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Starting point – what do we do now?

02.12.2021



Creating better models for the small
intestine mucosa
◦ Over the last several years, there has been growing interest in 3D models of the GI mucosa
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◦ The schematic shows the set up from

MatTek, which was presented at AAPS 

in 2014

◦ In this approach, small intestinal 

(SMI) epithelial cells were harvested

from post-mortem donors following

IRB approval. SMI cells were

seeded onto cell culture inserts

(partial thickness tissue, SMI-100) or

onto a myofibroblast collagen-gel 

matrix (full-thickness tissue, SMI-

100-FT), raised to the air liquid 

interface and cultured for 2 weeks in 

specially formulated culture medium 

designed to induce differentiation. 



Creating better models for the small
intestine mucosa
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H&E staining showing the: (A) epithelium of explant small intestinal tissue and (B) partial thickness (PT) and 
(C) full-thickness (FT) EpiIntestinal tissue model. Micrographs of brush border membranes, tight junction
formation and mucous secretory granules are also shown. 

◦ Data from Ayehunie et al. AAPS NERDG Annual Meeting 2014 (MatTek.com)



Creating better models for the small
intestine mucosa
◦ Over the last several years, there has been growing interest in 3D models of the GI mucosa
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◦ In this approach, full-thickness jejunal 
tissues for isolation of human intestinal 
epithelial cells (hIECs) were obtained from 
obese patients undergoing a stomach 
bypass operation at the surgery unit, of the 
University Hospital Würzburg. The IECs 
were isolated from human small intestinal 
tissue and expanded as an organoid culture 
for 3–4 weeks.

◦ After enzymatic digestion, single cells were 
seeded on a decellularized biological
scaffold (SIS) with or without intestinal 
fibroblasts. 

◦ Tissue models were cultured for 7 days 
under static or dynamic conditions and can 
be used for various research applications



Creating better models for the small
intestine mucosa
◦ Over the last several years, there has been growing interest in 3D models of the GI mucosa
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◦ The left hand side shows the development of the mucosa in a flow bioreactor, while the permeability data are shown on 

the right hand side for fluorescein, a poorly permeable compound, and propanolol, a highly permeable compound. 

Comparison of results in a static set up with those in the dynamic environment of bioreactor illustrates the importance of 

fluid dynamics on the results. All data taken from Schweinlin et al. Tissue Engineering DOI: 10.1089/ten.tec.2016.0101



Correlation of Papp to Peff values - 2002

02.12.2021D. Sun et al. Pharm Res 2002;19:1400–1416.



Correlation of Papp to Human Peff - now

Improvements in the last two decades have been numerous:

◦ Introducing a pH gradient (pH 6.5 to 7.4)

◦ Calculating a->b to b->a ratios to evaluate potential for Pgp efflux

◦ Using biorelevant media as the apical phase (FaSSIF V1)

◦ Using cell lines with shorter set-up times

◦ Transferring to a 96-well plate to facilitate more rapid screening

◦ Transfecting cell lines to create a better simulation of the small intestine mucosa

BUT

◦ We still don‘t have an immortalized healthy enterocyte cell line

◦ Methods lack ability to differentiate duodenal / jejunal / ileal / colonic Papp

◦ Difficult to assess transporter contributions to permeability vis a vis passive diffusion
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Getting the most out of Papp data
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Calculation of average absorption rate from Papp data



Getting the most out of Papp data
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A simple Papp/Peff correlation might suffice, but it would also be useful to create a 

mechanistic model e.g. when variability among individuals needs to be captured.



Getting the most out of Papp data
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Getting the most out of Papp data
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Getting the most out of Papp data

02.12.2021



The other side of the equation: 
establishing Peff in humans
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The other side of the equation: 
establishing Peff in humans

Issues with Loc-i-gut data

◦ Drug is perfused in a plain buffer solution

◦ Perfusion rates and volumes are at odds with

what we know now about volumes in the

small intestine

◦ Typically only the jejunal Peff is measured – it

is difficult to intubate to the ileum or colon

◦ The disappearance of drug from the lumen is

measured – does this always equate with

absorption?

◦ Subjects may be uncomfortable due to the

intubation procedure and the tube position

has to be checked by fluoroscopy, creating

risks for the subject
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Tracking Peff as a function of location is
easier with a „permeability capsule“

◦ Söderlind et al. J Contr. Rel. 2015, 217: 300-307 (Metoprolol)
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Electronic Pill currently in development
at the Fraunhofer Institutes in Germany
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The „e-Pille“ project promises

Precise Drug Delivery using

easy to swallow, sustainable

microdosing devices



The „e-Pille“

◦ Will have a modular design

◦ Be easy to swallow

◦ Its position in the GI tract can be

followed using sensors

◦ Release can be triggered once the e-

Pille has reached the desired location

◦ Release can be short (10-15 min) to

measure permeability at a single

location

◦ Or, longer (over hours) to simulate a 

controlled release profile
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The „e-Pille“
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2. The e-Pille releases the API at a 
constant rate over e.g. 10 
minutes at the desired site

3. If, for example, the API is better
absorbed from site A than site B, 
this will be reflected in a higher
plasma concentration



Timeline for
the „e-Pille“
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……………and many thanks for your attention!
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