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ABSTRACT KEYWORDS
The present manuscript concernsthe formation of artificial red blood cells Respirocyte;
and blood substitutes An alternative method for synthesis of erythrocyte Endogenous;
models for smulating cellular pathology in clinical hematology as pro- Nanometer;
posed precise control of matter at the atomic and molecular level, allowing Neonatal;
the construction of micron-scale machines comprised of nanometer-scale Perinatal.

components. The complex human body with its interdependent physi-
ological subsystems can be scaled down to a collection of various types
of molecules. The accessibility to the molecular and atomic components
of the body can resolve a variety of constraints faced in the medical field
and can provide atremendous breakthrough for the treatment of avariety
of diseases which are considered incurable in the present scenario. The
artificial red blood cell or “respirocyte” proposed here is a blood borne
spherical 1-micron diamond 1000-atm pressure vessel with active pump-
ing powered by endogenous serum glucose, able to deliver 236 times
more oxygen to the tissues per unit volume than natural red cells and to
manage carbonic acidity. An on board nanocomputer and numerous chemi-
cal and pressure sensors enable complex device behaviors remotely re
programmable by the physician via externally applied acoustic signals.
Primary applications will include transfusable blood substitution; partial
treatment for anemia, perinatal/neonatal and lung disorders; enhancement
of cardiovascular/neurovascular procedures, tumor therapies and diag-
nogtics, prevention of asphyxia; artificia breathing; and avariety of sports,
veterinary, and other uses. Even though the respirocytes have not been
practically implemented wide research is going on for the design of these
promising artificial red blood cells. The major problem in the design of
these nanorobots is their manufacturing in the nano scale using materials
and components which are physically and chemically compatible with the
human body with minimum after effects. The respirocytes thus give us
huge hopes for the elimination of many currently untreatable diseases
with added advantages of precise and effective resolution
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INTRODUCTION

Mol ecular manufacturing promises preci secontrol
of matter at the atomic and molecular level. Onemagjor
implication of thisredizationisthat it may becomepos-
sibleto construct machines on the micron and the na-
nometer scale. Sub assembliesof such devicesmay in-
cludesuch ussful robotic componentsdesigned for mol-
ecule-by-molecul ereagent purification, and smooth su-
perhard surfacesmadeof aomicaly flavlessdiamond™2.
Suchtechnology hasdear medicd implicationsas|twould
dlow toperform preciseinterventionsat thecdlular and
molecular leve . Medicd nanorobots have been proposed
for gerontologica applications?, in pharmaceutical re-
search and to diagnose diseases, mechanicaly reverse
atherosclerosis*¥, supplement theimmune system!,
rewrite DNA sequencesin vivo?, repair brain dam-
age™, andreversecedllular insultscaused by “irrevers-
ible” processes? or by cryogenic storage of biological
tissues 1314, Thegoal of the present manuscript isto
present one such nanotechnol ogy design for aspecific
medica nanodevicethat would achieveaussful result as
An artificial mechanical erythrocyte termed as
“respirocyte.” At the present moment, the fundamental
problem of hematol ogy isthe devel opment of biologi-
cdly competiblenon-hemeprotein-freeblood substitutes
with thesamefunctiona propertiesasred blood cells.
Thereweresevera attemptsto createdternativeblood
subgtitutesbased on perfluorocarbon emuls onsin order
toavoid theintoxi cation by hemogl obin-containing blood
substitutes?®. However, the oxygen capacity of
perfluorocarbon doesnot correspond to the oxygen ca-
pacity of nativeblood and plasma. Besides, thepractica
application they areaccompanied by anumber of medi-
cal problems like wise phylactic reaction!™.
Perfluorocarbons are not stable enough due to their
lipophilicity®® and thustendstointeract with plasma
membrane lipids and receptors. The creation of new
nanomechanica devices™® that mimicthefunctionsof
blood célls, both erythrocytes and lymphocytes are
termed asRespirocytes—they are carbon nanomachines
withadiameter of 1 micron, containing mesoscopictanks
- reservoirsof 02, CO2, water and glucosefor respira-
tion and energy supply.

Thetransportation of respiratory gastransport in
thebloodiswell understood. In brief, oxygen and car-
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bon dioxidearecarried between thelungsand the other
tissues, mostly within thered blood cells. Hemoglobin,
theprincipa proteininthered blood cell, combinesre-
versibly with oxygen, forming oxyhemoglobin. About
95% of the O, is carried in this form, the rest being
dissolved in the blood. At human body temperature,
the hemoglobinin 1 liter of blood holds 200 cm? of
oxygen, 87 times more than plasmaalone (2.3 cm?)
can carry. Carbon dioxided so combinesreversibly with
the amino groupsof hemoglobin, forming carbamino
hemoglobin. About 25% of the CO, produced during
cdllular metabolismiscarriedin thisform, with another
10% dissol ved in blood plasmaand theremaining 65%
transported insidethe red cells after hydration of CO,
to bicarbonateion. The creation of carbamino hemo-
globin and bicarbonate ion releases hydrogen ions
which, in the absence of hemoglobin, would make
venousblood 800 timesmoreacidicthanthearterial >
11, Thisdoes not happen because buffering action and
isohydric carriage by hemoglobin reversibly absorbsthe
excesshydrogenions, mostly withinthered blood cdlls.
Respiratory gases are taken up or released by hemo-
globinaccordingtotheir locd partid pressure. Thereis
areciprocal relation between hemoglobin’saffinity for
oxygenand carbon dioxide*”. Therelatively highleve
of O, inthelungsaidsthereleaseof CO,, whichisto
beexpired, andthehigh CO, level inother tissuesaids
therelease of O, for use by thosetissues™.

PRESSURE VESSEL

Giventhegod of oxygen transport from thelungs
to other body tissues, thessmplest possibledesign for
anartificial respirocyteisamicroscopic pressureves-
s, spherica inshgpefor maximum compactness. Most
proposalsfor durable nanostructuresemploy the stron-
gest materias, such asflawlessdiamond or sapphire
constructed atom by atom, In thesimplest case, oxy-
gen rel ease could be continuous throughout the body.
Slightly more sophi sticated isasystem responsiveto
local O, partid pressure, with gasrel eased either through
aneedlevave (asinagudungregulators) controlled by
ahemeprotein that changes conformationin response
to hypoxia, or by diffusion vialow pressure chamber
into adensely packed aggregation of heme-like mol-
eculestrapped in an externa full erene cage porousto
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environmenta gasand water molecul eg*2Y
THERAPEUTICSAND PERFORMANCE

Artificid mechanica red cellscan givephysicians
theability to precisaly control saturation curveprofiles
independently for oxygen and carbon dioxide, either to
maximize gastransport efficiency or to meet special-
ized demand functionsimposed by emergency Situa-
tions, unusud activities, or specific medicd trestments.
Theartificia respirocyteisasmplenanotechnologica
devicewhose primary gpplicationsincludetransfusable
blood substitution?; treetment for anemia, perinatal and
neonatal disorders, and avariety of lung diseasesand
conditions; contribution to the success of certain ag-
gressive cardiovascular and neurovascul ar procedures,
tumor thergpiesand diagnogtics, prevention of agphyxia;
maintenanceof artificia breathingin adverseenviron-
ments; and avariety of sports, veterinary, battlefield
and other gpplications.

TRANSFUSIONSAND PERFUSIONS

Respirocytes may be used asthe active oxygen-
carrying component of auniversally transfusableblood
subgtitutethat isfree of disease vectorssuch as hepati-
tis, venered disease, mdarid parasitesor AIDS, stor-
ableindefinitely and readily availablewith no need for
cross-matching. Mechanica red cdls, likeother artifi-
cid blood substitutes, may permit trestment and In cur-
rent practice, organs must be transplanted soon after
harvest; respirocytes could be used asalong-duration
perfusant to preservelivingtissue, especidly a low tem-
perature, for grafts (kidney, marrow, liver and skin) and
organ transplantation(”-24,

Treatment of anemia

Oxygenating respirocytesoffer complete or partial
symptomatictrestment for virtudly dl formsof anemia,
including acute anemiacaused by asuddenlossof blood
after injury or surgical intervention; secondary anemias
caused by bleeding typhoid, duodend or gastric ulcers;
chronic, gradual, or post-hemorrhagic anemiasfrom
bleeding gastric ulcers, hemorrhoids, excessive men-
grud bleeding hereditary anemiasincuding hemophilia,
leptocytosis and sicklemia, thalassemiaand anemias
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resulting from infectiousdiseasesind uding rheumatism,
scarlet fever and cancer, or from hemogl obin poisoning
such asby carbon monoxideinhaation; hemolytic ane-
miasincluding chemica hemolyss(includingmaarid,
snakehite, etc.)®, paroxysmal hemoglobinuria, and
chronic hemolytic anemiafrom hypersplenism dueto
cirrhosisof theliver!.,

Fetal and child-related disorders

Respirocytesmay beuseful in perinatd medicine, as
for exampleinfusonsof devicesuspensontotreet fetal
anemia(erythroblagtossfetdis), neonatd hemolyticdis-
ease, or in utero asphyxiafrom partia detachment of
the placentaor materna hypoxia, torestorethe oxygen-
carrying ability of feta blood®-29, Asphyxianeonatorum,
asfromumbilica cord compressonduring childbirth, may
fataly deprivetheinfant of oxygen; prenatd respirocyte
treatment coul d be preventative. M any casesof Sudden
Infant Death Syndrome (SIDS) or crib death.
Respirocytescoulddsoadinthetrestment of childhood
aflictionssuch aswhooping cough, cysticfibrog's, rheu-
metic heart diseaseand rheumatic fever, congenitd heart
disordersand laryngo tracheabronchitis®.

Respiratory diseases

Current treatmentsfor avariety of respiratory vi-
ruses and diseases, including pneumonia, bronchop-
neumoniaand pleuropneumonia; pneumoconiodsindud-
ingashestos's, sllicosdsand beryllios's emphysama em-
pyema, abscess, pulmonary edemaand pleurisy; epi-
demic pleurodynia; digohragm diseesessuch asdigphrag-
matic hernia, tetanus, and hiccups; bloodfloodinginlungs
(hemoptysis, tuberculosis, chronic histoplasmoss, and
bronchia tuberupture). Thedevicescould providean
effectivel ong-term drug-free symptometi c trestment for
asthma, and could assist in thetreatment of hemotoxic
(pit viper) and neurotoxic (cora) snakebites?”); hypoxia,
dresspalycythemiaand lungdisordersresultingfromciga:
rette smoking and a coholism; neck goiter and cancer of
the lungs, pharynx, or thyroid; pericarditis, coronary
thrombod's, hypertenson, andevencardiac neurogs, birth
traumas|eading to cerebral palsy, and low blood-flow
conditions seenin most organs of peopleasthey age.
Evenpoliomyditis whichdtill occursinunvecanated Third
World populations, could betreated with respirocytes
and adigphragmatic pacemaker>9.
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Cardiovascular and neurovascular applications

Respirocyte perfusion could be useful inmaintain-
ing tissue oxygenation during anesthesia, coronary
angioplasty organ transpl antation, Siamese-twin sepa
ration, other aggressive heart and brain surgical proce-
duresin postsurgica cardiac function recovery, andin
cardiopulmonary bypass solutions. The device could
hel p prevent gangrene and cyanosis®.

Asphyxia

Respirocytes make breathing possiblein oxygen-
poor environments, or in caseswherenormal bresthing
isphysicalyimpossible. Prompt injection withathera-
peutic dose, or advanceinfus onwith an augmentation
dose, could grestly reducethe number of choking deeths
and theuse of emergency tracheostomies, artificid res-
pirationinfirst aid, and mechanica ventilators. Thede-
viceprovidesan excellent prophylactic treatment for
mogt formsof asphyxia, induding drowning, strangling,
electric shock (respirocytes are purely mechanical),
nerve-blocking paraytic agents, carbon monoxide poi-
soning, underwater rescue operations, smokeinha a-
tion or firefighting activities, anaesthetic/barbiturate
overdose, confinement inairtight spaces (refrigerators,
closets, bank vaults, mines, submarines), and obstruc-
tion of breathing by achunk of mest or aplug of chew-
ing tobacco lodged inthelarynx!®, Respirocytes aug-
ment the normal physiological responsesto hypoxia,
which may be mediated by pulmonary neuroepithelial
oxygen sensorsin the airway mucosa of human and
animal lungd?’. A design alternativeto augmentation
infus onsisatherapeutic popul ation of respirocytesthat
loadsand unloadsat an artificia nanolung, implantedin
thechest, which exchangesgasesdirectly withthenaturd
lungsor with exogenous gassupplies.

Tumor therapy and diagnostics

Cancer patients are usualy anemic. X-rays and
many chemotherapeutic agentsrequire oxygen to be
maximally cytoxic, so boosting systemic oxygenation
levelsinto the normal range using respirocytes might
improve prognosi s and treatment outcome. F uorocar-
bon emul s onshave been used to probetissue oxygen
tension; smilarly, respirocytescould be used asreporter
devicesto map apatient’swhole-body blood pressure
or oxygenation profile, storing direct sensor datain each
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computer along with positiona information recorded
from anetwork of precisely positioned acoustic tran-
sponders, to belater retrieved by devicefiltrationand
datarecongtruction. A smilar network of acoudtictrans-
mitters, making possi blerespirocyte autotriangul ation
hencepreciseinterna positional knowledge, could al-
low preferentid superoxygenation of specifictissues,
enhancing treatment effectiveness???,

Further applications

Respirocytescould permit mgor new sportsrecords
to beachieved, becausethe devicescan ddiver oxygen
to muscletissuesfaster than thelungscan provide, for
the duration of the sporting event(®*t, Thiswould bees-
pecidly useful inrunning, swimming, and other endur-
ance-oriented events, and in competitive sportssuch as
basketbdl, football and soccer where extended periods
of sustained maximum exertion arerequired. They could
improvegeriatric sportsparticipation. Hyperbaric oxy-
genation by respirocytes could hel p treat anaerobicand
aerobicinfectionssuchasdodridid myonecross, chronic
refractory osteomyelitig**, and necrotizing soft tissue
infectionsind uding cutaneousul cers, and could assstin
burn recovery by reducing fluid requirements, improving
microcirculation, and reducing theneed for grafting®4.
Artificia blood substitutes may adso havewideusein
veterinary medidne, espedaly incasesof vehicular trauma
andrend fallurewheretransfusonsarerequired. Swa-
lowedin pill form, respirocytes could be an effective,
thoughtemporary, curefor flatulence, which gasislargdy
swallowedair and CO, generated by fermentationinthe
stomach. With suitable modifications, respirocytetech-
nology could provideaprecisaly meteredingestibleor
injectabledrug delivery system, or could assistinthe
management of serum glycerides, fatty acidsor lipopro-
teins, diabetic ketossand gestationd diabetes, and other
dietary conditions.
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