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ABSTRACT
This paper describes the design and synthesis of a potential antimalarial compound,
chloroquinoline-cassiarin (6) using 4,7-dichloroquinoline and the natural product barakol (1)
extracted from the leaves of Cassia siamea as starting materials. In this paper a one compound-
two-pharmacophores concept is introduced in which coupling of two known pharmacophores into
one has been described. The concept is not only useful to organic synthesis but also to drug
development researches. The synthesized compound 6 exhibited potent in vitro antimalarial
activity at 1Cso = 0.51 pM, and low toxicity where at 20 uM, 80% viability of HeLa cells was

observed.
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INTRODUCTION

Malaria, a curable and preventable disease,
is still a life-threatening disease in Tanzania
as well as in other endemic sub-Saharan
African countries. However, according to
WHO report, malaria cases have dropped
globally from 262 million in 2000 to 214
million in 2015 which was 18% drop (WHO
2016).

Despite the efforts of eradicating malaria by
using various therapies such as quinine,
chloroquine, amodiaquine and many other
known antiplasmodial compounds, the
disease is still a number one killer in many
African countries. The development of drug
resistant strains of Plasmodium species has
been known to thwart these (Ursos and
Roepe 2002, Teixeira et al. 2011).
Therefore, this calls for the development of
compounds with not only antiplasmodial
activity but also with needed
pharmacokinetic activity. The plant Cassia
siamea (Mjohoro or Mbaraka in Swahili,
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Tanzania) is known to be used for the
treatment of periodic fever and malaria
(Phaiphan et al. 2014, chanting et al. 2009,
Oshimi et al. 2009, Kamagaté et al. 2014,
Monton et al. 2015). Barakol (1) was the
first natural product compound to be isolated
from C. siamea (Hassanalli et al. 1969). Two
other  potent  antimalarial  alkaloids,
cassiarins A and B have been isolated from
this plant, thus in a way authenticating its
folk medicinal use. The chemical structure
of barakol (1) is similar to that of cassiarins
in that the oxygen at position 4 is replaced
by the nitrogen atom in the cassiarins.
Unlike the cassiarins, barakol does not
exhibit antimalarial activity. It is noteworthy
that a number of cassiarins have been
derived from barakol by replacing the O
with N at the position 4 (Kanputhorn et al.
2010).

The cassiarins A and B are known to be less
abundant (0.0008%  and 0.0017%
respectively) in their natural source than
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compound 1 (0.3%) (Kanputhorn et al. 2010,
Morita et al. 2007). Since an improved
procedure for obtaining large quantities of
compound 1 from C. siamea leaves has been
established (Monton et al. 2015, Hassanalli
et al. 1969, kanputhorn et al. 2010),
availability and procurement of this material
from its sources is cheap and guaranteed.
Thus, it was envisioned that coupling of an
amino-derivative of 4,7-dichloroquinoline (5
with barakol (1) will result in a compound
with higher antimalarial activities. The
resulting coupled compound was
hypothesized to have enhanced antimalarial
activity and less prone to drug resistance,
borrowing the ideas from the concept of
combination therapy (WHO 2010, Nosten et
al. 2000, Rosenthal 2003). In this approach,
instead of combining two separate drugs,
their biologically active parts are contained
in one compound, a concept known as one-
compound-two-pharmacophore.
Consequently, the study reported in this
paper aims at utilizing barakol (1) which is a
locally available natural product, to
synthesize a new antimalarial compound (6)
and evaluate its antimalarial activity.

EXPERIMENT

Plant Leaves and Material Collections
The leaves of Cassia siamea (Lam.) Irwin &
Barneby (Fig. 1) were hand-picked from
University of Dar es Salaam (UDSM) where
the plants are grown for ornamental
purposes. ldentification and authentication
was done at the herbarium in the Department
of Botany, University of Dar es Salaam
where a voucher specimen, FMM 3767 is
deposited.
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Figure 1: Cassia siamea at the UDSM
campus (Photographed by T.M. Kalenga
2016)

Instruments and Materials (Chemicals
and Reagents)

IR data recording was done using Alpha
ATR FT-IR Spectrometer Bruker Optic
GmH 2011, and Bruker A.G spectrometer
(at either 300 MHz or 60 MHz NMR) was
used for '"H NMR and *C NMR spectra
recording in deuterated methanol (MeOD) or
DMSO. IR spectra for each compound were
collected between 4000 and 500 cm™ in
appropriate resolution. Solvent removal
from the products was done by using
BUCHI Rotar Vapor R-205, vacuum
controller V-800 heating bath B-490 and
vacuum aspirator B-169.

Extraction and Isolation of Barakol (1)

A portion of the hand-picked leaves of
Cassia siamea were sliced while fresh (600
g) and boiled for 45 minutes in 1.0L of 0.5%
sulfuric acid, the procedure was repeated
twice. Sodium carbonate (Na,CO3) was used
to neutralize the extract, followed by
extraction with DCM, then solvent
evaporation to a quarter of the starting
volume on a rotary evaporator under reduced
pressure. A proportional amount of cold
water (approx. 0°C) was added, shaken and
left to cool in a refrigerator for 1 hour;
yellow needle-like solids of barakol (1) were
filtered, washed with small amount of cold
water, and dried in an air oven to obtain 1.8
g (0.3%).
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The remaining portion of the leaves was air-
dried, ground to powder (600 g) and the
same procedure was repeated to afford 0.84
g (0.14%) of barakol (1): Mp 172-173 °C
(decomposition); the IR vy, cm™ 3233.16
(OH), 1676.55 (C-C=C-0O-C), 1561.01 and
1453.84 (aromatic ring). 'H NMR (300
MHz, MeOH): 8y 0.72 (s, 3H), 0.89 (s, 3H),
1.73 (1H), 4.71 (1H), 4.86 (1H) and 4.95
(1H). ®C NMR (300 MHz, MeOH): &
19.07, 20.66, 100.47, 105.69, 105.95,
108.83, 113.86, 133.94, 156.69, 160.44,
163.88, 170.89 and 184. 20.

Synthesis of Anhydrobarakol Chloride (3)
To a solution of 1 (0.500 g, 2.15 mmol) in
methanol 4.0 mL), concentrated
hydrochloric acid (1.0 mL) were slowly
added at room temperature while stirring,
the mixture was left stirring for 30 mins.
Yellow solids were formed, the mixture was
then cooled in ice cold water where 10 mL
of THF were added for precipitation,
followed by filtering, washing with THF to
afford yellow solids of 3 [0.42 g (78%)]. Mp
203-204 °C (decomposition); IR Vpa cm™
3438.99 to 3495.72 (OH), 2852.11 to
3028.59 (sp® C-H), 2541.47 to 2752.56 (sp°
C-H), 1659.92 (C-C=C-0O-C), 1561.93 and
1534.71 (aromatic ring) and 853.04 (C-CI)
stretch.

Synthesis of N-(2-aminoethyl)-7-
chloroquinolin-4-amine (5)

Ethane diamine (5.0 mL, 74.88 mmol) was
added to dichloroquinoline (7) (5.0 g, 22.25
mmol) and refluxed for six hours at 92 °C,
while the reaction mixture is monitored by
TLC. Upon completion, the mixture was
cooled, 1M NaOH (10 mL) was added and
then extracted with dichloromethane (300 x
3 mL). The organic layers were washed with
brine, dried over anhydrous magnesium
sulfate, filtered and then evaporated under
reduced pressure to obtain 2.1 g of
compound 5 as pale yellow solids in the
yield 41.8%. Mp 126 °C, the IR Vpyay cm™
3354.62 (N-H), 3243.49 (-NH,), 2893.12 (C-
H) and 1577.39 C=C (aromatic ring). ‘H
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NMR (300 MHz, MeOD): &y 2.96 (m, 2H),
3.41 (m, 2H); 8y 6.52 (d, 1H), 7.36 (d, 1H),
7.75 (s, 1H), 8.07 (d, 1H) and 8.33 (d,
1H).*C NMR (300 MHz, MeOD): 8¢ 40.87,
46.36, 99.68, 118.78, 124.27, 125.98,
127.60, 136.29, 149.65, 152.42 and 152.77.

Synthesis of Chloroquinoline Cassiarin

To a 0.44 g (1.755 mmol) of anhydrobarakol
chloride (3) in 4.0 mL methanol, 0.48 ¢
(2.165 mmol) of N-(2-aminoethyl)-7-
chloroquinolin-4-amine (5) were added at
room temperature, the mixture was stirred
for 1 hour. 2.0 mL of pyridine were then
added and stirring continued for 70 minutes
where 1.0 mL of concentrated HCI were
added, the mixture was then left stirring for
14 hours. Through TLC the reaction was
monitored, upon completion, methanol was
evaporated followed by addition of THF for
precipitation. Addition of 6.0 mL of distilled
water, cooling in ice cold water and addition
of Na,CO; solution to pH 7.8 gave yellow
solids. Filtering, washing and drying of the
solids afforded 0.38 g (52%) of compound 6.
Mp 276-278 °C (decomposition); IR Vpa
cm® 320444 (N-H), 1640.39 (C=O,
conjugated), 1580. (C=C, aromatic) and
1139.83 (C-0O). *H NMR (300 MHz, MeOH)
dy 1.38 (s, 3H) and 2.38 (s, 3H), 3.36 (m,
2H), 3.34 (m, 2H), 6.77 (1H), 6.88 (m, 1H),
6.91 (m, 1H), 7.19 (1H), 7.52 (m, 1H), 7.82
(1H), 8.26 (m, H), 8.32 (m, 1H) and 8.44 (m,
1H).

Brine Shrimp Assay

Sterile artificial sea water in which brine
shrimp (Artemia salina) eggs were hatched
was prepared by dissolving 3.8 g of artificial
sea salt in 1.0 L distilled water to make
3.80/L. Solutions of compounds 1 and 6 in
varying concentrations (240, 120, 80, 40 and
24 pg/mL) were prepared separately in
DMSO. The solutions were added into a vial
and in each 10 active nauplii were added
then the volume adjusted to 5 mL with
artificial sea water. The test experiment was
performed in  duplicates for each
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concentration. The vials containing larvae
were incubated under light for 24 hrs and the
numbers of dead larvae were counted,
percentage was calculated as: (Test -
Control)/(control) times 100. The
cytotoxicity of barakol (1) and compound 6
was determined from LCsq value per dose.
Cyclophosphamide  was used control
experiment  (Bycroft et al. 1970,
Padumanonda et al 2007).

HeL a cell line Assay

Culturing of HelLa cells was done in 5% CO,
at 37 °C incubator in Dulbecco’s modified
eagle medium (DMEM) with 45 g/L
glucose and 4 mM L-glutamine. Treatment
with 10% foetal calf serum and antibiotics;
such as streptomycin (0.1 mg/mL), penicillin
(100 mg/mL) and amphotericin (0.25
pa/mL). These cells were cultured in 96 well
microplates at 10* cells per well and left
overnight. Compound 6 (20 pM) was
incubated with the cells for additional 24
hrs, and emetine standard was used as a
positive control. Cell viability in the wells
was assessed by adding 20 pL solution of
mixture of MTT and PBS (phosphate-buffer
solution) in the culture medium for each
well and incubated for additional four hours
at constant conditions.  Fluorescence
readings (excitation 560 nm, emission 590
nm) obtained for the individual wells were
converted to percentage (%) cell viability
relative to the average readings obtained
from untreated control wells (Natarajan et al
2008).

Antimalarial Assay

Chloroquine sensitive strain  (3D7) of
parasite (Plasmodium falciparum) were
cultured in 25mM medium of hepes and 2
mM L-glutamine, and supplemented with 2-
4% (v/v) human erythrocytes, 0.5% (w/v)
Albumax Il (Thermo Fisher Scientific),
0.05mg/mL and 0.65 mM. Common
standard culturing medium RPM1 1640
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under 5% CO,, 5% O, and 90% N,
atmosphere cell culture were maintained at
constant temperature (37 °C). For evaluation
of antiplasmodial activity, parasite cultures
(adjusted to 2%  parasitemia, 1%
haemotocrit) were placed in 96-well plates
and incubated with 20 uM of compound 6
for 48 hours. Parasite lactate dehydrogenase
(pLDH) enzyme was used to evaluate in
vitro antiplasmodial activity. Nitro blue
tetrazolium (NBT) is employed in the LDH
determination, where NBT is reduced to
formazan and detected at 620 nm. Duplicate
wells for concentrations of both compound 6
and chloroguine standard were used.
Enzyme (pLDH) activity in the individual
wells was subsequently determined by
removing 20 pL of the parasite cultures and
mixing it with 125 pL colorimetric substrate
solution containing 44 mM Tris buffer (pH
9), 018 M L-lactic acid, 0.13 mM
acetylpyridine adenine dinucleotide, 0.39
mM NBT chloride, 0.048 mM phenazine
ethosulfate and 0.16% (v/v) Triton X-100.
Colour development was monitored by
measuring absorbance at 620 nm in a
Spectramax M3 plate reader (Molecular
Devices). Absorbance values were converted
to percentage (%) parasite viability relative
to untreated control cultures. The mean I1Cs
inhibition at each concentration of
compound 6 and standard were concurrently
determined, and the parasite viability
percentage value was calculated in the probit
(Natarajan et al. 2008).

RESULTS AND DISCUSSION

Extraction and Purification of Barakol
Barakol (1) which is the starting material
was successfully extracted from the leaves
of C. siamea using the published procedure
(Kanputhorn et al. 2010) and (Monton et al.
2015) which was adopted with slight
modification. The obtained barakol (1) was
characterized using FTIR, *H and *C NMR.
The obtained data were consistent with those
reported in the literature (Monton et al.
2015, Pavia et al. 2001).
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Synthesis

As illustrated in Scheme 1, the conversion
of compound 1 to cassiarins can be achieved
either by direct amination of compound 1
using ammonium salts (Scheme 1i) or by
amination of the chloride salt (3) of 1
(Scheme 1ii). The approach of Scheme 1(ii)

is general and allows a one-step introduction
of many amines unlike Scheme 1(i) where
only ammonia/its salts are used. The latter
approach, with slight modification, was
employed in the synthesis of the target
compound (6) (Kanputhorn et al 2010).

H;C.__O OH\ CH; H,5C | N__~CH;3
| o Methanol/Reflux & ©
®
X =0Ac,Cl
OH OH
1 2
c1e
Hy;C._02_~_CH; (i) RNH, MeOH, 25 °C, 2h  H3C
(i) O (ii) saturated Na,CO5 (aq)

OH O.
5 R = /\/\f( CH,
(0]

Scheme 1: Conversion of barakol 1 to Cassiarins

The first step towards the synthesis of the
target  molecule  (6) involved the
transformation of barakol (1) into precursor
3 using literature procedure (Kanputhorn et
al 2010) and (Bycroft et al. (1970). Then,
the obtained anhydrobarakol (3) was treated

with  compound 5 (N-(2-aminoethyl)-7-
chloroquinolin-4-amine) in the presence of
the pyridine in methanol to afford pale
yellow crystals of the desired compound 6 as
shown in Scheme 2.

NHCH,CH,NH
. CHZCHoNH, HsC.__O o
C‘CI A ‘
CH, HaC._ Oy, CHs _ =
o (i) Cl N N~
conc HCl, MeOH 5 HN
— == N CH
25°C, 30 min MeOH 25 °C 2h pyridine N ’
OH (i) concHCI25°C 12h N
] 3 (i) 5% Na,CO; (aq) 6

Scheme 2: Conversion of 1 to 6

However, the preparation of compound 5
which is one of the starting material
precursor of this molecule was achieved by
amination of dichloroquinoline (7) following
the procedure described in the literature

(Natarajan et al. 2008) (See Scheme 3). FT-
IR, 'H and C NMR, confirmed the
structural configuration of this compound.

158



Tanz. J. Sci. Vol. 44(2) Spec.2018

cl NHCH,CH,NH,
i. H;NCH,CH,NH,, 92 °C, 6hr
X - X
_ ii.1M NaOH _
cl N cl N

7

Scheme 3: Synthesis of Precursor 5 from 4,7-Dichloroquinoline (7)

The structural characterization of the target
molecule 6 was established using FT-IR and
'H NMR. The 'H NMR spectrum of
compound 6 had two methyl proton signals
characteristic of a tricyclic ring indicated by
singlet signals at 6 1.38 (S, 3H) and 2.38 (s,
3H). Ethylene protons were observed as
multiplets at 6y 3.36 (m, 2H) and 3.34 (m,
2H). On the other hand, the methylene
protons of the tricyclic ring and
chloroquinoline were observed as nine
multiplet signals at 8y 6.77 (1H), 6.88 (m,
1H), 6.91 (m, 1H), 7.19 (1H), 7.52 (m, 1H),
7.82 (1H), 8.26 (m, H), 8.32 (m, 1H) and
8.44 (m, 1H). [20-22]. The stated
spectroscopic data are consistent with the
structure of the synthesized compound 4-(2-
(7-chloroquinolin-4-ylamino)ethyl-2,5-

dimethylpyranol[2,3,4-ij]isoquinoline-

8(4H)-one (6). Like compound 1, compound
6 in methanol was observed to be very
sensitive to light, since within 48 hours of
exposure it changed from pale green to dark

green. For stability, solutions of both
compounds demanded protection from
sunlight.

Biological activities

Upon Brine Shrimp testing, compound 1
showed cytotoxic activity at LCgy = 3097
pg/mL while that of target compound 6 was
found to be 333 pug/mL. The cytotoxicity of
compound 6 seems to be influenced by the
coupled moieties, this is because, compound
1 showed very low cytotoxic activity.

To confirm further the cytotoxic activity of
compounds 1 and 6, HeLa cell lines were
used with emetine as a standard. At 20 uM
of compound 6, 80% viability of HeLa cells

159

was observed, indicating the compound to
be less toxic. The viability percentage of
emetine standard was only high at low
concentrations (0.012346-0.000457 uM).

The parasite (Plasmodium falciparum)
lactate dehydrogenase (pLDH) enzyme was
used as an indicator of in vitro
antiplasmodial activity of the compounds.
The assessment was done following the
procedure described by Naghibi et al. (2013)
(Naghibi et al. 2013) against the chloroquine
sensitive (3D7) strain of parasite. The in
vitro antimalarial evaluation of compound 6
was found to be 1Csy = 0.51 uM while that
of chloroquine (standard) was 1Cs, = 0.0011
UM, Compound 6 (an analogue of cassiarin
B) exhibited higher activity than that of
cassiarin B (ICso = 21.9 uM). Therefore,
coupling of the quinoline pharmacophore
with that of cassiarin B has enhanced the
activity of the compound.

CONCLUSION

To conclude, the design, synthesis and
antimalarial assay of a new compound with
two antimalarial pharmacophores has been
achieved. Barakol (1) from the leaves of C.
siamea was coupled to chloroquinoline
derivative 5 to form compound 6. In vitro
antimalarial activity of the synthesized
compound 6 is reported here together with
its  cytotoxicity results. Indeed the
synthesized compound was found to be more
potent than the corresponding cassiarin B.

Based on the good results from this
preliminary study, work is underway to
assess the effect of the length of the carbon
chain linking the two pharmacophores and
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as well as the effects of placing the linker at
C-8 instead of the C-4 position. Since
cassiarin A with an unsubstituted N is more
potent than cassiarin B and since
chloroquinoline-barakol analogue of
cassiarin B is more potent therefore, it is
expected that  chloroquinoline-barakol
analogue of cassiarin A may similarly be
more potent.

ACKNOWLEDGEMENTS

The authors are thankful to Dr. Amanda
Rousseau from University of Witwatersrand
South Africa for antimalarial, cytotoxicity
bioassay and some of NMR experiments.

SUPPLEMENTARY INFORMATION
Supplementary information concerning this
research is available.

REFERENCES

Bycroft BW, Hassanali WA, Johnson AW
and King TJ 1970 The Structure and
Synthesis of Barakol: A  Novel
Dioxaphenalene Derivative from Cassia
siamea. J. Chem. Soc. 12: (C), 1686-
1689.

Chantong B, Wongtongtair S, Nusuetrong P,
Sotanaphun U, Chaichantipyuth C, and
Meksuriyen D 2009 Stability of Barakol
under Hydrolytic Stress Conditions and
its Major Degradation Product. Planta
Med. 75:346-350.

Furniss BS, Mannaford AJ, Smith PWG and
Tatchell AR 1989 Vogel’s Textbook of
Practical of Organic Chemistry. Fifth
ed., Longman Sci. Technol, New York.

Hassanali WA, King TJ and Wallwork SC
1969 The Structure and Synthesis of
Barakol: A novel Bisxaphenalene;
Derivative from Cassia siamea.J. Chem.
Soc. Comm. 12: 678.

Kamagaté M, Koff C, Kouame NM,
Akoubet A, Yao NAR and Diekako HM
2014  Ethnobotany  Phytochemistry
Pharmacology and Toxicology Profile of
Cassia siamea (Lam). J.
Phytopharmacol. 30: 57-76.

160

Kanputhorn S, Petson A and Thamyongkit P
2010 Transformation of Barakol into
Cassiarins and  their  Derivatives.
Tetrahedron. 66: 7539-7543.

Krishnaraju AV, Rao TVN, Sundararaju D,
Vanisree M, Tsay HS and Subbaraju GV
2005 Assessment of Bioactivity of Indian
Medicinal Plants Using Brine Shrimp
(Artemia salina) Lethality Assay. Int. J.
Appl. Sci. Eng. 3: 125-134.

Meyer BN, Ferrigin NR, Putnam JE,
Jacobsen LB, Nichols DE and
McLaughlin JL Year missing Brine
IncompleteShrimp: A Convenient
General Bioassay for Active Plant
Constitutes. 1982 J. Med. Plant. Res. 45:
31-34.

Monton C, Charoenchai L, Kulvanich P,
Suksaeree J and Kraisintu K 2015
Determination of the Barakol Content of
Mature Leaves, Young Flowers of Senna
siamea (Lam.) Irwin and Barneby and in
the Herbal Recipes. J. Anal. Sci. Technol.
6: 1-9.

1) Delete LH 1Morita H, Oshimi S,
Hirasawa Y, Koyama K, Honda T,
Ekasari W, Indrayanto G and Zain C
2007 Cassiarins A and B, Novel
Antiplasmodial Alkaloids from Cassia
siamea. Am. Chem. Soc. 9: 3691-3693.

Naghibi F, Esmaeili S, Abdullah NR,
Nateghpour M, Taghvai M, Kamkar S
and Mosaddegh M 2013 In Vitro and In
Vivo Antimalarial Evaluation of Myrtle
Extract, a Plant Traditionally Used for
Treatment of Parasite Disorders. Biomed.
Res. Int. 1-6.

Natarajan JK, Alumasa J, Yearick K, Ekoue-
kovi KA, Casabianca LB, de Dios AC,
Wolf C and Roepe PD 2008 4-N,4-S& 4-
O Chloroquine Analogues: Influence of
Side Chain Length and Quinolyl
Nitrogen pKa on Activity vs Chloroquine
Resistant Malaria. J. Med. Chem. 51:
3466-3479.

Nosten F, wvan Vugt M, Price R,
Luxemburger C, Thway KL, Brockman
A, Mcgready R, Kuile F, Loooseesuwan



Tanz. J. Sci. Vol. 44(2) Spec.2018

S and White NJ 2000 Efficacy of
Artesunate-mefloquine Combination on
Incidence of Plasmodium falciparum
Malaria and Meflogiune Resistance in
Western Thailand: A Prospective Study.
Lancet. 356: 297-302.

Oshimi S, Deguchi J, Hiraswa Y, Ekasari W,
Widyawaruyanti A, Wahyuni TS, Zain
NC, Shirota O and Morita H 2009
Cassiarin C-E, Antiplasmodial Alkaloids
from the Flowers of Cassia siamea. J.
Nat. Prod. 72: 1899-1901.

Padumanonda T, Suntornsuk L and
Gritsanapan W 2007  Quantitative
Analysis of Barakol Content in Senna
siamea Leaves and Flowers by TLC
Densitometry. Med. Princ. Pract. 16: 47-
52.

Pavia DL, Lampaman GM and Kriz GS
2001 Introduction to Spectroscopy. Third
ed., Thomson Learning Inc., USA.

Phaiphan A, Baharin BS, Tan CP, Rahman
RA and Palanivel Ganesan P 2004
Antioxidant and Antibacterial Activities

161

of Different Solvents Extraction from
Cassia siamea (Lam) Leaves. J. Chem.
Pharm. Res. 6, 655-662.

Rosenthal PJ 2003 Review Antimalarial
Drug Discovery: Old and New
Approaches. J. Experim. Biol. 206: 3735-
3744,

Teixeira C, Gomes JRB and Gomes P 2011
Falcipains  Plasmodium  falciparum
Cysteine Proteases as Key Drug Target
against Malaria. Curr. Med. Chem. 18,
1555-1572.

Ursos LMB and Roepe PD 2002
Chloroquine Resistance in the Malaria
Parasite: Plasmodium falciparum. Med.
Res. Rev. 22:465-491.

World Health Organization 2016, WHO Fact
Sheet: World Malaria  Report.
http://www.who.int/malaria/media/world
-malaria-report-2016/en/

World Health Organization 2010 Guideline
for the Treatments of Malaria. Second
Edition World Health Organization,
Geneva.



http://www.who.int/malaria/media/world-malaria-report-2016/en/
http://www.who.int/malaria/media/world-malaria-report-2016/en/

