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Abstract Liposomes have been used as delivery vehicles

for stabilizing drugs, overcoming barriers to cellular and

tissue uptake, and for directing their contents toward spe-

cific sites in vivo. Chitosan is a biological macromolecule

derived from crustacean shells and has several emerging

applications in drug development, obesity control, and

tissue engineering. In the present work, the interaction

between chitosan and dipalmitoyl phosphatidylcholine

(DPPC) liposomes was studied by transmission electron

microscopy (TEM), zeta potential, solubilization using the

nonionic detergent octylglucoside (OG), as well as Fourier

transform infrared (FTIR) spectroscopy and viscosity

measurements. The coating of DPPC liposomes by a

chitosan layer was confirmed by electron microscope

images and the zeta potential of liposomes. Coating of

liposome by chitosan resulted in an increase in liposomal

size by addition of a layer of 92 ± 27.1 nm. The liposomal

zeta potential became increasingly positive as chitosan

concentration increased from 0.1 to 0.3% w/v, then it held

at a relatively constant value. The amount of detergent

needed to completely solubilize the liposomal membrane

was increased after coating of liposomes with chitosan,

indicating an increased membrane resistance to the deter-

gent and hence a change in the natural membrane perme-

ation properties. In the analysis of FTIR spectra of DPPC,

the symmetric and antisymmetric CH2 (at 2,800–

3,000 cm-1) bands and the C=O (at 1,740 cm-1) stretching

band were investigated in the absence and presence of the

chitosan. It was concluded that appropriate combining of

the liposomal and chitosan characteristics might be utilized

for the improvement of the therapeutic efficacy of lipo-

somes as a drug delivery system.
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Introduction

Liposomes have represented a milestone in the field of

innovative drug delivery systems for a number of years,

having been investigated for delivery of chemotherapeutic

agents for cancer (Harrington et al. 2002), vaccines for

immunological protection (Zho and Neutra 2002), radio-

pharmaceuticals for diagnostic imaging (Matteucci and

Thrall 2000), and nucleic acid-based medicines for gene

therapy (Mady et al. 2004). However, liposomes also have

some limitations. First, they generally show a short circu-

lation half-life after intravenous administration (Bakker-

Woudenberg et al. 1994). Second, they are prone to adhere

to each other and fuse to form larger vesicles in suspension,

which may result in inclusion leakage (Taylor et al. 2005;

Zhang and Granick 2006). Therefore, stability is a general

problem with lipid vesicles (Graff et al. 2001).

As an alternative, many attempts, such as the surface

modification of liposomes (Oku and Namba 1994), have

been performed to stabilize the liposomes for application in

different environments and to avoid the rapid leakage of

encapsulated or entrapped compounds. Different types of

biocompatible polymers such as chitosan can be employed

to improve the efficiency of conventional liposomal sys-

tems (Henriksen et al. 1994; Perugini et al. 2000).
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Chitosan is a biocompatible, biodegradable, and non-

toxic cationic polysaccharide (Hirano et al. 1988). Owing

to its properties, chitosan can be used in medicine, phar-

macy, biotechnology, agriculture, and the food industry

(Nagai et al. 1984; Knapczyk et al. 1989).

Appropriate combining of the liposomal and chitosan

characteristics may produce liposomes with specific, pro-

longed, and controlled release. Several authors have used

chitosan as a liposome coating to increase the stability of

drug release (Alamelu and Panduranga 1991; Dong and

Rogers 1991; Henriksen et al. 1997) and for targeting

purposes (Henriksen et al. 1994; Takeuchi et al. 1994,

2003; Guo et al. 2003).

In this study, chitosan-coated liposomes were prepared,

and the interaction between chitosan and DPPC liposomes

was studied using transmission electron microscopy

(TEM), zeta potential, viscometry, liposome solubilization,

and FTIR spectroscopy in an attempt to understand the

overall behavior of the chitosan–liposome system.

Materials and methods

Materials

l-a-Dipalmitoyl phosphatidylcholine (DPPC) specified

99% pure, and nonionic detergent octylglucoside (OG)

were purchased from Sigma (St. Louis, MO, USA).

Chitosan (from crab shells) was purchased from Fluka with

molecular weight of 150,000 and was used as received.

Chloroform was of analytical grade and obtained from

Merck. Double-distilled deionized water was used.

Preparation of liposomes

For DPPC liposomal preparation, the lipids must first be

dissolved and mixed in chloroform to ensure a homoge-

neous mixture of lipids. The organic solvent should be

removed by rotary evaporation to obtain a thin lipid film

formed on the sides of a 50-ml round-bottom flask. The

lipid film is thoroughly dried to remove residual organic

solvent by placing the flask on a vacuum pump for nearly

90 min. Hydration of the dry lipid film is accomplished

simply by adding an aqueous solution to the container of

the dry lipid film and agitating at a temperature above the

phase transition temperature of the lipid. The final lipid

concentration was 4 mg/ml.

Chitosan-coated liposomes

Chitosan (0.5 g) was dissolved in 1% (w/v) acetic acid

solution (100 ml) by using a magnetic stirrer at room

temperature to obtain a chitosan solution of concentration

0.5%, which was used throughout the study. Chitosan

solution was added drop-wise to 1 mg/ml of liposomal

suspension under magnetic stirring at room temperature.

After addition of the chitosan, the mixture was left under

stirring for approximately 1 hour then incubated overnight

at -4�C.

Transmission electron microscopy

DPPC liposomes and chitosan-coated liposomes were

analyzed on negative stain electron microscopy using a

JEM 1230 electron microscope (Jeol, Tokyo, Japan). A

drop of each liposomal suspension was applied to copper

coated with carbon grid, and the excess was drawn off with

filter paper. An aqueous solution of ammonium molybdate

(1% w/v) was used as a negative staining agent. Staining

was followed by a 2-min wait at room temperature,

removal of the excess solution with a filter paper, and then

examination under the electron microscope. Thickness of

the chitosan-coated layer was measured by the software

provided with the transmission electron microscope.

Zeta potential measurements

Zeta potentials of DPPC liposomes and chitosan-coated

liposomes with different chitosan concentrations (0.1–0.5%

w/v) were determined by using the Malvern Zetasizer 2000

(Malvern Instruments, U.K.) after sample centrifugation

at 13,000 rpm for 20 min. Pellets were then resuspended

in double-distilled deionized water. The zeta potentials

of chitosan-coated liposomes and DPPC–liposomes were

measured after centrifugation to confirm that the liposomes

were coated.

Viscosity measurements

Double samples of pure DPPC liposomes and chitosan-

coated liposomes (0.2 and 0.4% chitosan solution) were

analyzed at 25�C by using a Brookfield rheometer (Mod.

DVIIICP, Boland) using CP 40 cone geometry (cone

angle = 0.8 and diameter = 2.4 cm). The flow curves

were plotted between shear stress (dyne/cm2) and shear rate

(s-1) for each sample. Plastic viscosity and yield stress

were investigated from the linear fitting of flow curves.

Liposome solubilization

The solubilization of liposomes and chitosan-coated lipo-

somes samples were done by continuous addition of the

nonionic detergent octylglucoside (OG) (initial concentra-

tion of 200 mM solution) and monitored by measuring

their optical density (OD) at 400 nm using a UV/visible

spectrophotometer (Jenway 6405, Barloworld Scientific,
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Essex, UK). The OG solution was continuously added to a

cuvette containing 2 ml of the sample under study and

stirred gently, then the OD was measured after addition of

each volume of OG. The OD versus detergent volume was

recorded until a steady-state level was reached. The

detergent concentration was obtained from the following

formula of Paternostre et al. (1997).

Dt½ � ¼
Di½ �
Vt

� Va ð1Þ

where Dt is the total detergent concentration in the cuvette

(in mM), Di is the initial detergent concentration before

addition to the sample (in mM), Va is the added volume of

the OG to the cuvette (in ml), and Vt is the total volume of

the sample in the cuvette (in ml).

FTIR spectroscopy

FTIR spectra of lyophilized samples of DPPC liposomes

and chitosan-coated liposomes deposited in KBr disks were

recorded on a Jasco FT/IR 460 plus (Japan) spectrometer.

The scanning was done in the range 400–4,000 cm-1 with

speed of 2 mm/s at a resolution of 4 cm-1 at room tem-

perature. The band width was measured at 50% of height of

the peaks.

Results and discussion

Transmission electron microscopy

Coating of liposome by chitosan resulted in an increase in

liposomal size of 92 ± 27.1 nm owing to the coating layer.

Surface morphological studies on the shape of prepared

systems using transmission electron microscopy have

indicated that the systems were almost spherical (Fig. 1).

Also, the existence of chitosan surrounding the liposomes

was well visualized on the surface of chitosan-coated

liposomes. The hydrophilic polymer coating of liposomes

would depend on the ability of the polymer to adhere to the

lipid bilayers. The interaction between chitosan and lipo-

somes is due to a combination of adsorption coagulation

and bridging between them (Filipovic-Grcic et al. 2001).

Zeta potential measurements

Zeta potential has often been used for characterizing col-

loidal drug delivery systems. It is a measure of the surface

electrical charge of the particles. The magnitude of the zeta

potential gives an indication of the potential stability of the

colloidal system. As the zeta potential increases, the

repulsion phenomenon between particles will be greater,

thus leading to a more stable colloidal dispersion. If all the

particles in suspension have a large negative or positive

zeta potential then they will tend to repel each other, and

there will be no tendency for the particles to come together

(Paolino et al. 2006).

The surface potential is an important parameter influ-

encing liposomal behavior. In vivo, the surface charge

density has been found to influence the distribution of

liposomes, and in vitro, a high potential might contribute to

the physical stability of liposomes by reducing the rate of

aggregation and fusion (Crommelin 1984). So, the infor-

mation on the overall charge of chitosan-coated liposomes

by zeta-potential measurements can speed up the devel-

opment of liposomes with specific, prolonged, and con-

trolled release. DPPC liposomes showed a slight negative

zeta potential, in agreement with the observation of others

(Plank et al. 1985; Klein et al. 1987; Law et al. 1988;

Makino et al. 1991; Henriksen et al. 1994).

It is clear from Fig. 2 that coating of liposomes by

chitosan shifted the zeta potential, from slightly negative

value to positive values. The results show that DPPC lipo-

somes had positive zeta values after being coated with

0.1–0.5% w/v chitosan solutions. The liposome zeta

potential was increasingly positive as chitosan concentration

Fig. 1 Transmission electron

micrographs of a DPPC

liposomes and b chitosan-

coated liposomes (n = 3)
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was increased from 0.1 to 0.3%, then it came to a relatively

constant value. The increase in zeta potential was attributed

to the more cationic polymers adsorbed to the liposomal

surface. Since chitosan carried a high positive charge, the

adsorption of chitosan increased the density of the positive

charge and made the zeta potential positive. DPPC lipo-

somes were nearly neutral and the mechanism of coating

neutral DPPC liposomes by chitosan involved hydrogen

bonding between the polysaccharide and the phospholipid

head groups (Perugini et al. 2000; Guo et al. 2003).

Liposomal solubilization

Nonionic detergents are widely used as molecular tools in

membranology. In particular, they are essential in the

solubilization and reconstitution of integral membrane

proteins (Morandat and El Kirat 2007). According to the

well-known three-stage model of Helenius and Simons

(1975), detergent monomers insert into the membrane

bilayer (stage I), then the bilayer becomes saturated

with detergent, and lipid–detergent-mixed micelles start to

form (stage II), finally the mixed micelles become further

enriched in detergent (stage III). Figure 3 shows the

changes in the absorbance of two different liposomal lipid

concentrations (0.2 and 0.5 mM) as a function of detergent

concentration before and after coating with chitosan.

As can be noted from Fig. 3a, detergent molecules

started to solubilize lipids during stage I until point A. As

detergent concentration increased, the detergent molecules

began to be incorporated within the membrane bilayer. The

increase in detergent concentration caused a corresponding

increase in detergent molecules incorporated within the

bilayer leading to the complete solubilization of the

membrane (stage II until point B) and formation of mixed

micelles. Stage III started after point B.

Coating of liposomes with chitosan resulted in changes

in profiles of stage I as shown in Fig. 3b. Solubilization

may occur slowly and the absorbance may first increase—

due to size growth of part of the liposomes because of the

incorporation of detergent molecules in the chitosan coat-

ing layer—before reaching the lipid bilayer, and subse-

quently the absorbance decreased sharply at point A to a

minimum value that reflects the absorbance of mixed

micelles. The coexistence phase, that is, the vesicular/

mixed micellar phase of chitosan-coated liposomes, shifted

towards higher detergent concentrations after coating with

chitosan (Table 1), indicating increasing membrane resis-

tance to the detergent. The shift in detergent concentration

was found to be a dose-dependent factor. The data indicate

that the chitosan–lipid interaction makes the liposomal

membrane more stable and less soluble in the detergent

than the same formulation without chitosan coating.

The lipid molecules interact with chitosan in two steps.

In the first step, the molecules get anchored to chitosan
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chains through interactions between their head groups and

the specific functional groups of chitosan, i.e., between the

carboxylic groups of fatty acids and -NH3
? groups of

chitosan by electrostatic interactions, and between the

hydroxyl groups of lipid and of chitosan by hydrogen

bonding, which makes lipid molecules localized. In the

second step, hydrophobic interactions between the lipid

tails and chitosan take place, allowing chitosan to incor-

porate within the bilayer membrane. In addition to lipid–

chitosan electrostatic interactions and hydrogen bonding,

the process includes hydrophobic lipid–chitosan interac-

tions (Wydro et al. 2007).

FTIR spectroscopy

FTIR spectroscopy is inherently well-suited to studying

conformational order in phospholipid acyl chains (Men-

delsohn and Moore 1998; Los and Murata 2004). With this

technique, it is possible to monitor subtle changes in the

structure of the lipid assemblies by analyzing the frequency

and the bandwidth changes of the vibrational modes. These

changes can be used to extract information about various

physicochemical processes taking place in the systems

(Severcan et al. 2005).

FTIR was used, as a nonperturbing technique, to analyze

possible changes in the structure of DPPC by analyzing the

frequency of different functional groups and by investi-

gating the acyl chains and head-group region of the lipid

molecule in the presence or absence of chitosan.

The position of the symmetric and antisymmetric CH2

(at 2,800–3,000 cm-1) bands is hardly changed in the

presence of chitosan (Fig. 4). Moreover the band widths of

the CH2 stretching bands give dynamic information about

the system (Severcan et al. 2005).

The band width of antisymmetric CH2 stretching band,

for example, at 2,919.7 cm-1, decreased from 60 to

26 cm-1 for chitosan-coated liposomes, which implies a

decrease in the membrane fluidity and thereby stabilization

of the system in the gel phase (Biruss et al. 2007).

In order to analyze the interaction of chitosan with the

glycerol backbone near the head group of the phospholipids,

the C=O stretching band at 1,739.48 cm-1 was analyzed.

The characteristic lipid peak C=O slightly shifted in the

presence of chitosan to lower frequency values, and the

signal intensity became more intensive in the gel phase.

The decrease in the frequency indicates a strengthening of

the hydrogen bonds or even a formation of new hydrogen

bonds between the components (Korkmaz and Severcan

2005). Also, the degree of hydrogen-bond formation was

monitored in the glycerol backbone region of the DPPC

molecule by changes in the contours of the ester C=O

stretching bands (Blume et al. 1988).

Viscosity measurements

The rheological properties of liposomes were measured

to evaluate the interaction between chitosan and DPPC

liposomal membranes. Figure 5 shows the flow curves of

different liposomal samples.

Table 1 Break transition points (A and B) for different liposomal

formulations

Sample Transition point

A (mM) B (mM)

0.2 mM DPPC 8.6 14.8

0.2 mM DPPC/chitosan 12.38 17.1

0.5 mM DPPC 10.43 16.1

0.5 mM DPPC/chitosan 19 24.65
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Fig. 4 FTIR transmission spectra of a DPPC liposomes and

b chitosan-coated liposomes
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The rheological properties of liposomal formulations

can be described by the power law model (Steffe 1996):

s ¼ kcn ð2Þ

where s is the shear stress, k is the consistency index, c is

the shear rate, and n is the flow behavior index. In order to

obtain the flow behavior index (n) and consistency index

(k) values, Eq. 2 was used to fit the experimental data of

different samples, and the rheological parameters are

shown in Table 2.

The yield stress (the minimum stress needed to cause a

Bingham plastic to flow) increases from 0.28 dyne/cm2 for

DPPC liposomes to 0.83 dyne/cm2 after addition of 0.4%

chitosan to DPPC liposomes (Steffe 1996).

The n and k values ranged from 0.87 to 0.9 and from

1.22 to 3.32, respectively. Liposome suspension exhibited a

pseudoplastic behavior because the values of the flow

behavior index (n), a measure of departure from Newtonian

flow, were less than 1. The consistency index (k), an

indication of the viscous nature of liposomes, can be used

to describe the variation in plastic viscosity (a measure of

the internal resistance to fluid flow of a Bingham plastic,

expressed as the tangential shear stress in excess of the

yield stress divided by the resulting rate of shear) with

different concentrations of chitosan (Steffe 1996).

Figure 6 shows that the plastic viscosity of DPPC lip-

osomes is increased after coating them with different

concentrations of chitosan solution. The plastic viscosities

were 0.59 cP for DPPC liposomes and 0.76 and 1.34 cP for

chitosan-coated liposomes with 0.2 and 0.4% chitosan

solutions, respectively. Based on the present results of

liposomal rheological properties, it can be concluded that

coating of liposomes with chitosan would cause an increase

in the DPPC liposomes plastic viscosity.

Conclusion

The coating of DPPC liposomes by a chitosan layer was

confirmed by electron microscope images and the zeta

potential of liposomes. The results of solubilization, FTIR

spectroscopy, and viscosity measurements indicate that

chitosan interacts with the phospholipid surface and the

lipophilic core of the bilayers. The coating of DPPC lipo-

somes with chitosan led to an improvement in the stability

of lipid vesicles. These results shed light on the mechanism

by which chitosan will interact with lipids either in natural

tissues or in artificial drug delivery systems. Appropriate

combinations of the liposomal and chitosan characteristics

may produce liposomes with specific, prolonged, and

controlled release. The results indicate that a lipid–chitosan

complex might be used either in cosmetology or in phar-

macology as an effective drug delivery system.
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