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Antipyretic Effects of Citral and Possible Mechanisms of Action

Maycon T. Emílio-Silva,1 Clarissa M. D. Mota,1 Clélia A. Hiruma-Lima,2

José Antunes-Rodrigues,1 Evelin C. Cárnio,3 and Luiz G. S. Branco4,5

Abstract—Citral is a mixture of the two monoterpenoid isomers (neral and geranial) widely used as a
health-promoting food additive safe for human and animal (approved by the US Food and Drug
Administration). In vitro studies have reported on the capability of citral to reduce inflammation. Here,
we report antipyretic effects of citral in vivo using the most well-accepted model of sickness syndrome,
i.e., systemic administration of lipopolysaccharide (LPS) to rats. Citral given by gavage caused no
change in control euthermic rats (treated with saline) but blunted most of the assessed parameters related
to the sickness syndrome [fever (hallmark of infection), plasma cytokines (IL-1β, IL-6, and TNF-α)
release, and prostaglandin E2 (PGE2) synthesis (both peripherally and hypothalamic)]. Moreover, LPS
caused a sharp increase in plasma corticosterone levels that was unaltered by citral. These data are
consistent with the notion that citral has a corticosterone-independent potent antipyretic effect, acting on
the peripheral febrigenic signaling (plasma levels of IL-1β, IL-6, TNF-α, and PGE2), eventually down-
modulating hypothalamic PGE2 production.

KEY WORDS: endotoxin; fever; LPS; IL-1β; IL-6; TNF-α; corticosterone; systemic inflammation; sickness
syndrome.

INTRODUCTION

To help fight infectious diseases, the central nervous
system respond with a set of autonomic, endocrine, and
behavioral changes known as the sickness syndrome [24].
Among these changes, fever (a brain-regulated increase in
deep body temperature (Tb) that takes place during

inflammatory response) is essential to benefit the immune
system and to improve survival [14].

A number of immune system cells have receptors for
macromolecules usually found on invading organisms. For
instance, toll-like receptor 4 (TLR4) binds endotoxin (li-
popolysaccharide (LPS); a component of bacterial cell
walls) and triggers an intracellular cascade causing the
release of a number of cytokines [e.g., interleukin (IL)-
1β, IL-6, and tumor necrosis factor (TNF)-α] that eventu-
ally cause an increased production of prostaglandin E2

(PGE2) in the anteroventral preoptic region of the hypo-
thalamus (AVPO; the hierarchically most important region
involved in thermoregulation). Moreover, both endoge-
nous [4] and exogenous [24] modulators are known to
potentiate or alleviate sickness syndrome.

Citral (3,7-dimethyl-2,6-octadienal) is a mixture
of two isomers (cis-isomer neral and trans-isomer
geranial) usually found in volatile oils of several
plants, e.g., Zingiber officinale (ginger) [16] and
Cymbopogon citratus (an herb commonly known as
lemongrass). Moreover, lemongrass tea is usually
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taken as a spasmolytic, analgesic, anti-inflammatory,
antipyretic, diuretic, and tranquilizer (cf. [22]). Re-
cently, citral has been suggested as a potential ther-
apeutic strategy for treatment of breast and other
tumors [12]. However, no previous studies assessed
the putative role of citral as an antipyretic molecule.

Thus, the aim of this work was to evaluate the
effects of citral, administered via oral route, in the
most well-accepted experimental model of systemic
inflammation, i.e., peripheral injection of LPS to rats
together with measurement of the levels of inflam-
matory mediators. Besides measuring Tb, we
assessed typical febrigenic mediators IL-1β, IL-6,
and PGE2 [18], as well as a cryogenic mediator
TNF-α [15]. We also evaluated plasma corticosterone
based on its anti-inflammatory actions known to at-
tenuate fever during systemic inflammation [6]. Fi-
nally, besides these peripheral mediators, we also
measured AVPO PGE2 production as a final indicator
of the inflammatory status (cf. [4]).

MATERIALS AND METHODS

Animals

Male Wistar rats, weighting 260 to 320 g, were
housed (four animals per cage). After surgical procedures,
the animals were caged individually for acclimation during
1 week. The room was kept on a 12:12 h light-dark cycle
(lights on at 06:00 AM) with water and food ad libitum.
Ambient temperature (Ta) was maintained at 25 °C during
experimental procedures. All protocols were approved by
Local Ethical Committee for Animal Use (No.
2015.1.788.58.5).

Surgeries

Surgical procedures were performed under general
anesthesia with ketamine-xylazine (100 and 10 mg/kg,
respectively; via intraperitoneal injection, ip). Rats were
implanted with an abdominal SubCueminiature datalogger
capsule (Calgary, Alberta, Canada) through midline lapa-
rotomy, for body core temperature (Tb) measurements into
the peritoneal cavity. After surgical procedures, each rat
was treated prophylactically with antibiotic (160,000 U/kg
benzylpenicilin, 33.3 mg/kg streptomycin, and 33.3 mg/kg
dihydrostreptomycin; 1 ml/kg, intramuscular) and analge-
sic medication (Flunexine 2.5 mg/kg and 1 ml/kg, subcu-
taneous). Experiments were performed 7 days after surgi-
cal procedures.

2.2. Drugs
Systemic inflammation was induced by Escherichia

coli 0111:B4 LPS purchased from Sigma, St. Louis, MO,
USA, and dissolved in pyrogen-free saline. Citral (also
from Sigma, St. Louis, MO, USA) was dissolved in
pyrogen-free saline diluted in 1% Tween 80 (Vetec, Rio
de Janeiro, Brazil). Pyrogen-free saline and the solution
with the final concentration of Tween 80were administered
to control rats.

Experimental Design
Protocol 1. This experimental protocol was designed

to evaluate the effects of citral on euthermia or LPS-
induced fever.

Rats were orally pretreated with vehicle (10 mL/kg)
or citral (100 mg/kg) 30 min before the administration of
LPS (100 μg/kg, i.p.) or saline (1 ml/kg, i.p.) was admin-
istered (Fig. 1). Tb was measured for 5 h, starting 1 h
before the treatments. These doses of LPS [23] and citral
[22] were chosen on the basis of previous studies and
because, when preliminary doses were tested, the thermo-
regulatory responses to these doses were the most consis-
tent and repeatable.

Protocol 2. The second experimental protocol was
aimed at evaluating the plasma levels of cytokines (IL-
1β, IL-6 ,and TNF-α), corticosterone, and PGE2, 90 min
after LPS administration.

Citral (100 mg/kg) or its vehicle was adminis-
tered 30 min before LPS (100 μg/kg, i.p.) or saline
(1 ml/kg, i.p.) was injected into rats. Ninety minutes
after the administration of LPS or saline, the rats
were decapitated and the blood was collected and
processed as described below.

AVPO Sampling

Rats (previously treated with citral or its vehicle) were
decapitated after 90 min after LPS or saline administration
and their brains were quickly excised, promptly frozen by
submersion in dry ice-cold isopentane, and stored at
−70 °C. The AVPO of the hypothalamus was sampled in
a cryostat by a punch needle (0.9-mm inner diameter) from
a 500-μm-thick slice for the protocol 2 and 1500-μm-thick
slice, based on the following landmarks: ventral, optic
chiasm; dorsal, anterior commissure; and median, the
3 V. Bilateral punches were taken just above the dorsal
boundary of the optic chiasm and at the left and right lateral
wall of the 3 V.
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Measurements of Plasma Levels of Cytokines, PGE2,
and Corticosterone

Rats were decapitated 90 min after LPS treatment and
the blood was collected in heparin-coated tubes. After-
wards, the tubes were centrifuged (3.500 rpm, 20 min,
4 °C) and plasma was stored at −70 °C. Plasma levels of
IL-1β, IL-6, and TNF-α were determined using specific
enzyme-linked immunosorbent assay (ELISA) kits for
each cytokine (R&D Systems, Minneapolis, MN, USA)
according to the manufacturer’s instructions.

Plasma levels of PGE2 were determined using specif-
ic enzyme immunoassay (ELISA) kit for PGE2 (No.
514010, Cayman Chemical, MI, USA) according to the
manufacturer’s instructions. For analysis, the blood was
collected in vacutainers containing EDTA and subsequent
administration of indomethacin (4 μl).

Plasma levels of corticosterone were assessed using a
specific radioimmunoassay technique, as recently

described [23]. It was measured using a specific radioim-
munoassay after extraction with ethanol. Corticosterone
antiserum was purchased from Sigma, and 1,2,6,7-3 H-
corticosterone fromGEHealthcare Life Sciences (Milwau-
kee, WI, USA). The assay sensitivity and the intra- and
inter-assay variability coefficients were 0.4 lg/dl, 5.1 and
8.4%, respectively.

Measurement of PGE2 Concentration in the AVPO

PGE2 levels were assessed using enzyme immunoas-
say (Prostaglandin E2 ELISA Kit - Monoclonal; Cayman
Chemical, MI, USA) according to manufacturer’s recom-
mendations. AVPO were homogenized (VirTis, Gardiner,
NY, USA) in EIA buffer concentrate 10× (100 μl) contain-
ing indomethacin (4 μl). The resulting supernatants and
pellets were used for PGE2 and protein determination,
respectively, in summary form. Samples were reconstituted
in assay buffer provided in the kit, incubated after 90 min
in the dark, and optical density was measured at 405 to
420 nm.

Statistical Analysis

Data are expressed as means ± standard deviation
(SD). Tb values (°C) plotted at 5-min intervals are shown
as raw values (Fig. 1). Initial Tb (Tbi) represents the values
of Tb measured at 5-min intervals averaged over the
60 min of the acclimatization period. Thermal index,
expressed as °C × min (Fig. 1), were calculated from area
under curve, from 0 to 300 min. Plasma levels of IL-1β,
IL-6, TNF-α, PGE2 (Fig. 2), and corticosterone (Fig. 3) are
expressed as picograms per milliliter and micrograms per
deciliter, respectively. AVPO PGE2 is expressed as pico-
grams per milligram protein (Fig. 4). Statistical differences
among groups were determined by two-way ANOVA
followed by and Bonferroni post hoc test. The level of
significance was set at P < 0.05.

RESULTS

Citral Exerts a Cryogenic Effect During LPS-Induced
Fever

In order to detect the effect of citral on thermoregula-
tory responses during euthermia and LPS-induced fever,
Tb recordings were performed 60 min before and 5 h after
administration of citral or Tween 80. Citral alone did not
cause any significant change in Tb during euthermia (Fig.
1). As expected, LPS administration (100 μg/kg) induced a

Fig. 1. Effect of citral on Tb. a Time courses showing the effects of citral
(100 mg/kg) or vehicle (Tween 80) followed by administration of LPS (-
100 μg/kg, i.p.) or saline on Tb. b Thermal indexes (area under curve) c-
alculated from each one of the four experimental groups. Number of ani-
mals in each group and Tbi values are shown in the legends. Data are pr-
esented as mean ± SEM.
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typical polyphasic fever. This LPS-induced fever was at-
tenuated when citral was given (P > 0.05; Fig. 1).

Thermal indexes (area under curve) were calculated
to clarify the changes in Tb observed in each one of the
experimental groups. As shown in Fig. 1b, LPS given
alone caused a significant (P < 0.05) increase in Tb
(fever) of rats. This LPS-induced fever was attenuated
when LPS treatment was combined with citral (P > 0.05).

Citral Modulates Plasma Cytokines and PGE2

Concentration During Endotoxemia

LPSmarkedly induced an increase in plasma levels of
IL-1β, IL-6, TNF-α, and PGE2. Additionally, we observed
that citral alone caused no significant change in plasma

Fig. 2. Plasma cytokines concentration (pg/mL) after citral (100 mg/kg)
combined or not with LPS (100μg/kg, i.p.). Plasma levels of a interleukin-
1β (IL-1β), b interleukin-6 (IL-6), c tumor necrosis factorα (TNF-α), and
d prostaglandin E2 (PGE2) were assessed. **p < 0.01; ***p < 0.0001 vs.
Tween 80-saline and Tween 80-LPS; ##p < 0.01 vs. Tween 80-LPS and
citral-saline; @@p < 0.01 vs. Tween 80-LPS and citral-LPS. Data are
presented as mean ± SEM (n = 6–8 in each group).

Fig. 3. AVPO prostaglandin E2 (PGE2) concentrations are shown. *p < 0-
.05 vs. Tween 80-saline and Tween 80-LPS. Data are presented as
mean ± SEM (n = 7 in each group).

Fig. 4. Plasma corticosterone levels after systemic administration of LPS
or saline, in rats pretreated with citral or vehicle. *p < 0.05 vs. citral-saline
and citral-LPS **p < 0.01 vs. Tween 80-saline and Tween 80-LPS. Data
are presented as mean ± SEM (n = 7 in each group).
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cytokines of euthermic rats (Fig. 2) but prevented the LPS-
induced rise in the plasma cytokines.

Citral Modulates AVPO PGE2 Production During
Endotoxemia

To further investigate the mechanism of action of
citral, we measured AVPO PGE2 concentration. We ob-
served an increased production during endotoxemia that
was blunted when citral was co-administered (Fig. 3).

Effect of Citral Combined or Not with LPS on Plasma
Levels of Corticosterone

Rats treated with citral did not present significant
changes in corticosterone. The groups treated with LPS
had significantly (P < 0.05) higher levels of corticosterone
compared to the control groups (Fig. 4), and citral caused
no significant change in this LPS-induced corticosterone
increased plasma levels.

DISCUSSION

Acute inflammatory response plays a pivotal role
following tissues injury. It may be beneficial and restore
the tissues back to their healthy state, or it may be detri-
mental for instance during diseases/syndromes in which
the inflammatory response yields negative or even life-
threatening scenarios, e.g., during trauma or sepsis when
an up-regulated production of pro-inflammatory mediators
can cause multiple organ failure or even death. Therefore, it
is very important to understand how the acute inflamma-
tory response is orchestrated and to test potential new
pharmacological tools for the development of new thera-
peutic strategies. The present study provides several exper-
imental evidences that citral plays a key antipyretic role
in vivo during the most accepted model to study systemic
inflammation. We observed that citral reduced the febrile
response (Fig. 1), blunted the LPS-induced increase in
plasma cytokines and plasma PGE2 levels (Fig. 2), and
eventually caused a reduction of AVPO PGE2 production
(Fig. 4). This antipyretic role of citral seems to be indepen-
dent of plasma corticosterone (Fig. 3), since no significant
differences were observed in this hormone levels when
citral was administered.

In relation to studies addressing the effects of citral on
nociceptive mechanisms, Stotz et al. [26] have documented
that citral may inhibit transient receptor potential (TRP)
channels and suggested that citral as a useful tool for
allodynia and other types of pain. Moreover, citral has also

reported to reduce nocifensive behavior and mechanical
hyperalgesia [22].

Besides this anti-nociceptive effect, previous studies
show that citral has also antitumor [12] and antibacterial
activities [5, 10]. Moreover, Bachiega and Sforcin [1] have
published a seminal article documenting that citral has anti-
inflammatory effects based on in vitro experiments [1]. A
number of additional studies have assessed the effects of
citral in vitro. For instance, citral has been reported to
inhibit the enzyme nitric oxide synthase in LPS-
stimulated cells [13] and to decrease COX-2 LPS-induced
expression [17]. However, the antipyretic effect of citral
in vivo and its mechanisms of action were unclear. There-
fore, the present study not only corroborates previous
studies that assessed this issue using a different (in vitro)
experimental approach but also elucidated some of citral’s
anti-inflammatory mechanism. This model is also apt to
test putative thermoregulatory actions of a given com-
pound, and the present study provides evident indication
of a clear antipyretic role of citral.

Phagocytic cells (mainly macrophages) are the main
source of inflammatorymediators (cytokines, for instance).
After LPS administration, macrophages are activated and a
number of intracellular events take place eventually caus-
ing transcriptional up-regulation of IL-1β, IL-6, and TNF-
α. This cytokines are among other systemic febrigenic
signals that during systemic inflammation trigger a fairly
elaborate response (namely acute phase response).

In the present study, plasma cytokines levels were
measured 90 min after LPS administration based on the
time course of Tb (Fig. 1) since this time precedes the
febrile phases. It is worth mentioning that TNF-α levels
have been reported to be highest at the same time, i.e.,
90 min after LPS [3], but this is not the case for IL-1β [3]
nor IL-6 [3, 19, 20] plasma levels, which reach peaks 2 h
and 2–5 h after LPS administration, respectively. Thus,
plasma cytokine levels measured in the present study re-
veal a specific inflammatory profile at given time (90 min
after LPS administration) and not a putative effect of citral
at the peak of each one of the assessed cytokines.

Previous studies have reported the efficacy of system-
ic treatment with an IL-1 receptor antagonist (IL-1ra) in
reducing LPS-induced fever in rats. For instance, Smith
and Kluger [25] demonstrated that IL-1ra (0.5 mg/kg, ip)
combined with LPS administration (10 μg/kg, ip) reduces
LPS-induced fever 2–4 h after injection. Similarly, Luheshi
et al. [20] showed that IL-1ra (16 mg/kg, ip) administrated
1 and 2 h after LPS (100 μg/kg, ip) delays the febrile
response by 30 min and significantly reduces the peak of
Tb during fever. More recently, Teeling et al. [27] reported
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that LPS (100 μg/kg, ip) causes increases in IL-1β, IL-6,
TNF-α, and PGE2 levels in serum and brain of mice, and
Nogueira et al. [23] demonstrated that LPS (100 μg/kg, ip)
causes increases in plasma IL-1β, IL-6, and TNF-α levels
of sedentary rats. However, other studies have shown that
IL-1β is not essential for the immune response to LPS in
mice [7, 11]. Interestingly, Tb of febrile humans following
LPS administration is not significantly decreased with IL-
1ra or TNF antibodies, as elegantly reported previously [8].
Therefore, important interspecies differences may exist. In
agreement with this notion, the extracellular domain of the
type I receptor has been reported to alleviate disease sever-
ity, in models of inflammatory and autoimmune diseases in
rodents, whereas human type I receptor works as a carrier
for IL-1α, and patients with rheumatoid arthritis worsens
(cf. [8]). Besides the different species used, the divergences
in the literature may occur due to the lineage of animals
utilized and the different methods applied. However, there
is a consensus that peripheral IL-1β is a result of immune
activation [7–9]. Therefore, it is clear that the potential
effect of citral on IL-1-induced fever continues as an im-
portant unanswered question to be addressed in the near
future. Anyways, in the present study, we assessed cyto-
kine plasma levels to unravel the mechanisms responsible
for the citral’s anti-inflammatory effect. Moreover, we also
assessed PGE2 levels in the AVPO, because PGE2 is a
proximal mediator of fever and AVPO is the hierarchically
most important region involved in thermoregulation [2].
We observed that LPS caused an increase in plasma levels
of cytokines and PGE2 (Fig. 2). Citral alone caused no
changes on the cytokine plasma levels but prevented the
LPS-induced increases in the cytokines and PGE2 plasma
levels. Since AVPO PGE2 production reflects the periph-
eral febrigenic signaling, it is not surprising that we ob-
served a reduced PGE2 AVPO content. However, we do
not exclude a direct effect of citral reducing AVPO COX
activity, as previously reported in in vitro experiments [17].

An interesting finding of this study is that citral anti-
pyretic effect was not associated with an increased immune
activation of the hypothalamic–pituitary–adrenal (HPA)
axis (Fig. 4). The rationale to assess corticosterone levels
is based on the fact that this hormone plasma levels may
indicate the stress level. Interestingly, we observed a sharp
LPS-induced increase in plasma corticosterone levels that
was not affected by citral (Fig. 4), indicating that cortico-
sterone may have affected the LPS-induced fever similarly
in the two groups.

Taken together, our data are consistent with the notion
that citral plays a major antipyretic role during LPS-
induced systemic inflammation. This cryogenic role seems

to be independent of plasma corticosterone levels. Con-
versely, its mechanisms of action involve a reduced release
of plasma cytokines, combined with a decreased AVPO
PGE2 production (Fig. 5). These findings may offer novel
insights into strategies for controlling systemic
inflammation.

PERSPECTIVES AND SIGNIFICANCE

To understand the mechanisms underlying the modu-
latory effect of citral during systemic inflammation, we
adopted an experimental design that allows integrated
analyses of the interaction among the nervous, endocrine,
and immune systems.

Human’s modern life style leads to loss of muscle
mass and increase of intra-abdominal fat deposition. This
adiposity increases macrophage infiltration and triggers the
activation of inflammatory cascade reactions causing sys-
temic inflammation and thus favoring insulin resistance,
atherosclerosis, and tumor growth. Therefore, individuals

LPS

PGE2

Fever

AVPO

Citral

IL-1β
IL-6

TNF-α
PGE2

?

Plasma
_

_

Fig. 5.. Possible mechanisms involved in citral-induced attenuation of
systemic inflammation. LPS induces increase in cytokine plasma levels.
This increased febrigenic signaling stimulates AVPOPGE2 production and
eventually fever. Citral reduces LPS-induced increases of plasma cyto-
kines and consequently also reducing AVPO PGE2 production. Addition-
ally, we speculate that citral may also reduce PGE2 production directly
(marked with B?^).
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tend to develop type 2 diabetes mellitus, cardiovascular
diseases, and cancer. Conversely, there is a number of
evidence to suggest that many foods/nutrients can modu-
late inflammation both acutely and chronically [21]. The
present study adds citral as a potential substance suitable to
prevent or reduce systemic inflammation.
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