
 
Design and Development of Darunavir Loaded Self Micro 
Emulsifying Drug Delivery System using Extreme Vertices 

Mixture Design in a Quality by Design Framework 

 

Purpose: The purpose of this research paper is to develop and optimize a 
Darunavir-loaded self-micro emulsifying drug delivery system (SMEDDS) using 
an Extreme Vertices Mixture Design within a Quality by Design (QbD) 
framework. The mixture components examined are Capryol 90, Tween 80, and 
Transcutol HP, while the responses are drug release, drug loading, 
emulsification time, and droplet size. 

Isalos version used: 2.2.0 

Scientific article:  

Reddy, K. A. N., Kunchithapatham, J., Dang, R., & Ramnarayanan, C. (2020). 
Design and Development of Darunavir Loaded Self Micro Emulsifying Drug 
Delivery System using Extreme Vertices Mixture Design in a Quality by Design 
Framework. 

Step 1: Extreme Vertices Design 

Rename the first tab from “Action” to “Extreme Vertices”. Then, go to 
DOE → Mixtures → Mixtures Design and select Extreme Vertices. Set 
the number of components to 3 and the degree of design to 2. Define 
the component bounds as A = 0.12–0.31, B = 0.51–0.67, and C = 0.18–
0.23. Set the number of replicates and blocks to 1. Keep Random 
Standard Order disabled and do not select Axial Points or Center 
Points. Click Execute to generate the experimental design. 



 

 

 

 

 

Results (right spreadsheet) : 

 



Step 2: Definition of Response Variables 
Create a new spreadsheet and rename it “Responses”. Enter the response 
values reported in the paper for the 10 experimental formulations. The 
four response variables are Drug Release, Drug Loading, Emulsification 
Time, and Droplet Size. 

After entering the data, go to Data Transformation → Data ManipulaƟon → 
Select Column(s) and select the four response columns. Click Execute to 
complete the response dataset. 

 

 

 

 



 

 

 

 

 

Step 3: Data Preparation 
Create a new spreadsheet and rename it “Data”. To combine the Extreme 
Vertices design with the response data, right-click on the spreadsheet and 
select Import from Multiple Spreadsheets. In the Multiple Spreadsheet Joiner, 



select Horizontal concatenation, with Extreme Vertices as the Left 
Spreadsheet and Responses as the Right Spreadsheet. Click Execute. 

Then, go to Data Transformation → Data ManipulaƟon → Select Column(s). 
Select only the mixture components A, B, C and the four response variables 
Drug Release, Drug Loading, Emulsification Time, and Droplet Size. Exclude 
any additional design-information columns. 

 

 

 

 

 



 

 

 

 



 

Results : 

 

 

Step 4: Drug Release Mixture Analysis 
Create a new spreadsheet and rename it “Regression-Drug_Release”. Right-
click on the spreadsheet, select Import from Spreadsheet, choose the Data tab 
as input, and click Execute. 

Then, go to DOE → Post DOE Analysis → Mixture Analysis. Select Drug Release 
as the dependent variable and A, B, and C as the mixture components. Select 
Quadratic as the analysis type, keep the confidence level at 95%, and click 
Execute to obtain the fitted mixture model and its statistical results. 

 

 



 

 

 

 

 

 



 

Step 5: Drug Loading Mixture Analysis 
Create a new spreadsheet and rename it “Regression-Drug_Loading”. Right-
click on the spreadsheet, select Import from Spreadsheet, choose the Data tab 
as input, and click Execute. 

Then, go to DOE → Post DOE Analysis → Mixture Analysis. Select Drug Loading 
as the dependent variable and A, B, and C as the mixture components. Select 
Quadratic as the analysis type, keep the confidence level at 95%, and click 
Execute to obtain the fitted mixture model and its statistical results. 

 

 

 



 

 

 

 

 



Step 6: Emulsification Time Mixture Analysis 
Create a new spreadsheet and rename it “Regression-Emulsification_Time”. 
Right-click on the spreadsheet, select Import from Spreadsheet, choose the 
Data tab as input, and click Execute. 

Then, go to DOE → Post DOE Analysis → Mixture Analysis. Select 
Emulsification Time as the dependent variable and A, B, and C as the mixture 
components. Select Quadratic as the analysis type, keep the confidence level 
at 95%, and click Execute to obtain the fitted mixture model and its statistical 
results. 

 

 

 

 

 



 

 

 

 

Step 7: Droplet Size Mixture Analysis 
Create a new spreadsheet and rename it “Regression-Droplet_Size”. Right-
click on the spreadsheet, select Import from Spreadsheet, choose the Data tab 
as input, and click Execute. 

Then, go to DOE → Post DOE Analysis → Mixture Analysis. Select Droplet Size 
as the dependent variable and A, B, and C as the mixture components. Select 



Quadratic as the analysis type, keep the confidence level at 95%, and click 
Execute to obtain the fitted mixture model and its statistical results. 

 

 

 

 

 

 



 

 

Final Isalos Workflow 
The final workflow is presented below : 
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