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ABSTRACT 
Erythrocytes are biocompatible, biodegradable, possess long circulation half lives, and can be loaded with a variety of 
biologically active compounds using various chemical and physical methods. Erythrocytes are potential biocompatible 
vectors for different bioactive substances, including drugs. These can be used successfully as biological carriers of drugs, 
enzymes and peptides. There are currently diverse methods that permit drug encapsulation in erythrocytes with an 
appropriate yield. Erythrocytes loaded with drugs and other substances allow for different release rates to be obtained. 
Encapsulation in erythrocytes significantly changes the pharmacokinetic properties of drugs in both animals and humans, 
enhancing liver and spleen uptake and targeting the reticulo-endothelial system (RES). This review explains the different 
method of drug loading and their characterization parameters for resealed erythrocytes. This method of drug targeting is 
safe and effective for longer period of time and beneficial for the society. 
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INTRODUCTION 
At present, there are 30 main drug delivery products on the 
market. The total annual income for all of these is 
approximately US$33 billion with an annual growth of 15 % 
(based on global product revenue). The reasons for this 
increasing interest in drug delivery are due to the increasing 
need of safe drugs, capable of reaching the target and with 
minimal side effects. In fact the main problems associated 
with systemic drug administration are essentially related to 
the bio-distribution of pharmaceuticals throughout the body. 
This indiscriminate distribution means that, to achieve a 
required therapeutic concentration the drug has to be 
administered in large quantities, the major part of which is 
just wasted in normal tissues. Ideally, a “perfect” drug should 
exert its pharmacological activity only at the target site, using 
the lowest concentration possible and without negative 
effects on non-target compartments. The delivery systems 
currently available enlist carriers that are either simple, 
soluble macromolecules (such as monoclonal antibodies, 
soluble synthetic polymers, polysaccharides and particulate  
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biodegradable polymers) or more complex multicomponent 
structures (microcapsules, Microparticles, cells, cell ghosts, 
lipoproteins, liposomes, erythrocytes). Drug delivery either 
by means of soluble or particulate components can affect 
drug pharmacokinetic, drug bioavailability, sometime safety 
and efficacy however only rarely reach the main goal of 
having the drug targeted only to the site were its action 
should be exerted. Thus, an additional advantage of modern 
delivery system is sometime associated with the possibility of 
having selected targeting properties useful to increase drug 
selectivity and improve drug efficacy. Unfortunately, 
sometime the body recognizes the drug targeting system as 
non-self and unexpected toxicities could hamper the use of 
the same. This is the case of the first generation of 
monoclonal antibodies coupled to cytotoxic drugs or of other 
soluble carriers experimented at preclinical level. It has been 
envisaged that ideal drug delivery systems should be made of 
self-powered, computer-controlled medical nanorobot 
system, named pharmacyte [1], capable of precise transport, 
timing, and targeted delivery of pharmaceutical agents to 
specific target in the body. This ideal drug delivery system is 
not yet available but significant progress has been made in 
the last years over the traditional drug formulations and, in 
our opinion, the cell based delivery systems are the closest 
ones to the ideal drug delivery system named above.  
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Among the cell based delivery systems two categories could 
be identified: 

1. Transduced cells, capable of expressing 
pharmaceutically relevant agents. 

2. Cell carriers which could be loaded with drugs or 
therapeutics. In this category the carrier cells could 
release he drug content in circulation or at selected 
sites or could target the drug to other relevant cells in 
the body. 

CELL CARRIERS 
Erythrocytes, also known as red blood cells, have been 
extensively studied for their potential carrier capabilities for 
the delivery of drugs and drug-loaded microspheres. [2-4] Such 
drug-loaded carrier erythrocytes are prepared, simply by 
collecting blood samples from the organism of interest, 
separating erythrocytes from plasma, entrapping drug in the 
erythrocytes, and resealing the resultant cellular carriers. [2] 
Hence, these carriers are called resealed erythrocytes. The 
overall process is based on the response of these cells under 
osmotic conditions. Upon reinjection, the drug-loaded 
erythrocytes serve as slow circulating depots and target the 
drugs to a reticulo-endothelial system (RES). [3-6]

MORPHOLOGY AND PHYSIOLOGY OF 
ERYTHROCYTES 
Erythrocytes are the most abundant cells in the human body 
(5.4 million cells/mm3 blood in a healthy male and 4.8 
million cells/mm3 blood in a healthy female). These cells 
were described in human blood samples by Dutch Scientist 
Lee Van Hock in 1674. In the 19th century, Hope Seyler 
identified hemoglobin and its crucial role in oxygen delivery 
to various parts of the body. [7] Erythrocytes are biconcave 
discs with an average diameter of 7.8 µm, a thickness of 2.5 
µm in periphery, 1 µm in the center, and a volume of 85-91 
µm3.  [8] The flexible, biconcave shape enables erythrocytes to 
squeeze through narrow capillaries, which may be only 3 µm 
wide. Mature erythrocytes are quite simple in structure. They 
lack a nucleus and other organelles. Their plasma membrane 
encloses hemoglobin, a heme-containing protein that is 
responsible for O2–CO2 binding inside the erythrocytes. The 
main role of erythrocytes is the transport of O2 from the 
lungs to tissues and the CO2 produced in tissues back to 
lungs. Thus, erythrocytes are a highly specialized O2 carrier 
system in the body. Because a nucleus is absent, all the 
intracellular space is available for O2 transport. Also, because 
mitochondria are absent and because energy is generated 
anaerobically in erythrocytes, these cells do not consume any 
of the oxygen they are carrying. Erythrocytes live only about 
120 days because of wear and tear on their plasma 
membranes as they squeeze through the narrow blood 
capillaries. Worn-out erythrocytes are removed from 
circulation and destroyed in the spleen and liver (RES), and 
the breakdown products are recycled. The process of 
erythrocyte formation within the body is known as 
erythropoiesis. In a mature human being, erythrocytes are 
produced in red bone marrow under the regulation of a 
hemopoietic hormone called erythropoietin. [9]

RED BLOOD CELLS 
Human RBCs are the most common cells of blood, are 
responsible for oxygen transport and have a typical 
biconcave shape.  Normal human RBCs have a diameter of 
7–8 μm and an average volume of 90 fl. In mammals, RBCs 
are anucleated and lose their organelles during maturation. 
Oxygen transport is guaranteed by about 270 million 

haemoglobin molecules per cell each of which with four 
heme groups. A human body is commonly endowed with 2-3 
1013 RBCs continuously produced at a rate of 2 million per 
second. In fact, RBCs spent its 100-120 day life-span 
travelling the circulatory system before being selectively 
removed by macrophages in the reticulo-endothelial system 
(RES). [10] The surface area of mature, biconcave RBCs is 
about 136 μm2 but can swell to a sphere of approx 150 fl. It is 
noteworthy that RBCs can also cross undamaged capillaries 
of 2-3 μm in diameter. The RBC membrane is strictly 
connected with the membrane skeletal proteins which are 
organized in a uniform shell. The RBC shape can undergo a 
number of reversible transformations. An important 
determinant of RBC survival is its deformability. Key factors 
affecting deformability are internal viscosity (mainly 
contributed by RBC haemoglobin), the surface/volume of the 
cell and the intrinsic deformability of the membrane. The 
RBCs have other very interesting properties namely they 
behave as an osmometer since they shrink when placed into a 
hypertonic solution or swell when placed into a hypotonic 
solution. The RBCs can reach a critical haemolytic volume 
giving rise to holes on the membrane ranging from 10 nm up 
to 500 nm. These processes are usually reversible and 
following haemolysis the holes close and the cell resumes its 
biconcave shape. Red blood cells constitute potential 
biocompatible carriers for different bioactive substances, 
including protein drugs, since they feature some unique 
advantages [11-13], for examples, they are completely 
biodegradable without generation of toxic. 
SOURCE OF ERYTHROCYTES 
Various types of mammalian erythrocytes have been used for 
drug delivery, including erythrocytes of mice, cattle, pigs, 
dogs, sheep, goats, monkeys, chicken, rats, and rabbits.  
ISOLATION OF ERYTHROCYTES 
Erythrocytes may be prepared as carriers from blood taken 
from human beings [14] and from different animal species, 
such as rats [15], mice [16], rabbits [17], dogs [18], etc. Blood is 
taken from the human being, mouse, rat, or the animal 
species in question, using a suitable anti-coagulant. 
Application is normally made of EDTA, as it is the 
anticoagulant that best preserves the properties of blood cells. 
[19] Freshly collected blood is centrifuged in a refrigerated 
centrifuge in order to separate packed erythrocytes. Several 
washes are subsequently performed. This is a process that 
normally involves repeated centrifugation with an isoosmotic 
solution to remove other blood components. [20] The 
erythrocytes can be washed more efficiently by using a 
capillary hollow fibre plasma separator. [21] The hematocrits 
employed may be variables ranging between 5 % and 95 % 
[22-23], although the most usual is to work with a haematocrit 
of 70 %. [24] In 1953, Gardos tried to load erythrocyte ghost 
using adenosine triphosphate (ATP). [25] In 1959, Marsden 
and Ostting reported the entrapment of dextran (molecular 
weight 10–250 kDa). In 1973, the loading of drugs in 
erythrocytes was reported separately by Ihler et al. [26] and 
Zimmermann. [27] In 1979, the term carrier erythrocytes were 
coined to describe drug-loaded erythrocytes. [6]

ADVANTAGES OF ERYTHROCYTES IN DRUG 
DELIVERY  
A remarkable degree of biocompatibility, particularly when 
the autologous cells are used for drug loading [28-36], 
Complete biodegradability and the lack of toxic product(s) 
resulting from the carrier biodegradation [28, 30, 36-37], 
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Avoidance of any undesired immune responses against the 
encapsulated drug [38], Considerable protection of the 
organism against the toxic effects of the encapsulated drug, 
e.g., antineoplasms [39], Remarkably longer life-span of the 
carrier erythrocytes in circulation in comparison to the 
synthetic carriers [29, 30, 35]. In the optimum condition of the 
loading procedure, the life-span of the resulting carrier cells 
may be comparable to that of the normal erythrocytes [32, 40- 

41], An easily controllable life-span within a wide range from 
minutes to months [33], Desirable size range and the 
considerably uniform size and shape [32,42-43], Protection of 
the loaded compound from inactivation by the endogenous 
factors; [30, 35, 37, 39, 44], Possibility of targeted drug delivery to 
the RES organs [28, 30, 41], Relatively inert intracellular 
environment [38], Availability of knowledge, techniques, and 
facilities for handling, transfusion, and working with 
erythrocytes [28, 30], Possibility of an ideal zero-order kinetics 
of drug release [44], Wide variety of compounds with the 
capability of being entrapped within the erythrocytes; [30, 39, 45-

47], Possibility of loading a relatively high amount of drug in 
small volume of erythrocytes, which, in turn, assures the dose 
sufficiency in clinical as well as animal studies using a 
limited volume of erythrocyte samples [30, 36], Modification of 
the pharmacokinetic and pharmacodynamic parameters of the 
drug [31, 34, 37, 39], Remarkable decrease in concentration 
fluctuations in steady state in comparison to the conventional 
methods of drug administration [28, 31, 34, 48-49], which is a 
common advantage for most of the novel drug delivery 
systems, Considerable increase in drug dosing intervals with 
drug concentration in the safe and effective level for a 
relatively long time [28, 34, 41, 48], Possibility of decreasing drug 
side effects. [28, 34, 49] 

DISADVANTAGES OF ERYTHROCYTES IN DRUG 
DELIVERY  
The major problem encountered in the use of biodegradable 
materials or natural cells as drug carriers is that they are 
removed in vivo by the RES. This seriously limits their useful 
life as drug carriers and in some cases may pose toxicological 
problems, The rapid leakage of certain encapsulated 
substances from the loaded erythrocytes, Several molecules 
may alter the physiology of the erythrocyte, Given that they 
are carriers of biological origin, encapsulated erythrocytes 
may present greater variability and lesser standardisation in 
their preparation, compared to other carrier systems, The 
storage of the loaded erythrocytes is a further problem 
involving carrier erythrocytes for their possible use in 
therapeutics. Tests have been performed on their 
conditioning in suspension in isotonic buffers containing all 
essential nutrients, as well as in low temperatures, with the 
addition of nucleosides or chelators, liophylisation, freezing 
with glycerol or gel immobilization, Liable to biological 
contamination due to the origin of the blood, the equipment 
and the environment, such as air. Rigorous controls are 
required accordingly for the collection and handling of the 
erythrocytes. [50-55]

LOADING METHODS 
Methods of drug loading 
Several methods have been reported for encapsulation of 
drug or other bioactive agents in erythrocytes. Some of these 
methods such as electrical pulse methods and osmosis-based 
methods have a physical nature whereas the other methods 
such as the chemical perturbation of the membrane are 
chemically based. Regardless of the method used, the optimal 

characteristics for a compound to be encapsulated 
successfully in erythrocytes include a considerable degree of 
water solubility, resistance against inactivation within the 
erythrocytes, the lack of physical and/or chemical interaction 
with erythrocyte membrane or the other cell constituents, and 
well-defined pharmacokinetic as well as pharmacodynamic 
properties [29, 56]. Hypotonic hemolysis [31, 46, 57], hypotonic 
dilution [28, 30, 32, 37-38, 45-46, 58-63], hypotonic dialysis [29-30, 44, 46, 

56, 62, 64-69], hypotonic preswelling [30-31, 33, 36, 40, 43, 46, 49, 59-60, 70-

73], and osmotic pulse [74] methods are categorized as 
osmosis-based methods. Chemical perturbation of the 
membrane [29, 75], electrical breakdown or ‘electroporation’ [28, 

29, 30, 41, 48, 76-78], endocytosis [46], lipid fusion [29, 30], laser 
loading [78], and intrinsic uptake of substances by 
erythrocytes [79] are other reported methods used for 
encapsulation of drugs and other agents into erythrocytes. 
Hypotonic hemolysis  
This method is based on the ability of erythrocytes to 
undergo reversible swelling in a hypotonic solution. 
Erythrocytes have an exceptional capability for reversible 
shape changes with or without accompanying volume change 
and for reversible deformation under stress. An increase in 
volume leads to an initial change in the shape from biconcave 
to spherical. This change is attributable to the absence of 
superfluous membrane; hence the surface area of the cell is 
fixed. The cells assume a spherical shape to accommodate 
additional volume while keeping the surface area constant. 
The volume gain is 25–50 %. The cells can maintain their 
integrity up to a tonicity of ~150 mosm/kg, above which the 
membrane ruptures, releasing the cellular contents. At this 
point (just before cell lysis), some transient pores of 200–500 
Å are generated on the membrane. After cell lysis, cellular 
contents are depleted. The remnant is called an erythrocyte 
ghost. [6, 80-82] The principle of using these ruptured 
erythrocytes as drug carriers is based on the fact that the 
ruptured membranes can be resealed by restoring isotonic 
conditions. Upon incubation; the cells resume their original 
biconcave shape and recover original impermeability. [80-82]

Use of red cell loader 
A novel method for entrapment of non-diffusible drugs into 
erythrocytes by red cell loader method. [83] With as little as 50 
mL of a blood sample, different biologically active 
compounds were entrapped into erythrocytes within a period 
of 2 h at room temperature under blood banking conditions. 
The process is based on two sequential hypotonic dilutions of 
washed erythrocytes followed by concentration with a 
hemofilter and an isotonic resealing of the cells. There was 
~30 % drug loading with 35-50 % cell recovery. The 
processed erythrocytes had normal survival in vivo. The 
same cells could be used for targeting by improving their 
recognition by tissue macrophages. [83]

Hypotonic dilution  
Hypotonic dilution was the first method investigated for the 
encapsulation of chemicals into erythrocytes [26] and is the 
simplest and fastest. [6] In this method, a volume of packed 
erythrocytes is diluted with 2–20 volumes of aqueous 
solution of a drug. The solution tonicity is then restored by 
adding a hypertonic buffer. The resultant mixture is then 
centrifuged, the supernatant is discarded, and the pellet is 
washed with isotonic buffer solution. [26, 80] The major 
drawbacks of this method include low entrapment efficiency 
[26, 84-87] and a considerable loss of hemoglobin and other cell 
components. [5, 88-89] This reduces the circulation half life of 
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the loaded cells. These cells are readily phagocytosed by 
RES macrophages and hence can be used for targeting RES 
organs. [26, 80] Hypotonic dilution is used for loading enzymes 
such as β-galactosidase and β-glucosidase [26], asparginase [90-

91], and arginase [92], as well as bronchodilators such as 
salbutamol. [93]

Hypotonic pre-swelling 
This method was developed by Rechsteiner [94] in 1975 and 
was modified by Jenner et al. for drug loading. The technique 
is based upon initial controlled swelling in a hypotonic 
buffered solution. This mixture is centrifuged at low g 
values. The supernatant is discarded and the cell fraction is 
brought to the lysis point by adding 100–120 µL portions of 
an aqueous solution of the drug to be encapsulated. The 
mixture is centrifuged between the drug-addition steps. The 
lysis point is detected by the disappearance of a distinct 
boundary between the cell fraction and the supernatant upon 
centrifugation. The tonicity of a cell mixture is restored at the 
lysis point by adding a calculated amount of hypertonic 
buffer. Then, the cell suspension is incubated at 37°C to 
reanneal the resealed erythrocytes. [89, 94] Such cells have a 
circulation half life comparable to that of normal cells. [6, 80, 

85, 95] This method is simpler and faster than other methods, 
causing minimum damage to cells. Drugs encapsulated in 
erythrocytes using this method include propranolol [96], 
asparginase [97], cyclopohphamide, cortisol-21-phosphate [85, 

98], ώ1-antitrypsin [85], metronidazole [87], levothyroxine [95], 
methotrexate, insulin [85, 99], enalaprilat [100], and isoniazid. 
[101]

Hypotonic dialysis 
This method was first reported by Klibansky [102] in 1959 and 
was used in 1977 by Deloach and Ihler [86], and Dale [103] for 
loading enzymes and lipids. Several methods are based on 
the principle that semi permeable dialysis membrane 
maximizes the intracellular: extracellular volume ratio for 
macromolecules during lysis and resealing. In the process, an 
isotonic, buffered suspension of erythrocytes with a 
hematocrit value of 70–80 is prepared and placed in a 
conventional dialysis tube immersed in 10–20 volumes of a 
hypotonic buffer. The medium is agitated slowly for 2 h. The 
tonicity of the dialysis tube is restored by directly adding a 
calculated amount of a hypertonic buffer to the surrounding 
medium or by replacing the surrounding medium by isotonic 
buffer. [80, 86] The drug to be loaded can be added by either 
dissolving the drug in isotonic cell suspending buffer inside a 
dialysis bag at the beginning of the experiment [80, 104-105] or 
by adding the drug to a dialysis bag after the stirring is 
complete. [81, 86, 106-109] The use of standard hemodialysis 
equipment for loading a drug in erythrocytes was reported by 
Roper et al. [110] In this method, the erythrocyte suspension 
and the drug to be loaded were placed in the blood 
compartment and the hypotonic buffer was placed in a 
receptor compartment. This led to the concept of “continuous 
flow dialysis,” which has been used by several other 
researchers. [81, 105, 110-115] The loaded cells exhibit the same 
circulation half life as that of normal cells. [5-6] Also, this 
method has high entrapment efficiency on the order of 30-50 
% [5, 81, 84, 86], cell recovery of 70-80 %, high-loading capacity 
[50, 54], and is amenable to automation with control of process 
variables. [33, 79] The drawbacks include a long processing 
time [5, 84, 86] and the need for special equipment. [80] This 
method has been used for loading enzymes such as β-
galactosidase, glucoserebrosidase [85], asparginase [105], 

inositol hexaphosphatase [112,  114-115], as well as drugs such as 
gentamicin [89], adriamycin [104], pentamidine and furamycin 
[107], interlukin-2 [108], desferroxamine [106, 108-111, 113], and 
human recombinant erythropoietin. [116]

Isotonic osmotic lysis 
This method, also known as the osmotic pulse method, 
involves isotonic hemolysis that is achieved by physical or 
chemical means. The isotonic solutions may or may not be 
isoionic. 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. 
This process is followed by an influx of water to maintain 
osmotic equilibrium. Chemicals such as urea solution [117], 
polyethylene glycol [118], and ammonium chloride have been 
used for isotonic hemolysis. However, this method also is not 
immune to changes in membrane structure composition. In 
1987, Franco et al. developed a method that involved 
suspending erythrocytes in an isotonic solution of dimethyl 
sulfoxide (DMSO). [119] The suspension was diluted with an 
isotonic-buffered drug solution. After the cells were 
separated, they were resealed at 37°C. 
Chemical perturbation of the membrane 
This method is based on the increase in membrane 
permeability of erythrocytes when the cells are exposed to 
certain chemicals. In 1973, Deuticke et al. showed that the 
permeability of erythrocytic membrane increases upon 
exposure to polyene antibiotic such as amphotericin B. [120] In 
1980, this method was used successfully by Kitao and Hattori 
to entrap the antineoplastic drug daunomycin in human and 
mouse erythrocytes. [121] Lin et al. [122] used halothane for the 
same purpose. However, these methods induce irreversible 
destructive changes in the cell membrane and hence are not 
very popular. 
Electro-insertion or electroencapsulation 
In 1973, Zimmermann tried an electrical pulse method to 
encapsulate bioactive molecules. [27] Also known as 
electroporation, the method is based on the observation that 
electrical shock brings about irreversible changes in an 
erythrocyte membrane. In 1977, Tsong and Kinosita 
suggested the use of transient electrolysis to generate 
desirable membrane permeability for drug loading. [123] The 
erythrocyte membrane is opened by a dielectric breakdown. 
Subsequently, the pores can be resealed by incubation at 
37°C in an isotonic medium. The procedure involves 
suspending erythrocytes in an isotonic buffer in an electrical 
discharge chamber. A capacitor in and the sophistication of 
the process. [4, 81, 84] Entrapment efficiency of this method is 
~35 % [30], and the life span of the resealed cells in 
circulation is comparable with that of normal cells. [5] 
Various compounds such as sucrose [124], urease [124], 
methotrexate [125], isoniazid [126], human glycophorin [127], 
DNA fragments, and latex particles of diameter 0.2 µm [5] 
can be entrapped within erythrocytes by this method. Mangal 
and Kaur achieved sustained release of a drug entrapped in 
erythrocytes with the use of electroporation. [128]

Entrapment by endocytosis 
This method was reported by Schrier et al. in 1975. [129] 
Endocytosis involves the addition of one volume of washed 
packed erythrocytes to nine volumes of buffer containing 2.5 
mM ATP, 2.5 mM MgCl2, and 1mM CaCl2, followed by 
incubation for 2 min at room temperature. The pores created 
by this method are resealed by using 154 mM of NaCl and 
incubation at 37°C for 2 min. The entrapment of material 
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occurs by endocytosis. The vesicle membrane separates 
endocytosed material from cytoplasm thus protecting it from 
the erythrocytes and vice-versa. The various candidates 
entrapped by this method include primaquine and related 8–
amino–quinolines, vinblastine, chlorpromazine and related 
phenothiazines, hydrocortisone, propranolol, tetracaine, and 
vitamin A. [123, 130-131]

Loading by electric cell fusion  
This method involves the initial loading of drug molecules 
into erythrocyte ghosts followed by adhesion of these cells to 
target cells. The fusion is accentuated by the application of 
an electric pulse, which causes the release of an entrapped 
molecule. An example of this method is loading a cell-
specific monoclonal antibody into an erythrocyte ghost. [125, 

132] An antibody against a specific surface protein of target 
cells can be chemically cross-linked to drug-loaded cells that 
would direct these cells to desired cells. 
Loading by lipid fusion 
Lipid vesicles containing a drug can be directly fused to 
human erythrocytes, which lead to an exchange with a lipid-
entrapped drug. This technique was used for entrapping 
inositol monophosphate to improve the oxygen carrying 
capacity of cells. [133] However, the entrapment efficiency of 
this method is very low (~1 %). 
 
EVALUATION 
In-vitro properties of loaded erythrocytes 
1. Cell counting and cell recovery 
This involves counting the number of red blood cells per unit 
volume of whole blood, usually by automated counting. Red 
cell recovery may be calculated on the basis of the 
differences in the hematocrit and the volume of the 
suspension of erythrocytes before and after loading. The goal 
is to minimize the loss during the encapsulation procedure to 
maximize cell recovery. [134]

2. Morphological aspect 
The morphological examination of these ghost erythrocytes 
is undertaken by comparison with untreated erythrocytes 
using either transmission (TEM) or scanning (SEM) electron 
microscopy. By means of electron microscopy observation 
may be made of the morphological changes in the 
erythrocytes induced by osmosis-based encapsulation 
methods, when they are subjected to solutions of different 
osmolality. Thus, when rat erythrocytes are subjected to 
isotonic solutions (300 mosM/kg) they reveal the typical 
morphology of discocyte (biconcave). This evolves to a 
morphology of stomatocyte (uniconcave) when they are 
subjected to solutions of 200 mosM/kg, attaining the 
spherocytic shape (the most fragile of the three) when the 
solution is of 150 mosM/kg. [134]  
3. Osmotic fragility  
Osmotic fragility is a test to detect abnormal fragility of red 
blood cells. Untreated or loaded erythrocytes are tested by 
exposure to hypotonic solutions, making them swell, in order 
to determine the relative fragility of the red cells [135-136].  
4. Turbulence shock 
Turbulence shock enables an evaluation to be made of the 
stability of the loaded erythrocytes against the turbulence 
stress exerted by the cells against in-vivo circulation 
turbulence. [135] The test is performed by the method of 
Deloach et al. [137] whereby the suspension of cells is passed 
several times through a 22-gauge needle. 
5. In-vitro drug or peptide release 

The encapsulation of many drugs in erythrocytes can give 
rise to a sustained release of the drug that influences the 
pharmacokinetic behaviour in vivo of the loaded 
erythrocytes. In-vitro leakage of the drug from loaded 
erythrocytes is tested using autologous plasma or an 
isoosmotic buffer at 37°C with a hematocrit adjusted between 
0.5 % and 50 %. The supernatant is removed at the time 
intervals previously programmed and replaced by an equal 
volume of autologous plasma or buffer. [138-139] Certain 
authors recommend performing in vitro the release studies 
from loaded erythrocytes using a dialysis bag. [140] The 
molecular weight and liposolubility of the substance 
constitute two factors that have a decisive bearing on the 
release profile of the active principle from the loaded 
erythrocytes. [141] Liposoluble drugs may be released from the 
red cells by a mechanism of passive diffusion. Other drugs 
may become attached to cell structures and are not released 
by the diffusion mechanism, requiring the lysis of the cell. 
[142] Band 3 and glycophorin A are proteins present in high 
density on the extra-cellular surface of erythrocytes and 
which may act as potential targets for anchoring via covalent 
bond formation with different substances. Band 3 plays an 
important role as a carrier protein for anions. [143]

6. Haemoglobin release 
The content of hemoglobin of the erythrocytes may be 
diminished by the alterations in the permeability of the 
membrane of the red cells during the encapsulation 
procedure. [144-146] Furthermore, the relationship between the 
rate of hemoglobin and the rate of drug release contributes to 
interpreting the mechanisms involved in the release of the 
substance encapsulated from the erythrocytes. [142] The 
hemoglobin leakage is tested using a red cell suspension by 
recording the absorbance of supernatant at 540 nm on a 
spectrophotometer. [135]

7. In vitro stability 
The stability of the loaded erythrocytes is assessed by means 
of the incubation of the cells in autologous plasma or in an 
isoosmotic buffer, setting the hematocrit between 0.5% and 
5% at temperatures of 4 and 37oC. [147- 149]

 
The mechanism of resealed erythrocytes shows potential for 
a safer and sure delivery of various drugs for active and 
passive targeting. The authors have reviewed the 
explanations of the different method of drug loading and 
their characterization parameters for resealed erythrocytes. 
However more research and inputs are required for the cell 
based drug delivery systems to open a new perspective to the 
possibility of using cells for therapeutic purposes. The 
authors are confident that erythrocytes have great 
potentialities in the field of drug delivery, since the key to 
success of much therapeutics greatly depends on the 
development of novel technologies to improve and control 
the delivery of drugs. 
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