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New tissue schizontocidal antimalarial drugs
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Cver 700 causal prophylectic and radical curative antimalarial drugs have been dis-
covered during the screening of approximaiely 4000 chemical compounds in rodent and
simiéan malaria models. Causal prophylactic activity in the Plasmodium berghei-rodens
model was deronstrated by 10 distinet graoups of chemicals: [) teirahvdrofolate debydro-
genase inhibitors, 2) nophthogquinones, 3} diydroacridinediones, 4} lefrahvdrofurans,
5) guanylhydrazones, 6} angiogues of clopidol, 7) guinoline esters, &) dibenzylreirahvdro-
pyrinticines, 2 S-aminoguineiines, 10 S-amincguinolines,

O the causal prophylactic compounds, only the 6- and S-aminoguinolines were capable
af curing persistent excerythrocytic infections of P.oynomolgi in rhesus monkevs. The
Seamincguinolines were substantially less gotive than primaguine.

This report describes a series of 4-methyl-5-phenoxy-6-methoxy-8-aminoguinolines,
witich are potent Mlood schizontocides and radical curarive drugs. The most active meniber of
this series, d-methyi-5-f3-triflnoromerhyiphenoxyi-G-methoxy-8-fid-amino-l-methyibutvl)
amingfquineline succingre (WR 225448), was 3 times more acrive than primaguine in curing
persistent exoerythrocyiic infections of P, cynomolgl in rhesus monkeys,

Axablood schizontocide, WR 225448 was effective n animal models against P, berghei,
P.cynomolgl, PLovivax, and both drug-sensitive and drug-resistant strains of P. falciparum,
Wi 223448 was also more toxic than primaguine in rals on subagcute (28-day)

o niinistration.

The number of antimalanal drugs currently avail-
able for clinical use, as causal prophylactic or radieal
curative drugs, is extremely limited, Only primaguine,
the S-aminceguinoline introduced nearly 30 years ago,
is clinically effective against the persistent tissue stages
of Plasmodium vivax or P oovale in man. Close
analogues, such as pentaquine, isopentaquine, pama-
quing, quinocide, etc., are either less effective or more
toxic than primaguing in clinical use.

The toxicity of primaquine limits its clinical useful-
ness in both prophylactic and therapeatic applica-
tiens, The most serious side-effect is hagmaolysis,
which oceurs in individuals who are genetically defi-
cient in glucose-6-phosphate dehydrogenase (EC
LLEA9) (f, 21 Methaemuoglobinasmia, abdominal
cramping, and epigastric distress are also significant
side-effects of many S-amincguinolings (3}, The
Z-aminoguinolines as a class are hepatotaxic (4, and,
while this is seldom a problem when primaquine is
administered in acceptable dosages, it is a potential
harard of overdosing.
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Drug resistance has developed to almost every blood
schizontocidal drug currently in clinical use. Fortu-
nately, although there are geopraphic differences in
the susceptibility of persistent rissue stages of vivax
malaria to primaquine (3, ), no rue drog resistance
has been uneguivocally demonstrated. However, the
ease with which Arnold et al. (§) were able to induce
primaguine resistance experimentally in vivax malaria
emphasizes the need for alternative tissue schizonto-
cides,

Because primaguine is uniguee as a radical curative
drug and because the associated side-effects severely
limit its use, it was decided several vears ago to initiate
a modest screening effort to search for alternative
drugs, as part of the US Army Antimalarial Program.
Approximately 4000 compounds of diverse structure
have been screened, a high proportion of which were
analogues of compounds previously reported to have
tissue schizontocidal activiey.

In developing the screening strategy, existing animal
models for causal prophylactic and radical curative
testing were used. Tissue schizontocidal testing is
intrinsically more complex and difficult than blood
schizontocidal testing, and none of the existing models
were capable of supporting economical, large-scale
screening. It was necessary, therefore, to develop
medels to meet the needs of the programme. Several
models were developed and operated by collaborating
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laboratories, and some of these will be described,

The data provided are intended (o highlight some of
the approaches that have vielded tissue schizoncocidal
compounds with improved activity., The approaches
that were unproductive will also be indicated,

METHODE

Inaddition to the causal prophylactic testing against
sporozoite-induced P voelii malaria in rodents, which
was performed by the authors, test data were also
provided by Wallace Peters of the Liverpool School of
Tropical Medicine, and by Harry Most of New York
University. Radical curative testing against sporozoite-
induced P. eynomaeled malaria in rhesus monkeys was
performed by Leon Schmidt of Southern Research
Institute, Birmingham, Alabarma, and by the awthors.
Toxicological studies were performed by C.C. Lee of
Midwest Research [nstitute.

The primary mouse prophylactic screening was per-
formed using methods described by Rane & Kinnamon
{7). In this screen, the test compound is administered
subcutaneously 1o ICRAHa mice, and followed two
hours later by an intraperitoneal inoculation of a lethal
dose of P veelli sporozoites. If the compound has
activity against the pre-erythrooytic stages, orifitisa
blood schizontocide and persists long enough to sup-
press the blood forms emerging after day 3, survival
time of the treated mice is prolonged. In this screening
medel, there 15 a 99% mortality rate among infected,
untreated controls, with deaths occurning belween
days 6 and 17 (mean survival time, 9.8 days), A test
compound s considered active if 2 or more treated
mice survive (o 30 days at any drug dose.

It is to be emphasized that this screening test is not
specific, since both cauwsal prophylactic compounds
and persistent blood schizontocides give positive
results. Nevertheless, it does provide for rapid, inex-
pensive screening of large numbers of compounds,
and identifies the majority of blood schizontocides
that are not persistent.

Compounds that were active in the primary prophy-
lactic mouse screen were evaluated in one of the mors
definitive rodent tests, which are capable of distin-
guizhing causal prophylactic compounds from those
possessing only residual blood schizontocidal activity.

The mouse causal prophylactic test described by
Gregory & Peters (8) uses mice inoculated with sporo-
zoites of P. yoelil, with parasitized blood, and with
both. By a mathematical analysis of the cffects of the
test compound on the subseguent parasitacmias, it is
possible to identify compounds that are truly cawsal
prophylactics, and to estimate the level of activity.

A sccond causal prophylactic model developed by
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Mest & Montouri (9) also distinguishes berween causal
prophylactic and suppressive prophylactic activity. In
this model, rats arc given the test drug on two consecu-
tive days, and, on the second day, are also inoculated
intravenously with either 10 000 or 230 (00 P. herghei
sporozoites. Those receiving the higher sporozoite
inoculum are sacrificed 43-45 h after inoculation and
their bivers are removed, sectioned, stained, and ex-
amingd microscopically for exeervthrocyic forms.
Significant reduction or absence of exoerythrocytic
forms is indicative of causal prophylaxis. The course
of the parasitacmia following drug admimstration is
maonitored in the rats that received the lower sporozoite
inoculum. Absence of parasitaemia on examination of
stained hlood flms, confirmed by subinoculation of
Blood into mice, indicates a parasitological cure,
which, in the absence of a cure of exoervthrocytic
forms in the liver at 43-43 h, is indicative of suppres-
sivee prophylaxis.

Radical curative testing against petsistent tissue
stages of P cyromolgi bastiorelli malaria in rhesus
monkeys was performed using the methods described
by Schmidt et al. (/). In this model, the test com-
pound 15 administered orally for 7 consecutive days,
beginning 10-12 days after intravenous inoculation of
0.5-1.5x10% sporozoites (2—4 days after the appear-
ance of parazitaemia). Chlorogquine phosphate
(5 mes kg of body weight per dav) is administered con-
comitantly with the test compound (o eliminate blood
forms and (o permit assessment of the drug's activiey
against tissue stages, which are unaffected by chloro-
quine. Relapse of parasitacmia after completion of the
drug regimen is indicative of the failure of the est
compound Lo eliminale all exoervthrocytic parasites.
If parasitaemia does not reappear within 100 days (or
within 30 dayain the experiments in whichsplenectomy
was carried out), the test compound s considered to
have cured the exoerythrooytic infection,

In the prophylactic rodent models, blood schizonto-
cidal activity has an important impact on the interpre-
tarion of results because the tissue stages of rodent
malaria are present for such a short time. For this
reason, data on the blood schizontocidal activity of
compounds were alse obtained using the Rang model
(1), which is a primary blood schizontocidal screenin
mice. In this test, infected mice surviving for 60 days
after administration of a single subcutaneous dose of
the test compound are considered cured. Deaths
occurring before day 6 are considered to be a result of
drug toxicity.

The blopd schizontocidal activities of 7-day
regimens of W 225448 and pnmaquine were also
assessed  apainst trophozoite-induced infections of
Fooynomolg in thesus monkeys ([2) and against
Povivay in Aotus triviegatus monkeys of Panamanian
arigin, using methods described by Schmadt for
Colombian owl monkeys (3.
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RESLULTS

The results of tissue schizontocidal 1ests Tor non-
aminoguinolines are présented in Table 1, Only ¢om-
pounds that have been sufficiently well rested to
provide assurance of true tissue schizontocidal activity
are incloded. Furthermore, for cach class of com-
pound, only the most active representatives are
mentioned.

The compounds in Table 1 are prouped according to
chemical class. Each compound is wentificd by its
Walter Reed (WER) accession number, The corres-
ponding structueral formulag are given in Annex 1,
Primary prophylactic mouse screening results are ex-
pressed as a S0% effective dose (ED.,), which is
defined as the lowest test dose (administered orally or
subcutaneously) that permatied at least 30% of the ani-
mals to survive the otherwise lethal sporozoite inocu-
lum. In cach case in which true causal prophylactic
activity was confirmed in one or both of the secondary
rodent models (8, 9, thas is indicated. & primagquins
index, indicating the activity of the test compound
relative o primaguine, is provided for the cases where
the data abtained in the Peters model were adequate.

Results of radical curative testing in the rhesus
monkey— & cynomolei model are also provided, and
again expressed as a primaguine index, The test com-
pound is considered inactive if no monkey was cured at
the maximum dose tested (generally 10 megs ke of body
weight per day for T davs).

Results of blood schizontocidal testing in the Rane
mose model are presented as an approximate S0%%
curative dose (CDg,), which is defined as the lowest
dose at which 30% or more of the mice were cured.
Compounds producing no increase in survival time ar
the highest dose tested (640 medke of bodv welght) are
scorgd as inactive. For compounds that signaficantly
increased survival time, but that were not sufficiently
active to effect cures, the highest dose tested is
indicated.

Tetrahydrofolate dehydrogenase inhibitors

Because of the many reports in the scientific litera-
ture indicating causal prophylactic activity of this class
of compound bothinanimal models and inman, many
diaminopyrimidines, triazines, gquinazolines, preri-
dines, amd related inhibitors of tetrahvdrofolate
dehydrogenase (dihvdrofolate reductase) (EC 1.5.1.3)
have been sereened for tissue schirontocidal activity,
& few examples are presented in Table 1. In general,
these compounds, which are blood schizontocides, are
dalso potent causal prophylactic agents in the rodent
maodels. Mone of the compounds, however, have ever
exhibited activity against persistent tissue forms in the
rhesus monkey maodel.
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MNaphthoguinones

A number of analogues of the well-known causal
prophylactic compound menoctone (M) have been
tested. Many, including WER 6012 and WR 25175,
have exhibited causal prophvlactic activity in the
rodent models, but none has heen more active than
menoctone, Furthermore, neither menoctone nor its
analogues have exhibited radical curative activity in
the thesus model. Because naphthoquinones are not
readily absorbed in rhesus monkeyswhenadministered
orally, the intramuscular route was used for the radical
Curative tests,

Dikvdroacridinediones

A number of analogues of the Hoechst compound
Floxacrine (WH 233602) have been screcned for
tissue schizonrocidal activity, Like Floxacrine{[5), the
analogues listed in Table 1 exbibited porent causal
prophylactic activity in the rodent medels, but none
had radical curative activity against P ovacenolel in
rhesus monkeys, As vet, only Floxacrine has been
tested for causal prophylactic activity in the rhesus
model (13

Tetrahvdrofurans

The causal prophylactic activity of this ¢lass of com-
pounds bhas been described by Peters (18), On this
hasis, a number of analogues have heen sereensd, and
have exhibited causal prophylactic activity, These
compounds reversibly inhibit the growth of folate-
dependent bacteria (C.C. Smith, personal communi-
cation, 1971), and may be tetrahvdrofolate debwdro-
genase inhibitors. Like other compounds with this
mechanism of action, they have cavsal prophylactic
activity in the rodent models, bat have no radical
curative activily against P, cpromolgi, Cutiously, the
compounds with a complete furan ring sysiem are
maore potent blood schizontocides, while those that
may be viewed as an opened ring (e.g., WR 179305
and WER 199334), appear to be more potent causal
prophylactics.

Guanylhydragones

A pumber of guanylbydrazones have been found to
have modest blood schizontocidal and causal prophy-
lactic activity in the rodent models. One of these,
WER 9792, has been tested against P cvromaolgi, but
had no radical curative activity,

Clogidol enalogues

Clopidol {(WR 61112) and one of two analogues
tested had weak cavsal prophylactic activity in the

@ Techloro-3,d-dibydroe WRBiydroxy-3[d-[iriMueromethyliphenyl]
-1,5%(2H, MO -acridinedione.
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Tabla 1. Antimalarial zctivity of non-aminoguinclings

Maousa causal Rhesus/ Meouse Dl
prophylactic screan F. eynomolgl schizontocidal tast
ED,, (rmg/ kg of redicel curative img/kg of body weight
WH by wisighil lest subcutarsus
compaiand ne _RALE R
Blinirrgm
Suwbcutanacus Qral Primaguine indax Chy, toxic dosa
Terfrakryarofolate delpdroienase inflifors
2878 12585 2.5 inactive ED 160
CP ectiva®
£473 £0.0 28 ingetive =840 = gdld
CP agtiva®
ko] 083 0.63 inactiva® E0 = G4
155412 1.25* 1.25 inactive® 10 = G40
206891 2g0b 25 inactive 10 = G40
Naphrhoguinanes
49808 104 1o inactive 330 > G40
{intrarmuscular)
[ingstive orally]
6012 40a b 404 inactive 320 > B40
{intrarnugcular}
25175 Aipa o A inative = BA = &l
{intramuscular}
i crms riching ol
233602 25 5 EACTwE 20 640
timtramuscularl
CP active®
FERERG 169 & 1 ingatie 160 o B
iP = 20,6 P =061
Z2GEAT0 25 10 inactive 60 = G40
34062 160 40 imactive > 640 2 G40
Tadrahpdrafirary
93133 408 40# mactes? &0 B
190728 1604 160 [l T 80 Bk
175305 0 10 inacte® L 320
195334 a0 10 = 540 G2l
Guanpivydrazanas
9752 ant o inactive 640 160
99682 160 40 &0 = E40
91808 Aga A0 an = G
Chapioial aralegoes
E1112 1605 1680 ingative > E40 A0
156549 160 160 MG o Gl
167655 inectiva inactive inctive = B0 > Al
Ouirplime prtors
7295 160 160 o EED > 640
192905 063 0.634 inaGtive = 6540 » 540
Libanzyl pyrimidines
158124 40 A0 inAetive inactive = &40
214235 160 160
214708 160 160

# Causal prophylactic sctivity confirmed in secondary rodant model by Peters et al, 18,

& Causal prophylacric activity confiemed in secondary rodant mode! by Most & Maontouri (5],

©CP = Cousal prophylactic test; P epaormodgd in thasus monkey, Data provided by Laon H, Schmads,
& Mo toxic deaths ot highest dose tested, fe, 830mahkg of body weight.

® Data provided by Leon H. Schmide, Southarn Aesearch Institute, Birmingham, Alabama.

f P = Primeguine index in sacondary rodent modul of Patars of o, 12,
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rodent models. Radical curative activity in the rhesus
model was not detected.

Quinalones

Two analogues of the quinolones and acetoxy der-
vatives described by Ryley & Peters (771 were (ested,
One of these, WR 194905, was among the most active
causal prophivlactics in the rodent model, although its
blood schizontocidal activity was weak, In the thesus
maodel, there was no evidence of radical curative
acrivity,

Dibengplpyeimidines

Three compounds of this class have exhibited acti-
¥ily in the causal prophylactic mouse screen. While
this has not as vel been confirmed in secondary rodent
testing, results in mice suggest that the activity is not
due toresidual blood schizontocidal activity, Only one
of these compounds, WR 158124, has been tested for
radical curative activity and it was ineffective.

Table 2, Antimalarial activity of B-aminoguinalines?
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a-A minoguinelines

The results of testing of a group of 5, 8-dimethoxy-
G-aminequinolines are presented in Table 2, All of the
compounds listed were tested in the rhesus monkey
radical curative test, bul rodent causal prophylactic
and blood schizontoeidal data are not available for
several compounds. Two compounds in this group,
WER 1EE438 and MNi-147/36, exhibited modest radical
curative activity in the rhesus model, although both
were considerably less active than primaquine.
WR 128438, WR 203766, and Ni-147736 also exhibi-
ved causal prophylactic activity in the rodent systems.,

F-Aminoguinolines

The results of testing a group of 5, §-dimethoxy-7-
aminoguinolines are presented in Table 3. Mone of
these compounds had any activity ineither the prophy-
lactic or blood schizontocidal rodent meodels. One
compound, WE 213640, had weak radical curative
activity in the rhesus model,

Mouze causal Ahesus/ Muousze blood
prophylactic scresn P, oypriarnadod schizontacikdal test
EQ. (mg kg of racdical curative (g kg of body waight
body weight! tast SUBCUIANBOUS)
Campnum:l R, H, =3 i M -
e Sub- Minimurn
cutanacus Oral Prirmaquine index Co,, o dose
o, T
181614 -CH, H -CHICH, 1,NH —{ ' inactivel
M
Gt T
182144 -CH, SCHy  SCHICH, ) NH={ ' Inactive®
L]
CH;
1
132146 -CH, SGHy  CHICH b NH, Ingctiva®
CH,
1
188438 CH, -CH,  -CHICH l.NH—{ ) 16 40 016" Inactive Ga0
N
|
CoH,
108085 -CH; SCH,  ICHNICH, L, Inactive Inactived Inactive > B40
CH,
03766 -H -CH,  -CH-(CH. 1 MH, 40 LEy] Inactived
CH,
1
Mi-1470 36 “GH, CHy  -CHA{CH MG, Hy by < Q.5

# Basic chemical structure given in Annex 1.

& Data provided by L. H. Schmidt, Southern Research Institute, Birmingham, Alebama.
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Table 3. Antimalarial activity of Y-aminaquinolines®

0, B, DAVIDEON, IR ET AL

Manase cousal
prophylactic screan
ED., Imgskg of

Mouze blocd
schizoniocidal et
Imgs kg of body weig ht

Rhesus/
P, aynomalpt
radical curative

Lty wepsigghtl 125t subCUTENEGUS)
Compound F. R, f B
na. Sub- Winismem
cutanacus Qral Frimacguins irdeax o] 21N toxic dose
CH,
1
H0TTEG CH, -CH,  CH-ICH,),MIC H, ), It Inactivad Inactive > BA
CH,
1
213640 -H H CH-ACH WIS HL ), Inactive  Inactive < 0,18
CH,
1
217270 -CH, SGH,  CHACH WM, Inactive
CH,
1
218336 H -H SCHA-(CH 1, MH Inacthva Inactive®
CH,
1
218877 -H GH,  -CH-ICH,),MIC,H, ), Inactive
TH,
218348 -CH. -CH, -{TH-ICH;LNH--\_’ 3 Inactive IratThve &
i
C.H,
W
213008 -H -H -ICH ’:I*-Nx M-CH.CH,OH  Inective Inactive?

2 Basic charmical structure given in Annex 1.

b Date provided by L. H, Schmich, Southamn Aesearch Institute, Birmingham, Alabama,

F-Aminonraphthafenes

The resulis of Lesting a group of l-aminonaphiha-
lenes analogous to the d-methoxy-S8-aminoguinolines
are presented in Table 4, None of these compounds
exhibited bloed or tissue schizontocidal activiey.

E-Aminoguinolings

The results of testing of an interesting class of
S-aryloxy-f-aminoquinelines are presenied in Tables
5-10. Although side-chain variants of this class have
been synthesized and tested, only compounds with the
primaguine side-chain are included in the tables,

The results for S-phenoxy compounds without
methyl substitution on the quinoline ring are listed in
Table &, [1is particularly notable that none of the com-
pounds in this group had cavsal prophylactic activity
in the rodent models, vet all of them had radical cura-
five activity in the rhesus model, With the exception of
WR 215295 (primaquine index 3.2), the radical cura-
tive activity was modest, with primaquine indices
ranging from (0.2 to 1.4, Bleod schizontocidal activity,

like that of primaguine, was low in the mouse model,
In general, these compounds extended survival time,
but did not cure even at the highest dose tesied,
WER 216100, WER 235720, and WR 215295 were
slightly more active than primaguine as blood schizon-
tocides, curing at 320-640 medke of body weight, It s
also notable that all of these 3-phencxy compounds
were substantially less toxic than primaguine, and only
W 233724 produced toxic deaths at 640 mefke of
body weight, whercas primaquine is toxic at
[60 meske of body weight,

The results for S-phenoxy compounds with 2-methyl
substitietion on the guinoline ring are listed in Table 6.
These were also inactive in the causal prophvlactic
mouse sereen, but had radical curative activity in the
rhesus model. Again, all the Z-methy] compounds
were less toxic than primaguine in mice, and had only
weak blood schizontocidal activity, The 2-methyl-4-
chlorophenoxy and 4-flucrophenoxy cormpounds had
subistantially stronger radical curative activity than
their non-methyl substituted analogues (3.1 and 3.0
versus 1.0 and 1.4, respectivelv). The 3-trifluoro-
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Table 4. Antimalarial activity of aminonaghthalenas®

Mouse causal Rhesus/ Mo Blaed
praphylactic s B, synarmaigi schizontocidal test
ED.;Img kg of radical curativa (g kg of body welght
body weightl 1ast subcutancous)
Compound A, I, R, —_ !
EE Sk Minimarn
cutanacus Qral Primaquine index Lo, toxic dose
CH,
180428 SOCH, -H SCHICH ) MIC H b Indactive
CHy
2B OCH, AOCH,  -CHICH, ), NIC,H, b, Inactive®
TH,
DAEER OCH, -OCH, -CHICH,),NH, Inactive Inactive InActive BA0
TH,
232143 -OCH, -0CH,  -ICH L CH-NH, I tive Inactive Inactive 160
2324389 -QCH, -QCH, -CH-ICH,),-NH,; Inactive Inactive Inactive 320
CoH,

# Basi: chomical structure given in Annas 1.
& Dwty provided by L. H. Schrmidt, Southern Ressarch Institete, Birmingham, Alibama,

Table 5. Antimalarial activity of 5-phencay-B-aminoguinalines?

Maouse cawsal Rimesus’ Mousa blood
prophylactic acreen P aynondol sehizontocidal 1est
ED, . (mgika of racical curatie imqikg of body weight
Carmpeanil rd. Radigal Salt body weigith fest subcutaneaus|
Mimimum
Subcutaneous Cral Primaguine index Ch,, e dase
225374 -H H, PG, inactive inactive 1.3 > 640 = B40
182252 A-1l H,0 inactive inactiva 1.0 = B0 = B0
21100 4-F Succinate inactive insctive 1.4 330 > B40
23570 4-00H, Citrate Nt ive nz G40 > 640
2AGTEN 4-0CF, Citrane MaCive 0.2 o GA0 640
2152506 3-CF, Succinare NECTvE e a2k L = BAG
23337R 2.4-Cl H,P, BT ina e 0.4 = B0 T ]
233as 3.4-Ci Fumarate AT 0.4 > A > RAG
234738 3,5-CF, 2H, PO, AL T 0.6 > B0 = BAC
Frimaquing 2H, PO, Bl @ BOC 1.0 = BAD 160}

1 Basic chemical structure given in Annex 1.

& Data provided by L. H. Schmidt, Scathern Ressarch nstitute, Birmingham, Alabama,

© Crusal prophylastic actvity confirmed in secordary rodent model by Peters @1 al. (8],

# Causal prophylactic sctivity confirmed in secondany rodant model by Most & SMantouri (91
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Table 6. Antimalarial activity of 2-methyl-5-phenoxy-8-aminoquinolines

Maouse causal
propbwlactio sereen
ED..(mg/lkg of

Mouse blocd
sohirontocidal et
(mg kg of body weight

Rinesus/
F. opnaemaalind
radical curative

Compoand no. Fadical Salt beady weeight) 1est subcutanacus)
Mirimum
Subrcutaneous Qral Frimaguineg index Ch,, 1ouic dose
211532 4-Cl Fumarate inactive inactive AL 320 » 3
224097 4F Fumarate inactive an 30 > B40
224486 CF, Fumarale inacivie inactive 1.7 = Ban 30
2:Mexthigl- ZHTI 4oe. 40 1.0 e 320
primaguing [P =3.B"

# Basic chemical structure given in Annax 1.

® Data provided by L. H. Schmidy, Southern Rasearch Instiwte, Birmingham, Alabema.
< Causal propindactic activity eanfirrmed in secondary rodent model by Peters o1 al. (51,
4 Causal proprydactic activity confirmed in secandany redent model by Maost & Mantouri (9],

¢ Primaguing index in sacondany rodent model of Peters et al, (5],

methylphenoxy analogue wasless active asthe 2-methyl
substituted compound.

Only one 3-methy] compound has been rested so far
(Table 7). In the radical curative test, its primaguine
mdex was only 1.5, but it had a high level of blood
schizontocidal activity and  was  less  toxic than
primaguine in the mouse, 11 was also effective in the
mouse prophylactic screen, alihough residual blood
schizontocidal activiey has not vet heen ruled our. Itis
notable that 3-methylprimaquine icself is not a potent
blocd schizontocide, although ity radical curative
potency i comparable with that of WER 235485, and 1t
i5 a powerful causal prophyvlactic in the mouse maodel.

4-Methyl substitution on S-phenoxyv-8-aming-

quinolines appeared to enhance substantially both
blood and tissue schizontocidal activity, without
increasing  toxicity (Table 8). Al the 4-methvl
compounds listed had potent radical curative aclivity,
with primaguine indices ranging from 4.2 10 4.8, and
all were potent blood schizontocides, curing mice at
doses of 5-40 mefkeg of body weight, Al the
compaounds were highly active in the primary prophyl-
actic mouse screen, but secondary test in the Peters
model showed that this was atcributable to residual
hlood schizontocidal activicy. However, the Maost
technigue showed that WHE 225448 was a true causal
prophylactic in the rat, By comparizon, 4-methyl-
primagquine itself was a true causal prophylactic in the

Table 7. Antirmalanial activity of 3-methyl-5-phenoxy-B-aminaquinolings

Mouse causal Rhesus/’ Mouse blood
praphylacts soraan B ppnarnolg schizontocidal test
ED,, imgikyg of ridical curdtive Trgad kg of brody weigial
Compound nc. Radical Salt oody weightl tast subgutaneous|
Binirnum
Suboutanaous Cral Primaguine indes CDee Low: dose
235485 3-CF, Succingte it} 10 1.5 20 > G40
3-Methyl- 2HE 408 e 1.3 = 160 B0
prirmEging 1P =370 [F=3.81¢

* Basic chemical structure given in Annex 1.

& Causal prophyloctic activity confirmed in secondany rodant model by Peters et al, (8,

Y Primaguing index in secondary rodent maodal.
¥ By both oral and subcutanacus adrinistration.
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Table 8. Anvmalanal activity of 4-methyl-5-phenaxy-8-aminoguinclines#

Mouse causal Rhesws/ Mouse blood
RrOphyiAchic Sereen . cynomalgl schizontocidal res
EDr.. (mg kg of radical curative g/ kg of Body weighe
Compound no. Radical Sal bady weight) nizst subcutaneous)
Minirmum
Subouleneous Ciral Premacuing incex [ n toxic dosa
bl 4-F H PO, 408 408 4.2 20 320
2iiER4 4 CH, H,PO, 405 408 4.3 A0 B4
225448 3CF, Suceinate 208 1o 4.8 0 B40
233185 2,4-CH H. PO, 408 40 4.8 0 = Bl
233078 3,4-Cl H.PO, 408 Elily 4.8 5 o B
4 Methyl- 2H,P0, EQe. o 25e.d 21 Bl )
orimequine P=001F (P =23

T Besic chemical structure given In Annex 1.

& potivity in Peters model 18) attributed 1o residual hlood schizontocidal proparties.
¢ Caussl praphylactic sctwity confirmed in secordany rodent model by Maos: & Montouri (21
¢ Causal prophylactic activity confirmad in secondary rodant mode! by Peters et al. (&1

2 Primaquina indax in secondary rodent modal of Paters et al.

mouse, a weak blood schizontogide, and a radical
curative agent in the rhesus monkey with a primaguing
index of 2.1,

The results of studies on the blood schizontocidal
activity of WR 2253448 are presented in Tables 9 & 10,
Trophozoite-induced P ovmomioled parasitacmias
were consistently cured by a T-day oral regimen of
1.0 mg/ kg of body weight per dav or more of the com-
pound, and it was clearly superior to primaguine in
this blood schizontocidal model, While transient

Table 8. Blood schizontocidal activity of a F-day course of
WH 225448  against trophozoite-induced P eynemolg)
malaria in rhesus monkeys

WR 225448 Primequing
D'al';:fr;.r:;i;ﬂ Tl,ﬁ;aqugaz: M. Mo, Mo, Mo,
by wesight) Beey weight|  SHared cured  cleared  cured
e 220 2i2 02
10.0 T 22 2id 202 o2
116 23 202 252 242 [V ]
1.00 7 22 272 2/2 /2
03g 2.2 2 0id 242 02
(IR 0.7 252 0r2 0/2 o2
0.22 2:2 02

00316

clearing of parasitacmia was regularly obtained after
administration of a total of 2.2 mg of primaguine/kg
of body weight or more, blood schizontocidal cure was
never attained oven at a total dose of 220 mgfkg of
hady weight,

WR 225448 was also efTective as a blood schizonto-
cide  against trophozoite-induced Chesson strain
Bovivaxy malaria in Panamanian Aofus meiviegatus
monkeys. It cleared parasitacmia in all monkeys at the

Table 10. Blopd schizantacidal activity of a2 3-day course of
WA 225448 against trophozoite-induced P.owvax malaria
[Chesson strainl in Aotus trivirgatus

Daily oral dose Total dose
(mg/ks of (me kg of No. clearad Mo, cured
bizahy weeighnl by weesghtl
W 22had8
18 45 303 33
4 12 a4 4.4
2 ] 55 [:E
1 3 33 053
Frama@cpuing
X 160 33 0:3
27 al 343 0:3
13 40 343 03
33 10 074 0/d
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lowest dose tested (1 maske of body weight per day for
1daws, orally), and was fully curative at a total dose of
12 meske of body weight (4 medke per day for 3
days), Primaguine, tested simullaneously, cleared
parasitaemia only in a total 3-day regimen dosage of
40 mefke of body weight or more, and was not
curative, even at a total dose of 160 mg/kg of body
weizht,

DISCLISSI0MN

Owver a four-yvear period, approximately 2000 com-
pounds have been screened for causal prophylactic
and radical curative activity in one or more animal
models. Because compounds have been selected for
test on the basis of structural or functional analogy
with known causal prophylactic compounds, a large
number of them have exhibited such activity. To date,
owver 700 active compounds, the majority of which are
f-aminoguinolines, have been identified.

There were few active non-aminoguinolines, except
for (etrabvdrofolate debvdrogenase inhibitors, of
which there are many active examples, Compounds
identified as having causal prophylactic activity in the
rodent models may be grouped into eight general
classes:

1. Tetrahydrofolate dehydrogenase inhibitors
2. Maphthoguinones

3. Dihydroacridinediones

4, Tetrahydrofurans

5, Guanylhydrazones

. Clopidol analogues

7. Quinoline esters

&, Dibenzyltetrabvdropyrimidines

For each of these classes, reporis of causal prophyl-
actic activity were available prior to testing, and thus
no new chemical classes have been identified in this
screen. However, specific compounds within these
classes have been demonstrated to have activity which
has not previously been reported,

It is of interest to note that of the listed non-amino-
gquinolines exhibiting causal prophylactic activity in
rodents, none were dctive Against persistent rissue
stages of P oopnomolgi in the radical curative tese,
There are, however, published accounts for a number
of the compounds listed in this report indicating
activity against pre-ervthrocytic tissue forms of
F.oymeenelel in rhesus monkeys, or pre-erythrocytic
forms of P felcipares and P, ovivar inman., This work
has been reviewed by Peters (18), Inman, tetrahvdro-
folate dehvdrogenase inhibitors, combinations of
these with sulfones or sulfenamides, and the 8-amine-
quinohines are effective 1o cawsal prophylaxis of
falciparum or vivax malaria, Limited ¢linical trials of

D. E. DAVIDS0ON, IR ET AL,

several non-aminoguinolines have been reported by
Canficld et al. (1%, but none were successful. Menoc-
tone prodiuced no cansal prophylactic effect in volun-
feers receiving 300 me daily Tor 3 days after challenge
with P. fateiparum. Clopidol produced unacceprable
neurclogical side-effects, did not control P, fadei
parim parasitacmia, and was excluded from further
consideration before causal prophylactic studics could
be performed, The pyvrocatechol RC-12 (WR 27653),
a compound reported o have causal prophyvlacic
dctivity against & cynomaolgi in rhesus monkeys, but
ineffective in rodent malaria medels (280, also failed to
extibit cavsal prophvlactic activity against & vivar
challenge, The newer dihydrotriazing, WR 38839
(clociguanily, was effective in causal prophvlaxis
against P falciparumm only when administered in
combination with sulfadiazine,

To our knowledge, no representatives of the
dihydroacridinedione class, the terrabvdrofurans, the
guanylhydrazones, the gquinoline esters, or the
dibenzyvlpyrimidines have been evaluated clinically. A
gquinoline ester (ICT 367800 has been reported to have
causal prophylactic activity against P, cvroeroler in
rhesus monkeys (18), and Floxacrine, the dihvdro-
acridinedione, was also active in this simian model
(15).

Fink {21 has suggested that the rodent models may
exaggerate the activity of compounds thar interfere
with nucleic acid synthesis because of the high rate of
synthesis in Poberghel exocryvthrocytic forma., This
might also account, in part, Tor the moderate sensic-
vity of pre-ervthrocyvtic stages of simian and human
malarias (o compounds such as the etrahydrofolate
dehydropenase inhibitors, and the total lack of activity
of these compounds against persistent exocrythrooytic
farms, Clearly, there s animportant need for research
into the biochemisiey and physiology of exoervihro-
cytic forms.

Effortstofind aminoguinalines, otherthans-amino-
gquinolines, with tissue schizontocidal activity have not
breen successful, A few G-aminoguinolinegs have exhi-
bited weak causal prophylactic activity in the rodent
models, and two analogues (WER 188438 and MNi-1477
36) had weak radical curative activity, The 7-amino-
quinolines rested were wvirlually devoid of tissue
schizontocidal activity. Several 3-, 4-, and S-amino-
quinolines have also been synthesized and tested, and
these exhibited no tssue schizontocidal activiey.
Arminonaphthalenes were also devoid of antimalaral
activity. A variety of isogquinolines and azogquinolines,
analogous (o the B-aminoguinolines, have also been
tested and were inactive.

The activity of the 4, S-disubsttuted &-methoxyv-#-
aminoguinolines is, we believe, an important observa-
tion. The marked enhancement of radical curative
activity of these disubstituted compounds would not
have been expected from the activity of either the
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d-methyl or he 3-phenoxy-B-aminoquinolings, The
compounds listed in Table B have the most potent
radical curative activity of all the compounds ex-
amined,

The inactivity of the j-phenoxy-8-aminoguinolines
in the rodent causal prophyvlactic test is notable, We
are unaware of any other compound, except the pyro-
catechol RC-12 (260, with tissue schizontocidal acti-
vity against P, cvaoerofgd in rhesus monkeys that is not
acausal prophyvlactic in the redent models, The reason
for this species difference is unknown, although it may
be a result of differences in metabolism between mice
and monkeys, but this has not yer been tested experi-
mentally, Greenberg (22) demonscrated that prim-
aguinge  and pentaguing  were  ioactive  against
F.gailingeewy in vitrg while melabolites of the drugs
were active. [t has been suggested by Greenberg that
f-guinone and 5, d-quinone may be the active metabo-
lites, and Smith (23) has identified a 5, G-quinoline-
gquinong  metabolite of pentagquine in the rhesus
monkey. The rationale for developing these S-aryloxy
analogues was to block metabolizm, 1o will be inferes(-
ing todetermine whether guinone is formed during the
metabolism of these new compounds in mice or
monkeys, It should also be noted that WER 225448 was
a causal prophylactic in the Most rat maodel (Table &),
If differences in host metabolism are responsible for
the wariation in activity, then the rat and monkey are
different from the mouse,

The potent blood schizontoeidal activity of 3- and
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d-methyl-B-amincguinolines was also  unexpected,
since 3- and 4-methylprimaguine are weak bhlood
schizontocides, as are the 2-methyl and non-methyl
substituted S-phenoxyv-S-aminogquinohnes. This acti-
wily was observed in mice as well as in rhesus and owl
monkeys, and was observed against P. berghei,
P cvnomodei, and P ovivax. WR 225448 was also
cffective as a blood schizontocide against drug-sensi-
tive and drug-resistant strains of P elciparaem in owl
monkeys (R.N, Rossan, personal communication,
19807, but was inactive against 2. falciparum in vitro
(K. Desjarding, personal communication, 1978).

Some preliminary toxicological studies have been
performed with WE 225448 (C,C, Lee, personal com-
murication, 1980y, On single-dose subcutaneous
administration in mice, it was less toxic than prima-
quine {Table 8). WER 22544% induced methasmoglo-
binacmia in the dog, but its potency in this respect
refative to primagquinge is not yet known,

Inn 28-day oral 1oxicity studies in rats, WR 225448
was found o ke more toxic than primaguine. Hepato-
toxicity was more severe, and in addition, WE 225448
produced renal tubular degeneration and lvmphoid
depletion, Both WE 225448 and primaquing produced
degenerative changes in the heart and diaphragmaric
muscle. While WER 225448 administered subacutely is
gqualitatively and quantitatively more toxic than
primaguineg, it is still not known whether the thera-
peutic index is betier or worse, Further toxicily studies
with WR 225448 and other analogues are planned.

Annex |

CHEMICAL STRUCTURES OF COMPOUNDS TESTED

WON-AMINOOQUINOLINES (TABLE 1)
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RESUME

NOUVEALX SCHIZONTOCIDES TISSULAIRES CONTRE LE PALUDISME

Afin de rechercher des schizontocides tissulaires plus siirs
et plus efficaces, on a procéde au criblage d enviran 4000
composts contre Plaserodivm  berghei yoeolii dans des
madéles murins adaptés aux dtiopraphylactigues, ou conire
Plasmodive cynomiolgl bestigrelli dans un modele de
raiterment radical chexr le singe rhésus. Les composes sélec-
tionnés pour le criblage &taicnt en majeure partie des
analogues siructuraux ou loncuonnels déuopropbylac-
tigues connus; envicon 700 d'entre eux, pour la plupart des
amino-& guingléings, s sont révalés actifs.

Des compasés de 10 familles chimigques différences étatens
dougs  diacrivitg  etioprophylactique  dans les madiles
murins: 11 inhibiteurs de la @rabydrofolae deshydroge-
nase, 2) naphtoquinenes, 1) dibydroacridinediones, 4) tétra-
hydrofurannes, 5} zuanylhvdrazones, ) analogues du
clopidol, T} esters de la quinoléine, 8) dibenzyltetrahvdro-
pyrimidines, 9 amino-6 quinoléines, 107 amino-8 quino-
leines.

L'activite pour la rwérson radicale des infections &
P oevnomalgi chez lg singe rhésus n'a 608 abserves qu’aves
les composés appartenant aux famalles des amino-& et
amino-8 quineléines. Toutes les amine-& quinoléines wesges
eraient sensiblement moins actives que la primaguine dans
I"épreuve de guérison radicale.

Une famille de méthyl-4 phéncxy-5 méthoxy-6 amina-8
quinoléines eail dovée d"une activite exceptionnelle pour la
guérison radicale des infections 4 P, cywomalgi chez Lo singe
thésus, De plus, ces composés etaient Tortement actifs

comme schizontocides sanpuins. L'activite optimale comme
sehizontocides dssulaires a 16 observie avec |2 substituant
méthyvld; les analogues non subsitwés, ou subslilués en
meéthyl-2 et méthyl-3, ctalent moins efficaces. ['activiie
optimale comme schizontocides sanguins s observair
epalement avec les analogues substitués en methyl-3 et
mithyl-4,

Le représentant le pluz efficace de cene nouvelle famille
de schizontocides tissulaires etait le W R 225448 (succinate de
méethyl-4  {rriflecrométhyl-3  phénoxyi-5  méthaxy-6
[amano-4  méthyl-1 butylaming)-8  quinoléne). Dans e
modéle & singe rhisus, oc composé était cing tois plus
efficace que Ja primagquine dans la guérison des mleclions
exoerythrocytaires persistanies 3 P. cwvirpmalei. Dans o cas,
on Ng connail augun composd plus acif, Comme schizonio-
cide sanguin, le WER 225848 est rds acuf contre P bergher,
Pooynomodgl el Powivar, ot contre les souches tant
résistantes que sensibles de P, flcipgruen dans les modéles
ATIITIALY.

Dres etudes préliminaires de toxicitg sur 28 jours chez le rat
mestrent gue le WH 225448 et plus toxigue que la prima-
quine. Comme cetie derniére, il st hépatoroxigue, induir
uie méthémoglobinémie, a1 provogque une dépénérescence
dans les muscles cardiaque et diaphragmatigue. En outre, 1
induit des modifications dégénératives du rein et une hypo-
plasie Ivmphocytaire. Dres éudes complémentaires destinées
4 evaluer et & chiffrer cette toxicite sent en cours. [Des ctudes
toxicologiques sur les aulres analogues sonl prévues,
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