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1. INTRODUCTION

This is the last Annual Report to be issued by the Principal Investigator from
Liverpool and concludes o period of collaboration in the US Army ontimalarial drug
programme that commenced with the first Contract in October 1967. A separote
Final Report is in preparation. A further four WRAIR compounds have been
examined since the last Report issued in December 1978 for blood schizontocidal
activity, and another 21  have been examined os tissue schizontocides.

~ Further biochemical studies have been made on the mode of action of various
drugs including mefloquine, in spite. of a continuing problem with animal accommodation
due to tightening Home Office regulations concerning animal care in research
loborotories. |t is understood that the new regulations that are being drawn up

take guidance from FDA requirements as well as those in other EEC countries, and

this will necessitate a major reconstruction of the animal accommodation in Livcrpool7z

The Principal Investigator is moving to the London School of Hygiene and
Tropical Medicine where he will inaugurate a programme of antiprotozoal
chemotherapy research after October 1st 1979,

in June 1979 the writer tock the opportunity of being in transit through
Florida to visit Dr. Arba Ager's laboratory at the University of Miami where he
was able to discuss matters of joint interest in relation to the drug testing programme,
and notably the new system for detecting residual drug octivity.

2. CYCLICAL PASSAGE OF RODENT MALARIA STRAINS

Both P. yoelii yoelii ond P. y. nigeriensis were maintained in regular
cyclical transmission through Anopheles stephensi. The parasite sirains will be
transferred to the London laboratories where o colony of A. stephensi is already
established, as well as numerous other species and strains of Anopheles.

3. CHEMOTHERAPY STUDIES

3.1 Blood schizontocides

The mair interest this year has been to examine the activity of
compounds in the highly mefloquine resistant line (N/1100), although in fact few
compounds were received for this purpose. One compound of particulor interest
because of its broad activity against strains resistant to pyrimethamine and
chioroquine is the triazine, WR 99210. The Moannich base WR 228258 was significantly
less active against the N/1100 line. Of two other compounds of which the struchures
ore not yet known to us, WR 212293 proved toxic and appeared less active ogainst the
N/100 line. WR 233637 was moderately active by the sc route but much less active
orally, and also showed less activity ogainst the mefloquine-resistant line. A summory
of these data is annexed as Table 1, and detailed information in Tables 2 through 5.
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3.2  Causal prophylaxis

In Tables 6 through 8 are summarised cousal prophylactic test data
on 21 WRAIR compounds. The structures of 2 compounds are not yet known to us.
WR 212293 was fully active at the screening dose of 30 mg/kg sc or po, without
ony residual activity. WR 233637 was inactive at this dose sc but showed some
activity without residual activity po. .

Several 8-aminoquinolines were examined. WR 231350 was inactive sc and
po at the screening dose, whereas WR 237264 showed some activity sc (but not po).
WR 236066 was active po and sc at 30 mg/kg without residual activity; WR 231530
has @ Minimum Fully Active Dose (MFAD) of > 30 mg/kg and shows marked residual
action; the MFAD of WR 219423 is between 3 and 10 mg/kg while no residuai activity
is detectable at 30 mg/kg sc or po; WR 233627 is less active, with a MFAD between
10 and 30 mg/kg sc or po but also with no residual activity at 30 mg/kg; WR 231633
is inactive sc or po at the screening dose.

The Mannich base WR 225449 appears to have an MFAD between 3 and 10
mg/kg sc or po but has marked residual activity at 30 mg/kg. This is an unexpected
finding for a Mannich base. The most active compound tested this time was a hydro-
xyquinoline WR 96345 which has an MFAD between 1 and 3 mg/kg sc with a trace of
residual action at 3 mg/kg. Orally it was inactive at 30 mg/kg. Another quinoline
derivative, WR 194905 had an MFAD of 3-10 mg/kg sc or po with some residual
action at 30 mg/kg sc but none at this dose po. The bis-pyrimidine WR 234749 was
inactive sc or po at 30 mg/kg. Two quinazolines which were fully active at the
screening dose were WR 150017 which had a trace of residual activity po, and
WR 155004 which had a morked residual action at 30 mg/kg sc. Three quinazolones,
WR 237233, 237234 and 237227 were all inactive sc and po at 30 mg/kg, as were
two furan derivatives WR 235780 and WR 235781, as well as a pyridine, WR 156949,

These data are summarised in Tables 6, 7 and 8 and given in detail in
Tables 9 through 29,

3.3 New drug delivery systems

Further studies have been compieted with antimalarials incorporated
into polydimethylsiloxane (Silastic rubberR) which is implanted surgically in the form
of pellets each 150~200 mg weight. Pyrimethamine in a concentration of 0.5% base
protected mice fram challenge with P, borﬁhoi for 5 to 6 months. Each mouse
received only o s.ngle challenge to avoid the possibility of their acquiring active
immunity. Sulphadiazine implants in repeat experiments were unsuccessful and even
a 3% implant failad to protect for more than o week. Implanted mice however had
a longer prepatent period than controls (8 compared with 2 days) and longer mean
survival time (18 days compared with 8 days for controls).

A preliminary study was made in which subeffective concentrotion implonts
of pyrimethamine and sulphadiazine were implanted simultaneously. The combination
exhibited a potentiation effect and ied to radical cure in challenged mice. Unireated
controls and those receiving the si jle drugs hod o prepatent period of about 2 days
followed by a fulminating infection.
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Other compounds studied in silastic implants were WR 99210 HBr and
mefloquine. A 5% implant of WR 99210 was ineffective and irritont. A 5%
mefloquine implont produced a plasmodistatic effect for 7 days post-chollenge,
but was no longer protective in mice challenged 14 days ofter implantation.

A 15% sulphadoxine implant completely suppressed P. berghei challenge
infections for more than 21 days.

Dr. R. E. Howells and Ms Judge have aiso extended their studies on the
incorporation of various drugs in biodegradable polymers. Mice given a single
implant containing 45 mg of which 309 was pyrimethamine base or sulphadiazine
40 mg (also 30% in polymer) hove been protected ogainst challenge with blood
stages of a virulent strain of P. berghei for as long as 10 months. In these
experiments also each group of mice has been challenged only once so that
acquired immunity can be excluded. Moreover, mice suriving 10 months have
been challenged after the implants have been surgicolly excised, and these
animals have developed a heavy parasitaemia.

We have also, as onticipated, preliminary evidence of potentiation when
mixed silastic implants have been given with these two compounds. While earlier
work had shown that a good repository action could be obtained with pyrimethamine
in a silastic rubber implant, this was not the case with sulphadiazine.

3.4  Drug potentiation

Using the simple (uncompounded) drugs suiphadiazine and WR 158122
(o quinazoline under study in repository formulations by WRAIR and Dynatech),
we have shown marked potentiation in the 4-day test of blcod schizontocidal action.
These data are summarised in Table 30 and Figure 1, and may be compared with
those for WR 158122 with dapsone or sulphadoxine presented in ow December 1978

Report.

In addition to this study just mentioned we have tested o hypothesis
concerning the possible reliance of chloroquine-resistant P. berghei on enhanced
mitochondrial function by administering various combinations of chloroquine and
chloramphenicol to mice infected with the RC line. In strong contrast to the
combination to chloroquine with erythromycin which demonstrated a marked
potentiation, not even an additive action was seen in the present experiment.
The data are presented in Tabie 31.

3.5  Mode of action of chioroquine and mefloquine

Dr. Carol Homewood and Dr. Ken Neame (Department of Physiology)
have continued their investigation of the modes of action of chloroquine ond
mefloquine. Attention has been focussed recently on two parameters of drug action,
firstly the kinetics of drug incorporation and, secondly, the influence of drug on
the incorporation of radicactive adenosine into porasite nucleic acid. Wae reported
some time ago that experiments corried out while the N strain of P, berghei was

changing to NS sometimes showed an apparent incorporation of radicactive chioroquine

inte nucleic acid during one hour incubation in vitro, but other experiments showed
no incorporation. We felt that this variability might be related to the change to
resistonce to chioroquine. However, these experiments were repeated earlier this
yeor ond no radicactive chloroquine was found associated with the nucleic acid/
protein fraction of the parasite .
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Experiments were restarted on the uptake and concentration of chioroquine
by P. berghei-infected red cells in vitro. We found that at low concentrations,
occumulchon was directly proportional to the concentration of chloroquine in the
medium, with no evidence for saturation kinetics. The detection of a ky, for uptake
of about 1078M thus apparently depends upon the conditions under which uptake
is measured. We are presantly investigating this.

A comporison of mefloquine and chioroquine shows that mefloquine acts
more rapidly. The rate of incorporation of radicactive adencsine into nucleic
acids by P. boghel-mfccted red cells is unaffected by preincubation for 1 hour
with chloroquine at 1076M, but is reduced by about 20% by incubation for the
same time with 10°°M mefloquine. This reduced rate of incorporation is probably
riot due to an effect on carbohydrate metabolism, and hence energy production,
as neither mefloquine nor chioroquine affect the rate of glucose utilisation (although
results with mefloquine have been slightly erratic).

In one sense we have gone full circle in relation to the uptake of chioroquine,
to the time in fact where we proposed that this compound passes into the parasite by
means of a simple pH gradient, rather than by attachment to specific "high affinity
binding sites”. |t is clear that the results of uptake experiments reported in the past
by other workers as well as ourselves are barely comparable since so many experimental
conditions can radically influence the outcome of such measurements.
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Paters, W. (1979). Problems of chemotherapy in relation to drug resistance.
Paper pressnted ot Malaria Symposium held in New Dethi, November
1977 Contribution No. 1482

Peters, W. and Ramkaran, A, E. (1980). The chemotherapy of rodent malaria, XXXI1.
The influence of para~aminobenzoic acid on the transmission of
Plasmodium yoelii and P. berghei by Anopheles stephensi.
Ann. tvop. Med. Porasit., Contribution No. 1535

S. APFENDICES

Table 1 Summary of blood schizontocidal studies in 4-day test against
Blasmodium berghei.

Taobles 2 Detailed 4-day tests of blood schizontocidal action.

through 5§
Tables 6, 7  Summarie: of cousal prophylactic tests against Plasmodium
ond 8 yoelii nigeriensis

Tables 9 Details of causal prophylactic tes._.

through 29

Table 30 ED o of WR 158122 and sulphadiazine alone or in combination.

Dato in mg/kg sc in 4~day test (see Figure 1)

Table 31 EDg, of chioramphenicol and chioroquine alone or in combination
ogainst blood infection of P. berghei RC line in 4-day test.
No additive or potentiating action is seen.

Figure WR 158122 ond sulphodiczine ED, . values when compounds are used
alone or in combination in verying proportions (see data in Table 30).
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SUMMARY CF ANTIMALAR:AL DRUG TESTS TABLE 2
(BLOOD SCHIZONTCC:5ES)

WR99210 AN 23628
COMPOUND NAME AL

e, ._..:r:.. e

or NUMBER v s PARASITE (SUB) SPECIES ... Pribaniah . ..
Rout2 of administraiion :%/s.c./p - !
Strein Daiiy dose No. of No. of Mean control Treated PRE
mg/kg DO - D +3 mice |experiments | parosite rate % ontrol PRSS © 190
IX-) S i - =]
3.0 s - =)
10:© S - (=)
N sc.
30:0 S - o
& 1o 3%
EDSO \ernge) <l.o
Ego tenge) | 210
Resistance
foctor 90
- 5 \ - 2 £ 24
3.0 S - 99 £ So
N 0.0 S - 2T £ 53
-
@ 1o 366
Fos "nos] | F-6(3.5-21
ED?O {ronge) ‘s.o(!.s_so) A
Resistance '
factor 90
L"/E2PO0L SCHOOL OF PRINCIPAL
TACPICAL MEDITINE DATE ... ... INVESTIGATOR TROF - W. PETERS
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SUMMARY CF ANTIMALAR:AL DR-.;'G 1E57S TAZLE 3A
(BLCOD SCHIZONTOL:0ES)

COMPOUND NAME R E2B2SBAR  BGES64O

or NUMBER Luvlisie PARASITE (SUB) SPECIES . (oD bavghei . ..
Rout2 of administration :%/s.c./y. : '
S‘.‘rc'xr; Dsily dose No. of No. of Mean control Treotec PR
mg/kg DO - D 43 mice |experiments | parosite rate % Control FF\Z;Z x 100
. 1O 5 = SIS
3.0 5 — Blex"
N 10:0 5 \ - I8 v
30-0 s - o2 32
¢ {~] 336
:?.D‘_.“0 \venge) 43(3.-
5090 (range) |0'3£1°$-l7.- S)
Resistonce
fcctor 90 !
[
) s - S50 183 L
3.0 S - S1. D% IS ; |
e - - 3l 4.8 /
N[noo 100 s ‘ . {
30:0 ) - 3.9 * S4 { !
. | & | 1o . e ;
sorers) laglel < o8) | |
A EDgo tronge) |3 30 "
' Resistence
tactor 90»3
WERPOOL SCHOOL OF PRINCIPAL
TRACPICAL MEDICINE DATE..... ..o  INVESTIGATOR 'ROF W.PETERS




SUMMARY CF ANTIMALARIAL DRUG 1E$TS TABLE3B _ !
{BLCOD SCHIZONTOL:DES)

COMPOUND NAMEWR 232SBAB  BG3Seac . :
or NUMBER v ISl PARASITE (5UB) SPECIES .. i nlotaghe .

Route of administration : ig7/s a7 p.o.

Strein Daiiy dose No. of No. of Mean control Treotec PR% % 100
mg/kg DO - D +3 mice jexperiments | parosiie rate % Control PR%

l‘o s - 54003 ‘S‘O
3.0 S - IS4 x W2
1900 =] \ - O

N
300 s - (]

55 | {e 336

Dspvereel  |12(08-2.1)

Pop el g (1.8 =)

Resistance
foctor 50 1+O

o < - 884 T2
3.0 s - 563 = 69 o
\o. \ - 4. % |4 ‘
N|ioo =2 = |
20.0 s - 559 3.0

g lo ot

.
£ N S VR

DSG irange; >30 ‘

-y

B o | m30
i Resistance
i fecter 9(,»"#
LvERTOCL SCHOOL OF PRINCIPAL
“rO™CaL MEDICINE DATE ..... ... INVESTIGATOR ROF- W. PETERS




SUMMARY CF ANTIMALAR:AL DRUG TESTS TABLE 4A
{BLCOD SCHIZONTOL:DES)
WR 212 SR 49943
COMPOUND NAME T vaiadssas .
or NUMBER Chvlisse . PARASITE (SUB] SPECIES . P2 1o:baghei .. . .
Route of administration :_Lg7/s.c./psC. ’
Sf.-c':.:x ~ Usily dose No. of No. of Mean control Treotec PR°/_;> ~
mg’kg DO - D 43 mice {experiments | porosite rate % entrol PR% x 100
. 10:0© 'S - 508 = 60
1 .
.’_ﬁ@ S - 356
N I -1-XX - s** 1 - -
i
]
i loo.0 5 ** - -
o \O 26
:Dso \renge) \O(G-S’ - IS-O) 12/ DD
5390 {renge) > MTD L s/s DIED
Resistance
factor 90
10:0 S - 294 %+ 4-8
30:'0 5 - 2.8 £ 18
b S v i Q
0:0 -
N[hoo =t
100:0 S - -
g \o . o4
EDSc irange) ?'siﬁ - IO) *ib&’:b
£ L
g renge) i35 (ins-28m5)
Resisrance
fector o4 ?
LEZPOCL SCHOOL OF PRINCIPAL PROF . W. PETERS
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SUMMARY CF ANTVALARAL DRJG TESTS

. by

{BLCOD SCHIZONTOLZ:O5S)

CoMpUND Name WRU22S3AB  Brages
fo2e NU:\"‘-BER

...........

PARASITE (SUB) SPECIES .. Pibbeghe. . ...

Route of administrarion :Wp .0

Doiiy dose No. of | No. of Mean control Treatec PRY
mg/kg DO - D +3 mice |experiments | parasite rate % m“ﬁ x 100
l0.0 'S - 6882 IS
300 S - 483 = &3
. 6o0.0 s - 35.0 = 90
!
i
& lo 3%6
28(16 —50) | *lsDeo
> MTD
i Resistance
factor 90
10.0 S - 100 = 14\
30-0 5 - oo £ 36
e0.0 s - 432189
&»
l00-0 S - &
S io &4
&lde-32) *Ys >
Rt -115)
Resisrance
festor 90
22221 SCHOOL OF PRINCIPAL
EDICINE DATE ... INVESTIGATOR TROF. W. PETERS

TAZLE 48




COMPOUND NAME
or NUMBER

SUMMARY CF ANTIMALAR AL DRJG 15STS

_WR TRLIAB  Bruassye
My s

{BLCOD SCHIZONTOL DSS)

PARASITE (SUB) SPECIES . V.

Route of acministration :%/s.c./’&(.

et

Strein

~ Deily dose No. of Mean control Treatec PR°¢
mg/kg DO ~ D +3 ‘experiments | porosife rate % ontrol PR 190
- |°Q° - "0* t 2‘5
_30.0 - ISE &3
N ©0-0 it -— 08 = 06
1000 - o
g 3te
EDSO \onge) 15( T 20)
ED?O {rence) w(z. _35)
Resistance
factor 90 1-0
10.0 S - 100 2156
_ 30:0 S - SS9k 69
. - 39 = 180
Nfiloo co-0 2 ' 28 180
100.0 S - 08 % 06
4 .l e
s varss) [40(29- o)
5090 {range) “ge] -!al
Resisrance '
fector 902,1
LivERPOOL SCHOOL OF PRINCIPAL

TACPICAL MECICINE

INVESTIGATOR 'ROF- W. PETERS




SUMMARY CF ANTIMALAR' AL DRUG TESTS' TABLE
{BLCOD SCHIZONTOC!5E5)

WR233633A8 Bu49506

CCsTUND NAME
or NUNAER Javiser. PARASITE (sUB) SPECIES ... X brbrsghea ...
Route of administretion :W/p.g. f
Strein Daily dose No. of No. of Mean control Trectec PR“% o
mg/kg DO - D +3 mice |experiments | porasiie rate % onmrol PRSG © 190
' l0:0 s - o
30:0 S - ]
i
lo0.0 s = =
¢ o 336
EDSO 1-’3";58,‘« < ‘o
Bgptenee | <o E
Resistonce ' f
factor 0 ! i
' !
oo s - 86x 138 ]'
300 s - s2.8% 186 !
. : P - 4.4 6.6 }
100:0 S - gt = .8
¢ 10 64
TDSG trange; 21 -
Ecqo (renge) % -
Resistance
fector 90
L 223500 5CHOOL OF PRINCIPAL
=2 % CaL MEDICINE DATE ... ... INVESTIGATOR FRO"- W- PETERS
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.
0

Sulphadiazine
? 0.03 0.1 0.3 1.0 EDgq
.g ? 91.6+3.9(73.744.1 [ 2.241.1 |0.3+0.3 | 0.25
€| 0.03 | 87.244.469.245.0| 4.142.5 0 .0 0.08
ol 0.1 | 78.341.912.742.3| 0 0 0 0.03
§| 0.3 7184471 5.948.3| 0 0 0 0.02
§ 1.0 0 0 0 0 0 -
3
EDgq 0.5 0.1 0.02 - -
TABLE 30
ED,, values of sulphadiazine and WR 158122, alone or in various combinations

against N strain P. berghei in the 4-day fest in mice. Note the marked
potentiation.

TRC

Chloramphenicol s.c.

$C

Chloroquine

30.0

100.0

300.0

600.0

ED

92.348.9

100+16.3

P4 4464

75.949.4

3.0

65.747.9

100

100+ 7.4

100+0.5

91.344.4

10.0

10014 4

100+2.5

91.345.4

91.345.4

69.8+10.2

30.0

10047 .4

59.5+10.3

51.3+10.8

1.043.9

36.9412.8

60.0

62.6+14.8

50.346.9

62.649.9

57.443.9

54.4411.8

ED

€0

cond

TABLE 31

vaives of chloromphenicol and chloroquine clone or in vorious

Note the complete lack of potentiation.

inations ond RC line P. berghei in the 4~day test in mics.
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TICURED
WR 158,122 and sulphadiazine - ED9 values when compounds
, cre used aclone or in combination in varying proportions.
| {See doto in Table 67). The graph shows o very strong
potentiation between the two compounds.







