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Abstract
Haem is found in all living cells as well tissues in the form of proteins such 

as cytochromes, hemoglobin’s and peroxides. This is act as catalyst for the 
formation of oxygen radicals. Encapsulation of haem or hemoglobin with in lipid 
vesicles or liposome’s is called “Hemosomes” or it is also called Liposome-
encapsulated hemoglobin (LEH). Which are 0.1 to 10 microns in dimension, and 
it is a technology of preparing artificial red blood substitutes. The synthetic cells 
are stable being somewhat smaller and stronger than normal red blood cells and 
are having same electrophoretic movements. Hemoglobin (Hb) encapsulation 
within a liposome is one of the strategies in the development of artificial oxygen 
carriers. The review article includes preparation techniques, characterization 
and stability of Hemosomal drug delivery system.

Keywords: Hemosomes; Hemoglobin encapsulation; Red blood cells; 
Oxygen carriers; LEH

hemoglobin and is useless for carrying oxygen and delivering it 
tissues. The earliest types of encapsulated hemoglobin had a short 
circulation half-life and formed met hemoglobin. The circulation half-
life was improved by surface changes using negative surface charges 
like polyethylene-glycol (PEG). These modifications improved the 
half-life to over 24 hours. Met hemoglobin formation was reduced 
by reducing enzymes such as met hemoglobin reductase system. 
In animal studies, results were mostly successful, but complement 
activation occurred in rats and pig [5] (Figure 2).

Hemoglobin vesicles or liposome-encapsulated hemoglobin 
(LEH) mimics membrane enclosed cellular structure of red blood 
cells. Compared to free modified hemoglobin preparations, LEH 

Introduction
Hemosomes is a part of vesicular drug delivery system. Haem 

means hemoglobin and some means cell-like, Hemoglobin, also 
spelled as hemoglobin, iron-containing protein in the red blood cells 
of many animals. As early as 1957, the author Chang TMS prepared 
encapsulated hemoglobin to form artificial red blood cells [1]. In the 
1950s, the first form of encapsulated hemoglobin was developed but 
limited technical possibility. Liposome-Encapsulated Hemoglobin 
(LEH) has been found to be an effective oxygen carrier without 
any adverse effects of vasoconstriction. The liposome encapsulation 
appears to increase plasma retention time; however, adverse immune 
interactions occur with the liposome [2].

The blood loss occurs in the body due to operational surgical or 
any other injury. The mostly problems occurs with blood transfusion 
replacement therapy such as allergic reactions, hemolytic transfusion 
reactions, embolism, circulatory overload, coagulation disturbances 
and the blood borne diseases transmission such as AIDS and hepatitis. 
Actual blood has a short shelf life of 21 days outside the body [3], 
in emergency situations there is a need of universally transfusable 
(nonallergenic), oxygen-carrying blood replacement fluid to provide 
temporary life support until availability of an enough blood supply 
[4]. In such a situation “Hemosomes” (artificial red blood cells), the 
vesicular delivery system is useful. This maintains the temporary life 
till enough blood available to the body (Figure 1).

Hemoglobin encapsulated in lipid vesicles has been developed. 
Due to this the vesicles permeable to glucose and other molecules 
which are needed to reduce met hemoglobin. That is a type of 
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Figure 1: Hemoglobin Vesicles (Hemoglobin encapsulated, embedded and 
coated vesicles)
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is characterized by spatial isolation of hemoglobin by an oxygen 
permeable lipid layer that eliminates the free modified toxicity. With 
that, co-encapsulation of reductants antioxidative enzymes and 
oxygen-affinity modifiers inside liposome’s is possible to enhance 
resuscitative capacity of LEH [6]. The lipid bilayer of encapsulated 
hemoglobin prevents renal clearance, extra vacation and direct 
contact of hemoglobin with vascular smooth muscle, thus prevent 
vascular constriction, increasing the in vivo half-life of LEH [7]. Also 
this membrane reduces interactions between hemoglobin and nitric 
oxide, adverse effects such as hypertension and histological damage 
in myocardial lesions, are not induced, as are found for a cellular-type 
HBOCs (hemoglobin-based oxygen carriers) [8].

The Success and progress in the generation of encapsulated 
hemoglobin can be improved by following considerations:

1. Increasing storage stability and then infusion.

2. Effects of lipid decreasing on the reticuloendothelial systems.

3. Avoiding peroxidation of lipid.

4. Solving the problem of met hemoglobin formation.

5. Inclusion of most of functioning red blood cell enzymes [9].

In this work we report synthesis of a simple phospholipid to 
enhance hemoglobin encapsulation inside liposome’s.

A part of optimization of LEH formulation in this article we 
present synthesis of novel lipid and LEH formulation development 
as an oxygen carrier.

The overall goal of our work is the development of safe, efficacious 
and economically viable oxygen carrying red blood cell substitute 
composed of hemoglobin solution encapsulated in a liposome.

Hemosomes or LEH have many important advantages
Compared to un encapsulated hemoglobin LEH has many 

advantages which include the following:

1)	 Minimised nephrotoxicity.

2)	 Metabolism by RES (reticuloendothelial system) of the liver 
and spleen same as red cells [10].

3)	 Potential to Co-encapsulate Allosteric Modifiers and 
Antioxidants with Hemoglobin. During manufacture of LEH 

Allosteric modifiers can be co-encapsulated with the hemoglobin 
in order to control the oxygen affinity (P50) [11]. Hemoglobin 
protectants can also be encapsulated in the liposome in order to 
retain the hemoglobin in the oxy-hemoglobin state [12].

4)	 Decreased Vasoactivity, because physical properties of LEH 
have closer to red cells, it produces less of a hypertensive response 
than that observed with cell-free hemoglobin [13]. Recent studies 
demonstrate that the vasoconstrictor activity of LEH is 60 times less 
than that of un encapsulated Hb [14].

5)	 Diffusive Properties Closer to Red Cells. The rate of oxygen 
release from LEH is slower than from cell-free hemoglobin i.e. closer 
to the rate of release from intact red cells [15]. Rapid oxygen release 
from un encapsulated Hb may cause hypertension secondary to auto 
regulation at the level of the arterioles [16].

6)	 Decreased Likelihood of Neurotoxicity, because of the 
protective lipid encapsulation of the hemoglobin with LEH [17].

The hemosomes or LEH formulation produced by 
following characteristics

1)	 It is a homogeneous LEH formulation that is approximately 
0.25 microns in diameter, unlike the originally described LEH 
formulation which contained large particles of > 1 micron (~ 30% of 
the population).

2)	 Due to the addition of albumin to the new formulation and 
the use of a PEG (poly ethylene glycol) coating now the LEH is a volume 
expander. Recent research demonstrates that intravascular volume 
expansion is a very important additional aspect of a resuscitative fluid 
(i.e. no oxygen transport is possible without adequate intravascular 
volume) [18].

3)	 By addition of PEG to the LEH formulation has increased 
the circulation half-life of LEH from 18 hours up to 65 hours [19].

4)	 Prior LEH and other liposome formulations have been 
reported to cause an acute thrombocytopenic [20]. Coating the 
surface of LEH with PEG as well as greatly reducing the negative 
lipid component from 10% to 2% of the formulation has also greatly 
reduced the thrombocytopenic response in small animals as studied.

Progress has been limited by three major obstacles
We have made considerable progress in all three following fronts.

(i)	 Selecting an acceptable microencapsulation material;

(ii)	 Developing a microencapsulation process that yields the 
desired size range, but avoids denaturation of Hb; and,

(iii)	  Encapsulating sufficient Hb while maintaining an 
acceptable final viscosity [21].

Materials used for LEH preparation
Egg Phosphatidylcholine (EPC), Dimyristoyl Phosphatidylcholine 

(DMPC) and bovine Brain Phosphatidylserine (BPS; horse heart 
cytochrome C, the sodium salt of diphosphoglyceric acid and tetra- 
methylene phenylenediamine; cholesterol and Dicetyl Phosphate 
(DCP), Inc. Hemoglobin derived from outdated human blood at - 150 
mg/ml Cs. All other chemicals were reagent grade and used without 
additional purification. Polycarbonate membranes were obtained 
from Nucleopore [22,23].

Figure 2: Hemoglobin encapsulated within liposomes.
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Techniques for Hemosomes or LEH preparation
Aseptic techniques are followed in the preparation of hemosomes; 

the widely used techniques are included such as,

1. Film hydration followed by sonication,

2. Membrane extrusion,

3. French press extrusion,

4. Micro fluidization or homogenization,

5. Detergent dialysis,

6. Reverse-phase evaporation, reverse- micelle: and other 
mechanisms.

7. Most recently approach is multiple emulsions [24].

Among above all mainly three methods are used for producing 
LEH:

1. Film hydration,

2. Reverse evaporation and

3. Double emulsion.

Film hydration
This method used to form multilamellar vesicles, which are 

then reduced in size by a Micro-fluidizer TM M1 10 (Micro fluidics. 
Newton, Ma). Most recently modified this process (prior to Micro 
fluidization) by rotary evaporation (operating under vacuum at room 
temperature) of as much water as possible from the formed LEH 
in Hb solution. This results in a somewhat dry Hb/LEH film that 
deposit on the walls of a round bottom flask. Hb solution is added to 
rehydrate and re suspend the LEH. Micro fluidization processing at 
temperatures of about 5OC follows. The LEH so formed are washed 
at least three times in isotonic phosphate buffered saline(PBS) and 
centrifuged at 20,000 X g for 20mins to remove all un encapsulated 
Hb solution and any remaining organic solvent (if any). The washed 
liposome’s are then re suspended in isotonic PBS containing 7.5 g% 
egg albumin [25,26].

Reverse-phase evaporation
In this technique, sonication is not used as it damages the 

hemoglobin. The approach used here in involves formation of an 
emulsion of aqueous concentrated Hb solution in an organic solvent 
mixture of diethyl ether and trichlorotrifluoroethane, which contains 
in dissolved form the formulated phospholipids/ lipids. Organic 
solvents are slowly evaporated at room temperature in a rotary 
evaporator operating under partial vacuum, as the organic solvents 
are removed. LEH spontaneously form in the excess lipid system. 
The evaporation procedure is continued until dryness to maximize 
removal of all organic solvent and water so that the Hb concentration 
within the LEH is as high as possible. This results in the deposition 
of an apparently dry Hb/LEH film on the walls of the round bottom 
flask. Concentrated Hb solution is then added under agitation to 
rehydrate and re suspend the LEH. Micro fluidization, washing and 
re suspension procedures used for LEH are the same as described 
above for film hydration [27,28].

Double emulsion
In this method the formation of a water-in-oil-in- water type 

multiple emulsion with removal of organic solvent and then 
size reduction in a Micro fluidizer to form LEH . First a primary 
emulsion is formed of Hb solution droplets dispersed in an organic 
solvent blend containing in dissolved form the formulated lipids/
phospholipids. Components and compositions are exactly the same 
as used above for reverse evaporation. The primary emulsion is 
then well-dispersed into precursor Hb solution to form the double 
emulsion. The remaining steps in the process to form LEH that 
involve organic solvent removal, micro fluidization and washing are 
similar to those reported above for the reverse evaporation method 
[29,30].

Method of preparation of LEH
The solvent (chloroform and methyl alcohol) is subjected to 

remove with a rotary evaporator from 75 pmol of a mixture of EPC, 
cholesterol and BPS 5: 4: 1 or of DMPC, cholesterol and DCP 5: 4: 
1. Concentrated hemoglobin (3 ml) in buffer (100mM NaCl, 20mM 
HEPES, 1mM EDTA, pH 7.4) is added to the lipid, which is dispersed 
by overtaxing. The mixture is then placed at 20OC in an ultra-filtration 
cell (Amicon Model 12) and forced by argon pressure through 
polycarbonate membranes twice each through membranes with 6000 
A, 4000 A and 2000 A pores. The resulting mixture of vesicles and 
free hemoglobin is separated at 4OC on a column of Sepharose CL-6B 
(Pharmacia). The purified vesicles may then be concentrated on an, & 
100000 cut-off ultra filter (Nucleopore), or by centrifugation at 5000 
rev/min for 20 min [31] (Figure 3).

Evaluation parameters of LEH or Hemosomes
After preparation of hemosomes or LEH was tested for following 

parameters

1. Liposome size,

2. Phospholipid concentration,

3. Total hemoglobin,

4. Percent methemoglobin,

5. Oxygen-binding capacity and

Figure 3: Manufacturing technique of Liposome-Encapsulated Hemoglobin 
(LEH) preparation.
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6. Sterility [32].

Stability studies
Wet and dry storage stability: Wet storage stability will be 

evaluated for hemosomes or LEH formulations that determined to be 
effective and safe. Samples of LEH suspended in isotonic/isooncotic 
PBS-albumin (7.5g %) solution stored at 4OC and -20’C are tested for 
oxygen-carrying capacity, liposome-encapsulated Hb concentration 
and functionality (i.e. % oxy-, reduced, and met-). LEH size and Hb 
leakage (i.e., extra vesicular Hb), using suitable methods [33].

Applications

1. Liposome Encapsulated Hemoglobin (LEH) or hemosomes, 
may be effective in acute brain ischemia, because its size (230 nm) 
may not only prevent extravasations but also allow oxygen delivery 
beyond the obstruction with plasma to areas where Red Blood Cells 
(RBCs) seldom reach, thereby reducing the oxygen diffusion distance 
[34].

2. LEH with a high oxygen affinity accelerates Gastric wound 
healing in rats [35].

3. LEH used as an oxygen carrier for fetal and adult rat liver cell 
culture [36].

4. LEH enhances chemotherapy to suppress metastasis in mice 
[37].

LEH inhibits tumor necrosis factor release from rabbit alveolar 
macrophages by a posttranscriptional mechanism [38] (Table 1).

Future Perspective
Hemosomes or Liposome Encapsulated Hemoglobin (LEH) have 

wide range of applications in pharmaceuticals, the problems of blood 
loss in the body have been occurred due to operational surgery or any 
other injury, menstrual

cycle in women’s, blood transfusion replacement therapy etc. In 
such cases these hemosomes or LEH maintains the temporary life till 
enough blood available to the body, also these are useful in acute brain 
ischemia. LEH with a high oxygen affinity accelerates gastric wound 

healing in rats. Such problems are common so next in few years this 
type of Hemosomal drug delivery systems have very valuable role, so 
the research also going on for developing such delivery system with 
various drug components, peptides, proteins etc.

Conclusion
The forgoing review shows the aspects related with the vesicular 

system i.e. hemosomes or LEH for delivery of oxygen accurately that 
are safe for use as a red blood cell substitute without any adverse 
effects of vasoconstriction by addition of PEG to the LEH formulation 
has increased the circulation half-life of LEH by slowly releasing of 
hemoglobin. The vesicular delivery systems still play an important 
role in the selective targeting and controlled delivery of various drugs. 
Researcher are implementing their efforts in improving the design 
of vesicular system by making them steady in nature, in order to 
prevent leaching of contents, oxidation and their uptake by natural 
defense mechanism. As their flexibility in design possess a wide range 
of potential, its application must be explored throughout the world 
by encouraging the participation of researcher in the field of vesicular 
drug delivery system.
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