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INTRODUCTION

Liposomes have become one of the most studied colloidal drug delivery systems. A number of loading strategies has been studied to obtain sufficient loading of the agent into the liposomes. Generally, the mechanism of hydrophobic drug loading into liposomes is explained by high affinity of the drug for the liposomal bilayer. [1]

Active loading methods consist of forced entrapment of drug molecules upon establishing certain concentration gradients between liposome interior and exterior. By using these driving force besides hydrophobic interaction, much higher loading efficiency is achieved than conventional methods. [2] 

In this study, we consider not only drug loading efficiency but also drug loading kinetics by comparison between active loading methods and conventional drug loading methods using hydrophobic anticancer drug Actinomycin D.

THEORY

The interior of the liposomes is separated form the surrounding medium any boundary consisting of one or more amphiphatic lipid bilayer. When liposomes, filled with a given (inner) aqueous solution, are placed in an (outer) aqueous solution of different composition, interaction between theses two systems results in the equalization of concentration of different species on both sides of membrane(s) and/or build-up of membrane potential and/or osmotic pressure

EXPEREMENT

Liposome preparation

· Liposome preparation with no pH gradient

L-(-Phosphatidylcholine form egg yolk (EPC) and Cholesterol (CH) with 99% purity in chloroform were mixed with 2: 1 molar ratios and liposomes were prepared using REV methods [3] with a phosphate buffered saline (PBS pH 8.5).  Downsizing of liposomes to form unilamellar vesicles was achieved using Membrane extruder device through 0.2 (m polycarbonate membrane. 

· Liposome preparation with pH gradient
liposome was prepared by REV method as described above sentence except using PBS pH 7.4. To obtain transmembrane pH gradient, liposome passed through 50cm Bio-gel 0.5ml Column filled with PBS pH 8.5. 

Liposomes loading with drug

Actinomycin D(Dact) of 99% purity solution in PBS pH 8.5 solution (17Mm) was incubated with the liposome dispersion (Dact : liposome dispersion = 1 : 20 mol/mol). During the loading process, the sample was uptake to 100(l at each specific time. The loading was terminated at the desired time by removal of unencapsulated Dact using pass through 0.5ml Bio-gel column. The drug loading efficiency and size distribution was calculated by using UV-VIS spectroscopy and Dynamic Light Scattering device (DLS).

RESULT AND DISCUSSION

The characteristic peak of Dact is 442nm[Fig.1]. The drug entrapment efficiency was calculated like Eq [1] 
Drug entrapment efficiency = (ABSINITIAL (442nm)-ABSFINAL(442nm))/ABSINITIAL (442nm) x 100%  -- Eq[1]
(where,ABSinitial [442nm] : initial absorbance, ABSFINAL[442nm]:final absorbance at 442nm)

Loading behavior of drug into liposomes 
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The effect of Transmembrane pH gradient on drug loading behavior and loading efficiency are described as [Table1]. When compared sample A, B, and C with drug loading time, loading velocity of sample A is faster 2.12 times and 1.73 times than that of sample B and C.  Also, in respect of drug loading efficient, sample A with pH gradient shows greater loading efficient about 2.64,1.27 and 1.64 times compared with that of no pH gradient samples. 

Loading behavior comparison between no pH gradient samples
In the case of sample B and D, as increasing loading temperature from 30 OC to 50 OC, increase of drug loading efficient are observed about 2.1 times but as temperature increase to 60OC, there is loading efficient and drug uptake velocity decrease. This behavior can be explained in terms of phase transition of liposome bilayer with temperature change. The

phase transition temperature (Tm ) of pure EPC is 30 OC.

[Table 1 ] Entrapment efficiency and Size distribution of liposomes

	Method
	loading temp

[OC]
	Sample

name
	effective diameter [nm]
	Entrapment efficiency [%]

	with pH gradient
	30 OC
	A
	165.8
	65.3

	REV-no pH gradient
	30 OC
	D
	154.8
	24.7

	
	50 OC
	B
	173
	51.62

	
	60 OC
	C
	175
	39.78


But addition of CH attributes the increase of Tm of liposomes. In the temperature region between 30 OC and 50 OC, membrane fluidity is increased. Therefore the drug loading efficiency and loading velocity is increased. But when it is exceed 50 OC, over -fluidity of liposome bilayer may occur to the fusion between liposomal bilayer and it happen to leakage of drug molecule on liposoms 

CONCLUSION

We have studied the effect of transmembrane pH gradient and loading temperature on drug uptake behavior and drug loading efficiency. pH gradient across lipid bilayer enhances the drug loading velocity and efficient compared with no pH gradient liposomes. 
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