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Problems = 

Explanatory Ideals ï

Current Capabilities



Eroom s Law in pharmaceutical R&D: The number of 

new drugs approved by the US Food and Drug 

Administration (FDA) per billion US dollars 

(inflation-adjusted) spent on research and development 

(R&D) has halved roughly every 9 years.

Nat. Rev. Drug Disc. 11:191-200 (2012) 

Å Comb. chemistry

Å DNA sequencing

Å 3D protein str.

Å Databases

Å Transgenic mice

Å HTP screening

Å Management R&D



Facts do not cease to exist because they are ignored.
Aldous Huxley



Almost nothing in biology makes sense except in 

the light of ecology!

The Darwinian theatre



Hunting the Cave Bear

Zdenek Burian, 1952







άIf you know the enemy and 

know yourself, you need not 
fear the result of a hundred 

battles. 

ɶ Sun Tzu, The Art of War
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Tissue

Osteon NephronAcinus Liver lobuleLymph nodeCardiac sheets

Organ

Heart Lungs Diaphragm Colon EyeKnee Liver

Environment

Organ system

Organism

Cell

Protein
Gene
Atom

Network

x 1million 20 generations

IUPS Physiome: Molecular pathways to organ systems





Markup Languages, PMR, OpenCOR 

www.cellml.org

sed-ml.github.io

www.sbml.org

models.cellml.org

www.opencor.ws

http://www.cellml.org/
https://sed-ml.github.io/
http://www.sbml.org/
http://www.models.cellml.org/
http://www.opencor.ws/


The Physiome Repository (~1000 models)
Endocrine systemCell migration

PKPD models

Myofilament mechanics

Metabolism

Cell cycle

Calcium dynamics 

Circadian rhythms

Excitation -contaction

Electrophysiology

Gene regulation DNA repair

Synthetic biology

Material
constitutive

laws



Your guess is right: ko and k -o are 
95 and 22/s, resp. They are not a 
function of voltage (as kv and k -v). 
I'll fix the bug in the table and make 
it clearer for the print version.

Thank you for your interest in our 
work and your careful reading of 
the paper. Eq. 7 was printed 
wrong. Whilst proofreading the 
article for publication we found 
several misprints but we missed 
this one (hopefully the only one). 
You are right, the last two iron 
terms in Eq. 7 should be in the 
ferrous form as in the pathway 
diagram (Fig. 1). Also, k8 and k8_ 
should have their units swopped 
over.

The value of 'a' was indeed missing, 
it is 2.5218 (at temp = 286K). Also 
note that the value of delta -H for 
gamma should be 200240 rather 
than 200.24, this is an error in the 
Table (the period should have been a 
comma).

That's sounds wonderful, I'm glad you were able to get the code 
to match the published results. I'm also glad to hear about the 
student interested in our 2007 model, it's always nice to know 
that someone other than myself is interested in the models.

Most authors happy to have models ófixedô .. 





ñBond graphs deal with energy 
transfer between different physical 

systems and make a distinction 
between the supply, storage, 

transmission and dissipation of 
energy. ñ

Henry M. Paynter

(1923 ï2002) 



Joseph-Louis Lagrange

(1736-1813)

William Rowan Hamilton

(1805 ï1865)



Take home message 2

Physiology is the place in the known universe where we see the most sophisticated 
inter-twined exploitation of electro-magnetism, fluid mechanics, mechanical 
behaviour of solid materials and the principles governing the change in space and 
time of the concentration of chemical substances.

Can we dramatically improve drug development without making use of 
tools that are designed for taming such complexity?



James W. Black 1924-2010

ÅPropanolol 
ÅCimetidine

άaȅƻŎŀǊŘƛŀƭ ƻȄȅƎŜƴ ŎƻƴǎǳƳǇǘƛƻƴ ƛǎ ŘŜǘŜǊƳƛƴŜŘ ōȅ ǘƘŜ ǿƻǊƪ ƻŦ ǘƘŜ ƘŜŀǊǘ ŀƴŘ ƛǎ 
a function of arterial blood pressure and heart rate. Lowering blood pressure by 
systemic vasodilatation might dangerously reduce the perfusion pressure and 
blood flow through disease-narrowed coronary arteries. Indeed, hypotension 
was known to be able to induce a heart attack. Heart rate, on the other hand, is 
largely determined by the cardiac autonomic nervous system. Heart rate would 
thus be reduced by cardiac sympathetic blockade. In addition, there was much 
ŘƛǎŎǳǎǎƛƻƴ ƛƴ ǘƘƻǎŜ Řŀȅǎ ŀōƻǳǘ ŀ ǇƻǎǘǳƭŀǘŜŘ άanoxiatingέaction of adrenaline, 
proposing that the price of rapidly increasing cardiac power was a decrease in 
cardiac metabolic efficiency.έ

ά¢ƘŜǎŜ ŎƭƛƴƛŎŀƭΣ ǘƘŜǊŀǇŜǳǘƛŎ ŀƴŘ ǇƘȅǎƛƻƭƻƎƛŎŀƭ ŦŜŀǘǳǊŜǎ ƻŦ ƘŜŀǊǘǎ 
coping with coronary artery disease all seemed to point to the 
potential advantage of annulling the actions of the sympathetic 
ƘƻǊƳƻƴŜǎΣ ƴƻǊŀŘǊŜƴŀƭƛƴŜ ŀƴŘ ŀŘǊŜƴŀƭƛƴŜΣ ƻƴ ǘƘŜ ƘŜŀǊǘΦ ά

Nobel Lecture, December 8, 1988 
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Multidimensional sensitivity analysis (S(a 1,P1))

                     ®
Identify putative drug targets (a 1 j ,a 1k )

                     ®
Construct lower-level model M 2
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                     ®

Multidimensional sensitivity analysis (S(a 2,P2))

                     ®
Identify putative drug targets (a 2i ,a 2l )

                     ®
                     .....

                     ®
Drug design targeting parameters (a ji ,a jl )

Putting the James Black approach on steroids by use of multiscale 
physiological modelling 

Drug targeting becomes a 
merge between multiscale 
physiological modelling + 

nonlinear control engineering + 
deep phenotyping 
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WHO Global health risks 2009





stiffening of the arterial wall with age 

constitutively reduced signaling from the 

baroreceptors to the sympathetic nervous system

misinformation of the autonomic nervous 
system about the actual blood pressure

prevention of a proper negative feedback 

response through regulation of the heart rate, 

vasculature and renal system 

Hypothesis

Baroreceptors are strainsensitive

The aorta gets stiffer with age

Observations

hypertension

Pressure firing relation

Predictions on 65000 people



Phenomics: The acquisition of high-dimensional 
phenotypic data on an organism-wide scale.

Model-guided phenomics: encapsulate what you 
know in mathematical descriptions Ą identify 
phenotypic data that will advance understanding

Hypertension model example: blood volume



Take home message: 3

Thereis alwaysa greyzonebetweena grand vision
and a plainhallucination. Butcanwe afford not to 
checkit out? 









Horizon Europe funding opportunities



Take home message: 4

A log's flame leaps to another. 

Fire kindles fire.  A man listens, 

thus he learns. The shy stays 

shallow.

Hávamál





άDƛǾŜ ƳŜ ǘƘŜ ŦǊǳƛǘŦǳƭ ŜǊǊƻǊ ŀƴȅ 
time, full of seeds, bursting with 
its own corrections. You can 
keep your sterile truth for 
ȅƻǳǊǎŜƭŦΦέ 

Vilfredo Pareto (1848-1923)

Take home:

Å Remember Sun Tzu

Å Taming complexity 

Å New drug targeting 

paradigm ïPG/PK/PD

Å Remember old Norwegian 

saying


