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ABSTRACT 

Quinine is mainly metabolised by the cytochrome P450 3A4 isozyme (CYP3A4), whereas 
ketoconazole and itraconazole, potent inhibitors of CYP3A4, have been known to markedly increase 
plasma concentrations of various drugs which are concomitantly administered. The aims of the present 
study were to determine the effects of ketoconazole and itraconazole on the pharmacokinetics of 
quinine, and to examine a possible role of CYP3A4 on quinine metabolism in normal healthy 
volunteers. In a randomized crossover study with three phases and a two-week washout period, nine 
healthy Thai male volunteers ingested single doses of 300 mg quinine sulphate alone or after 
pretreatment with either 400 mg ketoconazole or 200 mg itraconazole orally once daily for 4 days. 
Blood samples were collected at specific time points over a 48-hour period. Plasma quinine 
concentrations were determined using HPLC for pharmacokinetic analysis. The results indicated that 
ketoconazole and itraconazole significantly increased the area under the plasma concentration-time 
curve (AUC0-48) of quinine by 107% (P < 0.01) and 96% (P < 0.01), respectively; elimination half-life 
(T1n) by 70% (P < 0.01) and 71% (P < 0.01), respectively. Only ketoconazole significantly increased 
the maximum plasma concentration (Cm._.) by 29% (P < 0.01) and time to reach Cmax (T max) by 56% (P 
< 0.0 I), whereas itraconazole increased the Cmax and T max by 17% and 22%, respectively, but were not 
significantly different from the control phase. Therefore, the present study indicated that there was a 
significant interaction between ketoconazole or itraconazole and quinine in normal healthy volunteers 
since both ketoconazole and itraconazole elevated the AUCo-48 of a single oral dose of 300 mg quinine 
sulphate by inhibition of quinine metabolism, probably via CYP3A4 activity in the liver. Ketoconazole 
had a slightly greater effect on the AUC0-48 of quinine than that of itraconazole. Concomitant use of 
ketoconazole or itraconazole with quinine should be recognized in order to avoid drug interaction in 
malarial therapy. 
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INTRODUCTION 

Quinine, a principal alkaloid derived 
from the bark of the cinchona tree, has been 
used in malaria suppression and treatment for 
more than 300 years. Despite its potential 
toxicity, quinine is still widely used for the 
suppressive treatment and cure of chloroquine­
resistant and multidrug-resistant falciparum 
malaria 1• Quinine has been known to be 
mainly metabolised in the liver via CYP3A4 
isozyme both in vitro and in vivo to yield 3-
hydroxyquinine, a major metabolite2

•
3

, but only 
about 20% of an administered dose is excreted 
unchanged in the urine. 

Ketoconazole and itraconazole, broad 
spectrum azole antimycotics, are potent 
inhibitors of CYP3A4 resulting the increase in 
plasma concentrations of various drugs 
coadministercd such as terfenadine, triazolam, 
felodipine, quinidine, nisodipine and 
atorvastatin4

•
9

, which may be life-tlueatening. 
Presently, a limit number of research articles 
described the effect of ketoconazole on the 
pharmacokinetics of quinine in humans has 
been reported2

•
3

, whereas the effect of 
itraconazole on quinine pharmacokinetics has 
not yet been published. Since quinine has a 
narrow thera-peutic window, coadminish·ation 
of ketocona-zole or itraconazole with quinine 
may lead to a significant increase in plasma 
concentrations of quinine. Nomrnlly, treatment 
of fungal infection with azole antimycotics 
requires a long period to get rid the causative 
agents. Therefore, quinine is probably 
coadministered with ketoconazole or 
itraconazole in clinical practice. The ain1s of 
the present study are to demonstrate and 
compare the effects of ketoconazole and 
itraconazole on the pharmacokinetics of 
quinine in human subjects. Additionally, the 
possible roles of CYP3A4 isozyme on quinine 
metabolism in normal healthy volunteers 
would be ~xplored . 

MATERIALS AND METHODS 

Chemical a11d drugs 

Standard quinine and quinidine 
hydrochloride were purchased from Sigma 
Chemical Co. (St. Louis, Missouri, USA). 
Quinine sulphate (300 mg tablet, Lot. No. 
98098) was bought from General Drug House 
Co., Ltd., Bangkok, Thailand. Ketoconazole 
(Nizoral®, Lot. No. Bl81297) and itraconazole 
(Sporal®, Lot. No. 384037) were bought from 
Janssen Pharmaceutica Ltd., Bangkok, 
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Thailand. An HPLC grade of acetonitrile and 
an analytical grade of triethylamine were 
purchased from J.T. Baker (Phillipsburg, New 
Jersy, USA) and Fluka {Messerchmittstr, 
Switzerland), respectively. Water was purified 
for HPLC by the Milli Q water purification 
system {Millipore, Milford, Massachusetts, 
USA). 

/11strume11ts a11d cllromatograpllic co11dltion 

The HPLC system consisted of a 
Waters 515 pump and a Waters 717 
autosampler (Waters Asssociates, Milford, 
Massachusetts, USA). The detector was the 
Jasco 821-FP intelligent Spech·ofluorometer 
(Japan Spectroscopic Co., Ltd., Tokyo, Japan). 
The intergrator was the Jasco model 807-IT 
(Japan Spectroscopic Co., Ltd., Tokyo, Japan). 
The column was reverse phase µ-Bondapak 
C18 (30 cm x 3.9 mm i.d., particle size 10 µm, 
Waters Associates, Milford, Massachusetts, 
USA). The mobile phase consisted of 
deionized water, triethylamine, 85% phos­
phoric acid and acetonitrile (91.4: l: 0.6: 7, 
v/v/v/v), which was filtered through a 0.45 µm 
membrane filter (Nyron 66, Millipore, Milford, 
Massachusetts, USA) and degassed by 
ultrasonication for 9 minutes before using. The 
mobile phase was freshly prepared in each day. 
The flow rate was 1.5 ml/min. The quinine 
concentration in plasma sample was detected 
using the Jasco 821-FP intelligent Spectro­
fluorometer with an excitation and emission 
wavelengths set at 340 and 425 nm, 
respectively. 

Subjects 

Nine healthy non-smoking Thai male 
volunteers (16-37 years; 47-70 kg) participated 
in this study. All subjects were informed of the 
objectives of the study and gave their written 
consent. The study protocol was approved by 
the Human Ethics Committee of the Faculty of 
Science, Prince of Songkla University. A 
medical history, physical examination, and 
essential laboratory tests were carried out on 
all subjects to ensure that the subjects were in 
good health. All subjects were not allowed to 
take any medication, except drugs given by the 
investigators, for one month before or during 
the study period. 

Study protocol 

A randomized crossover design with 
three phases was used in this study. Each 
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phase was separated by a two-week washout 
period. A single oral dose of 300 mg quinine 
sulphate was given on the study day of each 
phase. Phase one, Quinine alone. On the study 
day, each subject ingested only 300 mg 
quinine sulphate with 150 ml water. Phase Mo 
and three, 400 mg ketoconazole (two 200 mg 
Nizorat® tablets) or 200 mg itraconazole (two 
100 mg Sporat® capsules) pretreatment orally 
once daily for 4 days. The subjects were 
randomized to ingest either 400 mg keto­
conazo le or 200 mg itraconazole for 
pretreatment at 7.00 h with breakfast for 4 
days. On day 4, each subject ingested a single 
oral dose of 3 00 mg quinine sulphate with 150 
ml water 2 h after ketoconazole or itraconazole 
administration. 

All subjects fasted overnight before 
quinine administration and received regular 
meals 3 h after quinine. The subjects were not 
allowed to have coffee, tea, cola or alcohol on 
the test days. 

Bloor/ snmp/iug am/ determl11atio11 of plasma 
q11i11i11e co1tce11tmlio11s 

On the day of quinine ingestion of 
each phase, a forearm vein of each subject was 
cannulated with a sterile catheter kept patent 
with heparinized saline solution. Blood 
samples (5 ml) were collected in heparinized 
tubes before quinine intake and at 0.25, 0.5, 
0. 15, I, 1.25, 1.5, 2, 2.5, 3, 4, 6, 8, 24, and 48 h 
after quinine ingestion. All blood samples 
were centrifuged at l 000 x g for 15 min, and 
plasma was separated within 30 min and kept 
at -70 °C until analysed. Plasma quinine 
concentrations were determined by HPLC 
method10

•
12 with a slight modification using 

quinidine hydrochloride at concentration of 
25 µg/ml as an internal standard. Briefly, to 
400 µI of plasma sample in a 2-ml stoppered 
microcentrifuge tube, a I 00 µI internal 
standard was added and mixed for 30 sec on a 
vortex mixer. A 250 µI of acetonitrile was then 
added and shaken thoroughly on a vortex 
mixer for 30 sec. After 10 min the micro­
centrifuge tube was centrifuged at 10,000 x g 
for 15 min. A 40 µI of supernatant was injected 
into HPLC system using a reverse-phase µ­
Bondapak C18 column with deionized water, 
triethylamine, 85% phosphoric acid and 
acetonitrile (91.4: l : 0.6: 7, v/v/v/v) as a 
moblie phase, and detected by a fluorescence 
detector. The lower detection limit of quinine 
was 0.2 mg/I. The intra-day assay coefficient 
of variation (CV) for quinine was 1.6% at l 
mg/I, 3.5% at 2.5 mg/I, 3% at 5 mg/I and l % at 
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10 mg/I (n = 8). The inter-day assay CV for 
quinine was 6.7% at l mg/I, 5.3% at 2.5 mg/I, 
4.7% at 5 mg/I and 4% at 10 mg/I (n = 10). 
The relative recovery of standard quinine in 
human plasma was 90-94%. Neither 
ketoconazole nor itraconazole interfered with 
the HPLC assay of quinine. 

Plmrmacokinetlc analysis 

Plasma quinine concentrations were 
analysed by one-compartment model. 
Maximum plasma concentration (Cmax) and 
time to reach Cmax (T max) were obtained 
directly from the original data. The elimination 
rate constant (Kti) was determined by a linear 
regression analysis of the terminal phase of the 
plasma concentration-time profile. The 
elimination half-life (T112) was calculated from 
the equation T112 = 0.69fKc1• The area under the 
plasma concentration-time curve from tin1e 
zero to 48 h (AUC048) was calculated by the 
trapezoidal rule from the origin of drug 
administration to the last data point. 

Statistical analysis 

Results were expressed as mean 
v.alues ± SD. The significance of differences of 
pharmacokinetic variables between the study 
phases was analysed using ANOV A with 
repeated measures followed by the Newman­
Keuls test where appropriate. Values of P< 
0.05 were considered to be statistically 
significant. 

RESULTS 

All nine subjects completed the study. 
Any serious adverse effects were not reported 
during each study phase. The mean plasma 
concentration-time profiles of quinine after 
quinine ingestion alone, and pretreatment with 
ketoconazole or itraconazole were shown in 
Figure I. The pharmacokinetic data were 
summarized in Table 1. 

Quinlue after ketoconazole 

The mean Cmax• Tmax• T112 and AUC0-4s 
of quinine significantly increased by 29% 
(from 2.4 ± 0.5 to 3.1 ± 0.5 mg/I; P < 0.01 ), 
56% (from 1.8 ± 0.6 to 2.8 ± 0.8 h; P < 0.01), 
70% (from 9.0 ± 2.1 to 15.3 ± 5.0 h; P < 0.01) 
and 107% (from 36.l ± 14.0 to 74.8 ± 26.9 
mg.hr/I; P < 0.01), respectively, after 
pretreatment with 400 mg ketoconazole orally 
once daily for 4 days compared to those of the 
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control phase (quinine alone) (Table l). 

Qui11i11e after ilraco11azole 

After pretreatment with 200 mg 
itraconazole orally once daily for 4 days, the 
mean AUC0-48 and T112 of quinine significantly 
increase by 96% (from 36.1 ± 14.0 to 70.8 ± 
35.8 mg.hr/I; P< 0.01) and 71% (from 9.0 ± 
2.1 to 15.4 ± 7.2 h; P< 0.01), whereas the 
mean Cmax and T max increased by 17% (from 
2.4 ± 0.5 to 2.8 ± 0.8 mg/I; P> 0.05) and 22% 
(from 1.8 ± 0.6 to 2.2 ± 0.9 h; P> 0.05), 
respectively, which were not significantly 
different from the control phase (quinine 
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Qui11i11e after ketoconazo/e phase and 
Qui11i11e after ilracouazole phase 

There were no significant differences 
in the mean Cmax (3.1 ± 0.5 mg/I versus 2.8 ± 
0.8 mg/I; P> 0.05), T max (2.8 ± 0.8 h versus 
2.2 ± 0.9 h; P> 0.05), T112 (15.3 ± 5.0 h versus 
15.4 ± 7.2 h; P> 0.05) and AUCo..18 (74.8 ± 
26.9 mg.hr/I versus 70.8 ± 35.8 mg.hr/I ; P> 
0.05) of quinine after pretreatment with 
ketoconazole compared to those of quinine 
after pretreatment with itraconazole. 
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Figure 1. Mean plasma concentration-time profiles of quinine in nine normal healthy volunteers after a single oral 
dose of JOO mg quinine sulphate alone ( 0) or after pretreatment with either 400 mg ketoconazole (..&.) 
or 200 mg itraconazole (6) orally once daily for 4 days. Error bars were omitted for clarity. 

Table I. Pharmacokinetic parameters of quinine when a single oral dose of 300 mg quinine sulphate was given 
alone or after pretreatment with either 400 mg kctoconazole or 200 mg itraconazolc orally once daily 
for 4 days in nine nomial healthy volunteers. 

Parameter Quinine alone Quinine+ Kctoconazole Quinine+ llraconazole 
(Control phase) 

C..,., (mg/I) 2.4 ±o.s· 3.1 ± 0.5' 2.8 ± 0.8 
% of control (range) 100 129 (92-179) 117 (66-152) 
TIN., (h) 1.8 ± 0.6' 2.8± 0.8' 2 .2±0.9 

% of control (range) 100 156 (96-226) 122 (68-213) 
T112 (h) 9.0±2.t'I t5.3 ± 5.o· 15.4 ± 7.2 t 
% of control (range) 100 170 (113-228) 171 (96-231) 
AU~a (mg. hr/I) 36. I ± 14.0'1 74.8 ± 26.9' 70.8 ± 35.8 t 
% of control (range) 100 207 (103-311) 196 (64-360) 

CllllX> maximum plasma concentration; tml.., time to reach Cmax; AUC, area under the plasma concentration-time 
curve. Data were expressed as mean ± SD. • •1 P < 0.01, significant difference compared with the corresponding 
control value. 
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DISCUSSION 

The values of Cm..., T max and T 112 of 
qumme given alone in this study were 
comparable to those reported for normal 
healthy volunteers, whereas the AUC048 found 
in our study was greater than that of previously 
reported (36. l ± 14.0 versus 18.5 ± mg. hr/1)13

• 

The difference of AUC048 values may be 
explained by the differences in the 
interindividual variations with respect to age-, 
sex- and race-related changes14. The present 
res ults also demonstrated that after 
pretreahnent with 400 mg ketoconazole orally 
once daily for 4 days, the mean AUC048 
increased by 107% (2-fold), C0 ,._. increased by 
29% (1.3-fold), Tmax increased by 56% (1.6-
fold), and T112 increased by 70% (1.7-fold), 
whereas the mean AUC048 of quinine after 
pretreatment with 200 mg itraconazole orally 
once daily for 4 days was increased by 96% 
(2-fold), Cma.• increased by 17% (1.2-fold), 
T max increased by 22% ( 1.2-fold), and T 112 

increased by 71 % (I. 7-fold) {Table I). 
Interestingly, the AUC048 values of quinine 
were markedly increased (2-fold) after 
pretreatment with either ketoconazole or 
itraconazole. In comparison between the 
effects of ketoconazole and itraconazole on 
plasma concentrations of quinine on the basis 
of AUC0.48 values, it was fo und that 
ketoconazole had a slightly greater effect than 
itraconazole, but were not significantly 
different. Therefore, there was a marked ly 
significant interaction between ketoconazole or 
itraconazole and quinine in normal healthy 
subjects. This was the first report described 
inhibitory effect of ketoconazole on quinine 
metabolism in human subjects compared to 
that of itraconazole. 

Ketoconazole and itraconazole, azole 
antimycotics with broad spectrum antifungal 
activity, are potent inhibitors of many 
CYP3A4 drug substrates15. Ketoconazole and 
itraconazole given orally once daily for 4 days 
at 400 mg and 200 mg doses, respectively in 
normal healthy volunteers are sufficient to 
inhibit CYP3A4 6·7·16. One previous published 
report on the interaction of quinine with I 00 
mg ketoconazole pretreatment orally twice 
daily for 3 days in healthy volunteers revealed 
that the mean AUC and T 112 were increased by 
45% (P< 0.001) and 16% (P< 0.01), 
respectively. When compared these parameters 
with our data, it was likely that the inhibition 
ofCYP3A4 by ketoconazole was dependent on 
doses and time period of ketoconazole 
administration3

. In the present study, 
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ketoconazole was likely to be a slightly 
stronger inhibitor of CYP3A4 in normal 
healthy volunteers than itraconazole. The 
present findings also demonstrated that both 
ketoconazole and itraconazole increased the 
T112 of quinine much more than the Cmax· 
Therefore, these data indicated that the 
interaction resulted in essence from inhibition 
of the hepatic CYP3A4-mediated metabolism 
of quinine, whereas inhibition of the intestinal 
metabolism had a smaller contribution. 
Recently, we have reported the roles of 
CYP3A4 in metabolism of mefloquine, a 4-
quinolinemethanol compound structurally 
related to quinine, in humans 17, which 
supported the hepatic CYP3A4-mediated 
metabolism of quinine in this study . 
Additionally, quinine is rapidly absorbed from 
the gash·ointestinal tract and the bioavailability 
is rather high (88%)13

, thus the effect of 
inhibiting CYP3A4-mediated presystemic in 
the small intestine of a high bioavailability 
drug is not much concerned18. However, 
inl1ibition of the intestinal P-glycoprotein 
transporter b~ ketoconazole in vivo should be 
recognized19· 0. 

Our present results indicated that the 
mean Cma.• of quinine in nine normal healthy 
subjects after administration of a single oral 
dose of 300 mg quinine sulphate alone was 2.4 
mg/I, and after pretreatment with ketoconazole 
and itraconazole were 3. l and 2.8 mg/I, 
respectively. Our intention in this study is to 
observe the behavior of quinine phannaco­
kinetics in normal healthy subjects receiving 
quinine alone and after pretreatment with 
ketoconazole or itracona zo le without 
producing any adverse effects. For these 
reasons, we used a single oral dose of 300 mg 
quinine sulphate as a test dose instead of 600 
mg quinine dose as used in clinical practice, 
and expected that after pretreatment with 
ketoconazole or itraconazole the peak plasma 
concentrations of quinine would not be high 
enough to produce toxicity. Generally, the 
effective plasma quinine concentration is 8-15 
mg/I, however, after administration of a 600 
mg oral dose of quinine sulphate the plasma 
concentration may reach 15-20 mg/I. Mild 
toxicity usually occurred at the plasma quinine 
co nce ntr ation above 10 mg/I and 
cardiovascular toxicity is observed when the 
plasma concentration is above 16 mg/I. The 
electrocardiogram may change in healthy 
subjects with quinine concentration around 5 
mg/I after 10 mg/kg intravenous infusion21. If 
we doubled the 300 mg quinine dose to a 600 
mg dose, the peak plasma quinine 
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concentration of quinine administered alone or 
after pretreatment with ketoconazole and 
itraconazole might be doubled that which 
obtained from each one which was likely to 
produce electrocardiogram changes. However, 
all subjects participated in this study did not 
report any adverse effects to the investigators. 
In clinical practice, the toxicity produced by 
quinine after coadministration with keto­
conazole or itraconazole may occur if high 
doses of quinine are administered, i.e., loading 
dose and long-term treatment with keto­
conazole or itraconazole. 

CONCLUSION 

In conclusion, this study clearly 
shows that there is a significant interaction 
between ketoconazole or itraconazole and 
quinine in human subjects. After pretreatment 
with either ketoconazole or itraconazole, the 
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