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ABSTRACT 

Nanotechnology has played a significant role in the modern healthcare and medicine system, particularly through the 

development of nanobots, which have revolutionized the field of pharmaceutical drug delivery and cancer therapy. Nanobots 

are tiny robotic devices that, when implanted in the human body, move within biological systems to cancer cells and release 

therapeutic drugs with the highest accuracy. These devices allow the most targeted therapy approach, limiting the effect of 

drugs to healthy tissues, reducing systemic side effects, and enhancing treatment output. Furthermore, nanobots can be used 

to design a real-time monitoring system, early detection, and drug release, which are effective for cancer therapy. This review 

paper shows the design and implementation potential of such nanobot devices, highlighting their mechanisms, advancements 

and future prospects  
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1. INTRODUCTION 

In the present scenario, there has been significant improvement and trend in information technology, nanoelectronics, and 

biochemistry. This advance has led to the designing of nanorobots— small-scale devices created to perform specific medical 

functions at the cellular or molecular level. Medical nanorobots are predicted to be integrated systems capable of sensing, 

actuation, remote control operation, energy supply, and data transmission. The primary approaches involved in the 

advancement of nanotechnology include three-dimensional prototyping and computational simulation, which offer for the 

rapid development of VLSI (Very Large-Scale Integration) chips. Nanorobots can be fabricated using two main strategies: 

organic and inorganic methods. The organic method uses ATP and DNA-based molecular machines, while the inorganic 

method uses diamondoid rigid materials for construction. [1] 

Nanotechnology, also known as nanomachines or nanorobots, is a technological area dealing with understanding medical 

devices at the nanoscale, widely used for the detection of diseases, tissue repair, and target drug delivery. In medical 

applications of nanotechnology, drug delivery from nanobots through the human body maximizes the effect of the drug while 

minimizing side effects. These nanorobots, powered mostly by biochemical reactions or external stimuli such as magnetic 

fields, roam somewhere between the molecules and cells. Pharmaceutical nanobots are 1 to 100 nm nanomachines, usually 

used in the fields of drug delivery to a site in need, disease diagnosis, and regeneration of cells. [2] They can be made from 

biocompatible materials such as polymers, silica, or carbon-based nanostructures. Movement can be realized by the use of 

chemical reactions, magnetic fields, or biomimicking flagella. Once surface functionalized with targeting antigens like 

antibodies or peptides, those nanobots can selectively target cells for drug delivery with minimal adverse effects. They deliver 

their drug upon a certain stimulus due to their adaptive behaviour, including sensing of biomarkers at slow rates using nano 

sensors, such as changes in pH, heat, etc. One group of nanobots shows better effectiveness toward drug supply using 

enzymes, electromagnetic fields, or micro batteries as sources of energy. [3] 

Nanobots have established a new era in science and technology from precise exploit at the molecular scale. In medicine, the 

targeted drug delivery, cancer therapy, and early detection of diseases almost eliminate side effects, thereby giving maximum 

advantages to the patient. They also repair circuits in electronics and quantum computing for enhancement of device 

efficiency. In environmental applications, they are instrumental in water purification and pollution solutions.[4]
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Fig.1 Structural blueprint of medical nanobot 

Elements 

Nanobots consist of various elements to carry out their specific functions: 

● Control Unit- it acts as the brain of the nanobot. It receives instructions from external sources or works based on pre-

programmed algorithms, it may be designed using molecular processors or nanoscale circuits. 

● Power Supply- it can be obtained from different origins like internal chemical reactions (e.g., glucose in the body), 

external energy sources like ultrasound or magnetic fields or bio-batteries or nano-generators. 

● Sensors- These identify particular changes in the environment to allow the nanobot to react accordingly. In DNA 

nanobots, aptamers (short RNA or DNA sequences) may be used as molecular sensors, which bind to target molecules 

with great specificity.  

● Actuators- Actuators facilitate movement or structural changes in the nanobot. For example, DNA nanomachines can 

undergo conformational changes depending on certain DNA strands or external stimuli, allowing functions such as 

opening or closing to deliver therapeutic agents. 

● Body- It provides shape and protection to internal components. It can be made from bio-compatible materials like: 

Carbon-based structures (e.g., carbon nanotubes), DNA origami (folded DNA structures), diamondoid materials for 

rigidity. 

● Propulsion Systems- Movements vary according to the environment and design of the nanobot. Some DNA nanobots 

utilize chemical energy to enable mechanical movement, hence converting chemical fuel into kinetic movement.[5] 

 

Fig.2 Elements of nanobots 
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Table 1 Advantage and Disadvantages of nanobots 

S.no  Pros Cons  

1  High precision in drug delivery  Biocompatibility and toxicity 

2 Reduced toxicity and side effects Power source and energy supply 

3 Real-time disease monitoring Ethical concerns 

4  Minimal invasiveness Manufacturing complexities 

5 Possibility for personalized medicine Regulatory approvals 

 

Types of Nanobots 

Nanobots can be categorized based on their constitution and mechanisms of action: 

● Biological nanobots are designed through the use of biomolecules, such as DNA or proteins, and they are very 

biocompatible. DNA origami allows the construction of high-level nanostructures that can execute functions, such as 

drug delivery and gene regulation.  

● Mechanical nanobots are built based on inorganic materials like metals or carbon forms and are synthesized for use in 

applications that require greater stability and mechanical capability. Nanobots are very frequently used wherever there 

is a greater need to retain strong structure. 

● Hybrid nanobots are a blend of organic and inorganic components, leveraging the strengths inherent in each group. For 

example, integrating biological sensing elements into mechanical frameworks can create nanobots that interface precise 

targeting functionality with robust operational longevity.[6] 

Table 2- Power Sources for Nanobots 

S.no  Power source  Mechanism  Pros  Cons  

1 Hydrogen Peroxide Bubble propulsion via 

catalysis 

Simple design, fast 

motion 

 

Toxic for in vivo use 

 

 
 

2 Magnetic Fields External manipulation Safe, precise control  

Needs magnetic setup 

 

 
 

3 Light (NIR) Heat-induced motion Enables triggered drug 

release 

Limited tissue 

penetration 

4  

Ultrasound 

Acoustic propulsion Deep penetration, non-

invasive 

Complex control needed 
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5  

Biological 

Fluids 

 

 
 

Enzyme-based biofuel cells Biocompatible, self-

sustaining 

Lower power output 

 

Advanced Glucose Detection Using Nanorobotic Systems 

Glucose, which travels in the bloodstream, is a critical component of normal human metabolism. It is the primary fuel source 

for all the cells in the body, and hence plays a major role in maintaining normal human physiological functions. It is especially 

important to maintain normal blood glucose levels as a part of the diagnosis, management and treatment of diabetes. A poorly 

controlled or fluctuating level of glucose in the blood can lead to serious health problems, including neuropathy, 

cardiovascular diseases, kidney damage, etc. 

Control and monitoring of blood glucose levels for people with diabetes is very important to prevent various health risks in 

the short term and long run. Used By Health Professionals. We advise people with diabetes to keep their blood glucose 

(BGL) level in the recommended range for at least four hours before going for a meal. The safe range is between 90 and 130 

mg/dL (5. 0–7. 2 mmol/L). After eating, it is advisable to keep your BGL level no more than 180 mg/dL (10. 0 mmol/L). 

If people maintain these glycemic target levels, they can help protect themselves from complications, improve their quality 

of life, and improve their long-term health. As well as monitoring glucose levels regularly, lifestyle changes (such as eating 

a healthy, balanced diet, participating in physical activity, and taking medication as directed) also help control blood sugar 

levels. 

Two hours after the meal, the nanorobot uses nano bio electronic (high-throughput nano bio electronic) as a prototyping 

method to integrate the hardware architecture. Whether the nanorobot remains undetected or is recognized by the immune 

system, it does not become interfering in monitoring glucose levels in the bloodstream. The nanorobot’s low biocompatibility 

means that the immune system (in particular white blood cells) does not recognize or attack the nanorobot thus effectively 

functioning as it would in the body. 

For glucose monitoring the nanorobot integrates an organic chemical biosensor that controls the activity of the human 

sodium/glucose co-transporter type 3 (SGLT3) protein as a glucosensor. With this coupled system of chemical bio-sensor 

the nanorobot can determine whether the individual needs the release of drug or not and accordingly maintain glucose level 

effectively and timely.[7] 
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Fig.3 Graphical representation of traditional vs nanobot drug delivery 

Applications of nanobots in pharmacy 

Targeted drug delivery- one of the best uses of nanobots in pharmacy is targeted drug delivery. conventional drug 

administration approaches repeatedly lead to non-specific distribution, affecting both normal and diseased tissues, which 

leads to side effects and limited drug efficacy.[8] Nanobots can be designed to deliver drugs precisely at the targeted site, 

release drug in a controlled and sustained manner, identify and bind to specific receptors overexpressed on diseased cells. 

This is especially useful in treating chronic conditions like cancer, where nanobots can reduce systemic toxicity and improve 

treatment effectiveness. 

● Diagnosis and Imaging- Nanobots are capable of diagnosing diseases at the molecular level by detecting, DNA 

mutations, biomarkers, or changes in protein expression. It helps in real-time monitoring of disease progression or 

treatment response. 

● Cellular Repair- Nanobots can be designed for cellular repair and regeneration, offering latent solutions for 

degenerative diseases and injuries. Rebuilding damaged DNA or cellular components, supporting in tissue 

regeneration by releasing growth factors directly to injury sites. 

● Wound Cleaning and Infection Prevention- Nanorobots play important role in cleaning wounds by removing debris 

and harmful particles, which may help to reduce the risk of infection. This use would be especially helpful in treating 

deep wounds or deep injuries, where it is usually difficult for traditional cleaning methods to reach. Nanorobots 

navigate through the wound or infection, detect harmful substances, and clear and clean the area, supporting faster 

and safer infection healing. 

● Cancer Therapy- Cancer therapy is one of the most area of research for nanobot use. Nanobots can, track and 

penetrate cancerous tissues that are hard to reach with traditional treatment, deliver chemo-therapeutic agents, radio-

therapeutics, or heat directly into cancerous cells (e.g., using photothermal or magnetic hyperthermia), influence 

apoptosis selectively in cancerous cells while protecting healthy tissues. 

● Treatment of Infections- With the expanding concern of antibiotic resistance, nanobots offers a novel approach to 

treating microbial infections. They can detect pathogenic bacteria or viruses using biosensors, can release 

antimicrobial agents directly to the infection site, also break down biofilms, which are protective layers formed by 

microbiome.[9] 
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Fig.4 Applications of nanotechnology 

Nanorobots in Cancer Treatment: Revolutionizing Chemotherapy Drug Delivery 

Recent advancements in drug delivery systems (DDS) have made a remarkable impact on the accuracy of targeted 

chemotherapy. These systems use nano-sensors to identify specific cells and manage the release of medication through smart 

pharmaceutical compounds. Traditional chemotherapy drugs target rapidly dividing cells, which are a characteristic of 

malignant tumors. However, many anticancer agents come with a limited therapeutic window, which can harm normal stem 

cells that also divide quickly, like those found in the bone marrow, macrophages, the lining of the gastrointestinal tract, and 

hair follicles. This can lead to a range of side effects, including myelosuppression (which reduces white blood cell production 

and weakens the immune system), mucositis (inflammation of the gastrointestinal tract), alopecia (hair loss), organ 

dysfunction, and issues like thrombocytopenia and anemia, along with various haematological complications.[10] 

Doxorubicin is a commonly used chemotherapy drug, often given alongside other anticancer medications to lessen toxicity, 

particularly in conditions like Hodgkin’s lymphoma. Similarly, paclitaxel, which is delivered intravenously for breast cancer 

treatment, can cause significant side effects such as bone marrow suppression and progressive neurotoxicity. Cisplatin, an 

alkylating agent that creates cross-links within DNA, may result in nephrotoxicity, dizziness, and severe nausea. Another 

chemotherapy drug, camptothecin, functions by inhibiting type 1 topoisomerases, an enzyme crucial for the replication of 

genetic material in cancer cells.[11] 

To tackle the downsides of traditional chemotherapy, researchers have been diving into nanotechnology to create innovative 

drug delivery systems (DDS). They've been testing out single-walled carbon nanotubes (SWNTs) that are coated with 

doxorubicin for targeted cancer treatment. On top of that, there’s been some interesting work with doxorubicin-loaded 

polymer prodrug/collagen hybrids aimed at fighting metastatic tumors. The progress in polymeric prodrug nanotechnology 

is a promising leap forward in the fight against rapidly growing abnormal cells. Scientists are also on the lookout for 

biocompatible nanomaterials that can boost drug delivery. For instance, hydroxyapatite (HA), which is a natural part of our 

bones and teeth, has been used as a DDS for paclitaxel, showing that hydrophobic drugs could be a great fit for treatments 

using nanocarriers. 

Even with these advancements, traditional chemotherapy still struggles with its lack of ability to specifically target cancer 

cells. The side effects can lead to delays in treatment, lower drug dosages, or even breaks in therapy. That’s where nanorobots 

come into play; they have the potential to revolutionize oncology by acting as tiny devices that can help with early diagnostics 

and controlled drug delivery. These nanoscale robots can make chemotherapy more effective by delivering drugs directly to 

cancerous tissues while sparing the surrounding healthy cells from unnecessary exposure.[8] 

Nanorobots have the potential to act as smart drug carriers, making sure that medications are delivered on time and keeping 

chemotherapy drugs in the bloodstream for longer periods to hit those ideal pharmacokinetic targets. In a clinical 

environment, these tiny robots can be injected directly into a patient’s bloodstream, where they play a role in assessing 

tumors, diagnosing conditions, and delivering therapy. When it comes to chemotherapy, pharmacokinetics includes how 

drugs are absorbed, metabolized, excreted, and the recovery time needed before the next treatment cycle. Generally, 

chemotherapy for smaller tumors is given in two-week intervals.[12] 

One of the standout benefits of nanorobots is their knack for quickly detecting and diagnosing tumors using proteomic-based 

biosensors. Plus, small-molecule contrast agents used in MRI can help predict how well protein-based therapies will reach 
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solid tumors. Early detection of diseases and efficient diagnostics are crucial areas of research in nanorobotics, enabling real-

time testing during the first consultation without the need for follow-up lab results. However, a significant hurdle in using 

nanorobots inside the body is their energy consumption for movement. Because of their small size and the high viscous 

forces in the bloodstream, they need a lot of energy to move efficiently. 

Nanorobots have a remarkable ability to slip through cellular membranes, making them game-changers for targeted drug 

delivery in chemotherapy. The way therapeutic agents are structured plays a crucial role in how they travel from the 

bloodstream to the tissues, which directly affects their ability to fight tumors. Recent studies in nanomedicine have shown 

that tiny devices made with DNA nanotechnology can be precisely shaped and tailored for specific functions, offering 

incredible advantages. However, there are still hurdles to overcome, such as the unpredictability of biological responses and 

the activation of the immune system, which can hinder the effective use of nanorobots in living organisms. 

One of the standout benefits of using nanorobots in chemotherapy is their ability to minimize systemic toxicity. These tiny 

robots are crafted from cutting-edge materials like carbon nanotubes and DNA, which are essential for the next wave of 

nanoelectronics devices. Acting as multifunctional biosensors, nanorobots can incorporate CMOS circuits at u in the field of 

medical nanorobot.[13] 

As medical micro robotics continue to evolve, we've seen the emergence of theoretical models for fully functional 

nanorobotic systems. A standout example is the "Respirocyte" concept—an imagined mechanical red blood cell made up of 

18 billion meticulously arranged atoms, which can deliver an astonishing 236 times more oxygen to tissues compared to 

natural red blood cells [35]. On another front, "Microbivores" are engineered phagocytes that roam the bloodstream, 

identifying and destroying harmful pathogens like bacteria, viruses, and fungi. These nanobots can operate continuously at 

just 200 picowatts, allowing for swift microbial breakdown. In fact, Microbivores can work up to 1,000 times faster than our 

natural phagocytic cells, effectively clearing out septic infections. By breaking down pathogens into harmless sugars and 

amino acids, they help eliminate the dangers of sepsis and septic shock.[14] 

 

 

Fig.5 Utilizations of nanobot in cancer therapy 

Clinical Trials and Research Updates 

Nanobots are in the early stages of real-world clinical incorporation, pre-clinical and early-phase human studies have shown 

promising outcomes. Remarkable progress has been made in animal models, with a few human trials are in progress or in 

the planning stages. This section identifies current developments, key milestones, and successful demonstrations of nanobot 
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technology in clinical research. 

Current Pre-Clinical and Clinical Studies 

● Most research on nanobots is currently in pre-clinical stages, focusing on targeted drug delivery, tumor perforation 

and biocompatibility. 

● Researchers are developing DNA-based, magnetic based, and bio-hybrid nanobots for specific diseases like cancer, 

bacterial infections, and vascular clots. 

● For example: DNA Origami Nanobots for Cancer TherapyResearchers at the Wyss Institute at Harvard University 

developed DNA nanorobots that can unfold and deliver thrombin (a clotting agent) to cut off blood supply to tumors 

in mice. The nanobots effectively shrunk tumors without affecting healthy tissues.[15] 

Milestones Achieved and Ongoing Trials 

● First in vivo animal use (2018): Chinese researchers effectively injected DNA-based nanorobots into mice, which 

specific to tumors and triggered tumor necrosis. 

● Targeted antimicrobial nanobots (2021): Indian researchers from IIT Delhi designed zinc-coated nanobots that 

could kill bacteria in biofilms—useful for treating antibiotic-resistant infections. 

● Nanobot-based cancer therapy: is ongoing, where multiple nanobots coordinate and deposit at tumor sites for 

improved effectiveness. [16] 

Future Perspectives 

The future of nanobots in pharmacy is determined by innovations and developments that integrate artificial intelligence (AI), 

biodegradable materials, and advanced systems to improve their safety, intelligence, and adaptability inside the human body. 

Incorporation of Artificial Intelligence (AI) 

The incorporation of AI with nanobots is predicted to make healthcare smarter and more independent. AI can assist nanobots 

by analysing biological signals in real-time, by making decisions autonomously—like when and where to release drugs, learn 

from physiological data to customize treatments for individual patients, enable real-time communication between nanobots 

and external devices for continuous health observing. These AI-improved nanobots can even be able of handling dynamically 

through complex body environments using image recognition, feedback loops, and deep learning algorithms.[17] 

Biodegradable and Immune-Evasive Nanobots 

One of the recent challenges with nanobots is their biocompatibility and the risk of immune rejection. To overcome this, 

researchers are focusing on  

● Biodegradable nanobots: Made from materials like DNA origami, chitosan, and silk fibroin that naturally break down 

in the body without causing toxicity. 

● Immune-evasive coatings: like polyethylene glycol (PEG) or camouflaging with red blood cell membranes to avoid 

detection by immune cells. 

These developments help to increase the clinical safety of nanobots and prevent unwanted immune reactions or deposition 

in organs.[18] 

Self-Propelling Nanobots 

A critical turning point for in vivo nanobot benefit is independent movement. Researchers are projecting nanobots that can 

move using: 

● Chemical propulsion, using enzymes like urease or glucose oxidase. 

● Magnetic fields, which permit external navigation and control. 

● Ultrasound or light-based propulsion, giving contactless and precise movement.[19] 

Self-propelling nanobots could transform non-invasive surgery, rapid tissue penetration targeted drug delivery, and improve 

their usefulness in complicated physiological environments like blood vessels or tumor microenvironments. 

Smart Clinical Applications Ahead 

Soon, nanobots are predicted to be tested for: Tumor biopsies via micro-surgery, autonomous treatment of infections or 

cancer recurrences, nano-swarm therapy, where multiple nanobots collaborate in drug delivery or surgical repair. With 

ongoing research, clinical trials, and interdisciplinary collaboration, nanobots incorporated with AI and responsive materials 

could be an important in the era of personalized, predictive, and precision medicine.[20] 
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2. CONCLUSION 

Nanobots are innovative, advancement in pharmaceutical science, providing great potential in precision drug delivery and 

targeted therapeutics. Such nano-scale devices may be used to deliver medications at the cellular level by exploring complex 

biological environments, potentially decreasing side effects, enhancing drug effectiveness, and providing real-time 

monitoring of disease. Although this field is still establishing, continuous studies are going on and focus from research to 

technology has a potential to bring the clinical utilization faster. Nanobots offer immense potential in pharmacy, and as we 

overcome the related challenges and limitations of safety, scalability, and ethical considerations, they are likely to form a 

pillar of future patient-specific therapeutic solutions. Moreover, nanobots have shown promising results in early disease 

detection by accessing hard-to-reach areas and identifying pathological changes at the cellular level before symptoms even 

appear. Their role in real-time health monitoring and data collection adds a new dimension to personalized medicine, enabling 

doctors to tailor therapies to individual patient needs more accurately. 

Despite the immense promise, there are challenges that need to be addressed, including issues of biocompatibility, potential 

toxicity, manufacturing complexities, and ethical considerations. Ongoing research and development efforts are focusing on 

overcoming these barriers, making nanobots more safe, efficient, and cost-effective for widespread clinical use 
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