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ABSTRACT

Amongst the numerous carrier’s rejected for aiming drugs to numerous body nerves, the cellular carriers
encounter several standard’s required in clinical applications, among the most important being biocompatibility
of carrier as well its dilapidation products. Leucocytes, platelets, erythrocytes, Nano erythrocytes, hepatocytes,
and fibroblasts etc. have been proposed as cellular carrier structures. Among these, the erythrocytes have been
the most explored and have found to own better potential in drug delivery. Bio-pharmaceuticals, intensely
significant peptides and proteins, antigens, anticancer drug as well as vaccines, are among the freshly attentive
pharmaceuticals for being transported using carrier erythrocytes. Erythrocytes, better known as red blood cells,
and have been broadly studied for their potential carrier capabilities for the delivery of drugs. The
biocompatibility, non-pathogenicity, non-immunogenicity and biodegradability make them unique and useful
carriers. Carrier erythrocytes are prepared by gathering blood sample from the-organism of interest and
separating erythrocytes from plasma. Via some methods, the cells are fragmented and the drug is hooked on the
erythrocytes, finally they are resealed and the resulting carriers are then called as “resealed erythrocytes”. So
many drugs like aspirin, steroid, cancer drug which having many side effects are decrease by resealed
erythrocyte. Current review highlights erythrocytes, drug loading methods, in vitro characterisation, application,
advantages as well as disadvantages of resealed erythrocytes for drug delivery.

INDEX TERMS: Resealed Erythrocytes, carrier, drug loading, Applications.
INTRODUCTION:

Current pharmaceutical scenario is aimed at development of drug delivery systems which make the most of the
drug targeting along with high therapeutic benefits for safe and effective management of diseases [1]. Targeting of
an active biomolecule from active drug delivery where pharmacological moderator directed definitely to its goal
site. Drug targeting can be methods by either chemical modification otherwise by suitable carrier [2]. Numerous
carriers has been used for the drug targeting amongst which cellular carrier offer a better potential benefits
associated to its biodegradability, non-pathogenicity, non-immunogenicity, biocompatibility as well as self-
degradability along with high drug loading efficiency [3]. Leukocytes, platelets and erythrocytes have been
proposed as cellular carrier organizations [4]. Blood contains different type of cells like erythrocytes (RBC),
leucocytes (WBC) and platelets, among them erythrocytes are the most interesting carrier and possess excessive
potential in drug delivery due to their capability to circulate all over in the body[5]zero order Kinetics,
reproducibility and ease of preparation primary aim for the development of this drug delivery system is to
maximize therapeutic performance, reducing undesirable side effects of drug and increase patient obedience. [6]
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ERYTHROCYTES

Red blood cells are the most communal kind of blood cells and the vertebrate organism's main resources of
delivering oxygen (O2) to the body tissues through the blood flow through the circulatory system. They receipt up
oxygen in the lungs or gills and release it while squeezing via the body's capillaries. These cells' cytoplasm is rich
in haemoglobin, an iron-containing biomolecule that can bind oxygen and is responsible for the blood's red
colour. In humans, developed red blood cells are flexible biconcave disks that absence a cell nucleus and most
organelles. 2.4 million new erythrocytes are produced per second [7].

ANATOMY AND PHYSIOLOGY OF RBCS

RBCs have shapes similar to biconcave discs with a diameter of 7.8 um and width near 2.2 um. Mature
erythrocytes have a modest structure. It is as well elastic in nature. Their plasma membrane is both strong as well
as flexible, which permits them to deform lacking of rupturing as they squash through narrow capillaries. RBCs
lack a nucleus and other organelles and can neither replicate nor carry on wide metabolic activities. RBCs are
highly dedicated for their oxygen transport function, as their mature RBCs have no nucleus, all their internal space
is offered for oxygen transport. Even the shape of RBC services it’s function. A biconcave disc has a much better
surface area for the diffusion of gas molecules into and out of the RBC than would; say a sphere or a cube. The
red blood cell membrane, a dynamic, semi permeable components of the cell, associated with energy metabolism
in the maintenance of the permeability characteristic of the cell of various cations (Na*, K™) and anions (CI-
HCOz3"). Each RBC contains about 280 million haemoglobin molecules. A haemoglobin molecule consists of a
protein called globin, composed of four polypeptide chains; a ring like non-protein pigment called a heme, is
bound to each of the four chains. At the centre of the heme ring combine reversibly with one oxygen molecule,
allowing each haemoglobin molecule to bind four oxygen molecules. RBCs include water (63%), lipids (0.5),
glucose (0.8%), mineral (0.7%), non-haemoglobin protein (0.9%), meth haemoglobin (0.5%), and haemoglobin
(33.67%). [6] [9] [10]

RESEALED ERYTHROCYTES

This drug-loaded transporter RBC's are prepared simply by gathering blood models from the organism of choice,
separating erythrocytes from plasma, entrapping drug within the erythrocytes, as well as resealing the resulting
cellular carriers [11]. Hence, these carriers are called resealed erythrocytes. The complete process is based on the
response of these cells under osmotic conditions. Upon re-injection, the drug-loaded erythrocytes assist as slow
circulating depots and target the drugs to a reticuloendothelial system. [12]

METHODS OF DRUG LOADING

several techniques can be used to load drugs or other bio-active complexes in erythrocytes, like physical method
(e.g., electrical pulse method) also chemical methods like (e.g., chemical perturbation of the erythrocytes
membrane). Irrespective of the method used, the optimal characteristics for the successful entrapment of the
compound requires the drug to have a considerable degree of water solubility, resistance in contrast to degradation
in erythrocytes, lack of physical or chemical interaction with erythrocyte membrane, and precise pharmacokinetic
and pharmacodynamic properties [13].

| METHODS OF DRUG LOADING :;_

Hypotonic P. i Isotanie
Swelling ialysis Osmotic Lys
Method ]
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1.HYPOTONIC DILUTION METHOD: Hypotonic dilution was the first method explored for the encapsulation of
chemicals into erythrocytes and is the simplest as well as fastest. In this technique, a volume of packed
erythrocytes is diluted with 2-20 volumes of aqueous solution of a drug. The solution tonicity is then restored by
addition a hypertonic buffer. The resultant mixture is then centrifuged, the supernatant is cast-off, and the pellet is
washed by means of isotonic buffer solution. The major drawbacks of this technique include low entrapment
efficacy and a considerable loss of haemoglobin and other cell components. This reduces the circulation half-life
of the loaded cells. These cells are willingly phagocytosed by RES macrophages and hence can be used for
targeting RES organs. Hypotonic dilution is used for loading enzymes such as galactosidase and glucosidase,
asparaginase, and arginase, as well as bronchodilators for example salbutamol.

2.HYPOTONIC PRE-SWELLING METHOD: It is based upon initial controlled swelling in a hypotonic buffered
solution. This mixture is centrifuged at small g values. The supernatant is castoff and the cell fraction is carried to
the lysis point by adding 100-120 pL portions of an aqueous solution of the drug to be encapsulated. After that the
mixture is centrifuged between the drug-addition steps. The tonicity of a cell mixture is reinstated at the lysis point
by adding a planned amount of hypertonic buffer. The lysis point is noticed by the disappearance of a distinct
boundary between the cell fraction and the supernatant upon centrifugation. Finally the cell suspension is
incubated at 37 °C to reanneal the resealed erythrocytes [15,16,17].

3.HYPOTONIC DIALYSIS METHOD: This method was firstly reported by Klibansky in 1959 and was used in 1977
by Deloach and Ihlerand Dale for loading of enzymes as well as lipids. There are many procedures were based on
the principle of semi permeable dialysis membrane which exploits the intracellular, extracellular volume ratio for
macromolecules throughout lysis and resealing. A desired hemocrit is attains in this course by mixing of
erythrocyte suspension and drug solution. The mixture is hired into dialysis tubing and then both ends of tube are
tied by thread. An air bubble of almost 25% of the internal volume is left in the tube. The tube were placed in the
bottle containing 100ml of swelling solution. The bottle is placed at 40C for the demand lysis time. The contents
of the dialysis tubing are mixed by means of shaking the tube using the strings. Then dialysis tube is placed in 100
ml of resealing solution. After that the loaded erythrocytes thus obtained, then washed with cold phosphate buffer
at 4°C. A good entrapped efficacy is found in this [18,19]. It has been used for loading enzymes like -
galactosidase, glucocerebrosidase, asparaginase, inositol hex phosphatase as well as drugs such as gentamicin,
Adriamycin, pentamidine and duramycin, interlukin-2, deferoxamine and human recombinant erythropoietin [20].

4.1SOTONIC OSMOTIC LYSIS METHOD: It is also called as the osmotic pulse method. If erythrocytes are incubated
in solutions of a substance with high membrane permeability, the solute will diffuse into the cells because of the
concentration gradient and it is followed by an influx of water to sustain osmotic equilibrium. Chemicals together
with urea solution, polyethylene glycol also ammonium chloride have been used for isotonic haemolysis. Lastly,
suspension was diluted with isotonic-buffered drug solution and cells were separated & resealed at 37°C [21].

5.MEMBRANE PERTUBRATION METHOD: This technique is based on the rise in membrane permeability of
erythrocytes when the cells are exposed to typical chemicals. In 1973, Deuticke et al. exposed that the
permeability of erythrocytic membrane rises upon exposure to polyene antibiotic such as amphotericin B [22]. In
1980, this technique was used successfully by Kitao and Hattori to entrap the antineoplastic drug daunomycin in
human and mouse erythrocytes [23]. Lin et al. used halothane for the similar purpose. However, these procedures
induce irreversible destructive changes in the cell membrane and hence are not very popular.[24]

6.ELECTRO-ENCAPSULATION METHOD: It is also recognized as electroporation method, which is based on using
transient electrolysis leading to generate pores that produce desirable membrane permeability for drug loading into
erythrocytes. It includes suspending of erythrocytes in an isotonic buffer in an electrical discharge chamber. It has
a capacitor in an exterior circuit which is charged to a certain voltage and then discharged within a definite time
interval through cell suspension to produce a square-wave potential. In 1980, it was successfully used to entrap the
antineoplastic drug daunomycin in human and mouse erythrocytes. This technique also induces irreversible
destructive changes in the cell membrane and henceforward is not very popular [25,26,27].
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7.ENDOCYTOSIS METHOD: It was reported by Schrier in 1975. Endocytosis includes the addition of one volume of
washed packed erythrocytes to nine volumes of buffer holding 2.5 mM ATP, 2.5mM MgCl, and 1mM CaCl;
tracked by incubation for 2 min. at room temperature. The pores formed by this method are resealed by using 154
mM of NaCl and incubation at 37°C for 2 min. The vesicle membrane splits endocytosed material from cytoplasm
& protecting it from the erythrocytes. Various drugs are used in this method primaquine, 8aminoquinolones,
vinblastine, chlorpromazine, phenothiazine, hydrocortisone, tetracaine, & vitamin A [28,29].

8.LIPID FUSION METHOD: Lipid fusion method involves lipid vesicle containing a drug can be directly fused to
human erythrocytes; it leads to an exchange with a lipid-entrapped drug. Hence this method is used for entrapping
inositol monophosphate which helps to improve the Oz carrying capacity of RBCs [29].

9.ELECTRIC CELL FUSION METHOD: This method includes the early loading of suspended from the
commencement of the experimentation. The typical pore diameter created in the membrane depends upon the
intensity of electric field, the discharge time, and the ionic strength of suspending medium [30,31,32]. The
colloidal macromolecules contents of the cell may lead to cell lysis because of the increase in osmotic pressure.
This process can be prevented by adding large molecules (e.g. tetra saccharide stachyose and bovine serum
albumin) and ribonuclease. One advantage of this method is a more uniform distribution of loaded cells in
comparison with osmotic methods [33]

ROUTES OF ADMINISTRATION: It was reported that survival of cells in circulation to the cells administered by
intra peritoneal injection is equivalent to iv, injection. The subcutaneous route for measured release of entrapped
agent, reported that the loaded cell released encapsulated molecules at the injection site. Generally resealed
erythrocyte throughout experimentation has been administered to the laboratory animals intravenously through
cardinal vein. The scientist De Loach used subcutaneous route for slow release of entrapped mediators and
assessed the disposition of the interleukin-2 in mice receiving a subcutaneous injection. Talwar (1993) have been
planned erythrocyte based nasal delivery of propranolol [34,35].

In vitro characterization: The in-vitro performance of resealed erythrocytes is pretentious to a great extent by their
biological goods. Hence, in vitro characterization forms an significant part of studies involving such cellular
carriers. Table | reviews the various evaluation parameters and the techniques applied fortheir determination.

1.The morphology of erythrocytes decides their life span after administration.

Light microscopy reveals no noticeable change in resealed cells [36,37] but in few cases spherical erythrocytes
(spherocytes) are spotted [38,39]. Scanning electron microscopic studies have shown that a majority of the cells
uphold their biconcave discoid shapes after the loading process [40], and few stomatocytes—a form of spherocytes
with an invagination in one point are formed [41]. In some cases, cells of smaller size (microcyte) are also
observed [42].

2.Shape change (deformability) is another factor that affects the life span of the cells.

This parameter evaluates the effortlessness of passage of erythrocytes through slim capillaries and the RES. It
determines the rheological behaviour of the cells and depends on the viscoelasticity of the cell membrane,
viscosity of the cell contents, and the cellular surface-to-volume ratio [43]. The deformability is restrained by
passage time of certain volume of cells through capillary of 4 m diameter or polycarbonate filter with typical pore
size of 45 m [43,44]. Another indirect approach is to evaluate chlorpromazine induced shape changes
turbidimetrically [45].
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3.Drug content of the cells determines the entrapment efficiency of the method used.

The procedure involves deproteinization of packed, loaded cells (0.5 mL) with 2.0 mL acetonitrile and
centrifugation at 2500 rpm for 10 min. The clear supernatant is analysed for the drug content [46].

The most significant parameters for evaluation of resealed erythrocytes is the drug release pattern. Haemoglobin
is too invariably released because drug release includes the loss of cell membrane integrity indicating haemolysis.
On the basis of the several in-vitro release experiments carried out on these cells, three general drug release
patterns are detected: The rate of drug release is considerably higher than that of 148

4. Haemoglobin In other words, drug diffuses readily.

Such a pattern is shown by lipophilic drugs, including methotrexate [47], phenytoin dexamethasone [48],
primaquine [49], and vitamin B2 [50]. Cell lysis is not important for the release of such drugs.

5. The rate of drug release is analogous to that of haemoglobin.

This shows that cell lysis is essential for drug release and drug can-not be released by mere diffusion. Polar drugs
for example gentamicin [51,52], heparin [51], and enalaprilat [53], and enzymes such as asparaginase
[54,55,56,57], peptides, including progesterone and I-lysine-1-phenylalanine [58] follow such pattern.

APPLICATIONS OF RESEALED ERYHROCYTES AS DRUG CARRIER
IN-VIVO APPLICATIONS

1.Slow drug release: Erythrocytes have been used as circulating depots for the sustained delivery of
antineoplastic, antiparasitic, veterinary anti-amoebic, vitamins, steroids, antibiotics and cardiovascular drugs
device contain for drug release is gathering of erythrocytes in lymph nodes upon subcutaneous administration
trailed by haemolysis to release the drugs [59,60].

2)Drug targeting: Drug delivery should be site definite and target oriented to exhibit best therapeutic index with
least adverse effects. It acts as drug carriers also targeting tools as well. It can be used to target RES organs as well
as non-RES organs. To target organs of mononuclear phagocytic organization/ RES Surface modified erythrocytes
are used because the change in the membrane is known by macrophages [61,62].

3)Treatment of hepatic tumours: Antineoplastic drugs like methotrexate, bleomycin, asparaginase also
Adriamycin have been effectively delivered by erythrocytes to cure hepatic tumours. Daunorubicin diffuse
speedily from the cells upon loading and hence shows a problem which can be overwhelmed by covalently linking
daunorubicin to the erythrocytic membrane using glutaraldehyde orcisaconitic acid as a spacer [63].

4)Removal of RES iron overloads: To treat excess iron gathered deferoxamine loaded erythrocytes have been
used since, of several transfusions to thalassaemic patients. This drug targeting to the RES is very helpful because
the aged erythrocytes are destroyed in RES organs, which results in an accretion of iron in these organs [64].

5)Carriers for enzymes: For this purpose enzymes can be vaccinated into the blood stream to substitute a missing
or absent enzyme in metabolic disorders or to reduce toxic compounds accumulated in the blood due to a disease
such as, environmental, lysosomal storage disorders such as Gaucher’s disease, hyperargininaemia,
hyperuricaemia, hyperphenylalaninemia and kidney failure are only few examples of metabolic complaints that
can be treated by supervision of enzymes [65].

Phagocytosis cells have been used for in vitro to simplify the uptake of enzymes by phagolysosomes. The enzyme
content inside carrier RBC could be visualized with the help of cytochemical method. The most frequent in vitro
application of RBC is that of micro-injection in which protein or nucleic acid was injected into eukaryotic cells by
fusion process. Similar in case of antibody, where antibody molecules are presented using erythrocytic carrier
system & it instantly diffuse throughout the cytoplasm [66]
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NOVEL APPROACHES

a)Nanoerythrosomes

An erythrocyte based new drug carrier, named nano-erythrosome has been established which is prepared by
extrusion of erythrocyte flickers to produce small vesicles having an average diameter of 100 nm. Daunorubicin
(DNR) was co-valently conjugated to the n-Eryt (nErytDNR) by means of glutaraldehyde as homodifunctionalized
linking support. This led to a complex that is extra active than free DNR both in vitro and in vivo. Daunorubicin
(DNR) conjugated to these nano-erythrosomes has a advanced antineoplastic index than the allowed drug.
Moreover, since nanoerythrosomes are particles, phagocytosis may be elaborate in their machinery of
potentiation.[68]

b) Erythrosomes

These are specially engineered vesicular systems that are chemically cross-linked to human erythrocytes’
provision upon which a lipid bilayer is coated. This process is achieved by modifying a reverse-phase evaporation
technique. These vesicles have been proposed as useful encapsulation schemes for macromolecular drugs.[69]

ADVANTAGES

1.Biocompatible, particularly when autologous cells are used hence no possibility of triggered immune response.
2.Biodegradability with no generation of toxic products.

3.Considerable uniform size and shape of carrier.

4. Relatively inert intracellular environment can be encapsulated in a small volume of cells.
5.Isolation is easy and large amount of drug can be loaded.

6.Prevention of degradation of the loaded drug from deactivation by endogenous chemical.
7.Entrapment of wide variety of chemicals can be possible.

8.Entrapment of drug can be possible without chemical modification of the substance to be entrapped.
9.Possible to maintain steady-state plasma concentration, reduce fluctuation in concentration.
10.Protection of the organism against toxic result of drug.

11.Targeting to the organ of the RES.

12.1deal zero-order drug release Kinetic.

13.Prolong the systemic activity of drug by residing for a longer time in the body.[70-79]

DISADVANTAGES
1.They have a limited potential as carrier to non-phagocyte target tissue. [80]
2.Possibility of clumping of cells and dose dumping may be there [81]

CONCLUSION
The use of resealed erythrocytes looks hopeful for a safe and sure delivery of several drugs for passive and active

targeting. However, the idea needs further optimization to become a routine drug delivery system. The Resealed
erythrocytes had also been employed for effective delivery of numerous drugs as showed by many researchers for
the treatment of cancer, tumour, and arthritis and also for operative treatment of the poisoning. However, in near
future, erythrocytes-based delivery system with their ability to provide controlled and site-specific drug delivery
will revolutionize in effective treatment of various disease. For the present, it is concluded that erythrocyte carriers
are “Nano Device in field of Nanotechnology” considering their tremendous potential and prospective.
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Table no. 1 summary of characterization parameters and their determination for resealed erythrocytes.

Shape and surface morphology Transmission electron microscopy, scanning electron microscopy, phase
contrast microscopy, optical microscopy.

Drug release Diffusion cell, dialysis

Surface electrical potential Zeta potential measurement

Deformability Capillary method

% Hb content Deproteinization of cell membrane followed by haemoglobin assay

% Cell recovery Neubauer’s chamber, haematological analyser

Osmotic shock Dilution with distilled water and estimation of drug and hemoglobin

2
i,

-
S
Y

Erythrocyte sedimentation rate ESR methods

Sterility Sterility test
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Table no. 2: Resealed Erythrocytes in RES Targeting [67]

Treatment/Diseases

Name of Drug(s)

Purpose

Lysosomal storage
diseases

C-glucuronidase,
Lysosomal enzymes,
13-galactosidase
6-giucosidase

and

It is used to deliver lysosomal enzymes and
drugs to lysosomes of the
erythrophagocytosis cells.

Gaucher’s Disease

Glucocerebrosidase

By using this loaded cells survived for 10
days in treated patient and no adverse
reactions were found with respect to blood
counts, blood pressure and renal functions.

Liver tumours

Anticancer drugs like
Bleomycin, Adriamycin,
Carboplatin, Gentamycin,
etc.

Used to target hepatic carcinomas

immunoglobulin-G

treatment of parasitic diseases by targeting

Parasitic Diseases | coated erythrocytes, | drug in which the parasite resides in the
Pentamidine loaded organs of RES.
Removal of toxic| Murine carrier '
substances erythrocytes  containing Used .to antaggnlz.e th_e lethal effec.:ts of
. potassium cyanide in mice or antagonism of
bovine rhodanese

cyanide intoxication.

thiosulphate
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