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Plasmodium falciparum Malaria: Rosettes are Disrupted by
Quinine, Artemisinin, Mefloquine, Primaquine,

Pyrimethamine, Chloroquine and Proguanil
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An assay was developed measuring the disruption of rosettes between Plasmodium falciparum-infected
(trophozoites) and uninfected erythrocytes by the antimalarial drugs quinine, artemisinin mefloquine,
primaquine, pyrimethamine, chloroquine and proguanil. At 4 hr incubation rosettes were disrupted by
all the drugs in a dose dependent manner. Artemisinin and quinine were the most effective anti-malarials
at disrupting rosettes at their therapeutic concentrations with South African RSA 14, 15, 17 and The
Gambian FCR-3 P. falciparum strains. The least effective drugs were proguanil and chloroquine. A
combination of artemisinin and mefloquine was more effective than each drug alone. The combinations
of pyrimethamine or primaquine, with quinine disrupted more rosettes than quinine alone. Quinine may
be an effective drug in the treatment of severe malaria because the drug efficiently reduces the number
of rosettes.
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Plasmodium falciparum infected erythrocytes
at the trophozoite stage of parasite development
adhere to uninfected erythrocytes forming “ro-
settes” (David et al. 1988). This adherence prob-
ably enhances the ability of schizonts when rup-
turing the host cell to invade the surrounding na-
ive red cells. In studies with field strains from Af-
rica and Madagascar, there appears to be a link
between the number of rosettes formed from a
strain, the severity of the disease in the patient and
the presence of anti-rosetting antibodies, implying
a protective role for the anti-rosetting antibodies
(Carlson et al. 1990a, Treutiger et al. 1992,
Ringwald et al. 1993, Rowe et al. 1995). In con-
trast, rosette disrupting antibodies do not seem to
protect adults or children against cerebral malaria
in Papua New Guinea (Rogerson et al. 1996).

Rosetting only occurs as the parasites develop
into trophozoites suggesting that the ligands are
either alterations to host surface antigens or novel
parasite antigens. Ligands that have been impli-
cated include a histidine rich protein (Carlson et
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al. 1990b), low molecular mass proteins called
“rosettins” (Helmby et al. 1993), parasite variant
erythrocyte membrane protein 1 (Rowe et al. 1997,
Chen et al. 1998), complement receptor 1 (Rowe
et al. 1997) and lectins (Carlson & Wahlgren 1992).
Rosettes can be disrupted by anti-histidine rich
protein 1 antibodies (Carlson et al. 1990b), anti-
bodies from malaria patients (Treutiger et al. 1992),
and sulphated glycoconjugates (Rogerson et al.
1994, and Rowe et al. 1994).

We have added seven antimalarial drugs to four
strains of P. falciparum which form rosettes in cul-
ture and found that each drug disrupted rosettes in
a dose dependent manner. Combinations of two
drugs together disrupted more rosettes than each
drug on its own.

MATERIALS AND METHODS

P. falciparum cultures - The Gambian FCR-3
and the South African RSA 14, 15 and 17  (Freese
et al. 1991) P. falciparum strains were maintained
in continuous in vitro culture according to the meth-
ods of Trager and Jensen (1976) as modified by
Freese et al. (1988). Briefly, parasitised O+ human
erythrocytes (FCR-3) and A+  (RSA), were cul-
tured at 37oC in medium consisting of 10.41 g/l
RPMI 1640 powdered medium supplemented with
5.94 g/l HEPES buffer, 50 mg/l gentamicin, 44 mg/
l hypoxanthine, 4 g/l sucrose, 5 g/l sodium bicar-
bonate and 10% heat-inactivated human AB se-
rum made to 1 litre with sterile water and gassed
with CO2 until the medium changed colour from
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red to yellow. Parasites were synchronised at ring
stages using sorbitol (Lambross & Vanderberg
1979) and growth monitored by microscope ex-
amination of Geimsa stained parasites. Chemicals,
quinine, artemisinin chloroquine, primaquine
(diphosphate salt), pyrimethamine and media were
all purchased from Sigma chemical company, St
Louis, MO, USA. Mefloquine was obtained from
Roche Products (Pty) Ltd and proguanil hydrochlo-
ride from Zeneca, Johannesburg, South Africa.
Blood from healthy donors was obtained from the
Johannesburg Blood Transfusion Service,
Johannesburg, South Africa.

Rosetting assay - When a parasitaemia of
8-10% was reached and the parasites were at the
trophozoite-schizont stage, rosette formation was
evaluated based on the method described by
Carlson et al. (1990b). An aliquot of the parasite
culture was mixed with one tenth volume of an
acridine orange solution (0.001 %) and incubated
for about 5 min at room temperature. The cells were
mounted onto a slide with a coverslip. Rosettes
were counted over consecutive fields with a 40x
fluotar lens in incident ultraviolet light using a
Dialux 20 fluorescent microscope.

Rosette formation was characterised by a
parasitised red blood cell that had bound two or
more uninfected red blood cells. On average, 250
consecutive parasitised erythrocytes were counted
and rosettes evaluated. The effect on rosette for-
mation by drugs was expressed as a percent dis-
ruption of the control and calculated using the fol-
lowing formula: % disruption = 1 - [rosetting after
treatment/rosetting in untreated control] x 100.

Effect of drugs on parasite rosetting - Aliquots
of parasite culture were incubated with each of the
antimalarials prepared at therapeutic concentrations
as indicated in the appropriate references. These
concentrations were: 0.2 µg/ml for chloroquine,
0.153 µg/ml for primaquine, 155 ng/ml for py-
rimethamine (Desjardins et al.  1988), 20 µg/ml
for quinine (Peters 1987), 1 µg/ml for mefloquine
(Slutsker et al. 1990), 1µg/ml for proguanil (Tay-
lor et al. 1990) and 400 ng/ml for artemisinin (Duc
et al. 1994). In the first experiment parasites were
incubated from rings to trophozoites with each of
the drugs and then rosettes enumerated. In the sec-
ond experiment, the drugs were added to a tropho-
zoite stage culture over a 6 hr period and rosettes
counted at different time points.

The effects of different concentrations of anti-
malarial drugs on rosettes -  Parasites at late tro-
phozoite stage (8-10% parasitaemia, 1-2%
haematocrit) were incubated with each of the seven
drugs for 4 hr before  rosettes were counted. The
concentrations used spanned the therapeutic range
of each drug and were over the following ranges

as indicated on figures: quinine from 5 µg to 33
µg; artemisinin from 100 ng to 800 ng; mefloquine
from 0.2 µg to 2.1 µg; primaquine from 4 ng to 28
ng; pyrimethamine from 50 ng to 320 ng; chloro-
quine from 50 ng to 425 ng; proguanil from 0.3 µg
to 2.0 µg.

Effect of combinations of two drugs on rosetting
- Artemisinin or mefloquine were added to para-
sites at late trophozoites (8-10% parasitaemia). In
turn one drug was at the therapeutic concentration
and the concentration of the other drug varied. In a
second experiment therapeutic concentrations of
combinations of quinine, chloroquine, py-
rimethamine and primaquine were incubated with
rosetting parasites at 37oC for 4 hr and rosettes
counted.

Two controls were used in every experiment.
A sample of the malaria culture was removed at
the start of the experiment and cultured in the ab-
sence of drugs under identical conditions to ex-
periments with drugs. At the end of the appropri-
ate times half of the control was treated with the
pertinent drug for 5 min and rosetting enumerated.
The second half of the sample was evaluated with-
out any additional treatment. Both controls pro-
duced the same number of rosettes. All the above
experiments were conducted under identical con-
ditions of pH, ionic concentration, carbon dioxide
concentration and temperature.

RESULTS

Initially we determined that incubating each
antimalarial drug with a malarial culture during
parasite development from rings to trophozoites
lead to reduced rosette formation. We found that
the optimum time to determine the perturbation of
rosettes was when the drugs were incubated for 4
hr with  parasites at the trophozoite stage. At this
stage rosettes are already present in the culture. A
4 hr time frame has been used to evaluate the ef-
fects of glycoconjugates and enzymes on rosetting
(Rowe et al. 1994) and a 4 hr time frame has been
shown to be sufficiently long for ligands which
have been removed by enzymatic cleavage to be
resynthesised (Hommel & Semoff 1988).  We
therefore adopted a 4 hr assay for all our subse-
quent experiments. In all experiments we ran two
controls, one was a drug free culture sample of the
cultures incubated under identical conditions and
the second was to take the drug free culture and
add drugs at the end of the assay. Both controls
produced identical numbers of rosettes.

To confirm that the effect of drugs on rosetting
depended on the concentration of each drug being
used, a range of drug concentrations above and
below the therapeutic doses was added to rosetting
parasites and the rosettes counted 4 hr later. All



669669669669669Mem Inst Oswaldo Cruz, Rio de Janeiro, Vol. 94(5), Sep.Oct. 1999

the drugs (Fig.1A-G) disrupted rosettes formed by
the four strains in a dose dependent manner. The
most effective drugs appear to be quinine (Fig.1A)
and artemisinin (Fig.1B) at both the therapeutic
concentration and the highest concentration tested.
Mefloquine (Fig.1C), primaquine (Fig.1D) and
pyrimethamine (Fig. 1E) have similar characteris-
tics, though mefloquine is comparably more effec-
tive at therapeutic concentrations than the highest
concentration used. The least effective drugs are
chloroquine (Fig. 1D) and proguanil (Fig.1E). The
order of drugs disrupting rosettes i.e. most effec-
tive to least effective, was the same, whether con-
sidering the South African strains alone or includ-
ing data for the FCR-3 strain. At concentrations of
each drug predicted to occur in the plasma of pa-
tients (therapeutic concentrations), all the drugs
disrupted rosettes. The four P. falciparum strains
each exhibit a unique and specific profile of sensi-
tivity to disruption by each drug (Fig.1A-G).

In the presence of a combination of the thera-
peutic dose of artemisinin with a range of concen-
tration of mefloquine or, alternately, the therapeutic
dose of mefloquine and varying the concentration
of artemisinin there was increased rosette disrup-
tion with an increase in drug concentrations (Fig.
2). Keeping mefloquine concentrations constant and
increasing artemisinin concentrations was more ef-
fective than maintaining artemisinin and increasing
mefloquine concentrations. This is consistent with
the results above obtained for each drug alone.

When quinine, pyrimethamine, chloroquine
and primaquine were combined, some combina-
tions were more effectual at disrupting rosettes of
the FCR-3 strain than others (Table). Rosette dis-
turbance ranged from 35% to 82%. Drug combi-
nations with chloroquine exhibit the lowest per-
cent disturbance of rosetting while combinations
with quinine were the most effective.

DISCUSSION

It was consistently observed that chloroquine
and primaquine were the least productive at dis-
rupting and preventing rosette formation with the
four P. falciparum strains at both the therapeutic
and maximum doses tested. Concentrations of each
drug at and around reported concentrations found
in patient plasma (therapeutic concentrations) were
chosen to ensure that experiments approximated
physiological conditions predicted to occur in host
blood during treatment with anti-malarial drugs.
This necessitated using different concentrations for
each drug, and  the axis for each figure is therefore
different. Direct comparisons between concentra-
tions of drugs are only possible at the therapeutic
concentrations of the drugs. The most effective
drugs were quinine and artemisinin (Figs 1A, B).

The laboratory strains, RSA 14, 15 and 17 and
FCR-3 used in the present study have been char-
acterized as chloroquine resistant (Freese et al.
1991) and we obtained similar results repeating that
study. It would appear that these strains which are
resistant to chloroquine, have fewer of their rosettes
disrupted by the drug.

Of all the drugs tested, quinine and artemisinin
were the most impressive at reducing the number
of  rosettes. This was true at concentrations from
the therapeutic dose to the highest dose of the drugs
tested. Artemisinin has been reported to have a fast
parasite clearance time (Jaing et al. 1982), and
quinine is the current drug of choice for the treat-
ment of cerebral malaria. Artemether, a derivative
of artemisinin has been studied as a replacement
for quinine in the treatment of cerebral malaria.
One study found that artemether is more effective
than quinine and improves the coma resolution time
in children in a Malawian study (Taylor et al. 1993).
In contrast in a similar study in Kenya, artemether
was found to be no better than quinine (Murphy et
al. 1996).

It has been reported in Thailand that artemether
and artesunate were more effective than quinine
or halofantrine at reducing rosette formation and
cytoadherence (Udomsangpetch et al. 1996). Re-
duced sensitivity to quinine has been reported in
Thailand (Karbwang et al. 1995, Udomsangpetch
et al. 1996) and may account in part for the differ-
ences between rosetting sensitivity to the drug
found in the Thai study and the study presented
here. This study looks at five drugs not included in
the Thai study.  We measure a range of concentra-
tions of each of seven drugs, while the Thai study
centred on one concentration of four drugs. We
have shown how rosetting is reduced when com-
bining pairs of drugs. An additional difference be-
tween the two studies is that we used artemisinin
and the Thai study used the artemisinin derivatives,
artemether and artesunate. It would be interesting
to measure rosette disruption by quinine and
artemether or its derivatives and see if disruption
correlates with efficacy of treatment in areas where
quinine resistance has not been recorded. If such a
correlation is found, it would suggest the potential
use of agents to disrupt rosetting and cytoadherence
in the treatment of severe malaria. Drugs disrupt-
ing rosetting and cytoadherence by altering para-
site metabolism are likely to be more effective than
antibodies against malarial surface antigens. We
make this suggestion based on our studies where a
pool of antimalarial antibodies, which disrupt
cytoadherence (Goldring et al. 1992) and rosetting
in vitro and were shown to bind to antigens on the
infected erythrocytes surface (Bansil 1992) pro-
vided no detectable benefit when administered to
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Fig. 1: the effect of quinine (A); artemisinin (B);  mefloquine (C);  primaquine (D); pyrimethamine (E); chloroquine (F) and
proguanil (G) on the rosetting of Plasmodium falciparum infected erythrocytes. Each drug was incubated with parasite cultures,
strain RSA 14(� ), 15 (á ), 17 (l ) and FCR-3 (o ) at concentrations above and below therapeutic values and rosetting evaluated.
The mean readings from three experiments performed in duplicate are shown with standard deviations - vertical bars.
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children with cerebral malaria (Taylor et al. 1992).
The different drug combinations also show

varying effectiveness in disturbing rosettes. The
combination of chloroquine and pyrimethamine are
no longer recommended for prophylaxis and treat-
ment of malaria in South Africa (Baker et al. 1993).
In the rosette disruption assay, the combination of
chloroquine and pyrimethamine was not signifi-
cantly better at disrupting rosettes (approximately
35%, Table) than chloroquine alone (approximately
34% in Fig.1G). Webster (1990) reported that the

combination of quinine with pyrimethamine has
been used successfully to effect the suppressive
cure of patients with multidrug-resistant malaria.
In the present study this combination was better at
disrupting rosettes than quinine alone. Combina-
tions of mefloquine and sulfadoxine/pyri-
methamine appear to be no better than mefloquine
alone in the treatment of malaria (Sowunmi &
Oduale 1995). In areas of mefloquine resistance,
artemether combined with mefloquine appears to
be useful (Karbwang et al. 1995, Bunnag et al.
1996). When artemisinin and mefloquine were
combined in different concentrations we found the
two drugs together reduced rosetting more effec-
tively than each drug alone.

Anti-malarial drugs have been evaluated by
measuring the number of parasites remaining or
developing in the presence of the drugs. Determin-
ing rosettes is likely to be an indication of parasite
death since as parasite metabolism slows down,
protein synthesis decreases and so the number of
rosetting ligands expressed by parasites also de-
creases. Ligands expressed on the surface of in-
fected red cells are continuously turned over,  for
example cytoadherence ligands can be cleaved
enzymatically and the ligands are re-expressed in
a few hours (Hommel & Semoff 1988). Since all
the drugs tested promoted reduced rosetting, we
suggest that the assay is a  method to measure drug
sensitivity. It would be necessary to identify LD
50 values for any drug in a rosetting assay and
compare values with those obtained in standard
sensitivity assays, like the tritiated hypoxantine
incorporation assay. Quinine is probably more ef-
fective than other drugs in our assay because it kills
parasites quicker. The decrease in the number of
uninfected red cells surrounding the parasitised cell
will increase the vulnerability of the infected cell
to the immune system and promote more rapid
parasite clearance. Decreasing rosettes will also aid
in reducing microvascular obstruction (Kaul et al.
1991). We think that our observations may begin
to explain why one anti-malarial drug is more ef-
fective than another in treating patients with cere-
bral malaria, where rosetting and microvascular
obstruction are linked to the severity of the dis-
ease (Carlson et al. 1990a).

Fig. 2: incubating the therapeutic concentration of (a) artemisinin
and varying the concentration of mefloquine, (b) mefloquine
and varying the concentrations of artemisinin. Drugs were in-
cubated with Plasmodium falciparum strains, RSA 14(� ), 15
( á ), 17 (l ) and FCR-3 (o ) and rosetting determined. The mean
readings from three experiments performed in duplicate are
shown with standard deviations - vertical bars.

TABLE

The effects of combinations of therapeutic concentrations of anti-malarial drugs on rosetting. The mean results of
three experiments performed in duplicate are indicated ± standard deviations

Drug combination  % rosette disruption Drug combination % rosette disruption

Chloroquine/primaquine    55 ± 3.5 Pyrimethamine/primaquine    59.5 ± 4
Chloroquine/pyrimethamine 35 ± 3 Quinine/primaquine    81    ± 6
Chloroquine/quinine 64 ± 7 Quinine/pyrimethamine    80.5 ± 7

Artemisinin concentration (µg/ml)



672672672672672 Anti-malarial Drugs Disrupt P. falciparum Rosettes • JP Dean Goldring et al.

ACKNOWLEDGEMENTS

To Dr Theresa HT Coetzer for suggestions and com-
ments.

REFERENCES

Baker L, Van Schoor JD, Bartlet GA,  Lombard JH 1993.
Malaria prophylaxis - the South African viewpoint.
SA Med J  83: 126-129.

Bansil L 1992. Antigenic and Genomic Diversity of Plas-
modium falciparum Strains, PhD Thesis, University
of Liverpool, United Kingdom, 120 pp.

Bunnag D, Kando T, Karbwang J, Thimasarn K, Pungpak
S,  Harinasuta T 1996. Artemether or artesunate fol-
lowed by mefloquine as a possible treatment for
multidrug resistant falciparum malaria. Trans R Soc
Trop Med Hyg 90: 415-417.

Carlson J, Wahlgren M 1992. Plasmodium falciparum
erythrocyte rosetting is mediated by promiscuous
lectin-like interactions. J Exp Med 176: 1311-1317.

Carlson J, Helmby H, Hill AVS, Brewster D, Green-
wood BM, Wahlgren M 1990a. Human cerebral
malaria: association with erythrocyte rosetting and
lack of anti-rosetting antibodies. Lancet  336:
1457-1460.

Carlson J, Holmquist G, Taylor DW, Perlmann P,
Wahlgren M 1990b. Antibodies to a histidine-rich
protein (PfHRP1) disrupt spontaneously formed
Plasmodium falciparum erythrocyte rosettes.  Proc
Natl Acad Sci USA 87: 2511-2515.

Chen Q, Barragan A, Fernandez V, Sundstrom A,
Schlichtherle M, Sahlen A, Carlson J, Datta S,
Wahlgren M 1998. Identification of Plasmodium
falciparum erythrocyte membrane protein-1
(Pfemp1) as the rosetting ligand of malaria parasite
Plasmodium falciparum. J Exp Med 187: 15-23.

David PH, Leech JH, Gamage P, Mendis KN,
Handunnetti SM 1988. Rosetting: a new
cytoadherence property of malaria-infected eryth-
rocytes. Am J Trop Med Hyg 38: 289-297.

Desjardins RE, Doberstein EB, Wernsdorffer WH 1988.
The treatment and prophylaxis of malaria, p. 827-
823. In WH Wernsdorffer & I Mcgregor (eds),  Ma-
laria: Principles and Practice of Malariology,
Churchill Livingstone, London.

Duc DD, De Vries PJ, Khanh NX, Binh LNG, Kager
PG,  Boxtel CJ 1994. The pharmacokinetics of a
single dose of artemisinin in healthy Vietnamese
subjects. Am J Trop Med Hyg 51: 785-790.

Freese JA, Markus MB, Golenser J 1991. In vitro sensi-
tivity of Southern African reference strains of Plas-
modium falciparum to chloroquine and py-
rimethamine. Bull WHO 69: 707-712.

Freese JA, Ridl FC, Sharp BL, Markus MB 1988. In
vitro cultivation of Southern African strains of Plas-
modium falciparum and gametocytogenesis. S A Med
J 73: 720-722.

Goldring JPD, Molyneux ME, Taylor TE, Wirima JJ,
Hommel M 1992. Plasmodium falciparum: diver-
sity of strains from Malawi in their cytoadherence
to melanoma cells and monocytes in vitro. Brit J
Haematol 81: 413-418.

Helmby H, Cavilier L, Pettersson V, Wahlgren M 1993.
Rosetting Plasmodium falciparum-infected erythro-
cytes express unique strain-specific antigens on their
surface. Infect Immun 61: 284-288.

Hommel M, Semoff S 1988. Expression and function of
erythrocyte-associated surface antigens in malaria.
Biol Cell 64: 183-203.

Jaing JB, Li GQ, Guo XB, Kong YC, Arnold K 1982.
Antimalarial activity of mefloquine and quinhaosu.
Lancet 293: 285-288.

Karbwang J, Na-Bangchang K, Thanavibul A, Ditta-in
M, Harinasuta T 1995. A comparative clinical trial
of two different regimens of artemether plus
mefloquine in multidrug resistant falciparum malaria.
Trans R Soc Trop Med Hyg 89: 296-298.

Kaul DK, Roth EF, Nagel RL, Howard RJ, Handunnetti
SM 1991. Rosetting of Plasmodium falciparum-
infected red blood cells with uninfected red blood
cells enhances microvascular obstruction under flow
conditions. Blood 78: 812-819.

Lambross C, Vanderberg JP 1979. Synchronization of
Plasmodium falciparum  erythrocytic stages in cul-
ture. J Parasitol 65: 418-420.

Murphy S, English M, Waruiru C, Mwangi I, Amukoye
E, Crawley J, Newton C, Winstanley P, Peshu N,
Marsh K 1996. An open randomized trial of
artemether versus quinine in the treatment of cere-
bral malaria in African children.  Trans R Soc Trop
Med Hyg 90: 298-301.

Peters W 1987. Drug evaluation III: clinical evaluation
and follow-up, p. 260-263. In W Peters, Chemo-
therapy and Drug Resistance in Malaria, Vol. 1, 2nd
ed., Academic Press, London.

Ringwald P, Peyron F, Lepers JP, Rabarison P,
Rakotamalala C, Razanamparany M, Rabodonirina
M, Roux J,  LeBras J 1993. Parasite virulence fac-
tors during falciparum malaria: rosetting,
cytoadherence and modulation of cytoadherence by
cytokines. Infect Immun 61: 5198-5204.

Rogerson SJ, Beck H-P, Al-Yaman F, Currie B, Alpers
MP,  Brown GV 1996. Disruption of erythrocyte
rosettes and agglutination of erythrocytes infected
with Plasmodium falciparum by the sera of Papua
New Guineans. Trans R Soc Trop Med Hyg 90: 80-
84.

Rogerson SJ, Reeder JC, Al-Yaman F, Brown GV 1994.
Sulphated  glycoconjugates as disrupters of Plas-
modium falciparum erythrocyte rosettes. Am J Trop
Med Hyg 51: 198-203.

Rowe JA, Berendt A, Marsh K, Newbold C 1994. Plas-
modium falciparum: a family of sulphated
glycoconjugates disrupts erythrocyte rosettes. Exp
Parasitol 79: 506-516.

Rowe JA, Obeira J, Newbold C, Marsh K 1995. Plas-
modium falciparum rosetting is associated with ma-
laria severity in Kenya. Infect Immun 63: 2323-2326.

Rowe JA, Moulds JM, Newbold C, Miller LH 1997.
Plasmodium falciparum rosetting mediated by a
parasite-variant erythrocyte membrane protein and
complement receptor protein. Nature 388: 292-295.

Slutsker LM, Khoromana CO, Paune D, Allen CR,
Wirima JJ, Heymann DL,  Patchen L, Steketee RW



673673673673673Mem Inst Oswaldo Cruz, Rio de Janeiro, Vol. 94(5), Sep.Oct. 1999

1990. Mefloquine therapy for Plasmodium
falciparum malaria in children under 5 years of age
in Malawi: in vivo/in vitro efficacy and correlation
of drug concentration with parasitological outcome.
Bull WHO 68: 53-59.

Sowunmi A, Oduola AMJ 1995. Open comparison of
mefloquine, mefloquine/sulfadoxine/pyrimethamine
and chloroquine in acute uncomplicated falciparum
malaria in children.  Trans R SocTrop Med Hyg 89:
303-305.

Taylor RB, Behrens R, Moody RR, Wangboonskul J
1990. Assay method for the simultaneous determi-
nation of proguanil, chlorquine and their major me-
tabolites n biological fluids. J Chromatog 527: 490-
497.

Taylor TE, Molyneux ME, Wirima JJ, Borgstein A,
Goldring JPD,  Hommel MM 1992. Intravenous
immunoglobulin in the treatment of paediatric cere-
bral malaria. Clin Exp Immunol 90: 357-362.

Taylor TE, Wills BA, Kazembie P, Chisale M, Wirima

JJ, Ratsma EY,  Molyneux ME 1993. Rapid coma
resolution with artemether in children with cerebral
malaria. Lancet  341: 661-662.

Trager W, Jensen JB 1976. Human malaria parasites in
continuous culture. Science 193: 673-675.

Treutiger CJ, Hedlund I, Helmby H, Carlson J, Jepson
A, Twumasi P, Kwiatkowski D, Greenwood BM,
Wahlgren M 1992. Rosette formation in Plasmodium
falciparum strains and anti-rosette activity of sera
from Gambians with cerebral or uncomplicated ma-
laria. Am J Trop Med Hyg 46: 503-510.

Udomsangpetch R, Pipitaporn B, Krishna S, Angus B,
Pukrittayakamee S, Bates I, Suputtamongkol Y, Kyle
DE, White NJ 1996. Antimalarial drugs reduce
cytoadherence and rosetting of Plasmodium
falciparum. J Infect Dis 173: 691-698.

Webster LT 1990. Drugs used in the chemotherapy of
protozoal infections, p. 978-998. In F Goodman &
H Gilman (eds), The Pharmacological Basis of
Therapeutics, 8th ed, McGraw-Hill Inc, New York.



674674674674674 Anti-malarial Drugs Disrupt P. falciparum Rosettes • JP Dean Goldring et al.


