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Abstract 

Cochleates, a type of lipid based drug delivery system, are solid particulates made up of large 

continuous lipid bilayer sheets rolled up in a spiral structure with little or no internal aqueous 

phase. These nano-sized or sub-micron sized structures are generated on fusion of negatively 

charged liposomes with metal cation. They are efficient to encapsulate drug molecules that are 

hydrophobic and hydrophilic; positively charged as well as negatively charged. The interior of a 

cochleate structure remains substantially intact irrespective of outer harsh environmental 

conditions or enzymes. Cochleate technology is applicable for administration through parenteral, 

topical as well as oral route and can be formulated in liquid or powder form. Cochleates have 

been reported to improve the oral bioavailability; improve the safety of the drugs by decreasing 

side effects and increasing drug efficacy; all of which lead to enhanced patient compliance. This 

review article highlights the important aspects of cochleates such as their structure, properties, 

methods of preparation, stability, advantages, applications and current status. The information 

provided herein should help formulators in judiciously selecting the cochleate technology for 

delivery of drugs.  

 

Key words: Cochleates • Hydrophobic • Negative charged phospholipid • Multivalent cation •      

Liposome.  
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Introduction 

In the past few decades, considerable attention has been focused on the development of new drug 

delivery system (NDDS). An ideal NDDS should fulfil two basic requirements: It should deliver 

the drug at a rate directed as per the needs of the body over the period of treatment and it should 

channel the active ingredient to the site of action. The novel drug delivery system is most 

suitable and approachable in developing the delivery system which improves the therapeutic 

efficacy of new as well as pre-existing drugs, thus providing controlled and sustained drug 

delivery to the specific site. Conventional dosage forms are unable to meet any of these 

requirements. At present, no available drug delivery system behaves ideally.
1
 Now-a-days 

vesicles as a carrier system have become the vehicle of choice in drug delivery.
2
   

Lipid based delivery systems have attracted enormous attention by researchers to 

improve drug delivery. One of them, called liposome, is favorable due to its resemblance with 

the cell membrane. It possess various advantages such as provides selective passive targeting to 

tumor tissues, increases efficacy and therapeutic index of drug molecule, increases stability via 

encapsulation, reduces toxicity of the encapsulated agents, shows site avoidance effect, improves 

pharmacokinetic parameters of drug molecule (reduced elimination, increased circulation life 

times), imparts flexibility to couple with site specific ligands to achieve active targeting,
3
 help to 

reduce exposure of sensitive tissues to toxic drugs,
4
 liposomes are biocompatible, completely 

biodegradable, non-toxic, flexible and non-immunogenic for systemic and non-systemic 

administrations. However, utilization of liposomes has limitations such as Cost of production is 

high, phospholipid may sometimes undergo oxidation & hydrolysis like reaction, short half-life, 

low solubility, poor mechanical stability due to leakage & fusion of the formulation, low 

entrapment efficiency. So the need of the hour was to develop a formulation to answer the above 
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limitations of liposome based vesicular drug delivery systems.
4 

Cochleates are the vesicular 

system which could satisfy the present needs of the market. 

History. Cochleates were discovered in 1975 by Dr. Dimitrious Papahadjoupoulos and 

his co‐workers as precipitates formed by the interaction of negatively charged phosphatidylserine 

and calcium.
5
 He named these cylindrical structures "COCHLEATE" (Fig.1). The term 

“cochleate” was coined due to the resemblance of the structure to a snail with a spiral shell.
6 

In 

the late ‘80s & ‘90s, cochleates were used to transport antigens and peptides for vaccine 

delivery. Cochleate structure is either aggregates of stacked sheets formed by trapping method or 

large size needles‐like structures formed by the dialysis method.
7
 In 1999, cochleates were 

introduced to develop smaller, but rather more consistent particles. It was demonstrated that by 

using a binary phase system, such as two non‐miscible hydrogels; cochleates can be formed that 

display a small mean particle of less than 500 nm. These cochleates were highly suitable for the 

encapsulation of hydrophobic drugs.
8 

This technology was able to answer the challenges of oral 

delivery of different kind of biological molecules, especially the hydrophobic ones. Cochleates 

differ from liposomes in having water-free interior, rod-shape & rigid stable structure (Fig. 2).
5
 

These unique characteristics make cochleates a great platform for delivery of drugs that were 

having poor bioavailability.  

This review describes cochleates, a lipid based drug delivery technology. Through this 

review, the reader shall be made acquainted with this relatively more safe and effective, patient 

friendly drug delivery modality. The review encompasses the basics, composition, properties that 

offer numerous advantages, methods of preparation and applications of cochleates.
9 
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Fig . 1 Freeze-fracture electron micrographs of empty cochleates prepared by the trapping film 

method. Arrows indicate rolled-up cochleate structures. Bar, 275 nm. Reproduced with 

permission from ref. 10, 2000 American Society for Microbiology.   

 

Fig. 2 Structural difference between liposome and cochleate.  

 

Basics and composition of cochleates 

Cochleate and nanocochleate are cigar like spiral rolls or cockle formed of negatively charged 

phospholipid bilayers (liposomes), which are rolled up through the interaction with multivalent 

counter ions (Me (metal)
2+

) as bridging agents between the bilayers (Fig. 3). During this process, 

the close approach of bilayers is dependent on dehydration of the head group of the 

phospholipid. They roll-up in order to minimize their interaction with water.
7
 They possess little 

or no aqueous phase. The bilayers in a cochleate are arranged very neatly at a very close 

repeating distance of 54 Angstrom. Small liposomes rather than the larger ones yield 

cochleates.
11,12

 Thus, they are made up of three constituents: the lipid bilayers, the cations and 

the agent to be delivered; on varying one or more of these constituents, various permutation 

combinations are possible (Table 1).  

 

Fig. 3 Cochleates formation by interaction between negatively charged liposome and cations.   

 

Table 1 The various constituents of a cochleate  

 

The cochleate forming lipid essentially is a negatively charged lipid component such as 

phosphatidylserine (PS), dioleoyl phosphatidylserine (DOPS), phosphatidylinositol (PI), 
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phosphatidic acid (PA) and phosphatidyl glycerol (PG) and /or a mixture of one or more of these 

lipids with other lipids. A study comparing purified soy PS (PSPS) to non-purified soy PS 

(NPSPS) concluded that PS should be present in an amount of at least 75% of the total lipid in 

order to allow the formation of cochleates. The other 25% phospholipids present can be selected 

either from the anionic group such as PA, PI, PG or phosphatidylcholine (PC) [2]. A binary 

system containing palmitoyloleoylphosphatidylcholine (POPC) and nervonoylceramide has also 

been reported to form cochleate-type tubular structures.
13

 Mixtures of anionic and zwittterionic 

lipids can also be used to prepare cochleates.  

The presence of a divalent cation like Ca
2+

, Mg
2+

, Ba
2+

, Zn
2+ 

or Fe
2+

 facilitates the rolling 

of the lipid sheets into a cochleate structure. Cation plays an important role in formation of 

cochleatal cylinder wherein divalent cations are preferred over the monovalent ones. The 

multivalent cation destabilizes the outer bilayers of the negatively charged phospholipid in the 

liposome due to which the bilayered structure begins to collapse. The Ca
2+ 

ions now have easy 

access to inner bilayers for interaction. Eventually the liposomal sheets roll-up to form a 

cochleatal cylinder. It can also be said that the liposomal sheets develop hydrophobic surfaces 

due to interaction with metal ions and in order to minimize their interactions with water tend to 

roll‐up into the cigar‐like cochleate (Fig. 3).  

Divalent cations Ca
2+

, Mg
2+

, Ba
2+

 and Zn
2+

 can be used for preparing cochleates. It has 

been reported that Ca
2+

 forms a more tightly packed, highly ordered and less hydrated structure 

than does Mg2+ with phospholipids. Also it is required in much lower concentration than Mg
2+

. 

It is well documented that Ca
2+

 plays a vital role in natural membrane fusion phenomena while 

other cations listed above are ineffective in most such systems. Hence it is most compatible with 

the body. Thus, calcium is the most suitable divalent cation reported for preparing cochleates.
14
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Cochleates can entrap macromolecules as well as drugs that are hydrophobic, 

hydrophilic, positively charged and negatively charged (Fig. 4 and 5). Cochleate technology has 

been used to encapsulate several moieties as proteins, peptides, anticancer agents, 

immunosuppressants, herbal products, vitamins, tranquilizers or nutritional supplements. The 

nature of the drug influences the percentage of encapsulation. Hydrophobic drugs like 

amphotericin B and clofazimine show a quantitative encapsulation whereas less was seen for 

amphipathic molecules.
15

 As calcium induces dehydration of the inter bilayer domains during 

cochleate formation, the amount of water in this region is low, therefore, small hydrophilic 

molecules will not be suitable for cochleate system.
16 

However, doxorubicin, although a water-

soluble drug, is capable of partitioning between the bilayers and the external aqueous phase 

through its hydrophobic regions to get entrapped into the cochleate.
17  

A new type of cochleate, able to microencapsulate water-soluble cationic drugs or 

peptides into its inter-lipid bi-layer space, was formed through interaction between negatively 

charged lipids and drugs or peptides such as tobramycin, tetraaminopyridine etc. These drugs or 

peptides acted as the inter-bi-layer bridges instead of multi-cationic metal ions.
18,19 

 

Fig. 4 Schematic illustration of drug delivery via nanocochleate technology. Reproduced with 

permission from ref. 20, 2012 Springer.                           

         

Fig. 5 Cochleate can encapsulate (A) hydrophobic, (B) amphiphilic, (C) negatively charged or 

(D) and (E) positively charged drugs.  Reproduced with permission from ref. 21, 2015 Elsevier.   
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Methods of cochleates preparation 

As mentioned earlier, cochleates consist of a series of lipid bilayers, which are formed as a result 

of the condensation of small unilamellar negatively charged liposomes. In the presence of 

calcium, the negatively charged phospholipid liposomes fuse and form large sheets. A general 

approach to cochleate manufacture is to first prepare liposomes and then treat them with a 

divalent cation to change the spherical vesicle into a cochleate cylinder by one of the following 

methods. 

Trapping Method. This method involves forming phospholipid liposomes followed by 

the drop-wise addition of a solution of calcium chloride (Fig 6). The liposomes can be generated 

either by addition of water to phospholipid powder or by adding the water phase to a 

phospholipid film. This leads, in general, to the formation of aggregates of cochleates and 

stacked sheets.
11

 

 

Fig. 6 Cochleates preparation by trapping method. 

 

Liposomes before cochleates dialysis method. This Liposomes before Cochleates (LC) 

method requires a mixture of lipid and detergent as starting materials. This double step method 

involves removal of the detergent from the mixture by dialysis whereby liposomes are formed 

and further dialysis against a solution of calcium chloride to transform liposomes into cochleates 

(Fig.7). This method called the ‘LC dialysis method’ is suitable for the encapsulation of 

hydrophobic material or drugs containing hydrophobic region. This process has slow kinetics; 

the intermediate liposome is usually small and results in the formation of small cochleates. 

Generally, ionic detergents such as cholate salts, deoxycholate salts or nonionic detergents such 
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as those containing polyoxyethylene or sugar head groups or heterogeneous polyoxyethylene 

detergents such as Tween or Brij or Triton are used. The best suitable are nonionic detergents 

containing sugar head groups e.g. beta-D-octyl-glucopyranoside.
22 

 

Fig. 7 Cochleates preparation by liposomes before cochleates dialysis and direct cochleates 

dialysis method. 

 

Direct cochleates dialysis method. Direct cochleates (DC) method involves the removal 

of detergent directly by dialysis against a calcium chloride solution: this process probably does 

not involve the formation of liposome intermediate (Fig. 7). The mechanism might involve a 

competition between the removal of detergent from the detergent / lipid / drug micelles and the 

condensation of bilayers by calcium. It results in needle-shaped structures, having larger 

diameter and length than the structures from LC dialysis method.
23

  

Binary aqueous- aqueous emulsion system method. This method is based on the 

incompatibility between two-phase systems of polymers solutions, both of which are aqueous 

and immiscible with each other. This method does not require organic solvents. The process 

involves preparation of liposomes, mixing liposomal suspension into polymer solution A, 

addition of this polymeric liposomal suspension by injection into the polymer solution B; thus 

creating a two-phase aqueous system. This is followed by addition of a solution of cation salt to 

form small sized cochleates, washing of the cochleates and re-suspension of cochleates in 

physiological buffer. Further the cochleates can be lyophilized and filled into soft or hard gelatin 

capsules, made into tablets or other dosage forms.
24
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Hydrogel method. In this method small unilamellar drug loaded liposomes prepared by 

thin film hydration technique are added to polymer solution A (which may be PS, dextran, 

polyethylene glycol etc.). The dispersion of liposomal solution and polymer solution A is then 

added to another polymer solution B (which may be polyvinylpyrrolidone, polyvinylalcohol, 

Ficoll, polyvinyl methyl ether etc.). The two polymers, A and B, are immiscible with each other. 

Immiscibility of the polymers leads to formation of an aqueous two-phase system. The cationic 

cross-linking of the polymers is achieved by adding a solution of cation salt to the two-phase 

system, such that the cation diffuses into second polymer and then into the particles comprised of 

liposomes/polymer (Fig. 8). The formed cochleates are then washed to remove polymer and re-

suspended into a physiological buffer.
25

  

 

Fig. 8 Cochleates preparation by hydrogel method.  

 

Characterization of cochleates  

The particle size is one of the most important parameter. Two techniques are used to determine 

the particle size distribution of which includes photon correlation spectroscopy (PCS) and 

electron microscopy (EM). The latter includes scanning electron microscopy (SEM), 

transmission electron microscopy (TEM) and freeze-fracture techniques. The size evaluation of 

cochleate dispersion demonstrates better results with freeze-fracturing microscopy and photon 

correlation spectroscopy as quantitative methods. However, Electron microscopy could be 

adopted as an alternative option that measures individual particle for size and distribution. It is 

relatively less time consuming. Additionally, the freeze-fracturing of particles allows for 

morphological determination of their inner structure.
26

 To determine the encapsulation 
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efficiency, EDTA (pH 9.5) adding in to cochleates pellets to allow the opening of cochleates into 

liposomes and the release of drug. Encapsulation efficiency can be calculated by using below 

equation.  

Encapsulation efficiency % = Amount of drug present in cochleates/ Total amount of the  

    drug present × 100 

The density of cochleates is determined with helium or air using a gas pycnometer. The 

value obtained with air and helium is much more pronounced due to the specific surface area and 

porosity of the structure.
27 

The specific surface area of freeze-dried cochleate is generally 

determined with the help of a sorptometer.
26 

The equation given below can be used to calculate 

specific surface area 

    A = 6 / ρd  

Where A is the specific surface area, ρ is the density and d is the diameter of the cochleate. 

The nature and intensity of the surface charge of cochleate is very important as it 

determines their interactions with the biological environment as well as their electrostatic 

interaction with bioactive compounds. The surface charge of colloidal particles in general and 

cochleate in particular can be determined by measuring the particle velocity in an electric field. 

Laser light scattering techniques such as Laser Doppler Anemometry or Velocimetry 

(LDA/LDV) are used as fast and high-resolution techniques for determining cochleate velocities. 

The surface charge of colloidal particles can also be measured as electrophoretic mobility. The 

charge composition critically decides the bio-distribution of drug carrying cochleate. Generally, 

the Electrophoretic mobility of particle is determined in a phosphate saline buffer and human 

serum. The phosphate saline buffer (pH 7.4) reduces the absolute charge value due to ionic 

interaction of buffer components with the charged surface of cochleate. The zeta potential can be 
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obtained by measuring the electrophoretic mobility by applying the Helmholtz-Smoluchowski 

equation.
27
 

The surface hydrophobicity of cochleates influences the interaction of colloidal particles 

with the biological environment. Hydrophobicity and hydrophilicity collectively determine the 

bio-fate of cochleates and their contents. Hydrophobicity regulates the extent and type of 

hydrophobic interactions of cochleates with blood components. Several methods including 

hydrophobic interaction chromatography, two-phase partition, adsorption of hydrophobic 

fluorescent or radiolabelled probes, and contact angle measurements have been adopted to 

evaluate surface hydrophobicity. Recently, several sophisticated methods of surface chemistry 

analysis have also been used.
28
 

Several biophysical techniques such as nuclear magnetic resonance (NMR), dynamic 

light scattering (DLS), negative stain and freeze fracture electron microscopy (EM), and infrared 

spectroscopy (IR) have been used to study this unique lipid system. Formation of cochleate 

structure can be identified by 
31

P-NMR. The addition of divalent Ca
++

 to phosphatidylserine 

precipitates the lipid. Chemically, it can be said that the phosphate group motion in such 

structures is severely restricted, which can be identified by the concomitant total loss of the 31P-

NMR signal or a very broad 
31

P-NMR spectra.
29, 30

 

Laurdan spectroscopy finds application in investigating the morphology of cochleate 

cylinders. The membrane probe, Laurdan (6-dodecanoyl-2-dimethylamino naphthalene), is 

localized at the hydrophilic (polar glycerol head group)–hydrophobic (acyl chains of 

phospholipids) interface of a bilayer and is thus very sensitive to the polarity of its environment. 

In membranes, the probe displays a 50 nm emission red spectral shift during transition from a gel 

to liquid crystalline phase. This spectral shift is due to Laurdan’s sensitivity to the dipolar 
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relaxation phenomenon caused by reorientation of water molecules in the liquid crystalline 

phase. The fluorescent spectra of PS liposomes and PS cochleate cylinders labeled with the 

probe Laurdan were compared in the presence and absence of the encapsulated protein, FVIII. 

 FVIII is an essential blood-clotting protein, also known as anti-hemophilic factor (AHF). At 0 

°C, in the absence of CaCl2, the spectrum of Laurdan liposomes displayed a fluorescent peak 

maxima at∼430 nm, which is a typical Laurdan profile for liposomes in the gel phase. When the 

temperature was increased, the liquid crystalline phase was formed and a second peak at 490 nm 

was observed suggesting that the reorganization of water molecules in the liquid crystalline 

phase affected the behavior of Laurdan. This probably transiently stabilized the ground state of 

Laurdan. The spectrum of Laurdan in cochleate cylinders too demonstrated a second peak at 490 

nm; however of a low intensity and a blue shift in the band at 430 nm. This indicated that the 

ground state of the probe was not stabilized by dipolar interactions with the solvent. These 

observations again point towards the dehydrated environment of the cochleate cylinders. Also 

noteworthy was that the spectral properties of Laurdan incorporated in cochleate cylinders in the 

presence and absences of FVIII were comparable, indicating that FVIII did not substantially 

affect the packing of lipids in cochleate cylinders.
31 

Thus, Laurdan, which exhibits different 

properties in cochleate, gel and the liquid crystalline phases can be used to follow membrane 

dynamics in a PC/PS system in the presence of Ca
2+

 ions and to screen for the existence of non-

liposomal lipid structures like cochleate cylinders in lipid systems.
32

  

IR spectroscopy facilitates detection of ion-induced perturbations at particular 

phospholipid sites without the use of a probe molecule. The PS-ion interactions have been 

reported by several groups. Dluhy reported Ca
2+ 

induced alterations of phosphate group 

vibrations.
33

 More specifically, dehydration of the phosphate was identified through a 

Page 13 of 53 RSC Advances

R
S

C
A

dv
an

ce
s

A
cc

ep
te

d
M

an
us

cr
ip

t



14 

 

characteristic increase in the asymmetric phosphate group (PO2) stretching frequency from 1,221 

to 1,238 cm
-1

. Casal have evaluated the conformation around the phosphodiester linkages in PS-

cation systems
34

 whereas Choi et al. studied PS/ Ca
2+

 systems in the presence of cholesterol.
35

 

Such studies have also been reported for 1,2-dimyristoylphosphatidylserine (DMPS) and for 

DMPS/ 1,2-dimyristoylphosphatidylcholine (DMPC) mixtures in the presence and absence of 

Ca
2+

 ion. Another unique IR spectroscopic marker, the methyl umbrella, has been identified for 

cochleate cylindrical phases. A Ca
2+ 

induced transition of a gel or liquid crystal phase to 

cochleate cylinder causes an increase in the frequency of the methyl umbrella from 1,378 to 

1,386 cm
-1

.  

This same marker was used by Flach and Mendelsohn to study Mg
2+ 

induced fusion of 

saturated DMPS to produce the cochleate structures. Fusion of PS membranes to cochleates, 

especially Mg
2+ 

driven, is dependent on vesicle size and on the degree of unsaturation in the lipid 

acyl chains. Systems containing small unilamellar vesicles fuse sufficiently whereas limited 

fusion is observed with large unilamellar vesicles. This lipid saturation specific Mg
2+ 

induced 

fusion may be related to the molecular area at the lipid/water interface.
36 

Casal have reported that 

the binding affinity of Mg
2+

 to PS decreases as the molecular area increases. Also, cochleates 

obtained on Mg
2+ 

induced fusion have larger dimensions probably due to incomplete dehydration 

leaving trapped water molecules between the bilayers. The Ca
2+

/PS complex is reported to be 

more dehydrated compared to the Mg
2+

 structures. A synergistic effect of Ca
2+ 

and Mg
2+ 

was 

observed as Mg
2+ 

promotes aggregation and the close apposition of membranes which lowers the 

Ca
2+ 

threshold required for fusion.  

The in vitro release profile of cochleates can be determined using standard dialysis, 

diffusion cell or modified ultra-filtration techniques which have been recently introduced and 
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which use phosphate buffer utilizing double chamber diffusion cells on a shake stand. A 

Millipore, hydrophilic, low protein-binding membrane is placed between the two chambers. The 

donor chamber is filled with cochleates and the receptor compartment is assayed at different time 

intervals for the released drug using standard procedures. The modified ultra-filtration technique 

is also used to determine the in-vitro release behavior of cochleates. Here the cochleate is added 

directly into a stirred ultra-filtration cell containing buffer. At different time intervals, aliquots of 

the dissolution medium are filtered through the ultra-filtration membrane using < 2 positive 

nitrogen pressure and assayed for the released drug using standard procedures.
37

 

 

Properties of cochleates 

The transformation of liposomes to cochleates is independent of the transition temperature of the 

lipid. Also, cochleates are able to resist structural changes induced due to heating above the Tm 

of the lipid. Cochleates can be lyophilized and stored at room temperature indefinitely at least for 

one year or can be stored in a divalent cation-containing buffer at 4°C for at least two years.
11,22 

Cochleates can be re-transformed into liposomes by treatment with EDTA. The divalent cation 

responsible for close approach of bilayers is chelated by EDTA which leads to collapse of the 

cochleate structure into intact large liposomes (Fig. 3) However, this transformation is pH 

dependent. Cochleates will not convert to liposomes below pH 9.5 as the release of hydrogen 

ions upon the binding of calcium to the acetate groups of the chelating agent lowers the pH of the 

solution.
17,23

 

Cochleates form by the calcium-induced restructuring and fusion of PS. Due to the 

hydrophobic nature of the surfaces of cochleates in aqueous calcium-containing solutions it was 

observed that the plain PS cochleates aggregate and slowly form large, needle-like structures. To 
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prevent aggregation into larger particles, one can use excipients, such as methylcellulose, or 

natural products, such as casein which yield stable cochleate structures and also help in 

regulating the size of the particles. 
7, 38 

Cochleates can encapsulate both hydrophilic and 

hydrophobic drugs. Krause has demonstrated the ability to encapsulate amphotericin B, 

Acetaminophen, Acetylsalicylic acid, Tobramycin, Vancomycin and an anti-sense molecule.
39 

Table 2 show the list of drug category which can be loaded into the cochleates formulation to 

improve their therapeutic efficacy. Cochleate formation, in particular the size and abundance of 

liposomes and cochleates, also depends on the type of anionic lipid component. When compared, 

cardiolipin (CL) rather than phosphatidylethanolamine (PE) and PG yielded smaller and large 

number of cochleates as it carries more anionic charge.
40

  

 

Table 2 List of drug category for cochleates formulation
39

  

 

Oligomers of acylated lysines (OAKs) constitute a novel class of synthetic antimicrobial 

peptides that consists of alternating amino acyl chains and cationic amino acids arranged to 

create an optimal molecular charge and hydrophobicity for enhanced potency.
41 

The different 

length acyl chains impart a wide range of hydrophobicity (up to 60%) and the amino acids impart 

a high positive charge (up to 11).
42

 Out of the various OAKs, of particular interest to cochleate 

technology is the octamer C12K-7α8; widely used as clustering agent. This particular OAK has 

higher binding affinity to phospholipid membranes and also ability to induce the clustering of 

anionic lipids. The clustering leads to the lateral segregation of domains rich in anionic or 

zwittterionic lipids.
42
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In presence of clustering agent, cochleate formation depends on the gel–liquid crystalline 

phase-transition temperature of the anionic lipid mixture. Different mixtures of lipids when 

hydrated at room temperature produced differently sized cochleates depending on their transition 

temperature and presence or absence of clustering agents. The clustering agents, erythromycin 

and OAK C12K-7α8, affect cochleate formation by either synergizing or reversing the 

clustering. A mixture containing palmitoyl oleoyl phosphatidyl ethanolamine (POPE):TOCL 

(1′2,2′-TetraoleoylCardiolipin) (75:25) exhibits good miscibility at room temperature as it is in 

the liquid crystalline state at this temperature. During hydration at room temperature, 

erythromycin (having single positive charge) interacts weakly shifting the temperature of the 

phase transition slightly lower.  However, the highly charged (8 positive charges) OAK C12K-

7α8 clusters anionic lipid, shifting the transition temperature to higher values and resulting in 

more number of cochleates. Addition of erythromycin together with the OAK to the lipid 

mixture partially reverses the clustering caused by the OAK by competing with the OAK for 

anionic charge. As a consequence, there are fewer and smaller cochleates and more liposomes 

formed. It can also be said that that erythromycin destabilizes the OAK cochleates or it slows the 

rate and extent of cochleate formation.
40

 

Lipid mixture containing DPPE:TOCL (75:25) exhibit gel–liquid crystalline phase-

transition temperature at 61°C. It is thus, in the gel state at room temperature; the lipids are 

immiscible; mixture is mostly dehydrated and exhibiting greater rigidity. Most of the dipalmitoyl 

phosphatidyl- ethanolamine (DPPE) remains segregated as a single component, although a small 

amount of TOCL has become miscible with DPPE. Erythromycin has little effect on the phase-

transition properties in the presence of the OAK. It cannot revert the clustering caused by the 

OAK; it synergizes with it. It cannot destabilize the OAK cochleates to an extent as in 
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POPE:TOCL. Here, it increases the extent of cochleate formation. Consequently, larger 

cochleates and fewer liposomes will form than in POPE:TOCL. Positively, this also leads to 

better encapsulation efficiency and in-vivo efficacy of erythromycin.
40

   

For lipid mixture containing dimyristoyl phosphatidyl- ethanolamine (DMPE):TOCL 

(75:25), the gel–liquid crystalline phase-transition temperature is observed at 51°C. Here again 

the lipid mixture is in the gel state when hydrated at room temperature. Erythromycin alone 

causes some interaction and sharpens the transition of the lipid mixture. The OAK alone causes 

clustering to form a new phase segregated state. When erythromycin and the OAK are added 

together, the phase segregation or clustering is retained, resulting in the formation of larger 

cochleates and few liposomes. The mixtures with DMPE:TOCL behave similarly to those of 

DPPE:TOCL described above, and the two systems have almost identical drug entrapment and 

antibacterial properties.
40

 

The phase transition behavior of lipid mixture containing DMPE:DOPG (75:25) is 

similar to that of DMPE:TOCL, although the addition of OAK causes a less marked phase 

separation. Erythromycin itself has very little effect on the OAK. However, the capacity to 

entrap erythromycin when added together with the OAK is greatly diminished in DMPE: 

dioleoylphosphatidylglycerol (DOPG) compared to DPPE:TOCL or DMPE:TOCL. This may be 

a consequence of the cylinders formed with DMPE:DOPG being more tightly rolled up. In 

mixtures with DOPG, the larger excess of positive charge from the OAK completely neutralizes 

the charge repulsion between adjacent bilayers compared with the mixtures with TOCL. In 

TOCL mixtures, there is a probable residual charge that would expand the stacking, allowing for 

greater drug entrapment. There are also likely to be differences in the cross-sectional area of the 

head groups and their hydration between the mixtures with TOCL and those with DOPG; 
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however, this remains to be investigated. Also, the compacted cochleates of DMPE:DOPG 

would fail to open easily into bilayer sheets, thus reducing drug delivery and in vivo efficacy.
40

   

In-vitro release behavior of cochleates. Similar to liposomes and other 

nanotechnological systems, they are capable of providing controlled and delayed release too. 

Cochleates act as matrix for release of drugs. An initial phase of burst release cannot be ruled 

out. The release of drugs from cochleates seems to be dependent upon a multitude of factors 

associated with the bilayer structure. However, in-depth studies analyzing drug release kinetics 

and developing models capable of predicting drug release are warranted. Such studies must 

integrate thermodynamic properties (e.g. drug ionization state, self-association, interfacial 

binding) and kinetic (e.g. drug species’ permeability and/or kinetics of drug degradation of drug, 

cochleate, and/or drug-cochleate linkages) properties inherent to the drug/cochleate system.  

Mechanism of Cochleates drug delivery. After oral administration cochleates 

absorption takes place from intestine. Cochleates cross across the digestive epithelium and 

deliver their cargo molecule into blood vessel (Fig.9). In case of other route except intravenous 

they cross across the associated cell and reach into circulation. After reaching into circulation 

they are delivered to targeted cell.
28 

 

Fig. 9 Absorption mechanism of cochleates. 

 

Cochleates-cell interaction. The high tension at the bilayer edges of cochleates is the 

driving force of cochleate’s interaction with the tissue membrane.
43 

Many natural membrane 

fusion processes involve calcium-induced perturbations of membranes containing negatively 

charged lipids. The mechanism of action of cochleates can also be described in a similar way. 
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Hypothesis is that contact of the calcium-rich, highly ordered membrane of a cochleate with a 

natural membrane causes a perturbation and reordering of the cell membrane.
44 

Subsequently 

there is fusion between the outer layer of the cochleate and the cell membrane. As a result, a 

small amount of the encochleated material is transferred into the cytoplasm of the target cell 

(Fig.10). The cochleate could then break free of the cell and be available for another fusion 

event, either with this or another cell.  

 

Fig. 10 Cochleates fusion with tissue membrane. Reproduced with permission from ref. 28, 2008 

Elsevier.    

 

Cell-targeted delivery. Another hypothesis put forward is the idea of phagocytosis for 

cochleates’ delivery. The phosphatidylserine receptors are common between the liposomal 

membranes of macrophages as well as those of cochleates. When in close proximity, the 

liposome membrane and the outer cochleate layer fuse to release the drugs into cell cytoplasm 

(Fig.11). Divalent cation concentrations in vivo, in serum and in mucosal secretions are such that 

the cochleate structure is maintained. Hence, the majority of cochleate associated molecules are 

present in the inner layers of a solid, stable, impermeable structure. Once within the interior of a 

cell, however, the low calcium concentration results in the opening of the cochleate crystal and 

release of the entrapped drug.
45

 

 

Fig. 11 Drug delivery of cochleates into macrophage through fusion mechanism. Reproduced 

with permission from ref. 46, 2011, JP Publications.    
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Stability of cochleates. Lipids in the cochleate phase are tightly packed in the all trans 

configuration and are extremely motionally restricted compared to the liquid crystalline phase. 

This tight packing (and resulting increase in cohesive chain–chain interactions) should confer 

increased mechanical stability similar to the five-fold increase seen when single-component 

liquid crystalline membranes are frozen into the tightly packed gel phase.
13 

The non-aqueous 

cochleate structure is resistant to penetration by oxygen and consequently less susceptible to 

lipid oxidation. This makes them more stable than liposomes. Moreover, they are stable in acidic 

environment of the stomach, protecting the susceptible biologic molecules such as polypeptides 

or polynucleotides; a characteristic used as means for stabilizing and delivering biologic 

molecules. In contrast   to liposomes, cochleates can be lyophilized without destroying the 

structure. On lyophilization, they maintain their structure, which provides the potential to be 

stored for long periods of time at room temperatures.
47

 Advantages and limitations of cochleates 

were given in the Table 3.  

 

Table 3 Advantages and disadvantaged of cochleates
44

  

 

Applications 

Delivery of vaccines. The intrinsic properties of cochleates led to advantages in the 

important areas of safety, stability, efficacy, immune response targeting, combining vaccines to 

multiple infectious agents, alternate routes of administration (including oral and intranasal) and 

the generation of mucosal immunity.
60-62

 Cochleates containing pathogen proteins or DNA can 

be formulated, adjuvanted and delivered to direct the immune response to complex pathogens.
63-

66
 Bacterial membrane proteins or the surface glycoproteins of enveloped viruses can be 

efficiently incorporated into the lipid bilayers of the cochleates. The gentle conditions of 
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formulation and increased stability of the cochleates retain their biological activity and 

conformation.  The relative amounts of the different classes and subtypes of antibodies generated 

in mice in response to the oral administration of influenza glycoprotein cochleates were 

investigated in a study. Analysis of circulating antibody revealed significant levels of flu 

glycoprotein-specific IgG, IgM, and IgA class, and IgGl and IgG2a subtype antibodies. Oral 

administration of influenza glycoprotein cochleates also induced antigen-specific salivary IgA 

levels. DNA plasmids and oligonucleotides can also be formulated into cochleates. Cochleates 

containing a plasmid that expresses the human immunodeficiency virus (HIV- l), proteins env gp 

I60L rev and tat, in mammalian cells, was given to mice orally or by intramuscular injection. The 

oral administration yielded strong splenocyte, cytolytic and proliferative responses. These 

cellular responses were essentially the same as those obtained by analogous intramuscular 

injection of DNA cochleates. Very small quantities of encochleated DNA were required to 

induce these responses.
67,68 

It was observed by Romeu et al. that proteoliposome-derived 

cochleate (AFCo1) acts as a potent mucosal adjuvant.
69

 Using AFCo1, the mucosal and systemic 

immune responses improved to capsular polysaccharide of Neisseria meningitidis serogroup C 

(PsC), a model of a thymus-independent (TI) antigen.
43

  

Delivery of antifungal agents. AmB is a drug of choice for life threatening invasive 

fungal infections. However its narrow therapeutic index and adverse drug effects, specifically, 

nephrotoxicity, limit its use. The cochleate lipid cylinders have attracted interest as vehicles for 

the delivery of antifungal drugs, particularly by the oral route.
50

 AmB loaded cochleates have 

been shown to be highly effective at mediating the oral delivery of AmB that is currently 

available only in injectable formulations. It has been shown to be as effective as equivalent, 

injectable doses of the leading AmB formulation (Fungizone) in mouse models of systemic 
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candidiasis, cryptococcal meningitis, and aspergillosis. In addition, AmB-cochleates 

demonstrated increased stability and substantially lower toxicity than currently existing 

products.
41,50

 

Delivery of anti-inflammatory compounds. Delmarre et al. have performed tissue-

culture to study the effect of aspirin and acetaminophen encapsulated nano-cochleate 

formulations on macrophage-derived cell line, J774.
38

 These aspirin and acetaminophen 

formulations were 5 to10-folds more efficient than free drug at inhibiting nitric oxide synthase, 

one of the enzymes used by macrophage during the inflammatory response. These cochleate 

formulations proved highly effective drug delivery system as they hide and protect the drug 

molecule from degradation due to gastric atmosphere as well as protect gastro intestinal tract 

(GIT) from side effects of drug molecules.  

Delivery of the volatile oils. Oils/extracts are sensitive to degradation by oxidation. 

Moreover their processing is a multistep operation which makes them costly. The cochleate 

technology might provide stabilization of these otherwise volatile and expensive flavor 

substances. Controlled release and enhanced physical and chemical stability can also be achieved 

by the encapsulation of flavors into cochleates.
38 

Flavor-cochleates can also be incorporated into 

consumable food preparations as flavor enhancers. Examples include flavor substances generally 

associated with essential oils and extracts obtained from botanical sources such as herbs, citrus, 

spices and seeds.  

Delivery of antibacterial agent. The antibacterial agent like clofazimine, 

aminoglycosides, beta-lactam / beta-lactamase combinations, vancomycin, Imipenem and 

ethionamide require long term treatment, thereby produce toxicity and drug resistance in host. 

Cochleates can reduce toxicity and improve their bactericidal activity. It was proved by a study 
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on clofazimine cochleates which were prepared by trapping method and whose safety and 

efficacy was analysed in cell culture. It was concluded that clofazimine cochleate was 500 times 

less toxic than free clofazimine.
11

 

OAKs, as discussed in an earlier section, are a family of antimicrobial agents based on 

the covalent attachment of acylated lysines to form oligomers. OAKs acted synergistically with 

several antibiotics whose resistance mechanism is mediated by efflux pumps against gram 

negative multidrug-resistance strains of E. coli. In the presence of sub-MIC (minimum inhibition 

concentrations) of the OAK C12K-7α8, the sensitivity to several antibiotics to overcome 

multidrug resistance was markedly enhanced. The mechanism of this synergistic effect was 

shown to be through reversing the action of bacterial efflux pumps.
40
 

Topical drug delivery. Landge et al., successfully entrapped ketoconazole in cochleates 

and concluded that cochleates hold promise as novel lipid carriers for dermal and transdermal 

delivery of drugs.
54

  

Gene delivery. Gene therapy is an emerging field of medicine that combines a DNA 

plasmid and proteins with a delivery vehicle to insert into the genome of a defective cell. Gene 

transfer was first reported in animals in 1988. The treatment holds the potential to cure many 

genetic disorders such as sickle cell anemia, cystic fibrosis, hemophilia, Gaucher’s disease and 

many other immunodeficiency diseases. DNA protein cochleates are handsome candidates for 

gene therapy applications. Cochleate formulations facilitate stable gene transfer in CD34
+
 

neonatal cord blood cells. In vitro gene transfer ability of cochleate complexes in human 

hematopoietic cells holds latent potential to treat many genetic and infectious diseases.
70

 

Scientists have tested for the feasibility of using rhodamine-labeled cochleates to deliver a green 

fluorescent protein (GFP) plasmid in cell lines and primary cells. They found that cochleates are 
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efficiently accumulated by macrophages in both cell lines and primary cells in vitro and in vivo.
71

 

In animal models, cochleates have been reported to be proficient in the delivery of antisense 

oligonucleotide for chronic lymphocytic leukemia.
72
 

Delivery of nutrient-cochleates. Vitamin A (retinol) is sensitive to air-oxidation and is 

inactivated by ultraviolet light. Stability of vitamin A is enhanced by its encapsulation into the 

intra-bilayers of cochleates.
23

   

Unsaturated fatty acids are biologically important in that they control the level of 

cholesterol in blood and are the precursors of prostaglandins. However, in the presence of 

oxygen, unsaturated fatty acids undergo autoxidation to produce aldehydes and ketones, which 

provide fishy unpleasant odor and flavor. The autoxidation of unsaturated fats can be controlled 

by incorporating them into the bilayers of a cochleate whereby the polyunsaturated fatty acids 

(PUFA) are placed in close contact with oxygen-stable saturated fatty esters of the 

phosphatide.
22,23

 

Hemophilia A, a life-threatening bleeding disorder, is caused by deficiency of factor VIII 

(FVIII). Replacement therapy using recombinant FVIII (rFVIII) is the first line therapy for 

hemophilia A. However, 15–30% of patients develop neutralizing antibody, mainly against the 

C2, A3 and A2 domains. It has been reported that PS-FVIII complex reduced total and 

neutralizing anti-rFVIII antibody titers in hemophilia A murine models. Approximately 75% of 

the protein was associated with cochleate cylinders. Sandwich ELISA, acryl amide quenching 

and enzymatic digestion studies established that rFVIII was shielded from the bulk aqueous 

phase by the lipidic structures, possibly leading to improved in vivo stability. Freeze–thawing 

and rate-limiting diffusion studies revealed that small cochleate cylinders with a particle size of 

500 nm or less could be generated. The release kinetics and in vivo experiments suggested that 
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there is slow and sustained release of FVIII from the complex upon systemic exposure. In vivo 

studies using tail clip method indicated that FVIII–cochleate complex is effective and protects 

hemophilic mice from bleeding.
31

  

Delivery of insulin. Magnetocochleate is a fused lipid microstructure embedded with 

ferrite nanoparticles. Dwivedi et al., used to encapsulate protein macromolecules like insulin.
73

 

By making use of the lipid phase transition from the fluidic lamellar phase to the gel phase at pH 

2, these fused microstructures protect insulin from the action of enzymes and from pH changes, 

which is necessary to maintain its bioactivity. The magnetocochleate obtained by tuning the 

hydrophilic head group hydration of phosphatidylserine in the presence of ferrite encapsulates a 

larger amount of insulin. Freeze fracture transmission electron microscopy revealed the gel-like 

phase of fused lipid bilayers and the presence of ferrite in magnetocochleate. Confocal micro-

Raman, high performance liquid chromatography (HPLC) studies confirmed the presence of 

ferrite and insulin within the lipid microstructures. Thus magnetocochleates have potential to 

deliver sensitive molecules such as insulin orally.  In vivo subcutaneous activity was studied in a 

tat model and the positive result obtained there signifies the promising potential of 

magnetocochleates in subcutaneous delivery of macromolecules.  

Delivery of fisetin. Fisetin (3, 3', 4', 7-tetrahydroxy flavone), one of the major 

flavonoids, is widely found in fruits, vegetables, nuts and wine such as strawberry, apple, 

persimmon, grape, kiwi fruit, onion and cucumber. It has been shown to exert antioxidant, anti-

inflammatory, anti-angiogenic, anti-invasive, hypoglycemic and anti-convulsant activity. The 

great therapeutic interest of fisetin is however marred by its low oral bioavailability (44.1%) 

probably due to its high lipophilicity (log P 3.2) and low (10.45 µg/ml) aqueous solubility. 

Moreover, the fisetin molecule bearing 4 hydroxyl substituents, including a catechol on the 
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phenyl B ring, is extensively metabolized in-vivo. The above factors lead to high/frequent dosing 

to achieve optimum therapeutic efficacy which often causes severe side effects. Bothiraja et al., 

developed fisetin-loaded nanocochleates exhibiting higher drug loading, sustained release and 

improved in-vitro anticancer potency of fisetin were developed.
74

 The developed nanocochleates 

displayed enhanced systemic bioavailability and low tissue distribution. The nanocochleates 

technology could therefore advantageously be employed to improve the antiangiogenic and 

anticancer activities of fisetin as well as other poorly water soluble flavonoids.  

Delivery of paclitaxel. Paclitaxel (PTX) is an antineoplastic agent with a proven activity 

against a number of tumors.
75

 The currently marketed forms of PTX for intravenous formulations 

(Taxol, Paxene) contain a mixture of Cremophor EL (poly-oxyethylated castor oil derivatives) 

and ethanol (1:1, v/v) as a solvent, known to induce severe side effects including neurotoxicity, 

nephrotoxicity, vasodilatation, labored breathing, lethargy, hypotension and hypersensitivity.
76

 

Premedication with corticosteroids and antihistamines are needed to reduce intensity and 

incidence of serious hypersensitivity.
77

 In this context, the oral administration of PTX may be 

alternative in order to improve the patient’s compliance which would decrease the cost of the 

therapy. Nevertheless, oral treatment with PTX is severely hampered because of its low 

bioavailability (7%) that is attributed to its high lipophilicity (log P 3.5), poor aqueous solubility 

(12.31 mg/mL), efflux and affinity for intestinal and liver cytochrome P450 metabolic 

enzymes.
78

  

Pawar et al., developed and investigated nanocochleates composed of 

phosphatidylcholine (PC), cholesterol and calcium ions as an effective oral nanocarrier for 

PTX.
79

 The developed nanocochleates exhibited higher encapsulation efficiency and sustained 

release of PTX. Moreover, the PTXNC demonstrated higher in vitro anticancer activity in lung 
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adenocarcinoma cancer A-549, ovarian cancer OVCAR-3 and human breast cancer MCF-7 cells 

and displayed enhanced oral bioavailability with low tissue distribution than its free form, which 

may bring about reduction in dose as well as cost and increase patient compliance. These 

nanocochleates could therefore advantageously be employed to improve anticancer activity of 

PTX and an alternative to the present intravenous administration. Table 4, shows that the 

bioavailability and therapeutic efficacy of bioactive from cochleates formulation and other 

delivery systems.  

 

Table 4 Bioavailability and therapeutic efficacy of bioactive from cochleates and other delivery 

systems: a comparison 
49, 54, 74, 80-84

   

 

Commercial status 

BioDelivery Sciences International, Inc. (BDSI) is a biopharmaceutical company engaged in 

developing clinically significant formulations of proven therapeutics.  The Company's patented 

Bioral 
®

 (cochleate) drug delivery technology developed in collaboration with The University of 

Medicine and Dentistry of New Jersey and the Albany Medical College encochleates selected 

drugs or therapeutics. The Company's lead Bioral
®

 formulation is an encochleated version of 

AmB (which the Company refers to as CAMB) an anti-fungal treatment for treating systemic 

fungal infections. This Bioral
®

 formulation of Am B would have the potential for oral delivery. 

Following the completion of preclinical testing in 2006, BDSI submitted an IND to the FDA for 

CAMB, in December 2006, which was accepted by the FDA.
85 

The products under development 

using Bioral® technology are 
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a) Bioral
®

 Amphotericin B (fungal infections, under preclinical trials, inhouse  

    commercialization)    

b) Bioral
®

 non-steroidal anti-inflammatory compounds like aspirin,ibuprofen,naproxen, 

    acetaminophen and COX-2 inhibitors. (pain/inflammation, under preclinical trials, available   

    for licensing)          

c) Bioral
®

 paclitaxel (oncology, under preclinical trials, available for licensing)                                                                                                                  

d) Bioral
®

 siRNA therapeutics (infectious diseases/ cancer, under preclinical trials, available for 

     licensing) 

 

Conclusion 

Cochleates are lipidic structures formed by fusion of negatively charged liposomes with metal 

cation and/or multivalent drug molecule which act as a bridging agent for the formation of 

cochleate cylinders. These unique cockle shaped structures are formulated from various 

negatively charged lipids and can be characterized using various techniques such as P-NMR, IR 

spectroscopy etc. Cochleate are devoid of water and can encapsulate both hydrophilic and 

hydrophobic drugs and a wide range of biologically important molecules. Encochleation is 

known to improve an end product by enhancing the quality of the formulation, increasing 

processing and shelf-life stability, enhancing bioavailability, reducing toxicity and increasing 

efficacy. Cochleates are promising for oral, transdermal and dermal delivery. Research efforts in 

this segment have led to commercialization of cochleates. Many more drug candidates can be 

encapsulated into cochleates for their effective delivery. 

Future applications. Cochleate technology can be applied to delivery of photolabile 

drugs, other drugs degraded by oxidation and phytoconstituents. Another sphere in cochleate 
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technology that needs attention is use of anionic marine lipids. Nevertheless, they can be 

investigated for alternative routes of administration such as nasal, transdermal and vaginal. 

Another possibility that remains to be investigated is active targeting of potential drugs via use of 

targeting ligands. 
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Table 1 The various constituents of a cochleate  

Cations     Lipids     Drug  

Zn2+, Ca2+, Mg2+, Ba2+
   Phosphotidylserine    Protein   

Phosphatidic acid    Peptide  

Phosphotidylinosotol    Polynucleotide 

Phosphotidyl Glycerol   Antiviral agent  

Phosphotidylcholine    Anaesthetic agent  

Phosphotidylethanolamine   Anticancer agent  

Diphosphotidylglycerol   Immunosuppressant  

Dioleoyl phosphatidic acid   Anti-inflammatory agent  

Distearoyl phosphatidyl serine  Tranquilizer 

Dipalmitoylphosphatidylglycerol  Nutritional supplement 

Vitamins or Vasodilator 
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Table 2 List of drug category for cochleates formulation
39
  

  Category      Name of drug  

 NSAIDs  Aspirin, Diclofenac, Indomethacin, Ketorolac, Sulindac, Tolmetin, 

Piroxicam, Meloxicam, Celecoxib, Valdecoxib and Phenylbutazone 

Anticancer   Capecitabine, 5- Fluorouracil, Fludarabine, Gemcitabine, Doxorubicin, 

Etoposide, Docetaxel, Irinotecan, Paclitaxel, Topotecan, Vinblastine, 

Vincristine, Vinorelbine and Cisplatin 

CVS   Verapamil, Diltiazem, Captopril, Hydralazine, Mexiletine, Encainide,  

Quinidine, Atenolol, Amiloride 

CNS   Chlorpromazine, Haloperidol, Clozapine, Risperidone, Amitriptyline, 

Fluoxetine, Maprotiline, Benzodiazepines, Buspirone and Zolpidem 

BCS III drugs   Acyclovir, Amoxicillin, Atropine, Bisphosphonates, Bidisomide, 

Cefazolin, Cetirizine, Cimetidine, Ciprofloxacin, Cloxacillin, Dicloxacillin 

Erythromycin and Famotidine 

BCS IV drugs      Amphotericin, Chlorthalidone, Chlorothiazide, Colistin, Furosemide, 

       Hydrochlorothiazide and Neomycin 

NSAIDs: non-steroidal anti-inflammatory drugs, CVS: cardiovascular system, CNS: central nervous system, BCS: biopharmaceutical 

classification system 
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Table 3 Advantages and disadvantaged of cochleates
44
  

Advantages  

• Cochleates are more stable than liposomes because the lipids in cochleates are less susceptible 

to oxidation. They maintain structure even after lyophilization, whereas liposome structures are 

destroyed by lyophilization.  

• They exhibit efficient incorporation of biological molecules, particularly with hydrophobic 

moieties into the lipid bilayer of the cochleate structure. 

• They have the potential for slow or timed release of the biologic molecule in vivo as cochleates 

slowly unwind or otherwise dissociate.
47
 

• They have a lipid bilayer matrix which serves as a carrier and is composed of simple lipids 

which are found in animal and plant cell membranes so that the lipids are non-toxic, non-

immunogenic and noninflammatory.
48
 

• They are produced easily and safely
22
 

• By the use of cochleate intravenous drugs to be administered orally (e.g. Amphotericin B, a 

potent antifungal). 

• They improve oral bioavailability of a broad spectrum of compounds such as those with poor 

water solubility and protein and peptide biopharmaceuticals which have been difficult to 

administer (e.g. ibuprofen for arthritis).
46
 

• They reduce toxicity stomach irritation and other side effects of the encapsulated drug. 

• They encapsulate or entrap the subject drug within a crystal matrix rather than chemically 

bonding with the drug. 

• They provide protection from degradation to the encapsulated drug caused by exposure to 

adverse environmental conditions such as sunlight, oxygen, water and temperature.
46
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• Cochleates can be administered by oral or topical, subcutaneous, intradermal or intramuscular 

route. 
49-59

 

Disadvantages 
20
 

• They require specific storage condition. 

• Sometimes aggregation may occur during storage; this can be avoided by the use of 

aggregation inhibitor. 

• The cost of manufacturing is high.  
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Table 4 Bioavailability and therapeutic efficacy of bioactive from cochleates and other delivery 

systems: a comparison 
49, 54, 74, 80-84

   

Cochleates delivery system Other delivery system 

Fisetin-loaded nanocochleates demonstrated 

141- fold increase in fisetin oral bioavailability.  

Fisetin-loaded nanoemulsion demonstrated 24- 

fold increase in fisetin oral bioavailability.  

Ketaconazole loaded cochleates showed 25% 

improved antifungal activity.  

Ketoconazole loaded niosomal gel showed 10% 

antifungal activity. 

Oral cochleate-amphotericin B demonstrated 

potent efficacy against systemic candidiasis.     

Oral liposomal-amphotericin B demonstrated 

10 fold least effective than cochleates. 

Palitaxel loaded nanocochleates showed 

significantly 19 fold, improved oral 

bioavailability  

Paclitaxel loaded- lipid based nanoparticles, 

layersome and polymeric micelles improved 6, 

4 and 15 fold oral bioavailability. 
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Figures Captains  

Fig . 1 Fig . 1 Freeze-fracture electron micrographs of empty cochleates prepared by the trapping 

film method. Arrows indicate rolled-up cochleate structures. Bar, 275 nm. Reproduced with 

permission from ref. 10, 2000 American Society for Microbiology.   

Fig. 2 Structural difference between liposome and cochleate.  

Fig. 3 Cochleates formation by interaction between negatively charged liposome and cations.   

Fig. 4 Schematic illustration of drug delivery via nanocochleate technology. Reproduced with 

permission from ref. 20, 2012 Springer.                 

Fig. 5 Cochleate can encapsulate (A) hydrophobic, (B) amphiphilic, (C) negatively charged or 

(D) and (E) positively charged drugs.  Reproduced with permission from ref. 21, 2015 Elsevier.   

Fig. 6 Cochleates preparation by trapping method. 

Fig. 7 Cochleates preparation by liposomes before cochleates dialysis and direct cochleates 

dialysis method. 

Fig. 8 Cochleates preparation by hydrogel method.  

Fig. 9 Absorption mechanism of cochleates. 

Fig. 10 Cochleates fusion with tissue membrane. Reproduced with permission from ref. 28, 2008 

Elsevier.    

Fig. 11 Drug delivery of cochleates into macrophage through fusion mechanism. Reproduced 

with permission from ref. 46, 2011, JP Publications.    
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