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Recent breakthroughs in drug delivery systems have transformed the landscape 
of healthcare, offering unprecedented precision, personalization, and efficiency in 
the administration of medications. Nanotechnology, exemplified by nanoparticles 
and liposomes, has revolutionized drug delivery, improved drug stability and 
targeting specific cells or tissues. This development has revolutionized cancer 
therapy, significantly reduced systemic toxicity while enhanced treatment 
efficacy. Antibody-drug conjugates (ADCs) have emerged as a powerful tool in 
targeted therapies. These ingenious compounds combine monoclonal antibodies 
with potent cytotoxic drugs, resulting in the selective delivery of therapeutics to 
cancer cells. ADCs are at the forefront of treatment for various cancers, 
particularly HER2-positive breast cancer. Smart drug delivery systems are 
ushering in a new era of patient-centric care, integrating sensors, control systems, 
and actuators to monitor and adjust drug administration in real time. Devices like 
insulin pumps, inhalers, and implantable systems empower patients to exert 
greater control over their treatments, thereby improving compliance and overall 
outcomes.  
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Introduction  

The evolution of drug delivery systems has 

significantly transformed healthcare. From 

conventional oral medications to cutting-edge 

nanotechnologies, drug delivery systems have 

come a long way. This review aims to provide an 

in-depth exploration of recent advances in drug 

delivery, shedding light on innovations that 

enhance therapeutic effectiveness and patient 

comfort.(1) 

Types of Drug Delivery Systems  

Drug delivery systems can be categorized into 

several main types, each with unique advantages 

and applications. The primary types include: (2) 

Oral Drug Delivery Systems  

Oral drug delivery is the most common and 

convenient method of administering 

medications. It includes tablets, capsules, liquids, 

and other oral formulations. 

Recent Advances:  

Discuss recent innovations in oral drug 

delivery, such as: 

Nanoscale Drug Formulations: Nanoemulsions 

and nanocrystals that enhance solubility and 

absorption of poorly water-soluble drugs. 

Orally Disintegrating Tablets (ODTs): Fast-

dissolving tablets that improve patient 

compliance, especially in paediatric and geriatric 

populations. 

Gastroprotective Systems: Floating, 

mucoadhesive, and expandable dosage forms for 

sustained drug release and enhanced 

bioavailability. (3) 

Injectable Drug Delivery Systems 

Injectable drug delivery provides rapid drug 

delivery directly into the bloodstream. It is 

essential for emergencies and certain conditions 

requiring precise dosing. (4) 

Recent Advances: (4) 

Long-Acting Injectables: Development of long-

acting formulations that provide extended drug 

release, reducing the frequency of injections. 

Microneedles: Painless, minimally invasive 

needles for subcutaneous delivery of biologics. 

Smart Injections: Smart autoinjectors with 

connectivity for monitoring and tracking 

injections. 

Transdermal Drug Delivery Systems 

Transdermal patches offer a non-invasive route 

for drug delivery through the skin. They are 

commonly used for pain management and 

hormone replacement therapy. (5) 

Recent Advances: (6) 

Microneedle Patches: Patches with 

microneedles that painlessly breach the skin's 

barrier for enhanced drug delivery. 

Iontophoresis: Use of a mild electric current to 

facilitate drug permeation through the skin. 

3D Printing of Patches: Customized patches for 

individual patient needs. 

 Inhalable Drug Delivery Systems 

• Inhalable drug delivery is crucial for 

respiratory conditions, offering targeted drug 

delivery to the lungs. (7) 

• Recent Advances: (7) 

 Highlight recent advances, including: 

• Dry Powder Inhalers (DPIs): DPIs offer a 

precise and easy method for delivering dry 

powder medications to the lungs. 

• Nanoparticles for Inhalation: Engineered 

nanoparticles for more effective drug delivery to 

lung tissue. 

• Personalized Inhalers: Inhalers with digital 

interfaces to monitor and customize inhalation. 

 Implantable Drug Delivery Systems 

Implantable drug delivery systems are used for 
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long-term drug administration, reducing the 

need for frequent dosing. (8) 

Recent Advances: 

Discuss recent developments in implantable 

systems, including: (9) 

Biodegradable Implants: Implants that 

dissolve over time, releasing the drug gradually. 

Drug-Eluting Stents: Implants used in 

cardiology to prevent restenosis after 

angioplasty. 

Subcutaneous Implants: Implants for the 

delivery of hormonal contraceptives. 

Nanotechnology in Drug Delivery 

Nanotechnology has opened new avenues for 

drug delivery with the development of 

nanoparticles, liposomes, and dendrimers. (10) 

Recent Advances: 

Explore recent advancements in 

nanotechnology: (11) 

Lipid Nanoparticles: Lipid-based nanoparticles 

for encapsulating hydrophobic drugs. 

Polymeric Nanoparticles: Polymeric carriers 

for controlled drug release and targeted delivery. 

Dendrimer-Based Drug Delivery: Dendrimers 

as versatile drug delivery platforms. 

1. Injectable Drug Delivery Systems  

Introduction: Injectable drug delivery systems 

are critical for the administration of medications 

directly into the bloodstream. They are used in 

various clinical settings, including emergency 

care, critical care, and for patients who require 

precise dosing. Injectable drug delivery systems 

come in different forms, including solutions, 

suspensions, emulsions, and powders for 

reconstitution. 

Types of Injectable Drug Delivery Systems: 

1. Syringes and Needles: 

• Description: Traditional syringes and needles 

are commonly used for administering 

medications via intramuscular, subcutaneous, 

and intravenous routes. 

• Recent Advances: 

• Safety Syringes: These syringes are designed 

to prevent needlestick injuries and are widely 

used in healthcare settings. 

• Autoinjectors: These devices allow patients to 

self-administer medication easily, often used for 

conditions like diabetes and rheumatoid 

arthritis. 

• Challenges: 

• Needle phobia and pain during injection can 

impact patient compliance. 

• Proper disposal and needlestick injuries 

remain concerns. 

2. Prefilled Syringes: 

• Description: Prefilled syringes come pre-

loaded with a specific dose of medication, 

making them convenient and reducing the risk of 

dosing errors. 

• Recent Advances: 

• Customizable Prefilled Syringes: These 

syringes can be tailored to individual patient 

dosing needs. 

• Tamper-Evident and Tamper-Resistant 

Designs: Enhanced security features to prevent 

tampering. 

• Challenges: 

• The need for specialized manufacturing and 

storage considerations. 

3. Vials and Ampoules: 

• Description: Vials and ampoules contain liquid 

or powder medications and are sealed with a 

rubber stopper. 

• Recent Advances: 
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• Lyophilized Drugs: Freeze-dried (lyophilized) 

medications are reconstituted at the point of 

care, providing improved stability. 

• Color-Coded Caps: Simplified medication 

identification. 

• Challenges: 

• Risk of contamination and the need for aseptic 

techniques in drug reconstitution. 

4. Long-Acting Injectables (LAIs): 

• Description: LAIs are designed to provide 

sustained drug release over an extended period, 

reducing the frequency of injections. 

• Recent Advances: 

• Polymer-Based Depots: Polymer-based 

systems that slowly release medication over 

weeks or months. 

•Biodegradable Microspheres: Tiny, 

biodegradable particles that steadily release 

medication. 

• Challenges: 

• Accurate dosing, patient acceptance, and safety 

concerns. 

5. Smart Injections: 

• Description: Smart injection devices are 

equipped with connectivity and features for 

monitoring and tracking injections. 

• Recent Advances: 

• Connected Autoinjectors: Devices with 

Bluetooth capabilities for data transfer to 

healthcare providers. 

• Dose Confirmation: Devices that provide 

visual or auditory confirmation of a successful 

injection. 

• Challenges: 

• Data security and patient privacy concerns 

associated with connected devices. 

Applications of Injectable Drug Delivery 

Systems: 

Injectable drug delivery systems are used in a 

wide range of medical applications, 

including: 

• Emergency care: Rapid administration of life-

saving medications. 

• Anesthesia: Precise delivery of anesthetics 

during surgery. 

• Oncology: Chemotherapy and targeted 

therapies. 

• Diabetes management: Insulin delivery. 

• Autoimmune diseases: Biologics and disease-

modifying antirheumatic drugs (DMARDs). 

• Contraception: Injectable hormonal 

contraceptives. 

• Vaccination: Administration of vaccines, 

including mRNA vaccines like those for COVID-

19. 

Challenges and Considerations: Injectable 

drug delivery systems offer numerous 

advantages, such as rapid drug action and the 

ability to administer drugs that are poorly 

absorbed orally. However, they also present 

challenges and considerations, including: 

• Pain and discomfort associated with injections. 

• Needlestick injuries, particularly for healthcare 

workers. 

• Patient compliance and training for self-

administration. 

• Sterility and aseptic techniques during 

preparation and administration. 

• Proper disposal of needles and syringes. 

In recent years, advancements in injectable drug 

delivery systems have focused on improving 

patient safety, comfort, and convenience, with 

innovations like safety syringes, autoinjectors, 

and long-acting injectables. These systems have 

a substantial impact on various medical fields, 
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offering precise and effective ways to deliver 

medications directly into the bloodstream. 

1.Transdermal Drug Delivery Systems  

Transdermal drug delivery systems provide a 

non-invasive and convenient method for 

delivering medications through the skin. They 

have gained popularity due to their potential to 

enhance patient compliance and provide a 

controlled release of drugs into the bloodstream. 

Transdermal systems typically consist of a drug-

containing patch or gel applied to the skin. 

Components of Transdermal Drug Delivery 

Systems: 

1. Drug-Containing Matrix: 

• Description: The drug-containing matrix in a 

transdermal system holds the medication and 

releases it slowly over time. It is typically a 

polymer-based material that may also contain 

permeation enhancers to improve drug 

absorption. 

• Recent Advances: 

• Nanotechnology:  Nanoparticles, liposomes, 

and micelles are incorporated into the matrix to 

improve drug solubility and release. 

• Microneedle Arrays: Painless, minimally 

invasive arrays of microneedles create 

microscopic channels in the skin for enhanced 

drug permeation. 

• Challenges: 

• Balancing drug release rates to achieve 

therapeutic levels while avoiding toxicity. 

• Potential skin irritation or sensitization due to 

certain drugs. 

2. Backing Layer: 

• Description: The backing layer is the 

outermost part of the transdermal patch, 

providing structural support and protecting the 

drug-containing matrix. 

• Recent Advances: 

• Flexible and Breathable Materials: Advances 

in material science have led to more comfortable 

and breathable backing layers. 

• Waterproof and Sweatproof Backings: 

Improved adhesion and performance, especially 

for patches designed for sports or swimming 

activities. 

• Challenges: 

• Ensuring the backing is impermeable to the 

drug to prevent leaks. 

3. Adhesive Layer: 

• Description: The adhesive layer helps the 

transdermal patch adhere to the skin and 

provides a seal to prevent drug loss. 

• Recent Advances: 

• Hydrogel Adhesives: Hydrogel-based 

adhesives offer improved comfort and enhanced 

drug diffusion. 

• Silicone Adhesives: Silicone-based adhesives 

provide long-lasting and gentle adhesion. 

Applications of Transdermal Drug Delivery 

Systems:  

 Transdermal drug delivery systems are 

employed in various clinical areas, including: 

 Pain Management: Opioids, non-steroidal 

anti-inflammatory drugs (NSAIDs). 

 Hormone Replacement Therapy: Estrogen 

and testosterone. 

 Smoking Cessation: Nicotine replacement 

therapy (NRT) patches. 

 Cardiovascular Health: Nitroglycerin for 

angina. 

 Neurological Disorders: Scopolamine for 

motion sickness. 

 Alzheimer's Disease: Rivastigmine for 

cognitive improvement. 

 Birth Control: Contraceptive patches 

Challenges and Future Directions  

 Despite the impressive progress in drug 

delivery, several challenges persist. These 
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include biocompatibility issues, patient-specific 

dosing, and ensuring affordability. Predictions 

for the future of drug delivery systems, including 

the role of artificial intelligence and personalized 

medicine, are discussed. 

Conclusion 

 In summary, recent developments in drug 

delivery systems are revolutionizing the way 

medications are administered and opening new 

frontiers in healthcare. These innovations aim to 

provide safer, more effective, and patient-centric 

therapies while addressing challenges related to 

safety, regulation, and accessibility. The 

continued progress in this field holds great 

promise for improving patient outcomes and 

advancing the treatment of various medical 

conditions. 
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