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Abstract,  Three standard antimalarial compounds were tested apainst trophozaile or
sparozaite induced infections of the Pamamanian Achiote steam of Mosmodion wiver in two
species of monkeys, In Saimiri sciwrens (24 subjects) and dotws frivirgains (11 subjectsi,
parzzite clearance from the peripheral bload sveraged 3 duvs after initiating chioroguine
therapy (tatal doze of 25 mg base ke body weight over 3 days or single dose of 10 mg hase/
kg1, Frophozoite induced infections were cured in all of 10 Swimicd and afl of 6 Adotus, as
indicated by the absinve of relapses. Kelapses did occur in 3 af 11 tests with Seimiri and
Fof 3 tests with dofuy against sporozaite indouced imfections. Subpatent periods ranged from
38 ta 111 dayvs ameng intact and splenectomized hosts, This is the first chematherapeutic
evidence for the persistence of excerythracviic stages of /7, vizar in New Warld monkevs,
Pyrimethamine {single dose of | mg ke cured trophozoite induced miections in all of five
Saimiri hosts. Radical cure of sporozoite indoced infection: was sccomplished in each of
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six trials with chloroquine (25 mg base kg plus primaguine (1 mg base kg for 14 daysi,
The primary attack or relapse was treated. These models warrant further investizztion

chematherapy.

With the advent of the adaptation and trans-
mission of Plosmodinom vivay to dotus trivirgatus
{the night monkey1 " this new model #nd others
hecame available for diverse investizations in
tM particular imporfance is that the
evolution of these svstems has offered the op-
portunity to study the chemotherapeatic response
af human malarias to standard, as well as experi-
mental, antimalarial campounds in a small casily
manipulable host, rather than directly in man.

Papamanian squirrel monkevs, Suiowivd scivrens
i = gerstediii, recently shown to be sosceptible
to infections induved by trophesoites or sporo.
zoites af £ vivex* served #s the primary bost
in the current investigations.
were ubilized in limited companion trials,

The objectives ol these studies, incorporating
the new madels. were to establish the following:
13 curative activity of the blood schizontocides,
chloroquine or pyrimethamine, against  tropho-
zaite induced infections; 1) response of sporazsite

malaria,

Aotus monkeys
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induced infections to chloroguine alone: amd 31
radical curative properties of chloroquine plus a
Lissue schizontocide, primaguine, against sporo-
zoite induced infections,

MATERIALS AND METHUDS

All data were acquired with the Achiote strain
of P wivar, passaged in New World monkews
since 19667 Citrated blood. containing 107 para-
stes from the homologous donor species, was
inoculated intraperitoneally for each trophozoeite
duced infection,

Spurazaites were abtained via infected Amwofph-
eles alfimauns subsequent to feeding only on
Aotus, as Saimiri are peor hosts for infecting
mosnuitors * Sporeecdtes were introdaced by the
meerrupted bite technique (Saimird) ar by intra-
vascilar imoculation Cledus). Ne attempts were
made to standardize the sporozoile inoculuny, gz
all those avallable were used; the number of
positive masquitoes per recipient ranged from
o 142 (& = 451, with average gland sporozoite
denzities between 100 amd 1,000,

Koutinely, blood films were obtained daily
throughout  Ihe  fest Parasites  were
stained with Giemsa and enumerated by the
I'rophozoite induced infec-
tions were treated when the parasilema [first

per s,
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CHEMOTHERAPY

I VIVAX MALARIA IN SAPUIRD AND AOTUS

Tancr 1
Chemotherapy of trophoseite edyeed infections of Plasmodium vivax ¢ Achiofe straim) e wnoltered Saimirt
ariureus
Trearment initiated Ressinse
FExperiment Mo key . Parasitemis Negative davs
HITR i, Easent day pet mim® Days 1o clear saminel*
Chlorgyuine (10, 10, 5 me base ke in 5 davs)
1 FHES 3 1,105 3 a2
NG 3 1.040 4 175
sl 7 1160 2 13
AR00 7 i8] 2 21
FRR2 5 040 2 67
A500 N 3,550 3 73
Chloraguine {10 mmyr base ke in | oday)
i S805 5 1.120 3 136
FROG f 1.184 3 15
356 7 1470 A (LR
(1.3 56 3 1,350 1 161
Pyritmethamine {1 mpske in 1 day)
& 3003 i1 1,150 & 176
RRTY fi 2,014 [ 24
ARG f 3060 5 17
SURS 7 4,210 5 T2
382 I3 5150 4 1L
Untreated controls
Relape Ssvmaliy e days
¥ g examaned
L'atenl preciod Pacisilemit Subptent period (s alrer final
-‘|I.1:.'<J per mme [} !hl}.‘ﬁ i patent peerioul
1 5802 4 87130 40 145
284G aut {140 2
4 ARy b 40,2240 12534 25
ZRUR L 76,550 - i
5071 334 ATs40 = 23
3540 43 43,714 ;31

* Moorelapses eceresd in treated monkeys,
& Dierd dluring paleney aller oot garasilesia,

approximated 1000 per mm?, usually during the
1st week of patency, although some of these
infections were trectd during the 2nd week at
higher parasitemias. Drug therapy was initiated
fur sporpeoite induced infections also during the
psvending phase, at parasitemias of at least 1,000
per mm® except in lwo Aoty (6232 and 486475
thest mfections were at lower levels (after peak
parasitenia s when treated. All drags were given
arally via gastric tube, Chloroqguine and prima-
quine were administered as the diphosphate salt,
One or after trestment of the

morge  mant IIH
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primary atrack, splenectomy was done ta proveke
patasite relapse in sporozoile induced infections,

The test monkeys were of Panamanian. origin
and free of naturally scquired mataria, as shown
v examination of premoculation bloed films,
Aspects of the hushandev of Seimiri anel Adofns
have heen discussed previously,®

RESULTS
No evidence of drug tuxicity at the highest
dosages wsind was seen in uninfected Sadwirs anid
Aoty us measured by body weight change and
overl host activity,
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LE 7

Chemotherapy of traphasorie educed anfrctions of Plasmodiom vivax ¢ Achicte strain) fn analieeed Aotus

trivirgatus

Freatment initiated

Kesipansn

Monkoy Parasiirmian WNegative dayvs
1. Patent day per mn® Ligws to ol eximind*
Chloroguine (10, 19, 5 mg bhase kg in 4 days)t
G100 5 1560 4 40
6120 s 70 5 28
6124 & A 18D 3 56
B0L3 [l 4,810 4 283
€017 7 2,560 3 114
2540 14 10,670 2 44

" N pelapises accurpal o teedted monkevs,

I Twa additionn] Aetar served o5 unteeited: contrals, “They died an pacent davs 30 ard 49 and

12,830 apal 43350 per mm? on days 8 and 10, resgeclively

Tropiozorte-imduced infeciions

At the level of inorulum wsed, the prepatent
periods in Seimerd ranged from | to 25 days { & =
fr clayeh.

With a total chloeoquine daose of 25 me hase kg
of body weight or 10 mg base/ kg, parasite clear-
ance [rom the peripheral circulation in Seafeirs
ogegrred within 1 1o 4 days (Table 1) There
was essentially no difference between the rate of
¢learance with either treatment. No relapses®
were Lhen seen during shservation periods extend-
mg to 175 and 144 days, respectively,

After pyvrimethamine in Saimiri at 1 mg kg,
parasites disappeared from the peripheral bloed
more slowly 14 ta 6 days), and nene was detected
during subseguent observition periods of up to
& maonths,

Normal infections and multiple attacks oe-
curred  among  inoculated, untreated  subjects
serving as conlrols in each of the above experi-
ments, Subpatent perinds for the first relapse
ranged from 12 to 40 davs. These relapse pat-
terns were compatable to those previously re-
ported by us for unaltered Saimiri, in which the
mfections relapsed one or more times in 19 of
25 (68%0 monkeys and showed a mean primary
subpatent period of 7Y davs*

Among the Aotus, prepatent periods ranged
irom 1 1n f davs {8 = 3 davs).

FThe term relapse indicates a renewed manifesta-
tion of mulira infection, whether initiated irom
surviving ervthroovtic of exoerythrocytic forms, This
15 in accord with the Report of a Drafting Com-

mitll*u!‘ rrrmfrjp.!'[}g‘_,‘ of Malarin and of Malaria Erad
ication, W_.HA), Geneva, 1963,

showerd maximum parasitemias of

The higher dosage of chlotoquine (25 mg base

k) agpinst the infections in Adefws (Table 20
gave results similar te those obtamed for Sqomir
Parasite clearance was effected in 2 o 5 days
antl there were no relapses during  subseouent
periadz reaching 314 days.
While hoth control Adaotes died during patency.
campilation of frequencies  for  fhe
Achiote =train in this host species (unpublished
data’ showed at least ane relapse to occur in 48
of 106 1457 intact, surviving monkevs, with
an average primary suhpatent period of 10 davs,
Fram 2 to 7 relapges occurred in 12 hosts, witly
suhpatent perinds of 3 to 83 days

3

il relipse

Sporozoile mduced mfections

The prepatent periods in Saimiri hosts varied
from 13 to 42 davs (x = 30 davs).

Far radical curative studies with Saimered Clable
A, parasite ¢learance was coffected with ¢ither
25 or 10 mekg of chloarogquine within 2 ta 6
davs. except the infection in one monkey (6270)
which required 13 davs. AL the higher dose, 2
animals (6840 and 6990 experienced relapses
Both had heen splenectomized during the post-
tresbment period, with parasite reappearance 54
to #4 davs thereafter. One intact host (6270
of 2 which received the lower chlotoquine dose.
telapsed after 36 dave,
the remaining 8 Seimiri were negative during a
follow-up period exceeding the longest interval to
relapise (114 davsi, and the infections were pre-
sumably cured. The other 1 animals were nal
followed leng enough to determine if cured

The relapses in 6340 and 6969 and the primary

Blond Tilms from 4 of
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TABLE 3
Chemotherapy of sporozeile mduwred injections of Plasmodiom vivis ¢ Achiote streabr) by Saimici sciireus

Tevatinenl inieiald

Bespminee aned post lreatnient esseination
Travs Trom pitialion ol reatment In-

Mankew Fan ssitemna
o, Patens day prer mm? Eplemer tnm g Krdapis Fnel of 1est
Chlorogquine (13, 10, 5 mg base ke in & days)
GRAQ T 1,080 | i 114 ]
3 ] 13 7,540 i 43 L 13
G873 15 a0 ! 19 il el
ThnG 20 L.50x1 5 A5 ~ 2R
5015 1 1.0 5 {3 AT
t2E 15 7,600 ) tlIe
s 1 7,260 4 - : nf
4735 15 4,740 3 - bl
Eg)2 1 L0 & - 15T
Chloronuine 10 mg base kg an 1 day)
[ 11 1000 13 50 125
(204 | R LETG 2z - it
Chlvroguane 110, 10, 5 mg bisec ke in 3 diyvst plus primaquine 11 me base ke w14 laxs)
Gad0R T 14 24 680 [ NAE ARl
auniR B 1450 A NA - 1570
G192 11 LG 2 i 27107
6544 I7 1,380 ] 54 200407
HiT4 16 2650 + A B6a
Untreated controls
Prinueey atiack
Relapsets) Negittive days
Maximum cxndned
Patent pecisd i Sulptent perisd (s alter limal
Cikays]d Lilusy pittent periced
S084 A 155075 345 35530 Uy
ayay A0 Eg g k] 634
6377 i) 43 ol B
&0l A0 15 ¥
+767 13 40 331
1173 15 - A7
4453 I 444
Als 14 137
* ¢ cured n
+ Liesk

LR, relapse dreated.

& NA ot apprhicabiis seevipusly splenectomzel

attack in three inlact Seieiri were treated with
chloroquine 125 mg kg) plus primaguine 71 mg
hase kg for 14 davsi: the latter animals were
splenectomized approximately 7 months aiter the
mitintiom of freatment. The infections did not
recur throughout the tes) periods of 157 to 363
davs. This indivates radical cure,

Five of the 8 untreated (control’ infections in
the intact Sormird relapsed from | o 3 times
ITable 31, Of these relapsing infections, the
primary attack in 2 mookeys was low grade

<1000 parasites per mm®} and the relapses also
showed low maximum  parasitemizs. The sub-
patent  periods Tollowing  the  primare aflack
ramged from # to 43 days, thus being shorter
than in the treaved Sesmiri (but similar to these
seen in (he untreated conteol traphozoite induced
imfections—Table 1),

In comparative studies with Adotwre, the pre-
patent periods ranged from 8 1o 24 davs (& = 20
tnys ),

Chloroquine against these infections in Aoptus
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Tantr 4
Chemotherapy of sporozeite Imadyced injections of Plasmodivm vivax (dchiote strain ) i Aolus Lrivireatus

Fzenlimenl initinted

Morkey Parusilemia

Risponse amd posl treatment exiuninalion
Payz from initjarion of treptment 1a

'arasite

ne, Pitent day pr v clearance Aplenes tomy Relagrse Enicl of test
Chlormquine (10, 18, 5 me base ki m 3 days)
G252 ¥ 360 & 32 Ba=
Hoo0 b 20000 2 275 5
a2 12 28,910 3 3
RO RE ' 1,540 1 91+ 433
HAL] | iy 2 - 03

Chloromuine 10, 10, 3 me hase‘Eean & days)

ATUS i 3080

plus priccuing 11 my bage ke in 15 dassd

3 Gl 580

Untreated contrnl

Erimary nitack
Saawimie

jrardsilensEia

Patent period
per

[daysy
Bb1=1 2% 45,380
* Far bk animal expericneed adilitional relapoes dunng i fest
ORI —3%; 15, 18, B, 5b:
+ O, Cunsl.
* R telapse
5§ Tl

retreatend.

[Table 4), eliminated the parasitemias m | to
odavs. B contrast ta the other experiments, the
parasite  demgities in this serics upon initialion
of treatment varied considerably, from 50 to
20000 per mm®, These differenves in parasice
levels did net influence the number of duvs
required tor clearance. Relapses appeared in 1
ol 2 splenectomized aet 1oof 2 intact subjects
In the first monkex (6333, the relapse ocearred
37 elaws arter splenectomy. No additional treat-
ment was given, and the animal experienced four
more relapses during the 320-day ohzervation
period. The intact monkey (60923 sustained two
relapses, each after chloroquine therapy. Treat-
ment was pot repeated and five other relapses
accurred during the A83-day test period,

The primary attack in @ filth dotes (376580
was treated by the combined chloroguine-prima-
quine regimen.  This monkey was splenectomized
? manths laler. No parasites were zeen during
the Tas-thav shseovation period.

The infection in the untrested intact control
Aoty relapsed [our times, and showed subpatent
periods within the usual ranges seen for tropho-
zoite induced infections

et

Megative ifavs
examined
after fivnl

Jaatent paerenl

Helapers

Subpatent perionis
fulaws |

5522030449 3g§

Sulgeatenl perbods were as fallows: s@sd o 08, MM, T

HISCLTSS NN

There are no references in the literature on
thee  experimental  chemotherzpy  of  sporozoite
induced infections of vivax malaria in monkeys,
Uhe repart has presented the activity of hlood
schizontacides against the New Guinea Chesson
and Vietnam-Malo Alle strains of £ wiey ib
dwdas™ Cure of trophozoite indoced infections
witz nchieved Ly a total dase of 17.5 me kg of
chloroquine or 4.2 maskg of pyrimethamine
i Chesson t,

In our experiments with the Achiote strain in
Sasmeet mnnkevs, a tolsl dose of chlaroguine hase
as low as 10 mg ke cured crophozoite induced
infections, Pynimuethamine cured Achivie 2 vves
i Spiner: monkevs at a single dose of 1 mg ke,
which s approximately ' oof that previously
reparted for Chesson vivax in Aofus.”

Vivax selagses did pocur aftes chloroquine aisne
wis admindstered  against sporozaite mduced in-
Parasitemias
reappeareid in & of 16 lests, Since the trophozoite
stages are eliminatedd by chlorogquine at the dos-
ages used, these Tindings are the first chemo-
therapeutic evidence for the persistence of exa-

fections in both Suimiri and Adofus.
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ervthrocytic stages of & wivux in New Worlid
monkeys.

Apparent rudical cure was achieved with the
chleroguine-primaguine regimen in vach of @
trials. Al attempls to proveke relapse fajled.
Mareaver, the sporozoite concentrations. used [or
mieching the =subjects treated with the combined
therapy, were comparable with those used to
infect monkevs administered chloroquine alone
anel which showed subseoquent relapse,

The results thus far with chlorogquine  gned
pyrimethamine correspand Lo those obtained in
ma Primaguine st four times the usual dose
i e radicaliy cured the infections,
further testing iz warranted to verify the officacy
of the s-aminequinoline in these svstems. Future
trials with this drug should approximate the
human dosages 1t appears that hath species of
rmmkeys can serve as models Tor deue investiza
tions,

Fiowever

As a corollary, this study has provided infor-
mwativn on - the relapse  charcleristics of the
Achiote strain. In Segmirs and Aofns, the firse
relapse ol Lteated sporuzeite induced Enfections
appeared Trome 123 to 136 dave aml 63 1p 130
dave, pespectively. alter inoculaztion, These ringes
arg similar (o those reported by Contaces et al’
for another Panamanian vivax sirain in human
valunteers afler chemotherapy, vizo 94 to 226
davs: The persistence of infection. as shown by

parasitemits occurting after inocalation as Tong
as 433 davs for defus and 208 dave lor Noemers,

-1

demanstrate the necd far long term survival of
test monkeys for complete evaluation of chemo-
therapeutic agents,
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