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We compared the efficacy of azithramycin o the clinical antimalarnal doxveveline in Plasmediom Deradi-

gi-infecied mice and in P falciporem-infected Aotay monkeys. When mice were administered drog orally twice «
day [or three days. the minimum total dose of azithromycin that cured all mice was 708 mgfkg. Doxyoycline al
dose of 1,538 mefke cured no mice, The efficacy of fast-acting blood schizenticides (guinine, halofantrine, artemi-
sining against £ berghed was augmented by azithromycin. In monkey experiments in which there were two animals
per exgerimental groop, avithromycin (100 mgfkegdday for seven days) eliminated parasitermnia; azithromycin (30 ma!
kpiday) initially cleared 99.8-100% of the parasites with recnzdescence inthe one completely cleared case, Doxy-
cycline (30 mgfkedday) cleared 100% of the parasites with recrudescence in both cleared cases. Since azithromycin °
can be clinically admimstered at a somewhat higher daily dosage than doxyeycline, the data suggest that it may be
possible to replace drugs of the tetracycline class with azithromyein in combination with fast-acting Blood schizon-

ticides for the treatment of P faloiparem infection.

Plasmodivm falciparum can be clinically resistant to all
monotherapy with corrent antimalarial drugs. In Southeast
Asia, the combination of quining (630 mg every § hr) and
the antibacterial antibiotic tetracycline (250 mg every 0 hrd
s the treatment of choilce For :Tuﬂ!it‘]rug-re,ﬁislant P faleip
grum infections.! This use of drugs of the tetracycline class
derives from the work of Rieckmann and others, who ad-
ministercd tetracycling to partially immune volunteers cx-
perimentally infected with chlarcquine-resistant or chloro-
quine-sensitive P faleiparem.® Seven days of reatment
cured 13 of 14 persons with chloroguing-resistant infections
and six of sid persons with chioroguine-sensitive infections,
Because initial clearance of asexuval parssites was slow
{rmean 4.5 days), Rieckmann and others recommended
that For acete malaria, eracyeline be used as an adjunct ta
a fast-acting schizonticide. Althouph tetracyeling 15 used for
acdjunctive treatment of malana and doxyeyclineg, which has
a longer half-life, is wsed for prophylaxis, the teacycline
clazs of compounds have the side effects of diarrhea and
interfercnoe with tone development, the latter of which leads
to these drugs being contraindicated for children and preg-
INENT AWOTTIeT.

Tn contrast, another anti-ribosomal antibioie, ervifiromy-
chn, was inactive against chloroquine/guinine=resistant ma-
laria in Thailand,® Analogs of erythronmycin such as aeith-
romycin have now bheen marketed for bacterial and
chlamydial infections, Gingras and Jensen reported that the
in witre efficacy of azithromyein against P jalciparun {the
dose expected to kill 50% of the organisms [EDg] = 3-6
A was 2210 gmes lower than that of erythromycin® We
determined the preclinical in vivo schizonticidal efficacy of
azithromycin and other antibacterial agents to evaluate
whether azithromycin might reasonably be substitutcd for
drugs of the tetracycling class in clinical antimalarial regi-
ITIE 5.

MATERTIALS AMLD METHODS

Rodent experiments. Rodent experiments were condict-
ed according to the protocols of Thompson and others?

Blood-stage parasites of the drug-sensitive pacasite . berph-
el (KBG I73 sraind within red blood cells were oblained
from doner Swiss mice, and S00LK0 parasites weaere inoea-
lated intraperitengally inte naive mice on day 0, Thrug swes-
pended in carrier was admanistered either orally or via sub-
cutaneous injection twice a day on davs 3, 4. and 5 after
paragsite noculation, Sorvival of the mice on day &0 after
parasite inoculation was determined. Control mice (animals
administered only the carrier) tvpically die of malana be.
tween days 7 oand 30 after inoculation. Mice in which drug
canses death typically die on days 3-6 {(Andarsen 5, unpik-
lhished dara).

Simian experiments. Simian experimenis wors per-
formed according 1o the protecels of Rossan and others.®
Fed blood cells infeated with the chleroquine-resistant /2
Jadeiparen Vietnam Smith/RE strain were abtained from de-
nor Acrer Lo femieriniy monkevs and were injected into ma-
fnrin-naive monkeys, When the animals had parasitemias of
appraximately S.0MMnmS, dreg was acdminisiered  orally
once each day for the next seven days.

Animals were evaluated for parasitemia daily untal paa-
sites cleared and then twice a week until day M} o deter-
mine bath the initial clearance of parasites ond parasite re-
credescancea.

Deups. All drogs were obtzined from the Walter Reed
Army Institute of Research Drug Repository, For ol ad-
ministration, drug was suspended in 0.5% hydrogymethyl
cellilosed 19 Tween 80, For subocutaneous administeation,
drug was suspended in peanut oil.

REFULTS

Rodent experiments, "When azithromycin was adminis-
pered as 2 single agent (Table 1), a wial dose of 384 mpfp
cured 71% (orally administered drug) o S86-100% of the
mice (subcutaneously admimstered drug),

Azithromycin was more active than the other lested ma-
crolides. Roxithromyein was not curative while clarithoo-
mycin was 43% curative at o total subcutaneous dose of
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Laie mpfep, Ervibromysin was nél curative a1 # cose of
Gl4L mefbp Asithromyddn wae alse mors active than doa-
yeyelive, whicl wae used in thes2 =aper.ments, because i is
routinely sdministesed at a dosage of 100 mg once o taice
a day in humans, wherens wweercline is cuatinsly admipis-
wred four tines a day. In zonirast o azishiemycin, neither
subcutanzeus (3R mmdgy nor ol doses (T6E mgtkied of
doxyoyeline cured mwone o 30% of tha mics,

Azhroraye nowas 2lso adminisiered o-ally in momvk satios
wAl s quinine. halofanirine, aad ortemisiein, Meithe Quiniles
ab o dose ol 133 mgdkg cor azithromyen s o dose of 90
ngnke were curative inchis model when administerad alone.
Bt the combization sued Ave of seven aamals, Halofan
ving ar o odese of 12 mks cured four of seven mice ihe
wombinagon of halotane ns (12 mpd g ard azithremyzin
(=8 mzfke b ancd soven ol seve s, ArEmisinia at o dose
o &8 mgkg cured two of seven mice: the combination of

ATEASinic 8 modig) and szbromyein (<8 meflel cined
five of s2ven nies Roagh sobwlograms ind cated that the
aollvity oF azitarcanrcio was additive, ather thao synereiiie
o antagomstc, &b fst-acting scaironlicicss

Siminn expericients Asithromycin ot a doss ol 30 mgs
Rgdday wan slighily less actve than doxyevclisze s he same
dose (Table 23, Ore of the axithromyrintrestad animaic had
@ parasitgmiz of GO00mm® prior wo ey, | sched 3 level
w30 000 parasitssmm® on day 3 of trestment, and had <
I perasitesfmun® or day 19, bt newer coripletely clea-od
all peresites, The other oo skey clerred the PETAS eI On
day 1O but recrudesced five davs later. Do h anirale ireated
with doxpcyeline sleared the v parasitermios on cBaya 10-12
Bab pewiudesved P-11 days later. Aenbremvein at o cose of
IO mefkoiday was mome active: paras terris clesied on doy
I i one monkey and on day 14 in the other and had ot
recradesced op 1o 100 deys laen In previcusly aerformed
gxperiments, the corative dose of o fis oecting blood schii-
zonlicide (mefloguine vpically claary paraznemi by four
daws of therapy,

CASCLS8I0M

The rewment of choice tor malara dae o multicrug-re-
sistan: P, fadoiverem in Thailane and the Urited States i
seven davs of thr combimation of yuinine plus lewseyeling,
Adtheagh this comtnnation is presendy effective! drug tox-
wity and possible decreased efficasy o the future suggost
‘hat othor regirens shiould be Leveloped.

Azithromycin is o pewly rerkered srythromein analog
ased at dose:r of 1,000 me (14 g cldaimydial uze-
Jwiids® SO0 g on cay | tollowed by 250 medday for four
days fo- outpatient preeeonia,’ end 500 mefday (7 omg
day for 20-50 days for ncaleen, of Myoobaolernon avian
dizease? The major side effect of azithromyein is mild oh.
derniral poin and diarrhea that cocurs in 3-5% of Ll
adocinisteral 300 Mg on day | Followsd by 230 mefday o
four cays, and in approximately 8% o7 satients cdo nis
tered 300 mgtday for 20030 days ™

The schizonieida activiy of sxithromyzin was deter
mired i the = frerrghetimouse medel and the 2 _.‘(:'rl'r_"r'lrxrru.?r."
Acted weonker mocal, b stadards inowhich (he efficacy of
Tast-actieg blecd schizentizidal agents sre evalnzted W are
ot vware that the 2%oaey of slawer acting apencs las L
reported i ese edels. Dodyeveling was used as an in
tesmal contral Becanss of the possd hiliry that for sloaeract
ing arti ribassmal agenes, effective dises in hess models
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ALITHROMY LI Ak AN ANTIMALARLAL NER]

might noe oorrelaee noabsoluts value with effoctive valoes
1 b,

_.-"l_g:_jn_l;i 2 J_mu'lg_‘-"r.-_'-q it ormies, the D00 }r:”_'\_-' afferive dage
af arithrymyvein was 768 mefkr. whereas o-al v administered
doxvoyeling way mactive ever af o dose of 1,336 medde,

Combinations ol azithromyein and fast-acting blood schi-
ranticides wers evalaned o the moose modal. The activity
of azilucrmyein was additive with thay of quinine, halofun-
trimes, aml arlzmisinia. Trese resuls support the conclasion
of previous wink Dy Cingras and Jorsen® whe shosed ad-
ditivity of arithromyain cnd chloreguine sgainst P derpfied
sormin

For pxpariments with P _fadciparen in Aoves standarc
procedure is o use wo animals per therapeatic group, For
chlorcquine-res stant 7. jolefpeneen, 212l azithroryzin at e
dosz of 100 ma'ka/day for seven days coripetzly cored the
infection in both treatsd animals. A ower dose, 30 mefg!
day tor seven davs, imbally suppressed 99.5-100% of the
Pty s owas slightly Iess active than an equal dose of
doxwoveline, which suppressed [00% of porasites in bath
treated moakew:. Jowever, no monkeve treated wirh 30 mgf
kpdday of eiher drog were cured, The resulis obtained in
simians show that azithromycin was more effective than
doxvevoline when the dmgs were administered at the ap-
progimate ratio (3:1) toleratled by humans

fhe apeolute valuzs of the Q2% curative doses ol azith-
rarnycin in the mose and ocnkey onodels (708 napdhg ad
100 mgrkpfday’ wire 55 ancd 14 tirmea higher, respectivelsy,
than clinically talerated doszs of 14 madke and 7 mehgiday
Howewver, the ahsohde values of the <0 1005 curative doses
cf doxveveline were = 1556 mefke and 20 nefkedfday, val-
ces that are = 500 and 1020 times higher thar clinically
taleraled dozveycline deses of 1.5-3 mgdkgfday. In these
models, effective doses of arti-nbosomal azents ane much
greater then effective clinical doses. and the assalute vilue
of che climically elfeciive axitmormvein dose can oo B pre-
dicted frone the cbaclete values nzeded for efficacy nothe
models.

The coraparshilicy ce snperinniry of arithromycin efficay
e thet of doxyeycling in Aorey at an azithror vanedaxyoy-
cline rio of 31 makes it possible i suggest clinizal schi-
zomticidal regimens in which doxyeyelinetetracycline would
be replaced by aithromycin Since azithromycin, like tha
ictracychines, slowly Clears P falcipares pasaaterm g, anth-
romyzin should only be used In combination with & fase-
acting bload schizoaticide. Beceuas the functien af the fose-
acting spent 1 to guickly kill most of the parasies and the
functan of arihromyrein world he ae for the retracyvelinas,
1o more slowly eliminate the remaining oarasiles, the -
acting 2gent should show BRI or low-level RI resistance. but
not high-level RIE or RIIT resistance, in the endemic regioa

b g uemtico, Wit espact ue e dadly dese of 2zithramycin,
the doze should b approximote’y three times the  100—200
mgaday Aose of doxyeyeline Thos repimens ranging fram
the clitically approvid regimen, 5000 me on day Tallowed
by 250 mg on days 2500 3 regimen uiing comewtat more
druz, S0 mgiday foo seven days, night be iried. Althougl
we prapase thal these azthromyein regimens night ke su
e L regnmens usng doegyeyelinetenacyeline om the ba
sin ool efiicaey ol s bjective osicity, a lorther advinoge s
that therz 15 no controindication to administration of 1w th-

roMmyCin Lo pregnant women of voung chi dren.
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