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ABSTRACT 

One of the most recent advancements in the domain of solubility enhancement lead to the development of pharmacosomes, a novel lipid based drug 
delivery system. These are the colloidal dispersions of drugs covalently bound to the phospholipids. They may exist as ultrafine vesicular, micellar 
or hexagonal aggregates depending upon the chemical structure of the drug-lipid complex. Their very small size and unique properties such as 
amphiphilicity, active loading of drugs, high and predetermined entrapment efficiency, stability make them an appropriate carrier for delivering 
drugs with precision and selectivity. They help in achieving increased bioavailability, reduce the cost of therapy and provide controlled as well as 
targeted release of drug. There is reduction in the drug leakage and toxicity while the therapeutic efficacy increases. It is advancing as a method 
used for delivery of various drugs like non-steroidal anti-inflammatory drugs, cardiovascular drugs, antineoplastic drugs and proteins. This 
approach as a drug delivery system certainly promises a reliable, safe, selective and precise method of drug delivery. 
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INTRODUCTION 

Majority of the drugs are poorly soluble or insoluble in water, which 
results in poor bioavailability for the reason that the solubility of a 
drug plays an important role in determining the rate and extent of 
its absorption1.  

The Biopharmaceutical classification system (BCS) was introduc
ed by Amidon et al in 199522. According to the 
biopharmaceutical classification system2, for class II-drugs 
dissolution rate is the limiting factor for the drug absorption. 
Similarly for class IV-drugs the dissolution rate can be the 
limiting factor. The rate of drug release is a function of its 
intrinsic solubility and subjective to its particle size, 
crystallinity, drug derivatization, etc. Numerous approaches 
have been explored for enhancing the dissolution rate of poorly 
water-soluble drugs including reducing particle size, 
solubilization in surfactant systems, drug derivatization, 
producing liquisolid formulations, manipulation of the solid 
state of a drug substance, solid dispersion formulations and 
preparing complexes (with complexing agents like metals and 
cyclodextrin)3. On the other hand, methods used for modifying 
the solubility, the complexation with phospholipids have been 
found to show improvement in both, absorption as well as 
permeation of the complexed active constituents4,5. Advances 
have been made in the area of vesicular drug delivery, leading to 
the development of systems that allow drug targeting, and the 
sustained or controlled release of conventional medicines24

The term pharmacosomes is explicitly used to describe the 
zwitterionic, amphiphilic, stoichiometric complexes of 
polyphenolic compounds with phospholipids. These are the lipid 
based drug delivery systems that are appropriately elaborated as 
the colloidal dispersions of drugs having a covalent, electrostatic 
or hydrogen bonding with lipids

. 
Pharmacosome is one of the important milestones in this series 
as the carrier is having a wide range of advantages over the 
other vesicular carrier system. 

In the present review, considerable attention has been given to 
provide an outlook of what are these complexes, basic ingredient 
used to formulate these carriers, methods of preparation, evaluating 
parameters and the potential applications of the pharmacosomes. 

Pharmacosomes 

6. They are rightly termed as 
“pharmacosomes” due to the linking of a drug (pharmakon) to a 
carrier (soma). These amphiphilic complexes of phospholipids 
bear an active-H atom and may exist as ultrafine vesicular, 
micellar or hexagonal aggregates depending upon the chemical 
structure of drug-lipid complex as shown in Figure 1. A drug 
possessing a free carboxyl group or an active hydrogen atom      

(-NH 2, - OH, -COOH) can be esterified with or without a spacer 
chain to the hydroxyl group of a lipid molecule, thereby 
producing an amphiphilic prodrug. Such a prodrug conjoins 
hydrophilic and lipophilic properties and thus manifests 
amphiphilic characteristics. Upon dilution with water, 
pharmacosomes are generated from these amphiphilic prodrugs. 
The thought for the development of the vesicular pharmacosome 
is based on surface and bulk interactions of lipids with drug5.  

Pharmacosomes being amphiphilic compounds facilitate membrane, 
tissue, or cell wall transfer in the organism. The amphiphilic 
characters help pharmacosomes to reduce interfacial tension and at 
higher concentrations exhibit mesomorphic behaviour7. This 
decrease in the interfacial tension leads to an increase in the contact 
area thereby increasing bioavailability of drugs. 

Merits and Demerits of Pharmacosomes 

Pharmacosomes bear a wide range of merits in general and also over 
other lipid based vesicular carriers but also put up with certain 
limitations of their own (Table 1 and 2). 

METHODS FOR PREPARATION OF PHARMACOSOMES 

Different methods have been reported for the preparation of 
pharmacosomes by various groups of researchers (Figure 2). Drug 
lipid complex is prepared from drug acid by using techniques such 
as solvent evaporation, ether-injection, dilution of lyotropic liquid 
crystals of amphiphilic drugs, anhydrous co-solvent lyophilisation, 
supercritical fluid process, etc6, 7. 

FORMULATION ASPECTS OF PHARMACOSOMES PREPARATION 

Drugs 

Any drug possessing an active hydrogen atom (-COOH, -OH, -NH 
2 etc.) can be esterified to the lipid, with or without spacer chain, 
leading to amphiphilic complexes. Synthesis of such a compound 
may be guided in such a way that strongly result in an 
amphiphilic compound, which will facilitate membrane, tissue, 
or cell wall transfer, in the organism 4,8,9. The approach has 
successfully improved the therapeutic efficacy of a number of 
drugs i.e. pindolol maleate, bupranolol hydrochloride, taxol, 
acyclovir, etc 10,11

Lipid or lecithin or phosphatidylcholine is the chief molecular 
building block of cell membranes (Figure 1). Phospolipids are the 
hydrophobic or electrostatic zwitterionic molecules which upon 
complexation with the drug yield amphiphilic products which 
render phospholipids water soluble and the drug lipid soluble

. 

Lipids 

8.  
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Table 1: Merits of Pharmacosomes 

General advantages 
Pharmacosomes’ 
Merits 
 
 

1. High and predetermined drug loading.  
2. Deliver drug directly to the site of infection. 
3. Reduction in adverse effects and toxicity. 
4. Amphiphilicity leads to improved bioavailability of poorly lipid and water soluble drugs.  
5. Economical.  
6. Stable and efficiency due to covalent linkage.  
7. Size, functional groups (drug molecule), chain length (lipids) and spacer decides the degradation velocity into active 
drug molecule.  

Lipid components 
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Phosphatidylinositol 
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Diphosphatidylglycerol (cardiolipin) 
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Over liposomes 
 

1. No need to remove free, unentrapped drug.  
2. Covalent linkage prevents drug leakage in pharmacosomes. 
3. Entrapment efficiency is independent of inclusion volume and drug-bilayer interactions. 
4. Cheaper, oxidation resistant and pure natural phospholipids not needed. 

Over Niosomes 
 

1. More stable. 
2. More Efficient. 
3. Less time consuming. 

Over Transfersomes 1. Cheap. 
2. Chemically stable. 

 

 

Fig. 2: Methods of Preparation of Pharmacosomes 

     Supercritical fluid process  
Two different SCF technologies for the preparation of PL complexes of 
Puerarin 

a) Gas antisolvent (GAS) 
b) Solution-enhanced dispersion by supercritical fluid (SEDS) 
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METHODS FOR PREPARATION OF 
PHARMACOSOMES 

Anhydrous co-solvent lyophilisation method (insulin) 

Insulin powder Phospholipids 

1ml Dimethyl sulfoxide (DMSO) containing 5% glacial 
acetic acid 

 

Co-dissolved 

Gentle agitation 

Clear mixture formed 

Freeze-dried overnight at a condenser temperature 

        

 

Resultant complex flushed with nitrogen and stored 
at 4°C 

E

  
 

In the ether-injection method, an organic 
solution of the drug–lipid complex is injected 
slowly into the hot aqueous medium, wherein 
the vesicles are readily formed.  

 

C 
Solvent evaporation method 

a) In the hand-shaking method, the dried film of the 
drug–lipid complex (with or without egg lecithin) is 
deposited in a round-bottom flask and upon hydration 
with aqueous medium, readily gives a vesicular 
suspension. 

b) By using rotary-evaporator.  

 

A 

An alternative approach for producing pharmacosomes is to synthesize a biodegradable micelle-forming 
drug conjunct from the hydrophobic drug adriamycin and a polymer composed of polyoxyethylene glycol and 
polyaspartic acid. This approach provides an advantage that although the micelle can be diluted, the drug will 
probably not precipitate due to the water solubility of the monomeric drug conjunct. 

 

B 

D 
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Table 2: Demerits of Pharmacosomes 

Demerits of Pharmacosomes 
1. Synthesis of a compound depends upon its amphiphilic nature. 
2. Required surface and bulk interaction of lipids with drugs. 
3. Required covalent bonding to protect the leakage of drugs. 
4. On storage, undergo fusion and aggregation, as well as chemical hydrolysis. 

 

Phospholipids (amphiphilic surfactants) increase the solubility of 
drug by their wetting and dispersion properties. This amphiphilicity 
further leads to improved bioavailability of the drug. Surface-active 
phospholipids get adsorbed and form a protective hydrophobic 
cover on the surface of mucus that covers the surface epithelium and 
is suggested to protect the gastrointestinal tissues by providing a 
hydrophobic layer between the epithelium and luminal contents2

Phospholipids are natural components; their different purity grades 
may have different effects in shape and surface morphology. The 
surface was found to be sticky in the complexes prepared with low 
purity grades (40 %) of phospholipids. On the other hand the surface 
of the complexes prepared with the high purity grades of 
phospholipids (80%) show rough, non-sticky and free-flowing 
nature

. 

7

EVALUATION TECHNIQUES 

. 

Various techniques used for the evaluation of the pharmacosomes 
are summarized in Table 3: 

 

Table 3: Different evaluation techniques used for 
Pharmacosomes 

Parameters Techniques and instrument 
Size and size 
distribution  

For measurement of the drug lipid 
complex  

Shape & surface 
morphology 
Conformation of 
complex formation 
State of phospholipid 
complex. 
In vitro dissolution 
studies 
Solubility study 
Formation of the 
complex  

Scanning electron microscopy( SEM)  
Transmission electron microscopy 
(TEM)  
Atomic Force Microscopy (AFM)  
DSC differential scanning calorimetery  
X-ray powder diffraction studies  
Dissolution test apparatus  
Shake-flask method  
Infrared Spectroscopic Analysis  
Nuclear magnetic resonance (NMR) 
spectroscopy 13 C-NMR  

Drug content UV-Visible spectrophotometer  

 

RESEARCH UPDATE ON PHARMACOSOMES 

Several studies show that pharmacosomes are able to enhance the 
dissolution ability of the poorly soluble non steroidal anti-
inflamatory drugs. The solubility of the diclofenac 
phosphatidylcholine (80 %) complex was enhanced to 22.1 mg mL–1 
when compared to that of diclofenac12 (10.5 mg mL–1). Similarly the 
Aceclofenac13 loaded pharmacosomes prepared through solvent 
evaporation technique showed a release rate of 79.78% at the end of 
4hrs. Aspirin14 and Naringenin15 loaded pharmacosomes also 
depicted similar results. Further studies by Garcia et al., (1998) on 
dioleylphosphatidylcholine (DOPC) complex of ketoprofen (KP) 
showed solubility enhancement ability of the pharmacosomes. The 
permeation of the drug across the skin was also enhanced in the 
complex when assayed by in vitro percutaneous absorption by using 
a flow-through diffusion cell. Muller-Goymann and Hamann16

JIN Yi-Guang et al.

 
developed fenoprofen pharmacosomes using a modified technique 
that involved diluting lyotropic liquid crystals of amphiphilic drugs. 

17, formulated the negatively charged nanometer 
Acyclovir succinyl glyceryl monostearate pharmacosomes by the 
tetrahydrofuran injection method. Transmission electron 
microscope and laser scattering method were used for the analysis 
of the complex formed. Very weak effect of centrifugation and 

heating were found on the stability of the pharmacosomes whereas 
freezing and lyophilization disrupted the Pharmacosome structure. 
In vivo, pharmacosomes were found absorbed by the plasma 
proteins in the blood thereby reducing the haemolytic reaction. 
Meihua HAN et al.18, developed 20(S)-Protopanaxadiol (Ppd) 
pharmacosome by simple thin film-dispersion preparation 
properties were found to be stable. Tube shaped pharmacosomes of 
5′-cholesterylsuccinyl-dideoxyinosine (CS-ddI) were devoloped by 
means of THF injection method by Ping et al19. CS-ddI and ddI in 
plasma and tissues were determined with the help of HPLC. Half life 
of CS-ddI in plasma of rat was found to be 7.64 min, CS-ddI got 
concentrated in liver quickly after iv administration, there was also 
some concentration in lung and spleen; its elimination from target 
tissues was found slow as the half-life of CS-ddI in liver was 10 d. 

Zhang ZR et al.20,found mean particle size of 3’,5’-dioctanoyl-5-
fluoro-2’-deoxyuridine pharmacosomes (DO-FudR-PS) to be 76 nm 
with drug loading of 29.02% and entrapment efficiency of 96.62%. 
They also reported that the concentration of FUdR in various tested 
organs was quite high when determined by reversed phase High 
Performance Liquid Chromatography after i.v. administration of DO-
FUdR-PS and FUdR. The brain AUC ratio of DO-FUdR-PS to FUdR was 
confirmed to be 10.97. Few researchers have also reported that the 
isoniazid pharmacosomes have improved permeability and 
macrophage targeting. Shi et al.21 prepared a new insulin–
phospholipid complex by an anhydrous co-solvent lyophilization 
method. Compared with native insulin, the physicochemical 
properties of insulin changed significantly after it was complexed 
with phospholipids. It was concluded that the characteristics, 
especially the improved lipophilicity, would contribute to the 
improved oral absorption of insulin23

It may be concluded that pharmacosomes are promising delivery 
system for poorly soluble drugs and can also improve the 
biopharmaceutical properties of biologically active 
phytoconstituents such as flavones, glycosides, xanthones, and so on. 
Consequently, the pharmacosomes can play the role of simple, safe, 
effective and stable drug delivery systems that can be developed by 
simple and reproducible methods for better therapeutic 
performance. 

. 
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