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Abgirget, The antimalarial activity of S-artemether and #-acteether was compared in
thres est systems: in vitro against chloroguine-resistant and chloroguine-sensitive Plas-
iodivm falciparien parasites, in mice infected with P berghei, and in Aofus monkeys
infected with chloraguine-resistant P foloparem, In vitro, the mean 50% inhibitory
concentration (IC.,) for S-artemether was 1.74 nb (range 1,34-1.81 nM), and this value
for F-artecther was 161 nM (range 1.57-1.92 oM. They were approximately 2, 5-Told
morg polent than artemisinin, which had a mean 10, of 411 oM (range 3.36—4.60 nhi},
In the mouse model, the 30% curative doses (CD.) of Z-artemether and J-arvteether had
a mean value of 33 mpfke (32-78 me'kg), The 50% effective curative doses (EID..) in the
Actis ononkey were 7,1 medkg (93% confidence interval [C1] = 3.7<13.3) for @-artemether
and 118 mgikg {95% CT = 6,5-21.3) lor S-arteether, Overall, the activities of the two

drogs were comparalile.

Flasmadium falciparin malara is a leading
cause of morbidity and mertality in developing
countries,! Becavsse of the widespread resistance
of malaria parasites to currently available
drugs,® * there 15 an wrgent need for new ones,
Over the past decacds, a novel class of com-
pounds based on aremaisinin (ginghaosu) (Fig-
ure la), a naturally-oecurring. | 5-carbon lac-
toneendoperoxide, has been found to be effective
against the ervthrocytic stage of chloroguine-
sensitive and chlorogquing-resistant strains of P
Salciparum * When artemether, the methyl ether
derivative of dihydroartemisinin {DHA) (Fig-
wie L) is svothesized, it viclds two covsialiine
anemers, e, - and Z-artemether (Figure ¢
and d, respectivelyh, The latter anomer predom-
inates and is marginally more active against F
berpher ® G-Artemether has been demonstrated
by Chiness investigators 1o be eflective against
chlorogquine-resistant P falfoiparism malaria in
humans.® and it is currently available for clin-
ical use in China and a fow other countries in
Southeast Asia.

Early in 1983, the World Health Organization
selected another derivative of DHA for devel-
opment outside Ching, This compound was the
G-cthyl ether anomer of DHA (Figure 16), which
had been originally svaihesized in Ching and

showeed pood activity against £ berghed infec-
lions in mice.® The chotee by the World Health
Organization of arteether over artemether was
based on the consideration that artesther would
be more lipophilic, a possible advantage for its
accumulation in brain tissues in patients with
cercbral malaria. It was also considered 1o be
potentially less toxic Because one ol 115 pulative
metabalites would he ethanol rather than meth-
anol,” In addition. the § anomer of arteether,
which is a crystalline solid, was chosen bacanse
it 15 the predominant anomer upon synthesis
and 15 relatively easy to separate from the e
anomer, which iz a biguid (Figare 1), & poieniial
advantage for large-scale production. The com-
binatien of the two ancmers cannot be readily
developed asa drug io the United S1ates becanse
ol regulatory considerations as long as their po-
tencies. toxicities, and pharmacokinetic prop-
erties have not been shown 1o be comparable,
Preclinieal studies have been performed jointly
by the Walter Reed Army Institute of Research
and the World Health Organization.

In this report, we compare the activity of F-ar-
temether and -arteether in three test svslems
that are uwsed for preclinical evaluation of po-
tential antimalarial compounds at the Walter
Feed Army Institute of Research: the & faloip-
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dibydroartemisinin

c R= OCH; R =H c-ariemether

d R=H, A =0CH; Pp-artemether

g B= QC.H; B -H o-arteether

f Rabl, R=00H:

P-arieather
Froore L. Structuce of artesmasinin and dertvative
compotnds,

arunsin vitro lest system,* the P ferehei-mouse
test svstem.” and the P fadfciparis-Aofes mon-
key svstem.t Y

MATERIALS AWD METHODS
Flasmodium falciparam i vitro fest spstem

The antimalarial activities of artemisinin,
and g anomers of arlemether and arteether, and
DA were assessed in vitro relative o the ae-
tivities of chloregquine, mefloguine, and quinine
in the semiautomated microdilution method of
Diesjarding and others,® as modified by Milhoos
and others.'” In this assay, the activity ol a can-
diddate compound s tested [or its ability (o in-
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hibit radiclabeled ‘H-hypoxanthine uptake by
chloraguine-resistant and chloroguine-sensi-
tive clones of P fafeipariom parasites, The drugs
were tested against the Sierra Leone (D-6) clone
of P faleiparuny, which is resistant 1o meflo-
quing buat séositive 10 chloroguing, quinine, sul-
fadoxine, and pyrimethamine, and against the
Indieching (W-2) and the Vietnam Smith/EE
clones, which are resistant to chloroguine, qui-
nene, sulfadoxine, and pyrimethamine but sen-
sitive o melloguine, Bolk druss of 9%% or greal-
or purity, preparcd by Starks Associates (Buffalo,
NY, were dissolved in dimethylsulfoxede or 70%
athanc! and diluted in RPMI 1640 culiure me-
dium containing 0% human plasma,

Microtiter plates, prepared with two-fold sc-
rial dilutions of the drugs ever 4 concentration
range of 0.062-256 ng/ml. and the parasite sus-
pension (at a (0.3% parasitemia and a [% he-
matocrit) were incubaled al 37°C in an air-tight
ploxizlass box that was Aushed with 3% oxvzen,
A% carbon dioxide, and 90% nitrogen. After in-
cubatton for 24 br, the cultures were labeled
with “H-hypoxanthine and incubated for an ad-
ditional LE=20 hr, Partuculate maiter was ithen
harvested Irom each well by usingan avlomated
coll harvester (MACH I Tomteo, Orange, ©T).
"H-Hypoxanthine that was incorporated by the
parasites an each well was then measured by
scintillation spectrophotometry ( LEE 1205 Be-
taplate; Wallac, Inc., Gaithersburg, WMD) All
tested drugs, as well as positive and negative
controls were run in duplicate,

Plasmaodium berghei-iralise fesf $vsie

The P, Serghei-mouse 188l svslem provides a
measure of the antimalarial eflicacy of candi-
date drugs administered subeutanecousiy in
graded doses by the response of F bergher KBG
173 malaria parasies in yvoung C-1 Swiss
mice.” The acuvity of a compound is measured
by its abdlity 10 increase survival time or cure
infected mice, The drugs were prepared by dis-
solving them in sesame ol (USPE), the [ormu-
lation of F-arteether intended for climcal use,
or peanut ol (ISP, the formulation of §-ar-
temether in clinical wuse and the usoual solvent
nsed in the mouse test svstem, Starting al o doss
of 640 me/kg. each drug was administered in
three graded doses diluted four-fold to groups
of frve or 10 mice per dose level, Once a drug
showed activily on initial screening, i1 was fur-



ANTIMALARIAL ACTIVITY OF 3-ARTEMETHER AND G-ARTEETHER

ther tested at additional dose levels obtained by
two-fold dilution, The tests were performed st
successively lower doses until the lower limit of
activity was reached. Young, untreated, contral
mige injected with a standard inogulum ol P
Berghed have o survival time of .8 £ 0.5 davs
(mean £ S0,

The curative antimalarial activity of §-artem-
ether and F-arteether was measured mn either
male or female mice weighing 15-22 g that were
injected intraperitoneally with 0.02 mil of hep-
arinized blood containing with & = 10° crvthe
rocytes parasitized with P berghei. The drops
werg administered subcwlaneously 72 hr alter
inoculation, By that time, the infection is well
established and presents candidate compounds
with a standardized challenge. In cach cxpern-
mient, there were 15 untreated contrd mice and
10 pyrimethamine-treated (120 me/kg) control
mice, The control mice were ingluded to check
for infectivity of & bergher, change in the sus-
ceptibility of the host, or procedural ervors, Sur-
viving mice were monitored daily for 60 days
al which time they were considered cured.

Plasmaodiom falciparum-Aoius sionkey fes
EVELEIR

In thig model, the activity of o compound 1s
mezsured by its ability to cure adult Panaman-
ian owl monkeys CAdorus femnurinns lenuringg
of both sexes infected with the Viemnam Smithy
KE strain of P falciparim. Fifty-eight monkeys
welghing 750-950 g were random v assipned 1o
receive S-artemether or F-arteether disselved in
sesame oil (USSP Infections were induced 1n
accordance with published procedures.' Brief-
Iy, 0510 ml of Blood was drawn [rom the
fermoral artery ol an entreated monkey infected
wilh the Vietnam Smith/RE strain of £ faleip
arivm, using 2.5% sodium citrate as an antico-
apulant, and diluted with 0.85% saline solution
to form a suspension containing 3 = 107 1ro-
phoroies/ml, One milliliter of the suspension
wits then injected into the saphenous vein of the
experimental and contrel monkevs, Heginning
with the first postinoculation dav, Giemsa-
stained blood Alms were prepared and exam-
ined daily: by the ifth postinoculation day the
parasitemin was well established. The drog was
administered intramuscularly in three egual
doses st 1 2-hr intervals starting on the Bfth day
postinoculation. These injections were admin-

379

istered al allernating siees along the lefi and right
thipgh muscles, The initial concentration ol the
drogs was 100 me ml; the drogs were diluted
with additional sesame oil (LS, as appropri-
ate, 10 vicld the assigned doses, TFor each ex-
perimental group, several untreated monkevs
were followed to venify the course of untreated
infectinns. Thev were, however, treated with
mefloquine {30 make of base) when they he-
came moribund.

Parasite counts were determined by the Earle-
Perer method. ' Parasitemia was monitorcd
daily until the thick blood films were negative
for at least seven conseculive days; thereafier,
bBlood films were monitored twice a week, 15
recrudescence ogcurred. blood Alms were ox-
amined daily. Treated monkeys, whose parasite
counts continued to increase for several davs
after treatment, and monkeys whose parasii-
emia recrodesced were treated with mefoguine,
After blood Alms showed no evidence of para-
gites for 100 days, the infection was considered
cured, Response 1o treatmenl was categorized
a% clearance and cure, clearanos and recrudes-
cenoe, or suppression without clearance, The
day of clearance was defined as the Airst of three
conseculive davs tn which the thick Dlood Alms
were parasite negative, The day of recrudes-
cenee was the first of three consecative days of
positive thick blood flms afier a period of clear-
ance. Suppression was defined as a transient de-
crease an the parasite count posi-treatment
without clearance,

After o preliminary toxicity and olerance
study confirmed that @ total dose of 192 me'kg
given 1n three divided dosages 12 hr apart was
well tolerated in noeninfected monkeys, addi-
tonal monkevs were treated al this same dose
and at lower dose levels until a dose was reached
in which suppression or clearance was no longer
accompanied Ty cure.

Prara analysis

A four parameter logistic model was fitted o
the radioactivily count versus the log drug con-
centration of cach in vitro assay. The model
includes a parameter, the 50% inhibitory con-
centration ([C.), corresponding to the drug
concentration yielding an expected count of ra-
diolabeled '"H-hypoxanthing midway between
the upper asvmploede (as the drog concentration
approdches cero) and lower asvmptote {(cxpect-
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e minimum count). Parameter estimates and o )
q“n”ﬂ L'unl'.tdum:“uinm:-vals (C0) were obtained us- é 5 E S insRgRg
ing iterative least sgquare (PCONLINE, Version =3 N R B B B =R =
3.0, 501 Software; Statistical Consultants, Inc., :E B
Lexington, KY) Both nonweighted {constant -_tj E _|mmemen,, =y
weight) and reweighted (weight = 1l/expected 5 I R SR “'_.I‘ ﬁl.??
COunt) estimates were oblained, Nonweighted 3 E =4 ey ,SJ_' SREgan
results are repoerted, Use of the reciprocal count H g T mi ST ST
as welght pave almost identical parameter es- %‘ ﬁ
umates for the 10, with a somewhat smaller = % o
. B e | ] T -
standard error, Expressions of potency of one = e [ e B =
- = - i
compound relative to another were bBased on = =y
the ratio of the corresponding estimated 1O, e
values, The potency of artemisinin was used as g = e .. By |
an index, Le, polency of 10 0 terms of which 2 | =ricidrin-og
all other potencies were expressed. i': 3
For quantal response data (in vivo assays), i | B fei |
; 5 ; s i ; 3 g | © T T oM e | 5
maximum likelihood (iterative probit analvsis) 3 [g| slmsmoleamT _q|k
: e i E Rl lIg g 9w lE
was used to estimate the dose (mg l.ig]l ru..f.]mrn;d £ - \:i & ol ’-’;'é 'T‘I. i.?il] g::" B
lu_prﬂdwf:& a 50% cure :'at-?e (12,0 in mice and £ k et T A B E
a 50% efficacy rale (ED.,) in monkeys, and cor- £ < R |
reaponding 3% CL' 5 Within cach in vivo test E e :
system, the overall parallelism of dose responses -.,E - %. i g il g wr |
curves {parcent cure versus log dose) was wested. = B Ho |- —nl=d 0|
1f o significant departure from parallelism was ul f &
detected, reported potencies and 953% CI wrere 5 = e iy
based on the estimated commaon slope. Data on g ;é IRy
time to clearance and time 1o recrudescence ars :&_ gp|—ricdrimcsod |
. 1 =
reported as means and standard deviations. = & =
These investigatlions were conducted in com- x 2 e - |E
liance with the Animal Welfare Act and Fed- = L8 I it | E
p =3 1 |
2 i £ = 2 | A B
cral statutes and regulations relating o animals H 2|78 ;‘E = ¢
and experiments involving animals, and ad- = . :
hered 1o principles stated in the 1985 Guide for = | =
] G ? ¥ I h! ! . Q-:' o == Tf (T [ L &
the l’,‘arx?_ and Use of Laboratary Aninals, NIH 5: SR semmane :
Publication 85-23, s T e e i S
3 = e =
et - =
b e
: g_ s
RESLILTS e T REDDEZDE L
::I - E o I i B I o B B P T E'
£ 3
Plasmodium [alciparam fa wieo 1850 spsfem == |
g | =
The 3 anomers of arlemether and areaher §'; = -
showed comparable activity against both drug- ,}_:E ';i 5
sensitive and drug-resistant P fafeiparam clones = E = k
5 . ; i T = 0 B i el il =
in the in vitro sl svstem {Table 11 The mean £ £ g g Q;
A ] oo = =
1., of S-aremether was 174 nd (range [L34- 2= EE R g ZlE
. s . | B T A Shr i i —
1.81 nM). and the corresponding value for 2-ar- w = ClE = E S g.'E o | B
: - = BEEEnaEFie|d
teether was 1.6 1 nM (range 1.537-1.92 nM). They 2E eEfzz }‘é = E e
were approximately 2.5-fold more active than o £<242 228250
- TomommlEl

artemisinin, whose mean [, was 4.11 nM
franpe 3.4—4.6 ah) The activities of the & and
Aanomers of artemether and arteether weee also
comparable, although the data suggest that the
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TaBLE 2

fifected with Plasmodium Berghei®

¥ percent caranive dases (O of S-antemether aad f-arteecfior given sabeniancataly g single dose 1o mice

Bia,
Compiunt Foarmilatian ol mice

#-Artemeihcr Sesame ¢l T
A-Artemether Sesame il i
#=Arteether Peanul ml arl
S-Arteether Peanut o1l a0
G-Arieether Sesame ol il
G-Arteether Brsame ol T

LT
i ke 95 Ol
F 45 33-72
M i) A0-107
I Jl 33-80
b | T8 43141
F 1) 31-nd
byl 32 2143

== comfidence interval.

¢ anomer of artesther nmay be somewhat less
patent.

g-Aortecther was approximately five-fold maore
potent than meflogquine and approsimately 90-
fald more potent than chloroguing against the
chlerequine-resistant W-2 clone of & falcipa-
run parasites. G-Arteether was also more aclive
than meflequing and chloroguine against the
the ¥igtnam Smith/RE clone of F. fafciparum
parasites by nine-fold and 77-fold, respectively.
It was approximately 11-fald more potent than
meflequine and approximately 2,.5-fold more
potent than chloroguine against the chloro-
quine-sensitive -6 clone,

Interestingly, DHA consistently showed the
greatest activity among the compounds 1ested,
It had a mean IC,, of approximately 0.9 nM
(range 0.85-1.02 nM}, which execeds the activ-
ities of ariemisinin by approximately 4 5-fold
and F-artcether by approximately twio-fold.

Plasmodium berghei-mause fosf sysiehn

d-Artemether and F-arteether showed com-
parable efficacy against P. berghed whether dis-
solved in peanul or sesame oil (@-artecther) ar
anly in sesame il (F-artemether) and whether
administered to male or female mice. These
compounds had a mean Dy, value of 33 mgs
kg {range 32-74% me'ke) (Table 2},

Plasmaodium falaparum- Aotus monker test
Jystem

Unireated control moenkevs tvpically experi-
enced an inerease in parasitemia with a maxi-
mum level 10-12 davs after inoculation. Mon-
kews treated with carative doses of either
g-artemether or J-arteether characleristcally

showed a precipitous decrease in the parasite
count within one to two davs after inttiation of
ireatment. By one week after treatment, the par-
asites were usually barely detectable, Monkeys
treated with subcurative doses showed a tram-
sient decrease in the parasite count that lasted
several davs alter which the parasitemia re-
sumed its upward trend. The typical rates of
decrease of parasilemia for J-artemether and
d-artecther were indistinguishable. The clear-
ance times for J-artemether and J-arteether were
8.3 % 1.7 and 7.5 + 1.9 days {mean = 5D,
respectively, Although parasitcmia was sup-
pressed inall monkevs receiving a total dose of
T3 mgkg of either S-ariemether or F-arte-
cther. none were cured (Table 3. In monkevs
receiving 3 mgfke, parasilemia cleared in four
ol four monkevs treated with J-areether and in
three of four treated with F-artemether; how-
ever, only one infection treated with F-arteather
was cured. Inall monkevs receiving 12 mpfhkg.
parasitemia cleared but recrudesced in two of
glght monkeys treated with J-artemether and in
foer of eight treated with S-arteether. Parasit-
cmia cleared inall monkeys treated with 24 mgs
kg but recrudesced in two ol four treated with
d-arteether, At dosages of 458 me'ke and 192
mg kg, all infections were cured. The number
of davs to recrudescence for both drugs were
comparable: 14,6 & 3.5 (mean & 5D for S-ar-
temether and 16.2 = 3.6 for #-arteether. The
Elv, lor f-actemether was 70 mgdke (95% CT
= 3.7=13.3 mp/kg) and 1 1.8 mgkg (95% C1 =
8.5-21.3 mp/ke) for S-artecther, Although the
potency of Z-artemiether (when the EDY., valoes
are expressed in mpdke) was approsimately [Lo6-
Fold {95% CI = 0.71-3.92) greater than that of
d-arteether, {or 1.74-fold [95% C1 = 0.74-4.10]
greater when the ED, values are expressed in
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Tagx 3

Ffficary and 2% percenr effective curarive doses TE Do) af S-arteeter aned S-aelemmether on Aptus maomkery iecied
with the Plasmodiom Galeiperum Fredeam Sl B srrain®

lecspanise Lo Lroaliment

Daays o

Tatal sl Mo, ol i, o, rlri::'.i.‘n; R P

s PR menkess suppresssl alenred frgan = 515 urged recrudesocd
Z-Artesther

075 4 4 0 A 0 L

3 4 a 4 7.25 £ .50 1 3

12 ks (1 i T e i 4 4

24 4 0 4 5.00 © 0.00 2 2

48 4 i 4 5,73 £ 206 4 L

192 3 4] 3 g40 L 209 3 LH

Toral 24 4 i3 i +£10 L4 4z

FeArtemether

75 'l E { MA i e

3 a I 3 875 £ 126 0 3

12 b 4 B I VI il 2

24 4 ( 4 875 =126 4 0

dE 4 G 4 £.25 = 250 4 ]

1592 3 i 5 Yol = 1.95 3 0

Total 29 5 25 83 = 17 19 5%

® For deartecther. EC = 1 LE me%g fconfidence intereal [C0 = 6.3 F05 wmalckg 1401 = L= db e Jeanemsine I>._“__IT,5,.

kg 11l ISR S ar armalikp d0T = ] Sl=rd
 Administered intramuscolarly in sesnme ail i
= Py of reerpdisoeriee =
§ [Day of recrudescence

pinal kgl the differences between the two drugs
were nol statistically significant, The monkeys
tolerated the drugs well at all dose levels.

TASCLISSIOMN

Tripathi and others recently reported an the
comparative cfficacy of the hlood schizanioc-
dal activity of ¢, #, and «/&-arneether (a 30:70
maxtueg ol anomers) against £, cenorefs Bin-
feetion o the rhesus monkey. '™ They concluded
that 8- and o/d-arteether have comparable ac-
tivity and are curative at a total dose of 15 mps
kg given in three equally divided doses [or three
days: they also concluded that a-artecther was
slightly less active, Our indings are gencrally
consistent with theirs. In vitra, the o anomer af
arteether had somewhat Iower activity than the
2 anomer, Otherwise, the o and # anomers of
artemether and the @ anomer of arteether showed
overall comparable activity. The two in vivo
chicacy models also showed that the @ anomers
af artemether and arteether have comparable
activity against malaria parasites.

These ndings are important for further clin-
ical development of J-arteether. First, since the

Aoty monkey model 15 considered to be the
hest primate model for experimental treatment
ol blood-induced infections of human P fadoip-
't provides good predictability for the
potential efficacy of #-arteether as an antima-
larial agent in humans, Sccond, the fact that
deartemether has already been shown to be
highly eftective in patients with malaria® ®* pro-
vides [urther support for our belicf that the in
vivo results can he generalized o the activity
ol these compounds in human malaria. It is also
inicresung to note that the ED., af -artemether
of 7.1 mgkp inthe dofus monkey is comparahle
10 the clinically efftctive curative dose of Z-ar-
lemether in humans of B.6-12 mesks (in a 30-
kg human receiving a dose of 480-600 me in-
tramuscularly in divided dese lor several
days)® ' ¥ Considering that the two com-
pounds are closely related chemically and tha
their aclivilies In our test s¥siems arc conmpa-
rable, it 15 reasonable to conclude that they are
likely to be equipotent in bhumans, This concli-
siom is consistent with the high likelihood that
a major contributor 1o the activity of hoth driops
in vive may be a common metabolite such as
DHA That 1I2HA s a major metabolite of #-ar-
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teether has already been demaonstrated in vilrp®
and in vive' i oour laboratory, The optimal
dosing regimen of d-artemether in hamans, as
determined from the cumulative clinical expe-
rience with that droag, could De an excellent poide
in choosing the dosing regimen for G-artcether
in early eflicacy studies in humans.
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