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CHAPTER

Malaria Models in Simian Hosts

RN Rossan

A, Introduction

Recopnition by Mocer and Laree (19617 and Yousa and Moore (19610 of Plas-
modiven folviparim strains resistant to chloroquine, coupled with the disease
among Lnited States service personnel caused by such resistant strains, required
the Finding ol a small, readily obtainable anonal suscepuble o human plasmodia
far the evaluation of candidate antimalurial drugs, AL Gorgas Memaorial Labora-
tory Yousa et al, (1966) demanstrated that the Panamanian dodus refvdrganas (owl
monkey) would support development of Plasmadive vivay obtained from a human
patient. A vear later, GERGax and MEacHER (19670 reported the successful adapta-
lion of an East African strain of P faleiparim in AL teivirgaie of Colombian or-
igin, The Colombian A, erivdrgane model, infecled with strains of P falciparum ol
diverse susceptibilities and/or resislance Lo chloroquineg, pyrimethamine, and qui-
nine, afforded the basis for intensive investigations, Scusurr {19659 recognised the
vitlug of the owl monkey model for evaluatng new antimalarials,
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Fig. 1. The owl monkey or dourowcoul (Asfer feioirgarig)
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The spectrum of susceptibility of Mew World monkeys to human plasmodia
hits been the subject of various review articles by Youna (1970) and Youna et al.
{1973, 1976). As will be discussed subsequently, only A, teivirgatus and, to a lesser
extent, the squirrel monkey (Saipuivd seiwreus) have served as experimental hosts in
drug evaluation studies. Prior to the establishment of the New Warld monkey
model, the rhesus monkey, Macaca sl infected with P cynonielgi was most
extensively used for chemotherapy trials, The literature through 1969, ussociated
with such studies was reviewed by PETERS (1970) and only later studies will be dis
cussed here, Details of techniques and of the course of infection m some simian
hosts are provided in PETERS (1980).

B. Use in Blood Schizontocide Stodies

I. Simian Plasmodia

1. Plasmodivm cymomolzi

Far mare than 30 years, trophozoite- and sporozoite-induced P, cpnennelyd infec-
tion in the rhesus monkey ( Macaca mulatia) has served as a model for evalualing
potential antimalarial agents for use against £ vivax in man. While the utility of
the simian malaria system has besn avershadowed by the development of the P
pivax — A. trivireanes model, some reports were published during the past 11 years
using P. cynomolgs,

a) Chinzeolines

Infections of the Bstrain of P cvnopiolei were used to evaluate 2. 4-diaming-6-(3.4-
dichlorobeneylamino) quinascline (FAM 1392) hy Traomeson et al. (1969). Doses
of 1000 mg/ke for 3 days, or 50.0 mg/kg for [0 days cured such infections,

A second  quinazoline,  24-diwmino-6-[(3 4-dichloro-benzylinitrosaming|
quinazoline (C1679) was first evaluated by THompsox et al. (1970} The base farm
of the drug cured infections of the B strain of P. epnomelgi when administered
arally twice daily for 5 days al a dose of 2,5 mg'kg. A single intramuscular dose
of 10,0 mg/ke also proved to be gurative. The acetate form of CL 679, ata total oral
dose of 50.0 mg/ky cured infections in 14 of 15 rhesus menkeys. This curative ca-
pacily was observed ata single 50.0 mg/kg dose or at a dose as low as 3125 mg/ke,
twice daily, for 8 days, When administered in a repository [form, both the base and
acetate of C1 679 protected monkeys for at least 103 days against repeated tro-
phozoite challenge.

Sepmit and Rossax (1979) further evaluated Cl 679 against pyrimethaming
sensitive { Rol and pyrimethamine-resistant (Ro/PM) strains of P. cyaomolgi. The
total amount of drug required to cure infections of the Ro/PM strain was len limes
the amount needed to cure the Ro strain, indicating cross-resistance with the py-
rimethamine strain. Resistance to CI 6749 became evident rapidly in both strains.

by Antibictics

The schizontocidal activity of three chlorinated lincomycin analogues against the
B strain of P. cvromofei was assessed by Powirs (1969). These analogues cured
infections, but at doscs of 50.0 and 1000 mg/ke administered for 5 days and
required -6 days for parusite clearance.
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One of these agents, N-demethyl-4-pentyl-T-chlorolincomycin (U 247294,
was evaluated in a 7-day course of treatment by SCHMIDT ¢t al, (19707 also against
the B strain. Doses of U 24729 at 10,0 and 40.0 mz/kg cured infections, but the
slow schizontocidal aclivily was again noted.

) Pvrimidines

Trimethoprim, 2 4-diamino-5-(3 -4 _5-trimethoxvbenzyl)-pyrimidine, was used by
SCHMINT el gl (1969 against lwo strains of P eyromolsi — Ro {pyrimelhaming
susceptible) and Ro/PM (pyrimethamine resistant), Doses of 1000 mg/ke cured
infections of the Ro strain; twe of three infections were cured ala dose of 50.0 mg;
ke, In contrast. doses of up to L00.0 mg/kg had littde or no activity against infec-
tions of the pyrimethamine-resistant strain, These data indicate a cross-resistance
between the two folic acid antagonists —pyrimethamine and trimethoprim.

In the P, cynomalgi-rhesus system, SCHMDT el al, (1977 h) examined the svn-
ergism of pyrimethamine and sulphadiasine. Against a pyrimelthamine-sensitive
strain (Rao), the curative activity of pyrimethamine was increased 16-32 times by
the concomitant administration of sulphadiazine at 1% 2% of the dose which
would produce a 30% cure rate when administered alone, The activity of pyrimeth-
aming against a pyrimethamine-resistant strain (Ro/PM) was increased at least 30
times when the compound was given in combination with 1.56 mg/kg of sulpha.
diazine ia non-curative dose).

)y [vhvdroacridinedione

The evaluation of floxacrine (HOE 991) against the B strain of 2. eviemaled was
published by Raerher and Fiug (1979, Cure was achieved by oral administration
at doses of 150 and 20,0 mg/kg for 7 days, or intramuscular administration of
doses of 1.25 7.5 mg/kg again for 7 days. However, drug resistance was readily in-
duced, The prophylactc/radical curative capacity of this compound is discussed in
the appropriate section of this review,

e} Y-Phenanthrenemethanel and Quinoline Methanol

Diavioson el al (19760 have deseribed their use of the P, cvramiofel - rhesus mon-
key maodel for evaluating antimalarial drugs. Data were presented Tor standard
compounds and two experimental compounds, WR 33063, a phenanthrene-
methanol. had a slightly suppressive activity at a dose of 100.0 mz/ke administered
for 7 days. A quinolinemethanol, WR 30090, cured trophozoite-induced infee-
tions, butal high doses, [00.0and 316 mg/ke for 7 days.

2. Plasmodivm knowles

The FP. knowlesi — rhesus svstemn has been used to a lesser extent than the P
cynmmalgi model for chematherapy studies,

al Pyrimidines

Trimethoprim, in addition to its evaluation against P, cynomolei by SCimT et al,
(1968), was tested against P knowlesi by Romue et al (19691 The latter group
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showed that when trimethoprim was administered alone, doses of 50.0 mg/ke and
lower only suppressed parasilaemias. The high sensitivity of P krowdesi Lo sulphon-
amides was confirmed in that sulphalene (2-sulphanilamido-3-methoxypyrizing)
cured infections in doses ranging from 3000 o 0.5 me/ke Tfor 7 days, In combina-
tion, trimethoprim at a dose of 25.0mg/ke with sulphalene at a dese of 0.5 mg/ks
wits curative, demonstrating & synergislic activily,

by Ominazolines

TroMesox et al, {1968) also used £ krowlesi 1o evaluale the quinazoline, PAM
1392, A dose of 100.0 me/ks for 5 days cured the infection in two of three rhesus
Mmenkeys.

o) Antibiotics

Porwirs et al, (1976) examined the activity of clindamycin (U 217 and its N-de-
methyl-4-pentyl analogue (U 24) against trophozoite-induced inlections of P
fmewlesi in chesus monkeys, A single 1000 mg/ke dase of U 21 cleared parasi-
temins, but did not cure the infection. When 1 21 or U 24 were adminisiered
twice daily for 3 days at a dose of 50.0 mgz/ kg, infections were cured; a dase of 10.0
mg/ke administered in this remimen was also curative. In contrast, a single daily
10.0 mg/kg dose of chloroquine administered for 3 days cured these infections,
While both forms of the antibiotic were curative, parasite clearance was slower
than with chlorogquine.

IT. Human Plasmodia

1. Plasmodinm falcipavam and P, vivax

The establishment of human plasmaodia in A. trivirgaius afforded an unigue oppor-
tunity to evaluate the actvity of experimental drugs directly against the parusiles
in 2 laboratory animal. Studies on the establishmenl in A, frivirgaies of diverse
strains of £ fufciparum and P. vivax, the courses of untreated infections, and the
responses of these strains to chlorogquine, pyrimethamine, and quinine have been
detailed by ScHwminT {1973, 1978 a. b, [1979d), and drug susceptibilities are summar-
tsed in Table |,

a1 Pyrimidines
ScnminT el al, (1977 b) assessed the activily of combined treatment with pyrimeth-
amine and sulphadiazine against two pyrimethamine-resistant P, falciparim
strains, Malayan Camp-CH /0 and Vietnam Smith. Bolh strains are maximally re-
sistanl to 2.3 mg pyrimethaming kg per day. Administration of this dose of pyri-
methamine with 3.0 mg/kg of sulphadiazine cured five of seven infections ol the
Malavan Camp strain and one of five infections of the Vietnam Smith strum. In
no case did the cure rate approach 100%, The authors argue that this failure is due
to eatremely high resistance of both strains to pyrimethamine, and project that
failures of combined therapy in human cases may be the result of such resistance.
When hoth pyrimethamine and sulphadiazine were administered against infec-
tions of the pyrimethaming-resistant Vietnam Palo Alto strain of . efvax, the ac-
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Table 1. Antimalaria] susceptibility/resistance of eightl strains of P, fafeiparam
and two strains of Pefvax i oy irivivganey, Adapred from ScmanT (14978
b

Hrain R esponse (o

Chloroguine  Pyoimethamine  Ouinine

P laleiparani

Cumbaodian | 5 LI 5
Malayan [ I RITI 5
Malayvan Camp-CH/Q Sik-1) RIII 5
Mulavan Camp-Sadon 5 L Y
Uzanda Pale Al 3 111 3
Yielnam Monterrey B RII Bl
Vietnam Cak Knall RIIT 5 FIIT
Victnan Smith FIIT Rl BT
o

Mew Cnnea Chesson 5 5 ERIRY]
Yieinam Pulo Alle 5 RII 5

5 cwred; BT parasite clearance, with recrudescence; I only suppression of
parasitaemia: RIIL no effect on parasitagmia or no more than marginal sup-
pression. (s and (R signily occasionul response in group predominantly BRI
or s

tvity of the former compound was increased 16 times and thal of the latter &4
Lirmes.

[ OQuinazolines

WR 158122 [2 4-diamino-6-0Z-naphthyl)-sulphonylquinazoling] and WR 139412
[2.4-dimino-6-(S-trifluoromethylphenyl)-thioquinazeling] were assessed against
£ feleiparunt infeclions by Scioaur (1973, 1978 ¢, 19790), Cures of the pyrimeth-
amine-susceplible Vietnam Oak Knoll stramn were obtained with a low dose, 0,025
mg/kg for 7 duys. Primary infections of the pyrimethamine-resistant Malavan
Camp-CH /() strain were cured also. although the dose required was at least 16
times that required for the Ouk Knoll strain, Infections of the multiresistant Yiel-
nam Smith stramn wers nol uniformly cured at doses five to ten times those that
consistently cured infections of the Malayan Camp-CH /) strain. Thus, the activity
ol WR 158122 and WR 139412 proved 1o be inversely related to the level of pyri-
methamine resistance exhibited by these three strains.

Additicnally, subcurative treatment with WR 158122 and WR 159412 of the
Malayan Camp and Oak Knoll strains rapidly produced strains highly resistant to
these quinazolines, For example, quinazoline-resistant Oak Knoll strains could not
be cured with a dose 500 times greater than that which cured the normal strain.

Cross-resistance between WR 158122 and pyrimethamine also occurred in 2.
eivax infections (ScHMmT 19792), The caleulated Clg, for cures of the pyrimeth-
aming-resistant Vietnam Pale Alto strain was about 13 times greater than that
required for the pyrimethamine-sensitive New Guinea Chesson strain, Repeated
treatments with WR 138122 ofinfections of the Vietnam Palo Alto strain resulted
in resistance to the compound.
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ScimMinT (1973, 1979 ) then examined the activities of WR 158122 and WR
59412, both dihydrofolic acid reductase inhibitors, when administered in com-
bination with a p-aminobenzoic acid mhibitor, sulphadiazine. Such combination
therapy did prevent emergence of P faleiparum parasites resistant to WR 58122
and WE 139412 and the activities of both compounds were increased, so that small
doses of WR 158122 cured infections of the highly pyrimethaming-resistant Viet-
nam Smith strain and the Vietnam Pale Alto steain of PLovfeax,

In addition to WR 138122 and WE 139412, five other 2,4-diamino-6-substi-
tuted quinazelines were tested by ScismroT (1979 ) against infections of the chloro-
quine-resistant ¥Vietnam Oak Knoll and pyrimethamineg-resistant Malayan Camp-
CHQ strains of P fuleiparwm. Overall, these five compounds possessed less cura-
tive activily than WR 1538122 and WR 1539412,

¢l d-Aminoguinolines

A group of seven d-aminoquinelines was evaluated by Scrsor et al. (1977 ¢) far
antmalarial activity against chloroquine-susceptible and chloreguine-resistant
strains of P falciparust, The compounds were chloroquing, amodiaguine, amao-
pyroguine, dichloroquinazine (12278 RP), SN 8137, SN Y584, and S 10274, All
ol the compounds possessed similar activity against chlorogquine-sensitive strains.
As owould be anticipated, the activities of amodiagquine, amaopyroguine, and
dichlorguinazine were less agninst Lhe chloroguine-resistant strains; however, these
compounds did cure, at well-tolerated doses, infections by such strains. Since the
cross-resistance between certain d-aminoguinelings and chloroguine-resistant Fal-
ciparum strains in the Aoses model was limited, Scioonr et al, {1977 ¢) cogently
argued for the continued, targeted development of 4-aminoguinelines which could
prave to be effective against chloroguine-resistant strains.

i} Arminoalcohols

w) d-Chnofinemeilanels. The antimalaral assessmen! ol some twelve d-quino-
linemethanols against chloroguine-sensitive and chloroquine-resistant P falei-
partent strains and the Vietnam Palo Alle and New Guines Chesson straing of 2.
oftax was reporled by Scasier (1973) and Scamior et al, (1978a). One of these
compounds, WR 142490  [o-(2-mpenidyl}-2.8-{bis-trifluoromethyl-4-quinoling-
methanc] hydrachloride] (subsequently named melloquing), proved to be the most
active of the 4-quinolinemethanols, The CDy,s lo cure Lthe pyrimethamine-resis-
tant Malayun Camp-CH/Q strain and the chloroquine-resistant Vietnam Oak
Knoll strain were identical {in T-day admimstraton, the Chy, was a total of 140
meg'ke). To cure infections of the multiresistant Vietnam Smith stram, the CD,
was 4 wtal of 28.0 mg/ke, Moreover it was shown that the curalive activily of
meflogquine is a function of the tetal amount of drug adminisicred, either as a single
dose, ar the same telul amount adnumstered overa period of 3 or 7 days,

Mefloquine was highly active aguinst vivax infections, The CDyys ina T-day
rezimen, against the Palo Alto and Chesson strains ol P pivax were Lotal deses of
g.0und 140 mg/ke. respectively.
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The activities of two other 4-quinolinemesthanals were detailed by ScHMIT cl
al, (1978d): WR IB4086  [o-( Yere-butylaminosthyl)-2.8-bis-(trilluaromethyl}-4-
quinolinemethanol]  and  WE 226253 [e-( 2-paperidyl}-2-trifluaromethyl-6 8-
dichloro-4-guinolinemethanael], The total curative dose of WER 184806 required for
infeclions of the Vietnam Smith strain was two o three times that required for the
Vietnam Oak Knoll strain, WR 184504 was about onc-third as active as meflo-
quine against the Vietnam Smith sirain, WR 226233 was five 10 ten limes more ac-
tive than WR 184806 against the Vietnam Smith strain, Moreover, WR 226253
wis Lwice as active as melloquing against infections with this multivesistant drug
strain. The curative activitics of bath WR 134806 and WER 226253 were shown Lo
be a functien of the Lotal dose administered, whether delivered as a single dose. or
three or seven daily doses.

The antimalarial activity of the above d-quinolinemethanols was greater
against infections of the Vietnam Palo Alle P, vivax strain than amainst bath 2
Faletparam strains.

fi1 9-Phenantivenetnedhanols. A total of 17 compounds in this chemicul class
was assessed by Scumior (1978 b) and Scisuor et al (1978 by against £ falciparnm
infections. WR 122455 proved Lo be the most active compound, with a CDyy of
25.0 mg base/kg administered for 7 days aguinst chloroquine-resistant and chloro-
(uine-sensitive strains, as well a8 pyrimethamine-sensitive and pyrimethamine-re-
sistant strains. Mareover, in comparison with chlorogquine, WR 122455 was two
ta four limes more active against chloroguine-susceptible falciparum strains. Cures
were effected with single, 3-day, or T-day doses, efficacy being related to the total
dose administered.

Acsecond, active compound in this class was WE 17166Y (now also called halo-
faniring). While it was equally active against a chloroquine-resistant ( Vietnam Oak
Knoll) and a chloroguine-sensitive siram (Malayan Camp-CH/OQ), it was less ao-
tive against these strains when compared with WR 122455,

7 d-Pyridinemethansls. SCHMIDT el al. {1978 ¢) and ScrMinT (1979d) assessed
the activities of 2.6-substituted-4-pyridinemethanals against P, falciparum strains
af diverse drug susceptibility and resistance, Of ten compounds evalusted, three
owo wers diastereoisomers) were bwo to three times more active than chloreguine
against infections of a chloregquine-sensitive struin; at the same doses they were
similarly effective azainst the multiresistant Vietnam Smath strain.

Further assessment of two compounds, WR 172435 and WR 180409, against
the Sruth strain of P, faleiparum and the chloroguine-sensitive Vietnam Palo Allo
strain of P vivax indicated the following: {a) with oral administration of the same
total dose, 3-day and 7-day treatment schedules were similarly effective and some-
what better than a single-dose administration; (b) the activity of WR 172435 was
somewhat greater than that of WR 180409; (¢) the phosphate salt of WR 150409
could be administered intravenously and proved to be elfective; (d) more rapid
control of parasitaemia was oblained with either compound than any standard or
new antimalarial compound; and {e) the therapeutic indices of the two drugs were
four to eight times thal of chloroquine against chioroquine-susceptible strains,
with similar indices ngainst drug-resistant strains.
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A dihydro-acridinedione. floxacrine [7-chloro-10-hydroxy-3-{4-trifluoromethyl-
phenyll-3.4- dibydroacndine- LW 2L TOH)-dione], was evaluated by SCHMIDT
CLATY C) against two P faleiparasm straing, Smith and Qak Knoll, and the Pale Allo
strain of P vivax, While Hoxacrine was cqually suppressive against the three
sirains, it was less effective as a curative azent. From 6 1o 64 times the dose required
for parasile clearance was required for cure. To cure infections of the twao lalei
parum and one vivax strain, more than a tenfold increase in doses was necessary,
Floxacrine resistance occurred rapidly while treating the P wivax infections. The
prophvlactic and radical curative activity of floxacrine against P. eyaomelgi infec-
tons s discussed ina subsequent seetion,

Activites ol wo e-cresol dertvatives, WIR 194965 [2-(i-bulyl-aminomethyly-4-
t-hutyl-0-{4-chlorophenyl)-phenel] and WER 204165 [36-bis-(r-butv])-5-{(4-chloro-
phenyl1-2H, 4H-13-henzo-oxaving] were asscssed against the Vietnam Smith
strain of P faleiparuen by Sciouer and Crosey (1978). This pilot evaluation
showed that both compounds had similar CDyes, total doses of 27.0 and 330, re-
spectively, and that these values were similar to that of mefloguing (WR 1424900,
Further studics with WER 194965 against the Vietnam Smith surain of & falciparim
and Vietnam Palo Alto strain ol & sivax mdicated thar the antimalarial activity
was similar whether the drug was administered inoa single dose, o divided inte
three or seven daily doses. Parasitaemias were eleared rapidly. WER 194965 was
whoul twice as active azainst infections of the Vietnam Palo Allo strain as against
the Victnam Smith sirin.

SeaMinT et al (19770, using the pyrimethamine-resistant Vietnam Pale Alto
strain of P pivay. showed that the curative activity of pyrimethiamine was inereased
L6 tmes and sulphadiazine 64 times when these two compounds were administersd
in combination. The curative dose of pyrimethamine in the combined regimen
proved to be cquivalent 1o the dose in a single drug regimen against the pyrimeth-
amine-sensitive New Guines Chesson vivax sirain,

Using the P fadeiparam Camp strain, VoLcer et al, (1969) cured an infection
with a single oral administration of sulfadoxine plus pyrimethaming, at doses of
20,0 mg/ke and 2.0 mg'kg, respectively. Intramuscular treatment of an infected
monkey with 3.0-30.0 mg/kg doses, only cleared the parasitacmia, while the recru-
ilescence was cured with a similar regimen,

The activity of two chlorinated lincomyein analogues against the chloroguing-
resistant Vielnam Oak Kool stran of P fadeiparas was examined by PowERS anid
Jacoms (19720, Seven-day oral admemisiration of U 24 {V-demethyl-4-penty] clin-
damyein hydrochloride) proved to be curative at doses of 100 and 300 mgke.
Clindamycin hydrochlorde (U 21} was curative at 75.0 mg/kg. Parasile clearance
was slow, and they suggested that hncomyan should be combined with chloro-
quine or guinine,

Gioew et al (1978) reported on the experimental induction, by subcurative ther-
apy, of RIII quinine resistance in the P, fafeiparam Panama [ stean. This was the
lirst such occurrence using @ non-human primate model, The aulhors were con-
cerned that, although R quinine resistance in the feld is unusual, increased gui-
NLOE Fe3anee May dpPRear In many areas.
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(. Use in Tissue Schizontocide Studies
[. Simian Plasmodia
. Plasmodinm crnomedof in Maeaca mdatta {Rhesns Monkey)

ap Aminobensens

RC 12 [1.2-dimethoxy-4-(bis-diethhylaminocthyl)-amine-5-hromo-henzeng] was
the subject of two reports, SCHMIDT eL al. {1966 Tound that RO 12 acied as 3 pro-
phylactic against P. cynontolgs when administered 1 day before sporazoite inocu-
lation, on the day of inoculation, and for 7 days alfter, Radical cures were achieved
when RC 12, in conjunction with chlarogquine, wis administersd daily for 14 diys.

In a series of experiments, Sooeman et al. (1972) confirmed that RO 12 does
passess causal prophyvluctic capability against P evnomolei in rhesus momkevs.
Following a single weekly admimistration of a 25.0 my kg dose for 6 weeks, a group
of rhesus was challenged with sporozoites and trestment continued for an addi-
tonal 3 weeks, No patent infections developed in the treated animals. To lest for
radieal curative activily, patent parasitacmias were cleared by quinine or chloro-
quine. and then groups of five rhesus each were treated with 25,0 mg/kg of RO 12,
For 5, 6 or 7 days. No regimen proved able to eradicate com pletely the tissue stages,
asrelapses occurred in animals in each group.

b} Chnoling Ester

RyEEy and PETERS (19707 examined the cansal prophylictic activity of a quinaline
ester (ICT 367207 in the rhesus model. A total of ten daily doses al 20.0 mg ke did
protect monkeys from infection, no infections developed in primaquine-treated

comparison subjects and patent parasitaemias developed in unireated controls.

¢l B-Aminogquinolings

While primaquine is the only drug curcently available for the radical cure of P, ¢i-
vax infeetions, it is sometimes toxic in individual people wha have glucose-6-phos-
phale dehydrogenase (GEPD) deficiency. Primaguing is a racemic mixture, Becent-
ly SCHMIDT el al. (1977 a) were uble 1o compare the radical curative activity of the
o and ! 1somers with the racemate against P. cymamoles infections in the rhesus
mankey. All three forms were equivalent in their curative capacity when admin-
istered for 7 days with chloroquine. The therapeutic index of d-primaguine proved
Lo he at least twice that of primaquine, Based upon their observations, the authors
suggested that human trals with the  isomer should he carricd out and projected
that a T-day dosage regimen might not canse haemolvtic reactions in patients with
CraPTY deficiency.

n a report covering the period 1946-1975, Scumior et al. (1977d) deall with
the total dose concept for radical cure by various 8-aminogquinolines, They showed
that P-day and I4-day dosage regimens of pamaquine. pentaquine or isopen -
quine (with quining as a blood schizontocide) were equally effective in radically
curing infections with the M strain o P, cynonptolei. Primaguine (with chloroguine)
wils s effective in o T-day dosage regimen as in a 14-day regimen in cu ring infeo-
tions of the B strain of . cynomelsi. Primaquineg or d-methyl primagquine (with
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chloraquine) proved Lo be equally effective in single dose, 3-day and T-day dosage
regimens as curative agents for B strain infections, Thus, duration of lreatment
with $-aminoquinolines is not the eritical faetor in achieving radical cure, the total
dose administered being the essential element, This supports the concepts of seeking
new radical curalive agents, less toxic than primaguine, which will produce radical
curein |- or 3-day dosaze regimens.

d) 4-Quinolingmethanol

The bleod schizontocidal propertics of melloguine were discussed in o previous
seelion. Melloguine does not possess the capacity to act as a prophylactic or radi-
cal curalive agent against sporozoite-induced P, cywomadgi infections, as shown by
ScHMieT et al, (19784). However, when mefloguine was used in conjunction with
primagquine for radical cure, it proved 1o be as elfective as chloroquine.

o) Inmbvdroacridinedione

The activity of floxacrine against trophozoite-induced infections of human plas-
modia was indicated in a previous section., Evaluation of floxacring by SCHMnT
(1979 ¢} for prophylactic activity showed thal, when administered after inoculation
ol P eynamolyi sporozoites, it afforded complete protection in thesus mankeys, Of
particular interest is that foxacrine does not act as o radical curative agent. No pre-
vious compound has exhibited such divergent activity against lissue schizonts, As
the compound produced a hacmorrhagic syndrome in some treated monkeys, ils
potential usefulness as a prophylactic agent may be limted.

£ 24-Diamine-6-Substituted Cuinazolines

The evaluation by ScHMMT and Rossan (1979 of CT 679, 2 4-diamino-6- [(3.4-
dichlorabenzyll-nitrosoamina]-guinazoline. against pyrimethamine-sensitive {Ro)
and pyrimethamine-resistant (Ro/PM) strains of £, conemolei showed that the com-
pound possesses neither causal prophylactic nor radical curalive activity against ci-
ther strain, There was, however, a dose-related delay in the onset of patency in both
strains, ag well as extensions of relapse intervals i the radical curative activity
L'-'.]['l'l]']t"-]']L'['ll.

o) Antibiotics
Two reporls were concerned with the effect of antibiotics on exeeryvihrocyliic
Slages.

SousmT et al, (19700 showed that both 7-chlorolincomyern (1 21251 F) and N-
demethyl-d-pentyl-7-chloro-lincomyein (U 2472945 delayed the onset of parasi-
tacmia during causal prophylactic studies of £, cymomelgi (B strain) in rhesus mon-
keya, Similar delays ensued when the compounds were tested against the pyrimeth-
amine-susceptible (R o) and -resistant {Eo/PM) strams of Pooopmomedgi, U 247294
effected o longer delay in the onset of pateney thun did U 21231F and examination
of liver sections showed that the former’s activity was directly against the develop-
ing pre-erythrooylic stages, Radical cures of P oopnomelzi infections were not
aehicved with T 21250F, but U 24729A administered at a dose of 100 mg/ke for
7 days cured one of cight infections, and at a dose of 40.0 mg/ke lor 7 days cured
two of three infections,
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Om day 3 and 4 following inoculation of P, pieax sparozoites into a chimpanzes,
Ciamnean et al, (1971) admimstered oxyvtetracyeline (Terrumyein) because of see-
ondary illness in the ammal. No exoerythrocyte stages could be demonstrated in
sections Trom a liver biopsy obtained on day 8 and patency was delaved 12 days.
This observation prompted a further study, using sporozoites of P, cvnamolei e -
fopensis in the rhesus monkey. An untreated control had normal excerythrocvtic
schizonts in an S-day liver biopsy, and a patent nfection beginning the sume day,
Acsecond rhesus, reated with oxytetracyeline on davs 3 and 4 postinoculution, had
small and abnormal exoerythrocytic schizonts on davs § and 11. The prepatent
period was 12 days,

h) Cyclopentanc
WE 4997 (l-aminocyclopentanc-carboxylic acid) was shown by Osan and Cor
LiNs [1974) to have no prophylactic activity against P. cvnomoled,

i) @-Thenanthrenemethanaol

Assessment by ScisnnT et al (1978 b af the tissue schizentocidal activities of W R
122435 showed that administration of the drug during the incubation periad lol-
lewing inoculation of P.eynamelzd sporozaoites had no effect on the developing pre-
ervthrocytic forms. Patent parasitaemias in the treated animals oceurred on the
same day as the untreated controls. While retreatment of the patent infections
cleared the parasites, subsequent relapses indicated that WR 122453 has ne acty.
ily azainst the secondary tssue schizonis,

2. Plasmodium fieldi
Coreing and Contacos (1971) reported the first chemotherapeutic studies with
this malaria species in rhesus monkeys, Sporozoite-induced infections of three P,
Heldi strains were treated with curative blood schizontocidal doses of quinine (300
mg = 3 or T days)or chloroquine (30 mg x 3 days or 130 mg x 2 days). Relapses oc-
curred in seven of seven monkeys, multiply treated, during 1 vear’s observation.
In ome rhesus, 13 such relapses were abserved, following administration of 300 mg
quining for 7 days.

The authors concluded that this model woulid be suitable for additional chema-
therapy stwdics.

LI, Human Plasmodia

A definitive non-human primate model for the wesling of causal prophylactic and!

or radical curative agents has vet to be estublished, the issue being mare critical for

Fovivax than for P, falciparun as there are no persisting exoerythrocvtic forms for

the latler species, An ideal system would require the following:

I Production, in a vertebrate host, of infectious gametocytes during relatively de-
fined periods

- An efficient veetor, in which the salivary zlands became heavily infected with
spoToFoles

3A consistently reproducible prepatent period 1in monkey recipients and all

sporozoite-inoculated, untreated anumals should develop patent parasitaemias

b}
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No mosquite New World moenkey system has been found Lo satisfy all of these
criters, as the data summarised in Table 2 show, When sporozomites of P vivex
were inoculated in AL friviveatus, the per cent of anitals in which patent infections
developed varied from 7 to 75, while the prepatent period ranged from 8 to 48 days.
Fewer trials have been reported for £ fudeiparum transmission attempts, bul Cor-
Lins e al. (1977, 1979) were relatively successful in obtaining patent infections in
A trivirgates, 74% and 86%., respectively. of those inoculated, Prepatent periods,
however, ranged romm 17 1o 67 days, None ol these moedels could be considerad use-
[ul for examining the prophylactic potential of compoeunds, according 1o the thind
destderata stated ahove. The Povives svstem might serve a limited use in evaluating
raclical curative efficacy. Such a svstem was developed Tor the squirrel maonkey
[ Saimivi seiwrews) inlected with P, efvax

Diani et al. (1966) first reported the susceptibility of S, sciwrens to P, eivax by
the inoculation of infected human blood, Younc et al. (1971) and Rossan et al.
{1972) showed that squirrel monkeys could be infected with blood containing an
Aotns-adapted P, vivax strain and extended this observation by cstablishing
spororoite-induced infections. The model was then wsed by Rossax et al. (1973)
o evaluate the aetivity of standard antimalarial compounds. Trophozoite-induced
infections were cured by a single 20.0 mg basg kg dose of chloroquine, or by three
daily doses of 10,0, 10,0, and 5.0 mg base/kg. The 3-day regimen of chloroguine.
plus primagquime given for 14 days at a dose of 1.0 mg base/ke daily cured
sporczaite-induced infechions.

When sparozoite-induced infections in 8. seiwreny were treated with chioro-
quine at asingle 100 mg base/kg dose or a total 25.0 mg base/kg dose administered
in ¥ davs, relapses occurred in three of seven surviving monkeys and also in un-

Table 2. Summary of atlempts 1o obtain sporesoile-induced infections of £
sive and P ffeiporma in Aotus trivirgaius

Monkevs Prepatent pericd Relerence
Mo, positive/ (days range)
Mo, anoclaned

Povira
3 & =20 Barme ot al. (19659
21 Ho42 [ Barma, N, Bossan,
m I YOG
{L:u]‘:l.lh“.:ihcd datad
12422 1445 CoLumwselal, (197534)
211 in-i2 Corramscl ol (1980
14 1242 Woarn etal, (1969)
P fedeiparani
Il i) CoLnrmsancd Comracns
(1972
L 57 Corersetal (19736
2p2T 174 CoLnims et al (1977
17-19 CoLLis el al, (1979)
1/Z 33 Flavisand Warn (1977
12 14 Warnand Haves (1972}
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treated control animals, Infections relapsed in A, wieireares inoculated with vivax
sporozoites and treated only with chlorequine in three daily doses of 1000, 100,
and 3.0 mg base/kg, These results were the first chemotherapeutic evidence for the
persisience of exoerythrocyticstages of P, gévay in Mew World monkeys.,

D. Conclusion

During the past decade, the development of the Aoas human Mlasmodium model
for the testing ol experimental antimalarial drogs praved ta be an invaluable aesel
in the ficld of chemotherapy. Evaluatons of numerous drugs in at least cighi
chemical classes have been reported, resulting in a wide spectrum of efficacy
against the blood stages of P folciporon and P. vivax. The most promising new
agent is melloguine, a d-quinolinemethanol. possessing signilicant activity against
the muludrug-resistant Vietnam Smuth strain of P, faleiparumn.

SCHMIpT et al. (1977¢) showed that the cross-resistance belween chloroguine
and amodiaguine in resistant strains of £ falviparmn was nol ahsolute, thus argu-
ing for the development of other, pelentially effective, 4-aminaquinaline
analogues,

Mo single outstanding new drog was eviluated against the trophosoite stages
of P.epnemelgi in the rthesus monkey model. OF interest, however, 1 thal an anti-
bietic, lincomycin, proved to have both blood schizontocidal und some causal pro-
phylactic activity. In the latter instance, the activity was manifested by a delay in
the onset of patent infections following inoculation of P, e vaomelzd sporeroiles,

The problems assoctated with primaguing as a radical curative agent may be
obviated based upon studies by SciiaroT et al, (1977 a.d). The use of the o isomer
af primaguine in a 7-day dosage regimen may cure naturally acquired infections
af £ vivax and nol produce a haemolytic crisis in glucose-G-phosphate dehydroge-
nase-deficient patients, since this isomer is less toxic than the normally used drug.

The search for effective new antmularial drugs must continue as new peo-
graphical areas with drug-resistant 2, faleiparion strains are continually being iden-
tified.

Dedicarion. This chapter is dedicated 1o Dr. Leox H, Scusinsr, who pioneered the
development of non-human primate medels, using simian und human plasmodia, Tor the
assesament of experimental antimalarial dregs, His werk has contritued sipmificantly 1o
the advancerment in chemotherapy of human malarias.
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