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ABSTRACT

4671028063:  Petrochemical Technology Program
Prashant Singh A Physiologically Based Pharmacokinetic Model
for Alcohol Metabolism
Thesis Advisors: Asst. Prof. Pomthong Malakul and Prof. H. Scott
Fogler, 40 pp. ISBN 974-9937-09-0

Keywords: Alcohol Metabolism/ Acetaldehyde Dehydrogenase (ALDH)/
Alcohol Dehydrogenase (ADH)/ Michaelis-Menten/
Physiologically Based Pharmacokinetic (PBPK) model

The ultimate aim of this work is to develop a physiologically based
pharmacokinetic model to understand alcohol metabolism to help prevent or decrease
incidents of toxicity caused by alcohol poisoning. The existing models are not self
consistent as they violate the stoichiometry of the series reactions in alcohol
metabolism. This work has developed a robust self consistent model for alcohol
metabolism which is a combination of hbiochemical reaction kinetics and
physiologically based pharmacokinetic modeling approaches. The model can predict
for the first time simultaneously the ethanol and acetaldehyde concentration time
profile. Human and mammals physiology is simulated by lumping organ volumes
into well mixed compartments based on the perfusion rate of fluid through each
organ, the physical connectivity between organs and ethanol and acetaldehyde
metabolic activity. Matlab optimization toolbox: Isqnonlin have been used to
determine the optimal physiological and kinetic parameters values. The PBPK model
gives simultaneously ethanol and acetaldehyde concentration time profiles and
provides optimal estimates of parameter values which co-relate well with the

experimental values.



ACKNOWLEDGEMENTS

This thesis work is partially funded by Postgraduate Education and
Research Programs in Petroleum and Petrochemical Technology (PPT Consortium).

| gratefully acknowledges my advisor Prof. H. Scott Fogler for providing
me with the analytical skills required to succeed in a research environment and
enhanced my critical thinking skills, analytical problem solving skills to solve large,
complex problems independently.

| would like to thank Dr. Nihat M. Gurmen and Mr. David M. Umulis for
their valuable contribution and support throughout the project. I am grateful to Prof.
Richard Deitrich at the University of Colorado for the helpful discussions and
guidance. Special thanks goes to my advisor Assit. Prof. Pomthong Malakul for
providing the inspiration and support needed to successfully accomplish the goals. |
thank Assoc. Prof. Sumaeth Chavadej and Assit. Prof. Kitipat Siemanond for being a
part of my thesis committee.

My special gratitude goes to my colleagues Dr. Veerapat Tantayakom for
his support, kindness and guidance. My deepest gratitude goes to all.the members of
porous media and pharmacokinetic group at the University of Michigan : Kris Paso,
Ryan Hartman, Hyun Lee, Michael Senra, Kriangkrai, Elena Mansilla Diaz, Dr.
Piyarat Wattana and Dr. Liu Yong Zhong, for their wonderful friendship and support.
| thanks senior year student miss Suchita Shah for helping and assisting me in the
project.

' would like to thank my famijy and friends for inspiring and guiding me to
the way to success. Last but not the least, | express my special thanks to the
Petroleum and Petrochemical College for believing in me and giving me the
opportunity to work at the University of Michigan.



TABLE OF CONTENTS

Title Page

Abstract (in English)
Abstract (in Thai)
Acknowledgements
Table of Contents
Listof Tables
Listof Figures

CHAPTER

INTRODUCTION
1.1 Significance of Research
1.2 Research Objectives

BACKGROUND AND LITERATURE REVIEW
2.1 Alcohol Metabolism
2.1.1 Alcohol Dehydrogenase Pathway
2.1.2 Microsomal Ethanol Oxidation System
2.1.3 Catalase Pathway
2.2 Acetaldehyde Dehydrogenase
2.2.1 Acetaldehyde Dehydrogenase Il
2.2.2 Acetaldehyde Dehydrogenase |
2.3 Acetaldehyde Dehydrogenase Deficiency
2.4 Previous Ethanol Pharmacokinetic M odels

A PHYSIOLOGICALLY BASED MODEL FOR

ETHANOL AND ACETALDEHYDE METABO-

LISM IN HUMAN BEINGS
3.1 Abstract
3.2 Introduction

© oo o —N oo oo o1l &~ B~ P~

10
10
11



CHAPTER

IV

3.3 Material and Methods
3.3.1 Rate Law Derivation
3.3.2 Physiologically Based Model
3.4 Results and Discussion
3.4.1 Parameter Values
3.4.2 Ethanol Concentrations
3.4.3 Alcohol Dehydrogenase Reverse Reaction
3.4.4 Acetaldehyde Concentrations
3.4.5 Acetaldehyde Dehydrogenase Deficiency
3.5 Conclusions
3.6 Appendix
3.6.1 Stomach Compartment
3.6.2 Gastrointestinal Compartment
3.6.3 Liver Compartment
3.6.4 Central Compartment
3.6.5 Muscle and Fat Compartment
3.7 Acknowledgements
3.8 References

CONCLUSIONS AND RECOMMENDATIONS
REFERENCES

CURRICULUM VITAE

PAGE

11
11
13
15
15
16
16
17
17
19
19
20
20
21
22
23
24
24

36

38

40

vil



TABLE

2.1

2.2

3.1

3.2

3.3

LIST OF TABLES

CHAPTER Il

Punnett Square showing possible genotypes based on
two major forms ofthe ALDH2 gene from heterozygous
parents, ALDH2*1 and ALDH2*2

Previous alcohol pharmacokinetic models” authors and

assumptions
CHAPTER 11l

Tissue water volumes, flow rates, and perfusion rates

for the “standard” 69.4-kg man

Rate-law parameters with the best model fit from least-
squares analysis compared with experimentally observed
ranges and values used for the comparison plots
Stomach-emptying rate constants

Vil

PAGE

32

33
35



LIST OF FIGURES
FIGURES
CHAPTER I
2.1 Alcohol and acetaldehyde metabolic pathways

3.1

3.2

3.3

CHAPTER III

A. Derivation of rate laws for ethanol and acetaldehyde.
B. Mass balance equations for physiologically based
Model

A. Compartment and perfusion diagram for model.

B. Observed data (Wilkinson et ah, 1977) versus model
-predicted blood ethanol curves after ingestion of

four different doses of ethanol in adult white male
subjects.

c. Observed data (Jones etah, 1988) versus model
-predicted blood ethanol curves after ingestion of a

0.25-g/kg dose of 96% ethanol in 10 adult male subjects.

D. Observed data (Jones et ah, 1988) versus model
-predicted blood acetaldehyde curve after ingestion of
2 0.25-g/kg dose of ethangl in 10 adult male subjects.
Ethanol concentration results for model (- ) versus
data (A) from Peng etah (1999) after an equivalent 0.2
-glkg dose of ethanol in:

A. normal ALDH2*1/*1 individuals

B. heterozygous ALDH2 *I/*2 individuals

¢. homozygous ALDH2 *2/*2 individuals

D. Comparison of the model-predicted ethanol
concentration results from cases ALDH2*1/*1

PAGE

28

28
29

29

29

29

30
30
30



FIGURES

34

(rrmemmem ), ALDH2 *|/*2 (+-------- ), and

ALDH2 *2/¥ (--mememenme- )10 illustrate the effect of the
reverse reaction of acetaldehyde to ethanol.

A. Acetaldehyde concentration data from Peng et al.
(1999) after an equivalent 0.2 g/kg dose of ethanol in
normal ALDH2*1/*1 data (A); model (---------- ),
heterozygous ALDH2*|/*2 data (B);model (... ),
and homozygous ALDH2*2/*2 data (4);and

B. Ethanol concentration data from Peng et al. (1999) after
an equivalent o.2-glkg dose of ethanol/kg with homozygous
ALDH2*2/*2 data ( ) shown. Model curves are shown for
Homozygous ALDH2*2/*2 with reverse reaction (--—---)
and without reverse reaction (.......... ).

¢. Acetaldehyde concentration data from Peng et al. (1999)
after an equivalent o.2-g/kg dose of ethanol in subjects
homozygous ALDH2*2/*2 (). Model curves are shown for
homozygous ALDH2 *2/*2 with reverse reaction (-----)
and without reverse reaction (............ ).

D. Ethanol concentration data from Lucey et al. (1999)
after an overnight fast (A) and after a standard meal

(1 ). Also shown are model-predicted blood ethanol

curves after an overnight fast (-----) and after a

standard meal (........... ).

PAGE

30

3

3l

3l



	Cover (English)


	Accepted


	Abstract (Thai)


	Abstract (English)


	Acknowledgements


	Contents 


