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Antimalarial activity of optical isomers of quinacrine dihydrochloride against 
chloroquine-sensitive and -resistant Plasmodium falciprum in vitro 

(Received 22 October 1990; accepted 12 September 1991) 

While chloroquine has for many years been the mainstay 
of malaria prophylaxis and treatment, the extensive spread 
of resistance to this drug in Plasmodium falciparum is 
threatening global malaria control. Before the introduction 
of chloroquine, quinacrine (mepacrine, atebrin) fulfilled 
prophylactic and treatment functions, but did show a higher 
proportion of toxic effects (for example, see Ref. 1) and 
its use has decreased. 

Chloroquine and quinacrine are synthetic drugs which 
each possess a single asymmetric (chiral) centre in the 
diamino side-chain. Commercial preparations are racemic 
mixtures of the (+) and (-) enantiomers. Fink et al. [2] 
and Haberkorn et al. [3] in studies on chloroquine against 
P. vinckei and P. berghei in mice found that the (+) 
enantiomer was more active than the (2) or (-) forms, 
but that this difference disappeared against chloroquine- 
resistant strains 131. Fu et al. ]4] reported that the 
enantiomers and the racemate were equaily active in vitro 
against the chloroauine-sensitive F32 strain of P. falcioarum 
b;t the (-) enantiomer was less active against the 
chloroquine-resistant Kl strain, as shown in their figure 2 
[41. 

A number of reports suggest that the metabolism of both 
chloroquine and quinacrine may be stereoselective. Thus, 
Tituseral. [5] found that the metabolite desethylchloroquine 
excreted by man after treatment with racemic chloroquine 
was optically active with [cx]g + 145”. It was recently 
reported by Ofori-Adjei et al. [6] that stereoselective renal 
clearance of the chloroquine enantiomers occurred and [7] 
that the enantiomers differed in their binding to plasma, 
to albumin, and to (Y, acid glycoprotein. 

In the case of quinacrine similar evidence for 
stereoselective disposition was uncovered by Hammick and 
Chambers [8] who found that quinacrine recovered from 
human urine after treatment with the racemic drug 
exhibited a rotation [(~]u- 368”, corresponding to one 
enantiomeric form (91. 

Since the enantiomers of quinacrine were recently 
obtained by synthesis [ 10,l l] and have not been examined 
previously for differential antimalarial activity either in 
vitro or in vivo, the present study was performed to 
determine the in vitro antimalarial activity of all three 
isomers of quinacrine against both chloroquine-sensitive 
and -resistant P. falciparum. At the same time, a 
parallel series of experiments was carried out using the 
corresponding isomers of chloroquine [lo]. 

Materials and Methods 

Test substances. The optical isomers of chloroquine were 
prepared by a synthesis starting from D- and i-glutamic 
acid [lo] and were of >90% optical nuritv. The enantiomers 
of chloroquine diphosphate’ had *m.p.- 202” and [a@ f 
69” (c = 2,H20). The enantiomers of quinacrine were 
obtained by an analogous method using the same optically- 
active side-chain [lo] which gave material of similar optical 
purity. The enantiomeric quinacrine dihydrochlorides had 
m.p. 259-261” and [cY]$ 2 351” (c = 2,H20). 

Malaria. The strains of P. falciparum used were 
continuously cultured in our laboratories by standard 
techniques [12, 131. The Honduras CDCl strain [14] is 

chloroquine-sensitive and pyrimethamine-resistant, whilst 
the Thailand Kl strain is resistant to chloroquine, 
pyrimethamine and sulfadoxine [15]. 

Drug tests. The activity of the drugs was measured in 96- 
well microplates by the [3H]hypoxanthine incorporation 
technique [16,17]. Activities were also confirmed inde- 
pendently by microscopy. Inhibition/log drug concentration 
curves were analysed by regression analysis of the linear 
portion of the curve. IQ,, values were calculated, together 
with their 95% confidence limits, and are shown in 
Table 1. 

Results and Discussion 

For chloroquine, the results (Table 1) showed that 
neither the chloroquine-sensitive Honduras CDCl strain 
nor the chloroquine-resistant Thailand Kl strain of parasite 
exhibited a stereoselective response. Taking the activity of 
the racemate as 1.00, the maximum ratios of the II& values 
for (+):(?):(-) chloroquine were 1.04:1:0.97 for the 
sensitive strain. For the resistant strain, the activity was 
approximately 10 times less than against the sensitive 
strain, and the stereoselectivity only marginally greater at 
0.90:1:0.74. 

In the case of quinacrine (Table 1) the corresponding 
ICY ratios were 0.85:1:0.94 for the sensitive strain, again 
with little or no stereoselectivity. This drug showed equal 
activity against both strains, with the resistant strain again 
exhibiting little or no stereoselective behavior with ICY 
ratios of 1.04:1:1.49. Racemic quinacrine has been 
previously reported to be equally active on chloroquine- 
resistant and chloroquine-sensitive P. falciparum in vitro 
WI. 

Our results, together with the in vitro data reported [4] 
in the literature, thus confirm the absence of a significant 
degree of enantiomeric stereoselectivity in the in vitro 
antimalarial activity of both chloroquine and quinacrine. 

It is interesting that the capacities of (+), (-) and (2) 
primaquine to cure infections with P. cynomolgi in rhesus 
monkeys [19] were essentially identical, and that none of 
the four optical isomers of the highly active piperidyl- 
bis (trifluoromethyl)-4-quinoline-methanol (mefloquine) 
(containing two asymmetric centres) showed significant 
differences in their activitv aeainst P. berahei in mice 1201. 
In addition, both enantiome&(the natural-and its unna&l 
antipode) of dihydroquinine as well as those of 
dihydroquinidine had the same degree of activity against 
P. berghei in mice [21]. 

In summary, both enantiomers of quinacrine and the 
racemic form of the drug showed equal activity in virro 
against chloroquine-sensitive and -resistant strains of 
Plasmodium falciparum, without detectable stereo- 
selectivity. This contrasts with observations on chloro- 
quine, where a similar lack of stereoselectivity in vitro is 
accompanied by a lo-fold loss of activity against the 
resistant strain. 

The observed in vivo differences reported for the 
enantiomers of chloroquine and the observations on the 
optically active metabolites of chloroquine and quinacrine 
may therefore be ascribed to a difference in the 
pharmacokinetics of their enantiomers. 
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Table 1. Antimalarial activity of optical isomers 

Strain Isomer 

Chloroquine 
diphosphate 

95% 

(nnZ?/L) 
Confidence 

limits 

Quinacrine 
dihydrochloride 

95% 
toSO Confidence 

(nmol/L) limits 

CDCl + 9.85 8.30-11.0 
Kl + 127.0 102.5-157.3 
CDCl r 9.50 8.14-10.66 

(9.54)* 
Kl + 140.6 94.8-208.4 

(113.9)8 
CDCl - 9.25 7.45-10.47 
Kl - 103.3 90.7-117.6 

7.65 7.15-8.14 
3.16 2.41-4.12 
8.98 8.70-9.26 

(;.;fJ)* 

(;i;)* 
2.393.90 

7.95-8.82 
4.54 3.61-5.70 

Data are means with 95% confidence limits (N = 12). 
* Values in parentheses are for the expected IC,, for racemates based on the activities for 

enantiomers. 

Acknowledgements-Financial support from the WHO/ 
UNDP/World Bank Special Programme for Research & 
Training in Tropical Diseases, the Wellcome Trust and the 
Medical Research Council is gratefully acknowledged. 

*Department of RICHARD V. WEBSTER* 
Pharmaceutical Chemistry JOHN C. CRAIG* 

University of California v. SHYAMALAt 
San Francisco GEOFFREY C. KIRBY$ 
CA 94143-0446, U.S.A. DAVID C. WARHURST$$ 
tMedica1 Research Institute 
Pacific Presbyterian Medical 

Center 
San Francisco 
CA 94115, U.S.A. 
SDepartment of Medical 

Parasitology 
London School of Hygiene & 

Tropical Medicine 
London WC1 E 7HT, U.K. 

REFERENCES 

1. Peters W, Chemotherapy and Drug-resistance in Malaria 
(2nd Edn). Academic Press, London, 1987. 

2. Fink E, Minet G and Nickel P, Chloroquin- 
Enantiomere. Wirkung gegen Nagetieremalaria (P. 
vinckei) und Bindung an DNS. Arzneim Forsch 29: 
163-164, 1979. 

3. Haberkorn A, Kraft HP and Blaschke G, Antimalarial 
activity in animals of the optical isomers of chloroquine 
diphosphate. Tropenmed Parasit 30: 308-312, 1979. 

4. Fu S, Bjorkman A, Wahlin B, Ofori-Adjei D, Ericsson 
0 and Sjoqvist F, In vitro activity of chloroquine, 
desethyl chloroquine and pyronaridine against Plas- 
modium falciparum. Br J Clin Pharmacol 22: 93-96, 
1986. 

5. Titus EO, Craig LC, Golumbic C, Highton HR, 
Wempen CM and Elderfield RC, Identification by 
distribution studies. IX Application to metabolicstudies 
of 4-aminoquinoline antimalarials. J Org Chem 13: 39- 
62, 1948. 

0 Corresponding author. 

6. Ofori-Adjei D, Ericsson 0, Lindstrom B, Hermansson 
J, Adjepon-Yamoah K and Sjoqvist F, Enantioselective 
analysis of chloroquine and desethylchloroquine after 
oral administration of racemic chloroquine. Ther Drug 
Monitoring 8: 457-461, 1986. 

7. Ofori-Adjei D, Ericsson 0, Lindstrom B and Sjoqvist 
F, Protein binding of chloroquine enantiomers and 
desethylchloroquine. Br J Clin Pharmacol22: 356358, 
1986. 

8. Hammick DL and Chambers WE, Optical activity of 
excreted mepacrine. Nature 155: 141, 1945. 

9. Brown BR and Hammick DL, Resolution of mepacrine. 
Nature 159: 612, 1947. 

10. Craig JC, Bhargava HN, Everhart ET, La Belle B, 
Ohnsorge U and Webster RV, Absolute configuration 
of the enantiomers of 7-chloro-4-[[4-(diethylamino)- 
l-methylbutyl]amino]quinoline(Chloroquine). .I Org 
Chem 53: 1167-1170, 1988. 

11. Craig JC, La Belle B and Ohnsorge U, The absolute 
configuration of the enantiomers of quinacrine. 
Chirality, in press. 

12. Trager W and Jensen JB, Human malaria parasites in 
continuous culture. Science 193: 673-675, 1976. 

13. Fairlamb AH, Warhust DC and Peters W, An improved 
technique for the cultivation of Plasmodium falciparum 
in vitro without daily medium change. Ann Trop Med 
Parasitol79: 379-384, 1985. 

14. Nguyen-Dinh P, Hobbs JH and Campbell CC, 
Assessment of the chloroquine sensitivity of Plas- 
modium falciparum in Choluteca Honduras. Bull World 
Health Org 59: 641-646, 1981. 

15. Thaithong S, Beale GH and Chutmongkul M, 
Susceptibility of Plasmodium falciparum to five drugs: 
an in vitro study of isolates mainly from Thailand. 
Trans R Sot Trop Med Hyg 77: 228-231, 1983. 

16. Desjardins RE, Canfield CJ, Haynes JO and Chulay 
JD, Quantitative assessment of antimalarial activity in 
vitro by a semiautomatic microdilution technique. 
Antimicrob Agents Chemother 16: 710-718, 1979. 

17. O’Neill MJ, Bray DH, Boardman P, Phillipson JD and 
Warhurst DC, Plants as sources of antimalarial drugs. 
Part 1. In vitro test method for the evaluation of crude 
extracts from plants. Planta Medica 61: 394-397, 1985. 

18. Geary TG, Divo AA and Jensen JB, Activity of 
quinoline-containing antimalarials against chloroquine- 



Short communications S227 

sensitive and -resistant strains of Plasmodium fal- 2-piperidyl methanol antimalarial agents. Preparation, 
ciparum in vitro. Trans R Sot Trop Med Hyg 81: 499- 
503, 1987. 

optical purity and absolute stereochemistry. .I Med 
Chem 17: 2X&219, 1974. 

19. Schmidt LH, Alexander S, Allen L and Rasco J, 21. Brossi A, Uskokovic M, Gutxwiller J, Krettli AU and 
Comparison of the curative antimalarial activities and Brener Z, Antimalarial activity of natural, racemic and 
toxicities of primaquine and its d- and I-isomers. unnatural dihydroquinine, dihydroquinidine and their 
Antimicrob Agents Chemother 12: 51-60, 1977. various racemic analogs in mice. infected with 

20. Carroll FI and Blackwell JT, Optical isomers of aryl- Plusmodium berghei. Experientia 27: l lOO-1101,197l. 


