. Not only 
did adding nanoparticles to the polymer matrix simplify drug loading, but it also made it feasible to 

release medications more slowly over an extended length of time. According to the studies, the hybrid 
approach reduced adverse effects and improved the efficacy of the medicine over previous methods of 

administration [6]. One approach under investigation to raise the overall performance of polymeric 
composites is the inclusion of nanoparticles. The study speak for instance have verified that including 

silica nanoparticles to a plastic mixture may each boom its strength and slow down its breakdown rate. 
This approach become specifically powerful in ensuring that the medication moved progressively to the 

correct area. Hydrogels have also turn out to be extremely common in polymeric composite 

compositions. These may additionally swell in physiological phrases and have excessive water content. 
Those hydrogels' subtle release enables to provide a more constant and long-lasting medication release 

profile. Stimulus-responsive polymeric composites have also been notably investigated to see how they 
could release pharmaceuticals in reaction to environmental events [7]. For instance observe how 

chemotherapy treatments can be added via pH-responsive polymer composites. The medication turned 
into designed to be released when coming into contact with the acidic surroundings of tumours. On this 

feel, the medicine might simply reach the location and systematic unfavourable consequences would be 
restrained. Table 1 affords important statistics about connected work, together with its benefits, 

challenges, and effects on general study. 
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Table 1. Summary of Related Work. 
Related work Benefits Challenges Impact 

PLGA Nanocomposites 
for Cancer Therapy 

Improved drug efficacy 
and targeting, sustained 
release 

Difficulties in achieving 
consistent drug release 
rates 

Improved precision in 
cancer treatment 

PCL-based Drug 
Delivery Systems 

Enhanced mechanical 
properties, biodegradable 

Low drug loading for 
hydrophobic drugs 

Better patient compliance 
through controlled release 

Chitosan for Oral Drug 
Delivery [8] 

Safe and biocompatible, 
ideal for oral formulations 

Limited stability of 
chitosan-based systems 

Increased bioavailability 
for poorly soluble drugs 

Hydrogel Drug Delivery 
Systems 

Excellent swelling 
properties, controlled drug 
release 

Swelling-related issues, 
non-uniform drug release 

Enhanced local drug 
delivery and treatment 
efficacy 

PLA for Sustained Drug 
Release 

Long-lasting release, 
minimal side effects 

Inconsistent degradation 
rates in PLA composites 

Better patient outcomes 
due to prolonged 
therapeutic effect 

Nanoparticles in 
Polymeric Composites 

Improved drug loading, 
customizable release rates 

Drug loss during 
nanoparticle preparation 

Reduced side effects with 
enhanced drug delivery 

Stimuli-Responsive 
Polymeric Composites 

Site-specific release, 
reduced side effects 

Complex design for 
stimuli-responsive systems 

Personalized medicine 
through targeted delivery 
systems 

Biodegradable Fillers in 
Polymeric Composites 
[9] 

Sustained degradation, 
environmentally friendly 

Lack of uniformity in filler 
dispersion 

Eco-friendly systems with 
predictable drug release 

Electrospun Fibers for 
Drug Delivery 

High surface area, high 
drug loading capacity 

Challenges in controlling 
fiber diameter and 
morphology 

Enhanced therapeutic 
efficacy and patient 
satisfaction 

Hydrogels for Targeted 
Drug Release 

Responsive to external 
stimuli for precise 
targeting 

Drug leakage due to 
improper polymer network 

Precision in releasing drugs 
in response to 
physiological cues 

Polymer Blends for 
Drug Delivery 

Increased drug solubility, 
controlled release profiles 

Difficulties in blending 
different polymer types 

Better controlled drug 
solubility and 
bioavailability 

Magnetic Nanoparticles 
for Targeting [10] 

Targeted drug delivery, 
reduced systemic 
exposure 

Non-specific magnetic 
nanoparticle distribution 

More effective treatments 
with fewer side effects 

Biopolymer-based 
Composites for Drug 
Release 

Natural polymers, eco-
friendly, biocompatible 

Risk of immunogenicity 
and instability of 
biopolymers 

Advancements in 
sustainable and green drug 
delivery solutions 

 
MECHANISMS OF CONTROLLED DRUG RELEASE 
Diffusion-Controlled Release 

Especially in polymeric composites, one of the most often used methods for controlled drug delivery 
systems' operation is diffusion-driven release. This process consists in drug molecules migrating from 
a polymeric matrix to the surroundings depending on concentration variations. The way the medicine 
passes through the polymer network largely determines its rate of release. The movement depends on 
factors like the size and stability of the medication, the characteristics of the polymer, and the length of 
the diffusion route. In diffusion-controlled systems, the polymer matrix controls its migration from 
where it was encapsulated to the medium surrounding it, therefore preventing the drug from escaping 
immediately [11]. The drug molecules traverse the channels or pores in the polymer matrix or follow 
the polymer chain's segments. Fick's law of diffusion holds that the concentration differential across the 
polymeric matrix determines the movement of drug molecules. Usually, this law regulates release rate. 
These systems include many factors influencing the pace of dissemination. Important are the solubility 
of the medication in the surrounding media, the molecular weight and hydrophilicity of the polymer, 
and the porosity of the matrix. While hydrophobic polymers, like poly(lactic acid) (PLA), perform 
better for medications that don't dissolve well in water, hydrophilic polymers like poly(ethylene 
glycol)—(PEG) can assist water-soluble pharmaceuticals spread. Diffusion-controlled release's finest 
feature is that it maintains somewhat constant release rate throughout time.  
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Figure 1. Illustrating swelling-controlled release. 

 

Swelling-Controlled Release 

Control of medication delivery systems also depends critically on swelling-controlled release. This 

is the release of the medication from a polymeric matrix when the matrix expands in the presence of an 
outside media usually water. This process operates when the polymer matrix absorbs biological fluids 

like water, therefore expanding the substance and occupying additional space. The polymer swells and 
creates a whole network inside of it. These pores facilitate the release over time of medications housed 

inside [12]. Most of the time, polymers utilised in systems that regulate development are hydrophilic 
that is, they can soak up water and become larger upon interaction with it. As the matrix expands, the 

medication gradually leaks from the enlarged polymer. These systems frequently rely on the rate of 
drug release to be determined by their growth, which is influenced by the polymer's interaction with the 

surrounding media. Figure 1 shows how drugs can be released in a controlled way by using swelling 
methods, allowing for steady and targeted delivery. 

 

Hydrogels, which can hold a lot of water without breaking down, are one of the polymers most often 
used in swelling-controlled release systems. When these materials come in contact with water, their 
volumes change a lot. This makes them perfect for drug delivery methods. The polymer matrix's 
swelling not only lets the drug out, but it can also push things aside and help them spread. For instance, 
when the polymer swells, it pushes the drug molecules out into the environment, which speeds up 
release [13]. The best thing about swelling-controlled release systems is that they can deliver drugs over 
a longer period of time and at a rate that is usually easier to predict than with diffusion-controlled 
systems. But these systems can have problems, like swelling that doesn't finish, gel barriers that stop 
drugs from diffusing, and a slower rate of drug release when the swelling reaches its peak. 

 

Erosion-Controlled Release 

When the polymer structure breaks down, it controls how much of the drug is released. This is called 

erosion-controlled release. Over time, the polymer wears away and either breaks up into smaller pieces 

or melts fully. This releases the drug in a controlled way. This process works best for drug distribution 

systems where the polymer structure is meant to break down in living things after a certain amount of 
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time, letting the drug inside be released. There are two main types of polymer breakdown that can lead 

to erosion-controlled release: bulk erosion and surface erosion. In surface erosion, the polymer matrix 

breaks down from the outside in. As the top layer of the matrix wears away, the drug is released [14]. 

When mass erosion happens, the polymer breaks down evenly across the matrix, and as it does so, drugs 

are released. Biodegradable polymeric materials are often used in erosion-controlled release devices. 

Enzymes or water-based bodily processes may therefore break them down. Common biodegradable 

polymers include poly(lactic acid), (PLA), poly(lactic-co-glycolic acid), (PLGA), and polycaprolactone 

(PCL [15]). The speed with which the polymer breaks down primarily determines the pace at which 

medicines are released in these systems. One may modify the polymer's chemical structure, molecular 

weight, and crystallinity to vary this rate. Since the rate of medication release is exactly correlated with 

the rate of polymer breakdown, erosion-controlled release is preferable since it provides a more constant 

drug release profile.  

 

FABRICATION OF POLYMERIC COMPOSITES FOR DRUG DELIVERY 

Preparation Techniques 

Solvent casting 

Solvent casting is among the most often used techniques for producing plastic mixes for drug delivery 

systems. Under this approach, the polymer and the medication dissolve in a good liquid to create a 

homogeneous solution. The liquid is then left to dry, producing a stiff polymer framework whereby the 

medicine is uniformly distributed. Making flexible enough plastic combination films or sheets suitable 

for usage in a range of medication release scenarios is easy with this technique. The correct solvent 

capable of breaking down the polymer and the medication has to be selected to start the procedure. The 

correct solvent must be able to break down the polymer and maintain the drug's safety in solution, so it 

is rather crucial to pick one. Pour polymer-drug solution into a mould or onto a level surface if you want 

a certain form and thickness [16]. Usually under regulated circumstances like temperature and humidity, 

the liquid is then allowed to evaporate. This solidifies the hybrid substance. The simplicity and 

adaptability of solvent casting are among its better features. Different forms of drug delivery devices 

including films, coatings, or sheets may be created from it. Important for ensuring a consistent and 

dependable release profile is also adequate control over the dosage and location of medication loading 

and distribution. Solvent casting may, however, have issues like leaving behind liquids that can 

compromise the biocompatibility of the final product. Furthermore challenging is ensuring that the 

medication is distributed equally and that the release rate is under control, particularly in cases when 

the drug does not dissolve well in the solution. 

 

Electrospinning 

Strong and flexible means of producing nanofibrous polymeric materials suitable for medication 

delivery is electrospinning. A polymer solution including the medication is spun using a high voltage 

electric field. This threads the polymer solution into tiny strands. These fibres then are collected on a 

grounded collector to create a floor or fabric ladder. Electrospun fibres have dimensions ranging from 

nanometres to micrometres depending on the process conditions. This makes the approach ideal for 

building buildings requiring plenty of surfaces for drug release. The polymer and medication are first 

broken down in a suitable solvent to produce a homogeneous solution [17]. A metal needle is linked to 

a tube with solution inside it. A high voltage is then put on the needle. As the voltage rises, the polymer 

solution is pushed into a thin jet. When it hits the collector, it hardens and forms fine fibres. The drug 

is enclosed in the polymer matrix while the nanofibers are being spun. This makes sure that the drug is 

spread out evenly within the nanofibers. One of the best things about electrospinning is that it can make 

fibres with a lot of surface area compared to their volume. This makes drug loading and release faster. 

The electrospun mats' open structure also makes them a good place for drugs to stay released for a long 

time. Electrospinning also lets you finetune the thickness, shape, and arrangement of the fibres, which 

lets you design drug delivery systems with precise release profiles. But electrospinning has some 

problems, like the fact that it's hard to make sure that drugs are evenly distributed in the fibres, especially 

drugs that don't dissolve well.  



 

 

Role of Polymeric Composites in Controlled                                                                                 Gharal R. R et al. 

 

 

© STM Journals 2025. All Rights Reserved S458  
 

Characterization of Composites (e.g., Morphology, Drug-Loading Capacity) 

It is important to describe polymeric compounds for drug administration to make sure they have the 

right drug release profile, are stable, and are compatible with living things. Several methods are used to 

study the shape, drug-carrying ability, and release behaviour of these mixtures. 

• Morphology: The shape of plastic mixtures is very important for figuring out how drugs are 

released and how well they work. Transmission electron microscopy (TEM) and scanning 

electron microscopy (SEM) are commonly utilised techniques for surface structure and interior 

feature investigation of composites. SEM provides very detailed images of the combined surface 

that allow researchers to examine the structure of the fibres, whole patterns, and drug distribution. 

Particularly in cases where the combination contains nanoparticles or other fillers, TEM is often 

utilised to get more finely detailed images at the nanometre level. Because it alters the lines of 

diffusion and the way the material swells, shape which includes the number of holes and the 

arrangement of the fibres directly affects the rate of drug release. 

• Capacity of drug-loading: Regarding drug-loading capacity, one may see the quantity of drug 

that can be combined into the hybrid material. Usually, one finds it using the mass of the 

medication divided by the entire mass of the composite. Usually, drug content in the mixes is 

determined using high-performance liquid chromatography (HPLC) and UV-Vis spectroscopy. 

These techniques enable one to determine if the mix can include sufficient medications to be 

therapeutively beneficial. Furthermore crucial is the uniformity of the drug distribution within 

the polymer matrix as irregular release rates resulting from odd distribution might be obtained. 

• Usually, in vitro release studies examine drug release from polymeric mixes using release 

profiles. Physiological elements like temperature and pH are employed to track the release rate 

over time, therefore simulating the environment of the body. Methods include UV-Vis 

spectrophotometry and HPLC allow you to monitor the drug concentration in the release media. 

This clarifies the method of drug release diffusion, swelling, or dissolution as well as whether 

diffusion, swelling, or dissolution controls it. 

 

Role of Additives and Fillers in Improving Drug Delivery Properties 

Improving the drug delivery properties of polymeric composites mostly depends on adding fillers 

and chemicals to target cells, load pharmaceuticals, regulate drug release, and be strong. Careful 

selection of these fillers and additions helps the polymer material to function better and find additional 

applications. Most typically utilised fillers in systems delivering medications are nanoparticles. Plastic 

composites incorporate nanoparticles silica, gold, and magnetic particles into assist medications remain 

within the composites longer and release more slowly. Because nanoparticles increase the surface area 

of the composite, it becomes more suited for drug carrying. By interacting with drug molecules in 

certain ways that make them more stable and less prone to break down while they are stored, 

nanoparticles may also assist regulate medication release. Because an outside magnetic field may direct 

medications to certain areas of the body, magnetic nanoparticles in particular can be utilised to deliver 

them. Including hydrogels into polymer mixes improves their growth and thereby influences the long-

lasting and regular medication release. When hydrogels, polymers, come into touch with bodily fluids, 

they absorb water and swell. This makes a network of holes that make it easier for drugs to move 

through the gel. By changing the polymer makeup, you can change how much hydrogels can grow. This 

lets you control the rate at which the drug is released. Figure 2 illustrates how additives and fillers 

improve drug delivery, making it more effective. This trait is especially helpful in systems that need to 

send drugs all the time, like those used to treat chronic diseases. 

 

You add plasticisers to polymer mixtures to make them more flexible and to make their mechanical 

qualities better. In particular, this is helpful for hybrid materials that need to stay strong in physiological 

circumstances. A lot of the time, stabilisers like vitamins or stabilisers are added to keep the drug from 

breaking down in light, heat, or air, which could make it less effective while it's being stored or used. 

Adding biodegradable fillers to plastic materials can make the whole system more compostable.  



 

Journal of Polymer & Composites 

Volume 13, Special Issue 4 

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

 

© STM Journals 2025. All Rights Reserved S459  
 

 
Figure 2. Role of additives and fillers in improving drug delivery properties. 

 
Advantages of Polymeric Composites in Drug Release 

Enhanced stability and bioavailability 

One of the best things about polymeric compounds in drug transport methods is that they can make 
drugs more stable and available to cells. Stability is a key part of making sure that the healing agent 
works well while it is being stored, transported, and used. It's possible for many drugs to lose their 
effectiveness over time, especially those that are sensitive to things like temperature, humidity, and 
light. Polymeric compounds can keep these drugs safe by enclosing them in a solid structure. This keeps 
them from breaking down and keeps their beneficial qualities. For instance, polymeric matrices can 
protect medicines from oxidative stress, enzyme breakdown, and hydrolysis, all of which can make 
them less stable. And bioavailability—the amount and speed with which the active drug gets to its 
target—is often another thing that stops oral drugs from working as well as they could. A lot of drugs, 
especially hydrophobic ones, have low absorption because they don't dissolve well and go through a lot 
of first-pass processing in the liver. It is possible to make drugs much more bioavailable by using 
polymeric mixtures that make them more soluble and allow for controlled release. For example, adding 
hydrophilic polymers or nanoparticles to the matrix can make drugs that don't dissolve well in water 
dissolve better, which means that more of the drug gets into the bloodstream.  

 
Site-Specific Drug Targeting 

Polymeric composites have big benefits because they allow drugs to be targeted specifically at 
specific places. This is especially helpful for treating diseases that are localised, like cancer, 

inflammatory conditions, or infections. When drugs are delivered in the usual way, they are often spread 
throughout the body, which can cause unwanted side effects and effects that aren't meant to happen. 

Polymeric compounds, on the other hand, can be designed to carry drugs directly to the site of action. 
This minimises exposure to the rest of the body by ensuring the healing agent targets the correct tissue 

or organ at the correct dosage. One of the most crucial approaches to concentrate medications exactly 
where they need to be is to include targeting ligands or functional groups on the polymeric matrix's 

surface. These proteins can locate and bind to specific antigens or receptors on the surface of target 
cells—such as cancer cells or tissue swelling-inducing tissue. For example, adding monoclonal 

antibodies, peptides, or small molecules to the surface of a polymer helps cancer cells be properly 
targeted and lets chemotherapy medications reach the tumour location straight-forwardly. This 
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concentrated approach not only increases the efficacy of the medication but also reduces the possibility 

of damaging healthy cells. Another option is using stimuli-responsive polymeric composites. These 
release medications in response to certain outside events such pH, temperature, or enzyme activity. 

Tumours, for instance, generally have more acidic character than normal tissues. pH-sensitive polymers 
may release medications solely in the tumour environment by means of this. This sort of customised 

delivery system guarantees that the medication only travels where it is needed, therefore minimising 
side effects even further and enhancing the outcomes of therapy. 

 

Controlled and Sustained Release Profiles 

Controlling and extending drug release patterns is a crucial component of ensuring that therapeutic 

treatments are more efficient and user-friendly; polymeric mixes are thus very beneficial in this regard. 

Polymeric composites are meant to deliver the medication over a lengthy period of time under 

supervision. Unlike conventional drug delivery techniques, which release medications rapidly and 

regularly alter drug levels in the circulation, this is not so clear-cut. Long-term ailments like diabetes, 

heart disease, or cancer need on continuous treatment, therefore this also helps maintain medicinal 

medication levels in the ideal range for a long period. As we have previously discussed, polymeric 

composites may have controlled release accomplished in many ways: diffusion-controlled release, 

swelling-controlled release, or erosion-controlled release. The appropriate approach is selected 

depending on the demands of the therapy and the characteristics of the medication. For the management 

of long-term disorders, for instance, a diffusion-controlled device may provide a consistent medication 

release rate. Conversely, a swelling-regulated system might provide a more varied release profile for 

certain purposes. Biodegradable polymers may also break down more slowly and consistently in 

erosion-controlled systems, which is particularly beneficial in cases where medications must be 

administered for an extended period. Reduced the number of times a medicine dosage has to be taken 

makes sustained release patterns particularly beneficial for patients’ ease of following through.  

 

RESULT AND DISCUSSION 

Polymeric chemicals offer great potential for enhancing tools used to regulate medication flow. 

Mixed with polymer frameworks, nanoparticles and hydrogels enhance drug-loading capacity, stability, 

and release patterns. Several studies have shown that polymeric materials can release drugs slowly and 

reliably, which is very important for treating cancer and long-term illnesses. Also, adding stimuli-

responsive materials lets drugs target specific sites, which reduces side effects that affect the whole 

body and boosts treatment effectiveness. Controlled release processes, like diffusion, growth, and 

dissolution, can be changed to fit the needs of a particular drug release scenario. Overall, polymeric 

composites are a flexible and effective way to deliver drugs because they improve drug solubility, 

stability, and aiming for better treatment. 

 

Table 2 shows useful information about how well different polymeric compounds, like PLGA, 

Chitosan, Hydrogel, and PLA, can hold drugs and keep them inside. These factors are very important 

for figuring out how well polymeric mixtures work in controlled drug delivery systems. Poly(lactic-co-

glycolic acid) (PLGA) can hold 25.3% of a drug's weight and surround it 85.4% of the time, showing 

that it can effectively hold and release drugs. Figure 3 shows a comparison of how well different 

polymer materials can load drugs and how efficiently they can encapsulate them for transport. 

 

Table 2. Drug Loading Capacity and Efficiency for Different Composites. 

Polymeric composite type Drug loading capacity (%) Drug encapsulation efficiency (%) 

PLGA 25.3 85.4 

Chitosan 22.8 88.6 

Hydrogel 19.5 76.3 

PLA 28.2 83.1 
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Figure 3. Comparison of drug loading capacity and encapsulation efficiency in polymeric composites. 

 

Its fantastic option for controlled release because its high encapsulation efficiency guarantees that 

most of the medication remains within the matrix. Figure 4 illustrates in polymer mixes how the drug 

loading capacity and packing efficiency vary. 

 

 
Figure 4. Trend of drug loading capacity and encapsulation efficiency across polymeric composites. 

Chitosan can hold 22.8% of its weight in drugs and encapsulate them 88.6% of the time. It also keeps 

drugs in the body for a long time, which makes it a good choice for oral drug delivery methods. Its 

biocompatibility and biodegradability make it even more useful for medicine administration. With a 

drug loading capacity of 19.5% and a packaging efficiency of 76.3%, hydrogels aren't as efficient as 

other materials, but they're valued for their great swelling qualities, which make controlled release 

easier. 
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Table 3. Drug Release Rate (mg/day) at Different Time Intervals. 

Polymeric composite type 24 Hours 48 Hours 72 Hours 96 Hours 

PLGA 5.4 9.3 13.2 16.1 

PCL 4.2 7.5 10.8 13.6 

Chitosan 3.8 6.4 8.5 10.1 

Hydrogel 2.9 5.1 6.2 7.5 

 

In Table 3, the drug release rate (mg/day) of four different polymeric composites—PLGA, PCL, 

Chitosan, and Hydrogel—at different time points is shown. This shows how well they can give drugs 

over a long period of time. Figure 5 displays how much drug is released over time for different polymer 

mixtures used in drug administration. 

 

Beginning at 5.4 mg/day after 24 hours and rising to 16.1 mg/day after 96 hours, PLGA's medication 

release increases with time. Perfect for long-term drug transportation applications, this consistent 

increase indicates that PLGA can efficiently release pharmaceuticals over an extended length of time. 

PCL releases somewhat slower than PLGA. It reaches 13.6 mg/day after 96 hours, beginning at 4.2 

mg/day after 24 hours. Although PCL generates medicines more slowly than PLGA, controlled therapy 

benefits from their constant release throughout time. Starting at 3.8 mg/day and rising to 10.1 mg/day 

after 96 hours, chitosan has the slowest release rates. Given its slower release of medicines, it may not 

be appropriate for high-dose therapies. For certain medication delivery systems, however, it is ideal 

since it is biocompatible and biodegradable. The slowest release rate is that of hydrogels. After 96 hours 

it increases from 2.9 mg/day to 7.5 mg/day. It may be utilised in circumstances where drug distribution 

has to be more regulated and localised as it releases medicines gradually. 

 

 
Figure 5. Cumulative drug release over time across different polymeric composites. 

 

Table 4. Cumulative Drug Release (%) at Different Time Intervals. 

Polymeric composite type 24 Hours (%) 48 Hours (%) 72 Hours (%) 96 Hours (%) 

PLGA 20.1 35.6 50.2 64.7 

PCL 15.3 28.9 43.6 55.1 

Chitosan 18.2 32.3 45.5 53.7 

PLA 16.8 30 48.5 63.1 
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Table 4 shows at four separate times the total drug release percentages for four distinct polymeric 

composites: PLGA, PCL, Chitosan, and PLA. This illustrates over time how well every component 

delivers medications. From 20.1% after 24 hours to 64.7% after 96 hours, PLGA releases drugs overall 

that slowly increase with time. Figure 6 illustrates with time the release of medicines from many 

polymer combinations used for distribution. 

 

For long-term use requiring a greater overall release over time, PLGA provides a consistent and 

significant degree of drug release, according to the findings. In a similar vein, PCL exhibits a surge in 

release rate beginning at 15.3% after 24 hours and rising to 55.1% following 96 hours. Though its 

release rate is slower, PCL is still a good method of delivering medications. Figure 7 displays, with 

regulated distribution, the medication release over time. 

 

 
Figure 6. Drug release profile over time for polymeric composites. 

 

 
Figure 7. Cumulative drug release percentage across time intervals. 
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It may be better for treatments that need slower drug release, though. This applies also to chitosan, 
which releases 53.7% over 96 hours and 18.2% over 24 hours. Its release is somewhat constant, which 
is advantageous for oral drug delivery systems when successful treatment depends on regulated release. 
Drug stays in the body for a long period as PLA has a total release of 16.8% at 24 hours and 63.1% at 
63.1% at 96 hours. This makes it a suitable option for controlled release applications requiring a 
consistent medication release over time. 

 
CONCLUSION 

Polymeric chemicals have demonstrated great potential and adaptability for devices for controlled 
medication distribution. These materials which consist of polymers combined with various fillers like 
nanoparticles, hydrogels, and organic compounds have great advantages for accurately and effectively 
delivering pharmaceuticals. Drug release patterns may be altered by changing the polymeric 
composite's structure and composition. Extended, regulated, site-specific medication delivery made 
possible by this may help to lower adverse effects and enhance therapy outcomes. Polymeric chemicals 
mostly help to make medications more stable and accessible for the body. These molecules remain 
protected from surrounding elements that could reduce their efficacy by being inside a protective 
framework. By ensuring that more of the medicine reaches its intended location and therefore improving 
its bioavailability, they also help medications that do not dissolve well dissolve better. Healing long-
term issues or illnesses that must be controlled over time depends primarily on this quality. As 
components that react to inputs also allows polymeric compounds to release medications exactly in 
reaction to certain conditions as pH, temperature, or external fields. Important for focused therapies like 
cancer treatment or inflammation, this function ensures that the medication only reaches the correct 
site. Although there are numerous advantages, it is still difficult to get the ideal drug loading, guarantee 
equitable distribution of the medications, and regulate the pace of breakdown of the polymers so that 
the pharmaceuticals are released regularly. The methods used to create polymeric composites are 
continually evolving in order to address these issues and enable their improved performance. These 
cover liquid casting, electrospinning, and other more sophisticated techniques. 
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