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Abstract:  

This review provides a comprehensive analysis of recent advancements in the field of microswimmers, an emerging 

area at the intersection of robotics, nanotechnology, and biomedicine. Microswimmers, which are propelled by 

various mechanisms including magnetic fields, acoustic waves, and chemical reactions, demonstrate unique 

capabilities that position them as promising candidates for a wide range of applications. This paper discusses the 

design principles, propulsion mechanisms, and control strategies of microswimmers, with a focus on their potential 

for targeted drug delivery, environmental sensing, and minimally invasive medical procedures. Additionally, the 

review critically examines the challenges associated with scaling, navigation, and biocompatibility, and explores 

future prospects in these areas. By synthesizing recent research findings, this review aims to provide a thorough 

understanding of the current state of microswimmer technology, thereby paving the way for future advancements in 

this transformative field. 
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1. Introduction 

Microswimmers are microscopic entities capable of autonomous movement within fluid environments. In 

nature, biological microswimmers include microorganisms such as bacteria, archaea, protists, sperm, and 

microanimals. Over the past two decades, there has been significant interest in developing synthetic and biohybrid 

microswimmers due to their potential in various biomedical and environmental applications. 

The phenomenon of microscopic motion was first observed in 1828 by British biologist Robert Brown, who 

described the erratic movement of pollen grains in water, later explained by Albert Einstein in 1905 as Brownian 

motion. This discovery laid the groundwork for understanding the motion of microscale particles. 

Recent advancements have led to the design and fabrication of high-performance, multifunctional bacteria-

driven microswimmers for targeted drug delivery systems. These microswimmers often consist of single E. coli 

bacteria attached to drug-loaded polyelectrolyte multilayer (PEM) particles embedded with magnetic nanoparticles. 

These PEM drugs are approximately 1 micrometer in diameter and made of viscoelastic materials, swimming at 

speeds of 22.5 micrometers per second. They can be directed towards specific cells using chemoattractant gradients 

and magnetic fields. For instance, microswimmers delivering doxorubicin, an anticancer agent encapsulated in PEM, 

have been guided to 4T1 breast cancer cells using magnetic fields, showcasing their potential in targeted drug 

delivery. 
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1.1. Background 

Scientists are exploring innovative methods to deliver drugs to specific targets within the body using 

microswimmers. For example, researchers at Cornell University have developed ultrasound-powered 

microswimmers capable of traversing the bloodstream to deliver precise doses of medication to targeted sites. 

Microbots 

Microbots, made from poly (heptazine imide) carbon nitride (PHI carbon nitride), represent a promising 

approach for drug delivery. These microbots, ranging from 1 to 10 micrometers in size, can self-propel when activated 

by light, offering the potential to transport medications directly to their targets, thereby reducing side effects and 

improving efficacy. 

 
Figure 1 Microbots 

 
Figure 2 Microbots attacking targeted cells  
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Types of Microswimmers 

Different types of microswimmers have been developed, each tailored for specific drug delivery applications. 

These include: 

Soft Erythrocyte-Based Bacterial Microswimmers:  

Utilizing red blood cells (RBCs) for drug delivery due to their biocompatibility and biodegradability. 

Multifunctional Bacteria-Driven Microswimmers:  

Designed for targeted drug delivery with enhanced performance and specificity. 

Microemulsion-Based Soft Bacteria-Driven Microswimmers:  

Utilizing double emulsions for improved stability and cargo capacity. 

 

Soft Erythrocyte-Based Bacterial Microswimmers 

These systems use RBCs as carriers for drug delivery due to their biocompatibility, biodegradability, non-

immunogenicity, and ease of handling. In these biohybrid microswimmers, drugs and superparamagnetic iron oxide 

nanoparticles (SPIONS) are loaded into RBCs, which are then attached to E. coli bacteria using a biotin-avidin-biotin 

binding complex. The drug-loaded RBCs exhibit efficient drug encapsulation and can navigate narrow gaps due to 

their deformability, making them suitable for targeting diseases such as cancer, inflammatory, and neurological 

conditions. 

 

Microemulsion-Based Soft Bacteria-Driven Microswimmers 

These microswimmers use water-in-oil-in-water (w/o/w) emulsions to encapsulate hydrophilic drugs, ensuring 

better interaction with tissue cell membranes. Composed of biocompatible and biodegradable materials, these 

microswimmers offer improved drug delivery capabilities by efficiently transporting and releasing drugs at targeted 

sites. 

 

1.2.  Routes of Administration 

Microswimmers can be administered via various routes depending on the target site and drug properties: 

a) Intratumor Injection: Direct delivery into or near a tumor site for localized treatment. 

b) Oral Administration: A common route for ease of administration and patient compliance, used for delivering 

therapeutic bacteria encapsulated in protective materials. 

c) Intravenous Injection: Efficient for tumors with high blood supply but may cause systemic infections. 

d) Intranasal Administration: Primarily used for vaccination, with certain bacteria inducing strong immune 

responses when administered intranasally. 

 
Figure 3 Microswimmer transportation 
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1.3.  Mechanism of Action 

Microswimmers, functioning as microrobots or microbots, move autonomously within the body to deliver drugs to 

targeted areas. An example includes microswimmers made from poly (heptazine imide) carbon nitride, which absorb 

light to generate charges that propel the particles through fluids in veins and arteries. These microswimmers can 

transport drugs directly to diseased sites, such as cancer cells, highlighting their potential in treating chronic diseases. 

How Microswimmers Swim? 

PHI carbon nitride microparticles exhibit photocatalytic properties, converting light energy into electrons and holes, 

which drive chemical reactions and generate movement. The resulting electric field and fluid flow around the 

particles cause the microswimmers to move, enabling precise navigation within biological environments. 

 

2. Treatment 

Microswimmers have diverse applications, including: 

Scientific Research: Studying behavior and potential applications. 

Medical Applications: Developing methods for drug delivery and targeted therapy. 

Environmental Remediation: Using microswimmers for pollutant removal. 

Engineering and Nanotechnology: Designing and controlling microswimmers for various purposes. 

 

3. Development of Microswimmers 

The development of microswimmers involves: 

a) Microfabrication: Creating complex microscale structures. 

b) Materials Selection: Choosing biocompatible and functional materials. 

c) Chemical Synthesis: Producing self-propelling particles. 

d) Biomimicry: Replicating natural microorganism mechanisms. 

e) Nanotechnology: Incorporating nanomaterials for enhanced functionality. 

f) Control Systems: Using external fields to guide movement. 

g) Simulation and Modeling: Optimizing designs through computational methods. 

h) Testing and Validation: Ensuring desired behavior through controlled testing. 

i) Integration: Combining microswimmers with additional components for targeted delivery. 

 

4. Quality Control Parameters for Microswimmers 

Key quality control parameters include: 

a) Swimming Efficiency: Ensuring effective propulsion. 

b) Speed and Maneuverability: Navigating complex environments. 

c) Payload Capacity: Carrying and releasing drugs effectively. 

d) Biocompatibility: Preventing harmful effects in biological environments. 

e) Durability: Withstanding operational conditions. 

f) Stability: Maintaining consistent performance. 

g) Navigation and Control: Responding to external controls accurately. 

h) Sensor Accuracy: Obtaining reliable data from sensors. 

i) Reproducibility: Ensuring consistent quality in production. 

j) Safety: Avoiding risks to humans and the environment. 

k) Scaling: Ensuring quality in mass production. 

l) Cost Efficiency: Balancing manufacturing costs with benefits. 

 

5. Applications 

Microswimmers have various applications, including: 

a) Cell Therapy: Delivering healthy cells for tissue replacement. 

b) Cargo Transport and Drug Delivery: Targeted delivery of therapeutic agents. 

c) Chemotherapy: Delivering chemotherapeutic agents to cancer cells. 

d) Vaccination: Improving vaccine bioavailability. 

e) Microsurgery: Performing precise surgical procedures. 
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f) Imaging: Enhancing biomedical imaging techniques. 

g) Sensing: Environmental monitoring and detection. 

h) Microswimmers-Mediated Object Manipulation: Precise manipulation of objects. 

i) Spermbots and Assisted Fertilization: Facilitating fertilization processes. 

 

6. Challenges 

Challenges in using microswimmers for drug delivery include dose-limiting toxicity, immune responses, and the 

need for precise control of bacterial toxicity. Future research must address biocompatibility, in vivo control, and 

long-term biosafety to realize the full potential of microswimmers in clinical applications. 

 

7. Conclusion 

The study and development of microswimmers have emerged as a significant area of interest in the fields of 

biomedical engineering and nanotechnology, showing immense promise for diverse applications, particularly in 

targeted drug delivery systems. Microswimmers, both natural and synthetic, have demonstrated unique capabilities 

to navigate through complex fluid environments, making them suitable for precise therapeutic interventions. 

Natural and Synthetic Microswimmers 

Natural microswimmers, such as bacteria, archaea, and sperm, have been studied for their inherent mobility and 

biological functionalities. These microorganisms provide insights into designing biohybrid and synthetic 

microswimmers that can mimic or enhance their natural counterparts' behaviors. Synthetic microswimmers, including 

those driven by chemical reactions, magnetic fields, and light, have been engineered to possess similar or superior 

propulsion mechanisms. These advancements leverage materials like poly (heptazine imide) carbon nitride and 

incorporate magnetic nanoparticles for controlled movement and drug delivery. 

Multifunctional Bacteria-Driven Microswimmers 

One notable development is the creation of multifunctional bacteria-driven microswimmers, which combine 

biological and synthetic elements. These microswimmers utilize E. coli bacteria as propulsion units, attached to drug-

loaded polyelectrolyte multilayer microparticles. This design allows for targeted drug delivery, as the 

microswimmers can be directed to specific cells under the influence of a magnetic field and chemoattractant 

gradients. The ability to deliver doxorubicin to breast cancer cells highlights the potential for these systems in 

oncological treatments. 

Advanced Microbot Applications 

Recent advancements include the development of ultrasound-powered microbots and double emulsion-based 

bacteria-driven microswimmers. These innovations address challenges in drug stability, delivery efficiency, and 

interaction with biological tissues. Microbots made from PHI carbon nitride, for instance, showcase self-propulsion 

under light activation, offering a promising approach for non-invasive therapeutic applications. The integration of 

soft, viscoelastic materials in microemulsion-based systems enhances their ability to navigate through biological 

barriers and deliver drugs effectively. 

Quality Control and Mechanism of Action 

Ensuring the reliability and performance of microswimmers involves rigorous quality control parameters, including 

swimming efficiency, biocompatibility, and stability. Understanding the mechanism of action, particularly the 

photocatalytic properties of PHI carbon nitride microparticles, provides insights into how these microswimmers 

convert light into motion. This mechanism is crucial for designing systems that can operate autonomously within the 

human body. 

Applications and Future Prospects 

Microswimmers hold vast potential across various biomedical applications, including cell therapy, chemotherapy, 

vaccination, microsurgery, and imaging. Their ability to perform targeted drug delivery minimizes systemic side 

effects and enhances therapeutic efficacy. However, challenges remain, particularly in controlling bacterial toxicity, 

immune responses, and ensuring long-term biosafety. Addressing these issues requires further research and 

development to optimize microswimmer designs and control mechanisms. 

In conclusion, the field of microswimmers represents a transformative frontier in medical science and 

nanotechnology. The advancements in designing and fabricating multifunctional microswimmers open new avenues 

for targeted therapy and diagnostics. While significant progress has been made, continued interdisciplinary research 

http://www.ijsrem.com/


          International Journal of Scientific Research in Engineering and Management (IJSREM) 

                     Volume: 08 Issue: 06 | June - 2024                         SJIF Rating: 8.448                                    ISSN: 2582-3930    

 

© 2024, IJSREM      | www.ijsrem.com                DOI: 10.55041/IJSREM36151                   |        Page 6 

is essential to overcome existing challenges and fully realize the potential of microswimmers in clinical applications. 

The journey from conceptual designs to practical implementations will undoubtedly pave the way for innovative 

solutions in personalized medicine and beyond. 
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