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Pharmacokinetic Behavior of Ketoconazole in Adult Chinese
Males
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ABSTRACT

The pharmacokinetic behavior of ketoconazole (Nizoral-Janssen) in Chinese adults was
studied in 14 male volunteers. The pharmacokinetic parameters of ketoconazole obtained
after oral administration of 400 mg (two tablets) were AUC (51.4 £ 17.9 mg-h/l, mean x SD),
Cmax (10.3 £ 2.8 mg/l), T, (1.5 = 0.3 h), MRT (4.1 £ 0.7 h), VRT (30.9 + 11.2 h2), CVF/BW
(0.138 + 0.063 I/h/kg) and k* (slope of terminal phase, 0.330 + 0.09 h-1). When the plasma con-
centration data of 14 subjects were fitted to a conventional one-compartment body model,
then the first order absorption rate constant was 0.236 + 0.136 h'l, and the elimination rate
constant was 0.172 £ 0.041 hl. No statistical difference was observed for the parameters CL/F,
K*, Ciax and AUC between Caucasians in a published study and Chinese in this study (p>
0.1). However, the T,,,, in Chinese (1.5 + 0.3 h) was significantly shorter than that in

Caucasians (2.6 + 1.2 h, p < 0.01).
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INTRODUCTION

Ketoconazole, cis-1-acetyl-4-{4-[2-(2,4-
dichlorophenyl)-2-imidazol-1-ylmethyl-1,3-diox-
olan-4-ylmethoxy]phenyl}piperazine, is a synthet-
ic imidazole-containing anti-fungal drug. Like
other antifungal imidazoles, ketoconazole displays
broad spectrum activity against yeasts and fila-
mentous fungi. In its hydrochloride form, keto-
conazole is water soluble and is effective after
oral administration. This is an important property
not shared by most of the other members of the
imidazole group. In spite of the popular use of this
drug in Taiwan, the available data on the pharma-
cokinetic behavior of ketoconazole are based on

studies which used Caucasian subjects. The cur-
rent study aims to reveal the pharmacokinetics of
ketoconazole in adult Chinese males.

MATERIALS AND METHODS

1. Drug Product

Nizoral tablets (Janssen, Lot No. 103162)
containing 200 mg of ketoconazole in each tablet
were used.

II. Subjects

After a review of their personal history, and
medical and laboratory examinations, fourteen
normal male Chinese aged 24 to 39 were selected
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to participate in this study, which was carried out
at the Father Fox Memorial Hospital, Tainan,
Taiwan. The subjects' characteristics are summa-
rized in Table 1.

1. Study Protocol

The study protocol and written informed con-
sent form were reviewed and approved by the
Department of Health, Taiwan. Two tablets (400
mg ketoconazole) and 200 ml drinking water were
administered to each subject on the morning fol-
lowing a 12-h overnight fast. Two hours after
administration, water was allowed as desired. A
standard Chinese lunch was served 4.5 h after the
drug administration. Blood (5 - 10 ml) was col-
lected via heparin lock just prior to the drug
administration, and at 0.5, 1.0, 1.5, 2.0, 3.0, 4.0,
6.0, 8.0, 12.0 and 24.0 h after the drug administra-
tion. The plasma was separated by centrifuge
(1500 g for 5 min at 30°C) immediately after the
blood had been collected. The plasma was stored
in a freezer (-20°C) prior to the assays. The assays
were completed within two weeks of collecting
the blood samples. A preliminary stability study
revealed no appreciable loss of ketoconazole in
plasma during two-months' storage in the freezer.

IV. Determination of Ketoconazole in Plasma

The high performance chromatographic
method (HPLC) reported by Andrews et alD. was
modified to determine ketoconazole in plasma.
Briefly, 1 ml of plasma spiked with 50 pl of clotri-
mazole stock solution (internal standard, 80
png/ml in methanol) was alkalified with 75 pl of
0.1 N sodium hydroxide, then diluted with 2 ml of
distilled water and injected into a Sep-Pak C18
cartridge (Waters). The Sep-Pak cartridge was
then rinsed with 5 ml of distilled water twice.

Table 1. Summary of subjects' characteristics

N Age (yrs) Height (cm) Weight (kg)

14 305+49 169.1+47 657+7.9

Mean + S.D; N: total number of subjects in the
study.

194

B2 [ JTIBMEIEEIS ] www.angle.com.tw

After excluding the remaining water with 0.2 ml
of methanol, ketoconazole and clotrimazole were
eluted with 2 ml of methanol. One hundred micro-
liters of the eluent was injected for the HPLC. In
cases where the samples were of low concentra-
tion (less than 0.1 ug/ml ketoconazole), the eluent
was evaporated to dryness with nitrogen gas at
50°C and the residue was redissolved in 200 ul
methanol for injection into the HPLC. The HPLC
apparatus consisted of a Shimadzu model LC-6A
equipped with SPD-6A detector and CR-6A
recorder. The separation was accomplished with a
NOVA PAK™ (C18 column (3.9 x 150 mm,
Waters) and a Zorbax ODS guard column (4 x
12.5 mm, Du Pont). The ketoconazole and clotri-
mazole were detected at 231 nm. A mobile phase
consisting of CH3;CN/CH;0H/50 mM KH,POq,,
pH 6.8 in 34/34/32 volume ratio was run at a flow
rate of 2 ml/min and a detector attenuation of 0.01
aufs. The ketoconazole assay was calibrated by
analyzing 1 ml of plasma to which had been
added 0.01 to 15 pg of ketoconazole (USP stan-
dard) and 4 ug of internal standard, clotrimazole.
A typical chromatogram is depicted in Fig. 1.
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Figure 1. Chromatogram of plasma sample after
clean-up (K: ketoconazole, C: clotrimazole).
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The linearity of peak height ratio and the keto-
conazole concentration in plasma was established
for 0.1 to 15.0 pg/ml and for 0.01 to 0.1 pg/ml,
respectively. The recovery of ketoconazole in
plasma was 102 + 4.0% (0.1 to 15.0 pg/ml, mean
+ SD, n = 26). The intraday and interday varia-
tions of the repeatability were less than 1.6 and
2.2% respectively for the samples containing
more than 0.1 pug/ml ketoconazole. The limit of
quantitation was 0.01 pg/ml; however, in fact no
plasma concentration datum fell in the range 0.01-
0.1 pug/ml in this study.

V. Pharmacokinetic Parameters

The maximum observed concentration, Cp,,x
and the time to reach peak concentration, T,y
were recorded for each individual. The AUC_,
values were calculated using the linear trapezoidal
method, and the remaining areas were estimated
by dividing the last concentration (C;,) by the
slope of the terminal phase of the plasma concen-
tration-time curve (k*). The plasma concentration
data of the 14 subjects were fitted to a convention-
al one-compartment body model C = Aekt - Bekat,

Table 2. Pharmacokinetic parameters of ketocona-
zole in Chinese after oral administration (400 mg)

Parameters Mean + SD
AUC, pg-h/ml 51.4+179
Cinax Lg/ml 10.3+2.8
Thaxs h 1.5+0.3
MRT, h 4.1+0.7
VRT, h? 309+11.2
CUF/BW, l/h/kg 0.138 £ 0.063
k*, h-! 0.330 £0.09
A, ng/ml 791 +1.27
k, h! 0.172 £0.041
B, ug/mi 3.82+1.44
k,, h'! 0.236 £0.136

k*: slope of terminal phase; C = Ae’kt- Be*kat; n =
14;
BW : body weight in kg.
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to estimate the first order absorption (ka) and
elimination (k) rate constants. The mean residence
time (MRT) and the variance of residence time
(VRT) values were calculated by equations (1)
and (2)@ ;

1Cd
MRT = Jode (1)

oo

LCdt

j”(; — MRT)Cdt
T=2 "

VR J:'Cdt

................. )

where C is the plasma ketoconazole concen-
tration in pg/ml, and t is the time in h after oral
administration. The oral apparent clearance (CI/F)
were estimated by dividing the dose with AUC
and are reported here per kg body weight.

VI. Pharmacokinetics of Ketoconazole in Caucasian
and in Chinese

Pharmacokinetic parameters, C,,,,, k', AUC,
Tmax and CI/F in Chinese subjects were compared
to those reported for Caucasians®4),

RESULTS AND DISCUSSION
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Figure 2. Plasma concentration profile after oral
administration of ketoconazole (mean + SD,
n=14).
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1. Plasma Concentration Profile

The plasma concentration profile of ketocona-
zole after oral administration is depicted in Fig. 2.
The plasma concentrations of ketoconazole in all
subjects 24 h after the drug was administered
were below the limit of quantitation (0.01 pg/ml).
The average pharmacokinetic parameters are sum-
marized in Table 2. It is intriguing to note that the
observed mean k* values are significantly larger
than the compartment modeling mean k values.
The difference may be due to the inadequacy of
the model. Besides, the dose per kg body weight
is significantly different for each subject, so that
fitting the plasma data of 14 subjects to a simple
mathematic model would result in large variances.
A non-compartment approach therefore seems
more appropriate than the conventional one-com-
partment body model in describing the pharmaco-
kinetics of ketoconazole in a fixed dose study.

II. Pharmacokinetics of Ketoconazole in Caucasian

and in Chinese

Three of the estimated pharmacokinetic para-
meters determined in the present study, CI/F, k*
and T, were compared with those reported by
Huang et al®. for American college students
(Caucasian, oral administration of 400 mg keto-
conazole solution). There was no significant dif-
ference between the parameters for Americans
with oral solutions and those for Chinese taking
tablets (Welch t-test, p > 0.1). When the parame-
ters, k*, Crmax> Tmax,» and AUC from the present
study were compared with the corresponding val-
ues reported by Baxter et al®. for Caucasians
(tablets and solutions), the difference of the means
for Caucasians and Chinese for k*, C,x and AUC
were insignificant (p > 0.1). A significant differ-
ence was noted, however, for T,,,, after adminis-
tration of the Nizoral tablets (1.5 £ 0.3 h in
Chinese; 2.6 = 1.2 h in Caucasians; p < 0.01). On
the other hand, the T,,, for tablets in Chinese was
statistically not different from the T, for the
ketoconazole solution in Caucasians (1.5 £0.32 h,
p > 0.1). Gastrointestinal absorption of ketocona-
zole is known to be influenced by gastric
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acidity®, and is impaired by food®. The observa-
tion implies that the dissolution of ketoconazole in
gastric juice might be significantly faster in
Chinese. Further studies will be required to eluci-
date the details.
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