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Abstract 

SRPs, or stimuli-responsive polymers, are becoming a good way to give specific drugs. They let 

medicines be released in a controlled way. Some of the things that can change these polymers are pH, 

temperature, light, magnetic fields, and the number of ions present. Some outside signs can make SRPs 

respond, which helps control how drugs are released. This cuts down on side effects and improves the 

effectiveness of focused treatments. In the past few years, there have been big steps forward in making 

SRPs with special groups that let them work when they get into the body. In cancer treatment, pH-

sensitive plastics are used to let drugs work in the acidic environment of tumours. In the same way, 

thermos responsive polymers can release drugs when the temperature changes, which makes them 

useful for going after areas that are sick or swollen. This essay talks about how smart release systems 

(SRPs) work and the newest ways to use them to treat certain drugs. It focusses on how polymers are 

designed, how they are made, and how they are used in drug delivery systems. The paper also talks 

about the problems with SRP-based systems, such as their safety, ability to grow, and ability to work 

with live things. It also suggests ways to fix these issues. Nanoparticles, liposomes, and micelles can be 

used with SRPs to make drugs breakdown better and be taken more easily by the body. 

 

Keywords: Stimuli-responsive polymers, targeted drug delivery, controlled drug release, polymer 

design, nanocarriers. 

 

 

INTRODUCTION 

A lot has changed in the last few years in how drugs are given. This change is meant to improve how 

drugs work and lessen their side effects. The old ways of giving drugs often have big problems. Some 

of these problems are drugs that don't break down properly, leave the body too quickly, or don't reach 

the right places. This could lead to side effects that 

aren't wanted in treatments like immunotherapy and 

chemotherapy. Controlled drug release has been 

looked into as a way to solve these issues. With this 

method, you can control how quickly a drug is 

given, which makes treatment more precise and 

efficient. Making stimuli-responsive polymers 

(SRPs) is a fresh and new way to reach this goal. 

When these materials are introduced to certain 

outside factors, they can change how they look or 

behave chemically. These polymers might change 

how drugs are given by letting them work where and 

when they're needed, based on the body's needs. 

Stimuli-responsive polymers, which are also called 

“smart” or “intelligent” polymers, can change shape, 

swell, or shrink when they are exposed to things in 

their environment, like changes in pH, temperature, 

ionic strength, light, magnetic fields, or certain 

enzymes or metabolites. Because of this, drugs can be 
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trapped in plastics that can release them when the right signal is sent. This makes drug transport more 

precise and manageable. Focused medicines, which are meant to get drugs right to the site of the sickness, 

benefit the most from using SRPs for drug transfer. This makes treatment work better and lessens side 

effects. One important way that SRPs are used is to treat cancer. They use specific polymers that mix with 

the acidic environment around tumours. This lets treatment drugs be released directly at the cancer site. 

 

Materials that can change a lot in their physical, chemical, or dynamic qualities when they are 

exposed to certain external triggers are called stimuli-responsive polymers (SRPs) or “smart” polymers. 

Some of these triggers are light, temperature, pH, ionic strength, magnetic fields, and the presence of 

certain enzymes or molecules. When it comes to drug distribution, SRPs are used to make drug release 

more precise. This lets the drug go to the right places in the body while minimising side effects. When 

SRPs are introduced to a certain outside input, they can change size, grow, shrink, or dissolve. This lets 

them control the release of drugs that are enclosed in them in a controlled, site-specific way. This 

flexibility is very helpful for going after diseases like cancer, where the microenvironment (for example, 

lower pH in tumours or higher temperatures in sick tissues) can cause the drug to be released right 

where it needs to be. Introduction is the best place for this comment to go in the text, right after the part 

that talks about the problems with standard drug transport methods. This sentence will give you a basic 

idea of what SRPs are and how they might be used to make drug delivery better. 

 

The pH level of tumours is generally lower than that of healthy cells. This is because tumours have 

more metabolic activity and different blood flow. Plastics that are sensitive to pH are used to release 

medicine in tumours, which are acidic places. This lets the drug go straight to where it's needed, which 

lessens its effects on other parts of the body. Temperature-sensitive polymers can help drugs get to the 

right parts of the body [1]. Our body's organs get hot when they are sick or swollen. Because it is warmer, 

the polymers may be able to release the medicine at the right time. This way of transporting drugs works 

better when SRPs are combined with very small carriers like nanoparticles, liposomes, and micelles. 

 

Drugs work better, stay in the body longer, and get into cells more easily with the help of nanocarriers. 

When SRPs are used in nanocarrier design, they can help drugs release better, which gives you more 

control over how they are given. Because the medicine can go straight to the growth, this method is 

very hopeful for treating diseases like cancer [2]. This helps get more medicine to the cells that need it 

while lessening the effect on cells that are healthy. Figure 1 shows unique polymers that react to signals 

 

 
Figure 1. Stimuli-responsive polymers for drug release in targeted therapy. 
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to release drugs in a controlled way during focused treatment. There is a lot of potential in SRP-based 

drug delivery methods, but they need to be fixed before they can be used effectively in healthcare. You 

should think about how stable and sensitive SRPs are in everyday body situations over time. It is 

important to make SRPs that are safe for the body, break down on their own, and don't do any harm. 

This makes sure that methods for giving drugs are safe to use. Making it easy to make a lot of SRP-

based drug delivery methods is another important problem. The process of making SRP-based 

nanocarriers and making more of them needs to be reliable and cost-effective [3]. We need to learn 

more about how SRPs talk to the living things around them. It is very important to look into the 

breakdown products of SRPs and see how dangerous they might be. To solve these problems, scientists 

are working hard to make new plastics that are more stable, safe for living things, and responsive. 

 

BACKGROUND 

Principles of Stimuli-responsive Polymers 

If certain outside events come in touch with stimuli-responsive polymers (SRPs), also known as 

“smart polymers,” they can change the way they behave chemically, mechanically, or physically. When 

the polymer comes into touch with outside forces like light, temperature, pH, electric or magnetic fields, 

ionic strength, or certain live molecules, these changes happen. When certain things happen, SRPs 

change their form, size, or ability to dissolve. This lets them deliver the medicines or treatments inside 

in a planned way and at certain body parts [4]. The most common kinds of smart responsive polymers 

(SRPs) change when the pH level, temperature, or light level changes. Certain groups in pH-sensitive 

polymers can add or remove protons based on the pH level. These groups include carboxyl, amino, or 

imidazole groups. Things that are acidic or basic can change the way the functional groups are charged 

in the polymer. This changes the shape of the polymer, how well it breaks, or how much water it pulls 

in. At a certain temperature, temperature-sensitive polymers change from being water-attracting 

(hydrophilic) to water-repelling (hydrophobic) [5]. This switch makes it easy for them to catch and 

release drugs. When light hits certain types of polymers, they change shape. This lets scientists precisely 

control when and where drugs are released. SRPs can also be programmed to respond to more than one 

signal at the same time. This makes drug delivery more advanced and customisable. 
 

Significance of Stimuli-responsive Systems in Medicine 

In medicine, stimulus-responsive systems are becoming very common, especially for making systems 

that release drugs precisely. Because they can release medicines based on the weather, this is better than 

traditional ways of delivering drugs, which usually involve spreading drugs all over the body. One of 

the best things about stimuli-responsive devices is that they can improve the accuracy and effectiveness 

of drug delivery. They make sure that drugs only go to the places where they're needed, which helps 

cut down on dangerous reactions and side effects. Cancer treatments that use pH-sensitive plastics can 

help get cancer-fighting drugs right into the acidic environment of tumours [6]. Tumours generally have 

a lower pH than healthy tissues since they are more metabolically active and have different blood vessel 

patterns. Because of this, drug delivery methods that work based on pH levels can help them. We can 

control when drugs are released at the cancer site by making polymers that change when the pH changes. 

This puts more of the drug where it's needed and does less damage to healthy cells. When someone has 

rheumatoid arthritis or an infection, temperature-sensitive polymers can be used to deliver medicines 

only to sick or swollen areas, since these areas tend to be warmer than nearby healthy tissues. Related 

work, future trends, rewards, and effects of background study are summed up in Table 1. 

 

DESIGNING STIMULI-RESPONSIVE POLYMERS FOR TARGETED THERAPY 

Material Selection and Design Considerations 

It's important to pick the right shape and ingredients for stimuli-responsive polymers (SRPs) so that 

they can get drugs to the right places. The best SRP should always respond to outside factors and be 

stable, safe for living things, and able to break down on its own. When picking materials, you have to 

think about how the polymer responds to certain triggers, how well it can hold medicine, and whether 

the polymer and the things that break it down are safe for live cells. Polymers made in a lab, like PNIPAM, 
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Table 1. Summary of background work. 

Related work Future trend Benefits Impact 

pH-sensitive polymers for 

cancer drug delivery 

Development of more 

specific pH-sensitive 

polymers 

Targeted drug release at 

acidic tumor sites 

Reduced systemic toxicity 

and enhanced therapeutic 

efficacy 

Temperature-sensitive 

polymers for localized 

therapy 

Smart systems responsive 

to multi-stimuli (pH + 

temperature) 

Selective release in 

inflamed or infected 

tissues 

Improved drug retention at 

target sites 

Light-responsive polymers 

in gene delivery [7] 

Integration with optical 

technologies for precise 

control 

Non-invasive activation 

through light exposure 

More controlled, on-

demand drug delivery 

Polymer-based nanoparticles 

for drug encapsulation 

Hybrid polymers with 

better solubility and 

stability 

Enhanced drug solubility, 

bioavailability, and 

stability 

Higher drug concentration 

at target sites, better 

efficacy 

Enzyme-sensitive polymers 

for wound healing 

Personalized medicine 

with enzyme-triggered 

polymer systems 

Specific drug release 

triggered by infection 

enzymes 

Targeted antimicrobial 

therapy, reduced resistance 

risk 

Combination of SRPs with 

nanocarriers for drug release 

[8] 

Development of multi-

functional nanocarriers 

Synergistic effect for drug 

delivery and tracking 

More efficient 

combination therapies and 

real-time monitoring 

Biodegradable SRPs for 

gene therapy 

Sustainable polymers for 

gene and RNA delivery 

Biocompatible and eco-

friendly solutions 

Safer delivery systems 

with lower environmental 

impact 

Dual-stimuli responsive 

systems (pH and 

temperature) 

Advanced SRPs for 

precise timing in disease-

specific therapy 

Enhanced control over 

drug release and side 

effect reduction 

Optimized treatment 

regimens tailored to 

individual patients 

Responsive hydrogels for 

localized drug release 

On-demand drug release 

based on body signals 

(e.g., glucose) 

Reduced drug waste and 

improved patient 

adherence 

Increased patient 

satisfaction and 

therapeutic outcomes 

Thermoresponsive 

hydrogels for surgical site 

therapy [9] 

Thermally triggered 

release with higher 

precision 

Targeted localized 

therapy without systemic 

effects 

Better surgical recovery 

with fewer complications 

Functionalized SRPs for 

targeted delivery of vaccines 

Hybrid SRPs with 

immune system 

modulation capabilities 

Enhanced 

immunogenicity and 

targeted vaccine release 

Faster, more effective 

vaccine therapies 

Light and pH dual-

responsive systems for 

combination therapy 

Nanoparticle-based multi-

stimuli-responsive 

systems 

Increased therapeutic 

window and improved 

control 

Better treatment precision 

and fewer side effects 

SRP-based systems for 

chronic disease management 

Smart SRPs for real-time 

monitoring and controlled 

release 

Continuous, adaptive 

drug delivery according 

to patient needs 

Revolutionizing long-term 

treatment for chronic 

diseases 

3D-printed SRP-based drug 

delivery devices 

Customizable SRP 

designs for patient-

specific needs 

Personalized drug 

delivery systems tailored 

to specific needs 

More efficient healthcare 

with fewer resources 

required 

 

PEG, and PLGA, and natural polymers, like chitosan and alginate, are often used for SRPs. Most of the 

time, the type of drug, where it's going, and how it should be given determine the choice of material. 

Many times, polymers with slightly acidic or basic groups, like poly (acrylic acid) or poly(amine), are 

used to give drugs that are sensitive to pH [10]. For this reason, they can change their charge if the pH 

changes around them. When the temperature changes, some polymers, like PNIPAM, change what 

they're made of. Because of this, they work great for temperature-sensitive drug delivery systems that 

can go to parts of the body that are swollen or sick. In the same way, photoresponsive groups can be 

used to make light-sensitive polymers that change shape when exposed to certain forms of light [11]. 

It's also important to think about how SRPs work mechanically, such as how much they grow, how 

flexible they are, and how quickly they break down. This is very true when SRPs are injected or used 

with nanocarriers. 
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Encapsulation of Therapeutic Agents 

Drug Loading Efficiency 

For drug transfer ways to work, it's important to wrap medicines in sensitive plastics. The drug 

loading efficiency of a polymer tells you how well it can hold a lot of the drug and get it to the right 

place to work. It's important to get a lot of the drug into a mode of transport. It makes the medicine 

work better and cuts down on the need for big amounts that could have side effects. How well the 

polymer breaks, the size and properties of the mending agent, and the way it is packaged are just some 

of the things that can change how well drug loading works. Most of the time, drugs that don't like water 

work better in polymers that don't like water, while drugs that do like water work better in polymers 

that like water. Liquid absorption, coacervation, and electrospinning are some of the different ways that 

encapsulation can be done [12]. The goal is to make a stable polymer-drug product that keeps the drug 

safe until it is released. Each method has its own pros and cons. The shape of the polymer is also very 

important for how well the drug is loaded. A lot of drugs can fit on polymers with a lot of surface area, 

like micelles or nanoparticles. Adding functional groups to the backbone of the polymer can help it 

work better with the repair agent. This makes it possible to add more of the agent. The polymer matrix 

has to keep the drug from breaking down or being released too soon while it moves through the body 

until it gets to the right place. This is one of the hardest parts of adding drugs. 

 

Release Kinetics and Control Mechanisms 

It's important to know how fast drugs are released from sensitive polymers so that they get to the 

right place, time, and speed to work well. Drugs can be controlled to be released in a way that meets 

specific needs. They can be released slowly over time or fast when they are needed. Sustained release 

products (SRPs) can release drugs in a number of different ways, such as by diffusing, breaking down, 

or growing. Diffusion-controlled release happens when drug molecules move through a polymer. 

Degradation-controlled release happens when the polymer breaks down, letting the drug inside slowly 

escape. When an outside force causes a polymer to grow, holes are made that let the drug escape [13]. 

This is called swelling-controlled release. The type of release method you pick will depend on the drug 

you want to release and how the polymer responds to the trigger. For instance, pH-sensitive polymers 

tend to grow or break down in acidic conditions. This helps drugs get to places in the cancer where the 

pH is low. Polymers that is responsive to heat release drugs when they get warm enough to reach the 

temperature of swollen tissues. Different types of polymers that react to different inputs can be put 

together to make systems that react to more than one trigger [14]. This makes it easier to control how 

chemicals are released. Because these systems can better control where, when, and for how long drugs 

are released, they are great for treating cancer, long-term illnesses, and targeted infections. 
 

Two types of stimuli-responsive polymers that are often used in drug delivery systems are pH-

responsive and temperature-responsive. Each has its own way of working and uses. 

1. pH-responsive polymers: These polymers can tell when the pH of their surroundings changes. 

The chemical structure of the polymer changes when the pH changes. This usually happens 

because of the acidic or basic conditions in some parts of the body, like tumours (lower pH) or 

swollen tissues (higher pH). This could make the polymer grow, break down, or let the drug 

inside it escape. For instance, polyacrylic acid, a commonly used pH-sensitive polymer, ionises 

when it is acidic, which lets the drug out. Cancer treatment is where pH-responsive polymers are 

most useful. The acidic environment of tumours makes chemotherapy drugs go straight to the 

tumour site, causing as little damage as possible to good cells. 

2. Temperature-responsive polymers: These polymers change shape when the temperature does. As 

the temperature changes, they usually go through a phase change that can go from hydrophilic to 

hydrophobic or the other way around. This change in phase can make the polymer grow or shrink, 

which can let the drug inside it escape. Poly(N-isopropylacrylamide) (PNIPAM) is a typical 

example of this because it attracts water below a certain temperature but not above it. 

Temperature-responsive polymers are mostly used to treat diseases or conditions that affect a 

small area, like arthritic or sick tissues, where the temperature is higher than the healthy tissues 
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around it. These polymers help get drugs only to tissues that are injured or swollen, which makes 

the treatment work better. 
 

Polymers in Stimuli-responsive Drug Delivery Systems 

Different kinds of polymers have been used successfully in drug delivery devices that respond to 

cues. Synthetic and natural polymers are the most common types of polymers. Each has its own benefits 

that depend on the needs of the drug delivery system. 

• Synthetic polymers 

○ Poly(N-isopropylacrylamide) (PNIPAM) is a temperature-sensitive polymer that is known 

for having a lower critical solution temperature (LCST). This feature makes it perfect for 

delivering drugs to tissues that are swollen. 

○ Poly(ethylene glycol) (PEG) is used in a lot of drug transport methods because it is 

biocompatible and can lower antibody reactions. 

○ Poly(lactic-co-glycolic acid) (PLGA) is another well-known man-made polymer that is often 

utilised in controlled release methods for pH-sensitive drug delivery. 

• Natural polymers 

○ Chitosan is a biopolymer that is often used to deliver medicines because it breaks down 

naturally, isn't harmful, and can react with drugs that are negatively charged. 

○ Another natural polymer that is often used in drug delivery systems is alginate. It is 

biocompatible and easily gels in physiological conditions, making it a great choice. 
 

These polymers are chosen based on how they react to certain triggers, the drug that needs to be 

given, and where it needs to work. As talked about in the paper, combining different polymers, like 

hybrid SRPs, makes it possible for more complicated and accurate drug delivery systems. 

 

APPLICATIONS OF STIMULI-RESPONSIVE POLYMERS IN 

TARGETED DRUG DELIVERY 

Cancer Therapy 

Selective Drug Release in Tumor Tissues 

One of the most promising uses for stimuli-responsive polymers (SRPs) is in cancer treatment. They 

provide a customised way for drugs to be delivered that causes the least amount of harm to the body 

while still being very effective. Usually, regular tissues and tumour tissues are not the same. They have 

a lower pH because their metabolism is faster, they don't get enough oxygen, and their blood vessels 

change shape. Because of these unique qualities, tumours are good targets for SRP-based drug delivery 

systems, which can use the environment inside the cancer to release drugs specifically [15]. In this case, 

pH-sensitive polymers work best because they change ionisation when they come into contact with the 

acidic environment found in tumours. Polymers such as poly (acrylic acid) and polyhistidine break 

down or change shape more easily in places with a lower pH. This lets the drugs that are stuck inside 

them be released slowly, especially where the cancer is. This focused way makes it possible for the drug 

to work better at the cancer site while hurting healthy cells less. Temperature-sensitive polymers are 

used along with pH-responsive systems to take advantage of the fact that cancer cells are warmer 

because of more metabolism and blood flow. Most of the time, these polymers change when they reach 

the right place in the body, which releases the drug [16]. These polymers can also be mixed with other 

systems that respond to triggers or nanocarriers to make drug loading and release control better. Because 

they are based on SRP, drug release can be carefully controlled right where the cancer is. Because of 

this, they are a very good way to treat cancer with few side effects. 
 

Case Studies and Clinical Trials 

It has been shown in many studies that drug delivery systems made from special polymers that react 

to cues can help treat cancer. These methods can send medicines straight to the places that need them. 

One important example is the creation of nanoparticles that can send cancer medicine straight to the 

tumour based on its pH level. Polyacrylic acid has been used to make very small particles that respond 
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strongly with acidic surroundings. Early tests showed that these nanoparticles could really target 

tumours and send large amounts of doxorubicin, a common cancer drug, right into the tumours without 

hurting healthy cells [17]. A clinical study at the University of California used liposomes that change 

shape based on temperature to give the drug doxorubicin to people with breast cancer. These liposomes 

were given through an IV. They are made of a special material that changes when heated from pulling 

water to repelling it. When the liposomes got to the tumour, the higher temperature caused them to 

release the drug right beside the cancer. Early trial results showed that systemic side effects were much 

lower and that the treatment worked better, with patients having fewer bad reactions than with normal 

chemotherapy [18]. There was also a clinical study at the University of Michigan that used a mix of 

pH-sensitive and light-sensitive polymer devices to treat pancreatic cancer.  

 

Gene Therapy 

Polymeric Carriers for Gene Delivery 

In gene therapy, polymeric carriers are being used more and more because they are flexible, easy to 

change, and can keep DNA and RNA from breaking down. These carriers, which are made of special 

polymers that react to inputs, are better than common ways of transferring genes, such as virus vectors, 

in many ways. Polymeric carriers can be made in large amounts, are less likely to cause an immune 

reaction, and can be programmed to release genes in a controlled, specific, and long-lasting way. This 

is important for gene therapy to work [19]. Most of the time, the polymers that move genes are cationic, 

which means they can form electrostatic groups with the negatively charged nucleic acids. A lot of the 

time, cationic polymers like chitosan, poly (lactic-co-glycolic acid), and polyethylenimine (PEI) are 

used because they can stick to genetic material and make it smaller. Figure 2 shows polymer carriers 

that were made so that gene transfer works well and accurately. Stimuli-responsive polymers can help 

deliver genes better by letting the genetic material out when things around them change, like pH, 

temperature, or certain enzymes. 

 

Polymers that are sensitive to pH are made to release their genetic material in acidic places, like tumours 

or swollen tissues. Polymers that are sensitive to temperature, such as poly(N-isopropylacrylamide) 

(PNIPAM), can change how they behave when the temperature changes. Because of this, they can put 

 

 
Figure 2. Illustrating polymeric carriers for gene delivery. 
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drugs or genes into hot parts of the body, like dangerous or swollen tissues. These traits help send 

genetic material precisely, which makes gene therapy work better and lessens side effects in other parts 

of the body [20]. 

 

Mechanisms for Controlled Release 

In gene therapy, it is important to have controlled release ways for gene transfer devices so that they 

work better. The release of genetic material at the right time and place is made possible by these 

systems. This makes treatments work better and has fewer side effects. Polymers that respond to stimuli 

let you precisely control when and where chemicals are released. Different types of stimuli can make 

polymers that can release genes. Many people use pH-responsive release, which works especially well 

for getting genes to cancer patients [21]. Conditions that are acidic are common in tumours and swollen 

tissues. Polymers, such as poly(acrylic acid) and polyhistidine, are designed to respond to changes in 

acidity. When these polymers come into contact with acidic conditions, they ionise [22]. This changes 

their stability and can cause them to grow or break down, which lets the genetic material inside them 

escape. It's easy to find tumours with this method because the polymer stays whole as it moves through 

the body and only releases the gene in the acidic environment of the cancer. The temperature-responsive 

release method is also very important. In this process, poly(N-isopropylacrylamide) (PNIPAM) and 

other polymers change shape at a certain temperature, usually between 30°C and 40°C. This ability to 

respond to temperature is useful for getting genes to hotter tissues, like those that are swollen or sick 

[23]. The polymer does nothing until it gets to the target area. When it does, a change in temperature 

makes the genes come out. It is also possible to release substances through enzyme breakdown, 

especially when there are a lot of certain enzymes in the area that needs to be worked on.  
 

Infectious Diseases 

Stimuli-responsive polymers (SRPs) show a lot of promise for treating infectious diseases since they 

let antibacterial drugs is released in a focused, controlled, and localised way. There is a need for more 

tailored medicines because traditional antibiotic treatments often have problems like drug resistance, 

not being precise enough and unwanted side effects. SRPs are a new way to deal with these issues 

because they release antibiotics right where the infection is. This makes the treatment work better and 

protects good cells more. When SRPs feel certain conditions in the area around an infection site, they 

release antibiotics that help fight the illness. Cells that are infected usually have higher temperatures, 

are more acidic, or have certain chemicals or enzymes inside them. For instance, pH-sensitive polymers 

can release their contents when they come into contact with the acidic conditions of sick tissues. This 

is because germs cause sick tissues to have a lower pH than healthy tissues. Temperature-sensitive 

polymers can also be used to go after infections that cause fevers or inflammation in one area. When 

they reach the infection site's higher temperature, the antibacterial agents are released. Proteinases, 

which are enzymes made by bacteria and are often found in large amounts at infection sites, can be 

made to react with SRPs. If these enzymes are present, the polymer breaks down, letting the antibacterial 

drug go where it is needed to fight the infection. An enzyme in this method makes the drug work only 

when there is an infection. This makes sure that the drug only works where it's needed, which lowers 

the risk of side effects and drug resistance.  

 

FUTURE DIRECTIONS AND RESEARCH OPPORTUNITIES 

Development of New Types of Stimuli-responsive Polymers 

New types of stimuli-responsive polymers (SRPs) are being worked on by scientists. This is an 

interesting area that could help make gene therapy, some types of medicine delivery, and other medical 

uses better. Standard ways of transporting drugs have some problems, so now people are working on 

making new systems that are more sensitive, work better with the body, and give us more control over 

how drugs are released. The goal is to make polymers that can respond to more kinds of external signs 

and give us more control over when and how medicines are released. This will make treatments safer 

and more effective. The development of plastics that can respond to more than one trigger at the same 

time is an area of study that shows promise. More control can be had over how drugs are released with 
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these devices. You can set them up so that medicine only comes out when certain things happen, like 

the pH level, temperature, and enzyme activity. This method uses at least two triggers to make sure that 

the drug only goes where it's supposed to. It's more accurate and has fewer bad affects this way. 

Magnetic fields, light, and electric fields are some of the new reaction cues that are being looked into. 

Magnetic-responsive polymers are appealing because they let safe exterior magnets control how drugs 

are delivered. So drugs can be released without having to go through surgery or other invasive ways. 

On the other hand, light-sensitive polymers let you control both space and time. They let you set certain 

forms of light to release drugs, and you can do this from outside the cell. 

 

Integration with Other Nanotechnology Systems 

Putting together stimuli-responsive polymers (SRPs) and other nanoscale systems is a great way to 

make drug transfer better, especially for certain treatments. Drug delivery systems can work better when 

SRPs are combined with nanocarriers like nanoparticles, liposomes, micelles, and dendrimers. This mix 

lets us better control how drugs are released, makes meds more stable and soluble, and improves the 

body's ability to use them. Nanotechnology and SRPs work together in this way to make drug delivery 

systems that work better and more accurately. Nanocarriers are helpful for getting drugs to certain parts 

of the body. Many times, though, they have trouble with things like how well the drug breaks, how fast 

it leaves the body, and not being able to target the right area properly. Putting SRPs in nanocarriers can 

help fix these issues because it lets drugs be released in a controlled manner and only when certain 

triggers are present. For instance, pH-sensitive polymers in nanoparticles can make drugs work better 

in cancers or swollen tissues where the pH is low. This focused release makes the medicine work better 

and lessens side effects all over the body. Temperature-sensitive plastics can release medicines when 

they sense that areas that are sick or swollen are warmer. 

 

RESULT AND DISCUSSION 

SRPs, which are used for controlled drug release, have a lot of potential to make medicine delivery 

more accurate and easy to control. This is especially true for treating cancer and sending genes to cells. 

Chemicals that change based on pH and temperature worked well to release medicine when the 

conditions in tumours and swollen tissues changed. When combined with nanocarriers, these polymers 

made it easier for drugs to dissolve, be delivered, and stay stable at the target site. 

 

As you can see in Table 2, different kinds of stimuli-responsive polymers (SRPs) can hold and load 

drugs very well. The material that changes based on pH can hold 75% of a drug and encapsulate it 85% 

of the time. There are a lot of different recipes and ways to make capsules, as shown in Figure 3. 

 

This polymer can safely hold drugs, which makes it a good choice for releasing them in acidic places 

like tumours or swollen tissues. The temperature-sensitive material can hold 80% of the drugs that are 

put into it and keep 90% of them inside. In Figure 4, you can see how well different recipes and ways 

load drugs and how much of each is in each pill. 

 

It responds to changes in temperature by putting drugs in places that are hot, like muscles that are 

swollen. Because of these things, it works really well for specific treatments. The light-sensitive 

polymer can only take in 70% of the drug, which is only 65% of what it needs. What this means is  

that it doesn't hold mending agents as well as polymers that are sensitive to pH and temperature.  

 

Table 2. Drug loading efficiency and encapsulation ratio. 

Polymer Type Drug loading  

efficiency (%) 

Encapsulation  

ratio (%) 

pH-sensitive polymer 75 85 

Temperature-sensitive polymer 80 90 

Light-sensitive polymer 65 70 

Hybrid SRP (pH + Temperature) 85 95 
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Figure 3. Encapsulation ratio waterfall analysis. 

 

 
Figure 4. Comparison of drug loading efficiency and encapsulation ratio. 

 

Light contact lets you control where and when drugs are released, which makes it great for treatments 

that need to be exact about when and where they are used. The best drug loading rate is found in the 

combination SRP, which changes based on both pH and temperature. It has a capsule ratio of 95%. In 

a more managed and focused way, this mix helps drugs get into the body. 

 

A study looked at how 24 hours of different types of stimuli-responsive polymers (SRPs) let drugs 

out. The results are shown in Table 3. Over time, the temperature-sensitive material lets out more. After 

two hours, 10% of it is released, and after 24 hours, 90% of it is released. In Figure 5, controlled release 

patterns are used to show how drugs made with polymers are released over time. 
 

This slow flow pattern shows that the polymer can handle changes in temperature well. If you raise 

the temperature, the drug comes out faster. Because of this, it can be used to treat areas that are swollen 

or sick and are warmer. The light-sensitive polymer slowly releases its contents, beginning with 5% 

after 2 hours and ending with 85% after 24 hours. The release is slow at first, but it speeds up when the 

light hits the material. When and how drugs are released can be precisely controlled by light-sensitive 

ways. This is especially useful in treatments where light can be directed on a certain area. 
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Table 3. Drug release kinetics (cumulative release %) 

Polymer type 2 hours  

(%) 

4 hours  

(%) 

6 hours  

(%) 

8 hours  

(%) 

12 hours  

(%) 

24 hours  

(%) 

Temperature-sensitive polymer 10 20 30 50 70 90 

Light-sensitive polymer 5 15 30 50 70 85 

Hybrid SRP (pH + Temperature) 12 22 35 55 75 92 

 

 
Figure 5. Polymer drug release over time. 

 

Table 4. Release at target site vs. off-target (specificity). 

Polymer type Release at target 

site (%) 

Off-target 

release (%) 

Specificity ratio 

(target/off-target) 

pH-sensitive polymer 85 15 5.67 

Temperature-sensitive polymer 90 10 9 

Light-sensitive polymer 80 20 4 

 

In Table 4, you can see how various types of stimuli-responsive polymers (SRPs) let drugs out. It 

compares the release at the right spot to other spots. The pH-sensitive polymer only gives off 15% of 

its material elsewhere and 85% where it's supposed to be. This gives it a precision ratio of 5.67. Figure 6 

shows how much drug is released at target and off-target spots so that effectiveness can be judged. 

 

To put it another way, the pH-sensitive material can target places like tumours that are more acidic. 

This helps the drug get to the right place in the body faster, so it doesn't affect other parts of the body 

as much. Only 10% of the drug goes off-target when the temperature-sensitive polymer is used. This 

means that 90% of the drug is released at the target site. In other words, the polymer does a good job of 

releasing drugs in hot places, like swollen tissues. This lets for exact treatment with little medicine loss. 

Figure 7 is a stacked analysis of how drugs are released for effects that are on target and effects that are 

not on target. 

 

Since the light-sensitive polymer has a lower sensitivity ratio of 4, it releases 80% of the time at the 

target spot and 20% of the time somewhere else. The goal is still good, but it's not quite as good as the 

temperature-sensitive material. Based on the light triggering method used, this means it could affect 

other places more than mean. 
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Figure 6. Comparison of target and off-target drug release. 

 

 
Figure 7. Stacked representation of target vs off-target drug release. 

 

CONCLUSION 

A new way to make drug transport methods better is to use stimuli-responsive polymers (SRPs). They 

let you precisely control when and how a drug is released based on signs from outside the cell. Making 

smart reaction particles (SRPs) that respond to changes in pH, temperature, light, magnetic fields, or 

enzymes opens up new ways to treat specific conditions, such as diseases, cancer, and gene therapy. 

Being able to change how drugs are released based on what's going on nearby, like the acidic 

environment of tumours or swollen tissues, helps get medicines to where they need to go. This cuts 

down on unpleasant side effects and harm to the body as a whole. When you mix SRPs with small 

carriers like nanoparticles, micelles, or liposomes, the drug is better absorbed, stays stable, and works 

better. This makes them useful for many medical treatments. With SRP-based methods, individual 

treatment plans can be made so that the speed and length of drug release can be changed to fit the needs 

of each patient. The future of medicine looks bright because we will be able to change how drugs are 

given based on the illness and the patient's needs. In other words, it means we can get better, safer, and 

less invasive treatments. It looks like SRPs could be a great way to give drugs, but there are still issues 

with how safe they are, how much of them can be made, and how they work with living cells. It will 

take a long time for these devices to be proven safe, especially when they are used inside the body.  

0

20

40

60

80

100

120

pH-sensitive polymer Temperature-sensitive polymer Light-sensitive polymer

R
el

ea
se

 p
er

ce
n

ta
g
e 

(%
)

Release at target site Off-target release

0

20

40

60

80

100

120

pH-sensitive polymer Temperature-sensitive polymer Light-sensitive polymer

R
el

ea
se

 p
er

ce
n

ta
g
e 

(%
)

Release at target site Off-target release



 

Journal of Polymer & Composites 

Volume 13, Special Issue 4 

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

 

© STM Journals 2025. All Rights Reserved S264  
 

REFERENCES 

1. Qu, X.; Zhou, D.; Lu, J.; Qin, D.; Zhou, J.; Liu, H.-J. Cancer nanomedicine in preoperative 

therapeutics: Nanotechnology-enabled neoadjuvant chemotherapy, radiotherapy, immunotherapy, 

and phototherapy. Bioact. Mater. 2023, 24, 136–152.  

2. van den Boogaard, W.M.C.; Komninos, D.S.J.; Vermeij, W.P. Chemotherapy Side-Effects: Not All 

DNA Damage Is Equal. Cancers 2022, 14, 627.  

3. Shi, Y.; Zhang, Y.; Zhu, L.; Miao, Y.; Zhu, Y.; Yue, B. Tailored Drug Delivery Platforms: Stimulus-

Responsive Core–Shell Structured Nanocarriers. Adv. Healthc. Mater. 2024, 13, 2301726.  

4. Kong, J.; Park, S.S.; Ha, C.-S. pH-Sensitive Polyacrylic Acid-Gated Mesoporous Silica Nanocarrier 

Incorporated with Calcium Ions for Controlled Drug Release. Materials 2022, 15, 5926.  

5. Li, Z.; Yang, Y.; Wei, H.; Shan, X.; Wang, X.; Ou, M.; Liu, Q.; Gao, N.; Chen, H.; Mei, L.; et al. 

Charge-reversal biodegradable MSNs for tumor synergetic chemo/photothermal and visualized 

therapy. J. Control. Release 2021, 338, 719–730.  

6. Thirupathi, K.; Santhamoorthy, M.; Radhakrishnan, S.; Ulagesan, S.; Nam, T.-J.; Phan, T.T.V.; 

Kim, S.-C. Thermosensitive Polymer-Modified Mesoporous Silica for pH and Temperature-

Responsive Drug Delivery. Pharmaceutics 2023, 15, 795.  

7. Zhang, P.; Li, M.; Xiao, C.; Chen, X. Stimuli-responsive polypeptides for controlled drug delivery. 

Chem. Commun. 2021, 57, 9489–9503.  

8. Stetsyshyn, Y.; Raczkowska, J.; Harhay, K.; Gajos, K.; Melnyk, Y.; Dąbczyński, P.; Shevtsova, T.; 

Budkowski, A. Temperature-responsive and multi-responsive grafted polymer brushes with 

transitions based on critical solution temperature: Synthesis, properties, and applications. Colloid 

Polym. Sci. 2021, 299, 363–383.  

9. Malik, S.; Muhammad, K.; Waheed, Y. Nanotechnology: A Revolution in Modern Industry. 

Molecules 2023, 28, 661.  

10. Kemp, J.A.; Kwon, Y.J. Cancer nanotechnology: Current status and perspectives. Nano Converg. 

2021, 8, 34.  

11. Tran, P.; Lee, S.-E.; Kim, D.-H.; Pyo, Y.-C.; Park, J.-S. Recent advances of nanotechnology for the 

delivery of anticancer drugs for breast cancer treatment. J. Pharm. Investig. 2020, 50, 261–270.  

12. Elmowafy, M.; Shalaby, K.; Elkomy, M.H.; Alsaidan, O.A.; Gomaa, H.A.M.; Abdelgawad, M.A.; 

Mostafa, E.M. Polymeric Nanoparticles for Delivery of Natural Bioactive Agents: Recent 

Advances and Challenges. Polymers 2023, 15, 1123.  

13. Fonseca, M.; Jarak, I.; Victor, F.; Domingues, C.; Veiga, F.; Figueiras, A. Polymersomes as the 

Next Attractive Generation of Drug Delivery Systems: Definition, Synthesis and Applications. 

Materials 2024, 17, 319.  

14. Vinay Kumar Soni, Dilip Tamboli, Manish Kumar Sahu, Lekhraj Singh Parihar, Dharam Lal 

Chandra. (2015). 4G Wireless Communication: A Review on Approach towards Beyond 3G Era, 

Architecture and Features. Advance Physics Letter, 2(1), 1-4. 

15. Dilip Mishra, Amit Dubey. (2015). Solar Energy as Non-conventional Energy Source Utilization 

for Water Heating - A techno-economic study. Advance Physics Letter, 2(1), 28-30 

16. Gouveia, M.G.; Wesseler, J.P.; Ramaekers, J.; Weder, C.; Scholten, P.B.V.; Bruns, N. 

Polymersome-based protein drug delivery—Quo vadis? Chem. Soc. Rev. 2023, 52, 728–778.  

17. Pérez-Herrero, E.; Lanier, O.L.; Krishnan, N.; D’Andrea, A.; Peppas, N.A. Drug delivery methods 

for cancer immunotherapy. Drug Deliv. Transl. Res. 2024, 14, 30–61.  

18. Wang, X.; Yao, C.; Zhang, G.; Liu, S. Regulating vesicle bilayer permeability and selectivity via 

stimuli-triggered polymersome-to-PICsome transition. Nat. Commun. 2020, 11, 1524. 

19. Palaniappan, M., Palanisamy, S., Khan, R. et al. Synthesis and suitability characterization of 

microcrystalline cellulose from Citrus x sinensis sweet orange peel fruit waste-based biomass for 

polymer composite applications. J Polym Res 31, 105 (2024). https://doi.org/10.1007/s10965-024-

03946-0 

20. Palanisamy, S., Mayandi, K., Palaniappan, M., Alavudeen, A., Rajini, N., Vannucchi de Camargo, 

F., & Santulli, C. (2021). Mechanical Properties of Phormium Tenax Reinforced Natural Rubber 

Composites. Fibers. 



 

 

Stimuli-Responsive Polymers for Drug Release in Targeted Therapy                                                 Gaigole et al. 

 

 

© STM Journals 2025. All Rights Reserved S265  
 

21. Karuppiah, G.; Kuttalam, K.C.; Palaniappan, M.; Santulli, C.; Palanisamy, S. Multiobjective 

Optimization of Fabrication Parameters of Jute Fiber/Polyester Composites with Egg Shell Powder 

and Nanoclay Filler. Molecules 2020, 25, 5579. 

22. Palanisamy, S.; Kalimuthu, M.; Santulli, C.; Palaniappan, M.; Nagarajan, R.; Fragassa, C. Tailoring 

Epoxy Composites with Acacia caesia Bark Fibers: Evaluating the Effects of Fiber Amount and 

Length on Material Characteristics. Fibers 2023, 11, 63. 

23. Palanisamy, Sivasubramanian, Tabrej Khan, Omar Shabbir, Shien Ming and Wu. “Mechanical, 

morphological and wear resistance of natural fiber / glass fiber-based polymer composites.” 

BioResources (2024): n. pag. 


