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ABSTRACT 

Smart drug delivery systems are a key innovation in Pharmaceutical technology that aims to enhance the efficacy and safety of 
Therapeutic interventions. These systems integrate advanced materials, Microelectronics, and responsive mechanisms to deliver 
drugs in a controlled, Targeted, and adaptive manner. The development of smart drug delivery systems is driven by the need to 
improve patient compliance, minimize side effects, and optimize therapeutic outcomes. These cutting-edge delivery systems utilize 
various medication carriers, including nanoparticle systems such as inorganic nanoparticles (e.g., magnetic nanoparticles and 
quantum dots), monoclonal antibodies, microspheres, dendrimers, liposomes, and lipoproteins. The potential of smart drug delivery 
systems to revolutionize personalized medicine and improve treatment paradigms is critically analyzed. This paper reviews recent 
innovations in smart drug delivery, highlighting key technologies such as nanoparticle-based carriers, polymeric systems, and 
stimuli-responsive delivery platform. Emphasis is placed on the mechanisms of drug release, such as pH-sensitive, temperature-
sensitive, and biologically triggered systems.  
Additionally, the integration of real-time monitoring and feedback mechanisms is explored, illustrating how these systems can adjust 
drug release rates in response to physiological changes. This review aims to provide a comprehensive overview of state-of-the-art 
technologies and their implications for advancing healthcare through intelligent and adaptable drug delivery solutions 

INTRODUCTION 

Patient compliance in medication is a critical factor in the 

effectiveness of any treatment. Non-adherence to prescribed 

medication schedules can lead to treatment failure, disease 

progression, increased healthcare costs, and complications. 

Traditional methods of drug administration, such as manual pill 

dispensers or self-administered dosing, often rely on the 

patient’s memory and vigilance, which may not always be 

reliable.  

With the advancement of technology, smart drug delivery 

systems have emerged as a solution to improve adherence and 

https://doi.org/10.36713/epra2013


                                                                                                                                                                        ISSN (Online): 2455-3662   
EPRA International Journal of Multidisciplinary Research (IJMR) - Peer Reviewed Journal 
Volume: 11| Issue: 12| December 2025|| Journal DOI: 10.36713/epra2013 || SJIF Impact Factor 2025: 8.691 || ISI Value: 1.188 

              

  2025 EPRA IJMR    |    http://eprajournals.com/   |    Journal DOI URL: https://doi.org/10.36713/epra2013-------------------------------961  

ensure timely medication intake. These systems integrate 

sensors, microcontrollers, mobile applications, and alerts to 

remind patients of their doses, monitor usage, and even notify 

caregivers or healthcare professionals in case of missed doses. 

 

The implementation of smart drug delivery systems not only 

helps in reducing human error but also enhances patient safety, 

convenience, and overall treatment effectiveness. This review 

focuses on the design, working, advantages, limitations, and 

future scope of smart drug delivery systems aimed at improving 

patient compliance.An active pharmaceutical Ingredient is a key 

player in medication and is responsible for the drug’s desired 

health effects. 

  

Direct administration of an active pharmaceutical Ingredient 

(API) into an organism can be Challenging or impractical. 

Additionally, Administering the drug into body cavities, such as 

The vaginal or rectal, is often unfeasible due to Potential 

disintegration at the site of administration administered, during 

its course of travel in the system, it is likely to encounter the 

target site and non-target site to initiate drug action. The 

unnecessary exposure of the drug to the whole of the body is the 

major drawback of the conventional drug delivery method. This 

leads to an increased risk of toxicity and adverse drug reactions 

(ADRs). 

 

To overcome the drawbacks of conventional drug delivery 

systems, an advanced approach has been laid down where drugs 

are directly delivered to the site of administration. Thereby 

enhancing the pharmacological effect of the drug and surpassing 

these adverse effects is achieved through a Smart Drug Delivery 

System (SDDS).  

 

A smart drug delivery system (SDDS) is a cutting-edge medical 

approach that employs carriers for transporting therapeutic 

medicines into specific sites within the body. These carriers are 

intended to deliver the medicine in a controlled manner, 

enhancing therapeutic efficacy while reducing adverse effects. 

 

Numerous carriers, including liposomes, microspheres, serum 

proteins, immunoglobulins, erythrocytes, and niosomes, have 

been employed to target drugs 3 

 The smart medicine offered by this technology must meet the 

following criteria. To deliver a drug to a specific body part, it 

must not be degraded by body fluids, minimize side effects, 

cross a biological membrane for absorption, and be released in 

appropriate dosages 4 

SDDS has the following advantages over Conventional delivery 

systems. 

• It helps preserve optimal plasma drug levels. 

• The potential to eradicate or minimize systemic  

• Administration side effects 

• The possibility to enhance and facilitate  

• Medication delivery in regions with limited  

 

LITERATURE REVIEW 
Several studies have focused on improving patient 

compliance through innovative drug delivery systems. 

Traditional medication methods often result in missed 

doses or incorrect intake, which can compromise treatment 

effectiveness. To address these issues, researchers and 

developers have explored various smart drug delivery 

technologies: 

 

 

1. Smart Pill Dispensers: 

 

 

A smart pill dispenser is an automated device designed to store and dispense medication at the correct time and in the correct 
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dose, helping to improve patient compliance. These dispensers 

are especially useful for elderly patients, chronically ill 

individuals, or those taking multiple medications. 

• Scheduled Dispensing: Releases the prescribed dose at 

the right time automatically. 

• Alarms & Notifications: Audio/visual alerts or mobile 

notifications remind the patient to take their medicine. 

• Dose Tracking: Records when a dose is taken and sends 

alerts if a dose is missed. 

• Connectivity: Some dispensers are connected to mobile 

apps or cloud platforms for remote monitoring by 

caregivers or healthcare professionals. 

Advantages 

• Reduces missed doses and medication errors 

• Improves overall patient compliance. 

• Provides caregivers and doctors with real-time 

adherence data. 

 

2. Mobile App-Based Reminders: 

• Smartphone applications that send notifications to 

patients for medication intake. 

• Can provide real-time alerts and adherence tracking. 

• Some apps allow caregivers or doctors to monitor patient 

compliance remotely. 

 

3. IoT-Integrated Drug Monitoring Systems: 

• Internet of Things (IoT) devices track when medication 

is taken. 

• Data can be uploaded to cloud platforms for analysis and 

reporting. 

• Helps in predicting adherence patterns and identifying 

issues early. 

 

4. Wearable Drug Delivery Devices: 

• Patches or wearable injectors that release medication at 

programmed intervals. 

• Useful for chronic diseases requiring precise dosing 

 

Limitation  Existing in this system 

• High cost and maintenance requirements. 

• Technical challenges, including battery life and 

connectivity issues. 

• Privacy and data security concerns related to patient 

information. 

• Despite these limitations, these studies demonstrate that 

technology-driven solutions significantly improve 

patient compliance compared to traditional methods. 

The gap remains in developing affordable, user-friendly, 

and universally applicable systems that integrate 

monitoring, alerts, and data analysis efficient 

 

 

 

 

 

Objectives 

The primary objective of this review is to study and analyze a 

Smart Drug Delivery System designed to enhance patient 

compliance and ensure accurate medication administration. 

Patient non-adherence to prescribed drug regimens is a major 

challenge in healthcare, often leading to ineffective treatment, 

disease complications, and increased medical costs. This project 

aims to address these issues through the application of smart 

technology in drug delivery. 

 

The specific objectives of this project are as follows 

• To design a smart pill dispensing system capable of 

delivering the prescribed medication at the correct time and 

in the correct dosage without dependence on patient 

memory. 

• To minimize medication errors, such as missed doses, 

overdosing, or incorrect timing, through automated 

scheduling and alerts. 

• To integrate alert and reminder mechanisms, including 

audio, visual, or mobile-based notifications, to ensure 

timely medicine intake. 

• To enable continuous monitoring of patient adherence, 

allowing caregivers and healthcare professionals to track 

medication usage data efficiently. 

• To enhance patient safety and convenience, particularly for 

elderly patients, children, and individuals with chronic 

illnesses requiring long-term medication. 

• To reduce the burden on healthcare systems by preventing 

complications caused by non-compliance and decreasing 

hospital readmission rates. 

• To study the role of modern technologies such as IoT, 

sensors, and mobile applications in improving drug 

delivery and patient monitoring 

• To explore the feasibility of developing a cost-effective, 

user-friendly, and reliable system suitable for widespread 

healthcare adoption. 

 

Overall, this project aims to highlight how smart drug delivery 

systems can significantly improve medication adherence, 

optimize therapeutic outcomes, and contribute to the 

advancement of technology-driven patient care. 

  

Methodology and Working 

The smart drug delivery system is developed to enhance patient 

compliance by ensuring accurate, timely, and monitored 

administration of medications. The system primarily consists of a 

smart pill dispenser, control unit (microcontroller), alert system, 

sensors, and monitoring interface. 
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• Smart drug delivery systems offer a technologically 

advanced solution to the problem of medication non-

adherence, which is a major concern in healthcare practice. 

By combining automation, monitoring, and digital 

communication, these systems provide several significant 

advantages over conventional drug administration 

methods. 

• One of the primary advantages is improved patient 

compliance. Automated dispensing and scheduled 

reminders ensure that medicines are taken at the right time 

and in the correct dosage, reducing the risk of missed doses 

or delayed intake. This is especially beneficial for patients 

on long-term therapy and those with complex medication 

regimens. 

• Another important advantage is the reduction of 

medication errors. Manual drug administration is prone to 

errors such as overdosing, underdosing, or taking the 

wrong medication. Smart drug delivery systems minimize 

such errors by dispensing only the pre-programmed dose 

and preventing unauthorized or accidental access. 

• The system significantly enhances patient safety by 

reducing adverse drug reactions caused by improper 

dosing. Continuous monitoring allows early detection of 

non-compliance, enabling timely intervention and 

preventing serious health complications. 

• Automated reminders and alerts such as alarms, LED 

indicators, and mobile notifications significantly reduce 

reliance on patient memory. This feature is particularly 

useful for elderly patients, children, and individuals with 

cognitive impairments. 

• From an economic perspective, improved drug adherence 

helps in reducing healthcare costs by minimizing treatment 

failures, hospital readmissions, and emergency medical 

interventions. 

• Overall, smart drug delivery systems represent a reliable, 

safe, and effective approach to improving medication 

adherence and optimizing therapeutic outcomes in modern 

healthcare. Overall, smart drug delivery systems represent 

a reliable, safe, and effective approach to improving 

medication adherence and optimizing therapeutic 

outcomes in modern healthcare. 

 

Limitations of Smart Drug Delivery System 

• High initial cost of smart pill dispensers and related 

technologies. 

• Requires continuous power supply or regular battery 

replacement. 

• Technical complexity may be difficult for elderly or 

non-technical users. 

• Connectivity issues (Bluetooth/Wi-Fi failure) can affect 

monitoring and alerts. 

• Risk of data privacy and security due to digital storage 
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of patient information. 

• Not suitable for all dosage forms (liquids, injectables 

need advanced systems). 

• Regular maintenance and calibration are required for 

accurate functioning. 

• Device failure or malfunction may lead to missed or 

delayed doses. 

• Dependence on technology reduces effectiveness during 

network or system downtime 

 

Future Scope 

Smart drug delivery systems have significant potential for future 

advancements with the rapid growth of digital health 

technologies. Continuous innovation in this area can further 

enhance patient compliance, safety, and overall healthcare 

outcomes. 

 

One of the major future developments includes the integration of 

Artificial Intelligence (AI) and Machine Learning (ML). These 

technologies can analyze patient medication data to predict non-

compliance patterns, recommend personalized dosing schedules, 

and generate early warnings for high-risk patients. 

 

The system can be further enhanced through advanced IoT and 

cloud-based platforms, enabling real-time global monitoring of 

patient adherence. This will allow healthcare providers to manage 

large patient populations efficiently, particularly in chronic 

disease management programs. 

 

Future smart drug delivery systems may include biometric 

authentication methods, such as fingerprint or facial recognition, 

to ensure that medication is taken by the correct patient and to 

prevent accidental misuse. 

 

Another promising area is the development of multi-dosage and 

multi-drug compatibility, allowing the system to manage complex 

treatment regimens involving multiple medications with different 

dosing schedules. 

Another promising area is the development of multi-dosage and 

multi-drug compatibility, allowing the system to manage complex 

treatment regimens involving multiple medications with different 

dosing schedules. 

 

Integration with electronic health records (EHRs) can provide 

seamless communication between doctors, pharmacists, and 

patients. This would help in prescription updates, dose 

adjustments, and improved clinical decision-making. 

 

Overall, the future scope of smart drug delivery systems lies in 

creating intelligent, personalized, secure, and scalable healthcare 

solutions that significantly improve patient compliance and 

therapeutic effectiveness. 

 

CONCLUSION 
Smart drug delivery systems represent a significant advancement 

in modern healthcare by addressing one of the most critical 

challenges in medical treatment, namely patient non-compliance. 

Through automated dispensing, timely alerts, and real-time 

monitoring, these systems ensure accurate medication 

administration and improve adherence to prescribed therapeutic 

regimens. 

 

The use of smart pill dispensers integrated with sensors, control 

units, and digital monitoring platforms helps reduce medication 

errors such as missed doses, overdosing, and incorrect timing. 

This contributes to enhanced patient safety, better disease 

management, and improved therapeutic outcomes, particularly in 

the treatment of chronic conditions and long-term therapies. 

 

Although challenges such as cost, technical complexity, and data 

security exist, continuous technological advancements and 

growing digital healthcare infrastructure are expected to 

overcome these limitations. With further development, smart 

drug delivery systems can become more affordable, user-friendly, 

and widely accessible. 

 

Overall, smart drug delivery systems have the potential to 

revolutionize medication management by promoting better 

patient compliance, reduced healthcare burden, and improved 

quality of life, making them a promising solution in future 

healthcare practices. 
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