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Pharmaceutical Research Division, F. Hoffmann-La Roche & Co. Ltd., Basel. Switzerland

Studies on the resistance to single and combined antimalarials
in the Plasmodium berghei mouse model

B. MErkLI, R. W, RICHLE

Using the method of increasing drug pressure during repeated weekly
passages in mice (Peters, 1965), lines of Plasmodium berghei K 173 resistant to
pyrimethamine (P), mefloquine (M), chloroquine (C), and to the combination
of sulfadoxine plus pyrimethamine (S-P) and of mefloquine plus sulfadoxine
plus pyrimethamine (M-S-P) were developed. At the first passage, treatment
was started with the “maximum dose tolerated by the parasite” (mtD: still
permitting weak parasitaemia at the end of the passage), and during the further
passages mtD was gradually increased with increasing resistance of the parasite.
The number of passages necessary to achieve maximum resistance (mtD equal
to the highest doses still tolerated by the murine host), or the mtD after a max-
imum of 60 passages, were considered parameters of the risk of resistance exist-
ing with extensive, prolonged use of the drugs in human malaria.

With P as a single drug mtD (expressed as weekly total dose) increased
from initially 8 mg/kg to the maximum of 400 mg/kg after only 13 passages.
With M alone mtD rose from 15 mg/kg in the first to the maximum of 550 mg/
kg in the 45th passage, and in the mice receiving C alone mtD increased from 10
to 350 mg/kg (maximum) after 44 passages. With the combination S-P (1 part
of P plus 2 parts of sulfadoxine) mtD was, after 60 passages, raised from initially
2.5 mg/kg to 500 mg/kg which were still tolerated by the host. When the triple
combination M-S-P was used, development of resistance was markedly
delayed. After the maximum of 60 passages mtD had risen from initially 10 mg
of the M plus I mg/kg of the S-P component to only 50 mg/kg of M plus 15 mg/
kg of S-P (Fig. 1 and Table 1; cf. Merkli et al., 1980).

The cross-resistance pattern of the resistant lines of P. berghei resulting
from the above-mentioned experiments was checked by infecting mice and
determining the chemotherapeutic response to each of the other drugs and drug
combinations. The response to quinine (Q) was also included in this study.

Correspondence: Dr. Bernhard Merkli, Pharmaceutical Research Division, F. Hoffmann-La Roche
& Co. Ltd., Grenzacherstrasse 124. CH-4002 Basel, Switzerland
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Table 1. Maximum tolerated dose (mtD)* of some antimalarial drugs alone and in combination in
mice infected with resistant lines of Plasmodium berghei K 173**

Line Substance Initial mtD Final mtD Number of

(mg/kg) (mg/kg) passages

(60 = maximum)

Np Pyrimethamine ... ... ... . .. . g 400*** 13
Nc¢ Chloroquine diphosphate . . ... .. 10 350% = 44
Nwm MelloguinesHIT]l . ..ovanavnzuvs Y5 550%** 45
Ns-p 2 parts sulfadoxine

+ 1 part pyrimethamine . ... .. 2.5 500 60

(10-30) parts mefloquine .. ... .. 10 50

NM-s-p + 2 parts sulfadoxine

+ 1 part pyrimethamine .. .. .. | 15 60

* Maximum tolerated dose by the parasite: total dose of the drug(s) (given on 4 to 5 days per
week) just permitting weak parasitacmia at the end of each of the weekly passages. All the drugs
were administered orally.

** For details of the method. see Peters (1965). and Merkli et al. (1980).
*** Highest doses still tolerated by the murine host.

229



001 < . duesisal K[Fuons,, = Y.

001-01 . JUBISISAI A[ARIPOW,, = Y,
01-1 L. ueISISar APY3IS,, = Y.
= {LIATIISUDS,, = §

] 3= 98] s2ansuasiadAy,, =gy

:21qi Yy} Ul pasn a.4am sjoquids Juimojjof ay
"urens juared aures Yy} WO ‘UOPUOT ‘SIANDJ "M AQ PIINPOIJ 4ysy

aury juazed g

— 06
06 H
aur| juelstsar “6qyg

TO1DB] 20UEISISIY,, AY) BUNP[NOED AQ PAINSBIUWL SEM DURISISIY 44
"A[[PI0 UIAIS d1am STNIP [V (%001 SE UdYe] S[oIIU0d paeanun jo erwaesered oY) YIIm) %06 Aq erwaensered Juonpar (s)Snip
A1 Jo asop Ajep ayi 21 8 sv passaidxa sem asuodsal onnadeiayiowayd oy (So61) $19194 01 SUIPIOOIR 159) AdRIIOWayDd ABp-p,, 4,
1591 21 01 dn paurejurew sea 2nssa1d SnIp pur 90UBISISAI WNWIXEW PIYIBAI PRY K1) UIYM PIsn a1am SQUI 3Y L ‘[ 9[qeL pue [ BI1 1D «

S S S A+ M+ S S 139 SR [DH-3uuImg
SH p: P ) - S S - er sutweyawnAd yred 1+

aurxopeyns sued 7

SH S b+ SH SH S S 19 e AUIXopejing

m Nm+++ MT.++ m w m Nm+++ m~ ................ Dﬁﬂgmﬂumac\m&

S - S der  Wer Mes S s [DH-eumboyay

bt SH S g+ S Uss S T ‘ydip sumnborory)
d-S-WN SN 4001 1/N WN ON dN (3y/3w)
SISULIDE U 06 Ad -€L1

njeod g 4+ SRUI] TURISISOY 12Y3.42q *J gniq

wxS1uauLIadxa onnaderaqiowayd Ut g/ [ ¥ 12Y845q wnipowsn]g wolj saul| 1ueIsisa oy jo uraped JDURISISAT SSOID) "7 J[qEL



Table 3. Virulence of the resistant lines from Plasmodium berghei K 173

Line Parasitaemia Mean survival time (days) Number of
Day 4 post inf. mice studied
(%)*

P. berghei K 173 ........... 52.1 6 143

NP .. 66.1 6.5 65

Nc .. ... 4.1 > 18.8 (11% surviving)** 71

NM.. ..o 1.2 =284 (18% surviving)** 131

N/LIQO*** 7.3 79 57

NS-P . ... ... 26.5 7.7 118

NM-S-P .. .. ... ........... 18.8 8.7 70

P. yoelii nigeriensis ....... .. 51 =>8.9 (3% surviving) 127

* As determined in the untreated control mice used in the chemotherapeutic experiments
(Table 2), parasitaemia is expressed in % of parasitized erythrocytes.
** Mice still alive on day 42 post infectionem (end of the experiments) were considered as surviv-
ing.
***% Mefloquine-resistant line supplied by Prof. W. Peters. London.

The P-resistant line proved also resistant to S-P but was sensitive to M, C
and Q. The line resistant to M was sensitive to P, C and S-P but moderately
resistant to Q. The C-resistant line was sensitive to P, Q and S-P but moderately
resistant to M. The S-P-resistant line was sensitive to M, C and Q, and the line
(moderately) resistant to the triple combination M-S-P was sensitive to C and
Q. Another M-resistant P. berghei line kindly supplied by Prof. Peters, London
(Peters, 1977), was tested in the same manner, and in contrast to our M-resistant
line showed moderate cross-resistance to C (Table 2).

Most of the resistant lines proved less virulent to the mice than the parent
strain of P. berghei, and all lost their resistance when passaged without drug
pressure (Table 3).
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