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ABSTRACT - Purpose. Rosiglitazone, an
insulin-sensitizing thiazolidinedione, acts as a
ligand for the y-subtype of the peroxisome
proliferator-activated receptor in the regulation of
glucose homeostasis and lipid metabolism. The
aims of this study were to determine the
pharmacokinetics of oral rosiglitazone in
Taiwanese and to post hoc compare the ethnic
differences among Caucasian, Japanese, Korean,
and Mainland Chinese. Methods. Twelve
Taiwanese healthy male subjects received 4 and 8
mg of rosiglitazone. Similar protocols were used
in the previously unpublished studies conducted
in 25 Caucasian, 32 Japanese, 8 Korean, and 12
Mainland Chinese healthy male subjects. The 4

mg dose data were wused for ethnicity
comparisons. Results. The respective
pharmacokinetic  properties of  Taiwanese,

Caucasian, Japanese, Korean and Mainland
Chinese are: terminal half-life (hr): 4.18 + 0.43,
3.96 +1.31, 3.83 + 0.78, 4.70 +£ 1.19 and 4.37 +
0.63; Cmax (ng/ml): 384.1 + 59.3, 260.2 + 75.7,
401.9 + 102.3, 345.3 + 60.6, and 406.2 + 52.0;
AUC.ins (h-ng/ml): 2078 + 433, 1249 + 566, 1901
+ 397, 1938 + 534, and 2158 + 498. The Cpax and
AUC iy of Caucasian were significantly (p =
0.002, 0.008) lower and CL/F and V/F were
significantly (p = 0.000, 0.003) higher than those
of other races. These differences of Cax, AUC,.
inf, CL/F and V/F between Caucasian and other
races became insignificant after normalized by
dose and weight. Conclusions. In a given dose by
body weight, ethnicity had no significant impact
on the pharmacokinetics of rosiglitazone in
normal healthy volunteers.

INTRODUCTION

Ethnic differences in drug response are
considered to be important factors accounting for

interindividual variations (1). For example,
Chinese men have been shown to have greater
sensitivity than white men to the effects of the
same doses of propranolol on heart rate and blood
pressure (2). Acetaminophen half- life is
considerably longer (15-62%), and oral clearance
is lower (16- 56%) in Hong Kong Chinese as
compared to Australian Chinese, Caucasians, and
subjects from Pakistan, Denmark, Spain and
South Africa (3). Recent developments have
improved understanding of the molecular
mechanisms responsible for such interethnic
differences. Genetic variations that may provide a
molecular basis for ethnic differences in drug
metabolizing enzymes (CYP 2C9 (4), 2C19 (5),
2D6 (6), and 3A4 (7)), drug transporter (P-
glycoprotein (8), alpha-1 acid glycoprotein (9)),
and drug receptors (adrenoceptors (10)). Their
relevance for the clinical evaluation of drugs is
attracting growing attention, especially, since the
discussion on the acceptability of foreign clinical
data has been set by the International Conference
on Harmonization (11, 12). A pharmacokinetic
study in the new region may be considered as a
bridging study to allow extrapolation of foreign
clinical data to the new region. This will
minimize duplication of clinical studies and
supply medicines expeditiously to patients for
their benefit.

Thiazolidinediones are insulin-sensitizing
agents that act as ligands for the y-subtype of the
peroxisome proliferator-activated receptor
(PPAR-y), which is directly involved in the
regulation of genes controlling glucose
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homeostasis and lipid metabolism  (13).
Rosiglitazone, a thiazolidinedione, had been
shown as an effective in the treatment of patients
with type 2 diabetes in many countries (14, 15).
It has been launched in the US in 1999 and in the
UK and Europe in 2000.The purpose of this study
was to determine the pharmacokinetics of oral
rosiglitazone in healthy Taiwanese volunteers and
to post hoc compare the possible ethnic
differences among Asia-Pacific peoples and
Caucasians.

METHODS
Study protocol

Twelve healthy male Taiwanese were enrolled in
this study. All subjects were in good health on the
basis of history, physical examination, urinalysis,
blood chemistry, chest roentgenogram and
electrocardiogram. None had a history of
cardiovascular, renal, hepatic, gastrointestinal,
respiratory, hematological, metabolic or other
diseases that could affect the absorption,
distribution, metabolism, or excretion of the study
drug. The protocol was approved by the Human
Subject Institutional Review Board. The study
was carried out in accordance with the
Declaration of Helsinki. Written informed consent
was obtained after the purpose, procedures, and
risks of the study had been explained to the
volunteers. The volunteers were instructed to
avoid any other drugs, including alcohol, caffeine
or nicotine for two weeks before the study and
during the study days.

This was an open label, randomized, two-
period, oral dose, and crossover study. The
subjects were randomized into two groups. Each
subject received two doses of rosiglitazone (4 mg
and 8 mg) with the different order arranged prior
to the study. One dose was studied during one
period. Each dosing period was separated by at
least 7 days. The 8 mg dose was administered as
two 4 mg tablets.

Subjects were reported to the Clinical
Research Unit prior to the dosing on the study day
of each period after fasting for at least 10 hours.
A heparin locked intravenous catheter was
inserted in one forearm vein for 24 hours for
blood collection. Rosiglitazone tablet(s) was
swallowed as a whole and not chewed with 240
ml of water. No water or fluid was permitted for 2
hours after dosing. In the previously completed
unpublished studies provided by SmithKline

Beecham Pharmaceuticals, Harlow, UK, the
respective numbers of male healthy subjects were
25, 32, 8 and 12 for Caucasian, Japanese, Korean
and Mainland Chinese. The inclusion and
exclusion criteria were the same. All studies were
also approved by the Human Subject Institutional
Review Board and carried out in accordance with
the Declaration of Helsinki. The time points of
blood collection were exactly the same in studies
in Taiwanese, Japanese and Korean. Blood
samples (5ml) were collected into test tubes
containing ethylenediamine tetraacetic acid
(Sigma chemical company, St. Louis, MO) at 0
hour and then at 0.25, 0.5, 0.75, 1, 1.5, 2, 3, 4, 6,
8, 12, 16 and 24 hours following dosing. The 0.75
hour time point was omitted in the study done in
Mainland China. In Caucasian study, subjects
were pooled from 4 different small studies with n
equals 6, 7, 8 and 4, respectively. Blood
collection times of these 4 studies were slightly
different. The 0.25 hour time point were omitted
in 4 studies, 6 hour time point omitted in 1 study,
16 hour time point omitted in 1 study, and 2
studies had 48 hour time point. They all covered
24 hour time point. All blood samples after
collection were immediately chilled on crushed
ice. Symptoms and adverse drug reaction were
spontaneously reported by the subjects and
assessed by the nurse and the principle
investigator throughout the study period.

Sample Preparation

Blood samples were centrifuged soon at 2000 g
for 15 minutes at approximately 4°C after
collection. The resultant plasma was transferred
to a labeled plain polypropylene tube, and frozen
immediately at approximately —20°C to await
assay.

Assay Methodology

Plasma samples of all races were assayed for
rosiglitazone using protein precipitation followed
by the validated LC/MS/MS analysis employing
positive-ion electrospray ionization method at the
same drug analysis laboratory, SmithKline
Beecham Pharmaceuticals, Harlow, UK. The
lower limit of quantification was 2.5 ng/ml (CV%
= 3.87), based on a 50 pl aliquot of human
plasma. QC samples were assayed with each
batch of samples against separately prepared
calibration standards. The results of the QC
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samples were used to assess the day-to-day
performance of the assay. Raw data from each
subject were used for obtaining the individual
pharmacokinetic parameters.

Pharmacokinetic Analysis

Estimates of pharmacokinetic parameters of
Rosiglitazone, such as the maximum observed
plasma concentration (Cpna), the time to reach
Cmax (Tmax), area under the plasma concentration-
time curve from time zero to the time of the last
guantifiable concentration (AUC,,), AUC from
time zero to infinity (AUCq.y), area under the
first moment curve from time zero to infinity
(AUMCo.ir), elimination rate constant (K), the
terminal elimination half-life (Tyy), mean
resident time (MRT), oral clearance (CL/F), and
oral volume of distribution (V/F) were determined
using non-compartmental methods as
implemented in the Kinetica computer program of
MicroPharm International.

Statistical Analysis

The pharmacokinetic parameters of the two dose
levels were compared by analysis of variance
(ANOVA) (16). The ANOVA contained terms for
subject, period and dose. For demonstrating the
ethnic insensitivity of rosiglitazone, Taiwan
subject data were compared with the data
obtained from Caucasian, Japanese, Korean and
Mainland Chinese. Method of multivariates
analysis of variance with a general linear model in
SPSS (17) was used for comparisons. The
dependent variables were the above mentioned
pharmacokinetic parameters, height, weight and
age. Scheffe tests were used for Post Hoc multiple
comparisons. P < 0.05 (two tailed) was
considered significant. The observed power was
determined after the study.

RESULTS

Pharmacokinetic and Ethnic

Comparisons

Study

The demographic data of healthy subjects in the
pharmacokinetic studies in 5 races are shown in
Table 1. The weights of Caucasian were
significantly (P<0.01) higher than those of other
races. The plasma concentration versus time
curves in 5 different races before and after

normalized with dose/weight are shown in
Figures 1 and 2, respectively. The Cprax, Tmax
AUCq.in;, AUMCo.inr, T1, Ke, MRT, CL/F, VI/F,
Chax/(dose/weight), AUC,.inf/(dose/weight),
CL/F/weight and V/F/weight of 5 different ethnic
groups (Taiwanese, Caucasian, Japanese, Korean
and Chinese) after single-dose oral administration
of 4 mg of rosiglitazone were shown in Table 2.
The observed power was also shown. The Cpax
and AUC,.,s of Caucasian were significantly (p =
0.002, 0.008) lower and CL/F and V/F were
significantly (p = 0.000, 0.003) higher than those
of other races. After normalized with dose and
body weight, the Cya/(dose/weight), AUC,.
it/ (dose/weight), CL/F/weight and V/F/weight of
Caucasian were not statistically different from
those of other races. (p = 0.173, 0.409, 0.065,
0.274) After attaining Cpa, rosiglitazone
concentrations declined in a monoexponential
manner for all races ( 1). The mean terminal
elimination half-lives were between 3.83 + 0.78
hr and 4.70 + 1.19 hr. Maximal concentrations of
rosiglitazone were observed at approximately one
hour after dose. The Cna for the entire group
were between 260.2 + 75.7 ng/ml (Caucasian) and
401.9 + 102.3 ng/ml (Japanese). The AUCq.i,s for

the entire group were 1429 + 566 ng-h/ml and

2158 + 498 ng-h/ml. Other parameters are
presented in Table 2.

In the two dose-level 4 mg and 8 mg studies in
Taiwanese, the plasma concentrations of
rosiglitazone from 12 subjects are shown in
Tables 3 and 4.

Adverse Experiences

No any adverse experience or serious adverse
experience was observed in all subjects during the
study periods.

DISCUSSION

There are several intrinsic factors including
height, weight, age, race, genetic polymorphism
of the drug metabolism and so on need to be
concerned for possible ethnic difference (11). It
is extensively metabolized by two major routes,
N-demethylation and hydroxylation, followed by
conjugation with sulfate and glucuronic acid (18).
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Concentration (ng/ml)

Table 1. Demographic data of healthy subjects in the pharmacokinetic studies with rosiglitazone in 5 races.

Taiwanese  Caucasian Japanese Korean Chinese

N 12 25 32 8 12
Height Mean 1734 179.7 169.7 175.6 172.6
(cm) SD 6.5 6.8 6.9 5.3 4.6
(minimum, maximum) (159, 182) (168, 200) (157,186) (169, 182) (166, 179)

Weight Mean 64.1 77.5* 65.4 66.9 68.3
(kg) SD 5.7 10.7 7.9 6.6 5.8
(minimum, maximum)  (53.5, 71.0)  (54.3, 109.0) (50.6,80.8) (57.0, 80.0) (61.2, 77.2)

Age Mean 22.3 28.8 27.9 24.4 221
) SD 1.7 8.9 8.9 1.7 1.3
(minimum, maximum) (20, 26) (22, 56) (20, 52) (21, 26) (19, 24)

*: p < 0.01 of the analysis of variance and Sheffe’s multiple comparisons with data of Taiwanese.

Concentration of rosiglitazone Concentration of rosiglitazone
1000
. —&— Taiwanese, n=12
400 - —&-Taiwanese, n=12 —4— Caucasian, n=25
—4— Caucasian, n=25 —e—Korean, n=8
—e—Korean, n=8 —&-Japanese, n=32
300 4 —&- Japanese, n=32 —— Chinese, n=12

—&— Chinese, n=12

200 1

Figure 1a Figure 1b

Concentration (ng/ml)
S
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0+ T T T T 1
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Figure 1. These plots show the mean + SE of the concentration-time curves of rosiglitazone in healthy male subjects of Taiwanese, Caucasian, Japanese, Mainland
Chinese and Korean after oral administration of 4 mg of Rosiglitazone ((a) normal and (b) semi-logarithmic coordinate).
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Table 2. Ethnic comparisons in pharmacokinetic parameters (mean = SD) in healthy subjects of 5 races after administration of 4 mg or 8 mg of rosiglitazone.

Parameters Race

(unit) Taiwanese (4 mg)  Taiwanese (8 mg) Caucasian (4 mg) Japanese (4 mg) Korean (4 mg) Chinese (4 mg) Oggexg/red
N 12 12 25 25 8 12

Conax (/M) 3841 + 593 7243 + 1357 2602¢ + 757  2602* + 757 3453 + 600 4062 + 520 1
Tona (0) 09 + 04 10 + 06 09 + 04 09 + 04 10 + 05 07 + 03 0.214
AUCsns (h-ng/ml) 2078 + 433 4024 + 956  1420% + 566 1420 + 566 1938 + 534 2158 + 498 0.991
AUMCoum (h2ng/ml) 12116 + 3836 24021 + 8739 8443 + 6502 8443 + 6502 12388 + 7146 12856 + 4936 0.657
K (I/h) 017 + 002 017 + 002 019 + 005 019 + 005 016 + 004 016 + 002 0.704
Tus () 418 + 043 419 + 056 396 + 131 396 + 131 470 + 119 437 + 063 0.527
MRT (h) 573 + 070 58 + 08 546 + 158 546 + 158 605 + 157 58 + 103 0.393
CL/F (I/h) 200 + 041 208 + 046 316 + 103 316 + 103 218 + 052 196 + 052 1
VIE () 11.90 + 177 1241 + 234 1709 + 578 1709 + 578 1407 + 133 1205 + 216 0.999
Cmad(dose/weight) 61102 + 7875 57982 + 11917 49504 + 13140 49594 + 13140 57259 + 8236 68838 + 6286 0992
(ng/ml)/(mg/kg)

ﬁ%gm;}?;;?’k"gf'ght) 32944 + 5739 32176 + 7695 27330 + 10493 27330 + 10493 31863 + 6331 36549 + 7990 0.774
C(I'/-r{)F/é‘l’(";)ight 0031 + 0005 0033 + 0008 004 =+ 0013 0034 + 0008 0032 + 0006 002 + 0006 0945
\(’I/)f(/l‘:‘;e)ight 0186 + 0020 0195 + 0046 0222 + 0070 0183 + 0036 0211 + 0017 0176 + 0027 0865

Cmax: maximum plasma concentration; T, time to peak concentration; AUC.i,: area under the plasma concentration-time curve from time zero to infinity; AUMC s area under the first
moment curve from time zero to infinity; Kg: elimination rate constant; Ty,,: half-life; MRT: mean resident time; CL/F: oral clearance; V/F: oral volume of distribution; F: bioavailability,
*: p < 0.01 of the analysis of variance and Sheffe’s multiple comparison with the 4 mg data of Taiwanese
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Table 3: The plasma concentrations (ng/ml) of rosiglitazone in 12 Taiwanese healthy subjects after administration of single dose of 4 mg of rosiglitazone

Time Subject1 Subject2 Subject3 Subject4 Subject5 Subject6 Subject7 Subject8 Subject 9 Subject 10 Subject 11 Subject 12 Mean SD

0.25 29.75 83.9 74.31 6.33 * 241.88 18.42 * 33.79 296 * 18.21 89.18 105.98
0.5 273.51 305.59  444.17 87.47 143.03 273.14 251.9 * 370.57 357.5 440.5 419.68 306.10 116.75

0.75 308.97  366.62  445.95 299.68 158.13 37354  311.78 193.72 372.32 346.78  441.21 300.07  326.56 86.17
1 300.09 34229  419.01  482.73 16153  329.88  306.13 343.36 341.69 34557  404.99 292.47  339.15 78.53
15 279.06 307.99 364.27 446.8 299.26 298.85  270.79 42655 29554 31351 341.25 245.45 324.11 61.02
2 250.49 276,55  300.77 38419  302.72 279.58  238.82 393.95  240.17 282.47 317.74 22231 290.81 54.20
3 209.52 225.02 270.64 27258 258.37 23321  204.99 330.17 186.64  217.26 258.55 185.87 237.74 42.07
4 186.44 188.48 203.56 256.51 227.89 136.57 149.45  268.01 155.64 17254  218.13 152.25 192.96 42.89
6 100.87 118.3 120.3 201.04 145.38 165.54 100.52 173.56 92.18 115.96 142.62 97.46 131.14 34.67
8 66.03 81.83 87.19 123.22 102.65 111.14 63.24 126.51 60.35 79.78 97.07 63.08 88.51 23.63
12 32.98 33.16 38.87 41.34 53.36 50.92 28.67 72.41 24.74 35.33 51.16 25.52 40.71 14.01
16 12.13 18.6 19.73 23.79 27.41 36.19 12.46 40.03 10.54 16.98 25.7 9.72 21.11 9.89
24 3.32 3.96 5.08 5.97 6.09 10.83 3.78 12.68 3.45 5.28 8.37 2.57 5.95 3.15

* Data are below the low limit of quantification.
Table 4: The plasma concentrations (hg/ml) of rosiglitazone in 12 Taiwanese healthy subjects after administration of single dose of 8 mg of rosiglitazone.

Time Subject 1 Subject 2 Subject 3 Subject 4 Subject 5 Subject 6 Subject 7 Subject 8 Subject 9 Subject 10 Subject 11 Subject12  Mean SD
0.25 25.13 17853 87.01 28513 21756 311.15 177.88 5.39 9.25 250.35 27.52 105.01 139.99 111.42
0.5 153.99  794.04 578.12 891.66 550.12 990.37 78291 21594  63.15 530.55 170.44 790.88 542.68 320.87
0.75 34334 76187 619.87 754.13 501.84 625.89 719.97 55156 24148  692.84 466.35 748.99 585.68 170.03

1 366.37 706.6  648.06 887.07 47155 79281 659.19 752.3 384.16 672.67 618.65 669.3 635.73 157.46
15 555.92  618.04 579.54 75226 40159 870.12 539.94 75439 45433  574.81 658.85 571.39 610.93 131.55
580.85  547.19 49143 63154 471.66 749.08 500.01 722.18 556.22 549.49 651.42 523.18 581.19 89.61

42441 49491 372.64 55786 336.96 722.17 447.16 593.74 48561 44594 536.89 458.1 489.70 103.49

367.12 40591 260.51 42417 28493 458.06 37291 497.95 399.63  371.38 424.43 373.16 386.68 66.13
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Table 4 continued...

6 201.15 24399 148.38 326.52 161.08 409.28 233.58 329.68 255.19 223.75 276.35 236.39 253.78 73.81
8 12411 175.7 87.62 24957 17812 190.33 160.03 216.88 173.39 148.99 182.57 148.66 169.66 41.67
12 46.12 79.59 31.18 107.14 9128 13701 7474 12917 71.68 63.59 85.5 61.63 81.55 31.29
16 20.85 36.29 16.2 56.92 31.14 97.84 38.33 64.26 32.56 29.81 40.24 29.29 41.14 22.37
24 4.93 9.68 3.87 12.43 15.28 34.43 10.89 20.7 6.92 8.82 11.87 8.36 12.35 8.31

Concentration of rosiglitazone

Concentration of rosiglitazone normalized by dose and weight

i g 100000
8000 - normalized by dose and weight

—a— Taiwanese, n=12
—— Caucasian, n=25
—e—Korean, n=8

—8- Japanese, n=32
—a— Chinese, n=12

—-&- Taiwanese, n=12
—4— Caucasian, n=25
—e—Korean, n=8
-8-Japanese, n=32
—a— Chinese, n=12

6000 4 :
1000 44

(ng/ml)/(mg/kg)
5
8
(ng/ml)/(mg/kg)

10 - Figure 2b

Concentration/(dose/weight)
Concentration/(dose/weight)

0 T T T T J

0 5 10 15 20 25
Time (h) Time (h)

Figure 2. These plots show the mean + SE of the concentration-time curves of rosiglitazone normalized by dose and body weight in healthy male subjects of Taiwanese, Caucasian,
Japanese, Mainland Chinese and Korean after oral administration of 4 mg of Rosiglitazone ((a) normal and (b) semi-logarithmic coordinate).
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In addition, there were many quite diverse ethnic
groups in “Mainland Chinese”. The Taiwanese
were also immigrant Chinese. This study was not
planned to determine the polymorphism.

In Taiwanese study, although it was not
specifically designed to provide a formal
assessment of dose proportionality, the
pharmacokinetics of rosiglitazone exhibited
linearity in the range 4 to 8 mg in these healthy
male subjects. Increases in both Cy. and AUC,.
inf Were approximately proportional to the increase
in dose over the range of 4 to 8 mg. At two dose
levels, rosiglitazone was rapidly absorbed,
terminal phase elimination half-lives were similar
for all subjects receiving two doses with values
ranging from 3.51 to 5.58 hours. There were no
gross differences in parameters of absorption and
elimination, Tma and Ty, respectively across the
range of doses. Inter-subject variability was
generally low, with coefficients of variation
generally less than 30% for Cna.x and AUC,. s at
the 4 and 8 mg doses.

In summary, there was no adverse
experience or serious adverse experience in all
subjects during all of the study periods. The
pharmacokinetic parameters showed no difference
among Taiwanese, Japanese, Korean, and
Mainland Chinese normal healthy volunteers after
single oral administration of 4 mg of
rosiglitazone. Caucasian had lower C,ax and AUC
but became not significant after normalization by
body weight.
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