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In-vitro drug sensitivity tests were performed on Philippine isolates of Plasmodium falciparum between
1991 and 1993, using the radioisotope microdilution method. The success of the tests varied significant-
ly with the level of parasitaemia, the source of the strains, the period that elapsed before culturing, and
the detectable concentrations of antimalarials in the blood. There was a significant positive correlation
between the IC50 values for chloroquine and artesunate and the level of chloroquine in the blood before
testing. In the Philippines the sensitivity profiles of the standard antimalarials (chloroquine, quinine,
mefloquine, and halofantrine) were less severe than those in other south-east Asian countries. Fairly
low IC50 values were obtained for the qinghaosu derivatives artemisinin, artemether, arteether and
artesunate. There was a positive correlation between quinine, mefloquine, halofantrine and some of the
qinghaosu derivatives, and between the qinghaosu compounds themselves, raising the possibility of
either cross-resistance or possible drug associations.

Introduction
During the early 1960s the resurgence of malaria
was accompanied by the worldwide spread of chlo-
roquine resistance from one or two foci in south-east
Asia and South America. Compounding the situation
more recently has been the development and spread
of multidrug-resistant Plasmodium falciparum.

In the Philippines malaria is still a major public
health problem, ranking seventh among the causes of
morbidity. The disease is endemic in 72 of the 75
provinces, and follows the distribution of the pri-
mary vector, Anopheles flavirostris, throughout the
archipelago (1). Vector control measures have been
hampered by inadequate resources and commitment,
the refusal of home-owners to have their dwellings
sprayed, and local insurgencies leading to human
population movements and intensive occupational
exposure to forest malaria, especially of semi-
immune and non-immune people. These factors have
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made vector control ineffective in some areas,
accounting for sporadic malaria outbreaks in other-
wise cleared parts of the country, and have increased
the reliance placed on antimalarials. As a conse-
quence, P. falciparum resistance to amodiaquine and
chloroquine emerged as early as the late 1960s.

The first reports of antimalarial drug resistance
in the Philippines were made by Shute et al. (2) in
1970, with amodiaquine resistance at the RI and RII
levels. Amodiaquine was widely distributed by the
govemment at that time and the emergence of resis-
tance to this drug was attributable to selection pres-
sure; it can be assumed that cross-resistance to chlo-
roquine followed. Reports of amodiaquine resistance
in south-east Asia preceded those of chloroquine
resistance by several years (3). The following years
saw more cases of resistance, not only to the 4-amino-
quinolines but also to newer antimalarials. A 17-year
survey by the Malaria Control Service of the Philip-
pine Department of Health and a study by the United
States Navy Medical Research Unit at the San Laza-
ro Hospital, Manila, between 1982 and 1987 showed
34.6% and 37.7% in-vitro resistance to chloroquine
and amodiaquine, respectively (4, 5).a Although the
situation in the Philippines is less severe than in other
countries in the region, it will not be long before
altemative antimalarials will have to be tested.

a Malaria Control Service, Manila. Country report presented
at: SEAMEO-TROPMED/WHO Technical Meeting on Advanced
Knowledge on Malaria, 19-22 November 1991, Bangkok,
Thailand.
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In the present study the in-vitro susceptibility of
Philippine isolates of P. falciparum to four qinghaosu
derivatives was assessed in order to develop a data-
base for further longitudinal studies. Potential cross-
resistance to other antimalarial drugs was investiga-
ted, as were some factors that might have affected
the test system. Artemisinin and its derivatives are
isolated from the Chinese medicinal herb Artemisia
annua and possess important antimalarial activity.
These drugs have been tested and used for the treat-
ment of falciparum malaria in most countries of the
region over the last 15 years (6-8).

Materials and methods
The study was conducted between April 1991 and
January 1993 at the Research Institute for Tropical
Medicine in Alabang, the Morong, Bataan Health
Centre, and the Palawan Provincial Hospital, in col-
laboration with the Departement des Maladies Tropi-
cales, Groupe Hospitalier Pitie-Salpetriere, Paris.
After informed consent had been given, 5-ml blood
samples were collected in heparinized tubes from
slide-confirmed P. falciparum-infected patients whose
parasitaemia level was at least 0.1% (5000 tropho-
zoites per p1). Most of the patients came from
Palawan, the provinces of Bataan, Cagayan and
Kalinga-Apayao, and the Bicol region.

An isotopic microdilution drug sensitivity test
using tritium-labelled hypoxanthine (9) was per-
formed for each parasite isolate with the standard
antimalarials chloroquine (chloroquine sulfate, Spe-
cia, Paris, France), quinine (quinine sulfate, Lafran,
Bonneuil sur Maine, France), mefloquine (meflo-
quine hydrochloride, Roche, Neuilly sur Seine,
France), and halofantrine (halofantrine hydrochlo-
ride, SmithKline Beecham, Nanterre, France) as well
as with the qinghaosu derivatives artemisinin and
artemether (Rhone-Poulenc Rorer), and arteether and
artesunate (WHO). When the qinghaosu derivatives
were dissolved in 70% ethanol and the stock solution
was stored at -20 °C the products crystallized and
became difficult to dissolve. They were therefore
dissolved in dimethyl sulfoxide (DMSO) and seeded
on the culture plate immediately before the sensitiv-
ity tests were carried out. The final concentration of
DMSO in the culture wells was less than 0.01% (v/v)
and had no detectable effect on parasite maturation.
The following concentration ranges were used in
the testing: 0.8-200 nmol/l for artemisinin and
artemether; 0.16-40 nmol/l for artesunate; and
0.4-100 nmol/l for arteether.

Plasma was separated from the erythrocytes and
set aside for detection of previous antimalarial intake

by high-performance liquid chromatography (HPLC).
Drug sensitivity tests were performed within 6-36
hours after extraction on the washed erythrocytes.
After incubation for 48 hours, the test culture was
stopped and the plates were stored at -20 °C before
the cells were harvested. The harvested cells were
read on a beta-scintillation counter in counts per
minute. To determine the 50% inhibitory concentra-
tion (IC50), the concentration-response data were
extrapolated linearly using dBaseIII Plus software.
Drug concentrations were expressed in nmol/l.
The effective concentrations (EC50J, EC9, EC99)
were determined by probit regression of log(dose)-
response data.

Spearman's rank order correlation test was used
to determine the patterns of cross-resistance between
the antimalarials. The association between the geo-
graphical origin of the strain and in-vitro growth was
determined by X2 test. Parasitaemia or culture delay
(in hours) and interpretable in-vitro results were
verified using Kruskall & Wallis's H test. The corre-
lation between parasitaemia or detectable chloro-
quine concentrations in plasma and interpretable
in-vitro results (transformed to quantitative vari-
ables 0/1) was verified using Spearman's correlation
analysis.

Results
Factors affecting the in-vitro test

Blood samples were collected by venepuncture from
73 patients whose median age was 13.7 ± 6 years
(range: 2-73 years); the median parasitaemia level
was 0.59 ± 0.3% (range: 0.1-14%). Only 40 in-vitro
tests gave interpretable results with complete or par-
tial parasite growth. The qinghaosu derivatives were
included in the assays successively, accounting for
the reduced number of interpretable results for these
drugs (Table 1). There was a significant inverse cor-
relation between the success of in-vitro tests and the
delay before culture. Isolates from Palawan had
significantly higher parasitaemia levels than those
from Luzon, probably because there were longer
delays before testing isolates from field stations
(such as Morong, Bataan) than when patients presen-
ted directly at the research institute in Alabang or the
provincial hospital. Median parasitaemia levels with
positive in-vitro growth (0.73%) were significantly
higher than median parasitaemia levels with no
growth (0.31%). Fig. 1 indicates a negative growth
probability at less than 0.1% parasitaemia levels, an
increasing tendency between 0.1% and 0.6%, and a
plateau at 0.6-1% parasitaemia, with maximum pro-
bability of successful in-vitro growth of 80%. Never-
theless, other workers have reported that some iso-
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Table 1: In-vitro sensitivity profile of Philippine isolates
of Plasmodlum falciparum for antimalarial drugs
Druga n Median IC50 Resistance (%)

CQ 38 43 ± 17 (7-406)b 18.4 ± 12.2

QN 36 57 ± 13 (22-304) 0

MEF 38 2 ± 0.5 (1-144) 7.9 ± 8.6

HAL 37 0.5 ± 0.1 (0.2-9) 5.4 ± 7.3

AS 31 2.8 ± 1.4 (0.2-67) ?

AT 31 1.4 ± 1.3 (0.7-53) ?

AE 23 0.9 ± 0.5 (0.2-3.9) ?

AU 24 0.9 ± 0.5 (0.3-8.2) ?
a CQ = chloroquine: resistance threshold = 100 nmol/l;
QN = quinine: resistance threshold = 350 nmol/l; MEF = meflo-
quine: resistance threshold = 20 nmol/l; HAL = halofantrine:
resistance threshold = 4 nmol/l (19); AS = artemisinin;
AT = artemether; AE = arteether; and AU = artesunate.
b Figures in parentheses are the range.

lates from patients undergoing treatment and having
either decreasing or negative parasitaemia levels are
still viable and cultivable in vitro (10).

In-vitro drug sentisitivity
The results of the in-vitro drug sensitivity tests are
shown in Table 1. For most of the isolates, the obser-
ved IC50 values for chloroquine were in the sensitive
range, while seven had values >100 nmol/l and three
had values in the range 80-100 nmol/l. All the iso-
lates were sensitive to quinine. For mefloquine, three
isolates had IC50 values of 36.4 nmol/l, 124 nmol/l,
and 144 nmol/l, while all the others were highly sen-
sitive. Two isolates had IC50 values of 8.3 nmol/l and
9 nmol/f for halofantrine, while the others were
highly sensitive to this drug. Two strains had excep-
tionally elevated IC50 values for both artemisinin and
artemether (34 nmol/l and 53 nmol/l; 17 and 53 nmol/1)
and one had an IC50 of 67 nmol/l for artemisinin; the
others were very close to the median values. There
was less variation with arteether and artesunate. At
present, the thresholds of resistance/sensitivity to the
qinghaosu derivatives remain undetermined. The

Fig. 1. Probability of successful In-vitro growth as a
function of the percentage parasitaemia of the Plasmo-
dium falciparum isolates.
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results of log probit analyses to determine EC50, EC90
and ECg9 are shown in Table 2 and Fig. 2. Table 3
shows the rank correlation coefficients of the IC50
values between the antimalarials.

Detection of plasma drug levels by HPLC

All blood samples were tested irrespective of pre-
vious antimalarial intake, and 42 of the 73 patients
had detectable chloroquine and desethylchloroquine
in their plasma, while one had detectable halofan-
trine and N-desbutylhalofantrine. Four patients had
plasma chloroquine concentrations >200 ng/ml. The
median chloroquine concentration was 13.5 ng/ml
(range: 0-500 ng/ml) and the median desethylchloro-
quine level was 13.5 ng/ml (range: 0-300 ng/ml). Of
the 43 blood samples with detectable antimalarials,
25 exhibited successful in-vitro growth. Linear
regression analysis indicated a negative correlation
between plasma chloroquine levels and in-vitro
growth (r = -0.33).

Plasma drug levels and IC50 values

Surprisingly, there were positive correlations be-
tween the IC50 values for chloroquine and the plasma
chloroquine and desethylchloroquine concentrations

Table 2: Effective concentrations (EC) of four standard antimalarials and four qinghaosu
derivatives against Philippine isolates of Plasmodium falciparum

Drug (nmol/l)a

Co QN MEF HAL AS AT AE AU

EC50 34 55 2.2 0.4 4.7 3.4 1.1 0.7

EC90 222 434 35.3 3.7 31.5 29.3 6.0 3.2

EC99 1 029 2 333 334.2 22.9 147.6 170.9 24.9 10.9

a CQ = chloroquine; QN = quinine; MEF = mefloquine; HAL = halofantrine; AS = artemisinin; AT =

artemether; AE = arteether; and AU = artesunate.
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Fig. 2. In-vitro response in 1993 of Philippine isolates of
Plasmodlum falciparum to a) chloroquine; b) quinine;
c) mefloquine; and d) halofantrine.
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(r = 0.34 and 0.47, resp.), indicating that either the
IC50 values for chloroquine increased with the level
of the drug or the more resistant parasites survived in
culture despite the presence of endogenous chloro-
quine. The situation was similar for artesunate
(r = 0.57) but not for the other drugs. The presence
of chloroquine in some tested samples is evidence
that in certain instances the test system may be
influenced by previous drug intake, by either in-vitro
growth inhibition or modification of the IC50 value.
Removal of plasma and repeated washing before
testing may reduce these influences but undetect-
able levels of previously taken antimalarials still re-
mained in the erythrocytes. It would be expected that
the introduction of chloroquine-dosed erythrocytes
carrying additive antimalarial in the culture wells
would give an IC50 value that underestimated the
parasite sensitivity. Instead, however, the presence of
endogenous chloroquine produced larger changes
and resulted in a falsely elevated EC50. Acute resis-
tance may have developed in vitro under modified
biological conditions with selective induction of
resistant parasites (11).

Discussion
Although resistance to chloroquine is not as serious
in the Philippines as it is in neighbouring countries,
in-vivolin-vitro resistance to amodiaquine is substan-
tially worse (12). There is cross-resistance between
these 4-aminoquinolines, but following the ending of
amodiaquine distribution by the govemment the
increase in chloroquine resistance appears to have
been fairly modest. In the early 1980s the combina-
tion sulfadoxine + pyrimethamine was introduced as
the second drug of choice for use in the event of
chloroquine failure. In-vivo observations indicate that
this combination remains efficacious in the treatment
of uncomplicated malaria, although there have been a
few reports of in-vitro resistance (12).b Quinine
remains the drug of choice for severe and complicat-
ed malaria, its clinical efficacy being unquestionable.
The use of mefloquine has been limited to a few
clinical trials. Halofantrine has been available in the
Philippines since 1990 and has been quite widely
used, especially on the island of Palawan.

Our findings confirm the sensitivity profile of
the standard antimalarials. Even though we found a
lower percentage of chloroquine resistance than in
previous studies (4, 5)b, the EC90 and EC99 values
indicate that chloroquine can no longer be relied on

b See footnote a, p. 729.
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to give a full parasiticidal effect. Although there was
no resistance to quinine and limited resistance to
mefloquine and halofantrine, their maximum effec-
tive concentrations show the sensitivity status of
these structurally related compounds. There is good
in-vitro sensitivity to quinine and mefloquine, but a
spontaneously resistant gene pool may exist, in view
of the limited report of in-vitrolin-vivo resistance to
these drugs. Several decades of judicious use of qui-
nine have protected its efficacy and sensitivity,
which is very reassuring for health authorities. How-
ever, a decline in its sensitivity could arise because
of local drug pressure and transmission intensity, the
indiscriminate use of quinine, poor patient compli-
ance or poor absorption, where a significant propor-
tion of infections are not cured immediately and
resistant parasite populations are thereby selected.
Furthermore, repeated use of quinine could induce
cross-resistance with mefloquine (Table 3). One of
the earliest reports of in-vitro mefloquine resistance
was from the Philippines (13), despite the limited use
of the drug there. Since resistance has developed so
rapidly in the region, the potential for mefloquine
resistance may well be present in the indigenous
P. falciparum gene pool, and hence there is a risk of
cross-resistance if and when quinine sensitivity
declines. It is therefore reassuring that local health
authorities continue to use quinine judiciously for
severe and complicated malaria so that the drug may
retain total efficacy.

Data obtained in 1984 on quinine and meflo-
quine sensitivities in Thailand (14) were compared
with our Philippine data obtained in 1992, although
it should be noted that the Thailand study used the
standard WHO microtest (Table 4). The higher effec-
tive concentrations for quinine with the Philippine
isolates approximate to the values reported from
Thailand. If good cure rates are still being obtained
with quinine in the Philippines in 2004, this would
strongly suggest uncommon evolutionary patterns of
sensitivity and resistance mechanisms. On the other
hand, the mefloquine ECm,x is more reassuring, prob-
ably because the introduction of the drug into the
country was prohibited in order to protect it against
the development of resistance. The 7.9% resistance
level can be attributed to spontaneously resistant
strains that were already present, and introduction of
the drug could have serious consequences.

The in-vitro drug sensitivity profiles for the
qinghaosu derivatives show fairly low values (Fig. 3),
as expected, since the drugs had never been
introduced into the Philippines, in contrast to other
south-east Asian countries. However, the number of
isolates tested was small, and inherently less sensi-
tive strains may exist in other parts of the country.
The reported in-vitro sensitivities to qinghaosu de-

Table 3: IC50 correlations between antimalarials for Phi-
lippine isolates of Plasmodium falciparum
Drugsa Correlation coefficient (,) P-level

AT - AU 0.78 0.00001
MEF - HAL 0.57 0.0003
AS - AE 0.66 0.0006
QN - MEF 0.51 0.002
QN - HAL 0.49 0.003
MEF - AS 0.50 0.005
HAL - AU 0.54 0.007
QN - AS 0.45 0.013
AT - AE 0.50 0.015
HAL - AE 0.49 0.017
HAL - AT 0.42 0.018
QN - AE 0.46 0.029
HAL - AS 0.38 0.035
a AT = artemether; AU = artesunate; MEF = mefloquine;
HAL = halofantrine; AS = artemisinin; AE = arteether; and
QN = quinine.

rivatives vary widely: a mean IC50 of 15.6 nmol/l for
African strains of P. falciparum (15); artemisinin
IC50 values of 23.7 nmolIl for the chloroquine-sensi-
tive NF54 strain and 40.7 nmol/l for the chloro-
quine-resistant KI strain (16) of P. falciparum; and
growth inhibition for artemisinin at 10-7_10-8 mol/l
and for artemether at 10-8 molIl in Thailand (17).
The median IC50 values in our study are much lower
and the ECmax values for artesunate and arteether con-
sistently indicate better efficacy (Tables 1 and 2).

Although the correlation of in-vitro data with in-
vivo response should be interpreted with care, in-
vitro results alone may detect susceptibility patterns
between drugs among different isolates. A positive
correlation for the mefloquine-halofantrine associa-
tion and confirmed reports of in-vitrolin-vivo cross-
resistance (18-20) led us to extrapolate for the other
antimalarials (Table 3). Surprisingly, there were sig-
nificant correlations for several pairs of drugs. The
quinine-mefloquine and quinine-halofantrine associ-
ations strongly confirm previous reports of evolving

Table 4: Effective concentrations (ECs) for quinine and
mefloquine against Plasmodium falciparum in Thailand,
1984 and Philippines, 1992

Quinine (nmol/1) Mefloquine (nmol/l)

Thailanda Philippines Thailanda Philippines

EC50 243.7 55.1 170.4 2.2

ECQ0 824.9 433.9 570.3 35.3

EC99 2 234.0 2 333.3 1 527.7 334.2
a See ref. (14).
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Fig. 3. In-vitro response In 1993 of Philippine Isolates of
Plasmodium falciparum to the qlnghaosu derivatives
artemisinin, artemether, arteether, and artesunate.
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in-vitrolin-vivo resistance patterns elsewhere (18,
21). In the present study there were significant corre-
lations with some of the qinghaosu derivatives.
Cross-resistance characteristics in rodent models
have been attributed to changes in cell membrane
composition (22), but in our study we found cross-
resistance from in-vitro drug sensitivity testing of
fresh human isolates. However, a positive correlation
of IC50 values is not sufficient to presume cross-
resistance in the absence of the qinghaosu threshold
for resistance.

Among the qinghaosu derivatives, the strongest
correlations observed (between artemether and arte-
sunate and between artemisinin and arteether) rule
out these associations. On the other hand, the posi-
tive correlation of qinghaosu derivatives with stand-
ard antimalarials indicates associations that are
worth investigating further (23).

These observations indicate possible associa-
tions between certain qinghaosu derivatives and
some classic antimalarials. However, effective
phase-TI and phase-III studies would be needed
before testing could be performed on human popula-
tions with multidrug-resistant malaria. Nothing is
known about the toxicities of any pair of these drugs,
and several studies would be necessary before any
one of them, or any other drug combination, could be
recommended for clinical use.

Cautious interpretation of the present results is
desirable. Nevertheless, two important possibilities
emerge: either cross-resistance may arise because of
pressure from one drug or the other, or drug associa-
tions may prove well worth considering in the quest
for potent products to be used against multidrug-
resistant malaria.

Resume
Isolats philippins de Plasmodium
falciparum: tests in vitro en presence de
quatre antipaludiques classiques et de
quatre deriv6s du qinghaosu
Des tests in vitro de sensibilit6 aux m6dicaments
ont 6te effectu6s sur des souches philippines de
Plasmodium falciparum entre avril 1991 et janvier
1993 par microdilution en pr6sence d'isotopes
radioactifs, sur des isolats provenant principale-
ment de l'ile de Palawan, des provinces de
Bataan, Cagayan et Kalinga-Apayao et de la
r6gion de Bicol. Les antipaludiques classiques uti-
lis6s ont 6t6 la chloroquine, la quinine, la m6flo-
quine et l'halofantrine, et les d6riv6s du qinghaosu,
I'art6m6ther, I'art6misinine, I'art66ther et l'art6su-
nate. On a observ6 une corr6lation significative
entre la r6ussite de l'6preuve et le degr6 de para-
sit6mie, l'origine de l'isolat, le laps de temps 6cou-
16 et les concentrations d'antipaludiques d6ce-
lables dans le sang avant la mise en culture. Les
valeurs de la Cl50 pour la chloroquine et l'art6su-
nate ont montr6 une corr6lation positive avec les
concentrations de chloroquine dans le sang avant
l'6preuve, ce qui laisse a penser qu'il y a eu
induction s6lective des plasmodies les plus r6sis-
tantes en culture. La r6sistance a la chloroquine a
ete de 18,4%, avec une CE90 de 222 nmol/l et
une CE99 de 1029 nmol/l; on n'a observ6 aucune
r6sistance a la quinine dont la CE90 et la CE99 ont
ete respectivement de 434 nmol/l et de
2333 nmol/l; la r6sistance a la m6floquine a ete
de 7,9% avec une CE90 et une CE99 de
35,5 nmol/l et de 334 nmol/l, respectivement; pour
l'halofantrine, la r6sistance a ete de 5,4% avec
une CE90 et une CE99 de 3,65 nmol/l et
22,9 nmol/l, respectivement. Les concentrations
efficaces de d6riv6s du qinghaosu ont ete tres
faibles par rapport a celles rapport6es lors des
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etudes precedentes, les concentrations minimales
etant enregistr6es pour l'art6sunate. On a observe
une r6sistance croisee entre la mefloquine et
I'halofantrine et une correlation positive entre la
quinine, la m6floquine, I'halofantrine et certains
d6rives du qinghaosu ainsi qu'entre d6rives du
qinghaosu eux-memes; cette etude a donc mis en
avant deux possibilit6s: une r6sistance crois6e
due a la pression d'un medicament sur un autre
ou I'interet des associations m6dicamenteuses
contre le paludisme multiresistant.
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