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Liposomal encapsulation is known to signifi cantly improve the therapeutic index of a drug. In the present investigation 
liposomal formulations were chosen to transport clindamycin, which is considered as the most effective topical 
antibiotic for acne, into the skin layers. Liposomes with clindamycin phosphate were prepared using lipid fi lm 
hydration method and the optimum ratio of the components was determined. The liposomes were characterized for 
their vesicle size, shape, encapsulation effi ciency, % drug content and for in vitro skin permeation study. The results 
suggest that the average size of vesicles was found to be in range of 4.91-6.75 µm. Highest encapsulation effi ciency 
(45.4%) and in vitro skin permeation (62%) was achieved with a formulation containing drug: lipid: cholesterol 
in the ratio of 1:1:1. Liposomal formulation of clindamycin phosphate with good skin permeation properties was 
incorporated into gel base and comparison of in vitro skin permeation was made with non liposomal marketed gel, 
both containing 1% clindamycin phosphate. Higher rate of drug release across the rat abdominal skin was found 
with liposomal gel (54%) than non-liposomal marketed gel (48.7%). Biological study revealed that by encapsulating 
clindamycin phosphate into liposomes the occurrence of Pseudomembranous colitis could be reduced signifi cantly 
in comparison to plain clindamycin phosphate.
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Liposomes are minute spherical vesicles consisting 
of lipid bilayers and have been suggested for use 
as a suitable carrier for various drugs used in oral, 
topical and parenteral administration1-5. Liposomal 
drug formulations are able to reduce side effects and 
incompatibilities to enhance the accumulation of the 
drug at the administration site and to incorporate 
a variety of hydrophilic and hydrophobic drugs3. 
Clindamycin is generally considered the most effective 
topical antibiotic for acne. Clindamycin is reported 
to produce diarrhea in about 20% of patients after 
systemic administration; in some patients severe 
antibiotic-associated Pseudomembranous colitis, 
which sometimes, a potentially a lethal condition, 
may develop5,6. This is due to an acute inß ammation 
of colon caused by a necrotising toxin produced by 
clindamycin resistant organism, Clostridium diffi cile, 
which may be part of normal faecal ß ora6,7.

The aim of the present investigation was to prepare 

clindamycin phosphate liposomal systems and to 
compare their topical performance with non liposomal 
marketed system containing clindamycin phosphate 
by determining permeability of drug through the 
skin layer. The purpose of the present work was 
also to investigate the effectiveness of liposomal 
formulation of clindamycin phosphate in reduction 
of Pseudomembranous colitis in comparison to plain 
drug formulation after oral administration.

MATERIALS AND METHODS

Clindamycin phosphate (CMP) was obtained 
from Group Pharmaceutical limited, Bangalore 
as gift sample; soya lecithin and cholesterol were 
purchased from Ranbaxy Fine Chemicals Ltd., Delhi. 
Micrococcus luteus (ATCC 9341) was obtained 
from NCIM, Pune. All other reagents used were of 
analytical reagent grade.

Preparation of liposomes:
Liposomes containing CMP were prepared by thin 
Þ lm hydration method8. Ten ml chloroform solution 
containing specified quantities of soya lecithin 
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and cholesterol (Table 1) were added into a round 
bottom flask. The organic solvent was removed by 
using a rotary flash evaporator at 40° by applying 
vacuum. This results in the formation of a thin Þ lm 
in the ß ask. A solution of CMP in 10 ml of 0.05 M 
phosphate buffer pH 6.0 was added drop wise into 
the ß ask, while agitating the ß ask vigorously using a 
vibrator (Wiswo Instruments, Mumbai). The resultant 
suspension was sonicated using a probe sonicator 
(Bandelin Sonopuls, HD2070). Five formulations 
(F1 to F5) containing different ratio of drug, lipid 
and cholesterol were prepared and characterised with 
respect to size distribution and average vesicle size, 
shape, % drug content, encapsulation efÞ ciency and 
in vitro skin permeation..

Microscopy:
All the batches of the liposomes prepared were viewed 
under binocular compound microscope (Nikon), to 
study their size and shape. Size of 150 liposomal 
vesicles from each batch was measured at different 
locations of slide and average size of liposomal 
vesicles was determined. The results are given in 
Table 2 and photomicrograph is given in Þ g. 1.

Encapsulation efÞ ciency and % drug content:
The liposomal suspension was centrifuged for 1 h at 
20,000 rpm to allow the sedimentation of liposomes in 
the form of pellet and clear supernatant was decanted. 

The amount of CMP in supernatant was determined 
by microbiological method using a standard graph 
prepared for CMP by microbiological assay method9 

using Micrococcus luteus (ATCC 9341). Residue was 
lysed using 1% v/v solution of triton-X-1003 (0.2 ml 
in 2 ml liposomal suspension) by vortexing and then 
centrifuging it for 1 h at 20,000 rpm. The amount of 
drug entrapped was determined by microbiological 
method using the standard graph. Percentage drug 
content was calculated by adding the amount of drug 
present in supernatant and amount of drug entrapped 
in vesicles. The results are given in Table 2. 

In vitro skin permeation study:
In vitro skin permeation study was carried out for 
the formulations F1 to F5 using a modiÞ ed Keshary-
Chein diffusion cell. Rat abdominal skin was used to 
determine drug permeability2,10. Twenty Þ ve millilitres 
of phosphate buffer saline (pH 6.4) at 37° was used 
as receptor ß uid. Two millilitres of each sample was 
added to donor compartment. Samples (1 ml each) 
were withdrawn periodically from receptor ß uid and 
the drug content was determined by microbiological 
method using a standard graph. The results are given 
in Table 2 and Þ g. 2.

TABLE 2: CHARACTERIZATION OF DIFFERENT 
LIPOSOMAL FORMULATIONS
Formulation  Average  % Encapsulation  Total % drug % drug
 size (μm)* efÞ ciency* content permeation 
    after 24 h
F1 4.91±0.81 45.4 99.2±1.23 62.8
F2 5.20±0.916 39.8 98.1±1.34 60.2
F3 6.75±0.535 33.7 95.4±2.12 53.0
F4 5.79±1.02 27.5 95.1±1.58 54.9
F5 6.25±1.07 23.8 94.6±2.34 49.0
*Average of 3 determinations 

Fig. 1: Liposomal formulation (F1) under 45X 10 magniÞ cation

Fig. 2: In vitro skin permeation study for liposomal formulation F1, 
F2, F3, F4 and F5
In vitro skin permeation of liposomal formulations F1 (─!─), F2 
(─■─), F3 (─▲─), F4 (─"─) and F5 (─!─)

TABLE 1: COMPOSITION OF PREPARED LIPOSOMES
Formulation  Formulation ratio 
 Drug Lipid Cholesterol
F1 1 1 1
F2 1 2 1
F3 1 1 2
F4 2 2 1
F5 2 1 2
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Preparation of topical dosage form:
The drug-loaded liposomes, after separation of free 
drug, were incorporated into carbopol 940 gel base11 
in such a way that Þ nal formulation contains 1% w/w 
of CMP. In vitro skin permeation study of formulated 
liposomal gel and marketed non-liposomal gel both 
containing 1% w/w CMP was carried out using a rat 
abdominal skin in a similar way as described under 
�in vitro skin permeation study�. The results are given 
in Table 3 and Þ g. 3.

Preparation of oral dosage form:
A suspension was prepared for oral administration 
after separation of free drug from liposomal entrapped 
drug. These separated liposomes containing 100 mg 
of CMP in entrapped form were diluted to 30 ml 
with 0.05 M phosphate buffer (pH 6.0) containing 
0.5% carbopol 940 as suspending agent11. Similarly, 
oral solution containing pure CMP was prepared in 
the same concentration as oral liposomal suspension 
of CMP.

Biological studies for a possible reduction in 
diarrhea using liposomal suspension of CMP: 
Animal experiments were carried out according 
to CPCSEA and institutional ethical committee 
guidelines. The ethical clearance certificate was 

obtained from the institutional ethical committee. 
Wistar rats of either sex weighing between 260-310 
g were used in the test. The extent of induction of 
diarrhea (Pseudomembranous colitis) in experimental 
animals, when clindamycin formulations were 
administered, was determined. The animals were 
administered with different formulations such as 
suspension of pure CMP, liposomal suspension of 
CMP, and drug free plain liposomal suspension 
(control). The animals were divided into 3 groups of 
20 animals each and were allowed free access to food 
and water. The animals were maintained on normal 
diet, water was made available all the time and 
rats were kept in normal temperature and humidity 
condition. Calculated volume of each formulation 
based on the body weight of each animal (30 mg/kg 
body weight, bid) was administered by oral route with 
oral feeding tube for seven days4. Number of animals 
that developed symptoms of diarrhea were counted 
in each group and separated from other animals in 
the group. Fecal matter expelled by diarrhea induced 
animals and rest of the animals in the group was 
collected separately at 12 h interval up to 10 d and 
weighed; fecal matter was dried at 50° for 8 h in an 
oven and weighed again. Fluid content in the fecal 
matter was determined by calculating the difference 
in weight between the initial weight and weight after 
drying12. The results are given in Table 4.

RESULTS AND DISCUSSION

Liposomal system of different compositions was 
prepared and characterised (Tables 1 and 2). The 
average size of liposomes was found to be in the 
range of 4.91-6.75 µm. Shape of most of CMP 
containing liposomes was found to be spherical 
(fig. 1). Entrapment efficiency also showed that a 
signiÞ cant amount of CMP was entrapped in liposomal 
vesicles. The entrapment efÞ ciency was found to be 
maximum with formulation containing soya lecithin 
and cholesterol in a ratio of 1:1 (F1). Increasing 

TABLE 3: CUMULATIVE AMOUNT OF DRUG 
PERMEATED AFTER 24 H FROM DIFFERENT 
FORMULATIONS
Formulation Cumulative % drug 
 permeated after 24 h
Formulated liposomal gel 54.0
Marketed non-liposomal gel 48.7

Fig. 3: In vitro drug release study for formulated liposomal gel and 
marketed non-liposomal gel
In vitro drug release of formulated liposomal gel (─!─) and 
marketed non-liposomal gel (─"─)

TABLE 4: DATA SHOWING AVERAGE % FLUID 
CONTENT IN ALL THREE GROUPS
Formulation Dose  Animals  Animals  Average % 
treatment (mg/kg/d) used (n) showing  ß uid content
   diarrhea (n) ± SE
Pure clindamycin  30 20 4 85.86±0.944
solution
Liposomal  30 20 1 64.50±0.787
clindamycin suspension
Plain liposomal � 20 0 60.4±0.513
suspension (control)
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the concentration of cholesterol increased lipophilic 
properties of lipid bilayer hence decreased entrapment 
of hydrophilic drug like CMP. In liposomes with 
less amount of cholesterol, the lipid bilayer vesicles 
become less stable and delicate which leads to a 
rupture of the vesicles and decrease in entrapment 
efficiency because of leaking of drug from the 
vesicles. Hence a balanced concentration of cholesterol 
is essential to form stable liposomes. The total % drug 
content in the formulation range from 94.6-99.2% 
indicates that there is no degradation of drug in the 
process. In vitro skin permeation study for all five 
formulations was found that formulation F1 showed 
higher permeation rate than other formulations. This 
is due to smaller size of the vesicles (4.91 μm) and 
higher drug entrapment (45.5%) in the liposomal 
vesicles. In vitro skin permeation studies of liposomal 
formulations have shown significant permeation of 
the drug (49.0%-62.8%). Permeation of drug can 
further be enhanced by incorporating additives such 
as permeation enhancers or using similar techniques 
to enhance the permeation of drugs.

On the basis of physical characteristics, drug 
entrapment efficiency and in vitro skin permeation 
studies the liposomal formulation F1 was selected 
for its incorporation into gel base. The formulated 
liposomal gel and marketed non-liposomal gel, both 
containing 1% CMP were subjected to in vitro skin 
permeation studies across rat abdominal skin and 
comparison of results was done. It was found that 
liposomal gel showed higher permeation (48.7%) than 
non-liposomal gel (43.0%) at the end of 24 h study. 
Phospholipids, being amphiphilic in nature can modify 
the properties of the keratinized layer of the skin and 
enhance the permeation of drug through the skin.

Biological activity for a possible reduction in diarrhea 
was carried out in albino rats and results obtained 
reveal that in 4 out of 20 animals administered 
with suspension of pure drug have developed the 
symptoms of diarrhea in comparison to one out of 
20 animals administered with liposomal suspension 
of CMP. The group treated with pure CMP solution 
showed higher percentage ß uid content in faeces than 
that were treated with liposomal suspension of CMP. 
These results indicated that the occurrence of diarrhea 
(Pseudomembranous colitis) due to CMP is reduced 
signiÞ cantly by the administration of the drug in the 
form of liposomal suspension. This is due to small 
size of liposomes, which can be absorbed rapidly 

from the GI tract in intact form thus reducing the 
contact of drug with gastrointestinal tract. Thereby 
normal ß ora of intestine is protected and colonisation 
of Clostridium diffi cile is prevented. 

Hence it is concluded that administration of CMP 
form of liposomes can reduce the occurrence of 
Pseudomembranous colitis and the topical formulation 
of liposomes containing CMP showed much greater 
permeability of drug into skin layers compared to 
non-liposomal marketed formulation.
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