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Abstract—We formulated and evaluated proliposomal gel of relatively low bioavailable drug lisinopril dihydrate (LDH)
for transdermal delivery. Several proliposomal gel formulations of lisinopril dihydrate were prepared by modified co-
acervation phase separation method and examined for formation of liposomes by optical microscope and character-
ized by transmission electron microscopy. The formulations were evaluated for size, zeta potential, entrapment efficiency,
rheological behavior, ex vivo drug permeation, skin irritation and stability. Differential scanning calorimetry (DSC)
and Fourier transform infrared (FTIR) studies were performed to understand the phase transition behavior and mecha-
nism for skin permeation, respectively. The microscopic examination revealed the formation of liposomes from prolipo-
somal gel, and the size of the vesicles was found to be in the range of 385 nm to 635 nm. Entrapment efficiency was high
for the formulation containing greater amounts of phosphatidylcholine. The DSC studies indicated the amorphous form of
LDH in proliposomal gel formulation. Ex vivo permeation studies revealed sustained permeation of drug from proliposo-
mal gels studied. The stability studies reveal that the proliposomal formulations are more stable when stored at refrig-
eration temperature (4 °C). In conclusion, proliposomal gels offer potential and prove to be efficient carriers for improved
and sustained transdermal delivery of lisinopril dihydrate.
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INTRODUCTION

Lisinopril dihydrate (LDH), a synthetic peptide derivative, is an
angiotensin converting enzyme inhibitor used for the treatment of
hypertension and congestive heart faiture. LDH is slowly and incom-
pletely absorbed after oral administration with a bioavailability of
25-30% [1,2]. LDH was selected as a model drug because of its
clinical need, low oral dose (2.5-20 mg), low molecular mass (441.5
g/mol) and low oral bioavailability (25%).

Colloidal systems of nano size range are constantly being devel-
oped as drug delivery carriers for diverse applications, such as the
oral, transdermal, parenteral and ocular delivery [3-6]. Among those,
transdermal drug delivery has been one of the potential applications
for the local and systemic delivery of drugs [7,8]. However, the highty
organized structure of stratum corneum forms an effective barrier
to the permeation of drugs through skin, which is the rate-limiting
step for drug permeation [7]. Thus, the major challenge in the trans-
dermal route is permeation of drug across the stratum corneum im-
peding its barrier function.

Among the various colloidal systems developed, the liposomes
have gained much interest and often been considered to be a poten-
tial option. In spite of many advantages, the use of liposomes is limit-
ed because of significant complications for drug delivery such as
aggregation, sedimentation, phospholipids hydrolysis and oxidation
[9]. However, these stability problems can be avoided by formulat-
ing liposomes as proliposomes [10,11]. Proliposomes, a semisolid
liquid crystal (gel) product, are composed of drug and lipid portion
[phosphatidyl choline (PC) and cholesterol (Chol)] with minimum
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quantities of ethanol and water. The formulation upon application
onto the surface of skin gets hydrated with water from skin under
occlusion and transform into liposomes, which favors drug delivery
through skin [10]. Several mechanisms like fusion of vesicles on
the surface of the skin [12] and vesicle intercalation into the intercel-
lular lipid layers of the skin [13] could be explained for the ability of
liposomes to modulate the diffusion across skin.

The characterization of proliposomes by microscopic techniques
is essential to obtain reliable data about the actual transformation
and morphology of the system. In the present study, proliposomes
of LDH for transdermal delivery was investigated and evaluated.
Microscopic analysis of these lipid-based drug delivery systems with
particle sizes in the lower submicron range provides critical infor-
mation about the size, shape and internal structure of the vesicles.

EXPERIMENTAL

1. Materials

Lisinopril dihydrate (LDH) was a gift sample from Aurobindo
Pharmaceuticals, Hyderabad. Cholesterol was purchased from E.
Merck. Mumbai, Maharashtra, India. Soy phosphatidyl choline [(PC),
Phospholipon 90G] was a generous gift from Lipoid, Ludwigshafen,
Germany. Dialysis membrane [DM-70; molecular weight cutoff
(MWCO) 12,000 Da] was purchased from Himedia, Mumbai, Maha-
rashtra, India. All other chemicals used were of analytical grade.
Freshly collected double distilled water was used all throughout the
study.
2. Methods
2-1. Preparation of Proliposomal Gels

The proliposomal gel formulations were prepared as per the re-
ported method with slight modification [14] using PC, cholesterol
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Table 1. Composition of lisinopril dihydrate loaded proliposomal
formulations

Formulation Molarratio PC Cholesterol Ethanol Water

code (PC: Chol) (mg) (mg) (uh) (uh)
FO 1:0 750 - 400 160
F1 2:1 499 129 400 160
F2 1.5:1 450 154 400 160
F3 1:1 375 193 400 160
F4 1:1.5 300 232 400 160
F5 1:2 250 258 400 160

PC, phosphatidyl choline; Chol, cholesterol
Total 1 mM lipid mixture was used in all the preparations
All formulations contained 10 mg lisinopril dihydrate

as the lipid component. Accurately weighed amounts of PC and
cholesterol were taken in a clean and dry, wide mouthed glass vials
to make 1 mmol of total lipid. The composition of various prolipo-
somal gel formulations is shown in Table 1. The drug was added
to the lipid component mixture followed by the addition of 400 uLL
of absolute ethanol. After ensuring the homogeneous dispersion of
the ingredients, the vials were tightly sealed to prevent the evapo-
ration of the solvent and warmed in a thermostatic water bath at
55-60 °C for about 5 min with intermittent shaking until the ingre-
dients were dissolved. To the resultant transparent solutions, 160 pL
of double distilled water maintained at the same temperature was
added while warming in the water bath till a clear or translucent
solution was obtained, which upon cooling formed a yellowish trans-
lucent liquid or yellowish translucent gel or a white creamy proli-
posomal gel. The obtained gels were stored in the same closed glass
vials in the dark until further characterization.
2-2. Formation of Liposomes

Formation of liposomes from proliposomal gels upon hydration
with phosphate buffer (pH 5.5) and their morphology was evalu-
ated by observing at a magnification of 450X through an optical
microscope (Coslabs micro, Ambala, Haryana, India) and trans-
mission electron microscope (JEOL-200 CX; Jeol, Tokyo, Japan).
2-3. Characterization of Liposomes
2-3-1. Entrapment Efficiency

The proliposomal gels were hydrated with phosphate buffer (pH
5.5) and subjected to bath sonication (Sonica, Milano, Italy) for 3 min
and the resultant dispersion was used for the determination of entrap-
ment efficiency by dialysis method [15]. From the obtained liposo-
mal dispersion unentrapped free drug was removed by placing about
2 ml of dispersion on a glass tube to which dialyzing membrane
was attached to one side and dialyzing exhaustively for 15 min each
time against 50 ml of pH 5.5 phosphate buffer; the dialysis was com-
plete when no drug was detectable in the recipient solution. Amount
of entrapped drug was obtained by subtracting amount of unen-
trapped drug from the total drug incorporated [16].

Entrapment efficiency (%)
=(Amount of drug entrapped/Total amount of drug)*100.

2-3-2. Surface Charge, Vesicle Size and Polydispersity Index
The mean size of liposomes obtained by hydrating the prolipo-
somal gel, polydispersity index and surface charge (zeta potential)

August, 2013

were determined by photon correlation spectroscopy using a Zeta-
sizer Nano ZS90 (Malvern Instruments, Malvern, Worcestershire,
UK). Each sample was suitably diluted and size analysis was per-
formed at 25 °C with an angle of detection of 90°.
2-3-3. Rate of Spontaneity

The formation of abundant vesicles is one of the important char-
acteristics for an optimized formulation. Spontaneity of liposomes
formation is described as number of liposomes formed after hydra-
tion of proliposomal gels with phosphate buffer (pH 5.5) approxi-
mately for 15 min. The proliposomal gel (10 mg) was transferred
into small stoppered glass vial and 2 ml of buffer was added care-
fully along the walls of the glass vial and kept aside without agita-
tion. After 20 minutes, a drop of this solution was withdrawn and
placed on a Neubauer chamber to count the number of vesicles [17].
2-3-4. Spreadability of Proliposomal Gels

The spreadability of the formulation was determined by placing
0.5 g of gel on a horizontal plate within a circle of 1 cm diameter
which is previously marked, a second glass plate was placed over
the first glass plate. A standardized weight of 500 g was placed on
the upper plate. The increase in the diameter due to spreading of
the test formulation was noted [18].
2-3-5. Rheological Behavior

The rheological characteristics of proliposomal gels were deter-
mined by using a Brookfield Programmable DVIII+ Digital Rhe-
ometer (Brookfield Engineering Laboratories Inc., Massachusetts,
USA). The rheological measurements were performed using a con-
trolled stress theometer with the cone (24 mm) and plate geometry.
The sample was equilibrated for 5 min before viscosity measure-
ment and the torque sweep was in the range of 10-110%. All the
measurements were performed in duplicate at ambient temperature.
The consistency index and flow index were calculated from the Power-
law equation:

=Kr"

where 7is the shear stress; r the shear rate; K the consistency index;
n is the flow index. Taking the log on both sides

log 7=log K+nlogr
Shear stress (dyne/cm®)=viscosity (mPas)xrate of shear (s™).

Thus, from the plot of log of shear stress versus log of shear rate,
the slope of the plot representing flow index and antilog of the y-
intercept indicating consistency index was calculated.
2-3-6. Differential Scanning Calorimetry

The thermal characteristics of drug, phosphatidyl choline, cho-
lesterol and proliposomal gel (F3) were studied by differential scan-
ning calorimeter (Mettler DSC 821e, Mettler-Toledo, Switzerland).
The sample weight of 5 mg was heated in a hermetically sealed alu-
minum pan over a temperature range of 20-350 °C under a constant
nitrogen gas at a heating rate of 10 °C/min.
2-3-7. Fourier Transform Infrared Spectroscopy for the Skin

The FTIR spectroscopy of the rat skin treated with optimized gel
for 24 h and the untreated skin (control) was carried out to deter-
mine the changes in the structure of the epidermis. After the treat-
ment, the skin was wiped with a tissue and kept in a desiccator to
remove traces of solvent. The FTIR spectrum of the control and
proliposomal gel treated rat skin was recorded in the range of 4,000-
400 cm™' using FTIR spectrophotometer (Bruker USA).
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2-3-8. Ex Vivo Permeation Study using Excised Rat Abdominal
Skin

All the animal studies were conducted with the prior approval
of the Institutional Animal Ethical Committee, St. Peter’s Institute
of Pharmaceutical Sciences, Hanamkonda. The epidermis from rat
abdominal skin was prepared by a heat separation technique as re-
ported earlier [19,20]. The permeation of LDH from proliposomal
formulations and lisinopril dihydrate powder (control) were carried
by fabricated Franz diffusion cells with an effective diffusion area of
4.153 cm’. The skin was brought to room temperature and sand-
wiched between the compartments of the diffusion cell with stratum
corneum facing the donor compartment. The skin was allowed to
equilibrate and about 0.5 g of the proliposomal gel was placed on
the skin surface in the donor compartment which was covered with
parafilm. The receptor compartment of the cell was filled with 14 ml
of phosphate buffer (pH 5.5). During the experiments, the solution
in receptor compartment was maintained at 37+0.5 °C and stirred
at 400 rpm throughout the study. The amount of drug permeated
was determined by removing 1 ml aliquots of sample at appropri-
ate time intervals up to 24 h; the volume was replenished with an
equal volume of phosphate buffer to maintain sink conditions. At
the end of the study, the samples were suitably diluted and the amount
of drug was determined spectrophotometrically at 212 nm.
2-3-9. Permeation Data Analysis

The cumulative amount of drug permeated through a unit area
of skin was plotted as a function of time.

1) Flux can be calculated by using the following equation:

dQ 1

BT
where, J,, - steady state flux (ug/cm’/h) calculated by using the slope
of the graph containing cumulative amount permeated through unit
area vs time, A - surface area, dQ/dt - cumulative amount perme-
ated per unit area per unit time.

if) Permeability coeflicient (K,) represents the correlation between
the flux and initial drug load, which was calculated using the follow-
ing equation:

K,=J/C

where, K, - Permeability coefficient (cm/hr), I, - steady state flux,
C - initial concentration of LDH in the donor compartment.
2-3-10. Microscopic Examination of Rat Skin

Proliposomal gels were applied for 24 h on the excised rat skin
mounted on the diffusion cell. The histological examination was
carried out for the respective skin after removing the preparation
and the skin was fixed in 10% formalin by the conventional proce-
dure followed by staining with hematoxylin-eosin. Then the stained
sections were examined under an optical microscope (Coslabmi-
cro, India). Untreated skin served as a control [21].
2-3-11. Skin Irritation Test

The optimized proliposomal formulation was assessed for skin
irritancy potential in rabbits [22] since skin protection is prime con-
sideration for transdermal drug delivery. The rabbits (n=3) weigh-
ing 2-2.5 kg were acclimatized before the beginning of the study
and were maintained under controlled condition of temperature.
The hair of rabbit ear was exposed and hair was removed with a
hair clipper 24 h prior to application of the proliposomal gel. Then

0.5 g of gel was applied on the hair free skin of rabbit by uniform
spreading within the area of 4 cm®. The skin was examined for any
signs of erythema (redness) or oedema (swelling) over a period of
seven days.
2-3-12. Stability Studies

Optimized formulation F3 was studied for stability aspects by
monitoring at room temperature and refrigeration temperature (4+
2 °C) for six weeks. The stability of gels was evaluated for encap-
sulation efficiency, any change in consistency of gels, surface charge,
vesicle size and polydispersity index.
2-3-13. Statistical Analysis

Statistical analysis of the data obtained was performed using Stu-
dent’s ¢ test with GraphPad Prism software (version 4.00; Graph-
Pad Software, San Diego, California). The level of statistical sig-
nificance was chosen as less than p<0.05.

RESULTS AND DISCUSSION

1. Preparation of Proliposomes

Proliposomes of LDH were prepared by modified coacervation
phase separation method by varying the concentrations of PC to
cholesterol. At 0% concentration of cholesterol (F0) with PC alone
the formulation was flowable yellowish liquid with poor stability
and low entrapment efficiency. To improve the stability and entrap-
ment efficiency of formulations, cholesterol, a structural lipid, was
employed at varying concentrations. The appropriate ratio of PC and
cholesterol is the prime factor in maintaining the integrity of prolipo-
somes. As reported earlier in our previous report the alteration in
concentrations of PC and cholesterol leads to disruption and leakage
of drug from vesicles before union of vesicles with the skin [23].

2. Formation of Liposomes

Hydration of the proliposomal formulation resulted in formation
of liposomes as seen from Figs. 1(a)-1(d). Fig. 1(a) represents the
surface of dry proliposomal gel, (b) upon contact with water, (c)
tubular structures formed upon swelling of phospholipids in the for-
mulation, and (d) spherical vesicles formed upon gentle shaking.
However, the TEM micrograph confirmed the spherical nature of
liposomes formed. The physical appearance of the formulations was
converted from transhucent yellowish liquid gel state to creamy white
gel upon increasing the concentration of cholesterol in the formula-
tion. However, at further increased concentration of cholesterol (F5),
the formulation obtained was white compact solid, which was not
further evaluated.

3. Characterization of Proliposomes

Spreadability is a vital parameter for better patient compliance
and can result in greater penetration and absorptivity of the gel by
providing more contact area. The spreadabilty of all formulations
was found to be in the range of 4.3-10 cm. With increase in choles-
terol content the spreadability of the proliposomal gel was found to
be reduced. All the formulations are spreadable with good skin feel
except the higher concentration of cholesterol (F5).

The results reveal that the entrapment efficiency is dependent on
the composition of proliposomes. The entrapment efficiency of cho-
lesterol free proliposomal formulation (FO) was found to be 71.6+
1.9%, whereas the entrapment efficiency was significantly increased
(83.5-92.5%) in proliposome formulations (F1 to F4) containing
varying ratios of PC to cholesterol (p<0.01). However, with higher
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proliposomal gel (b) upon hydration (c) swelling results in tubular structures (d) spherical multilamellar vesicles ((e) and (f)) Trans-
mission electron micrograph of liposomes from proliposome at different scales.

cholesterol content in F4 the entrapment efficiency was decreased.
This may be because the higher amounts of cholesterol beyond a
certain quantity may start disrupting the regular bi-layered structure
followed by leakage of entrapped drug from the vesicle.

The surface charge of liposomes formed from proliposomal for-
mulations was in the range of —5.08 to —13.6 (mv). All the lipo-
somes produced from proliposomal formulations upon hydration
showed negative zeta potential; this might be due to the ionization
of surface fatty acid functional groups of PC. The surface charge
of proliposomal formulations F1 (2 : 1 molar ratios of PC : Chol)
and F3 (1: 1 molar ratios of PC : Chol) was found to be —13.6+
3.6 and —12.4+2.4 mw, respectively; as they contain higher amounts
of PC in their formulations, more will be the ionization of surface
fatty acid functional groups of PC and lead to higher negative surface
charge compared to other proliposomal formulations. Due to nega-
tive surface charge, repulsive forces generate between liposomes
formed, which prevents the coalescence of the liposomes formed
and also helps to incorporate hydrophilic drug in the aqueous com-
partment of the vesicle [24,25].

Vesicle size and size distribution of the liposomes formed from
the proliposomal systems are vital parameters for understanding the
entrapment efficiency. The size of liposomes formed from all the
formulations was within the range of 385.5+18 to 635.1£26 nm
(Table 3). However, we could observe a linear relationship between
the size of the vesicles and concentration of cholesterol. As the con-
centration of cholesterol increased, the size was also increased. As
shown in Table 3, the F3 and F4 formulations with larger vesicular
size showed higher entrapment efficiencies. Generally, liposomes
of size 1,000 nm and above are reported to be multilamellar vesi-
cles [26] with small aqueous compartment. In our study liposomes
formed are of <1,000 nm. They are advantageous for incorporation
of hydrophilic drug in the larger aqueous compartment, which leads
to the improved entrapment of drug into the vesicles. Polydisper-
sity index, which is a dimensionless measurement of broadness of
particle size distribution, was also calculated for all the formulations.
Small value of PI (<0.1) indicates a homogeneity, whereas a PI (>0.3)
indicates a higher heterogeneity. The PI employed as a measure of
uniformity in size distribution was in the acceptable limits for all

Table 2. Appearance and rheological characteristics of proliposomal formulations

Formulation code Appearance Spreadability Flow index Consistency index
FO Yellowish liquid 10 0.913 214
F1 Yellowish translucent gel 8 0.838 202
F2 White creamy gel 6.6 0.461 133
F3 White creamy gel 5.5 0.568 165
F4 White creamy gel 43 0.899 243
F5 White compact solid - - -
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Table 3. Physicochemical characteristics of lisinopril dihydrate liposomes

Formulation code

Encapsulation efficiency  Vesicle size (nm) Zeta potential (mv) Rate of spontaneity  Polydispersity index

FO 71.6+1.9 385.5+18
F1 83.5+£2.4 426.2+22
F2 86.4+£2.9 467.6+34
F3 92.5+3.1 543.0+41
F4 90.2+3.4 635.1+£26

-5.084+2.2 5.9x10* 0.223
-13.6+3.6 6.5x10* 0.271
-10.4£2.5 6.9x10* 0.232
-12.44+2.4 6.6x10* 0.253
-11.6+3.1 7.0x10° 0.286

the proliposomal formulations.

Rheological behavior or viscosity is a critical parameter to con-
sider for percutaneous application of proliposomal gels. The viscos-
ity of proliposomal formulations increased with increased amounts
of cholesterol in the formulations. The flow index and consistency
index values of the formulations are shown in Table 2. The devel-
oped proliposomal gels were observed to be flowable liquid, trans-
lucent gel, creamy gel and compact solid with increasing amounts
of cholesterol.

4. Differential Scanning Calorimeter

The LDH and cholesterol has shown sharp endothermic peaks
at 165.0 °C and 148.42 °C, respectively (Fig. 2). The disappearance
of the peak corresponding to the melting point of LDH in prolipo-
somal formulation is obviously due to the transformation of crys-
talline form of the drug to amorphous form in PC and cholesterol
mixture. Furthermore, the absence of the characteristic peak of cho-
lesterol in proliposomal formulation indicates a change in the phase

(a)

(b)
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1
00 1000 150.0 2000 2500 3000
Temperature (°C)

Fig. 2. DSC thermograms of (a) lisinopril dihydrate (b) cholesterol,
(c) phosphatidylcholine and (d) proliposomal formulation
(F3).

transition behavior of pure lipids and could be due to the formation
of liquid crystalline state.
5. Fourier Transform Infrared Analysis

FTIR spectra (Fig. 3) of skin demonstrate relative peaks around
2,800-3,000 cm ™" in relation to C-H stretching vibrations from hy-
drophobic alkyl chains of cholesterol and fatty acids. The promi-
nent peaks around 2,852 and 2,922 cm™ highlighted CH, symmetric
and asymmetric vibrations, respectively, originating primarily from
extracellular lipids of stratum comeum. Both the peak height and area
are proportional to the amount of lipids present, and any extraction
of lipids from the stratum corneum results in decrease of peak height
and area. The reduction in area of these peaks is symptomatic of
fluidization of the stratum corneum.
6. Ex Vivo Permeation of Lisinopril Dihydrate from Prolipo-
somes

The cumulative amount of LDH permeated from various proli-
posomal formulations and LDH powder (control) were revealed in
Table 4 and in Fig. 4. The amount permeated was detected at the
initial samplings of 0.5 h, which indicates the conversion of proli-
posomes to liposomal vesicles occurred immediately when the water
present in the receptor compartment got in contact with the skin.
Thus, the drug from the vesicles formed permeated across the skin.
Better skin permeating ability of proliposomal gels was perhaps due
to structural modification of stratum corneum due to the presence
of lipids and ethanol in the proliposomal formulations. Intercellular
lipid barrier in stratum corneum would be dramatically looser and
more permeable following treatment with liposomes. The fusion of
vesicles to skin can result in greater concentration gradients and thus
improved drug permeability. The cumulative amount of drug per-
meated was in the order FO<F1<F4<F2<F3<Control as shown in
Fig. 4. Among the formulations, F3 showed greater permeation and
F4 showed decreased permeation. This may be due to optimum cho-
lesterol and lecithin ratio (1 : 1 ratio) in F3 and due to the high choles-
terol content in F4. The formulation with high cholesterol content
showed lower permeation, which may be due to formation of a film
of cholesterol around the vesicles, which increased the micro vis-
cosity of the bilayers by getting intercalated into the bilayers and thus
reducing the permeability of the drug through the film. As shown in
Fig. 4, the drug permeation from the powder was higher than prolipo-
somal formulations, suggesting sustained release of the LDH from
the proliposomal formulation at constant rate. Hwang et al., 1997
[27] also prepared proliposomal formulation of nicotine and observed
constant flux of the nicotine from the proliposomal formulation com-
pared to the nicotine powder, indicating sustained delivery of the
nicotine across the rat skin at constant rate from proliposomes.
7. Histological Examination of the Rat Skin

The photomicrographs of untreated or control rat skin show nor-
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Fig. 3. FTIR spectra of (a) untreated skin (control) (b) skin treated with optimized proliposome formulation (F3).

Table 4. Permeation parameters of lisinopril dihydrate prolipo-
somal formulations through rat skin (mean+SD; n=3)

I, (ug/cm*/h) K, (cm/h)x 107

Formulation code

Control 72.31+2.83 14.46+0.59
FO 22.70+0.70 4.54+1.06
Fl1 25.20+1.48 5.04+0.98
F2 31.85+1.28 6.37+1.45
F3 44.20+1.64 8.84+1.14
F4 27.89+1.03 5.58+0.76

mal skin layers (Fig. 5(a)). After 24 h treatment of skin with proli-
posomal gel, definite changes were observed in the skin morphology
(Fig. 5(b)) that could be attributed due to the effect of ethanol and
phospholipids on stratum comeum. The dense structure of the stra-
tum corneum was faintly altered by the application of proliposomal
gel.
8. Skin Irritation Studies

The primary observations of skin irritation studies showed no
obvious signs of erythema and oedema during 7 days, demonstrat-
ing that LDH proliposomal gel is nonirritant.
9. Stability Studies

The physical appearance and entrapment efficiency of the proli-
posomal formulations were evaluated over a period of six weeks.
Formation of drug crystals was not observed at refrigeration and
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Fig. 4. Ex vivo skin permeation of lisinopril dihydrate across rat

abdominal skin from proliposomal gel formulation and LDH

powder (mean+SD; n=3).

room temperatures. The consistency of the gels was increased be-
cause of the loss of alcohol over storage. The microscopic studies
revealed the formation of liposomes from proliposomal gel, but we
could not notice any appreciable change in the morphology of lipo-
somes formed. The encapsulation efficiency of proliposomes stored
at room temperature decreased when compared to formulation stored
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Fig. 5. Histological microphotographs (100% magnifications) of rat
skin (a) control skin with intact skin layers without any swell-
ing (b) treated skin showing swelling of the skin layers.
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60 1

504

40

O Refrigeration
B Room

Encapsulation efficiency (%)

20

104

Weeks

Fig. 6. Encapsulation efficiency of optimized proliposomal gel (F3)
upon storage at refrigeration and room temperature.
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Fig. 7. Size distribution of liposomes formed from optimized pro-
liposomal formulation (F3) upon hydration.

in refrigerator (Fig. 6). The amount of drug present within the vesicles
under definite conditions ultimately governs the shelf life of the drug.
We could not notice any appreciable change in vesicle size (565.1+
39 nm), polydispersity index (0.192) and zeta potential (—13.5%3.1
mv) of the liposomes obtained by hydrating the proliposomal gel
formulation when stored at refrigerated conditions. However, the
liposomes formed from the formulation stored at room tempera-

ture showed significant (p<0.05) increase in vesicle size (685.2+
41 nm) without any change in zeta potential. The data clearly indi-
cates the influence of temperature on the stability of proliposomes.
The formulations stored in a refrigerator at 4 °C were comparatively
more stable than the formulations stored at room temperature, as
not much leakage of the drug was found at these temperatures. De-
creased stability of proliposomal gels stored at room temperature
compared to refrigeration temperature (4 °C) might be due to more
loss of ethanol at room temperature than at low temperature (4 °C).

CONCLUSION

Lisinopril dihydrate proliposomal formulations for transdermal
delivery were successfully developed. Optical microscopic evalua-
tion of proliposomes revealed the formation of spherical vesicles
of liposomes from proliposomes upon hydration, which was fur-
ther confirmed from transmission electron microscopy. The physi-
cochemical evaluations of proliposomes clearly expose the signifi-
cance of cholesterol and phosphatidyl choline composition in for-
mulation. Optimized proliposomal formulation F3 (1:1 ratio of
phasphatidyl choline and cholesterol) showed good physicochemical
characteristics: entrapment efficiency (92.5+3.1) and higher perme-
ation compared to other formulations. The stability studies accom-
plish that the proliposomal formulations are more stable at refrig-
eration conditions compared to room temperature. Further studies
are suggested to prove the therapeutic efficacy of the formulations
in humans.
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