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Quercetin does not alter lipopolysaccharide-induced
fever in rats
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Fernando A. Aguiar and Gléria E. P. Souza

Abstract

Fever is considered an important component of the acute phase response of the body in defence
against invading organisms such as bacteria. Quercetin, an important representative of the flavonoid
class, has been extensively studied as an anti-inflammatory agent. In the present study, we
investigated the effect of quercetin, administered orally (5, 25 and 50mgkg™") or intraperi-
toneally (50mgkg™"), on the febrile response induced by either intraperitoneally (50 ugkg™)
or intravenously (5ug kg™') injected lipopolysaccharide (LPS from Escherichia coli) in rats. In
contrast with the well known anti-inflammatory activity of quercetin, the results demonstrate that
quercetin, at the doses used, did not alter the fever induced by LPS, regardless of the route of
administration.

Introduction

Fever, an important brain-mediated response occurring as part of the acute phase response,
is traditionally defined as an elevation in body temperature in response to injury, trauma
or invasion by infectious agents (Roth & Souza 2001). Exogenous pyrogens, such as
lipopolysaccharide (LPS) isolated from Gram-negative bacteria walls, stimulate host
defence cells via interaction with Toll-like receptors, to release several endogenous pyro-
gens, such as interleukin 13, interleukin 6, tumour necrosis factor «, macrophage inflam-
matory protein la, RANTES and endothelin 1, which somehow alter the activity of
thermoregulatory neurons in the pre-optic area of the anterior hypothalamus (Roth & Souza
2001; Fabricio etal 2005; Melo-Soares et al 2006; Machado et al 2007). This hypothalamic
thermoregulatory centre is responsible for the elevation of the corporal temperature via
a coordinated series of physiological and behavioural responses, such as peripheral vaso-
constriction, immobility and depression, which in themselves facilitate recovery from the
precipitating infectious agent (Boulant 2000, 2006; Roth etal 2006).

Despite its adaptive value, the febrile response may be dangerous for patients suffering
from autoimmune diseases and coronary atherosclerosis (Moltz 1993). This means that
antipyretic therapy may be necessary in patients when the body temperature observed
during a febrile response exceeds the physiological benefits. So, the recognition of fever
as a response associated with several pathological conditions has increased the scientific
interest in the discovery of new compounds with antipyretic properties.

Medicinal plants have long been used in traditional medicine as alternative treatments
for a wide range of diseases, including those associated with bacterial infections (Verpoorte
1999; Clardy & Walsh 2004). Recently, several plant-derived secondary metabolites have
been described as interfering directly with molecules and/or mechanisms involved in inflam-
matory processes, inhibiting secondary messengers as well as expressing transcription
factors and releasing pro-inflammatory molecules (Haslam 1996; Calixto et al 2003, 2004).

Flavonoids are a large and complex group of polyphenolic compounds widely distributed
throughout the plant kingdom (Middleton etal 2000). They are common dietary compo-
nents of fruits, vegetables and beverages, and are usually present in plant tissue in the
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form of glycosides. Quercetin, one of the most widely
distributed polyphenolic compounds in the plant kingdom,
is the main flavonoid representative of this class. The bene-
ficial effects of this compound on models of inflammation
have been investigated in several studies. Quercetin displays
a great variety of pharmacological and biological properties
and is known to have considerable anti-inflammatory activity,
as detected by in-vitro and in-vivo studies (Middleton &
Kandaswami 1992; Formica & Regelson 1995). Inhibition of
cyclooxygenases, lipoxygenases and xanthine oxidase have
been assumed to be a result of quercetin anti-inflammatory
properties (Cos etal 1998; Middleton etal 2000). In addi-
tion, other studies indicated that quercetin inhibited pro-
inflammatory cytokines release (Cho et al 2003) and adhesion
molecule expression (Kobuchi etal 1999) as a result of inhi-
bition of transcription factors such as nuclear factor-«B, or
p-38 MAP or c-Jun NH,-terminal kinase pathways.

However, to the best of our knowledge, the antipyretic
effect of quercetin has not really been explored in experi-
mental fever models. Therefore, the present study was carried
out to evaluate the effect of quercetin on the febrile response
after either intraperitoneal or intravenous LPS administration
to rats.

Material and Methods

Chemicals

Quercetin (3, 3,4/, 5, 7-pentahydroxyflavone) and LPS
(Escherichia coli 0111:B4) were purchased from Sigma
Chemical Co. (St Louis, MO, USA), and celecoxib (Celebra)
from Pharmacia (S3o Paulo, Brazil). Cremophor was
purchased from BASF (Ludwigshafen, Germany).

Animals and drug administration

Experiments were conducted using male Wistar rats,
180-200 g, housed at 24+ 1°C under a 12-h light—dark cycle
(lights on at 06:00 hours), with free access to food and tap
water. The rats were treated orally and intraperitoneally with
quercetin at doses of 5, 25 or 50mgkg ™" or with its vehicle
alone (saline i.p.; solution of 10%, v/v, cremophor previously
dissolved in saline p.o.). At 60 min after quercetin adminis-
tration, the rats received LPS by either intravenous (5 ugkg ™'
in 200 uL of sterile saline) or intraperitoneal (50 ugkg™" in
500 L of sterile saline) injection. For intravenous injection
of LPS or saline, the animals were carefully immobilized and
the tail was introduced into warm water (= 40°C) to promote
vasodilatation and facilitate the injection. The tail was then
dried, sterilized with cotton soaked with alcohol, and 200 uLL
of the solutions were injected by using a 1-mL syringe and
a stainless steel needle (26 gauge'/?). As a positive control,
another group of rats received celecoxib (Smgkg™' p.o.)
30 min before LPS administration. Control animals received
an equal volume of vehicle and sterile saline. The study was
conducted in compliance with the ethical guidelines of the
International Association for the Study of Pain (Zimmermann
1983) and the University of Sdo Paulo Animal Care and Use
Committee.

Temperature measurements

The body temperature was manually monitored by gently
inserting a small flexible thermistor probe (model 402
coupled to a model 46 telethermometer; Yellow Springs
Instruments, Yellow Springs, OH, USA) 4 cm into the rectum,
without removing the animals from their home cages. Exper-
imental measurements were conducted at the thermoneu-
tral zone for rats (Gordon 1990) in a temperature-controlled
room (28 4+ 1°C). On the day of experiment, the baseline
temperature was determined 3—4 times at 30-min intervals
before any injections until 10:00 hours. Body temperature
was continuously recorded at 30-min intervals for 6h after
LPS administration. To minimize core temperature changes
due to handling, the animals were habituated to this environ-
ment and the procedure twice on the day before the exper-
iment and only those animals displaying mean basal rectal
temperatures of between 36.8 and 37.4°C were selected for
the study.

Statistical analysis

All variations in rectal temperature were expressed as changes
from the mean basal value (AT in °C). All results are
presented as mean &+ s.e.m. and mean baseline temperatures
were not statistically different among the groups included
in any particular set of experiments. Statistical comparisons
were performed by two-way analysis of variance followed by
Bonferroni’s test using Graph Pad Prism Software (version
3.00 for Windows). Significance was set at P < 0.05.

Results

Evaluation of the effect of oral administration of
quercetin on LPS-induced fever

In the first set of experiments, we investigated the effect of
oral administration of quercetin on fever induced by LPS
injected either intravenously or intraperitoneally in rats. For
this, the animals were pre-treated with three different oral
doses of quercetin (5, 25 or 50mgkg™') 1h before LPS
injected either intraperitoneally (50 ug kgfl) or intravenously
(5ugkg™). At these doses, LPS significantly increased the
body temperature of the animals when compared with saline-
treated animals (control group). Neither the basal tempera-
ture nor the fever induced by either intravenous (Figure 1)
or intraperitoneal (Figure 2) LPS injection was affected by
the highest dose of oral quercetin (50mgkg™'). In addi-
tion, as expected, the pre-treatment of animals with cele-
coxib (5mgkg™'), a selective cyclooxygenase-2 inhibitor,
suppressed the LPS-induced fever.

Evaluation of the effect of intraperitoneal
administration of quercetin on LPS-induced fever

In order to verify whether the ineffectiveness of quercetin
given orally could be related to first passage metabolism or its
degradation in the digestive system (Murota & Terao 2003),
we investigated the effect of intraperitoneal administration of
quercetin on the fever induced by LPS. To achieve this, the
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Figure 1 Evaluation of the effect of quercetin (Q) on fever induced by
intravenous administration of lipopolysaccharide (LPS) in rats. Quercetin
5,25 or 50mgkg™" (p.o0.) and celecoxib (5mgkg~" p.o.) were admin-
istered 60 and 30min before LPS (5ugkg™" i.v.; time Oh), respec-
tively. Control animals received the corresponding vehicle and sterile
saline (1mLkg™" i.v.). Values represent the mean + s.e.m. of variation
in rectal temperature (AT, °C). Basal temperatures (mean + s.e.m.,
°C) were as follows: B, 36.99+0.06; A, 36.94+0.07; @, 36.93 +
0.05; O, 36.90£0.05; V, 36.90+0.38; O, 37.00+£0.05; A, 36.90+
0.04. *P < 0.05, significantly different compared with the
vehicle/LPS group.

animals were pre-treated with the highest dose of quercetin
(50 mg kg™") 1h before either intravenous or intraperitoneal
administration of LPS (5 and 50 ugkg ™", respectively). Under
our experimental conditions, the pre-treatment with quercetin
at this dose did not modify the basal temperature or the fever
induced by either intravenous (Figure 3) or intraperitoneal
(Figure 4) LPS administration.

Discussion

LPS (from the wall of Gram-negative bacteria) is a known
potent exogenous pyrogen capable of inducing fever in
several animal species (Coelho etal 1992; Zampronio etal
1994; Fabricio etal 1998; Roth etal 2000). Its administra-
tion to animals by different routes represents a validated
model for studies of neuroimmune interactions, including
fever. Fever is a stereotypical response to exogenous pyro-
gens (such as LPS), which is associated with increased serum
and cerebrospinal fluid levels of cytokines, prostaglandin
E, (PGE,), pre-formed pyrogenic factor derived from LPS-
stimulated macrophages, and endothelin 1 (Zampronio etal
2000; Roth & Souza 2001; Fabricio etal 2005; Melo-
Soares etal 2006), and hypothalamic production of PGE,
(Fitzpatrick & Wynalda 1976). Several different central path-
ways for fever development have been described: one depen-
dent on prostaglandins, another dependent on endothelin 1
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Figure 2 Evaluation of the effect of quercetin (Q) on fever induced
by intraperitoneal administration of lipopolysaccharide (LPS) in rats.
Quercetin 5, 25 or 50mgkg™" (p.0.) and celecoxib (5mgkg™"' p.o.)
were administered 60 and 30 min before LPS (50 ugkg™' ip.; time
0h), respectively. Control animals received the corresponding vehicle
and sterile saline (I1mLkg™' ip.). Values represent the mean =+
s.e.m. of variation in rectal temperature (AT, °C). Basal temperatures
(mean + s.e.m., °C) were as follows: B, 37.10+0.07; A, 36.96+
0.05; ®,36.93+£0.05; O, 36.924+0.07; V, 36.954+0.05; O, 36.97 +
0.04; A, 36.94+0.05. *P < 0.05, significantly different compared with
the vehicle/LPS group.
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Figure 3 Evaluation of the effect of quercetin (Q) on fever induced by
intravenous administration of lipopolysaccharide (LPS) in rats. Quercetin
(50mgkg ™" i.p.) was administered 60 min before LPS (5ugkg ' i.v.;
time 0 h). Control animals received the corresponding vehicle and sterile
saline (1mLkg ™' i.v.). Values represent the mean + s.e.m. of variation
in rectal temperature (AT, °C). Basal temperatures (mean + s.e.m.,
°C) were as follows: B, 36.96+0.11; A, 36.90+0.04; ®, 36.87+
0.04; 0, 36.93£0.06. *P < 0.05, significantly different compared with
the vehicle/LPS group.
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Figure 4 Evaluation of the effect of quercetin (Q) on fever induced
by intraperitoneal administration of lipopolysaccharide (LPS) in rats.
Quercetin (50mgkg~" i.p.) was administered 60 min before LPS
(50 uwgkg™", i.p.; time Oh). Control animals received the corresponding
vehicle and sterile saline (1mLkg™" i.v.). Values represent the mean =+
s.e.m. of variation in rectal temperature (AT, °C). Basal temperatures
(mean + s.e.m.,°C) were as follows: B, 36.85+0.06; A, 36.924+0.05;
®, 36.98+£0.07; O, 36.95+0.05. *P < 0.05, significantly different
compared to the vehicle/LPS group.

and interleukin 1, and another dependent on macrophage
inflammatory protein la (Fabricio etal 2005; Melo-Soares
etal 2006).

The fever produced by intraperitoneal injection of LPS
depends not only on the centrally produced mediators (as
described above), but also on cytokines produced by peri-
toneal macrophages such as interleukin 1 and tumour necrosis
factor «, as well as on the activation of the sensory
afferent vagus nerve (Watkins etal 1995; Werner etal 2003).
Several studies have demonstrated that subdiaphragmatic
vagotomy prevents the development of LPS-induced fever
after intraperitoneal injection of LPS in rats. Moreover,
the synthesis of cytokines can be detected in the nodose
ganglion soon after the intraperitoneal injection of LPS
(Hosoi etal 2005).

Quercetin has been widely studied in herbal medicine as
a possible candidate molecule to treat inflammatory chronic
diseases such as rheumatoid arthritis and colitis (Comalada
etal 2005; Mamani-Matsuda etal 2006), and it also shows
anti-inflammatory properties in several animal models of
acute inflammation (Sobottka etal 2000; Morikawa etal
2003). However, to our knowledge, there is no evidence of
the antipyretic effect of quercetin.

The present study demonstrated that quercetin given
intraperitoneally or orally, even at the highest dose
(50mgkg™"), did not reduce the fever induced by LPS
injected either intraperitoneally or intravenously. It is possible
that this compound lacks antipyretic activity because it
is ineffective, or has poor effectiveness, in inhibiting
PGE, production. In fact, Shen etal (2002) demonstrated

that quercetin showed anti-inflammatory properties in a
PGE,-independent pathway in an LPS-induced inflammatory
model.

Thus, even though quercetin could inhibit cytokine
synthesis, other mediators or pathways, for instance those that
do not depend on prostaglandin synthesis, such as endothelin
1 and macrophage inflammatory protein la, can work in
fever development (Fabricio etal 2005; Melo-Soares etal
2006). It is also possible that an ineffective amount of
quercetin passively crosses the blood—brain barrier to exert
its inhibitory effects on the brain synthesis of these pyrogenic
mediators.

Several studies suggest that the immunomodulatory prop-
erties of quercetin offer curative effects against inflam-
matory processes by different mechanisms (Middleton &
Kandaswami 1992; Middleton etal 2000). However, this
compound has often been studied in in-vitro models, which
has led to conflicting reports of its activity. Scientific liter-
ature suggests that in-vitro studies with natural compounds
could allow for the discovery of new mechanisms of action
or targets for the treatment of several diseases including
those associated with inflammatory process (Middleton &
Kandaswami 1992; Middleton etal 2000). In addition, many
studies have come to overstated conclusions such as ‘a natural
compound with pharmacological properties’ from cellular
systems that have measured only one aspect of cell function
or cell mediator production at one time point. Generally, it
is acceptable because studies performed on in-vitro models
might approximately reflect in-vivo conditions. However,
cellular measures are often non-specific and describe only
initial and/or intermediate aspects of the immune response.
For example, the febrile response contains a high degree of
complexity, so the blockage of one step of this response by
a given drug does not clarify whether the cellular event in
question would depress/increase such a response.

In fact, in-vitro studies demonstrated that quercetin showed
potent antioxidant properties in a different system, which
were characterized by free radical production (Cos etal
1998, 2003; Burda & Oleszek 2001), but Boyle etal (2000)
observed that rutin, a glycosylated quercetin, did not promote
any significant change in the plasma antioxidant status
in humans. In addition, Shen etal (2002) demonstrated
the inhibitory effects of quercetin on LPS-induced nitric
oxide and PGE, production in cultured and fresh peritoneal
macrophages whereas pre-treatment of rats with quercetin
inhibited only nitric oxide production but not the PGE,
production in a LPS-induced inflammatory response.

One possible explanation for the discrepant effects
observed in-vitro and in-vivo could be related to the
extensive metabolism of quercetin during the digestive
process by enterocytes and enzymes from intestinal flora
(before absorption) and by hepatic enzymes (after absorp-
tion) (Zhu etal 1994; Murota & Terao 2003). Generally,
natural compounds, mainly flavonoids, are highly metabo-
lized in the intestine or liver to glucuronidated, sulfated and
O-methylated metabolites and/or to monophenolic deriva-
tives. Thus, several researchers suggest that investigative
studies on pharmacological properties of natural products
in cellular systems should be evaluated with metabolized



compounds present in the circulation and not with those non-
metabolized compounds found in nature (Morand etal 1998;
Day etal 2000).

Although our results may appear to conflict with previous
studies that demonstrated the anti-inflammatory properties of
quercetin in different acute models of inflammation (Sobottka
etal 2000; Morikawa etal 2003), the present study showed
that quercetin, given orally, failed to reduce the fever induced
by either intravenous or intraperitoneal injection of LPS.
We hypothesized that intraperitoneal injection of quercetin
would inhibit LPS-induced fever because this route of admin-
istration would protect quercetin from being metabolized by
intestinal microorganisms or enzymes from epithelial cells
(Blaut etal 2003; Rasmussen & Breinholt 2003). However,
it was found that intraperitoneal treatment with quercetin
(50mgkg™") did not reduce fever induced by intravenous or
intraperitoneal LPS.

Given the evidence that suppression of fever with
antipyretic drugs results in higher morbidity and mortality
in infectious diseases (Moltz 1993), our results suggest that
quercetin may be useful for the treatment of such conditions
since it would not affect this important host defence response.

Conclusion

Although quercetin has been extensively studied as an
active pharmacological molecule in many in-vitro and in-
vivo inflammation models, we have demonstrated here that
quercetin did not show any antipyretic effect in our animal
fever model under the investigated conditions (dose, admin-
istration route, time protocol of pre-treatment and animal
species). The present work suggests that more detailed studies
to determine the main metabolites and the bioavailable
concentrations after ingestion of natural products such as
quercetin need to be performed to provide knowledge about
the real activity of compounds isolated from natural sources
on human health.
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