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Goal

Quantitatively model the effect of caffeine over time as it passes through
the stomach, into the bloodstream, to the brain, and is eventually excreted
via the kidneys

Esophagus Stomach &
intestines

Kidneys Bloodstream Blood-brain barrier



Assumptions

Majority of caffeine is filtered out via the kidneys/intestines and
excreted - not metabolized

Don't take into account the increase in blood flow due to caffeine’s
effect on the cardiac function

Model caffeine absorption from stomach/intestines to bloodstream
assuming constant flow instead of an irregular flow pattern



Variables

Clrain  Concentration of caffeine in the brain Tp  Time constant of dopamine
Chicod  Concentration of caffeine in the blood Qs Flow in stomach
Clstomach, Concentration of caffeine in the stomach Qp Flow of blood

Virain  Volume of blood in the brain
Vistomaeh Volume of the stomach
Vblood Blood volume in circulatory system
Dy,qin  Concentration of dopamine in the brain
Ry Resistivity of the blood brain barrier

R, Resistivity of the stomach lining

kf “Reaction rate” of caffeine — dopamine
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Simulink Model
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Creating the Transfer Function
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Transfer Function Simulink
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Magnitude (dB)
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Gm = 73.8 dB (at 0.538 rad/s), Pm = Inf

Bode Diagram

Bode Plot
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Potential Errors in the Model

& Other organs are also responsible for removal of caffeine from the

bloodstream L
& Caffeine typically causes an increase in heart rate -D
& Caffeine is different for everyone I—
o Smokers metabolize caffeine twice as fast l \
o Genetics can determine # of adenosine receptors o o

o Tolerance increase due to consistent intake of caffeine

Increased flow 0
¢ rate "
Heart rate increases with

caffeine intake Caffeine affects people
differently

/
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Discussion/Future Directions

= Our model can predict caffeine concentration in different

organs

o Future directions:

o Study effects of caffeine on different bodily processes
o Revise the model to account for a rise in heart rate

o Use this model to predict dopamine release in the brain as a result of
caffeine intake
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