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Application of conservation of mass: Pharmacokinetics



Background:

The Journey of Drugs in Our Body:
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A) Administration and absorption: Two main routes of delivering drugs to the
body are oral and injection, though other routes exist as well. oral @
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Oral administration: In this route, the drug is taken by mouth and absorbed through e \
the gastrointestinal tract. From there, it enters the bloodstream and is distributed

to the target tissues.

njections: In this route, the drug is administered directly into the bloodstream,
muscle, or beneath the skin.

Note that only a fraction of orally delivered drug
‘each the bloodstream . This fraction is definec
oy a term called bioavailability. Bioavailability is
the percentage of the administered drug dose

that successfully reaches systemic circulation in -
an active form. Wi (- ot




B) Drug distribution: Drugs distribute from the blood into
other parts of body, including the target site(s)

Three factors are important in drug distribution into the
target site:

1-Concentration gradient between blood and target
organ/compartment.

2- Solubility of the drug in target (water/fat solubility).

3-Blood flow to target.

Not all target tissues and organs are the same, when it comes to
receiving the drug, but we can group them as below:




Not all target tissues and organs are the same, when it comes to receiving the drug, but we can

group them as pbelow:

Drugs distribute from the blood into three main compartments:

Viscera : highly perfused organs, including the brain - distribution is
rapid.

Muscle : well-perfused, large mass, leading to quick distribution
despite low lipid content.

Fat : drugs with high-lipid solubility will accumulate in fat though
distribution into this compartment is slow because of poor blood

supply.

C) Elimination
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Human Pharmacology - Molecular to Clinical" 3rd Ed. (1998) -E.G.
Time for general anesthetics to equilibrate with the brain is very short
compared to other tissues.

After the drug has been distributed the body begins the process of elimination by Metabolism

and Excretion.



Understanding how drugs are absorbed, distributed, metabolized, and excreted is cru
eveloping precise and effective treatments. By predicting drug behavior, we can opt
ove delivery methods, and reduce side effects, leading to better therapel

C
adosing, Imp
outcomes.
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concepts of pharmacokinetics modelling.
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Knowledge of the parameters of drug development can greatly aid academic scientists hoping
to partner with pharmaceutical companies. Here, we discuss the three major pillars of drug
development—pharmacodynamics, pharmacokinetics, and toxicity studies—which, in addition
to pre-clinical efficacy, are critical for partnering with Big Pharma to produce novel therapeutics.
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Simple Compartment models in pharmacokinetics analysis
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1) One compartment model: Assuming drug is uniformly and quickly distributes in the body
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Example: Gentamicin
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Bijleveld, Yuma A., et al. "Population pharmacokinetics and
dosing considerations for gentamicin in newborns with
suspected or proven sepsis caused by gram-negative bacteria."

Antimicrobial Agents and Chemotherapy 61.1 (2017): 10-1128.
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Fig. 1. Chemical structures of gentamicins C,, C,,, and C,.
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Note that few drugs can be modelled as one compartment in the body. Distribution in tissues is
different from plasma. Aminoglycosides distributes ‘mainly” into the extracellular fluid compartment



2) Two compartments model:
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C1 a follows a bi-exponential decay regime. It means the drug concentration will deplete with a different
dynamics than Exp(-at). Many drugs show this behaviour.
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Example: Fentanyl

Anesthesiology
55:369-375, 1981

Tissue Redistribution ofFentanyl and Termination of
Its Effects in Rats

Carl C. Hug, Jr., M.D., Ph.D.,* and Michael R. Murphy, M.D.t

2001

Fentanyl ng/g Tissue
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Minutes ofter Injection

FF1G. 4. Concentrations of unchanged *H-fentanyl in muscle, fat, and
plasma following an intravenous injection of 50 ug/kg. Each data point
represents the mean £ SEM for six rats.
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3) multi compartments models:
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Limitation, challenges and the future of PK models:
Challenges:

Complexity of biological systems and variability among individuals
Difficulty predicting drug behavior in diverse populations (age, sex, genetics, disease states)

Nonlinear pharmacokinetics complicating model development

future:
-person to person variation for personalized medicine, how to collect data effectively
-living drugs: for example car-Tcells, PK models should meet systems biology and big data

-Leveraging Al in model development and tuning



Read more:

Basic models:

Pharmacokinetics made easy

Pharmacology for Anaesthesia and Intensive Care

Example of PK in living therapeutics:
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