AD-A228 273

L

-2 1
(TS
¥

T W

CHEMOTHERAPY OF RODENT MALARIA

ANNUAL REPORT

B ' WALLACE PETERS MD DS
;iLt COPY :

”
L
OCTOBER 15 1988

Supported by

US ARMY MEDICAL RESEARCH AND DEVELOPMENT COMMAND

Maryland 21701-5012

Fort Detrick, Frederick,

Contract No DAMD17-85-C-5172

Experimental Chemotherapy Unit
Department of Medical Parasitology

London School of Hygiene and Tropical Medicine
WC1E 7HT, UK

DTIC

R CLECTE
00T 311390

Keppel Street, London,

Approved for public release; distribution unlimited

arr ~st to be construed as an

The findings in this renort
official Department of the Army position unless so designated

90 1 9. po0

in other authorised documents.




SECURITY CLASSIFICATION OF THIS PAGE

R

REPORT DOCUMENTATION PAGE

Form Approved
OMB No. 0704-0188

1a. REPORT SECURITY CLASSIFICATION
Unclassified

1b. RESTRICTIVE MARKINGS

2a. SECURITY CLASSIFICATION AUTHORITY

3. DISTRIBUTION/AVAILABILITY OF REPORT

2b. DECLASSIFICATION / DOWNGRADING SCHEDULE

Approved for public release;
distribution unlimited

4. PERFORMING ORGANIZATION REPORT NUMBER(S)

S. MONITORING ORGANIZATION REPORT NUMBER(S)

6a. NAME OF PERFORMING ORGANIZATION

London School of Hygiene and
Tropical Medicine

6b. OFFICE SYMBOL

(If applicable)

7a. NAME OF MONITORING ORGANIZATION

6c. ADDRESS (City, State, and ZIP Code)

Keppel Street
London, WClE 7HT, UK

7b. ADORESS (City, State, and ZIP Code)

8a. NAME OF FUNDING /SPONSORING
ORGANIZATIONU,S. Army Medical

Research & Development Command

8b. OFFICE SYMBOL

(If applicable)

9. PROCUREMENT INSTRUMENT IDENTIFICATION NUMBER

Contract No. DAI{D17—85—C—5172

8¢ ADORESS (City, State, and ZIP Code)

10. SOURCE OF FUNDING NUMBERS

PROGRAM PROJECT TASK WORK_UNIT
Fort Detrick ELEMENT NO.  INO. . NO. ACCESSION NO.
Frederick, Maryland 21701-5Q12 627704 627704870 AT 010

11. TITLE (Include Security Classification)

Chemotherapy of Rodent Malaria

12. PERSONAL AUTHOR(S)
ce Peters, M. D, DSc

13a. TYPE OF REPORT
Annual Report

13b. TIME COVERED
fROM__7/1/87 1010/15/8

14. DATE OF REPORT (Year, Month, Day)
1988 Gctober 15

15. PAGE COUNT
1)

16. SUPPLEMENTARY NOTATION

17. COSATI CODES 18. SUBJECT TERMS (Continue on reverse if necessary and identify by block number)
FIELD GROUP SUB-GROUP RA I; Lab Animals; Mice; Malaria
06 13 .
06 15

agent.

are discussed.

Blood schizontocidal action of 8 WRAIR compounds and 1
another source is summarised.
different sensitive and resistant strains are included.
drug interaction tests to determine the influence of 4 WRAIR compounds
on the action of chloroquine against chloroquine-resistant P.yoelii

ssp. NS strain, only WR 014044 enhanced the activity of chloroquine. A
high degree of synergism was demonstrated with a combination of two

different isomers of the floxacrine analog WR 243251.

Data

19. ABSTRACT (Continue on reverse if necessary and identify by block number)
A technique is described in this report for the evaluation of drug
interactions with combinations containing only one active antimalarial
The relative merits of chloroquine-resistant strains of
P.berghei and P.yoelii ssp. as laboratory models of P.falciparum

compound from
from cross-resistance studies on 29
In a series of

20. DISTRIBUTION/AVAILABILITY OF ABSTRACT
O uncLassiFieounumITed  [J SAME AS RPT.

[ DTIC USERS

21. ABSTRACT SECURITY CLASSIFICATION
Unclassified

22a. NAME OF RESPONSIBLE INDIVIDUAL

Mrs, Virginia M. Miller

22b. TELEPHONE (include Area Code)
30;/663—7325

22c. OFFICE SYMBOL
SGRD-RMI-S

DD Form 1473, JUN 86

Previous editions are obsolete.

SECURITY CLASSIFICATION OF THIS PAGE




In conducting research using animals,

investigator(s) adhered to the

Laboratory Animals”

FOREWORD

the

“Guide for the Care and Use of

prepared by the Committee on Care and Use

of Laboratory Animals of the Institute of Laboratory Animal

Resources,

23, Revised 1985).

National Research Council

coarAad

1

e

~cceesslon For

STIS  GRA&I

ZiIC TAB
Unarnounced O

Justification__________

(NIH Publication No.

«)

B -
_?ggtributipn/
Availability Codes
ltvail and/or
Dist Special "

86—




TABLE OF CONTENTS

Report Documentation Page
Foreword
1. INTRODUCTION
2. ADMINISTRATIVE EVENTS
3. CHEMOTHERAFY STUDIES
3.1 Evaluation of data from drug interaction studies.
3.2 The role of chloroquine resistant strains of rodent
malaria in experimental chemotherapy.
3.3 Blood schizontocidal activity.
3.4 Cross resistance studies.
3.5 Drug interaction studies.
4. PUBLICATIONS
APPENDIX 1 Summary of blood schizontocidal activity tests
APPENDIX 2 Cross-resistance studies

APPENDIX 3 Drug interaction studies

11

11

13

14

33

117




1. INTRODUCTION

In the period since that covered in the last Annual
Report, eight new compounds have been submitted for testing
by WRAIR. These have been examined for blood schizontocidal
activity and, in some instances, the compounds have also been
studied in drug interaction experiments.

The problems which we had experienced with cytoplasmic
polyhedrosis virus in the mosquito colony have been largely
overcome by a continuing programme of treatment of the stock
cages. Transmission of malaria through the mosquitoes is
better now than at any time since the colony was established.

A reassessment of the comparative usefulness of

chloroquine resistant strains of Plasmodium berghei and

P.yoelii as models for P.falciparum has led us to revise our

method of calculating resistance indices (Igg), and a new way
of demonstrating quantitatively the degree of interaction
between two drugs, where one compound has no antimalarial
activity in its own right, has been developed.

2. ADMINISTRATIVE EVENTS.

Staff employed on US Army funds are as follows:
Senior Technologist/ - B.L.Robinson 100% Time

Research Assistant

Techicians - Ms A.West 100% Time
- Ms J.R.Cox 100% Time
Secretary - Mrs B.A.Sargeaunt 25% Time

Mrs Sargeaunt has recently retired, and the part time
secretarial post has not yet been filled.

Other staff associated with the project but not
financially supported by USAMRDC are:

Professor W.Peters (Principal Investigator) 20% Time




Dr D.C.Warhurst (Biologist) 20% Time
Dr S.L.Crnft (Electron Microscopist) 10% Time

3. CHEMOTHERAPY STUDIES

3.1 Evaluation of data from drug interaction studies

Until recently, our studies on drug interactions have
been involved with pairs of compounds, each of which possess
significant degrees of antimalarial activity in their own
right. Determining the effect of compounds like these upon
one another could be done easily by constructing isobolo-
grams, which illustrated graphicaily the presence of
synergism or antagonism.

It has, however, becoming increasingly the case that
interest in using compounds such as calcium channel blockers,
which have little or no inherent antimalarial activity, to
influence the action of chloroquine on chloroquine resistant
parasites has provided us with pairs of compounds in which
only one drug has a direct antimalarial effect. Clearly, this
prevents the construction of a conventional isobologram for
use in analysing the interaction between the two compounds,
since the presence or absence of synergism can only be
demonstrated by this technique when the ELgg vf each of the
pair is known.

To overcome this problem we have devised a method to
illustrate graphically and to quantify the influence of an
antimalarially inactive compound, eg Verapamil, on the
activity of a known antimalarial, eg chloroquine, in our
rodent model.

Graphically, this is done by plotting the EDgg of the
active partner against varying dosage of the antimalarially

inert drug on a simple graph which also has a line indicating




the EDgg of the active drug drawn onto it. Figure 1
illustrates this principle and shows how the different types
of interaction present themselves by this technique. The
single compound EDgg line may be bounded by the extreme
limits of confidence and points falling within this zone are
indicative of a total failure to influence the activity of
the antimalarial partner. Synergism is demonstrated by a
graph which drops away from the EDgg line toward the bottom
axis, whilst if antagonism is present between the two
compounds the curve will rise progressively as the dose
increases.

Figure 1. Graphic illustration of drug interactions where

only one of the paired drugs possesses innate antimalarial
activity.
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A quantitative assessment of the degree of influence




of inactive compound on its antimalarial partner is made by
calculating the Activity Enhancement Index (AEI). This
involves a simple calculation in which the EDgg of the active
compound alone is divided by the EDgg of the paired drugs at
each dose of the "inert" compound.

For example, in order to directly compare the
influence of a second compound on the efficacy of
chloroquine, we compare the EDgg of chloroquine alone (CQ)
with that of chloroquine combined with the test compound (CQ

+ "Drug X") i.e.

CQ + "Drug X"

In effect, this regards the activity of chloroquine
alone as representing an AEI of 1.0 and enhanced activity
resulting from the combination of chloroquine with a second
compound produces an AEI value greater than 1.0. This will
apply whether the companion compound possesses antimalarial
activity in its own right or not, and regardless of the cause
of enhancement e.g. synergism or reversal of resistance.
Similarly, an antagonistic interaction would lead to the AEI

being reduced to a value lower than 1.0.

The use of AEI analysis not only permits a direct
comparison to be made between a series of compounds in
separate experiments, but may also be used to indicate the
dose of an individual compound which produces optimal
enhancement of activity.

3.2 The role of chloroquine resistant strains of rodent

malarjia in experimental chemotherapy.
Our preliminary studies on the effect of calcium

channel blockers, which used Verapamil as a representative




compound, were carried out on the highly chloroquine-

resistant RC strain of P. berghei. No evidence of any

activity was detected with Verapamil, neither alone nor in
combination with chlorsquine. However, when these experiments

were repeated using P.yoelii ssp. NS strain, marked

potentiation of the effect of chloroquine was noted, although
Verapamil alone still produced no reduction at all in the
parasitaemia. This phenomenon was also experienced with other
Verapamil derivatives which were examined by us in our role
as a World Health Organisation Reference Centre.

We have long felt that P.yoeliji NS is a better model

for chloroquine resistant P.falciparum than P.berghei RC (see

Peters et al., 1975, Ann.trop.Med.Parasitol., 69:155 - 171 ),

and when these experiments were repeated using NS strain,
marked enhancement of the activity of chloroquine occurred
with most of the Verapamil derivatives. These results, which
are compatible with those previously obtained with Verapamil
itself used in combination with chloroquine in vitro against

chloroquine resistant strains of P.falciparum, help to

confirm the value of the NS strain as a suitable in_vivo

model for P.falciparum.

When these observations are considered in conjunction
with the data obtained in our cross resistance studies, it

becomes clear that not only is P.yoelii ssp. NS strain a

superior in vivo model to P.berghei RC for P.falciparum but

that, for the purposes of studies on blood schizontocidal
activity and resistance, direct comparisons should not
normally be made between P.berghei N strain and the NS
strain. This constraint also applies to resistant lines

derived from these two distinct species.




Table 1. A comparison of blood schizontocidal activity of a
range of antimalarial compounds against P.berghei N strain
and P.yoelii ssp NS strain. ED90 values are expressed in
mg/kg X 4 sc.

| | ED |
| COMPOUND | N STRAIN | NS STRAIN |
[==-mmmmmm e e mmm ) mmmmm mmmem e |
| CHLOROQUINE | 3.1 | 56.0 |
| AMODIAQUINE | 2.6 | 18.0

| PRIMAQUINE | 4.8 : 8.4 |
| MEPACRINE | 4.6 | 18.3 |
| QUININE HCl (po) ( 118.0 | 290.0 |
| CINCHONINE HC) (po) | 125.0 | 220.0 |
| QUINIDINE HCl (po) | 31.0 | 185.0 |
| MEFPLOQUINE HC1 (po) | 4.6 | 7.2 |
| HALOFANTRINE | 1.1 1 1.0

| ARTEMISININ | 4.2 | 10.0

| PYRONARIDINE | 0.7 | 1.2

| PYRIMETHAMINE (ip) | 0.12 | 0.13

| SULFADOXINE | 4.4 | 0.28

| FANSIDAR * | 0.32 | 0.1

| CYCLOGUANIL | 3.3 | 6.9

| MENOCTONE | 1.4 | 4.5 |
| FLOXACRINE | 1.0 | 0.8

| CLINDAMYCIN | 36.0 | 55.0

| DOXYCYCLINE | 2.7 J 98.0 1

* PYRIMETHAMINE : SULFADOXINE (1:3)

It is apparent from Table 1 that the normal response
of the NS strain to a substantial number of antimalarial
drugs differs significantly from that of P.berghei N strain.
These inherent differences also influence the resistance
patterns of strains resistant to specific compounds which may
be developed from these and, therefore, the response of any
of these derived strains should only be assessed against the
appropriate parent strain. For example, the EDgqy of
chloroquine against the mefloquine-resistant NS1100 strain is
27.0 mg/kg. If this is compared with that of the N strain
(3.1 mg/kg ;: Igg = 1.0) then one would say that an almost
ninefold resistance to chloroquine has developed in the
course of producing mefloquine resistance (Igg = 8.8).

However, when the comparison is drawn with the parent NS




strain, wh’.i has an EDgg of 56.0 mg/kg, it is immediately
apparer’ that in fact approximately half of the resistance to
chloroquine possessed by the parent strain was lost in the
process of producing the mefloquine resistance (Igg NS1100 =
0.5). This same principle applies to any drug tested against
resistant lines.

We have accordingly altered our previous practice of
comparing all strains employed in blood schizontocidal
activity tests with N strain to derive resistance factors,
and in this and future reports we will be making comparisons
with the appropriate parent strain. Summary sheets will
therefore show two series of data for each compound in order
to give as accurate a picture as possible of patterns of
resistance.

3.3 Blood schizontocidal activity studies

Results from the blood schizontocidal activity tests are
summarised in Tables 3 to 5, and detailed test data are
contained in Tables 6 through 20.

(i) BK73252 and BL47346 (WR numbers not known)

These two compounds were tested for activity against
P.berghei N strain, N1100, Q, KFY (resistant to mefloquine,
quinine and Fansidar respectively), the chloroquine resistant

P.voelii ssp. NS and the artemisinin resistant ART (derived

from NS).

BK73252 was the more active of the two compounds with
an EDgg in N strain of 0.08 mg/kg X 4 sc. Slight resistance
to this compound was observed in the Q and KFY strains (lgg
values : 2.5 and 2.4), but since this compound is tolerated
at doses in excess of 100 mg/kg the therapeutic index is

probably still very good. The NS was only slightly less



sensitive (EDgg : 0.15 mg/kg) and the ART showed a level of
resistance comparable with the Q and KFY.

BL47346 was appreciably less active (EDgg N strain:
7.9 and NS: 9.0 mg/kg). The other resistant lines, apart from
KFY, showed some resistance, ranging from an Iggp value of 2.3
in the N1100 to 4.6 in the ART strain. The KFY strain was
slightly more sensitive than the parent N strain (Igg: 0.7).

(11) Floxacrine analogues

Three floxacrine analogues have been received for
testing. The first, WR 243251, has a similar level of
activity to floxacrine against N strain (EDgg: 1.5 mg/kg X 4
sc). No cross resistance was observed in the N1100, Q@ and KFY

strains of P.berghei, or in P.yoelii ssp. NS and ART.

The other two analogues were isomers of WR 243251. The
R-isomer (WR 250547) was much less active with an EDgqy of
83.0 mg/kg in N strain, but the L-isomer (WR 250548) had a

level of activity through all the strains comparable to that

of WR 243251.

(1ii) Fusidic acid)

This compound was tested for blood schizontocidal
activity prior to investigating its potential use in
controlling cytoplasmic polyhedrosis virus in our mosquito
colony. Slight antimalarial activity was detected against N
strain (EDgg: >300 mg/kg X 4 sc).

(iv) Nifedipine (WR 255695 AE) and Diltiazem (WR 255693 AC)

These two calcium antagonists had been identified by
workers at WRAIR as having an enhancing effect on the

activity of chloroquine against P.falciparum in vitro. Prior

to investigating this aspect in vivo, both compounds were
tested for inherent antimalarial activity. Nifedipine was

inactive at 100 mg/kg and Diltiazem hydrochloride showed only




very slight activity (EDgg: 540 mg/kg) against the N strain

but was inactive against P.yoelii ssp. NS at 100 mg/kg X 4

sSC.

{v) Phenytoin (WR 014044)

This compound was also submitted in connection with
combination studies, although the hypothesis advanced was
that simultaneous treatment with phenytoin and chloroquine
would result in antagonism between the two compounds. Some
blood schizontocidal activity was detected when phenytoin was
tested against the N strain (EDgg: 150 mg/kg).

3.4 Cross-resistance studies

Our extend~d studies of the cross-resistance patterns
of twenty-nine different sensitive and resistant strains of
rodent malaria subjected to treatment with a range of twenty-
one antimalarials is now nearing completion. Data trom blood
schizontocidal activity tests are included as Tables 25 to
103 and complete results of the cross—resistanqe studies
completed to date are given in Tables 21 to 24.

3.5 NDrug interaction studies

3.5.1 WR 014044 and chloroquine

As a result of the clinical failure of chloroquine in

the treatment of P.falciparum in some patients receiving

phenytoin, the hypothesis had been advanced that an inter-
action occurs between the two compounds effectively enhancing
the parasite's resistance to chloroquine. In the 1n vivo

rodent model, using P.yoelii ssp. NS strain, this did not

prove to be the case. Indeed, phenytoin possesses some antij-
malarial activity in its own right and a clearly synergistic
interaction was shown when chloroquine was administered

simultaneously (Figure 2 and 3).




3.5.2 WR 255695 and chlorogquine

Combination therapy with these two compounds (Figure
4) produces no more than a slight enhancement of the activity
of chloroquine against the NS strain.

3.5.3 WR 255693 and chloroquine

Simultaneous treatment with Diltiazem hydrochloride
aand chloroquine has little more effect than treatment with
chloroquine alone in the in vivo drug interaction test
(Figure 5).

3.5.4 WR 250547 and WR 250548

A drug interaction test was performed to investigate
the possible effects of administering these two isomers of
the floxacrine analogue WR 243251 together. A high degree of
synergism was obvious with this combination (Figure 6).
Table 2. Activity enhancement analysis of some WRAIR

compounds combined with chloroquine. Verapamil data are
included for comparison.

| LON | BN No. | WRAIR | Dose | EDgg CQ | AEI

| ===~ | === | -mmmmmm e | ~===- | === mm e |
{2109 [Verapamil hydrochloride| - | 23.0 | - |
| | | | 1.0 | 28.0 | 0.82 |
| | | | 3.0 | 21.0 | 1.10 |
1 | | | 10.0 | 12.5 | 1.84 |
| | | | 30.0 | 8.0 | 2.88 |
=== | === | =mm oo | -=---- | === | ==~ |
|2164 |BL 51831 | 014044 | - | 27.0 | - |
| | | | 1.0 | 23.0 | 1.17 |
| | | | 3.0 | 18.8 | 1.44 |
I | | | 10.0 | 14.2 | 1.90 |
| | | | 30.0 | 7.6 | 3.55 |
| ==--- | == | -mm o= | === | -mm = | -=---- l
(2142 |BL 48656| 255696 AE | - ( 25.0 | - i
| | | | 3.0 | 16.0 | 1.56 |
| | | [ 10.0 | 17.8 | 1.40 |
| [ ( | 30.0 | 17.5 | 1.43 |
| | | | 60.0 | 15.5 | 1.61 |
|-~ | === | =wmmmmmmmm e | ------ | === |------ |
'21143 |BL 18887, 255693 AC ! - ! 21.0 ! - !
| | | | 3.0 | 24.0 | 1.00 |
| | [ | 10.0 | 24.0 | 1.00 |
, i | i 30.0 ; 23.0 | 1.04 |
| | | | 60.0 | 16.5 | 1.45 |
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SUMMARY OF ANTIMALARIAL DRUG TESTS

(BLOOD SCHIZONTOCIDES)

COMPOUND NAME WR
OR NUMBER LON 2145

ooooooooooooooooooooooooooo

(Bx 32252)

1A8LE b

_ PARASITE (suB)sPECIES . Fa e .

............ /.H?_Q ROUTE OF ADMINISTRATION : SC/AHPAPO/EY

MAXIMUM TOLERATED DOSE (MTD)

Daily dose

strain mg/kg DO-D+3 N;%cgf -;t;é:?;ents giégsgzgt:gle A %Eiits? gg%i]oo
oe]] ) —~ OO £ O
.03 S - 989+ 4.0
N O\ 5 | - O+ O4
© 3 ) - 001 =0.\0l
| O 5 - @)
D |O 22
EDgq(range) 0,05(0.03 - 01[12)
EDgo(range) 0.08(0.04 - 0}21)
Resistance factor 190 1O
0.0l 5 - 469 £ 10\
Q.03 S - 351105
N1OO O\ 5 | - 2.5 + 03
0D S - 0:03x0.02
e} S5 - @)
% 10 63

ED.(range) 0,03(0/02- 0 ,Q,5>
E0g0(range),g7(0.04 - O} {1)

Resistance factor I55().O

L

Principal Investigator: Professor W.Peters
Department of Medical Protozoology
London School of Hygiene & Tropical Medicine
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SUMMARY OF ANTIMALARIAL DRUG TESTS
(BLOOD SCHIZONTOCIDES)

compounp name VR (Bx 73252)
OR NUMBER LON, 2145

TABLE 7

.........

........................... PARASITE (SUB)SPECIES P-b@'a

............ /.HIQ. ROUTE OF ADMINISTRATION : SCAHPAPOFHY—

oooooooo

e |

* oo e

Principal Investigator: Professor W.Peters
Department of Medical Protozoology

London School of Hygiene & Tropical Medicine

)

strain | [ohY 005063 | mice |.exserinents| parasize rate % |Costrol FRE\10
©:ol 5 ~ I8 *53
0 Q03 5 - 549 * 63
Q) O ) S | ~ 509 * 17
O3 5 - 409 147
I C S - Q.03 0.0\
& |O G4
EDgq(range) 0,05(0.01- 0 &2)
Ebgo(range)o,z(o,og_ B |>
Resistance factor Igy 2,5
0.0\ 5 — \0O *0F
0.0 S - 100
= o) 5 \ - 433 139
0.3 = - 0S*T 63
1O = - O
@ 1O lo
ED(range) 0.1( 0,07 - 0)2))
EDgo( range)5,19(0.13 - O22)
Resistance factor 190 2.4




COMPOUND NAME

OR NUMBER

SUMMARY OF ANTIMALARIAL DRUG TESTS

(BLOOD SCHIZONTOCIDES)

WR

(Bx 33252)

LON ’2}45

ooooooooooooooooooooooooooo

........

PARASITE (SUB)SPECIES
FORMULATION [WQ-Q"‘LgO/ H Q. ROUTE OF ADMINISTRATION : SCAPHPE

TABLE B

Boem S

Daily dose

Strain | mg/Kg D0-0+3 “mice .enge,fi;ents ‘32325‘522’3’;22 % |ChncroT PRa¥100
o .ol 5 - 100 + IS
5 .03 5 - o4+ f
NS O 5 - 529 % 35
o3 5 - 3424
e 5 - O
@ o) 2173
EDgy(range) 0,07 (0.03—0 1))
E0go(range) 9,15 (0.0F - 0 25)
Resistance factor Iy (1O
001 5 ~ 1CO
0.03 5 - \ 0O
ART O 1 S | - [efe)
0.3 5 - 793 TI00
1O S - 001+ O\
,¢' le) 2355
EDgo(range),26(0.23~ O.[29)
EDgo(range)0 257 (033 - 0)4")
Resistance factor 1902.5

Principal Investigator: Professor W.Peters
Department of Medical Protozoology

London School of Hygiene & Tropical Medicine
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SUMMARY OF ANTIMALARIAL DRUG TESTS TABLE ©
(BLOOD SCH1ZONTOCIDES)

compound NavE VR (BLaTzac)

ok nuMBeR  ...LON 214G .. PARASITE (SUB)SPECIES P-erjke\

oooooooooooooooo

FORMULATION TWQ%%O/ H L0 ROUTE OF ADMINISTRATION : SC/PPOAY
MAXIMU: TOLERATED DOSE (MTD) >1QQ. mMe/ke x <.

T 1 O L R B e L2
(O 5 - 100
2.0 5 ~ F1.0 3.1
N 10.0 S ) - 4.4 + 1.3
200 S " 002t 0.0l
/¢ |O 226
EDSO(range)g\g(g,q__q,,g;
Ebgo(range)t].g( 5.3—95}
Resistance factor Igq{,0O
e 5 - 984 * 3.1
2.0 S ~ 594 X121
N 1100 100 S ) - 48 163
300 5 - S0 b4
& 1O 68
7
EDSO(range)3\9(!~9»— IS@
EDgo(range){3.5(9,0 -F3.0)
Resistance factor Ig, 2.3

Principal Investigator: Professor W.Peters
Department of Medical Protozoology
London School of Hygiene & Tropical Medicine
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SUMMARY OF ANTIMALARIAL DRUG TESTS

(BLOOD SCHIZONTOCIDES)

COMPOUND NAME WR
OR NUMBER

ooooooooooooooooooooooooooo

(BL 47346)

MAXIMUM TOLERATED DOSE (MTD) >!OQ. Meske x 4-.

‘ PARASITE (SUB)SPECIES
FORMULATION :‘—."99.@.{\.39,/.‘.“.20 ROUTE OF ADMINISTRATION : SCAHP/POAY

TABLE 1O

strain | e e L o o] Tl e s
1:O 5 — 665 + 89
2.0 S — 463 * 114
) 10.0 5 \ — 462103
20.0 S ~ 50*23
_]@ 1 O &4
EDSO(range)3,g(\. | — \Q.(,)
EDg(range)30,5(1.5 - |05)
Resistance factor Ig) 3.9
ho 5 - 43:0 9.0
2.0 5 - 565 143
KEY | 100 s n - 22110
‘ 230.0 5 - 0:01 % 0.0\
ﬂ Te o3
v

EDSO(range) 2\2( 14 -45

Eogo(range)s.‘}(z.b- N3

Resistance factor 1900,7,1

Principal Investigator: Professor W.Peters
Department of Medical Protozoology
London School of Hygiene & Tropical Medicine

22




SUMMARY OF ANTIMALARIAL DRUG TESTS TABLE 11
(BLOOD SCHIZONTOCIDES)

COMPOUND NAME WR (BL 47 34)
oR NUMBEr  LLON 4 L PARASITE (SUB)SPECIES 5339

FORMULATION .'.W.‘&.Q.O.SQ/.H (. ROUTE OF ADMINISTRATION : SC/AP/POAHY

........

o I T T [
1 QO S - 969 * 3.4
30 S - 939 = 20
NS 10.0 S | ~ IS +9.2
30:0 S - O
@ 1O 21D

Eoso(range)s.‘z(t ' -~ é-_‘?).
EDg,(range)g, o (3 4 - 12'0}

Resistance factor Igq (. O

He 5 - 83.4 +
2.0 S - 95 £ 107
ART | 100 S \ - 582 * 12,0
20.0 S - 149 £ 42
& 10 233

ED.,(range) 7‘3(2‘9 . '2_(),0]»

EDgo(ra“99)4|-O(\bO—\@
[‘Resistance factor g5 4.0

Principal Investigator: Professor W.Peters
Department of Medical Protozoolegy
London School of Hygiene & Tropical Medicine
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SUMMARY OF ANTIMALARIAL DRUG TESTS
(BLOOD SCHIZONTOCIDES)

compouND nawe WR 24225 (e 7.\\00)

R numeer  LONL 2159 PARASITE (sus)species .T: Pehen

FORMULATION .\.Y\!.ng.@./.HzQ.. ROUTE OF ADMINISTRATION : SC/AERAPSALV

MAXIMUM TOLERATED DOSE (MTD) .>)Q.. Ma/ke X 4.

TABLE |12

--------

strain | Lo s [ Tice | oxseninents| perass o6 vate | CommoypRgt100
O 5 - 3D 4.0
o3 5 -~ 5323
N e 5 | - 2000 * 66
2.0 5 - WS 09
p O 24.3
ED¢4(range) 0.4(0.2-0:;)
Ebgo(range) It‘S(O‘S"Z'g
Resistance factor lgq |\
o 5 - 00+ b
o s - 2 tlaa
Nhoo | 1.0 S \ - 12 b
2.0 S - 0.04 004
1010 S - ©
&b T 4.9
7
EDgy(range) 0,5( 014 09)
Egg(range)| .o 0.3 - 1.4)
Resistance factor 190 O

Principal Investigator: Professor W.Peters
Department of Medical Protozoology

London School of Hygiene & Tropical Medicine
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COMPOUND NAME
OR NUMBER

SUMMARY OF ANTIMALARIAL DRUG TESTS
(BLOOD SCHIZONTOCIDES)

oooooooooooooo

.............

WR 24325 (BL2i100)

TABLE |3

_ PARASITE (SUB)SPECIES P-beﬁ \
FORMULATION T‘N@m?@/H{D ROUTE OF ADMINISTRATION : SCAEPAPG/N

MAXIMUM TOLERATED DOSE (MTD) 20O .. mMe/ke x 4.
. Daily dose No. of | No. of Mean control Treated PR
Strain mg/kg DO-D+3 mice |.experiments| Parasite rgte % t%ﬁfFBT—Fﬁéiioo
O 5 — 100 £ 3.1
03 S - 46\ * W8S
Q® 1O S : - 0805
2.0 5 ‘ O
\O.O 5 - )
& Ie 13
EDgg(range) 0,40 3- 0.5
EDgo(r‘ange) 06 (() \S-0 .SD
Resistance factor Iy, (0.4
.l 5 - 824 20
03 s - RF.4 * 24
KFY WO 5 ) - 204 £ 9.3
3.0 S - 1O x02
OO s ~ O 0l 0,01
@ \O 19.9
EDSO(range) 0,5(0,4_052)
EDg( range) La( i) _29)
Resistance factor 190 0:9

Principal Investigator: Professor W.Peters
Department of Medical Protozoology
London School of Hygiene & Tropical Medicine
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coMPoUND NamE  WR 2432510 (BL2100)
OR NUMBER

SUMMARY OF ANTIMALARIAL DRUG TESTS

(BLOOD SCHIZONTOCIDES)

LON 2159

...........................

TABLE |4

PARASITE (SUB)SPECIES PJDQ\U.XSF

............ /H.zO. ROUTE OF ADMINISTRATION : SC/AERAROAE

MAXIMUM TOLERATED DOSE (MTD) 210, Me/ke x 4.
. Daily dose No. of | No. of Mean control TreafEd‘PR%(
Stta‘" .mg/kg DO-D+3 mice .experiments | parasite rate % |Control PR 100
0'3 S - 90-(‘3&3\7
NS i O S | - 1L 5+0.4
20 5 - 0:8+0:b
o, |0 20.2
EDso(range)OnS(O\Z-hOD
EDgo(range)|.O(0|4—~\|9
Resistance factor Igq |,
O S - 9705 x I‘b
0:> 5 - O1S * b7
ART Ne) 5 ) - Il + 02
3.0 S ~ 02 -+ 0.\
) 1o 1.9

EDSO(Y'GNQQ) 0)5(0‘15 - hg)

EDgq( range) \\2(0\5-383

Resistance factor Igg (W2

Principal Investigator: Professor W.Peters
Department of Medical Protozoology
London School of Hygiene & Tropical Medicine
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SUMMARY OF ANTIMALARIAL DRUG TESTS

(BLOOD SCHIZONTOCIDES)

COMPOUND NAME WR 250547

OR NUMBER LON 21O

FORMULATION ..‘.\5’9@0.89.[1-\20.. ROUTE OF ADMINISTRATION : SCAHRAROAY

‘BL 293159

......................

PARASITE (<UB)SPECIES . P2 bergnel

TABLE IS

Strain ‘Datly dose No. of fNo. ot Mean control lreated PR§(100
mg/kg DO-D+3 mice .experiments | parasite rate % |Contro
Ol 5 - 9&»55 * 33
03 S - 32 £ 53
N o 5 ! - °92.5 £ 2.0
3.0 5 - 800 + 4.0
(0.0 S - S2.9 = 7.4
& lo 247

ED; (range) |0,3(3 O - ,5.0)

EDgq(range) 33.0(65.0- \@

Resistance factor 190

EDSO(range)

EDQO(range)

Resistance factor 190

Principal Investigator: Professor W.Peters
Department of Medical Protozoology
London School of Hygiene & Tropical Medicine

21




SUMMARY OF ANTIMALARIAL DRUG TESTS

(BLOOD SCHIZONTOCIDES)

COMPOUND NAME WR 2505437 BL 29759

OR NUMBER \on. 1600

ooooooooo

oooooooooooooooooo

TABLE 16

PARASITE (SUB)SPECIES .TiyosMi. Ssp. ..

FORMULATION TWSO/ B,O.. ROUTE OF ADMINISTRATION : SCAPFPEFEY
MAXIMUM TOLERATED DOSE (MTD) .2!Q-Q. MG/KG X 4.

Strain | Lo ores | ice | amerients | parassto rave % [T pRg100
o s - 937 + 4.5
03 S - 381 ¢+ S3

NS 1+ O S \ - 2.\ £ 2.3
3:0 S - 823 * .4
1600 S - 22.3 + 93D
55 1O 26>

Enso(range)sq(z,.o - H-O)

EDgg(range) 53,0(11.- 434

b)

Resistance factor 190

EDSO(range)

EDgo(range)

Resistance factor 190

Principal Investigator: Professor W.Peters
Department of Medical Protozoology
London School of Hygiene & Tropical Medicine
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COMPOUND NAME
OR NUMBER

SUMMARY OF ANTIMALARIAL DRUG TESTS

(BLOOD SCHIZONTOCIDES)
WR 250548 (BL34170)

LON 216}

ooooooooooooooooooooooooooo

PARASITE (SUB)SPECIES

TABLE V7

P.oeghes ..

FORMULATION .—.rv.\’ﬁ.?f\. 80/ .HZD. ROUTE OF ADMINISTRATION : SC/AHPAPOAYF
MAXIMUM TOLERATED DOSE (MTD)

I I I O e IO B U I L2 T
03 - —43:0 20
1O = 659 t33
N 2.0 — 1S * 03
100 - 0.9 £+ 0.08
gj 24.3
ED;(range) Oc(-,(O-S-I'?>
Edgg(range) 2,0( |1 ~6.1)
Resistance factor I90 1O
O S - J2.3 + 120
0.3 5 - bS'b * 163
N 1100 WO S - 433 |32
3.0 S - 8l 23
\0O 5 - 1 F 12
/¢ 1O 49

EDgy(range) 0,40 - \~2)

EDgy(range) 2.,5(0 g -7 2]

Resistance factor Ig; 1,25

N”

Principal Investigator: Professor W.Peters
Department of Medical Protozoology
London School of Hygiene & Tropical Medicine




COMPOUND NAME
OR NUMBER

SUMMARY OF ANTIMALARIAL DRUG TESTS

(BLOOD SCHIZONTOCIDES)

WR 250548 (BL34170)

LON 21 6]

---------------------------

MAXIMUM TOLERATED DOSE (MTD) ... mMaske x <t.

TABLE |8

PARASITE (SUB)SPECIES ..T» Perhes

oooooooooooooo

FORMULATION TW%Q) HZO ROUTE OF ADMINISTRATION : SC/4PAPeHN—

O o O el O el L
O S - 100
o 5 - 43 £ 14
Q JEe) 5 \ - b8 * 21
2.0 S ~ 0103 + 003
100 5 - S
X \O. >
EDgg(range) 0,,(013- 0:9)
EDgo(range) |, | (05 -1 @
Resistance factor 190 0.l
Ol 5 - 00 * 7272
03 S — B4 x Vo
KEY O 5 ) - 283> *494
] 2.0 5 - S8 *+ 29
100 S - 002 00l
95 10 19.9
EDso(range)O“o(o,q._ LD>
EDgg(range) |.3(1,2 -2.8)
Resistance factor 15309

Principal Investigator: Professor W.Peters
Department of Medical Protozoology
London School of Hygiene & Tropical Medicine
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SUMMARY OF ANTIMALARIAL DRUG TESTS TABLE 19
(BLOOD SCHIZONTOCIDES)
\HO

OR NUMBER MON He) PARASITE (SUB)SPECIES PjodMSS?

ForvuLaTION . JWeery 8O [N Q3. ROUTE OF AOMINISTRATION : SC/ERrROAEY
MAXIMUM TOLERATED DOSE (MTD) .>1O.. Maska x 4.

oooooooo

R I L B B el A Lo
0.3 5 - |00 % 1.4
e S - 69 & B85
NS 2.0 ) | - 0:4 * Ot
\0 O S - Q
¢ 1O 20.2.
EDgq(range) 1.2 (016 ~ 115)
EDgg(range) 2.5(1:1-2.5)
Resistance factor Iqq |\
O 5 - l0o0 * 03
03 5 - 9%.0 * .
ART 0 5 | _ 22 * 372
3.0 5 - 09+ 02
100 5 - 0:01 £0.0)
Ju) (O 233
E0go(range) 0.6(04-- 0.9)
EDgg(range) ,3(0.8 ~1.0)
Resistance factor Igq (0.7

Principal Investigator: Professor W.Peters
Department of Medical Protozoology
London School of Hygiene & Tropical Medicine
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SUMMARY OF ANTIMALARIAL DRUG TESTS TABLE 20
(BLOOD SCHIZONTOCIDES)

COMPOUND NAME Fuosioie Aap

or Numger  EON ZVATF PARASITE (sUB)SPECTES . K1 D@rgher
FORMULATION .:335U%€¥1§5§?/kigbkours OF ADMINISTRATION : SC/EPAPOFIV
MAXIMUM TOLERATED DOSE (MTD) 20O mMa/ke X 4.
T oyt A O LT B e N L
3.0 5 — 993 9.4
100 S = L322+ b'S
N 200 S \ - 5532t 0
100 O S - 526+ 69
300:0 S - 432 4.4
ﬁg VO AR TSR

EDgo(range)ico(20 - 310)
Eogo( range)>300

Resistance factor 190

EDSO(range)

EDgo(range)

Resistance factor I90

Principal Investigator: Professor W.Peters
Department of Medical Protozoology
London School of Hygiene & Tropical Medicine
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APPENDIX 2

CROSS-RESISTANCE STUDY DATA
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NS

NS00

N5 I'IO'BI ART

SH | SPN NSITeS| Sam | mPs | @ms | Nig
CHLOROQUINE 56-0127.0] 800|220 |21.5]400| 210 |S20 [480 |650| b
AMODIAQUINE 18:.0 | 4.3 N100| 420 | 31.0{ 310 | 78-3| 112 |Sto |DIoco | b3
WR 228258 2:9190.0] 0'4 156 | 125 [»30 | 140 [>100 D100 |14as | 0.35 |
PRimagy ineg 4 |14 (9211373 D0 |11:5 |10.2{220 ]| 95 [20.0] 10.:5
QUININE 290 [600 | 190 | 920 (200 [400 | 2770|1080 8500 | 925 |220
CINCHONINE 220 | 70,0/ 600{1600}| 155 | 700|253 | 660 | 2200|Meco ]| 115
QUINIDINE 195 | 230[1050|1000| 72.0| 385 | 115 [ 490 [620 |5400] |5
MEFLOQUINE 7.2 | 640 [»100| 20.0| 1:S | 65:0{11.0| 128 | 180 |DlCO|5:2
HALOFANTRINE 1.0 |22.5|375 | 3.4 09 | &5 | 577 | 0.0/M»30 |»30 | 2.0
MEPRACRINE 18.3 | 120 | 780460 |11.8 |250[23.5{ 630 |3550| 30-0{13.0
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