The following doses are recommended by WHO for
the treatment of uncomplicated falciparum malaria.

Artesunate, when used with other antimalarials (amo-
diaquine, mefloquine, or pyrimethamine-sulfadoxine),
is given orally to adults and children in a dose of
4 mg/kg daily, as a single dose, for 3 days.

Artemether is given orally with lumefantrine; 6 doses
in total are given, the first at diagnosis and repeated af-
ter 8, 24, 36, 48, and 60 hours. Each dose is:

« adults and children weighing over 34 kg, artemether
80 mg with lumefantrine 480 mg

« children 5 to 14 kg, artemether 20 mg with lumefan-
trine 120 mg

« children 15 to 24 kg, artemether 40 mg with lume-
fantrine 240 mg

« children 25 to 34 kg, artemether 60 mg with lume-
fantrine 360 mg

For parenteral use in severe malaria, WHO recom-
mends:

« for adults or children, artesunate 2.4 mg/kg intrave-
nously or intramuscularly, repeated after 12 and 24
hours and then once daily thereafter

« as an alternative in children, artemether 3.2 mg/kg
intramuscularly, followed by 1.6 mg/kg daily there-
after. For both drugs the patient should be transferred
to oral therapy as soon as possible

A fixed-dose combination product containing artesu-
nate and amodiaquine (ASAQ) has been developed in
order to improve patient adherence and avoid mono-
therapy, thereby decreasing the risk of acquired drug
resistance, and is available in some countries.

Other derivatives of artemisinin, such as artemotil and
alpha-beta arteether, are under investigation or com-
mercial development (see Administration of Artemisi-
nin Derivatives, below).

O Reviews.

1. Mcintosh HM, Olliaro P. Artemisinin derivatives for treating un-
complicated malaria. Available in The Cochrane Database of
Systematic Reviews; Issue 2. Chichester: John Wiley; 1999 (ac-
cessed 17/05/05).

. Mclntosh HM, Olliaro P. Artemisinin derivatives for treating se-
vere malaria. Available in The Cochrane Database of Systematic
Reviews; Issue 2. Chichester: John Wiley; 2000 (accessed
17/05/05).

. Olliaro PL, Taylor WR. Developing artemisinin based drug com-
binations for the treatment of drug resistant falciparum malaria:
a review. J Postgrad Med 2004; 50: 40-4.

. Ashley EA, White NJ. Artemisinin-based combinations. Curr
Opin Infect Dis 2005; 18: 531-6.

. Davis TME, et al. Artemisinin-based combination therapies for
uncomplicated malaria. Med J Aust 2005; 182: 181-5.

. Bukirwa H, Critchley J. Sulfadoxine-pyrimethamine plus artesu-
nate versus sulfadoxine-pyrimethamine plus amodiaquine for
treating uncomplicated malaria. Available in The Cochrane Da-
tabase of Systematic Reviews; Issue 1. Chichester: John Wiley;
2006 (accessed 18/07/06).

7. Aweeka FT, German PI. Clinical pharmacology of artemisinin-

based combination therapies. Clin Pharmacokinet 2008; 47:
91-102.

N

w

SN

o

Administration of artemisinin derivatives. To overcome
the poor solubility of artemisinin in water a number of dosage
forms and routes have been tried. Also, several more potent de-
rivatives with more suitable pharmaceutical properties have been
developed, notably the methyl ether derivative, artemether, and
the ethyl ether derivative, artemotil, which are more lipid solu-
ble; the sodium salt of the hemisuccinate ester, sodium artesuna-
te, which is soluble in water but appears to have poor stability in
aqueous solutions; and sodium artelinate, which is both soluble
and stable in water. Other derivatives that have been studied in-
clude arteflene.

Several preparations of artemisinin derivatives are available ei-
ther commercially or for studies organised by bodies such as
WHO. These include oral formulations of artemether, artesunate,
artemisinin itself, and artenimol; intramuscular formulations of
artemotil, artemether, and artesunate; intravenous formulations
of artelinic acid and artesunate; and suppositories of artemisinin,
artesunate, and artinimol.

Malaria. The overall management of malaria and the place of
artemisinin derivatives in current recommendations are dis-
cussed on p.594. In an attempt to delay the development of resist-
ance to these compounds, WHO at one time recommended that
their use be restricted to the treatment of malaria in areas of doc-
umented multidrug resistance and that they should not be used at
all for prophylaxis. However, the development of resistance to
conventional treatment has now led WHO to recommend the use
in such circumstances of combination therapies containing ar-
temisinin derivatives (artemisinin-based combination therapies,

also known as ACTs). The following combination therapies are
recommended:
« artemether-lumefantrine
« artesunate plus amodiaquine
« artesunate plus pyrimethamine-sulfadoxine (Fansidar)
« artesunate plus mefloquine
Avrtemether-lumefantrine is now also recommended in the UK as
an alternative to quinine-based therapy for uncomplicated falci-
parum malaria.
In acute uncomplicated malaria artemisinin derivatives are usu-
ally given by mouth. Those used have been artemisinin, arte-
mether, or artesunate. Parenteral therapy is generally necessary
in severe malaria and WHO recommends! artesunate intrave-
nously or intramuscularly in adults and children, or artemether
intramuscularly in children, as alternatives to quinine for severe
malaria. A systematic review? has suggested that intravenous
artesunate should be the drug of choice in adults with severe ma-
laria, particularly if acquired in Asia. Rectal artesunate has been
successful and is recommended by WHO?! if parenteral therapy
is not possible.
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Schistosomiasis. Findings of a reduced intensity of Schisto-
soma mansoni infection in patients treated with sodium artesuna-
te for malaria® prompted further investigation into the use of arte-
misinin derivatives for the control of schistosomiasis (p.138). A
double-blind placebo-controlled study? in children negative for
S. mansoni found a significantly lower incidence of infection in
those given artemether orally. There was also a significant reduc-
tion in the prevalence of Plasmodium falciparum infection. A
number of studies in China have confirmed the benefits of arte-
methser or artesunate, often with praziquantel, against S. japoni-
cum.
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Preparations

Proprietary Preparations (details are given in Part 3)

Belg.: Arinate; Artesiane; Braz.: Paluther; Plasmotrim; China: Cotecxin;
India: Betamotil; E Mal; Falcigo; Falcinil; Larinate; Larither; Mosether; Rap-
itherAB; Neth.: Artecef, Thai.: Plasmotrimt.

Multi-ingredient: Austral.: Riamet; Austria: Riamet; Belg.: Amonate;
Co-Arinate; Co-Artesiane; China: Artemodi; Duo-Cotecxin; Cz.: Riamet;
Fr.: Riamet; Ger.: Riamet; Gr.: Riamet; Hong Kong: Riamett; India: Arte-
malf; Larimalt; Neth.: Riamet; Norw.: Riamett; Port.: Riamet; S.Afr.:
Coartem; Swed.: Riamet; Switz.: Riamet; Thai.: Coartem; UK: Riamet.
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Chloroquine @an, inn

Chloroquinum; Cloroquina; Klorokiini; Klorokin. 4-(7-Chloro-4-
quinolylamino)pentyldiethylamine; 7-Chloro-4-(4-diethylamino-
|-methylbutylamino)quinoline.

XnropoxuH
CgH2CIN3 = 319.9.
CAS — 54-05-7.
ATC — POIBAOI.
Cl N
N
=
HN
W\NACH3
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Pharmacopoeias. In US.

USP 31 (Chloroquine). A white or slightly yellow, odourless,
crystalline powder. M.p. 87° to 92°. Very slightly soluble in wa-
ter; soluble in chloroform, in ether, and in dilute acids. Store at a
temperature of 25°, excursions permitted between 15° and 30°.

Chloroquine Hydrochloride AN, iNnwv)
Chloroquine, Chlorhydrate de; Chloroquini Hydrochloridum;
Hidrocloruro de cloroquina.

XnopoxuHa [apoxaopua

CgHCIN3,2HCI = 392.8.

CAS — 3545-67-3.

ATC — POIBAOI.

Pharmacopoeias. US includes an injection.

The symbol T denotes a preparation no longer actively marketed

Artemisinin Derivatives/Chloroquine 599

Chloroquine Phosphate 4N, rinnm)

Chingaminum; Chlorochin-difosfdt; Chlorochinium Phosphori-
cum;  Chlorochinum  Diphosphoricum; Chlorochiny fosforan;
Chlorokvino fosfatas; Chloroquine, phosphate de; Chloroquini
Diphosphas; Chloroquini phosphas; Fosfato de cloroquina; Klor-
okiinifosfaatti; Klorokinfosfat; Klorokin-foszfat; Quingamine; SN-
7618.

XnopoxuHa Docpat

CgH76CIN3,2H;PO, = 515.9.

CAS — 50-63-5.

ATC — POIBAOI.

Pharmacopoeias. In Chin., Eur. (see p.vii), Int., US, and Viet.
Ph. Eur. 6.2 (Chloroquine Phosphate). A white or almost white,
hygroscopic, crystalline powder. It exists in two forms, one melt-
ing at about 195° and the other at about 218°. Freely soluble in
water; very slightly soluble in alcohol and in methyl alcohol. A
10% solution in water has a pH of 3.8 to 4.3. Store in airtight con-
tainers. Protect from light.

USP 31 (Chloroquine Phosphate). A white, odourless, crystal-
line powder, which slowly discolours on exposure to light. It ex-
ists in two polymorphic forms, one melting between 193° and
195° and the other between 210° and 215°; mixture of the two
forms melts between 193° and 215°. Freely soluble in water;
practically insoluble in alcohol, in chloroform, and in ether. Its
solutions have a pH of about 4.5.

Chloroquine Sulfate (iNvm)

Chlorochin-sulfdt  monohydrdt; Chlorochiny siarczan; Chlo-
rokvino sulfatas; Chloroquine, sulfate de; Chloroquine Sulphate
(BANM); Chloroquini sulfas; Chloroquini Sulfas Monohydricus;
Chloroquini Sulphas; Klorokiinisulfaatti; Klorokinsulfat; Klorokin-
szulfdt; RP-3377; Sulfato de cloroquina.

XnopoxuHa CyabpaT

CgH,¢CIN3,H,SO4,H,O = 436.0.

CAS — 132-73-0 (anhydrous chloroquine sulfate).
ATC — POIBAOI.

Pharmacopoeias. In Eur. (see p.vii) and Int.

Ph. Eur. 6.2 (Chloroquine Sulphate). A white or almost white
crystalline powder. Freely soluble in water and in methyl alco-
hol; very slightly soluble in alcohol. An 8% solution in water has
apH of 4.0 to 5.0. Store in airtight containers. Protect from light.

Sorption. Studies using low concentrations of chloroquine
phosphate or chloroquine sulfate indicate that chloroquine exhib-
its pH-dependent binding to several materials used in medical
equipment and membrane filters, including soda glass and vari-
ous plastics such as cellulose acetate, cellulose propionate, meth-
acrylate butadiene styrene, polypropylene, PVC, ethylvinyl ace-
tate, and polyethylene.* Although this effect may not be of
relevance at doses used clinically,* laboratory workers undertak-
ing assays and sensitivity testing must recognise that significant
reductions in concentrations can occur when chloroquine is pre-
pared or stored in equipment made from these materials.>® As
the effect of borosilicate glass or polystyrene appears to be min-
imal, it has been suggested that they may be suitable for use in
such procedures.?3

Similar sorption has also been reported during membrane filtra-

tion of solutions of amodiaquine hydrochloride, mefloquine hy-

drochloride, or quinine sulfate.
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2. Yahya AM, et al. Binding of chloroquine to glass. Int J Pharma-
ceutics 1985; 25: 217-23.
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Adverse Effects

Adverse effects experienced with dosage regimens of
chloroquine used in the treatment and prophylaxis of
malaria are generally less common and less severe than
those associated with the higher doses used for pro-
longed periods in rheumatoid arthritis.

Frequent adverse effects of chloroquine include head-
ache, various skin eruptions, pruritus, and gastrointes-
tinal disturbances such as nausea, vomiting, and diar-
rhoea. More rarely, mental changes including psy-
chotic episodes, agitation, and personality changes
may occur. Convulsions have been reported.

Visual disturbances such as blurred vision and difficul-
ties in focusing have occurred but these are more com-
mon with higher doses, when they may be associated
with keratopathy or retinopathy, as discussed under Ef-
fects on the Eyes, below. Keratopathy usually occurs in
the form of corneal opacities and is normally reversible
when chloroquine is withdrawn. Retinopathy is the
most serious adverse effect of chloroquine on the eyes



