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�t���H�B�J�O���N�B�Y�J�N�V�N���J�O�G�P�S�N�B�U�J�P�O���G�S�P�N��
a minimum number of experiments 

�t���T�U�V�E�Z���F�G�G�F�D�U�T���J�O�E�J�W�J�E�V�B�M�M�Z���C�Z��
varying all operating parameters 
simultaneously 

�t���U�B�L�F���B�D�D�P�V�O�U���P�G���W�B�S�J�B�C�J�M�J�U�Z���J�O��
experiments, operators, raw materials, 
or processes themselves 

�t���J�E�F�O�U�J�G�Z���J�O�U�F�S�B�D�U�J�P�O�T���B�N�P�O�H��
process parameters, unlike with one-
factor-at-a-time experiments 

�t���D�I�B�S�B�D�U�F�S�J�[�F���B�D�D�F�Q�U�B�C�M�F���S�B�O�H�F�T���P�G��
key and critical process parameters 
contributing to identification of a 
design space, which helps to provide 
an Òassurance of quality.Ó 

Proper execution of DoE within a 
design space is safe under QbD in 
bioprocess industries because work 
within a design space is not considered 
a change (1). However, some pitfalls 
can lead to a poorly defined design 
space. They can come from 
unexpected results, failure to take 
account of variability (due to assay, 
operator, or raw material) within a 
process, and the choice of parameters 
and their ranges considered in an 
experimental study, as well as errors in 
statistical analysis (e.g., model 
selection, residual analysis, 
transformation of response). We 
present here some good industrial 
practices based on our experience, on 
literature for the application of a DoE 
approach in bioprocess industries, and 
on nonbiotechnological industrial 
approaches (e.g., the oil and chemical 
industries, in which DoE and similar 
statistical techniques have been 
applied for many years). 

Setting ÒSMARTÓ Objectives: It is 
always important before beginning 
experimentation to determine the 
objective of an experiment, and this is 
no different with DoE. Identifying 
objectives helps focus a team on its 
specific aims (scientific understanding 
of the task/problem in hand) over a 
period of time. It also helps indicate 
what resources are and assists in 
managing expectations from a studyÕs 
outcome (4). DoE studies in support of 
QbD are often a delicate balance 
between delivering defined, high-
quality products and meeting 
predetermined time, labor, and 
financial constraints (5). Consequently, 

Figure 1: Typical bioprocess with a complicated nest of parameters influencing the final drug product 
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Table 2 ���4�7�3�3���D�Q�G���&�4�$���R�I���W�D�U�J�H�W���G�U�X�J���S�U�R�G�X�F�W�����J�H�O���Z�L�W�K���S�R�O�\�P�H�U�L�F���Q�D�Q�R�H�P�X�O�V�L�À�H�G���S�D�U�W�L�F�O�H�V�����I�R�U���L�Q�M�H�F�W�L�R�Q

�4�7�3�3���R�I���D���J�H�O���Z�L�W�K���S�R�O�\�P�H�U�L�F���Q�D�Q�R�H�P�X�O�V�L�À�H�G���S�D�U�W�L�F�O�H�V

QTPP elements Target �-�X�V�W�L�À�F�D�W�L�R�Q

Dosage form Hydrogel Pharmaceutical equivalence requirement: same 
dosage form

Route of administration Injection Pharmaceutical equivalence requirement: same 
route of administration

Dosage strength % of drug substance (% w/w) Pharmaceutical equivalence requirement: same 
dosage strength

Dosage form design �3�R�O�\�P�H�U�L�F���Q�D�Q�R�H�P�X�O�V�L�À�H�G���F�D�U�U�L�H�U�V���L�Q�F�R�U�S�R�U�D�W�H�G��
into hydrogel

Match reference-listed drug product

Pharmacokinetics Bioequivalent to reference-listed drug Match reference-listed drug product
Stability Shelf life not �� 24 months at room temperature Equivalent or longer shelf life compared to 

reference-listed drug product
Drug product quality attributes �3�K�\�V�L�F�D�O���D�W�W�U�L�E�X�W�H�V�����L�G�H�Q�W�L�À�F�D�W�L�R�Q�����D�V�V�D�\����

uniformity of content, degradation products, 
residual solvents, dissolution, microbiological 
quality, pH, and rheological behavior

�3�K�D�U�P�D�F�H�X�W�L�F�D�O���H�T�X�L�Y�D�O�H�Q�F�H���U�H�T�X�L�U�H�P�H�Q�W�����I�X�O�À�O�O���W�K�H��
same quality standards as reference-listed drug 
product

Container closure system Suitable container closure system that will 
support estimated shelf life and drug product 
integrity during the transport, Identical primary 
packaging as reference-listed drug product

�9�L�D�O�V���R�U���S�U�H�À�O�O�H�G���V�\�U�L�Q�J�H�V�����V�L�P�L�O�D�U���Z�L�W�K���U�H�I�H�U�H�Q�F�H��
listed drug product, acceptable for the patient

Alternative methods of administration No None are listed on reference drug product labeling

�&�4�$�V���R�I���J�H�O���Z�L�W�K���S�R�O�\�P�H�U�L�F���Q�D�Q�R�H�P�X�O�V�L�À�H�G���S�D�U�W�L�F�O�H�V

Drug product quality attributes Target Is it a CQA? �-�X�V�W�L�À�F�D�W�L�R�Q

Physical attributes
Appearance Color and shape acceptable 

for the patient
No Color and shape are not directly related to the safety and 

�H�I�À�F�D�F�\�����5�H�T�X�L�U�H�G���I�R�U���S�D�W�L�H�Q�W���D�F�F�H�S�W�D�E�L�O�L�W�\
Particle size and particle size 
distribution

Similar to reference-listed 
drug

Yes �,�W���P�L�J�K�W���L�Q�Á�X�H�Q�F�H���G�U�X�J���H�Q�W�U�D�S�P�H�Q�W���H�I�À�F�D�F�\���D�Q�G���F�D�S�D�F�L�W�\�����D�V���Z�H�O�O��
�D�V���G�U�X�J���U�H�O�H�D�V�H�����,�W���L�V���F�U�L�W�L�F�D�O���I�R�U���G�U�X�J���S�U�R�G�X�F�W���H�I�À�F�D�F�\���D�Q�G���V�D�I�H�W�\

Rheological behavior Conform to Ph. Eur. 
7.0Ð2.2.10

Yes Required to demonstrate Q3 (same components in same 
concentrations with same microstructure)

pH Conform to Ph. Eur. 
7.0Ð2.2.3

Yes �0�L�J�K�W���L�Q�Á�X�H�Q�F�H���G�U�X�J���S�U�R�G�X�F�W���V�W�D�E�L�O�L�W�\���D�Q�G���K�H�Q�F�H���L�W�V���H�I�À�F�D�F�\��
and safety. This CQA can be effectively controlled by quality 
management system

�,�G�H�Q�W�L�À�F�D�W�L�R�Q Positive for drug substanceYes �,�G�H�Q�W�L�À�F�D�W�L�R�Q���L�V���F�U�L�W�L�F�D�O���I�R�U���V�D�I�H�W�\���D�Q�G���H�I�À�F�D�F�\�����E�X�W���W�K�L�V���&�4�$���F�D�Q��
�E�H���H�I�À�F�L�H�Q�W�O�\���F�R�Q�W�U�R�O�O�H�G���E�\���T�X�D�O�L�W�\���P�D�Q�D�J�H�P�H�Q�W���V�\�V�W�H�P���D�Q�G���Z�L�O�O��
be followed during dissolution studies. Formulation and process 
�Y�D�U�L�D�E�O�H�V���F�D�Q�Q�R�W���L�Q�Á�X�H�Q�F�H���L�G�H�Q�W�L�W�\

Assay 90%Ð110% of label claim Yes �$�V�V�D�\���Y�D�U�L�D�E�L�O�L�W�\���Z�L�O�O���K�D�Y�H���L�Q�Á�X�H�Q�F�H���X�S�R�Q���V�D�I�H�W�\���D�Q�G���H�I�À�F�D�F�\
Content uniformity Conform to USP �� 3�� Yes Variability in content homogeneity and uniformity of content will 

�D�I�I�H�F�W���V�D�I�H�W�\���D�Q�G���H�I�À�F�D�F�\
Residual solvents Conform to ICH Q3C (R5) Yes �3�R�O�\�P�H�U�L�F���Q�D�Q�R�H�P�X�O�V�L�À�H�G���S�D�U�W�L�F�O�H�V���P�D�Q�X�I�D�F�W�X�U�L�Q�J���S�U�R�F�H�G�X�U�H��

includes use of methanol. Its residual quantity is critical for safety
Degradation products Conform to ICH Q3B (R2) Yes Degradation products limit is critical for safety. Limit of individual 

unknown degradation products must comply with ICH Q3B (R2). 
Limit of total degradation products is based on reference-listed 
drug product analysis near the expiry date

�,�Q���Y�L�W�U�R���G�L�V�V�R�O�X�W�L�R�Q���S�U�R�À�O�HMatch reference-listed drug 
product

Yes As the in vitro drug release is surrogate for in vivo performance, 
�W�K�H���W�D�U�J�H�W���L�V���W�R���H�Q�V�X�U�H���V�L�P�L�O�D�U���G�L�V�V�R�O�X�W�L�R�Q���S�U�R�À�O�H���F�R�P�S�D�U�H�G���W�R��
reference-listed drug product (f2 �� 50)

Microbiological quality Conform to Ph. Eur. 
7.0Ð5.1.4

Yes Noncompliance of microbiological quality will have impact upon 
safety

Preservative content 80%Ð110% from label claimYes Required to ensure antimicrobial effectiveness
�(�I�À�F�D�F�\���R�I���D�Q�W�L�P�L�F�U�R�E�L�D�O���S�U�H�V�H�U�Y�D�W�L�R�QConform to Ph. Eur. 

7.0Ð5.1.3
Yes �,�Q�H�I�À�F�L�H�Q�F�\���R�I���W�K�H���S�U�H�V�H�U�Y�D�W�L�Y�H���D�W���G�H�F�O�D�U�H�G���V�W�R�U�D�J�H���F�R�Q�G�L�W�L�R�Q�V��

might result in microbiological contamination and affect safety
Container closure system Similar to reference-listed 

drug
No Match reference-listed drug product. Required for patient 

acceptability
Packaging integrity No failure No �5�H�T�X�L�U�H�G���I�R�U���V�W�D�E�L�O�L�W�\�����H�I�À�F�D�F�\�����D�Q�G���V�D�I�H�W�\

Note: ���4�������W�K�H���8�6���)�R�R�G���D�Q�G���'�U�X�J���$�G�P�L�Q�L�V�W�U�D�W�L�R�Q���V�L�P�L�O�D�U�L�W�\���G�H�À�Q�L�W�L�R�Q���R�I���W�K�H���J�H�Q�H�U�L�F���G�U�X�J���K�D�G���W�K�H���V�D�P�H���F�R�P�S�R�Q�H�Q�W�V���L�Q���W�K�H���V�D�P�H���F�R�Q�F�H�Q�W�U�D�W�L�R�Q���Z�L�W�K���W�K�H���V�D�P�H���D�U�U�D�Q�J�H�P�H�Q�W��
of matter (microstructure) as the reference-listed drug. 
Abbreviations: �� �4�7�3�3���� �T�X�D�O�L�W�\�� �W�D�U�J�H�W�� �S�U�R�G�X�F�W�� �S�U�R�À�O�H���� �&�4�$�V���� �F�U�L�W�L�F�D�O�� �T�X�D�O�L�W�\�� �D�W�W�U�L�E�X�W�H�V���� �3�K���� �(�X�U������ �(�X�U�R�S�H�D�Q�� �3�K�D�U�P�D�F�R�S�R�H�L�D���� �8�6�3���� �8�Q�L�W�H�G�� �6�W�D�W�H�V�� �3�K�D�U�P�D�F�R�S�H�L�D���� �,�&�+����
International Conference on Harmonization guidelines.
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2.5. Quality target product proÞle (QTPP) and risk analysis of RHT SLN

The QTPP is described as the quality properties that a drug pro-
duct need to possess so as to fulÞll the objectives set in target pro-
duct proÞle as quantitative attributes. QTPP should furnish a
quantitative surrogate to describe the aspects of clinical safety
and efÞcacy by determining the CQA, CPP and control strategy
(ICH, 2009).

In case of RHT SLN, QTPP is a lower size and PDI with lipidic core
is expected to facilitate transport of drug across the nasal mucosal
barriers both into the cerebral tissues and systemic circulation.
Lower PDI is to reduce aggregation of particle during long term sta-
bility. Higher entrapment efÞciency is to achieve higher drug load-
ing in lipid matrix ( Vora et al., 2013 ). The crucial step in risk
assessment is to gather the entire responsible factor systematically
that could inßuence the desired product quality. These factors
were categorized hierarchically using an Ishikawa diagram
(Fig.1). The parameters summarized in Ishikawa diagram assisted
in the identiÞcation of failure modes of SLN formulation.

2.6. Preliminary screening of lipid, stabilizer and HSH rpm

In DOE, preliminary screening is a crucial step for the selection
of CPP which affects CQA like size, PDI and % entrapment efÞciency
(%EE) of developed SLN. Preliminary screening of lipid, stabilizer
and HSH rpm was carried out so as to obtain SLN of smaller size,
narrow PDI and higher %EE. Based on solubility study, D: L and
lipids were screened for optimization of Þnal lipid. Further these
lipids were taken and different batches of RHT SLN as shown in
Table 2 were prepared by method described in Section 2.4 using
tween 80 (2% w/w) as surfactant and HSH at 10000 rpm for
homogenization time (HT) 10 min without probe sonication. To
screen out lipid Batch nos. 1Ð3 ( Table 2) were characterized for
size, PDI and %EE. After selection of Þnal lipid, D: L, HSH rpm and
time were kept constant and the effect of stabilizer on CQA was
veriÞed by formulating RHT SLN using surfactant alone (2% w/w
tween 80, Batch no. 3, Table 2) and combination of surfactant with
stabilizer (Batch no. 4 and 5, Table 2). Subsequently the effect of
higher HSH rpm (Batch no. 6) on CQA was determined as shown
in Table 2.

2.7. 33 factorial design

Based on preliminary experimental data, 3 3 factorial design was
selected for the optimization of RHT SLN where the effect of three
independent variables or CPP viz., D: L (X1), surfactant concentra-
tion (X2) and HSH time (X3) on CQA (Y1 = size, Y2 = PDI and
Y3 = %EE) was determined at three different levels ( Table 3 and
4). Compritol, tween 80 and Pol-188 were selected as lipid, surfac-
tant and stabilizer respectively. HSH rpm (10000) and Pol-188 con-
centration (1% w/w) were set as Þx levels.

33 Factorial design was analyzed using Design expert software
(Version 8, Stat-ease. Inc, USA) and the polynomial equation was
derived. The magnitude of coefÞcients in polynomial equation

have either positive sign, indicating synergistic effect or negative
sign, indicating antagonistic effect. Best Þtting experimental model
(linear, two factor interaction, quadratic and cubic model) was
taken statistically on the basis of comparison of several statistical
parameters like coefÞcient of variation (CV), multiple correlation
coefÞcient ( R2), adjusted multiple correlation coefÞcient (adjusted
R2), predicted residual sum of square and graphically by 3D
response surface plot provided by Design Expert software. The
level of signiÞcance was considered at p-value < 0.05. The regres-
sion analysis, linear regression plots (observed versus predicted
value) and Pareto chart of the dependent variables were plotted
using MS-Excel.

2.8. Data optimization and model validation

The effect of each independent CPP on CQA was analyzed for
establishment of design space with the target of ensuring desired
product quality. Hence, 3 3 factorial design was applied for estab-
lishment of design space to investigate the responses of process
parameters on quality attributes of RHT SLN. The optimization
was done on the basis of attaining lower particle size, PDI and
higher %EE using overlay plot (graphical) and desirability (numer-
ical) criteria. In order to establish the reliability of developed
model, check-point analysis was performed by taking two valida-
tion batches viz., V1 and V2 ( Table 4) whereby magnitude of error
between observed and predicted values was evaluated.

2.9. Effect of probe sonication on optimized RHT SLN

It is often sonication which brings about further reduction in
size with narrow PDI. Sonication breaks coarse drops into nano
droplets and hence, it is responsible in obtaining smaller particle
size of SLN (Das et al., 2011). To evaluate the effect of probe soni-
cation on size, PDI and %EE of RHT SLN, different trials were taken
by varying amplitude and sonication time as shown in Table 5. The
Þnal optimized formula with composition of RHT SLN is shown in
Fig.2.

2.10. Characterization of RHT SLN

For characterization, three batches of optimized RHT SLN were
formulated and they were characterized for physicochemical, mor-
phological, diffusion and histopathological parameters as shown
below.

2.10.1. Particle size, PDI and Zeta Potential
Particle size, PDI and zeta potential measurements were per-

formed by photon correlation spectroscopy using Zetasizer
(Nano-ZS90, Malvern, Worcestershire, UK). Before measuring size,

Table 1
Solubility study ( n = 3).

Lipids Melting point ( !C) Drug: lipid ratio
(D: L)

1:2 1:3

ApiÞl 62Ð65 + ++
Compritol 65Ð77 ++ +++
GMS 55Ð60 ++ +++
PA 52Ð55 ++ +++
Stearic acid 69Ð70 + ++

+ Not clear, ++ Turbid, +++ Clear.

Fig. 1. Ishikawa diagram illustrating CPP affecting on CQA of RHT SLN.

56 B. Shah, D. Khunt, H. Bhatt et al. / European Journal of Pharmaceutical Sciences 78 (2015) 54Ð66
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2.2.4. Pseudoternary phase diagram
Pseudoternary  phase diagram  was used to  determine  the

concentration  of  lipid,  surfactant,  water,  on the  border  line  of  ME
region  for  the  preparation  of  microemulsion  (ME) (Fadda et  al.,
2013;  Garg et  al., 2016a). The lipid  phase was heated  to  melt  the
solid  lipid,  which  is mixed  with  heated  phospholipid  ethanolic
solution  mainly  at  the  temperature  of  55Ð60 ! C. The lipid  phase
and the  surfactant  phase (Smix ) were  heated  simultaneously  at  the
similar  temperature  i.e., 60 ! C. At  this  temperature,  a series of
continuous  known  amount  of  Smix and lipid  were  taken  and
simultaneously  titrated  with  aqueous phase and vice-versa with
the  help  of  micro-syringe.  After  each addition,  mixture  was gently
stirred  and then  placed in  a temperature  controlled  water  bath.
Titration  was continued  until  the  turbidity  appears in  the  sample,
weight  percent  of  each (individual)  components  used in  the
titration  was calculated,  and plotted  in  Gibbs phase triangle  as
boundary  points.  The entire  phase diagram  was mapped  in  this
manner  by  oil  titration  too  (i.e., where  oil  acts as titrant).

2.2.5. Preparation of ACE-loaded NLCs
NLCs were  prepared  by ME method,  by  selecting  the  net

composition  of  ME region  obtained  by the  Pseudoternary  phase
diagram  (Garg et  al., 2016a). Lipid  phase consisted  of  cetyl  alcohol
as solid  lipid,  Transcutol 1 P as liquid  lipid  (oil)  and aqueous phase
consists of  water  containing  tween  80. Phospholipid  (PL) was
dissolved  in  ethanol  and ACE was dissolved  in  Transcutol 1 P. In  the
procedure,  CA was mixed  with  ethanolic  solution  of  PL and heated
to  55Ð60 ! C followed  by addition  of  heated  lipid  oil  (Transcutol 1 P).
After  proper  mixing  of  hot  lipid  phase, hot  water  (heated  at  the
same temperature)  was added into  lipid  mixture.  At  this  stage,
primary  ME was formed.  After  stirring  for  5 min,  the  above mixture
was added to  0.5% w/w  poloxamer  solution  under  continuous
homogenization.  Homogenization  was carried  out  at  8000  rpm  for
15 min  using  high  shear homogenizer  (Heidolph,  Germany),  and
the  mixing  was done by magnetic  stirring  (Remi, Mumbai,  India)
for  2Ð3 h at  500 rpm.

2.2.6. Systematic FbD optimization  of ACE-NLCs as per the
experimental design

Diverse  response variables  were  optimized  using  a 33 Box-
Behnken  Design (BBD). In  this,  the  amount  of  CFAs i.e., Solid lipid
(x1), Smix (X2) and liquid  lipid  (Lipid  oil)  (X3) were  studied  at  the  3
different  levels  i.e., " 1 (low),  0 (intermediate)  and +1 (high),  which
are equidistant  from  each other.  The center  points  (i.e., 0, 0, 0)  were
studied  in  quintuplicate.  All  other  formulation  and process
variables  were  ! xed during  the  study.  All  the  studied  17
experimental  runs  along  their  factor  combinations  are summa-
rized  in  Supporting  information  (Supplementary  data Table 1)

(Singh et  al., 2011). As per  the  design all  the  prepared  formulations
were  investigated  for  particle  size (nm),  entrapment  ef! ciency  (EE)
(%), release (%) and permeation  " ux  (mg/cm 2/h)  as the  response
variables.

2.2.6.1. QbD-based optimization  data analysis and validation  of
QbD. The prepared  NLCs were  evaluated  for  response variables
like  particle  size, % EE, % release and permeation  " ux, and
thereafter  optimization  data analysis  was also carried  out.  Later,
second-order  quadratic  polynomial  model  was selected for
mathematical  modeling  to  carried  out  in  search of  possibility  of
signi ! cant  interaction(s)  in  the  studied  responses (Bhatia  et  al.,
2013). The generated  model  from  design was evaluated  for  various
parameters  like  coef! cient  of  variation  (CV), correlation  coef! cient
(R2), adjusted  correlation  coef! cient  (adjusted  R2), and predicted
residual  sum  of  square were  compared.  The signi ! cance level  was
found  to  be highly  signi ! cant  (p  <  0.05). The regression  analysis,
linear  regression  plots  (observed  versus predicted  value)  and
Pareto chart  of  the  dependent  variables  were  plotted.  The 3D-
response surface plots  & 2D-contour  plots  were  generated  to  carry
out  the  response surface analysis  (RSA), which  were  obtained  by
applying  Design Expert 1 version  10.0.

Finally,  the  numerical  optimization  method  using  desirability
function  by  Òtrading-off Ó of  response variables  (Garg et  al., 2015a;
Negi et  al., 2014) was carried  out  for  projection  of  optimum
formulation.  The location  of  the  optimized  formulation  in  the
design space was marked  with  " ag containing  all  the  parameters  of
the  formulation.  Along  with  the  optimized  formulation  the
validation  was also carried  out  by  choosing  7 con! rmatory
check-points  from  the  de! ned design space region  and were
assessed for  various  CQAs, by  constructing  linear  residual  and
correlation  plots  between  the  predicted  as well  as observed
responses and the% prediction  error  was also calculated.

2.2.7. Characterization of NLCs

2.2.7.1. Size, polydispersity  index (PDI) and zeta potential.  The
prepared  NLCs formulations  were  studied  with  respect  to  their
particle  size, PDI and zeta potential  by  using  Zetasizer Nano ZS90
(Malvern  Instruments,  UK). An aliquot  of  NLCs suspension  was
diluted  10 times  with  distilled  water.  Samples were  kept  in
polystyrene  cuvette  and observed  at  a ! xed angle of  90! at
25 #  0.1 ! C. The zeta potential  of  NLCs was determined  by laser
Doppler  anemometry  at  25 #  0.1 ! C. The undiluted  samples were
kept  in  the  electrophoretic  cell  with  an electric  ! eld  of  15.24 V/cm.

2.2.7.2. Evaluation of surface morphology. The surface morphology
of  the  prepared  NLCs was evaluated  with  the  help  of  Scanning

Table  1
Initial  risk  assessment for  ACE-NLCs.

High  risk  parameter,  Medium  risk  parameter,  Low  risk  parameter.

N.K. Garg et al. / International  Journal of Pharmaceutics 517 (2017)  413Ð431 415
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Table 4  Results of multiple regression and ANOVA for prediction of the investigated responses

Factors a Entrapment  
capacity (%)

Entrapment  
�H�I�À�F�L�H�Q�F�\��������

Particle  
size (nm)

PDI Zeta potential  
(mV)

% of drug released  
in 24 hours

Intercept 54.71 59.92 184.68 0.159 31.550 13.725
X1

Estimate �3.65 2.05 54.10 0.019 8.417 �0.025
P-value 0.1161 0.0129 0.0196 0.4332 0.0092 0.9650

X2
Estimate 11.89 0.04 �18.97 �0.003 �1.333 �0.825
P-value 0.0057 0.9331 0.2068 0.9137 0.4107 0.2142

X3
Estimate �0.87 �1.00 43.13 0.033 �6.733 0.258
P-value 0.6376 0.0801 0.0355 0.2233 0.0171 0.6565

X4
Estimate �2.21 �1.23 �13.20 �0.023 �4.683 �2.042
P-value 0.2771 0.0489 0.3454 0.3670 0.0441 0.0302

X5
Estimate �0.60 �2.27 �7.97 �0.001 �3.217 �1.508
P-value 0.7439 0.0096 0.5485 0.9712 0.1050 0.0639

X6
Estimate �6.55 �0.50 �35.87 �0.014 2.883 �2.175
P-value 0.0294 0.2813 0.0561 0.5523 0.1313 0.0256

X7
Estimate �2.70 �1.96 �41.08 0.011 1.100 �3.908
P-value 0.2040 0.0147 0.0402 0.6450 0.4889 0.0050

X8
Estimate �2.56 0.10 �14.92 0.016 �1.517 1.325
P-value 0.2222 0.8084 0.2961 0.5099 0.3575 0.0860

Analysis of variance
DF 8 8 8 8 8 8
SS 2,608.02 191.50 102,978.02 0.030 1,944.723 347.433
MS 326.00 23.94 12,872.30 0.004 243.090 43.429
F-ratio 9.77 13.52 7.68 0.695 10.358 13.122
Prob ��  F 0.0436 0.0277 0.0406 0.6982 0.0402 0.0289
R2 0.9630 0.9777 0.9534 0.6495 0.9650 0.9722

Notes: ���%�R�O�G���Y�D�O�X�H�V���U�H�Á�H�F�W���V�L�J�Q�L�À�F�D�Q�W���I�D�F�W�R�U�V���W�K�D�W���D�I�I�H�F�W���W�K�H���F�R�U�U�H�V�S�R�Q�G�L�Q�J���U�H�V�S�R�Q�V�H����aX1ÐX8 are Eudragit S100, HP-�B-CD, and drug loadings (mg), volumes of organic and 
aqueous phases (mL), ultrasonication time (s) and amplitude (%), and level of MgCl2 as a stabilizer (%), respectively. 
Abbreviations:  ANOVA, analysis of variance; PDI, polydispersity index; DF, degree of freedom; SS, sum of squares; MS, mean of squares; F-ratio, model mean square 
divided by error mean square; Prob ��  F value, probability of obtaining an F-ratio as large as what is observed; R2�����F�R�H�I�À�F�L�H�Q�W���R�I���P�X�O�W�L�S�O�H���G�H�W�H�U�P�L�Q�D�W�L�R�Q���I�R�U���S�U�H�G�L�F�W�H�G���Y�H�U�V�X�V��
measured values.

Figure 3 Pareto charts of the main effects of variables on the investigated responses.
Notes:  X1ÐX8 are Eudragit S100, HP-�B-CD and drug loadings (mg), volumes of organic and aqueous phases (mL), ultrasonication time (s) and amplitude (%), and level of 
MgCl2 as a stabilizer (%), respectively.
Abbreviations:  HP-�B-CD, 2-hydroxypropyl-�B-cyclodextrin; PDI, polydispersity index.
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