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Background

● Alcohol is commonly used
○ 54.9% of adults report drinking in the past month
○ 25.8% of adults report binge drinking within the last month

● Alcohol poisoning causes 6 deaths/day in the US
● Each person’s response to alcohol is highly individualized

○ Try to quantify the differences
○ See the effect of treatments



Background (Continued)

● Ethanol metabolism in the body
○ Converts to acetaldehyde by alcohol dehydrogenase (ADH)
○ Later converts to acetic acid by aldehyde dehydrogenase (ALDH)

● Asian flush



Physiology

● Assumptions:

● Ignore other reactions happening 

outside of liver

● Not accounting the excretion of 

alcohol in breath and sweat 



Equations (Components)



Equations (Combined)











Transfer Function (aka hours of work summarized in 30 seconds)
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Transfer Function (aka hours of work summarized in 30 seconds)



Transfer Function (aka hours of work summarized in 30 seconds)



Transfer Function (aka hours of work summarized in 30 seconds)



Transfer Function (aka hours of work summarized in 30 seconds)



Transfer Function (aka why those hours of work were wasted)





Transfer Function (aka why those hours of work were wasted)



Simulink Model (Normal)

(Wilkinson et al.)

● Input: one standard drink (a 

can of 12oz beer)

● Similar shape and time it 

reaches zero

● Limitation: 7 times higher 

amplitude

———Blood Ethanol Concentration (M)
———Liver Ethanol Concentration (M)
———Liver Acetaldehyde Concentration (mM)





Model with Alcohol Flush

Healthy people: 

use ALDH2 (mainly) + ALDH1 to process acetaldehyde

Alcohol Flush Reaction: 

lack ALDH2, only rely on ALDH1 to process acetaldehyde



Simulink Model (Alcohol Flush)

———Blood Ethanol Concentration (M)
———Liver Ethanol Concentration (M)
———Liver Acetaldehyde Concentration (M)

Alcohol flush:

● Normal rate of processing 

ethanol to acetaldehyde

● +Lack of ALDH2→low  rate of 

processing acetaldehyde

● = accumulation of acetaldehyde

● Maintain high-level acetaldehyde 

concentration for a long period

● Causing damage at the cellular 

and genomic levels



Simulink Model 
(Linearized model and perturbation)

———Blood Ethanol Concentration (M)
———Liver Ethanol Concentration (M)
———Liver Acetaldehyde Concentration (mM)

● Limited operation interval

● Smaller perturbation can 

increase the accuracy.



Model Evaluation

● The trend matched the curve in the research.

● Successfully represent the consequence of lack ALDH2

● Error

○ Does not match BAC in reality after one shot 

○ Might due to rate constants (but we make best guesses here)



Limitations

1. Reductionist approach 

● Simplify based on reasonable assumptions 

● Idealize 

2. Rate constant? Variable?  

● Rate constant varies from person to person 

● Drink behavior/Diseases affect these constants



Physiological Significance

1. A clinical syndrome corresponding to a modified version of the 

system

● Healthy individuals vs Individuals with Asian flushing syndrome

2. Simulation of pathological behavior

● Generally summarize the alcohol metabolism pathway

● Quantitative understandings of alcohol metabolism

3. Use of this simulation as an alternative to actual physiologic 

experimentation

● Low risk 

● Ethical
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