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Abstract 
The effect of quinine on fever induced by lipopolysaccharide and brewer's yeast has been 
investigated in rats. 

Oral administration of 50 or 100 mg kg-' quinine, doses which had no effect on 
normothermic rats, significantly reduced lipopolysaccharide- (50 pg kg - ', i.m.) and 
yeast- (2 g kg-I) induced fever in rats. Pentoxifylline (100 mg kg-'), a tumour necrosis 
factor antagonist also attenuated the febrile response induced by lipopolysaccharide, but 
not that by yeast, in a manner similar to quinine. Piroxicam (5  mg kg-'), a cycloox- 
ygenase inhibitor suppressed both types of fever with a longer duration of action. In 
addition to its anti-pyretic effect, quinine had a significant anti-inflammatory effect in the 
carrageenan model of acute inflammation in the hind-paw of rats. 

The results indicate the anti-inflammatory and anti-pyretic potential of quinine which 
might be important in addition to its anti-plasmodia1 action in the therapy of cerebral 
malaria. 

Quinine is an alkaloid from cinchona bark (Jesuits 
powder) long-known for its usefulness against 
cerebral malaria. It still remains the drug of choice 
in severe chloroquine-resistant P. falciparum 
malaria (Wirima et a1 1990) and is administered 
primarily to patients during the initial period of the 
illness when fever and other manifestations of the 
disease are most intense. However, the mechanism 
whereby it suppresses fever still awaits explana- 
tion. Fever, a non-specific manifestation, is in 
general associated with many pathophysiologic 
conditions mediated by endogenously produced 
prostaglandins and cytokines such as interleukin 
(IL)-lp, IL-6 and TNF-a (Kluger 1991). Never- 
theless, it is not clear which of these substances are 
specifically inhibited by quinine. 

Experimental cerebral malaria in mice seems to 
be mediated by tumour necrosis factor-a (TNF-a) 
and a close correlation between fever fluctuations 
and serum levels of TNF-a has been observed 
clinically (Grau et a1 1987; Karunaweera et a1 
1992). Recent studies have shown the suppressive 
effect of quinine on TNF-a production in-vitro 
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(Marayuma et a1 1994) and in-vivo (Gantner et a1 
1995) and suggested that attenuation of TNF-a 
secretion might be the major mechanism of the 
action of quinine in cerebral malaria. 

Exogenous pyrogens such as bacterial endotoxin 
(lipopolysaccharide) and yeast (brewer's yeast) can 
induce fever in rats (Kluger 1991). For better 
characterization of quinine as an anti-pyretic drug 
we have used these models of pyrexia to evaluate 
the effects of quinine in comparison with the 
cyclooxygenase inhibitor piroxicam and the TNF-a 
antagonist pentoxifylline. Because non-steroidal 
anti-inflammatory drugs generally have an anti- 
pyretic effect, we considered it of interest to 
investigate the effect of quinine in the carrageenan- 
induced hind-paw oedema model of acute inflam- 
mation in rats. 

Materials and Methods 
Animals 
Male Wistar rats, 160-180 g, were housed and 
maintained at 22k2"C with a 12-h light-dark 
cycle and allowed free access to food (purina chow) 
and water. Food was withheld for a period of 12- 
15 h before the rats were used for experimentation. 
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All experiments were performed between 0800 and 
1700 h at 28 f 1 ° C  which is considered the ther- 
moneutral zone for rats (Gordon 1990). 

Chemicals 
Lipopolysaccharide from E. coli, brewer's yeast, 
quinine dihydrochloride and lambda carrageenan 
were purchased from Sigma (St Louis, MO). The 
other drugs used were piroxicam (Inflamene, 
Farmalab, Brasil) and pentoxifylline (Trental, 
Hoechst, Brasil). 

Lipopolysaccharide-induced fever 
Lipopolysaccharide was dissolved in sterile pyro- 
gen-free 0.9% saline at 500 pg mI- '  and was 
injected intramuscularly (50 pg kg- ') into the 
thigh of the rats. The test drugs, quinine (25,50 and 
100 mg kg-'), piroxicam (5  mg kg-'), pentox- 
ifylline (100 mg kg-'), or saline were adminis- 
tered orally (10 mL kg-') 1 h before injection 
of lipopolysaccharide. Rectal temperature was 
measured 1 h before (pre-drug control) and at 
intervals of 1 h for 5 h, with a digital thermometer 
(Becton Dickinson, Brasil) inserted 3 cm into the 
rectum. In preliminary experiments the effects of 
quinine (25, 50 and 100 mg kg-') on the rectal 
temperature of normothermic rats were also 
investigated. 

Brewer's yeast-induced pyrexia 
Pyrexia was induced in male Wistar rats by sub- 
cutaneous injection of 20% brewer's yeast 
(10 mL kg-'). The animals were fasted and 18 h 
later the rectal temperature was recorded by use of 
a digital thermometer. Animals for which the 
temperature rise was 1°C above normal were con- 
sidered fevered. Such animals were allocated to 
groups of six and were treated orally (10 mL kg-') 
with the test drugs, quinine (25, 50 and 
100 mg kg-'), pentoxifylline (100 mg kg-'), pir- 
oxicam (5  mg kg-') or saline. The rectal tem- 
perature of the rats was recorded at 1-h intervals 
starting 1 h before drug administration and con- 
tinuing for 5 h after yeast injection. 

Carrageenan-induced rat hind-paw oedema 
One hour after oral administration of quinine 
(25, 50 and 100 mg kg-'), pentoxifylline 
(100 mg kg-'), piroxicam (5  mg kg-') or saline 
(10 mL kg-') to rats, acute inflammatory oedema 
was induced by subplantar injection of a suspension 
of carrageenan (l%, 0.1 mL; Winter et a1 1962). 
The paw volume (mL) was measured with a ple- 
thysmometer (Ugo Basile, Milan, Italy) immedi- 
ately before injection of carrageenan (0 h) and 
again 3 h later. The difference between the paw 

volumes at 1 and 3 h was taken as the measure of 
paw oedema. 

Statistical evaluation 
All values are expressed as the mean f the stan- 
dard error of the mean (s.e.m.) and statistical sig- 
nificance between groups was analysed by one-way 
analysis of variance then the Student-Newman- 
Keuls multiple comparison test. P values <0.05 
were considered to be indicative of significance. 

Results 
Preliminary studies 
Preliminary investigations involved recording the 
temperature changes resulting from administration 
of various doses of quinine (25, 50 and 
100 mg kg-'), piroxicam (5  mg kg-') and pen- 
toxifylline (100 mg kg-') in normothermic rats. 
At the doses employed these drugs had no sig- 
nificant effect on the rectal temperature of normal 
rats during a 5-h observation period (data not 
shown). 

Lipopolysaccharide-induced fever 
Lipopolysaccharide (50 ,ug kg-'; i.m.) induced a 
febrile response which reached its peak after 4 h 
with a increase in rectal temperature of approxi- 
mately 1.6"C. Quinine at 50 mg but not at 
25 mg kg-', significantly attenuated the febrile 
response induced by lipopolysaccharide at 3 h and 
4 h and quinine at 100 mg kg-' significantly 
suppressed the effect of lipopolysaccharide on 
rectal temperature in two distinct periods (Figure 
la). An initial phase fall was observed 1 h after 
administration. At this time the mean rectal 
temperature of controls treated with lipopolysac- 
charide alone was 37.91 f 0.16"C, whereas for 
rats treated with quinine (100 mg kg-') it 
was 36.59f0.16"C. The second phase fall in 
rectaltemperature was observed at 3 h and 4 h. 
Pentoxifylline (100 mg kg-') also induced a 
significant anti-febrile effect like that of quinine at 
1 h, 3 h and 4 h. However, the anti-pyretic effect 
of piroxicam (5  mg kg-') was not evident at 1 h 
but commenced at 2 h and was found to be more 
sustained (Figure lb). 

Brewer's yeast-induced pyrexia 
The influence of orally administered quinine, pir- 
oxicam and pentoxifylline on the rectal temperature 
of rats is summarized in Figures 2a and 2b. Eigh- 
teen hours after subcutaneous injection of brewer's 
yeast (2 g kg-'), a consistent rise in rectal tem- 
perature of approximately 1.6"C was observed in 
control animals throughout the observation period 
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Figure 1. Changes in rectal temperature after oral adminis- 
tration of quinine (a) and pentoxifylline or piroxicam (b) to 
febrile rats. Fever was induced by intramuscular injection of 
50 pg kg-' lipopolysaccharide at 0 h. All drugs were admi- 
nistered 1 h before lipopolysaccharide. 0, normal rats; febrile 
rats treated yith: A, normal saline (10 mL kp-'); 0, quinine 
(25 mg kg- ); A, quinine (50 mg kg- ); B, quinine 
(100 mg kg- ); 0, pentoxifylline (100 mg kg-I); +, pirox- 
icam (5  mg kg-'). Values are the means ZIZ s.e.m. of results 
from six animals. **P < 0.01, significantly different from 
result for saline-treated animals. 

of 5 h. Febrile response did not occur in saline- 
injected control rats. Administration of 
50 mg kg-' quinine, but not 25 mg kg-', resulted 
in significant fall in rectal temperature at 1 h and 
2 h; injection of 100 mg kg-' induced a more 
sustained significant anti-pyretic effect throughout 
the period of study (Figure 2a). The effect of 
piroxicam ( 5  mg kg-') and pentoxifylline 
(100 mg kg- ') on yeast-induced hyperthermic rats 
was therefore compared with the effect of 
100 mg kg- ' quinine. Although pentoxifylline did 
not modify yeast-induced pyrexia, piroxicam atte- 
nuated it in a manner similar to quinine (Figure 2b). 

Carrageenan-induced rat hind-paw oedema 
Table 1 lists mean paw oedema volumes for control 
animals and for those treated with the test drugs. In 
control animals subplantar injection of carrageenan 
produced a local oedema reaching its maximum 
intensity 3 h after injection. Pre-treatment of rats 
with 100 mg kg-' quinine, but not with 25 or 
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Figure 2. Changes in rectal temperature after oral adminis- 
tration of quinine (a) and pentoxifylline or piroxicam (b) to rats 
with pyrexia. Pyrexia was induced by subcutaneous injection 
of 20% brewer's yeast ( 2  g kg-') and 18 h later the rats were 
used for the study. All drugs were administered at 0 h. 0, 
normal rats; pyrexia rats treated with: A normal saline 
(10 mL kg-I); 0, quinine (25 mg kF-'j; A, quinine 
(50 mg kg-'). B, quinine (100 mg kg- ); 0, pentoxifylline 
(100 mg kg-'); +, piroxicam (5  mg kg-I). Values are the 
means f s.e.m. of results from six animals. **P < 0.01, sig- 
nificantly different from result for saline-treated animals. 

50 mg kg- ', resulted in significant inhibition 
(69.23%) of paw oedema. Pentoxifylline 
(100 mg kg-') did not modify carrageenan 
oedema and piroxicam significantly inhibited 
(44.23%) paw oedema. 

Discussion 
These findings show that quinine exerts both anti- 
inflammatory and anti-pyretic effects. Clinically, 
quinine has been the choice drug for severe chlor- 
oquine-resistant falciparum malaria because it 
promotes parasite and fever clearance (Akpede et a1 
1996). Some suggested mechanisms by which 
quinine exerts its beneficial effects in cerebral 
malaria are the inhibition of plasmodia1 phospho- 
lipase A2 (Zidovetzki et al 1993), prevention of 
haemoglobin degradation by inhibiting haem 
polymerase in the intra-erythrocytic trophozoites 
(Slater 1993; Gabay et a1 1994) and suppression of 
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Table 1. Effects on carrageenan-induced rat paw oedema of 
single-dose pre-treatment with quinine, piroxicam or pentox- 
ifylline. 

Group Dose Paw oedema Inhibition 
(mg kg- ' )  (mL) (%I 

Control - 0.52 f 0.04 - 

Quinine 25 0.59 * 0.06 13.46 
50 0.48 k 0.04 7.69 

100 0.16 f 0.04' 69.23 
Piroxicam 5 0.29 f 0.02* 44.23 
Pentoxifylline 100 0.50 f 0.05 3.85 

Results for paw oedema are means f s.e.m. (n=6).  
* P  i 0.05, significantly different from the control value. 

TNF-a secretion (Gantner et a1 1995). Activation of 
phospholipase A2 and increased secretion of TNF-a 
could lead to generation of specific prostaglandins 
(Dayer et a1 1985; Hoeck et a1 1993) that partici- 
pate in inflammatory and febrile reactions (Vane 
1976; Strieter et a1 1993). Anti-inflammatory drugs 
that inhibit prostaglandin synthesis are capable of 
suppressing fever (Flower & Vane 1972). The 
results of this study show that quinine attenuates 
the fever induced by both bacterial toxin and yeast. 
A true anti-pyretic should attenuate the febrile 
response without affecting the body temperature of 
healthy afebrile subjects (Kasting 1989). Because 
quinine at the doses employed in this study did not 
reduce the rectal temperature of normothermic rats, 
it could also be termed an anti-pyretic drug. 

In lipopolysaccharide-induced fever, quinine at 
the highest dose (100 mg kg-I) reduced the rectal 
temperature in two distinct periods. An initial phase 
hypothermia occurred 1 h after lipopolysaccharide 
administration and a second phase hypothermia 3 
and 4 h after administration. Lipopolysaccharide 
has been shown to stimulate endogenous produc- 
tion of TNF-a and to induce biphasic fever in 
guinea-pigs and rabbits (Kluger 1991; Roth & 
Zeisberger 1995). However, in the current study 
lipopoly saccharide produced only a monophasic 
fever. Literature data on the mechanism of lipo- 
polysaccharide-induced biphasic fever are not 
very clear; it seems to be species-specific and 
highly influenced by the dose of lipopolysac- 
charide employed. Nevertheless, pentoxifylline 
(100 mg kg-'), a class IV phosphodiesterase 
inhibitor that has previously been shown to inhibit 
endotoxin-induced TNF-a synthesis (Han et a1 
1990) produced a magnitude and duration of 
hypothermia similar to that seen with 100 mg kg-' 
quinine. The cyclooxygenase inhibitor piroxicam 
induced an hypothermic response which was not 
evident at 1 h (first phase) but commenced at 2 h 
with a much longer duration of action. At present 

we have no explanation for the early phase hypo- 
thermic response of piroxicam and high-dose qui- 
nine (100 mg kg-'). The observed anti-pyretic 
effects of quinine and pentoxifylline might be 
related to their ability to suppress TNF-c( secretion. 
Piroxicam seems to be devoid of such action. Like 
quinine, pentoxifylline has been shown to inhibit 
TNF-a production in animal experiments (LeMay 
et a1 1990; Goldbach et a1 1997) and in clinical 
cases of malaria; in an open randomized controlled 
therapeutic trial its use as a supportive agent 
resulted in a trend toward reduced mortality (Di- 
Perri et al 1995). 

Both quinine and piroxicam attenuated brewer's 
yeast-induced fever with a greater magnitude and 
duration of action. Lack of effect of pentoxifylline 
in this model of pyrexia indicates that pentoxifyl- 
line possibly blocks endogenously produced TNF-c( 
but not prostaglandins. Finally we were interested 
to know whether quinine and the phosphodiesterase 
inhibitor pentoxifylline manifest an anti-inflam- 
matory effect. The results show that quinine and 
piroxicam, but not pentoxifylline, significantly 
inhibit the inflammatory oedema response to car- 
rageenan in a manner wherein prostaglandins play a 
predominant role (Vinegar et a1 1987). 

In conclusion, these results demonstrate the anti- 
inflammatory and anti-pyretic effects of quinine 
probably related to its inhibition of TNF-a and 
prostaglandins. These actions of quinine and its 
parasiticidal action might be important to its ther- 
apeutic efficacy against chloroquine-resistant cere- 
bral malaria. 
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