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INTRODUCTION 

Nanobot is made up of two words Nano and Bots. Nano is word 
prefix meaning one billionth of and Bot is short for robot, a 
machine which may be programmed to carry out certain 
functions independently or operated by remote control [1]. 
Nanorobotics is an engineering and manufacturing aspect of 
nanotechnology that deals with designing and building 
nanorobots ranging in size from 0.1-10 micrometers and 
constructed of nanoscale or molecular components [2]. These 
Nanoparticles might function in molecular manufacturing and 
self-replication process [3]. Eric Drexler first brought the concept 
of injecting nanoparticles into the human body in the year 1986, 
the idea was later transcribed by the researcher named Robert 
A. Frietas at the Institute for Molecular Manufacturing (IMM) who 
designed and simulated the medical nanoparticles that could 
transverse in human body and this could shape the way into the 
future of artificial blood [4]. Respirocytes (artificial mechanical 
red blood cell) [5], Microbivores (artificial mechanical white blood 
cell) [6] and Clottocytes (artificial platelets) were designed by 
Robert A. Freitas [1]. 

Chemical elements of nanorobots 

Carbon probably would be an indispensable and principal 
element comprising the bulk of a medical nanorobot, may be in 
the form of diamond or fullerene nanocomposite. Elements 
which are light such as hydrogen, sulfur, oxygen, nitrogen, 
fluorine, silicon, etc. will be used for special functions. Diamond 
has been proved as scientifically inert based on the culturing of 
peritoneal macrophages from mouse on DLC, which revealed no 
excess release of beta N-acetyl-Dglucosaminidase or lactate 
dehydrogenase [7]. 

RESPIROCYTES 

It’s all started by Robert Freitas who designed respirocytes as 
an artificial mechanical RBC that humans are not yet currently 
capable of manufacturing [8]. These nano medical robots are 
hypothetical artificial RBC with capabilities of exerting same 
physiological functions as natural human RBCs. They are 
micron-scale spherical measuring 1µm in diameter, they could 
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be used to replace the entirety of human RBC as a carrier of 
oxygen and carbon dioxide having potential capacity for oxygen 
2366 times greater than hemoglobin [9]. In blood transfusion 
medicine the primary function of red blood cells (RBC) is the 
transport of oxygen and carbon-dioxide to and from tissues by 
virtue of binding the gases to haemoglobin molecule within the 
RBC [10]. The morphology and physico-mechanical properties 
of RBC play an important role in their collisional interactions 
under haemodynamic flow environment and thereby able to 
carry oxygen to tissue. Based on these observations, recent 
research approaches have tried to mimic the shape, size, 
function and flexibility of red blood cell in nanomedicine design 
[11]. 

 

Figure 1: An artificial red cell- the respirocyte designed by Robert A. 
Freitas Jr. 

Overview of Respirocytes Cell 

The critical aspect of respirocyte construction is the overall size 
of the device; the artificial RBC must be small enough to pass 
unhindered within the biological system [12]. In order to achieve 
this, Robert designed respirocyte in such a way that the size is 
6-8 size lower than normal RBC (1μm in diameter), this attribute 
pave the way for respirocyte to freely pass into the smallest 
capillaries, where red blood cells can normally get stuck and only 
move very slowly [5]. The combine use of rotors in respirocyte 
and its nano size would allow for much more efficient oxygen 
delivery to tissue than is normal RBC [5]. For a perfect 
construction of respirocyte outer shell, small units of sapphire 
(which is similar to diamond in structure) would be needed and 
this would allow the nano medical erythrocyte to contain gases 
at incredibly high pressures, up to 100,000 atmospheres. With 
this capability, the device could hold 2366 times more oxygen 
and carbon dioxide than a red blood cell [9]. 
 
Components of Respirocyte 
 
Molecular rotors: A functional respirocyte would need the 
rotors built from around 100,000 atoms [13] to pump gases in 
and out of the pressurized storage chambers, and collect 
glucose for energy. These would be functionalized with selective 
binding sites, restricting them from pumping all but one type of 
molecule at a time.  

Power generator: generator would probably be similar in 
operation to a fuel cell to utilize glucose captured by a selective 
pump rotor to generate enough energy for powering the whole 
device.  

Water ballast chambers: these would be responsible for control 
and maintaining the neutral buoyancy.  

Sensors: various types of sensors would be used to determine 
the concentrations of oxygen and carbon dioxide in the local 
areas well monitoring the pressure within the gas storage tanks.  

Interpretation device: a tiny computer would be needed to 
interpret input from the sensors, and use the data to govern gas 
flow rates and power distribution.  

Receiver: Pressure transducers on the outside of the structure 
have been proposed as a receiver for programming instructions, 
sent by a physician via an encoded series of compression pulse 
[13].  
 
Working Principle of Respirocyte 

The respirocytes are designed to operate molecularly. Each 
respirocyte is between 0.2 to 1µ in diameter consisting of 18 
billion precisely arranged structural atoms plus 9 billion 
temporary residents molecules [4]. There are three types in 
respirocyte. First one releases the stored oxygen as the robot 
travels through the body; the second one captures oxygen and 
all the carbon dioxide in the blood stream and releases it when 
needed while the third rotor takes in the glucose from blood 
stream as a source of energy [14]. Inside the lungs, where the 
partial pressure of oxygen is high and low partial pressure of 
carbon, the onboard nanocomputer controls the sorting rotors to 
capture and load oxygen in exchange with carbon dioxide 
molecules [15]. The water ballast chamber is tasked with 
responsibility of maintaining flexibility. Other poisonous gases 
and carbon monoxide can be scavenged from the body through 
the help of programmed respirocyte [16]. 

 
Figure 2: Internal cutaway view of respirocyte - equatorial view 

 
Pharmacological Dose of a Respirocytes 

In human blood, there are approximately 28.5 trillion red blood 
cells. Each of these red blood cells comprises of about 270 
million haemoglobin molecules capable of transporting oxygen 
to the tissues. Within the arterial circulation, normally 
haemoglobin molecules operates between 95% while 70% of 
these molecules operate in venous circulation but only 25% of 
the stored oxygen can reached the body tissue. Respirocyte can 
store up to 1.51 billion oxygen molecules, all are accessible to 
the tissues these make them a promising development in the 
field of modern transfusion medicine as an alternative to red 
blood cell transfusion [14]. 
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For the respirocyte to serve as an alternative to red blood cell 
transfusion the desired pharmacological dose of 5cc respirocyte 
in saline suspension containing 5 trillion nanorobots should be 
prescribed in order to replace the oxygen carrying capacity of 
the patient’s blood. To meet the body oxygen requirement, 5.36 
trillion nanorobot respirocyte is needed to be administered either 
by hypodermal injection or transfusion. The pharmacological 
dose of a respirocyte has the potential to completely replace 
oxygen carrying capacity of the patient blood and to further 
extend natural bone marrow erythropoiesis [16]. 
 
Removal of Respirocytes 

Once the respirocyte exert its physiological function, it may be 
removed from the circulation. A specialized centrifugation 
apparatus is used to remove the nanorobots from the patient 
circulatory system. During the centrifugation process the entire 
blood component except the respirocyte cannot maintain neutral 
buoyancy so those components will precipitate outward and are 
added back to the filtered plasma on the other side of the 
centrifuge machine [17]. The patient plasma contains most of 
the suspended respirocyte with few other solids which are 
passed through a micro filter after reaching the desired 
centrifugation periods. The centrifuged solid blood component 
will be combined with the filtered plasma component and 
returned undamaged to the patient's blood. The respirocyte are 
therefore removed from the circulation [9]. 
 
Application of respirocytes in modern blood transfusion 
medicine 

Currently in our health facilities, human blood has never been 
more in demand than it is today. Non-existence of national blood 
transfusion centers, increase elective surgery, poor 
infrastructures, lack of trained personnel and financial resources 
to support the running of a voluntary non-remunerated donor 
transfusion service, burden from new viral infections such as 
hepatitis A, B C; HIV, Syphilis, VDRL have all conspired to 
ensure that all human blood remains very much a vital but limited 
asset to healthcare delivery particularly in Nigeria [10]. Human 
blood transfusion has many adverse effects, this justify the need 
to develop an alternative to human blood transfusion [18]. The 
development of respirocyte as an alternative to red blood cell 
transfusion has provided an exciting opportunity in the field of 
modern transfusion medicine [12]. These nano- particles is free 
of diseases vectors like HIV, hepatitis and venereal diseases 
therefore eliminating the risk of transfusion transmissible 
infections. Respirocyte are readily available with no need for 
blood grouping and cross-matching before issuing it’s for 
transfusion. The storage nanorobot is indefinite thereby 
eliminating the risk of storage related changes associated with 
human red blood cell [9]. Immediately after bone marrow 
transplantation, respirocytes could be used as a long-term 
perfusant to increase oxygen delivery to the tissues [19]. In 
modern medical practices, these nanorobots can be used in the 
management of all forms of anemia since they can increase the 
oxygen carrying capacity of human blood [20]. 

Respirocyte and their future use in other field of medicine 

During coronary angioplasty, congenital heart disorders, 
maternal hypoxia, in utero asphyxia, underwater rescue 
operations, carbon monoxide poisoning, respirocyte can be 
used as a perfusant to increase oxygen delivery to the tissue 
[12]. 

Anticipated Challenges with the Use of Respirocytes 

Respirocyte reduces the ability of the kidney to produce 
erythropoietin hormone in low oxygen tension. These suppress 
the bone marrow ability to produce red blood cells. The human 
blood cells could be damage due to continuous movement of the 
respirocyte rotors leading haemolysis and release of certain 
chemicals in the circulation. Macrophage can identify 
respirocyte as a foreign body through the reticuloendothelial 
system; the main obstacle is that nanoparticles cannot be 
metabolized inside the macrophages leading to blockage of 
phagocytic system [21]. 

CLOTTOCYTES 

The human body actualizes the process of hemostatsis by 
corporate functions of coagulation factors, prostaglandins, 
enzymes, proteins as well as the main players i.e. platelets, 
these factors works collectively to form fibrin clot and ultimately 
arrest blood loss [12,22]. The whole process of blood clotting 
from vasoconstriction to hemostatic plague formation takes 
approximately 2-5 minutes [23], but the emerging field of 
nanotechnology has the potentiality of producing metallic 
nanoparticles that can achieve hemostatsis within approximately 
one second [6]. The theoretically designed nanoparticle by Dr 
Robert Frietas Jr called clottocyte or artificial mechanical platelet 
is spherical nanorobot same as natural platelets in size (2 
microns in diameter) and works based on the same principle 
[24]. 

Basic principle of clottocytes mechanism of actions 

Once the blood containing clottocytes find itself in an injured 
location, a change of partial pressure would be detected 
immediately often indicating that it is bled out of body. The 
oxygen molecules from air will enters into the human body via 
air-serum interface and this is only possible when the first 
clottocytes is at least 75 µm away from air-serum interface. The 
information would be disseminated rapidly to neigbouring 
clottocytes via acoustic pulses. These processes would bring 
about propagation of cascade, the capabilities of fibre mesh in 
the integral functions of clottocytes cannot be undermine. The 
stickiness in the fibre mesh would be blood group specific to trap 
blood cells by binding to the antigens present on 
blood cells (Figure 3). Each mesh would overlap on the 
neigbouring mesh and attract the red blood cells to immediately 
achieve hemostatsis [9]. 

The fiber mesh would be biodegradable and upon release, a 
soluble film coating of the mesh would dissolve in contact with 
the plasma to expose sticky mesh [6]. 

 

Figure 3: Blood clotting mechanism of clottocytes 

Component and Functionality of Clottocytes 

Clottocytes comprises of a compact fibre mesh that is folded 
onboard. Surface sensors would be task with the responsibility 
of detecting the serum levels of some plasma proteins which 
includes fibrinogen, plasminogen, alpha2antiplasmin, 
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antithrombin III, factor VII, protein C, protein S. The computer 
sends signal and command the clottocytes to unfold its mesh 
packet in the immediate local environment of an exposed or 
injured blood vessels. And this is principally achieved by efficient 
communication protocols in regulating the coordinated 
biodegradable mesh release from neighboring clottocyte and 
controlling the multidevice-activation radius within the local 
clottocyte population [6]. Upon coming in contact with plasma, a 
soluble but thin film would be dissolved revealing sticky sections 
complimentary to blood group antigens. Blood cells are instantly 
trapped by local activated clottocytes and consequently arrest 
bleeding [8]. 

The major anticipated risk associated with the clottocytes is that 
the additional activity of the mechanical platelets could trigger 
the disseminated intravascular coagulation [25]. 

Applications of clottocytes in modern transfusion medicine 

The advent of platelet transfusions into medical science can be 
trace back in 1950s and 1960s [26,27]. Platelet transfusions can 
be used to increase the number of functional platelets for patient 
with low platelets count or poor platelets function and therefore 
decrease the risk of problems associated with bleeding [28]. The 
standard platelet dosing for a thrombocytopaenic patient is by 
pooling at least 4-6 whole bloods from random donors or from 
one plateletpheresis donation (apheresis platelets) and this is 
expected to raise platelets count to 50,000u/L [29]. The 
proposed nanorobot that can mimic functional platelet has been 
termed as an artificial mechanical platelet, or “clottocyte [1]. 
These nanorobots may have applicability in haemostasis. 
Haemostasis is a complex process involving several steps with 
a number of promoters and inhibitors balancing thrombosis and 
fibrinolysis thereby maintaining normal physiologic process 
within the vascular system [30]. Its takes about five minutes for 
these natural haemostatic processes to arrest bleeding, which 
can be improved upon by clottocytes [31]. Additionally, the 
transfusion of human platelets has several limitations which 
include the risks of infection with pathogens and the potential of 
triggering an immune response. These can be eliminated with 
the transfusion of clottocyte as in the case of thrombocytopaenia 
[32]. 

 
CONCLUSION 
 

As our technology advances, we explore more nanorobotics 

devices making it possible to gain control of the world around us. 

The era of nanotechnology is poised to change many of the 

paradigms while exploring the field of modern blood transfusion 

medicine. This field of nanomedicine will significantly reduce the 

need of human blood for transfusion thereby eliminating all the 

challenges associated with human blood transfusion like 

shortages associated with the supply of human blood for 

transfusion, risk of transfusion transmissible infection. At the 

other hand these devices increase the oxygen carrying capacity 

of the blood (respirocyte) and reduce the bleeding time to 1 

second (clottocytes). This review provided detailed information 

on respirocyte and clottocyte with their potential application in 

modern transfusion medicine. Nanorobots can be used in the 

management of anaemia and several bleeding disorders, 

therefore expanding a wide range of treatment option available 

while also improving the patient condition. It is certainly possible 

within a generation of time that the use of nanorobotics 

technology would be ubiquitous in blood transfusion medicine. 
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