
Abstract. Objective: Compare the antipyretic effects of dipy-
rone and indomethacin. 
Materials and methods: Fever was induced in rats by i.v. LPS
or i.c.v. interleukins (IL), prostaglandins (PG), arachidonic
acid (AA), pre-formed pyrogenic factor (PFPF), tumour
necrosis factor-a (TNF-a) or corticotrophin releasing hor-
mone (CRH). Dipyrone and indomethacin were administered
i.p., arginine vasopressin V1-receptor antagonist, d(CH2)5

Tyr(Me)AVP, into the ventral septal area. Cyclooxygenase
(COX-1/-2) blocking activity was assessed in transfected
COS-7 cells. CRH release from isolated hypothalami was
determined by ELISA.
Results: Indomethacin or dipyrone reduced LPS, IL-1b, IL-6
or TNF-a induced fever and CRH release from rat hypothal-
amus. Only dipyrone inhibited IL-8, PFPF or PGF2a fever.
Only indomethacin inhibited fever induced by AA or IL-1b
plus AA. Neither antipyretic affected fever caused by PGE2

or CRH. d(CH2)5Tyr(Me)AVP only blocked antipyresis
induced by indomethacin. Dipyrone at a very high concen-
tration (10 mM) inhibited only COX-1, while indomethacin
(0.1 mM) blocked COX-1 and COX-2 in COS-7 cells.
Conclusion: The antipyretic effect of dipyrone differs from
that of indomethacin in that it does not depend on AVP
release or inhibition of PG synthesis. 
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Introduction

Fever is an outstanding component of the acute phase
response to bacterial infection, which is mediated mainly by
endogenous pyrogens formed and released by host defence
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cells in response to Gram negative bacterial lipopolysaccha-
ride (LPS). Each of these endogenous pyrogens, which
include interleukin (IL)-1a and -1b, IL-6, tumour necrosis
factor-a (TNF-a), IL-8, macrophage inflammatory protein-1
(MIP-1) and pre-formed pyrogenic factor (PFPF), can direct-
ly or indirectly affect thermoregulation, by acting on the ther-
moregulatory centre in the preoptic area of the anterior hypo-
thalamus [1–3]. The ability of endogenous pyrogens to cause
fever depends importantly on the generation, within the
brain, of at least two mediators: corticotrophin-releasing hor-
mone (CRH) and prostaglandins (PGs). 

Intracerebroventricular injection (i.c.v.) injection of
CRH to rats causes pronounced fever, brown fat thermogen-
esis and enhances release of noradrenaline in the hypothala-
mus [3–5]. Moreover, the increases in body temperature and
oxygen consumption induced in rats by PGF2a, IL-1b, IL-6,
IL-8 and PFPF (but not by PGE2, TNF-a or IL-1a) can be
blocked by the CRH antagonist a-helical CRH9–41 [1, 3],
which also suggests that different pathways can be activated
by these various endogenous pyrogens. Furthermore, IL-1b
stimulates the secretion of adrenocorticotropic hormone via
hypothalamic CRH release in vivo [6] and directly stimulates
CRH secretion from hypothalamus in vitro [3].

It is well established that central injections of PGs induce
fever [1] and that several pyrogens enhance levels of PGE2 and
PGF2a in the cerebrospinal fluid and of PGE2 in brain areas
related to thermoregulation [7, 8]. However, PGs are unlikely
to mediate fever induced by all endogenous pyrogens, as
febrile responses to IL-8, MIP-1 and PFPF are not blocked by
PG synthesis inhibitors [1, 3]. Pyrogen-induced generation of
PGs in these central thermoregulatory areas appears to rely on
increased expression of COX-2 [9]. Moreover, intravenous
(i.v.) injection of IL-1b upregulates levels of mRNA encoding
the EP3 receptor for PGE2 not only in the hypothalamic medi-
an preoptic nucleus but also in aminergic regions of the soli-
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tary tract and the rostral divisions of the ventral lateral medul-
la [10], which are involved in the activation of the central limb
of the HPA axis by ascending catecholaminergic projections
from the caudal brainstem [11]. The fact that mice lacking EP3

receptors fail to develop fever to PGE2, IL-1b and LPS [12],
further reinforce the importance of such receptors in bringing
about fever. Nonetheless, EP1 [13] and EP4 receptors [14] seem
to be also implicated in this process and in CRH release. In this
regard, the later study showed that i.v. LPS strongly enhanced
expression of both mRNA for the EP4 receptor and c-Fos
immunoreactivity in ventromedial preoptic nucleus, the medi-
an preoptic nucleus and paraventricular hypothalamic nucleus
(PVN). Furthermore, LPS and IL-1b also up-regulated EP4

receptor mRNA in the parvocellular PVN, the region respon-
sible for CRH release [15]. 

The antipyretic actions of nonsteroidal anti-inflammato-
ry drugs (NSAIDs) have generally been ascribed to their abil-
ity to inhibit COX-1/-2 in the central nervous system [1, 16].
However, fever induced by indomethacin and sodium salicy-
late, two potent non-selective COX-1/-2 inhibitors, is medi-
ated to a substantial extent via activation of V1 receptor by
arginine-vasopressin (AVP), as it can be blocked by an ant-
agonist of this receptor [17, 18]. Moreover, indomethacin
enhances AVP levels in ventral septal area (VSA) perfusion
fluid [19]. Thus, at least some NSAIDs seem to also display
antipyretic properties unrelated to COX inhibition.

Dipyrone (also known as metamizol) is a potent
antipyretic and analgesic pyrazolonic derivative which is
widely used clinically in several countries [20–22]. The
remarkably low anti-inflammatory efficacy of dipyrone,
when compared to its intense analgesic and antipyretic prop-
erties, has been tentatively explained by a possible selective
blockade of neuronal COX by the drug [23], but it displays
only weak and reversible COX-blocking activity [24, 25]. In
this regard, some of its biological actions, including its abili-
ty to inhibit platelet aggregation ex-vivo or in vitro, have
been shown to depend on conversion to at least two active
metabolites, 4-methylaminoantipyrine and 4-aminoan-
tipyrine [21, 26, 27]. The antipyretic effect of dipyrone has
been recently suggested to result from the inhibition of PG
synthesis, as it attenuates IL-1b-induced fever but does not
alter that induced by PGE2 [28]. However, dipyrone clearly
supresses inflammatory nociception (or hyperalgesia)
through PG-independent mechanisms at the spinal and
peripheral levels [21, 29, 30].

In view of such considerations, the aim of the present
study was to compare the antipyretic effects of dipyrone and
indomethacin against fever induced by several putative PG-
and CRH-dependent and -independent mediators in con-
scious rats, their susceptibility to modification by AVP V1

receptor antagonist pretreatment, as well as the effectiveness
of both drugs in inhibiting either COX-1 and COX-2 activity
in cultured COS-7 cells or CRH release from isolated hypo-
thalami.

Materials and methods

Animals

Experiments were conducted using Male Wistar rats weighing 180–
200 g, housed at 24 ± 1°C under a 12:12 h light-dark cycle (lights on at

06:00 am) with free access to food and tap water. Each animal, includ-
ing the controls, was utilised for experimental procedures only once. 

Intracerebral cannula implantation

Animals were anaesthetised with sodium pentobarbitone (40 mg/kg,
intraperitoneally) and a stainless steel guide cannula (0.7 mm OD, 
10 mm long) was stereotaxically placed into the right lateral ventricle or
bilaterally into the ventral septal area [31] and fixed to the skull with
dental acrylic. All animals were treated with oxytetracycline hydrochlo-
ride (400 mg/kg) prior to the surgery, and the experiments were per-
formed one week later. After each experiment, the animal was anaes-
thetised as before, and the location of the cannula track was histologi-
cally verified. Animals showing misplaced or blocked cannulae or
abnormal patterns of weight gain were excluded from the study. 

Production of the pyrogenic factor (PFPF) from LPS-
stimulated macrophage monolayers

PFPF was prepared essentially as described previously [3]. Briefly, rats
received an intraperitoneal injection of 10 ml of 3% thioglycollate, and
peritoneal macrophages were harvested, 4 days later, using 10 ml of
RPMI 1640 medium (pH 7.4) containing 5 U/ml heparin, and incubat-
ed in culture dishes for 1 h at 37 °C. After washing with PBS, adherent
cells were stimulated with RPMI containing LPS (10 mg/ml) for 30 min
at 37 °C. The monolayers were then washed 3 times with PBS and incu-
bated with 5 ml of medium without LPS, for 1 h at 37 °C. The super-
natant was filtered through an Amicon YM30 or YM10 membrane. The
portion retained was resuspended in water and its protein content eval-
uated by spectrophotometry at 280 nm. The material was then
lyophilized and stored at –70 °C.

Temperature measurements

Body temperature was measured by inserting a thermistor probe (no.
402, Yellow Springs Instruments Co. Inc., Ohio, USA) 4 cm into the rec-
tum, for 1 min every 30 min for up to 4–6 h. During each temperature
measurement, the animal was picked up gently and held manually, but
was not removed from its home cage. This procedure was performed at
least twice on the day before the experiment to minimize changes sec-
ondary to handling. On the day of the experiment, the basal temperature
of each animal was determined four times at 30 min intervals before any
injections. Only animals displaying mean basal rectal temperatures
between 36.8 and 37.4 °C were selected for the study. All experiments
were conducted between 08.00 and 17.00 h in a temperature-controlled
room (28 ± 1°C).

Experimental protocols

LPS diluted in sterile saline was injected intravenously (i.v., into a tail
vein, 0.2 ml) at doses of 0.5 or 50 mg/kg. IL-1b (3.12 ng), TNF-a
(250 ng), IL-8 (100 ng), IL-6 (300 ng), PFPF (100 ng protein), PGE2 and
PGF2a (each at 250 ng), CRH (5 mg), arachidonic acid (50 mg) or arachi-
donic acid (0.5 mg) plus IL-1b (1 ng) were diluted in artificial cerebro-
spinal fluid (aCSF composition mmol/l: NaCl 138.6, KCl 3.35, CaCl2

1.26, NaHCO3 11.9) and injected i.c.v. (2 or 5 ml). Dipyrone (40, 120 or
360 mg/kg, diluted in sterile saline) or indomethacin (2 mg/kg, diluted
in tris(hydroximetyl)aminomethane-HCl; TRIS-HCl, pH 8.2) were
always injected intraperitoneally (i.p., 1 ml) 30 min before any treat-
ment. In the experiments using the AVP receptor antagonist,
indomethacin (8 mg/kg, i.p.) was injected immediately after that com-
pound, i.e., 2.5 h after the pyrogenic stimulus, as reported by Wilkinson
and Kasting [21]. All stimuli were injected between 10.00 and 11.00 h
to avoid circadian variations in responsiveness.



COX inhibition assays

Inhibition of COX activity was performed using COS-7 cells transfected
with the human cDNA for either COX-1 or COX-2. For the assays with
COX-1, the cells were transfected with the human cDNA in a pcDNAI
plasmid using lipofectamine, as previously described [32]. To increase the
expression of COX-2, the cells were infected with the vaccinia virus
VV:TF7-3 (provided by B. Moss, NIH) expressing the T7 RNA poly-
merase, as described in detail elsewhere [33]. Briefly, COS-7 cells were
used at 70% confluence in 6-well plates and were infected with VV:TF7-
3 at a multiplicity of infection of 3. After 1 h, the inoculum was removed
and the cells were washed once with PBS-M (phosphate-buffered saline
containing 1 mM MgCl2) and incubated for 5 h (37 °C, 5% CO2, humid-
ified) in Dulbecco’s modified Eagle’s medium (DMEM) containing DNA
(2 mg/well) complex with lipofectamine according to manufacturer’s
instructions. Cells were then maintained with 10% fetal bovine serum
(FBS) for 18 h at 37 °C, in humidified 5% CO2 ambient. Transient expres-
sion of COX-1 in pcDNAI was performed without pre-incubation with
the vaccinia virus. The supernatant was then removed and replaced by 
1 ml of HEPES buffer (110 mM NaCl, 1.1 mM KH2PO4, 4.7 mM KCl, 
5 mM D-Glucose anhydrous, 21 mM Hepes, pH 7.4) containing
indomethacin (0.1 mM) or different concentrations of dipyrone (1 mM to
10 mM). After a 45-min incubation period at 37 °C in humidified 5% CO2

ambient, arachidonic acid was added at a final concentration of 40 mM
and the supernatants were collected 20 min later and immediately stored
at –80 °C. PGE2 concentration in the supernatants was determined by
radioimmunoassay as previously described by Lora et al [32]. The anti-
serum used did not discriminate between PGE1 and PGE2. The sensitivi-
ty of the RIA is defined as the 50% intercept of a B/B0 standard curve
and was found to be 19 ng/ ml. Bound and free fractions were separated
by using dextran-coated charcoal and centrifugation. Results are from
three independent assays in duplicate and are expressed as percentage of
PGE2 concentration in the absence of inhibitors.

In vitro hypothalamic culture and CRH release

The in vitro hypothalamic culture was developed as described before
[3]. Briefly, male Wistar rats were killed by decapitation and their hypo-
thalami were rapidly dissected, in a laminar flow hood under aseptic
conditions, from adjacent brain structures (borders: posterior optic chi-
asm, anterior border of the mamillary bodies and lateral hypothalamic
sulci, and on the dorsal surface at the anterior commissure). The dis-
sected block, including the entire paraventricular nucleus, was placed
immediately into 0.2 ml of pyrogen-free RPMI 1640 medium contain-
ing 0.5% glucose gassed with 5% CO2 in O2, at 37 °C for 45 min. The
block was then transferred to fresh pre-equilibrated medium containing
either dipyrone (1 or 10 mM), indomethacin (0.1 mM) or dexametha-
sone (1 mM) for another 45 min, followed by an equal period in fresh
medium containing the same drug as before plus IL-1b (125 ng/ml). At
the end of the third 45-min incubation period, the supernatant was col-
lected for evaluation of CRH content. Control hypothalami were incu-
bated either with medium alone throughout all three periods, or medi-
um containing IL-1b only during the third period. To assess their via-
bility, each preparation was placed in medium containing 60 mM KCl
for a final 45-min period, at the end of which the supernatant was col-
lected and also assayed for CRH. Data from hypothalami showing no
release of CRH after KCl incubation were excluded from the study.

CRH antibodies (S6/BM)

These were provided by Dr. S. Poole (NIBSC, UK). The antibodies were
purified on DEAE-trisacryl from an antiserum raised against CRH (1–41)
conjugated to bovine serum albumin [34].

ELISA for CRH

96 well plates were coated with monoclonal CRH antibody (2 mg/ml,
clone 4H9, Biogenesis Inc., UK) and left at 4 °C for 16–24 h. This anti-

body was diluted in bicarbonate coating buffer (0.1 M NaHCO3, 0.1 M
NaCl, pH 8.2). Plates were then washed with wash/dilution buffer (0.5
M NaCl, 2.5 mM NaH2PO4, 7.5 mM Na2HPO4, 0.1% Tween 20), incu-
bated with 1% ovalbumin in coating buffer for a further 1 h at room tem-
perature and washed again. Samples (1:10) or standard (10 ng to 5 pg/
ml of rat/human CRH, NIBSC, UK), prepared in wash/dilution buffer,
were then added to the wells. After 16–24 h incubation at 4 °C, the
plates were washed and incubated for a further 1 h with biotinylated
antibody S6/BM 1:1000 in wash/dilution buffer containing 1% normal
sheep serum. After this period, the plates were washed and incubated
with avidin-HRP diluted 1:5000 in wash buffer for 30 min at room
temperature. Colour development was achieved using 1,2-phenylene-
diamine dihydrochloride orthophenylene diamine (OPD) standard
methodology. The absorbance at 492 nm of each well was measured by
a multiwell scanning spectrophotometer (Sigma – Resder II). The assay
showed no cross reactivity with sauvagine or urocortin up to 1mg/ml.

Reagents

Dipyrone was from Hoechst, Brazil; LPS from Escherichia coli
0111:B4, PGF2a , PGE2, arachidonic acid, PGE2 antiserum, d(CH2)5

Tyr(Me)AVP (V1 receptor antagonist), OPD, DMEM, DEAE-trisacryl
ovalbumin and sodium pentobarbitone were from Sigma Chem. Co., St.
Louis, USA. Other reagents were thioglycollate (Difco Laboratories,
Detroit, USA), RPMI (Gibco Laboratories, New York, USA), FBS (ICN
Biomedicals, Inc., Aurora, OH, USA), heparin (Liquemine®, Roche,
São Paulo, Brazil), yellow eosin (Merck S/A, Rio de Janeiro, Brazil),
dexamethasone (Decadronal®, Prodome, Campinas, Brazil),
indomethacin (a gift from Merck, Sharp & Dohme, São Paulo, Brazil),
avidin-HRP (Dako A/S, Denmark), oxytetracycline hydrocloride (Ter-
ramicina®, Pfizer, São Paulo, Brazil). Recombinant murine cytokines,
IL-1b (lot No. BN024121) and TNF-a (lot No. CS184) were from R &
D Systems Inc. Minneapolis, USA. Human recombinant IL-8, rat
recombinant IL-1b, rat recombinant IL-6, CRH antibodies (S6/BM),
and a-helical CRH9–41 were from NIBSC, Hertfordshire, UK.
[5,6,8,11,12,14,15(n)-3H]PGE2 was from Amersham Life Science Inc.,
Oakville, Ont., USA. Standard PGE2 was from Sigma Chemical Co., St.
Louis, MO, USA.

Statistical analysis

The baseline temperature before any injection was calculated for each
animal (mean of three measures). All subsequent temperatures were
expressed as changes from the basal value (DT) and are reported for the
group as mean ± standard error of the mean. For statistical significance
the data were analysed by one-way analysis of variance followed by
Tukey’s test. CRH concentrations are reported as ng/ml and were
analysed for statistical significance by one-way analysis of variance fol-
lowed by Bonferroni’s test. The minimum level of significance consid-
ered was p < 0.05.

Results

The febrile response to a high dose of LPS (50 mg/kg) was
dose-dependently inhibited by i.p. treatment with dipyrone,
at doses in excess of 40 mg/kg (Fig. 1A). The highest dose of
dipyrone tested (360 mg/kg), 30 min prior to LPS, not only
abolished fever, but clearly evoked an early hypothermic
response (–0.63 ± 0.11 °C, at 1.5 h, Fig. 1A). As shown in
Fig. 1B, dipyrone at 120 mg/kg also fully blocked the febrile
response to a low dose of LPS (0.5 mg/kg), without changing
basal rectal temperature. Therefore this dose of dipyrone was
selected for the remaining experiments.

When given 2.5 h after LPS (50 mg/kg, i.v.), dipyrone
(120 mg/kg, i.p.) or indomethacin (8 mg/kg, i.p.) each
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promptly and equieffectivelly reversed fever (Fig. 2). Con-
firming previous findings from Wilkinson and Kasting [17],
bilateral microinjection into the VSA of 0.5 mg of the AVP
V1-receptor antagonist, d (CH2)5Tyr(Me)AVP, simultaneous-
ly with indomethacin, fully abolished its antipyretic effect
(Fig. 2A). In sharp contrast, the V1-receptor antagonist failed
to modify the antipyretic effect of dipyrone (Fig. 2B). 

Fig. 3 shows that indomethacin (2 mg/kg) or dipyrone
(120 mg/kg), administered 30 min before i.c.v. injection of
either IL-1b (3.12 ng, A), IL-6 (300 ng, B) or TNF-a (250 ng,
C), each displayed significant antipyretic activities. How-
ever, dipyrone afforded greater inhibitions than indo-
methacin against fever induced by all three cytokines. For
example, dipyrone totally inhibited the IL-6-induced fever,
while indomethacin caused only about 30% inhibition
throughout the observation period.

Indomethacin (2 mg/kg) effectively blocked fever
induced by i.c.v. injection of arachidonic acid (50 mg), while
dipyrone was unable to change this response (Fig. 4A). The
i.c.v. injection of either IL-1b (1 ng) or arachidonic acid 
(0.5 mg) alone did not cause fever. However, when the low
dose of arachidonic acid was given 1.5 h after injection of the
low dose of IL-1b, a pronounced fever ensued, which was

blocked by pretreatment with indomethacin, but not dipyrone
(Fig. 4B).

When PGE2 (250 ng, i.c.v) was used to elicit fever, prior
treatment with either indomethacin or dipyrone failed to
modify the rather short-lived monophasic hyperthermic
response triggered by this prostanoid (Fig. 5A). In sharp con-
trast, dipyrone markedly reduced the late component of the
biphasic and long-lasting hyperthermic response to PGF2a
(250 ng, i.c.v.), but indomethacin was completely ineffective
in this regard (Fig. 5B). Likewise, dipyrone also markedly
inhibited fever triggered by IL-8 and PFPF (100 ng, i.c.v.),
whereas, confirming our previous findings [3, 5], indo-
methacin failed to modify the responses to these pyrogens
(Fig. 6A and B). On the other hand, neither indomethacin nor
dipyrone modified the long-lasting hyperthermic responses
to CRH1-41 (5 mg, i.c.v.; Fig. 6C).

As shown in Fig. 7, PGE2 production by COS-7 cells
transfected with either the hCOX-1 or the hCOX-2 gene was

Fig. 1. Antipyretic effect of dipyrone on fever induced by a high 
(50 mg/kg, A) and low (0.5 mg/kg, B) dose of LPS. Different doses of
dipyrone (DIP) or saline (SAL) were injected i.p. 30 min before intra-
venously injected LPS or SAL. Values represent the means ± SE mean
of the changes in rectal temperature (DT, °C) of 6–13 animals. Basal
rectal temperatures before treatment ranged between 36.8 and 37.2°C.
*p < 0.05 when compared to the saline-treated control group.

Fig. 2. Influence of the AVP V1-receptor antagonist d(CH2)5Tyr
(Me)AVP on the antipyretic effect of indomethacin (A) or dipyrone
(DIP, B) on fever induced by LPS (50 mg/kg, i.v.). Two and a half h 
after LPS (i.e., at arrows), either antagonist (ANT, 0.5 mg site) or aCSF
(0.5 ml site) was microinjected bilaterally into the VSA and the animals
treated, simultaneously, with either indomethacin (INDO, 8 mg/ kg;
i.p.), dipyrone (DIP, 120 mg/kg, i.p.) or their corresponding vehi-
cles [TRIS.HCl, pH 8.2 (TRIS) or sterile saline (SAL), respectively].
The values represent the means ± SE mean of the changes in rectal tem-
perature (DT, °C) observed in 5–7 animals. Basal rectal tempera-
tures before treatment ranged between 36.9 and 37.2 °C. *p < 0.05 
when compared to group treated with ANT plus INDO.
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very effectively and similarly inhibited by prior incubation
with a low concentration of indomethacin (0.1 mM; inhibi-
tion 80–85%). In sharp contrast, dipyrone only blocked
COX-1 activity significantly at 10 mM and, even at this very
high concentration, was unable to modify COX-2 activity.

Incubation of hypothalami with IL-1b (125 ng/ml)
evoked significant CRH secretion (about 90 ng/ml). Dipy-
rone (1 or 10 mM), indomethacin (0.1 mM) or dexametha-
sone (1 mM) reduced CRH secretion to levels not different
from that released by control hypothalami bathed in medium
alone (Fig. 8).

Discussion

Dipyrone has been used clinically as an analgesic and
antipyretic since 1922 [21]. Such actions have been ascribed
to its ability to inhibit synthesis of PGs by blocking COX [22,
28] and, indeed, it has been reported to effectively inhibit

Fig. 3. Effect of indomethacin or dipyrone on fever induced by IL-1b,
IL-6 or TNF-a. Rats received indomethacin (INDO, 2 mg/kg), or dipy-
rone (DIP, 120 mg/kg), or sterile saline (SAL) i.p. 30 min before i.c.v.
injection (5 ml) of IL-1b (3.12 ng, A), IL-6 (300 ng, B), TNF-a (250 ng,
C). Control animals received TRIS.HCl, pH 8.2 (TRIS) or SAL plus
aCSF. The values represent the means ± SE mean of the changes in rec-
tal temperature (DT, °C) observed in 5–11 animals. Basal rectal tem-
peratures before treatment ranged between 36.8 and 37.2 °C. #,*p < 0.05
when compared to the cytokine plus vehicle group.

Fig. 4. Effect of indomethacin or dipyrone on fever induced by arachi-
donic acid (AA) or AA plus IL-1b. Rats received indomethacin (INDO,
2 mg/kg), dipyrone (DIP, 120 mg/kg) or sterile saline (SAL) i.p. 30 min
before i.c.v. (2 ml) injection of AA (50 mg, A) or IL-1b plus an injection
of AA 1.5 h later (1 ng and 0.5 mg, respectively, B). Control animals
received SAL before one injection of aCSF (A) or two injections of
aCSF (B). The values represent the means ± s.e.mean of the changes in
rectal temperature (DT, °C) observed in 5–9 animals. Basal rectal tem-
peratures before treatment ranged between 36.9 and 37.3 °C. *p < 0.05
when compared to vehicle-treated group (SAL/AA or SA /aCS /IL-1b).
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COX activity in several cultured cell types [23–25]. How-
ever, if this were the sole mechanism underlying the anti-
pyretic action of dipyrone, it would be difficult to reconcile
its greater efficacy in inhibiting febrile responses over that of
other COX blockers [35] at doses which fail to display any
substantial anti-inflammatory activity [20]. In the present
study, we have compared the antipyretic effect of dipyrone
with that of indomethacin, a prototypical non-selective COX-
1/-2 blocker [16], in an attempt to detect effects of the former
which are not shared by the latter. 

We showed here that dipyrone (120 mg/kg) and
indomethacin (8 mg/kg) effectively inhibited the onset of
fever induced by systemic injection of a high dose of LPS
(Fig. 1A and 2A). Furthermore, dipyrone fully prevented the
monophasic febrile response to a low dose of LPS. Previous
studies have shown that indomethacin increases AVP levels
in the VSA [19], and that the antipyretic effect of
indomethacin (and of salycilate) can be blocked by prior
treatment with the V1-receptor antagonist d(CH2)5Tyr(Me)
AVP [17, 18]. Corroborating these findings, and strengthen-
ing the view that AVP constitutes an endogenous antipyretic,

Fig. 5. Effect of indomethacin or dipyrone on fever induced by PGE2

and PGF2a. Rats received indomethacin (INDO, 2 mg/kg), dipyrone
(DIP, 120 mg/kg) or their corresponding vehicles [TRIS.HCl, pH 8.2
(TRIS) or saline (SAL), respectively], i.p. 30 min before i.c.v. (5 ml,
each 250 ng) injection of PGE2 (A) or PGF2a (B) or aCSF . The values
represent the means ± SE mean of the changes in rectal temperature (DT,
°C) observed in 5–6 animals. Basal rectal temperatures before treat-
ment ranged between 36.9 and 37.3°C. *p < 0.05 when compared to
group treated with PGF2a plus saline.

Fig. 6. Effect of indomethacin or dipyrone on fever induced by PFPF,
IL-8 and CRH. Rats received indomethacin (INDO, 2 mg/kg); dipyrone
(DIP, 120 mg/kg) or sterile saline (SAL) i.p. 30 min before i.c.v. injec-
tion (5 ml) of IL-8 (100 ng, A), PFPF (100 ng protein, B), CRH (5 mg,
C). Control animals received TRIS.HCl, pH 8.2 (TRIS) or SAL plus
aCSF. The values represent the means ± SE mean of the changes in rec-
tal temperature (DT, °C) observed in 5–9 animals. Basal rectal temper-
atures before treatment ranged between 36.9–37.3°C. *p < 0.05 when
compared to group treated with vehicle.
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particularly during the early stages of fever [17–19], we
observed that bilateral microinjection of the V1-receptor
antagonist into the VSA indeed abolished the antipyretic
effect of indomethacin against ongoing LPS-induced fever.
In sharp contrast, we have found that the antipyretic effect 
of dipyrone was resistant to blockade by the V1-receptor an-
tagonist treatment. In this regard, dipyrone resembles ace-
taminophen, another very effective analgesic and antipyretic
compound which shows little anti-inflammatory activity [20,
36]. Acetaminophen does not trigger elevation of AVP levels
in VSA perfusates [19] and its antipyretic effect is insensitive
to V1 receptor antagonist treatment [18].

Like indomethacin, dipyrone also inhibited fever induced
by i.c.v. injection of IL-1b, IL-6 or TNF-a. The fever
induced by these cytokines depends importantly on enhanced
synthesis of PGs [1, 37]. Shimada et al [28] proposed that the
antipyretic action of dipyrone depends to a large extent on
blockade of central PG synthesis, because it fails to affect
fever induced by i.c.v. injection of PGE2 in the rat. Although
the present study confirms that dipyrone is ineffective
against PGE2-induced fever, as is also indomethacin, two
additional findings of our study do not fit the proposal of
Shimada et al [28]. Firstly, dipyrone abolished fever induced
by i.c.v. PGF2a , especially the late phase of the response,
whereas indomethacin was completely inert in this respect.
Secondly, indomethacin (at 0.1 mM) very effectively reduced
COX-1 and COX-2 activity (@ 80% inhibition) in COS-7
cells transfected with the corresponding human cDNA,
whereas dipyrone was only active against COX-1 at a
100,000-fold higher concentration (i.e. 10 mM) and com-
pletely failed to influence the activity of COX-2, the isoform
supposedly involved in febrile response [9, 37]. Since the
COX-blocking effects of dipyrone in vivo seem to be actual-
ly mediated by metabolites of the compound, such as 4-
methylaminoantipyrine and 4-aminoantipyrine [21], it could
be argued that the low sensitivity of COX-1 and COX-2 to
inhibition by dipyrone, seen in the current study, is due to the
inability of the transfected COS cells to generate these active

Fig. 7. Effects of indomethacin and dipyrone on COX-1 and COX-2
activities in COS-7 cells transfected with cDNA for hCOX-1 (filled
bars) or hCOX-2 (open bars). Each compound was added to the bathing
medium, at the concentrations indicated, 45 min before exposure to
arachidonic acid (40 mM). COX activity was assessed by measuring
PGE2 levels in the medium 20 min after arachidonic acid addition. Data
are expressed as mean ± SE mean percentages relative to respective
controls of 3 experiments.

Fig. 8. Effect of dipyrone, indomethacin and dexamethasone on IL-1 b-
induced CRH release by rat hypothalami. Rat hypothalami were pre-
pared under pyrogen-free conditions and preincubated with the drugs
(at indicated concentrations) and recombinant IL-1b. Control hypothal-
ami were treated only with the medium (C) or with the medium + IL-1b
(M). CRH was determined by ELISA in duplicates. Data are means 
± SE mean, n = 4–5. *value different from control medium; **values
different from untreated hypothalami incubated with IL-1b alone, 
p < 0.05.

metabolites. However, the difference of at least 5 orders of
magnitude in the COX-blocking potencies of indomethacin
and dipyrone we observed in our experiments would seem to
minimize such a possibility. Furthermore, our findings agree
well with reports that doses of dipyrone needed to promote
antipyresis (and analgesia) in vivo are much smaller than
those required to inhibit COX activity ex vivo [22, 38]. Nev-
ertheless, Abbate et al [39] found that, at concentrations
achieved within the therapeutic range of doses used in vivo,
dipyrone inhibited synthesis of PGE2 and TXA2 by isolated
neutrophils. The reasons for the discrepancies between the
results concerning COX inhibition by dipyrone in transfect-
ed COS-7 cells and neutrophils remain to be clarified.

If the antipyretic properties of dipyrone were the result of
COX inhibition, one would expect it to block fever induced
by centrally-injected arachidonic acid, which is supposedly
mediated via its conversion to PGs by the constitutive COX-
1 isoform and is sensitive to inhibition by indomethacin [40].
Indeed, we found that indomethacin effectively reduced this
response to arachidonic acid, but dipyrone was ineffective.
Furthermore, since i.c.v. injection of IL-1b induces COX-2
[37], we used this strategy to upregulate expression of this
inducible isoform in the brain and found that prior injection
of the cytokine, at a dose insufficient to cause fever alone,
markedly sensitized the animals to fever induced by a nor-
mally ineffective low dose of arachidonic acid. The fact that
this IL-1b-upregulated arachidonic acid-induced fever was
also found to be indomethacin-sensitive, but resistant to
blockade by dipyrone, strongly suggests that the latter does
not affect PG synthesis via COX-1 or COX-2 inhibition.
Moreover, a comparison between this result and the fever
caused by injection of a higher dose of IL-1b alone (Fig. 3),
which was effectively reduced by dipyrone, further substan-
tiates the view that the antipyretic effects of this compound
are unrelated to COX inhibition.

One of the putative COX-independent (indomethacin-
insensitive) targets for the antipyretic action of dipyrone is
the CRH system. The CRH antagonist a-helical CRH9-41 has



we have provided a scheme (Fig. 9; modified from Strjibos et
al. [47]) which outlines the putative targets of antipyretic
action of this drug within the fever mediator cascade. Besides
the various endogenous pyrogens studied here, several other
mediators have also been implicated in pyrogenesis, such as
bradykinin [48], endothelins [49] and nitric oxide [50].
Moreover, the latter seems to be involved in CRH release
induced by cytokines [51]. Hence, an understanding of the
positions of each of these mediators in the fever cascade may
contribute to explain the mechanism(s) of antipyretic action
of dipyrone. 

In conclusion, the results presented here show that
antipyresis induced by dipyrone in the rat differs consider-
ably from that caused by the typical non-selective COX
blocker indomethacin, in that it independs on release of AVP
or inhibition of PG synthesis. Such findings may help
explain the reported greater antipyretic efficacy of dipyrone
as compared to that displayed by most NSAIDs in humans.
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