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Development and characterization of miltefosine-loaded polymeric
micelles for cancer treatment

This research paper aims to develop a formulation of miltefosine-loaded polymeric micelles of the
copolymer Pluronic-F127 to decrease the hemolytic potential of miltefosine. Design of experiments
(DoE) methodology is implemented in order to evaluate the effect of the independent variables on the
responses.

The factors (independent variables) examined are: X; = hydration temperature (°C), X, = stirring speed
(rpm) and Xs = stirring time (min). All the factors are continuous. The response (dependent variable)
examined is: Y, = polydispersity index. The applied DoE method is 22 full factorial design.

Isalos version used: 2.1.2

Scientific article: https://www.sciencedirect.com/science/article/pii/S0928493117320921

Step 1: Full Factorial Design

In the first tab named “Action” define the factors in the column headers and fill each column with the
low and high levels of the corresponding factors. This tab can be renamed “Full Factorial”. Afterwards,
apply the full factorial method: DOE — Factorial = Full Factorial

Col1 Col2 () Col3 (I) Col4 ()

User Header




Isalos Analytics Platform NovaMechanics Ltd

DoE Full Factorial

Number of Center Points per Block 0
Number of Replicates 2
Number of Blocks <

D Random Standard order

—" Excluded Columns —— — Included Columns —

Col2 - X1
Col3 - X2
Col4-X3

>>

<<

Results (right spreadsheet):

Col1 Col2 (1) Col3 (S) Col4 (S) Col5 (S) Col6 (D) Col7 (D) Col8 (D)

User Header

1 1 Block: 1 Replicate: 1 |Design Point |30.0 550.0 30.0
2 2 Block: 1 Replicate: 1 |Design Point |50.0 550.0 30.0
3 3 Block: 1 Replicate: 1 |Design Point |30.0 750.0 30.0
4 4 Block: 1 Replicate: 1 |Design Point |50.0 750.0 30.0
5 5 Block: 1 Replicate: 1 |Design Point |30.0 550.0 60.0
6 6 Block: 1 Replicate: 1 |Design Point |50.0 550.0 60.0
7 7 Block: 1 Replicate: 1 |Design Point |30.0 750.0 60.0
8 8 Block: 1 Replicate: 1 |Design Point |50.0 750.0 60.0
9 9 Block: 1 Replicate: 2 |Design Point |30.0 550.0 30.0
10 Block: 1 Replicate: 2 |Design Point |50.0 550.0 30.0
11 Block: 1 Replicate: 2  |Design Point |30.0 750.0 30.0
12 Block: 1 Replicate: 2  |Design Point |50.0 750.0 30.0
13 Block: 1 Replicate: 2  |Design Point [30.0 550.0 60.0
14 Block: 1 Replicate: 2 |Design Point |50.0 550.0 60.0
15 Block: 1 Replicate: 2 |Design Point |30.0 750.0 60.0
16 Block: 1 Replicate: 2  |Design Point |50.0 750.0 60.0
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Step 2: Definition of response variables

Create a new tab named “Responses” and define the response in the column headers. Fill a column
with the values of the response variable that were observed and make sure the values follow the order
of the experiments as given by the full factorial method. Then, select the column to be transferred to

the right spreadsheet: Data Transformation — Data Manipulation — Select Column(s)

Col1 Col2 (D)
User Header

1

W 0 N &6 1 A W N

Excluded Columns —— Included Columns ——

Col2--Y1
>>

<<
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Step 3: Data selection

Create a new tab named “Data” and import the results from the “Full Factorial” and “Responses”
spreadsheets by right clicking on the left spreadsheet. Then, select only the factors and response
columns to be transferred to the right spreadsheet: Data Transformation — Data Manipulation — Select

Column(s)

Col5
User Header

1

Import from File

Import from Spreadsheet

Import from Multiple Spreadsheets
Adjust Spreadsheet Precision .

Export Spreadsheet Data

W O NV AW

Clear Spreadsheet

-
o

Multiple Spreadsheet Joiner

Join Configuration Steps Join Type
Step 1: Full factorial b4 Responses (Conca @ Concatenation Left Join Right Join Inner Join Full Outer Join
Left Spreadsheet Right Spreadsheet
Full factorial - Responses v
Join Column
< >
Add Delete

Select Column(s)

Excluded Columns ~—— Included Columns ——
I Col2 -- Standard Order o Col6 - X1
Col3 - Block Number Col7 - X2
Col4 -- Replicate Number Colg - X3
Col5 - Point Type > Col9 Y1

<<
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Results:
Col1 Col2 (D) Col3 (D) Col4 (D) Col5 (D)
User Header

1 550.0 30.0 8.8
2 550.0 30.0 44
3 750.0 30.0 5.2
4 750.0 30.0 5

5 550.0 60.0 45
6 550.0 60.0 -4

7 750.0 60.0 7.2
8 750.0 60.0 6.6
9 550.0 30.0 9

10 550.0 30.0 45
1 750.0 30.0 4.9
12 750.0 30.0 5.2
13 550.0 60.0 4.2
14 550.0 60.0 41
15 750.0 60.0 6.4
16 750.0 60.0 6.3
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Step 4: Normalization

Create a new tab named “Normalized data” and import the results from the “Data” spreadsheet.
Afterwards, normalize the factor columns to take values in the range [-1, 1]: Data Transformation —

Normalizers = Min-Max

Col5
User Header
1

Import from File

Import from Spreadsheet

Import from Multiple Spreadsheets
Adjust Spreadsheet Precision -

Export Spreadsheet Data —

W 0 NV AW

Clear Spreadsheet

-
=]

Choose tab as input X

Select input tab Data -

Execute Cancel

Min-Max normalizer

Excluded Columns — Included Columns ——
| Cols - Y1 Col2 - X1
>> Col3 - X2
Col4a-X3
)
<
<<
Min -1.0
Max 1.0
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Results:

User Header

1

W 0 N 60 1 A W N

Col1

NovaMechanics Ltd

Col2 (D) Col3 (D) Col4 (D) Col5 (D)
-1.0 -1.0 -1.0 8.8
1.0 -1.0 -1.0 44
-1.0 1.0 -1.0 5:2
1.0 1.0 -1.0 5.0
-1.0 -1.0 1.0 4.5
1.0 -1.0 1.0 4.0
-1.0 1.0 1.0 %2
1.0 1.0 1.0 6.6
-1.0 -1.0 -10 9.0
1.0 -10 -10 4.5
-1.0 1.0 -1.0 49
1.0 1.0 -1.0 52
-1.0 -1.0 1.0 42
1.0 -1.0 1.0 4.1
-1.0 1.0 1.0 6.4
1.0 1.0 1.0 6.3
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Step 5: Regression

The goal here is to produce a regression equation that includes main effects, two-factor interactions

and three-factor interactions for Y4:

Create a new tab named “Regression — Y1” and import the results from the spreadsheet “Normalized
data”. Afterwards, fit a generalized linear model to the data: Analytics — Regression — Statistical fitting

— Generalized Linear Models

Generalized Linear Models Regression

NovaMechanics Ltd

Type

Confidence Level(%)

Dependent Variable

X1

X3

Excluded Columns — Factors

Linear

95 Scale Para

Formula Type: @ Custom Main Effects

X1+ X2 + X3 + X1:X2 + X1:X3 + X2:X3 + X1:X2:X3

Formula:

Custom Formula Creation

Included Columns

Execute Cancel

Add interactions

up to order 3
Add terms
up to order 2

Add Custom Interaction

Delete Selected

Reset Selections

X1+ X2 + X3 + X1:X2 + X1:X3 + X2:X3 + X1:X2:X3

meter Method Fixed value -

1.0

Specify Reference Levels
Covariates
Col2 - X1
Col3 - X2
Col4-X3

Full Factorial

Specify Custom Model Formula

Included Terms

X1
X2
X3
X1:X2
X1:X3
X2:X3

X1:X2:X3 ‘

-

Move up Move down
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Results:

838 8.9000000 eSSl
Fit
4.4 4.4500000 Value
5.2 5.0500000 Deviance 0.5050000
5 5.1000000 asaied 0.5050000
Deviance
45 43500000 PR 0.5050000
Chi-Square
Scaled
4 4.0500000 Pearson 0.5050000
Chi-Square
1.2 6.8000000 Log Likelihood -14.9555165
Akaike's
6.6 6.4500000 Information |45.9110331
Criterion (AIC)
Finite Sample
9 8.9000000 Corrected AlC |66.4824616
(AICC)
Bayesian
4.5 4.4500000 Information |52.0917428
Criterion (BIC)
49 5.0500000 Consistent Alq o 0917428
(CAIC)
5.2 5.1000000
4.2 4.3500000
4.1 4.0500000
6.4 6.8000000
6.3 6.4500000
Parameter
Estimates
Variable Coefficient | Std. Emror Lower CI |Upper Cl Test Statstic |df p-value
intercept 5.64375 |0.25 5.1537590 |6.1337410 509.6306250 |1 0.0
X1 -06312500 |0.25 -1.1212410 | -0.1412580 | 6.3756250 1 0.0115698
X2 0.2062500 0.25 -02837410 | 0.6962410 0.6806250 1 0.4093716
X3 -02312500 :0.25 -0.7212410 0.2587410  |0.8556250 1 0.3549659
X1=X2 0.55625 0.25 0.0662590 | 1.0462410  |4.9506250 1 0.0260812
X123 046875 0.25 -00212410 |0.9587410 3.515625 1 0.0607927
X2%x3 1.0062500 0.25 0.5162590 1.4962410 162006250 |1 0.0000570
X12X2*X3 -05687500 (0.25 -10587410 |-00787590 |5.1756250 1 0.0229059
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Step 6: Data selection for Regression Metrics

Create atab named “Metrics Data-Y1” and import the results from the spreadsheet “Regression-Y1”.
Next, assign names to all unnamed columns containing data, using names such as Z1-Z9. Then, select
only the response column (Y1) and the “Prediction” column to be transferred to the right spreadsheet:
Data Transformation — Data Manipulation — Select Column(s)

Colt Col2 (D) Col3 (D) Cold ColS () Col6 (S) Col7 (5) Col8 (S) Cold (S) Col10 () Col11 () Col12 (S)

s o + - + + + + + + + " +
3 52 508 Osviance 0.5050000
4 s 51000000 Seled g c050000
Paarson
5 45 'LSSCCCCO | -scuare .QSGSCCCO
Scalad
6 4 405 Paarson 0.5050000
| | |Chi-Sguara | |
7 72 &8 Log likafhozd -14.9555165
+ + e 3 + + 4 +
8 [ 64500000 Infcrmation | 459110331
- - -Cﬁw (A'U. . - .
Finite Sample
9 9 8% Caeractad AIC 664824616
- - -wcg - - . -
Sayazian
10 45 44500000 Infcemation | 520917428
. - -Cﬁm "me k3 . . . - .
Corgatant 8C
1" 45 508 e0.0817428
! S ! ]
12 52 $.1000000
12 42 43500000
. + " — + + + + 4 +
14 41 .LCS | |Extimates | | | | | | [
15 64 68 Varabla Ceefficiart | Std. Emee Lewer O Upgard Tast Statstic |of pvalus
16 63 64500000 intarcagt 564375 025 59537580 61337410 S09.630€250 1 00
Results:
Col3 (D)
User Header
1 8.9
2 44500000
3 5.05
4 5.1000000
> Select Column(s) 5 4.3500000
6 4.05
Excluded Columns — Included Columns 7 6.8
@ Select Columns Manually Cols 22 Col2 -1
Cols 23 Col3 -~ Prediction 8 6.4500000
Select Matching Columns from Node EZZ :Z . 9 6o
o - Col9 ~26
s ol -] 10 44500000
Col11-28 <
Select Columns Manually and from Node c:H; ~29 1 5.05
Select Node - 12 5.1000000
13 4.3500000
14 4.05
= = =
Execute Cancel
16 6.4500000

10
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Step 7/: Regression Metrics

Create a tab named “Metrics — Y1” and import the results from the spreadsheet “Metrics Data - Y1”.
Then, produce the regression metrics for the Y, regression equation: Statistics — Model Metrics —

Regression Metrics

Regression Statistics Metrics

Actual Value Column Col2-Y1 v

Prediction Value Column Col3 -- Prediction v

Results:

Col1 Col2 (D) Col3 (D) Col4 (D) Col5 (D)

User Header

1 0.0315625 0.1776584 0.1437500 0.9868006

11
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Step 8: Analysis of Covariance

Create a new tab named “ANCOVA - Y1” and import the results from the spreadsheet “Normalized

NovaMechanics Ltd

data”. Afterwards perform analysis of covariance for Yi: Statistics = Analysis of (Co)Variance —

ANCOVA

X1

X3

ANCOVA
Confidence Level (%) 95
Dependent Variable ( Cols —-Y1 'j
Sum of Squares for Tests Adjusted (Type Ill) -
Coding for Factors (1,0) v
Excluded Columns ———  Factors ———
>
<
Specify Reference Levels
- Covariates
>
Col2 - X1
s Colz X2
Col4--X3
Formula Type: ® Custom Main Effects Full Factorial
Specify Custom Model Formula
X1 4 X2 + X3 + X1:X2 + X1:X3 + X2:X3 + X1:X2:X3
Formula:

Custom Formula Creation

Included Columns

Add interactions

up to order 3
Add terms
up to order 9,

Add Custom Interaction

Delete Selected

Reset Selections

X1 + X2 + X3 + X1:X2 + X1:X3 + X2:X3 + X1:X2:X3

12

-

— Included Terms

i ml
X2 ‘
X3 |
X1:X2
X1:X3
X2:X3

X1:X2:X3

Move up Move down
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Results:

User Header

1

W 00 N O N AW N

Final Isalos Workflow

Col1

NovaMechanics Ltd

Col2 (S) Col3 () Col4 (D) Col5 (D) Col6 (D) Col7 (D)
1 6.3756250 6.3756250 101.0000000 |0.0000082
1 0.6806250 0.6806250 10.7821782 |0.0111275
1 0.8556250 0.8556250 13.5544554 |0.0062045
X1*X2 1 4.9506250 4.9506250 784257426 |0.0000209
X2*X3 1 16.200625 16.200625 256.6435644 |2E-7
X1*X3 1 3.515625 3.515625 55.6930693 |0.0000718
X1*X2*X3 1 5.1756250 5.1756250 81.9900990 |0.0000177
8 0.5050000 0.0631250
15 38.2593750

8 D
@ Full Factorial

\ 7

~

\

| @ Regression-Y1

LU G

-

® Metrics Data-Y1

| l‘ ® Metrics-Y1 ]

r——

® Responses
(001 923 319

I‘ ® Data | 'l @ Normalised Data
(01 9} 3 MR s G b

M
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