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1« INTRODUCTION

During the first year of Contract DAMD-17-85-C-5172 , two new
compounds have been submitted by WRAIR for examination. In
addition to investigations on these , studies have continued on a
number of compounds submitted previously together with a few
miscellaneous drugs of i1nterest i1n this programme. These
investigations have involved testing for activity against blood,

tissue and mosgquito stages of Plasmodium berghei and P.yoelii.

Concurrently with these investigations we have also buz-
examining cross-~resistance patterns of a wide range of resistant
lines « Two new amodiaquine-resistant lines have been developed
any are noWw o oavallable for inclusion in our blood schlzontocidal
ACLIvity testa

Preliminary studies on the isouwuzyme characteristics of soms
Wrostralns have been carried out and tnis georeenineg iooro oo
2xtended to all of the srralas of rodent malaria held in cur
oW telhnmigue wnlitn has recently oeeen oadded o oonr

nEe oermits tae

Lhe ocxd-orytnroctic conizonts of Pevooliis To date onlv one
compound, ICI 56780, nas heen oxamined in this systen and data
from this test are inaeluded in this report.s This compeound nas

also been submitted to WEALR for evaluation as a hypnozoitocidal

apent aoninst Pecynomolgi in Macaca mulattaa

The Annual Report this vear has been aivided into twWe
volumaose The first o thiese 2contains “he text of the rapar:

together with tables summarising theo rozaults obtained in the

various test systemse ne second volums contains the detailed

reccalt o oo relat i i taata,




2+ ADMINISTRATIVE EVENTS
Staff employed on US Army funds are as follows:

Senior Technologist/

Research Assistant - Mr B L Robinson 100 % time
Technicians - Ms A West 100 % rime

- Ms J R Cox 100 ¢ time
Secretary - Mrs T Sargeaunt 25 % time

Ms West and Ms Cox have been employed on US Army funds for
several years as Junior Technicians « They have now both

completed th=ir technical education and, having passed th

@

examination for Higher National Certificate in Medical Laboratory
Tecnnology (Mg west) and Applied Biology (Ms Cox), have quaiified
for promotion to a higher grades

Other staft aussociated with the project but paild from London

Sehool souresa are

Professor W Perears [(Principal Investigator) 20 % time

Or D C Warharat  Dlolosist) 200% sime

D DS Bllis cFlooreran Microsoopion Tooh oame
'ne Tl ¢! craris [Benl HNIT LD WreLooooanh oW s

currently rearing approximately 10,000 adalt Anopheles steph

o WeeKe

A new tulrure room has just been completed for in vitro
studies on exu--rvinroevtic stages of Peyoelii nnd weo anticipate
being able o incoapporate this aystem as 1 routines Lo csupplement
in vivo testins Tor causal prophylactic studies bafore the end of
1986

The collwotion of cervopreserved strains »i rodent malarla has
been supplementod by the addition of twao amodisgnine resistant

lineze Ful. - -owrning At ecompoarnds far 1o 0 cenioany o D]
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activity now involves a battery of fourteen strains, derived from

either P.berghei or P.yoelii, which are resistant to standard

antimalarials, in addition to drug-sensitive P.berghei.

An orricial visit was made to the London School of Hygiene
and Tropical Medicine by LTC Willis A. Reid, Jre., Chief of the

Department of Parasitology at WRAIR in October 1985.

3+ CHEMOTHERAPY STUDIES

3.1 Blood schicuntocides

Data are summarised in Table 5 and detailled report gsheers

are appended as Tables § tnrougn 18 o

2.141 WR 254594 (BL 07762)

Owing to the "flat" nature of the dnse pesponse curve

> y

sbtained from the Your davy sont oage Pebeorgnel N osirain Wwitn

o)
[
o]
L
-t

this compound, it was necessary Lo estimate the EDQO of 500 mz/xg
by sraphic interpolation.

3e1e2 BL 09685 (WR Numbw=r ot Known)

[T comonungg WL

the standard antimalariais

lelad Ivermectin
[vermectin 13 inanrtive against Pe.berchei at 2 mg/ks < 4 50

Sneortags of compound preeventod screening at higher dosage.
1 ¢ )

telodi Doxyeveline

“his ~-deoxyt2tracy - line {anO - 1540 mz/ws X4 sc) was more




Tests against strains resistant to chloroquine, mefloquine

and quinine showed no evidence of resistance to doxycyclinees

3.1.5 ICI 56780

This quinolone ester was examined in some detail by the
Principal Investigator's team in Liverpool some years ago and
found to be very active both as a suppressive drug in blood
induced infections and also as a causal prophylactic (Ryley and
Peters, 1970). In the current series of tests we have confirmed
the activity of ICI 56780 against the drug-sensitive P.bergnei N
strain, when given subcutaneously, and also demonstrated une lack
N eross-resistancs 10 stralng ponsessing orimary roslaroarnocee T

chloroquine, quinine and metloquine, Indeed, in the cagse o8 wtne

mefloquine resistant line therec 15 #svidence of 1 s5light
hy persensitivity to this compoundes Administered orally, thic
compound 15 poorly aboorbed and aoore s Danly nrgaer Bl vialaes
“ere obtaineds
Strain | Resistant to o lap
ot - . “
- ——— = — - b —— e, e, - - ——— -y — - -
NS* Chleroquin- . Tel
7 Quinine ‘e ) Tal
N11CO Heflogquine oo AR
N - H740 po 1.0
_______________________ o]
N loroquine SR el
I o +----- i
J Juinine P 0.6
L - N j DEUEESRIN USRI
N1l et loguine HRI 0.3
* t.yoelii ssp
Table Ja A summury D" Tour-day rest"™ data obtained Wit 10T
5 - - et . i e

£




3.2 Causal prophylaxis

Causal propnylactic test results are summarised in Table

and detailed data may be found in Tables 19 through 3Z2e

3+241 BK THA91 (WR 252127 AAK)

This compound had a Minimum Fully Effective Dose (MFED
between 30 and 100 mg/kg X 1 sc + Thnere was o vl inenoe

residual activity at 100 mg/xg.

3202 BE TAVZT (WR ZSVATT AT

this compound was 40~ T melaesn X T e

Jalal WH H:i »!’;_

WHOORUENYY La somewnat T 4TIy troan (rimia it MEEY
- L e im onnd : LS " : - o -
Theres W e P AP RN . T . .
10 me/ke come residaal el weer : ‘e
SRR A C - .

M VoA . . P ~

[SEUIES A S Lotnet i -
Tele5

This quinolons »oter nws wn Me=2l o - Sl

Tho recont arrivil oo rrdmecgains metanc o Drtes Ur

Protwssor Strotheor has onabl-od 40 a5 continuy LT T

4

inventisasions whieh wore int-orralr et by Snortase o0 7ot s




are

i« 5-hydroxyprimaquine (5HPQ)

Fully active (MFED = 10 - 30 mg/kg X 1 sc)s Some residjual
activity at 20 mg/Kge

1le S5-hydroxy-6-desmsthyl primaquine (DHPQ)

The MFED of this metabolite was %0 - 20 me/ke wit:.

evidence of residual activity. At 20 ma/kyg

oW e e

y '
*his compound s toxio with seven oat of ten wroeated
Vinde
tilef,nodiny draxy —dA-aminogquinalin. TA 0
w1 g . R PR . RN .«.‘ - . . "
Pally oot uve Lo wgn o nmet ey D s, T M i
TR ma/ei.
Ve
T MOTITT ey v . . w
SR SER SRR o MU R HA B PR cTond 3 [
Je . H LT
vy . B . v . -
e
- Tamet oot D R
[ : A ¢ 4 T N LR * - et :
! Dl el el S et 5 (RGO : .
".
« el w N V
i O . Py ) . et eyt -
it it ree oy . , C s JERE Ve e .
artine et oo ! S G .




3+3.2 WR 254594 (BL 07762)

This compound shows activity of the same order as WR 254419,
The maximum tested dose (120 mg/kg)

suppression of oocyst development

micea

in A.stephensi f

number not known)

Only slight suppression

cent) o

(34 per

infectivity resulted from a single dose of 100
anmpound.
te 3.l ICHE
Tnin mooan oWl o1 Foaore . : N
1ittivity agalnst Pey.nigeriensis in tnin ter ot Tr i
M/ K s comanrad o Wwith m /e I rimacyaly
-t poroan o i i (AR R Y
nmmAart i o idal e it et
e oty
ot e WE T e 0ot I
T ! COning DonTentr ot e
1o rrensduaeed almonr ' o At
Tt St e Al s '
weended foryy ind whe ool Sothe fall
v b AR
obe B OTLY
nlo o« H nmpletely L : . the 4
eie t o BK T2 VYT OAR)
Thie reern fown " P
;
L | N

produced 41

ed

¢

I

o

ner

o0

oraon e -

treated




cent inhibition of oocyst development and further tests are being

undertaken to assess the effects of higher doseage.

3.4.4 WR 254419 (BL 05848)

WR 254419 was toxic to A.stephensi at the screening dose and
only one mosquito survived from the 25 originally infected.
Dissection of this sole survivor, however, showed no sign of any
suppression of ococyst numbers and there 1is probably no activity

at the maximum tolerated doses.

Ie4e5 WR 254594 (BL 07762)

This compound was also toxle Lo me

less so than WR 254419, At the screening dose four mosguitoes
sarvived and JdJissection showed that there was approximuataly 40

per o oeent inhibition of oocyst developments It 1o guontionable

Wwhnethor tnis 1o clae v Ty cidal cTLVITY LS
manitestation of generalissd 2y loloxlellye
olat (R LKW
Thisn componnd anowet o cond lovel of coar e L .
- - N - - i - - T e
dreening dosa. arther ot taoar toobe crltormea TO prLrn
toeener dat oand ro AT th compound In o oun o oxtendsa m
cede! Primaquine motabolites
Tme followine ceven metavoliten o nreimasyaline noove roen

2d Tor sporeontocidsl activity

CXoamin

Te =R LROXY ==

inactive v 0§

inaetive 1t




e e et oL AR A S
A}
i
1
4
4
(
3. b-hydroxy-8-aminoquinoline (AQL) = WR 6890
{ Slightly active at 0.05 %
A3
4, 5,6-dimethoxy -8-aminoquinoline (DM8AQ)
Slightly active at 0.05 %
5« 5-hydroxy -primagquine (SHPQ)
: Inactive at 0.05 %
r 6. 5-hydroxy-6-desmethyl-primaquine (DHPQJ
L4
’ Inactive at 0.05 %
7T« carboxymetabolite of primaquine
Slightly active at 0.05 %
TS In wirtra mrgdies Gualnct X eory TNraTy T I LU0l ; . L
3.5«1 Materials and metnods
novitro n ot LLvity oot o sl e inst e
Py Throoy Tl I IR T D S S o [Reae i PRSI A T A
modiforation oy Millet ” : i Ut oy orue dosor bohy
Lamblomses om0 Tty
, - e . . . - ; . .
albino laboratory ot g DUrad Ly per na liver Wwith
colagenacs nd narventings - yrlated henat e ATUer washins
Nith . S, e MR owitn added
footal cald e Sy Lilin/ony SIMYClne Ih2 cell
I I ' v e o v eyt A i e
. e are diapen dotnto petrl o dishes (two cparate
drops into s ddinn and trne calrtares ars dnoabared o ar w700 fan
24 ohonrce
el A t : : Tivary sionin o syl Yo -



female A.stephensi which have been infected with P.voelii 17X
Strain fourteen days previously. The glands are homogenised in
MEM (with FCS and antibiotics) and, after counting the
sporozoites, the volume is adjusted to give a concentration of

approximately 100,000 sporozoites / ula

The medium is removed from the hepatocyte cultures, replaced
with 0.25 ul of sporozoite suspension and the cultures are
incubated at 37°C to allow the sporozoites to enter the
hepitocytess After two hours incubation, 1 ml of MEM with FCO,

antibiotics and cortisons 13 added to each of the untrested

1%

control o egltares and soalutions of drags digoolvet in trne S

medium to the test plates.s The medium and drug are renewed after
24 nonrs incubation and the cultures are fixed with metnanol

atfter 4% hours insuabatizsn prinr U2 stalning with Silemsy otiine

The total number of sopicants proesent in 2320 oculture are

~ounted and tne: meany Toenrm U ot dragag oo Tratl N
o . . . : P
W - v r . .

for oreparstion ofF tne ir o, dairttienal contrnal slthres
Tontaininy o 1 ot o et o4s LS rreaent onotne
treated cultares must he includsd to oheck ¢ any ponslbid
interferencs arias e osolvent
References:

Te Millet e, Lindiu,le, Baccnm,le, Miltgen,F.s andi Peters W
(1985) Ce.Heiradeloe Paria, 301, 403 - 406,
2e Lambicoo M, iandan,le, Thirrry ,Ne and Miltcoon,Fo (1ix10

CeReAcad

B, G, B3 - 433,




3.5+2 Results

When examined in the P.ye.nigeriensis causal prophylaxis test,

the quinolone ester ICI 56780 was found to be fully active but
the presence of residual activity at the lower point of the MFED
range made it unclear whether that activity was truly causal
prophy lactice In the in vitro test, however, activity against the
exo-erythrocytic schizont may be directly observed and a compound
which relies entirely on residual activity against emergent blood

stages can be identified by its lack of action against the2 tissue

stage.
48 nhour schizont counts
Compound mg/1 1 2 3 4 Mean 1 Control
Medium control - 32 25 L 37 31.50 100
P SE, R S - /U E
Etnanol con;rolj ~ 21 <0 <3 38 3200 TG
PSSP SE G L o N
Primaquine Oat 2U 27 S 21
1.0 ' i
................ A TR A SR R S S
IcI 56780 Dol 10 o A 3 TN e h

Table 2. Results of an in vitro tost of ICI 56780 and orimaquine

diphosphats against exo-erythrovriz stages of Teyoo i1 17X in

primary hepatocyte culture.

In tnis test an ethanolic s>lution of ICI 56780 was added to

the medium Lo glve concentrations C Y and 1.0 me/le An ethancl

control was included and grimacuine was used as 1 rositive druse

controle From the data obtainsd Tai i 2) it was shown “hat the
lower of tvese ~2oncentraticonz woaod approximat«ly - rcer 2ent
i R O 1 Wil ot e e o T T e et




blocked infection completely. This compares favourably with
primaquine which whilst fully effective at 1.0 mg/l caused only
23 per cent suppression at 0.1 mg/l. Two Petri dishes, i.e. four

cultures, were used for each groupe.

No evidence of toxicity was found in either primaquine or ICI
56780 treated preparations stained supravitally with 0.25 per

cent Trypan blue in HEPES buffer.

From the results of this test it can be concluded that ICI
56780 has a direct action on the pre-erythrocytic schizont of
Peyoelii and that, in this strain at least, the level of azrivity

L3 greater than that of primaquinees

et Development of drug resistance

Twn linen of rodent malaria resistant o amoadiagainsg noave

toen developed by the “Wo per cent relapse tochniques The 4

Al (denignated NAM) was produceod @y =2xposing caones3ive
iadEeed o T ariug sensltive Peberghel N ostrain To o nU me/we I
of amodiagquine vt tne rime of passase, Tric wan o tno maxinan

dose which had been found to permitc recrudescencs 1n

preliminary experimente Development of this line was fairly slow,
with 20 passages =lapsing over a period P almost 31X months
before a high level of resistance was reached. The course of
acquisition of resicarnce in the NAM 1line is graphi-zally

illustrated in Figure 1. The stability of tris resistance has not

w

vet been tested by withdrawal of drug oressure, bat ~ryvo-

preservation has no discornable affect,

The SAM line, whi2h was developed rom Peyooiii NS
atrain, was put ander o s lorop leval o F rege s s

14




©

I

N

T

Parent strain is inherently less sensitive to amodiaquine than
P.berghei N straine. The dose selected from the preliminary test
was 100 mg/kg X 1 sc. Resistance developed very rapidly, with an
appreciable level being apparent after only four passages (Figure
2)e Withdrawing drug pressure after 55 passages has had no effect

on the level of resistance to date (15 passages)e

Cross-resistance studies on these two strains are scheduled

and the results of these will be included in a subsequent reporte.

3«7 Cross-resistance studies

Uver a period of years, 1nitially in Liverpool and latterly
in London, the Principal Investigator and his team have
developed strains of rodent malaria which are resistant to a1 wide
range of antimalarialse Whilst isolated @xperimoents have bhaon

carried out to determine the levels of primary resistance and, in

+ few cases, nross-resistance patterns to som2 of tne rans

standard antimalarials, no comprehensive studles nave been ms
We are currontly attempting to rectify *his smission Dy testing
all of our existing resistant lines against a battery of sixteen
different antimalarials and the results obtained so far are

presented in Tables

through 222 (summarised in Tables 7 and 3}

3.2 Iscenzyme studies

Preliminary experiments to establish experimental technigues
have: now heen completad for seven isocenzymes and marker strains
have been selectode Clunes of these strains are being made In

order to prepare pure standard lysates and aata from the electro-

D

S fal >sentol on

phoraetic studies on thece and other strains will be pr

eguentorel ort e Lo isoengymes Wwnicon owe o ire ourrent v

15




to study are listed below, together with a list of marker

strains, and techniques for other enzymes are being investigated.

3.8+1 Isoenzymes and marker strains

Techniques are available for the following isoenzymes:
1«Glucose phosphate isomerase (GPI)

2.Glutamate dehydrogenase (GDH)

3.Glucose-6-phosphate dehydrogenase (G6PD)
4,Hexokinase (HK)

Se.lactate dehydrogenase (LDH)

b.Malate dehydrogenase (MDH)

Te.b-phosphogluconate denydrogenase (5PGL)

The following parasites will be employed as markers:

lTePabarghei N796 (= Keybergz 173)

04

9

2+Pabergnei NK65
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abLin 4
SUMMARY OF CAUSAL PROPHYLACTIC 17
LQNT m;ﬂ;igxl m;smg,;‘LDz’\gnvmf COMENT
Primpquing 30- 60 N -
1956 | Bk 34401 _[30-100 NiL o
1953 |'Bk 73123 30 -100 NIL o .
2010 ;5 %232{;9 i ~13.0-v0.9 NIL L
Pgo;g_;_;"_és;;f,‘;“ T> 100 NIL AT 100
1001 |1l S6380 30 - b0 | PresenT AT 10 - -
12062 S-F\\'{dmyyhmx!\.{me, 10 - 30 |PRESENT AT 10 | Toxic AT 3O
2063 SP-“:\:{':(::\:’“-;G-GMQW 30-60 | N\L AT boO Toxic AT O
2050 |5+6- Lihydry -8 AR >0 | NIL AT bO | )
| 2058 | b-methoxy - B-AQ >60 | Nw AT 6O |
2064 Caboxymerebaliteof @] - | WiL AT bo | IMACTIVE AT 60O
IS SRS R
! |
i | |

! ; ; ?
‘ | i
N
| i |
o RS N SO S
S - L
» AU RS ER S
B S N H

PRINCIPAL INVESTIGATOR: PROFESSOR W, i0 10

DEPARTMENT OF AL PROTOZOOLOGY

LOXDON SCHOOL O HYGIRNE AND TROPICAL




TABLE 5
SUMMARY OF GAMETOCYTOCIDAL ACTIVITY
WK BN LON GD50 GD9O pIQO
PRIMAQUINE DIPHOSPHATE 1711 1.3 33.0 1.0
254419 BL 05848 2010 > 100 - -
254594 BL 07762 2024 > 100 - -
? BL 09686 2046 > 100 - -
ICI 56780 1001 22.5 185.0 0.18
.




TABLE 6
SUMMARY OF SPORONTOCIDAL ACTIVITY
WR BN LON ACTIVITY % SUPPRESSION
CYCLOGUANTIL ACTIVE 95.2
PYRIMETHAMINE ACTIVE 84.8
HALOFANTRINE 1955 ACTIVE 47 .6
252127 BK 74491 1956 INACTIVE 0
251977 BK 73127 1957 ACTIVE 54.3
254419 BL 05848 2010 INACTIVE * 0
254594 BI, 07762 2024 SLIGHTLY ACTIVE* 40.7
? RI, 09686 2046 ACTIVE 7.3
MAQ (Strother) = WR 15081 INACTIVE 0
AQD (Strother) = WR 6865 INACTIVE 0
AQL (Strother) = WR 6890 SLIGHTLY ACTIVE 33.1
DMBAQ (Strother) SLIGHTLY ACTIVE 32.4
SHPQ (Strother) INACTIVE 0
DHPQ (Strother) INACTIVE * 0
Carboxymetabolite of PQ SLIGHTLY ACTIVE 32.4
(strother)
* TOXIC TO MOSQUITOCES
All compounds tested at the screening concentration of 0.05 per

cent in 5 per cent sucrose solution.
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TABLE 7(A & B). A summary of ED90 values obtained with a series

of strains of p.berghei and P.yoelii against a range of

antimalarials.
Strain
1.P.berghei
N

RC

PYR
ORA

MEN

SPN
N& 1708

P.y.niqeriensis

LIG

26

Primary Resistance

Drug sensitive
Chloroguine
Quinine
Mefloquine
Halofantrine
Primaquine

Cycloguanil

Pyrimethamine
sul fonamides
Menoctone
pyronaridine

Wi o DR2AR

Chloroguine
Mot loquine
ttalofantrine

Pyronaridine

Wi 0258

No induced resistance
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TABLES(A & B) Blood schizontocidal test results expressedas

Resistance Factors (Igg). EDgg values of ecach strain are compared

with that of P.berghei N strain (Igg of N strain = 1.0)
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5.2 FIGURES
FIGURE 1. Graphs showing the acquisition of i1esistance to
amodiaquine by the NAM strain, which was developed by the two per
cent relapse technique from P.berghei N strain exposed to 60
mg/kg amodiaquine (X 1 sc), and the SAM strain which is derived

from P.yoelii sop. NG strain under amodiaqgquine pressure of 100
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