
Isalos Analytics Platform  NovaMechanics Ltd 

1 
 

 

Formulation of extended release cefpodoxime proxetil chitosan-
alginate beads using quality by design approach 

 

The purpose of this research paper is to develop and characterize chitosan-alginate beads for the 
extended delivery of cefpodoxime proxetil (CFP), to understand the impact of formulation and 
process parameters on the critical quality attributes using quality-by-design approach. Design of 
experiments (DoE) methodology is implemented for the optimization of the formulation 
parameters. 

The factors (independent variables) examined are: X1 = amount of sodium alginate (w/v %), X2 = 
amount of chitosan (w/v %) and X3 = amount of calcium chloride (w/v %). All the factors are 
continuous. The responses (dependent variables) examined are: Y1 = time for 80% of the drug to be 
released (h), Y2 = particle size of the beads during manufacturing (μm) and Y3 = maximum drug 
encapsulation (%). The applied DoE method is Box Behnken design.  

Isalos version used: 2.1.2 

Scientific article: https://www.sciencedirect.com/science/article/pii/S0141813014003730  

 

Step 1: Box Behnken 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 “Box Behnken”. 
Afterwards, apply the Box Behnken method: DOE → Response Surface → Box Behnken 
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Results (right spreadsheet): 

 

 



Isalos Analytics Platform  NovaMechanics Ltd 

3 
 

Step 2: Factor selection 
Create a new tab named “Factors” and import the results from the “Box Behnken” spreadsheet by 
right clicking on the left spreadsheet. Then, select only the factor columns to be transferred to the 
right spreadsheet: Data Transformation → Data Manipulation → Select Column(s) 
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Results:  
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Step 3: Definition of response variables 
Create a new tab named “Responses” and define the responses in the column headers. Fill each 
column with the values of the corresponding responses that were observed and make sure the 
values follow the order of the experiments as given by the Box Behnken design. Then, select all 
columns to be transferred to the right spreadsheet: Data Transformation → Data Manipulation → 
Select Column(s) 

  

 

 

 



Isalos Analytics Platform  NovaMechanics Ltd 

6 
 

Step 4: Normalization 
Create a new tab named “Normalized data” and import the results from the “Factors” and 
“Responses” spreadsheets. Afterwards, normalize the factor columns to take values in the range [-
1, 1]: Data Transformation → Normalizers → Min-Max 
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Results:  
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Step 5: Regression  
The goal here is to produce a regression equation that includes main effects, two-factor interactions 
and quadratic effects for Y1:  

𝑌 = 𝑏଴ + 𝑏ଵ𝑋ଵ + 𝑏ଶ𝑋ଶ + 𝑏ଷ𝑋ଷ + 𝑏ଵଶ𝑋ଵ𝑋ଶ + 𝑏ଵଷ𝑋ଵ𝑋ଷ + 𝑏ଶଷ𝑋ଶ𝑋ଷ + 𝑏ଵଵ𝑋ଵ
ଶ + 𝑏ଶଶ𝑋ଶ

ଶ + 𝑏ଷଷ𝑋ଷ
ଶ 

 

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 
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Results:

 

 

 

 

 

 



Isalos Analytics Platform  NovaMechanics Ltd 

10 
 

Repeat this step for the rest of the response variables. Results, Y2:
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Results, Y3:
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Step 6: Data selection for Regression Metrics 

Create a tab 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) 

 

Results: 

  
 

Repeat this step for the rest of the response variables.
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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 Y1 regression equation: Statistics → Model Metrics 
→ Regression Metrics  

 

 

 

Results: 

 

 

 

Repeat this step for the rest of the response variables. Results, Y2:

 

 

 

Results, Y3: 
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Step 8: Analysis of Covariance 
Create a new tab named “ANCOVA – Y1” and import the results from the spreadsheet “Normalized 
data”. Afterwards perform analysis of covariance for Y1: Statistics → Analysis of (Co)Variance → 
ANCOVA  
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Results:  

 

 

Repeat this step for the rest of the response variables. Results, Y2:

 

 

 

 

 

 

 



Isalos Analytics Platform  NovaMechanics Ltd 

16 
 

Results, Y3: 

 

 

Final Isalos Workflow 
The final workflow is presented below: 
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