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This book is a collection of the author’s research papers in the area of pharmacogenetics
published in current 20 years. It covers seven parts including ethnic differences in drug
metabolism and responsiveness, genetic polymorphisms of drug metabolizing enzymes,
genetic polymorphisms of receptors, interactive effect of environmental and genetic factors on
drug-metabolizing enzymes, etc. All papers in this collection were published in prestigious
peer-reviewed journals including New England Journal of Medicine and were cited widely by
many articles and books. These papers reflect the author’s pharmacogenetics theory as a
system with distinctive features of his own state and nation. This book is particular for the
specialists in life science especially pharmacogenetics, pharmacogenomics, pharmacology and
clinical medicine.



B RO R S
E ImIET A
[em st s T S S

BB, 5, Wik, 1939.520 HiA: F#ldKb. 1962 450
TRUEEBREST R AP ASE K E SR 2525 T 552,
FHAEIRR BB ST . 255 IR BT S0 S350 o0 E4F . Wbk 2y
BEZFEIHOEMRE, KERY R Merck) E BRIl R 2 25 &7 5
Il o 25 2 2 BB A 2> (TUPHAR ) 388 £ 24 B 2 0 24 ) 5 B 4 2 22 2 Bl 1
A (Founding Member). HEFFH ¥ B A SR B L LM H
(Councilor). FEHZYE¥ LW SHE, FEHAMARBE VTR S I
. TR, MMEH¥SEEK, WHEARKAESVERSFEEA,

(Br J Clin Pharmacol) {Current Pharmacogenomics). {Asian ] Drug Metab & Pharmacokin).

(Acta Pharmacol Sin). (B ZJE) & 10 RRLERE. LR ER A 2225 1 306

R BEHEEHAFTK, ERSERGBERATHK. WHERAEBIRK I
A 2 RN EERRIRK (Fi).

PR A 20 L 80 SRV IHL BSR4 2 T AR ik 2 5 R A
HIREAT T RG RAMBFS, HEUE T —R514 NI B KBTI . 1985 4% 1991 470 %
Vanderbilt KERFFUESE T AW R NFIEER, FEENEBE T R=ENE], B RE (N
Engl IMed) k&KJ5, EEBFEHNFR=HEEERW. 1991 FONEEREE, E8HREH
HEZ ARFEEEE RN A M=TXEPREXES ST E %Y, 8 T RES s
A BREW AT, EEAERAPIFRAETT B T RAEGESLER, FHHRTRES T

(LYY BIRAERMA GRAEZGIES) £, HHET 0 £ LHMEAE+AELE,
R T SR B M. R RESAGEER GRS RN, EEFS2
BRABERZHEREE. KF 20 RKPEFFERESVOBEEAS SR E RS IR,
FHRE MER. HA, BEMFHESEFXNBE 2K EEEESBEERRE . i
A 453 R 0 AT FR) T AF {3 R D 384 24 B R0 1 A 2 T 22 0 90 4 T 1t 57 S 387K




Biographical notes for Professor Hong-Hao Zhou

Professor Hong-Hao Zhou was born and brought up in Changsha, Hunan,
China. He proceeded to study medicine at the Wuhan Medical School in 1957.
He had a distinguished undergraduate record and graduated in 1962. After
serving 16 years as a physician, he moved to Changsha in 1978 and worked
at the Hunan Medical University as a Lecturer, Associate Professor and
Professor in pharmacology and clinical pharmacology from then till now. He is
currently the Chair Professor of Pharmacology and the Chairman of Institute
of Clinical Pharmacology and the Director of Pharmacogenetics Research
Institute at Central South University. He founded the -unique
Pharmacogenetics Research Institute in China.

His major research interests are ethnic differences in drug metabolism
and response, genetic polymorphisms of Drug-metabolizing enzymes and
receptors, the interactive effects of genetic and environmental factors on drug
metabolism. He published extensively on pharmacogenetics and clinical
pharmacology and was one of the first scientists to explore the evidence and
mechanism of ethnic differences in drug response. He also did extensive work
on the genetic polymorphism of drug-metabolizing enzymes and receptors.
This work brought him a number of prizes and grants as well as international
reputation. )

Professor Zhou has served as the President of the Society for the Drug
Metabolism and Pharmacokinetics of China. He has served for IUPHAR as a
Councilor on the Drug Metabolism Section and a Founding Member on the
Pharmacogenetics and Pharmacogenomics Section. He joined the Selection
Committee for Merck Sharpe & Dohme International Fellowships in Clinical
Pharmacology since 1998.

He is a member of editorial board for British Journal of Clinical
Pharmacology, the Joumnal of Current Pharmacogenomics, Asian Journal of
Drug Metabolism and Pharmacokinetics. He reviewed numerous manuscripts
for peer-reviewed journals including New England Journal of Medioine,
Circulation, Journal of Pharmacology and Experimental Therapeutics and
Clinical Pharmacokinetics.



Adedayo Adedoyin
Lowell B Anthony
Keith Amold
Joyce Blaisdell
Nancy J Brown
Ying-Pui M Chan
Guo-Lin Chen
Qing-Quan Chen
Xiao-Ping Chen
Ze-Neng Cheng
Sonia MF de Morais
Han-Wu Deng
Victor Dishy
Dayna G Diven
Hirotoshi Echizen
Hua-Jun Feng
James V Gainer
Joyce A Goldstein
Ayiman Goudah
Jonathan L Haines
Xing-Mei Han

Paul Harris

Nan He

Nu He

Yukio Horqi
Song-Lin Huang
Zheng Huang
Koichi lshikawa
Takashi Ishizaki
Mohamed Ismail
Chang-Hong Jiang
Zhi-Ping Jiang

Richard B Kim
Richard P Koshakji
Ruth Landau
Yuan-Jian U
Chang-Long liao
Jie Liv

Jin-Hua Liv
Zhao-Qian Liu
Ai-Hua Lu

Yi-Qing Lu

Xiang Luo

Abd El-Aty Mostufd
Masayuki Nakano

Dong-Sheng Qu-Yang

Edward W Pelikan
Xu-Ping Qin
Xiang-PING Qu
Darryl Quarles
Dan M Roden
James R Sheller
Yan Shu

David J Silberstein
Richard M Smiley
Gbenga Sofowora
C Michael Stein
Ming Sun

Yun-Fu Tan
Zhi-Rong Tan

Jie Wan
Chuan-Yue Wang
Dan Wang
Guang-Ping Wang

LIST OF CONTRIBUTORS

Jiu-Hui Wang
Jun-Sheng Wang
Lian-Sheng Wang
Wei Wang
Yong-Jin Wang
Edmund Whelan
Stephen M Wildhirt
Grant R Wilkinson
Alostair JJ Wood
Margaret Wood
Jin-Xiang Wu
Qi-Nan Wu
Zhong-Luan Wu
Hui Xia

Wei-Min Xiao
Zhou-Sheng Xiao
Hong-Guang Xie
Ping Xu
Zhen-Hua Xu
Feng-Xiang Yan
Xiang-Dong Yan
Dong-liang Yang
Yan-Hui Yu
Rong-Hua Zhu
Fan-Dian Zeng
Li-Ming Zhang
Jing-Ping Zhao
Xve-Jun Zhao
Bi-Jing Zhou

Gan Zhou
Hong-Hao Zhou
Bing Zhu



Preface

Response to drugs shows significant inter-individual variations and ethnic differences. The
biological (age, gender, disease and genetics), cultural and environmental factors contribute tox
these variations. The most important aspect is the genetic variability between individuals in their
ability to metabolize drugs due to expression of polymorphic enzymes. The clinical value of
understanding pharmacogenetics is in its use to optimize therapeutic efficacy, prevent toxicity of
those drugs whose metabolism is catalyzed by polymorphic isoenzymes, and to contribute to the

rational design of new drugs.

This book is a collection of author’s research papers in the area of pharmacogenetics published in
current 20 years, which reflects the development course of pharmacogenetics as a new area in life
science. Each chapter in this book is an individual research report and contributes a piece in the
field of pharmacogenetics. It covers seven parts, including ethnic differences in drug metabolism
and responsiveness, genetic polymorphisms of drug metabolizing enzymes, genetic
polymorphisms of receptors, interactive effect of environmental and genetic factors on
drug-metabolizing enzymes, etc. All papers in this collection were published in prestigious
peer-reviewed journals including New England Journal of Medicine and were cited widely by
many articles and books. These papers reflect the author’s pharmacogenetics theory as a system
with distinctive features of his own state and nation. This book is for specialists in life science

especially pharmacogenetiés, pharmacogenomics, pharmacology and clinical medicine.

I acknowledge the exceptional role of Professor Kumana CR, MD from University Department of
Medicine, Queen Mary Hospital, Hong Kong University, in bringing me into the field of clinicél
pharmacology, of which pharmacogenetics is a new frontier. I am very fortunate to have worked
with Alastair J. Wood and Grant R. Wilkinson at Vanderbilt University whose enthusiasm,
éxpertise, and dedication greatly contributed to my Career and the production of this book. I am
grateful to all contributors of this book for their hard work in conducting the studies and in writing
the chapters. I acknowledge the editorial support of Mrs. Dan Wang and Mr Yuan-Fei Huang and
the staff of Institute of Clinical Pharmacology, Central South University, for their consistent and

ongoing support.
Changsha, May 29, 2003

Hong-Hao Zhou
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Racial Differences in Drug Response: Altered Sensitivity to
and Clearance of Propranolol in Men of Chmese Descent as
Compared with American Whites

Hong-Hao Zhou, Richard P Koshakiji, David J Silberstein, Grant R Wilkinson and Alastair JJ Wood

ABSTRACT

To determine whether the pharmacokinetics and pharmacodynamics of beta-blockade differ among racial groups,
we gave 10 men of Chinese descent and 10 American white men 10, 20, 40, and 80 mg of propranolol every eight
hours; the dosages were given in random order, and each dose was given for one day. The degree of beta-blockade
was measured as the reduction in the heart rate and blood pressure in the supine and upright positions and during
treadmill exercise testing.

The Chinese subjects had at least a twofold greater sensitivity to the beta-blocking effects of propranolol
than the white subjects, as indicated by the mean (:SEM) plasma concentrations producing a 20 percent reduction
in the heart rate in both the supine position (197 + 31 vs 536 + 58 nmol per liter; P<0.05) and the upright position
(131 + 27 vs 343 £+ 39 nmol per liter; P<0.05) and after exercise testing (96 + 12 vs 185 + 23 nmol per liter;
P<0.05). In addition, the Chinese subjects had much greater sensitivity to the hypotensive effects of propranolol,
as shown by the concentrations that reduced blood pressure by 10 percent in the supine position (73 + 5 vs 748 + 7
nmol per liter; P<0.01) and in the upright position (89 + 5 vs 401 % 6 nmol per liter; P<0.01). No difference in
beta-receptor density or affinity of lymphocytes was found between the groups. The Chinese group had a 45
percent higher free fraction of propranolol in plasma, which may have contributed to the increased drug effect but
cannot explain it entirely. This group metabolized propranolol more rapidly than the white group, which resulted
in a 76 percent higher clearance of an oral dose (3740 + 737 vs 2125 + 214 mL per minute; P<0.05) because of
increased metabolism through multiple metabolic pathways.

We conclude that Chinese men have greater sensitivity than white men to the effects of propranolol on heart
rate and blood pressure. Decreased protein binding may be responsible in part, but most of the effect remains to be
explained.

INTRODUCTION

Much of the knowledge used to design therapeutic regimens has been gained in only one or two ethnic
groups. Many studies of drug effects in humans do not describe the ethnic or racial backgrounds of their subjects,
and of those that do the majority have included only whites and American blacks. In spite of this limitation, the
findings derived from these studies are often applied to other ethnic or racial groups.

The importance of genetic factors in controlling the disposition of drugs has recently received increased
attention. It has been recognized for some time that the capacity for N-acetylation of various drugs is genetically
determined and that the proportions of persons with fast acetylation and of those with slow acetylation vary among
populations.(Lunde et al., 1977; Clark 1985; Horai et al., 1988) More recently, genetic differences in drug
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oxidation have been defined, especially in the ability to oxidize debrisoquin and sparteine; about 8 to 10 percent of
the American population and 0.7 percent of the native Chinese population poorly metabolize debrisoquin and a
number of other drugs, including propranolol, which are also metabolized by the same cytochrome P-450
isozyme.(Inaba et al., 1985; Otton et al., 1984; Jacqz et al., 1986; Lou et al., 1987)

The dosage of propranolol prescribed in China is substantially lower than that widely used in the United
States and Europe, because of a perception that Chinese patients respond to lower doses. If such a perception is
correct, the different responsiveness of Chinese patients to propranolol may be due to either a difference in the
disposition of the drug, resulting in higher drug concentrations in plasma, or a difference in drug sensitivity,
inducing a change in responsiveness to similar drug concentrations.

The aim of this study was to investigate the relative contribution of pharmacokinetic and pharmacodynamic
factors and to determine whether changes in cardiac sensitivity could be explained by changes at the beta-receptor

itself, with lymphocytes used as a model.
METHODS

Ten men of Chinese descent and 10 white men gave written consent to participate in this study, which was
approved by the Vanderbilt University Committee for the Protection of Human Subjects. None of the subjects had
any abnormal finding on routine laboratory tests, history taking, physical examination, or electrocardiography. All
subjects were nonsmokers and had not taken medication or drunk alcohol for at least two weeks before the study.
The mean age of the Chinese subjects was 27 = 8 years (range, 20 to 40), and that of the white subjects was 28 + 6
(range, 19 to 44). The mean weight of the Chinese subjects was 64.7 = 9.5 kg (53 to 81), and that of the white
subjects was 77.4 + 7.3 kg (67 to 90). All Chinese subjects were of Chinese descent only; six had been born in the
People's Republic of China, three in Taiwan, and one in Indonesia of Chinese parents. The Chinese subjects had
spent six months to three years in the United States (mean, 1.6 years), and all had primarily Western diets. All
white subjects had been born in the United States. Since the debrisoquin polymorphism (Raghuram et al., 1984)
has been shown to affect the disposition of propranolol, the phenotype was determined in each subject according
to standard techniques. (Jacqz et al., 1986)

Each subject underwent treatment for one day with each of four dosages of propranolol — i.e., 10, 20, 40, or
80 mg every eight hours. The order of administration was randomized according to a table of random numbers.
The blood pressure (the mean of two measurements obtained by the same observer with the same mercury
sphygmomanometer) and heart rate were measured by electrocardiography, with the subject in both the supine and
upright positions, four hours after the last dose of propranolol! at each dosage level had been given. At the same
time a blood sample was obtained for measurement of the propranolol concentration. The heart rate was also
determined by electrocardiography during the last 15 seconds of 5 minutes of treadmill exercise (1 minute at 1.7
miles per hour [2.7 km per hour] at 10 percent grade, 1 minute at 2.5 mph [4 kph] at 12 percent, 1 minute at 3.4
mph [5.4 kph] at 14 percent, and 2 minutes at 4.5 mph [7.2 kph] at 16 percent). The workload was determined as
that necessary to increase the heart rate to 150 beats per minute without beta-blockade. The extent of
beta-adrenoceptor blockade was expressed as the percentage reduction in heart rate during the last 15 seconds of
exercise, as compared with the baseline values.

Blood samples (50 mL) were drawn from each subject before the study and before propranolol
administration. Lymphocytes were isolated immediately for measurement of beta-adrenoceptor density and
affinity by saturation analysis (Feldman et al., 1984) with use of the radioligand ['*°1] iodopindolol. Lymphocyte
membranes were prepared according to a modification of a method previously described. (Feldman et al., 1983)
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