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AB STRACT

The aim of the present study was to apply experimental
design methodology in the development and optimization of
sirolimus liposomes employing a modified ethanol injection
method. Dipalmitoylphosphatidylcholine (DPPC) and choles-
terol (Chol) as well as dioleoylphosphoethanolamine (DOPE)
were utilized in the preparation of liposomes. Particle size
(PS), encapsulation efficiency percent (EE%) and cumulative
percent of drug release in 24 h (D24h) were investigated.
Analysis of drug was performed using a validated RP-HPLC
method. The response surface methodology, utilizing the poly-
nomial equations, graphical plots and response optimization
were used to evaluate the effects of each formulation vari-
ables on the responses and prediction of the optimal formu-
lation for sirolimus liposomes as well. DPPC/Chol and DOPE/
DPPC molar ratios were selected as independent variables
and correspondingly, results of PS, EE% and D24h were con-
sidered as responses of the experimental design. Results
ranges for PS, EE% and D24h were 89-200 nm, 63.3-97.4 % and
13.18-22.86 %, respectively. The effects of DPPC/Chol and
DOPE/DPPC molar ratios on D24h were significant, but in the
case of PS and EE%, only the DPPC/Chol molar ratio had a
significant effect (P< 0.05). Therefore based on the obtained
results, the ethanol injection method could be a rapid, simple
and inexpensive method for the preparation of liposomes.
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ZUSAMMENFASSUNG

Sirolimus-Nanoliposomen/Optimierung von durch eine
modifizierte Ethanolinjektions-Methode hergestellten
Sirolimus-Nanoliposomen unter Verwendung einer
Reponse Surface-Methode
Ziel der vorliegenden Studie war die Anwendung von Exper-
imentdesign in der Entwicklung und Optimierung von Sirol-
imus-Liposomen unter Verwendung einer modifizierten Etha-
nolinjektions-Methode. Dipalmitoylphosphatidylcholin
(DPPC), Cholesterol (Chol) und Dioleoylphosphoethanolamin
(DOPE) wurden zur Herstellung von Liposomen verwendet.
Untersucht wurden Partikelgröße (PS), prozentuale Verkapse-
lungseffizienz (EE%) und kumulative prozentuale Wirkstoff-
freisetzung in 24 h (D24h). Die Wirkstoffanalyse erfolgte mit
einer validierten RP-HPLC-Methode. Die Wirkungen der For-
mulierungsvariablen auf Ansprechverhalten und Vorhersage
der optimalen Zubereitung für Sirolimus-Liposomen wurden
mit Hilfe der Reponse Surface-Methode bewertet unter Ver-
wendung polynomer Gleichungen, graphischer Plots und
Responsoptimierung. Die molaren Verhältnisse DPPC/Chol
und DOPE/DPPC wurden als unabhängige Variablen ausge-
wählt. Deshalb wurden die Ergebnisse von PS, EE% und D24h

als Reaktion des Experimentdesigns betrachtet. Die Ergebnisse
für PS, EE% und D24h betrugen 89 – 200 nm, 63.3 – 97.4 %
und 13.18 – 22.86 %. Die Wirkungen der molaren Verhältnisse
von DPPC/Chol und DOPE/DPPC auf D24h waren signifikant,
aber im Fall von PS und EE% zeigte nur das Molverhältnis
DPPC/Chol signifikante Wirkung (P< 0,05). Die Ergebnisse
deuten darauf hin, dass die Ethanolinjektions-Methode eine
schnelle, einfache und kostengünstige Methode zur Her-
stellung von Liposomen sein könnte.

1. Introduction

Sirolimus (Rapamycin, SRL, CAS 53123-88-9) is a macro-
lide lactone produced by Streptomyces hydroscopicus. It is
an immunosuppressive agent used for the prophylaxis of
renal allograft rejection. SRL was first isolated from a soil
sample from Rapa Nui, an island in the south Pacific. SRL
unlike tacrolimus, cyclosporine, mycophenolate and
other immunosuppressants has a unique mechanism of
action involving the suppression of T-lymphocyte prolif-
eration through inhibition of rapamycin protein kinase
complex target.

Since 1999 SRL has been approved by the FDA and now
it is available as tablet, suspension and stent [1–6]. Lipo-
somes are vesicles consisting of phospholipid bilayers
which enclose aqueous compartments and are utilized
as delivery systems for both water and lipid soluble drugs
such as peptides, proteins, RNA and DNA [7–9]. Lipo-
somes are biodegradable and biocompatible structures,
and their composition and properties can be finely mod-
ulated to improve their interaction and penetration
through cell membranes. Liposomes are usually prepared
by amphipathic phospholipids, and in most cases choles-
terol is included to increase the stability of phospholipid
bilayers and decrease the leakage of liposomes. The inter-
actions between the liposomal vesicles and cells can
occur via one or more processes, such as stable physical
adsorption, endocytosis, lipid exchange and fusion. Fuso-
genic liposomes can be prepared by incorporating special
lipids, which are capable of undergoing a bilayer-to-hex-
agonal II transition, such as dioleoylphosphatidylethanol-
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amine (DOPE). They make vesicles more fluid and capa-
ble to promote the destabilization of biological mem-
branes and hence they can deliver their contents into
the cytoplasm by fusing with cellular membrane [10–12].
Liposomes can be made by several different methods,
using different lipid compositions which both greatly in-
fluence the characteristics of liposomes including drug
entrapment, drug release rate and particle size of lipo-
somes. The most commonly used methods for liposomes
formation are the dry-film method, reverse phase evapo-
ration method, supercritical fluid method and ethanol
injection method [13–18].

Reducing the number or cost of experiments is ben-
eficial and important for the development as well as op-
timization of pharmaceutical formulations. Statistical ex-
perimental design, also called design of experiments
(DoE), is a well-established concept in experiment plan-
ning. Factorial design is an efficient tool to obtain an
appropriate mathematical model with minimum exper-
iments for optimization of formulation. Studies based on
factorial design allow all factors to be varied simulta-
neously, thus enabling the evaluation of each variable’s
effect and also the interrelationship between them [19–
21]. Response surface methodology (RSM) is a rapid tech-
nique used to empirically derive a functional relationship
between experimental responses and a set of input vari-
ables. It reduces the number of necessary experimental
runs and allows for determination of the optimum level of
experimental factors required to achieve desired re-
sponses. Reduction in the number of experiments by
optimizing formulation during development of a drug
delivery process results in significant decrease in produc-
tion costs [22, 23]. In the present study, the conventional
and fusogenic liposomes prepared by modified ethanol
injection method were investigated in regard of particle
size (PS), encapsulation efficiency percent (EE %) and
drug release rate. The liposomes were composed of dipal-
mitoylphosphatidylcholine (DPPC), cholesterol (Chol)
and DOPE. A 32 full factorial design and central compos-
ite design (CCD) from RSM approach were used to evalu-
ate the influence of different lipid content on the charac-
teristics and in vitro drug release of SRL liposomes.

2. Material and methods

2.1 Material
Sirolimus was obtained from Poli Company (Lazio, Italy). DPPC and

DOPE were purchased from Lipoid GmbH (Ludwigshafen, Germany).

Cholesterol was provided by Merck (Darmstadt, Germany). HPLC grade

solvents and analytical grade chemicals were obtained from Merck

(Darmstadt, Germany).

2.2 Methods
2.2.1 Liposome preparation
The ethanol injection method was used for liposome formation. After

dissolving different proportions of lipids and SRL in ethanol (in concen-

tration of 30μmol lipid/mL and 500μg/mL SRL, respectively), 10 mL of

ethanolic solution were slowly (during 5 min) injected into 90 mL of

distilled water under homogenizer mixing at 10,000 rpm of homogenizer

speed (Heidolph, Germany).
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2.2.2 Statistical design
A 32 full factorial design was applied to examine the individual and

combined effects of two formulation variables, each at three levels,

and the nine proposed SRL liposome formulations were prepared as

well (Table 1). Experimental factors and factor levels were determined

based on preliminary studies. The molar ratios of DPPC/Chol (X1) and

DOPE/DPPC (X2) were taken as independent variables. The encapsula-

tion efficiency percent, particle size and cumulative release percent in

24 h were considered as dependent variables or responses. The order of

the experiments was randomized to avoid any bias. All other parameters

(temperature, homogenizer speed, amount of ethanol, lipid concentra-

tion, etc.) were kept constant to minimize fluctuations.

For better understanding and visualization, different graphic plots

such as response surface plot, counter plot and overlaid plot using

Minitab 17 software from the RSM approach were constructed. In the

overlaid plot, the unshaded region represents the ranges of variables

levels which resulted in the desired responses. Following these prelim-

inary screening experiments, optimization of formulation was carried

out and suggested formulation based on optimization plot was prepared.

Assessing the validity of obtained equations and suggested optimized

formulation was performed by calculating the mean percent error be-

tween calculated and observed values. Correlation coefficients were

checked to evaluate the suitability of the model in the significance level

of 0.05.

2.2.3 Particle size measurement
The liposome size was measured using a Shimadzu SALD series (Kyoto,

Japan) laser diffraction particle size analyzer. All measurements were

performed in triplicate.

2.2.4 Encapsulation efficiency determination
Liposome suspension is a mixture of drug-encapsulated liposomes and

unencapsulated drug. Methods for determination of the amount of

encapsulated drug within liposomes typically include the destruction

of the lipid bilayer and subsequent quantification of the released drug. In

the present study, the liposome encapsulation efficiency was determined

using the dynamic dialysis method at a temperature less than the glass

transition temperature (Tg) to separate unencapsulated drug and sub-

sequently liposome disruption by methanol. Encapsulation efficiency

percent was calculated using following equation [24, 25]:

EE (%) = [(Ctotal–C free)/Ctotal] ×100

where C total is the total drug concentration which was added and C free

is the unentrapped drug concentration.

2.2.5 In vitro drug release study
The drug release study was conducted immediately after separation of

free SRL from liposomes. One ml of liposomal suspension was placed in

the dialyzer and 250 mL of distilled water was used as dissolution

medium (37±2 °C). Samples (2 mL) were collected at predetermined time

intervals, replaced with equal volumes of fresh medium and analyzed

with a previously developed RP-HPLC method at λ=278 nm [26]. Drug

concentration was calculated using a standard calibration curve

(r2=0.998) and expressed as cumulative percent of drug release. The

release study was performed in triplicate.

3. Results

The results for particle size, EE% and D24h of the nine
suggested batches by the 32 full factorial designs are
shown in Table 1.

& Tab. 1 &

The sizes of the liposomes were in the range of 89 to
200 nm. Considering the preparation of liposomes with-
out using the extrusion method, it could be a great ad-
vantage for this method. The range of EE% of the pre-
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pared liposomes was 63.3-97.4 %, which was predictable
due to the high lipophilic property of SRL. Drug release
profiles for nine formulations are illustrated in Fig. 1. All
formulations released less than 22.86 % of SRL during
24 h.

& Abb. 1 &

Response surface regression analysis using data in un-
coded units was employed to determine the optimum
conditions and interaction effects of DPPC/Chol and
DOPE/DPPC on the particle size, EE% and D24h. The
estimated regression coefficients were obtained as well.

Obtained equations for particle size, EE% and D24h

were as follows:
YPS = 212.429 – 21.558 X1 – 12.683 X2 – 0.687 X1X1 +

19.6 X2X2 + 3.25 X1X2

YEE% =103.91 –7.292X1 – 2.45X2– 0.164X1X1 – 0.733 X2X2

+ 0.65 X1X2

YD24h = 20.802 – 2.847X1 + 4.875 X2 + 0.277X1X1 –
0.795 X1X2

Negative sign indicates the negative effect of the pa-
rameter on the responses, and coefficient values exhibit
the magnitude of variables effect on them. Coefficient
values show that X1 has maximum effect on particle size
and EE% and accordingly, X2 has maximum effect on D24h.
Besides X1 and X2 have negative effects on particle size as
well as EE%; however, X2 has positive effect on D24h.

The obtained equations for each three responses were
used to calculate the results of prepared formulations.
The mean percentage error (MPE) is the computed aver-
age of percentage errors between predicted by a model
(using the obtained equations) and actual values of the
responses and was obtained using the following equation:

MPE = × 100
calculated – observed

observed

To evaluate the validity of these equations, three formu-
lations were prepared and MPE values for each response
were calculated and shown in Table 2.

& Tab. 2 &

For better visualization of the effects of the variables
on responses, graphical plots were constructed using the
RSM approach. Graphical presentation of the data is
helpful in learning about both main and interaction ef-
fects of the independent variables.

The effects of DPPC/Chol and DOPE/DPPC molar ra-
tios on particle size, EE% and D24h are illustrated via
surface plot and counter plots (Fig. 2, 3 and 4, respec-
tively). Fig. 2 shows that although increasing DPPC/Chol
ratio decreased particle size from 200 to 89 nm, increas-
ing in DOPE/DPPC ratio had not significant effect on
particle size (P> 0.05).

In Fig. 3 it is revealed that changing the DPPC/Chol
ratio from 1 to 5 caused a decrease in EE% value from 97.4
to 63.3 %. DOPE/DPPC value similar to particle size had
no significant effect on EE% (P> 0.05).

Correspondingly, the results indicated that decreasing
the DPPC/Chol value and increasing the DOPE/DPPC
value increased the D24h value from 13.18 to 22.86 %
(P=0.019 and P=0.013, respectively) (Fig. 4).

To investigate the effect of variables on the SRL lipo-
some formulation, desired ranges of each response were
input to Minitab software and an overlaid contour plot
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was obtained (Fig. 5). White area shows the ranges of
independent variables to produce liposome with particle
size, EE% and D24h in desired ranges of 120-160 nm, 80-
90 % and 15-20 %, respectively.

An optimization plot for desired responses was de-
signed. The proposed levels of variables to form the op-
timum formulation were as follows: DPPC/Chol: 2.3 and
DOPE/DPPC: 0.6 (Fig. 6). These levels were in the white
area of the overlaid plot. This proposed formulation was
prepared and observed response values were compared
with calculated values employing above mentioned equa-
tions. MPE for particle size, EE% and D24hwere 12.48, 6.54
and 8.3, respectively.

& Abb. 2-6 &

4. Discussion

Several methods of liposome preparation and various
lipid compositions could greatly influence the character-
istics of liposomes including particle size, drug entrap-
ment and drug release rate. The ethanol injection method
is one of the simplest methods for liposome preparation.
The force of injection of ethanolic solution and stirring
rate of aqueous solution usually lead to complete mixing.
Ethanol is diluted almost immediately in medium and
phospholipid molecules are dispersed uniformly through-
out the medium. Photon correlation spectroscopy of li-
posomes showed homogeneous nanoliposomes in the
size range of 89 to 200 nm without need to extrusion.
High mean EE% (79.78±13.65 %) in the present study
and previous studies including our previous research
(72.6±10.67 %) as well as investigations by Haeri et al.
(86.5±6.3), Wang etal. (82.11±2.13 % ) and Zhao et al.
(90.02±2.25 %) came to the conclusion that high EE% is
due to the high lipophilicity and high solubility of SRL in
phospholipids (Table 1) [14, 18, 27-30]. Recent researches
have also shown that incorporation of cholesterol into
liposome formulation increases the rigidity of the bilayer
and reduces the drug permeability as well. Consequently
the fluidity of liposome bilayers is considered an impor-
tant factor influencing the drug release rate. High drug
entrapment, even in formulations with low cholesterol
level, indicates that this method is useful for preparation
of cholesterol-free liposomes. Drug release study revealed
that the release of SRL from liposomes was very slow and
incomplete after 24 h, which is in accordance with pre-
vious studies including our previously published paper,
where liposomes prepared by thin film hydration method
only could release 17.63 % of loaded SRL. Accordingly
liposomes prepared by Haeri et al. and Rouf et al. could
not release more than 20 % of incorporated drug in 24 h,
respectively [14, 24, 27]. Nevertheless, referring to our
previous study [24] &ok?, comparing to liposomes pre-
pared by thin film hydration method, the drug release rate
was increased significantly (P< 0.05). Overall the low rate
of SRL from the liposomal formulation is due to the high
hydrophobicity of SRL and lipophilic property of the li-
posomal bilayer. The main shortcoming of this technique
is the limitation of solubility of some lipids and drugs in
ethanol as well as the volume of ethanol that can be
injected into the aqueous medium (maximum 10 % v/
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v). Due to these limitations, prepared the liposome sus-
pension is usually relatively diluted. Generally, this
method due to the rapidity of process is suitable for
thermo sensitive drugs and phospholipids. Furthermore,
as it is a simple, inexpensive and rapid method it is suit-
able for large scale production [31–36]. As a matter of
fact, considering the many raw materials and variables in
the formulation process whose control and optimization
is a complicated process and depends on previous expe-
rience and knowledge of the formulator, systematic de-
sign of experiments and optimization techniques were
utilized successfully to model the relationships between
variables and responses. [22, 23, 31, 37, 38]. In this study
by using statistical methods, the optimum conditions to
achieve desired responses in formulation were achieved
and calculated MPE for train and test set were in accept-
able ranges (train set < 10 % and test set < 20 %).

5. Conclusion

Numerous published reports indicated that optimization
of the ethanol injection method to achieve desired encap-
sulation efficiency percent, particle size and appropriate
release rates requires much experimental work by using
traditional trial and error technique. Factorial design ap-
proach and response surface methodology were found to
be efficient methods to determine the effect of variables
and their interaction effects on the responses as well as
formulation optimizing with a minimum number of ex-
periments. Factorial design indicated that the evaluated
responses were dependent on the DPPC/Chol and DOPE/
DPPC molar ratio. Optimization technique was success-
fully used for preparing of liposomes with desired char-
acteristics. In conclusion, ethanol injection is a very easy
method for preparing liposomes. Its simplicity and repro-
ducibility make it suitable for producing nanoliposomes
on a large scale.

Acknowledgement
The authors would like to thank the authorities of Re-
search Center for Pharmaceutical Nanotechnology, Ta-
briz University of Medical Sciences, Tabriz, Iran for finan-
cial support.

Conflict of interest
The authors report no conflicts of interest.

REFERENCES

[1] Almalla M, Hennings V, Marx N, Hoffmann R. Long-term clinical
and angiographic outcome after treatment of chronic total occlu-
sion with everolimus or sirolimus eluting stents. Int J Cardiol.
2012;157(3):451-2.

[2] Liistro F, Fineschi M, Grotti S, Angioli P, Carrera A, Ducci K, et al.
Long-Term Effectiveness and Safety of Sirolimus Stent Implantation
for Coronary In-Stent Restenosis: Results of the TRUE (Tuscany
Registry of Sirolimus for Unselected In-Stent Restenosis) Registry at
4 Years. J Am Coll Cardiol. 2010;55(7):613-6.

[3] Barone-Rochette G, Foote A, Motreff P, Vanzetto G, Quesada J-L,
Danchin N, et al. Stent-Related Cardiac Events Beyond Three Years
After Implantation of the Sirolimus-Eluting Stent (from the EVAS-
TENT Patients). Am J Cardiol. 2011;108(10):1401-7.

– Spalte 7 –

373
374
375
376
377
378
379
380
381
382
383
384
385
386
387
388
389
390
391
392
393
394
395
396
397
398
399
400
401
402
403
404
405
406
407
408
409
410
411
412
413
414
415
416
417
418
419
420
421
422
423
424
425
426
427
428
429
430
431
432
433
434



[4] Valgimigli M, Campo G, Gambetti S, Bolognese L, Ribichini F, Co-
langelo S, et al. Three-year follow-up of the MULTIcentre evaluation
of Single high-dose Bolus TiRofiban versus Abciximab with Siroli-
mus-eluting STEnt or Bare-Metal Stent in Acute Myocardial In-
farction StudY (MULTISTRATEGY). Int J Cardiol. 2011(0): &page?
&

[5] Hu X, Lin C, Chen D, Zhang J, Liu Z, Wu W, Song H. Sirolimus solid
self-microemulsifying pellets: Formulation development, charac-
terization and bioavailability evaluation. Int J Pharm. 2012;438(1-
2):123-33.

[6] Nida Sen H, Larson TA, Meleth AD, Smith WM, Nussenblatt RB.
Subconjunctival Sirolimus for the Treatment of Chronic Active
Anterior Uveitis: Results of a Pilot Trial. Am J Ophthalmol. 2012;153
(6):1038-42.

[7] Hong K, Zheng W, Baker A, Papahadjopoulos D. Stabilization of
cationic liposome-plasmid DNA complexes by polyamines and poly
(ethylene glycol)-phospholipid conjugates for efficient in vivo gene
delivery. FEBS Lett. 1997;400(2):233-7.

[8] Edwards KA, Baeumner AJ. Synthesis of a liposome incorporated 1-
carboxyalkylxanthine-phospholipid conjugate and its recognition
by an RNA aptamer. Talanta. 2007;71(1):365-72.

[9] Watson DS, Endsley AN, Huang L. Design considerations for lipo-
somal vaccines: Influence of formulation parameters on antibody
and cell-mediated immune responses to liposome associated an-
tigens. Vaccine. 2012;30(13):2256-72.

[10] Kono K, Iwamoto M, Nishikawa R, Yanagie H, Takagishi T. Design of
fusogenic liposomes using a poly(ethylene glycol) derivative having
amino groups. J Controlled Release. 2000;68(2):225-35.

[11] Malaekeh-Nikouei B, Jaafari MR, Tabassi SAS, Samiei A. The en-
hancement of immunosuppressive effects of cyclosporine A on
human T-cells using fusogenic liposomes. Colloids Surf B Biointer-
faces. 2008;67(2):238-44.

[12] Yuba E, Harada A, Sakanishi Y, Watarai S, Kono K. A liposome-based
antigen delivery system using pH-sensitive fusogenic polymers for
cancer immunotherapy. Biomaterials. 2013;34(12):3042-52.

[13] Silva R, Ferreira H, Little C, Cavaco-Paulo A. Effect of ultrasound
parameters for unilamellar liposome preparation. Ultrason Sono-
chem. 2010;17(3):628-32.

[14] Haeri A, Sadeghian S, Rabbani S, Anvari MS, Boroumand MA, Da-
dashzadeh S. Use of remote film loading methodology to entrap
sirolimus into liposomes: Preparation, characterization and in vivo
efficacy for treatment of restenosis. Int J Pharm. 2011;414(1-2):16-27.

[15] Pham TT, Jaafar-Maalej C, Charcosset C, Fessi H. Liposome and
niosome preparation using a membrane contactor for scale-up.
Colloids Surf B Biointerfaces. 2012;94(1):15-21.

[16] Cern A, Golbraikh A, Sedykh A, Tropsha A, Barenholz Y, Goldblum
A. Quantitative structure – property relationship modeling of re-
mote liposome loading of drugs. J Controlled Release. 2012;160
(2):147-57.

[17] Laouini A, Jaafar-Maalej C, Sfar S, Charcosset C, Fessi H. Liposome
preparation using a hollow fiber membrane contactore”Application
to spironolactone encapsulation. Int J Pharm. 2011;415(1/2):53-61.

[18] Zhang W, Sun Y, Li Y, Shen R, Ni H, Hu D. Preparation and in-
fluencing factors of sirolimus liposome by supercritical fluid. Arti-
ficial Cells Blood Substitutes Biotechnology. 2012;40(1-2):62-5.

[19] Hermans K, Van den Plas D, Everaert A, Weyenberg W, Ludwig A.
Full factorial design, physicochemical characterisation and bio-
logical assessment of cyclosporine A loaded cationic nanoparticles.
Eur J Pharm Biopharm. 2012;82(1):27-35.

[20] Carbone C, Tomasello B, Ruozi B, Renis M, Puglisi G. Preparation
and optimization of PIT solid lipid nanoparticles via statistical
factorial design. Eur J Med Chem. 2010;49(1):110-7.

[21] Cuetos MJ, Gomez X, Escapa A, Mora¡n A. Evaluation and simul-
taneous optimization of bio-hydrogen production using 32 factorial
design and the desirability function. J Power Sources. 2007;169
(1):131-9.

[22] Hao J, Wang F, Wang X, Zhang D, Bi Y, Gao Y, et al. Development and
optimization of baicalin-loaded solid lipid nanoparticles prepared
by coacervation method using central composite design. Eur J
Pharm Sci. 2012;47(2):497-505.

[23] Xiong Y, Guo D, Wang L, Zheng X, Zhang Y, Chen J. Development of
nobiliside A loaded liposomal formulation using response surface
methodology. Int J Pharm. 2009;371(1/2):197-203.

[24] Ghanbarzadeh S, Valizadeh H, Zakeri-Milani P. Application of
Factorial Designs and Response Surface Methodology in Formu-
lation Development of Sirolimus Liposome Prepared by Thin Film
Hydration Technique. BioImpacts. 2013;3(2): &page?&

[25] Ghanbarzadeh S, Valizadeh H, Zakeri-Milani P. The Effects of
Lyophilization on the Physico-Chemical Stability of Sirolimus Li-
posomes. Adv Pharm Bull. 2013;3(1):25-9.

[26] Islambulchilar Z, Ghanbarzadeh S, Emami S, Valizadeh H, Zakeri-
Milani P. Development and Validation of an HPLC Method for the

– Spalte 8 –

435
436
437
438
439
440
441
442
443
444
445
446
447
448
449
450
451
452
453
454
455
456
457
458
459
460
461
462
463
464
465
466
467
468
469
470
471
472
473
474
475
476
477
478
479
480
481
482
483
484
485
486
487
488
489
490
491
492
493
494
495
496



Analysis of Sirolimus in Drug Products Adv Pharm Bull. 2012;2
(2):135-9.

[27] Rouf MA, Vural I, Renoir JM, Hincal AA. Development and char-
acterization of liposomal formulations for delivery and investiga-
tion of their antiproliferative effect on MCF7 cells. J Liposome Res.
2009;19(4):322-31.

[28] Wang XY, Miao ZL, Chen C, Dong XD, Cui LL, Deng YJ. Preparation
and study on formulation of sirolimus liposomes. Chin J Antibiot.
2010;35(2):119-22.

[29] Zhao GQ, Zhang ZH, Liang T, Zhang LN, Liu JW, Du ZD. The effect
of rapamycin liposome gutta inhibiting rat corneal neovasculari-
zation. Chin J Ophthalmol. 2009;45(2):146-52.

[30] Iwase Y, Maitani Y. Preparation and in vivo evaluation of liposomal
everolimus for lung carcinoma and thyroid carcinoma. Biol Pharm
Bull. 2012;35(6):975-9.

[31] Yang S, Chen J, Zhao D, Han D, Chen X. Comparative study on
preparative methods of DC-Chol/DOPE liposomes and formulation
optimization by determining encapsulation efficiency. Int J Pharm.
2012;434(1/2):155-60.

[32] Fan M, Xu S, Xia S, Zhang X. Preparation of salidroside nano-lipo-
somes by ethanol injection method and in vitro release study. Eur
Food Res Technol. 2008;227(1):167-74.

[33] Rodriguez Justo O, Moraes AM. Kanamycin incorporation in lipid
vesicles prepared by ethanol injection designed for tuberculosis
treatment. J Pharm Pharmacol. 2005;57(1):23-30.

[34] Yang K, Delaney JT, Schubert US, Fahr A. Fast high-throughput
screening of temoporfin-loaded liposomal formulations prepared
by ethanol injection method. J Liposome Res. 2012;22(1):31-41.

[35] Justo OR, Moraes AM. Economical feasibility evaluation of an
ethanol injection Liposome production plant. Chem Eng Technol.
2010;33(1):15-20.

[36] Jaafar-Maalej C, Diab R, Andrieu V, Elaissari A, Fessi H. Ethanol
injection method for hydrophilic and lipophilic drug-loaded lipo-
some preparation. J Liposome Res. 2010;20(3):228-43.

[37] Zhao X, Liu J, Hu Y, Fan Y, Wang D, Yuan J, et al. Optimization on
condition of glycyrrhetinic acid liposome by RSM and the research
of its immunological activity. Int J Biol Macromol. 2012;51(3):299-
304.

[38] Tang SY, Manickam S,Wei TK, Nashiru B. Formulation development
and optimization of a novel Cremophore EL-based nanoemulsion
using ultrasound cavitation. Ultrason Sonochem. 2012;19(2):330-45.

– Spalte 9 –

497
498
499
500
501
502
503
504
505
506
507
508
509
510
511
512
513
514
515
516
517
518
519
520
521
522
523
524
525
526
527
528
529
530
531
532
533
534
535
536
537
538
539
540
541
542
543
544
545
546
547
548
549
550
551
552
553
554
555
556
557
558



Table 1

Response [particle size (PS), encapsulation efficiency percent (EE %) and released drug over 24 h (D24h)]
values of 32 factorial design.

Formulation code DPPC DOPE Cholesterol PS (nm) PDI EE (%) ±SD D24h (%) ±SD

F1 1 0.5 1 187.3 0.36 94.3 3.6 19.55 2.3

F2 1 1 1 200.3 0.23 94.1 4.2 22.86 1.6

F3 1 0 1 193.3 0.45 97.4 2.3 18.41 2.9

F4 3 1.5 1 159.6 0.41 80.6 3.9 17.16 1.3

F5 5 5 1 109.3 0.39 62.6 5.6 14.45 2.5

F6 3 0 1 136.6 0.36 80.3 6.1 15.41 2.6

F7 5 2.5 1 93.6 0.29 65.8 5.1 14.26 3.1

F8 3 1.5 1 148.6 0.28 79.6 6.3 15.45 3.6

F9 5 5 1 89.3 0.26 63.3 6.7 13.18 3.2

Table 2

Mean percentage error for PS, EE % and D24h.

Response PS EE % D24h

MPE
Train set 3.56 3.38 2.26

Test set 4.86 6.69 5.65
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Fig. 1: Drug release profile for nine prepared formulations.
Source: all figures by the authors.
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Fig. 2: Response surface plot and counter plot for the effect of the lipid content on particle size (PS).
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Fig. 3: Response surface plot and counter plot for the effect of the lipid content on encapsulation efficiency percent (EE %).
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Fig. 4: Response surface plot and counter plot for the effect of the lipid content on drug released (RD %) over 24 h (D24h).
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Fig. 5: Overlaid contour plot for desired ranges of particle size
(PS), on encapsulation efficiency percent (EE %) and drug re-
leased (RD %) over 24 h (D24h).

Fig. 6: Optimization plot to produce formu-
lation with desired particle size (PS), on en-
capsulation efficiency percent (EE %) and drug
released (RD %) over 24 h (D24h) values.

– Spalte 12 –

683
684
685
686
687
688
689
690
691
692
693
694
695
696
697
698
699
700
701
702
703
704
705
706
707
708
709
710
711
712
713
714
715
716
717
718
719
720
721
722
723
724
725
726
727
728
729
730
731
732
733
734
735
736
737
738
739
740
741
742
743
744



Hinweis zu den Nutzungsrechten (keine Gültigkeit für Presseinformationen!) · Right of use (not valid for press releases)

Mit der Unterzeichnung der Druckfreigabeerklärung räumt der Autor dem Verlag das ausschließliche zeitlich, räumlich und inhaltlich unbesch-

ränkte Recht zur Veröffentlichung, Vervielfältigung, Verbreitung und öffentlichen Wiedergabe in allen Sprachen und Ländern ein, einschließlich des

Rechts zur Speicherung in und Nutzung durch Datenbanken jeder Art (Online, auch Internet, und Offline) sowie der weiteren Vervielfältigung zu

gewerblichen Zwecken im Wege des fotomechanischen oder eines anderen Verfahrens.

Die Autoren versichern, dass sie allein berechtigt sind, über die urheberrechtlichen Nutzungsrechte an ihren Arbeiten einschließlich etwaiger Bilder,

Tabellen etc. zu verfügen und dass keine Rechte Dritter verletzt werden.

Sie versichern außerdem, dass keine Doppelpublikation (Veröffentlichung auch in anderen Zeitschriften) beabsichtigt ist bzw. erfolgt.

By signing ”Ok to print”, the author grants the publisher the exclusive right – unrestricted with regard to time, territory and contents – of publication,

duplication, distribution and public communication in all languages and countries, including the right of storage and use in databases of any kind

(online including internet and offline) as well as of the further duplication for commercial purposes by photomechanical reproduction or other

techniques.

Authors affirm that they are the sole owners of the copyright relating to their manuscripts including figures, tables etc., if applicable, and that no

rights of a third party are thereby violated.

They further affirm that no double publication (publication in other journals) is intended or will occur.

Nach Erledigung der Korrektur: & zum Druck frei / OK to print

After completing corrections:

& neuer Abzug erbeten / new galley proof requested

Datum / Date Unterschrift /Signature

– Spalte 13 –

745
746
747
748
749
750
751
752
753
754
755
756
757
758
759
760
761
762
763
764
765
766
767
768
769
770
771
772
773
774
775
776
777
778
779
780
781
782
783
784
785
786
787
788
789
790
791
792
793
794
795
796
797
798
799
800
801
802
803
804
805
806

DR_ZAKERI
Stamp

DR_ZAKERI
Text Box
7 th Aug 2013





