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Abstract. Purpose: The aim of this study was to derive
simple reduced second order polynomial equation for con-
structing contour plots to obtain predetermined % drug
entrapment (PDE) within liposomes of acyclovir (ACY)
when prepared by reverse phase evaporation (REV)
method using technique of three variables at three levels
(33) factorial design. Method: Three independent variables
selected were volume of organic phase (x1), volume of
aqueous phase (x2), and Drug/Phosphatidylcholine (PC) /
Cholesterol (CHOL) in molar ratio (x3). Based on factorial
design, twenty-seven batches of ACY liposomes were pre-
pared by REV method. Prepared liposomal batches were
evaluated for size, lamellarity, and PDE. The PDE (depen-
dent variable) and the transformed values of independent
variables were subjected to multiple regressions to estab-
lish a second order polynomial equation (full model). To
simplify the equation, F-statistic was applied to reduce
polynomial equation (reduced model) by neglecting non-
significant (p>0.05) terms. The coefficient value for inde-
pendent variable, Drug/PC/CHOL in molar ratio (x3) was
found to be maximum (b3 = 2.52) and hence the variable
x3 was considered to be a major contributing variable for
PDE within liposomes by REV method. The reduced
polynomial equation was used to plot three two-dimen-
sional contour plots at a fixed levels of –1, 0 and 1 of
major contributing variable (x3) to obtain various combina-
tions of values of two other independent variables (x1 &
x2) at predetermined PDE. The conformity of the estab-
lished equation was checked by preparing three batches
three times taking values of the independent variables
from the contour plots for prefixed value of PDE.
Results: Prefixed PDE value taken for designing the
experiment and results obtained experimentally were com-
pared using student ‘t’ test and difference between experi-
mentally obtained and theoretically calculated values of
PDE was found to be statistically nonsignificant (p>0.05).

Conclusions: Findings of this study establishes the role of
the derived equation and plotted contour plots in predict-
ing the values of independent variables for preparation of
ACY liposomes by REV method having predetermined PDE.

INTRODUCTION

Acyclovir is a drug of choice for the treatment of the
infection due to the Herpes simplex or varicella zoster
virus.  Poor absorption of ACY through GIT and poor
distribution to skin necessitates targeting this drug at the
site of infection i.e. epidermis and the nerve ganglia. Many
liposomal topical deliveries have shown to improve the
therapeutic efficiency of the various drugs (1-8) because of
deposition of therapeutic levels of drug in skin layers for a
prolonged period. Hence, liposomal encapsulation forms
drug reservoir onto the skin and reduces side effects due
to decrease in rate of systemic drug absorption. Liposomes
of ACY are also expected to behave similarly. Thus, prepa-
ration of ACY liposomes was an attempt to develop lipo-
somes of ACY with size range from 2µm to 5µm   for
topical drug delivery (9). 

Many methods have been used to prepare liposomes (10).
Acyclovir is moderately (1 in 400) soluble in water and
insoluble in most of the organic solvents, it is thus reason-
able to expect that trapping the drug within aqueous com-
partment of liposomes (unilamellar) or within large
aqueous core area of liposomes (oligolamellar) will be
more efficient than trapping this drug in the small layers
interstitial water in multilamellar liposomes. Hence, lipo-
somes of ACY were prepared by REV method to obtain
maximum PDE. Many independent formulation variables
affect the preparation of liposomes using this method.
These independent variables are volume of organic to
aqueous phase and Drug/PC/CHOL in molar ratio. The
ratio of aqueous phase to organic phase is most important
variable in REV method for proper emulsification and for-
mation of fine aqueous droplet surrounded by phospho-
lipid, i.e. liposomes, with uniform size, shape, and high
PDE.
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For economic reasons, it is necessary to optimize these
variables for obtaining ACY liposomes with high PDE
using minimum PC and optimum CHOL. It is difficult to
assess the effect of the variables individually or in combi-
nation. Hence, the aim of this investigation was to derive a
mathematical model suitable for establishing a quantitative
relationship among the variables and predicting the quanti-
tative values of selected independent variables to prepare
ACY liposomes having predetermined PDE by REV
method. 

MATERIALS AND METHODS

Chemicals

Acyclovir, a gift sample from Cadila Pharma, Ahmedabad;
Phosphatidylchloine (type-E 80), a gift sample from
Lipoid Gmbh, Germany; Cholesterol, purchased from S.
D.  Fine chemicals, Mumbai; α-tocopherol, purchased
from Himedia, Mumbai; and Dialysis sacks [Mol wt. (cut
of): 12,000], purchased from Sigma Chemical Co. St Louis,
MO.  All other chemicals and solvents were of analytical
reagent grade.

Preparation of liposomes 

Three independent formulation variables were taken at its
three levels; low, medium and high, which were repre-
sented by the transformed values of –1, 0, and 1 respec-
tively. Values of these selected variables at different levels
are shown in table 1.

Table 1: Coded units of 33 Factorial design for
preparation of ACY liposomes by REV method.

x1- volume of organic phase( Diethyl ether)  x2- volume of
aqueous phase  (Purified water), & x3 -Drug/PC/CHOL
(molar ratio).

Twenty-seven batches of liposomes of ACY were prepared
by REV method (11) according to experimental design
shown in table 2.

Table 2: Experimental design and % drug entrapment
(PDE).

# Geometric mean diameter
§ Geometric standard deviation

PC, CHOL, and α-tocopherol (1% of PC by weight) were
dissolved in diethyl ether (organic phase) in a glass boiling
tube [Quick fit neck B-24].  9 µmol/ml of drug solution in
purified water was injected rapidly into lipid solution
through 23-gauge hypodermic needle from a 5 ml syringe.
The tube was closed with glass stopper and sonicated for 5
minutes in a bath sonicator (Model V33, frequency-22
KHz, 120W, Vibronics Pvt. Ltd, Mumbai, India.).  It was
then attached directly to a rotary evaporator to dry the
contents at 37° C under vacuum (250 mm of Hg) until a
gel was formed. Vacuum was released and the tube was
removed from the evaporator and subjected to vigorous
mechanical agitation on vortex mixer for 5 minutes. When
the gel collapsed to fluid, it was again fitted to rotary flash
evaporator for the removal of organic solvent. A cycle of
10 minutes drying and 5 minutes vortexing was again
repeated twice. Final liposomal suspension was subjected
to complete removal of last traces of organic solvent in a
rotary flash evaporator under vacuum (600 mm of Hg) for
15 minutes. Each batch was prepared   three times and
stored in refrigerator. The prepared liposome batches were
evaluated for PDE, size, and lamellarity.

CHARACTERIZATION OF LIPOSOMES

Estimation of entrapped drug and other components

ACY within liposomes was estimated after removing
unentrapped ACY by the method of dialysis (12). The dial-
ysis was carried out by taking liposomal suspension in dial-
ysis sack (donor compartment), which was dipped in a
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beaker containing 200 ml of purified water (receiver com-
partment) and magnetic needle. The beaker was kept on a
magnetic stirrer adjusting magnetic needle’s rotation to
100-120 rpm and run for 4 hours. After 4 hours, the solu-
tion of receptor compartment was estimated for unen-
trapped ACY at 250 nm using Hitachi U-2000
Spectrophotometer. The PDE in the liposomes was calcu-
lated from the difference between the initial drug added
and the drug detected in the receptor compartment of the
dialysis unit. PC was quantified by ion-pair complexing
according to earlier described method (13) and CHOL was
quantified by complexing it with acetic acid and ferric
chloride, as described by Zlatkis (14). The data of recov-
ered PC and CHOL are not shown. The mean PDE of all
the batches is recorded in the table 2.

Photomicrography 

All the batches of the liposomes prepared were observed
under Olympus (BX 40F4, Tokyo, Japan) microscope with
a polarizing attachment to study their size and lamellarity.
A Photomicrograph under 1000x magnification is shown
in figure 1.

Figure 1: Acyclovir liposomes prepared by REV method.

Determination of geometric mean diameter of lipo-
somes 

Samples of ACY liposomes were evaluated for particle size
after suitable dilution by optical microscopy using Olym-
pus (BX 40F4, Japan) microscope under 1000x magnifica-
tion (15). Linear diameters of 200 liposomes were
measured for every sample. Mean geometric diameters (dg)
and geometric standard deviation (σg) were calculated by
plotting logarithms of size of liposomes against the cumu-
lative % frequency undersize on a probability scale. Results
are shown in table 2.

Data processing

A technique of 33 factorial design (16) taking three prime
selected formulation variables at their three different lev-
els, affecting the eminence of liposomes was used to
design the experimental batches for the preparation of
ACY liposomes by REV method. Prime independent for-
mulation variables affecting the PDE in REV method
were volume of organic phase (x1), volume of aqueous
phase (x2) and Drug/PC/CHOL in molar ratio (x3).

Twenty-seven batches of different combinations were pre-
pared by taking values of selected variables; x1, x2 and x3 at
different levels as shown in table 2. The prepared batches
were evaluated for PDE; a dependent variable, size and
lamellarity. The results are recorded in table 2. Mathemati-
cal modeling of the preparation of ACY liposomes by
REV method was carried out by using equation 1 to obtain
a second order polynomial equation (17).

Where Y is the dependent variable (PDE) while bi, bij and
bijk represent the regression coefficients for second order
polynomial and xi represents the levels of the independent
formulation variables i.e., volume of organic phase (x1),
volume of aqueous phase (x2), and Drug/PC/CHOL in
molar ratio (x3). A full model (equation 2) is established
after putting the values of regression coefficients in equa-
tion 1.

Neglecting nonsignificant (p > 0.05) terms from the full
model establishes a reduced model (equation 3), which
facilitates the optimization technique by plotting contour
plots keeping one major contributing independent formu-
lation variable constant and varying other two independent
formulation variables, to establish the relationship between
independent and dependent formulation variables.
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Multiple regression

Transformed values of independent variables; volume of
organic phase (x1), volume of aqueous phase (x2) and
Drug/PC/CHOL in molar ratio (x3) and its products as in
equation 1 along with the PDE values (dependent variable)
were subjected to multiple regression to determine the
coefficients (bo, bi , bij, bijk) and the p-values of each term of
the equation. A second order polynomial equation was
derived by substituting the values of bo, bi , bij, and bijk in
equation 1. This equation represents a full model (equation
2). The terms of full model having p values nonsignificant
(p>0.05) have negligible contribution in obtaining depen-
dent variable and thus neglected. Neglecting noncontribut-
ing terms of equation 2, a reduced polynomial equation
obtained is equation 3. Results of ANOVA of full model
and reduced model was carried out and then F-statistic
(18) was applied to check whether the nonsignificant terms
can be omitted or not from the full model (table 3).

Table 3: Results of ANOVA of full and reduced models.

A: Full model, (B): Reduced model, 
ND = Number of beta parameters being tested = 4 (those hav-
ing p>0.05), 
F calculated = [(SSE1-SSE2)/ND/ (SSE2/df Residual) = 7.05/
3.3 = 2.14

The coefficient value of variable, Drug/PC/CHOL in
molar ratio (x3) in reduced model (equation 3) was found
to be highest and expected to be major contributing in the
preparation of ACY liposomes by REV method. Hence, it
was fixed at –1, 0, and 1 level varying other two indepen-
dent variables for establishing contour plots.

Construction of Contour plots

Two-dimensional contour plots were established using
reduced polynomial equation (equation 3). Values of x1

and x2 were computed at prefixed values of PDE and three
contour plots were established between x1 and x2 at fixed
level of –1, 0, and 1 of x3 as shown in figure 2 (a, b, and c).

Figure 2: Contour plots (a) at -1 level of variable x3, (b) at
0 level of variable x3 and (c) at 1 level of variable x3.

Checkpoint

A check point experiment was performed to confirm the
utility of established contour plots and reduced polynomial
equation (equation 3) in the preparation of ACY liposomes
by REV method. Values of independent variables (x1 and
x2) were taken from three check points each on contour
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plots plotted at fixed level of –1, 0, and 1 of x3 and the val-
ues of PDE (dependent variable) was calculated by substi-
tuting the values in the reduced polynomial equation.
Liposomes of ACY were prepared experimentally by tak-
ing the amounts of the independent variables (x1 and x2)
on the same checkpoints. Each batch was prepared three
times and mean PDE values were determined (table 4).

Table 4: Checkpoint table.

*n = 3, **Difference from calculated PDE value nonsignifi-
cant (P>0.05).
x3- Drug/PC/CHOL (molar ratios), x1- Volume of organic
phase, x2- Volume of aqueous phase. α-Calculated PDE. β-
Experimentally obtained PDE (±SEM)

Difference of theoretically computed values of PDE and
mean values of experimentally obtained PDE was com-
pared by using student 't' test method.

RESULTS AND DISCUSSION

Twenty-seven batches of ACY liposomes were prepared by
REV method by using 33 factorial design (table 1) varying
three independent variables volume of organic phase (x1),
volume of aqueous phase (x2) & Drug/PC/CHOL in
molar ratio (x3).  The PDE (dependent variable) of pre-
pared batches was determined and the results are recorded
in table 2. Prepared liposomes were also observed under
1000x magnification using Olympus (BX 40 F4, Japan)
microscope to examine their size and lamellarity. The lipo-
somes were found to be oligolamellar with large aqueous
core. The mean geometric diameter of oligolamellar type
vesicles varies from 3.2 to 5.0 µm with geometric standard
deviation (σg) from 1.5 to 2.3 as shown in table 2. A sub-
stantial high drug entrapment achieved in liposomes pre-
pared by REV method was 71.1% at –1 level of x3

(1:2:0.5), 0 level of x1 (6 ml) and –1 level of x2 (1 ml).

The PDE (dependant variable) obtained at various levels
of three independent variables (x1, x2 and x3) were sub-

jected to multiple regression. A second order polynomial
equation 2 (full model) was obtained.

The main effects of x1, x2 and x3 represent the average
result of changing one variable at a time from its low to
high value. The interactions (x1 x2, x1 x3, x2 x3 and x1 x2 x3)
show how the PDE changes when two or more variables
were simultaneously changed. The PDE values for the 27
batches showed a wide variation starting from a minimum
of 35.6% to maximum of 77.2%   (table 2). This is
reflected by the wide range of coefficients of the terms of
equation 2 representing the effect of individual and com-
bined variables.  Small values of coefficients of terms x2

2,
x3

2, x2 x3, and x1x2x3  (having p>0.05) in equation 2 are
regarded as least contributing in the preparation of ACY
liposomes by REV method. Hence, these terms are
neglected from full model (equation 2) considering nonsig-
nificant (15) and a reduced polynomial equation (equation
3) obtained following multiple regression of PDE and sig-
nificant terms (p<0.05) of equation 2. 

F-statistic (17) of the results of ANOVA of full model and
reduced model confirmed omission of nonsignificant
terms of equation 2. Since the calculated F-value (2.14) is
less than the tabled F-value (3.01) (α = 0.05, v1 = 4 and v2

= 16), it was concluded that the neglected terms do not
significantly contributing in   predicting of PDE.   When
the coefficient values of three independent key variables
(x1, x2, & x3) in equation 3 were compared, the value for
variable x3 (b3 = 2.52) was found to be maximum and
hence the variable x3 was considered to be a major contrib-
uting variable for PDE of ACY liposomes by REV
method.

The reduced model (equation 3) was used to plot three
two-dimensional contour plots (figures 2a, 2b, and 2c) at
fixed levels of  –1, 0, and 1 of major contributing variable
(x3) respectively and computing the values of x1 and x2
between  –1 to 1 at prefixed value of PDE.

Contours

Figure 2a shows the possible contour plots drawn at –1
level of x3 for prefixed PDE values of 50%, 60%, 65% and
70%. Up to 65% PDE values, the plots were found linear
but for 70% PDE, the plot was found to be nonlinear hav-
ing upward and downward segments signifying nonlinear
relationship between x1 and x2 variables. It was elucidated
from the nonlinear contour that maximum PDE (70%)
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could be obtained with x1 range at –0.332 level (5.00 ml) to
0.300 level (6.9 ml) and x2 at –1 level (1.0 ml) for both lev-
els of x1. Thus, the two points of this contour on the base
line signifies that aqueous to organic phase ratio could
range from 1:5.0 to 1:6.9. But, the apex of this nonlinear
contour suggests that maximum aqueous phase (x2) can be
increased from –1 level (1.0 ml) to 0.285 level (1.6 ml). At
apex of this contour plot, the organic phase (x1) resides at
0.1 level (6.3 ml), resulting in aqueous to organic phase
ratio of 1:3.84. Thus, a wide range of aqueous to organic
phase ratio was computed for obtaining maximum PDE
(70%) at a fixed –1 level of x3 variable by selecting values
of organic phase (x1) and aqueous phase (x2). It was con-
cluded from this contour plot that the emulsification of
aqueous and organic phase at –1 level of x3 could success-
fully be carried out within these range of aqueous to
organic phase i.e. (from 1:3.84 to 1:6.9) for obtaining max-
imum PDE (70%). The formulator can use the best ratio
with respect to cost of the materials.

Figure 2b shows the possible contour plots plotted at 0
level of x3 for prefixed PDE values of 50%, 60%, 65% and
70%. All contour plots were found to be linear in nature.
The maximum PDE (70%) can be computed with x1 range
at 0.148 level (6.44 ml) to 0.326 level (6.98 ml) and the x2
range at –1 level (1.0 ml) to 1 level (2.0 ml). Thus, the
range of aqueous to organic phase ratio for better emulsifi-
cation at 0 level of x3 was computed in the range of 1:3.22
to 1:6.98 for obtaining maximum PDE.

Similarly, figure 2c shows the possible contour plots plot-
ted at 1 level of x3 for prefixed PDE values of 50%, 60%,
65% and 70%. All contour plots were found to be linear in
nature. The maximum PDE (70%) can be computed with
x1 range at 0.212 level (6.64 ml) to 0.340 level (7.02 ml) and
x2 range at –1 level (1.0 ml) to 1 level (2.0 ml). Thus, the
range of aqueous to organic phase ratio for better emulsifi-
cation at 1 level of x3 was computed in the range of 1:3.32
to 1:7.02 for obtaining maximum PDE.

Thus, the results of contour plots revealed the range of
aqueous to organic phase ratio in REV method for the
preparation of ACY liposomes from 1:3 to 1:7 at all levels
of x3 i.e., Drug/PC/CHOL (molar ratio). Findings of this
investigation confirm the earlier results (10), which
claimed 1:3 as the ratio of aqueous to organic phase when
diethyl ether was taken as organic phase. Conversely, it is
evident from the results that plotted contours can be used

in predicting the range of ratio of aqueous phase to
organic phase in a precise manner. 

Checkpoint experiment

Three check points were selected each on three plotted
contours at fixed levels of –1, 0, and 1 of x3 (table 4). The
computed PDE values from contours at –1, 0, and 1 level
were found to be 69.9, 69.9, and 70.0 respectively. Lipo-
somes at these three checkpoints were prepared experi-
mentally by REV method using the amounts of x1 and x2

at the selected checkpoints. The experiment was repeated
three times and the experimentally obtained mean PDE
values were 69.6(±0.882), 69.3(±1.050), and 69.7(±1.691)
corresponding to its theoretically computed values. When
experimentally obtained and theoretically computed PDE
values were compared using student ‘t’ test, the difference
was found nonsignificant (p>0.05). This confirms the role
of a derived reduced polynomial equation and contour
plots in the preparation of ACY liposomes of predeter-
mined PDE by REV method.

CONCLUSION

Findings of these studies conclusively demonstrate the use
of 33 factorial design, derived reduced polynomial equa-
tion, and two-dimensional contour plots in preparation of
liposomes of ACY by REV method. Finally, contour plots
may be used for preparing liposomes with predetermined
PDE with reduced number of experiments; thereby may
help in reducing the cost of development of liposomes
with desired PDE. Similar methodology may also be used
in optimizing process variables.
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