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ABSTRACT

Mefloquine, a structural analog of quinine is
effective single dose therapy for multidrug resistant
falciparum malaria The drug has been used widely in Thailand
as a comhination with sulfadoxine and pyrimethamine
tablet.. Cimetidine is a potent H,-receptor antagonist to be
introduced for general clinical use, won rapid acceptance
for the treatment of duodenal ulcers and other gastric
hypersecretory conditions and bhecame one of the most widely
prescribed of all drugs. Wsnwimolruk et al. (1888) have
shown that in healthy Thai volunteers the co-administration
of quinine with cimetidine resulted in a longer terminal
half-life (t,,,) and greater area under the curve (AUC) of
quinine. The present study reports on the pharmacokinetics
of mefloquine in ten male Thai volunteers before and after
a 28-day course of cimetidine (800 mg.dayHl). Hefloquine was
administered as & single 500 mg oral dose. The mefloguine
concentrations were determined by high performance liquid
Chromatography (HPLCY. Peak plasma mefloquine concentrabtion

3, time to peak concentration (T__ ), volume of

max
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distribution(Vd), and AUC were not, altered after cimetidine.

There were gignificant (p < 0.05) reduction in the drug

-1

elearance—of—nefloquine (—0+051—+0-026-1hr— ke VS
0.031 + 0.015 1.hr" .kg ', mean + s.d. ) and significant
increase (p < 0.05) in the mean elimination half-life
(9.625 days VS 14.438 days) safter cimetidige. These

findings suggest that mefloquine have a longer duration of

action after concomitantly administered with cimetidine.
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INTRODUCTION

MeﬁlequineT—_a——gynthetie—antimal rial —drug,—is—a
4-quinoline methancl, chemically related to gquinine
(Katzung, 1992 : 728). Following initial development and
testing of mefloquine by the United States Army in the
19608, the drug has been developed further through a
collaborative effort. involving the UNDP/World Bank/World
Health Organization Special Programme for Research and-
Training in Tropical Disecases, the Wélter Reed Army
Institute of Research and Hoffwann-La Roche of Basle,
Switzerland (WHO scientific Group, 1884 : 101-128)., It has
strong schizonticidal activity against all species of
malarial parasites infecting humans including multi-drug-

resistant Plasmodium falciparum but is not active against

the hepatic stages of infection and thus camnot prodube

radical cure of Plasmodium vivax.

Because mefloquine is effective against most

resistant strains of Plasmodium falciparum and because it

produces fewer adverse effects than quinine, the drug is an
important advance in the treatment of falciparum malaria
(Katzung, 1992 : T728-730).

The results of acute, subacute and chronic
toxicity studies of mefloquine in the rat, dog, monkey and
mouse showed that the drug was not mutagenic. There were no
teratological changes at doses that were tolerated by adult

female animals, and the drug was not carcinogenic in rats or




mice (UNDP/World Bank/WHO Update, 1983 : 169-178). Recent

results of reproductive trials comparing mefloguine with

chloraquine  have shown  that.  mefloguine is less toxic— for
the foetus than chloroquine (Harinasuta, 1992 : 99).

The frequency and intensity of adverse reactions to
mef loquine are dose-related. In prophylactic trials, the
minor and transient adverse effects include gastrointestinal
disturbances (nausea, vomiting; epigastric pain, diarrhea),
headache, dizziness, syncope, and extrasystoles., Transient
leukocytosis, thrombocytopenia and transaminase elevations
have been reported. With treatment doses, particularly
those over 1000 mg, gastrointestinal symptoms and fatigue
are more likely and the incidence of neuropsychiatric
symptoms (dizziness, headache, visual disturbances, vertigo,
tinnitus, insomnia, vestlessness, anxiety, depression,
confusion, disorientation, acute psychosis, or seizures) may
be as high as 1%. Other infrequent to rare toxic reactions
are bradycardia, pruritus, myalgia, fever, chills, skin
rash, and hair loss. Reactions have scmetimes occured as
long as 2-3 weeks after the last dose of mefloquine
(Katzung, 1992 : 729).

Mef loquine iz  available either as the
hydrochloride salt alone, or in a combined preparation with
sulfadoxine and pyrimethamine (Karbwang and Wwhite, 1990:
264-279). It can only be given orally because intense local
irritation occurs with parenteral use. Studies in

experimental animals have demonstrated that meflogquine is




well absorbed after oral administration and 99 percent of

the drug is protein bound (WHO Scientific Group, 1984:

101=125)..—Peak-plasma-congenbtratiens—are—abttained—in—a—few

hours and decline slowly over a period of several days. It
is excreted predominantly in the feces and hile. Very little
of the administered dose is excreted unchanged invthe urine
(stern (letter), 1988). Five metabolites have been isolated
and the structures of two are identified as 2, 8 bhistrifluo-
romethyl-quinoline-4-methanol and carboxylic acid metabolite
(UNDP/World Bank/WHO Update, 1983 : 169-178).

Mefloquine has the important advantage of providing
cure following a single dose. Dose-finding studies have
indicated that mefloquine is effective and well tolerated at
the therapeutic dosages of 750-1250 mg. For prophylaxis,
mefloquine is used at a dose of 250 mg weekly for adults and
children of more than 45 kg body weight. It should be taken
at  least one week bhefore entering an endemic area and
continued for another 4 weeks ofter leaving the area
(Karbwang and Harinasuta 1992 : 122).

Cimetidine is a potent H,-receptor antagonist, and
has been widely used since 1976 for the treatment of
patients with duodenal ulcer, Zollinger-Ellison syndrone,
systemic mastocytosis, reflux esophagitis and gastric
ulcers. It also reduces ducdenal ulcer recurrence.

The first H,-receptor antagonists, burinamide and
metiamide, were withdrawn from clinical trials due to

serious complications. Cimetidine was then developed and




has been used extensively. The incidence of serious side

effects is low.

Cimetidine—may—be-given—orally-or—parenterally by

intravenous or intramuscular routes. The drug is rapidly and
well absorbed from the GI tract after oral administration.
Peak. plasma drug concentration (C,..,0 1s 1.44 + 0.36 mg.l_1.
Time to reach peak concentration (T, i3 1.9+ 0.9 hrs
after oral administration of a 300 mg tablet of cimetidine.
The mean oral bioavailability ranged from 58 to 89% (Lin,
1981 : 218-238). Cimetidine is widely distributed throughout
the body and is 15-20% hound to plasma proteins. Animal
studies indicate that the drug crosses the placenta.
Cimetidine is distributed into milk (McEvoy, 1989 : 1608-
1614). Therapeutic concentration of the drug in plasna
usually is in the rahge of 0.5 to 1.5 ug.ml_’ (Moffat, .1986
: 4G68).

Most of the dose of cimetidine is recovered in the
urine within 24 hours, about 50-70% as unchanged drug.
Following administration, about 30-40% of the dose is
metabolized in the liver. The sulfoxide is the major
metabolite (Sewester, et al. 1991 : 1451-1459). Up to about
10% of the dose is eliminated in the faeces (Moffat, 1986 :
468). The elimination half-life is 1.5-2 hrs (Benitz and
Tatro, 1988 : 389-390).

Adverse reactions to cimetidine are infrequent and
are usually reversible following a reduction of dosage or

withdrawal of therapy. The most frequently reported




side-effects are headache, tiredness, diarrhoea, muscular

pain, skin rash snd dizziness (Brogden, et al. 1878 : 122},

Reversibleconfusionalstates, especially inthe—elderly—or
in seriously ill patients such as those with renal failure,
have ocecasionally occurred (Langman, i988 : 784y,
Information on the acute toxicity of cimetidine is limited.
Doses of up o 15 g have not been associated with any
untoward effects (Sewester, et al., 1891 : 1451-1459),
Cimetidine increases plasma prolactin levels; gynecomastia
and, rarely, galactorrhea may ensue. Depression of sperm
count. and impotence have been noted particularly with
long-term high-dose cimetidine therapy (Dukes, 1988 : 784).
Cimetidine inhibits the cytochrome P 450 oxidase
system that affects metabolism of other drugs e.d.,
wvarfarin, theophylline, several oral anticonvulsants,
several P-blockers, several calciun antagonists, several
antiarrhythmic agents and several antimalarial drugs
(chloroquine, cuinine, quinidine) (Sewester et al. 1891 :
1451-1459). Like quinine and chloroquine, mefloquine is a
blood schizontocidal drug and it is a structural analog of
gquinine (WHO Scientific Group, 1984 : 101-125), therefore
cimetidine could inhibit the metabolism of mefloquine
theoretically, delaying elimination and increasing the
plasma concentration of mefloquine. Concomitant administra-
tion of cimetidine with mefloquine may result in mefloquine

increased pharmacological effects or toxicity.




The purpose of this investigation was to study the
pharmacokinetics of mefloquine in healthy volunteers when

vie—drug—was-adninistered-alone._and . concomitantly with

cimetidine. Because of the lack of previous studies of the
effects of cimetidine on the pharmacokinetics of mefloquine,
the pharmacokinetic data from this study should be important.

for the clinicians to set up a required dosage adjustment.




LITERATURE REVIEW

MEFIOQUINE

Z N

X

/

Figure 1 Structural Formula of Mefloquine

Ex)

Chemical Name : dl-Erythro-e< -(2-piperidyl)-2,8-bis
(trifluoromethyl)-4-quinoline methanol
Molecular Formula : C,_H, £ F N O

17716 6 2

Trademark 1 Lariam

CHEMICAL AND PHYSICAL PROPERTIES
Molecular Weight @ 414.79

Melting Point : 257-259°C




Description : White, odorless, bitter-tasting powder;

Solubility : Very soluble in methanol, ethanol, acetone.

Moderat.ely soluble in-chloroform.

Insoluble in water, petroleum ether, benzene.

-

St.orage Meflocuine hydrochloride tablets should be kept
in  well-closed containers protected from

moisture (Stern (letter), 1988)

PHARMACODYNAMIC PROPERTIES
1. Mechanism of Action

The exact mechanism of action of mefloquine is
not  known. Its activity shows some similarities to quinine
or quinine-related drugs (Strickland, 1991 : 605).

In some respects, mefloguine behaves 1like
quinine, but it does not intercalate with DNA. It has been
shown to associate strongly with membrane phospholipids
(Strickland, 1991 : 605). This may be an important feature
of its activity, although its major mode of action is
probably involved with parasite hemoglobin digestion (WHO
Scientific Group, 1984 : 101-125).

Mefloquine has strong blood schizonticidal

activity against Plasmodium falciparum and Plasmodium vivax

but. is not active against Plasmodium falciparum gametocytes

or the hepatic stages of Plasmodium vivax. There was no

evidence of effectiveness against Plasmodium malariae or

Plasmodium ovale but theoretically the drug should be




effective against circulating schizonts of Lhese species

(Katzung, 1992 : 728-730).

2.—Pharmacotogic-Effects

Like quinine, mefloguine can slow cardiac

conduction. Studies in animals have shown antifibrillary
action and an increase in the pulse rate in?erval. The
effect of mefloquine on the compromised cardiovascular

system in humans has not been evaluated (Katzung, 1992 : 729)

PHARMACOKINETIC PROPERTIES

| Mefloquine hydrochloride is a synthetic 4-quinoline
methanol derivative, chemically related to quinine. The
drug was developed for human administration. It can only be
given orally-either as a tablet or as a crystalline agqueous
suspension because intense local irritation occurs with
parenteral use. Consequently, most kinetic data are derived
from studies following oral administration, and the
estimates of apparent volume of distribution and c¢learance
are all corrected for the unknown fraction of the drug
absorbed. The metabolism of meflogquine has been studied
mainly in animals (Karbwang and White, 1990 : 264-279). It
is well absorbed, and peak plasma concentrations are reached
within 2-12 hours. A single oral dose of 250 mg. results
in a plasma concentration of 290-340 ng.ml_l. Plasma levels
of 200-300 ng.ml~1 may be necessary to  achieve

chemosuppression in  Plasmodium falciparum  infections

(Katzung, 1992 : 728-730). The drug is 98% bound to plasma
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proteins (Karbwang and White, 1990 : 264-279), concentrated
in red blocd cells, and is extensively distributed to the

tissues, _including the central _nervous__system. _It___is

metabolized primarily to one Compohent devoid of
antiplasmodial activity and accumulates in the plasma. It
undergoes extensively to biliary and gastric secretion,
followed by reabsorption (Strickland, 1961 : 605); Most  of
the drug and its metabolites are slowly excreted, mainly in
the feces. It has a long but variable elimination
half-lives, ranging from 13 days to 33.days, which tends to
be shortened in patients with acute malaria. The drug can
be detected in the blood for months after dosing ceases
(Katzung, 1992 : 728-730).

Schwartz et al. (1980) studied the pharmacokinetics-
of wmefloquine in dogs and in man. Comparing the areas
under the mefloquine curve following oral and di.v.
administration in dogs, the bicavailability of the drug from
tablets was found to range between 67 and 90% of the dose
(mean 78%). Assuming that the absorption of mefloquine is
also almost complete in man, first estimates of its volume

of distribution and total clearance were attempled.

Single Dose Pharmacokinetics in Healthy Subjects

Desjardins et al. (1979) studied the pharmacokinetics
of mefloquine hydrochloride in 20 healthy male subjects and
used a HPLC technique to assay wholé blood mefloquine

concentrations and derived pharmacokinetic parameters in 4
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groups of volunteers receiving a single oral dose of 250,
500, 1000 or 1500 mg (Table 1) given as tablets or in

agqueous  suspension form. Absorption was considerably more

rapid from an acqueous susbension (mean absorption half-life
= 1.1 hr) compared with that from tablets (mean absorption
half-life = 3.8 hr). The area under the whole blood
concentration-time curve (AUC) was 35% greaterl with the
suspension than with tablet form, suggesting greater oral
bioavailability. The total apparent volume of distribution
(Vd) was large (13.3 + 3.3 1.k¢ '), and the terminal
elimination half-life varied from 6.5 to 22.7 days (mean
13.9 days). These data suggest a low intrinsic clearance
with a very small first-pass effect.

Schwartz et al. (1982) studied the single-dose
kinetics of mefloquine in 18 male volunteers. Plasma
concentrations were measured by gas chromatography. The
administration of mefloquine hydrochloride equivalent to
250 mg base ( = 1 tablet) produced maximum plasma levels of
290-320 ng.ml ' within 4-8 hr while a 1000 mg-dose (= 4
tablets) resulted in some of the same subjects in plasma
level maxima of 1010-1030 ng.ml " within 2-12 hr. They
measured both plasma and whole blood concentrations and
found that absorption was rapid, with absorption half-life
values between 22 and 120 minutes. Plasma terminal
elimination half-life ranged between 15.6 and 33 days.
Apparent. volume of distribution estimates ranged between

13.5 and 29.1 1.kg *, and total clearance estimates ranged
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between 18 and 40 ml.min_l.kgui. Urinary excretion accounted

for between 1.5 and 8.7% of unchanged mefloquine.

Riviere et al. (1985) studied the pharmacokinsties
of mefloquine after orél administration of 750 mg to six
volunteers. Plasma drug concentrations wére analysed by
HPLC. The absorption was apparently slow. Plasma mef loguine
concentrat.ions at 24 hr. (559 + 181 ng.m1~1; meaﬁ + s.d.)
greater than that at 6 hr (459 + 166 ng.ml *). The
elimination half-1life, total clearance, and apparent volume
of distribution were 373 + 249 hr, 5.90 + 2.74 ml.hr = and
35.7 + 30.7 1.kg * respectively.

Karbwang et al. (1987b) studied the pharmacokinetics
of a single oral dose of mefloquine 750 mg when given alone
or in combination with sulfadoxine-pyrimethamine (Fansimef <"’
: sulfadoxine 1.8 g and pyrimethamine 75 mg) in 12 healthy
Thai male and 12 healthy Thai female volunteers. Plasma
concentrations of mefloquine were measured by HPLC at
intervals for 42 dayé. Comparing the data from the
individual groups, the time to peak 4 __.2 in female
subjects receiving Fansimef "’ was less than that in male
sitbjects receiving Fansimef %’ (P ¢ 0.05) and in female
subjects given mefloquine alone (P < 0.05). In the male
subjects receiving mefloquine alone, peak concentrations
ranged between 638 and 2494 ng.ml”' with a mean
concentration of 1442 ng.mlu1 which were higher compared to

previously published data on mefloquine concentrations in
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healthy Caucasian male subjects (Riviere, et al. 1985)

receiving the same dose.

Manser-et—al-—(1989)-studied-the-pharmacekineties—of
a single dose of 500 mg mefloguine given in combination with-
sulfadoxine-pyrimethamine (Fansinef‘*’) to 10 healthy adult
male Malaysian volunteers. The dose consistgd of two
tablets containing 500 mg mefloquine base, 1 g sulphadoxine
base and 50 mg pyrimethamine base. Plasma concentrat.ions of
mefloquine were measured by GC-ECD. The mean peak concentra-
tion (C__ ) was 1010 mg.l_JL and time to peak concentration
5.70 + 0.95 hr (mean + s.d.). The elimination half-life
(t, ) for mefloquine was 387 + 98 hr. The results of this
study suggest that. the pharmacokinetics of mefloquine he not
gsignificantly altered when ‘administered as a triple
combination.

Franssen et al. (1959) studied the pharmacokinetics
of mefloquine, given orally in divided-doses to healthy
Caucasian volunteers. The subjects received 500 or 750 nmg
followed by 500 mg 8 hr later. Mefloquine was measured in
whole blood and plasma for 50 days by HPLC. Maximum blood
and plasma mefloquine concentrations of 1872 + 362 ng.ml_1
(mean + s.d.) and 1900 + 434 ng.ml_I, respectively, were
found within 6-10 hr. after the second dose. The terminal
plasma elimination half-life was 26.1 t 3.7 days (mean *
s.d.) and the clearance was 22.3 + 6.7 ml.hr kg = (mean +

s.d.). The differences in the pharmacokinetic parameters
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derived from plasma or blood concentration profiles were not

statistically significant.

Multiple Dose Pharmacokinetics in Healthy Subjects

Mimica et al. (1983 studied +the multiple dose
pharmacokinetics of mefloquine in 5 healthy adult volunteers
who received a dosage of 250 mg weekly for 21 weeks. Blood
samples were collected just before administration of the
next, dose and plasma mefloquine and metabolite concentrations
were analysed by TLC and Uv-absorption. The mean plasma
level of mefloquine measured at steady state, ranged from
560-1250 ug.1” " and that of the metabolite from 1470-5550
ug.1”'. The elimination half-life at the end of drug
administration was between 14.7 and 30.0 days.

Karbuang et al. (1991a) carried out a study of the
multiple dose pharmacokinetics of Fansimef ‘"~ (mef loquine-
sulfadoxine - pyrimethamine) in 9 healthy border police
volunteers who were working on the Thai-Cambodia border.
Meflogquine 375 mg as Fansimef <’ tablets was given as a
loading dose, followed by mefloquine 250 mg every 4 weeks
for 4 doses. W¥Whole blood concentrations of mefloquine were
measured hy HPLC at intervals for 19 weeks. The mean
maximum concentration (C__ ) was 420 + 141 ug.l”"  (mean +
s.d.), time to peak concentration (4 __ ) 12 + 8 hr Gmean
s.d.), terminal half-life 14.93 + 4.43 days (mean + s.d.),
apparent volume of distribution (vd) 16.5 + 5.6 1.kg = (mean

+ s.d.) and total clearance 0.99 + 0.82 ml.min™ kg
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(mean + s.d.). The mean minimum whole blood mefloquine
concentration derived from the study was approximately 100

ug.f1 which was considered to be low for treatment.

Nosten et al. (1990) studied the pharmacokinetics of
mefloquine in 20 Karen women in the third trimester of
pregnancy receiving antimalarial prophylaxis with mefloquine.
Ten of them received 250 mg mefloguine base weekly and the
rest received identical tablets of 125 mg-base. week .
Whole blood mefloquine concentrations were determined by
HPLC. The median time to peak mefloquine concentration was
6 hr (range 3-24). The mean peak blood mefloguine concentra-
tions were 722 + 279 ng.ml” (mean + s.d.) for the 250 mg-
dose and 390 + 86 ng.m} = for the 125 mg-dose. The median
volume of distribution was estimated to be 13.8 1.k *, the
mean total clearance was 0.047 + 0.016 1l.hr .keg = and  the
apparent terminal elimination half-life & ) was 11.8 %

7.9 days.
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Pharmacokinetics in Patients with Falciparum Malaria
In Thailand most studies of mefloxuine pharmacokine-

tics have used a randomized clinical trial design to compare

patients with malaria and healthy volunteers. Looareesuwan
et al. (1987) studied mefloquine bioavailability and
kinetics using a stable iscotope technique. Five male Thai
patients with falciparumn malaria and six healthy'maie Swiss
volunteers received 250 mg of mefloguine and 250 mg of
deutero mefloquine base., Meflogquine and its deut.erium
labelled analogue were measured simultaneously by  gas
chromatography with mnass spectrometry. The peak plasma
mef loquine concentrations were approximately three times
higher in the Thai patients (1004 + 278 ng.mf1 mean + s.d.
for tablet and 1085 + 280 ng.ml  mean + s.d. for the
suspension) compared with the Swiss volunteers (318 + 73
ng.ml~" mean + s.d. for the tablet, and 369 + 121 ng.ml
mean 1+ s.d for the suspension)., The total clearance of
mlabelled mefloguine was significantly lower (17.5 + 4.4
rnl.lrn'hl.kg"1 mean + s.d.) in the Thai patients compared with
28.8 + 3.5 mL.hr ".kg = mean + s.d. in the Swiss volunteers
(p < 0.05). Terminal elimination half-lives were signifi-
cant.ly shorter in the Thai patients (10.3 + 2.5 days mean +
s.d.) than in the Swiss volunteers (16.7 + 1.9 days mean +
s.d.y (p £ 0.005)

Karbwang et al. (1987a) studied the pharmacokine-
tics of mefloquine in the combined preparation of

mef loquine-sulfadoxine~pyrimethanine (MSP) (Fansimef *’)  in
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9 Thai patients with uncomplicated chlorequine-resistant

falciparum malaria. All patients received 11.2-18.7 mg of

mefloquine base per kilogram body weight. as MSP_ tablets

Mefloquine was assayed by HPLC. The mean apparent, absorpt.ion
half-life (t1/2 abs) of mefloquine was 4.89 hr (range
2.25-9.72) and mean peak plasma concentration was 1815
ng.ml~1 (range 725-3368). The authors found.no. difference
between whole blocd and plasma mef loquine concentrat.ions
during the first 48 hr of treatment.

Karbwang et al. (19887) studied the kinetics of a
single oral dose of mefloquine 750 mg in 12 Thai patients
with falciparum malaria and 12 Thai healthy volunteers,
Mefloquine was analysed by HPLC. ‘There was no significant
difference in peak plasma concentration, time to veak, area
under the curve or apparent volume of distribution between
patients and controls, but the terminél half-life (t,,,) was
shorter in the patients (12.2 days) than in the volunteers
(16.7 days, p < 0.001).

" Karbwang et al. (1991b) carried out a comparative
study of the pharmacokinetics and pharmacodynamics  of
mefloquine given as a single oral dose treatment of either
750 or 1250 mg to 20 Thai male patients with acute
uncomplicated falciparum malaria. The level of mefloquine
in whole blood was determined by HPLC method. The derived
pharmacokinetic parameters of the two regimens were similar,
with the absorption of mefloquine increasing linearly with

dose. The AUC values obtained were increased in proportion
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to the dose, which suggested that there was relatively
complete absorption of the higher dose (1250 mg). However,

vomiting within an hour of taking the drug reduced the whole

blood mefloguine conéentrations. The results did not
indicate that there was any advantage in using a single
dose of 1250 mg of mefloquine rather than 750 mg.

Nosten et al. (1991) studied the phafmacokinetic
properties of mefloquine hydrochloride (15 mg base.kg_l) in
12 Xaren children (5 girls, 7 boys)‘aged between 5 and 10
years presenting with uncomplicated falciparum malaria. The
drug was well tolerated. Mefloquine in whole blood samples
was measured by HPLC. Peak concentrations (C__ ) of 2031 +
831 ng.mlﬁl(mean + s.d.), ranged from 984 to 3772 ng.ml_l,
were reached in a median of 8 hr {(range 6~24 hr). The
apparent, first order absorption half-life was 2.4 + 0.6 hr
(mean + s.d.). The values for oral clearance (Cl) were
0.523 + 0.272 ml.min .kg = with a range of 0.15 to 1.02

ml.min ".kg
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METABOLISM

CcCOoH

{ F‘._":i

Figure 2 Structural Formula of 2,8-~bis (trifluoromethyl)-4-

quinoline carboxylic acid

Mefloquine is largely biotransformed into 2, 8-bis
(trifluoromethyl)-4—-quinoline carboxylic acid (Figure 2).
Schwartz et al. (1980) studied the disposition of the
carboxylic acid metabolite in human subjects given 1 g
mef loquine base in the form of its hydrochloride orally.
The metabolite appeared in the blood 2 to 4 hours after
oral administration of mefloquine. Its concentration rose
steadily to maximum values of 1.1 to 1.4 ug.ml~1 within 1 or
2 weeks of administration and remained practically constant
for about 2 to 3 weeks to decline thereafter at a rate
similar to that of mefloquine. The authors compared the
kinetic studies of 250 mg mefloquine and 204 mg of its
metabolite in dogs, using i.v. administration. In these
experiments, both compounds showed virtually the same
elimination half-life but the initial plasma levels of

mef loquine metabolite was about 30 times higher than those
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of mefloquine. The volume of distribution of this compound

was less than that of meflogquine. On comparing the AUC of

metabolitemmfefmedrmaftermndvamnadministra&ion__oﬂ—nzﬁen—mg
mefloquine with that measured after i.v. administration of
204 mg of metabolite, it was found that only 26% of
mef loquine had been metabolicélly converted tq mef logine
metabolite. Schwartz et al. (1982) studied the oral single
dose  kinetics of mefloguine in 18 male volunteers.
Unchanged mefloquine and one of its metabolites were
measured in plasma. The levels of its metabolite surpassed
those of mefloquine, resulting in a 2.4-5.1 larger AUC.
Franssen et al. (1989) reported that the concentration of
the metabolite in whole blood was lower than that in plasma
but.  also exceeded the whole blood concentration of
mef loquine. Nimica et al. (1983) reported steady-state
plasma concentration of mefloquine and carboxylic acid
metabolite in 5 volunteers receiving 250 mg weekly for 21
weeks., The mean plasma levels of the metabolite ranged
between 1.47 and 5.55 ug.ml ~, while the mean metabolite to
mef loquine ratio measured at steady state was found to have

an interindividual range of between 2.3 and 8.8

TOXTCOLOGY

UNDP/World Bank/WHO Update (1983) reported the
toxicitﬁ of mefloquine in the rats, dogs, monkeys and mice.
The results of acute, subacute and chronic toxicity showed

that the drug did not cause mutagenic nor teratologic
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changes. The toxic effects on the development of the
offspring of rats were produced during the postnatal period

only in those nursed by dams given very high doses of the

drug. There was no evidénce of toxic effects in dogs given
doses ranging from 5 to 150 mg.kg = body weight.week ' for
1 year, other than a reduction in the rate of weight gain in
those receiving 25 mg.kg_1 or more of drugv per week.
Epididymal lesions were seen in the male rats given 20 or 50
ng.kg” = of  body weight.day = for 90 consecutive days.
Teratologic studies in female rats showed an  increased
incidence of externally visible soft tissue and skeletal
anomalies when the drug was given 100 lrng.kg_1 of body weight
from day 6 to day 15 of gestation, but no abnormalities were
seen at doses of 10 or 20 mg.kgﬁl. A Z-year study in rats
showed that mefloguine is not carcinogenic at dose of
30 mg.kg_1 or below. Thus, it possesses a relatively
satisfactory overall profile of animal toxicity (Karbwang

and White, 1990 : 264-279).

ADVERSE EFFECTS

In the clinical trials of mefloquine conducted to
date, no serious adverse reactions have been observed. The
main adverse reactions reportéd following the use of
mef loquine 250 mg weekly prophylactic regimen are diarrhoea,
nausea, vomiting, headache, and dizziness. Serious
neurological reaction are rare with this regimen for up to 8

weeks of prophylaxis (Karbwang et al. 1992 : 118). These
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side effects recorded have generally been mild and

transient, self-limiting and required no specific treatment.

These —symptons-did-not—correlate-with-bloed—concentrations
of mefloquine, although they were associated with the higher
dose. (Karbwang et al. 1991c : 207-212). The pattern of
adverse reactions seen in healthy volunteers was similar to
that seen in patients (WHO Scientific droup, 1984 @ 117).
Asymptomatic sinus bradycardia was found in patients
receiving a single oral dose of 509, 750 or 1000 wmg of
mefloquine  (Harinasuta et &al. 1983). The bradycardia
started between day 4 and 7 and the pulse rate of 486-50 per
minute returned to normal within 14 days without treatment.
Sinus arrhythmia was observed in 20 Thai male patients with
acute wncomplicated falciparum malaria after 750 mg or 1250
mg of mefloquine. The arrhythmia occurred in three patients
of the 750 mg group and four of the 1250 mg group (10
pat.ients in each group). (Karbwang et al. 199ic : 207-212)
This asymptomatic was also observed in 84 children with
acute uncomplicated falciparum malaria (Chongsuphajaisiddhi
et. al. 1987 : 223-228). The arrhythmia occurred in 58

patients but it was not clear if this was drug-related.

THERAPEUTIC USES

_ Mefloquine is restricted to the prophylaxis and
treatment of chloroquine-resistant and multidrug-resistant
falciparum malaria. (Webster 1885 : 1029-1048). The drug is

effective in . prophylaxis against most strains of
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chlorocquine-resistant or pyrimethamine-sulfadoxine-resistant

Plasmodium falciparum and is curative when taken weekly for

4 weeks“aftermleavingmanmendemiemarea:m~Onmthe-ather——hand,
the drug is indicated for oral treatment of mild to mocderate

mefloquine-susceptible Plasmodium falciparum infect.ions

(Katzung 1992 : 728-730). Meflogquine has been registered in
Thailand ahd.deployed in the malaria control program as a
fixed combination with sulfadoxine and pyrimethamine
(Fansimef ‘*’). This combination is available commercially in
tablets containing meflxquine 250 mg, sulfadoxine 500 mg and
pyrimethamine 25 mg. The ocurrent standard regimen for
radical treatment of falciparum cases in Thailand is 3
tablets taken as a single dose for adult patients
(Pinichpongse et al.1987). There is an experimental evidence
that mefloquine and  mefloquine-sulfadoxine-pyrimethamine
combination are equally effective in the treatment of acule
uncomplicated falciparum infections, and cause similar in
the incidence of mild side effects. 1In order to delay the
development, of mefloquine resistance, WHO are recommnending
that mefloquine should not be freely available. It should be
distributed only to the Malaria Pivision, government
hospitals, refugee medical organizations, and military and

security forces (Pinichpongse et al. 1887).
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DRUG INTERACTIONS

Sulfadoxine-pyrimethamine

Mefloquine —is-marketed -in Thailand —din——combination
with both sulfadoxine and pyrimethamine (Fansimef *’). 1In a
recent. study comparing the effects of meflocuine alone with
those of mefloguine plus sulfadoxine-pyrimethamine, both
regimens are equally effective in prodﬁcing cure
(Pinichpongse et al. 1987), There was significant difference
in the half-life for patients who received mefloquine alone
and for those receiving mefloguine-sulfadoxine-pyrimethamine.
The derived mean half-life of mpefloguine was longer
following ingestion of ‘Fansimef’ compared to that following
mef loguine alone. This suggest that sulfadoxine and/or
pyrimethamine may influence mefloquine elimination (Karbwang

et al. 1987° : 173-177).

Quinine

Quinine should not be wused concurrently with
mefloquine. It can potentiate the dose-related adverse
effects of mefloquine. If this compound is to be used in
the initial treatment of severe malaria, mefloguine should
not be administered within 12 hours of the last dose of

cquinine., (Stern (letter)>, 1988 : 18)

Hetoclopranide
A study of the pharmacokinetics of 750 mg mefloquine

when administered. concomitantly with metoclopramide showed




26

that metoclopramide increased maximum concentration of

mef loquine and AUC. The incidences of dizziness, nausea and

deﬁmina"l‘“““‘"Da'in“"""""were"—'hi'gher'—"""'tharr —mef 1oqui—ﬁe— atone,

(Nabangchang et al. 1991 : 839-841).

Oral Contraceptive Steroids

The effects of oral contraceptive steroids on the
pharmaccokinetics of a single oral dose mefloquine (750 mg)
were studied in six healthy Thai women volunteers who
regularly used oral contraceptive steroids (0CS) and in
twelve Thai women patients with falciparum malaria, six of
whom were also using 0CS. The pharmacokinetic parameters of
mef loquine were not significantly different in the two
patient. groups. The study suggested that the oral
contraceptive steroids had no effect on the pharmacokinetics

of mefloquine. (Karbwang et al. 1988b : 783-787).

Ampicillin

There was a study of the pharmacokinetics of a
single oral dose of mefloquine in healthy Thai volunteers
who took either mefloquine alone or in combination with
ampicillin showed a significantly higher maximum whole blood
mef loquine concentration after coadministration with
ampicillin, significantly reduced terminal half-life and
increased in mean residence time and increased wvolume of
distribution at steady state (Karbwang et al. 1991b

631-833).
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Primaquine
A study was conducted to examine the pharmacokinetics

of mefloquine in healthy Thai_ men who _received__either

mefloquine alone or mefloguine and primaguine. The results
suggested that primaguine did not alter the pharmacokinetics
of mefloquine in Thai volunteers (Karbwang et al. (letter),

1992 : B59-560).
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CIMETIDINE

HC DH-SCH -CH A NHONHCH 5

i
s ) NCN

Figure 3. Structural Formula of Cimetidine

Chemical Name 1 2-Cyano-1-methyl-3-L[2-LL(5-methylimidazol-4-y1)
methyl]l thiol ethyll guanidine
Molecular Formula : C__H, N S

10716 '8

Trademark : Tagametl

CHEMTCAL AND PHYSICAL PROPERTTES
Molecular Weight. : 252,3
Melting Point : About 142°C
pK_ 7.09
Description : White to off-white, crystalline powders:
odoriess, or having a slight mercaptaﬁ

odor.
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Solubility : Secluble in alcchol.

Freely soluble in methanol.

Sparinglymselublemin_isopropyl—aleo‘01.
Slightly soluble in water and iIn
chloroform.

Practically insoluble in sther,

Storage : In airtight containers. Protect from light.

PHARMACODYNAMIC PROPERTIES
1, Mechanism of Action

Cimetidine competitively inhibits the action of
histamine on the H, receptor sites on parietal cells of the
stomach. It is a potent inhibitor of all phases of gastric
acid secretion. The drug inhibits secretions caused by
histamine, muscarinic agonists and gastrin. Tt also inhibits
fasting and nocturnal secretions, and secretions stimulated
by food, insulin, caffeine, pentagastrin and hetazole. In-
addition, the volume and the hydrogen ion concentration of
gastric secretion are reduced. Cimetidine has no effects on
gastric emptying and lower esophageal sphincter pressure
(Sewester et al. 199D). Cimetidine produces selective
blockade of H, receptors and hence has no effeclts on

symptoms of allergy (Lehne et al. 1990).
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PHARMACOKINETIC PROPERTIES

1. Absorption

Cim@tidiﬁ@“i§“Tﬁpidly“ﬁﬁdeQii absorbed following
oral administration (McEvoy 1989; Jacch, 1992) About 70% of
the dose administered is absorbed from the GI tract (Govoni
et al. 1990). The mean oral bicavailability ranged from
50-70%. Peak plasma drug concentrations (c__,) occur in 0.75
to 1.5 hours after an oral dose of cimetidine 300 mg, ranged
from 0.7-3.2 ug.ml " tSewester et al. 1991). The absorption
of cimetidine may be decreased by concurrent administration
of antacids. Antacids should be administered at least 1 hour
before or 1 hour after cimetidine. If cimetidine is taken
with or immediately after meals, food will delay absorpbion
and thus drug effect is prologrged. Peak blood 1level of
cimetidine will coincide with peak food-induced gastric acid
secretion (Govoni et al. 1890),

Intramuscular absorption of cimetidine is very
rapid and complete, The peak plasma 6rug concentrat.ions
occurred in-15 minutes faollowing a dose of 200 to 300 mg and
the biocavailability was estimated to he 80 to 100% compared
with intravenous administration (Lin, 1991).

2. Distribution

Cimet.idine is widely distributed throughout the
body (McEvoy, 19889). The apparent volume of distribution
(Vd) 1is 0.8-1.2 1.ks. ' The plasma protein binding of
cimet.idine is low with the degree of binding of 13-25%

(Sevester et al. 1991). Animal studies indicate that the
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drug crosses the placenta. Cimetidine is also found to be
distributed into milk (McEvoy, 1989)

S+—-Elimination

Cimetidine is eliminated primarily by the
kidneys within 24 hours. Approximately 40 to 0% of oral
drug and 77% of parenteral drug are excreted unchanged in
the urine(Govoni et al.1990). Following oral administration,
ahout. 30% to 40% is metabolized in the liver, the sulfoxide
being the major metabolite (Sewester et al. 1991)., Some are
excreted also cccurs in bile, feces and breast milk, The
elimination half-life of cimetidine ranges from 1.5 to 2
hours in patients with normal renal function. The half-life
increases 1in patients with impaired renal funclion (Lehne

et al, 1990).

THERAPEUTIC USES

Gastric and Duodenal Ulcers. Cimetidine is indicated

for the treatment of active gastric and duodenal ulcers. For
these conditions, treatment with cimetidine is equivalent to
intensive therapy with antacids. Low doses of cimetidine may
be used for prophylaxis against recurrence of gastric and
duodenal ulceration (Lehme et al. 1990).

Zollinger~Ellison Syndrome. Cimetidine is useful in

the symptomatic treatment of patients with Zollinger-Ellison

syndrome, but it has no effect on tumor progression.
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Fsophagit.is Reflux. This condition caused by reflux

of gastric contents back intoc the esophagus. Cimetidine is a

drug-of-choice-for-relieving-symptoms:

Other conditions. Cimetidine has been used for

treatment of stress ulcers in the severely 111 or burned
patient, peptic esophagitis and upper gastrointestinal

hemorrhage.

DOSAGE

Adult dose for duodenal and benign active gastric
ulcer is 300 mg orally, 4 times daily, with meals and at
bedtime; or 800 mg at bedtime. Preventive therapy is 400 mg
at bedtime. For gastric hypersecretory states, maximum daily
dose is usually 2.4 gn bul in some hypersecretory states up
to 12 mg per day may be necessary. In pdtients with 7renal
impairment.,, start with 300 mg every 12 hr, increasing dose
as necessary and as tolerated by patient. Children are dosed
at 20 to 40 mg.kg_1 in divided doses, four times daily.

Adult dose by intramuscular, intravascular, or
intravascular infusion solution is 300 mg every 6 to 8 hr.
The di.v. dose should be administered over 2 min or nore
while the i.v. infusion is mixed in a compatible solution
and given over 15 to 20 min. Patients with renal impairment
receive 300 mg i.v. every 12 hr, adjusting dose and interval
as necessary and tolerated. Maximum daily dose is up to 2.4
mg. Children’s i.m., i.v., or i.v. infusion dosage is 5 to

10 mg.kg  every 6 to 8 hr (McKenry and Salernc, 1992 : 690)
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ADVERSE EFFECTS

In general cimetidine is well tolerated {Jacob, 1992

7O The—most—frequently—reported-adverseeffectsare
headache, tiredness, diarrhoea, constipation, dizziness,
rash, muscle pain, nausea and pruritus. When administered
as an i.v, bolus, cimetidine can cause hypotension and
arrhythmias; these reacltions are rare and do not occur with
oral drug use. Hematological effects {neutropenia,
Jeukopenia, thrombocytopenia) occur rarely (Goveni  and
Hayes, 1990). '

Antiandrogenic Effects. Cimetidine binds to androgen
receptors, producing receptor blockade. This action may
result in gynécomastia, reduced libido and  impotence,
part.icularly din high doses for 12 to 79 months (mean 38
months) (Sewester et al. 1991 : 1457).

Central Nervous System Effects., Effects on the (NS
are most likely in elderly patients who have renal or
hepatic impairment (Jacob, 1992 : 170). Possible reactions
include confusion, hallucinations, CNS depression (lethargy,
somnolence) and CNS excitation (restlessness, seizures)

(Lehne et al. 1990),

TOXTCITY

Cimetidine doses up to 15 g have not been associated

with untoward effects -
There is no experience with deliberate overdosage.

Toxic doses in animals are associated with rapid respiration
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or respiratory failure, tachycardia, muscular tremors,

vomiting, restlessness, pallor of mucous membranes or

redness——of —mouth—and —ears, hypotengion, —collapse and
cholinergic-type effects including lacrimation, salivation,

emesis, miosis and diarrhea (Sewester et al, 1991 : 1458),

DRUG TNTERACTIONS

Pharmacokinetic drug interactions with cimetidine
occur at the sites of gastrointestinal absorption and
elimination including metabolism and excretiom. Cimetidine
reduces the absorption of ketoconazole, indomethacin,
ferrous salts and tetracyclines (Somogyi et al. 1987 : 2322;
Sewester et al. 1991 : 1456). Antacids, anticholinergics and
metoclopranide wmay decrease the absorption of c¢imetidine.
Cimetidine does nolt alter plasma protein binding of other
drugs, but  reduces the volumes of distribution of
imipramine, labetolol, lidocaine and pethidine by unknown
mechanisms. Cimetidine increases the plasma concentrations
of drugs in a wide range of therapeutic classes (Somogyi et
al. 1987 : 322). Further, cimetidine acts through binding Lo
the haem portion of cﬁtoohrome P450 or through inhibition
of its synthesis as an inhibitor of phase I drug metabolism
(i.e. hydroxylation, dealkylation) with some degree of
specificity (Somogyi et al. 1987 : 322).

Cimetidine reduces the hepatic metabolism of drugs
metabolized via the coytochrome P450 pathway, delaying

elimination and increasing serum levels. Drugs metabolized
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by Thepatic microsomal enzymes, particularly those of low

therapeutic ratic or in patients with renal or hepatic

impairmentymmay-reqniregdosagemadéustmentTm_Ehismapplies_mto
the following drugs administered of concomitantly with
cimet.idine : benzodiazepines (does not include agents meta-
bolized by glucuronidation, lorazepam, oxazepam, btemazepam),
caffeine, caleium channel blockers, carbamazepiné, labetalol,
lidocaine, metoprolel, metronidazole, pentoxifyline,
phenytoin, propranolel, sulfonylureas, thecphyllines, triam-
terene, trieyclic antidepressants, warfarin and antimalarial
drug (i.e. chloroquine, quinine, quinidine) (Sewester et al.
1991 : 1458).

Cimetidine does not inhibit conjugation mechanisms
including glucuronidation, sulphation and acetylation or
deacetylation (Somogyi, et al. 1887 : 322).

Cigarette-smoking reverses cimetidine-induced inhi-
bition of nocturnal gastric secretion, hindering ulcer
healing. Cigarette smoking is closely related to ulcer

recurrence (Sewester et al, 1991 : 1456; Govoni el al, 1990

1823,
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MATERIALS AND METHODS

Mefloquine (Lariam' 3 F. Hoffmann-La Roche Itd
Basel Switzerland Yot No. B0800) was obtained from the
Malaria Division (Ministry of Public Health{ Devavesm
Palace, Bangkok, Thailand)., Cimetidine (Tagamet(R), Smith
Kline & French Co, Lot No. 1A943/27) was purchased {rom
Songklanagarind Hospital, Thailand. Standard mefloquine,
pyrimethamine and acquasil were obtained from the Department
of Immunology and Bioéhemistry, Armed Forces  Research
Institute of Medical Sciences, Bangkok, Thailand. Methanol
(HPLC grade) was purchased from J.T. Balker  Inc.
(Phillipsburg, NJ. 08865 USA), dichloromethane from
Farmitalia Carlo Erba (via C. Imbonati 24-20159 Milano) and
i-octane sulfonic acid sodium salt 98% (Lot No. 40H5614)
from Sigma Chemical Company (St. Louis, USA). Analytical
grade phosphoric acid 85% (Mallinckrodt) and sodium
hydroxide were purchased from May & Baker Ltd (Dagenham,

England)

INSTRUMENTATION AND CHROMATOGRAPHIC CONDITIONS

The HPLC system consisted of a liquid chromatograph
(Milton Roy, Model CM 4000, Riviera Beach, Florida, U.S5.4),
an ultraviolet detector (Model Spectromonitor 3100) and an
injector (Rheodyne, Model 7125, Cotati, CA. U.S.A) with a 50

ul sample loop. Detection was made with the variable-




37

wavelength UV detector set at 222 nm and peak height was

measured with a Milton Roy Model CL-108 integrator. A Hodel

LDCAMI ton—Roy-recorder was-used with atbenuation set at. 4
and chart speed at 2 ml.min .

Chromatographic  separation was performed on a
Partisil 10 ODS-23 column, particle size 10 um, 25 cm X 4.6
mm I.D. {Phenomenex Torrance, CA, U.5.A.). A guard-pak
precolumn module was used to obviate the effect. of rapid

colunn degeneration.

METHODS

1. Subject and protocol

1.1 Subjects

The subjects were ten Thai nale volunteers,
aged between 20 and 40 years (weight 45-68 kg, mean weight,
59 kg), who were healthy as determined by medical history,
physical examination and laboratory testing. Laboratory
analyses included an evaluation of haematological parameters
(haemoglobin, haematocrit, white blood cell count, and
differential white blood cell’, liver function (albumin
globulin, bilirubin, serum glutamic oxaloacetic transaminase
(5G0Ty, serum glutamic pyruvic transaminase (SGPT), alkaline
phosphatase) and renal function (BUN, creatinine, urinalysis)
were performed. Two of the volunteers were Thal Muslim
and eight were Thai according to their family history.
No other concurrent drugs were taken in the month preceding

the study or during the study itself. Five subjects .
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smoke 2-20 cigarettes daily and six subjects drank an

average of 250 ml of Thai whisky per month. Fach volunteer

was givenma“detailedrexp}anahianmeﬂ—thempurposemand_ppot9903

of this study and each gave written consent. All subjects
were asked to abstain from smoking and drinking alcoholic
beverages during the course of the study. The study was
approved by the Faculty of Science Ethics.Committee, Prince
of Songkla University.

1.2 Protocol

In the morning after an overnight fast,
each subject took a single oral dose of 500 mg of
mef loquine. The drug was administered with a glass of water
under supervision. No food was talten until at least 1 1/2
hours after ingestion of the drug. Caffeine was abstained
from for 12 hours after mefloquine ingestion.

Five ml of blood was collected from an
antecubital vein into heparinized plastic tubes (50 units
heparin sodium per ml of blood) and the plasma separated
within 30 min. The plasma was stored in plain plastic
tubes at -20 ‘C until sanalysis. Samples were coliected
before, then at 0.5, 1, 2, 3, 4, 6, 8, 12, 24 h, and on days
2, 3, 4, 7, 14, 21 and 28 after the end of oral dosing. The
subjects remained in the research room for 12 hours and
returned for blood sampling as scheduled.

After 2 months of being drug free,
subjects received cimetidine tableﬂ at an oral dose of 400

mg twice a day (after breakfast and at bedtime) for 7 days




39

prior to mefloquine administration. In the morning of day 8
after an overnight fast all subjects ingested a 400 mg

tahlet. of _ cimetidine 2  hours before mef logquine

administration. Blood samples were collected before

cimetidine and after mefloquine administration according to

the bloodletting schedule above. Cimetidine was administered

at,. bedtime on this day and the regimen céntinued as

described above until the last blood sample was obtained.
2. Analytical mebhods

Mefloquine concentration in the plasma was
assayed by a high performance liquid chromatographic (HPLC)
method (Edstein et al. 1891).

2.1 HMobile phase

The mobile phase consisted of 65% methancl
and 85% water containing 15 mM octanesulfonic acid sodium
salt (adjusted to pH 3.8 with 1.5 M phosphoric acid). The
mobile phase was freshly prepared each day and was filtered
through 0.45 u filter paper (Pierce, Rock ford, YL, U.S.A)
and degassed before use. The flow rate was 2.0 ml.min "
which gave a pressure of 1,700-1,900 psi. All analyses were
performed at room temperature (23-27 C).

2.2 Stock standard solution

stock solution of mefloquine was prepared
by dissolving 4 mg standard mefloquine in methanol and
adjusting the volume to 10 ml (400 ug.ml™ in a 10 ml
volumetric flask. Working standard solutions were prepared

by appropriate dilution of the stock standard solution with
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distilled water (Appendix-1). The stock solution could be

stored at 4°C. for .at least 6 months (Edstein, 1991)

2 3mmStockmipterna&_standaydmsolution

Pyrimethamine was used as the internal
standard. It was prepared by dissolving 2.5 mg of
pyrimethamine  in methanol and adjusting the volume to 10
ml {250 ug.ml_l) in a 10 ml volumetric flaék. Working
solution A was prepared by dilution of 0.1 ml stock solution
with 4.9 ml of distilled water (5.0 wug.ml ). Working
solution B was obtained by mixing 1.0 ml of solution A and
diluting to 5.0 ml with distilled water (1.0 ug.ml™'). The
stock solut.ion was stored at 4°C.

2.4 Direct injection of an aqueous solution

50 ul of working internal standard solution
(1.0 ug.ml™") and 50 ul of working standard solution
(Appendix-1) were injected onto the column.

2.5 Exbraction procedure

Extraction of drugs from plasma was carried
out. in 16 x 125 mm glass culture tubes with polytetrafluoro-
ethylenelined screw caps (Corning, NY, U.S.A.) pretreated
with 0.2% Aquasil to minimize drug adsorption.

Mefloquine extraction was performed by :
adding 100 ul of internal standards, 1 ml of 1 N sodium
hydroxide and 8 ml of dichloromethane into 0.5 ml of plasma.
The contents of the tube were mixed on a rotator at 30 rpm
for 15 min. After centrifugation at 1,000 g for 10 nin, the

aqueous phase was discarded. Five ml of organic phase was
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transferred to a clean glass tube and evaporated to dryness
at, 40°C under a steady stream of nitrogen. The residue was
reconstituted in 200 ul of mobile phase and the contents
were transferred to a polypropylene microcentrifuge tube.
After centrifugation at 1,000 g for 10 min, 50 ul of the
supernatant was injected onto the column.
2.6 Calibration Procedure
Calibration samples were obtained by adding
100 ul of working standard solution and 100 ul of working
internal standard sclution (1.0 ug.ml_l) to 0.5 ml drug-free
plasma. The spiked plasma samples were extracted as
described above, and peak height ratios of mefloquine to
internal standards were plotted against  concentrations
(Figure 4.). Calibration standards were run on each day of
analysis,
‘2.7 Dbetection Limit
The limit of detection of mefloquine in
plasma was 31.256 ng.ml™ .
2.8 Extraction Recovery
The extraction recovery was determined by
comparing peak height obtained from an extracted sample
containing a known amount of compound with the peak height

obtained from a direct injection of an agueous solution

containing the same concentration of each compound. The
extraction recovery of mefloquine from plasma was

approximately 91% (Table 2).
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2.2 Assay Precision
The interassay and intraassay precision was

determined by analysis of spiked plasma at  different

concentrations within the linear range of the calibration
curve (Table 3).
2.10 Accuracy
Accuracy was determined as the- percent.age
difference of the amount of drug added to drug-free plasma
versus the amount of drug measured (Table 4).

3. Pharmacokinet.ic Calculations

The pharmacokinetic parameters were calculated
from a nonlinear least-squares regression program NONLIN
(Met.zler and Weiner, 1984), using a one compartment model.

Student t-test (Rimm et al. 1980) was used to
determine statistical significance of the data and level of
minimal was set at p < 0.05. Data are expressed as mean o

s.d. unless otherwise indicated.
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TABLE 2 The percentage recovery of mefloquine from plasma.

Pealf Height ObtLained From Recovery

Amounts of MQ n - (%)
in 1.0 ml plasma Direct Injection Extraction mean t 8D
{ng)
250 2 1700.00 1585. 20 93.10+1.05
1632.00 1507.20
500 2 3091.00 2700,00 89.41+2.91
2157, 50 2888. 00
1500 2 9600.00 8000.80 92.07+2.40
10857.50 0540,80

mean = 91.,653%

MQ, mefloguine: n, number of ohservations.
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TABLE 3 Assay precision

Precision

Amounts of MQ n

in 1.0 ml plasma Interassay Intraassay
(ng) CvV (%) CV (8
250 2 8.78 2.89
500 2 3.84 1.51
1500 pA 2.03 G.41
mean  5.81 4.90

MQ, mefloquine; CV, coefficient of variation; n, number of

observations.
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TABLE 4 Accuracy determination

Amounts of MQ Expected Measured _ %Deviation
in 1.0 ml plasma values values
{(ng) (ng) (ng)
250 250 245 2.0
. 230 8.0
500 500 450 10.0
470 6.0
1500 1500 1405 6.33
1420 5.33
mesn = 6.28%

M), mefloquine: n, number of observations
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Figure 4 Calibration curve of mefloquine, correlation

coefficient () = 0.999
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pyrimethamine (1) and 1500 ng standard mef logquine

(2).
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hours following the adninistration of mef loguine
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RESULTS

The wvalues of.légé;é£é¥§“£éé£gwéf'méiimméaiﬁntéers
were comparable in both before and after drug administration.
No changes were observed on routine testing of urine for
glucose, blood and albumin. Table 5 gives details of the
haematological and biochemical data before and after the
study. There were no changes in liver function, renal
function or haematological parameters after the study.

No side effects were observed after 500 mg of
mefloquine. One volunteer had dizziness after taking the
third dose of cimetidine following a 24-hour mef loquine
administration. This symptom occurred for a few days and
required no specific tréatment. Two other volunteers had
transient headache after taking cimetidine alone in the

first week. No other adverse effects were observed.

PHARMACOKINETIC STUDY

The profiles of plasma mefloquine concentrations
with and without cimetidine in the ten subjects are shown in
Figure 7. It was found that measurable concentrations of
mef loquine were present, in all samples taken up to 28 days
after drug administration, the mean concentration being 143

ug.1”" with a range of 45 to 225 ug.l_I
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There was considerable inter-individual variation in

the peak plasma concentration of mefloquine (C__ ), which

vanged from 354,76 Ug. 1 to 705.82 ug.1 = (556,46 + 117.41
ug.lhii mean + s.d.) for the mefloquine wusers, and from
393.38 ug.1 " to 788.44 us.1”' (589.14 + 120.12 ug.l s mean
+ s.d.) for. mef loquine with cimetidine users. A large
variation alsoroccurred in the time to peak concentration
(T__.7» ranging from 7.62 hours to 30.95 hours (12.54 + 7.35
hr.; mean + s.d.) for the mefloquine users, and from 5.073
hours to 12,47 hours (7.48 + 2,41 hr.; mean + s.d.) for the
mef loquine with cimetidine users. The differences between
the peak plasma concentrations and times to peak
concentration were not significantly different for the two
conditions. The pharmacokinetic data are summarized in Table
6. There were significant differences between the parameters
for the mefloquine user and those for the mefloquine with
cimetidine wusers : the mefloquine with cinetidine users
had a significantly longer elimination half-life ., )
(14.44 days versus 9.63 days; p ¢ 0.05). The body c¢learance
(Ch  of mefloquine were significantly lower (0.03 + 0.02
L.hr kg™ '; mean + s.d.y in the mefloquine~cimetidine

volunteers compared with 0.05 + 0.03 1.hr kg = (mean +
s.d.)> in the mefloquine volunteers (p < 0.05). The mean
absorption rate constant (K_) of mefloquine were
gignificantly greater in  the mef loquine-cimetidine

volunteers (0.89 + 0.28 hr™ " versus 0.49 + 0.17 hr™*; mean +
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s.d., p < 0.05) but the mean elimination rate constant (K )

was significantly lower (0.002 + 0.001 hr™ " versus 0.003 +

0.001-hr 3 Mean—+ & dey-p-<-0-05)-

The area under the curve of mefloguine was greabter
after concomitant administration with cimetidine (308.751 +
144,933 mg.hr.1 * versus 225.182 + 109.760 mg.hr.17"; mean +
a.d.) but this difference was not statistically significant.

The volume of distribution (vd) of mefloguine
appeared to be similar in the volunteers who received
meflocuine alone and co-administration with cimetidine

(15.58 + 3.56 1.kg  and 15.45 + 3.44 1.kg 5 mesn + s.d.)
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Table 5 Safety data

Rouline Normal Initial After study Paired
testing range value value student.’s

(meants.d) (meant+s.d)  t-test
Haemoglobin 12-18  14.8540.52  15.1240.71 NS
(g/d1)

White blood cell 4,000 8330+41517.34 8510+1386.80 NS5

(cells/mm") -11,000

Neutrophils (%) 24-77 AT+8.77 44,89+14, 44 NS
Alkaline 39-117  90.4423.06  88,10+13.03 NS
phosphatase (u/L)

Blood Urea 5.6-16,6 11.05+1.45 11.19+3.65 NS
Nitrogen (mg #)

Serum creatinine 0.8-1.4 1.08+0.10 1.094+0.08 NS
{mg %)

SGOT. (/L3 up to 37 32.10419.27 28.80+11.47 NS

SGPT. (u/L3 up to 40 35.90433.66 30.00418.23 NS
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Table 8 Pharmacokinetic parameters of mefloquine

in ten

volunteers before and after cimetidine (mean + s.d.)

Paramebers Meflogquine Mefloquine Paired
alone + Cimetidine student’s
t-test
c_.. (ug.1™h)  556.457+117.411  569.135+120.115 NS
) 12.54147. 348 7.456+2. 414 NS
¥T, . (day) 9.625 14,438 p < 0.05
*T, ., abs (hr) 1.4G6 0.782 p < 0.05
K_(hr ) 0.49340.171 0.88640.281  p < 0.05
K, (hr ) 0.,0034+0.001 0.00240.001  p < 0.05
Vd(l.kg_i) 15.567943.563 15.453+3.441 NS
AUC(mg.hr.1”") 225.1824109.760 2308.7651+144.933 NS
cl(l.hr ".kg ) 0.051+0.026 0.031+0.015 p < 0.05

* .
Harmonic mean




DISCUSSION

Theresults of this study show —a rapid —absorption
of mefloquine in Thal volunteers (Figure 7). Cimetidine
significantly decreased the clearance (Cl) and the
elimination rate constant (K ) and prolonged the -elimination
half-life (4, ) of mefloquine. These effects of cimetidine
on the pharmacckinetic properties of mefloguine may be
mediated by inhibition of the hepatic mixed function oxidase
system by cimetidine and might be similar to those occurring -
with quinine (Wanwimolruk et al. 1986).

Co~administration of cimetidine had no effect on the
pealt plasma conqentration (C__.)» area under the time-
concentration curve, the time to peak concentration (T __ )
and the volume of distribution (vd&) of mefloquine. The
alterations in the rate of absorption (K_) and absorption
half-life (., ,, abs) of mefloquine might be due to the
promot.ion of gastric emptying and stimulation of intestinal
mot,ility. However, previous studies have reported that
cimetidine has no effect on gastric emptying and no effect
on lower esophageal sphinctor pressure (Sewester et al.
1991). Cimetidine is known to influence the gastro-
intestinal absorptiocn of indométhacin and antipyrine,
presumably as a result of increase in gastric pH (Somogyi

and Muirhead, 1987). This results in an increase in

digsolution of weak acids and a decreased in dissolution of
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wealt bases, Cimetidine, could theoretically have affected

thoe dissolution of mefloquine, but delaying absorption.

Howvever, cimetidine did not change gastric pH to a large
extent. by the time that mefioquine was administered. This is
support.ed by our protocol, volunteers received mefloquine 2
hours after cimetidine and cimetidine is rapidly and well
absorbed following oral administration (Brogden et ai. 19783
Lauritsen et al. 1990). There is also supported by a
previous study that cimetidine increases gastric pH, {his
effect bheing maximal after 90 min (Freston, 1982). It is
unlikely that cimetidine increased mefloquine absorption
peruse through influence on gastric pH. And since mefloquine
is a weak base, an elevatioh in gastric pH by cimetidine
would result in a decreased in dissolution of meflogquine,
thus lower absorption rate. Cimetidine is lmown to be an
effective dinhibitor of the cytochrome PA50 enzyme system
and Lthereby reduces the metabolic clearance of  drugs
undergoing a variety of phase T metabolic transformations
(Somogyi and Muirhead, 19873 McEvoy, 1989; Sewester et al.
19915 Murray, 19292). Thus, reduced mefloqguine clearance is
congistent with what has been noted for nmummerous other drugs
(eg, chlofoquine, guinidine and quinine) (Sewester et al.
1991) and indicates that cimetidine might inhibit the
metabolic pathways of mefloquine biotransformation. In the

present. experiment, it is not able to suggest which of the
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several metabolic steps associated with mefloquine

metabolism has been affected.

The elimination @ half-life was significantly
greater in subjects receiving mefloquine and cimetidine (14
days) compared to subjects receiving wmefloquine alone
(9 days). The mean plasna mefloquine concentration on day 14
after co-administration was 226 ug.lﬂl. This level is
adequate for inhibition of falciparum malaria. Since the
in vitro minimum inhibitory concentrations of mefloquine
were reporbed as- 10"7 molar (41.48 ug.lpl)in 1882 and
1.7%10" " molar (70.51 ug.1 ©) in 1984 (Suebsang et al. 1986).
The longer elimination half-life of mefloguine 1in the
subjects receiving mefloquine and cimetidine might be of
prophylactically beneficial in term of frequency of drug
admistration. According to WHO recommendation for  the
prophylaxis of malaria, the doseof 250 mg mefloguine
weekly. Thus the frequency of admistration of mefloquine
could be reduced to every 2 weeks in the present of
cimetidine.However,the problem of tolerance should be taken
into account, since there are many reports on increasing of
the minimum inhibitory concentrationsof mefloquine. If this
is the.case, the prophylactic dose might need adjustment.

The co-administration of cimetidine and mefloquine
does not likely to increase toxicity of mefloquine. Since
the peak plasma concentration of mefloquine is not altered

by. cimetidine. According to data obtained from the
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haematological parameters and the biochemical investigations,

the two drugs do nol change these parameters.

Karbwang and White (1990°) reported that the peak
plasma mefloquine concentrations were higher and elimination
half-lives were shorter in subjects with malaria.

.Thus the use of cimetidine in the treatment of
peptic ulecer in patients with faleciparum malaria or

cessation should bhe further investigated.




CONCLUSION

In herlthy Thai men, co~administration of mef lToguine
and cimetidine produces statistically significant increase
in the elimiﬂation half-life, and the rate of sbhsorption of
meflogquine, and decrease in the clearance, the absorption
half-life and the rate of mefloguine elimination. No change
in the Cmax’ Tmax’ AUC, snd apparent volume of distribution
were observed in this study. The mean terminal half-life of
mefloquine was longer after cimelidine co-administration
(p<0.05). This difference may be prophylactically beneficial.
According to current  recommendations, mefloquing is
effective when taken a weekly regimen of 250 mg for 4
weeks, followed by 125 mg weekly for another 4 weeks
(Karbwang and Harinasuta, 1992 : 117). Because of the longer
half-life, the frequency of administration of mefloquine
could be reduced in the presentof cimetidine.

In term of toxicity,co-administration of cimetidine
and meflogquine does not likely to increase the toxicity of
mefloquine. Since peak plasma concentration of meflogquine
does not change. According to data obtained from blood
count.,, blood biochemistry, renal and liver function tesis,
the two drugs do not change these parameters. However,
careful c¢linieal observation would be prudent whenever

cimetidine and mefloquine are being used at the same time.




60

Since it was vreport that C___ of mefloquine in

patients with malaria infection are generally higher than

Future studies in this area should focus on the
pharmacokinetic properties of mefloquine in patients with
malaria infection who receive cimetidine and mefloquine

at. a single dose treatment with either 750 or 1250 mg.
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Appendix-1

Preparation —of standard mef Ioguine for calibration curve.
40,0 ug.ml_3L : 0.5 nl of stock solution (400 ug.ml—l) + 4.8
ml distill water

10.0 ug.ml_1 1 nL of 40.0 ug.mfi + 3 ml distill waler.

7.5 ug.ml™' : 3ml of 10.0 ug.ml ' + 1 ml distill water.
5.0 ug.ml  : 2ml of 7.5 ug.ml° + 1 ml distill water.
2.5 ug.ml ' :1mlof 5.0 ug.mi ' + 1 ml distill water.

1.25 ug.ml " : 1ml of 2.5 ug.ml " + 1 ml distil water.
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