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Introduction: The present investigation was aimed to optimize the formulating process of
sirolimus liposomes by thin film hydration method. Methods: In this study, a 3% factorial
design method was used to investigate the influence of two independent variables in
the preparation of sirolimus liposomes. The dipalmitoylphosphatidylcholine (DPPC) /
Cholesterol (Chol) and dioleoyl phosphoethanolamine(DOPE) /DPPC molar ratios were
selected as the independent variables. Particle size (PS) and Encapsulation Efficiency
(EE %) were selected as the dependent variables. To separate the un-encapsulated drug,
dialysis method was used. Drug analysis was performed with a validated RP-HPLC
method. Results: Using response surface methodology and based on the coefficient
values obtained for independent variables in the regression equations, it was clear that
the DPPC/Chol molar ratio was the major contributing variable in particle size and
EE %. The use of a statistical approach allowed us to see individual and/or interaction
effects of influencing parameters in order to obtain liposomes with desired properties
and to determine the optimum experimental conditions that lead to the enhancement
of characteristics. In the prediction of PS and EE % values, the average percent errors
are found to be as 3.59 and 4.09%. This value is sufficiently low to confirm the high
predictive power of model. Conclusion: Experimental results show that the observed
responses were in close agreement with the predicted values and this demonstrates the
reliability of the optimization procedure in prediction of PS and EE % in sirolimus
liposomes preparation.

Introduction

Sirolimus (SRL, formerly rapamycin: CAS No: 53123- (logP
88-9), a potent antitumor and immunosuppressive

poor water solubility (2.6 ng/mL) and high lipophilicity
ow = J-77), and is the substrate of CYP450 3A. It
has low oral bioavailability (<15%) from commercial

agent, is used to prevent acute renal allograft rejection
and it may be given in conjunction with cyclosporine
(Sandimmune, Neoral) in the management of renal
transplant patients. SRL binds to an immunophilin,
FKBP12, and is a competitive inhibitor of peptidyl-
prolyl isomerase activity. SRL suppresses interleukin-
driven T-cell proliferation by blocking post receptor
events."® Since 1999, it has been approved by FDA for
the prophylaxis of organ rejection in patients older than
13 years. However, a few studies and case reports have
shown the use of SRL for patients with tuberous sclerosis,
Kaposi’s sarcoma and psoriasis. SRL is a substrate for
the major drug-metabolizing enzyme cytochrome P450
3A4 and the efflux transporter P-glycoprotein.”'> SRL has

formulations, such as oral solution and tablets. The low
bioavailability is attributed to its sensitivity to gastric
acid, partial intestinal absorption, and first-pass hepatic
metabolism.'*!” In theory, encapsulation of the drug inside
(e.g., liposomes) could improve its stability. Liposomes
are spherical vesicles composed of amphiphilic
phospholipids and cholesterol, which self-associate into
bilayer to encapsulate an aqueous interior. Although
liposome technology was discovered over 50 years ago,
liposome-based drug formulations have not entered the
market in great number. Some of the major problems
limiting the manufacture and development of liposomes
are their stability, poor batch-to-batch reproducibility,
difficulties in sterilization and low drug loading. Many
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attempts have been made to overcome such problems by
methods such as improvements to the processes used for
liposome preparation and incorporation of diverse lipids
to improve the stability and entrapment efficiency.'®*
In pharmaceutical technology, in the development and
optimization of different pharmaceutical dosage forms,
there are a high number of factors which influence the
product characteristics. Therefore, complex, expensive
and time-consuming formulation studies are often
necessary for the development of a product with required
and desired properties. Experimental design methodology
is a strategy to use smaller number of experiments and to
avoid unnecessary experiments.?¢-3

In this study, the effect of liposome composition (lipid
type, cholesterol and their ratio) on the encapsulation
efficiency and liposome size was evaluated in a full
factorial design. The combined influence of lipids’ type
and their ratios were further studied by means of response
surface methodology (RSM) using a central composite
design (CCD) approach. The optimization approach was
applied to obtain desired particle size and EE % for SRL
liposomes.

Materials and methods

Materials

Sirolimus was obtained from Poli Company (Lazio, Italy).
Dipalmitoylphosphatidylcholine (DPPC) and dioleoyl
phosphoethanolamine (DOPE) were purchased from
Lipoid GMBH Company (Ludwigshafen, Germany).
Cholesterol was obtained from Merck Company
(Darmstadt, Germany). All solvents were HPLC grade
and all reagents were analytical grade and purchased from
Merck Company (Darmstadt, Germany).

Methods

Liposome preparation

In this study, DPPC was used for conventional liposome.
In order to make fusogenic liposomes, DOPE was
added. Cholesterol in different molar ratios was used
as a fluidity buffer. SRL liposomes were prepared using
the modified thin film hydration technique. This method
is the conventional and most common technique for
liposome preparation. Different ratios of phospholipids
and cholesterol were dissolved in an organic solvent
consisting of chloroform and methanol (3:1 v/v %). The
concentration of total lipids was 20 pm. Lipid solution was
kept in a rotary evaporator (Buchi, Zurich, Switzerland)
for 2 hr at 45°C and 150 rpm under vacuum 300 mmHg.
Evaporation was continued for extra half an hour under
vacuum 50 mmHg until a thin lipid layer was observed
and all of organic solvents were evaporated. The dried
thin film was hydrated with SRL500 pg/ml in phosphate
buffered saline (PBS) at 45°C, above the gel-liquid crystal
transition temperature (T ) of phospholipids. The mixture
was kept in the rotary for 3 hr at temperature 45°C and
speed of 150 rpm. Finally, the latter suspension was kept
in a sonicator bath for 10 min at 45°C, in order to reduce

particle size.

Measurement of particle size (PS) of liposome

Mean vesicle size and size distribution profile of liposome
were determined by using particle size analyzer (SALD
2101, Shimadzu, Japan). All measurements were
performed in triplicate.

Determination of SRL encapsulation efficiency (EE)
After the removal of unbound drug, the remaining
drug in liposome was considered as encapsulated drug.
Un-encapsulated drug was removed from liposome
suspensions by the dialysis method after 24 h at 25°C
(below phase-transition temperature of phospholipids)
using PBS at sink condition in a receiver compartment.
EE % was calculated by the following equation:!3!-#!

EE (%) = [(C,,,—C,..)/Ctotal] x100

Where, C_ | is total drug which was added and C,__ is un-
entrapped drug.

Drug analysis

The amount of SRL was determined using our previously
validated HPLC method.* An HPLC system (Beckman,
Florida, USA) with a variable wavelength ultraviolet
spectrophotometric detector (166 gold) set at 278 nm was
used. System Gold software was used for data acquisition
and system Gold nouveau software was used for data
reporting and analysis. The separation was achieved using
a KNAUER column (C18, 5 um, 4.6 x 150 mm). Mobile
phase consisted of acetonitrile and ammonium acetate
buffer (70:30, v/v %) at flow rate of 1.5 mL/min. The
column temperature was kept at 54°C. A linear response
was observed over a concentration range of 125-2000 ng/
ml (r> 0.991).

Optimization of formulation using a 3’ full factorial
design

A 3? randomized full factorial design was utilized in
the present study. Two factors, each at three levels were
evaluated. Experimental trials were carried out at all nine
possible combinations. The factors and their limit were
selected based on preliminary study. The molar ratio of
DPPC/Chol and molar ratio of DOPE/DPPC were selected
as independent variables. The size of liposomes and EE
% were selected as dependent variables. The formulation
composition of the factorial batches (F, to F)) is shown in
Table 1.

Response surface methodology approach for optimization
of factors

Based on the RSM approach, the runs were conducted in
CCD model-designed experiments to visualize the effects
of independent factors on the response along with the
experimental conditions. Response surface diagram was
constructed using Minitab version 15. Formulation was
optimized with the help of response surface diagrams.

Results

Effect of formulation ingredients on encapsulation
efficiency

Based on the RSM approach, the runs were conducted in
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Table 1. 32 Full factorial design, molar composition of DPPC, DOPE and cholesterol in formulations together with responses values [Par-
ticle size (PS), Encapsulation efficiency (EE %), Polydispersity index (PDI)]

Formulation code DPPC DOPE
0

2.5

0

3

0.5

5

0

1.5

1

Cholesterol

F
F
F
F
F
F
F
F
F

P W R R Wwuun
e N N =

b v N o v s W N e

PS (nm) PDI EE (%)
493 0.21 57.9
486 0.19 62.7
532 0.31 725
556 0.32 68.1
646 0.38 85.1
474 0.22 59.3
615 0.39 84.2
549 0.31 76.2
627 0.39 82.2

CCD model-designed experiments to visualize the effects
of independent factors on the responses.

A general equation for the relation of affecting factors and
response is: Yj=b, +b, X +b, X, +b b X X, +bb, X.X,
+bb, X X,. Where Y is the dependent variable, b, is the
arithmetic mean response of the nine runs and bi is the
estimated coefficient for the factor X.. The main effects
(X, and X)) represent the average result of changing one
factor at a time from its low to high value. The interaction
terms (X,X,) show how the response changes when two
factors are simultaneously changed. The polynomial terms
(XX, and X X)) are included to investigate non-linearity.
Magnitude and mathematical sign of coefficients show the
effectiveness of dependent variables on responses.
Results of PS and EE % are illustrated in Table 1. The
model equation derived for EE % was:

Yoo, =92.08-6.58 X, +4.33 X, + 1X, X,

The negative sign for coefficient of X, indicates the
lowering effect of DPPC/Chol on EE % (P<0.05). The EE
% of different liposomal batches was in a range of 57.9 to
85.1%. The maximum entrapment was observed in batch
F5 with the composition of DPPC/ DOPE/Chol (1: 0.5: 1
molar ratio).

The relationship between the dependent and independent
variables was further elucidated using contour and
response surface plots. As shown in Fig. 1, at low level
of DOPE/DPPC, EE % decreased from 84.2 % to 57.9 %
when DPPC/Chol increased from 1 to 5. Similarly, at high
level of DOPE/DPPC, EE % decreases from 82.2 % to
59.3 % when DPPC/Chol increases from 1 to 5.

Effect of formulation ingredients on particle size

One of the most important parameters, which need to be
monitored during liposome preparation, is the vesicle size
and the size distribution. From a number of reports, it is
evident that the size and size distribution of the liposomes
determine their in vitro or in vivo performance. The particle
sizes of different batches of liposomes were in a range of
474 to 646 nm. The minimum and maximum size values
correspond to formulations F6 and F5, respectively. The
modified model for particle size is:

Y,=665.08 -49.12 X +28.91 X, +2.79X >~ 7.75X X..
The equation clearly indicates that the PS values are

strongly dependent on the selected independent variables.
The negative sign for coefficient of X indicates that DPPC/
Chol has a decreasing effect on particle size (p=0.037).
The coefficient of X1 was found to be significant at the
level of P<0.05. From the results obtained, it may be
concluded that DOPE/DPPC molar ratio and its interaction
term do not contribute significantly to the particle size of
liposomes (p>0.05).

As shown in Fig. 2, at low level of DOPE/DPPC, PS
decreased from 615 nm to 493 nm when DPPC/Chol
increased from 1 to 5. Correspondingly, at high level of
DOPE/DPPC, PS decreased from 627 nm to 474 nm when
DPPC/Chol increased from 1 to 5.

Overlaid contour plot with defined conditions for desired
PS and EE % was obtained using RSM approach. The
white area corresponds to conditions resulting in a particle
size in the range between 500 nm to 550 nm and EE %
range between 70 to 85% (Fig. 3).

Formulation optimization of liposomes

Validation: The accuracy of the proposed model was
validated by conducting other reactions with different
conditions and then comparing the obtained results with
the model. Observed and calculated PS and EE % using
these equations are illustrated in Table 2. Percent error
(PE) was obtained using following equation:

|Calculated -observed |
E= x 100
observed

Average percent error (APE) for particle size and EE % in
train set were 1.27 % and 2.7 %, respectively.

The internal percent error (PE) of the proposed model
can be calculated using obtained equations for the train
experiments (n=9). The average PE for all 9 experiments
are 1.28 and 2.57 % for PS and PE, respectively (Table 2).
To evaluate the external predictive performance of
the model, three more experiments were carried out
in duplicate as a test set. Table 3 shows conditions and
results of these reactions. The results revealed that the
average PE for these experiments is 3.52 and 4.09% for
PS and PE, respectively. Considering the low internal and
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external PE, it might be concluded that the model has a
good predictive power in the studied range of variables.

The proposed model was also used to obtain optimum
conditions (Fig. 4). Desired PS and EE % were defined
as 500 nm and 80 %, respectively. A new formulation was
prepared according to proposed levels for independent

factors. Proposed levels are in accordance with white
area in the overlaid plots. Observed responses values
were close to the calculated values in the proposed
formulations. Prediction error of EE % and PS were 6.3%
and 5.9%, respectively. These results further demonstrate
the suitability of the optimization procedure in developing

DPPC/Chol

[ 1]
m
®

A8
VLA

RABAIGS

02 04 06

DOPE/DPPC

08

Fig. 1. Response surface plot (left) and Contour plot (right) of the effect of lipid content on

encapsulation efficiency percent (EE %).

g 8 8 8

Fig. 2. Response surface plot (left) and contour plot (right) of the effect of lipid content on particle

size (PS).

Table 2. Observed and calculated percent error (PE) values for particle size (PS) and encapsulation

efficiency percent (EE %) in train set

Formulation code  Obs PS (hnm)  Calc PS (nm)
F, 493 489
F 486 484
F, 532 543
F, 556 549
F, 646 629
Fo 474 479
F, 615 619
Fq 549 546
F 627 640

PSPE(%) ObsEE%  CalcEE%  EE% PE (%)
0.76 57 59 3.80
0.34 62 59 4.03
2.04 72 72 0.46
1.34 68 71 4.41
2.58 85 84 1.38
1.16 59 60 1.41
0.61 84 85 1.78
0.60 76 72 5.70
2.07 82 82 0.20
1.28 EE% APE 2.57
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Table 3. Observed and calculated percent error (PE) values for particle size (PS) and encapsulation efficiency percent

(EE %) in test set

X1 X2 Obs PS (nm) Calc PS (nm) PS PE (%) Obs EE% Calc EE% EE% PE (%)

4 1 507 511 0.83 63 67 3.83

2 0.5 562 585 4.05 74 59 5.06

3 0.75 580 547 5.67 69 70 3.38

PS APE 3.52 EE% APE 4.09
SRL liposomes.

R I A

Discussion 0.71662 | ow 1.0 0.0
It is desirable to develop an acceptable pharmaceutical
formulation in shortest possible time, using minimum Composite

number of man-hours and raw materials. Traditionally,
pharmaceutical formulations are developed by changing
one variable at a time by trial and error method which is
time consuming in nature requiring a lot of imaginative
efforts. Moreover, it may be difficult to develop an ideal

1.0
PS
—— 500
-------- 550
0.8 ) EE%
— 70
; - 85
i
g 06 '
o
o
=
w
S 04
S 04/
0.2
0.0 T T T
1 2 3 4 5

DPPC/Chol

Fig. 3. Overlaid contour plot with defined conditions for desired
particle size (PS) and encapsulation efficiency percent (EE %).

formulation using this classical technique, since the joint
effects of independent variables are not considered. It is
therefore very essential to understand the complexity of
pharmaceutical formulations by using established statis-
tical tools such as factorial design. 27-30:43-43

RSM is a collection of mathematical and statistical
technique which quantifies the functional relationship
between a number of measured response variables and
several explanatory factors to obtain an optimal response
by using a series of tests. The main advantage of RSM is
to reduce the required experimental runs required and it
is already widely applied to optimize formulation design
in pharmaceutics studies.

Conclusion
A full factorial design and central composite design of
response surface methodology can be used to determine

Desirability

\ /_.-f—'—ﬂ-\\
0.71662

PS
Targ: 500.0

y = 545.9708
d =0.68513

EE%
Targ: 80.0 |_ _ _ N\l _ _ |

y = 74.4654 T

d =0.74957

Fig. 4. Optimization plot for formulation with desired particle size
(PS) and encapsulation efficiency percent (EE %) values.

the significant variables and optimum condition for prep-
aration of SRL liposomes. The present study focused on
the preparation and characterization of SRL liposome
using the thin film hydration method. Particle size and
EE % are important characteristics in liposome formula-
tions which have important effects on in vitro and in vivo
properties. Percentage of encapsulation efficiency was
optimized after studying the effect of various formula-
tion variables. DPPC/Chol molar ratio had a profound ef-
fect on the entrapment efficiency and liposome size. The
proposed model could be successfully used to predict and
optimize both liposome size and EE %.
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