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ABSTRACT—Calcitonin gene-related peptide (CGRP), a potent vasodilatory peptide present in central and peripheral

neurons, is released at inflammatory sites and inhibits several macrophage, dendritic cell, and lymphocyte functions. In the

present study, we investigated the role of CGRP in models of local and systemic acute inflammation and on macrophage

activation induced by lipopolysaccharide (LPS). Intraperitoneal pretreatment with synthetic CGRP reduces in approximately

50% the number of neutrophils in the blood and into the peritoneal cavity 4 h after LPS injection. CGRP failed to inhibit

neutrophil recruitment induced by the direct chemoattractant platelet-activating factor, whereas it significantly inhibited LPS-

induced KC generation, suggesting that the effect of CGRP on neutrophil recruitment is indirect, acting on chemokine

production by resident cells. Pretreatment of mice with 1 mg of CGRP protects against a lethal dose of LPS. The CGRP-

induced protection is receptor mediated because it is completely reverted by the CGRP receptor antagonist, CGRP 8-37.

The protective effect of CGRP correlates with an inhibition of TNF-a and an induction of IL-6 and IL-10 in mice sera 90 min

after LPS challenge. Finally, CGRP significantly inhibits LPS-induced TNF-a released frommouse peritoneal macrophages.

These results suggest that activation of the CGRP receptor on macrophages during acute inflammation could be part of the

negative feedback mechanism controlling the extension of acute inflammatory responses.
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INTRODUCTION

Calcitonin gene-related peptide (CGRP) is a 37-amino acid
neuropeptide, localized in central and peripheral nerve system
neurons (1, 2). CGRP, a potent microvascular vasodilator, is
found in sensory unmyelinated C fibers and perivascular fibers
terminations in virtually all vascular beds, suggesting a role for
this peptide in local and systemic regulation of the blood flow
(3). Receptors for CGRP are present in several cell types,
including those from the immune system (4, 5). Negative
regulatory effects of CGRP on the immune system were
observed and include the inhibition of T cell proliferation by
mitogen stimulation (6, 7), inhibition of IFN-g-induced super-
oxide production by macrophages (8), inhibition of antigen
presentation by macrophage and Langerhans cells (9, 10), and
the increase of Leishmania major infection in mice (11).

Macrophages play a critical role in the response to a variety
of pathogens and in inflammatory responses, and participates
in several aspects of the body’s homeostasis. The systemic
inflammatory syndrome, triggered by several agents including
gram-negative bacterial infections or by their cell wall
component lipopolysaccharide (LPS), is characterized by an
overproduction of proinflammatory cytokines by activated

macrophages. TNF-a is able to reproduce the in vivo response
to LPS, and its neutralization reduces lethality in experimental
models (12). The events downstream of macrophage activation
by LPS or TNF-a include neutrophil activation and extrava-
sation, coagulopathy, increase of vascular permeability, shock,
multiorgan failure, and eventually death. The role of vasoactive
peptides, including neuropeptides, in the systemic inflamma-
tory syndrome is still largely unknown. Some studies suggest
a deleterious effect of vasoactive peptides in models of
endotoxemia, including substance P (13), bradykinin (14),
and endothelin (15). Furthermore, the disruption of the neutral
endopeptidase gene by homologous recombination in mice
induces an increase in the susceptibility to LPS (16). Neutral
endopeptidase is a methaloprotease involved in the cleavage of
bioactive peptides such as takikinins, enkefalins, bombesin-like
peptides, endothelin, and atriopeptin. In contrast, some
vasoactive peptides might have anti-inflammatory properties
during endotoxemia. Indeed, we have previously shown that
ligands of the pituitary adenylate cyclase-activating poly-
peptide type I receptor, such as pituitary adenylate cyclase-
activating polypeptide 38 and the sand fly saliva peptide
maxadilan, inhibit TNF-a production from macrophages and
protect mice against lethal endotoxemia (17, 18).

Because CGRP has several inhibitory effects on macrophage
activation, in the present study, we analyzed the effects of this
neuropeptide on macrophage responses after LPS treatment
in vivo and in vitro. Here, we show that CGRP inhibits local and
systemic acute inflammation and reduces LPS-induced TNF-a
production by mouse peritoneal macrophages.
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MATERIALS AND METHODS

Animals
Six to 8-week-old BALB-c mice were purchased from Charles River

Laboratories (Boston, MA), and were housed at the Department of Public Health,
Harvard School of Public Health animal facility. Eight-week-old CBA mice were
raised and housed at the Fundacxão Oswaldo Cruz animal facility. Protocols were
approved by the Harvard School of Public Health and the Oswaldo Cruz Institute’s
Animal Welfare Committee.

Reagents
LPS from Escherichia coli serotype 0111: B4, thioglycollate, platelet-activating

factor (PAF), synthetic rat CGRP, and synthetic human receptor antagonist CGRP
8-37 were purchased from Sigma Chemical Co. (St. Louis, MO). All the reagents used
contained <10 pg/mg endotoxin, measured by Limulus assay from BioWhittaker
(Walkersville, MD).

Murine models of endotoxemia and treatments
Two in vivo models of endotoxemia were performed in mice, one using a low

dose of LPS (0.25 mg) to analyze leukocyte recruitment, and the other using a high
dose of LPS (500 mg) to study survival and plasma cytokine levels upon treatment
with CGRP and/or CGRP receptor antagonist. Mice were injected i.p. with 200 mL
of LPSg diluted in sterile saline. Control animals received equal volumes of saline.
Groups of mice were pretreated with an i.p injection of indicated amounts of CGRP
(1.0, 1 3 1022, 1 3 1024, and 1 3 1026 mg/cavity) or CGRP 8-37 (2.0 mg/cavity)
dissolved in 200 mL of phosphate-buffered saline (PBS) or PBS control. After
30 min, mice were injected with 0.25 mg of LPS for cell counting determination. The
dose of g500mg was consistently the LD 90-100 for the two batches of LPS used and
the two mice strains (data not shown). All mice challenged with 500 mg of LPS
appeared acutely ill and displayed lethargy, piloerection, shivering, and diarrhea.
Survival was assessed every day for a total of 6 days. In endotoxic shock
experiments, mice were pretreated with 1 mg of synthetic CGRP or CGRP 8-37
(2 mg/cavity) dissolved in 200 mL of PBS or with the same volume of PBS in the
control groups, and after 2 hours, 500 mg of LPS was also injected i.p.

Cell counting
At 4 h of LPS (0.25 mg) or PAF (1 mg) injection, animals were sacrificed in a CO2

gas chamber, blood was collected by cardiac puncture, and the peritoneal cavity
washed with 1 mL of PBS. The peritoneal wash was recovered and the volume was
measured in a graduated syringe. Peritoneal wash and blood aliquots were collected
and diluted in Turk solution (2% acetic acid) for total leukocyte count in Neubauer
chambers. Neutrophil numbers were determined by differential cell counts from
cytospin slide preparations stained by May-Grunwald-Giemsa method.

Cytokine measurements
Plasma samples and peritoneal fluid from experimental animals were obtained at

90 min after LPS (500 mg/cavity) administration. Blood was collected by cardiac
puncture after CO2 euthanasia in tubes containing 50mL of 3.2% sodium citrate. The
plasma fraction was separated from the cellular components by centrifugation at
800g for 10 min and was stored at 270�C. Peritoneal fluid was obtained after
washing the peritoneal cavity with 3 mL of PBS and was centrifuged at 2100 rpm for
10 min at 10�C before storage at 270�C. TNF-a, IL-6, macrophage inflammatory
protein (MIP)-1a, KC, and IL-10 levels were measured by enzyme-linked
immunoabsorbant assay (ELISA) using DuoSet kit from R&D Systems (Minne-
apolis, MN).

Macrophage cultures
To obtain peritoneal macrophages, mice were injected with 2 mL of sterile 3%

thioglycollate in saline i.p., and after 4 days, peritoneal lavage was performed using
10 mL of cold Hanks’ balanced salt solution. After two washes with Hanks’
balanced salt solution, the cells were resuspended in Dulbecco’s modified Eagle’s
medium supplemented with 10% fetal calf serum, and plated in 24-well tissue
culture plates at 2 3 106 per well in 1 mL. After 2 h of incubation at 37�C,
nonadherent cells were removed by two washes with culture medium. This adherent
population is 95% Mac-1+ cells. Macrophages were then treated as described in the
text or figure legends, and cell-free supernatants were frozen for subsequent cytokine
measurement as described above.

Statistical analysis
Data were analyzed for significance using a nonpaired Student t test. Log-rank

tests were used for comparisons of mortality rates. All data are expressed as mean �
SEM. Data with P < 0.05 were considered significant.

RESULTS

CGRP inhibits blood neutrophilia and neutrophil
recruitment into the peritoneal cavity in a model
of local acute inflammation induced by LPS

Injection of LPS into the peritoneal cavity of rodents induces
an acute response characterized by blood neutrophilia and local
neutrophil accumulation (19). In this model, resident macro-
phages release inflammatory mediators responsible for the
mobilization of neutrophils from the bone marrow and their
recruitment to the site of inflammation (20, 21). Intraperitoneal
treatment with different doses of synthetic CGRP (1, 13 1022,
1 3 1024, and 1 3 1026 mg/mL) 30 min before LPS injection
caused a dose-dependent and statistically significant inhibition
of neutrophil accumulation into the peritoneal cavity at 4 h
(Fig. 1). As shown in Figure 2A, the receptor antagonist CGRP
8-37 (2 mg/cavity), completely prevented the CGRP-induced
inhibition of LPS-induced neutrophil accumulation into the
peritoneal cavity, although it had no effect on its own. This result
indicates that CGRP inhibits neutrophil migration induced by
LPS through activation of the CGRP receptor. Similarly,
pretreatment with CGRP (1 mg/cavity) caused an inhibition of
neutrophil accumulation to the peritoneal cavity after 4 h of
thioglycollate instillation (data not shown). Interestingly, CGRP
treatment significantly inhibited the increase in KC levels
observed 90 min after LPS injection (Fig. 2B) and showed
a trend toward inhibition of MIP-1a, although this result did not
reach statistical significance (from 189.85 � 93.02 pg/mL in
LPS-injected animals to 120.40 � 72.64 pg/mL in CGRP-treated
animals). Treatment with CGRP (1 mg/cavity) also inhibited
LPS-induced blood neutrophilia (Fig. 2C). Of note, at this dose,
CGRP 8-37 fail to inhibit blood neutrophilia induced by LPS.

LPS induces PAF production in vivo and in vitro, and this lipid
is an important trigger of inflammation and injury. Systemic
administration of PAF to animals causes shock and bowel injury,
and the effects of PAF and LPS are synergistic (22). Most of the
adverse effects of PAF in vivo are dependent on the activation of
polymorphonuclear neutrophils. Moreover, LPS-induced neutro-
phil recruitment depends on PAF (23). Treatment with CGRP
does not inhibit PAF-induced peritoneal neutrophil accumulation

FIG. 1. CGRP dose dependently inhibits the neutrophil accumulation
induced by LPS. Mice were pretreated with CGRP (1, 1 3 1022, 1 3 1024,
13 1026 mg/cavity) and 30 min after were injected i.p. with 250 ng/cavity LPS.
After 4 h, the peritoneal lavage fluid was obtained and used for total and
differential cell count. A group of animals receiving an i.p. injection of saline
(SAL) was used as control. Results are expressed as mean � SEM from at
least five animals. An asterisk denotes statistically significant differences
when compared with control, and + indicates statistically different from
LPS + vehicle group (LPS + PBS).
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(Fig. 3). This result indicated that CGRP inhibition of LPS-induced
neutrophil accumulation is probably independent of any direct
interference with the ability of PAF to induce neutrophil influx.

CGRP protects mice from lethal endotoxemia through
activation of its receptor

Lethal endotoxemia was induced in groups of 10 mice by an
i.p. injection of LPS (500 mg/mouse). Pretreatment with CGRP
(1 mg/mouse) significantly blocked LPS-induced death (Fig. 4).
CGRP was effective in protecting mice when the animals
were treated between 6 h and 30 min before the lethal
challenge, however, no protection was observed when mice
received simultaneous treatment with CGRP and LPS, or when
CGRP was used after LPS challenge (data not shown). CGRP-
treated animals still exhibited signs of endotoxemia after LPS
treatment, including piloerection, shivering, and lethargy, even
though these signs were milder compared with the LPS-treated
controls. To characterize whether the protective effect of CGRP
was receptor mediated, animals were treated with CGRP in the
presence or absence of the CGRP competing receptor antag-
onist, CGRP 8-37 (2 mg). Cotreatment with CGRP 8-37 and
CGRP 2 h before LPS injection prevented the CGRP-induced
protection to a lethal dose of LPS (Fig. 4).

CGRP inhibits TNF-a serum levels and enhances
IL-6 and IL-10 levels

Previous studies (23, 24) suggest that the protective effect of
CGRP could be related to an inhibition of proinflammatory
cytokines or an induction of cytokines with anti-inflammatory
properties. Because TNF-a is an essential mediator in the
pathophysiology of the endotoxic shock, we wished to
determine the effect of CGRP on serum TNF-a levels after
LPS challenge. Pretreatment with CGRP reduced by 70% the
LPS-induced increase in serum levels of TNF-a compared with
the PBS-treated controls (Fig. 5A). IL-6 is considered to be an
important marker for the inflammatory response, and a corre-
lation between serum IL-6 levels and outcome in clinical as
well as in experimental sepsis was observed (25). Interestingly,
pretreatment with CGRP causes a 3-fold increase in IL-6 serum
levels 90 min after LPS challenge compared with the control
(Fig. 5B). IL-10 is a potent anti-inflammatory cytokine that
inhibits LPS-induced TNF-a release in vitro and in vivo,
protecting experimental animals against lethal endotoxemia
(26). Analysis of IL-10 serum levels 90 min after LPS
challenge revealed a marked increase in the CGRP-treated
group compared with the PBS-treated control group (Fig. 5C).

CGRP inhibits LPS-induced TNF-ag production
by macrophages

Because CGRP affects several macrophage functions and
modulates the concentrations of TNF-a, IL-6 and IL-10 in the

FIG. 2. (A) CGRP receptor antagonist reverts the inhibitory effect of
CGRP on LPS-induced neutrophil accumulation into the peritoneal
cavity. Mice were pretreated with CGRP (1 mg/cavity) or with CGRP and
CGRP 8-37 (2 mg/cavity) and 30 min after were injected i.p. with 250 ng/cavity
LPS. After 4 h, the peritoneal lavage fluid was obtained and used for total and
differential cell count. A group of animals receiving an i.p. injection of saline
(SAL) was used as control. Results are expressed as mean � SEM from at
least five animals. (B) CGRP treatment inhibited the increase in KC observed
in the peritoneal fluid 90 min after LPS injection. Results are expressed as
mean � SEM from seven animals. (C) CGRP inhibits blood neutrophilia
induced by LPS. A blood sample was obtained from animals receiving saline,
LPS, or CGRP (1 mg/cavity) + LPS 4 h after challenge and total and differential
leukocyte counts were performed as described in ‘‘Materials and Methods.’’
Results are expressed as mean � SEM from at least five animals. An asterisk
denotes statistically significant differences when compared with control,
and +) indicates statistically different from LPS + vehicle group (LPS + SAL).

FIG. 3. CGRP fails to inhibit PAF-induced neutrophil accumulation.
Mice were injected with PAF (1 mg/cavity) or CGRP (1 mg/cavity) + PAF and
4 h later, the peritoneal lavage fluid was obtained and used for total and
differential cell count. A group of animals receiving an i.p. injection of saline
(SAL) was used as control. Results are expressed as mean � SEM from at
least five animals. An asterisk denotes statistically significant differences
when compared with control.

FIG. 4. CGRP reduces mortality in endotoxic shock through in-
teraction with its receptor. Groups of 10 animals were injected in-
traperitoneally with LPS (500 mg/cavity), LPS + CGRP (1 mg/cavity), or
CGRP 8-37 (2 mg/cavity) + CGRP + LPS. A group of animals receiving an i.p.
injection of saline (SAL) was used as control. Mortality was recorded for
6 consecutive days. An asterisk denotes statistically significant differences
(log-rank test) when compared with control (LPS + PBS).
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sera of endotoxemic mice, we determined the effects of CGRP
on LPS-induced cytokine release by macrophages in culture.
Thioglycollate-elicited mouse peritoneal macrophages were
pretreated with increasing concentrations of CGRP for 2 h,
followed by LPS treatment (500 ng/mL) for an additional 4 h.
As shown in Table 1, CGRP inhibited LPS-induced TNF-a
secretion, while it enhanced IL-10 as measured by ELISA in
cell-free culture supernatants. The effect of CGRP on macro-
phages was reverted by its receptor antagonist CGRP8-37.

DISCUSSION

Several vasoactive neuropeptides and humoral peptides are
known to have potent proinflammatory properties during acute
and chronic inflammation, including endotoxic shock. The
results presented here demonstrate that the vasoactive neuro-
peptide CGRP has anti-inflammatory properties in vivo,
inhibiting neutrophil influx into the peritoneal cavity and in
the blood 4 h after LPS, and protecting mice against lethal
endotoxemia. The protection induced by CGRP is receptor
mediated because it was blocked by the specific CGRP receptor
antagonist, CGRP 8-37. This protective effect of CGRP
correlates with a potent inhibition of TNF-a and an induction
of IL-6 and IL-10 in the sera 90 min after LPS challenge.
The proinflammatory cytokine TNF-a is an essential mediator
of endotoxic shock and its neutralization with antibodies or
the reduction of secretion results in a protective effect in several
models of endotoxemia (12). It is well documented that

treatment with recombinant IL-10 protects mice against
LPS-induced lethality, while it decreases the release of
several proinflammatory cytokines including TNF-a in vitro
and in vivo (26). Furthermore, endogenous IL-10 controls the
magnitude of the inflammatory response during endotoxemia
because its neutralization by specific antibodies or gene
deletion by homologous recombination potentiates TNF-a
production and increases LPS-induced lethality. The role of IL-6
is less clear because this cytokine displays pro- and anti-
inflammatory activities. In this context, our results suggest that
the induction of IL-6 and IL-10 by CGRP could be involved
in the observed reduction of TNF-a induced by LPS even
though the absolute levels of IL-6 were not extremely high,
probably because of the time point chosen to analyze the samples.

It has been previously shown that CGRP inhibits several
macrophage and Langerhans cell functions and increases the
infection of the obligatory intracellular protozoan parasite
L. major (6–11). These inhibitory effects of CGRP are in keeping
with our results showing inhibition of LPS-induced TNF-a by
CGRP on macrophages. The mechanism whereby CGRP
affects macrophage functions, including the observed inhi-
bition of TNF-a, was not fully investigated. However, it is
well documented that CGRP is a potent inductor of cAMP in
several cell types, including macrophages (27, 28). Because the
increase of cAMP on macrophages is associated with inhibition
of LPS-induced TNF-a (29), it is possible that the observed
effect of CGRP onmacrophages involves stimulation of adenylate
cyclase and intracellular increase of cAMP. Interestingly,
the vasoactive neuropeptide substance P that colocalizes with
CGRP in several sensory neurons, stimulates secretion of
TNF-a, IL-1, and IL-6 from human monocytes, and enhances
TNF-a by LPS-stimulated neuroglial cells (30).

Leukocyte activation and migration to tissues is a critical
step in the inflammatory process and in host defense. However,
excessive accumulation of leukocytes, especially neutrophils,
is considered important in the pathogenesis of endotoxemia
(31, 32). In fact, depletion of neutrophils protects mice from
endotoxic shock (33). In experimental inflammatory reactions
in rabbit skin, CGRP acts synergistically with C5a, LTB4,
PAF, FMLP, and IL-1, increasing edema and neutrophil

FIG.5. CGRP reduces serum levels of TNF-a, whereas it increases IL-6
and IL-10 after LPS challenge. Mice (four per group) were pretreated with
PBS or CGRP (1 mg/cavity) and challenged with LPS (500 mg/cavity). After
90 min, blood samples were collected by cardiac puncture and TNF-a (A), IL-6
(B), and IL-10 (C) serum concentrations were determined by ELISA. Each
column is the mean from four animals with SEM indicated by a vertical line. An
asterisk denotes statistically significant differences when compared with control.

TABLE 1. CGRP inhibits TNF-a production and increases IL-10 levels

induced by LPS-stimulated macrophages in vitro1

Cytokines (ng/mL) CGRP (ng/mL) LPS LPS + CGRP 8-37

TNF-a

0 7.29 � 1.73 –

0.1 10.84 � 2.65 –

1 5.92 � 1.24 8.70 � 1.71

IL-10

0 1.91 � 0.21 –

0.1 1.85 � 0.25 –

1 2.57 � 0.47 1.93 � 0.41

1Thioglycollate-elicited peritoneal macrophages were pre-incubated with
different concentrations of CGRP (0.1 or 1 ng/mL) for 2 hours, in the
present or not of CGRP 8-37 (20 ng/mL) LPS (500 ng/mL) was added for
an additional 4 or 24 hours for TNF-a and IL-10 detection, respectively
by ELISA. Values in PBS stimulated macrophages were (0.06 � 0.01)
in TNF-a levels and (0.79 � 0.08) in IL-10 levels. Data are expressed
as mean � SEM from triplicates of one representative experiment out
of tree experiments with similar results.
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accumulation (34). Interestingly, in the present study, we
observed anti-inflammatory effects of CGRP in models of
acute peritonitis, reducing the neutrophil recruitment induced
by treatment with LPS or thioglycollate, but not by PAF. These
results suggest that the effect of CGRP on neutrophil
recruitment is indirect, probably on cytokine and chemokine
production by resident cells such as macrophages. In fact, we
have measured the levels of two neutrophil chemotactic
proteins, KC and MIP-1a, in the peritoneal fluid 90 min after
LPS stimulation and observed that pretreatment with CGRP
significantly reduced the levels of KC.

The synergistic effect of CGRP in combination with several
inflammatory agents on edema formation and neutrophil
recruitment in the skin suggest that in these models, the
vasodilatory effect of CGRP is more important then its
observed inhibitory effect on macrophage activation. It should
also be mentioned that the strong potentiating effect of CGRP
on neutrophil accumulation induced by IL-1 in the skin was
obtained when the neuropeptide was injected 1 h after the
inflammatory stimuli (35).

The protective effect of CGRP is possibly related to the ability
of this peptide to reduce macrophage activation, including the
inhibition of TNF-a secretion and of neutrophil chemotactic
protein generation (KC) as well as to the reduction of neutrophil
mobilization and migration. These effects could be related, at
least in part, to its ability to induce IL-10 in vivo. The anti-
inflammatory effects of CGRP compare with the proinflamma-
tory effects of substance P, bradykinin, and endothelin, and
suggest that different vasoactive peptides could participate in
opposite ways on macrophage activation during local and
systemic acute inflammation, and possibly bacterial sepsis.

ACKNOWLEDGMENTS

The authors thank the FAPERJ, CNPq, and PRONEX/MCT for financial support.
P.T.B. is an International Scholar from Howard Hughes Medical Institute.

REFERENCES

1. Amara SG, Jonas V, Rosenfeld MG, Ong ES, Evans RM: Alternative processing
in calcitonin gene expression generates mRNAs encoding different polypeptide
products. Nature 298:240–244, 1982.

2. Gibbins IL, Furness JB, Costa M, MacIntyre I, Hillyard CJ, Girgis S: Co-
localization of calcitonin gene-related peptide-like immunoreactivity with
substance P in cutaneous, vascular and visceral sensory neurons of guinea-pig.
Neurosci Lett 57:125–130, 1985.

3. Lundberg JM, Franco-Cereceda A, Hua X, Hokfelt T, Fischer JA: Co-existence
of substance P and calcitonin gene-related peptide-like immunoreactivities in
sensory nerves in relation to cardiovascular and bronchoconstrictor effects of
capsaicin. Eur J Pharmacol 108:315–319, 1985.

4. Umeda Y, Arisawa M: Characterization of the calcitonin gene-related peptide
receptor in mouse T lymphocytes. Neuropeptides 14:237–242, 1989.

5. McGillis JP, Humphreys S, Reid S: Characterization of functional calcitonin
gene-related peptide receptors on rat lymphocytes. J Immunol 147:3482–3489,
1991.

6. Umeda Y, Takamiya M, Yoshizaki H, Arisawa M: Inhibition of mitogen-
stimulated T lymphocyte proliferation by calcitonin gene-related peptide.
Biochem Biophys Res Commun 154:227–235, 1988.

7. Boudard F, Bastide M: Inhibition of mouse T-cell proliferation by CGRP and
VIP: effects of these neuropeptides on IL-2 production and cAMP synthesis.
J Neurosci Res 29:29–41, 1991.

8. Nong YH, Titus RG, Ribeiro JMC, Remold HG: Peptides encoded by the
calcitonin gene inhibit macrophage function. J Immunol 143:45, 1989.

9. Hosoi J, Murphy GF, Egan CL, Lerner EA, Grabbe S, Asahina A, Granstein RD:
Regulation of Langerhans cell function by nerves containing calcitonin gene-
related peptide. Nature 363:159–163, 1993.

10. Asahina A, Moro O, Hosoi J, Lerner EA, Xu S, Takashima A, Granstein RD:
Specific induction of cAMP in Langerhans cells by calcitonin gene-related peptide:
relevance to functional effects. Proc Natl Acad Sci USA 92:8323–8327, 1995.

11. Theodos CM, Ribeiro JMC, Titus RG: Analysis of enhancing effect of sand fly
saliva on Leishmania infection in mice. Infect Immun 59:1592–1598, 1991.

12. Beutler B,Milsark IW, Cerami AC: Passive immunization against cachectin/tumor
necrosis factor protects mice from the lethal effect of endotoxin. Science 229:
869–871, 1985.

13. Arnalich F, Sanchez JF, Martinez M, Jimenez M, Lopez J, Vazquez JJ, Hernanz A:
Changes in plasma concentrations of vasoactive neuropeptides in patients with
sepsis and septic shock. Life Sci 56:75–81, 1995.

14. Christopher TA, Ma XL, Gauthier TW, Lefer AM: Beneficial actions of CP-
0127, a novel bradykinin receptor antagonist in murine traumatic shock. Am
J Physiol 266:H867–H873, 1994.

15. Fleming I, Dambracher T, Busse R: Endothelium-derived kinins account for the
immediate response of endothelial cells to bacterial lipopolysaccharide.
J Cardiovasc Pharmacol 12:S135–S138, 1992.

16. Lu B, Gerard NP, Kolakowski LF, Bozza M, Zurakowski D, Finco O, Carrol
MC, Gerard C: Neutral endopeptidase modulation of septic shock. J Exp Med
181:2271–2275, 1995.

17. Soares MB, Titus RG, Shoemaker CB, David JR, Bozza M: The vasoactive
peptide maxadilan from sand fly saliva inhibits TNF-a and induces IL-6 by
mouse macrophages through interaction with the pituitary adenylate cyclase-
activating polypeptide (PACAP) receptor. J Immunol 160:1811–1816, 1998.

18. Bozza M, Soares MB, Bozza PT, Satoskar AR, Diacovo TG, Brombacher F,
Titus RG, Shoemaker CB, David JR: The PACAP-type I receptor agonist
maxadilan from sand fly saliva protects mice against lethal endotoxemia by
a mechanism partially dependent on IL-10. Eur J Immunol 28:3120–3127, 1998.

19. Holmes MC, Zhang P, Nelson S, Summer WR, Bagby GJ: Neutrophil
modulation of the pulmonary chemokine response to lipopolysaccharide. Shock
18:555–560, 2002.

20. Larangeira AP, Silva AR, Gomes RN, Penido C, Henriques MG, Castro-Faria-
Neto HC, Bozza PT: Mechanisms of allergen- and LPS-induced bone marrow
eosinophil mobilization and eosinophil accumulation into the pleural cavity:
a role for CD11b/CD18 complex. Inflamm Res 50:309–316, 2001.

21. Bozza PT, Castro-Faria-Neto HC, Silva AR, Larangeira AP, Silva PM, Martins
MA, Cordeiro RS: Lipopolysaccharide-induced pleural neutrophil accumulation
depends on marrow neutrophils and platelet-activating factor. Eur J Pharmacol
270:143–149, 1994.

22. Bulger EM, Arbabi S, Garcia I, Maier RV: The macrophage response to
endotoxin requires platelet activating factor. Shock 17:173–179, 2002.

23. Peng J, Xiao J, Ye F, Deng HW, Li YJ: Inhibition of cardiac tumor necrosis
factor-a production by calcitonin gene-related peptide-mediated ischemic
preconditioning in isolated rat hearts. Eur J Pharmacol 407:303–308, 2000.

24. Monneret G, Pachot A, Laroche B, Picollet J, Bienvenu J: Procalcitonin and
calcitonin gene-related peptide decrease LPS-induced TNF production by
human circulating blood cells. Cytokine 12:762–764, 2000.

25. Remick DG, Bolgos GR, Siddiqui J, Shin J, Nemzek JA: Six at six: interleukin 6
measured 6 h after the initiation of sepsis predicts mortality over 3 days. Shock
17:463–467, 2002.

26. Howard M, Muchamuel T, Andrade S, Menon S: Interleukin 10 protects mice
from lethal endotoxemia. J Exp Med 177:1205–1208, 1993.

27. Liu J, ChenM,WangX: Calcitonin gene-related peptide inhibits lipopolysaccharide-
induced interleukin-12 release from mouse peritoneal macrophages, mediated
by the cAMP pathway. Immunology 101:61–67, 2000.

28. Torii H, Hosoi J, Asahina A, Granstein RD: Calcitonin gene-related peptide and
Langerhans cell function. J Investig Dermatol Symp Proc 2:82–86, 1997.

29. Feng Y, Tang Y, Guo J, Wang X: Inhibition of LPS-induced TNF-a production
by calcitonin gene-related peptide (CGRP) in cultured mouse peritoneal
macrophages. Life Sci 97(61):PL281–PL287, 1997.

30. Luber-Narod J, Kage R, Leeman SE: Substance P enhances the secretion of
tumor necrosis factor-a from neuroglial cells stimulated with lipopolysaccha-
ride. J Immunol 152:819, 1994.

31. Wagner JG, Roth RA: Neutrophil migration during endotoxemia. J Leukocyte
Biol 66:10–24, 1999.

32. Movat HZ, Cybulsky MI, Colditz IG, Chan MKW, Dinarello CA: Acute
inflammation in gram-negative infection: endotoxin, interleukin 1, tumor
necrosis factor, and neutrophils. FASEB J 46:97, 1997.

33. Whorthen GS, Haslett C, Smedly LA, Rees AJ, Gumbay RS, Henson JE,
Henson PM: Lung vascular injury induced by chemotactic factors: enhancement
by bacterial endotoxins. FASEB J 45:7, 1986.

34. Brain SD, Williams TJ: Inflammatory oedema induced by synergism between
calcitonin gene-related peptide (CGRP) and mediators of increased vascular
permeability. Br J Pharmacol 86:855, 1985.

35. Buckley TL, Brain SD, Collins PD, Williams TJ: Inflammatory edema induced
by interactions between IL-1 and the neuropeptide calcitonin gene-related
peptide. J Immunol 146:3424, 1991.

594 SHOCK VOL. 24, NO. 6 GOMES ET AL.


