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My research areas

A Cancer
A Hepatocellular carcinoma
A Gl physiology
A Luminal, hormonal and neural regulation of intestinal fluid flux, bicarbonate secretion, motility, and permeability
A Gl pathophysiology
A Characterization and treatment of intestinal barrier dysfunction and chemotherapy-induced mucositis
A Biopharmaceutics:
A Disposition of PROTACs i PhD position available, deadline application in 8 h
A Permeation enhancing excipients and enabling nano formulations
A In vivo regional intestinal drug permeability
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In vivo regional intestinal drug permeability

Regional Intestinal Permeability in Dogs: Biopharmaceutical Aspects
for Development of Oral Modified-Release Dosage Forms
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Background
A Intestinal drug absorption
A Permeability
A Regional intestinal differences

Human permeability data and studies

Preclinical studies
A Dog
A Rat

Permeation enhancer colon
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Intestinal drug absorption

e '®) Processes determining fraction
permesEiie absorbed ()

Permeability is the net transport rate
O (cmi/s) of a dissolved molecule across
the mucosal epithelium
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Flux and Permeability enerore

permeability

] - PCdnnor¢>P - C]
donor
J = Flux (mass/time/area)
Cionor = Concentration (mass/volume)
P = Permeability (length/time)

Permeability (P) is the intrinsic parameter of a solute that relates flux (J),
to the concentration gradient (Cg,,,;) across a barrier (lumen-to-blood)

Permeability is different depending on conditions — pH, transporter saturation, intestinal site
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Gastrointestinal anatomy

.............

No drug absorption |

.... Stomach

... Pancreas

Lengths (in vivo):

Small intestine =3 m

Colon =1.5m
Transit:

Small intestine =3-4 h

Colon = 8-36 h

But colon can be important!

s
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Why is colon interesting?

Drugs incompletely absorbed in the small intestine — low solubility and/or permeability

Drugs intended to be released in the colon - modified-release (MR) dosage forms

Plasma concentration
of metoprolal (nmol/1}
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Why MR?

v" Once daily treatment
v' Better compliance

v' Consistent 24 h effect
v' Fewer side effects

Lepie
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Modified-release dosage forms

Drug release > Sl transit (=3h)

Fraction drug released

Development of MR formulations often (65%)

fail because of low colonic absorption’

We need to be able to predict
human colonic permeability!

|dealized example showing that 69% of
a drug is released in the colon if the
drug release is 10% per hour)

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
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Why regional differences in permeability?

Intestinal surface area

e © o, Extracellula:spa;e . ° o :) .
Transport protein abundance Zi@ﬁiml EEUMOIIEQE

® Intracellular space

Mucus layer, and aqueous boundary layer, thickness

Lipoidal cell membrane properties W%m%ﬁ
48 4%
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Preclinical permeability models

uwlt [ |uwiz < 7;\ E \Sf °°°°° hﬂ'e%‘i.f

noctanol ... (| | pVe wmw

L L B

Phys-Chem Diffusion chamber In situ In vivo
QSAR (Caco-2, Ussing) (SPIP, closed loop) (dog, pig)
Computational

>

Lower complexity Higher complexity

Prediction of human permeability (and f_,.)

Not validated with
regard to regional
differences in human
permeability
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Human regional permeability




Summary of all human SPIP data - review

REVIEW

Direct In Vivo Human Intestinal Permeability (P,s) Determined
with Different Clinical Perfusion and Intubation Methods

DAVID DAHLGREN, CARL ROOS, ERIK SJOGREN, HANS LENNERNAS
Department of Pharmacy, Uppsala University, Uppsala, Sweden

Received 29 August 2014; revised 17 October 2014; accepted 17 October 2014
Published online in Wiley Online Library (wilevonlinelibrarv.com). DOI 10,1002/ jp=. 24258

ABSTRACT: Regional in wivo human intestinal effective permeability (Pus) is calculated by measuning the disappearance rate of substances
during intestinal perfusion. F.g is the most relevant parameter in the prediction of rate and extent of drug absorption from all parts of the
intestine. Today, human intestinal perfusions are not performed on a routine basis in drug development. Therefore, it would be beneficial
to increase the accuracy of the in witro and m silico tools used to evaluate the intestinal Foff of novel drugs. This review compiles historical
Fop data from 273 individual measurements of 80 substances from 61 studies perdformed in all parts of the human intestinal tract. These
substances include: drugs, monosaccharaides, amino acids, dipeptides vitamins, steroids, bile acids, ions, Fattg,. acids, and water. The
review also discusses the determination and prediction of Fug using in vitro and in sifico methods such as quantitative structure—activity
relationship, Caco-2, Ussing chamber, animal intestinal perfusion, and physiologically based pharmacokinetic (FBPK) modeling. F|na||1.-'
we briefly cutline how to acquire accurate human intestinal Fs data by deconvolution of plasma concentration—time profiles fullcumng
regional intestinal bolus dosing. © 2014 Wiley Periodicals, Inc. and the American Pharmacists Association | Phamm 5o

Keywords: absorption; bioavailahility; biopharmaceutics classification system; human intestinal permeability; intestinal perfusion; intesti-

nal transporters; oral drug delivery; pharmacokinetics; physiologically based pharmacokinetic modeling
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Summary of all human SPIP data - review

Single-pass intestinal perfusion (SPIP) model

Loc-I-Gut* \‘L‘

Proximal ======s=sccccccccccccccsccsceeonea- > Distal

]Perfusate Entering Segment
Multi-lumen tubes ‘ o
Mg (’0 L2
o_0
@
M( > Proimel Drainage”

Direct determination of intestinal effective permeability (P_¢) based on luminal drug disappearance

(Cin—Cout)
(Cout * Area)

Pegr = Qjn X

No1e
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Summary of all human SPIP data - review

273 P4 calculations
* Vitamins

* Dipeptides Amino acids are absorbed
with transporter proteins

« Amino acids
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* lons

 Water

e Drugs (jejunum)
* Drugs (jejunum vs. ileum)
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Summary of all human SPIP data - review

273 P4 calculations

Vitamins
Dipeptides
Amino acids
Fatty acids
Sugars

Steroids

lons

Water

Drugs (jejunum)
Drugs (jejunum vs. ileum)
Drugs (Colon)

Fraction absorbed
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Summary of all human SPIP data - review

- Fatty acids

273 P4 calculations 100
* Vitamins
« Dipeptides £
. . 3 El Jejunum
« Amino acids S 1 J
9, B |leum
n® 0.1
e Sugars
« Steroids 0'016 2 ADARD2COAD QG
& \\}4\%\6 APOOIORD é\\b N 0\0&’\\.‘\6\0 5
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* Drugs (jejunum vs. ileum)

Small differences in drug P

* Drugs (Colon) between jejunum and ileum
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Summary of all human SPIP data - review

No colonic drug P data!
A bl acokx O

273 P4 calculations
* Vitamins

« Dipeptides

e Amino acids

« Fatty acids

e Sugars

« Steroids

* lons

« Water

e Drugs (jejunum)

* Drugs (jejunum vs. ileum) Alternative methods are needed

* Drugs (Colon) determine human colonic P

it
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New method for determining human in vivo P 4

Human in Vivo Regional Intestinal Permeability: Quantitation Using
Site-Specific Drug Absorption Data

Erik Sjogren,™ David Dahlgren, Carl Roos, and Hans Lennernis
Department of Pharmacy, Biopharmaceutic Research Group, Uppsala University, SE-751 23 Uppsala, Sweden

S Supporting Information

ABSTRACT: Application of information on regional intestinal

B R

permeability has been identified as a key aspect of successful -% N .

pharmaceutical product development. This study presents the results 5 g 40 . _.é ' £
and evaluation of an approach for the indirect estimation of site- 3 , " oz
specific in vive intestinal effective permeability (P,) in humans. 4 I Loo
Plasma concentration—time profiles from 15 clinical studies that P om0 o MmO
administered drug solutions to specific intestinal regions were /

collected and analyzed. The intestinal absorption rate for each drug x

was acquired by deconvolution, using historical intravenous data as 318

reference, and used with the intestinal surface area and the dose S ©

remaining in the lumen to estimate the P Forty-three new Pg = 05 3

values were estimated (15 from the proximal small intestine, 11 from ool
the distal small intestine, and 17 from the large intestine) for 14

active pharmaceutical ingredients representing a wide range of

biopharmaceutical properties. A good correlation (r* = 0.96, slope = 1.24, intercept = 0.030) was established between these
indirect jejunal P, estimates and jejunal P,z measurements determined directly using the single-pass perfusion double balloon
technique. On average, P estimates from the distal small intestine and large intestine were 90% and 40%, respectively, of those
from the proximal small intestine. These results support the use of the evaluated deconvolution method for indirectly estimating
regional intestinal P4 in humans. This study presents the first comprehensive data set of estimated human regional intestinal
permeability values for a range of drugs. These biopharmaceutical data can be used to improve the accuracy of gastrointestinal
absorption predictions used in drug development decision-making.

KEYWORDS: human in vivo intestinal permeability, colon, site-specific permeability, regional permeability
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Deconvolution-P_; model

Indirect method to determine P_;based on drug plasma appearance (concentration-time data)
following regional intestinal dose dumping of drug solutions

“Thin” intestinal tubes
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Deconvolution-P_; model

Indirect method to determine P_;based on drug plasma appearance (concentration-time data)
following regional intestinal dose dumping of drug solutions

. Regional intestinal P
Drug plasma concentration g eff
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Deconvolution-P_; model

ALL published plasma data
from regional intestinal
dose dumpings were used
to calculate permeability

Jejunum lleum Colon

API
P.s (10%cm s?)
Bevirimat 5.9 3.7 0.21
Budesonide 1.9 3.4 0.59
Cyclosporin 2.2 0.84 0.0001
2.6
Fenofibric acid 8.6 2.3 0.48
Fexofenadine 0.27 0.062 0.025
Ipsapirone 0.31 0.33
0.42
Lisdexamfetami 3.1 3.3 0.11
ne
Lumiracoxib 3.7 7.2 25
Metoprolol 15 2.0 1.6
Nifedipine 4.4 1.2
2.0

Ranitidine (tube) 0.39 0.071
Ranitidine 0.21 0.11 0.060
(capsule)
Rivastigmine 16 12 10
Sumatriptan 1.7 0.27
Theophylline 0.92 0.74

43 new drug P values:

15 from the jejunum

11 from the ileum

17 from the colon - for the first time!
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Deconvolution-P_ model — validation in human

0

=

o

<I"C)

—

Decon P SPIP Py z

(104cm s (10“4cm s7) =

o

n o

Cyclosporin 2.2 1.61 + 0.53 ? o

Fexofenadine 0.27 0.07 £ 0.07 @
Metoprolol 1.5 1.34+1.0 0 1 2 3

Ranitidine 0.30 0.27 £0.25

Decon-P_; (x 10 cm/s)

Good agreement between jejunal P, values from the SPIP and Decon methods
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Deconvolution-P_; model

Pote/ Pettp.s)
—
[ ]
1
®
——i

0.5+ I

P-SlI D-SI LI

General trend lower relative colonic P

Absolute P_; values less reliable:
 Different subjects/studies (iv and intestinal)
* No individual data

* Regional uncertainty

Plasma data from controlled conditions missing

l

Reliable, absolute individual P4 values that
can be used to validate preclinical models

No1e
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Clinical P4 study

Regional Intestinal Permeability of Three Model Drugs in Human

David Dahlgrem Larl Roos, Anders Lundan.t Bertil A.hmhamamn, Christer Tannergren,
Per M. HE]lm'Dm, Enk ":]Dgren, and Hans Lennemis™"’

"Department of Pharmacy, Uppsala University, Uppsala SE-751 23, Sweden
* AstraZeneca R&D, Gothenburg, Sweden
*Department of Medical Sdences, Uppaala University, Uppsala SE-751 05, Sweden

ABSTRACT: Currently there are only a limited number of - Bl Jejunum
determinations of human P in the distal small intestine and none = m

in the large intestine. This has hindered the validation of predinical
models with regard to absorption in the distal parts of the intestinal
tract, which can be substantial for BCS class =1V drugs, and drugs
formulated into modified-release (MR) dosage forms. To meet this
demand, three model dmgs (atenolol, metoprolol, and ketoprofen ) 0.01
were dosed in solution intravenously, and into the jejunum, ilenm, and

oolon of 14 healthy volunteers. The Pz of each model drug was then
alculated using a validated deconwolution method. The median Pz of atenolol in the jejunum, ileum, and colon was 045, 0.15,
and 0.013 3 10™* cmy/s, respectively. The corresponding values for metoprolal were 1.72, 0.72, and 1.30 % 107 an/s, and for
ketoprofen 8.85, 653, and 337 % 10* an/s, respectively. This is the first study where the human P,z of model dmgs has been
determined in all parts of the human intestinal tract in the same subjects. The jejunal values were similar to directly determined
values using intestinal sngle-pass perdusion, indicating that the deconvolution method is a valid approach for determining
regional Pz The values from this study will be highly useful in the validation of preclinical regional absorption models and in
silico took.

EEYWORDS: intestinal permeability, regional intestinal drug absorption, effactive permeability, phamaokinetics

Popr (210 cmis)

btsnnlnl Medriprnlnl Hetniprnden
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Clinical P4 study

Low Permeability High q

Atenolol Metoprolol Ketoprofen

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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Clinical P4 study

Bl Jejunum

100 lleum
0
= 10 i ™
o
X
e T
< 0.1
(]
o
0.01 - : ; _
Atenolol Metoprolol Ketoprofen

The P was high (>1 x 104 cm/s) in all regions for the medium-to-high permeability drugs,
metoprolol and ketoprofen

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

UNIVERSITET



Clinical P4 study

P et (x10cm/s)

0.01

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

A Jejunum 19 fold
A lleum 10 fold
A Colon 1 fold

Atenolol Py

Surface area of the digestive tract — revisited

HERBERT F HELANDER & LARS FANDRIKS

Crypt-villus transport

Lumen

|High Peff drugs | Low Peff drugs

Villus

Blood

Differences in regional intestinal
surface area important for low P
compounds! (but not for high P)
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Clinical P4 study

SPIP Deconvolution
100
Bl srip
o~ Deconvolution
£ 10 T
<I"O
o T
= 1
5 T
=) ..1m .
0\0\ 0\0\ N\
& & K
N Q’\o \oQ
) N
Low Permeability High

Good agreement between jejunal P values

Further supports the use of the Decon-P_; model
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Deconvolution-P_ s model — validation in rat

European Journal of Pharmaceutics and Biopharmaceutics 142 (2019) 31-37

Contents lists available at ScienceDirect

European Journal of Pharmaceutics and Biopharmaceutics

journal homepage: www.elsevier.com/locate/ejpb

Research paper
Evaluation of drug permeability calculation based on luminal disappearance | W)
and plasma appearance in the rat single-pass intestinal perfusion model e

D. Dahlgren®, C. Roos®, K. Peters®, A. Lundqvist®, C. Tannergren”, E. Sjogren®, M. Sjéblom®, Companson between Peff Calculated based

H. Lennernds™”

R on plasma appearance (Decon) and luminal

® AsraZensca R&D, Gothenburg, Sweden

s e disappearance in the rat SPIP model

ARTICLE INFO ABSTRACT

Keywords: The rat single-pass intestinal perfusion (SPIP) model is commonly used to investigate gastrointestinal physiology
Intestinal perfusion and membrane drug transport. The SPIP model can be used with the intestinal segment inside or outside the
Intestinal permeability abdomen. The rats can also be treated with parecoxib, a selective cycloxygenase-2 inhibitor that has been shown

Intestinal physiology

to affect some intestinal functions following abdominal surgery, such as motility, epithelial permeability, fluid
Intestingl fluid transport

flux and ion transport. However, the impact of extra-abdominal placement of the intestinal segment in combi-
nation with parecaxib on intestinal drug transport has not been investigated. There is also uncertainty how well
intestinal permeability determinations based on luminal drug disappearance and plasma appearance correlate in
the rat SPIP model. The main objective of this rat in vive study was to investigate the effect of intra- vs. extra-
abdominal SPIP, with and without, pretreatment with parecoxib, The effect was evaluated by determining the
difference in blood-to-lumen "'Cr-EDTA clearance, lumen-to-blood permeability of a cassette-dose of four model
compounds (atenolol, enalaprilat, ketoprofen, and metoprolol), and water flux. The second objective was to
compare the jejunal permeability values of the model drugs when determined based on luminal disappearance or
plasma appearance. The study showed that the placement of the perfused jejunal segment, or the reatment with
parecoxib, had minimal effects on membrane permeability and water flux It was also shown that intestinal

permeability of low permeability compounds should be determined on the basis of data from plasma appearance

rather than luminal disappearance. If permeability is calculated on the basis of luminal disap pearance, it should =

preferably include negative values to increase the accuracy in the determinations. UPPSALA
UNIVERSITET
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Deconvolution-P_ s model — validation in rat

Peff from luminal
disappearance >>
Peff from plasma
appearance

{\\‘Z’r\ O\o\ o\o\ &
Q N 3 ©
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> v &S 9
<& N\ &
Low < » High

Permeability

Low permeability means little luminal disappearance

C|n Proximal ======sssem e > Distal Cout
=100 mM %)() = 90 mM

Small difference in Cin and Cout =
difficult to determine Peff with high
accuracy = Peff is overestimated
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Regional permeability in predictive
preclinical models
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Dog regional permeability

Regional Intestinal Permeability in Dogs: Biopharmaceutical Aspects
for Development of Oral Modified-Release Dosage Forms

David Dahlgren,” Carl Roos,” Pernilla Johansson,” Anders Lundqvist,” Christer Tannergren,”

Bertil Abrahamsson,” Erik Sjﬁgrenf and Hans Lennernis®"

"Department of Pharmacy, Uppsala Universty, Uppsala SE-751 23, Sweden
* AstraZeneca R&D, Gothenburg SE-431 50, Sweden

ABSTRACT: The development of ora modified-release gy W Cog daprum 19{ EW Bog Johurnum
(ME) dosage forms requires an active pharmaceutical % faa oo L uman Jejurwam
ingredient (AP} with a sufficiently high absorpton rate in
both the small and large intestine. Diogs are commonly used in
predinical evalnation of regional intestinal absorption and in
the development of novel MR dosage forms This study -

determined regional intestinal effective permeability (Pg) in R
dogs with the aim to improve regional P prediction in ﬁf"ﬂ# \"f*‘f "fﬂﬂ 'lM o
humans. Four model drugs, atenolol, enalaprilat, metoprolal,

and ketoprofen, were intravenously and regionally dosed twice as a solotion into the proxdmal amall intestine (P-51) and large
intestine (LI} of three dogs with intestinal stomas. Based on plasma data from two separate study occasions for each dog, regional
s values were caladated wsing a validated intestinal decomvolution method. The determined mean P,z values were 0,62, 0.14,
LO6, and 366 % 107+ cm/s in the P-SL and 0113, 0,02, 103, and 220 % 10~ cm/s in the LL for atenolol, enalaprilat, metoprolal,
and ketoprofen, respectively. The determined P-SI P =values in dog were highly comelated (R* = 0.98) to the historically directly
determined luman jejunal P after a single-pass perfundon The determined dog P-51 P walues were alo snocessully
implemented in GI-Sim to predict the dsk for overestimation of LT absorption of low permmeabiity drugs. We conclude that the
dog intestinal stoma model is a usefnl preclinical tool for determination of regional intestinal permeability. Still, further studies
are recommended to evaluate additional APIs, sources of variability, and formubition types, for more acourate determination of
the dog model in the drug development process.

EEYWORDS: dog intestingl permeability, regional mtesting drug absorption, boavilability, effective permeability, pharmacokinetics,

inteting pofusion, phamaceutical daveloprent UPPSALA
UNIVERSITET
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Dog regional permeability

Permeability ngh

Four model drugs

o NVJJ\ . on were administered as
O J\/@ 1;, Hacoﬂ Ea a cocktail solution
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Dog regional permeability

10 El Jejunum
-i Colon
ST I
S
<I‘_L)
S| o1
Xa
o°| 0.01
0.001 T T T T
: N o o
Jejunum vs. colon ST S
Q?}(b v o °
Low Permeability High

Lower colonic permeability for the low permeability compounds, as for humans
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Dog regional permeability

Jejunum
103 Hl Human

o Dog T A\
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Good agreement between human and dog jejunal P values
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Dog regional permeability

Colon
104
i HEE Human
@ 3 A
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Low Permeability High

The dog colon was substantially more permeable (10-fold) to atenolol

The dog may overestimate human colonic absorption of low permeability drugs, still useful!
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Rat regional permeability

pubiscs orgimolecularpharmaceutics

pharmaceufics

Regional Intestinal Permeability in Rats: A Comparison of Methods
Carl Roos,”® David Dah.lgrenf Erik .‘;jﬁgrmf Christer Tannergrenf Bertil Abrahamsson,”

and Hans Lennernis™®’

fr.'rel.a.artmeut of Pharmacy, Uppsaly University, Box 580, 751 23 Uppsaly, Sweden
*Pharmaceutical Tedinology and Development, AstraZeneca R&D, 431 £3 Gothenburg, Sweden

ABSTRACT: Currently, the screening of new dmg candidates for intestinal
permeation is typically based on in vire model which give no information
regarding regional differences along the gut When evaluation of intestinal
permeability by region & undertaken, two predinical rat models are commonly
used, the Ussing chamber method and single-pass intestinal perfusion (SPIP)L To
investigate the robustness of in oo predictions of human intestinal permeability, a
set of four model compounds was systematically investigated in both these models
using tissue specimens and segments from the jejunum, ileum, and colon of rmts
from the same genetic strain. The influence of luminal pH was also determined at
two pH levels. Ketoprofen had high and enalaprilat had low effective (Ps) and
apparent [*Pw) permeability in all three regions and at both pH levels. Metoprolol had high P in all regions and at both pHs
and high F__ at both pHs and in all regions except the jejunum, where F,__ was low. Atenolol had low Pz in all regions and at
both pHs, but had high P at pH 6.5 and low P__at pH 74. There were good comelations between these rat in situ Pz (SPIP)
and hurman in Wi Pz determined previously for the same compounds by both intestinal perfusion of the jejunum and regional
intestinal dosing. The results of this study indicate that both investigated models are suitable for determining the regional
permeability of the intestine; however, the SPIP model seems to be the more robust and acourate regional permeability model

EEYWORDS: infestingl permeabdity, Using chamber method, single-pass infestinal perfusion, jejunmn, ilaum color, rat
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Rat regional permeability
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Rat regional permeability - Ussing

Rat Ussing
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The rat Ussing model was
not predictive of regional
human P_; values
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Rat regional permeability — SPIP dissapearance
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The rat SPIP disappearance was not Is this because the disappearance method
predictive of regional human P values cant determine the P of low-P drugs?
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Rat regional permeability — Decon-Peff appearance

in situ intestinal

The rat colon is not suitable for
. predicting human colonic P
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All reported rat intestinal permeability data data
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