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Intestinal vs. In Vitro Hydrodynamics
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MACRO: Mixing at the 

Lumen Scale
MICRO: Mixing and 

Absorption at Mucosa
Intestinal Hydrodynamics: 

Transport, Mixing, 

Absorption



Intestinal vs. In Vitro Hydrodynamics

Videofluoroscopy of dog intestine 

by H. J. Ehrlein
(http://www.wzw.tum.de/humanbiology/

)

Peristaltic Contractions 

(propagating waves)

(axial transport)
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Segmental Contractions

(standing waves)

(radial mixing)



Lumen-Scale Motility in the Intestines 

- Fed State -

Segmental Contractions

Peristaltic Contractions

1.92 cm

0 cm 

time (s)

x (cm)

Lumen Diameter D(x,t)

1.92 cm

0 cm 

time (s)

x (cm)
Lumen Diameter D(x,t)

4

c ~ 1-3 mm/s

T ~ 2-4 s

(also humans)
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In Vivo Hydrodynamics for 

Drug Dissolution
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Modeling Hydrodynamic Influences on 

Dissolution Rate
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Hydrodynamic Enhancements 

to Dissolution:

1/ Convection

2/ Flow Shear

In vivo vs. In vitro?



Hydrodynamics, In Vivo vs. In Vitro:

Convection (Slip)
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particle path

 slip velocity

Hydrodynamic Particle Parameters

for Dissolution Rate 



A Previously Unappreciated Hydrodynamic Effect 

on Dissolution Rate: Fluid Shear

a εparticle path
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Hydrodynamic Particle Parameters

for Dissolution Rate 



Shear Rate: In Vitro USP II vs. In Vivo Intestine

Distribution of shear rates within 

the media at 50 and 100 rpm

*J. Kukura, J. Baxter, and F. Muzzio, 

Int. J. Pharm., 279 (2004) 9-17; from 

Computational Fluid Dynamics

USP II, Computer Simulation*
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GUT, 

Computer Simulation**
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Shear Parameters with Shear:

Intestine vs. USP II

Intestine USP II

Re S <  0.0007

- 0.003
ReS <  0.25 - 0.5

S* <  10 - 25 S* <  250 - 500
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The Influence of Hydrodynamic Shear 

on Dissolution
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- Shear increases dissolution rate in intestine: 

- Enhancement is 2-3 times larger in the 

USP II device compared to the intestine
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Why Hydrodynamic Shear Enhances 

Dissolution Rate
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Validation with Coutte Cell In Vitro Shear Experiments: 

(Deanna Mudie, Greg Amidon)
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Benzoic Acid

, 1 2 3:  26 ,  50 ,  71

RPM      Shear Rate (S)
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3 Initial Particle Distributions

3 Rotation Rates

elevent)

RPM (Rv,avg)0

S* for 

(Rv,avg)0

S* for 

(Rmax)0

0.5 26 mm 4.19 20

10 50  mm 312 700

10 71 mm 627 1100

100 50 mm 3121 7000

100 71 mm 6270 11000



Validation of the 

"Hierarchical Polydisperse Mathematical Model"
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S* = 312, R2
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Effect of Shear on Diffusion Layer Thickness

Commonly used in Mathematical Models
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Effect of Hydrodynamic Shear (and convection) 

on diffusion layer thickness :

1. reduce the thickness of the diffusion layer 

2. reduce  more at larger particle sizes

USP II

intestine
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Hydrodynamic Influences are 

Important to Drug Release and 

Distinctions between In Vivo and In Vitro 

Dissolution Dynamics,

and therefore need to be understood, 

characterized and properly incorporated 

into mathematical and in vitro modeling.

Conclusion
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