




AZ partners



• Cancer

• Hepatocellular carcinoma

• GI physiology 

• Luminal, hormonal and neural regulation of intestinal fluid flux, bicarbonate secretion, motility, and permeability

• GI pathophysiology

• Characterization and treatment of intestinal barrier dysfunction and chemotherapy-induced mucositis

• Biopharmaceutics:

• Disposition of PROTACs – PhD position available, deadline application in 8 h 

• Permeation enhancing excipients and enabling nano formulations

• In vivo regional intestinal drug permeability



Human

Predictive

models



• Intestinal drug absorption

• Permeability

• Regional intestinal differences

• Dog

• Rat



Processes determining fraction 

absorbed (fabs)

Permeability is the net transport rate 

(cm/s) of a dissolved molecule across 

the mucosal epithelium



J = Flux (mass/time/area) 

Cdonor = Concentration (mass/volume)

P = Permeability (length/time)

Cdonor

Permeability (P) is the intrinsic parameter of a solute that relates flux (J), 

to the concentration gradient (Cdonor) across a barrier (lumen-to-blood)



Primary site of drug absorption

No drug absorption



IR

MR



Connor, A., King, G., & Jones, K. (2007). Evaluation of 

human regional bioavailability to assess whether modified 

release development is feasible. Proc AAPS, 9(S2), 724





Diffusion chamber

(Caco-2, Ussing)

In situ

(SPIP, closed loop)

Prediction of human permeability (and fabs)

Not validated with 

regard to regional 

differences in human 

permeability
Phys-Chem

QSAR

Computational

In vivo

(dog, pig)

Higher complexityLower complexity







Multi-lumen tubes



Amino acids are absorbed 

with transporter proteins
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Cut-off at a jejunal Peff of 

≈ 1.5 x 10-4 cm/s → fabs > 90%
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Small differences in drug Peff

between jejunum and ileum



No colonic drug Peff data!

“black-box”

Alternative methods are needed 

determine human colonic Peff
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API

Jejunum Ileum Colon

Peff (10-4 cm s-1) 

Bevirimat 5.9 3.7 0.21

Budesonide 1.9 3.4 0.59

Cyclosporin 2.2

2.6

0.84 0.0001

Fenofibric acid 8.6 2.3 0.48

Fexofenadine 0.27 0.062 0.025

Ipsapirone 0.31 0.33

0.42

Lisdexamfetami

ne

3.1 3.3 0.11

Lumiracoxib 3.7 7.2 2.5

Metoprolol 1.5 2.0 1.6

Nifedipine 4.4 1.2

2.0

Ranitidine (tube) 0.39 0.071

Ranitidine 

(capsule)

0.21 0.11 0.060

Rivastigmine  16 12 10

Sumatriptan 1.7 0.27

Theophylline 0.92 0.74



API Decon Peff

(10-4 cm s-1)

SPIP Peff

(10-4 cm s-1)

Cyclosporin 2.2 1.61 ± 0.53

Fexofenadine 0.27 0.07 ± 0.07

Metoprolol 1.5 1.34 ± 1.0

Ranitidine 0.30 0.27 ± 0.25

Good agreement between jejunal Peff values from the SPIP and Decon methods
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Atenolol Metoprolol Ketoprofen

Low Permeability High

Three model drugs 

were administered 

as a cocktail 

solution 

Four administrations (iv, jejunum, ileum, colon) to 14 volunteers: 

Deconvolution during 30-min (60 min in previous study)

Intestinal site verified with tube length, and x-ray
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The Peff was high (>1 x 10-4 cm/s) in all regions for the medium-to-high permeability drugs, 

metoprolol and ketoprofen 

The Peff was substantially lower in the colon for the low permeability drug, atenolol



Surface area compared to a tube (folds/villi):

• Jejunum 19 fold

• Ileum 10 fold

• Colon 1 fold

Differences in regional intestinal 

surface area important for low Peff

compounds! (but not for high Peff)
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DeconvolutionSPIP

Good agreement between jejunal Peff values

Further supports the use of the Decon-Peff model

A
te

n
o

lo
l

M
e
to

p
ro

lo
l

K
e
to

p
ro

fe
n

0 .1

1

1 0

1 0 0

P
e

f
f

(x
1

0
-4

c
m

/s
)

S P IP

D e c o n vo lu tio n

Low Permeability High



Comparison between Peff calculated based 

on plasma appearance (Decon) and luminal 

disappearance in the rat SPIP model
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= 100 mM
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Small difference in Cin and Cout = 

difficult to determine Peff with high 

accuracy = Peff is overestimated







Four model drugs 

were administered as 

a cocktail solution 

Enalaprilat Atenolol Metoprolol Ketoprofen

Low Permeability High
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Rat Ussing and rat SPIP disappearance Rat SPIP appearance (Decon)



Rat Ussing

Enalaprilat Atenolol Metoprolol Ketoprofen

Low Permeability High

Four model drugs as 

a cocktail solution 



Rat Ussing

The rat Ussing model was 

not predictive of regional 

human Peff values
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The rat SPIP disappearance was not

predictive of regional human Peff values
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The rat colon is not suitable for 

predicting human colonic Peff
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• Regional intestinal differences

• SPIP vs. closed loop

• Different strains

• Intra and inter lab variability

• Active vs. passive transport

• Concentration dependence





• Effect in different species and models

• Rat, dog, SPIP, intestinal bolus

• Concentration and pH

• Caprate, SDS, chitosan, EDTA etc.

• Mucosal exposure time-dependence

• Variability in effect

• Effect on peptides with different properties

• Enalaprilat and hexarelin

• Food effects

• FaSSIF and FeSSIF

• Safety/mucosal recovery

• Effect in the colon
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Generally, no added effect of PEs in colon on drug permeability
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Generally, no added effect of PEs 

in colon on drug permeability

Substantial leakage of Cr-EDTA in colon

Based on these rat data - the risks of using PE in the colon seems to outweigh the gain
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Bolus drug solution administration

IV and intraluminal

Elimination Distribution

Luminal input rate 

(mg/s)

First pass 

metabolism 

corection

Luminal absorption 

rate (mg/s) Intestinal 

drug conc.

Luminal Clearance 

(cm3/s)

Deconvolution

Administred intraluminal 

drug solution (mL)

Administered drug 

solution assumed 

to reside as a 

water pocket

Surface area available 

for absorption (cm2)

Luminal Clearance (cm3/s) / 

surface area (cm2)

Effective permeability (cm/s)


