A REVIEW ON RESEALED ERYTHROCYTESASA
NOVELDRUGDELIVERYSYSTEM

ABSTRACT

The most prevalent form of blood cell is the red blood cell. RBCs resemble biconcave discs with a 7.8 mm
diameterand a thickness of about 2.2 mm. There are two ways that erythrocytes can be used as carriers: Targeting a
specifictissue or organ, for continuous or extended medication release. For the delivery of medications, various
kinds ofmammalian erythrocytes have been employed. There are numerous technigues, including the hypo-osmotic
method,thedilutionmethod,thedialysismethod,thepresswellmethod,theisotonicosmoticlyses,theelectricalbreakdown
method, the endocytosis method, the membrane perturbation method, the normal transport method, and the
lipidfusionmethod.Aftererythrocyteshavebeenloadedwiththetherapeuticdrug,carriercellsaresubjectedtophysical,cellu
lar,andbiologicalexaminations.SeveralinvitrotestshaveshownthevalueofcarrierRBCs. TheRBCmediatedmicroinjectio
n that occurs most frequently invitro. Today, a wide range of uses for resealed erythrocytesasmedication carriers,
enzymereplacementtreatment, etc.havebeenproposed.
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1. INTRODUCTION

Therearevarioustypesofcellsinblood,includingerythrocytes(RBC),leucocytes(WBC),andplatelets.Erythrocytes, —are
the most interesting carriers and they have the greatest potential and zero order kinetics, becauseof their capacity to
circulate throughout the body, in drug delivery method [38,39]. The creation of this medication deliverymethod's
key goals were repeatability and convenience of wuse preparation method aims to minimize
harmfulpharmacologicalsideeffectswhilemaximizingtherapeuticeffectivenessaswellasboostpatientcooperation[1-8].

2. ERYTHROCYTES

The most common type of blood cell is the red blood cell, which is also the vertebrate organism's primary source
ofoxygen (02) delivery to the bodily tissues through blood flow in circulatory system. They take in oxygenthrough
their gills or lungs and release it through their capillaries. The cytoplasm of these cells is enriched
inhaemoglobin,abiomoleculewithironthatcanbindoxygenandisinchargeofgivingblooditsredcolor.Humanredbloodcell
sevolveintoflexiblebiconcavediscswithoutacellnucleusorthemajorityoforganelles.Everysecond,
2.4millionnewerythrocytesarecreated [9].

3. ANATOMYANDPHYSIOLOGY

RBCsresemblebiconcavediscsinshape,measuring7.8mmindiameterandcloseto2.2mminwidth.Erythrocytesthat  are
mature have a simple structure. Its nature is also quite stretchy. Additionally, their plasma membrane
isrobust.Asflexible,allowingthemtosquishintotinycapillarieswithoutrupturingastheycontract. RBCsareunabletomultip
lyorengageinawiderangeofmetabolicprocessesbecausetheylackanucleusandotherorganelles.Sincemature RBCs lack
a nucleus and have just a little amount of internal space, they are completely devoted to carryingoxygen. Even the
RBC's form serves its purpose A biconcave disc has a substantially greater surface area for thediffusion of gas
molecules into and out of the RBC than, a sphere or cube.The dynamic, semipermeable red bloodcell membrane,
which is connected to energy metabolism in the preservation of different cations' (Na+, K++) andanions'(CIHCO3-
)permeabilitypropertiesthatarecharacteristicofthecell. Hemoglobinmoleculesmakeupabout

280 million molecules per RBC. A molecule of hemoglobin is made up of the protein globin, which is made up



offour polypeptide chains. Each of the four chains is attached to a hem, a non-protein pigment that resembles a
ring.Each hemoglobin molecule can bind four oxygen molecules because the center of the hem ring combines
reversiblywith one oxygenmolecule.[10,11,12]

4. SOURCEOFERYTHROCYTES

Theuseofseveralmammalianerythrocytesinpharmacologicaldrugdeliverysystem,includesrabbit,rat,andmouseerythroc
ytes,apes, hens, andsheep.

5. RESEALEDERYTHROCYTES

Toprepareerythrocytesformedicationloading,bloodsamplesfromtheappropriateorganismwererequired.Removing the
erythrocytes from the plasma, packing the erythrocytes with the medicine, and resealing the cellularcarriers.These
carriersarehence referredtoasresealederythrocytes. Thereactionofthesecellsunderosmoticconditionsservesasthe firdin
for the entire process. [13,14]

ADVANTAGES

1.Biocompatible,especiallywhenautologouscellsareemployed,negatingthechanceofanimmunereactionbeinginduced.
2.Biodegradabilitywithnohazardousproductformation.
3.Alimitedvolumeofcellscanenclosearelativelyinnocuousintracellularenvironment.4.Larg

eamountsof drugscanbe loadedand isolationissimple.

5.Considerableuniformityincarriersizeandshape.6.D

efenseofthebody againsttoxicdrug effects.

7. AimingfortheRES'sorgan.

8.ldealdrugreleasekineticswithzeroorders.9.E

xtendthe drug'ssystemic activity.
10.Accesstoinformation,skills,andresourcesforworkingwith,manipulating,andtransfusingerythrocytes11.T heabsenc
e ofanyunwanted immunological responsesto a medicationinacapsule.

12.Asignificantincreasein thetimebetween
dosesofthemedicinespendingmoretimeinthetherapeuticwindow.13.Pharmacokineticandpharmacodynamicadjustments
pharmacological parameters.
14.Anotablereductioninconcentrationvariationsinconstantstateagainstthetraditionalmethodsofadministrationof drugs.
15.Areductioninthemedications'sideeffects.

16.Simplecontrolover alifespan ofminutemonths.[15-21]

DISADVANTAGES

1. Their capacity as carriers to non-phagocyte target tissues is

constrained.2. Theremay beachancefordosagedumpingand cellclumping.

3. Theyonlyhaveasmallamountofpotentialasnon-phagocytecarrierstargetorgan.
4.Potentialcontaminationbecausethesourcewasblood,theloadingenvironmentandtheequipmentused.5.Strict
restrictionsmustbe implemented forthegatheringandthetreatmentofthe erythrocytes.

6. ThemainissuearisingfromtheuseofnaturalcellsorbiodegradablematerialsasmedicationcarriersisthattheRESeliminate
stheminrealtime.

7. Thesearesomecasescouldpresenttoxicologicalissues.

8. Anotherstepisthestorageoftheladenerythrocyte’sdifficultywithcarriererythrocytesforpotentialtherapeuticuse[22-
24].



6. METHODSOFDRUGLOADINGINERYTHROCYTES

Thereareseveralwaystoaddmedications,enzymes,orotherbioactivesubstancestoerythrocytes.Regardlessofthetechniqu
e employed, the ideal characteristics for the compound's successful entrapment include a high degree ofwater
solubility, resistance to erythrocyte degradation, lack of physical or chemical interaction with the membrane,and
well-definedpharmacokinetic andpharmacodynamicproperties.
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Figurel:Classificationofdrugloadinginresealederythrocyte ()

HypotonicHemolyticMethod

In this procedure, osmotic lysis and resealing are used to exchange the intracellular and extracellular solutes
oferythrocytes. Thisprocedurewillencapsulatethe medication intotheerythrocyte membrane.

HypotonicdilutionorDilutionmethod

Thistechniqueinvolvesdilutingavolumeofpackederythrocyteswith2—

20litersofanaqueousmedicationsolution. Afterthen,ahypertonicbufferisaddedtorestorethesolution'stonicity. Aftercentr
ifugingtheresultingmixture,thepelletiswashedwithisotonicbuffersolutionafterthesupernatanthasbeenremoved. Lowent
rapmentefficiencyanda significant loss of hemoglobin and other cell components are two of this method's main
downsides. This shortensthe laden cells' circulatory half-life. These cells can be employed to target RES organs
since RES macrophages caneasilyphagocytozethem.EnzymesincludingB-galactosidaseandB-
glycosidase,asparagine’s,andarginase,aswellasbronchodilatorslike salbutamol, are loadedviahypotonicdilution.
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Figure2:Hypnotichemontic method ()



Hypnoticdialysismethod

An isotonic, buffered suspension of erythrocytes with a hematocrit value of 70-80 is made as part of the
procedureand put in a standard dialysis tube that has been submerged in 10—20 liters of a hypotonic buffer. For two
hours, themedium is slowly stirred. By either directly adding a calculated amount of a hypertonic buffer to the
surroundingmedium or by substituting isotonic buffer for the surrounding medium, the tonicity of the dialysis tube
is
restored.Whenstartingtheexperiment,themedicationtobeloadedcanbedissolvedinisotoniccellsuspendingbufferinsidea
dialysisbag.Alternatively, the drug canbe puttoa dialysisbagafterthestirringisfinished.
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Figure3:Hypnoticdialysis ()

HypotonicPreswell Technique

Rechsteiner investigated this approach in 1975, and Jenner et al. improved it for drug loading. The steps that
makeup thisapproachare asfollows.

1. Swelling:Whenerythrocytecellsareplacedinamildlyhypotonicsolution,suchas0.6%w/vsolution,theyswellwithoutbe
inglysed.

2. Drug Loading: The site of lysis is loaded with aqueous drug solutions in relatively tiny amounts after
swelling(filled buffer). When cells slowly swelled, the cytoplasmic components were well retained, and the
experiment wasincubated for five (5) minutesat 0C.

3. Resealing: Anerythrocytethathasbeenloadedwithmedicationisputinresealedbufferandheatedto250C. Thisprocess is
straightforward, quicker than others, and causes the least amount of cell damage. medications such aspropranolol,
asparagine’s, and methotrexate, insulin, isoniazid, encapsulated by using this method. This method is72%efficient.

IsotonicOsmoticLysis

This technique, often referred to as the osmotic pulse technique, uses chemical or physical techniques to
generateisotonic hemolysis. It's possible that the isotonic solutions are not isotonic. The solute will diffuse into the
cells dueto the concentration gradient if erythrocytes are incubated in solutions of a material with strong trans
erythrocyticmembrane permeability. Water enters the process after this to keep the osmotic balance. For isotonic
hemolysis,substances including urea solution, polyethylene glycol, and ammonium chloride have been employed
Electro-insertion or electroencapsulation.

MembranePerturbation

Amphotericin-
Bisanantibioticthatharmsmicroorganismsbymakingtheirmembranemorepermeabletometabolitesandions. Thisresourc
ecouldbeusedformedicationloadingintoerythrocytes.Erythrocyteswereloadedwith the anti-
leukemicmedicationdaunomycinusing amphotericin-B.

Amphotericin-B changes the permeability of the membrane by interacting with the cholesterol in eukaryotic
cells'plasmamembrane.



ElectroninsertionorElectronEncapsulation

This technique, also known as electroporation, is based on the idea that an electrical shock causes
permanentalterationstoan
erythrocytemembrane.Adielectricbreakdownresultsintheopeningoftheerythrocytemembrane.Byincubatingtheporesat
37°Cin an isotonicsolution,theporescan then bere- sealed. Theerythrocytemembranecan be polarized for 20 seconds
using a variable voltage of 2 kV/cm to cause the dielectric breakdown. Intercellularand intracellular electrodes can
directly build up the potential difference across the membrane, or cells' internalelectricfieldscandoitindirectly.

The strength of the electric field, the length of the pulse, and the ionic strength of the suspending media all
affecthow much pore development occurs. The strength of the electric field, the length of the pulse, and the ionic
strengthofthesuspendingmediaallaffecthowmuchporedevelopmentoccurs.Ribonucleasesandbigmolecules(likebovine
serumalbumin)canbeloadedhere.Thesecanbeaddedtotheelectricallypuncturederythrocytes'osmoticswelling.

EntrapmentbyEndocytosis

Schrier reported on this technique in 1975.Add one volume of cleaned, packaged erythrocytes to nine (9) volumes
ofbuffercontaining2.5mMATP,2.5mMMgCI2,and1mMCaCl2forendocytosis,whichisthenincubatedfor2minatroomte
mperature.Byapplying154mMofNaClandincubatingtheporesproducedbythisprocedurefor2minutesat 37 °C, the pores are
resealed. Endocytosis causes the substance to become entrapped. Endocytosis material isprotected from
erythrocytesby beingseparated from cytoplasmby the vesiclemembrane,and viceversa.
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7.CHARACTERIZATIONOFRESEALEDERYTHROCYTES
Drugcontentquantification

After centrifugation at 3000 rpm for a predetermined amount of time, packed filled cells are deproteinized
withaceto-nitrile to assess the drug content. Spectrophotometric analysis is performed on the transparent
supernatantliquid.

Researchonhemoglobincontentandmedicationreleasein vitro

Hemoglobinanddrugreleaseinvitrofromdrug-loadedcellsarebothperiodicallyevaluated.Inamber-
coloredglasscontainers, the cell suspension (5% hematocrit in PBS) is kept at 40°C for storage. The clear
supernatant
isperiodicallyremovedusinghypodermicsyringesfittedwith0.45mfilters,deproteinizedwithmethanol,anditsdrugconten
t is calculated. After centrifugation, the supernatant from each sample is collected and tested for
hemoglobinreleaseusingthe formula.

Percentcellrecovery andmorphologicalstudy

The number of intact cells per cubic mm of packed erythrocytes before and after the drug loading can be used
tocalculate the percent cell recovery. Erythrocytes that are normal or drug-loaded can be examined using a
phasecontrastor electronmicroscope.



OsmoticfragilityandOsmoticshockstudy

Drug-loaded erythrocytes are incubated individually in normal saline solution at 37 2°C for 10 minutes to
evaluatethe effects of various tonicities, and then they are centrifuged at 2000 rpm for 10 minutes. Centrifuge the
resealederythrocyte suspension at 300 rpm for 15 minutes in distilled water for the osmotic shock research. A
Spectro-photometricestimationof thesupernatant's%ohemoglobinrelease ismade.

Turbulenceshockstudy

Thisevaluationmodelizestheeradicationofladencellsafterinjection. A23gaugehypodermicneedleisusedtopassthrough
normal and drug-loaded cells at a flow rate of 10 ml/min, which is comparable to blood flow. After that,
analiquotiscollected,andcentrifugationisperformedfor10minutesat2000rpm.Estimatedhemoglobin ispresentinthe
withdrew sample. Erythrocytes that have been loaded with drugs seem to be less resistant to turbulence,
whichlikely indicatesthat shakingcausescell death.

Erythrocytesedimentationrate(ESR)

Thismeasurementofthestabilityofred bloodcellsinsuspension inplasmaisbased onfactorssuchasthequantityand size
of red blood cells as well as the relative concentration of plasma proteins, particularly fibrinogen and,globulins. In
order to perform this test, blood cells are deposited in a standard tube and the rate of sedimentation
ismeasured.typicalblood.ESRisOto15mm/hr. Agreaterrateisasignofillnessprocessesthatareactiveyetunclear.

Entrappedmagnetitestudy

The hydrochloric acid is added to a predetermined number of erythrocytes containing magnetite, and the mixture
isthenheatedat600°Cfortwohours. Thesupernatantisthenrecoveredaftercentrifugation,20%wi/vtrichloro-aceticacid
isadded, and themagnetite contentisdeterminedbyatomic absorptionspectroscopy.

Self-life,Stability,andCross-LinkingofReleasedErythrocytes

Inasinteredglassfunnel(G-
4),erythrocytesthathavebeentreatedwithglutaraldehydeata0.2%concentrationarecollectedbyfiltration anddried
undervacuum(200mm Hg)for10hours.Asan alternative,vialsarefilled withtheerythrocyte suspension and lyophilized
in a lab using a lyophilized at 400 °C and 0.01 torr. The dried powder is putinside amber-colored glass vials and
kept at 40 degrees Celsius for a month. When carrier erythrocytes are kept inpowder formand
readyforreconstitution at40°C, their shelflife isincreased. [25-27]

8. ROUTEOFADMINISTRATION

According to intra peritoneal injection, the survival of cells in circulation was comparable to that of cells given
viai.e., injection. They suggested using this kind of injection as a method for further cell therapy, reporting that
25% ofresealed cells stayed in circulation for 14 days. RBCs are sent to peritoneal macrophages via the blood
vessels.delayed release of drugs via the subcutaneous route captured agents. They claimed that the laden cell
releasedchemicalsthat hadbeenenclosedat the injectionlocation.

9. APPLICATIONSOFRESEALEDERYTHROCYTES
InVitroApplications

Several in vitro tests have shown the value of carrier RBCs. Because cells that have in vitro phagocytosis have
beenutilized to help phagolysosomes absorb enzymes. An analysis of this work reveals that cytochemical
approachallowed for the visualization of the enzyme content within carrier RBC. The cytoplasm is immediately
invaded byantibody molecules after they are injected via the erythrocytic carrier system. The site of action of a
fragment ofdiphtheriatoxinhasbeen verifiedusingantibodyRBCauto-injectedintolivecells.



Invivoapplications

Theseincludethefollowingapplications
Slowdrugrelease

Forthesustaineddeliveryofanti-neoplastic,anti-parasitic,veterinary,anti-
amoebic,vitamin,steroid,antibiotic,andcardiovascular medicines, erythrocyteshavebeenemployedascirculating depots.

Targetingtheliverdeficiency/therapy

By injecting these enzymes, many metabolic diseases caused by insufficient or absent enzymes can be
addressed.However,exogenousenzymetherapyhasdrawbackssuchasshorterenzymecirculationhalf-
lives,allergicresponses,and toxic symptoms. The enzymes can be given as resealed erythrocytes to successfully
overcome these issues. P-glucosidase,P-glucuronidase, andP-galactosidaseare the enzymesthat are utilized.

Treatmentofparasiticagents

Resealed erythrocytes are a helpful tool when delivering anti-parasitic agents because they can selectively
collectinside RES organs. This technique can be used to successfully manage parasitic infections that involve
parasitesbeing harboured in the RES organs. Studies using animal models for erythrocytes loaded with antimalarial,
anti-leishmanial,andanti-amoebicmedicationsproducedpositiveresults.

Removaloftoxicagents

According to Cannon et al., a mouse carrier erythrocyte containing bovine rhodanase and sodium
thiosulphateinhibitedcyanide poisoning. Ithas
alsobeendocumentedhowreleasederythrocytesexpressingrecombinantphosphodiesterasehelptodissectorganophospho
ruspoisoning.

Treatmentofhepatictumor

Erythrocytes have been used to administer anti-cancer medications such as methotrexate (MTX),
bleomycin,asparaginase, and Adriamycin with success. For instance, MTX revealed in a study that it targets the
liver first, thenthelungs, kidneys, andspleen.

Deliveryofantiviralagents

For efficient distribution and targeting, several antiviral medicines have been entrapped in resealed
erythrocytes.Since most antiviral medications are nucleotides, it is important to carefully investigate how they enter
and exit themembrane.

10. RECENTDEVELOPMENT

Nanoerythrosomes:MadebyextrudingRBCghost,nanoerythrosomeshavevesicleswithanaveragediameterof100nm.
Small vesicles the size of liposomes were produced by the technique. These spherical particles, known
as"Nanoerythrosomes," appear to be durable and sustain daunorubicin's (DNR) cytotoxic and anti-cancer
effectsagainstmiceleukemiaP338D- cell. Antiviralmedicationscan beprepared to go straightto macrophages.
Erythrosomes: Erythrosomes are specially designed vesicular systems in which a lipid bilayer is coated on top
ofchemically cross-linked human erythrocyte cytoskeletons. This can be accomplished by modifying a process that
istypically usedfor reverse phase evaporation.

11. STORAGEOFRESEALEDERYTHROCYTES

Depending on the preservative solution and the finished product's container, storage characteristics may
vary.Plasticized polyvinyl chloride bags are the typical storage containers for erythrocyte goods. Picking bags
withplasticizersthatareessentiallynon-extractablefrombloodshouldbedonewithcaution. Theassessmentofextracted



constituents from the chosen final container would boost consumer trust in the erythrocyte product's ability to
beused medically. To prevent storage-induced RBC degradation, drug-loaded erythrocytes must be given to
patientsright away in contrast to long-lasting medications. The quality and stability of transformed cells are
significantlyinfluenced by the composition of the solution used to preserve the product. Although (saline, glucose,
adenine, andmannitol) SGAM is the most popular erythrocyte storage solution, the US Food and Drug
Administration has notgranteditalicense,soitisnotutilizedthere.OtherproductssuchAS-1,AS-3,AS-
5,MAP,erythrosol4,PAGGGM,and PAGGSM have been created and put on the market; some of these have shown to
lessen hemolysis during storagewhen compared to SGAM. Recently, a test filter was created to enhance the
erythrocyte quality while being stored.[28-29].

12. CURRENTCLINICALSTATUSOFERYTHROCYTECARRIER

The technology is currently in its last stages of development for pharmaceuticals thanks to the pioneers in
theindustrialdevelopmentoferythrocytecarriers.Companieshaveenoughclinicalproofandend-
stageproductsintheirpipelines to go through the last but not least hurdle in the way of marketing authorization. An
effective medication(GR-ASPA) for acute lymphoblastic leukemia was created by ERYTECH Pharma, based in
Lyon, France.
Phasel/llI8andrandomizedworldwidePhasellI[NCT01518517]studiesconductedonchildren,adults,andelderlypatientsa
lIshowedpromisingresults(Phaselltrial)whencomparedtothefreeenzyme,allergicreactionsin84patientswhoreceivedho
mologouserythrocytesloaded with L-asparaginase(GR-ASPA) werelessfrequentandlesssevere.

In 2016, a Phase | clinical investigation was initiated. The technology is now in the last stages of
pharmaceuticaldevelopment thanks to the pioneers in the industrial development of erythrocyte carriers. Companies
have enoughclinical proof and end-stage products in their pipelines to go through the last but not least hurdle in the
way ofmarketing authorization.In the USA, Phase | clinical research has begun (NCT0181010705). To broaden
thetherapeuticpotentialofGR-

ASPA additionalclinicaltrialswerestartedinEurope.Ongoingacutemyeloidleukemial Ibtria(NCT01810705).Thepoten
tialtherapeuticefficacyofthismedicationforsolidtumorswasdemonstratedinpreclinical animal investigations.
Recently, a Phase | escalade dose trial was finished, and pancreatic cancer wasgiven orphandrugdesignation(ODD)
classification(NCT01523808).

Additionally, an early-stage medication called ENHOXY® has been created as a potent oxygen enhancer in
thetreatment of sickle cell disease and other disorders commonly linked to hypoxia (ODD granted in 2012).A
methodcalledEryDexwascreatedbytheltaliancompanyEryDeltodistributedexamethasoneoveralengthyperiodoftimeat
low, steady systemic levels. Clinical pilot investigations involving individuals with Crohn's disease,
ulcerativecolitis, cystic fibrosis, and chronic obstructive pulmonary disease all showed that treatment was
beneficial. A rareautosomal recessive neurological condition with a high death rate called ataxia telangiectasia has
lately shownconsiderable therapeutic promise for the product. A pilot Phase Il trial revealed the product's
statistically substantialefficacy (NCT01255358). 2013 saw the product receive ODD status. EryDex is now the
subject of a Phase | PKinvestigation intheUSA, anda keyPhase Illtrialshouldstartupsoon.

ArecentlyestablishedbusinessfocusedonthetreatmentofrareandultrararediseasesiscalledOrphanTechnologiesLtd. OT-
81-ADA-SCID (ADA-loaded erythrocytes for the treatment of severe combined immunodeficiency) andOT-15-
MNGIE(TP-loadederythrocytesforthetreatmentofMNGIE)aretwonewproductsthatthefirmhasrecentlybeen  granted
permission to develop. Both substances are currently used compassionately on humans and have notyetstartedPhase
I clinical trials. [30-37]



13. CONCLUSION

Today, a wide range of uses for resealed erythrocytes as medication carriers, enzyme replacement treatment,
etc.have been proposed. Resealed erythrocytes technology will continue to be an active field until alternate
carriersystems mature. Additional study Resealed erythrocytes have the potential to be a secure and efficient
treatment. Avariety of bioactive chemicals are delivered for efficient targeting. However, the idea requires further
refinement tobecome a standard drug delivery system. subsequent years represent a crucial period for this science
as commercialapplications are investigated. coming up future delivery method based on erythrocytes that can
afford regulated andsite-
specificformanagingdisease,specializeddrugdeliveryhasbeendevised. Asofrightnow, itiswasdeterminedthaterythrocyt
e
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