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Abstract— Nanotechnology is one of the most promising 

scientific advancements of the 21st century, involving the 

design, manipulation, and application of materials and 

devices at the nanoscale (1–100 nm). At this scale, 

materials exhibit unique physical, chemical, and 

biological properties that enable innovative applications 

across multiple disciplines, particularly in medicine and 

pharmacy. Nanorobotics, a specialized branch of 

nanotechnology, focuses on the development of nanoscale 

robotic systems capable of sensing, navigation, 

communication, and precise actuation within biological 

environments. In drug delivery, nanorobots offer a 

revolutionary approach by enabling targeted and 

controlled transport of therapeutic agents directly to 

diseased cells or tissues, thereby enhancing treatment 

efficacy and minimizing systemic side effects. These 

systems utilize advanced nanomaterials, sophisticated 

design strategies, and controlled drug encapsulation and 

release mechanisms to achieve high precision. Various 

types of nanorobots such as pharmacytes, reciprocates, 

clottocytes, chromallocytes, and cellular repair 

nanorobots have been proposed for applications ranging 

from oxygen transport and rapid hemostasis to genetic 

repair and cellular-level surgery. Nanorobots operate 

effectively in fluid environments dominated by Brownian 

motion and employ mechanisms such as chemotaxis, 

signal amplification, and cooperative behavior for target 

recognition. Overall, nanorobotics in drug delivery 

represents a transformative technology with immense 

potential to improve bioavailability, reduce toxicity, 

enhance controlled drug release, and advance precision 

medicine, marking a significant step toward more 

efficient and minimally invasive therapeutic 

interventions. 
 

Index Terms—Nanotechnology, Nanotechnology, 

Nanomashines, Nanocompound, Nanodevice 

 

I. INTRODUCTION 

 

Nanotechnology is considered one of the most 

promising technologies of the 21st century. It is a broad 

term that describes scientific and technological 

advancements carried out at the nanometer scale. 

Generally, nanotechnology involves the design, 

engineering, and application of materials and devices 

within the size range of approximately 1 to 100 

nanometers.  

Nanotechnology focuses on the study and 

manipulation of extremely small structures. The prefix 

“nano” is derived from a Greek word meaning 

“dwarf,” indicating something very small or miniature 

in size. At this scale, individual atoms, molecules, or 

compounds can be precisely arranged to create new 

structures with unique physical, chemical, and 

biological properties.  

This field employs both top-down approaches, which 

reduce larger structures to nanoscale dimensions, and 

bottom-up approaches, which build complex 

structures from individual atoms or molecules. 

Nanotechnology is inherently multidisciplinary, 

integrating principles from basic and applied sciences 

such as biophysics, molecular biology, chemistry, and 

bioengineering.  

The impact of nanotechnology is significant in the 

medical and pharmaceutical fields. It has shown great 

potential in areas such as cardiology, ophthalmology, 

oncology, pulmonology, and immunology, as well as 

in advanced applications including gene delivery, 

brain and tumor targeting, and oral vaccine 

formulation. In pharmacy, particle size reduction is a 

crucial unit operation, as it enhances drug solubility 

and bioavailability, reduces toxicity, improves 

controlled drug release, and offers better formulation 

possibilities (1)  

Nanorobotics in drug delivery represents a rapidly 

advancing area of research that aims to improve the 

way medicines are delivered inside the human body. 

By combining principles of nanotechnology with 

medical science, this field focuses on developing 

extremely small devices, known as nanorobots or 

nanobots, that can transport drugs with greater 
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accuracy. These nanoscale systems, usually measuring 

between 1 and 100 nanometers, are designed to carry 

therapeutic agents directly to specific cells or tissues, 

thereby increasing treatment effectiveness and 

reducing unwanted side effects. 

One of the major benefits of nanorobotics in drug 

delivery is its ability to precisely target specific cells 

or tissues. Conventional drug delivery systems often 

distribute medications throughout the entire body, 

which can unintentionally affect healthy tissues along 

with diseased ones. In contrast, nanorobots can be 

designed to travel through the bloodstream and release 

therapeutic agents directly at the intended site of 

action. This targeted delivery not only improves the 

effectiveness of treatment but also significantly 

reduces unwanted side effects (2)  

Nanotechnology involves the careful design, 

fabrication, and manipulation of materials at the 

nanoscale. Nanorobotics is a specialized branch of this 

field that focuses on the study and development of 

robotic systems at extremely small dimensions. These 

nanoscale robots are capable of performing functions 

such as sensing, actuation, communication, 

information processing, and coordinated swarm 

behavior. 

Nanorobots are composed of multiple components, 

each engineered at the nanoscale (typically between 1 

and 100 nanometers) to perform specific tasks. Known 

by various names including nanobots, nanites, 

nanoids, nanomachines, and nano-mites these devices 

have become a growing area of interest in modern 

scientific research. The term “nanobot” combines 

“nano,” meaning extremely small, with “bot,” 

referring to a programmable robotic system.  

In medicine, nanorobots have shown potential across 

a wide range of applications, including cancer therapy, 

surgical procedures, precision medicine, diabetes 

monitoring, dentistry, blood analysis, and advanced 

drug delivery systems (3).  

 

II. NANOROBOTICS IN DRUG DELIVERY 

 

Nanorobotics in drug delivery represents an exciting 

and rapidly advancing area of research that combines 

nanotechnology with robotics to improve the way 

medicines are delivered in the body. These tiny robotic 

devices, known as nanorobots or nanobots, are 

designed to operate at the nanoscale and offer a more 

precise approach to treatment. By targeting specific 

cells or tissues, nanorobots can deliver drugs exactly 

where they are needed, reducing damage to healthy 

tissues and minimizing the side effects commonly seen 

with conventional drug delivery systems (4). 

 

III. KEY COMPONENTS OF NANOROBOTICS IN 

DRUG DELIVERY 

 

1. Nanomaterials  

Nanorobots are commonly fabricated using advanced 

nanomaterials such as nanoparticles, nanotubes, and 

nanocomposites. At the nanoscale, these materials 

exhibit unique characteristics, including a large 

surface area, enhanced reactivity, and the ability to 

interact efficiently with biological systems, making 

them ideal for medical applications (5).  

 

2. Design and Functionality  

The design of nanorobots involves careful 

consideration of their structure, technological 

capabilities, functional performance, and energy 

requirements. These devices are engineered to perform 

complex tasks such as self-navigation within the body, 

accurate targeting of diseased sites, and controlled 

release of therapeutic agents (6).  

 

3. Drug Encapsulation and Delivery  

Nanorobots are capable of encapsulating therapeutic 

drugs within their structure, thereby protecting them 

from premature degradation as they travel through the 

body. Once the target site is reached, controlled drug 

release mechanisms ensure that the medication is 

delivered precisely and effectively, enhancing 

therapeutic outcomes (9)  

 

4. Targeted Drug Delivery  

A major advantage of nanorobotic drug delivery 

systems is their ability to target specific cells or 

tissues. By recognizing disease-related biomarkers, 

nanorobots can selectively deliver drugs to affected 

areas, improving treatment efficiency while reducing 

harm to healthy tissues (10). 

 

IV. IDEAL CHARACTERISTICS OF 

NANOROBOTS 

 

Nanorobots should be extremely small in size, 

typically ranging between 0.5 and 3 micrometres, with 

functional components as tiny as 10 nanometers. This 
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size range is crucial because nanorobots larger than 

this may obstruct blood flow in narrow capillaries, 

which could lead to serious complications. 

To function effectively inside the human body, 

nanorobots must be designed to avoid detection and 

attack by the immune system. This can be achieved by 

using a passive and biocompatible exterior, such as a 

diamond-like coating, which reduces immune 

recognition and enhances durability. 

Nanorobot working in tissue could be as large as 0.5-

3 microns, whereas one in the, bloodstream needs to 

be 500-3000 nm. Injection of a dose of 3 cubic cm 

would be acceptable for the human body.It can 

communicate with the doctor by encoding a message 

to acoustic signals at the radio  

Effective communication is another essential feature 

of ideal nanorobots. They should be capable of 

sending information to medical professionals by 

encoding messages into acoustic signals operating at 

carrier frequencies between 1 and 100 MHz, allowing 

real-time monitoring and control (11). 

 

V. TYPES OF NANOROBOTS 

 

1. Pharmacyte  

A pharmacyte is a medical nanorobot with a size of 

approximately 1–2 μm, capable of carrying drug 

payloads of up to 1 μm within internal storage tanks. 

These nanorobots use mechanically controlled 

pumping and sorting systems to deliver drugs with 

high precision. They are equipped with molecular 

markers or chemotactic sensors, which ensure accurate 

targeting of specific cells or tissues.  

Pharmacytes derive their energy from locally available 

biological sources such as glucose and oxygen present 

in blood, intestinal fluids, or the cytosol. After 

completing their therapeutic task, the nanorobots can 

be safely removed or recovered from the body using 

techniques such as centrifuge nanapheresis(12).  

 

2. Reciprocate  

A respirocyte is an artificial oxygen-carrying 

nanorobot, designed to function similarly to a red 

blood cell. It is powered by endogenous serum glucose 

and has the remarkable ability to deliver up to 236 

times more oxygen per unit volume than natural red 

blood cells. In addition, respirocytes help regulate 

blood acidity (13). 

When reciprocates pass through the lung capillaries, 

where oxygen partial pressure is high and carbon 

dioxide partial pressure is low, an on-board Nano 

computer directs molecular sorting rotors to absorb 

oxygen and release carbon dioxide. In this way, 

reciprocates effectively mimic the gas transport 

functions of natural erythrocytes.  

 

3. Clottocytes  

Clottocytes are nanorobots designed to achieve rapid 

hemostasis, functioning as artificial mechanical 

platelets. Natural platelets are small, nucleus-free 

blood cells measuring about 2 μm in diameter, which 

aggregate at sites of blood vessel injury to stop 

bleeding and release substances that promote 

coagulation (14). 

Clottocytes perform a similar clotting function but are 

far more efficient, requiring only 1/10,000th the 

concentration of natural platelets approximately 20 

clottocytes per cubic millimeter of blood. These 

nanorobots are theoretically capable of completing 

hemostasis within one second, which is 100–1000 

times faster than the natural clotting process.  

Each clottocyte contains a biodegradable fiber mesh 

that is compactly folded inside the device. Upon 

release, a soluble coating dissolves in contact with 

blood plasma, exposing a sticky mesh that seals the 

damaged blood vessel. Advanced communication 

protocols allow neighboring clottocytes to coordinate 

mesh release and regulate activation within the 

affected area. The on-board sensors rapidly detect 

changes in partial pressure, signaling bleeding when 

clottocytes exit the bloodstream and enabling 

immediate response.  

 

4. Chromallocyte  

A chromallocyte is a highly advanced nanorobot 

designed to repair or replace entire chromosomes 

within individual cells. By correcting genetic defects 

and accumulated DNA damage, chromallocytes have 

the potential to treat inherited genetic disorders and 

slow down or even prevent cellular aging.  

Once inside a cell, the Chromalloy carefully assesses 

the cellular environment by analyzing the cell’s 

molecular structure and ongoing biological activities. 

Based on this assessment, it performs precise repairs 

molecule by molecule and structure by structure, 

ultimately restoring the cell to a healthy and functional 

state (15). 
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5. Cellular Repair Nanorobots 

Cellular repair nanorobots are designed to carry out 

extremely precise surgical interventions at the cellular 

level. By operating with nanoscale accuracy, these 

nanorobots can repair damaged tissues while 

minimizing harm to surrounding healthy cells.  

Unlike conventional surgical tools such as scalpels, 

which can cause unintended tissue damage, cellular 

repair nanorobots offer a gentler, more targeted 

approach, significantly improving treatment outcomes 

and reducing recovery time (16).  

 

VI. HISTORY OF NANOROBOTS 

 

During the 1980s, Nobel laureate Richard Smalley 

expanded the concept of nanotechnology by focusing 

on carbon nanotubes, which were later discovered by 

Sumio Iijima. Smalley recognized the immense 

potential of these structures for creating ultra-small 

electronic devices. Over time, the term 

nanotechnology came to describe the science of 

manipulating materials at the atomic and molecular 

level to develop innovative and practical structures 

(17).  

December 1959: Physicist Richard Feynman delivered 

his landmark lecture, “There’s Plenty of Room at the 

Bottom,” in which he introduced the idea that 

individual atoms and molecules could be precisely 

manipulated. This talk laid the conceptual foundation 

for nanotechnology (18).  

1974: Professor Norio Taniguchi formally defined 

nanotechnology as the study of the separation, 

consolidation, and deformation of materials at the 

atomic and molecular scale (19).  

1980s: Dr. Eric Drexler published several influential 

scientific articles advocating the development of 

nanoscale devices and exploring the possibilities of 

molecular engineering (20).  

1986: Dr. Drexler released his groundbreaking book, 

Engines of Creation: The Coming Era of 

Nanotechnology, in which he described nanorobots as 

self-replicating machines and provided one of the 

earliest comprehensive introductions to the field of 

nanotechnology (21).  
 

VII. MECHANISM OF NANOROBOTS 

 

Nanorobots are designed to identify their targets by 

recognizing specific chemical markers present on the 

surface of target cells or tissues. These surface 

chemicals allow the nanorobots to detect, recognize, 

and confirm the presence of the target using highly 

sensitive nanoscale sensors and actuators. Once the 

target is identified, the nanorobots can precisely 

release therapeutic chemicals at the required location.  

Nanorobots operate in fluid environments such as the 

human bloodstream, where motion is dominated by 

Brownian movement and viscous forces rather than 

traditional mechanical forces. To function effectively 

in such conditions, a specialized system known as the 

NCD (Nanorobot Control and Design) machine was 

developed to support nanorobot movement and 

control. Researchers have proposed three main 

strategies by which nanorobots locate their targets: 

 

VIII. RANDOM SEARCH (BROWNIAN MOTION) 

 

In the first approach, nanorobots move randomly due 

to Brownian motion until they encounter the target. 

Although simple, this method relies heavily on chance 

and may take longer to locate the target.  

 

Chemical Gradient Detection (Chemotaxis) 

In the second method, nanorobots detect variations in 

chemical concentration released by the target. Once a 

signal is detected, the nanorobot calculates the 

concentration gradient and moves toward areas of 

higher concentration until it reaches the target.  

 

Signal Amplification and Cooperation: 

In the third approach, nanorobots that reach the target 

release an additional chemical signal. Other 

nanorobots sense this secondary signal and use it as a 

guiding cue, enabling cooperative movement toward 

the target. Using this method, only nanorobots passing 

within a few micrometres of the target are likely to 

detect the signal, improving accuracy and efficiency 

(22).  

 

Nanotechnology In Drug Delivery:  

Nanotechnology helps overcome the problem of poor 

drug bioavailability. Nano-based drug delivery 

systems greatly enhance the effectiveness of drug 

delivery. Due to their extremely small size, 

nanoparticles are easily taken up by cells, unlike larger 

particles that are often eliminated from the body, 

which may require patients to take higher doses. 

Nanoparticles also allow drugs to act for a longer 

period at the targeted site, thereby reducing the 
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required dosage. In addition, nano-drugs dissolve 

more rapidly, leading to improved bioavailability. As 

a result, smaller drug doses can be used, which reduces 

toxicity and minimizes variations in dosing. One of the 

most significant contributions of nanoscience is the 

development of entirely new and more efficient drug 

formulations (23).  

 

IX. MECHANISM OF DRUG DELIVERY USING 

NANOROBOTS 

 

Drug loading and targeting mechanisms: Nanorobots 

including micro- and nanorobots, DNA 

nanostructures, and hybrid biohybrid systems use a 

variety of drug-loading strategies to transport 

therapeutic agents. (24)  

These strategies include covalent attachment of drugs 

to the nanorobot framework, encapsulation or 

intercalation of drugs within internal cavities, 

adsorption onto chemically functionalized surfaces, 

and entrapment within polymeric coatings or 

liposomal layers integrated into the nanorobot 

structure (25).  

DNA-based nanorobots offer exceptional precision in 

drug loading, as their programmable architectures and 

sequence-specific binding sites allow the controlled 

incorporation of proteins, nucleic acids, small-

molecule drugs, and even nanoparticles. In contrast, 

solid nanorobots composed of materials such as 

metals, silica, or polymers typically rely on surface 

chemical interactions such as thiol, silane, or carboxyl 

linkages to anchor drugs or prodrugs for controlled 

release at the target site (26). 

 

X. COMPOSITION OF NANOROBOTS 

 

1. Payload:  

The payload refers to the internal compartment of a 

nanorobot that carries a very small quantity of a 

therapeutic drug. This drug can be precisely released 

into the bloodstream at the site of infection, injury, or 

disease, ensuring targeted treatment with minimal side 

effects (27).  
 

2. Microcamera:  

Some nanorobots may be equipped with a miniature 

camera that allows real-time visualization inside the 

human body. When nanorobots are manually guided, 

this camera helps the operator navigate them 

accurately toward the target site (28). 
 

3. Electrodes: 

Nanorobots may contain electrodes that utilize 

electrolytes present in the blood to generate electrical 

energy, effectively functioning as a biological battery. 

These electrodes can also produce localized electric 

currents that generate heat, enabling the selective 

destruction of cancer cells.  
 

4. Lasers: 

Integrated laser systems in nanorobots have the 

capability to eliminate harmful substances such as 

blood clots, cancerous cells, and arterial plaque by 

precisely targeting and breaking them down without 

damaging surrounding healthy tissues (29).  
 

5. Ultrasonic Signal Generators:  

Ultrasonic signal generators are used when nanorobots 

are designed to target kidney stones. These generators 

emit ultrasonic waves that help fragment the stones 

into smaller pieces, allowing them to be safely 

eliminated from the body (30).  
 

6. Swimming Tail (Propulsion System):  

Since nanorobots must often move against the natural 

flow of blood, they require an efficient propulsion 

mechanism. A swimming tail or motor-driven system 

enables controlled movement within the body. 

Specialized software, known as nanorobot control 

design, is used to simulate their behavior in fluid 

environments dominated by Brownian motion. 

Nanorobots may move using nanoscale motors, 

mechanical legs, or manipulator arms (31,32).  

Nanorobots are constructed using two main 

approaches: self-assembly and positional assembly. In 

self-assembly, molecules are guided by microscopic 

robotic arms to form functional structures. In 

positional assembly, billions of molecules are 

arranged in precise positions and spontaneously 

assemble into the desired configuration based on their 

natural chemical affinities (33, 34).  

 

XI. ADVANTAGES OF NANOROBOTS 

 

Nanorobots offer several significant advantages in 

modern medical treatment. Their high speed and 

exceptional durability make them highly efficient 

therapeutic tools. Nanorobot-based drug delivery 
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systems enhance drug bioavailability by transporting 

medicines directly to the required site. Since drugs are 

released only where they are needed, nanorobots make 

effective use of their large surface area during mass 

transfer while keeping the drug inactive in non-target 

areas, thereby reducing unwanted side effects.  

The small size of nanorobots, typically less than 3 

microns, allows them to circulate freely within the 

body without blocking capillary blood flow. Although 

the initial development cost may be high, large-scale 

batch manufacturing can significantly reduce overall 

production expenses. As a minimally invasive 

technology, nanorobots require less post-treatment 

care and enable faster recovery.  

Nanorobots can rapidly detect and eliminate disease, 

improving treatment outcomes. One of their most 

promising advantages is their long-term durability; 

theoretically, they could remain functional for years or 

even decades. They are capable of delivering 

therapeutic payloads such as drugs or healthy cells 

with high precision. Additionally, nanorobots reduce 

the risk of human or surgical error and can identify and 

destroy infections that develop inside the body without 

noticeable symptoms (34, 35).  

 

Disadvantages Of Nanorobots (36, 39)  

Despite their immense potential, nanorobots also face 

several important limitations that must be carefully 

considered.  

 

High Cost of Development:  

Designing and constructing nanorobots is extremely 

expensive. The need for advanced materials, precision 

engineering, and specialized manufacturing processes 

significantly increases the overall cost, limiting their 

widespread use.  

 

Highly Complex Technology:  

Nanorobot technology is very complex and requires 

sophisticated design, control systems, and fabrication 

techniques. This complexity makes development 

challenging and demands highly skilled expertise.  

 

Sensitivity To Electrical Interference:  

Since many nanorobots depend on electrical 

components, they can be easily affected by external 

electrical disturbances. Interference from 

radiofrequency signals, electric fields, 

electromagnetic pulses, or other medical devices 

inside the body may disrupt their normal functioning.  

 

Possible Effects on Biological Systems:  

The electrical fields produced by nanorobots may 

unintentionally interact with natural bioelectrical 

processes in the human body. Such interactions could 

disturb cellular communication and molecular 

recognition mechanisms, potentially leading to 

harmful effects at the cellular level. 

 

XII. APPLICATIONS OF NANOROBOTS 

 

Nanorobots have emerged as a transformative 

technology in modern medicine, offering innovative 

solutions across diagnosis, treatment, and surgical 

interventions. Their key applications are outlined 

below: 
 

Cancer Detection and Treatment 

Nanorobots enable early detection of cancer by 

identifying tumor-related cellular changes at an initial 

stage. They also improve chemotherapy outcomes by 

minimizing side effects through targeted drug 

delivery. Their ability to self-navigate allows precise 

localization of drugs directly to cancerous tissues, 

reducing damage to healthy cells. 

 

Surgical Applications 

In surgery, nanorobots facilitate minimally invasive 

procedures with high precision at micro and nano 

levels. They can be introduced into the body via micro-

syringes or catheters and function as semi-autonomous 

systems, assisting surgeons in performing delicate 

operations with enhanced accuracy. 

 

Diagnosis and Medical Testing 

Nanorobots play a significant role in early disease 

diagnosis by operating at molecular and cellular 

levels. They are capable of collecting biological 

samples from within the body, enabling detailed 

micro-scale analysis and improving diagnostic 

accuracy. 

 

Gene Therapy 

As gene delivery agents, nanorobots can circulate 

through the bloodstream to reach specific target sites. 

They interact effectively with biomolecules, enabling 

correction or modification of defective genes, thereby 

supporting advanced gene therapy techniques. 
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Regenerative Medicine and Cell Therapy 

Nanorobots contribute to tissue regeneration by 

transporting stem cells to targeted locations. With 

magnetic guidance, they ensure precise delivery, 

enhancing the effectiveness of regenerative treatments 

and improving tissue repair outcomes. 

 

Wound Healing 

In wound management, nanorobots accelerate healing 

by delivering essential growth factors and clotting 

agents directly to affected areas. They can also assist 

in dissolving blood clots through magnetic actuation, 

improving recovery in chronic wounds (40). 

 

Dentistry 

Nanorobots are being explored in dental care through 

applications such as nanorobotic mouthwashes and 

gels that eliminate harmful bacteria. They can also 

induce localized anesthesia, regulate nerve sensitivity, 

and assist in painless dental procedures, including 

permanent cavity treatment and reduction of tooth 

hypersensitivity (41). 

 

Neurosurgery 

Nanorobots offer promising solutions in neurosurgery, 

particularly in the management of cerebral aneurysms 

and early detection of tumors or ischemic conditions. 

They also support nerve repair by aiding in axon 

reconnection, using advanced techniques such as 

nano-scale surgical tools and dielectrophoretic (42). 

 

Hematology 

In hematology, nanorobots have advanced 

applications such as artificial blood components. For 

example, respirocytes function as synthetic red blood 

cells with enhanced oxygen-carrying capacity, while 

clottocytes act as artificial platelets to improve blood 

clotting. Microbivores serve as artificial immune cells 

capable of capturing and eliminating pathogens 

effectively (43). 

 

Vascular Therapy 

Nanorobots are valuable in monitoring and treating 

vascular disorders, including atherosclerosis and 

aneurysms. Their ability to navigate within blood 

vessels allows continuous surveillance of 

abnormalities and targeted drug delivery. They can 

also provide direct mechanical or pharmacological 

treatment, offering new possibilities for managing 

chronic and life-threatening conditions (44). 

XIII. CONCLUSION 

 

Nanotechnology has emerged as a transformative field 

of the 21st century, offering unprecedented control 

over matter at the atomic and molecular levels. Its 

multidisciplinary nature, integrating principles from 

physics, chemistry, biology, and engineering, has 

enabled the development of innovative solutions with 

wide-ranging applications, particularly in medicine 

and pharmaceutical sciences. By manipulating 

materials at the nanoscale, nanotechnology enhances 

drug solubility, bioavailability, controlled release, and 

therapeutic efficiency while reducing toxicity and side 

effects.  

Nanorobotics represents a highly advanced and 

promising extension of nanotechnology in drug 

delivery. Nanorobots are designed to navigate 

complex biological environments, recognize specific 

disease markers, and deliver therapeutic agents 

directly to targeted cells or tissues with remarkable 

precision. Their ability to encapsulate drugs, protect 

them from premature degradation, and release them in 

a controlled manner significantly improves treatment 

outcomes compared to conventional drug delivery 

systems. Various types of nanorobots such as 

pharmacytes, reciprocates, clottocytes, 

chromallocytes, and cellular repair nanorobots 

demonstrate the vast potential of this technology in 

applications ranging from oxygen transport and rapid 

blood clotting to genetic repair and cellular-level 

surgery.  

Despite current challenges related to fabrication 

complexity, cost, biocompatibility, and regulatory 

approval, the advantages of nanorobots such as 

targeted action, minimal invasiveness, reduced side 

effects, high durability, and improved patient 

compliance highlight their immense future potential. 

Continued research and technological advancements 

are expected to overcome these limitations, paving the 

way for clinical translation. Overall, nanorobotics in 

drug delivery holds the promise of revolutionizing 

modern medicine by enabling highly precise, efficient, 

and personalized therapeutic interventions, thereby 

significantly improving disease diagnosis, treatment, 

and patient outcomes.  
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