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INTRODUCTION

In Thai traditional medicme, roselle
(Hibiscus sabdariffa L) is used for the
treatment of various diseases and disorders
including hypertension, hyperlipidemia,
bladder stone and gastric ulceration
cle | « lecould usedas:
antispasmodic drink, anti-hypertensive,
anthelmintic in taeniasis, and anti-bacterial
agent’, An aqueous extract of roselle was
reported to be an effective diuretic in patients
with urologic disorders’. We have already
found (in our preliminary study) that an
aqueous extract of roselie exerts an anti-gastric
ulcer effect when tested in indomnethacin,
HCI/EtOH, and water immersion stress-
induced ulceration in rats; and that a purified,
mucilage fraction inaintained the activity in the
stress-induced ulcer model. The aim of the
present study was to evaluate the anti-ulcer
activity of the mucilage fraction.

MATERIALS AND METHODS

Extraction of roselle and  preparation of
roselle mucilage

ne lyophilized aqueous extract of
roselle was prepared by naceration of dried
roselle calyces with hot distilled water at 75 °C
for 5 hr. The extract was filtered through layers
of gauze, evaporated and dried under reduced
pressure. A mucilage fraction was separated
from the lyophilized aqueous extract by the
method described by Kalyansundaram et al.
(1980)*, Briefly, the lyophilized aqueous
exfract was put into ten times volume of
boiling 0.1 N HCL The solution was then
filtered using Whatman No. 4 fiiter paper. The
filtrate was mixed with 3 times volume of 95%
ethanol, stirred and allowed to stand overnight.
The supernatant liquid was separated out by
filtration through Whatman No. 4 filter paper
and the precipitated roselle mucilage fraction
(RMF) was freeze-dried. The RMF yield was
12% w/w of the dry starting material. In the
experiments, the RMF was dissolved in
distilled water to desired concentrations.

Animals

Male Sprague-Dawley rats weighing
150-200 g were purchased from the National
Laboratory Animal Center, Salaya Mahidol
University, Thailand. They were acclimatized
for at least 7 days in an animal room where the
temperature was maintained at 22 + 3 °C and
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there was a 12 hours light-dark cycle.The food
was supplied by Pokphan Animal Feed Co.
Ltd., Bangkok. The bedding was autoclaved.
The rats had free access to food and water
unless stated otherwise. All animals received
humane care in compliance with the ethics in
the use of animals issued by the National
Rest  hCow  of” 1999,

Experimental gastric ulcers

Roselle mucilage fraction (RMF) was
administered orally to 48 hr fasted rats 60 min
prior te induction of gasiric ulcers by
indomethacin®, HCI/EtOH® or water immersion
restraint stress’. Later (1 hr after HCYEtOH or
5 hr after indomethacin and water immersion
stress) the rats were sacrificed and examined
for gastric ulcers, Each stomach was removed,
opened along the greater curvature and the
glandular portion of the stomach was
examined, The length in mm of each lesion
was measured under a dissecting microscope
and the sum of the length of all lesions was
designated as the ulcer index.

Pylorus ligation

RMF was administered orally to 48 hr
fasted rats. One hour later, the rat’s pylorus
was ligated®. The animals were killed 5 hr
later by an overdose of ether. The stomach was
removed and its content was subjected to
measurement of volume and pH and assay for
titratable acidity.

Determination of gastric wall mucus content

Gastric wall mucus was determined
by the Alcian blue method’, Briefly, the RMF
was administered oraily to 48 h fasted rats 60
min prior to induction of gastric ulcers by 1.0
ml HC{/EtOH (60 ml ethanol + 1.7 ml HC] +
38.3 mi water) p.o.5. Sixty minutes later, the
animals were sacrificed and the stomach was
excised and opened. along the lesser curvature,
weighed and immersed in 0.1% w/v Alcian
blue solution for 2 hours, The excessive dye
was then removed by two successive rinses in
0.25 M sucrose solution. Dye complexed with
gastric wall mucus was extracted with 0.5 M
MgCl, for 2 hours. The blue extract was then
shaken vigorously with an equal velume of
diethyl ether and the resulting emulsion was
cenfrifuged, The opticaf density of Alcian blue
in the aqueous layer was read against a buffer
blank at 580 nm using a spectrophotometer.
The quantity of Alcian blue extracted per gram
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. wet stomach was then calculated from a
standard curve,

Measurement of gastric hexosanine content

Chaiyong Rujjanawate

comparison was done using Duncan Multiple
Range Test. The value exceeding 95%
confidence limits was considered to be
significant,

Hexosamine content in gastric tissue RESULTS
w ¢ zdbyt method of GI' ~ ' Briefly,
tt v vas administered orally to 48 h fasted Oral ac on  he RMF

rats 60 min prior to induction of gastric ulcers
by 1.0 ml HCV EtOH (60 ml ethanol + 1.7 ml
HCI + 38.3 ml water) p.o.%. Sixty minutes later,
the animals were sacrificed and the antral part
of the stomach was hydrolyzed with 6 N HCI
overnight, The tissue was neutralized with 6 N
NaOH and incubated with acetylacetone at
100° "C for 15 min, The mixture was then
coupled with Ehrlich’s reagent and allowed to
stand at room temperature for 40 min. The
optical density of the sample was measured
spectrophotometrically at 530 um using
glucesamine as a standard.

Statistical analysis

Data were subjected to statistical
analysis using ANOVA and statistical

125-500 mg/kg significantly inhibited gastric
ulcer formation induced by indomethacin,
ethanol and water immersion restraint stress
(Table 1). In pylorus ligated rats, the mean
gastric volume of the RMF treated group did
not significantly differ from that of the conirol
group while the pH and acidity output in some
MF ftreated group did, but not in a dose-
related manner (Table 2).

The determined gastric mucus
contents in 250 and 500 but not 125 mg/kg
RMF treated groups were found to be
significantly higher than that of the control
ulcerated group (Table 3), Conversely, RMF at
125 but vot 250 or 500 mg/kg significantly
increased gastric hexosamine content
compared with that of the ulcerated group
 abled).

Table 1. Effects of roselle mucilage fraction {RMF) on gastric ulcers in rals

Group Gaslric ulcer inducer
Indomethacin HCVEIOH Stress
Ulcer index {mm) 1 (%) Ulcer index {mm) [ (%) Ulcer index (mm) 1{%)
Conltrol 121+ 1.6 1164+ 8.4 B4+£14
RMF 125 mp/kg 2.7+0.5* 7.7 78.5116.0 325 59413 208
RMF 250 mg/kg 1.9+ 0.6* 84.3 61.9 + [8.6* 46.8 0.7+ 0.3* 91.7
RMF 500 mg/kg b.1+04* 90.9 643+ 11.3* 44.8 0.6+ 0.3* 92.8

Note : data expressed as mean + S.E.M. ( n =8), * significantly different {rom the control group { p < 0.05), 1(%) = inhibition
of ulcer formation expressed as percentage.

Table 2. Effects of roselle mucilage fraction (RMF) on gastric secretion in rals

Group Gastric vol. (ml) Gastric pH Acidity mEg/L

Contro] 91+12 10101 23.8+128
RMF 125 mp/kg B9+ 1.1 28102 725192
RMF 250 mg/kg B8+1.1 21402 503+74%
RMF 500 mg/kg 7.0+14 25+0.3* 513157

Note : data expressed as mean £ S EM. (n=8), * significantly dificrent from the control group ( p < 0.05).

Table 3. Effects of rosclle mucilage fraction (RMF) on gastric wall mucus conlent in rats

Group Gastric wall nucus
{ug Alcian blue/g wet stomach)
Conlrol ulcerated rats 804 + 29
RMF 125 mg/kg 747 + 26
RMF 250 mg/kg 1214 + 63*
RMF 500 mg/kg 1453 + 64*
Nonulcerated rals 1167 + 16*

Note : Data expresscd as mean + S.E.M. (n = 8), * significantly different from control ulcerated rats ( p < 0.05).
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Table 4, Effects of roselle mucilage fraction (RMF) on gastric hexosamine content in rals

Group Hexosamine content
_(ng /100 mg wet stomach)
Control ulcerated rats 217+ 1.6
RMF 125 mg/keg 292+ 1.5¢%
RMF 250 mg/kg 273128
RMF 500 mg/kg 287115
R 37.0+22*

M. {n=28), *significantly different from control ulcerated rats { p < 0.05).

DISCUSSION

Results obtained in this study showed
the anti-gastric ulcer activity of RMF when
evaluated in the most commonly utilized
experimental models which include indometha-
cin, HCI/EtOH and water 1mmer51on resrramt
stress-induced gastric lesions in rats"!

The pathogenesis of gastric ulcers is
often depicted as an imbalance between
mucosal integrity and aggressive factors.
Factors that impair mucosal defense are HC],
gastrin, histamine, Heficobacter pylori, aspirin
and other non-steroidal anti-inflammatory
drugs (NSAIDs), ethanol, caffeine and stress;
while factors that promote mucosal integrity
are gastric mucus and bicarbonate, gastric
mucosal barrier, Prostaglandms (PGs) and
mucosal blood flow"

According to the experitental models
used in this study, non-steroidal anti-
inflammatory drugs (NSAIDs) like
indomethacin induce ulcer formation by
depleting cytoprotective PGs, e.g. PGE; and
PGI, in the cyclooxygenase pathway of
arachidonic acid metabolism'®. PGE; and PGI,
of gastric and duodenal mucosa are responsible
for mucus production and mamtammg cellular
integrity of the gastric mucosa'. In the
HCVEtOH induced gastric ulceratlon model,
HCI causes severe damage fo gastric mucosa'’,
whereas ethanol produces necrotic lesions by
direct necrotizing action which in turn reduces
defensive factors, the secretion of bicarbonate
and production of mucus'®. The water
immersion stress-induced ulcers are medlated
by 1ncreases in gastric acid secretion'” and
motility?® and decreases in mucosal
microcirculation*' and mucus content™. Since
RMF could prevent ulceration in all three
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EFFECTS OF KETOCONAZOLE AND ITRACONAZOLE ON PLA! 1A
CONCENTRATIONS OF ( JININE IN NORMAL HEALTHY VOLUNTEERS

Wibool Ridtitid, Malinee Wongnawa, Werawath Mahatthanatrakul, Prasit Phaipenkong,
Tippawan Suvaritarak, Methi Sunbhanich

Department of Pharmacology, Faculty of Science, Prince o™~ 1gl~  niversity, Hat Yai,
Songkla 90112, Thailand.

ABSTRACT

Quinine is mainly metabolised by the cytochrome P450 3A4 isozyme (CYP3A4), whereas
ketoconazole and ifraconazole, potent inhibitors of CYP3A4, have been known to markedly increase
plasma concentrations of various drugs which are concomitantly administered. The aiins 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 deterinined using HPLC for pharmacokinetic analysis, The results indicated that
ketoconazole and itraconazole significantly increased the area under the plasma concentration-time
curve (AUCy.q3) of quinine by 107% (£ < 0.01) and 96% (P < 0.01}, respectively; elimination half-life
(T1) by 70% (P < 0.01) and 71% (P < 0.01), respectively. Only ketoconazole significantly increased
the maximum plasma concentration (Cp,,) by 29% (P < 0.01) and time to reach Cpay (Thac) by 56% (P
< 0.01), whereas itraconazole increased the C 5, and Ty 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 AUC .5 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 AUC,4; of quinine than that of itraconazole. Concomitant use of
ketoconazole or itraconazele with quinine should be recognized in order to avoid drug interaction in
matarial therapy.

Key words : quinine, ketoconazole, itraconazole, drug interaction, pharmacokinetics
Address of correspondence and reprint requests to : Wibool Ridtitid, Department of Pharmacology,

Faculty of Science, Prince of Songkla University, Hat Yai, Songkla 90112, Thailand.
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INTRODUCTION

Quinine, a principal alkaloid derived
from the bark of the cinchona tree, has been
used in inalaria suppression and treatment for
more than 300 years. Despite its potential
toxicily, quinine is still widely used for
suppressive treatir  t and cure of chloroquine-
resistant and multidrug-resistant falciparum
malaria'. Quinine has been known to be
mainly metabolised in the liver via CYP3A4
isozyme both in vitro and in vive to yield 3-
hydroxyquinine, a major metabolite>”, 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 CYP3 A4 resulting the increase in
plasma concentrations of various drugs
coadministered such as terfenadine, triazolam,
felodipine, quinidine, nisodipine and
atorvastatin®®, which may be life-threatening.
Presently, a limit number of research articles
described the effect of ketoconazole on the
pharmacokinetics of quinine in humans has
been reported®’, whereas the effect of
itraconazole on quinine pharmacokinetics has
not yet been published. Since quinine has a
narrow thera-peutic window, coadministration
of ketocona-zole or itraconazole with quinine
may lead to a significant increase in plasma
concentrations of quinine. Normally, 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 aims 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 explored.

MATERIALS AND METHODS
Chemical and drugs

Stancaiu yuiing and quiﬂidiﬂe
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. B181297) 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,
Switzertand), respectively. Water was purified
for HPLC by the Milli Q water purification
systi (Millipore, Milford, Massachusets,
USA).

Instruments and chromatographic condition

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 Spectrofluorometer
(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 p-Bondapak
Cig (30 cm x 3.9 mm i.d., particle size 10 pm,
Waters Associates, Milford, Massachusetts,
USA). The mobile phase consisted of
deionized water, triethylamine, 85% phos-
phoric acid and acetonitrile (91.4: 1: 0.6: 7,
v/viviv), which was filtered through a 0.45 pm
membrane filter (Nyron 66, Mitlipore, Milford,
Massachusetts, USA) and degassed by
ultrasonication for 3 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 intclligent Spectro-
fluorome  with an excitation and emission
wavelengths set at 340 and 425 nm,
respectively.

Subjects

Nine healthy non-sinoking 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 Commitice of the Facuity of
Science, Prince of Songkla University. A
medical history, physical examination, and
essential laboratory tests were carried ouf 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 two
and three, 400 mg ketoconazole (two 200 mg
Nizoral® tablets) or 200 mg itraconazole (two
100 mg Sporal® capsules) pretreatment orally
once daily for 4 days. The subjects were
randemized to ingest either 400 mg keto-
conazole 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 300 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.

Blood sampling and determination of plasma
quinine concentrations

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 heparmized
tubes before quinine intake and at 0.25, 0.5,
0.75,1,1.25,1.5,2,2.5,3,4,6,8,24, and 48 h
after quinine ingestion. All blood samples
were centrifuged at 1000 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
method'*™? with a slight modification using
quinidine hydrochloride at concentration of
25 pg/ml as an intemal standard. Briefly, to
400 pl of plasma sample in a 2-ml stoppered
microcentrifuge tube, a 100 pl internal
standard was added and mixed for 30 sec on a
vortex mixer. A 250 pul 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 1nin. A 40 pl of supernatant was injected
into HPLC system using a reverse-phase p-
Bondapak Cjs column with deionized water,
triethylamine, 85% phosphoric acid and
acetonitrile (91.4: 1: 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/l. The intra-day assay coefficient
of variation (CV) for quinine was 1.6% at 1
mg/l, 3.5% at 2.5 mg/l, 3% at 5 mg/l and 1% at
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10 mg/l (n = 8). The inter-day assay CV for
quinine was 6.7% at 1 mg/l, 5.3% at 2.5 mg/l,
4.7% at 5 mg/l and 4% at 10 mg/l (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.

Pharmacokinetic analysis

Plasma quinine concentrations were
analysed by one-compartment model.
Maximum plasma concentration (C,) and
time to reach Cpy (Toa) Wwere obtained
directly from the original data. The elimination
rate constant (K,) was determined by a linear
regression analysis of the terminal phase of the
plasma concentration-time profile, The
elimination half-life (T4} was calculated from
the equation T, = 0.69/K. The area under the
plasma concentration-time curve from time
zero to 48 h (AUCy4g) was calculated by the
trapezoidal rule from the origin of drug
administration to the last data point,

Statistical analysis

Results were expressed as mean
values * SD. The significance of differences of
pharmacokinetic variables between the study
phases was analysed using ANOVA 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 1. The pharmacokinetic data were
summarized in Table 1,

Quinine after ketoconazole

The mean Cpnyx, Traaxs Ti2 and AUCo s
of quinine significantly increased by 29%
(from 2.4 + 0.5 to 3.1 = 0.5 mg/l; P < 0.01),
56% (from 1.8 + 0.6 to 2.8 £ 0.8 h; P <0.01),
70% (fom 9.0 £2.1to 1.3 £ 5.0 h; P <0.01)
and 107% (from 36.1 + 14.0 to 74.8 £ 26.9
mg.hr/l; P < 0.01), respectively, after
pretreatment with 400 mg ketocenazole orally
once daily for 4 days compared to those of the
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contro  hase (quinine alone) (Table 1).
Quinine gfter ifraconazole

After pretreatment with 200 mg
itraconazole orally once daily for 4 days, the
mean AUCp4z and Ty, of quinine significantly
increase by 96% (from 36.1 £ 14.0 t0 70.8 +
35.8 mg.hr/l; P< 0.01) and 71% (from 9.0 &
2.1 to 154 £ 7.2 hy P< 0.01), whereas the
mean Cp,, and Tgy increased by 17% (from
24 £ 0.5 to 2.8 + 0.8 mg/l; P> 0.05) and 22%
(from 1.8 £ 06 to 2.2 + 0.9 h; P> 0.05),
respectively, which were not significantly
different from the control phase (quinine

Plasma quinine concentration (ug/mil)
[=]
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alone) (Table 1)

Quinine after ketoconazole phase and
Quinine after itraconazole phase

There were no significant differences
in the mean Cpy (3.1 T 0.5 mg/l versus 2.8 +
0.8 mg/l; P> 0.05), T (2.8 £ 0.8 h versus
22109h; P> 0.05), T1» (15.3 £ 5.0 h versus
154 £ 72 h; P> 0.05) and AUCy4 (74.8 &
26.9 mg.hr/l versus 70.8 £ 35.8 mgh/l ; P>
0.05) of quinine after pretreatment with
ketoconazole compared to those of quinine
after pretreatment with itraconazole.

—O0— Quininaslona
-==-3lk-=-  Quining +Keatoconazols
==y - Quinina+itreconazcle

- L.
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- .
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Figure 1. Mean plasma conceniration-time profiles of quinine in nine normal healthy volunteers after a single oral
dose of 300 mg quinine sulphate alone ( O ) or afier pretreatment with either 400 mg ketoconazole (A)
or 200 mg itracanazole (A) orally once daily for 4 days. Error bars were omitted for clarity.

Table 1. Pharmacokinetic parameters of quinine when a single oral dose of 300 mg quinine sulphate was given
alone or after pretreatment with either 400 mg ketoconazole or 200 mg itraconazole orally once daily

for 4 days in nine normai healthy volunteers.

Parameter Quinine alone Quinine + Ketoconazole Quinine + Itraconrzole
{Control phase)

Coa: (mp/1) 24105 31405 284038

% of control (range) 100 129 (92-179) 117 (66-152)

Trux () 1.8£06 28108 22409

% of control (range) 100 156 (96-226) 122 (68-213)

Tia () 9.0x21" 15350 15.4+72¢

% of control (range) 100 170 (113-228) 171 (96-231)
AUCqs (mg. he/l) 36.1+ 140" 7481269 70.8+358"¢

% of control {range) 10 207 (103-311) 196 (64-360)

Coas, maximum plasma concentration; tn,,, time to reach Cp,,; AUC, area under the plasma concentration-time
curve. Data were expressed as mean + SD. "' P < 0.01, significant difference compared with the corresponding

control value.
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DISCUSSION

The values of Cpu, T and Ty of
quinine given alone in this study were
comparable to those reported for normal
healthy volunteers, whereas the AUC,.45 found
in our study was | ter than that of previously
reported (36.1 + 14.0 versus 18.5 + mg. he/t)",
The difference of AUCy4; values may be
explained by the differences in the
interindividual variations with respect to age-,
sex- and race-related changes'. The present
results also demonstrated that after
pretreatment with 400 mg ketoconazole orally
once daily for 4 days, the mean AUCj.x
increased by 107% (2-fold), C,,.« increased by
29% (1.3-fold), T increased by 56% (1.6-
fold), and T\, increased by 70% (1.7-fold),
whereas the mean AUC; of quinine after
pretreatment with 200 mg itraconazole orally
once daily for 4 days was increased by 96%
(2-fold), C,. increased by 17% (1.2-fold),
Tmax Mcreased by 22% (1.2-fold), and T,
increased by 71% (1.7-fold} {(Table 1).
Interestingly, the AUC,4s 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 AUC,.4s values, it was found that
ketoconazole had a slightly greater effect than
itraconazole, but were not significantly
different. Therefore, there was a markedly
significant in  action between keteconazole 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 lo
that of itraconazole.

Ketoconazole and itraconazole, azole
antimycotics with broad spectrum antifungal
activity, are potent inhibitors of many
CYP3A4 drug substrates”. Ketoconazole and
itraconazole given orally once daily for 4 days
at 400 1ing and 200 mg doses, respectively in
normal healthy volunteers are sufficient to
inhibit CYP3A4 %™, One previous published
report on the interaction of quinine with 100
mg kefoconazole pretreatment orally twice
daily for 3 days in healthy volunteers revealed
that the mean AUC and T,;; 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
of CYP3 A4 by ketoconazole was dependent on
doses and time period of ketoconazole
administration®. 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
Ty of quinine much more than the C,..
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', which
supported the hepatic CYP3A4-mediated
metabolism of quinine in this study.
Additionally, quinine is rapidly absorbed from
the gastrointestinal tract and the bioavailability
is rather high (88%)", thus the effect of
inhibiting CYP3A4-inediated presystemic in
the small intestine of a high bioavailability
drug is not much concerned’®. However,
inhibition of the intestinal P-glycoprotein
transporter bg' ketoconazole in vivoe should be
recognized’ ™%,

Our present results indicated that the
mean Cp.. of quinine in nine normal healthy
subjects after administration of a single oral
dose of 300 mg quinine sulphate alone was 2.4
mg/l, and after pretreatment with ketoconazole
and itraconazole were 3.1 and 2.8 mg/l,
respectively. Our intention in this study is to
observe the behavior of quinine pharmaco-
kinetics in normal healthy subjects receiving
quinine alone and after pretreatment with
ketoconazole or itraconazole 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 wvith
ketoconazole or ifraconazole the peak plasma
concentrations of quinine would not be high
enough to produce toxicity. Generally, the
effective plasma quinine concentration is 8-15
mg/l, however, after adininistration of a 600
mg oral dose of quinine sulphate the plasma
concentration may reach 15-20 mg/l. Mild
toxicity usually occurred at the plasma quinine
concentration above 10 mg/l and
cardiovascular toxicity is observed when the
plasma concentration is above 16 mg/l. The
clectrocardiogram may change in healthy
subjects with quinine concentration around 5
mg/l after 10 mg/kg intravenous infusion®'. 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
reporl any adverse effecis 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 Jlong-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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UPDATE ON ANGIOTENSIN IT ANTAGONISTS
Nisamanee Satyapan

Department of Pharmacology, Phramongkutklae College of Medicine, Bangkok 10400, Thaitand

ABSTRACT
Pharmacologic intervention in the renin-angiotensin-aldost (RAA) sys’ 1" ugh
inhibition of angi¢ 1sin-converting yme (77 and se” live nism of a ensin 11

receptors has provided substantial clinical benefit in patients with hypertension. Class ot agents used
for this purpose are ACEIs and All antagonists respectively. Five AIl antagonists are currently
available in Thailand for hypertension: candesartan, irbesartan, losartan, telmisartan and valsartan,
They have some structural and pharmacokinetic differences. All antagonists may offer more complete
inhibition of angiotensin II than ACEIs. The mechanism of action is based on selective binding to AT,
receptors, either as competitve or non-competitive (eg. candesartan) antagonist with a lack of agonist
activity at this receptor. As with All antagonists, cough and angioedema will appear to be less frequent
than with ACEls. The most common adverse effects of All antagonists involved headache, dizziness
and musculoskeletal pain. Such adverse effects are mild, transient and similar to those found in
placebo. All antagonists also have protective effect against some organ damages. As recent studies of
All antagonists and ACEIs combination therapy for heart failure indicated advantages of the
combination over therapy with either class. In addition, All antagonists may exert renal protective
effects in diabetic nephropathy. Therefore, AIl antagonists offer an alternative to ACEIs in the
management of hypertension, patients with heart failure, left ventricular dysfunction after MI, and
diabetic nephropathy especially when ACEI therapy is not tolerated. Besides, losartan, unlike others in
the class, has uricosuric effect which were shown in some studies that it would be benefit in thiazide-
treated patients as well as in cyclosporine-treated heart transplant patients. However the clinical
significance must be further investigated. Thus AIl antagonists are currenty considered as effective
antihypertensive agents with a satisfied tolerability profile as well as with protective effect against
some organ damages and an apparent lack of clinically important drug interaction. All these profiles
combined with their simple once daiily dosage regimen, make them a drug class that is likely to find
favour among clinicians and patients alike, although this may be tempered somewhat by their relatively
high acquisition cost. So far, whether any advantages may be aftributed to any one member of the class
is still unclear, due to the lack of comparative studies within the class.

Key words : angiotensin I, antagonist, ACEIs, antihyypertensive

Address correspondence and reprint requests to : Nisamanee Satyapan, Department of Pharmacology,
Phramongkutklao College of Medicine, Bangkok 10400, Thailand. Tel : 0-2245-8272,
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GLUCOSAMINE SULFATE : A STRUCTURE MODIFYING DRUG FOR
OSTEOARTHRITIS

Suvara K, Wattanapitayakul', Srichan Phornchirasiip?

! Department of Pharmacology, Faculty of Medicine, Srinakharimwirot University; * Department of
Pharmacology, Faculty of Pharmacy, Mahidol University, Bangkok, Thailand,

ABSTRACT

Osteroarthritis (OA) is a degenerative disease of the articular cartilage, leading to a full-
thickness loss of joint surface. Other joint tissues also contribute to the pathogenesis of OA.There are
two major goals of OA therapy: 1) to alleviate the symptoms (symptom modification) and 2) to control
the progression of the disease (structure modification). Although non-steroidal antiinflammatory drugs
have been widely used to control OA symptoms, their effects on the progression of OA are uncertain.
Therefore, a new class of therapeutic agents that possesses long-term disease-modifying activity has
been introduced, such as glucosamine sulfate (GS) and chondroitin. GS is a salt of natural occurring
amino-monosaccharide glucosamine. The pharmacological effects of GS include the stimulation of
proteoglycan synthesis by chondrocytes (anabolic effects), and the inhibition of cartitage degrading
enzymes (catabolic effects). GS also possesses antiinflammatory activity through prostaglandin-
independent mechanism. OA clinical trials have shown that long-term use of GS (1,500 mg/day) can
delay the disease progression {changes in the joint space narrowing) and control QA signs and
symptoms. GS is well tolerated and no severe adverse effects have been observed in GS treated
patients. Therefore, GS may potentially be used in OA therapy as a specific drug to delay disease
progression as well as to improve signs and symptoms of the disease.

Key words : osteoarthritis, glucosamine sulfate, NSAIDs
Address correspondence and reprint requests to : Suvara K. Wattanapitayakul, Department of

Pharmacology, Faculty of Medicine, Srinakharinwirot University, Bangkok 10110, Thailand.
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INTRODUCTION

Alkaline phosphatase (ALP; EC
3.1.3.1) comprisesa group of enzymes that
catalyze the hydrolysis of phosphate esters in
an alkaline environment, generating an organic
radical and inorganic phosphate'. An increase
in serum ALP level is frequently associated
with a variety of diseases. Such disorders as
extrahepatic bile obstruction, intrahepatic
cholestasis, infiltrative liver disease, hepatitis
and drug induced disorder are mentioned'”.
Unfortunately, the elevation of ALP less than
three times the normal level is considered non
specific and insufficient to provide a definite
diagnosis'™.

In order to determine the prevalence
of drug induced markedly elevated serum ALP
among Thai hospitalized patients, a review was
made of medical records of individuals in
whom an ALP level was equal to or greater
than 1,000 IU/L during a one-year period in a
Thai tertiary hospital.

MATERIALS AND METHODS

This study was performed as a retro-
spective study. A retrospective case review
was made on hospitalized patients who had an
ALP level equal to or greater than 1,000 IU/L
(Boerhinger Manheim, normal 98-279 1U/L)

Table 1. Characteristics of included 163 subjects.

FAM

at the Department of Laboratory Medicine,
King Chulalongkorn Memorial Hospital,
Bangkok, Thailand. This study focused on a
one-year period, from January 1998 to
December 1998. The review of the patients'
medical records during this period included
203 hyperalkalinephosphatasemic cases with a
conclusive diagnosis for further analysis. The
data from the discharge summary of these
patients were then recorded including their age
aswell as the final diagnosis. The casess
without final diagnosis were excluded.

Descriptive statistics were used in
analyzing the patient characteristics and
laboratory parameters of each group. All the
statistical analyses in this study were made
using SPSS 7.0 for Windows Program.

RESULTS

During the one-year period, a total of
203 hospitalized patients with seram ALP
levels over 1,000 IU/L were identified, Of
these 203 cases, 163 had got the definitive
diagnosis (Table 1). In interest, only 3 cases
with diagnosis of drug induced hyperalkaline-
phosphatasemia were identified (allopurinol in
2 cases and diphenylhydantoin in 1 case). The
average serum ALP in these cases was equal to

4,023.0 £ 3,493.6 IU/L (Table 2).

Parameters Characteristics
Age (years) . :
Range 21-93
Mean 523+ 155
sex
male 28
female 75

Table 2, Drug-induced hyperalkalinephosphatasemia in the series.

No, S6X AR Liug Seum Serum bilirubin  Liver  Recovery after
{years) ALP (ng %)** biopsy  discontinuation
(1U/L)*
1 Female 53 Allopurinol 8,057 40.5 no yes
2 Female 53 Allopurinol 2,014 204 no yes
3 Male 50 Diphenylhydantoin 1,598 19.7 no yes

* normal value 98 — 279 1U
** pormal value 0 — 1 mg%
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DISCUSSION

A number of diseases are related to
the elevation of serum ALP', therefore, a
study of the etiologies of high serum ALP can
be useful in diagnosis. According to a recent
report, drug induced toxicity is rarely a cause
of hyperalkalinephosphatasemia in the
hospitalized patients’. The relative percentage
of drug-induced hyperalkalinephosphatasemia
was equal to 1.47 %, Comparing to the total
ALP tests performed in the setting in the study
period, the low prevalence as 1: 10,000 was
observed,

However, each case of drug-induced
hyperalkalinephosphatasemia seems to be
severe and was overlooked. In our series, a
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documented. "The finding that plasma glucose
concentration rose significantly and insulin
secretion failed to increase commensurate with
increases in insulin resistance suggests that
protease inhibitor use may also be associated
with defects in B-cell function™.

These short-term findings may contribute to
the development of diabetes mellitus and other
clinical syndromes of insulin resistance in
protease¢ inhibitor-treated HIV-infected
patients. Further studies are needed to explore
the implications and pathogenesis of these
abnorinalities.

J Acquir Immune Defic Syndr 2001;27:130-
134, (http://diabetes.inedscape.com/41354.
rhtmi?sremp=endo-081001)

Phase I Study Shows Fiber Can Reduce
Side Effects of Orlistat

Ingestion of natural fiber can reduce the
gastrointestinal side effects of anti-obesity
preseription drug orlistat, according to study
results reported in the faternational Journal of
Obesity.

Orlistat, a gastrointestinal lipase inhibitor, is
inarketed by Swiss firm Roche. The diet aid is
designed to prevent absorption of one third of
consumed dietary fat and is usually prescribed
for patients who are at least 30% overweight.
Orlistat has been shown to "produce significant
weight loss and reduction in metabolic risk
factors" for a wide variety of obese patients.
However, orlistat's side effects, including
uncontrelled bowel movements, oily spotting
and flatulence with discharge, have prevented
a number of people from trying the drug.

Phase I study, con¢ :ted by Dr. Geraldo
Medeiros-Neto and others at the University of
Sao Paulo, explored the impact of a oncedaily
dose of a fiber drink containing psyllium
mucilloid on orlistat side effects. The
researchers found that concomitant con-
sumption of the orange-flavored fiber drink
made orlistat "significantly more tolerable" for
patients. In that study 60 patients received
orlistat 120 mg three tiines daily with 6.0 g of
fiber or with a placebo drink. After 30 days
and a 2-week washout perii  each group
crossed over to the opposite r-~'men. Trial
data showed that 29% of patients experienced
orlistat side effects while receiving the fiber
drink, compared with 71% while receiving
placebo. In addition, patients seemed to
experience orlistat side effects less intensely
while receiving the fiber drink.

The results remained the same even when the
protocol was changed later in the study so that

Nisamanee Satyapan

patients received a nightly dose of 12.0 g of
fiber, rather than a 6.0 g dose three times daily.
The researchers theorize that psyllium
mucilloid, a natural water-soluble fiber that
has been shown to lower serum cholesterol
levels, also helped to absorb the fat blocked by
orlistat. All patients in the trial lost weight,
regardless of their fiber intake.
(http://diabetes.medscape.com/reuters/prof/200
1/08/08.27/20010824clin004. html)

Estrogen Improves Cognitive Function in
Women With Alzheimer's Disease

High doses of estradiol delivered by skin patch
appear to be able to improve memory and
attention skills in women with Alzheimer's
disease, according to the results of a pilot
study reported in the August 28" issue of
Neurology. There have been conflicting
findings of estrogen effects in women with
Alzheimer's disease, told Reuters Health.
While some studies have shown positive
results, three recent studies have shown
negafive results, Dr. Sanjay Asthana, of the
University of Wisconsin School of Medicine in
Madison noted.

Dr. Asthana and colleagues at the VA Pupget
Sound Health Care System in Tacoma and
elsewhere randomly assigned 20
postmenopausal women diagnosed with
probable Ajzheimer's disease to receive 0.10
mg/day of 17-beta-estradiol by skin patch or
placebo. Neuropsychologic tests were given at
baseline and during week 3, 5 and 8 of
treatment, and again 16 weeks after treatment
ended. Women receiving estradiol showed an
improvement from baseline in selective
attention as demonstrated by results of the
Stroop Color World Interference Test, which
they were able to complete more quickly than
patients receiving placebo. Improved
perfonnance from baseline in verbal and visual
recent memory was also observed in esiradiol-
treated patients compared with placebo
patients. In addition, women on estradiol were
able to name more pictures on the Boston
Naming Test compared with women on
placebo. However, there was no general
improvement in cognition, the beneficial
effects of estrogen were targeted only to
certain domains of cognition, Dr. Asthana said.
The gains in attention, verbal, visual and
semantic memory seen in the estradiol group
deteriorated after treatment was stopped and
most women returned to their pretreatment
level, he added. Dr. Asthana believes that the
form of estrogen used is important, and may
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explain the various findings of previous
studies. He also supgests that the results of
this small study may be used to develop larger
trials.

Newrology 2001,57:605-612.

One Million US Children May Use
Performance Enhancing Drugs

One million US children between the ages of
12 and 17 years old may be taking
performance-enhancing substances, according
to a new survey. In addition, one in five young
people between the ages of 10 and 17 years old
report they know someone who has taken
supplements or drugs to improve their athletic
perforinance, build muscle or "look better”.
The survey, conducted by telephone with 785
randomiy selected youth between 10 and 17
years old and 1,002 adults, was commissioned
by the Blue Cross and Blue Shield Association
(BCBSA).

Creatine was the performance enhancer cited
most often, with 57% of the youth surveyed
saying they knew someone who took it.
Steroids were the next most frequently cited
drugs, with 31% of youth knowing someone
who had taken them. Creatine supplementation
as a performance enhancer  based on the idea
that extra creatine wiil help muscles work
harder and longer. Creatine is available as an
over-the-counter supplement, and has been
added to some food products, inciuding
"Cookies n' Creatine", a "sporis energy" bar.
One web site sells "Teen Creatine Advan-
tage", a supplement "developed especially for
aspiring athletes 11 to 19 years of age".
Creatine's side effects include cramps,
dehydration and nausea, and the supplement
may cause kidney damage. Little research has
been done on its effects in young people. "We
think the supplements industry should not be
allowed to market products to children under
18", said Iris Shaffer, executive director of the
Healthy Competition Foundation, formed by
BCBSA in September 1999 to provide the
public with information on the potential
dangers of perforinance-enhancing drugs and
supplements.

The sury " also found that 70% of children
and 50% of adults could not name any
dangerous side effects of performance
enhancers, although 37% of the adults said the
use of these substances was their greatest
concern in youth sports. Four'in five youths
said they had not talked to their parents about
performance enhancers. Among the adults,
45% said they did not know enough about
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these supplements and drugs to talk to their
children about them, and 64% said they never
talked to their kids about these substances.
According to projections based on the survey
results, 390,000 10- to 14-year-olds have taken
performance enhancers. A similar survey
commissioned by BCBSA in [999 found no
children under 14 who reported taking these
substances.

(http://diabetes.medscape.com/ reuters/prof/
2001/08/08.29/ 20010828publ001.html)

Phytoestrogen Intake of US Women Does
Not Reduce Breast Cancer Risk

While several epidemiologic studies involving
Asian populations have suggested that
phytoestrogen consumption may lower the risk
of breast cancer, levels of phytoestrogens
commonly consumed by non-Asian women in
the USA do not appear to protect against the
disease.

Dr. Pamela L. Horn-Ross from the Northern
California Cancer Center in Union City and
colleagues compared the phyteestrogen intake
of 1,326 women who developed breast cancer
with that of 1,657 women randomly selected
from the general population. The breast cancer
group included African-American, Latina, and
White US women, 35 to 79 years of age, who
were diagnosed between 1995 and 1998.

The researchers found no correlation between
total phytoestrogen intake and breast cancer
risk; the odds ratio was 1.0 for the highest
versus lowest quartiles of intake. This lack of
association held true even after considering the

- woman's menopausal status, ethnic back-

ground, and the type of phytoestrogen
consumed. Soy milk and soy burger
consumption was finked to a reduced risk of
breast cancer, but only a small percentage of
case and control subjects consumed these
products. The highest average intake of
phytoestrogens in the study population was
only 3 mng/day, a level equivalent to less than
one serving of tofu per week. In contrast, the
average intake of phytoestrogens in Asian
countries has been estimated to range from
about 15 to 30 mg/day. Thus, it is possible that
non-Asian US women are not reachi~~ a level
of intake that may reduce the risk . breast
cancer.

Am J Epidemiol 2001;154:434-441.
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Endometriosis May Be an Autoimmune
Disease

Immunomodulating therapy may be an alterna-
tive to traditional estrogens as a treatment for
endometriosis, Dr, Warren B. Nothnick, of the
University of Kansas Medical Center in
Kansas City, said that in a review of the
literature he found "overwhelming evidence"
of a role for immunologic factors, particularly
cytokines, in the pathophysiology and etiology
of endometriosis.

In particular, research results show that levels
of tumor necrosis factor alpha (TNF-alpha) are
elevated in patients with endometriosis. Given
the success of TNF-alpha inhibitors in treating
other immunologic disorders, Dr. Nothnick
proposed examinmg these therapies as an
option for treating endometriosis. Disturbed
levels of other cytokines, cell apoptosis, and T-
and B-ceil abnormalities have also been
observed in patients with endometriosis.
However, researchers and physicians need to
be aware of that many factors and pathways
can contribute to the growth and progression
of endometriosis and the cytokines may be one
commonality among these factors or pathways.
While for now there is only a small amount of
evidence to support an immunologic approach
to treating endometriosis, it is need to explore
all possibilities and take advantage of today's
technologies. A treatment that could suppress
the disease and its symptoms independently of
compromising a women's reproductive
cyclicity would hold great promise.

Fertil Steril 2001;76:223-231.

High-Dose Acetaminophen Associated With
High Risk of Peptic Ulcer

Patients who take acetaminophen at dosages
exceeding 2 grams per day are at nearly four
times the risk of peptic ulcer compared with
non-users. The risk skyrockets when non-
steroidal anti-inflammatory drugs (NSAIDs)
and high-dose acetaminophen are taken
together.

Nisamanee Satyapan

Dr, Luis Alberto Garca Rodroguez, of the
Centro Espanol de Investigation Farmacoepi-
demiologica in Madrid, Spain, and Dr. Sonia
Hemondez-Da¥, of Harvard School of Public
Health in Boston, evaluated the association
between acetaminophen and NSAIDs and
upper GI complications. They also evaluated
the effects of various gastroprotective agents.
The cases were 2,105 patients, aged 40 to 79,
diagnosed with peptic ulcer. The 11,500
control subjects were matched by age and
gender. Use of acetaminophen at any dose was
associated with a relative risk of 1.3, Adding
NSAIDs to acetaminophen at less than 2 grams
daily did not increase the 4,1-fold increased
risk associated with NSAID use alone. When
the daily dosage was more than 2 grams, the
relative risk increased to 3.6. However, when
NSAIDs were combined with acetaminophen
at 2 grams per day or more, the relative risk
was 13.2, Drs. Rodriguez and Hernandez-Diaz
noted that "acetaminophen is a weak
nonselective inhibitor of both isoforms of
cyclooxygenase." The exacerbated risk
associated with high-dose acetaminophen and
NSAIDs is likely due to augmentation of
cyclooxygenase inhibition. The researchers
also reported for the first time that the risks
associated with the newer NSAIDs etodolac,
meloxicam and nabumetone were comparable
to those of "the average NSAID effect".
Dosage was the most significant factor
associated with risk due to NSAIDs, although
longer plasma half-life or slow-released
formulation also increased the risk. Apazone
was the only NSAID that at the daily doses
used (600 mg to 1,200 mg) was associated
with a relative risk of upper GI complications
distinctively greater than the average NSAID
relative risk.

H, receptor antagonists did not lower the risk
of peptic ulcers. However, omeprazole,
misoprostol, and nitrates decreased the risk
among users of NSAIDs.

Epidemiology 2001  :570-576.
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