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Gut-Box™ 
PN 110205 

 
The Gut-Box is an important accessory for PAMPA permeability or µSOL solubility systems from 
Pion.  In PAMPA, the Gut-Box provides stirring that matches the hydrodynamics in the 
gastrointestinal tract (GIT).  It also provides an additional order of permeability response for more 
accurate overall results for the GIT and the blood brain barrier.  Solubility measurements using solid 
API are obtained when the Gut-Box is paired with the µSOL Explorer™ or Evolution™ systems. 
 

Aqueous Boundary Layer (ABL) 
The ABL constitutes a sticky layer of water adhering 
to the surface of membranes.  Since little mixing or 
molecular motion occurs within this region, it is not 
the membrane, but the ABL that acts as the primary 
barrier to the permeation of highly lipophilic 
molecules.  In unstirred systems this barrier is 
typically 1200 µm and in the human jejunum it is only 
40-100 µm thick.   
 
The permeability in poorly or completely unstirred 
membrane systems depends on the thickness of the 
ABL, and not the membrane itself.  Stirring control is 
therefore essential. 
 
Precise Stirring Control for 96 wells 
Each well of the donor plate contains a small 
magnetic stir disc that flips in response to the precise 
rotation of a high magnetic field inside the Gut-Box.  
The front panel control is factory calibrated to deliver 
the exact ABL thickness setting. 

 
True Membrane Permeability 
The permeability pH plot for chlorpromazine under a variety of stirring conditions is shown below.  
Under ideal conditions with no ABL, the permeability of this basic molecule would increase with a 
slope of 1 up until it is neutral and no further pH dependence is observed as indicated by the 
double-dashed line.  The intersection between both straight line tangents crosses at the pKa of 
9.24.   
 
Stirring Rate Should be Controlled 
However without stirring, only the permeability at  
< pH 3 is unaffected by the unstirred water layer.  
In contrast, a system with a 27 µm thick ABL (or 
UWL) would yield true membrane permeability 
values almost up to pH 5, or at least an additional 
order of magnitude response in permeability.  
 
Since permeation rate may be controlled by the 
unstirred water layer, it is important to make 
measurements that are as biomimetic as possible.  
The Gut-Box provides this necessary stirring 
environment throughout the 96 well plate. 
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Plate Shakers Don’t Stir Small Volumes 
Many customers mistakenly assume that a plate shaker will stir the contents of a PAMPA sandwich, 
but our research indicates the small liquid simply moves with the plate itself.  At best, the small 
stirring effect that exists is not evenly distributed throughout the plate, yielding results that are not 
reproducible.  This is precisely why the Gut-Box was developed. 
 
Intrinsic Membrane Permeability, Po 
True membrane permeability data combined with the measured pKa value can be used to 
determine the intrinsic membrane permeability by extrapolation (log Po ~ 1 in the chlorpromazine 
plot).  The intrinsic value is of practical importance for two main reasons.  Firstly, it allows medicinal 
chemists to better evaluate permeability for SAR studies to improve compound availability.  
Secondly, the intrinsic membrane permeability is required when predicting high quality BBB 
penetration using in combo models.  These models combine actual permeability measurements 
with BBB lipid and hydrogen bonding descriptors of the compounds to achieve the best possible 
correlation of acids, bases, zwitterions and ampholytes with rodent brain perfusion data. 
 
DMSO-Free Solubility Measurement 
While the µSOL Explorer/Evolution™ systems use API/DMSO stock solutions for the accurate 
determination of pH-solubility, some projects require introduction of drugs as solids.  Under these 
circumstances, the Gut-Box provides the necessary stirring in the deep well plate to ensure 
equilibrium is achieved between the solution and the solids. 
 
Gut-Box Features and Applications 

• Precise stirring control 

• Extended dynamic permeability range 

• Factory calibrated control for the ABL 

• Integrated cover for humidity control  

• Biomimetic stirring for human jejunum 
 

• True membrane permeability 

• Intrinsic permeability  

• Permeability SAR modeling 

• DMSO-Free solubility in 96-well format 
 

 
Specifications 
360 mm long x 200 wide mm x 150 mm high 3.3 kg 
110-240 VAC, 47-63 Hertz, 1 Amp  
(includes power adapter) 
 

ABL: 25-300 µm  
(unstirred water layer, UWL) 
 

 
Gut-Box and Accessories 
  
110205 
120551 
110243 
110211 

Gut-Box 
5 Pack of Stirwell PAMPA Sandwiches Preloaded with stirrers 
5 Pack of Stirwell PAMPA Sandwiches, no stirrers 
Stirrers, pack of 1,000 

 
 
Patents and Trademarks 
Double-Sink, Gut-Box and PAMPA Explorer, PAMPA Evolution, µSOL Evolution, µSOL Explorer 
are trademarks of Pion Inc.  


