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Introduction: 

Liposomes are becoming increasingly 
important as carriers of biologically important 
molecules in living system 1-4. Liposomes have 
a variety of routes of administrations including 
oral, dermal, intravenous, ophthalmic.5 
Liposomes mimic cells and are used for 
encapsulation and sustained release of drugs in 
modern therapies. They are aggregates 
containing a continuous bilayer of 
phospholipids around in aqueous space. There 
has been much interest in liposomes as drug 
delivery carriers, not only because of wide 
range of biologically active substances can be 
encapsulated, but that can be administered to 
man or animals without any adverse effect. 
Incorporation in to liposomes can reduce the 
toxicity and produce sustained release.6   
Liposomes, after three decades of research, are 
still gaining increasing interest with special 
emphasis more recently on their use as drug 
carrier systems. For therapeutic purpose they 
must be loaded with active substances. This is 
more achieved with lipophilic and hydrophilic 
molecules as they have tendency to be 
incorporated in the liposomal membrane. This 
is more essential achieved with amphiphile 

molecules like phospholipids and cholesterol as 
they have a tendency to be incorporated in the 
liposomal membrane. In contrast, hydrophilic 
molecules must be encapsulated in the aqueous 
interior, which in general, cannot easily be 
performed in an efficient manner7. A variety of 
liposomes preparations were introduced and 
they have to fulfill the basic requirements (a) 
Produced liposomes should be homogeneous 
(b) Efficient of encapsulation of hydrophilic 
drugs. Whereas thin film hydration technique 
achieves high efficiency and easy method to 
produce in the laboratories.8 The concept of 
this project was fairly to entrap hydrophilic 
drugs like zidovudine. The ratio of volume 
inside the liposomes compared to the total 
aqueous volume of the preparation is 
encapsulation efficiency. The increasing lipid 
concentration more liposomes per unit volume 
of the preparation are formed. When 
phospholipid dispersed in aqueous medium at 
certain concentrations results in highly viscous 
dispersions up to semisolid consistency. So, the 
phospholipid, cholesterol and hydration times 
were changed to achieve maximum entrapment 
efficiency. The prepared liposomes were 
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investigated at different temperature, pH and 
salt concentration for their stability. 

Zidovudine, the first anti HIV compound 
approved for clinical use is widely used for the 
treatment of AIDS either alone or combination 
with other antiviral agents. However, the main 
limitation to therapeutic effectiveness of 
zidovudine its dose dependant hematological 
toxicity, low therapeutic index, short biological 
half life and poor bioavailability.9 Zidovudine 
available in the market as conventional tablet 
form. After oral administration, it is rapidly 
absorbed from GIT exhibiting a peak plasma 
concentration of 1.2µg/ml at0.8 hours.10 In the 
systemic circulation, it is first converted to 
Azidothimidine triphosphate, which is 
pharmacologically active and prevents the 
replication of the HIV virus. The biological 
half-life of zidovudine is 4 hours.  

Materials and methods: 

Materials: 

The materials used in the study were 
Zidovudine a gifted sample of Alkem 
Laboratories Ltd, Raigad. Phosphotidyl 
choline, Qualigens, Mumbai. Cholesterol, 
Qualigens, Mumbai. Chloroform, Merck, 
Mumbai. Methanols, Qualigens, Mumbai.were 
Purchased. All in the study, other ingredients 
used were of analytical grade. 

Methods: 

Preparation of liposomes: 11, 12 

Multilammellar liposomes were prepared by 
using thin film hydration method Accurately 
weighed quantity of Drug, Phosphotidyl 
Choline, Cholesterol was taken. Phosphotidyl 
Choline, Cholesterol in the ratio of 200mg: 
80mg were dissolved in two parts of 
chloroform and one part of methanol mixture 
in 250 ml spear shaped flask. The chloroform 
and methanol mixture was evaporated at 45oC 
under reduced pressure (600psi) at 150rpm 
using Rota evaporator. After the chloroform 
and methanol was completely evaporated. The 
flask was kept overnight under vacuum 
pressure to remove residual solvent. The thin 
film was hydrated using drug-containing 

0.9%w/v Saline solution for 8 hours until 
vesiculation was completed. 

Estimation of Entrapped Drug in Liposomes 
13 

Zidovudine entrapped within the liposomes 
was estimated after removing the unentrapped 
drug. The unentrapped drug was separated 
from the liposomes by subjecting the 
dispersion to configuration in a cooling 
centrifuge (Remi Equipments, Mumbai, India) 
at 15 000 rpm at a temperature of –4°C for 30 
minutes, whereupon the pellets of liposomes 
and the supernatant containing free drug were 
obtained. The liposome pellets were washed 
again with distilled water to remove any 
unentrapped drug by centrifugation. The 
supernatant was analyzed for the drug content 
after suitable dilution with saline solution by 
measuring absorbance at 267 nm using 
Shimadzu U-V 1700(U-V Spectrophotometer). 
The percentage drug entrapment in the 
liposomes was calculated from the difference 
between the initial drug added and the drug 
detected in the supernatant.  

Transmission electron microscopy: 

Zidovudine liposomal dispersion was examined 
by Transmission electron microscope to find 
out the presence of spherical vesicles and type 
of vesicles.            

Determination of zeta potential:14 

The zeta potential is the overall charge a 
particle acquires in a particular medium. Both 
mean particle size and charge of the particles 
can be measured on a Malvern Zetasizer. The 
zeta potential of a liposome preparation can 
help to predict the fate of the liposomes in vivo 
and invitro. Any subsequent modification of 
the liposome surface can also be monitored by 
measurement of the zeta potential. 

Results and discussion: 

Liposomes have been used as a carrier system 
to deliver medications in to the skin in order to 
achieve the therapeutic effect with lower 
systemic absorption. Several novel carrier 
systems were suggested to be appropriate for 
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topical drug delivery of liposomes. To achieve 
the desirable therapeutic affect of liposomes as 
drug carriers, they must be loaded with 
sufficient amount of active compounds. 
Therefore liposomes with Zidovudine were 
prepared by thin film hydration method with 
the effects of the formulation variables, lipid 
phase composition (Phosphotidyl Choline and 
cholesterol) and hydration time on the drug 
entrapment efficiency, vesicle size and mean 
distribution of liposomes. Transmission 
electron microscope revealed the presence of 
spherical vesicles (Liposomes). Regardless of 
the preparation procedure used, liposomes were 
of a mean diameter around 1110.509nm in 
diameter with the low cholesterol level. In the 
optical microscope it was found that the 
average diameter of the liposome vesicle was 
2.467µm. The mean particle size and charge of 
the liposome were increased with the increased 
concentration of cholesterol. However, 
liposome prepared by the thin film hydration 
method was of a more homogenous size 
distribution. This was probably a consequence 
of the preparation procedure, in the better case. 

Table-1: Composition, Hydration time, Mean 
particle size 
S. 
No 

PC: CH 
(mg) 

Drug 
(mg) 

Hydration 
time 

EE 

1 200:200 10 02 35±0.8 

2 200:100 10 04 42±1.2 

3 200:80 10 06 53±1.0 

4 200:80 10 08 59±1.6 

5 200:60 10 08 51±1.8 

PC- Phosphotidyl Choline 
CH-Cholesterol  

EE-Entrapment Efficiency 
(n=3). 

Effect of temperature of liposomes size 
enlargement: 15 

The conventional liposomes containing 
zidovudine were taken and stored at different 
temperatures like 4oC, 25oC, 37oC, and 50oC 
for 30 days. The influences of temperature on 
liposomes diameter as a function of time have 
been investigated and are shown in the fig-1 
and values of the size enlargement of 
liposomes shown in table–2.  In the higher 
temperatures, the liposomes may aggregates 
and form clusters. This investigation is to find 
out the effects on size enlargement of 
liposomes and its suitable storage temperature. 
The liposomal coalescence is not reversible and 
it is sensitive to temperature. The aggregation 
of liposomes due to Brownian motion while 
increasing the temperature, there will be 
increasing in motion of the liposomes vesicles. 
The reaction limited clusters aggregation 
process, the average cluster size grows 
exponentially with the time. After aggregation 
liposomes tends to form large vesicles via 
coalescence. In this case that the decreasing the 
temperature of zidovudine liposomes increased 
the viscosity of liposomal suspension and the 
liposomal coalescence rate decreased. So it is 
shown in this study that a low temperature i.e. 
4oC increases the stability of liposomes in 
relation to their size.  

 

Table-2 Effect of temperature on liposome size enlargement 

S.No Time in days 4oC 25oC 37oC 50oC 
0 0 0 0 0 0 
1 5 2.458 2.498 2.575 4.13 
2 10 2.635 2.891 3.4 7.3 
3 15 2.896 3.17 3.94 11.4 
4 20 2.941 3.621 4.61 - 
5 25 3.01 4.15 5.28 - 
6 50 3.126 4.426 6 - 
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Figure-1 : Effect of temperature on liposome size enlargement 

 

Effect of pH on liposomes size enlargement: 16 

The conventional liposomes containing 
zidovudine were stored at different values like 
3,5,7,8. The influences of pH on liposomes 
diameter as a function of time have been 
investigated and are shown in fig-2 and values 
of the size enlargement of liposomes shown in 

table-3. It was found that the effect of pH on 
liposome stability is significant. The pH range 
above5-8, there is no significant change in the 
size enlargement. But the decreased pH (pH-3), 
the rate of membrane fusion may occur in the 
neutral liposomes. 

Table-3: Effect of different pH on liposomes size enlargement 

S.No Time in 
days 

Effect of 
size in pH-7 

Effect of 
size in pH-8 

Effect of 
size in pH-5 

Effect of 
size in pH-3 

0 0 0 0 0 0 
1 5 2.54 2.88 3.53 4.52 
2 10 2.98 3.6 4.95 6.98 
3 15 3.37 4.07 6 8.56 
4 20 3.47 4.46 6.56 12.34 
5 25 3.6 5.06 7.7 -- 
6 30 3.67 5.75 -- -- 

Figure-3 : Effect of different pH on liposomes size enlargement 
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Effect of calcium chloride on liposomes size enlargement: 17 

Table-4 Effect of 0.001M, 0.01M, 0.1M  CaCl2 on liposomes size enlargement 

S.No Time in days 0.001M CaCl2 0.01M CaCl2 0.1M CaCl2 
0 0 0 0 0 
1 5 2.48 2.88 4.13 
2 10 2.98 3.6 6.35 
3 15 3.37 4.07 7.05 
4 20 3.47 4.46 8.52 
5 25 3.6 5.06 10.45 
6 30 3.67 5.75 -- 

Figure-4: Effect of 0.001M, 0.01M, 0.1M CaCl2 on liposomes size enlargement 

 

 
The conventional liposomes containing 
zidovudine were stored at different molar ratio 
of calcium chloride concentration. I.e. 0.001M, 
0.01M, 0.1M solution at 25oC at pH7 reported.  
The influences of pH on liposomes diameter as 
a function of time have been investigated and 
are shown in fig-2 and values of the size 
enlargement of liposomes shown in table-4.in 
the range of 0.001M to 0.01M there is no 
significant change in the size enlargement. 
Above 0.01M i.e. 0.1M calcium chloride salt 
may induce aggregation behavior of 
conventional liposomes occurs only at a high 
concentration salt level. 

Conclusion 
The stability of liposomes with respect to 
aggregation was evaluated by using different 
salt concentrations, different pH and different 

temperatures. With the increasing 
concentration of the electrolytes were more 
effective for liposome aggregation. The highest 
level of stability of liposomes was observed at 
pH-7. The temperature dramatically influenced 
the aggregation. Low temperature was suitable 
for the storage of liposomes.  

Acknowledgements 
The authors would like to thank Alkem 
pharmaceuticals, Raigad for providing 
zidovudine gift sample. 

References: 
1. D.A.Tyrell, T.D.Heath, C.M.Colley, and B.E. 

Ryman,  (1976) Biochim. Biophys. Acta, 457, 259. 
2. D.Papahadjopoulos, ed. (1978) Annal. N.Y. Acad. 

Sci., 308, 1. 
3. G.Gregoriadis,C.Kirpy, (1984),A simple method of 

high yield drug entrapment in liposomes. 
Biotechnology, November,pp979-984. 

0

2

4

6

8

10

12

0 5 10 15 20 25 30 35

M
ea

n 
di

am
et

er
 o

f l
ip

os
om

es
(u

m
)

Time in days

0.001M 0.01M 0.1M



S.D. Maurya                               International Journal of Drug Regulatory Affairs; 2013, 1(1), 10-15             ISSN: 2321 - 6794 
 

© 2013 IJDRA Publishing Group, All Rights Reserved                       Page 15  
 

4. F.Roerdink, J.Dijkstra, G.Hartman, B.Bolscher and 
G.Scherphof, (1981) Biochim. Biophys. Acta, 
677,79. 

5. M.R.Labiris,M.B. DolovichBritish journal of 
pharmacology, 2003,56(6): 600-612. 

6. I.Genin, G.Barat, T.XuanThao, J.Delattre and F. 
Puisieux, Optimization and characterization  of 
freeze dried multilammellar liposomes. 
(1994),vol.49,pp.645-652. 

7. M.J.Ostro, liposomes: From Biophysics to 
Therapeutics, Marcel Decker, New York,1987. 

8. R.L. Juliano and S.S.Daoud ; Journal of controlled 
release(1990), 11(225-232). 

9. K.D.Kieburtz, M. Seidllin, J.S.Lambert, R.Dollis, 
R.Reichman, T.Valentine. Extended follow up of 
neuropathy in patients with AIDS. J Acquir Immuno 
Defic Syndrom. 1992; 5:60-64. 

10. R.W.Klecker,J.M.Collins,R.Yarchoan et al. Plasma 
and cerebrospinal fluid pharmacokinetics of 3-
azido-3-deoxythymidine.Clin Pharmacol 
Ther.1987;41:407-412. 

11. A.D.Bhangham, M.M.Standish, J.C. Watkins. 
Diffusion of univalent ions across the lamellae of 
swollen phospholipids. J.Mol.Biol. 1965,13: 238-
252. 

12. G. Gregoriadis, (1980) Nature (London) , 283, 814. 
13. S. B. Kulkarni, E.I. Vargha-Butler. Effect of bilayer 

additives on encapsulation of steroids in MLV 
liposomes.Int.J.Pharm.Adv.1:408-413. 

14. D.J.Crommelin, N.J.Zuidam , R.D. Vrueh,( 2003) 
Characterisation of liposomes,in liposomes: A 
practical approach, Oxford University press, 
Newyork, ,pp. 66-67. 

15. B. L. Gamon, J. W. Viirden, J.C. Berg, 1989. J. 
Coll. interface science, 132: 125-138. 

16. D. D. Lasic, N. S. Templeton., 2000. Gene therapy: 
therapeutic mechanisms and strategies, Marcel 
Dekker, Newyork. 

17. M. Juan Ruso, Lina Besada, Laura Seoane. 
Interactions between liposomes and cations in 
aqueous solution: (2003), J.Liposome 
research,Vol.13, pp.131-145. 


