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1. INTRODUCTION

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

- 2 Further biochemical studies have been mode 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 core in research
laboratories. It is understood that the new regulations that are being drawn up
take guidance from FDA requirements as well as thoe in other EEC countries, and
this will necessitate a major reconstruction of the animal accommodation in Liverpool

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 I st 1979.

In June 1979 the writer took 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 activity.

2. CYCLICAL PASSAGE OF RODENT MALARIA STRAINS

Both P. yoelii yoelii and P. y. nigeriensis were maintained in regular
cyclical transmission through Anophees stophonsi. The parasite strains will be
transferred to the London laboratories where a 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' ;-erest this year has been to examine the activity of
V7 compounds in the highly mefloquine resistant line (N/1100), although in fact few

compounds were received for this purpose. One compound of particular interest
because of its broad activity against strains resistant to pyrimethamine and
chloroquine is the triazine, WR 99210. The Mannich base WR 2282.8 was significantly
less active against the N/1 100 line. Of two other compounds of which the structures
are not yet known to us, WR 212293 proved toxic and appeared ess active against the
N/1 100 line. WR 233637 was moderately active by the sc route but much less active
orally, and also showed less activity against the mefloquine-resistant line. A summary
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 causal 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 mgAg sc or po, without
any 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 pa).
WR 236066 was active po and sc at 30 mg/kg without residual activity; WR 231530
has a 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 residual 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 pa 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 marked 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 completed with antimalarials incorporated
into polydimethylsiloxane (Silastic rubberR) which is implanted surgically in the form
of pellets each 1 5 0 -2 0 0 mg weight. Pyrimethomine in a concentration of 0.5% base
protected mice frtn challenge with P ; for 5 to 6 months. Each mouse
received only a sngle challenge to avoid the possibility of their acquiring activeOimmunity. Sulphadiazine implants in repeat experiments were unsuccessful and even
a 3% implant failid to protect for more than a week. Implanted mice however had
a longer prepotent 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 mode in which subeffective concentration implants
of pyrimethamine and sulphadiazine were implanted simultaneously. The combination
exhibited a potentiation effect and led to radical cure in challenged mice. Untreated
controls and those receiving the si jle drugs had a 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 irritant. A 5%
mefloquine implant produced a plasmodistatic effect for 7 days post-challenge,
but was no longer protective in mice challenged 14 days after implantation.
A 15% sulphadoxine implant completely suppressed P. berghe challenge
infections for more than 21 days.

Dr. R. E. Howells and Ms Judge have also extended their studies on the
incorporation of various drugs in biodegradable polymers. Mice given a single
implant containing 45 mg of which 30% was pyrimethamine base or sulphadiazine
40 mg (also 30% in polymer) have been protected against 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 surgically excised, and these
animals have developed a heavy parasitoemia.

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

3.4 Drug potentiation

Using the simple (uncompounded) drugs sulphadiazine and VR 158122
(a quinazoline under study in repository formulations by WRAIR and Dynatech),
we have shown marked potentiation in the 4-day test of blood 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 our December 1978
Report.

In addition to this study just mentioned we have tested a 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 Table 31.

. .5 Mode of action of chloroquine and mefloquine

Dr. Carol Homewood and Dr. Ken Neame (Department of Physiology)
have continued their investigation of the modes of action of chlaroquine and
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 radioactive adenosine into parasite nucleic acid. We reported
some time ago that experiments carried out while the N strain of P. berghi was
changing to SIS sometimes showed an apparent incorporation of radioactive chlroquine
into nucleic acid during one hour incubation in vitro, but other experiments showed
no incorpolration. We felt that this variability mig t be related to the change to
resistance to chloroquine. However, these experiments were repeted earlier this
year and no radioactive chloroquine was found associated with the nucleic acid/I protein fraction of the parasite.
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Experiments were restarted on the uptake and concentration of chloroquine
by P. berghei-infected red cells in vitro. We found that at low concentrations,
accumulation was directly proportional to the concentration of chloroquine in the
medium, with no evidence for saturation kinetics. The detection of a km for uptake
of about I 0-M thus apparently depends upon the conditions under which uptake
is measured. We are presently investigating this.

A comparison of mefloquine and chiroquine shows that mefloquine acts

more rapidly. The rate of incorporation of radioactive adenosine into nucleic
acids by P. berghei-infected red cells is unaffected by preincubation for 1 hour
with chloroquine at 10-6M, but is reduced by about 20% by incubation for the
same time with 10-6M mefloquine. This reduced rate of incorporation is probably
not 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 chloroquine,
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". It 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 con radically influence the outcome of such measurements.

*
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Peters, W. (1978). Current concepts in the treatment of malaria with particular
reference to drug resistance. SEAAMO Reg. Trap. Med. & Public HIth
Pro2L, Bangkok, 55-57.

Peters, W. (1979). Malaria - the phoenix with drug resistance. Lancet, 1, 1328-1329.
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In "Malaria in Mn and Experimental Animals" (Ed. J. P. Kreier)
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implants to produce sustained antimalarial effects in mice.
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Knight, D. J. and Peters, W. (1980). The antimalarial activity of N-benzyloxydi-
hydratriazines. 1. The activity of clociguanil (DRL 50216) against rodent
malaria and studies an its mode of action. Ann. trap. Med. Parasit.

Merkli, B., Richle, R. and Peters, W. (I 980 . The inhibitory, effect of a drug
combination on the development of mefloquifr.; --sistonce in Plasmodium yoelii

oeflii. Ann. trap. Med. Parasit.

Peters, W. (1979). The Research Sphere. Paper presented at the WHO Working
Group on Receptivity to Malaria and other Parasitic Diseases, Izmir,
September 1978.

Peters, W. (1979). Chemotherapy of malaria. In: "Malaria in Man and Experimental,
Animals", (Ed. J. P. Kreier), Academic Press.

Peters, W. (1979). Pharmacology of antimalarials. In: "Manual of Chemotherapy of
Malaria", (Eds. R. H. Black, L. J. Bruce-Chmtt, C. J. Canfield, D. F. Clyde,
W. Peters, W. Wemgsdorfer), WHO: Geneva.

Peters, W. (1979). Drugs against parasitic diseases. Paper presenited atIOM-sponsaresd
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Peters, W. (1979). Problems of chemotherapy in relation to drug resistance.
Paper presented at Malaria Symposium held in New Delhi, November
1977 Contribution No. 1482

Peters, W. and Ramkaran, A. E. (1980). The chemotherapy of rodent malaria, XXXII.
The influence of para-aminabonzoic acid on the transmission of
Plasmodium y oeli and P. b.hei byAnophles stephensi.
Ann. trop. Med. Parasit., Contribution No. 1535

5. APMENDICES

Table 1 Summary of blood schizontocidal studies in 4-day test against
Pasmodium berphei.

Tables 2 Detailed 4-day tests of blood schizontocidal action.
through 5

Tables 6, 7 Summaries of causal prophylactic tests against Plasmodium
and 8 yoelii nigeriensis

Tables 9 Details of causal prophylactic tesi..
through 29

Table 30 ED 0 of WR 158122 and sulphodiazine alone or in combination.
Da in mg/kg sc in 4-day test (see Figure 1)

Table 31 ED0 of chlaramphenicol and chloroquine alone or in combination
against blood infection of P. berghei RC line in 4-day test.
No additive or potentiating action is seen.

Figure 1 WR 158122 and sulphadiazine ED90 values when compounds are used
alone or in combination in varying proportions (see data in Table 30).
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SUIV'VARY CF ANTIMA..AR'AL D,-G IESTS TABLE 2
'BLOOD SCHZONTOC: DES)

%*SMCo Aw=G
COMPOUND NAME
or NUMBER ...... PARASITE (SUB) SPECIES .... b--a .

Route of administrot'on

Strain aDoiIy dose No. of No. of Mean control Treated PR2 1
_mg/kg DO - D +3 mice experiments parasite rate % Control PRK 1

l.o 5 o ____

5 _0.o0 - 0
N 10 1 - o

ED5 0 kronge) 1I0

ED90 (range) 410

Resistance
factor 90

1. 5I- ____ :1= 2 __

3.€- S - 9, . So
IO.0 S -__ ___ U2 *S5.

N °O~a _ - f s t * 2

______o ____ 36.4

ED~ 50rong)~ 3-.
ED90 (range) 190(84-50

Resistance
factor

L!'.,'EPOOL SCOOL OF PRtNCIPAL
, :CAL :,,ED INE DATE ..... ..... (NV.TIGATOR PROF. W. PETERS
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SUMMARY OF ANTIMALARAL .DjG IESTS TABLE 3A

(BLCOD SCii.ONTOVD ,)

COMPOUND NAME~ I, I), b SS(iO
or NUMBER . . . .... PARASITE (SUB) SPEClES.

Route of odministaton :,) ./s . POIO.

Strin Doily dose No. of No. of Mean controlretec PI . 10
_ mg/kg DO - D +3 mice experiments parasite rate % Controlr% X 100

. 0I~ S . - _ ,____ '

I 3o.o , ______ .___

ED 50  
to~e) 4t~

ED90 (r.nge-

Resistance
fcctor 90

3o0.30o 0 SSo . 4-'

ED, trong*)

ED9 0 (range) 1

Resistance

LP;'/E, POOL SCOOL go 
PRINCIPALLIEP, O SCHOO OF., PROF. w. PETER3

Tr, ,AL !',ED !N E ..DATE .... .. . NV.STIGATORP
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SUIMMARY OF ANTIMA..AR AL DYG I ESTS TABLE3B

'BLCOD SC'H!Z0NTOC-,DESl

COMPOUND NAMEZSZSAS B4S54o*
NUMBER......i PAR.ASITE (SUB) SPECIES

N U N 13 E R R o u te o f a d m in istra t o r . -0

S Ir c; r aiiy dose No. of No. of Mean contro[ Tre-ot*G F'Qx 0
____________ -.g, 1kg DO - D +3 mice exper-iments parasite rote % Contro"IFPR%

I -0 _ _54.0 *. 15.0

'6o, !5 -0

10 1~I_____
E D.50 :re I'z(o- - -
ED. (rcrnge)

Resistance 1
________________ factor 90 O _ ___ _ _ _ _ _

N11100___"0 S5%b t.0

E ED0 (range)

1: Resistance
fc--tor

''YZ.SCr'OOL- OF PRiNC (PAL PROF. W. PETERS

DAE...1NF57 AO
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SUMMARY OF ANTIMALAR;AL DR.JG L:STS TABLE 4A

(BLOOD SCH!ZONTOC DES)

COM UNZD NAME
o- NUMBER . . .I .I... PARASITE (SUB) SPECIES . b ,. * ......

Route of administration

Stcin Daiiy dose No. of No. of Mean control Treotec PR% x

mg,/kg DO - D +3 mice experiments parasite rate Cotrol PR% 1

*1 __ ___ ___ ___ 36. 4p
N 0 ___'

1 1(30.0

.D 50 -rr-ge- (.g S

CD 0 (rcnge) E/Db

Resistance
factor 90

10.0 - 4- 48

,0,o 5 _ '3 ±i.5

N0.0 I - 0
N01 5 - -

ED5 1,ronge)

EDo90 Vance) !'t"("-2,) "*
SResistance

fctor 90

L '..."YOcL SCHOOL OF PRINCIPAL
..C PALvEDr!NE DATE .............. .INVESTI TORt



SUMMARY OF ANt .NA".AR'AL. DU JG I ESTS TA? LE 48

(BLOOD SC-H!ZONTOC-DS)

C,,MP- ND NAME~tMI , A* 61440 4b

. Vj s ...... PARASITE (SUB! SPECIES ...
Route of adninistration : i . 01, p

S :n 7  Dai ly do s No. of No. of Mean comtrol " Trete P %'100
mg/kg DO - D +3 mice experiments parasite rate % Control PR%

10.0 5 __ S.t,

___o__o 5 -. , ±&

N 6o.o t .
i 00 0 5 211, 1 I

1033(

ED r. gone

Resistance 1
factor 90

10,0 5 -- 100 1 4-.1

|o00oA0 - 9-4-

S Resistance
fe.to: 90

SCHOO OFFPRINIPAL PROF. W. PETERS
E: I AE.... ..... DCIN DT INqVESTI GATOR



SUMMARY OF ANTIMAI.AR;AL ,G 1STS TAeLE S

(BLOOD SCH!ZONTOC% DES)

COMNPOUN'D NAME l  RAS 4t6
or NUMBER L tv ...... PARASITE (SUB) SPECIES .

Route of o ,nistrat/on

Strain Doly dose No. of No. of Mean cotrol Treatee PR2% 0O
rng/kg DO - D +3 mice experiments parsite rate % Control PR5 1

- I0. __ _.- Is_ 2- ' .

bo.o S" - _/._ _
"  

__,

factor 90 1'O
|0.o 5 _ __ - IooCC I.

10.0 too IS___

0.0 S - 55- i ,t-
H1I100 (wo --- *6.1" lf

100.0 __-- a .o.g

ED., krangt) 40( L~
ED90 (rang) c - I

Resistance

fcctor 902-7. _____________________________

LIVERPOOL SCHOOL OF PRINCIPAL
'OOL OF POF. W. PfTERS

TRC I:CAL MEDIC INE DATE ............. INVESTI GATOR
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SUMMARY OF ANTIMALAR'A. DRUG IESTS TABLE 5B

(BLOOD S-H!OZNTOZ_. S)

ccCUN NAME ES4
0- NU. :R ... .1 . ...... PARASITE (SUB) SPECIES ... .

Route of administration:

STCn Daoiy dose No. of No. of - /n cmOQ cool Treotee PR
nmg/kg DO - D +3 mice experiments parasite rate %'o Conroi FPR 0 x 10

S
lo'o S - 0

j . ,.o S . . . ..- 0

Nl r .o s I - 0

I'10

too~o 5- 0

_ _ _ _ _ _ _ _ _ _ _ _ 10 _10_EDS0 v,'re~ 1 < I

", (.nce < (:00 - 1(1O
Resistance
factor 90 ._,

Is 1646-

I-i

ecnge)

EDo. 90 (rne - 8.t±fin)

SResistance
f e -- fo r 9 0

/ - EZCL SCHOOL OF PRINCIPAL
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t*

Suiphadiazine

[ 0.03 0.1 0.3 1.0 ED90

0-4 91.6+3.9 73.7+4.1 2.2+1.1 0.3+0.3 0.25

0.03 87.2+4.4 69.2.5.0 4.1+2.5 0 0 0.08

u 0.1 78.31.9 12.7+2.3 0 0 0 0.03

0.3 71.8+4.7 5.9+8.3 0 0 0 0.02

> 1.0 0 0 0 0 0 -

EDg0 0.5 0.1 0.02 - -

TABLE 30

ED 9 0 values of sulphadiazine and WR 158122, alone or in various combinations
against N strain P. berghei in the 4-day test in mice. Note the marked
potentiation.

Chloramphenicol s.c.

30.0 100.0 300.0 600.0 ED90

92.3+8.9 100+16.3 94.4.6.4 75.9+9.4

S3.0 65.7+7.9 100 100+7.4 100+0.5 91.3+4.4

cS 10.0 100+4.4 100+2.5 91.3+5.4 91.3+5.4 69.8+10.

0 30.0 100+7.4 59.5+10.3 51.3+10.841.0+3.9 36.9+12.8

60.0 62.6+14. 50.3+6.9 62.6+9.9 57.4 3.9 54.4441.8

ED 901

TABUE 31

ED values of chloromphemicol and chloroquine alone or in various
Scx!intioh and RC line P. berghei in the 4-day test In mice.
Note Ow complete lock of potentiation.

"L.



AV
x 0

0.7 .

~0.6

C.5

-~C.4

~0.2

C.

C
C.. 0.2 0.3 0.4

SULPHADIAZINE mg/kg x 4 sc

WR 158,122 and sulphadiazine - ED9 0 values when compounds
ore used alone or in combination in varying proportions.(See data in Table 67). The graph shows a very strong

potentiation between the two compounds.
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