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Product Research Advances 

• GastroIntestinal Processes 
– pH, Buffer Capacity, Motility 
– Enteric Coating 

• Gastrointestinal Simulator (GIS) 
– In vivo Predictive Dissolution (iPD) 

• In Vivo Plasma Level Variability 
 



GastroIntestinal Prediction 

Required Accurate Input 



DIRECT AND SIMULTANEOUS DRUG 
MEASUREMENT: PLASMA AND INTESTINE 

(NORMAL SUBJECTS, BE PROTOCOL) 

Ongoing Studies 
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1) Gastrointestinal 
Concentrations 

2) Motility 
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Gastrointestinal Motility: Fasted 
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Combined Models Prediction 



Initial Correlations 



Luminal GI Ibuprofen (solution) 

Stomach Duodenum Jejunum 

Ibuprofen Present in the Intestine for 7 hrs. 



Ibuprofen is in the intestine for 7 hours 
Yet Dissolves in 10 minutes (USP) 

First Observation 



Dissolution of Clinical Dosage form  
(800 mg Dr. Reddy’s Reference Listed Drug(RLD)) 

800mg intact tablet dissolution in pH 6.5, 10 mM HCO3 buffer (15% CO2 & 
total buffer concentration of 14 mM). USP 2 apparatus, 50 rpm & 37 °C 

Bulk 
Volume, ml 

Extent of 
dissolution 

Time to dissolve 
50% dose, min 

Time to 100%, 
min 

500 105% 13 80 
900 102% 10 60 

100% dissolved ≈ 10 min 

USP Test: pH =7.2 50mM Phoshate 
50 RPM paddle (Apparatus 2) 
Not Less Than 80% dissolved in 60 min 



USP Simulated Intestinal Fluid 
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Low Dose ASPIRIN 







0

500

0 2 4 6 8
Co

nc
 IB

U
 u

g/
m

L 
time h 

Ibu Conc. (Duod+Jeju) 
ug/mL 

Differential profile Cumulative profile 

C∗ ∅ ∗ ∆𝑡𝑡 = 𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴 

𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝑡𝑡 = 
∑ (𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴 𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷⁄𝑡𝑡
0 ) ∅ = 𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓 𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓 

∅ = 𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓 𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓 = "1" Individual 𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝑡𝑡  =
∑ (𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴 𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝑚𝑚𝑚𝑚𝑚𝑚⁄𝑡𝑡
0 ) 

Small intestine as a flow through cell 

In vitro flow cell 

In vivo flow cell 

H20 
secretion 

H20 
absorption 

C∗ ∅ ∗ ∆𝑡𝑡 = 𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴 

Differential profile Cumulative profile 
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Fdiss 

Time h 

Time h 



Koenigsknecht et.al., 2017  
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Human Gastrointestinal Tract 



Product Research (FDA) 

• Measure Gastrointestinal Mechanism 
– Buffer Capacity 
– Buffer is Bicarbonate 

• Motility State is a Random Variable 
– Requires a Stochastic Process 
– MRI Development 

• Ultimately Reduce BE Variability 
• Capture in a GIS Dissolution Methodology 



BCS: In  Vivo->in Vitro 
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