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ABSTRACT

Nano medicine offers the prospect of powerful new tool for monitoring, repair, construction and treatment of human
diseases and the improvement of human biological system using molecular nanotechnology. Changes in human
behavior and life style over the last century have resulted in a dramatic increase in the diseases world-wide. Among
the numerous conditions which can do harm to the human, the most fundamental problem may be due to lack of
perfusion of oxygen to the tissue and blood borne pathogens. Insufficient oxygenation can lead to anemia, heart
attack and sudden loss of blood supply. To overcome this, one of novel therapeutic technological concept in
nanomedicine includes the application of respirocytes and microbivoresto treat such conditionsin humans.
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INTRODUCTION

The 21st century’s most hopeful technology is nactmhology. Nanotechnology is a collective termemefig to
technological developments on the nanometer scalgally 0.1-100 nm. The term ‘Nanotechnology’ getigr
refers to engineering and manufacturing at the ocutde or nanometer length scale [1]. Nanotechnqlodthe
manufacturing technology of the 21st century’, wiffer an opening to build a broad range of ecomath
complex molecular machines. It will lead to theltinig of computer controlled molecular tools muchadler than
a human cell with the accuracy and precision ofydnolecules. Nanomedicine, an outgrowth of nanateldyy
deals with the prospect of powerful new tool formtor, repair, construction, and treatment of hurdeeases and
the improvement of human biological system usingetdar nanotechnology. The ultimate goal is tpiiave the
quality of life. They could remove obstructionstire circulatory system, kill cancer cells, or taker the function
of subcellular organelles. Recently nano robotsbeen developed, which are of special interesesearchers in
the medical industry. Nanorobotics [2] is an emmggfield of nanotechnology which deals with desigmd
construction of devices at an atomic, molecularcc@tular level. A Nano robot is a tiny machine idegd to
perform a specific task. This has given rise t field of Nano medicine. Nano medicine offers fiespect of
powerful new tools for the treatment of human diesaand the augmentation of human biological systéwday’'s
world is suffering an extreme shortage of donorotdloeven with Red Cross receiving 36,000 units w ttiés
doesn’t satisfy the 80,000 that are needed. Penyfering from anemia and microbial diseases alspinto a
blood problem when their hemoglobin and white blaail concentration in the blood cells fall belmwermal,
causing severe tissue damage, immunodeficiency fimadly lead to death. The root of the problem lies
erythrocytes and leukocytes. A possible future tsmiuto this problem has been purposed by Scientistthe
Institute for Molecular Manufacturing with their eteanical artificial red blood cell and white bloodll called a
“Respirocytes”, and Microbivores. This review isnaid to explore several of the worst medical proklemd how
Respirocytes and Microbivores can be used to tiemt
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Respirocytes

An artificial Nano medical erythrocytes, or “reqmytes” [3], intended to duplicate all of the imfaont functions of
the red blood cell could serve as a universal bguernumerary, preserve living tissue, and protreament for
anemia, blocking, lung diseases, asphyxia, and o&spiratory problems. Respirocytes are microtesspherical
robotic red blood cells comprised of nanometerescabmponents, containing an internal pressure @010
atmospheres of compressed oxygen and carbon diokite intense pressure would be safely containetvin
separate high pressure vessels likely made of ghareond. At this intense pressure, a respirocytédchold 236
times more oxygen and carbon dioxide than our aated blood cells [4].

M echanism of respirocytes

Respirocytes consist of oxygen vessel that contaiggen gas, another is a carbon dioxide vessebkthees carbon
dioxide and third is a water ballet that helps rtaiting buoyancy [5]. There are specific rotorstfte function of
controlled uptake and release of oxygen and cadimxide. There is also a rotor that allows the pgesof glucose
into the device, which is combined with the oxyderm the internal storage tank to produce energuired for the
working of respirocyte. This is done by an embedided cell.

Applications

The artificial respirocytes is a Nano technologidavice whose primary applications include tradileseblood
substitution; treatment for anemia, perinatal ardmatal disorders, and a variety of lung diseasdscanditions
contributing to the success of certain aggressardiavascular and neurovascular procedures, tuhesapies and
prevention of asphyxia, maintenance of artifidmeathing in adverse environments and a varietypatrts,
veterinary, battlefield and other applications [6].

Transfusions & Perfusions

Respirocytes are used as the active oxygen-carogngponent of a universally transfusable blood stulbs that is
free of disease vectors such as hepatitis, veneisahse, malarial parasites or AIDS, storable findely and
readily available with no need for cross-matchihg.current practice, organs must be transplantezh safter
harvest and respirocytes could be used as a loragidn perfusant to preserve living tissue, esplycet low
temperature, for grafts (kidney, marrow, liver, akih) and organ transplantation [7].

Treatment of anemia
Respirocytes in oxygenated from help to treata@lins of anemia, including acute anemia caused suydden loss
of blood after injury or surgical intervention (Yogison Get al., 1993) [8].

Cardio vascular and neurovasular application
Perfusion of respirocytes should be useful in naanihg tissue oxygenation during coronary angidplasrgan
transplantation, and Siamese-twin separation acdrgiopulmonary bypass solutions [9].

Tumortherapy and diagnosis

The formulation of respirocytes have been usedrtbe tissue oxygen tension. Respirocytes could dusl was
informer devices to map a patient’s whole body Hlpoessure or oxygenations profile storing dirextser data in
each computer, to be later retrieved by deviceafilin and data reconstruction [10].

Asphyxia
Respirocytes should enhance and support breathingse of oxygen-poor environment or where normedthing
is physically impossible.

Under water breathing

Respirocytes act as in vivo scuba device. Theidyeb relives in ease of dangerous hazards of deapdiing
caisson disease, the nitrogen bubbles are formdaoiod as a diver rises to the surface, from gavipusly
dissolved in the blood at higher pressure at gredgpth. Respirocytes act as a long-duration pienfiu® preserve
living tissue (Pearson Et al., 1992).

Other applications

Respirocytes could permit major new sports recaodbe achieved, because the devices can delivegeoxyo
muscle tissues faster than the lungs can provatethie duration of the sporting event. This would dspecially
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useful in running, swimming, and other enduranderted events, and in competitive sports such ag&dbball,
football and soccer where extended periods of swestanaximum exertion are required. Artificial btbsubstitutes
may also have wide use in veterinary medicine [2]Lelspecially in cases of vehicular trauma and Irésilure
where transfusions are required, and in battlefigfiplications demanding blood replacement or person
performance enhancement. Swallowed in pill fornspi@cytes could be an effective, though temporenye for
flatulence. With suitable modifications, respiraeytechnology could provide a precisely metered stigke or
injectable drug delivery system or could assisthi@ management of serum glycerides, fatty acidgpoproteins,
diabetic ketosis and gestational diabetes, and dietary conditions.

Microbivores

A nanorobotic device that could safely provide guisxd complete eradication of blood borne pathogesisg

relatively low doses of devices would be a welcaddition to the physician’s therapeutic armameantariSuch a
machine is the microbivore, an artificial mechahpt@agocyte. Microbivores [13] are the Nano rolibtt functions
as artificial white blood cell and also known aso@botics phagocytes. The microbivore is a sphedevice made
up of diamond and sapphire which measures 3.4 pdiameter along its major axis and 2.0 um diami@#ralong

minor axis and consists of 610 billion preciselyaaged structural atoms. It traps in the pathogeasent in the
blood stream and breaks down to smaller moleciles.main function of microbivore is to absorb angedt the
pathogens in the blood stream by the process afquytosis.

Applications

The review suggests that existing treatments fonymaepticemic agents often require large quantités
medications that must be applied over long perioldime, and often achieve only incomplete eradicgator
merely growth arrest, of the pathogen. A nanoraisotievice that could safely provide quick and cai®pl
eradication of blood borne pathogens using relptil@v doses of devices would be a welcome additmrihe
physician's therapeutic armamentarium.

Biofilm digestion

Microbivores, slightly altered, could also be ugeddigest bacterial biofiims [15]. Biofilms may wawidely in
thickness, which is limited more by nutrient traogpthan by surface roughness. In vitro experimetisw that
aerobicPseudomonas aeruginosa biofilms can grow to 30-40 microns in depth as omiitures, but may increase in
depth to 130 microns when the culture is amendél aviaerobic bacteria [16]. Microbivores can didestnaterial

at a rate of ~4 micrdfmin, hence an array of closely packed microbivare®8 microf/device) attached to a
biofilm can consume the biofilm at a rate of ~10/s@a, requiring ~10sec (~3 hr) to consume an entire 100-micron
thick biofilm. Again, some means must be foundriewge a watertight seal between partially fragneorganisms
and the microbivore ingestion port [17].

I nfections of meninges and cer ebrospinal fluid
Microbivores could be useful in the treatment deations of the meninges and the cerebrospinatl f{GiSF) by
quickening the kill rate as opposed to typicallaiotic treatments.

Systemic inflammatory cytokine management

Microbivores could also be used in systemic inflatony cytokine management [18].With minor additions
microbivores could be used to combat toxemia, tisériblution throughout the body of poisonous praducf
bacteria growing in a focal or local site, and otb®chemical sequelae of sepsis. Often times ewsen killing a
certain bacteria, byproducts produced can sigmiflggharm the body. Since in the microbivores,th# bacteria
components are internalized and fully digested h@omless non antigenic molecules prior to disabdrgm the
device, the Nano robots represent a complete ariial therapy without increasing the risk of sepw septic
shock.

Bacterial infectionsin other fluidsand tissues

Microbivores could also aid in treatment of baatkinfections of other fluids and tissues [18]. Bai@ present in
sputum or in the mucous layers of the throat mapirsued by somewhat larger ambulatory microbivbiesng
an additional array of longer grapples that codd/e as locomotive mechanisms (legs), thus pernmyitiie nano
robots to engage in microbial search-and-destr@gioms along the luminal surfaces of the humarh&acbronchi,
and bronchioles. With additional modifications, exthvariants of microbivores could patrol tissuegyans, and
nonsanguinous fluid spaces such as pleural, syhaviarinary fluids, pursuing bacteria as theysdisinate beyond
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the bloodstream. Vasculomobile microbivores cowltbfv cytokine gradients and collect at sites déation, thus
increasing their microbicide efficiency.

Viral, fungal, and parasitic infections

Microbivores could also be used to rid the bloodviodl pathogens, which are typically present dgniremia at
concentrations similar to those found in bactererMauses tend to be much smaller than most bactesd

processing time per virion may be considerably cedy perhaps 5-10 seconds or less. Apparentlyuheah body
is already fairly efficient at removing virus patés from the bloodstream. The difficulty for thatural defensive
systems is that replacement viruses are rapidliicegpd and discharged into the blood by infectetls¢ thus
perpetuating the infection. These high productiates are nevertheless easily controlled by a ténadyulation of
microbivores which has a collective digestive cégaof >1015 virions/day. One additional complicatj well

within the competence of the current microbivorsige, is that some viruses like HIV are mutatingstantly, so
that one patient may have as many as 8-10 diffesgains concurrently, all of which must be suchdbs

recognized and eliminated.

Fungemias involving particle loads of 1-1000 CFUAr# rapidly cleared by microbivores. Fungal p&tianay be
up to ~400 micron3 in volume, requiring ~100 mim fmmplete digestion using a microbivores’ prototiht
employs careful piecewise digestion involving ~8bides".

Blood parasites of comparable size may be presexttreentrations similar to those found in bacteaebut may be
controlled with terabot doses of microbivores. Migivores also could be helpful in aiding in biofildigestion,

aiding in bacterial Infections in other fluids atissues, aiding in viral, fungal, and parasiticettfons and other
useful treatments.

Other applications

Microbivores could be designed to trap and retaiithQut digesting) samples of unknown microbes fbéinating
in the bloodstream, when those microbes fall withicertain physician-specified size range and angéircned not
to be platelets or chylomicrons. These samplesdcthn be returned to the attending physician tothéer
investigation, following nan apheresis. Rangind &iither afield, microbivore-derived devices cdlle employed
in veterinary and military applications; to disiofesurfaces, objects, and volumes (e.g., 102-108/@Fbacteria
found in the sink fluid of washbasin drains in alipgric ward or to sterilize organic samples obéslfoodstuffs; to
clean up biohazards, bio polluted drinking watexkid biochemical, or other environmental organidenials spills,
as in bioremediation; and in many other useful igpgibns.

CONCLUSION

The nanorobotics are found to exhibit strong paaénd diagnose and treat various medical conditilike cancer,
heart attack, diabetes, arteriosclerosis, kidneypest etc. The nano robot can allow us a persodatizatment,
hence can achieve high efficacy against many déseddis review presents a preliminary design fsingple nano
medical device that functions as artificial eryttyte and white blood cell. Erythrocyte duplicatithg oxygen and
carbon dioxide transport functions of red cellgtdy eliminates the need to manage carbonic adidicpuse Cgs

carried mechanically, rather than chemically, ie tlood. The respirocytes would be 236 times quicideen

compared to normal red blood cells. Microbivorebpse primary function is to destroy microbiologipathogens
found in the human bloodstream using a digest &xchdrge protocol. The device may consume up toR2U0of

continuous power while completely digesting trappeidrobes at a maximum throughput of 2 microhorganic

material per 30-second cycle. Microbiovores ardaip1000 times faster —acting than either naturartibiotic-

assisted biological phagocytic defenses, or aretir88s more efficient as phagocytic agents thanrapdmages, in
terms of volume/sec digested per unit volume ofyolegtic agent.

Future advances in the engineering of molecular hinac systems permit the construction of the aréfic
Respirocyte and Microbivores and may find dozengpplications in therapeutic and critical care roedi, and
elsewhere. When the severe side effects of theirgxitherapies are been considered, the Nano ravetfound to
be more innovative, supportive to the treatmentdiagnosis of vital diseases.
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