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A phase I clinical trial of mefloquine in Brazilian
male subjects
JOSE-MARIA DE SOUZA

A double-blind, randomized phase I clinical trial was carried out to compare mef-
loquine with sulfadoxine-pyrimethamine for safety and tolerance. Twenty adult male
Brazilian subjects from areas endemic for malaria were studied for a period of 66 days,
which included 2 days of basal studies and a 63-day follow-up after drug administration.
Subjects received either mefloquine, given as a single oral dose of 1000 mg (4 x 250-mg
tablets) or sulfadoxine-pyrimethamine (2 tablets, each containing 500 mg of sulfadoxine
plus 25 mg ofpyrimethamine). Clinical examination, electrocardiogram, chest X-ray, and
haematological, biochemical, stool, and urine analyses were carried out before drug
administration and at various intervals afterwards. Peripheral blood smears were examined
for malarial parasites.

Both drugs were well tolerated and safe as seenfrom the absence ofdrug-induced changes
in the various laboratory assay results. There was an improvement in body weight, red
blood cell count, haemoglobin, and erythrocyte volume fraction values for all patients
during the study. In subjects who had positive smears for Plasmodium falciparum,
mefloquine produced complete clearance on day I with an S-type response (3 cases).
Sulfadoxine-pyrimethamine produced complete clearance on day 2 in 5 subjects, but a
delayed RI-type response (recrudescence) was observed in 2 cases and an early RI response
in one case. P. vivax relapses occurred in both groups. Side-effects of mefloquine included
mild diarrhoea (20%) and dizziness (40%); dizziness was also observed with sulfadoxine-
pyrimethamine (20%). In both groups, side-effects were mild, short-lived and needed no
specific treatment.

Thus, mefloquine in an oral dose of 1000 mg wasfound to be well tolerated and safe in
adult male Brazilian volunteersfrom endemic areas. No drug-related adverse reactions were
observed. In cases where P. falciparum infection was present, there was a complete parasite
clearance with no recrudescence.

The increasing incidence of resistance of Plas-
modium falciparum to available antimalarials in
many parts of the world (1, 2) has stimulated the
search for new drugs effective against these resistant
strains. Mefloquine, a quinoline-methanol derivative
related chemically to quinine, was developed at the
Walter Reed Army Institute of Research; Washing-
ton, DC, USA, as a drug for the prevention and treat-
ment of chloroquine-resistant falciparum malaria

Principal Investigator, Clinical Trial Centre, Barros Barreto
Hospital, Belem, Para, Brazil.

(3). Extensive data on its antimalarial activity, animal
pharmacology, and toxicity have been published (4,
5).a A number of investigators have reported on its
effectiveness in human malaria, including that caused
by multidrug-resistant strains (6-11). Doses used for
treatment of adults have varied from 400 mg to
1500 mg (12).
Resistance of P.falciparum strains in Brazil to

quinine was first reported in 1910 (13). In the 1960s,
a Mefloquine hydrochloride (WR 142490 HCI); clinical bro-

chure. Walter Reed Army Institute of Research, Washington, DC,
1978 (unpublished document).
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there were reports of resistance to 4-aminoquinolines
(1-5, 14, 15), which are the least expensive anti-
malarials and were then widely used. Recently,
increasing resistance of P.falciparum strains to sulfa-
doxine and pyrimethamine has been described, and
has been observed by the present author (J. M. de
Souza, unpublished observations, 1981), particularly
in cases in the state of Para. These observations stimu-
lated us to carry out clinical trials with mefloquine.
A phase I clinical trial was carried out in adult male

Brazilian volunteers from an area endemic for P.fal-
ciparum infection, to compare the side-effects,
safety, and blood drug levels of mefloquine and sulfa-
doxine-pyrimethamine. The study was carried out at
the Barros Barreto Hospital in Belem, Brazil.

MATERIALS AND METHODS

A prospective, randomized, double-blind trial,
using a "double dummy" system of drug adminis-
tration was carried out; the total observation period
was 63 days.

Selection of subjects

Twenty male adult volunteers gave informed
consent for the study. The subjects were Brazilians,
mostly from the endemic area of Paragominas, and
had not received any antimalarial drugs for 4 weeks
prior to admission to this study. The subjects were
hospitalized in a special mosquito-proof ward of the
hospital for the duration of the study.

Drug administration

Each patient received a single oral dose of six
tablets, given under supervision with a glass of water
after a light breakfast. Ten subjects were each given
four 250-mg tablets of mefloquine (14-20 mg/kg of
body weight), and two placebo tablets. The remaining
subjects were given two sulfadoxine-pyrimethamine
tablets (each containing 500 mg of sulfadoxine and
25 mg of pyrimethamine), together with four placebo
tablets.
Each volunteer also received vitamin supplements

or iron tablets if necessary. Any helminth infections
were treated at the end of the study.
The subjects were admitted to the ward two days

prior to drug administration on day 0. The medical
history was recorded and a complete clinical
examination was carried out, including physical
examination, measurement of body weight and
height, electrocardiogram (ECG), and chest X-ray.
Physical examinations were carried out daily from
day -2 to day 7, and then once a week until day
63.

Laboratory studies

Haematological studies included red blood cell
(RBC) count, haemoglobin (Hb), erythrocyte volume
fraction (haematocrit), total and differential white
blood cell (WBC) counts, reticulocyte count, and
platelet count. Blood smears were examined for
malarial parasites.

Biochemical assays included serum levels of glu-
cose, bilirubin, urea, calcium, sodium, potassium,
iron, magnesium, phosphate, chloride, albumin,
alkaline phosphatase, aspartate aminotransferase
(SGOT), alanine aminotransferase (SGPT), creatin-
ine, cholesterol, and triglycerides.

Urine samples were tested for pH, albumin, urobil-
inogen, and glucose and the sediment for RBC, leuko-
cytes, casts, parasites, etc.

Stool samples were examined for the presence of
blood and parasites.
Most of the haematological and biochemical tests

were carried out on day - 2 and repeated on days 0, 1,
4, 7, 14, 28, and 63; a few were carried out at less
frequent intervals, e.g., serum iron (20-5007o of the
schedule), serum magnesium (40-6507o), and serum
sodium and potassium (40-500/o).

Urine samples were tested for the presence of anti-
malarial drugs on day - 2, and routine urine analysis
was carried out on days 0-7 and again on days 14, 21,
28, and 63.

Stool examinations were carried out on days - 2, 0,
7, and 14.

Blood drug levels

Blood samples were collected for estimation of the
drug level on days 0-7, 14, 21, 28, 35, 42, 56, and 63.
(The results of these tests will be reported later.)

RESU LTS

In both groups, blood pressure, pulse rate and ECG
remained normal throughout the study period.
No significant respiratory system changes were

observed in either group after drug administration.
There were no significant drug-related changes in

the neuropsychiatric system in either group, except
that dizziness was observed in 4 subjects given meflo-
quine and in 2 subjects given sulfadoxine-pyri-
methamine.

Body weight

There was no significant difference in the mean
body weight of patients in the two groups at either the
beginning or the end of the trial. The mean body
weight of the mefloquine group was 59.2 kg (range,
49.0-71.6 kg) on day 0 and 62.8 kg (range, 52.0-
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78.2 kg) on day 63. The mean body weight of the
sulfadoxine-pyrimethamine group was 55.7 kg
(range, 43.0-57.5 kg) on day 0 and 60.3 kg) (range,
46.8-72.0 kg) on day 63.

There was an overall gain in body weight in both
groups, which could be ascribed to better food and
hygienic conditions during their stay in the ward.

Liver and spleen

In the mefloquine group, 8 subjects had an en-

larged liver (1-3 cm below the costal margin) and 3
had an enlarged spleen on day -2. In the sulfa-
doxine-pyrimethamine group, 5 subjects had an en-

larged liver and 3 had an enlarged spleen on day - 2.
During the course of the study, there was a consider-
able reduction in liver and spleen enlargement.

Body temperature

In the mefloquine group, raised body temperatures
were recorded in 2 subjects on day 0, 1 on day 1, and 3
on day 4.

In the sulfadoxine-pyrimethamine group, raised
body temperatures were recorded in 2 subjects on day
0, in 3 subjects on day 1, 2 on day 2, 1 on day 3, and 2
on day 6.

Haematology

No significant adverse changes were seen in any of
the parameters in either group. Both groups showed
an increase in Hb, RBC count and erythrocyte volume
fraction values by the end of the study.

Mefloquine group. The mean Hb was 7.3 mmol/
litre (range, 5.7-8.52) on day 0, and 8.58 mmol/
litre (range, 6.16-9.95) on day 63.
The mean erythrocyte volume fraction was 0.34

(range, 0.24-0.39) on day 0 and 0.4 (range, 0.33-0.48)
on day 63.
The mean RBC count was 3.83 x 10'2/litre (range,

3.00 x 1012-4.50 x 1012) on day 0 and 4.47 x 10'2/litre
(range, 3.00 x 10'2-5.40 x 1012) on day 63.
The mean WBC count was 7.9 x 109/litre, with no

significant changes after drug administration. The
differential count was within normal limits, except
for the eosinophil count, which varied between To
and 3007o of the total.

Sulfadoxine-pyrimethamine group. The mean Hb
was 7.4 mmol/litre (range, 6.0-9.6) on day 0 and
9.3 mmol/litre (range, 5.8-10.9) on day 63.
The mean RBC count was 3.55 x 1012/litre (range,

2.60 x 1012-4.90 x 1012) on day 0 and 4.49 x 1012/litre
(range, 3.1Ox 10'2-5.30x 1012) on day 63.
The mean erythrocyte volume fraction was 0.35

(range, 0.23-0.44) on day 0 and 0.42 (range, 0.28-
0.49) on day 63.

The mean WBC count was 8.7 x 109/litre.
Differential counts were within the normal range,
except for the eosinophils, which varied between I %
and 3507o of the total.

Reticulocyte counts in both groups were normal
and no drug-induced changes were observed.

Biochemical investigations (see Table 1)

No significant drug-related changes were observed
after administration of either mefloquine or sulfa-
doxine-pyrimethamine tablets.

Values lower than normal were seen in both groups
on day - 2 for serum albumin, serum iron, serum cal-
cium, and in some cases, serum urea. However, no
significant changes occurred after drug adminis-
tration, except for a rise in serum albumin and serum
iron values.

Values for serum bilirubin, SGOT, and SGPT were
comparable in both groups. Five subjects had a raised
SGOT and eight had a raised SGPT level on day 0, but
all became normal during the study period. One sub-
ject in the sulfadoxine-pyrimethamine group had a
high serum bilirubin level of 34 itmol/litre on day 0;
this reverted to normal during the trial.

Values for all other constituents such as serum
urea, cholesterol, triglycerides, sodium, potassium,
chloride, magnesium, phosphates, glucose, and al-
kaline phosphatase remained unaltered in both
groups.

Neither mefloquine nor sulfadoxine-pyrimeth-
amine had any adverse effects on haematological or
biochemical parameters.

Urine examination showed no significant changes
before or after drug administration in either group.

Stool examination showed the presence of one
or more helminth infections (e.g., Ancylostoma,
Ascaris, Strongyloides, Trichuris, Schistosoma
mansoni) in all subjects in both groups. Giardia
lamblia was also found in volunteers from both
groups.

Parasitological response

In the mefloquine group, 3 subjects had positive
smears for asexual forms of P.falciparum on day 0,
and all were clear on day 1. No recrudescence was
observed (1000%o S response). Smears positive for
P. vivax were observed in 2 cases on day 0, but these
cases were clear on day 1. A total of 4 cases of relapse
due to P. vivax occurred during the study period.

In the sulfadoxine-pyrimethamine group, 6 sub-
jects had positive smears for asexual forms of P.fal-
ciparum on day 0, and 5 were negative by day 2. Two
cases of recrudescence of P.falciparum infection
(delayed RI response) and one early RI response
occurred. Four cases of relapse due to P. vivax also
occurred during the study.
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Table 1. Results of
Brazil

serum biochemical investigations carried out during a phase trial of mefloquine in Belem,

Biochemical Sulfadoxine- pyrimethamine Mefloquine
investigations
on serum Days - 2, - 1 Days 0-7 Day 14 onwards Days - 2, - 1 Days 0-7 Day 14 onwards

Glucose (mmol/litre) 4.72-6.38 3.61-6.94 3.05 7.77 4.72-6.38 4.16-7.22 3.05-6.94
Bilirubin (umol/litre) 8.55-18.81 6.84-30.78 5.13-18.81 5.13-15.39 3.42-22.23 3.42-22.2

Urea (mmol/litre) 2.0-4.0 1.83-5.16 0.67-5.0 2.33-7.33 1.67-5.66 1.0-4.5
Calcium (lmol/litre) 1.15-2.15 1.5-2.37 1.5-2.45 1.6-2.15 1.7-2.3 1.45-2.25

Sodium (mmol/litre) 138- 144 136-146 136-144 136-144 136-146 136-157

Potassium
(mmol/litre) 3.9-4.8 3.8-4.8 4.0-4.4 3.8-4.2 3.6-4.8 3.6-5.8
Iron (mmol/litre) 5.6-21.4 3.6-30.4 4.5-23.3 4-12 3.4-9.8 3.8-19.7
Magnesium 0.7-1.15 0.66-1.36 0.58-1.19 0.78-1.03 0.62-1.32 0.74-1.52

(mmol/litre)

Phosphatase 2.5-8.1 1.6-8.1 2.2-8.7 2-6.8 1.9-6.2 2.5-4.7
(mmol/litre)

Chloride (mmol/litre) 100.2-115.1 100-120.2 24.82-110 100.2-110 76.7-120.2 28.21 -115
Albumin (g/litre) 26-53 27-53 37-54 35-51 32-52 31-59

Total protein (g/litre) 35-88 29-83 43-115 64-90 65-82 65-82
Alkaline phosphatase 40-142 56-166 60-120 72-128 64-120 68-108IIU/litrel

Aspartate
aminotransferase 21-54 18-70 6-72 24-51 18-65 7-69
(IU/litre)

Alanine
aminotransferase 24-95 15-107 8-72 23- 111 16-125 8-40
(IU/litre)

Creatinine (lmol/litre) 70.7-97.2 53.0- 141.4 44.2-106.1 44.2- 106.1 53.0- 150.3 53.04- 123
Cholesterol 1.68-9.05 1.68-9.05 1.86-5.43 2.59-7.37 1.58-7.76 2.02-7.63

(mmol/litre)
Triglycerides 1.24-3.56 1.35-3.22 1.24-4.06 1.65-2.71 1.35-3.5 1.30-2.88

(mmol/litre)

Side-effects

The incidence of side-effects occurring within 4
days of drug administration was as follows:

Diarrhoea: 20% of the mefloquine group had
diarrhoea; no cases of diarrhoea were observed after
sulfadoxine-pyrimethamine.

Dizziness was observed in 40% of subjects re-

ceiving mefloquine and 200%6 of those receiving sulfa-
doxine-pyrimethamine.
- Nausea: 10% of subjects in each group reported

nausea.

Headache: in the group receiving mefloquine,
the incidence of headache was 30-500%o between day 0
and day 4. In the sulfadoxine-pyrimethamine group,
the incidence was 30-60% on the same days. Some of
these patients had a raised body temperature on day 0,
which may have caused the headaches.

DISCUSSION

Mefloquine, given as a single oral dose of 1000 mg,
was compared with a standard antimalarial, sulfa-
doxine-pyrimethamine, for tolerance and safety in
adult male Brazilians from an endemic area. Usually,
phase I studies with new drugs are conducted in
normal healthy individuals. This study, however,
differed from the standard practice in that the study
group was from a target population, with previous
experience of malaria, multiple helminth infections,
anaemia, defective nutrition, and enlarged livers and
spleens. Although none of the group exhibited ma-
larial fever on the day of admission (day - 2), some
developed fever between day 0 and day 4, and had
blood smears that were positive for P.falciparum.
The method of selection explains the low body
weights, low values for RBC, Hb, erythrocyte volume
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fraction, and plasma proteins, and high eosinophil
count seen in some of the subjects on day - 2. Some
also had enlarged livers and spleens and slightly raised
SGOT and SGPT values. Thus, it can be considered
that the volunteers in the trial were representative of a
population in the endemic areas where the use of
mefloquine is envisaged.

Mefloquine was well tolerated by these subjects. In
all cases, erythrocyte volume fraction values, Hb,
RBC counts, and body weight improved during the
study. P.falciparum and P. vivax infections both
responded within 24 hours of drug administration.
There was no recrudescence of P.falciparum, but
relapses due to P. vivax occurred in 4 subjects. In the
group receiving sulfadoxine-pyrimethamine, there
was a similar general improvement, but recrudescence
of P.falciparum occurred in 3 subjects and relapse
due to P. vivax in a further 4 subjects, out of a total of
ten.
The side-effects observed were headache, diar-

rhoea, and dizziness with mefloquine, and headache
and dizziness after sulfadoxine-pyrimethamine. The
incidence of dizziness and diarrhoea was higher in
patients receiving mefloquine, though the symptoms
were mild to moderate and did not need any specific
treatment.

The haematological and biochemical assays
showed no adverse effects of either of the drugs.

Clinical examinations and ECG studies showed
that both mefloquine and sulfadoxine-pyrimeth-
amine were well tolerated.

CONCLUSION

In this study of tolerance and safety in adult males
from a malaria endemic area of Brazil, mefloquine
has been found to be safe and well tolerated. Few side-
effects were observed and when they did occur, they
were mild and mainly comprised diarrhoea and dizzi-
ness. Mefloquine produced a 100% cure rate in
patients with P.falciparum infection, whereas 2 re-
crudescences of delayed RI type and 1 of early RI type
were seen after sulfadoxine-pyrimethamine treat-
ment. Relapses with P. vivax occurred in both groups,
showing that mefloquine has no effect on hepatic
forms of this parasite.
The reported effectiveness of mefloquine in multi-

drug-resistant P.falciparum infection, together with
its safety, tolerance, and single oral dose schedule,
makes it an important antimalarial, particularly for
the treatment of drug-resistant infection.
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RESUME

ESSAI CLINIQUE DE PHASE I DE LA MEFLOQUINE
CHEZ DES BRESILIENS DE SEXE MASCULIN

Un essai clinique de phase I, organise de facon rando-
misee en double aveugle, a et effectue en vue de comparer
la mefloquine et l'association sulfadoxine-pyrimethamine
sous l'angle de la securite d'emploi et de la tolerance. Au
total, 20 Bresiliens adultes de sexe masculin, originaires de
regions d'endemie paludique, ont et suivis pendant 66
jours, dont deux jours pour les etudes de base et 63 jours
d'observation post-therapeutique. Ces sujets ont recu les
uns de la mefloquine en une dose orale unique de 1000 mg (4
comprimes doses A 250 mg), les autres de la sulfadoxine-
pyrimethamine (2 comprimes contenant chacun 500 mg de
sulfadoxine plus 25 mg de pyrimethamine). Avant l'admi-

nistration du medicament et a plusieurs reprises par la suite,
on a procede A un examen clinique, A un electrocardio-
gramme, A une radiographie thoracique et A des analyses de
sang, d'urines et de selles ainsi qu'A des analyses biochi-
miques. Des frottis de sang peripherique ont et examines A
la recherche des plasmodies.

Les deux medicaments ont e bien toleres et se sont
revels suirs, A en juger par 1'absence de variations, sous
l'effet du traitement medicamenteux, des resultats des
diverses epreuves de laboratoire. Chez tous les patients, on a
constate au cours de la periode de suivi une amelioration en
ce qui concerne le poids corporel, le nombre de globules
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rouges, I'hemoglobine et P'hematocrite. Chez les sujets dont
les frottis montraient la presence de Plasmodium falci-
parum, une negativation totale (reponse du type S) a et
obtenue le jour 1 (3 cas). Le meme resultat a et obtenu le
jour 2 chez 5 sujets traites par la sulfadoxine-pyrimethamine
tandis que dans 2 cas on a observe une reponse retardee du
type RI (recrudescence de l'infestation) et dans I cas, une
recrudescence precoce. Des rechutes a P. vivax ont eu lieu
dans les deux groupes. Les effets secondaires de la meflo-
quine ont consiste en une diarrhee benigne (200/o) et en
vertiges (4007o), tandis qu'avec la sulfadoxine-pyrimetha-

mine on notait egalement des vertiges (200o). Dans les deux
groupes, ces effets secondaires etaient peu prononces et de
courte duree, n'exigeant aucun traitement specifique.

Ainsi, la mefloquine administree par la bouche a raison de
1000 mg s'est reve1le bien toleree et sure chez des volon-
taires bresiliens adultes de sexe masculin, originaires de
zones d'endemie. Aucune reaction indesirable imputable au
medicament n'a et observee. Dans les cas d'infestation par
P.falciparum, le parasite a et entierement elimine, sans
recrudescence.
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