
Pharmacokinetics Modeling Course
Pharmacodynamics

Dr. Matthias König
Humboldt-University Berlin
Systems Medicine of the Liver
koenigmx@hu-berlin.de
https://livermetabolism.com

https://livermetabolism.com


🎯 Teaching Goals

By the end of this section, you should be able to:

1. Define pharmacodynamics and understand its role in drug action.
2. Describe the relationship between drug concentration and effect.
3. Understand receptor theory, including affinity, efficacy, and potency.
4. Introduce dose-response relationships, including Emax and EC50.
5. Understand types of PD models (e.g., direct effect models, indirect 

response models, sigmoidal Emax models).
6. Explore variability in pharmacodynamic response (e.g., tolerance, 

sensitization).
7. Learn how PD models are used to predict therapeutic and toxic 

effects.
8. Understand the integration of PK and PD models to simulate 

time-course of drug effects.
9. Introduce examples of PD modeling in drug development and 

clinical practice.
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Pharmacokinetics (PK) & pharmacodynamics (PD)

● Pharmacokinetics is what the body 
does to the drug

○ study of the time course of drug 
absorption, distribution, metabolism, 
and excretion

○ drug disposition

● Pharmacodynamics is what the drug 
does to the body

○ desired (and adverse) effects

Tozer TN, Rowland M. Essentials of pharmacokinetics and pharmacodynamics. 
Second edition



Drug targets

● Drugs interact with components within the body to produce a response
○ proteins (receptors, enzymes)
○ DNA, genes
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Agonists & Antagonists

● agonists: increase functional response 
(e.g. receptor); facilitators

● antagonists: diminish functional 
response; inhibitors; blockers

○ full agonists or full antagonists: 
produce the maximum possible effect

○ partial agonists or partial antagonists: 
compounds that fail to achieve the 
greatest effect, even at very high 
concentrations

● inducers:  increase synthesis (amount)
● activators: increase activity
● inhibitors: decreasing activity
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https://psychonautwiki.org/wiki/Antagonist



Dose-response curve

● relationship between drug dose 
and biological response

● normally plotted on a logarithmic 
dose scale, appearing as a 
sigmoid curve

● Emax: maximal response
● EC50: drug concentration for 50% 

Emax response
● Dose-response curve can be 

influenced by: 
○ patient specific factors (e.g. age, 

disease) 
○ presence of other drugs that 

compete for binding at the same 
receptor (e.g. receptor 
antagonists)
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From time-response to dose response
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Tozer TN, Rowland M. Essentials of 
pharmacokinetics and 
pharmacodynamics. Second edition



Potency & Efficacy

● potency: The potency of a drug is the amount 
of a drug required to produce a biological 
effect (normally expressed as the ED50, the 
dose required to produce 50% of Emax)

○ binding affinity for the target
○ x-Axis

● efficacy: Emax, i.e., maximum effect of the 
drug. Efficacy of a drug is a measure of its 
capacity to produce a biological effect.

○ clinical effect of the protein
○ y-Axis

● desensitization to drugs is a common 
phenomenon; when it occurs rapidly it is 
known as tachyphylaxis, and when it occurs 
more slowly it is known as tolerance.
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Maxwell S. Pharmacodynamics for the 
prescriber. Medicine Volume 48, Issue 7, July 
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Desensitization

● desensitization to drugs is a 
common phenomenon;

● tachyphylaxis: when it occurs 
rapidly

● tolerance: when it occurs more 
slowly it is known as.

○ a larger dose is required to 
produce an equal 
pharmacological outcome (4). In 
Tolerance, increasing the dose is 
enough to maintain 
pharmacological effectiveness. 
However, in tachyphylaxis, an 
increase in dose may or may not 
have an effect on therapeutic 
results.
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Maxwell S. Pharmacodynamics for the 
prescriber. Medicine Volume 48, Issue 7, July 
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Dose-dependency drug response

● An equation for describing the 
response is

○ Emax: maximum response
○ C50: concentration to achieve 50% 

effect
○ γ: steepness factor (for drugs 

normally 1-3)

10Tozer TN, Rowland M. Essentials of pharmacokinetics and pharmacodynamics. Second edition



Steepness factor

11Tozer TN, Rowland M. Essentials of pharmacokinetics and pharmacodynamics. Second edition



Beneficial and adverse effects

● The therapeutic index is the ratio 
between the dose of a drug that 
causes adverse effects and the 
dose that achieves therapeutic 
benefits

● selectivity of the drug, that is, a 
greater therapeutic response 
relative to its adverse responses.
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Maxwell S. Pharmacodynamics for the 
prescriber. Medicine Volume 48, Issue 7, July 
2020, Pages 427-432



Example: ACE inhibitor ramipril/ramiprilat

● RAAS system: Renin-angiotensin-aldosterone system; 
Blood pressure regulation, homeostasis and electrolyte balance.

● Abnormal function leads to hypertension and a range of other cardiovascular disorders
● Intervention: 

○ renin inhibitors directly block the activity of renin, preventing the initial production of angiotensin I; 
○ ACE inhibitors, which block the conversion of angiotensin I to angiotensin II, thereby reducing blood 

pressure; 
○ angiotensin II receptor blockers (ARBs) block the action of angiotensin II on its receptors
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Ruggenenti, P., Cravedi, P., & Remuzzi, 
G. (2010). The RAAS in the 
pathogenesis and treatment of 
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Enhancing Our Understanding of 
Enalapril’s Pharmacokinetics: A 
Physiologically Based Modeling 
Approach. Master Thesis Shubhankar 
Palwankar (supervisor: Matthias 
König) May 2024 

 



Example: ACE inhibitor ramipril/ramiprilat
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Exercise: Pharmacodynamic
https://www.icp.org.nz/pharmacodynamics
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https://www.icp.org.nz/pharmacodynamics/linear-vs-log-graphs


Dapagliflozin: SGLT2 inhibitor
SGLT2 Inhibitors: class of medications that lower blood glucose levels 
by blocking the reabsorption of glucose in the kidneys, promoting its 
excretion in urine.

Dapagliflozin: A specific SGLT2 inhibitor used to treat type 2 diabetes, 
helping to control blood sugar levels, reduce cardiovascular risk, and 
support weight loss.

Benefits and Usage: Effective in improving glycemic control, 
dapagliflozin also offers protective benefits for heart and kidney health, 
often used in combination with other diabetes medications.
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Dapagliflozin: SGLT2 inhibitor
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Time-dependency of response (time delays)

● drug response often lags 
behind its plasma 
concentration

● causes
○ delayed distribution to 

the site of action
○ underlying dynamics of 

affected system
● pharmacokinetic 

rate-limited response 
(instantaneous response)

● pharmacodynamic 
rate-limited response 
(pharmacodynamics slower 
then pharmacokinetics)

18Tozer TN, Rowland M. Essentials of pharmacokinetics and pharmacodynamics. Second edition



Rate-limiting Pharmacodynamic

● Omeprazole, an inhibitor of 
the proton pump within the 
acid-secreting parietal 
cells of the stomach

● Gastric acid production 
promptly falls, but the 
return to baseline is very 
slow, over days

● omeprazole covalently 
binds and inactivates its 
receptor—in this case the 
proton pump—which takes 
time to be resynthesized

19Tozer TN, Rowland M. Essentials of pharmacokinetics and pharmacodynamics. Second edition



Accounting for delays via effect compartments

20Tozer TN, Rowland M. Essentials of pharmacokinetics and pharmacodynamics. Second edition



Drug response & placebo effect

● placebo effect is a deviation from the baseline value produced when the 
patient takes or receives what has all the appearances of drug treatment but 
lacks the active principle

21Tozer TN, Rowland M. Essentials of pharmacokinetics and pharmacodynamics. Second edition


