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Quinine and chloroquine have similar mode of antimalarial activity 
by forming intercalated complexes between the DNA base pairs of 
the malarial parasites (Estensen et al. 1969; Hahn and Fean 1969; 
O'Brien et al. 1966; Strube 1975; Schupbach 1979). Although these 
two drugs intercalate within the DNA double helix, it is not known 
if they mediate the same mutagenic effect. Chloroquine was report- 
ed to induce frameshift reverse mutation (Schupbach 1979), ~ts in- 
teraction with DNA is resistant to 6-M urea solution and has the 
affinity for attaching to G/C base pairs O'Brien et al. 1966; 
Schupbach 1979). The molecular interaction of quinine with the 
DNA base pairs although not properly understood had been reported 
to occur through the formation of urea-sensitive hydrogen bonds 
(O'Brien et al. 1966). 

This paper presents experiments carried out to determine the muta- 
genic effect of quinine. 

MATERIALS AND METHODS 

The bacterial tester strains were theEscherichia coli WP_ trp; 
WP2 trp, uvrA; WP~ trp, polyAl; WP67 . . . . . .  z trp, uvrA, polyAl (Green 
and~iel ~76; Cr~en i~8~)~ These strains are base-pair substi- 
tution mutants known to detect base-pair substitution mutagens 
(Green and Muriel 1976; Bruswick et al. 1980). The Salmonella 
typhimurium his strains TA97 and TAI02 detect frameshift mutagens 
by reversion mutation from his to his + (Levin et al. 1982; Maron 
and Ames 1983). 

The minimum inhibitory concentration (MIC) of quinine hydrochlori'de 
against the tester strains was determined on Davis and Ming~ol~ 
(1950) minimal salts agar with glucose as carbon source using the 
agar-dilution method following the protocol earlier described 
(Obaseiki-Ebor 1984). The plates contained varying concentrations 
of quinine hydrochloride ranging from 10 to 1000 ug/ml respective- 
ly containing either tryptophan or histidine (i0 ug/ml). The plates 
were inoculated with about 105 - 106 colony forming units (cf)/ml 
of the washed tester strains in normal saline. The MIC was the 
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lowest concentration of quinine that completely inhibited growth 
after 24h incubation at 37oc. 

The mutagenicity tests were carried out with subinhibitory concent- 
rations of quinine employing the spot test and agar incorporation 
methods (Brusick et al. 1980) and the modified fluctuation test 
(Green et al. 1976). 

In the spot-test, 106 cfu/ml of the test culture were spread on the 
minimal salts agar plates (unsupplemented) and few crystals (10 mg) 
of quinine hydrochloride were placed at a central area on the sur- 
face of the agar. The plates were incubated at 37~ for 48h and 
observed for revertant colonies and presence of a zone of inhibi- 
tion around the central spot of the quinine. 

For the plate incorporation procedure, sub-inhibitory concentra- 
tions of quinine hydrochloride were each added to tubes containing 
2.5 ml of molten agar-agar (Oxoid) 0.7% w/v, held at 45Oc. 0.i ml 
of 10 -5 dilution of the test culture {to give about 200 colonies on 
the plate) was added to each tube and quickly poured onto the sur- 
face of the minimal salts agar in the petri-dish containing biotin 
5 ug/ml (for the Salm. typhimurium strains). The test plates con- 
tained a very low concentration of tryptophan or histidine (67 ng/ 
ml). This low concentration of the amino acid would stimulate the 
growth of the auxotrophic cells until it is exhausted, thereafter, 
only trp+ or his + revertants could continue to grow. The control 
positive plates contained tryptophan or histidine at a concentra- 
tion of 10 ug/ml and the control negative plates contained no amino 
acid. All the plates were incubated at 37~ for 48h and the mean 
number of colonies growing on each plate in triplicate determina- 
tion were recorded. 

The method of Green et al. (1976) was suitably modified for the 
fluctuation test. 0.4 ml of a saline washed overnight grown test 
culture of about 108 cfu/ml was inoculated into 400 ml of minimal 
salts medium containing biotin 5 ug/ml (for the Salm, typhimurium 
TA97 and TAI02 strains), bromocresol purple indicator 12 ug/ml and 
a trace amount of tryptophan or histidine (67 ng/ml) to stimulate 
growth without actually allowing the growth of colonies. The 400 
ml growth media was aseptically divided into 4 aliquots of 100 ml 
each. 2 x 100 ml aliquots contained the test concentrations of 
quinine hydrochloride and another 100 ml aliquot contained trypto- 
phan or histidine (i0 ug/ml) as positive control, and the remaining 
i00 ml aliquot contained neither amino acids nor quinine as the 
negative control. Each aliquot was aseptically distributed in 2 ml 
volumes to 50 small tubes and were incubated at 37~ for 72h. The 
tubes containing his + or t rp+ revertants would be turbid with yel- 
low (turned from purple) colouration. 

RESULTS AND DISCUSSION 

Quinine hydrochloride inhibited the E. coli and the Sal____mm. typhimuri- 
~_~ strains except WP 6 at 200 ug/ml. The E. coli WP 6 strain was in- 
hibited at a relatively lower concentration of 120 ug/ml. The muta- 
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genecity tests were carried out with the subinhitory concentrations of 
25, 50 and 100 ug quinine hydrochloride/ml. There were no rever- 
tants in the E. coli and Salm. t~phimurium strains except in E. 
coli WP 6. The E. coli WP 6 strain showed revertant colonies (50 
tr-~colonies after a mean triplicate determination) and a clear 
zone of inhibition (45 n~) around the central spot of the quinine 
crystals. Table 1 shows the number of E. coli WP 6 revertants with 
varying concentrations of quinine hydrochloride in the plate incor- 
poration test. 

Table i. Mutagenic effectsof quinine hydrochloridein E, coli 

trp, pOlyAl strain WP 6 

Strain 
Concentration Agar-incorporation Fluctuation 

of quinine reversion test test. (~ositive 
~/~' (revertant colonies) tubes/No, test 

tubes) 

WP 6 0 0 0 
25 52 45/50 
50 75 37/50 

i00 26 42/50 

* results of mean triplicate determinations 
+ results of duplicate determinations 

The decreased number of revertant colonies at the 100 ug/ml of 
quinine hydrochloride indicated the inhibitory quinine toxicity 
effects against the cells. The results of the fluctuation test 
also indicated that quinine was mutagenic in E. coli WP 6 (Table i). 

Quinine was earlier reported to inhibit DNA polymerase activity 
(O'Brien et al. 1966) and in this study it was found to specifical- 
ly relatively inhibit the polyA strain more than the other repair 
deficient strains. This indicated that the repair of DNA damage by 
quinine was polyA + dependent. It is plausible that during the DNA 
damage of the E. coli WP 6 pol~A by quinine, the presence of the 
defective polymerase activity could have prevented the accurate 
repair of the DNA damage, with the consequent mutation of trp to 
trp +. However, there was no quinine induced mutation in strain WP67 
indicating that the presence of UVrA and polyA genes in the same 
cell could annul the occurence of mutations induced by quinine. 

The results of this study indicate that quinine mediates base-pair 
substitution mutation. This study is of interest because in parts 
of tropical Africa, Asia and South America where malari~ is endemic, 
quinine is still therapeutically used against the malarial parasites 
with multiple resistance to the synthetic antimalarial agents such 
as chloroquine, primaquine etc (Aug-thaw-batu 1975). Quinine had 
also been reported effective in combined use with meflOquine for the 
treatment of chloroquine-resistant falciparum malaria (Hall 1976). 

424 



Acknowledgements. The authors are grateful ~o Dr Barbara Bachmann, 
E. coli Genetic Stock Centre, Connecticut, U.S.A. and Dr Dorothy 

Maron, University of California, Berkely, U.S.A. for providing the 
E. coli and Salm. typhimurium strains respectively. This work was 
supported by the University of Benin Staff research grant C/60. 

REFERENCES 

Aung-than-Batu, Htun Nyum R, Nyun Hlaing, Franco Tin, Tin U, Than 
Myint, Khin Kyi Kyi (1975) Chloroquine-resistant malaria in 
Burma. J Trop Med Hyg 78: 186 - 189 

Brusick DJ, Simmons VF, Rosenkranz HS, Ray VA, Stafford RS (1980) 
An evaulation of the Escherichia coli WP 2 and WP 2 uvrA reverse 
mutation assay. Mutat Res 76:169 - 190 

Davis BD, Mingioli ES (1950) Mutants of E. coli requiring methi- 

onine or vitamin BI2. J Bacteriol 60:17 - 28 
Estensen RD, Krey AK, Hahn FE (1969) Studies on a deoxyribomuleic 

acid-quinine complex. Molec Pharmacol 5:532 - 541 
Green MHL, Muriel WJ (1976) Mutagen testing using trp____ ~ reversion 

in E. coli. Mutat Res 38:3 - 32 
Green MHL, Muriel WJ, Bridges BA (1976) Use of a simplified fluc- 

tuation test to detect low levels of mutagens. Mutat Res 38: 
33 - 42 

Green MHL (1984) Mutagen testing using trp reversion in Escherichia 
coli In: Handbook of mutagenicity test procedures. 2nd ed 
Elsevier Science Publishers 

Hahn FE, Fean CL (1969) Spectrophotometric studies of the interac- 
tion of an antimalarial quinoline methanol with deoxyribonucleic 
acid. Antimicrob J Chemother 63 - 66 

Hall AP (1976) The treatment of malaria. Brit Med J V: 323 

Levin EE, Yanrasaki E, Ames BN (1982) A new Salmonella tester 

strain, TA97 for the detection of frameshift mutagens. A run of 
cytosines as a mutational hot-spot. Murat Res 94:315 - 330 

Maron DN, Ames BN (1983) Revised methods for theSalmonella muta- 
genicity tests. Mutat Res 113:173 - 215 

Obaseiki-Ebor EE (1984) Resistance tonitrofurantoin and UV-irradi- 
ation in recA; uvrA; and uvrA lexA E. coli mutants conferred by 
an R-plasmid from an E. coli clinical isolate. Murat Res 139: 
5 - 8 

O'Brien RL, Olenick JG, Hahn FE (1966) Reactions of quinine, chloro- 
quine, and quinacrine with DNA and their effects on the DNA and 

RNA polymerase reactions. Biochemistry 55: 1511 - 1516 
Schupbach ME (1979) Mutagenicity evaluation of the two antimalarial 

agents chloroquine and mefloquine using a bacterial fluctuation 
test. Mutat Res 68: 41 - 49 

Strub RE (1975) The search for new antimalarial drugs. J Trop Med 
Hyg 78: 171 - 185 

Received January 15, 1986; accepted November 12, 1986 

425 


