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Abstract: The field of nanorobotics has made significant progress. Nanorobotics is a new field that has sparked a lot of attention among
pharmaceutical researchers and drug delivery scientists. Nanorobots administer drugs to specific areas, seeking to make them far more
effective and reducing the risk of unwanted side effects. These nanorobots are made of hanomaterials and will complete the mission.
Nanomaterials are materials with a dimension of 1 to 1000 nanometers. Nanomaterials have holds great potential in drug delivery
through passive or active targeting mechanisms throughout the last few decades. A brief classification of nanorobots is addressed
below, depending on technological advancement, morphology characteristics, functional aspects, power supply, and biohybrid
mechanisms. Ultimately, several cancer therapy, surgery, regenerative medicine, cell therapy, gene therapy and biomedical applications
are reviewed. The field of nanorobotics has made significant progress. However, a number of concerns and challenges must be
overcome before nanorobots may be used in patient care.
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1. INTRODUCTION

Drug delivery to targeted organs or tissues or cells is always challenging and interesting in the pharmaceutical research field.
Conventional drug delivery methods not successful in direct delivery of a drug to targeted organs and achieving a maximum therapeutic
effect with minimal side effects. In conventional drug delivery systems delivery of drugs depends upon the movement of body fluids
to find their way around the body. Sometimes this type of delivery fails to treat some disease conditions like stroke and glioblastoma.
Existing conventional drug delivery systems, delivers the drug directly into the systemic circulation to achieve maximum therapeutic
effect. Conventional drug therapies unable to deliver the drugs more accurately to specified target tissues due to lack of navigational
ability. Delivery of drugs to inaccessible tissue within the human body remains a challenge [1]. To achieve targeted delivery of
therapeutic agents, the drug delivery system must possess autonomous propulsion and controlled navigation. To overcome all these
challenges, a novel drug delivery system required. Nanorobotics is an emerging field that holds considerable promise for advanced
diagnosis and treatment. This field has attracted tremendous interest among research groups due to their autonomous mobility and
perform complex tasks at small scales. Nanorobots can evolve as a superb vision of medicine in the future. Nanorobots can fulfill all
these requirements and able to serve as a promising strategy to solve all these challenges. An ideal nanorobot must possess defined
target movement and autonomous drug delivery capabilities. As the nanorobot delivers the drug to a specific target site, it must be
discharged from the body safely without causing toxic effects. Discharged nanorobots from the excretory channels of the body must
be biodegradable and stable in external environment [2].

2. NANOROBOTS

Nanorobotics is the science which deals with robots at nanoscale. Nanorobots size usually ranges from 1 to 100 nanometers (nm).
Nanorobots are specialized devices designed to perform a designated task. Nanorobots are miniaturized molecular nanomachines able
to navigate autonomously in biological fluids with efficient cargo towing and penetrating abilities. Nanorobots are artificial,
sophisticated submicron devices navigated by self propulsion or an externally controlled propulsion mechanism. Nanorobots are
fabricated by assembling different components of miniaturized individual parts or integration of inorganic components with biological
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cells or molecules. Nanorobots are created from nanomaterials which will do the specified task. Nanomaterials are defined as materials
with a diameter between 1 and 1000 nm. Nanomaterials from the past few decades have shown promising effects on drug delivery by
passive or active targeting mechanisms [3]. Active targeting mostly depends on the over expression of receptor molecules, whereas
passive targeting relies on the absorption of specific-sized nanomaterials by cancer tissues or lymph nodes. A nanorobot is an autonomic
preprogrammed structure of atomic level [4]. The list of nanorobot examples is given in Table 1.

Table 1 Examples of Nanorobot with navigation mechanism

S.NO Nanorobot Navigation mechanism
1. Helical Propeller Magnetism
2. Artificial bacterial flagellum Magnestism
3. Nanofish Magnetism
4. Two armed nanoswimmer Magnetism
5. 2D Nanoswimmer Magnetism
6. Antibacterial nanorod Ultrasound/Bioreceptors
7. Tubular Nanorobot Diffusion/bioreceptors
8. DNA Walker Bioreceptors
9. Tetrahedron DNA Diffusion/Bioreceptors
10. Nanorod with flagellum tail Acoustic waves/Magnetism
11. V Shaped nanorod Hydrogen peroxide decomposition

Nanorobots are nanoelectro mechanical systems having the properties of sensing, actuation, control, communications, powering and
data transmission [5]. The various components of nanorobots includes micro camera, electrodes, lasers, ultrasonic signal generators,
swimming tail and payload. Nanorobots are nanomachines connect the various interdisciplinary-areas of nanotechnologies and
nanoscience to solve real time challenges including targeted drug delivery. Nanorobots enhance the delivery of drugs and imaging
contrast agents towards targeted sites due to their autonomous propulsion and improved navigation across biological fluids [6].

Nanorobots are functional molecular devices that are self assembled and propelled by external sources and can perform various tasks.
These are programmed devices inserted through catheters or injected through blood vessels commanded by an outside surgeon will act
as onsite surgeon in various complex vascular surgeries [7].

Most of the researches opted for intravenous route of administration as a portal of entry for nanorobots. Nanorobots after entering into
the systemic circulation guided by magnetic fields and field gradients to reach the target site and finally activating them to promote the
diffusion of drugs across the cell membranes of the targeted tissue. Nanorobots can utilize the endogenous fuels such as glucose, urea
and adenosine -5- triphosphate (ATP) for navigation without the need of external equipment or actuation. While designing nanorobots
it is important to design self-powered systems that are biocompatible, non-immunogenic and use fuel resources readily available in the
body. Nanorobots behave swarm like devices could be useful in biomedicine for theranostic applications [8].

2.1. Classification of nanorobots

Nanorobots are generally classified based on morphology, function, propulsion mechanism and biohybrid mechanisms. Classification
of nanorobots was given in Fig.1.
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Fig.1. Classification of Nanorobots

2.1.1. Morphological classification

Morphologically, nanorobots are classified into four categories based on geometry and synthesis [9]. Morphological nanorobots was
represented in Fig.2.

Morphology of Nanorobots
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Fig.2. Morphology of Nanorobots
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1) Sphere dimers

2) Janus particles

3) Hollow nanorobots

4) Nanorobots with intrinsic asymmetry

2.1.1.1. Sphere dimers

It consists of two halves. One half is made up of a silica sphere and the other half is made up of a platinum sphere. Both halves are
made as a single unit by thermal annealing. Sphere dimers are fabricated by surface articulation of silica nanoparticles with platinum
deposited on one side [10].

2.1.1.2. Janus particles

Janus particles are prepared by incorporating different metals in the form of layers on mesoporous silica nanoparticles. They can
navigate due to the oxygen bubble generation. Oxygen bubbles generated due to decomposition of hydrogen peroxide by the platinum
layer [11].

2.1.1.3. Hollow nanorobots

These are made by inserting catalyst in the hollow particles. It resembles a tubular rocket like structure with predetermined speed.
Hollow nanorobots are prepared by advanced atomic layer deposition technique. This technique was used in creating 100 nm nano
rockets. Hollow nanorobots are composed of platinum in the inner shell and titanium dioxide (TiO;) as the outer shell [12].

2.1.1.4. Nanorobots with intrinsic asymmetry

Topological asymmetry used for self propulsion effects of nanorobots. Enzyme powered nanomotors shows enhanced diffusivity due
to the inherent asymmetry of nanorobots.

2.1.2. Functional classification
Nanorobots are classified into three major groups based on their functioning [13].

1. Physically powered nanorobots utilize external energy sources such as magnetic fields, ultrasound or light fields for their
navigation.

2. Chemically powered nanorobots utilize internal energy sources such as glucose, urea, hydrogen peroxide for their navigation.

3. Biohybrid systems integrate nonliving components with biological components such as motile organisms, which serve as the
engine of the nanorobot and helps in navigation.

2.1.3.  Propulsion mechanism based classification

Nanorobots are classified based on the propulsion mechanism and nature of power source. Propulsion based nanorobots was shown in
Fig.3.

1. Exogenous power driven nanorobots
2. Endogenous power driven nanorobots

2.1.3.1. Exogenous power driven nanorobots

External power sources such as magnetic field, light energy, ultrasound energy is used in the drug delivery mechanisms. To design
nanorobots with multiple functions, several driving forces and mechanisms are combined to achieve the targeted tasks [14,15].

1. Magnetic field propelled nanorobots

Magnetic field has unique characteristics such as a strong driving force, navigation control and noninvasive to the human
body. It is effectively used to propel nanorobots in non-contact manner and deliver the drugs at the targeted site.

2. Light energy propelled nanorobots
Nanorobots are propelled by light irradiation or photo catalysis mechanisms. They initiate the conversion of light energy into
mechanical energy, which leads to thermal and chemical reactions. Energy liberated during these reactions utilized for
navigation of nanorobots.

3. Ultrasound energy propelled nanorobots

Ultrasound has excellent penetrating ability, strong adjustability which propels the nanorobots towards the tumor cells and
enhance the drug uptake by tumor cells.
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Fig.3. Propulsion mechanism based Nanorobots

2.1.3.2. Endogenous power driven nanorobots

In this case, nanorobots will utilize biological fuels as a power of source. Examples of biological fuels are Hydrogen peroxide, urea,
glucose, adenosine-5- triphosphate (ATP). Endogenous power uses its own fuel to achieve autonomous navigation of nanorobots.

Chemical reaction propelled nanorobots

Hydrogen peroxide can be decomposed into water and oxygen in the presence of peroxidase enzyme, where the released oxygen
bubbles will serve as a source to propel nanorobots.

Urea gets hydrolyzed in presence of urease enzyme. During hydrolysis, it is converted into ammonium ions and bicarbonate ions.
Local electric filed can be created due to the faster diffusion of ammonium ions. This electric field helps in the diffusive motion of the
particles. Glucose will be converted into D- gluconol,5 lactone and hydrogen peroxide in presence of glucose oxidase enzyme.
Hydrogen peroxide can be used in association with enzymes such as catalase for powering nanorobots [16].

Enzyme propelled nanorobots

Enzymes involved in catalytic reactions generate oxygen bubbles, which act as a driving force for nanorobots. Oxidoreductase enzymes
act as catalytic engines for nanorobots. Glucose oxidase enzyme involved in conversion of glucose to gluconic acid and hydrogen
peroxide. Catalase enzyme involved in conversion of hydrogen peroxide to water and oxygen. This oxygen helps in the navigation of
nanorobots. Urease an enzyme which involved in the conversion of urea into carbon dioxide and ammonia [17].

2.1.4. Biohybrid classification

Biohybrid nanorobots are small devices articulated from biological components such as (Deoxyribonucleic acid (DNA), enzyme,
cytomembrane and cells) and artificial components such as (inorganic or polymer particles). They can perform multiple tasks such as
single cell manipulation, cell microsurgery and targeted drug delivery [18]. Biohybrid nanorobots was shown in Fig.4.
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Fig.4. Biohybrid Nanorobots
2.1.4.1. DNA based nanorobots

DNA Origami is used to construct DNA nanorobots. In this technique, DNA nanostructures are obtained by repeated folding of single
stranded DNA and fixing the structure with the help of oligonucleotides. Biohybrid magnetic microrobots are produced by attaching
DNA flagella to magnetic iron oxide particles. They are useful in tumor targeted drug delivery and vaccination for precision cancer
therapy [19].

2.1.4.2. Leukocyte based nanorobots

Macrophage based biohybrid nanorobots are called as immunobots which deliver anticancer drugs to tumors and useful in targeted
immunotherapeutics. Neutrophil based biohybrid nanorobots are called as neutrobots which deliver drugs to malignant glioblastoma.
The advantage of nanobots is they can escape the phagocytosis and removal by mononuclear phagocyte system [20].

2.1.4.3. Sperm based nanorobots

Male reproductive cells are called as sperms, and they have a tail known as flagellum. Motile sperms are converted to robotic micro
swimmers called as spermbots. Sperm based drug delivery system can utilize rheotaxis and thigmotaxis of sperms to reach target site
and release drugs [21].

2.1.4.4. Magnetotactic bacteria based nanorobot

Bacteria based biohybrid micro swimmers are called bacteriabots. Motile E. Coli MG1655 is used for bio adhesion to epithelial cells
and for targeted drug delivery towards the epithelial cells in urinary and gastrointestinal tracts. Bacteriabots are used for delivery of
anticancer drugs like doxorubicin to the targeted site.
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2.2.  Objectives of nanorobots in biomedical applications and drug delivery [1-15]

Tunable physicochemical properties.

High surface area and volume for large drug payload and their controlled delivery.

Easy surface functionalization with targeting ligands and biomolecules.

Continuous monitoring of the body and giving feedback.

To destroy cancerous cells without affecting the healthy cells.

To repair tissues, clean blood vessels, airways and transform physiological capabilities.

To act as autonomous onsite surgeon inside the human body.

Able to carry large payload than a small molecule while retaining its smooth circulation throughout the blood stream.
Finding out the method of entry into the body for the nanorobot.

10. Propulsion mechanism of the nanorobot.

11. Control of the device.

12. Appropriate power source to nanorobot.

13. Locating substances to be eliminated by the nanorobot.

14. Continuous monitoring of the body and giving feedback.

15. Better accumulation and binding on specific sites owing to small dimensions.

16. Multifunctionality and modality for imaging and therapeutics.

17. Monitor the patient’s body continuously and be able to detect cancer and other diseases at early stages.

©oNoO~WNE

2.3. Limitation of nanorobots [15-25]

Nanorobots aggregate with each other easily and creates problems inside the body.

Size variation is also a problem for entering of nanorobots into the cells and tumors.

Nonspecific biodistribution is also a major concern for the traversal of nanorobot inside the body.
Toxic effects and side effects may result due to long term retention of nanorobots inside the body.
Low accumulation of nanorobots in targeted tissue results in poor resolution.

Biohybrid nanorobots suffers with slow degradation.

Fabrication of nanorobots is a complex technology.

Surface madification of nanorobots is very difficult, while traversal of nanorobots inside the body.
Nanorobots locomotion in biological fluids very difficult and it depends on the nature of the material.
10 Biocompatibility or biodegradability nanorobots is very poor as the human body recognize the nanorobots as foreign particles.
11. The procedures adopted for diagnosis and treatment by nanorobots are time consuming.

©CoNoaM®NE

2.4.  Advantages of nanorobots [25-30]

Nanorobot drug delivery system enhances bioavailability.

Nanorobots reaches inaccessible areas in human anatomy which are not operatable at the surgeon’s operating table.
Nanorobots carries the drug payloads and releases the drug molecules where ever needed.

Nanorobots can be controlled by external computer operation with nobs to fine tune the amount of drug released, frequency of
dosing and time of release.

i N S

2.5. Disadvantages of nanorobots [30-37]

=

Design, components and construction cost of nanorobot is very high.

The technology used to design of nanorobot is highly sophisticated and complex in nature.

3. Asthe components and working mechanism of nanorobots are electric in nature, they are susceptible to electrical interference
from external sources. They are highly influenced by RF or electric fields, EMP pulses and stray fields from other in vivo
electrical devices.

4. Electrical systems can create stray fields which may activate bioelectric based molecular recognition systems in biology and

may cause severe adverse effects at the cellular levels.

n

2.6. Design and fabrication of nanorobots

Nanorobot 3D prototyping can be achieved by a nanorobot control design software (NCD software). Nanorobot interactions inside the
body can be estimated by NCD simulations. NCD is an advanced nano mechatronics simulator that provides physical and numerical
information for nanorobot task based modeling. The nanorobot is designed in such a way that once it completes its task at the targeted
site it comes out of the body through natural metabolism [22].

2.7.  Nanorobots communication
Nanorobots communicate with one another by ring topography network. It requires three different forms of nanorobot.

1. Asingular gateway that could communicate with the outside environment
2. Anintelligent capsule moving inside the body and delivering the payload
3. A stationary nanorobot to hold the majority of the drug.

It will work by detecting any cellular changes, hormonal changes, antibody concentration changes and chemical changes inside the
body. After detecting the changes, intelligent moving nanorobot moves to target site and precisely release its contents. The first
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nanorobot collects information and send this to other nanorobots using the intelligent travelling nanorobots. This ensures that shared
information could be effectively transmitted throughout the body using a connected nanonetwork [23].

2.8.  Mechanism of action

Nanorobots consists of proximity sensors sense both moving and nonmoving obstacles that hinder their path. Nanorobots moves in a
predetermined path by checking the obstacles for every 0.5mm and select the shortest path for navigation. If any obstacles come in
their pathway nanorobots wait for 0.0025 milli seconds and select new path for their traversal [24]. Nanorobots after reaching the target
site, deliver drugs by utilizing internal and external sources. Once the target was achieved, they will be removed from the body through
human excretory channels. In some cases, they can also remove by active scavenger systems, which are known as nanoterminators.

3. Applications of nanorobots

3.1.  Nanorobots in cancer detection and treatment

Cancer can be curable if it is diagnosed at early stages. Nanorobots helps in the early diagnosis of cancer as the nano sensors can detect
tumor producing cells at early stage [25]. Chemotherapy has side effects as existing anticancer drug delivery systems lack intrinsic
navigation for long circulation time, targeting, localized drug delivery and tissue penetration [26]. As nanorobots have self navigational
functions, precise cell targeting, tissue penetration and maximum therapeutic benefit can be achieved.

3.2, Nanorobots in surgery

Surgeons are constantly looking for alternative ways to treat the patients so that they will follow minimally invasive procedures during
surgery, as recovery rate is faster when a lesser trauma is inflicted upon a patient. Due to minimum invasive procedures, there are
usually few complications can be possible after the operation. The major objectives of nanorobots usage in surgery will be early
detection, diagnosis, prevention or treatment of disease at the cellular or subcellular level [27]. Surgeons with the aid of surgical
nanorobots perform operations with precision at nano, micro and macro scale dimensions. Micro syringes and catheters are used to
introduce surgical nanorobots into the circulatory system of the human body. Surgical nanorobots act as a semi-autonomous onsite
surgeon inside the human body and are programmed or directed by a human surgeon [28].

3.3.  Nanorobots in diagnosis and testing

Nanorobots can be used for early disease identification at the cellular and molecular levels. Nanorobots helps to collect biological
samples and tissue fluids to make multiple analyses at the micro level [29].

3.4.  Nanorobots in gene therapy

Gene therapy has a potential that modifies a person’s genes to treat or cure genetic disorders. Gene therapy works by replacing a disease
causing gene with a healthy copy of a gene or inactivating a disease causing gene that is not functioning properly, or introducing a new
or modified gene into the body to treat a disease [30]. Nanorobots acts as a gene delivery system and deliver gene therapy at target
sites. Nanorabots reaches target sites through blood circulation and penetrates tumor cells and turn off-an abnormal gene. Nanorobots
deliver genetic materials to target cells very easily due to their small size and their effective interaction with biomolecules at the cell
surface.

3.5.  Nanorobots in regenerative medicine and cell therapy

Regenerative medicine helps in regenerating human cells to restore normal function. Regenerative medicine therapies use of stem cells
for tissue regeneration. Magnetically guided nanorobots act as a carrier system and deliver stem cells to targeted areas in the body [31].
These applications demonstrate that nanorobots play a significant role as targeted drug delivery systems and aid in regenerative
medicine and cell therapy in the future.

3.6. Nanorobots in wound healing

Healing of chronic wounds on its own is very difficult. Epidermal growth factors play a significant role in healing of chronic wounds.
Biological mechanisms fail to assist chronic wound healing due to defective healing mechanisms or low levels of coagulation factors.
In such cases, nanorobots act as a carrier for growth factors and clotting factors and effective delivery of these factors at chronic wound
site enhance rapid and effective wound healing. Nanorobots applied to promote blood clot dissolution. Thrombolytic agents can easily
be delivered at target site with the help of nanorobots. In this case, to dissolve blood clot, magnetically actuated nanorobots loaded
with tissue plasminogen activator are applied. The flow of blood drove the nanorobots towards the blood clot. Once nanorobots reach
the target site, they were rotated by an external magnetic field. Their rotation generated local flow mixing which induces an increased
interaction of the tissue plasminogen activator with blood clot interface, results in acceleration of thrombolysis [32].

3.7.  Nanorobots in dentistry

Nanorobotic dentifrices were incorporated in dental preparations such as mouth wash or medicated paste or dental gels. They utilize
specific motility mechanisms to penetrate sublingual surfaces and destroy pathogenic bacteria. Nanorobots enriched colloidal
suspension will be instilled in to the affected area to induce anaesthesia in the gingival region of the patient. Colloidal suspension
contains millions of analgesic dental robots that respond to input supplied by the dentist can induce anaesthesia effectively [33].
Nanorobots in contact with the surface of the crown or mucosa can reach the pulp and control nerve sensation and helps in painless
tooth up righting as well as rapid tissue repair. After completion of treatment, they restore this sensation there by, providing the patient
with anxiety free and needle less comfort. Nanorobots induced anaesthesia is fast acting and reversible, with no side effects or
complications associated with its use. Nanorobots helps in reducing hypersensitivity by occluding the defective dental tubules with
native materials and cure dental cavities permanently.
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3.8.  Nanorobots in neurosurgery

Treatment of cerebral aneurysms in the field of neurosurgery is highly challenging as it is associated with increased morbidity and
mortality. Rupturing of aneurysm is usually leads to mortality of the patients within 24 hours. There are no cost effective guidelines
for screening of patients with cerebral aneurysms. Nanorobots can serve the purpose of screening a new aneurysm or close monitoring
of an identified aneurysm. Nanorobots aid in the early detection of tumors and ischemic changes [34].

Spinal cord injury and nerve damage is also an important aspect of neurosurgery, where the goal of therapy is optimizing and improving
nerve reconnection outcomes. Restoring connectivity with transected axons is an integral step to the restoration of function. Axon
surgery can be facilitated by the use of nanoknife and dielectrophoresis.

3.9.  Nanorobots in haematology

Nanorobots have a wide array of applications in haematology. Respirocyte is an artificial mechanical red blood cell which is a
nanorobot to perform three major functions while circulating through the blood stream. Firstly, it collects oxygen and diffuses
throughout the blood stream. Secondly, collecting carbon dioxide from tissues and transfers into the lungs for exhalation. Thirdly it
will help in energy production by metabolism of glucose and that energy is utilized for its own functions. Respirocyte is able to carry
236 times more oxygen per unit volume compared to red blood cells.

Clottocyte is an artificial mechanical platelet. Clottocyte is 2 microns in size with 0.8 nm mesh enriched with blood coagulation
proteins. It helps in the improvement of physiological haemostasis process [35].

Microbivores are artificial phagocytes. They have larger binding sites on their external surface, so they can be able to trap various
pathogens from HIV to E. Coli. Microbivores are 80 times more potential than physiological phagocytes and clears septicemia within
hours.

Antimicrobial resistance is a major concern nowadays. So, nanorobotical abilities capable to battle with infections and helps to
overcome antimicrobial resistance.

3.10. Nanoraobots in vascular therapy

Nanorobots helpful in screening and monitoring chronic life threatening conditions such as brain aneurysms, unstable atherosclerotic
lesions and lung cancers [36]. Nanorobots have potential applications in vascular therapy. The intravascular navigational ability of
nanorobots makes them as better tools for continuous monitoring of tumors, diagnosis of vascular abnormalities and targeted drug
delivery to cancers. Nanorobots have the capability to provide direct therapy to the targeted area, either mechanically or
pharmacologically [37].

4. FUTURE OF NANOROBOTS

The field of nanorobotics was evolving greatly in the medical field, but to become as real word clinical applications it has to tackle and
address various key challenges and issues. Material biocompatibility and degradation are two major characteristics must be considered,
while manufacturing nanorobots to address in vivo safety issues. Once, the nanorobots overcome the challenges and enter in clinical
practice as promising drug delivery system, it will affect the lives of millions of people in the world. So, it is necessary to consider the
economic, social and ethical implications of the use of nanorobots.

5. CONCLUSION AND FUTURE PROSPECTS

This review paper gives an overview of nanorobots functioning mechanisms and its applications in drug delivery. This review also
emphasizes on current trends of nanorobotics for therapy, surgery, diagnosis and medical imaging. Nanorobotics in future evolve as
modern medicine and can improve the quality of life of individuals. Nanorobots are programmed to perform specific biological tasks.
Nanorobots have potential applications across all fields of medicine. Nanorobots have the capability of expanding therapeutic
alternatives and also able to improve the efficacy of existing treatments.
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