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Computational models
Generation of molecular descriptors

Pär
Matsson

Molecular weight
# of H-bond donors
# of H-bond
acceptors
etc…

PSA
NPSA

PTSAs: C-sp2, C-
sp3, double bonded
oxygens, etc…



Palm et al. Pharm. Res.1997; J Med Chem 1998
Stenberg et al. J Med Chem 2001
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Property space of oral drugs
Property space of data set of drugs

Bergström C.A.S et al.,  J. Chem. Inf. Comput. Sci., 2004
Matsson et al. J. Med. Chem., 2005



Misellaneous

Adverse Effects in Man

Commercial Reasons

Lack of Efficacy

Pharmacokinetics

Animal Toxicity
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Why do we need to consider transport proteins?

Transport proteins are expressed in tissues involved in drug

disposition

A vast number of drugs are substrates for transport proteins

Genetic variation in genes encoding transport proteins can affect

functionality and/or expression levels

Transport proteins can be inhibited or induced by drugs

Transport proteins and the human genome

 530 of our estimated 30 000 genes

encode for proteins with transport

function, according to Venter et al

(Science, 2001, 291).

Transporters (533, 1.7%)

Intracellular transporters (350, 1.1%)

Ion channels (406, 1.3%)





Monocarboxylic acid 

transporters

Glucose 

transporters

Vitamin 

transporters

Amino acid transporters

Peptide transporters

Organic cation 

transporters
Organic anion 

transporters
ABC-transporters

Phosphate

transporters
Fatty acid 

transporters

Bile acid 

transporters

Nucleoside transporters

Other transporters
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It is now well recognized that absorption of drugs

often involves one or more active transport

mechanisms

Drugs cross the intestinal epithelium

by:

1. Passive transcellular diffusion

2. Passive paracellular diffusion

3. Active transport mechanisms

Dissolution

Intestinal lumen

(apical)

Blood

(basolateral)

1. 2. 3.



Englund et al. BMC Med. 2004, 2:8



•At Uppsala University Hospital ~2000

digoxin analysis are performed in

therapeutic drug monitoring (TDM)

every year.

•Digoxin is a good substrate for Pgp

(Tanigawara Y  et al., J Pharmacol

Exp Ther 1992; 263: 840-845).

Englund et al. BMC Med., 2004, 2:8



The study population was very heterogenous,

including patients with heart failure, atrial flutter

and fibrillation

* Median (range)

Will the recommended digoxin levels be revised downwards?

For men with heart failure the mortality rate increases for s-digoxin levels

> 1.5 nmol/L. For this patient group the therapeutic range is suggested to be

0.6 - 1 nmol/L (Rathore SS et al., Jama 2003; 289: 871-878).

 Patients below therapeutic range (<1.2 nmol/L) 263

 Patients within therapeutic range (1.2 – 2.5 nmol/L)

317 Patients above therapeutic range (>2.5

nmol/L) 38

256 362

Englund et al. BMC Medicine, 2004, 2:8



Patients with any Pgp inhibitor prescribed had higher

s-digoxin levels…
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…and the s-digoxin level increased step-wise with

an increasing number of Class I Pgp inhibitors

Values in bars     Top: Patient frequency

       Middle: S-Digoxin adjusted estimated mean

       Bottom: SE

Englund et al. BMC Medicine, 2004, 2:8



Is digoxin an exception?

Orally administered drugs are

mainly absorbed by the passive

transcellular route.



Role of different

transport routes

How important are passive and

active transport routes,

respectively?





• HDM Caco-2
2/4/A1

• rs= 0.47 rs= 0.73 rs= 0.74
(0.57) (0.82) (0.95)Figures in parentheses are correlation coefficients with outliers

removed: Matsson et al. J.Med.Chem. 48, 604-613, 2005

Results:
Rank order correlations Papp vs FA



TIPS, 2005.



Blood-placenta barrier

Blood-brain barrier

Small intestine

Mammary gland

• Liver
• Kidney
• Stem cells
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Training set

Test set

Reference drugs

from the Physician’s

desk reference

(PDR, 2005)



No inhibition:
substrate is effluxed

 low intracellular
fluorescence

Inhibition:
substrate is retained in the
cells  high intracellular
fluorescence
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Ko143: Experimental result: 3.45x
Pharmacophore fit value: 3.45



TIPS, 2005.



2. Does the compound �

permeate the cell membrane?

Yes

No
1. Does the compound fit the �

pharmacophore interaction points?

Yes

No

Inactive

Inactive

Active

A

Step 1: Catalyst common features pharmacophore

Step 2: PLS-discriminant analysis
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