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Abstract
Background: Malaria is caused by a parasitic protozoan called Plasmodium with an estimated mortality rate of one million people
annually and it is estimated that half of the world’s population are at risk for this disease.
Objectives: The current study aimed to compare the effect of hydroxychloroquine and pyrimethamine with sulfadoxinepyrimethamine to treat Plasmodium berghei infection in mice.
Pyrimethamine, hydroxychloroquine and sulfadoxinepyrimethamine were used in the current study.
Methods: Four groups of mice each including nine mice were selected. The mice were infected by intraperitoneally injection of
Plasmodium berghei infected red blood cells. One group was considered as a positive control and three other ones received each one
of the drugs. On days 4, 7, 14, 21 and 28, a blood smear was prepared from each mouse, stained with Giemsa and the parasitemia rate
was calculated.
Results: Parasitemia in the positive control group showed an increase on days four and seven at a level of 5.9% and 23.7%, respectively,
which was statistically significant compared with the other groups (P < 0.05). The parasitemia remarkably decreased in the group
receiving sulfadoxine-pyrimethamine than in the one taking pyrimethamine (P < 0.05). In addition, the mortality rate in mice
treated with sulfadoxine-pyrimethamine was lower than those of the other groups (P < 0.05). The survival time in the group treated
with sulfadoxine-pyrimethamine was 28 days on average and in the group treated with pyrimethamine and hydroxychloroquine
were 15.56 and 26.44 days, respectively.
Conclusions: The results of the article suggested that malaria treatment strategy shifts completely from the monotherapy; therefore, the combination drugs should be used for this purpose, especially in endemic areas.
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1. Background
Malaria is an infectious disease affecting humans
worldwide and the most important disease in tropical regions that their manifestations are mostly emerged as
ague (1, 2). Malaria is caused by a parasitic protozoan called
Plasmodium with an estimated mortality rate of one million people annually and it is estimated that half of the
world’s population are at risk for this disease, of which
about 78% are in Africa, 15% in the South-East Asia, and
5% in the Eastern Mediterranean (3, 4). The asexual stages
of the parasite are responsible for all clinical symptoms
and physio-pathological damage to the patient (5). Malaria
can lead to respiratory distress, metabolic acidosis, hypoglycemia and failure in some organs such as liver, kidney
and spleen (6). Current strategies to combat malaria are
use of appropriate drugs, vector control and health ed-

ucation services (7-9). Plasmodium berghei species cause
malaria in rodents (10). Study on rodent malaria can
be an appropriate model for human malarial infection
(11). Chloroquine and pyrimethamine are two examples
of chemical drugs used to treat malaria (12, 13). Although
these two drugs are widely used to treat malaria, increased
resistance to them is a big problem to overcome this disease (14).

2. Objectives

The current study aimed to compare the effect of
sulfadoxine-pyrimethamine with pyrimethamine and
evaluate the efficiency of the two drugs to treat Plasmodium berghei infection in mice.
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4. Results

3.1. Parasite

Parasitemia in the positive control group showed an
increase on days four and seven at the levels of 5.9%
and 23.7%, respectively, which was statistically significant
compared with the other groups (P < 0.05) (Figure 1).
In the current study, parasitemia remarkably decreased
in the group receiving sulfadoxine-pyrimethamine compared with the group receiving only pyrimethamine (P <
0.05). In addition, the mortality rate in the mice treated
with sulfadoxine-pyrimethamine was lower than those of
the other groups (P < 0.05) (Figure 2). The survival time
in the group treated with sulfadoxine-pyrimethamine
was 28 days on average and in the group treated with
pyrimethamine as well as the hydroxychloroquine were
15.56 and 26.44 days, respectively.

Plasmodium berghei NICD (national institute for Communicable diseases) strain sensitive to chloroquine was
obtained from the department of parasitology and mycology, School of Medicine, Isfahan University of Medical
Science, Isfahan, Iran. The parasite was cryopreserved in
liquid nitrogen and passaged several times in laboratory
mice before the experiment (15).
3.2. Mice
In the current study, male Swiss Webster mice, 20 - 25
grams weight and 8 - 12 weeks old age were used. The use
of mice was confirmed by the university ethics committee (UEC) of Isfahan University of Medical Sciences, Isfahan,
Iran.
3.3. Drugs
Pyrimethamine,
hydroxychloroquine
and
sulfadoxine-pyrimethamine were purchased from Biogen Company (India); drugs were used in the current
study. Formore solubility, the drugs were placed on a
magnetic stirrer at a speed of 250 g, at 0°C for 24 hours.
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Figure 1. Parasitemia Rate in Different Groups Infected with Plasmodium berghei

3.4. Evaluation of the Drug Effectiveness

3.5. Statistical Analysis
Data were analyzed by IBM SPSS statistics software (ver.
20) and using a one-way ANOVA.
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A total of 36 mice were used in the experiment. The
mice were randomly divided into four groups of nine.
Each of them was infected by intraperitoneally injection of
106 Plasmodium berghei-infected red blood cells (RBC). One
group was considered as positive control and two other
ones received each one of the drugs and the group four
was the negative control. The mice were treated according to the protocol described by Ryley and Peters (1970)
(16). Twenty-four hours after the injection, treatment was
started by intraperitoneally injection of 2 mg/kg/day of
each drug for four days. On days 4, 7, 14, 21 and 28, a blood
smear was prepared for each mouse, stained with Giemsa
and the number of infected RBCs was calculated at 10,000
counted RBCs under optical microscopy according to the
following formula:
Moreover, the survival time of the mice was recorded
during 28 days and the average was calculated for each of
the groups.

The Group Under Study
Figure 2. Effectiveness of Pyrimethamine, Hydroxychloroquine and SulfadoxinePyrimethamine on the Mice Infected with Plasmodium berghei

5. Discussion
Nowadays, great efforts are made to control malaria
but it is still responsible for killing a large number of
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people, especially children under five years in the underdeveloped and developing countries (17). The world
health organization (WHO) recommended chloroquine
and pyrimethamine in the endemic areas for prophylaxis
to reduce children mortality rate (18, 19). The first line
drugs to treat all types of malaria are chloroquine and
pyrimethamine, but extensive failure of treatment with
these drugs is currently on the rise (20). Despite the
widespread resistance to chloroquine as the first line drug
to treat malaria, drug resistance is a major health problem worldwide and the affected countries should plan
a new policy for malaria treatment; therefore, the selection of an accessible and affordable anti-malarial drug is
still not known to replace chloroquine (21). Sulfadoxinepyrimethamine in Africa and several countries are proposed as an alternative to chloroquine (22). Countries
with a high prevalence of drug resistance increasingly use
synergistic drugs such as sulfadoxine and pyrimethamine
(sulfadoxine-pyrimethamine) to treat malaria and somehow prevent the spread of drug resistance (23). The administration of sulfadoxine-pyrimethamine provided a
low-cost and suitable option for therapeutic aims against
malaria in Africa; therefore in a study, a combination
of sulfadoxine-pyrimethamine with chloroquine reduced
parasitemia and fever in patients (24). Furthermore, another study conducted in Uganda revealed that the combination of sulfadoxine-pyrimethamine with chloroquine
can be drug of choice as a temporary replacement for
the first-line treatment of malaria (25). In another study
conducted in Kampala, amodiaquine combined with
sulfadoxine-pyrimethamine effectively reduced the parasitemia (26). In another study, the effect of ciprofloxacin,
a second generation antibiotic, combined with amodiaquine was examined in mice infected with chloroquineresistant Plasmodium spp. In the recent study, animals
were treated up to 21 days and although treatment with
amodiaquine alone suppressed parasitemia in the infected mice; ciprofloxacin combined with amodiaquine
was much more effective than amodiaquine alone (27). In
another study, the effect of artemisinin-based combination therapy on Plasmodium vivax led to reduction of parasitemia and shortened the duration of fever compared
to chloroquine. In addition, artemisinin-based combination therapy reduced the relapse of the disease (28). Another study also compared the effect of two drugs chloroquine and ciprofloxacin in which the combination of 160
mg/kg ciprofloxacin with chloroquine showed a better
therapeutic effect than each of them alone (29). In the
present study the therapeutic effect of the combinatory
drug sulfadoxine-pyrimethamine was far more than those
of pyrimethamine and hydroxychloroquine alone.
According to the results of the other aforementioned
Int J Infect. 2017; 4(2):e41117.

studies and the current one, it can be concluded that the
combinatory drugs are more effective than single ones
(the present study) and most importantly can prevent relapse (28) and also reduce the probability of drug resistance (23). As a result, the article suggests that malaria
treatment strategy shifts completely from the monotherapy and combination drugs should be used for this purpose, especially in endemic areas.

Acknowledgments
Authors wish to thank the parasitology and mycology
department at Isfahan University of Medical Sciences, Isfahan, Iran.

Footnote
Authors’ Contribution: Mohammad Reza Vafaei, Hamed
Kalani and Nader Pestehchian: study design; Mohammad
Reza Vafaei and Hamed Kalani: performing the experiments; Somayeh Jahani: conducting statistical analysis.

References
1. Hansen DS. Inflammatory responses associated with the induction
of cerebral malaria: lessons from experimental murine models.
PLoS Pathog. 2012;8(12):1003045. doi: 10.1371/journal.ppat.1003045.
[PubMed: 23300435].
2. Athuman M, Kabanywanyi AM, Rohwer AC. Intermittent preventive
antimalarial treatment for children with anaemia. Cochrane Database
Syst Rev.
2015;1:010767. doi: 10.1002/14651858.CD010767.pub2.
[PubMed: 25582096].
3. WHO . World malaria report 2008. Geneva: World Health Organization; 2008.
4. WHO . Global report on antimalarial drug efficacy and drug resistance 2000-2010. Geneva: World Health Organization; 2010.
5. Krishna Ch V, Rao PV, Das GC, Kumar VS. Acute renal failure in falciparum malaria: clinical characteristics, demonstration of oxidative
stress, and prognostication. Saudi J Kidney Dis Transpl. 2012;23(2):296–
300. [PubMed: 22382222].
6. Engwerda CR, Beattie L, Amante FH. The importance of the
spleen in malaria. Trends Parasitol.
2005;21(2):75–80. doi:
10.1016/j.pt.2004.11.008. [PubMed: 15664530].
7. Basco LK. Field application of in vitro assays for the sensitivity of human malaria parasites to antimalarial drugs. Geneva: World Health
Organization,; 2007.
8. WHO . Methods and techniques for clinical trials on antimalarial drug
efficacy: genotyping to identify parasite populations: informal consultation organized by the Medicines for Malaria Venture and cosponsored by the World Health Organization. Amsterdam,The Netherlands: World Health Organization; 2008.
9. Reyburn H. New WHO guidelines for the treatment of malaria. BMJ.
2010;340:2637. doi: 10.1136/bmj.c2637. [PubMed: 20511305].
10. Jambou R, El-Assaad F, Combes V, Grau GE. In vitro culture of Plasmodium berghei-ANKA maintains infectivity of mouse erythrocytes
inducing cerebral malaria. Malaria J. 2011;10(1):1–5. doi: 10.1186/14752875-10-346.

3

Vafaei MR et al.

11. Ajibade A, Adenowo T, Akintunde O, Fakunle P, Oyewo O, Ashamu E.
Suppression of exploration and locomotion in adult Wistar rats following quinine administration. J Neurosci Behav Health. 2011;3:32–7.
12. Parapini S, Olliaro P, Navaratnam V, Taramelli D, Basilico N. Stability of the antimalarial drug dihydroartemisinin under physiologically relevant conditions: implications for clinical treatment and
pharmacokinetic and in vitro assays. Antimicrob Agents Chemother.
2015;59(7):4046–52. doi: 10.1128/AAC.00183-15.
13. Andayi WA, Egan TJ, Gut J, Rosenthal PJ, Chibale K. Synthesis, Antiplasmodial Activity, and β -Hematin Inhibition of HydroxypyridoneChloroquine Hybrids. Acs Medicinal Chem Lett. 2013;4(7):642–6. doi:
10.1021/ml4001084.
14. Takala-Harrison S, Laufer MK. Antimalarial drug resistance in Africa:
key lessons for the future. Ann N Y Acad Sci. 2015;1342:62–7. doi:
10.1111/nyas.12766. [PubMed: 25891142].
15. Borlon C, Russell B, Sriprawat K, Suwanarusk R, Erhart A, Renia L. Cryopreserved Plasmodium vivax and cord blood reticulocytes can be
used for invasion and short term culture. Int J Parasitol. 2012;42(2):155–
60. doi: 10.1016/j.ijpara.2011.10.011.
16. Ryley JF, Peters W. The antimalarial activity of some quinolone esters.
Ann Trop Med Parasitol. 1970;64(2):209–22. [PubMed: 4992592].
17. WHO . The Africa malaria report. Geneva: World Health Organization
and United Nations Children’s Fund; 2003.
18. Cibulskis RE, Aregawi M, Williams R, Otten M, Dye C. Worldwide
incidence of malaria in 2009: estimates, time trends, and a critique of methods. PLoS Med. 2011;8(12):1001142. doi: 10.1371/journal.pmed.1001142. [PubMed: 22205883].
19. Kumar A, Valecha N, Jain T, Dash AP. Burden of malaria in India: retrospective and prospective view. Am J Trop Med Hyg. 2007;77(6 Suppl):69–
78. [PubMed: 18165477].
20. Sharma VP. Battling the malaria iceberg with chloroquine in India.
Malar J. 2007;6:105. doi: 10.1186/1475-2875-6-105. [PubMed: 17683630].
21. Bloland P, Kazembe P, Oloo A, Himonga B, Barat L, Ruebush T. Chloroquine in Africa: critical assessment and recommendations for monitoring and evaluating chloroquine therapy efficacy in sub-Saharan

4

22.

23.
24.

25.

26.

27.

28.

29.

Africa. Tropical Med Int Health. 1998;3(7):543–52. doi: 10.1046/j.13653156.1998.00270.x.
White NJ, Nosten F, Looareesuwan S, Watkins WM, Marsh K, Snow
RW, et al. Averting a malaria disaster. Lancet. 1999;353(9168):1965–7.
[PubMed: 10371589].
White NJ. Delaying antimalarial drug resistance with combination
chemotherapy. Parassitologia. 1999;41(1-3):301–8. [PubMed: 10697872].
McIntosh HM, Jones KL. Chloroquine or amodiaquine combined with sulfadoxine-pyrimethamine for treating uncomplicated malaria. Cochrane Database Syst Rev. 2005(4):000386. doi:
10.1002/14651858.CD000386.pub2. [PubMed: 16235276].
Sezi C, Nevil C, Ochen K, Munafu C, Bekobita D. The response of Plasmodium falciparum to 4-aminoquinolines and
pyrimethamine/sulfadoxine at six sites scattered throughout
Uganda. Uganda Med J. 1991;8:33–46.
Staedke SG, Kamya MR, Dorsey G, Gasasira A, Ndeezi G, Charlebois ED.
Amodiaquine, sulfadoxine/pyrimethamine, and combination therapy for treatment of uncomplicated falciparum malaria in Kampala, Uganda: a randomised trial. Lancet. 2001;358(9279):368–74. doi:
10.1016/S0140-6736(01)05557-X.
Falajiki Y, Akinola O, Abiodun O, Happi C, Sowunmi A, Gbotosho
G. Amodiaquine-Ciprofloxacin: a potential combination therapy
against drug resistant malaria. Parasitol. 2015;142(06):849–54. doi:
10.1017/S0031182015000062.
Visser BJ, Wieten RW, Kroon D, Nagel IM, Bélard S, van Vugt M. Efficacy and safety of artemisinin combination therapy (ACT) for nonfalciparum malaria: a systematic review. Malaria J. 2014;13(1):1–18. doi:
10.1186/1475-2875-13-463.
Gbotosho GO, Happi CT, Woranola O, Abiodun OO, Sowunmi A,
Oduola AM. Interaction between ciprofloxacin and chloroquine in
mice infected with chloroquine resistant Plasmodium berghei:
interaction between ciprofloxacin and chloroqune. Parasitol
Res. 2012;110(2):895–9. doi: 10.1007/s00436-011-2573-3. [PubMed:
21826489].

Int J Infect. 2017; 4(2):e41117.

