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FOREWORD

I n  conduc t ing  the resea rch  -L . s cr ib H  in th i s  Report
the inves t iga tor  adhered to the principles set forth in the
G u i d e  For Care And Use Of Labora to ry  A n im a l s  as p romulga ted
by the Committee on Revision of the Guide For Laboratory

Animal Facilities And Care of the Institute for Laboratory

Anima l Resources, National Research Council - National

Academy of Sciences.
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ABsTRA C’r

in v e s t i g a t i o ns  u n d e r t a k e n  lu r i n g  this Report p~~r iod
t n c lu d c d :  I . Searches  f o r  blood schi  r o n t i c i d a l  d rugs  e t t ’ ’ I ’ t j  ye

J d a i n s t  m u l t i - d r u g — r e s s  s t , t n t  ( e r r o c ia l l y  c h lo r o q u i i s e —r e s i~i t a n t )

s t r a i n s  of  P i a sm o d i um  f a l c~~p~ p m - pu r s u e d  i n  owl m onk -vr  i n — -

f e ct ec i  w i t h  t ro~~I iozo i  tcr of these s t r a i n s. II . Searches  f o r

t i s s ue  s c h i z o n t i c i d a l  d rugs  more e f f cc t i ve  and b e t t e r  t o ler a t e d

than nrimaquine, and for companion drugs  that would enhance the

activities of Drimaquine without increasing toxicity — purruci

in rhesus monkeys infected with sporozoites of P. cynomoigi.

I I I . S tud ies  on IND p r e p a r a t i o n s  of new agents, essential to

use in human vo lun tee r s. IV . Miscellaneous studies on absorp-

t ion and t o x i c i t i e s  of p romis ing  new compounds.

The search f o r  new blood sch izon t ic ides  uncovered

two Mannich  bases h i g h l y  ac t ive  a g a i n s t  i n f e c t i o n s  wi th m u l t i -

d r u g- re s i s t a n t  s t r a i n s. The search fo r  t i s sue  schizonticides
un covered twelve 8 -aminoqu ino l ines  as a c t i v e  or more a c t i ve

ti-ian primaquine .  A 7—chiorolincomycin derivative capable of

enhanc ing  the prophylactic and radical curative activities of

pr imaquine  was i d e n t i f i e d. S t u d i e s  on the IND preparation of

WR-184, 806 , a 4-quinolinemethanol . were completed and rep or tcd~
studies  on the IND p repara t ion  of WR- 18l . 023 are wel l  underway.

Absorpt ion of the blood sch izon t i c ides  W R — 3 0 , f~90 and WR - l5 8 , 122

wa s i nves t igated. WR-2l 1, 536 and WR-211 . 537 ( the D and L forms

of p r i m a q u i n e) ,  W R — 2 1 l , 532 , and W R — 2 1 l , 533 were eva lua ted  for

subacute  t ox ic i ty  in th e rhesus monkey.
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INTRODUCTORY COMMENT

From September 1967 when th i s  P r o j . ct was mt  ibl i. I s I

to the p r e s e n t , i t s  a c t i v i t i e s  have been t l I i h t l y focused  on

the i n i t i a l  and e v o l v i n g  m i s s i o n s  of the M a l a r i a  Ch ’rno t~~~-rapy

Prog ram of t he  Depar tmen t  of the Army . This  focus  has been

~ nolernentej through developmen t , s t a n d a r d i z a t i o n, and app li-

c~ tion of two new non—human primate — human plasmodium modcJs

~ind reactivation and application of a non—human primate — simian

plasmoclium model employed intensively in the post—World War II

search for generally useful curative antimalarial drugs. The

two new models employed the owl monkey (Aotus trivirgatus) as

the experimental animal . One involved infections with tropho-

zoites of various strains of P. falciparum (seven in all) of

diverse levels of drug susceptibility and resistance. The

second dealt with infections with trophozoites of the much

used drug—susceptible New Guinea Chesson strain of P. vivax

and the pyrimetharnine-resistant Vietnam Palo Alto strain of

this plasrnodium. The ‘react ivated” model utilized the rhesus

monkey (Macaca mulatta ) as the experimental animal and -dealt

with infections with sporozoites of tlie B strain of P. cynomolq i.

The first of the above models supported and continues

to support pursuit of the original aol primary mission of the

Malaria Chemotherapy Program, developmen t of new drugs fully

effective at well—tolerated doses against infections with

chloroquine—resistant and other drug-resistan t strains of

P. falciparum. The second model served to insure that such

agents as were active against infections with the malignant

t e r t ian par as i te  would . also control the blood phasesof infec-

tions wi th P. vivax .  The third model supported the second

major goal of the Malaria Program , development of ne’.~’ drugs

more e f f e c t i v e, b e t t e r  t o l e rat e d , :intl more eas i ly  a lm in i st cr e 4 i

than primaquine for pronhvlaxis and radical cure of infect ions

wi th P. ~ ivax . The problems that had to be surmounted in

develop ing these models 1 )  positions of reliabilit y ,tn~i - -
S O L TH ’ 4 ’’0 R I N A P CH  IN’ ~ T l 7 I 1 1
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u t  ii I y , the m a j o r  o per at i o n . t 1 1 O ~~~~ ures of Ii . mo (ci - ,

t he mission—related accom:)lishments tIr~t can be credited to

their ap~~lication up through t t i e  1973—1h7 I contr..t ct v a r  have

been ~L ’t a i1ed  in p r ev ious  Annua l  P r o g res s  Re p o r t s , or in rub-

lished reporte , and will not be dealt with he re . This Report
will be limited to studies pursued since April 30, 197 4.

GENERA L SUMMARY

I. THE SEARCH FOR 1MPRO\bI) BLOOD SCHIZONTICIDES

There ha s been a marked decrease in the use of the
P. falciparurn / P. vivax - owl monkey models during the p ar t

c o n t r a c t  year , c o n t i n u i n g  a t r end  which  had its beginnings
in  197 2 . This change r e st e d  in p a r t  on the pos i t i ve  accom-

vlishments of preceding years, iuring which at least  eight

new agen t s  were uncovered , any one of which promised to sat-
isfy the original goal of the Malaria Chemotherapy Program,

development of a drug fully ef fect ive against infections
with multidrug-resistant strains of P. falciparum and equally
active against infections with P. vivax*. The downward trend
in use of these models also reflected the decreased produc—

tivity of tise’ primary rodent screen (infections with P. berghei
in the mouse) which in recent years has uncovered relatively

few active agents with novel structures or congeners of older

corv ounci s endowed with greater activity and tolerability than

derivatives already evaluated , Finally , the trend to reduced

use of owl monkey - human plasmodium models was an enforced

conservation measure imposed by restrictions on exports of

t h e s e  pr i m a tes  f rom Colombia.

*
These a g e n t s  i n c l u d e d :  the p h e n a n t h r e n e r n e t h a n o l s,

W R — 3 3 , Qt - 3 . W R — l P P , 4 5 5 , and W R — 1 7 l , t t I O ;  the ciuinolinemethanolr ,
WR—30 , 090 , W R — l l P , 490 , an d  W E — H I - I , 80 6 ;  lie’ py r i  d i nem etb a n o l ,
WR— 1A0 , -100; and th e 2, 1— 1UTLr i . f l O — o  — sul fur subst I tu t ci quinazo—
u n  ~ , W R — l 5 b , 122 .

SO1I TM F F ~~ RI ‘- ~J ’CH IN~~T I T I i T F
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Al though  only  f o u r  new compounds were pr cs s .’nte’i for

e v a l u a t i o n  aga ins t  i n f e c t i o n s  w i t h  P . fa lc i p a r ur n  .~ n - i  P .

in the owl monkey, there  was a si z e ah ie  use  of these  models .

Both were  employed s y s t e m a t i c a l l y  to r e o v i d e  s u p p o r t i n g  d a ta

fo r  I nves t iga t ive  New Drug ( I N D )  ap p l i cat i o n s , and to 1-i rip

solve dosage regimen and formulation problems pertinent to

most  e f f e c t i ve  a d m i n i s t r a t i o n  of new compounds to man .

Of the four new agents evaluated against P. f a l cipa ru rn

i n f e c t i o n s, one , WR-177, 602 , was the threo-epimer of WR—142, 490
(mef loqu ine) , themost active of the 4-quinolinemethanols stud-

ied to date. This evaluation, carried out in monkeys infected

with the multidrug-resistant Smith strain , showed that WR—l77, 602

was essentially identical to WR-l42, 490 in activity and toler- I
a b i l i t y. In viewof the advanced status of the clinical appli-

cation of the latter compound , WR-177,602 could be considered

as a competitor only if  i t  promised to ho significantly less
expensive to prepare or better tolerated .

The second of the compounds examined was the
4-pyridinemethanol, WR—l82, 231 , an analog of WR-l80, 409 .
WR-182, 231 differed from the latter agent with respect to

side chain configuration, bearing a di-N-butylaminoethy l sub-

stLtuent on the 4—carbinol in place of a 2—p iperidy l group.

This change in structure affected activity adversel y,

WR-182, 231 exhibiting only one-fourth the activity of
WR- 180 , 4 09 against  infections with the Smith strain. - ‘

The remaining two new agents were the benzoxa~’,ine ,

WR—204, 165 , and its open—ring relative (a substituted phenol),

WR—194, 965 . These compounds had essentially identical activ-

i t y  aga ins t  i n f e c t i o n s  w i t h  the Smi th  s t r a i n  of P . fa l c i p a r um .

Compared dose—for-dose, their capaeit .i. er to cure such infec-

tions were essentially identical with that of WE—l IP , 490 , the
1 — q uin o l i n e met h a n ol  r e f e r r e d  to above . Unless there are tox-

icoloji c c o n tr ai n~l i c rt i on . t , not  e x h i b i te d  in t h e owl monk ’- . - ,

W R — l 9 4 , ~h 5  or W R — 2 0 - l , 115  m e r i t s  c o n s ide r a t i o n  for  study in

h u man  v o l u n te er s .
SC I T H I  IN  R E S ’ A F C H  I N S T I T L I T F
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i-c ur sp’ .’ial in vest iL;~~I t  ion s, each t . i i r l y o:-d ens l . v - ,

were pursued w i t h  C )tUf l fllfl I s - - x ~~: n i i i - - i  in  eai - l ie r  ye ar s . on . - of

these’ s t ud ie s  was aim ’ I i t  I t  ermining whether the t : b ’ r i r , -u t  ic
ac t i v i ty  of W E — i S O , 122 , a ~, - I — d i a m i n o — t — s u l f u r  s Ub s t 1 t u t~~d

q uin a z o l in e , co u l  be enhanced by concomitant  a d m i n i s t ra t i o n
wi th WR-lKO , 872 , a Iihvdroquinazoline . Marked synergism had

be n observe I in m i c e ’  i n f e c t e d  with a pyrimethamine—resistant

strain of P. berghci. The results of the s t u d i e s  pursued in

monkey s infected with the pyrimethamine—resistant Palo Alto

strain of P. vivax showed that concomitant delivery of

WE-iSO, 072 added nothing to the activityof WR-l58, 122. This

negative result contrasted sharp lywith the eight to sixteen-

fold enhancement achieved by administering very small doses

of sulfadiazine (5. 0 mg per kg body wei ght ) in comb inat ion

with  the above quinazol ine.

The second of the special s tudies deal t  wi th  proce-
dures for enhancing the therapeutic efficiency of the linconiycin

d e r i v a t i v e, WR—203, 661 (fo rmer ly  designated tJ—24, 729A). Earlier

investigations showed that this compound was highly e f f e ctive
in curing experimental infections with either chioroquine-sus—

ceptible or chioroquine-resistant strains of P. falciparurn and

that its activity was not compromised by pyrimetl-i amine resis-
tance. It was also markedly superior in activity to clinda—

niyc in. [-lowever, like the various tetracyclines, WR—203, tol

effects clearance of parasitemia slowly. In an effort to

eliminate this deficiency, a study was undertaken of the im-

pacts of loading doses on the rate of clearance of parasitemia

in monkeys infected with the Vietnam Smith strain. The results

showed that this approach was not beneficial; in fact , at the

same tot a l dose , seven f r a c t i o n a l  da i ly doses of W R — 2 0 3 , i i i

effected parasite clearance more rapidly and consisten t ly than

a loading lose equivalent to half of the seven—day total on Day 1

f o l l o wed by equal fractions of the remainder of the t o t  eu dose

on Days P th’~~uqh 7.
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The thi r i ;pec i ul study vri s cC)nce tai l —.-.‘ i t t P-
comparative activities of two dosa ;e larmu lat t o n ~-; L If  the

qu in ol i nem e t h a n o l, W I~-’ 10 , 090 . This compou rt I , orioin Ily

PrI tla red as the h y d r o c hlo r id e  sa l t , I xhi ( i L I  su ffici (;fl t aC ’

t iv i t y  in human v o l u nt eer s  i n f e c ted  w i t h  c t i l o r u qu ~~n - — r e s i s t  t f l t

strains of P. f a l c i p a r u m  to w a r ran t  a small sea l’  t r i a l  in
\‘ietnam in military personnel infected with mu l t i ir u g - r e s i s —
tan t  s t r a i n s. Ov erall , WR—3 0, 090 war r -m a r k r b l y  e f fe c t i v e
in this evaluat ion. I iowcver , th e r e ’  were some p a t n t  - to —

patient irregularities in rate of resnonre w h i c h  were a t t r i —
buted to poor absorption resulting from limited water solu-

b ili t y .  These i r r e g u l a r i t i e s  were r e l iev e d  in art, but  no t

completely, by increasing the dose. In an e f f o r t  to o b t a i n

a more u n i f o r m  re la t ion  between dose and resp onse , s y s t ema t i c
attempts were made to improve solubility and ab s o r vt  ion f rom
the gas t ro in t e s t ina l  t rac t. A m a j o r  accomp l i shmen t ii: this

direction was made by investigators ac INTEEx Research Corvo-

ration , who found that WR—30 , 090 base was soluble U ! . - to 20

per cent in oleic acid , and that when such solutions were

administered orally to the beagle dog, the c o n c e n t r a t i o n s  of
WR—3 0, 090 in the plasma were eightfold greater than those

attained when comparable doses of the hydrochloride’ salt were’

delivered. As an essential preliminary to clini cal use of

W R — 3 0 , 090 dissolved in oleic acid , t h e r a p e u t i c  e f f i c i e n c i e s
of this preparation and that of WR-30, 090 hydrochloride wer ’

compared in owl monkeys i n f e c t e d  wi th  the Smi th  s tr a i n  of
P . f a l c iparum. The resul t s  showed t h a t  the hydroch lor ide
s a lt  was at least  twice and perhaps  f o u r  times as active’ as

the oleic acid s o l u t i o n.

This unexpected r e s u l t , the  o p p o s i te  of t h a t a n t  ic-

ipat i. led  to a c o l l a b o rat i ve  s tud y with the INTERN : Resea rch

~erporation with the objective of measuring Liv’ l evele of

w!- —3 .., 090 ach ieve’  I in p l asm a  w h o  olei c acid solutions of

the base a n d  aqueous s l u r r i es  of t ic’ hydroch lor ide  s i l t  v o t e

SOL .IT HFPN rfl ‘0 A) ’  H I N ~~T I T I I T F
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a d m i n i s t e r e d  to normal  u n i n fe ’c t e d  owl monkeys -.111 1 rhesus monkey s,

As planned ori g ina l ly ,  ten owl monkeys and i j ht  rh e s u s  m on eey !--

were committed to a crossover study in which each or up ar at i o n

was to be administered in a single dose of 20. 0 mg base per kg

body weight , via stomach tube, to half of the members of each

monkey group on Day 1, with reversal of the delivery order on

Day 14 or 21, Blood samples were to be drawn prior to drug

delivery and 2, 4, and 6 hours thereafter, packed in wet ice,

and shipped promptly to INTERN Research Corporation for anal-

ysis of WR-30, 090 content. The treatment phase of the first

arm of this experiment was completed without inciden t, bu t no
more than a trace of the quinolinemethanol could be found in

any blood sample. For this reason, the second arm of the

crossover experiment was not undertaken. No easy explanation

for this remarkable negative finding has been forthcoming.

Studies pursued preliminary to this experiment showed that

WR-30, 090 added to normal owl monkey and rhesus monkey blood

or plasma could be recovered with reasonable precision. The

preparations employed in this absorption study were the same

as those used in the therapeutic evaluations. The monkeys

ble d in the above experiment we re the monkey s who ha d r ecei ved
the drug. It is conceivable , although not likely, that the

drug deteriorated in transit, or that following absorption

WR-30, 090 was converted to a metabolite which could not be

extracted and/or measured by the analytical procedure, or that

there was gross analytical error. In any case, the absorption

study fa i led to provide an exp lanation for the difference in

therapeutic performance of WR—30, 090 hyd roch lo r ide  suspended

in water and WR—30, 090 base dissolved in oleic acid .

The fourth special study dealt with the blood

schizonticida l activities of primaquine and WE—lB 1, 023 (4-

me thy l primaquine) as exhibited in owl monkeys infected with

the Vietnam Palo Alto st- rain of P. vivax. Primaquinc’ has an

established position as a radical curative drug. Wi~-lEl l, 023

R I C  T ’ (  I - ’, ‘ ( S I  ‘ IC (-I ‘0’-~~ T I : ’ )
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h i s  not yet b ’ n  ‘valu t ‘I t a r ( ‘ L i i  i t  I VU p r L ) } ) - ) t i e’s I l l  h a l t , I : L i t

on a ilos i’jc’ comparison , is !;upe’i- i o u  a I r i m a q u i n c  in  r h I ’sus  h I  f l —

k ey s  infect ‘.1 w i t h  r O Y a L ) i t  a t  0 t . ~~~flomo la,f . \~ h ‘ i i  ‘ tn t  l a ’  i

for radical cure, both i ptnls ~~t & .’ d c l i v  r, ’:I w ith chioroqu In-s

in order to eliminate bo th  e r v t i i i ’o - v t i c  u i d  ‘to ‘ t v t  I i  o t ’v~ ic

orms of  th e is.’ l e v i n  t paras i  Lcs  Si n c e  it , n ,” th — eu mi noqu 1 flO 1~ I 0

have activity a g a i n s t  both blood and Li 550 5(’I) i / Of l t  . ,  t hei

is a poss ib i l i ty  t h a t  some compounds mi ght  P so well — e l i  low ’ I

in both areas as to make concomi t an t  d l  iv .’ry a ch (0 1 0 1  iii n

b r  o t h e r  blood s c h i z o nt i c i  C l e )  unnecessary. The curs nt stu- Iv ,

a i  m ’ lI  at  d e t e r m i n i n g  w h e t h e r  W E — i t - i l , 023  would be’ l i k e l y to m - 1.

S r equ ir emen t , showed th ati  t h i s  compound wan ap t  i ox i ma t elv

t w i c e  as ac t ive  as p r imaqu inc  ,t’jainst infections with t iot ’ha—

so ite ’s  of  the Vie tnam P a l o  A l t o  s t r a i n  of P . ~‘ivax . S i n c e  the
(lO St ’ of  W R — l 8 l , 023 requl red to cure  such l f li S C L 1 Of l S  was at-arox-

~mat e ly  ten t i m e s  that  requi red for r,eli cal cure of sporozoit c—

i n Iuced in feet ions , and since such a dose nii ght evoke Lox c

tract i o n s , it would be’ u n w i s e’  to co n s ide r  t h i s  8 —a m i n oqu in e l l i e

as a can .  1 hate’ for :i mono—drug reg imen .

One of the major uses  of the human p l a s m o l i  a — ow]

monkey models  du r ing  the c u r r e nt  cont i -a c t  y e ar  has h ’’n t o

p r o vi d e ’  d a L i  required for  EDA c ] e I r a n c e  of t h e ’  clinic a l e l I —

u r a t i o n s  of W R — l 8 4 , 506 , a ~‘romi s i ng  •l—quino iinemeth-ianol ~u i i i

competitor of WR —1l 2, 190, and W E—I SO , -109 , an equall y p.romi si no

‘I —pyridinemethanol. Stu ii es inst len tal to ci c-i im c ’ of t h e s e

compounds ha ve dea l t  not only with proo f that t h e  - ic t i vi t i , ’ ;

o C the  p r e p a r i  tion of dru g m t  ~‘n~1s i  L o t  ci m ica I use and the

o i’ i g m a  I lot. were t he ;;, Irn e, bu t wi  thu t h e  m l  lu ‘flees; of P,

. I : . sl j e req imen an d r o u t e  of  C I I ’ l l \ ’ , ’ i V  00 , i c l iv i  ty. The a t  u d —
I - s  on WE—l Ot ), -109 are s t i l l ,  in 1150 ,11 ens in I w ill be nuni.im.i r i - ed

l~~t I ’r , Studies on W E — i S - I , 00 w e re  c amp ] ‘t -i aol summli i s ’ ,] i n
in terim k ’ a o u t  ci j ) ’e ’ u n h n ’ u ’  0, l ’ ~~-t . The conclu ;-ion s O

torth in thi s Report t e l low:

. j, S ’ T I f l l. ’\ 1 - 1 , 1 4 1 ,’ ,  ‘— III ‘ I 
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“ 1 . ~~~~~~~~~~ ~s In i i n i st e s ’ - I o s . ii l y ,  W E — i S - I , 501 - A l l  t egu—
lan —i cured in~~e c ti on s  w i t h  t h e  v t - ’ious strains eL
the f o l l o w i n g  t o t a l  1055;-; (base equivai nt ) O - t k
Knoll — 35 . 0 mcj/kq body w- ’i qi : t Smith — 7 0 0  b b ) : J ~~~”5 j

body w e i gh t ;  Pa lo  Al to  — 17 . 5 m;/hq be ‘: ‘ e - ’ ~~gh t .

“2 . At uniformly curative’ l , e v l ’ l s  ~ca C D 9 O ) ,  sin ;le
dose , three  consecut ive  d .dlv los , in- i s - s n  ( - o n —
secutive daily dose 5 1 3  l i n e n ; ;  of wE—l B i , ROt v’e r ’
e s s e n t i a l l y  equa l ly  e f f e c t i ve , ‘fte-i ‘ , ‘ —.-. , i - s a
t ion , however , t h a t  t h e  t ime requ i red or a ar a s i  t -e
c learance was shor ter  w i t h  s i n g l e  -loses  t h an  wh en
the same t o t a l  dose was delivered in e cu al  I i’ n ’t iOn s
on seven consecutive days .

“3 . When administered i n t rav e n o u s l y ,  W E - i S - I , 80t-
r egu la r ly  cured i n f e c t i o n s  w i t h  the v ar i o u s  s t ra i n s
at the fo l lowing  t o t a l  - l o s e s  (base  e q u i v a le n t ) :
Oak Knoll  - 2 Q , 0 mg/k g b o- (v  weight S m i t h  — en 30 . 0
mg/k g body wei ght; Palo Alto - ~‘l0 . 0~~ 10. 0  mg/kg
body weight.

“ -I . On a dose—for-dose comp ar ison , WE-lB-i , 80t -A h1
appeared to be slightly more effective when admin-
istered intravenously than when lelivered orally.

“ Comparison of the above results wi t h  t:hos;e obtained
in e a r l i e r  p i lot  s tud ies  i n d i c a t e s  tha t  the phosph a t e
salt of WR—184, 806 is at least as effective as the ty-Iro-
chloride salt (WR—184 , 801I —AA , BN: BB—52 , 137) and possibly
slightly superior.

“Comparison of the data acquired in the current
study with those of even more extensive studies on
WR—l42 , 490 [~—(2—piperidyl)— 2, 8—bis—(trif1uo rometh y1)—
1-quinolinemethanol , hydrochiori 

~ 
indicates that the

activities of WR—l81,806—AH are only sli ght ly interior
to those attained with WR-142,490, the most effective
of the quinolinemethanols evaluated to date and current l y
under study in human volunteers.

i ll I ? T . ( ‘ )  ‘~~ 
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DRUGS (‘[‘ISSUE SCl11v , ) N l l c ’ ll ) l- ~ ;) A’d) 151)5 E - C 1 ” h  S

P r i m , -ici u i n  iS til e On l\-’ p 1’opilv 1 - ~~‘t  i e in :  I i - i  I i  c l i ,

t ’ U i , i t  i v -  drug - benI ,’l ,i l l v av ai lahl ’~~, Al t~ 5,1 0 t h t h l t ~ c, s , , t ’ ’i Iv oh

this ; compoun.i t o  p r e ve n t  ,ut l c u r ’ u o ; q l i i t o —  ~n R o t  i n l et  1 0115

w i t h  I . v i  v ax  cannot  lee qu e s ;t i on & ’ l , i I lu ’ hla\ - ‘ ‘ ‘ i  1 a ai  l im-

i t  it i on s . To or e \ ’en t  ,i ct  ly e ’  i f t  ectitlil s, it must Is’ , L d f l l m f l i S —

t -te l (preferabl y with a b lood SC -l i i ‘o n t  i cide) both luring t he’

o ’r io i of e x p osu r e  to m u  ‘ ‘e t c h  lhlo ;q u i  t o ’ ; ;  m l  for two oi more

month s thl l ’r,’ar t e r . To cure est~ihli shi& ’l m l  e c t i on ;; , i t  must
h e  ad m in  i a te i - ed f o r  f o u r t een  con’; c u t  i v , ’ d ivs . The; - ; e’ I ’tI  “n I ’ ll

i - ’a tment  r e q uir e m e n t; ;  ar e  di li eu I t t.o enl  05Cc or m o n i t . oi .

In a dd i t i o n , tile loses of  p r imaqu  in i e q u i r l ’( I  f o r  () i , ’\’ , ’f lt lO f l

~in I cu re  ar e  close to  t ile max imum to U’ sated level , patti cu—

I a u ]  v fo r  i ndi vmdual s wi Lii  S i’  PD Ie’fic encies , l a s t  lv , t h e r e ’

n Ip e a r  t C) be s t  i a  I f l ;  of I’. vi~ ’ax w f i  ch pro ,Iu ce in f ec tion s

wh i ch c a n n o t  lee cui- e ]  r e ’qu i a t  iv Isv t he  c c n ven t  iona l  l o s , i j ’

r e q im e n , 15 . 0 mg L i i  i y t o t  I o ’i r t  eel) ~-oii n ’ ’~u t i v e  clay s.

T i e  se 1 itii i t a t  i o i l ; ; , 1 1 i ouqh t  i n t o  c 1 e a r  locus ;  d u r i ng

m i  1 i t  a i - ’ opei ’ a t ions in Son theast ,\si 1 , l ed I o e xp a n s i o n  of

t h e  mi 5;; i on of t~ ho U. S. A rmy Na lan 1 Chiemo t.hic i ’apv I 1roqrain t.o

i n c  1U le , l e v ( ’ ‘I opment  of new pl-opilv I a c t  i c  iti l r a l  i cal cia r,i t .i ‘5:

dru ji; more ’  elt set i vc’ lul l h ” t t r ’U I o le r .tt ‘II t han primaquine cri b

capable  of induc i ng cure:- ; whet-i tl , ’l I ~‘ ‘ t e I  in  a i rig i I ’ , or at  most

thr e e  doses. Initial ly, u t was ( t o p - I  t b l a t  L i i i  s mi s s  i ~Ifl coul 1

b- ’ se r v e l by studies in owl  monkey; inf e ct c l  w i t h  h; sIre;’oI ta’s

of P . v i v ~ix , l J n f o r t u n , i t  ‘ i v , s;ue l’i I l l  t ct  j I l l ; ;  cOt ,! I I  ilo t I ) ’

~l evelopt ’ h  to ti-ic n t  it  us  et  a l e l l , ì l l ,le mode] . A ccoi  , l i n ’ i l v ,

*Qu in,  e u - ‘, , i  i i  i 011 1:  ‘ 1  0 I I’ r I isa ~t,i I l l S , 1 a \ ‘  i i  I i i i  a - in I em—
p 1 ove I j n I h’ 1155 R an-  I :1, i t  e I ii t e I ’ O I I I l  F I eS ( ‘ i - i t  I c ,t 1 ‘N h  ‘ ‘ i - i —

menta l and c l i n i c - i l ,  s t u l i , ’i-; i n l i c i t e  t h a t  i t  i n  i f l I e l l o r  10
p ~- j  - ‘ i , o~~t l i  fle i n  ac t  I Si t

- - —
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at I en t i o n  was  red t reefS t ~~ t ; ‘  - U - ‘:‘le :-e -- Anopho les  1r ~~e’b’j rrn

rhesus  monkey model , wh ich  il 1 100 (1 ~~; -oret ic-th y less lesiral lc

than one leased on P. v i  - :-: . has  a w e l l —e s t a b l i s h e d  r ecord for

s ~l ect i n~; (r ug s  ti; i 1, cur i s  I a m b i n f e c t)  ~ns  w it h  tti isi  as  a s i te
and oredi ct  i ‘is the i i  r e le i  so 15 .51 t s.

The re we ’r e  f i v e  m a j o r  facets ~~ the sea rches  I o n
improved c u r a t i v e  d r ug ; ; i t r ; -;uod luring the 1974— 107 3 c o n t r a c t
sea r . Thes e inc luded :  ( 1)  a llo t  asses ;- ; T 1 ef l t s  of t];e cur - I ive

a c ti  ‘‘i tics of recent ly s ’ s n t he sizc ’ i C ’orn ;e u n - I s ;  (1) side — Lv —

side - e v a l ua t i o n  of the  a c t i v i t ie s  of ar im a q u i n e  ( a  racem— it-

and i t s  D and L components; (3) e:~:eancleJ  compar i sons  of t i ; :

c u r a t i v e  Pr o p e r t i e s  of p r i m  q u i n  in I W R — 1 8 l , 023 (‘i — m et h y l
pn i m a q u i n e)  ; ( 4 )  d e l i n e a t i o n  0 1 the o f f - ct  iveness  of s ing l e

and t h r e e — d o s e  reg imens  of 551111 0 ( u i f le  and WR—l 5l , 023 ; a n ]

( 5 )  at t emp t ed enhancement  of the c u ra t i v e  a c t i v i ty  of p r i m a —

q u i nc  by concomi tan t  de l i very  of a companion d rug  o t h e r  t h a n

ch io n oqu in e . In add i t ion, a sy s t e m a t i c  studs  was unclert ek en

of  the  i n f l uen c e  of the s i z e  of the sporozoi te  inoculum on
the  “ c u r a t i ve ”  a c t i v i t y  of ch ioroquine .  Combined , t i l e ’s :
activities entailed work with slightly more ti-ian -100 rhesus

mo n5 y s,

S e v e n t y — f i v e  age n t s  wer e  accorded p i l o t  as;sessment ; ;

for  c u rat i v e  ac t iv i ty .  Included in t h i s  t o t a l  were  s i x  7 —

aminoqumnolines , five i —aminoquinolines , three naphthyri-iln :

and  ten compounds of m i s c e l l a n e o u s  s t r u c t u r e. None of  ti-ic

l a t t e r  group exhibited curative activity at th5  l ar g e s t  1 0 -

-,lelive’red. One of the 7 — a m i n oqu in o l m n e s  h ad  qu e ; ;t  i o n- i Sl e  c c - -

tivity at  a — l o s e  o f  10. 0 mg per kg . Non e  c i the nap h thyri tin b ’;-

and S —aminoquinolin1’s ~‘x h i L i  I a l  c u r a t i v e  t e t  ivi t i e s  at t h e

max imum t - - st  lose l e v e l ; ; ,

‘~~‘l 1HL ‘, I I  ‘ - I  ~~ ‘)b lb ‘ - T I i l I ’tI
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The r e m a i n i n g  51 coni} oU n  ~ submi t t ed  fo r  p i l o t

eva lua t i ons  were 8 —a m in o qu in o l in e s , ‘[‘va lve of t ] i e s ’- ’ - b l e n t  s

w e r e  a t  least as acta ye’ as ~ r i ma qu i  ne . N i n e  of t h i s  group
were as active as WR—l Bl , 02 3 , the most effective of I I I -

aminoquinohincs evaluated prior to the beginning of t ( ; l S con-

tract year. Four of the nine appl - a red  to U twice’ as active

as W R — l 8 1 , 02 3 ;  l i k e  the l a t t e r  d e r i v a t i ve , t h ey  had m et h y l

s u b s tit u te nt s  in pos i t ion  -I , Three of the f o u r  - d i f f e r e d  f rom
WR—l8l, 0~ 3 in side cha in  c o n f i g u rat i o n , w i t h  b r a n c h i n g  at t i
d i s t a l  end of the a lky l bridge r a t h e r  t han  at the p rox ima l
(1) position.

Consider ing the numbers of years  o f work on the  8-

aminoquino l ines  required to develop p r i m a q u i n e , i- ,loi -i t i f i cat i o n

in one calendar year of twelve s t r u c t u r a l l y  related agen t s  of
equal or g rea te r  ac t iv i ty  is a cons I derable  achie’:e’ment Ti-ic
toxicity or tolerability of these agents will deterniinc their

real utility. Hopefully, one or more ~-.‘i1l be a t  leas t  as w e l l

t o l e r a ted  as pr imaquine  and thereby a sig n i f i c a n t  improvemen t
over this currently available drug in terms of therapeutic

index.

The secon d facet of ti -ic search for  c u r a t i v e  drugs

dealt with the activities of WE—ill, 531 and WR— ill , 537, the

D and L isomersof primaquine. Speciahinterest was attached

to this evaluation because s tudies  on the acute toxicity of
those agents for the mouse indicated tha t  tiie L isomer was
onl y one—fourth as toxic as tb-ic D. If these isomers had

equal curative activity, and if  tb -ic d i ff e r e n c e  in mouse tox-
icity carried over to man , ti-ic L isomer would have  a d i s t i n c t
a lva nt  age over  the racemate. The r e su l t s  of a s idc—by - S i ie
evaluation showed that primaquinc and its isomers had essen-

t i n i l y  identical capacities to cure sporozoite—induce’~1 infe’e-—

l i o n s  w i t h  P . cynomolg i. This  f a v o r a b l e  resu l t  led  to a
a re l i m i n a r y  e v a l u a t i o n  oIl the s u b a c ut e  I oxicities of the three’

- l - 1 ’ nt s  for the rhesus monkey. Tue results of this cemp~i r i ; - o n

b r ’  set  f o r t h  in a subsequent  sect ion of  tb -i i s Sumni,i r-y .
I N  I l l  “ I -~I I ’ N - - b - r I ; ,
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The t h i rd  m a j o r  f ac et  of  t h e  search b r  i n t r o ’s -  I

‘ i t r i t i v e  d rugs was con c~ -rn e~l wit Ii a — l e t  a i led compari  ; : o n o t  I ) ,

prophylactic and radical cur:itiv - act, i v i t i e s  of  p r i l cae ;i  I i i  -

an d i t s  4 — m e t h y l derivative , WR— 1Ri , 02 3 . S tud ies  p u r a ; i i e d

du r ing  tb -ic p revious  c o n t r a c t  y e a r  i n - I i c ’t t e d  t h a t  the  l e t  I or
compound was two to four  t imes as effective as prini euint ’ in

curing infections with ~~~~. ~~~~~~~~~~~ Studies ;-ur;;U - I in tIio

early 1950’s shortly after the initial syritiiesisof WR—18l , 0f3

(then designated CN-llOl) indicated that this compound had ap-

proximately half the subacute toxicity of primaquine for th e

rhesus monkey. Together, these assessments suggested tb’i t

WR-181, 023 would have at least a fourfold advantage over pri—

maquine. This promise of superiority called for a deta -iled

and precise comparison of th~ prophylactic an:] radical cura-

tive properties of these closely related compounds , SIcR’-1 y-

side appraisals showed tha t  the doses of WR-18l, 023 required
to prevent  i n f e c t i o n s  wi th sporozo i t es , or to cure e s t a b l i s h ed

sporozoite-indueed infections, fell between one-half and one-

third the doses of primaquine required for the same result.

This demonstration led to the decision to prepare a batch lot

of c~iR—l8l, 023 for ultimate evaluation in human volunteers.

This lot has been produced and is currently being subjected

to the lower animal toxicity and therapeutic activity exami-

nations required by FDA prior to investigating a new drug in

human volunteers .

The fourth facet of the search for improved curative’

drugs was concerned with the efficacy of short term treatment

regimens of WR-l8l, 023. Development of such regimens has been

of increasing interest in the Malaria Chemotherapy Program. A

single dose or even a ti-nec daily dose curative regimen would

have considerable advantage over the standard fourto ’cn-consec-

Ut ive-day or once-a—week—for-fourteen-week s schedule  a . Ti-ic

merits of a seven-day regimen were d e f i n e d  in e x p e r i m e n t a l

studies carried out earlier in this Project and clinical s t u l i c ’ s

SC’ I H I  I N ~ I ‘‘ I  A HI H I ” . ‘_ ‘ -
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pursued by Clyde at the UniversityofMaryland . These inve-sti-

Ljation s demonstrated that the curative activity of animaquJos

was a function of the total dose delivered , specifically that

w i t h i n  this dose stricture , seven-day and fourteen—day treat-

ment schedules were equally effective. Because of concerns

with acute toxic reactions, it was deemhd  unwise  to e v a l u a t e

the e f f i c a c i es  of s ingle  dose and t h r e e — d o s e  reg imens of prima-

quine in man . WR-l8l, 023 appeared to have sufficient thera-

peutic advantage over the latter 8-aminoquinoline to warrant

a test, of the “total dose principle ” . The results of this

evaluation showed clearly that at the same total dose,

WR-l81, 023 was equally effective in single dose, three daily

dose, and seven daily dose schedules. Extension of the total

dose concept to agents more active than WR-l8l, 023, which

have emerged from pilot assessments, is clearly indicated .

The fifth facet of the curative drug investigations
dealt with attempts to enhance the curative activity of prima-

quin e by a d m i n i s t r a t i o n  of a companion drug in addi t ion  to , or

even more de si rable, in place of chloroquin e. Such enhancement

could lead to use of a lower dose of pnimaquirie than that

usually prescribed , thereby reducing the numbers of mtoward

reactions ; or enhancement could make conventional doses more

effective against infections with those strains of P. vivax

which are now curable only when larger than ordinary doses

are employed. The initial focus in this investigation was on

WR-203, s6l (a 7-chlorolincomycin derivative , formerly desig-

nated U—2- [, 729A). Earlier studies had shown that this agent

had significant activity against both the primary and second-

ary tissue forms of P. cynomolg i, resulting in both prophylaxis J
and radical cure when maximum tolerated doses (-[0 , 0 mg per

daily) were emp loyed .

The initial studies were  carried out on e;-l tablishe l

r;ec r o z o i t e — i n du c e d  i n f e c t i o n s  p r ev io u s l y  t ie  S r i  with a van —

ety of 8-aminoquinolinc ~crivative’s vi t hou t  a ch i ev ing  cure .
S N  P F ’ _ I  A R C H  I N N T I r - r I
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S uch m b  - c t  ions w er e  cured  wl ; -0 o n e — f o u r t h  to one—h e  l f  of t
u sua l  c u r i t  i v o  dose of p r imaq u i n e  w~~s l n b i n I  s t e re  I vi I I on- —

si :~:teent h  of t h e  maximum t o l e ra te d  close of l c l — 2 0 3 , i i -  1 This

- - ncour ag inq  r es u l t  led to exoeriment :- ; vi t:h p r e v i o u s l y  u nt r e~~tc ;J

in : eetions. I n these  s tud i e s, ti -ic b e n e f i t s  of t r e a t m e n t  wi th
a c-em]: in t i on o f p r i m a q u i n e  and W R — 2 0 3 , i 1 w e r e  ev i l n t , bu t
were much-i less striking than those encountered in n et  re i t mc nt

cases . Con s i d e r a t i o n  of the causes of these diverse  responses

led to the suggestion t ha t  the superior activity in r- treat-

ment cases could very well be due to a relatively small tissue

ho r~ (en .
1

The suggestion set forth above was put to critical
test in an experimen t in which the curative activities of each

of two normally non-curative doses of primaquine , administered

in combination with one-sixteenth of the maximum tolerated

dose of  WR -2 03 , 66l , were evaluated in two group s of monkey s ,
one i n o c u l a te d  with l0~ sporozoites, the other with lO~ sporo-

zo i t es. The r e su l t s  of th i s  experiment  showed c lear ly  that

the pa ras i t e  burden was an important  d e t e r m i n a n t  of the
canacity of WR-203 , 661 to enhance the curative activity of

primaquinc . Cures were obtained in all eight infections

induced with - i  the smal le r  inoculum , as contras ted with one
of eight cures in infections induced by the larger inoculum .

The favorable results obtained with WR—203 , t6 l

encouraged studies of the’ capacities of a variety of agents

to enhance the curative activity of primaquine. The compounds

examined included WR-203, 659 (7-chiorolincomycin or clinda-

myc i n) , oxyt- -c. racyciine , pyrimothamine, erythromycin , nifampin ,

valinomycin , cordycepin . and cycloi1Cximide . WR—103 , 659 (a

close chemical relative of WR-~~03 , i~~ l)  e f fe c t ed  a s l i ght  en-
hancement  of the act :~ ’it y of primaquine when administered at

the maximum tolera t ed dose. None of the other egonts modified

the curative potenti -il of th is 8-aminoquinoline .

- 5  ‘ I I  ‘- I  ‘~~‘CH I N S T I T U T E  
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The -. 5 - m o;  . ‘ra eutic studies summ arized to t h i s  p o i n t

~‘ - b C-  all .‘onnernei with development of new curative ;rugs or

~n ;- r o ’ .’e 1  us-s  of p r i m a cu i  ne, One o ther  s tudy  of more g e n e ra l

impor t , an ou tgrowth  of the  e x per i m en t s  wi th wP-~~O3 ,  ‘ ( 1 , was

an ~~- r t ak en . Th is  i n v e s t ig a t i o n  de- -,l t  sn e cir i c al ly  wi th  tee-

i nf l u e n c e  of it-s t i s sue  st a ge  burden  on t h e  capac i ty  of chloro-

~u i ne  so cure  spo rozo i t e-c r ’~;luc- ct-J i n fe ct i o n s  wi th the B s t ra i n

of ° . cynomoig i. This issue had been l a - a lt  wi th in an exa ;tn-
s i v e  form w i t h  a va r i e ty  of ch emotherapeut ic  agen t s  in the
194r- -l948 per iod  when s p o r o z o i t e — i n d u c e d  i n f e c t i o n s  wi th  the
,M s t r a in  of P. cynomolg i were f i r s t  employed in  the search

for curative drugs. The current investigation involved work

w i t h  four  groups of three  to f i v e  monkeys , i nocu la t ed  w i t h  5,

5 x l0~~. 5 x lG~~, or 5 x 106 sporozoi tes . Two of f i v e  reci p-

ients of 5 sporozoites did not become infected . Chloroquine

was administered at a dose of 5.0 mg per k g bochy ’.” e i gt t . d a i l y
for five days, to each of the other subjects when natency was

f i rs t  established and upon each re lapse . I n fe c t i o n s  in the
recipients of 5 sporozoites were cured with a single drug

course. I n f e c t i o n s  in a l l  other sub jec t s  a re  s t i l l  r e laps ing

ten months after inoculation. Intervals between treatment and

relapse are distinctly longer in recipients of 5 x 102 spore-

zoites (25 to 40 days) than in recipients of 5 x io6 sporozoi tes

(7 to 12 days). These results indicate that the tissue stage

burden can be an important determinant of the apparen t cura-

tive capabilities of chloroquine and the frequency of relapse

f ollowi ng del ivery of th is  blood schizont icide. They suggest
that evaluations of curative activity are precarious in sub-

j e c t s  who have a low tissue burden either because of a small

spor ozoite inoculum or few remaining secondary t i ssue form s
because of exposure to near curat ive doses of the same or other
drug. These findings reinforce the long standing conviction

tha - where large inocula are routinely employed , as in the

pi lo t  and secondary assessments , the sole role of chloroquine

is c o n t a i n m e n t  of the erytbrocy t i c  phase of th e  m a l a r i a  i n f e c t i o n,

SOU T H ER N  IbI S b  A R C H  I N S T I T I I T E
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I I I . “P fCELLANEOUS PHA I S ’LH CHJuGI  C STUD I tS

A l t h o u gh  there has neve r  been a con t r ac tua l  commit-

ment  fo r  ph a r mac o lo g ic inves t iga t ions  in th is  P r o j e c t , s tudies

in th i s  area have been pursued when it appeared that local ex-
pertise and resources were uniquely suite-i to exploration of a

specific problem. During the period covered by this Report,

three isolated pharmacologic studies have been pursued. These

included: (1) comparison of the absorption of WR-30, 090 hydro-

chloride and WR-30, 090 base from the gastrointestinal tracts

of the owl monkey and rhesus monkey (already summarized in

Section I above) ; (2) investigation of the absorption of the

quinazoline WR—l58 , 122 from the gastrointestinal tracts of

the above monkeys; and (3) pilot evaluations of the toxicities

of WR—2ll, 532 , W R — Z l l , 533 , wR— 2 1l , 536 , and WR—Zll, 537 for the

rhesus monk ey.

The study of the absorption of WR-158, 122 by owl
and rhesus monkeys was aart of an investigation which included

wo rk on hum an volunt eer s~ aimed at acquiring in format ion whi ch
migh t help expla in  the d i f f e r e n c e s  in the activity of this
quinazoline in owl monkeys infected with P. falciparum or

H P. vivax and in rhesus monkeys infected with P. cynomolgi,

and suggest what might be anticipated when this agent is

used in man , The invest igation was a collaborat ive endeavor

in which the animal  phase was carried out in this  Pro jec t ,

the analy t ical phase in another Department  of the Army P ro j ec t

located at The Christ Hospital Institute for Medical Research,

College of Medicine, Univer sity of Cin cinn ati . In brief, the

resul ts showed that each of four  broadly spaced dos es gav e r ise
to p lasma levels of m icrobiologically act ive drug which were
tenfold greater in the owl monkey tb-ian in the rhesus monkey.

These differences roughly paralleled the activities of WR-l58, 112

exhibited in malarial infections in these primate hosts.

*
Perform ed by Dr. John Arnold under DADA Contract.
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The evaluations of the toxicities of WR-211, 532,

WR—211, 533 , WR—21l, 536 , and WR— 2l1 , 537 for the rhesus  monkey
were preliminary in scope, but satisfied the purposes for

which they were undertaken. The first two of these compounds

were among the more active 8—aminoquinolines accorded pilot

study, with curative doses comparable to that of primaquine.

The results of the toxicity study showed that WR-21l, 532

and WR-21l, 533 evoked toxic reactions very similar, if not

identical with those produced by p r imaquine. Quantitatively,

WR-2ll, 532 had the same order of toxicity as primaquine ;

WR-211, 533 was less than half as toxic. The latter agent

would obviou sly be the preferable candidate for study in

human volunteers  were ei ther to be considered.

WR-2ll, 536 and WR—Zll, 537 are respect ively the D
and L isomer s of primaquine. Previous stud ies had shown tha t

their radical curative activities were equal and identical

with that  of primaquine ( the DL m i x t u r e ) .  The results of the
toxicologic study showed that the toxicity of the D isomer

was equal to that of the racemate or slightly less; the L
isomer was twice as toxic. If these relationships carry—over

to the human subjec t, and if the D isomer can be obtained

readi ly ,  i t s  clinical use should be favored over that of

pr imaquin e.

The above Summary brings together in abbreviated

form the scope of the ac t iv i t ies  of the 1974—197 5 cont rac t
year  and the major  resul ts  of these ac t iv i t i e s. De ta i l ed
descriptions are to be found in the Sections that follow.
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I. STUDIES ON Wh—l77 , t - 02

wR-l77,60~ [e— (2-piperidyl)-2, 8-bi.- i- (tr ifluo romethyl)

4_quinolinemethanol ] is the isomer (throo—epimer) of WR-l4,~, -190

(mefloquine), the most promising of the 4—quinolin~ r.; thanols

examined to date. Interest in evaluating the activity of

WR-177, 602 against infections with P. falciparum in the owl

monkey rested on the demonstration that its acute oral toxicity

fo r the mouse wa s approx imately one-fourth that of WR-l41, -190

(LD1O — WR-177,602 =3600 mg per kg body weight; LD10 - WR-l4.i, -490

810 mg per kg bod y weight ) .

The results of the pilot assessment of the activity of

WR_l77,602* against established infections with t L 5  m u l t i d r u g -
resistant Vietnam Smith strain of P. falciparum aja3 details’,]

in Tables 1 and 2. The data in Table 2 show tha t cures were

achieved in f ive  of the ten recipients of WR-177, 602 in daily

doses of 2. 5 mg base per kg body weight and in nine of nine

recipients of 5.0 mg pe r k g doses. WR-177,602 has a st-sep dose

r espons e curve , as indicated by the failure of doses less ti-ian

2.5 mg per kg to effect even temporary clearance of parasitemi t .

The results of the above evaluation have been corn-

pared with those of earlier assessments of the a c t i v i t y  of

WR—l42 , 490 (cf Table 3). Thi.s comparison indicates that the

two isomers have essentially identical activities against

infections with the Smith strain of P. falciparuni . A car ’—

ful comparison of the subacute tox ici ties of WR -l 77 , fIO.~ and

W R — 14 2 , 490 for  variou s an imal species would seem to be an
investigation of high priority. If such a comparison slice”

that the subacute toxicity of WR—l77 ,b02 is regularly and

significantly less than that of WR-l4.~, i~~0, this threo—epimer

c l ea r ly m e r i t s  eva lua t ion  f o r  both t o l e r a b i l i t y  an I a c t  i~~ i t y

in human volunteers, the advanced statue of c l i n i c - a l stu l i i

on m e floqu i n e  no twi ths t and ing .

*P re a ir e d  as the monohydrochloni I’ s a l t .

S ’ L T I b F  ~b N ~1ç~ ~~F R ’  I-  N’,~~ 
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TABLE 3

COMPARISON OF THE ACTIVITIES OF W R — 1 7 7 , i 0 . ~ :-.NI) ~‘.‘I - - -l1,~, t90 T’,V ;b I NC ,; l
ESTABLISHED INFECTIONS WITH THE VIE’IOA?1 S~11T!1 STl~A iN

OF P LASMODIUM FALCIPARUM

Dali Dos * No. of Infections Treats’] Days fros-
Compound y e ______  _____________________-— Initial R’,~
WR- No. Mg Base/Kg Response to TrCCt tnt nnt t o P a r a s i teBody Weight Total — —  _____ ______ — - - -— 

, Ir~one Suppressed Cleared C u rs  I - ar ~.nc-

0. 6 2 5  3 — 3 — 0 n . ‘( .

1. ~5 3 — 1 0 n . a .

177 , 60~ 2 . 5 10 — — 10 5 7

5. 0 9 - — 9 9

10. 0 3 — — 3 3 1-

1..~5 — - 0 n a .
‘) 5 6 — — 1 ‘ p

i-L~, - 19 0 I

5. 0  14 — — 14 i t  7

10.0 2 — — ,
~ ,~ 7

*
Administered as the hydrochloride salt, via stomach tul - - , oncc m i  lv

fo r  soven consecutive days .

**M ’ d i a n  -lay to clearance of parasitemia.
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11 . S ’f’1~ ) I f-If ( I
~ ; WR— I o .1 , _ I 3 1

~ R—1 8~~, ~31 [II
— (di -N- - k utvlc~ LinoeU1\’l) — ,~— ( - 1 —t r i f 1 u o r o —

mc~ l i v i r t h ’nv 1) —I — t n  f luo orn 1 - th v l  — -1 _ u yr i C m in em ctb a n o l ]  was I j o~~~~~~~~]

w o r t h y of i l o t  e v a l ua t i o n  because  of i t s  s t r u c t u r a l  s imi la r i -
ties to <I-H-l7~~, - 135 and ~ R— l8O , 409 ( c f  f i g u r e  1).  The l a t t- ’r
aqcnts aLL - esscfltially ~aually active an d  t ] i ’ most  e f f e c t i v e
of t s e  1-~:-yr id inemet hano l s  examined to dat’s in the owl monkey -

P. falciparum model.

The assessment  of the  ac t i v i t y  of WR —18 ~~, 23 1* w a S

l i m i t e d  to ‘:- :coriments on monkeys i n f e c t e d  w i t h  t b -  Smi th  s t ra in
of P. falciparum (cf Tables .1 and 51 . As the summary observa-

tions show (Table 5), this agent was routinely curative when

administere4 in daily doses of ,Ifl. 0 mg base per kg body we igh t .
Cl ar anc e  of p ar a s i tem i a  was a t t a i n e d  r e g u l a r ly  by de l ive ry  of
10. 0 mg per kg closes, but only two of six infections so treats- i

were cu r -- I . Doses of .1. 5 mg per kg were e s sen t i a l l y  wi thout
effect on the course of i n f e c t i o n. Limited suppression of

parasitc-mia was achieved in three of six recipients of doses

of 5. 0 mg per kg.

The r e s u l t s  of th is  evaluation of the activity of
WR- 182 , 13 1 have been compared wi th  the resul t s  of ear l ier
assessments of the activities of the hydrochloride salts of

W R - l 7~~, - 13 5 and WR- l80 , 409 , This comparison, summarized in
Table C , shows clearly that WR-182, 231 is no more than one-
fourth as active as WR-180, -109. WR—182, .131 is definitely

l o s  act ive  than WR-1 7 .1, - 135 , a l though the  data on the latter
a ~~L are’ too limit ’s-I for a precise assessment. Unless

WR-18.1, .131 has major toxicologic advantages over WR-l7 .1, 4 3 5

and WR-180, 109, it woul d not appear to merit further :ittcnt ion.

Preparall as t h -  m o n ohy dr o c h io r i d e  a l  t~,

SIl l C l , ’ RN H L S F  A F 1  I, S’ . T I l I I I I
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FIGURE 1

STRUCTURES OF WR-l82, .131 , wR-172, 435, AND WR-l80, 409

IIO~~(C1I .1) 
N(C,1 H9)

CF 3~~~~~~~~~~~~~~~~~~~~~~~~~~ CF 3

WR—1 82, 231

a_ (di_N_butylaminoethyl)_2 (4 trifluoromethYlPheflYl) 6
tn fluorome thyl-4-pyridinemethanol.

H

HOC (CH2) N(C411g ) 2

CF3 
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ CF3

WR—172, 435

~~~(di_N_buty1aminoe th y l ) _ . 1, 6_ d i_ (4 - t r i f lu or o m eth Y lP hefly 1)
4—pyridinemethanol.

HOC~~~~~~
Q

CF3 ~~~~~ CF3
WR- 180, 1O~

I l  — . 1 ’  -nipo ri-Iy l—.1— ( t — t  ri f l u o r o met hy ip lion y l )  -t ~— t r i  f l u ov o m ~’t h y l —
1 — p y r !  I i  n -~m~’t I - - I n l i .
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TABLE C l

A C5’MPARTS- OF TIlE ACTIVITIES OF WR I82, 231 , WR— 17 ,1 , - 135 , AN D W L l h D , 1 1 ) 9
f-H”T,-”(BLISI -IED I N I - ’EC ’ l I I ) N S  WITH TIlE \- IE1’I’NAM SMITH STRAIN

01-’ PL~~SM OD IU M FALC IP ARU M

- * No . of I n f e c t i o n s  Treat1-d  Days  fr o s ,
Co0 ’C_ / ound Daily Dose Initial fs-~-M a Ba C C ’ !~~I Response to Trea tment  to P a r a s i t

BoJv  l’~’si~~Lt  To t a l  —______ —
~~~~~~~~

—

Non’s Suppressed  Cleat  ‘sO Cured Clea r i n ~

2 . 5 3 3 - — 0 n . a ,

5.0 - 
— 3 3 0 n a .

182 231 10. 0 I I -  — — 2 n . a.
‘0.0 - ( I  — — 5

___ — I — _ _ _ _ _ _ _- —. _____ ____ _______

~~~~~

-

~~~~~~~~~~~~~~~~~~~

— _____  _ _ _ _ _ _ _ _ _— —

1. 25 3 3 — — 0 n . e .
17 .1, 135 , 0 

- 

— — 14 5

10 . 0 1 — — 1 1
_____ - _____ — - — -

1. 25 - ,i 3 1 1 n. a.

2 . 5 13 1 1 11 0 n . a ,
l°0, 109 0 11 - 1 20 19 ~‘

10, 0 (1 - - (1 C l  5

*
Al m nlstcr’s-d as the hy ir ocb loride  sa l t , via stomach tube, once 053 iv

f or sev -n c o n s e c u t i ve  :iays .

**
‘1- ” h a n  lay to claCirance of parasitemia.

50L ITHl - J~ N P 4  ‘,I A l l  II I N ,  t I 1 :~~lI 
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I I I . STUD I ES ON W h — , 10-l , 11 -3 A~ D W i - — l i  1 , ‘ 1 5

The s t  r uc t u ra s  of W I — — 2 0 - l , 165 I n - I  WR— l 3-1 , 9 5  are
in d ic a t c c i  in Fi gure  2 , Both of t h ese  d 13 -n t s  can 0-s c o n s iD er -  -d

i s  Mannich bases . The re ‘,-1-as cons~~-:I~s rable  i n ter e st  in M e nn i ch
r ea c t i o n  ro )U ct s  d u r i n g  th e World  W a r  I I  M el  I r i a  Chsvnoti -s-rapy
P r o g r a m . A significant group of such a~j  -s its  exhibi t ~~~~ a c t i v i t y

a j a in s t  i n fe c t i o n s  wi th  e r y t h r o c y t i c  p a r a s i t e s  of P . ~~~Th 4 c - us.
an i P . lop hurae  in the chicken and P . kn ow lesi in the rhesu s

monk -~v, Four were eva lua ted  a g a i n s t  i n f e c t i o n s  w i t h  P , v i s — a x
In h u m a n  v o l u n t e e r s  with d i s a p poi n t i n g  res u l t s .

W R — 2 0 4 , 165 , one of the M an n i c h  bases p r e - i a r ’s d  in
th- - - ‘ ur r e n t  M a l a r i a  Chemotherapy Program , exh ibi t ed si g n i f i can t
a c t iv i t y  aga ins t  t r o p h o z o i t c — i n clu c eD  i n f e c t i o n s  wi th  P . berg hci
in t a ”  mouse and P . cynomolgi  in the rhesus  monkey. Since the
level  of a c t i v i t y  enc~~untered  appeared much super ior  to t ha t

of an’,’ s ia r i v a tiv e  examined in the W o r l D  War II  M a l a r i a  P r o q ra m ,
i t  was d-? 1’l5led to undertake a pilot assessment of the activity
of W R - 2 0 - l , 165 aga ins t  es tabl ished infections with the multidrug-
r e s i s t ant Smi th  s t r a i n  of P. falciparum, The demonstrated

e f f e c t i v e n e s s  of t h i s  compound led to s i m i l a r  s tudies  on
W F-1’)I , OaS . which was looked upon as a likely metabolite of

W R — 2 0 4 , i t ’  5,

The r e su l t s  of the p i lo t  eva lua t ions  of the activ-
ities of W R - 2 0 - h  165 and WR —1 94 , 9 1-5 have been summarized in
Tabl es 7-10 , A l t h o u g h  data  on WR — 194 , ’)I 5 are less ex tens ive
t b - i n  those on W R — 2 0 - l , l t 5 . i t  seems l ike ly tha t  these agents
are essentiall y equally active , curing infections with a high

I- :- cj r- ”e o regul i r i t v  wii - :- n a d m i n i s t e r e d  in doses of 5 . 0  mg base
s-cr  N g bnsly we i  0h t . d a i l y  f o r  seven con -/ e cu t  ive days . Bo t h

aqs’nts h iv e  steep dose r- ’sponse c u r ves , as in d i c a t e - I  by f a i l —
u t - to a c h i e v e  c~~ea r a n cc  of l ’a r a s .~ t ~ rnia at Doses of 1, 25 mg

per - C 5  i r r - ’si u l ar  c l e a r an c e  in  some recC } C ‘ f l t S  o f  2. 5 mq ~ - -r

~‘~co , cure  or  i n f e c t -  ions in o the r s , an :I f u l l  c u r a t  i v ”  a c t i ’-j t  \‘

it 10505 of C) 0 mg per kq.
S/C l  T H F I 4 N F l 4 , 4  *F /C N I N ’ - . f l T tJ l (
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The a c t i v i t i e s  of W R — Z 0  I , 165 ansi WR—1 9 -1 , 91 , 5 e x h i b i t e d
above are very  s imi l a r  to those - l i s p l a y e d  by the most active
of the - 1—quinolinemethar ’ols and -I-pyridinemothenols . If the

t o l e r a b i l i t y  of these Mannich  reac t ion  products  compares
favorably with that of the l a t t e r  agen t s , t r i a l s  in human
volunteers would seem indicated.

S I ’ 1 1 T 4 4 1  F1N R t S F A O ,  II I N S I l I l I l I  
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F I G U R E  2

STRUCTURE S OF WR- 204 , l(, 5 AND WR- 19-1 , 965

0 N C ( C H 3 ) 3

Cl~~©-~~~~~~~~~~~~~~

C (C H3 ) 
~

W R — 2 0 4 ,  165

3 , e -b ± s— (t e r t .  b u t y l ) — 8 — (4 — c h l o r o p h e f l y l ) — Z H , 4H — l, 3-benzo—
oxazifle.

I
~
I

Cl_©
~~~~~~~~~~~ 

CH 2 NC (CH 3) 3

C ( C H 3 ) 3

WR-l94, 965

2- (4-chlorophenyl)--1-tert . buty l-C—( tert. bu ty laminomethy l)-
pheno l.
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I V , STUDIES ON THE CA I’ /\CITY 01- ’ WR—1C3 0, 872 TO ENHANCE THE

ACTIVITY OF WE- 15H , ~~~

Studies pursued in preceding years showed that

WR-158 , 122 [2 , -1-diamino- ~~— ( 2 - n a p h t h y l s ul f o ny U — quinazo 1ine]

has remarkable activity in owl monkeys infected with the drug-

suscept ible  Chesson s t r a i n  of P. v ivax or the chioroquine— ,

quinine-resistant Oak Knoll  s t ra in  of P. f a l c ipa rum.  The

acti’1’iC-y of this quinazoline derivative was reduced markedly

in monkeys infected with pyrimethamine—resistant strains of

e i t h e r  of these plasmodia , To a very  great  ex tent , the

liabilities of pyrimethamine resistance could be eliminated

by a d m i n i s t e r i n g  small  doses of s u l f a d i a z i ri e in combination
wi th  WR —15 8 , 122 (cf Report SORI—KM— 73—2-1 6, July 23, 1973) .

S tudies  pursued by Thompson and coworkers in mice
infected with a pyrimethamine-resistant strain of P. berghei

scernc’- to offer an alternate approach to use of a quinazolinc—

su l fonamide  mix tu re .  These i nves t i ga t i ons  showed tha t  the
liabilities of pyrimethamine resistance could be abolished by

administering WE—iSO , 872 [2, -l—diamino--6— (2—naphthylsulfonyfl -

5, b , 7, 8—tetrahydroquinazoline] in combination with WR—158 , 122 ,

Exper imen t s  were ca r r i ed  out to de termine  whether s i m i l a r
b e n e f i t s  cou ldbe  achieved in monkeys in fec ted  w i t h  the pyri-
m oth a m i no -r es i s t a n t  Vietnam Palo Al to  s t r a in  of P . v i v ax ,

The resu l t s  have been summarized in Tables 11 and 12 ,

As shown in Table 12 , the lar g e s t  close of W R — 15 8 , 122

employed alone in th i s  eva lua t i on, 1, ~~~( I mg per kg body wciqflt
d a i l y,  e f f e c t e d  temporary c learance  of parasitemia. No cures
wer ’~ ch ie~-’ed I n  t h i s  s tudy ; in a much l1lr qI ’r experiment, f iv e

o t - i in  f e c t i o ns  were c u r e l J . The ] arq -st -lose of WR—18O , F-7 2
u t i l  1/ed I l l -r n - ’  w i s  25 , 0 mq p - - i ’ k g d a i l y .  Previous studies h,1J

H’- -m th , t  sw -h  an amoun t w o u l d  cure infect i ens with thc  c h l o r o—

quin e— t -s ist ~nt , t y r i m e th r n i i n c ’— :- ( 1  , - ~~:0 ibi s ’  1 1  I k  K n o l l  t r ain  o~

‘F-I ‘ ) I 4 E R N  RL)I [ A R C H  INS1’ 1 T 1 I T(
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P. falci parum. In the c u r r e n t  inve s t ic j 1 4t i o n  (Table 1 2) ,  t h i s

dose level failed to control the uarasitemia in monkeys inf -cted

with the pyrimethamine—resistant Palo Alto strain,

As the data summarized in Table 12 show, l i t t l e, i f
anything,  was gained by a d m i n i s t e r i n g  WR-15f . 122 and WR-180 , 872

in combination , Doses of 0. 39, 1. 56, or 6. 25 mg of the latter

quinazoline added nothing to the activity of 0. 39 mg per kg or

lesser doses of WR—158, 122. This negative contribution stands

in striking contrast to the benefits derived from administering

WR—1 58, 122 in combination with sulfadiazine, where concomitant

delivery of 0, 098 mg per kg doses of this quinazoline and 5. 0

mg per kg doses of the su l f onamide wa s a un i fo rmly curative

reg imen.

S O U T H E R N  i l F S I  A R C H  I N S T I T U T E
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V. THE ACTIVITY OF WR-Z03, 661

There has been intermittent interest in the anti-

malarial properties of WR-203, 661 and WR-203, 659 (clindamycin)

since 1967, when Lewis first reported on the activities of

these lincomycin derivatives in mice infected with P. berghei,

The most recent interest stemmed from a preliminary report

by Powers on the activity of WR-203, 661 (original ly  coded
U-2,4,729A) in owi monkeys infected with the chloroquine-re-

sistant Oak Knoll strain of P. falciparum. This observation

was confirmed and extended [cf Annual Report (this Project)

1973—1974] to investigations with the multidrug—resistan t

Smith strain.

The results of these previously reported studies
showed that WR—203, 661 was fully active in the face of chioro-

quine, quinine, or pyrimethamine resistance and that it was

approximately eight times as active as the closely related

WR-203, 659. However, parasitemias were controlled slowly when
either agent was administered in a seven consecutive daily dose

regimen , Attempts have been made to determine whether this

liability could be reduced by mod ify ing the dosage regimen ,

This modification has taken two forms: (1) delivery of the

total dosage of WR-’-203, 661 in a single dose or three doses

instead of seven ; and (2) delivery of an initial loading dose

of this agent, followed by a series of small  f ractional doses.

The results of a preliminary study, summarized in

Tables 13 and 14, show that the curative activity of WR-i~O3, 661
was less when the same total amount was administered in a

single dose or three divided doses than when seven consecu—

tive daily fractions were delivered . The ratr of parasite

c1~)IIrancc’ was not improved in either the short term or load-

irig close regimens. Although the data supporting thC~~ con-

clusions are limite d , their consistency suggests that further

pursuit of ios Xgo regim- -n studies would not hn r ’w, rdi rIIl,

‘-‘ ‘I I N >  P~ I - I S >  &III I > N — V  ( ( (T I  
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Somewhat u n r e l a te d  s tud ios , -3~ scribed in Section XIII

of this Report , indicated that the simultaneous delivery of

WR- .W3, 6tl would enhance the capacity of primaquine to cure

infections with sporozoites of P. cynomolgi. Since this

f i n d i n g  migh t  be applied to human infections with P. vi~’ tx ,

it became important to know whether the trophozoite phase

of such infections could be controlled by WR—203 , 661 or

w~ ether it would still be necessary to employ chloroquine

or other agent as a blood schizonticide, This led to a

limitel assessment of the capacity of this lincomycin deriv-

ative to cure established infections with the Vietnam Palo

Alto strain of P. vivax.

The r e su l t s  of the- ~~~~~~~ e v a l u a t i o n, summar ized
in Tables 15 and 16, show that the curative activity of

WR—203 , 661 was characterized by a flat dose response curve ,

A significant proportion of infections was cured by the least

daily dose used in this study (1. 25 mg per kg body w’ight)

a daily dose of 10. 0 mg per kg was required for a uniformly

curative response. At any of the doses employed , parasitemias

were cleared slowly, These findings suggest that in order to

make effective use of the capacity of WR-~~03 , C> (I l to enhance

the radical curative activity of primaquine , it would be

desirable to include a rapidly acting blood schizonticide

in the treatment regimen,
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VI. COMPARATIVE STUDIES ON WR-30, 090 BASE AND

WR-30, 090 HYDROCHLORIDE

WR—30 , 090 [c~- ( d i-N-but~~l am i n o m e t h y 1 ) — 2 — (3 , 4—d ich lo—
rophenyl)-6 , 8-dichloro-4-quinolinemethanol] , one of the f i r s t

prom ising compounds to emerge from the experimental component

of the Malaria Chemotherapy Program, was evaluated in human
volunteers  for  tolerabil i ty and for  capacity to cure infec-

tions with chioroquine-resis tant, pyr imethamine-resis tant
s t r a ins  of P. fa lc iparum .  The favorable  results  of these
s tudies  led to closely supervised f i e ld  t r i a l s  in mi l i ta ry
service personnel in South Vietnam. Overall, the resul t s

of these studies were promising. However, there were some

irregularities in response which required special monitoring

oj, patient status and ad jus tment  of the dosage of WR-30 , 090 .
Those irr egul ri ties were attributed to erra t ic  absorption of

~‘.R-3O , 090 which was administered as the re la t ive ly  insoluble

monohydrochlor ide salt.

In an ef fort to circumvent such response irregu-

larities , attention was directed to development of a more

soluble form of WR-3O, 090. This endeavor, pursued by inves-
tigators at the INTERx Research Corporation, led to the dis-

covery that WR-30, 090 base was highly soluble in oleic acid ,

up to 20 per cent by weight , and readily absorbed from such
solution. A limited study pursued in the dog showed that
the peak plasma or whole blood levels of “WR-30 , 090” were
eightfold greater following oral administration of the base

in oleic acid than after delivery of the equivalent dose of

the hydrochloride salt. On the ba sis of th is observa tion ,

p lans were made for evaluating the therapeutic activity o f

oleic acid solutions of WR-30, 090 base in human volunteer> :,

As a prelude to the>-~o e v a l u a t i o nC , the bioav~ui la b il it v of

- I ,’  • , N  (4>  - >  >“  ~ - ‘,
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WR-30, 090 base and WR—30, 090 hydrochloride was compared

in owl monkeys infected with the Vietnam Smith strain of
Plasmodium falciparum*,

The resul ts  of thi s comparison have been deta i led

in Tables 17 and 18 and summarized in Table 19. As the data

in the latter table show, there was a striking difference be-

tween the therapeutic efficacy of WR-30, 090 base and WR-30, 090

hydrochloride salt. Contrary to what would havebeen expected

from the absorption data, the base had very limited activity.

In recipients of the base in doses of 5. 0 to 40. 0 mg per kg,

clearance of parasitemia was achieved in but six of fifteen
subjects, and cure of the infection in but one individual.
Within the same dose range, delivery of the hydrochloride
salt led to clearance of parasitemia in 26 of 27 recipients,
cures in 21 of 27.

*
Since the oral administration of oil solutions to exper-

imental animals is not a conventional procedure, a brief de-
scription of the method of delivery of both WR-30, 090 base and
the hydrochloride salt seems indicated. (1) WR-301 090 base: A
stock solut ion of base in oleic acid was prepared and di luted
serially with oleic acid to give a range of concentrations such
that the dose per kg of monkey was contained in a 0. 2 ml volume.
The volume actually required per monkey was measured via use
of a 0. 25 ml tuberculin syringe into an opened No. 5 gelatin
capsule. After capping, the latter was placed in the non-
constricted end of a No. 14 French urethral catheter which
was passed into the stomach by conventional technique. The
capsule was promptly ejected from the catheter by slowly com-
press ing the air in a 5 ml hypodermic syringe attached to the
cons tricted end of the catheter. (2) WR-30,090 hydrochloride:
A stock solution was prepared by an initial grinding of the
requisite quantity of this salt with 0.1 ml Pw een 80, followed
by grinding to a homogeneous suspension with the required quan-
tity of distilled water. The appropriate volume of this sus-
pension was placed in a 50 ml Erlenmeyer fla sk and diluted to
10.0 ml with water. This volume was introduced into thestomach
through a No. 14 French urethral catheter, f i t t e d  with a 10. 0
ml glass hypodermic syr inge, and followed by rinsing of flask
and syringe with 3 to 5 ml distilled water.

5 > 5 - 1 Il’.~~ - ‘
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TLese  per p l ex i rij  and un -: ’ : - ( ‘f e d resu l t s  suggested

t L i t  f h — ~- r _ i  mi ght  be major d i f fe r e nce s  in the absor ption of

WR-30 , 090 base and hyd roch io r i- le  sa l t  in d i f f e ren t  animal

spec ies ;  ei the r  tha t  or the blood level:3 of “W R -30 , 0 90” were
unrelated to a n t i m a l a r i a l  a cf i v i t y .  Ce r t a in ly, i f  plasma and
blood levels were similar in owi monkey and dog, it woul d have
to be concluded tha t  what wa>; Leing measured as ‘W 1~-3O , 090 ’
was probably a mixture of derivatives and unchanged drug, a
lar ~j -.’ component of wh ich was devoid of a n t i m a l a r i a l  act ivi ty.
In order to assist  in resolving these issues, a comparison was

undertak en of the levels of “WR-30, 090” in blood fo l lowing oral

administration of equivalent doses of the base and hydrochloride

sal t  to n o n - i n f e c t e d  owl monkeys. A companion rhesus monkey
component was added to this experiment to assist in appraising

species var iab i lity.

Ten owl monkeys and eight rhesus monkeys were
assigned to what was to have been a two—ar med crossover

experimen t . In one arm , f ive  owl monkeys and four  rhesus

monkeys were to receive a single 20. 0 mg per kg dose of

WR-30 , 090 base in oleic acid; the remaining f ive  owl monkeys

and four rhesus monkeyswere to receive a single 20. 0 mg per
kg doseof  WR-30 , 090 hydrochloride in water *. Blood samples
were to be cL - ~-ained jus t  prior to dosage and 2, -1 , and (>

hours th er ea f t e r. These samples were to be refrigerated on

collection and shipped in wet ice th e next morning to INTERx
Research Corporation. Two weeks later the procedure was to
be repeated with reversal of the assignment of the monkeys

to the two pr eparations.

*
The procedure for administering thc oleic acid solution

of WR—30, 090 base and suspension of WR-30, 090 hydrochloride
to the owl monkey was identical with tha t  already described .
Except for site of capsule (No, 0) and urethral cathet ’r
(No. 20 Fr), and vo lume of U - ; ‘) 3nsion , the sarn~ ’ method was
used for a - m i ni  s t o r i ng  these C q - C n t s  to tTh ’ rh ’I > U s  monkey.

501 flI > ‘ iN 1 - >  ‘ ‘ 4  A P I  H 1 N 6  ‘ 1 >
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Technical ly ,  the del ivery of ~1 r uj ,  co l lec t ion  of

blood, and shipment to INTER x went o f f  w i t h o u t  i n c i d e n t. To

the bewilderment of all , no more than a trace of WR-30, 090

could be found in any blood sample. Because of thi s, it was

decided to postpone the second portion of the planned study ,

pending resolution of what appeared to be a serious analytical

p roblem. To this time, the problem has not been resolved.

I N I I ‘- I  N I C
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TABLE 19

SUMMARY OF THE COMPARATIVE ACTIVITIES  OF WR-30 , 090 BASE AND WR-30 , 090
HYD ROCHLORIDE AGAINS T ESTABLISHE D INFECTIONS WITH THE VIETNAM SMITH

STRAIN OF PLA SMODIUM FALCIPARUM

* No. of I n f e c t i o n s  Treated I Days fromDaily Dose ______ ______________________________ i - -Initial RxWR—30,090 Mg Base/Kg Response to Treatment - to P a r a i - li t e
Body Weight Total 

~i
--

None Suppressed Cleared Cured 
1~~~ h 1  l f l ( . e

1. 25 3 — 3 — 0 n.-.i .

2 . 5  3 1 — 0 n. a,

Base 5. 0 3 - -~ 1 0 n . a.

10.0 3 — 1 0 n .~~2 .

20.0 4 - 1 3 1 n . a.

40.0 5 1 3 1 0 n.a.

5.0 3 - 2 1 0 n,a.

10.0 5 — 1 4 3 >5
Hydro-

chloride 20. 0 15 — - 15 l~
40.0 7 — — 7 6 4

*
Administered via stomach tube once daily for seven conE- — > ’utive ~~ys .

**Median day to clearance of parasitemia.

145 1 1 ‘, I A 114 4> - N - I ’ l l  C F  



VII. COMPARISON OF THE BLOOD SCHIZONTICIDAL ACTIVITIES OF
PRIMAQUINE AND WR-181, 023

_ _  _ _ _ _ _ _ _ _ _ _
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V II . C C I ~ 1PAR 1 S IN 01- ’ TILE BLOOD SCI-IIZONTICIDAL ACTIVITIES OF

PRIMAQUINE AND WR-18 1 , 023

As a clas~- , the 8-aminoqu ino l ines  have  a c t i v i t y

against all forms of P. vivax, including the blood schizonts.

Unfortunately, t h 4 C  l a t t e r  o ar a s i t e  stages are less suscept ib le
than  t~~ tissue schizonts to the action of agents such as pri—

maquinc, isopentaquine, and pentaquine. In fact, the dose of
any one of these compounds required to eradicate the erythro-

cytic parasitcs of P. vivax is at least four times the dose

required for radical cure. Since such large doses approach

the maximum tolerated level, it is not possible to exploit the

broad spectrum of activity of the 8-aminoquinolines. Interest

in such a possibility, renewed with the development of WR-l81, 023,

1-C -1 to a direct comparison of the capacities of this agent and

primaquine to cure established infections with trophozoites of

the Vietnam Palo Alto strain of P. vivax, with the results set

forth in Tables 20 to 23.

The observations summarized in Tables 21 and 23 show

that the curative activity of WR—l8l, 023 is clearly superior

to that of primaquine. Daily doses of 2. 5 mg WR-l81, 023 per

kg appear to be curative ; doses of 1.25 mg per kg effected tem-

porary clearance of parasitemia. Doses of 2. 5 mg primaquinc

were not curative. Over all , its activity fell between one-

half and one-fourth that of its -1-methyl  congener. llJthough

the demonstrated superiority of WR—1 81, 023 is encouraging, its

blood schizonticidal activi ty is not great enough to have thei-a-

peu t i c  appl i cab i l i ty.  Even with its improved activity, the

dose of WR-18l, 023 required for control of the erythrocytic

phase of P. vivax infections exceeds by almo st a log t h- - ~1ose

requirni for elimination of tissue schizont - ind C1~~p C O C I ’heS a

level which could provok e hepatotoxicity .

b O U ’ ’ I l  I ’ S  ‘ 4 4 ’ ~~I & P r ~~> ‘-, k L ’  1 >  
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V I I I . STUDIES ON WR - 184 , 806 --AH

WR— 184, 806 -Au) the phosphate sa l t  of a ’- (t e r t .  buty l-

aminoethyl) -2, 8-bis- (t r i fluo ro rne thy l )  -4-quinolinemethanol,
was prepared in a batch quantity sufficient for evaluat ions
in human volunteers, and for the preclinical investigations
required for FDA approval of a new drug t r ial, One component

of the latter investigations required subjecting this prep-

aration to a series of studies aimed at quantifying its anti-

malarial  activity and determining to what extent such activity
was influenced by the dosage regimen and route of delivery,

The results of these explorations were summ arized on December 9,
1974 for inclusion in an IND application . This summary is

reproduced in its entirety as part of this Annual Report .
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WR- 184 , 80b-AH (BN :  BD— 9 9 . 07 8 ) :  ITS ACTIVITIES AGAINST ESTABLISHED

INFECTIONS WITh PLASMODIUM FAICIPARUM AND PLASMODIUM VIVAX

IN THE OWL MONKEY (AO TUS TRIVI RGATUS)
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WR— 184, dOt -—A ll (IN: BD— 99 ,  078) ITS ACTIVITIES AGAINST IiSTABLISHED

t N E - ’ECTIONS WITH PL A SMODIUM FA I CIPARU M AND PLASMODIUM VI VAX

I N  THE OWL MONKEY (AOTUS TRIVI R GATUS )

INT RODUCTORY COMMENT

WR—1 84 , 806’~AA* ~~— ( t e r t — b u t y 1 a m i n o e t h y l ) — 2 , 8 — h i s —
( t r i fl u o r om e t h yl ) — 4 —q u i n o l i n e m e thanol . hyd roch lo r ide]  r a n k e d

high  among the q u i n ol i n e m e t h a n o l s  w i t h  respect  to a c t i v i t y
a g a i n s t  i n f e c t i o n s  w i t h  P lasmodium berghei  in the mouse (Pane

M o d e l ) .  The above compound also exhibited a high order of

activity against infections with P. falciparum in the owl

monkey (Ao tu s  t r i v i r g a t u s ).  In pilot evaluations in this

latter model , the activities of WR—184 , 806—AA against infec-

tions with the pvrimethamine—resistant Malayan Camp—CH/Q

s t r a i n , the c h i o r o q u i n e — r e s i s t a n t  V ie tnam Oak Kno l l  strain ,

and the m u l t i — d r u g  resistant ( p y r i m e t h a m i n e, c hlo r o q u i n e,

quinine) V i e t n a m  Smith strain , far exceeded the activities

of i ts e a r l i e r  r e l a t i v e . WR ,~30 O9O ** and  f e l l  only sl i gh t ly
shor t  of the a c t i v i t i e s  of W R — 1 4 2 , 4 g O~~, the  most  e f f e c t i v e

of the quinolinemethanols studied to date.

The comparative activities of these three  q u i n o —
lin e m e t h a n o l s , as exhibited in pilot evaluations in owl

monkeys infected with the above s t r a i n s, a re  set f o r t h  in

Table 1 . The results of these assessments , togethe r w i t h

* WR—184, 8O6--AA (BN: BB—52 . 137).

** WR—30 . 090 ~~— [(di—N’-butyl)—aminoethy1]—Z’- (3, 4—dichloro—
phenyl)—6 . 8—dichloro—4--quinolinemethanol, hydrochloride)
has exhibited significant activity against P. falciparum
infections in human voluntc-Crs and in the field .

t WR— 112 , 490 ~~—(2—piperidy l)—2 , 8—bis—(trifluoromethy1~~-- - I—
quinolinemethanol, hydrochloride] has exhibited stri t inu
activity against infections with P. ~~~~~i arum in h u n - a n
vo lun tee rs ,
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the r e s u l t s  of spec ia l  t o x i c i t y  s t u d i e s  pursued elsewher . .

led to the decision to evaluate the tolerability and a n t i n a —

larial properties of WR— 184 , 806 in huma n v o l u n t e e r s. P r i o r

to emb a rk ing  on these i n v e s ti g a t i o n s,  a t t emp t s  were  made t.o

a cquire a s a l t  of WR— 184 , 806 with greater solubility and

be t t e r  shelf  l i f e  than the hydrochior ide.  These e f f o r t s  led
to preparation of the phosphate salt which exhibited physi-

cal characteristics superior to those of the hydrochloride .

This finding led to manufacture of a batch lot of WR— 1H-1 . 801

phosphate for ultimate use in human volunteers and in pilot

field studies. New drug development regulations made it

necessary to examine this lot for antimalarial activity and

toxicity. This Report is concerned with the examination for

antimalarial activity.

The investigations summarized below had multiple

objectives: first and primarily, to assess the bioavaila—

bility of the preparation of the phosphate salt destined for -:
c l i n ical t r i a l s; secondly . to determine the influence of the

dosage regimen on the activity of this salt; and thiraiy . to

e x a m i n e  the  t o l e r a b i l i t y  and e f f i c a c y  of WR—18- 4 , 806 phosphate
delive red via the intravenous route. These evaluations were

carried out in owl monkeys bearing infections with the Viet—
nam Oak Knoll and Vietnam Smith strains of P. falciparum and

the Vietnam Palo Alto strain of P. vivax.

141)1 ‘ I I I R N  r-~~$ r A R c ~~I ~ 1 1 1
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METHODS AND PROCEDURE S

The data summ ar ized  in t hi s Re por t were d e r i ved
f r o m  the seven separate experiments listed below.

1 . May 28, 1974 — Vietnam Oak Knoll strain ,

P. falciparum.

2. June 12 , 1974 — Vietnam Oak Knoll strain ,

P. falciparum.

3. May 31 , 1974 — Vietnam Smith strain ,

P. falciparum.

4. June 28, 1974 — Vietnam Smith strain .

p. falciparum.

5. May 10 , 1974 — Vietnam Palo Alto strain ,

P. vivax.

I’ . June 1 - i . 1974 — Vietnam Palo Alto strain ,

P . v i v a x .

7. July 26, 1974 — Vietnam Palo Alto strain ,

P. vivax.

The same preparation of WR—184 , 80(, designated

WR— 184 , 00t- —AH phosphate. BN: BD—99,078, was used in act of

t h e  above experiments . The base content of this salt was

80 p r  cen t .

SI IJ T H L  RN RI  ‘ - I  A > >  1> INST ( 1 t : T ,
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The f o l l o w i n g  e x p e r i m e n ta l  p rocedur - s  WI rI common
to all of the studies . Owl monkeys . im po r t ed  d i r e ct l y  from

the Barranquilla area of Colombia. were used exclusively.

These subjects were vaccinated against Herpes tamarinus and
1-Ierpes simplex and conditioned for a m i n i m u m  sixty-da-~’ period ,

via procedures detailed elsewhere (Transactions of the Roya l

Society of Tropical Medicine and Hygiene , t- 7 :4-h —7 -I , 1973).

They were then assigned to assessments of the activities of

WR—184 ,806 against infections with either the Vietnam Oak

Knol l  or Vie tnam Smith strains of P . t2 a lc i p a rum .  Monkeys

p rev ious ly  i n f e c t e d  w i t h  these or other  s t r a i n s  of
P . fa lc ipa rum ,  and cured via a p p l i c a t i o n  of appropriate drugs

other than WR-184, 806 , were a s s i g n e d  to a s s e ss m e n t s  of th e
activity of this quinolinemethanol against infection s with

* **the Vietnam Palo Alto strain of P. vivax

*
The responses of infections with the three test strains

to currently available antimalarial .drugs have been detailed
elsewhere (Transactions of the Royal Society of Tropical
Medicine and Hygiene . 67:44(—74 , 1973). In brief , infections
with the Vietnam Oak Knoll strain are fully resistant to
treatment with maximum tolerated doses of chloroquine and
quinine , but are susceptible to treatment with pyrirnethamine
or proquanil. Infections with the Vietnam Smith strain are
f ully resistant to treatment with each of the above drugs .
Infections with the Vietnam Palo Alto strain are susceptible
to treatment with chioroquine or quinine, but are resistant
to pyrirne thamine or proguanil,

**
The owl monkey closely resembles man in that previous or

current  i n f e c t i o n  with P. falciparum does not alter s u s ce p t i —
bility to infection with P . vivax or vice versa. This makes
it possible to utilize an anima l for evaluating the activi t y
of a drug against infections with P. fulciparum and when curl -
is assured , to assign the same monkey to assessment of the
activity of a different drug against infectirn with P. ~‘ ‘ ax .
Such multiple use, which is a routine in our chemotherapeu—
tic program , reduces operat ional costs and  conserves numbers
of monkeys that must be imported m r  tu ’se therapeutic
ass ’s sme ci ts.

,, ‘ > 1 H ) R N  ),L ’,I A R H N’,fl l t l T (  
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Groups  of 2e to - 12 monkeys  were  utilized it the

eerlous experiments . Infections were induced by the intra-

venous inoculation of 5 x lo t -  erythrocytic parasites derived

from monkeys of the passage lines of the various strains . 
*

~1 easu remen t s  of p a r a s i t em i a s  on th ick  and t h i n  blood f i l m s

stained with Giemsa were initiated three days after inocula-

tion , at which time thick blood films were invariably posi-

tive . Thick and thin blood films were prepared daily there-

after until densities of 10 to 50 parasites per i0 1 erythro—

cytes** were attained . At this time treatment with

WR— 18-1 , 806 was started , for some subjects orally, for others

via  the i n t r a v e n o u s  route . In the former case , the requi-

s i t e  dose of the compound ( a lways  c a l cu l a t ed  as base equiv-

alent) dissolved in 10 ml of distilled water , was delivered

by stomach tube , followed by a 3 ml water rinse . When admin—

istered intravenously , WR—184 , 80f- , dissolved in sterile dis-

tilled water in a concentration of 10 mg base per ml . was

injected into the mid—saphenous vein at the rate of 10 m g
per kg per m i n u t e . I r r e spec t ive  of route of de l i v e ry .
WR—184, 806 was a d m i n i s t e r e d  within one hour of solution

preparation .

* The passage l i nes  of the V i e t n a m  Oak Kno l l  and V i e t n a m
Smith  s t r a i n s  of P . f a l c i parum  are m a i n t a i n e d  by s e r i a l  t r a n s -
fer of parasitized erythrocytes through norma l untreated owl
monkeys every seven to ten days. The passage line of the
Vietnam Palo Alto strain of P. vivax is maintained by ser al
transfer eve ry twenty—one to twenty—eight days. Inocula IL - .

the chernotherapeutic studies are obtained by appropriate
dilution in iced saline of hepariniz ed blood drawn from a
passaqe monkey. Dilutions for the strains of P. falciparum

aried from 1 :100 to 1:200; dilutions for the strain of
I, ‘ivax varied from 1:10 to 1:20 .

** Such -len sities are qui - -’a]rnt to pa rasi te populations of
5, 000 to 25, 000 per cmm of blood .

S ( I~~~~I I I I > 5 Ill , >  A R ( H  ‘— S T : l ) i  
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The parasitic response to treatment was assess- d on

thick a n d  th i n  blood films stained with Giumsa . Such f i 1 n~;

were prepared just orior to drug delivery during the t rc- e ’-

ment period and daily thereafter until thick films w-re pa ra-

site n - ~-1tivc for at least four consecutive days. Film

prenarat. ion end stud’. - were then reduced to a twice—weekly

leve l ( M o nday and Thursday or Tuesday and Friday) for two

conseculive weeks , and if negative during this interval , to

a once—weekly leve l for ten additional weeks. Infections

were considered cured if blood films were negative during

the e n t i r e  per iod .

If p a r a s i t e m i a s  p e r s i s t e d  at the i n i t i a l  or even
lowe r l e v e l s , or i n c r e a s e d  in intensity during delivery of

WR—184 , 80(, or if there was a reappearance of parasites after

an apparent blood—negative interval , a second drug course was

d e l i v e r e d, e i t h e r  a t  a h i gher dose via the same regimen or a t

the same dose via a different regimen . Whenever an infectio~.

was retreated either early or late , an r was added to the

Atr number. Thus the number of r ’ s following a monkey number

indicates the number of retreatment courses the anima l has

rece i ved . This procedure has two a d v a n t a g e s :  ( 1 )  i t expands

the information on drug activity that can be obtained via use

of a s i n g l e  monkey ; and ( 2 )  it can signal the emergence of

drug r e s i s t a n t  plasmodia , if such appear , and the rapidity

with which this undesirable event occurs.

In a l l  of the studies. attention was directed to

the impacts  of the drug on the normal development of the

paras i te  as i nd ica t ed  by a l t e r a t i o n s  in morphology .  This

focus p rov ided  a gauge of the  r ap id i t y  w i t h  which W R — 1 8 - 1 uot
affected parasite growth and the type of activity which this

agen t  possesses.

S( > T , - , I R N  RI!,~~~A R I H 1451 T 1I 
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E v e r y  e x p e r i m e n t  i n c l ud e d  a t  l e a s t  one u n t r e a t e d

control monkey and one monkey treated with either chloro—

quirc e or p y r i m e t h am i ne . In c l u s i o n  of these subjects trade
i t  possible  to m o n i t o r  the virulence and c h en i o t i - t e r a p e u r i c

s t a b i l i t y  of the parasites in each inoculum an t b r b ’ .’

guard a g a i n s t  loss of v i r u l e r. ce  or change  i n  r e s p o nse  to

“ s t anda rd  drugs ” .

RESULTS

The results of the seven experiments which form

the basis  of this  Report  have  been sumrrarized . monkey—by—

monkey, in Tables 2 through 13 . The a c t i v i t i e s  of

WR—184 , 806 administered via the oral route are set forth in

Tables 2 through 7; activities achieved via intravenous

delivery in Tables 8 through 13 . in each set , the even num-

bered tables detail the effects of drug treatment on parasi—

temia; the odd numbered tables assess the ultimate r~ snot se

to drug delivery. No discussion of these data will be u n d  - r —

taken here. They are included for reviewer analysis an d

independent validation of conclusions drawn from overall

summaries contained in Tables 14 and 15 .

Table 14 sums up the activities of various dosa le

schedules of WR—184 ,806 . administered orally, against it fec—

tions with diverse strains of P. falciparum and P. vivax.

The data show that the curative activity of this compound

was a function of the total dose. For example , a single dr-ne

of 70.0 mg per kg achieved the same end result in monkeys

infected with the Smith strain as three daily doses of 2-1 . 0

mq per kg or seven daily doses of 10.0 mq per kg. Measured

by r a p i d i t y  of con t ro l  of pa r a s it e m i a . s i n q i  doses w er e

more e f f e c t i v e  than  d i v i d e d  doses in  sub jects in fecte d with

t h e  smi th  s t ra i n  of P. falciparum and Palo Alto strain of

P . v i v ax .

S O Uf l - 4 , R N  R t S [ A l >  I 5’~ T T I I T E  
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The da ta  in Table 1-1 a l s o  s h w  t Let lure we-re st t  a m

and/or  species  v a r i a t i o n s  i n  t h e -  t b - - ra p -  u t i c  u f f e c t i~ t en e- ;S

of W R — 1 8 4 , 8 0 r -  phospha te , j u s t  as t h er e  w e r e -  i the  c l f f e c t : v - ] —

ness of the hydroch lor ide  s a l t  (c f  Tabh -  1 ) .  Th u s .  the tO~~el
doses tha t  were u n i f o r m l y  c u r a t i v e  were 17 . 5 . 35 . 0. and  74. 0
mg per kg ,  r e s p e c t i v e l\ ’ . f o r  i n f e c t i o n s  w i t h  the P a l o  A l t o

s t r a i n  of P . v ivax  and the Oak Knoll and Smith strains of

P. f a l c i p a r u m .  As related elsewhere in th i s  Rep or t , each of

these strains had a different s p e c t r u m  of response  to c h i o r o —

quir1e, quinine , and pyrimethamine. Howeve r, no particular

spectrum seemed to be a determinant of the effectiveness of

WR—184 , 806. The responsiveness of infections with the pvri—

methamine—resistant Palo Alto strain and the chioroquine—

resistant Oak Knoll strain indicates that the activity of

WR—184 ,806, like t ha t  of i t s  older relatives WR—30 , 090 and

WR— 142 , 490, was not compromised by either pyrimethamine or

chloroqu ine resis tance,

Table 15 sums up the results achieved when WR—l84 . 80t-

was administered intravenously. Two regimens were compared;

a single dose and three equal daily doses. The results show

that a high proportion of cures , approaching 100 per cent.

were achieved when total doses of 20.0 mg per kg were deliv-

ered to monkeys infected with either the Oak Knoll strain of

P. falciparum or the Palo Alto strain of P. vivax. Al thoucb

the data on these strains are limited , there is a suggestion

that WR—184 ,806 delivered in a single dose of 20.0 im~ per kg

was more effective than three doses of t .f7 mg per kg deliv-

ered on consecutive days.

As shown in Table 15 , t’:R—l84 , 80i- was substantially

less effective against infections with the Smith strain c t

P. falciparum than it was against infections with the (
~~ t

Kn o l l  St  r a i n , Th u s , doses of 20. 0 mg p r  kg effected cure
of 11 of 15 infections wi th I he Oak K n o l l  s t r a i n  a n d  bu t  3
of  12 j f l~~ ’c t i o n 5  w i t h  t h -  S m i t h  s t r a i n . I -~vcn doses of  30 .0

per  k c u r d bu t  of I t -  infec t ions with the lat t e r s t r - > i i , ,

Si~~ TI- iF  > 5  >i ci A R C H  INS T I l i t
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The t h e r u n u t i c  e f f e c t i v e n e s s  of  l a rg e r  doses wa s not assessed

because  preliminary studies in discarded owl monkeys showed

th at  rap id  d e l iv e r y  of s i n g l e  doses of 40 . 0 mg per kg an d

greater produced severe convulsions wh ich in some subjects

terminate—i :atally. This acute toxic reaction to hk—184 . HOt -

did not occur, however , when doses as ereat as 80.0 mg er

kg were infused intravenously over a 20 minute ouriod . I’his

latter observation could be significant in view of its reie—

-ance to the procedures usually employed in de liver ing drugs

p a r e n t e r a l l v  to man .

There  is at  pr ’ -s n t  no d o c u m e n t e d  e x p l a n a t i o n  f o r

the f i - - t d i n ;  tha t  W R — 1 8 4 . 80’ i s  less e f f e c t i v e  ag a i n s t  i n f e c -

t i o n s  w i t h  the S m i t h  s t r a i n  c f  P . f a l ci parum than a g a i n s t
i n t e c t  ions w i t h  the cat hn o l l  St  r a i n  of this plasmodium or

‘ H --  Palo Al to strain of L \ - i !ux .  I t  i s  poss ible t h a t  the
various parasitic stages of th1 - Smith strain are inherently

less susceptible to this quinolinemethanol than correspond-

ing stages of the other strains . This possibility might be

e aluated by assessing strain susceptibility in vitro. An

alternate explanation for the lesser activity of WR— 184 . 806

against infection s with the Smith strain may be related to

degree of sequestration of more nature parasitic stages in

blood vessels outside of the peripheral circulation . This

sequestration , also found in human infections with many
strains of P. falciparum, is extremely marked in the ea r ly
phas es of infections wi th  the Smith strain. but is not a
prominent feature of infections wi th the Oak Knoll strain

at the corresponding stage. Such sequestration may provide

a form of pharmacologic sanctuary.

Although evaluation of the toxici t’: of WR—1H -L bOe

was not a part of this stud’: , it is not -worthy t- hat no i mme-

diate or delayed untoward e f f e c t S , attributable to this

g i l  I nel inemethanol , were encount ‘re-cl in an’:  t r e a ted  s n h~~~ e cf  ,

The absence of toxic symptoms sungest that therap ut i.’ bene-

fits of WR—1 8’t , 806 were attainable wi thout sien ifica n t cost

in host toxicity . This compound pr o b ab i :  has a ~‘er’: accep t—

a b l e  therapeutic index. T I l l  R N  > t ’~i A R C H  I N N T l t

- - — --~~~~~~~~~- --- -—-



—7 2—

SUMMARY AND CONCLUSIONS

WR—184 , 80( —AH ( B N :  BD—99 , 0 7 8 ) ,  the ph osph a t e  sa l t

of a—(tert—buty laminoeth y l )—2 , 8— b i s—(trif luoromethy l )— -1 --

qu ino l ineme thano l, has been e v a l u a t e d  fo r  a c t i v i ty  in owl
monkeys (Aotus trivirgatus ) bearing established infections

with the Vietnam Oak Knoll and Vietnam Smith strains of

P. falciparum and the Vietnam Palo Alto strain of P. vi vax,

This evaluation has included comparisons of the effective-

ness of various dosage regimens of WR—184 , 806—AH administered

either orally or intra ven ously. Following are the more sic—

nificant results of this investigation :

1 . When administered orally. WR—184.80(—AH regu-

larly cured infections with the various strains at

the following total doses (base equivalent) : Oak

Knol l  - 35.0 mg/kg body weight ; Smith - 70.0 mg/kg

body weight; Palo Alto — 17 . 5 mg/kg body weight.

2, At uniformly curative levels (ca CD90), single

dose , three consecutive daily dose , and seven con-

secutive daily dose regimens of WR—184 , 80t- were

essentially equally effective. There was a sugges-

tion , however , that the time required for parasite

clearance was shorter with single doses than when

the same total dose was delivered in equal fractions

on sev en consecu tive days .

3. When administered intravenously, ~R—184 , 80t-

regularly cured infections with the various strains

at the following total doses (base equivalent ‘I :

flak Knoll — 20.0 mg/kg body weight; Smith — ca 30 . 0
mg /kg body weight; Palo Alto — ~ 10 .0 ‘- - 20. 0 mg k - i

body weicht .

‘-.)i 11 ,1 I ’ . W 5 4 . 
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4. On a dose—for—dose  comparison , WR- 184 , 806 —AH
appeared to be slightly more e f f e c t i v e  when admin-

istered intravenously than when delivered orally.

Comparison of the above results with those obtained

in earlier pilot studies indicates that the phosphate salt of

WR—184 ,806 is at least as effective as the hydrochloride salt

(WR—184.806—AA , BN: BB—52 , 137 ) and possibly slightly superior.

Comparison of the data acquired in the current

study with those of even more extensive studies on WR— 142 , 490

~~— (2—p iperidyl)—2 . 8—bis—(trifluoromethyl)—4—quinolineme thanol.

hydrochloride]indicates that the activities of WR—184 , 806—AH

are only slight ly  inferior to those attained with WR—142 ,490,

the most effective of the quinolineme thanols evaluated to date

and currently under study in human volunteers.
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TABLE I

PILOT ASSESSMENTS OF THE ACTIVITIES OF WR-30, 090, WR-142,490, AND
WR-184, 806 AGAINST INFECTIONS WITH THE MALAYA.N CI½MP-CH/Q,

VIETNAM OAK KNOLL , AND VIETNAM SMITH STRA INS OF P . FALCIPARUM

Daily Dose — Mg Base*/Kg Body Weight Requ i red for
Compound Cure of Established In fe ct ions
WR- No. .

Malayan Camp—CH/Q Vietnam Oak Knoll Vietnam Smith

30. 090 ca 40.0 10.0 ca 40.0

142 . 490 3. 125 3. 125 5. 0

184 , 80~ 5, O~~~~lO .O~ 5.~~~~~ l0.0~ 10. 0

* Each of the tes t  compounds was administered as the hydrochlo-
ride salt — WR—30 , 090 as a suspension in 0. 5% aqueous Tweeri 80,
1’R-142 , 490 and WR.-184, 806 as aqueous solutions.

The accuracy of these as ses sments was compromised by ea rly
post-treatment deaths - probably due to an intercurrent infec—
tion of unknown etiology.
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Ix_ PiLOT ASSESSMENTS OF THE ACTIVITIES OF

POTENTIALLY CURATIVE DRUGS

This section hasbeen divided into five compartments

to faci litate analysis and discussion of data presented in
corresponding groups of tables. Except for the first compart-

ment, which is concerned with observat ions on a chemically
heterogeneous group of agents, the other four are built about
studies on spec ific chemical classes the 1, 5—naphthyridines,
6-aminoquinolines, 7—aminoquinolines, and 8-aminoquinolines.

In order to place the investigations of the past year in per-

spective with the overall search for curative drugs, data have
been presented on all derivatives examined in the Department
of the A rmy Malaria Chemotherapy Program for capacity to cure
established infections in rhesus monkeys inoculated with sporo-

zoites of the B strain of P. cynomolgi. Compounds tested prior

to the period covered by this Report have been identified by

a dagger suffix to the WR- code number, placed in the first

column of each table.

The pilot studies followed the general procedural
pattern developed several years ago. Except when an 8-amino-

quinoline was under study, or where there were already known
toxicologic contraindication s, the evaluation began wi th de-

livery of the test compound in a dose of 1. 0 mg base (or acis-i)

per kg body weight, daily for seven days (together with~~~5 mg

chloroquine base per kg) to a single monkey w ith a developed
sporozoite-induced infection. If this regimen f ail ed to cure,

the dose of the test compound was increased to 10. 0 my per kg

and administered to either the animal treated originally or to
another monkey with an active infection. If this larger do~ v

proved to be non-curative, the evaluation of the now agent was

terminated at this point. If cure was achieved with the orig-

inal dose of 1.0 mg perkg, an attempt was made simultaneously

to (a) confirm this result and (b) to ascertain the activity of 

a



-

-log-

I 1ICi l~ -icise o f  0. 5 my ps ’r kg. B ecs -tu C ;e  0 l imi ted  a c t i v i t y ,
~~~} 4)I ap pr a i sals  of ne ’.s~ dj e n t s , o t h e r  than cer t a i n  8 —a n l i n o q u i n —

olines, almost always efl-Ie (1 at this point. When an 8-amino-

quinoline was under inv~-stigation , the evaluation was usually

i n i t idt e d  at a test  dose of 0. 5 mq base per kg body weight.
This lower starting point was selected because each agent was

!. irst  looked upon as a competitor of primaquine which has a
CD90 at the 0. 5 mg per k g lev~~1. I f  cure was not attained

with th i s  dose , a second infection was treated with 1. 0 mg
per kg doses whenever time, compound , and infected monkey

availability permitted. If a dose of 1. 0 mg per kg was not
curative, the evaluation of the test agent was usually ter-

minated. If the 0.5 mg per kg dose was curative (or s-.p?eared

to U- - curative), the activities of 0. 25, 0. 125, or 0. 0625 mg

per kg doses were examined in stepwise order with attempted

confirmation of the activity of what appeared to be the least
*c u r a t i v e  close

A. Compounds Of Diverse Structure

T--’n agents of varied structure were examined de novo

for radical curative activity during the period covered by

this Report (cf Table 24). Three of the agents, WR-3, 396
(-In organic tin derivative), WR-124, 892 (valinomycin), and

wY-191, 991 (co rdycepin) were studied because of their capac-
i t i e s  to inhibit oxidative phospho ry lation. Two compounds,
W~~-1O.’, 79 and wR—l~ 4, 905, were evaluated because of their
an t i - -o ( - c i ~I i a l  a c t i v i t i e s. Tile remaining f ive  agen t s , includ-
i n  W R — 1~~, ~ !l , W R — l 3 , ~~~~~~ W R — 2 5, 981, WR— 2 18, 575 , and W R — 2 l 9 , 124 ,

‘V s rc ’ submi t t - -d f o r  s tudy p r i m ar i l y  because of chemical  novelty.

*
In all st u - li es , ( ‘ 0 4 - c  of an established inf ’ctlon was

synonymous with the absence of p a ras i t emia  for  L i f to en  or
m o rI~ consecut ive  weeks a f t e r  d e l i ver y  of the la -~t dose o f
t L - - t e - t  compound .

5, ) I 1 H I P 5 -  5 1 5  ‘ 5 * 0
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As the data summarized in Table 24 show, none of
these compounds exhibited radical curative activity at daily

doses up to and including 10. 0 mg base or acid equivalent
per kg body wei ght. Two compound s, WR-l02,796 and WR-12, 921,
although not curat ive, produced profound extensions of the
relapse in te rva ls, f a r  beyond anything attainable with chlo-
roquine. WR-l02 , 796 is a hy droxyquinoline; i ts capacity to
suppress mul t ipl icat ion of the blood schizonts of P. cynomolgi
for long periods was described in some detai l  in an earl ier
Annual Report . WR- 12 , 911, although defined chemically as a
diaza—anthracene, can also be looked on as either a 1—amino—

quinoline der ivat ive wi th chioroquine as a component of the
molecule or as a aza—quinacrine. The data bearing on the

long term suppressi ve acti v i ty  of thi s compound are l im ited
to studies on two monkey s. These observations merit extension.

If confirmed, itwouldbe important to determine whether WR-12, 921

is effective against infections with a chioroquine-resistant

strain of P. falciparum.

SC)tJ T H EF ~N 5 , 5 5 - I  *R C H  IN’ .’ 5 1 1 1
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B. 1, 5-Naphthyridines

None of the three naphthyr id ine  der iva t ives (WR- 21 7 . 125 ,

WR-110, 442, and wR-216, 0l0), evaluated during the Report period
(cf  Table 25), exhibited evidence of curative activity. As a

class, these compounds have not been promising. Only one of

the ten members of this series examined to date (wR-206 , 287)

has exhibited curative activity at daily doses of 10.0 mg per

kg body weight. Unfortunately, the limi ted ava i lab ility of

this compound (the only 6-OH substituted compound examined to

date ) precluded conf irmation or extension of this observation.
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C. t s AminOquinolines

Five newly prepared representatives of this series

were evaluated for curative activity (Table 2 t ) .  Results

obtained on four of these compounds were entirely negative

at daily doses up to and including 10.0 mg base per kg body
weight . The results obtained on the fifth compound (WR-11?, lr.~)

are perplexing. A single cure was obtained in one of the

three recipients of daily doses of 1.0 mg base per kg body

weight. This favorable result, obtained against a primary

attack, contrasts with complete treatment failures in two

other recipient s of 1. 0 mg per kg doses and in a single
recipien t of doses of 3. 33 mg per kg.

To date, studies on the 6—aminoquinolines have

been disappointing.  Of the sixteen compounds evaluated , two
(Ni—l47/36 and wR-l88, 438) have exhibited unequivocal cura-

tive activity. Unfortunately, this favorable action was ob-

tainable only at the maximum tolerated doses. At one-half

this dose level, there was no sign of curative potent ial.
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D. 7 -Arn inoquin ol inos

Of the six 7—aminoquinoline derivatives examined

during the Report period (Table 27), f i ve showed no evidence

of curative activity. The results with the sixth compound

(WR-213 ,640) were equivocal, but suggested that this agent

mi ght have borderline curative activity.  Infections were

cured in one recipient of daily doses of 1. 0 mg per kg and

in the second recipient of doses of 10. 0 mg per kg. In two
other infected subjects (one receiving 1. 0 mg per kg doses,

the other  10.0 mg per kg), the relapse intervals were sig-

ni f i can tly prolonged. Oppo sed to this, was the absence of
any sign of curative activity in five other subjects. Ther e
is no clear explanation for  these variable responses.

The variety of 7-aminoquinoline derivatives examined

to date has been extremely limited. It would be desirable to
have a much broader experience before concluding that this class

either has or does not have curative potential. Agents in thi s
group ar e clearly be tter tol erated than their coun terparts among
the ~-aminoquinolines.
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E. 8— A m i n o q u l n o l in c s

F: ts-y-one 8—arninoquinolines were evaluated for

radical cura tive properties during the period covered by tLis

Report . The results of these pilot assessments have been sum-

marized in Table .~8, along with the results of similar apprais—

a l s  of 83 related derivative s carried out in preceding contract

v- / a r s . To facilitate discussion of the results, these 134 de-

rivatives have been arranged in thirteen compartments according

to the location of substituents on the quinoline nucleus. The

analysis that follows is restricted to those nine compartments

which contained agents first evaluated during the current Report

period .

1. Derivatives with substituents at position 6

The six newly studied compounds in this category in-

cluded WR —2 9 , 633 , WR—1 86 , 370 , WR— 21 5 , 730 , WR— 27 , 757 , W R — 2 l 4 , 420 ,
and WR-l52, 149. None exhibited activity equal or superior to
that of primaquine (WR-2 ,975). WR-29,633 and WR-l86, 370 had a

6 -hydroxyethoxy substituent in common, but differed from each

other with respect to the alkyl group separating the side chain

nitrogens; WR-29, 633 had an n—propyl group, WR-186 , 370, a 1-

S methy lbutyl group. Neither derivative displayed curative activ-

i ty at daily doses of 10.0 mg per kg. WR-2l5, 730 and WR-27, 757

had 6-methoxy substituents in common, but differed with respect

to (a) the alkyl group separating the side chain nitrogens; and

(b)  the subs t i tuent  on the terminal  amino group. Ne i the r  corn-

pound exhibited curative activity at the largest dose tested .

WR-214, 4~ 0, the n-propy l analog of pentaquine, was inact ive
at a dose of 0. 5 mg per kg. The evaluation of WR-l5~ , 149, a

structural isomer of primaquine (designated Quinoci-le), is

quite incomplete . Even so, this compound appears to be less

act ive than primaqu ine, a finding consistent with appraisals

in human volunteers carried out twenty years s~~r1ier .
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,:-~~ 
Derivatives with substituents at positions .~ and 6

Eight derivatives were added to this compartment.

They included WR—~~13 , 472, WR—218, 669, WR—2l7, 15-1 , WR—217 , l~ -1 ,

WR-21~ , 216 , wR-216, 893, wR-l99, 368, and WR-217, 038; each had

a methoxy substituent at position 6. The first six of these

compound s carr ied the prirnaquine side chain at position 8.
WR-199,368 had a 7-arnino-ri-heptylamino side chain, WR-217, 038

a 3-diethylamino-n-propy larnino side chain. The distinguishing

moiety in this group of compounds was the substituent at posi-

t ion 2: a methyl group in the case of WR-2l7 , 038; a hydroxy-

methyl in WR-213, 47 2; a methoxy in WR-2l8,669~ substituted or

unsubst i tu ted benxy loxy groups in WR-2l7, 154, WR-217, 12-1 , and
WR-l99, 368; and benzylthio groups in WR-ZlZ, 216 and WR-216, 893.

None of these derivatives was as active as primaquine or WR-182, 234

(2-methyl primaquine). The most effective of these compounds,

WR— 217 , 154 , WR—2l7, 124, WR—2l2, 216, and WR—2l7, 038, exhibited

cur at ive activity at a dose of 1. 0 mg per kg, twice the dose
of primaquine or 2-methy l primaquine required for the same
result. WR-199, 368 was not curat ive at a 1. 0 mg per kg dose;
WR—213,472 and WR—21 6, 893 were not curat ive at a do se of 10.0
mg per kg. The assessment of the activity of WR-218,669 is

currently incomp lete.

3. Derivatives with substituents at positions 3 and 6

WR—Zll, 814 and WR—Zll, 815, the first 3, 6—substituted

8-aminoquinolines evaluated in this Project, had 3-methy l and

6-methoxy substituents in common. They differed with respect

to substituent at the 8-position. WR-2l1, 814 carried a prima-

quine  side chain , WR-21l, 8l5, an isopentaquine side chain .

Both derivatives were less active than prirnaquine, but were

curative at doses of 10.0 mg per kg. Whether they could corn-

pete with primaquine would depend upon their toxicity , which

has not I/~-
~- -’fl . s\.:Imjned to date.
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4_ Derivatives with substituents at positions 4 and 6

Twenty—three new representatives of this class

(approximately two-fifths of all 8-aininoquinolines studied in

this Report period) were accorded pilot eva lua tion s. This large

addition reflected interests generated by the rediscovery of

the superior activity of WR-181,023 (4-methy l primaquine) and

the abilities of collaborating chemists to synthesize targetted

compounds of this class. Twenty-two of the twenty-three new

derivatives carried methoxy substituents at position 6; the

twenty-third compound (WR- 217, 159 ) had a fluoro substituent
at t h i s p o s i t i o n. The dimensions of this series of twenty-two

agents make it possible to deal effectively with two important

questions, namely : ( 1) What are the impacts of al terations
in the 8-amino side chain on the curative activity of 4-methyl
primaquine? ( 2 ) Wha t ar e the impacts of various subs titutions
in the 4-position on the activity of primaquine?

The compounds that ai ded in answering the f i r st
que stion , their distinguishing substituents at position 8,

and the doses at which they exhibited curat ive activity are

listed below:

Compound 8-Substituent 
Cura~~~~~

g
Dose

WR-147, 778 2-amino-l-rnethylethylamino 10. 0
WR-136 , 479 4-amino-n—butylamino >10. 0

WR-181, 023 4-amino-l-methylbuty lamino 0. 25

WR-215, 296 4-amino-4—rnethylbuty lamino 0. 25

WR-215, 761 4-amino-l-ethylbutylamino ca 0. 125

WR-218, 335 4-amino--1-ethy lbutylamino ca 0.5

WR-212, 624 5-arnino-1-me thylpentylamino 1. 0

WR-212, 579 5-amino-5-met1-iylpentylamino 0. 25

WR-0O (, 028 3-isopropy lamino-n-propy l-
amino ca 1. 0

WR-006, Q -’7 2-isopropy lamino-l-methy l
ethy lamino > 1. 0

WR -2 l 1 , 787 ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~hyd roxypro py l a rnino 10. 0
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This listing 1 (1-/1)Lifies five compounds with activity

equal to or greats -r than that of primaquine , an d fou r agents
with activity equal to or greater than that of WR—l8l,023 (4—

methyl primaquine). All of these agents have buty lamino or
pentylamino side chains c_%’ith unconventional branching. Wi th in
this series, however , the impacts of branching were irregular,

making broad generalizations impossible. Apart from identifying
the impact of branching, the data in the listing point to the

association of low curative activity with side chains contain-

ing fewer than five carbons or secondary or tertiary terminal

amino groups.

The compounds concerned with identifying the impacts

of variation in the 1—substituent on curative activity, their
distinguishing substituents, and the doses at which they exhib-

ited or failed to exhibit curative activity are listed below:

Compound 4-Substituent Curat i
7 

Dose

W R — 2 l 4 , 198 -OH > 1. 0
WR-18l, 023 —CH3 0. 25

WR— 215, 300 —CH2OH 10. 0

WR-Zll, 663 -CH=CH2 ca 0. 5

WR-218,806 -CHZCHZCH3 > 0.5

WR-218, 636 -CH CHCH3 > 0. 5

WR-2l8, 805 -CH2CH2CH2CH3 > 0. 5

WR-218,574 -CH CHCH2CH3 )- 1.0

WR—2l6 ,837 -CF3 >10.0

WR-Zll, 975 _CHZCHZ—®--C1 >10. 0

W R -2 l 2 , 293 —N H 2 >10 . 0

WR-?18, 573 -NHCH3 > 1.0

WR—217 , 271 -OCH3 > 1. 0

This summary shows that the curative activity of prima-

quine WC)C-~ not enhanced by anyof the above listed substitutions .

Only ()n
~- - - agen t (WR—21l , us1 3)W i th a vinyl sub-tituent at position

4 exhibited cu r-Itive activity approximatiriq that of primaquin - .
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The s t a tus  of the t w e n L y — t h i r  ~ -1 , t — s ub~~L i t u t ~~J C0; 1 —

po und ( W R — 2 1 7 , 159) , t h~ ( — f l u o r o  analog of 4 — m e t h y l  p r l r t - i q u _ I n c ,

is somewhat uncertain. No curative activit.- ~
-.

- il e:-:hibitod at

doses of 0. 125 or 0. 25 m g  p 5 r kg; one of th r-- - infections was

cured at a dose of 0. 5 mg per kg. If this cure v-uE C-’1Cli d, it

is quite likely that doses of 1.0 mg per kg wou1-~1 b- i~~qulari~-’

curative. This possibility seems worth exploring ; first, be-

cause of its impact on the dogma that a b -methoxy substituent

is a requisite for curative activity among the 8-aminoquino1in-~s1:

secondly, becauseof past experience showing that 6-halogen sub—

stituted compounds are better tolerated than those with 6-methoxy

substi tuents.

5. Derivatives with substituents at positions 5 and 6

Four new representatives of this class were evaluated

during the Report period. Each differed from 5-methoxy prima-

quine (WR-5990) with respect to substituent at position 5. Two

5-phenoxy substituted derivatives, WR-2l6, 100 and WR-2l5, 295,

exhibited curative activity equal to or greater than that of
primaquine and approaching the activity of WR-181, 023. The

activity of the 5-ethoxy derivative, WR-2l8,676, approxima ted
tha t of pr imaquine. WR-l84, 118, a 5, 6— ethylenedioxy congener,

was clearly less active than primaquine, and probably more toxic.

6. Derivatives with substituents at positions 6 and 7

WR—2l5,732 (7-methyl primaquine), the first and onl y

representative of this class submitted for study, was devoid

oF  cu rative activ i ty  when administered in da i ly doses of 1.0
and 10.0 mg per kg. Based on this single experience , one might

SU~~(Je St  t}lUt tiC Ire is little future in 6 , 7 — s u b s t i t u t e d  compounds .
It  would be w’-1l to defer such a conclusion until a broad cx—

perierice is obt - lined with a v-lriety of 7-substituents.
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j -  Derivatives with substituents at positions 2, 1 . and

Three r e p r e s e n t a t i v e s  of t h i s  class wer -/ a-: -o ide-1

pilot evaluation . These included WR-Zll, 533 and WR-~~1l , 990,

tb-U ~~~ 4-dimethyl congenersof Plasmocid and pentaquine, respec--

tively. WR-2l1. 533 was the equal of primaquine in activi ty,

with a curative dose of 0. 5 mg per kg body weight , and appeared

to be well tolerated at a daily dose of 1. 0 mg per kg. WR-Zll, 990

wa s not curative at a dose of 1.0 mg per kg, but was lethal at

a doseof 10. 0 mg perkg. Th i s compound was clearly less ac tive

than 2, 4-dimethy l primaquine (WR-192 , 5l5), but appeared to be

no less toxic. The third representativeof this class, WR—21 8, 33-1

[ Z-methyl--I- (4-chlorophenoxy) prirnaquine] exhibited no curative
activity at doses of 0. 5 or 1. 0 rng per kg. This compound was

clearly less active than either primaquine or 2—methy l prima-

quine (WR-l82 , 234), both of which are curative at a daily dose

of 0. 5 mg per kg.

8. Derivatives with substituents at positions 2, 5, and 6

Two representatives of this class, WR--215 , 733 and

WR-Zll, 532, curat ive at da ily doses of 0. 25 mg per kg body
weight , were twice as active as either primaqu ine or 2—methy l

primaquine (WR-182 , 234). These agents can be viewed as con -

geners of WR-182, 23-i (2-methy l prirnaquine) : WR—215, 733 as the

5-fluoro derivative, WR-21l, 532 as the 5- (4-chlorophenoxy)

derivative.

9 Derivatives with substituents at positions 4, 5, and (

W R-2]I l . 804 and WR-218, (8l , the first repress -ntativc5’

of this class submitted for evaluation . exhibited markedly

different activities . WR-216 , 804. the 5-methoxy congener of

WP—181 . 0~ 3. was curative at daily dos-Us of 0. 125 rng pcr kg }~~ ly

w e i g h t . It was cle irly more active than WR-lSl .023 and at

t - T ij s  st a ~i~ of a ssessment . appcarc . i  to be t h I C  most  act ye

8-arninoquinolin e ,iertv1 t )\s-(~ e x a m i n ’ s l  to d t c .
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~~R— , 1 H , 1181 , t l l - C -  5—chloro  congener of W 1 - — l ~31 , 02 3 ,

‘x h ± b i t c - I no ~ v i- 1ence  of cura t ive  ac t iv i ty ~1t dai ly doses of
i ) 5  an~ 1.0 my por ky. The differc-nces in effects of -chloro

and 5-metboxy substitution are thus very striking, but have

~~: - ~ ir  an t - - c  ~- 1ents in the r esu l t s  of ea r l i -r s t r uc~ ure-~i c t iv 1 ty

C-~amC ,~~Fi  ~;C11CC - .

General Summary: In the interval between July 7, 1972 and

April 30, 1975, one hundred thirty-four 8-aminoquinoline

derivatives were accorded pilot evaluations for curative

activity in the P. cynomolgi - rhesus monkey model. These

evaluations have provided the underpinning for both the chern-

ical synthesis and prospective clinical evaluation components

of the search for a more active and/or more generally useful

radical curative drug than primaquine. The comments that

fo l low will address atten tion to wha t are be lieved to b e  the
accomplishments and the shortcomings of the studies pursued

to date.

The first concern of the Malaria Chemotherapy Program

has been development ofa compound with greater curative activ-

ity than primaquine. To facilitate consideration of this issue,

the results of the assessments detailed in Table 28 have been

digested and the digest presented in Table 29 according to:

(1) th- - numbers of eachclass of nuclear substituted compounds

that have h-~c-n examined; (2) the numbers within each class

which have exhibited activity at a daily dose of 1.0 mg base

per kg Ilo ly W- 1 (Jht~ (twi 7~ the cur-~tive dose of pl’imaquinc);

(3) t I C  ‘ numbers which have exhibited activity at a daily dose

of 0. 5 mg per kg (tl )- ’ curative dI)se o primaqu i ne) ; and (-1 )

t I C  C numi ~~~~ I S - \s-~) ich 1i.c ~- ’~ d i — p layeci ~i c t i v i t y  at .~ ~IoC-1 e of 0 . 25
mg ncr kq or I ‘ C C - . C (one-ha 1 f or l e s  than  one—hal  f the c u r a t iv e
d o s C  o~ i r l m a q u i n e ) .
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As shown in T-thle 29, thirty -two compounds, 24 pcr

cent of the ~~ t t 1  ov alu .~ t ILC d , exhi-hiLed curative activity at a

~Iose ot  1. 0 n J  ~ - - r k g  or Jess . E i g ht e e n  of t he  t h i r t y — t w o  (13 . 4

per cent of the total) 4isplayed dctivity at U dose of 0. 5 mg
per  1C_q or less. Eight  of these ei ghteen (6 per cen t of t h U
t o t a l)  w~ r~ c u r a t i v  at a dose of 0. 25 mg u c r  kg or less. In
other tcrm s. ci ghteen of the one hu n d r U d  t h i r t y - f o u r  de r iva t ives
had activity equal to that of primaquine; eight were at least

twice as active as this establirhed curative drug.

Four classes of nuclear substituted 8-aminoquinolines

made up approximately 83 per cent of the agents studied. One

of these four classes, the 6— substituted derivatives, did not

contribute a single derivative more active than primaquine.

This is not surprising in view of the extensive examination

of this class during the World War II and post-World War II

search for a curative antimalarial drug. One of the other

cl3ss-Us accorled major attention in the current Program, the

2,6-substitut-U l group, contribut ed but a single agent equal
to primaquine in activity. The contributions of the -1 , 6- and

5, 6-cl i substituted groups were more impressive. Together, these

classes contributed twelve of the eighteen compounds equal to

primaquine in activity and five of the eight with greater ac-

tivity. Little studied classes, such as the 2, 4, 6— , 2 , 5 , ~~~
-

and 4, 5, tI—trisubstituted groups contributed a surprisingly

large fraction of agents with activity equal to or greater

than primaquine - probably a signal that more attention should

b- -j given these categories in the future.

By almost any measure, the output of significantly
active 8-aminoquinolines has been impressive - the more so in

view of the rittention this cl-3 s~; received in the 19-14—1951

ser rch for  a c u r a t i v e  drug  supe r io r  to pamaquinc . The r - 1 c -
t ive ly  h i gh o u t p u t  of j - - n t s  w i th  s i g n i f ic an t  a c t i v i t y  is a

cr- -di table ref)--’ction of the attention given to structurs~ —

ac t  i v i t y  r -? l - ~ i onships  in ~i r e ct i n -j  s y n the s i s  of new - o n q - -n - ) 5.
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r hS  second conc-. . - rn of the search fo r  cu ra t ive  drug s

i~n the  c ur r on t  M-:daria Chemother 1u-y Program is tho dove1opmen~
of a compound }~-~tter tolerat d ti-tan primaquine. This compo-

nent of the mission has probably not been given the attention

that it should have received . Obviously, if enhanced activity

is associat, )d w i th  ~ddc I t ox ic i ty ,  there may have been no re ~l

~

J JiC_ ’1 in tl)er~-5C-J::uti c utility. Conversely, a new agent with equal
or slightly less curative activity than primaquine and substan—

tially less toxicity would be a real advance in the approach

to a more generally useful compound. These simple princip les
deserve more attention than they have received. We would sug-

gest that evaluation of subacute toxicity for the rhesus rnon-

key be made an immediate follow-up to the demonstration of

activity superior to that of primaquine, and that if at all

possible, such evaluations should also be accorded every agent

Wit~~i activity equal to that of primaquine; for in that larger

pool may reside the compound of greater therapeutic index and

utili ty. The information derived from such routine toxicity

studies would provide a valuable guide to chemical synthesis

and focus attention early on agents that merit consideration

for study in human volunteers. If limited in scope, as they

should be at an early stage, these toxicity evaluations would

not require a significant expenditure of investigator time or

draw on the limited animal supply ; they could be pursued on

monkeys previously used in therapeutic evaluations whose

in fe c t i on s  had been cured .
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TABLE 29

TUE C~ N’I’RIBUTIONS OF VARIOUS NUCLEAR SUBSTITUTED 8-AMINOQUINOLINES
TO TIlE ROSTER OF DRUGS WITH CURATIVE ACTIVITY

AT DAILY DOSES OF 1. 0 MG PER KG OR LESS

- - No. of DerivativesPosit:ion of Substituent _______  __________  ___________  ____________

in 8-Aminoquinoline Total Curative Curative Curative
Compartment Tested *1. 0 mg/kg 0. 5 mg/kg <0. 5 mg/kg

6 24 1 0 0

2 2 0 0 0

2 and 4 1 0 0 0

2 and 6 17 7 1 0

3 and~~ 2 0 0 0

4 and 6 45 11 8 4

5 and 6 25 7 4 1**
6 and 7 1 0 0 0

2,4 and 6 6 2 2 0

.‘, S and 6 4 2 2 2

3, 4 and 6 2 1 0 0

N-m:thyl 3 0 0 0

All derivatives 134 32 18 8

*
Curative dose of primaquine ; therefore, compounds tabulated

here have activity equal to or ~reater than that of primaquine.
** -Refers to WR-215, 295 which cured two of four infections when

Iministered in doses of 0. 25 mg per kg.
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X. THE CURATIVE ACTIVITIES OF WR—21l, 536 AND WR—211, 537 , 
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TIlE D AND L COMPONENTS OF PRIMAQUINE
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-
“ TIlT’ CURATIVE ACTIVITIES OF WR 211 536 AND ~ F< 211 537

TUE D AND L COMPONENTS OF PRIM A QUI NE

WR-211 , 53~ and WR-Z11 , 537 , the D and L compori r~~ts

of pr imaquir i e , have recent ly  been prepared in q u a n t i t i e s

s u ff ic i e n t  for  evaluat ion of their  biological proper t ies. Th e

f i r s t  of these inves t iga t ions, pursued elsewhere, deal t  wi th
the acute  oral toxicities of these isomers and the racer~ate
for the rnouse. I ts  resul ts  showed that  the LD50 of WR-211 , 537
was approximately fou r times the LD~ j of WR-Zll, 53( arid twice

that of primaqu ine , leading to the conclusion that the I. i so-

mer has but one-fourth the acute toxicity of the D isomer.

The dimens ion of this difference prompted a comparison of the
radi cal cur at ive ac t iv i t i es  of the three compounds.

The results of this compar ison (cf Table 30) showed
that the capacities of WR—Zll, 536 CD isomer), WR—21l. 537 (L

isomer) and primaquine (D, L mixture) to cure infections induced

by sporozoites of P. cynomolgi were essentially identical . This
finding could be of considerable practical importance if the
subacute toxicities of the isomers in the human subject follow

the pattern of the acute toxicities in the mouse (cf above).

Given such a toxicity differential and identical curative ac-

tivity, consideration would have to be given to replacing pri-

maquine with WR-2l1, 537. The advantages of such a shift would

include: (1) greater acceptability of doses used routinely in

the fourteen-day curative regimens; (2) reasonable acceptability

of the larger than conventional doses required for cure of in-

fec tions with some strains of P. vivax; (3) possibility of

delivering the total dose required for cure in a seven-day

pe riod rather than over fourteen days~ and (4) opening the way
to cautious explorations of the efficacy and acceptability of

a three-day treatment regimen coinciding with the conventional

interval for administration of chloroquine.

SOUT14ERN P4 -SEA RCH INSTITUTE
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As indicated above, the relative subacut~ t :~~~ities

of WR— .~l1. 537 , WR—211 . 53~~, and primaquine wou 1ddcL rmine wi- t~iL~~
these seeminj advantages of WR—211 , 537 could be reilized. The

critical importance of tbis issue led to a preliminary compari-

~on of the subacute toxicities of WR—21l, 536, WR-2l1, 537 , and

or i r~lquine  for the rhesus monkey. The results of this compar-

i son and their significance for use of WR-211. 537 in place of

~rimaquine are dealt with in Section Xvi of this Report.

SOlI THE RN RE S 4 A R C H  (N STL ’ .(t’~
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TABLE 30

DI~~FCT COMP A RI SD Y OF THE RADICAL CURATIVE ACTIVITIES OF W R - Z l l .  531
(D Iso~ L:~~ - wR—~~ll . 537 (L  ISOMER ) . AND PRIM A QUINE (D . L MIXT UFd )

I~ RHESUS MONKEYS INFECTED WITH SPOROZOITES OF THE B STRAIN
OF PLASMODIUM CYNOMOLGI

Response to Treatment
Daily DoseCompound Mmu Relapsed

ame - 

~~~
‘ Body Weight* No. Days Between Cured

_____ ____ 

Rx and Relapse

0.375 8227P 10 —

0.375 8228P 10 —

0.375 8240P — +

WR—~~1l 536 0. 5 8228R 1 28 —

0.5 8227R 1 — +

0.75 8249P — +
0.75 8250P — +
0.75 8228R2 — +

0.375 8254P 11 —

0.375 8257P 21 —

0.375 8253P — +

WR—Zll , 537 0. 5 8257R 1 16 —

0. 5 8254R 1 — +

0.75 8258P — +
0.75 8263P — +
0.75 8257R2 —

0.375 8264P 11 —

Primaquine 0. 5 82 64R 1 — +

0.75 8275P - +

*
Dose indicated administered once daily for seven

days along wi th 2, 5 nig chioroquine per kg body weight,

SOUTHERN R1S(ARCH INSTITUT E
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XI. STUDIES ON THE RADICAL CURATIVE AND PROPHYLACTIC ACTIVITIES

OF WR-181, 023 (4-METHYL PRIMAQUINE) AND PRIMAQUINE
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K I . ~~ ~ I i:~
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~N TIlE RADICAL CURATIVE A N D  PROPh YLACTIC ACT ‘1 TI

Oh ~~~~
- - 1 - i . 023 ( 4 — M E T H Y L  P R I M A Q E J i N E ~ AND P R I M A Q U I N E

Pilot evaluations carried out in 1973 indicated tl~~t

the curative activity of WR—181, 023 (1—methyl primaquine) ~~~
at least twice that of primaquine. This observation was impor-

tant for two reasons: (1) it was made early in the Departmen t

of the Army search for a more active and better tolerated com-

pound than primaquine and thereby provided encouragement to

those concerned with various aspects of synthesis and curativ-

drug evaluation ; and (2) it focused attention on the potentials

of 4-substituted 8-aminoquinolines in general and especiaily

4-methy l substituted compounds*. As a result of this prefer-

ential position, WR-181, 023 has been studied for both radical

curative and prophylactic activities in an unusually compre-

hensive manne r. Some evaluations involved side—by—s ide com-

parison with primaquine, the standard drug against which any

new curative or prophylactic agent must compete. Events m~y

prove that WR-l81, 023 did not merit such in-depth attention;

even so. the investigations served a useful function in pro-

viding base line data and delineating patterns of ev a1 uation

which should facilit-t e investigations of more eff ecti ve and
better tolerated agei. than WR-l81, 023 when such appear.

*
The 4-methyl substituted 8-aminoquinolines (designated

lepidines) were studied intensively during the post-World War TI
search for a generally useful curative drug. Four of the most
active of these derivatives against infections with sporozoites
of the ~ strain of P. cynomolgi were examined in human volun-
te2rs infected with the Chesson strain of P. vivax . None prov ’u
to be more useful than primaquine. Although WR-181. 023 d~ fi~-
nated CN-1l0l by Dr. R. C. Eldorfield when he submitted it • t e i
study in 19-19) exhibited greater activity than primaquin c or any
other lep idin in the P. cynomolg~ model , it was not studi -d in
human voluntcl’rs because primaquine was already w e11-te~~t e l and
believed to meet for-~;eeTh1c n(e(1~; for a curative drug.

S(~ t T 1 4 I R N  1 . 4 ’ , )  A R t )) I N % T
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The results of the extended assessments of the

r~ hical curative activity of -h-methy l primaquine and those

of parallel or side—by—side appraisals of the activity of

primaqu ine have been detailed in Table 31 and summarized in

T;iblo 32. The da t a in the latter table have been separated

accordi ~~ j to th e status of the test infection ; i. e. , previ-
ous l y untre -ited (pri-iary attack ) or previously treated (re-

lapse). Uxamirtation of the data in these compartments shows

that the curati’-e activity of -1 -methy l primaquine is superior

to that of ~-irimaquin e in either type of i n f ection . The dimen-

sions of t h i s :;upcriority are difficult to measure precisely .

however , min imal curative responses were achieved wi th daily

io~ es of ‘3. 125 mg WR-l8l, 023 per kg body weight or 0.375 mg

~rimaquine . Curative responses were obtained regularly with

d a i l y  doses of 0. 25 and 0. 5 mg per kg of the respective com-
p unds. These results provide reasonable support for the

conclusion that the curative activity of 4-methyl primaquine
is roughly twice that of primaquine.

The detailed assessments summarized above were

followed by evaluations of the influence of the dosage regimen
on the curative activity of WR-l8l, 023. These studies were
designed to compare the efficacy of selected total doses of

the above compound delivered ei ther as a single dose or in
two, four, or seven fractions on as many consecutive days.

They included side—by-side evaluations of the efficacy of
primaquine. Throughout these appraisals, chloroquine was
adm in istered at a dose of 2. 5 mg base per kg body weight.

daily fo r seven days*.

*
Although it was recognized that a chloroquine regimen

i d e n t ica l  wi th the schedule of de l ive ry  of WR- l8 l , 023 a n I
pr imaquine would be ideal , it was Felt unwise in this stud y to
alter dosage schedules for both tissue and blood schizont iciW ’s

• a t  the same t ime .

SO(I THERN R(SL A R t  H I N ’ - , i l l t
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The — u i  t oF  t h e s e  ex p er i m e n t s , summ on ‘cd in

t’ hl e ~3. show th i t i rrosvect i ye of the frequency ot druq

1 i~ - r y . t o t a l  loses of 1. 75 mg WR—I8l , 023 pe r kg hol y wei cjht

or 3 . 5 m~j ~ r m aqu ine  per u n i t  body wei ght  were ess ’nt i al l y

Un i i  o r m i v  cu r - it i ye . S ince these were the  lowest t ot a l  doses
.mt l ove I , t h e  s t u d i e s  d i d  l i t t l e  more than suggest  tha t  there
weul I b e  no s t r i k i n ~ loss of a c t i v i t y  i f  the t o t a l  dose of
e i t h e r  I -methy l p r i m a q u i ne o r  p r imaqu ine  could be ad mi n ist e rc d
i n  two or  f o u r  equal  d ai l y  f r a c t io n s . P lans  for  o b t a i n i n g  a
no~ e p 1eL ’isc app ra i sa l  of the i n f l u e n ce  of the dosage reg imen
were ievc°Iuped . These were tabled in favor  of e v a l u a t i n g  the
l ot of WR-1 8 1 , 023 being prepared fo r  the proposed e x a m i n a t i o n
i n  human v o l u n t e e r s.

Al though  the above appraisal  of the i n flu e n c e  of
the dosage r egimen on the a c t i v i t y  of WR— 18l , 023 is o b v i o u s l y
incomple te, it provides support for continued search for an

agent in the 8—aniinoquinoline series that will be curative in

a short term regimen. If as the curren t evaluation indicates ,

cure i s  de termined  by the total dose del ivered  r a the r  than
exnoaure of tissue schizonts to drug for a set number of days,

th e real problem is uncovering an agent with sufficiently low

toxicity to permit safe delivery of the required total dose

i n  two to three days.

Because of continuing interest in development of

a well-tolerated causal prophylactic agen t. and because as

a clL ;s the 8-aminoquinolines have prophylactic activity,

at ten t ion has been directed to the relative capacities of

-b -methyl irim aqu m e  and primaquine to preven t developmen t
of primar y tissue stages. The results of two small scale

ex n e r  i m e n t  s have been combined and summari ;‘ed in Table 3 - b .

rn t hese  s t u d i e s , groups of monkeys were inoculated jot n-i-

• v e n o us l y  w i t h  5 x 10~ or I x i O~ sporo~’o i  tes . D r ug s  w er e
I I i rer ’d Lwen F y — four  hours  p r i o r  to spo i-o:’o it inocu I a F i on .

RI t A ) )  F N - i l
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two hours  b e f o r e  inocula t ion, and dai ly t h e rea f t e r  for  - ;evc n

consecu t ive  days . As the data  in Table 34 show, WE-IS 1, 013 w~ s

s t r i k i n g l y  super io r  to pr imaquine  in a p rophy lac t i c  s e t t i ng .
Two of f o u r  r ec i p i e n t s  of 0. 25 mg per k g doses of W R - l S l . 02~
were  f u l l y  protected, as were four of four recipients of (os.s

of 0. 5 and 0. 75 mg per kg. In contrast, p r imaquine  c o n f e r re d
pro tec t ion  to but four  of eleven recipients of doses of 0.75
and 1. 0 mg per kg.
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TABLE

~~~~~~~~~~~~~~~~~~~~ VE R A D I C A L  CURAT 1 yE A C T I V 1  TI U S  oh- , , i -  — I :-~ I - 033 A N D  I i -  SiN, 1 1
AS E X 1 1I B I T E I )  i N  P A R A L L E L  EVALUAT I ~N S I N l-i i~- :Si 5 M( iN r t : ’ ~~ I N V  L C t  El)

w r ’r’n SPOFIIZOI TES OF TIlE F STRA I N 0!-’ - r , \ ~~ 1 ‘u i i  ~i c\ ’N- ) N (

Deta l I H  I Ls-~ryat ions

Curat ive  Regimen Response to Tr ’atmen t
MmuDaily Dose Reiapsed

Compound No.
Mg/Kg Days Between curedNarne/WR-No. *Bod y Weight  R~ and Relapse

0. 125 7809P 7 -

0. 125 78l0P 7 —

0. 125 7897P 10 —

0. 125 7950R2 10 —

0. 125 7 97 9 R 2 12 —

0 . 125 788983 — +

0. 25 78978 1 11 —

0. 25 7950R 3 14 —

0. 25 8265P 16 —

0 . 25 8266P 22  —

0. 25 7 97 9 R3 27 —

0 . 25 7 808P 34 —

0. 25 8145P 37 —

0. 25 8l42P 62  —

0. 25 7760P  — +

0. 25 7820P — +
0. 25 7 948P - +
0 . 25 8143P — +
0. 25 8144P — +
0. 25 8146P — +

181 023 0. 2 5 8247P - +
0. 25 7809R1 - +
0. 25 78lOR1 — +
0. 25 7877 R1 — +
0. 35 7880R1 - +

0. 5 8269P 23 -

0.5 7883P - +
0 . 5 7884P — +
0 . 5 7909P — +
0. 5 7953p  — +
0. 5 8 l4 7 P  — +
0. 5 8148P — +
0. 5 8348P — +
0. 5 7 7 92 8 1 — +
0. 5 7808R 1 - 4
0. 5 8l428i - +
0, 5 8l45R1 — 4
0, 5 83(~5R 1 — -f

) . 5 82i~9R 1 — +
0. 5 7897R2 - +
0. 5 7936R4 — -f

) . 5 7’150R4 — +
0. 5 

~~~~~~ 
— +
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TABLE 31 - CONTINUED

Curative Regimen Response to Treatment

Daily Dose MmU RelapsedCompound / No
N ame/WR-N o . Mg~ Kg 

* 

‘ Da ys Between Cu red
Body Weig ht  Rx and Relapse

0. 25 8l3lP 7 —

0. 25 8135P 7 —

0. 35 8l33P 10 —

0. 25 8l26P 11 —

0. 2 5 8134P 11 —

0. 25 8l32P 12 —

0. 25 8l30P 18 —

0. 25 8127P 66 —

0.375 774-h P 6 —

0. 375 7835P 11 —

0. 375 844lP 11 —

0. 375 7985R 2 11 —

0. 375 7436R 3 11 —

0. 375 7830P 12 —

0. 375 7832P 12 —

0. 375 783lP 13 —

0. 375 7659P 14 —

0.375 8264P 14 —

0.375 8446P 15 —

0. 375 7 7 4 5P  16 —

Primaquine 0. 375 7 4 3 7 R 3 16 -

0. 375 8158P 32 —

0.375 7306R6 36 —

0. 375 7433R2 38 —

0.375 7742P (~l 
—

0. 375 7 7 4 7 P  — +
0. 375 7983R 1 — +
0. 375 72 99R 2  — +
0.375 7307R3 — +

0.5 8l39P 9 -

0. 5 8137P 26 —

0. 5 8l3 6P — +
0.5 8138P — +
0. 5 8l26 R1 — +
0. 5 8l27R 1 — +
0. 5 8 l3ORl  — +
0. 5 8l31R 1 — +
0. 5 81328 1 — +
0. 5 81338 1 — +
0. 5 8l3.l R

~ 
— +

0. 5 813581 —

3 . 5 81i 4R1 — +

‘,l  1 iii Ft N I- S 1 * 1 :  12 15  - I - It 
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TABLE 31 - CONTINU E D

Curative Regimen Response to Treatment

Daily Dose Mmu RelapsedCompound / No.
N ime/WR-No Mg/Kg 

* 
Days Between Cure

Body Weight Rx and Relapse

0. 75 l2P - +
0.75 l8l7P — +
0. 75 6583P — +
0. 75 7l l9 P  — +
0. 75 732 3P — +
0. 75 7392P - +
0. 75 7406 P — +
0. 75  7750P  — +
0. 75 7 7 5 l P  — +
0. 75 7 7 5 5 P  — +
0. 75 7 7 5 6 P  — +
0. 75 7758P - +
0. 7 5 7 7 6 3 P  — -f
0. 75 7 7 6 6 P  — +
0. 75  7769P  — +
0. 75 7838P — +
0. 75 7839P — +
0. 75 7869P — +
0. 75 7870P — +
0. 75 82 75P — +
0. 75 9910P — +

Pr i maqu ine  0. 75 738581 — +
0.75 75l2R 1 — +
0. 75 754 l 8i — +
0. 75 7543Rl  — +
0. 75 7549R 1 — +
0.75 755lR

~ 
— +

0.75 757981 — +
0.75 7587R1 — +
0.75 7659R1 — +
0.75 774481 +
0.75 7830R1 - +
0. 75 783181 — +
0. 75 7832R 1 — +
0.75 783581 — +
0. 75 785981 - +
0.75 797581 — +
0.75 813781 — +
0.75 813981 - +
0. 75  7 4 9 2 R ~ 

— +
0.75 758382 — +
0.75 798083 — +
0.75 798583 — -4-
0.75 7437R4 — +
0.75 730687 — +

S I l l  1 ) F I P N RI ’,! A P I  H , N ’ - . T t I l t I I
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TABLE 31 — tv)N’I’ I N U F 1 )

Cur-it i ye Reg imen kesponse  to Tr - i t . m ’nt
— - —~~~~~~~~~~~ —-~~~~~~~- 

- ~~ uD a i l y  Dose kei apse
( O~r I ’O U f l  I No. —

\ F’ ~~l~ -\o Mg, Kg 
* 

Days Between Cure
- Body Weight 

____ 

Rx and Relapse

1. 5 2 l P  — -1

1. 5 6l58P — -~
1. i t~ 59t ’ P — +
1. 5 7 2h3~~P 

—

1. 5 7 3 8 7 P  — +
1.5 7- illP — -~

Pr  i m lqu 1 f l -~ 1. 5 777  OP — -4-

1. 5 7 7 7 7 p  — +
1.5 7779P — -4-
1. 5 77811’ — +

I . 5 7389R 1 
- +

1. 5 7- 13- h R5 —

1. 5 7-1 3rR 5 — -4-

*
Dose i ndi c a t e d  a d m i n i s t e r e d  once d a i l y  f o r  seven

I~ vs along with 2. 5 mg chioroquine per kg body weigh t.

5 2 1  I P IW N  f1 I ’-. I A P I  14 I N S r l i l t T (
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TABLE 32

CO~1i’AR\TIVE RADICAL CURATIVE ACTIVITIES  OF WR-l8l , 023 AND PRIMAQUINI-
AS E X H I B I T E D  IN PARALLEL EVALUATIONS IN RHESUS MONKEYS INFECTED

W I T H  SPOROZOITES OF THE B STRAIN OF PLASMODIUM CYNOMOLGI

Condensed Summary

No. Cures/No. In fec t ions  Treated
Dai ly  Dose
Mg Base/Kg~ Primary Attacks Relapses

Body Weight 
WR-l8l, 023 Primaquine WR—181, 023 Primaquine

0. 125 0/3 — 1/3 —

0. 25 7/12 0/8 4/7 —

0. 375 — 1/13 — 3/8

0. 5 7/8 2/4 10/10 9/9

0 . 75 — 21/21 — 24/24

1. 5 — 10/10 — 3/3

*
Dose indicated administered once daily for seven days

along wi th 2. 5 mg chioroquine per kg body weight.

S I ’ 2 t 1 H t I ’ ,  R ) ’ ,i~~~ P 41 1 5 , 1 - I l  ~~I
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TABLE 3 3

TIlE iNFLUENCE OF TIl E DOSAGE REGINSN ON TIlE RADICAL CURATIVI- A C T I V I T I E S
OF WR-181, 023 AND PRIMAQUIN i-~ AS EXHIBITED IN PARALLEL EVALUATIONS

IN RHESUS MONKEYS INFECTED WITH SPOROZOITES OF TIlE B STRAIN
OF P T J \ S N i D  I ~1\3 CYNOMO LG I

Dosage Reg imen * Response  to Treatmen t
Compound Da i ly  

- 
Total Mmu Relapsed

N arn e /WR-No. No . of No .Dose Doses Dose Days Between Cured
Mg/Kg Mg/Kg Rx and Relapse 

______

1.75 1 1.75 8397P — +
1. 75 1 1.75 8400P — +

0.875 2 1.75 8401P 40 -

0,875 2 1.75 8409P — +
0.875 3 1.75 84OlR1 — +

0. 438 4 1.75 H- blI P 8 —

0. 438 4 1.75 8--I lOP — +
0 438 1 1 75 84~~1R1 — +

0. 25 7 1, 75 k3~~7P 4 2  —

) . 25 7 1.75 8380P 43 —

0.25 7 1.75 8372P — +
0.25 7 1.75 8428P — +

Wi~—l 8l, 023 )~ 25 7 1.75 842 9P — +

3.5 1 3.5 8345P — +
3.5 1 3.5 8377R1 — +

1 75 2 3 5 83h8P 42 —

1.75 3 3. 5 8289P — +
1. 75 2 3. 5 H 3~~8R 1 — +

0.875 -I 3.5 8300P - +
0. 875 -I 3. 5 837lP — +

0. 5 7 3. 5 B3O 1P —

0.5 7 3.5 837-IP — +
0.5 7 3,5 8380R 3~ — +

S t  T H E  P IN  R I ’ , )  ~~4 II N- _ T I l T )
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TABLE 33 - CONTINUED

*
Dosage_ Regimen Response to Treatment

Compound Daily Total Mmu Relapsed
Name/WR-No. Dose No. of Dose No. Days Between Cured

___________  

Mg/Kg 
Doses 

Mg/Kg R~ and Relapse 
______

3. 5 1 3. 5 8386P — +
3.5 1 3.5 8389P — +

1. 75 3 3. 5 8390P — +
1. 75 2 3. 5 8392P — +

0.875 4 3.5 8393P — +
~~. 875 4 3. 5 8394P — +

0.5 7 3.5 8376P 19 —

0, 5 7 3.5 8356P — +
0. 5 7 3. 5 8395P — +

Primaquine 0. 5 7 3. 5 8396P — +

7.0 1 7.0 8337P - +

3. 5 3 7 . 0  8298P — +
3. 5 2 7 . 0  8338P — +

1. 75 4 7 . 0 8299P — +
1. 7 5 4 7 . 0 834 lP — +

1.0 7 7.0 8307P — +
1. 0 7 7 . 0 8348P — +

*
Throughout these evaluations, chloroquine was administered

in a dose of 2. 5 mg base per kg body weight once daily fo r  seven
consecutive days. Delivery of chloroquine was initiatel on the
first day of administration of WR-18l, 033 or primaquine .

I.- ’- I I l l’ ,  I. 1 _ l  A R C H . 1 ’  
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TABLE 34

A ‘ I MYA~ t S i N  OF TUE PRO PHYLACTIC ACT IVI TII-~5 OF W E — i B i , 02 3  : N :  P 1 ’I  ~4,- iU I N i -
AS F.X III B IT ED I N P A R A L L E L  EVALUATIONS IN R H E S U S  MONKEY S C1-L-~.LLI-i ~- - -

N 1 T H  SPO i~oZeITES OF TI -IF B S T R A I N  OF’ ! - i A S M O I ) I U51 CYNOM OJIG I

P rophy lac t i c  Reg imen *
Days Delay

- MnTu Day of Patency -Dail y Dose in OnsetCompound No . a f t e r  ChallengeMg/ Kg of Pa tencyName/WR-No . Body Wei ght  
_____ ____________

0. 135 82-1 7 12 -1
0. 125 8248 12 4
0 . 2 5 7969 Protected > 74**
0. 25 82 2 5  Protec ted  > 7-1
0. 25 8265  13 5
0 . 25 82 66 23 15

181, 023 0 . 375 8269 13 5
0. 375 8270 Protected > 9-1
0. 5 8231 Protected > 74
0. 5 8233 Protected > 7 -b
0 . 75 8234 Protected > 74
0. 75  82 35  Protected > 7 -

0. 25 8236 10 2
0. 375 8158 18 10
0. 375 8189 16 8
0. 75 7501 Protected >113
0. 75 7549 17 9

P r i m a q u i n e  0. 75 7586 19 11
0. 75 8159 Protected > 79
0. 75 8342 18 10
1. 0 7705  26 18
1. 0 7708 17 9
1. 0 7709  18 10
1. 0  7710 18 10
1. 0 7955  Protected > 89
1. 0 8243 Protected > 74

— 7956 8 —
- - 8244  8 —

- 8318 8 -

*
Drugs leliverc i the day prior to sporozoit - challenge ,

two hours before challenge, and daily for seven days after
ch a l l enge.

**Where the symbol ‘~ appears, observations were t e r m i n a t e d
on t1 i ~~ designated day; absence of parasitemia to such d at e  is
synonymous with full protection .

III 4 2  A l t IF I N S T I l  T f
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X I I .  P R E L I M I N A R Y  STUDIES ON THE IND PREPAR ATION OF
WR-l8 l , 023 (LOT AG: BE—SO , 003)

The results of the studies described in the preceding

section of this Report, together with those of studies pursued

in the 19-19-1951 period (when 4-methyl primaquine was designated

O N - i l O l ) ,  led to the decision to i n i t i a te  evaluat ions of the
curative activity of WR-181, 023 in human volunteers. A batch

lot of this compound was prepared for these appraisals as well
as for  the precl in ical  evaluations of toxicity and e f f icacy
required by FDA prior to testing a new drug in human subjects.

The p rec l in ica l  evaluat ions of efficacy were designed to de-
t er rn ine  whether the curative and prophylac t ic  act ivities of the
INI or-~oaration were the same as those of pre-IND lots and to

oxu l o re  the in f luence  of the dosage regimen on both of the
above activities.

The first experiment, concerned with the curative

activity of the IND preparation, was in i t ia ted  on Februa ry 5,

1975. It dealt with a study of the comparative effectiveness

of three and seven—day regimens of WR-l8l, 023, controlled by
a companion evaluation of the act ivi ty of primaquine in a
seven-day regimen. Unlike the evaluations described in the

preceding section, the duration of chloroquine delivery coin-

cided with the duration of administration of the 8-aminoquin-

oline. In the three-day reg imen , chloroquine was adminis te red
in dai ly doses of 5. 84 mg per kg body weight;  in the seven-day
regimen , i t  was administered in the conventional doses of 2 . 5
mg per kg. The total dose of chioroquine was 17. 5 mg base per

kg body weight in both regimens.
5-

The results of this initial exper iment have been
summarize d in Table 35 . Al though the numbers of monkey s in-

volved are small , the summary shows: (1) that in a seven-day

L 

dosage regimen the activity of WR—18l , 023 is approximat -lv

‘ , l I T H I P N  III I )  A R ( H N . T I T I I ~~~I
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t w i c e  t h a t  of p r i m a q u i ne , the c u r a t i ’ .’e doses hem ; Ii . 2 5 mg per
kg and 0. 5 mg per kg daily for the respective compounds; and

( 2~ at total doses of 1. 75 m g  WR—l81, 023 per kg body weight .

three-day and seven-day dosage schedules were essentially

equally ef f ective , six of eight vs six of six infection s

cured on the respective regimens. More extensive evaluations

of the curat ive activi t ies  of the IND preparat ion and old er
preparation s and studies of prophylactic activity, incomplete
at present, will be summarized in the next Annual Report.

S I f l i f l I  f - ’ . R I  -.1 A R  I. i N SI T I ’ ~~~)
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TABLE 35

A P R E L I M I N A RY APPRAISAL OF THE RADICAL CURATIVE ACTIVI TY OF THE
IND PREPARATION OF WR-18l. 023 (LOT AG :BE-50, 003) AS EXHIBITED
IN RHESUS MONKEYS INFECTED WITH SPOROZOITES OF THE B STRAIN

OF PLASMODIUM CYNOMOLG I

Dosage Regimen* Response to Treatment
Compound Dail Total MInU Relapse

Name/WR-No. y No. of No.Dose Dos s Dose Days Between Cured
___________ 

Mg/Kg e Mg/Kg R~ and Relapse

0. 292 3 0. 876 8568P 14 —

0. 292 3 0. 876 857lP 18 —

0. 292 3 0. 876 8569P 21 —

0. 292 3 0. 876 8570P 22 —

0. 125 7 0. 875 8549P 20 —

0. 125 7 0. 875 8548P 22 —

0. 125 7 0 . 8 75  8552? 46 —

0. 584 3 1. 75 8571R1 20 —

0. 584 3 1. 75 8574? 24 —

0. 584 3 1.75 8579? — +
l8~ , 023 0.584 3 1.75 8580? — +

0. 584 3 1.75 858lP — +
0. 584 3 1. 75 8568R1 — +

0.584 3 1.75 8569Rl — +
0.584 3 1.75 8570R1 — +

0. 25 7 1.75 8553P — +
0. 25 7 1. 75 8564P — +
0. 25 7 1. 75 8565? — +
0. 25 7 1. 75 8548R1 — +
0. 25 7 1. 75 8549R~ — +
0. 25 7 1. 75 8552R1 — +

0. 25 7 1.75 8534P 10 —

0. 25 7 1. 75 8539P 14 —

0. 25 7 1. 75 8538P — +

Primnaquine 0. 5 7 3. 5 8542P — +
0.5 7 3.5 8543r — +
0.5 7 3.5 8547P — +
0.5 7 3.5 8534R1 — -+

0.5 7 3. 5 8539R 1 - -4

*
Chloroquine was administered in a total dose of 17 5 n~ per

kg body weight in both regimens; daily doses were 5. 1 - 1  n o  - ‘r c;
and 2. 5 mg per kg, r~ spective 1 y for the three -an- I seven 1 0 1 0
sche-lu 1 es.

S I  T i l l - ’ ,  t . l~~ . • l  - -
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XIII . ATTEMPTS TO ENHANCE THE CURATIVE ACTIVITY

OF PRIMA QUINE

There are at least two distinct approaches to

developing an improved curative drug regimen. One embodies

the search for a single agentmore active and better tolerate’S

than primaquine. As indicated in Section IX of this Report .

the Malaria Chemotherapy Program has been pursuing this line

of attack vigorously at a combined chemical synthesis and bio-

logical evaluation level. A second approach embodies efforts

to enhance the well-established curative capabilities of prima-

quine (without decreasing tolerability) by administering this

8-aminoquinoline in combination with a second tissue schizonti-

cidal drug of a different chemical class. This approach has

been largely if not completely neglected. One of the factors

responsible for the neglect is the paucity of candidates for

a place in a combination regimen — compounds other than the
8-arninoquinolines with demonstrated activity against either

the early or late tissue schizonts of P. vivax or P. ~~ nomoj~j.

In reflecting on possible approaches to development

of a combination drug regimen , attention was focused on obser-

vations made some seven years ago during a comprehensive study

of the antimalarial properties of 7-chiorolincomycin (U-Il , 351F ,

now desi gnated WR-303 , 6 5 9 )  and N -demethyl- -1’  -penty l -7-ch lo r o -
lir’comycin (U-24 , 729A , now designated WR—203, (6l). Specificall-e .

these observations showed that administration of WR-303.~ a l  at

the maximum tolerated dose (MTD) would preven t or cure infections

with sporozoites of the B strain of P. cynomolgi. At one-fourth

of the MTD. WR-203 661 effected marked delays in onset ot~ nave-

sitcmia and prolongation of the relapse intervals. The same

~ t u  lies showed that these effects resulted from a direct action

of WR-203, 661 on the tissue schizonts. WR-I03.~~59 exhibit. : I
similar activity, but much less regularly than WU-lOS , - I and

L i e n  on ly  a t . a dose thirty—two fold greeter t S n  the et ei ’t i V-

dose of t h t ’  l a t t e r  compound . T o get h e r , the se e l n o ’.-at ens 1 -

SI) t i l l ’, N 5 II 1 !~~ .. I 1 i f

~
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-a he c n n  tusion that th~ - 7 — eb l o ;  c i  1n -cr \’ -i ns, - i n  I e s p u c i  i i  ly

~‘. R — . t ) 3 , f l . ‘\-ere ~-n low- ’I  with ~t C t i i ’ : t v  q- if ls t  t l ct h  - I r l y  and

1 i t O  t i s S u c  yc iiiZofl t ;. T h i s  r - t r e  en i I I ~~~Th nt , in compoun I . ; s t r uc —

t u i  cliv di e:oit from t L -  8 —a m i n eq u in o l 1 1 - S. s t  r u l e t  - -d a gr o u p

of  ; i v . ’1 inuaar y stu lies i O~~- :  I a t  .1- ~-t  ‘~~1 1 n i ’ 1 1 ;  ~h - t h e r  r c n - - o : l lj . t I- f l t

i Imi n i t r i . i on o t  ~~~—~~Q 3  . 1  . , - ) U 1 1 1  -nha~1(’- -- t h e  1)50 )5 1 ci ic  an

ra .i i c a i  c u ra t  iv e  nrop- .~rt i - ~~s o r  p r i - ~- - .~u i n - .

Two pilot studies of the capacity of ~tE— t03 . - 1 to

e n h a n - - c the p r o p hy l a ct i c  a c t i v i t y  of nrlnr .nluine W I . rC u n de rt ek en *.

A n umber of  compounds o l d e r  t h a n  t i c s  I~~ncomy c in  d e r i v a t i v e

‘.~-- e rc  in c l u de d  in the  i n i t i a l  p i l o t  ex p er i m e n t — os:~~ i i t i a l l y

as controls . The group consistedof : proquanil , nyrimethamine ,

an] W R — l 5 8 , 132 (a 6—sulfur substituted 3, - 1— 1liam inoquinazolinc ) —

all iihydrofolic acid reductase inhibitors; WR— 3O3 ,~~~0 
- the

lincomycin derivative referred to abov e~ and oxytet recyclinc .

Each of these agents was administered at approximately one-

fourth of the MTD in a nine-day , once daily, dosage regimen ,

either alone or concomitantly with primaquine at a daily dose

of 0. 375 mg per kg, half the dose of this 8-aminoquinoline

required for prophylaxis. Oxytetracycline was injected intra-

muscularly; the remaining compounds were administered orally

via stomach tube. The second pilot experiment was limited to

a preliminary assessment of the dose of WR-2O3 , 61 required

for prophylaxis.

The combined results of t he  two exncriments hC\’e been

presented in Table 3e . The data therein suggest stronolv that

the prophylactic activity of primaquine was I -nh a n c - ’d by (‘Ofl-

comitant alministrationof WR—30 3. ccl and that k-his IJ O l co ul  I

be ak-ta; f l el  with a daily dose ot I, S me er kq . ecu i ~~
- ilent I -

one—sixteenth of the NP). WE— 303 , r q  
~ Scicofl i i i  : 1 1 -  c m

anal ~ was k-h ’ only other compound t h a t confe t e l p ~~~ 1 - - - ’t i n .

*
The inocula for these .‘X n f - ;  n; . ’nts ~- : f o  - ‘ 1 . -~ x 10 an  i

x 10 sporozoi tes. r e sp ec t  i vely .

5 I f , f ’ J ’~ ~~~~~ \ f l ~~~~ ‘ -
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I r ;SLIU1 i i c  no ted  I at i n c u b a t i o n  ( crepat :-nt) pcrio-Is v.

1 I o ]eng- ’. I  f o r  eigh t. - I n  I ten days in Mmu 0158 an- I Mmu slop . tl-

reci pients of primaqulne in doses of 0. 375 mu p(15 
~~~~~ 

-~c k -bout

- ‘cmpcmnion Irug. The incubation period was si q r i i Ii C-intl \’ I onq - ‘

than this in Mmu 8233 . Mmu 832-I , and Mmu 8201 . respectivel y ti -ic

recinients of prirnaquin c in combination with proguanil , cyri—

m~~t d u n in e , an 1 oxytet:racvc-line. In the case of the latter two

irugs , extension of the prepatent period could be attributed

to norsistence of blood schizonticidal concentrations of drug;

however , t h i s  may not be the  entire explanation even for these
agents. It would not account for the extension of the incuba-

tion period encountered with proguanil. delivered either alone

or i~n combination with primziquine. It is desirable to recog-

nize the existence of these delay s even though explaining them
is not possible within the boundaries of the present study.

Monkey s which developed infections in the prophylac-

tic experiments just described were promptly assigned to pilot

asscs —m -~nts of k-he capacities of the v a r i o u s  ‘ p r o p h yla c t i c”

a g e n t s  to en h a n c e  t h e  r e li  ccl c u r a t i v e  a c t i v i t y  of p r imaquine.

W i t h  one excent ion , r e l a t i n g  to tite l e n g t h  of the pos t - t rea t -

ment follow-un p c  i e I , con\-entional procedures were util ized

in evaluating curative a c t  ivity. The length of this follow-up

period . unu - I ly 105 -ons istentlv negative days after delivery

of k-lie last t r u u j  j ose , was  extended to .310 days because of

three very let- ’ relapses . Proguan i 1, nvrimethamnine, WI-~-l58, 1.33.

oxytetracycline. and WR—3 03 . 65°were aclministei-od at one-fourth

of the MTD, as wa s WH— 303 , f - c l , to one s u b j e c t. Four  o the r  monkeys

were r e a l  ed with the let t e r 7 —c h l o t o  ii icornyc in ic i- ; ~~et  i ye at

closes of 3. S mg per kg. One monkey recci vol cli] LTVCIqU i f l O  at

the u lua l companion drug loso of 2.. 5 mo ncr kg ) - - l v  wi - i q E l

Prim tju ~~ne was -a Ir-t i n i s t Ire 1 in l i t  lv closes c t  0. ~7 f  ml ’ per  k . j

~-o I - . ’ we i gh t  ~o a l l  m e n R ev s  eX c- ’nt t en 5 u - e J  Y l f i 1  .3. 5 ni l

— ‘u ~~, h~~~ 1 r Eq t he se rece  v- I I t ti t s 8— cmi neci; 1110 1 ; On - it

a I - i ;  1 Io~~e ot 0. ]s~ m 1 1cr E be I’ we i - f l t

‘- ‘I - T h E  . ‘ f~~I ‘,~ i f ’ . - . ?  r 7,
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The r -suits of this nilot evalu ition . euSum e i ‘ed 11

T a b le  37 , now tha t  cures  were not ach ieved  when ch l or oqu i : . e ,

nroguan i 1. W R — l - i H , 122 , ox’-itctracycline. end itk—303 . ~~- ~~ we re

use. l  as com n en ion  :Iruujs . R e l ap se  i n t e r v a l s  in  both r ce i~~i -  St  S

of ~ R— lS d , 123 and in one of the two r e c iu i e n t s  of W E — l U , 5 ’

w 1r 0  o r o l o nm -.l markedly . This  r e su l t  was not  s u r p r i s i n c t~~

k-be case of the latter compound , which has significant tissue

sc hiz on c i i ’ i la l a c t i v i ty .  I t  was very s u r p r i s i n g  in the  010 515

ot dk~~1~~R , 132 and contrasts with the short relapses associated

with e:lniinistration of this quinazoline, alone , to monkeys wi t h
I veloped sce rozoite-inluced infections.

Nose importantly, k-he data in Table 37 show that

the combin.1tion regimen of 0. 188 mg primaquine with 2. 5 mj

WR—20~ , r u l  per kg bo-ly weight was uniformly curative. Since

in a ~‘ery large experience this close of primaquine has never

exb ibLted curative activity * when administered in combination

w i t h  chioroquine , i t  seems reasonable  to conclude t h a t  the

capacity of this 8-aminoquinoline to effect radical cure has

been andance.I by the concomitant  a d m i n i s t r a t i o n  of WR-203 , h c l .

Cures achieved with the combination of pyriniethamine
and 0. 375 mg per kg doses o f p r i m a q u i n e  (c f  Mmu8223 and M m u 8 l ’ -4 )

were not anticipated . I-Iowever, review of previous studies on

this drug combination showed that attention had been given pri-

marily to the dose of this pyrimidine required to cure infections

with  P. cynomolgi when administered with dai ly doses of 0.75 mq

orimaquine per kg body weight. In actuality, there had never

been ci critical study of the capacity of pyrimethamine to en-

hance the curative activity of primaquine utilizing a censtant

close of the substituted nyrimidine and decreasing doses of the

8-aminoquinol inc.

*
These a t u - l i e sh a v e  shown tha t ; r i m a q u i ne  is r a r ely c u r a t iv e

wi~s’n a l m i n i  s to r e d  i n  l a ;  lv loses of 375 mq per kq ,  t og e t h e r
w i t h  chioroqu  ~nc . 3~ 

r~ mq ncr Eu . A Ic i lv lane of 0. 5 mg per
Eq is close to a CD yi. a lo se of 0. 7~~ r~ ; per Eq ire l o y i m at c I .~
a ( ‘O- iu~ ,

;. l l l l T I , I i : ‘-4 I f - , ) A R ( H I 5 , i ! T l I T f
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Fl e o r  u - -n t eflb I n c e m c n t  or the orophy lac t ic n - I

r z t 1 i c 1 u 1  cur it  i v o  :~~- t l v 1  t ios of or i m a qu  i f lI, attained by tli c

‘; ‘ c  i’~ ir .  l m r n i s t  r a t i o n  of WE—20 3 , ill , led to p l an s  or

mon -a ce - l o t  ~~
- isses ment of k-lie r a di  c ii curative cOfl id 1ofl vj t

ot S ni i  I r i o n r e n o n . 0 - ec o - in i t i o n  t h i t  nyr i m e t ham i nc , a w ell—

a c i i i  -s 1 a -ient - m i gh t hav e si mi 1cr en h an c i n g  a ct iv i t i n . r e—

su l t c  I in aitcration - in these plans. These mod i fic; t lens .

lurnu , wit 1 ) 11k- inci easinq the numbers  of monkey s  commit ci
to Hi~~ exu ~11 i men t , 1 -adu c c-i k-lie s t r e ngth  of the e x p e r i m e n t

to l i t t l e  more t han  a n o t her  p i lot investigation . Since the

lesign of the oxoorimcnt was comp l i c a t e d . a brief descri p t i o n
of it s mcv~or features may be useful .

l-~ach of 34 rhesus monkeys was inoculated wi k-h 1. II N

sporozoi tes , In f e c t i o n s  were pa ten t  eigh t clays t h e r e a f t e r .
t~~ien pa r a s i tem i a s  a p p r o x i m a t i n g  10 per 10.1 erytlirocvto n were

at t a i n e d , 23 of the monkeys were assi gned to variou s, treat-

ment rogimens~ the 24th subject served as an untroa t c l  centrol .

The s;-terific assignments are best indicated by reference to

‘ F - i l -  i c  8. I t  should be noted t h a t  c h l o r o q u i n e  was a compo-

t i e n t  of a ll  t r e a t m e n t  regimens and was a d m i n i s t e r ed  r o u t i n el y

( s k - a r t i n g 4 b h o u r s  a f t er the last d o s e o f  p r i m a q u i n e, ~c R - 2 0 3 . c i - l .

pyrimethamine . or their combinations) to make certain ti-tat blood

schizents would be eliminated . Su Ii a procedure was lUonre l

essential since the amounts of WR-203. (~;i and pyrimethemine

included in some combinations were below the doses requi i ’  I

for curs of trophozo i te—induced infections .

~‘ r oatmen t  of re lapses  was - b e l t  w i t h  on a b i n ;

r o t a ti o n a l  b a s i s . For e x a m p l e , m o n k e y s  ass i gned t n  reciimcns

con t a i  n i n q  WR— H3 , ~- b  1 f o r  t r e a t m e n t  of p r i m a r y  a t t a c k s  wel-
a S S i( 1 O -~ I to r e gi m e n s  c o n t a i n i n g  pynimetham i lie Icr  t t ’ ~~t iii- - I t

of first r e lap s e s , then to regimens containing WR--30 . I t o t -

second rd insos, tb --n to 1 ~ Jim ens con r a i n i n  ; p si-n - -I l i a m i i c  1

for ~h t r - .l rel .tni -ies. ‘k-c . In th e  : f l i 1 O l j t \ ’  ol ca~.’5 . P 1 ic c - i n

S f f L  f~~ I l ~~~, R f ~~~ f A Pt ii 15 - i l T I  1)
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t sect  d I n t  w i t h  c }cloicci ui tic was n o t  can  i cd o u t  —he n t 1 Io ns

of w k — t 0 3 , i i  I a~i I n ’1’r i m e t l i a m i n c  W i ’ S . i n ci -a su .l ta l S V e I  S - c o l l A r d

to i c  ccn .~b 1 -  of cui i n i b l o o d — i n d u c e d  i n I cc t i o n s .

The r e s u l t s  of t Iicsc evaluations have b ijni r ~i r j y t d

in  Tab le  3e , The L oefits of concomitant admini stration ~
W R — 3 0 3 . i - i - i on k-he r ad ic al  c u r a t i v e  a c t i v i t y  of p r i m aqu i n e  w er e

- i I - . -~~ren t  in  t h i s  s tudy ,  but  they were much less impressive

ti~~ n in tb~ pilot experiments described above. The combina-

tionof 3. 5 mg W R — 2 0 3 , Ewl  ari d 0, 188 mg p r i m a q u i n c per ’uc g lcdlv

\-.elg t df evoked ma rked extension of the t ime  betw~~en relecae-s .

Combination of the above dose of WR-203 . (1,1 w i t h  0 , 3 7 5  mg
or i m aq uin e  per kg cured four  of six i n f e c t i o ns. Sy stema t ic

c u r a t i v e  a c t i v i t y  was not encoun te red  in any p y r i met h am i n e/

nrima crul n-c regimen ,- some combinations did lead to extension

of t im i n t e r v a l s  between relapse.

Desp i te  a t t e m p t s  to do so. there  was no easy way of

r e c o n c i l i n g  the l i m i t e d  enhancement of the c u r a t i v e  a c t i v i t y

of p r i m a q u i n e  j u s t  described with the s t r i k ing  enhancement  noted
in the ori g ina l  pi lot  eva lua t ion . In searching fo r  an explana-

t ion fo r  these dive rgen t  f i n d i n g s, it occurred to us that they —

could be related to differences in tissue schizont burdens ,

even though the i n i t i a l  sporozoite inocula  were  e s s e n t i a l l y

the same. Each of the monkey s employed in the pi lot  evalua-
t ion  had received primaquine previously in the prophy1actic
component of the study. This  exposure was associated with
significant prolongation of the incubation period. In most
cases, this lengthening could not be attributed to persistence

of the companion drug in effective blood schizonticidal con-

centrations . It seemed more reasonable to ascribe the delay

in onset of ictency to injury and partial destruction of sporo-

7 o i t - . ’ or t i c - s u e  s t ag ep r o g e n y .  T h i s w ou l d  have  l e f t  a r e s id u a l

t i s su e  1k - a g e  bu rden  much s m a l l e r  than t h a t  w h i ch  p r e v 1 ; i l s  i n

n n e e i o u s ly  n nt r e a t ~ ’ .i  i n t  , 1(.t ions. This  losses  b u rd en  may ha ’’ - --

- . 1  - f  A P I  El f N ~~.T  ‘ i t
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been r e s p o n s i b l e  for the excellent nerformance of I t i - -  -chi na-

k-ions of 1V1— 203 , i- t-1l and orimaquinc in t h e  i n i t i a l  e v a lu : t: i o f l o f

cura tive activity. I f  so , a s imi  l a r  result should be cit t - t i i - u b l C

in nroviou,c ly  u n t r e a t e d  i n f e c t i o n s  by lower ing  the sp or e t c it e

i n o c u l u m. Th i s  p o s s i b i l i t y  led  to desi gn of an exp e r i m e nt  e l m - c - -i

at determinin-j whether the capacity of WR—203 , 661 to - n u m b

the  r a d i c a l  c u r a t i v e  a c t i v i t y  of p r i m a q u i n e  i s  s i g n i f i c c n I  1

i n f l u e n c e d  by the size of the spo rozo i t e  inocu lum.

Twenty-eight monkey s were assigned to this radical

curative study. All were inoculated intravenously with sporo-

noites derived from the same lot of infected mosquitoes~ four-

teen received an inoculum of 8. 5 x lO~ sporozoites~ [ouisteen

received an inoculum of 8. 5 x l0~ sporozoites. All monkeys

developed patent infections eight days after inoculation . Drug

treatmen ts were initiated as soon as parasitemias approximated.

10 per 10 1 e ry th rocy tes. Resu l t s  have been summarized in
rf eble 40.

Comments will be limited to the results achieved

in t reating prima ry attacks since responses of relapses can

be compromised by previous drug experience, particularly when

such an 5xnoi i- —nce covers an agent like primaquine of proven

tissue schizonticidal activity. The data in Table 40 show

L h at  1’,’P-203 . I l l  was remarkably effective in enhancing t he

curative activity of primaquine when delivered to monkeys

challenged with approximately l0~ sporozoites. Thus admin-

istration of WR-Z03, 66 1 in daily doses of 2. 5 mg perkn. to-

gether with primaquine at doses of either 0. 188 or 0. 375 mg

per kg resulted in cure of eight of eight infections . This

response contrasted sharply with that obtained in monked’s

inoculated with approximately 106 sporozoites. None of four

orct-iously untreated infection s were cured by administrati on

of primaqu ine in doses of 0. 188 mg per kg and only one ot

four infections was cure l by 1osen of 0. 375 mci per kg.

~~~ f l l f f f i - ’~ f ( ~~~l~~~~ l I-i ‘4 i i i
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i n should I: - noted k - m i t  the .-e WCSn  t h r e e  5Ur-c ~ at t mis 1iose

I 5vf ~5l amoida  k-lie monkey s or~svious1 y t r e a t e d  mc~ ti-i - ) . 1k-h m g nor

-m g -loses , l’ n e se  observ~mt 10011 emphas ize  tu -~~ i m p o r t  dlflce of

u s  in n  re  lat i  v-s i y modes t  n o c u la  in  ic id  :ai 01 ry cu ss- s i ;smen  ts

of the cap a c i t i e s  of second agen t s  to enhance  t h e  curative

activ m t v  of  or immiquine. They also nr o v l  le a SC~t 5 O 0 , i b l C

- - c-mt— i anat ion for the remarkable ben-afits derived from corn—

b i n i n g  “1k-203 , tOi l and primaquine in the initial pilot study

a t  c u r a t i ve  a ct i v i ty .

Interest generated by the capaci ty of W I ? — 2 0 3 , i i i

to enh a n c e  time radical curative activity of primaquine led

to pilot explorations of the capacities of other agents to

orojuce scci lar benefits and specifically to a study of the

offi ce1 - ; 0 , 1 of c e r d v c ep i n . eryth romyc in, ri far r .p in, cvc lobex—

imi1le .  and v u l i n o m y c i n .  The reasons for  e v a l u a t i n g  these

a gen t  s h av e iseen ment ioned  ea r l i e r  and w i l l  not be repeated
here .  The c ’xuer iment  fol lowed the pa t t e rn  of conven t iona l
curative drug studies , except that an inoculum of 1. 5 x 10-I

sporozoit- —s was employed. Also , chloroquine was included

in each regimen since none of the compounds under study

exhibited effective blood schizonticidal activity at the

-loses employed .

The results of the assessments performed on tim e

above miscellaneous agents (cf Table 41) show t h a t  none

enhanced the curative activity of primaquine at the doses

admini stered. The few cures obtained in recipients of

cordycepin. arythromycin . and rifamp in were probab ly dun

to the primaquine/chloroquine component of tim e combinat:on

wh i ch isv itself eliminated previously untreated infections .

A str ik inn feature of this study was t h e  ta i lure to extend

the relapse interva l when any of the compounds was :i bm in i s—

tere .I in combination with 0. 1k-h mg per kg don c s  of r ’ni m e n u  f l o ,

S& ~~t — f 1 f _ 9 4 ’ _ I A : . R ~~~ ‘ t l ’ I
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,\t pecs-:nt , W R — 2 0 3 , ( - 1  S t - u f l : 1 ~ alone ‘-n ti , r -  c v -  - c t  n ’

cacalc ity to enhance the n-. ll i cal curative activity of car ~n : c n u j 1 n - 1 .

~~mether this f i n d i n g  is of-
~ -r a c t  ical signi ficance r r l rcmlu  ins to ha -

do t-s smi nod . More i n f o r m a t i o n  is  r eq u i re d  on tu~ impac t s  of

variations i r , soorozoite dosage on this enhancerreri t, particu—

linly as variations in inoculum size occur in humans irfecte’l

with P. vivax under natural conditions. More i n f o r m a ti o n  is
required on the importance of the dosage regimen of ~‘R- 203, t , ,1 .

The need for companion administration of chioroquine is a m a tn c er

for  f u r t h e r  study. Evaluations of the toxicity of combinations

of WP-203 .nnl and pr imaquine  (and possibly chloroquine)  are
essent ia l .  Difficulties in this area woulci notbe anticinjat-ad

because of the dose of W R — 2 0 3 , ( ( l  required for  enhancement  -

the human equiva lent of 0. 8 mg per kg - bu t  h a r d  i n fo rma t ion
on the safety of the combination is required . Finally, if  the
results of all evaluations favor application of WR_203 , nfl as

a companion drug to primaquine , careful consideration must bo

jiv-en to the impacts of such use on the future of lincomycin

and its congeners as antimicrobial Irugs.

In concluding this section, it should be stressed

that t-;hethor combination therapywith primaquine and WR-203, nn l

proves to be practical or not is probably less important than

the demonstration that it is possible to improve the activity

of this 8-aminoquinoline. This finding should encourage more

extensive investigations of the enhancement approacii to -:levolon--

mont of more effective curative drug regimens in which primaquine

(or other 8-aminoquinolirie) is a component of the combination.

S f 1  i H E  i S  ~. i ( S F A P ( f I  S~~, T ’ i  T i

_ _ _ _ _  
- -~~~~~~~~ - --- -~~~~~~~~~~~~~~

---- -- _
~~~~~~~~~~~~~ .



~~~
—

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~---- -- ~~~~~~~~~~~~~~~~

—

TABLE 3b

THE CAPACITIS S OF W R — 2 . 0 3 , 6 ( 1  AND MISCELLANEOUS Bme)!) rn -r;r; ’ ( ’,’ : ld ir r c s
TO ENHANCE THE PRO P HY LACTIC ACTIVITY OF PR !r;- , n,. - r r , !

IN RHESUS MONI~~YS CHALLEN GED WITH SP0R OZOITEm ~
OF THE B STRAIN OF PLA SMODIUM CYN OMO LG I

P rophy lact ic Reg irn en *
- I - - Mmu Day of Patency 

Day s Delay
Companion Drug 1Prlrnaqulne No. after Challenge in Onset

Daily Dose of -atency
Name/WR— No. -

_______________ 

Mg/Kg Body Weight 
_______ _________________ ____________

— — 0. 375 8158 18 10
— — 0. 375 8189** 16 8
- — 0. 7 5  8159 Protected >79’

~
’

20 . 0 — 8230 2.7 19
Proguani 1

20 . 0 0. 375 8232 31 23

0. 6  — 82.23  25 17
Pyrimethamine

0.6 0.375 8224 48 -10

10. 0 — 8182 18 10
WR—158, 122

10. 0 0. 375 8183 21 13

80. 0 — 8201 12 4
Oxytetracycline

80. 0 0. 375 82.2.2. 28 2.0

80. 0 — 8192. 2.1 13
WR-2.03, 659

80.0 0.375 8193 Protecte±i >79

10. 0 — 8 1 5 9* *  30 2 . 2
10.0 — RiBS 35 -‘7

0. 156 0. 375 8 :1~~ 2.1 13
WR—203 , 661

0.n2. 5 0.375 8193** 50 -12.

2. 5 0. 375 8282.** Protected >70

10.0 0.375 8189 Pro t cck -ed  ~79

*
Drugs del ivered the day pr ior  to sporozoite challenge , two hours

k--store challenge , and daily for seven days after challenge .
**Monkeys so designated were in second pilot experiment.

tinfec k-LIns in untreated controls Wel l- patent on Dcly S after
i nocu 1 at ion.

‘
~Absence of parasitemia on these days is synonymous with compl ete

Ion.

S Of I H I  PN R E S t  A R C H  I S~ , 1 l T L ’ ’t t
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TABLE 37

TI ll - : CAPACITIES  OF WR -2 0 3 , 6(~ 1 AND M I S C E L L A N E O U S  BLOOD S CI J I Z O N TI C I D E S
TO i - N I I A N C C  TI lE RADICAL CURATIVE A C T I V I T Y  OF P R I ~ ’J\(mU !d1:

IN RHESUS MONKEYS I N FECTED WITH THE B S T R A I N
OF PLASMODIUM CYNOMOLGI

Curative Reg imen * Response to Trimatum’cnt

Companion Drug Primaquine MnmU Relapsed

N ame/ WR- No Da i ly  Dose Days Between Cured
Mg/Kg Body Weight Rx and Relapse 

_____

Ch Loroquine 2. 5 0. 375 8158P 38 -

20. 0 0. 375 8230P 19 —

Proguanil  20 . 0 0. 375 8232P -13 -

0.t 0.375 8223P — +
Pyrimethamine 0.6 0.375 8224P — +

158 1 - 10. 0  0. 375 8182P 88 —

WR- 10. 0 0. 375 8l83P 134 -

80.0 0.375 8201P 6 -

Oxytetracycline 80.0 0.375 8202P 13 -

‘- 80.0 0.375 8l92P 21 -

WR—203, 6 ~ 80. 0 0, 375 820lR1 101 -

2. 5 0. 188 8l59P — +

2. 5 0. 188 8189P — +

WR—~ 03 6(1 
2. 5 0. 188 8l93P — +

2. 5 0. 188 828lP — +

10.0 0.375 8188P — +

*Primaquine and companion drug administered simultaneously,
once daily for seven consecutive days.

S i I ’ f l ( i l N W t ’~~f A R  H 
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TABLE 38

DOSAGE REGIMENS AND ASSIGNMENTS EMPLOYED IN TILE COMPARISON
OF TIlE CAPACITIES OF WR-20 3 , 66 1 AND PYRIMET HAMI N E

TO ENHANCE THE RADICAL CURATIVE ACTIVITY OF
PRI MAQU INE

Drug Regimen - Mg Base/Kg Body Weight Dai ly  x 7
Mmu -

No. 
___________ 

Primary At t ack  P o s t - P r i m a r y

Primaquine Pyrimeth amine WR -203 ,  661 Chloroquine Chioroquine

8332 0. 5 0. 15 - - 5. 0
8333 0. 25 0. 15 — — 5. 0
8334 0. 125 0. 15 — — 5. 0
8335 0.0625 0. 15 — — 5.0

8336 0. 25 0. 075 — — 5. 0
83-10 0. 25 0. 0375 — — 5. 0
8342 0. 25 0.0188 — — 5. 0
8343 0. 25 0. 0094 — — 5. 0

8346 0. 5 — 2. 5 — 5. 0
8347 0. 25 — 2 . 5 — 5. 0
8352 0. 125 — 2 . 5 — 5. 0
8353 0. 0625 — 2. 5 — 5. 0

8358 0. 25 — 1. 25 — 5.0
8359 0. 25 — 0. 6 2 5  — 5. 0
8360 0. 25 — 0. 312 — 5. 0
8361 0. 25 — 0. 156 — 5. 0

8362 — 0.15 — — 5. 0
8363 — 0.6 — — 5. 0

8364 — — 2.5 — 5.0
8365 — — 10. 0 — 5.0

8366 0.25 — — — 5. 0
83(7 0. 5 — — — 5. 0

8378 — — — 2. 5 5.0
8381 — — - - -

*
Post-primary treatment initiated -18 hours after end of treatn rt

of t h -~ p r i mar y  a t t ack.
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TABLE -11

ASSES~-~M~ \ 1~ OF TUE CAPACITIES OF CORDYC E PIN . ER YT } 1R0MYCIC ~. 1- -f l - AM I  IN .
C Y C L O I J E X I M I D E . AND V J\L INOM Y CIN TO ENHANCE TIl E RADICAL C ’Ul - A ’F l VE

ACTIVITY OF P R I M A Q U I N E

Curative Reg imen Response to Treatment
Companion Drug Primaquine Miuiu Relapsed

Daily Dose No. Days Between CuredN irc’e WR - No. - *

_____ ____ 

Mg/Kg Body Weight R~ and Relapse ______

- - 0. 188 8447P 39 —

- — 0.375 8448P — +

1.0 — 8449P 7 —

1. 0 0. 188 8463P 8 -

1.0 0.188 8449Ri 14 —

Cordycepin L 0 0. 375 8463R1 - +
5.0 — 8453P 5 —

5. 0 0 . 188 8464P 11 —

5. 0 0. 188 8453R1 7 —

5. 0 0. 375 8464R 1 — +

10.0 - 8470P 4 -

10. 0 0. 188 8497 P 8 -

10. 0 0. 188 847 OR1 9 -

Erythromycin 10. 0 0. 375 8497R 1 — +

50.0 — 8471P 4 —
50. 0 0, 188 8498P 8 -

50.0 0.188 8471R1 7 -

50.0 0.375 8498R1 69 -

5.0 — 8500P 4 -

5.0 0.188 8518P 8 —

5. 0 0. 188 8500R1 13 -

- 5.0 0.375 8518R1 - +
Ri f antpin

20.0 — 8508P 4 -

20.0 0.188 8531P -4 -

20. 0 0. 188 8508R1 8 -

20. 0 0. 375 8531R1 10 -

c ) L s } ( r ~~c j m l  ~e 10. 0 — 8382R1 7 —

WR - 13 , 255 10. 0 0. 188 8508R2 13 -

Valinomyctn 5.0 — 8391R1 7 -

WR— 1 ‘~1 . a’)’ 
“. 0 0- 188 847 1R2 9 -

~-: 4 - }  f c u h ) - - - - ’ r e cs iv e d  ch 1oroq~i ine , 2, 5 mg/kg dai ly ,  concomi tan t ly
w i t h  p r i m  I C’II se n i  - - Cf n n  cc - s i on - lru q .
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X I V . THE CAPACITY OF CHLOROQUINE TO CUBE SPOROZOITE-INDtJCED

INFECTIONS - WITH EMPHASIS ON THE SIZE OF THE INOCULUM

In  1946, when infections with sporozoites of the

M s t r a i n  of P. cynomolgi were f i r s t  used in the search fo r

a curative 8—aminoquinoline better tolerated and more active

than pamaquine , quinine was employed as a companion drug to

insure elimination of blood schizonts. Control experiments

showed that repetitive delivery of quinine alone ( in  doses of
80. 0 mg per kg daily for  seven days or 40. 0 mg per kg daily
f o r  four teen  days)  du r ing  the pr imary attack and successive

relapses, spread over a twelve month post - inoculat ion period,

was wi thout  cu ra t ive  e f f e c t .  S imilar control experiments  were

carr ied out wi th  chloroquine in 1950-1951, when the role of

companion blood schizont ic ide was accorded this 4—aininoquinoline.

These showed that repet i t ive delivery of chloroquine at doses
of 2 . 5 mg per kg daily for seven day s or 5. 0 mg per kg daily
for four days would not cure infections with sporozoites of the

M s t ra in*. Comparable résults  were obtained in early 196 0 when
the M strain of P. cynomol gi was replaced by the B strain . These

studies led to the conclusion that cures resu lt ing  from adminis-

t r a t ion  of a prospective curative compound with either companion

drug would have to be ascribed to the new agen t.

In the current  Malar ia  Chemotherapy Program, the

same infected monkey has been maintained for evaluating the

activities of new agents as long as relapses occur; in some

cases, 
- 

reuses have covered more than a year following sporo-

zoito inoculation - Throughout this Program, responses to —

*
These evaluations were carried out in monkeys inoculated

with 102 to l0~ sporozo ite s.
** In pre-1960 studies, the period of animal use was much

shor te r  than t h i s, because when t reatment  of a p r imary  a t tack
or f i r st rel apse with a new compound did not lead to cure. t~sC
second re lapse was invar iab ly t rea ted wi th  a known a c t i v e agent
(e. g., pamaquine, pentaquine, or isopentaquin e) to de te rmine
more ef fec t ive way s of delivering the compou nd .
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t h e  c hlo r o q u i ne  component of the curative dose regimen have
b~~ n checked repeatedly. No infection has been cured by

repeated administration of chioroquine alone in course doses

of 2 . 5 or 5. 0 mg base daily for seven days. These check s

have provided additional support for the conclus ion  tha t

chloroquine will not cure infections induced by moderate to

large doses of sporozoites when administered repetitively

with  another  drug fo r  periods in excess of a year.

However , the si tua t ion  when chioroquine is adminis-
tered by itself may not be quite the same as when chioroquine

is administered with barely sub-curative doses of a known

curative drug or a new agent with marginal curative activity.

In such situations, often identified by association wi th pro-

tracted intervals between relapses, the pool of tissue schizonts

may be reduced to a level just large enough to inc~ tiate the next

relapse, but too small to reseed the hepatocytes. Under this

circumstanc e, elimination of the blood schizonts (by chioroquine)

would result in cure. If this possibility is real, and goes
unrecogniz ed, t ime could be lost and fa l se  hopes generated by
follow ing “ leads” on false positives.

The possibility that chloroquine by itself can be
curative was explored in relapses occurring after an unduly

lon g parasite negat ive per iod (30+ days). The results of
this e f f o r t were equivocal, probably because of the hetero-

gene ity of the ma ter ial employ ed in the test . They led to

the decision to measure directly the influence of the size
of the sporozoite inoculum (ergo, t i s sue schizont bu rden )

on the cura t ive  capabi l i t ies  of chloroquine.

Seventeen monkeys were committed to th i s  study.

As shown in Table 42, f ive  received inocula  of 5 sporozoi tes.

f ive 5 x 1 02 sporozoites, three 5x10 4 sporozoites. and fou r

SI - I 1 4 l  N R 1 f  £ P  II I N 1 ! 1 L 1 1
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5 x 1O~ spo roxo i t e s. TWO of the reci p i en t s  of 5 sp~~ro t -~ i t c~~

l i d  not develop parasitcmias*. The other three reci pients of

5 sporozoit cs  d O v C l O p - C ) d pa t en t  i n f e c t i o n s  with incubation pciiods

of 13, 19, and 42 days. All monkeys inoculated with 5 x 10 2

or la rger  numbers  of sporozoites developed patent infections.

The incubation periods were eight days in recipients of 5 x

or 5 x io6 s por oz oi t -~~c . n i n e to c1- ~ven days in reci~~
j ’nts of

5 x io 2 sporozoi tes.

As soon as itwas certain that infections were patent

(equivalent to exhibition of two positive thick films on con- -

secutive days), chloroquine treatment was initiated at a dose

of 5. 0 mg per kg body wei ght , daily for five consecutive days.

Thick film assessments were carried out on an every other ddv

or daily schedule throughout the study. As soon as relapses

were iden t i f i ed  and confirmed, chioroquine was administered as

described above. This procedure precluded developmen t of count-

able parasitemias and thereby acquisition of a significant level

of immunity.

The results of chloroqu ine treatment , summarized

in Table 1,3, show that inf ections indu ced by 5 sporozoites
were cu’ed by the first course of chloroquine. No other in-

fec tions were cured by 9 to 24 ch ioroqu ine courses del iver ed
ove r a per iod slightly in excess of ten mon ths . The numbers
of rela pses and the intervals be tween relap ses vari ed roughly
wi th the size of inoculum. Thus , rec ipients  of 5 x 102 sporo-

zoi tes exh ibited 9 to 12 relapses and med ian in terv ais between
re lapse of 14 to 18. 5 days ; recipients of 5 x 106 sporozoi tes

exh ibi ted 17 to 24 relap ses with median interrelapse int ervals
of 4. 5 to 11 days .

*
These monkeys were rechallenged 225 and 249 days a f te r

the original inoculation and proved to be susceptible.
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Thi s experimen t is st i l l i n progress. I t  has gone
f a r  enough, however, to show that when the burden of tissue

stages is barely large enough to initiate an infection , eradi-

ca tion of the b lood schizon ts by chlor oqui ne can be synonymou s

with  cure of the disease. It would be totally incorrect to

ascribe tissue schizonticidal activity to chioroquine in th is
situation. Nonetheless, the phenomenon is an important one,

not just in the readily definable milieu of the current exper-

iment, but in the long stan ding infe ct ion when a subs tantial
interrelapse period may reflect a tissue burden just equal to

r e i n i t i a t i ng i n f ec t i on  of the erythrocytes. F rom the pract ical
point of view, it may be wise to avoid us ing long ter m relap ses

for evalua tion of new agent s. Th e best that might be said f o r

the ir us e is tha t if ano ther relapse doe s occu r, such shows

c learly that the t est compound is truly inactive , at least at

the dose administered.
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TABLE 42

THE INFLUENCE OF INOCULUM SIZE ON THE INCUBATION PERIOD IN RHESUS MON~- 1~~
CHALLENGED WITH SPOROZOITES OF THE B STRAIN OF PLASMODIUM CYNOMOLG I

No. of Day of Patencyf Sporozoites 
N 

after Sporozoite Remarks
in Inoculum O~ Inoculation

7903 - Rechallenged with i06 sporozoites
Day 249 , infection patent Day 8.

7908 - Rechallenged with 106 sporozoi tes
5 Day 225, infect ion patent  Day 8.

7849 19

7901 13

7905 42

7846 11

7847 11

5 x 102 7848 11

7906 9

7907 9

7431 8

5 x lO’I 7841 8

7845 8

7843 8

7844 8
5 x io 6

8150 8

8173 8
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TABLE -13

THE INFLUENCE OF THE SPOROZOITE I NOCULUM ON THE COURSE OF INFE CTI ON S
WITH THE B S T R A I N  OF PLASMODI TJM CYNOMOLGI AND ON THE CAPACITY

OF CHLOROQUINE TO “ C U R E ”  SUCH INFECTIONS

No. of No. of Days Between Treatment and Relapse
Sporozoites No Relapses~
in Irioculum - Observed Median Range

7849 0 - —

5 7901 0 - —

7905 0 — —

7846 > 9 14 . 0 11 — 38
7847 ~ 10 18. 5 10 — 29

5 x 10~ 7848 >12 16. 5 8 — 39

7906 >12 15. 0 7 — -12

7907 > 11 17 . 0 8 — 36

743 1 > 9 12. 0 7 — 23

5 x l0~ 7841 >16 9. 5 3 — 22

7845 > l5~ 9. 0 5 — 14

7843 >17 11. 0 < 2  — 32

6 7844 > 24 4. 5 < 2  - 18
5 x 10 

8150 >l3t 7.0 <2 - 2 5
8173 >21 9.0 <2 — 15

*At Day 317 post-inoculation.

tMJ-t~u 784 5 died from a pneumococcal lobar pneumonia on Day 255
post-inoculati n, six days after Relapse 15; Mmu 8150 died of a
peritonitis (Klebsiella pneumoniae) Day 230 post-inoculation .
thirteen days after Relapse 13.
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~ y• A COMPARISON OF THE PLASMA LEVELS OF WR-l58, 12!

IN OWL AND RHESUS MONKEYS

The studies described in this Section represen t

an effort to find an explana tion fo r some of the unusual ~~ni

contrad i c tory  biological properties of WR-1~ d, 122 , one of
the three most active quinazolines examined in the Malaria

Chemo thera py Progr am, and at one time consi dere d to he a
highly promising blood schizonticide. The characteristics

of WR-l58, 122 which have led to this study are summarized

briefly below.

W R — l 5 8 , 122 [z, 4— diamino-6 - ( 2 — n a p h thy l ) - - ~~-su lfony1-

qu inazoline]  exhibited remarkable act ivity in owl monkeys

inf ected wi th the pyrimethamine-susceptible oak Knoll strain
of P. falciparum, curing established infections at da i ly  doses

between 0.05 and 0.1 nig per kg. Activity was reduced substan-

tially in the face of pyrimethamine resistance. Howe ver , the
liab i l i t i e s  of such res is tance  could be controlled, if  not
la rgely eliminat ed, by concomitan t adminis t ra t ion  of very
small doses of a sulfonamide such as sulfadiazine.

In sharp contra st to its remarkable activi ty
ag ainst inf ect ions with var ious human plasmodia in the owl
monk ey, WR-158, 122 exhibited only modest activity against

infections with the B strain of P. cynomolgi in the rhesus

monkey. Doses of 10. 0 mg per kg (one hundred times those that

cured infections with the Oak Knoll strain of P. falciparum )

were r e q u i r e d  to cure i n f e c t i o n s  wi th  t rophozo i t es  of the

above s t r a in  of P . cynomolgi. Both strains are pyrimethamine

seflsitiv~� .

N I l  IU I P N  ~~~~~ I A R C f - f  N~~~~~~ t I I 1 I  
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U s er v a t i o n s  in human vo lun tee r s  were  even more

d i s q u i e t i n g .  Thus , WR—15 ~~, 122 exhibited a high capacity for

in h ib i t i n g  m a t u r a t i o n  o f para sit es of a d rug sus cep t ibl e s t r ai n

of P. falciparum in Rieckmann ’ s in vitro test when the pure

compound was added to human plasma in very small quantities

equivalent toa fraction of a microgram nermi . Plasma samples

obtained from non-infected volunteers at various periods after

inges t ion  of 250 mg doses of this qu i nazoline showed no capac-

ity to block maturation of parasites of the same s t r ain . Such

doses, the equivalent of 3.5 mg per kg for  a v o l u n t er -r  w e i g h i n g

70 kg. were at least t h i r t y  times the dose required to cure an

establ ished i n f e c t i o n  wi th  the Oak K n o l l  s t r a i n  i n  the owl monkey .

;t is qui te  possible  tha t  the ~-;triking discrepancies

in the b iological  a c t i v i t i e s  of WR-1 58 , 1!! referred to above

could be due to differences in the capac i t i e s  of r h e s u s m o n k e y s,

owl monkeys , and humans  to absorb and m e t a b o l i z e  t h i s  q u i na zo l i n e .

The stu di es summarized below represented a multi-institutional

e f f o r t  aimed p r i m a r i l y  at inves t ig a t i n g  the f i r s t  of these pos-

sibilities. They included: (1) collection in this laboratory

of plasma samples f rom owl and rhesus monkeys thathad rec-aived

various doses of WR—158, 122; (2) collection in~ Dr. Arnold’ s

laboratory (Kansas City, Missouri ) of pla sma samp les f rom human

volunteers treated with a similar range of doses; and (3) anal-

y sis of the var ious sample s for “WR-158, 122” content via use

of a microb iological assay procedu re in the labo rator i es of

C. Genther and C. Smith (University of Cincinnati).

Twelve owl monkey s an d ei ght rhesus monk eys w~-’re

committed to the simian component of the study as or i-iina1I ’~
designed . Groups of three owl monkeys were given do :; -~ o~ 1J 3~i .

1.75. 3.5. and 12 .5mg WR-l58, 122 per kg body weigh t . G~ cu- >~
of two rhesus monkeys were given doses of 0. 35. 1. 75. ~~. 5 -~n

10. 0 mg per kg body weight. Blood samples w- ’r.’ w i - h f t a s~-n in

benariniz-~d glass syringes one hour prior to l i u q  a l mi n i ~~~~t ra -

t ion. an-I one, three ,  s i x , and t we nt : y- f o u r  h o u r s  t h  - r eal  t ‘r ;

‘ f- 11 It l I l  ~‘ f I I I A R C H ‘-. I L Y L T I
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t 1 i ~~H - 1  sa~ru I -~s w- - r - ~ o b t I 1 n - - - 1  f rom t h e  I t t  - - - - n 1  r i c u h t r  c :.

~ t~~~O cwl rnon ’: ev and ~rorj~ the antT- c-ubi tal vein of the r L c ~ur

p o n k-~~~. P1-~I - - a , sop rat-L I immediately by cf - nt r  f uy 1 t i o r  W - I L

r -~ n - t e r r - ’ 1 t o  a Vac u ta ir i~ - r  en st o i -~ I :.t 1°C until shi~ r -n t

to Ci n~ - i n ~ - a l  1~ p a c k e l in  wet ice . All ehases of blood coli - c—

t i o n , p l~e;m i s~~ arat ion , in i  f i n a l  t r a n s f e r  were  c a r r ie  e ut

a s e nt i c a l ly .  B e c au s - -  of c~a -t cer ns  w i t h  t h e  r e s u l t s  of  th .~ rhesss

monkey c o r n - - o n  n t  o~ t h i s  e x p e r i m e n t, - ì  r ep eat  s tudy ‘.‘,-as  under -

t a k e n  w i t h  a n ow group of eight subjects mani pulated nrecisely

~- -is described above. Pi - isir a samples from thLYse monkeys were

a nalv . ’ed w i t h  a more s e n s i t i v e  assay  procedure .

The  r e s u l t- s of ti-j o owl monkey segment of the abo’ —e
*

ex er i men t  rnniari :-’ed in chart f o r m  in  F i g u re  3 , show that

significant - oncentrationsof “ì~R— l5 O . 1!!’ were achi- -vod in t h ~
plasma of all subjects and  t ha t  the  average plasma l e v e l s  a t

any g iven  per iod  cor re la ted  well  wi th dose. There were var ia -

tions in levels among the recipients of a given dose. but tee-se

were not greater than would be antici pated in experimental ani-

mals with heterogeneous backgrounds. Figure 3 also shows that

with minor exceptions, plasma levels of ‘ WR-158. 122” l e a k e d  a t

approximately three hours and declined rather slowly thereafter .

In two of each three rec ipients  of doses of 0.35 and 1 . 75 rnq per

kg, levels had fallen below measurable concentrations tw~-ntv-f ou r

hours after dosage. In one of each three recipients of these

doses, and in all recipients of doses of 3. 5 and 12. 5 n i  p -n  k g

r e a d i l y  measurable concentrations of ‘WR-l58 , 1!!” wan e st 1 11

present at tilis time. In fac t , the twenty-four hour levI -i s in

the recipients of the larger of these doses exceeded peak 1 -  ~ve1 s

in recipi ents of 0.35 mg per kg doses.

*The “WR -15 8 , 12 !” measurements  recorded in t h i s  F igu re  an 1
F igur 15 4 en d  5 were obtained and provided by Clara G e n tl e .
hniversity ~~ Cincinnati .

** -This  dose and the 10. 0 m g  per k g dose a d min i s l  f j  1 1  to
r h e s u s  m o n key s  w~~re i n c l ude d  i n  the experiment because on
a mg per L si~

;. t h 1v ar e  equi \~a 1ent  to t h e  2 50 rnq -dose
W h i l L  l- - n~~ch m a n n  Ut i l iz  ~ l i n  t he  h u man  v o l u n t e e r  cx r i  m e a t  -

~~

referred to abe’i-’.
‘IL1 I T H F R N  CI S i~~ (1~ II S~~ T T I T I  
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The resul t s  summarized above p rov ide  solid su o)or t

for  at  l eas t  two conclus ions :  ( 1) that WR— 158, 1!! is wel l  and

regularly absorbed from the gastrointestinal tract of the owl

monkey; an~ ( 2 )  t ha t  the excretion, tissue localization and/or

metabol ism of WR-l 5 8 , 122 in the owl rnonkey proceed in h ig hl y  re-

producible  ways. These qualities are in accord with and provide

a reasonable pharmacologic base for the cons is ten t  per formance
of wR-l58.  1!! in therapy of infections with various strains ot

P. falcinarum and P. vivax in the owl monkey.

As indicated above, two studies were pursued in the

rhesus n o r i k e y .  The resu l t s  of the f i r st of these have been

surnxnariz-:-~ ~~~i I  F i g u r e  1, the resul ts  of the second in Fi gure 5.
Not- I? should te ta1-c en of the difference in the log scales in

th-:se f igur°s , a reflection of the use of a more sensitive

bioassay ptoe-~ Iure in the second study (Figure 5), wh ich made
measurement of the lower concentrations feasible.

In  most  re spec t s, the results of the first rhesus

monkey  ox~f- ’rim ont (Figure 4) are in sharp contrast to the

results in t i e  owl monkey arm of the study summarized above.

Thu s, in tb-~ rhesus monkey there were: (1) broad var ia t ions
in the plasma levels of “WR—158. 122” attained in different

recipients of the same dose; (2) no apparent relation between

heigh t of plasma level and dose; (3) no persistence of “WR-l58, 1!!’

( al l  plasma samples obtained twenty-four hours after dosage

appeared to be free of “WR-158 , l22 ’f l ; and ( - I )  low leve ls  of

“WR-158, 1!!’ at all sampl ing per iods . The only real similarity

in results with the two species was the time at which levels

of ‘~‘R-158. 122’ appeared to peak , three hours afteL dosage in

both cases. Overall, the data on the rhesus monkey wer e  - i i  t~--

fi cult to interpret and understand , espccia1l~ - that component

which shows no relation between dose and plasma level . T h i s

~ in l i n - 1  i s  in d i rec t  opposi t ion to the dose — t h oj a n e u t  - ef f e c t

r i la t i -~ nsh  i which ch ar a ct e r i  zo I the  a c t i v i ty  of ~~h — l  ~ t , I .~~~!

aqain st Ln ~~~c t L ons w i t h  P . £yporn~~~~i.

cc- Il I j  f - ~~, f l  ‘-I 4~~L ‘I ‘- -
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In some respects, the results of he- secun~: i rI- -su a

monkey study were an improvement over the first. rj e- 10 l ev e l s

of “WR-lSB , 1!!” in plasma of different reci pients of t h -  sam e

dose were more similar. In general , the heiuht of the plasma

level increased with dose. ‘ WR-l58, 122” cou ld be d e t e ct ed i n
plasma t w e n t y - f o u r  hours a f t e r  administration of W1~-l~ b , 122 ,

but, except for the recipients of the largest dose (l(.O mg

per kg), the concentrations at this period bore little rela-

tion to dose. As with the initial rhesus monkey o>:n~ ri: : cr1 t .

the levels of “wR—l58, 122” achieved a t any given dose were
well  below those found in the owl monkey phase of t i e  study .

It is difficult to explain the observations euntna-

rized above. It would appear that WR-l58, 12! is absorbed less

well and less r egularly in the rhesus monkey than in the- O W )

monkey. I t  could be that the compound is also excreted or
metabol ized more rapi d ly in the former subject. It is hi ;h iy
important for the future of WR-l58, 122 (and. probably for other

quinazolines) that efforts be made to determine the cause of

the above variability. If the latter results from an absorp-

t ion defect , measures might be developed wh ich woul d el im inate
that problem. If the va r i ab i l i t y  stem s from d i f f e r e n c e s  in

rate or qua l i t y  of metabolism, correction could well  be an
unapproa chable task.

The data summarized in the above sections help to

understand the striking difference in antimalarial tctivity

noted in the owl and rhesus monkey models. The difference

could be s t r i c t l y  related to the dose requi red to produ ce
a c r i t i cal olasmn a level . In this connection, i t  should be
pointed out that in the current  study, the l owest dose ad-
min istered to the owl monkey, 0.35 mg per kg, and the largest

lose admninisfe-rcd to the rhesus monkey, 10.0 mgp orkg, yielded

similar concentrations of “WR-lSB , 122” in plasma.

C~~) I 1 f l l -~1 R l S f  ~~lf f-I IN ILl,
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Data on the plasma levels of “ W R — l 5 8 , 122” in human
volunteers are not available at this time. Cor rel ation of such
lata , with those of the owl and rhesus monkey experiments, is

obviously of critical importance to trials of this quinazoline

in  human volunteers. 
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XVI . THE COMPARATIVE TOXICITIES OF PRIMAQUINE AND ITS

D AND L COMPONENTS (WR- Zl l , 536 AND WR-2ll, 537)
FOR THE RHESUS MONKEY

As related in Section X, interest  in the D and L
forms of primaquine (respectively, WR-Zll, 536 and WR-2ll, 537),

stemmed or iginally from the observation that the acute toxicity

of the D form for  the mouse is approximately four times tha t
of the L form~ This in terest was enhanced by the finding that
the radical curative activities of primaquine and its isomers

were essentially the same. If the quant i ta t ive d i f f erences in

the toxicities of the D and L isomers noted in the mouse carried

over to oth er species, WR-2l1, 537 o f f e r ed dist inct advantages
over primaquine. Con cern with this  issue led to a preliminary

comparison of the subacute toxici ty of primaqu ine and its D
and L components for the rhesus monkey.

Thirteen rhesus monkeys, both males and f emal es, 4. 0

to 5. 0 kg in weight , were used in a direct compound-for-compound
comparison. Two of the above number received primaquine~* four
the D isomer (WR-Zll , 536), and seven the L isomer (WR-2ll , 537).

A ll monkeys had been used previously in assessing radical cura-
t ive act ivities of various new agent s and had been discarded as
cured after a minimum follow-up period of eighteen weeks since

receiving the treatment which terminated their malarial infections. ;~

*Th is f i n d i n g  originated at WRAI R, but has been conf irmed in
principle in this laboratory. When administered orally to female
BDF1 mice in single doses , the LD5O ’ s for  WR-211, 536 , primaquine.
and WR-2ll, 537 were 42, 100, and 150 mg base per kg body weigh t~
t l ie  LD10 ’ s were 24 , 72, and 110 mg base per kg, for the respective
compounds.

**The tabu la ted data list the react ions of n ine monk ey s
tr eated with primaqu ine . Nmu 8279 and Mmu 8193 were utilized
in the current experiment. The other seven recipients of pri-
maqu ine had been employed in earlier compara tive tox icity stud ies
involving other drugs, invest igations pursued with the same
methodology as was used in the presen t study. Inclus ion of
the data on these seven monkey s strengthens the observations
on Mmu 8279 and Mmu 8193.
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The exper imenta l  procedures used in  t a  c u l l - / n t

a s ses smen t  were b r ie f l y  as fo l lows. Comple te  Lloo: i  C O U P ~ s

a n d  measurements  of a l imi ted  group of chemical c’nr,~~i - t u - ’ n t :

in e-eripheralblood were carried out on at least t- - ~ oCI:a:- :Lom:

p r ior  to d rug  del ivery*. Upon assurance of no~a- 1 i f - .- : t n l

s t a b i l i t y  of the formed e lements  and b iochemical  cony  H t u - n t s .
administration of the various agents was initiate- i , ‘I’~ie

requisite amount of each compound , f r e sh ly  d isso lved  in 30 ml
of distill ed water was delivered via stomach tube and foLow-H

by a 20 ml distilled water rinse. Drug administration \-,Sis

acc omp 1i sh-~- 1  on each of the planned seven consecut ive  t r - -at-
m e nt  days b - tw e e n  8:00 and 8:15 a. m . Monkeys were weighed
deiI y,~ -iru~3 doses were adjusted when weight loss occurred .

Bl ’e / d ’n q s  f or  hematologic  and biochemical measurements  were
carrie--I ou 1 twenty-four hours after delivery of th-~ third

and seven~~h closes and on Tuesdays and Fridays thereafter for
twenty-one 1ad ~itional days. The bleeding schedulewas modified

appropriately for critically ill animals so as to insure ob-

taining antemortem specimens. Hourly surveillance was main-

tained throughout the entire day during the period -of d rug

delivery arid for forty-eight hours thereafter. Moril und mon-

keys were euthanized by overdosage wi th sodiuir uantobarbit 1

and necropsied immediately thereafter to insure acn-uisition

of tissues f r ee from autolytic changes. Selected tiar~uc-

specimens were fixed in Zenker-formalin , embedded i n  ~-ara ffin ,

sectioned at (~ mi cron s, and stained with hematoxylin-eosin

for  h i s topatholog ic examination.

*
The hematologic  moie t ies  measured inc luded e ry tl / ’ee -y ’ cs.

hemog l cb.i s . hematocr i t, r e t i cu locy tes, pl a te l e t s, l - o t - ~ l leu-
cocytes . n eu t ropi -n i l s  (d ive r se  s t a g e s ).  lymphocytes. molfocyH a;.
basoph i . ls . ~ n-l eosinophi is. The chemical  m o i e t i ’~r- in cluded
urea nitroqen , glucose, total protein, a l b u mi n , gleuinH n ,
so h u m , po tass ium, ch lor ides , b i l i  rubin , me th -  -mog lo  - i n ,  ~~~i i i ’ ,
as]  -C lk l l i ne  phosphatase.

I I  f I N - f  ‘-I A l  f ’  ‘.- - - - - I 
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Table 4-1 l i s t s  the  most - r t in e nt  f i n d i n g s  i n  th is

study.  B e f o r e  summar iz ing  these,  a n - ~w genera l  comment s : - i ~~~’:
be h e lp fu l . ‘I’he spectrum of toxic  react ion s noted in reci pi-

ents  of pr imaquine, WR— 2ll , 536 , and WR-’ 2 . ll, 537 was esr / n t L a l l y

the same. Outward reactions to a d m i n i s t r a t i o n  of these agen t s
were few. Rec ipients  of sublethal doses exhibited some loss
of appetite and a slight weight loss, not more than 12 per cent.

Recipients of lethal doses exhibited anorexia , ma laise, loss

of m u s c le  ton e, emesis, jaundice, accumulation of f l u i d  in the
abdominal cavi ty ,  and coma . There were no symptoms of CNS

i r r i t a t i o n. There were no s t r ik ing  a l te ra t ions  in  the formed
elements of peri phera lb lood. S i g n i f i c a n t  a l t e r a t i o n s  in bio-
chemical elements were limited to those listed in Table 4-1 .

Necropsies revealed extensive hepatic pathology (hepatomecjaly.

bright yellow di scoloration , and focal or widespread a~ ea: of
necrosis). Ascites (up to 60 ml in volume) was common. Ki - In -- y s

were f requen t ly  enlarged. Lungs were o f t en  edematous.

The data in Table 44 show that  W R -2 l l . 537 (L a~e’m~-r~
was s i g n i f i c a n t l y  more toxic for  the rhesus monkey than  ~V R - 2 l 1 , 5 3 .
(D isomer). The difference was at least twofold and pen- 

greater w on  based on the total dose producdve of a let h l

resul t. Fatai reactions followed delivery of 84 mg WR—2 l1 , 53

per kg body weight and between 18 and 42 mg WR-2l1 . 537 per kg.

Pr imaquine  evoked f a t a l  reactions at a dose between 3t and 8-h m

per kg and thus , as would be expected , occupied an in te rrne3iary
position.

The th ree right columns in Table 4-I show that  each

of these agents produced severe alterations in hepatic function

and structure. There were striking and progressive increases

in GOT 3ctivity and bilirubin levels of serum* in all monkeys

*
The pretreatment levels of GOT in the sera of these sub-

j e c t s  ranged f rom 2 3 to 38 un i t s  per l i ter  w i t h  a median  of ~()
units . The p retrea tment concent rations of b i l i rub in  in serum
ranged H 547 i)~ l to 0. 5 mg per cent with a median ol 0. 3 mg pci
c - -~rn t.

rIff I’’. RI_ I-Il lf IH f I N  11 1,



-2 37-

who sue umbed to the test  agents . There were no changes
in these elements in the rec ip ients  of sublethal  doses of

WR — 2 1l , 53(, an -I  W R - 2 l l , 537. There were significant (in one

case striking) but reversible increases in serum GOT activity

and bilirubin concentrations in recipients of pr imaquine at
doses of 6 . 0 and 8. 0 mg per kg.

On the basis of the da ta set for th  above , the

conclusion that WR-Zll, 537 (L isomer) has greater subacute
toxicity for the rhesus monkey than WR-211, 536 (D isomer)

is inescapable. Thus, the relations between acute tox icity
of these isomers for  the mouse and subacute toxici ty for the
rhesus monkey are reversed. There are reasons to be conf ident
that this difference is real - not attributable to a mix-up of

compoun d. In the first place, two different preparations of

W R— 2 1 1 , 537 gave identical results in the rhesus monkey. Sec-

ondly, assessmen ts in thi s laboratory of the acute toxicity o f
one of these lots of WR—2ll, 537 and the preparation of WR-2l1, 536

gave resu l t s  essent ial ly identical  wi th those obtained in the
o r ig ina l  evaluat ion of mouse toxicity carried out elsewhere.

There is obvious need for  studies aimed at expla in ing
the differences in the toxicities of WR—21l, 536 and WR—Zl l . 537

for the mouse and monkey. More important than th is, however ,

isthe question of how to exploit these agents which have diverse

toxicities and identical radical curative properties. The first

step would probably be to attempt to confirm the findings on

the relatH~e subacute toxicities of WR—211, 536 and WR—21l , 537

for the rhesus monkey in an independent labora tory and pursu e
s imi l a r  s t u d i e s  on the subacute toxicities of these isomers
for the dog. If both investigations show that WR-2ll, 53 is

clearly less toxic than W R — Z l l , 537 , evaluation of the fo rme r
agent in m~ ’1 for both tolerability and efficacy is clearly

indicated . I f  the observations in the rhesus monkey carry-over

to man, a shift fromprimaquine to the 13 isomer could be expected

to p r o - I u - - ’ I L  l eas t  a ga in  in t o ler a b i l i t y o f co n ven t i on al dosas
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and at hest  open the way to safe  adminis t ra t ion  of larger than

conven tional doses. If the dog and monkey toxicity studies do

not prov ide c lear indi cations of the grea ter tolerabil i ty of

WR-Zll, 536, itmight be well to defer evaluation of this isomer

or the L form in human volunteers.

~OU IF4 F UN f t  - f  A l l ,  H :N - ,I I-
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TAI l r~ -i 4

A R I - I - S I -S N A R Y ~~ - 5 4 - L I - I : -  - N OK TIII -~ S~~6i1 I’Fl- ToxIcI’rIl:s OF
I-. 6— 3 11 . 5 3 t  (D a 544 1 — )  , wI - 2 1 1  537 ( 5  I S a N d - - )  - AND

I 551)0 IN I- (ft I. N I Y l U  14-: ) 106  TI lE R I J E S U d  MONKEY

- Reactions to Treatment
Dai ly Dose _-~~~~ - _ - - _ _-  - - - ______ __________________

55j Base/Kg Liver Conc. in Serum **
‘°  Body wcight * I- I t - - Pathology [~~~~~j~JBIiirubjflGross j Un~~~~J~~g_Per Cen t

Pr i maqu i ne

7794  4 . 0 Survived : flO r eac t ion  n . a . 30 0. 5

8379  6 . 0 Survived: anorexia; weigh t  n. a, 1050 -~~. 7

loss; recovery Day 10
pOSt Rx

7827 8. 0 Survived:  a n o r e x i a ;  wei ght  n . a. 84 1. 1
loss ; recovery Day 14
pOSt R~

7974 8. 0 Survived : anorexia; weight n. a. (- -1 0. 7
loss; recovery Day 11
post Rx

8193 12 . 0 Died 60 hours after Dose 7 + 1320 11. 3

7998 12 . 0 Died 11 hours after Dose 7 + 980 5. 7

7 9 7 5  12 . 0 Died 26 hours  a f t e r  Dose 3 + 390 3. 9

7943  12 . 0 Died 24 hours after Dose 3 + 500 2. 7

7798 18.0 Died 42 hours after Dose 3 + 380 3. 0

WR—2l1, 536 (D i somer)

8345 6. 0 Survived : no reaction n. a. 38 0.

8465 6. 0 Survived : no reaction n. a. 40 0. 5

8337 12.0 Died 25 hours after Dose 7 + 1(100 l I . -I

8466 12. 0 Died 7 hours after Dose 7 + 2200 3 . 1

WR— Zll , 537 (L isomer)

7901 3.0 Survived: no reaction n.a. 32 0.3

7905  I 3.0 Survived : no reaction n.a. 4~- 0.5

8-165r I 3.0 Died 16 hours a f t e r  Dose 6 + 1600 3.5
841. ’ 6.0 Died 9 hours after Dose 7 + 2700 5. 2

8338 ~l . 0 Died 6 hours after Dose 7 + 200(3 12 .7

8300 12 .0 Died 6 hours a f t e r  Dose 3 + 5500

i s o  Died 4 hours after Dose 3 + 6000 3.d

*
DO~~a administered once daily at 8:00 a.m. schedule0 number of Oor us -

S ’ - fl .

**Terminal 1-~ -e1s in fatal cases; peak levels dur ing  0 a o s t - t  roatmen t
of s u rv i - r ’ r c - .
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XVII . ORELIMINARY ASSESSMENT OF THE SUBACUTE TOXICITIES

OF W!-’--211 , 532 AND WR-2l1, 533 FOR TIlE RHESUS MONKEY

As shown in Table 28 Section IX , WR-2 1l , 532 [2_methyl_

5- ( 4-c hlo r ooh e n o x y) -6 -methoxy-8-(4-amino-1-methy lbu tylamino) -

quinol ine]  was c lear ly  more ac t ive  than 2 —methyl  primaquine

(WR-182 . 2 3 4 ) .  It was one of the comparatively small group of
8-aminoquinolines with curative activity greater than that of

primaquine and comparable to that of WR-18l, 023 , WR-Zll, 532

was also at least three times as active as the closely related

WR-l 82 . 232 , which lacks a methyl substituent at position 2.

These interesting structure - radical curative activity rela-

tionships led to the decision to make a preliminary assessment

of the subacute toxicity of WR-Zll, 532. Unfortunately, the

amoun t of compound available for  thi s study was extremely
limited , just sufficient for administration to two monkeys.

WR-2ll, 533 [2,4-dimethyl-6-methoxy-8-(3-diethylamino-

propylamino )-quinoline] was of interest for several reasons. As

shown in Table 28, this compound had curative activity equal to

that  of primaquine and WR-192, 515, the 2-methyl der ivative of

WR-l81,023. Such high activity was remarkable in an 8-amino-

quinoline with a terminal tertiary amino group in the side chain .

In addi t ion. W R - 2 ll , 533 carr ied the diethylaminopropylamino side
chain of Plasmocid , wh ich confer s a high leve l of neu rotoxicity
on all rf-substituted or 5, 6-substituted 8—arninoquinolinos.

W R -2 1 l , 333 d id  not exh ib i t  such tox ic i ty  at the doses employed
in pilot therapeutic studies. Studies pursued in the post-World

War II period showed tnat neurotoxicity of the Plasmocid type

was abolished ny substitution of a methyl group at position 4.

The im’ acts o: an acH iti cna l substituent at position 2 had flOV~~~

been investigated . Together . these considerations led to the

decision to undertak e a 1trel imin ary stu~ y of the subacute tox-

icity of WR- 2l1 . 533 for the rhesus monkey . As with WR-2l1. 532.

the supply of WR-2ll . 533 on hand at the time of this decision

S O UT H F PN  R ISE  A R C H I ~~N1 li l l i l
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t ’as j u s t  s U L L ic i e n t  f o r  work on two monkeys. Approximately a

‘ar later , an addit ional  quanti ty was made ava ilable fo r

~:~tension of the toxicity evaluation.

The procedures employed for assessing the toxicities

of WIi—2l1 . 532 and WR~-2ll , 533 were identical with those used in

evaluating the toxicities of the D and L isomers of primaquine

( cf Section XVI ) and will not be repeated here. The resul t s  of
the evaluat ions  have been summar ized in Table 45.

The observations on WR-Zll, 532 suggest that the tox-

i c i ty  of this  compound is qual itatively and quantitatively very
simi lar to that of primaquine and 2—methy l primaquine (WR-182 , 234).

The toxicity of WR.-21l, 532 is clearly less than the toxi ci ty of
WR—l81, 023.

The data obtained on WR—2l 1 , 533 indicate  that this
compound has but one-half or possibly one-third the tox ic i ty
of primaquine. Th ey also show that qua l i t a t i ve ly ,  the t o x i c i t y
of WR-Zll , 533 and primaquine are similar , primarily referable

to hepatic injury, There were no signs of neurotoxicity among

the recipients  of either lethal or jus t sublethal doses of
W R — Z l l , 533 .

Obviously, these preliminary observations need to be

strengthened substant ia l ly  before  making f ina l  judgments  as
to the r e l a t i ve  toxicit ies of either W R — Z l l , 532 or W R — 2 l 1 , 533 .
Howeve r. such toxicity and curative activity data as are avail-
able suggest that either agent h a s a m o r e  favorable therapeu tic

index than primaquine or 4 -methyl primaquine. WR-Zll , 533 w i t h
i t s  t e r m i n a l  t e r t ia ry  amino group in the side cha in would seem
to command special interest ,

S O U T H E R N  R E S E A R C H  I N S T I T U TE



_ _- - ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~
-
~~~~~~~~~

- -  
~~~~~
-—

~~~~~~~~~~~~~~~
---

~~~

—24 2—

TABLE 45

PRELIMINA RY ASSESSMENTS OF THE SUBACUT E TOXICITIES OF
WR-2l l, 532 AND WR-2l 1, 533 FOR THE RHESUS MONKE Y

Reactions to Treatment
Daily Dose . **MInU Mg Base/Kg Li ver Conc. in Serum

°‘ Body We ight * Fate Pathology SGOT Bil i rubin —

_ _ _ _ _  _ _ _ _ _ _ _ _ _ _ _  _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  

Gross Uni ts  Mg Per Cent

WR—2 l 1, 532

8149 6. 0 Survived: weight loss; n . a. 34 0. 5
recovery Day 10 pOSt-R ~~

8371 12. 0 Died 2 hours af ter  Dose 5 + 1800 2. 6

WR—2 1l , 533

8237 6. 0 Survi ved: no reaction n . a. 41 0. 4

8354 12 . 0 Survived: no reaction n . a. 53 0. 4

8671 18. 0 Survived: anorexia; weight n. a. n , a. 0. 7
loss; recovery Day 14
p05 t R ~

8644 24 . 0 Died 8 hours a f ter  Dose 5 + n . a.

*Dose administered once daily at 8:00 a. m. ; scheduled number of doses -
seven.

**Terminal levels in fatal cases; peak levels during or post-treatmen t
of survivors.
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COMPOUNDS EVALUATED FOR RADICAL CURATIVE ACTIVITY: PREPARATION
(AS IDENTIFIED BY BOTTLE NUMBER) AND SALT EMPLOYED

IN PILO T STUDY

Comuound ReferenceBott le  No. Salt
~ R- No. Page

Miscellaneous S t ruc tures

3 , 396 ZC—0 7 , 877 — 111
198, 559 BC—57 , 397 d i—p—resorcy late 111
198, 560 BC—57 , -104 d i— p—resorcy late 111

13, 255 AL—2 7 , 411 — 112
219 , 124 BE—6 9, 119 — 112
193 , 713 BC— 4 1, 362 pamoate 112
198, 782 BC—58 , 40l sesqui—~3—resorcyla te  112
191, 994 B E — l 3 , 162 — 113

7 , 2 9 5  B B— 4 7 , 961 — 113
102 , 796 BC—7 8 , 878 — 113
218, 575 BE—6 6 , 958 — 113

12 , 921 AG-l6 , 089 dihydrochloride 114
205 , 446 BD— 54 , 211 dihydroiodide 11-1
202 , 833 BD-26 , 191 dihydroiodide 114
182 , 058 AY—98 , 947 — 114

9, 792 AE-07, 615 hydrochloride 115
25 , 981 AG—74 , 536 — 115
31, 877 ZC—03 , 799 — 115
190,830 BD-29, 165 dihydrochloride 115
158, 124 BD—22, 997 sesquihydrochior ide 116
167 , 655 BC — 99 , 831 — 116
114 , 905 B E — 5 2 , 136 sodium 116
124 , 892 BE—i S , 158 — 116

1, 5—Naphthyridines

202 , 927 BD—26 , 422  — 118
217 , 125 BE—6 7 , 286 d i— p— resorcy la t e  118
202 , 928 BD— 2 6 , 413 — 118
180, 411 BD—95 , 839 di— ~3—resorcylate  119
206 , 287 BD—54 , 748 — 119
206 , 283 BD—54 , 720  13—resorcylate 119
210, 304 BE— b , 858 t r i —I l— r e s o r c y l a t e  119
210 , 4 4 2  BE — 1O , 830 di— ~3—resorcylate  120
145 , 023 BD—53 , 8l2 hydrochloride 12 0
2 16 , 010 BE-17 , 286 d i— ~~—resorcyla te  120

SOUTHERN R E S E A R C H  I N S T I T U TE
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ComPound f B t ~~~No [ Sa l t  ~~ ference

1 -Aminoquinoiines

219 , 120 B E —Sd , 6 5 2  ~ — r e s o r c yl a t e  122
181, 614 AY—OT , 959 d i— I 3— r e s o r c y l a t e  122
203 , 766 BD-2 7 , 983 sesqu i—p-resorcyla te  122
2 18, 6 32  B E — 6 7 , 07l f u m a r a t e  123
217 , 162 B E — 4 5 , 048 s e s q u i f u rn ar a t e  123
216, 686 DE—l 9, 182 di— (3—resorcylate 123
204,659 513—2 9, 405 di—p -resorcy la te  123
182 , 146 B D - 2 6 , 379 dihyd rochioride 124

Ni-147/36 - naphthy lene disulfonate 124
215,627 ES— lE , ~7Z fumarate 124
182, 144 BB-~~~1 , 732 di—p—resorcylate 124
188, 438 55- 15 , 436 di—f3-resorcylate 125
199, 066 BC—58,830 di-~3—resorcy1ate 125
208, 060 BD- --1 5 338 — 125
199, 065 BC-5I~, 803 d i—p-r eso rcy la t e  125

Ba-l38/lll - naphthylene disulfonate 126
182, 148 ~\Y—~Vi, 319 

— 12h
190,733 BD—29, 254 — l2~ I
199, 063 BC—58, 876 — 126

7 -Aminoquinolines

218, 336 BE-hh , 832 diphosphate 128
213, 6-1 0 BE-09, 999 dinitrate 128
21d , 008 BE-58. 29~ trihydrochloride 128
2l~ , 677 BE—55 , 811 dinitrate 129
.117 , 170 BE - 50 , 174 triphosphate 129
2~’7 , 7b 6  B D— 5 7 , 472 d in i t r a t e  129
2lH , 948 BE-37 ,6~ 6 triphosphate 129

8 -Aminoquinol m e s

193 , 508 s~~- 2-1 , 044 trihydrobromide 139
BE—2 0, 989 dihydrochioride 139
BE— ’i, 762 diphosphate 139

2, 975 — diphosphate 1-40
152 , 149 P E— ~~( , 770 phosphate I l l
186, 370 DE-i’~, 075 citrate l-~1
215 , 730 PE—1~~, 583 — 141
161,085 AX-2(~,82O bis-1,6-naphthylene disulfonate 141
180, 125 AY—93,455 sesqui-~3—resorcylate 141

B C — 0 9 , 453 d i — p — r esorcyla te  1-12
199 , 98 1 BD— ~~3 , 154 J i— I l— r e s o r c y l a t e  1-1 2 

~~~~ 
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Co~~cound - R o t E - r e - a - l u
- 

~att]e ~‘4o. Salt
WR- No. Page

8-Arninoquinolines - Continued

17,757 BE—2 0,863 dinitrate 143
214, 420 BE—50 , 012 phosphate 143
29,606 BE-~ 0, 229 dihydrochioride 143
190, 285 BB- 1? , 510 di-p-resorcylate 143
193, 127 BB-19, 4l6 maleate 144
29,616 BE-2J ,744 dihydrochloride 144
181, 141 AY—97, 00 dihydrochioride 144
187, 427 bE—~ 4, 779 

— 1-14
187, 428 BB— -14 , 788 — 145
185, 306 38—42 ,060 — 145
7, 312 BB- 4 , ~~~ dihydrochioride 145
29,63-I r3:--12 , 950 dihydrobromide 1-15
184, 544 BE—20, 2~ 5 t r iphosphate  1-1
211, 231 31~-2C , 201 dihydrobromide
182, 2 34 BC-53-, 57 2 dihydrochioride ilL
213, 472 BE—13 , 948 fumarate 147
218, 669 ~E--55 , 795 malea te 1-47
‘ii . 077 BE—Li , 971 phosphate 147
121, 508 BE--li, 121 dihyd robromide 1-4 7
106 , 1-17 AY-37 , 897 dihydrochioride 148
205 , 438 E D— S ~~, 202 maleate 148
2 17 , 154 3E-67 , 04 maleate 148
217 , 124 BE-43 , 759 malea te  148
.102 , 790 BD—IE- , 217 maleate 149
205, 439 BD—34 , 195 maleate  149
183, 538 B B—4 1 , 885 di phosphate 149
2 12 , 216 - 

BD—99 , 103 maleate  149
116, 893 ~- E — l9 , -177 maleate  150
199 , 368 B C—5 9 , 2 84 malea te 150
183 , 06-4 BB-4 1. 894 hydrochloride 151)
2 17 , 038 bE— 19 , 584 diphosphate 150
2 11, 814 ~-E - 0 8 , 518 di phospliate 151
211, 815 BE—OS, 527 di phosphate 151
111, 820 B E — l l , 593 c i t ra te  151
lOt , 027 B E -Z O , 194 dihydroch ioride 152
147 , 77 8 58—18 , 44 8 diphosphate 152
l3~~, -4 79 B E — I l , 575 di pho sphate  152
181, 02 3 BC —5 7 , 2 4 4  diphosphate l~~3
215, 761 13:1-16 . 9(7 diphosphate 154
2 15 , 216 P E - - l~ - , 378 c i t r a t e  134
217 , l 5~ B E—6 ~~, 2 2 . 1  c i t r a t e  154
2 15, 300 B E — i t , 2-1 3 f umara t e  155
208, ;42 BD-6? , 981 dihydrobromide 155
211 , 663 SE—il , 825 f u m a rat e  155
218, 80t BE~ H , 3 l 1  fumara te  1 55
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CoI [-noun- R ef e r e n c e
L-o~ t le No. Sal t

_ _ _ _  _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  _ _ _ _ _ _

8-Aminoquinolines - Continued

2 18 , 1-36 B E— 67 , 133 fumara te  113 6
218. 805 tH- :—57 , 324  fumara te  156
218, 574 BE—6 6, 985 fumarate lIt -
216 , 837 BE—l9 , 306 fumarate 157
214, 198 58—13 , 082 dihydrochloride 111
217, .171 B E — S O , 183 phosphate 157
308, 557 ED—45, 267 diphosphate 158
209 , 785 P E — l O , 090 succinate 158
208, 814 BD-59,074 phosphate 158
214,703 88-15, 040 sesquiphosphate 159
209, 522 ED—S 9, 967 phosphate 159 —

209 , 511 PD- 59 , 985 diphosphate 159
211, 97 5 B E — l 2 , 996 phosphate 160
189, 279 — tI - 540 phosphate l f - O  -

- 
-

199,793 ~sC-- 99.939 phosphate 160
212 , 2 93 BD— )9 , 90~ phosphate 161
218 , 37 3 BE—6 b , 994 d iphosphate 161
2 12 , 302 BD— 99 , 9~ succinate  1( 1
201, 678 5fl — lI , 304 diphosphate 162
2 12 , 6 2-4  4 8 — l 3 , 82 2  d iphosphate 162
212 , 579 B E — 1 3 , 3l3 fumara t e  162
218, 335 3E:—~- , 930 diphosphate

h , 028 PF’-2O , 032 dihydrochioride 163
6, 027 BE—20, 112 dihyd rochloride 163

202 , 4 37 E D — I t - , 164 sesqui— ~~—re sor .~y1ate 164
103,607 BD—27,652 di— (-4—resorcylate 16-i
203 , 6 08 3D-I? , 661 di—~3—resorcy late 16 4
311, 208 58-20 , 005 dihydrochloride 165
211, 66 5 BE—lO , 569 dihydrochloride 165
147 , 657 BE -ZO , 023 dihydrochloride 165
214, 787 BE—l5, 151 dihydrochloride h 5  —

2 02 , 438 E D — / b , 155 funiarate 166
111, 816 BE-Z0,630 -dihydrochioride 1 6
2~~.3 . 2 2 3  B E — 2 O , l li  d ihyd roch io r ide  i h t

1) , 51)7 BD—24, 062 trihydrobromide 167
I ’~ , 333 BC-06, 587 oxalate 167

~0. 073 BD—2 3 , 163 oxalate 167
I , 

( I  ~a ~~:_ 6o , 018 diphosphate 168
- 

- -  
- 

, 7~, Pr _ 55, 820 fumarate (18
flt -/ O, 309 phosphate 168
~l~~~_ 9 )  ~ 11 — ( - (_)

h 1-: —~~7 . 4 - 1  c i t r a t e  1~ I 9
t I ~~~

’ _ 11 378 c i t r a t e  1( 1 9
- - - , ~~

- 
— 170

- — 170
• 7 r ~ — 170

- _ 1  
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CompOund

_}_
Bott le  No , Sa l t

8-Aminoquinolines - Continued 
_______——

208, 189 BD—45, -427 — 171
209, 845 BE—l a , 223 — 171
208 , 44 1 BD — 57 , 990 — 171
211, 078 B E — i l , 012 — 172
188,304 BB-45, 534 diphosphate 172
207,610 BE—ll ,63l fumarate 172
194 , 341 BC—O 6 , 443 d imaleate 172
.102, 789 BD-26 , ‘08 maleate 173
49,577 BC-59,702 tr ihydrobromide 173
194, 343 BC-06, 452 maleate 173
181, 205 AY—96, 907 tricitrate 174
189, 283 BB—46, 568 — 174
184, 852 BB—4l, 929 — 174
215 , 732 BE—16,6 27 di phosphate 175
192 , 515 BC— 58 , 394 sesqui—p—resorcyla te  175
218,334 BE—66 ,841 phosphate 175
l l i , 990 BD- 99, 087 dihydrochioride 175
193 , 130 BC—5 8 , 910 d i— p— resorcyla t e  176
211, 333 BE—il , 601 diphosphate 176
197, 063 BC-OS, 705 di-~3-resoreylate  176
210 , 810 B E — i l , 677  fumarate  177
2 15, 7 33 B E — l T , 026 fuinarate 177
211, 532 BE—il. 567 fumarat e 178
210, 805 BE—il , 686 fumarate 178
210, 550 BE— il , 597 dinitrate 179
210, 551 BE—il, 588 dinitrate 179
2 16 , 804 BE— 19 , 324 di phosphate 179
218, 681 38—55 , 937 hemifumarate  179
204 , 510 BD--28 , 97i hemifumarate 180
208, 071 BD—45, 3l0 fumarate 180
210, -148 BE—il, 033 furnarate 180
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