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ABSTRACT
PURPOSE: To investigate the neuropeptides substance P (SP) and calcitonin gene-related peptide (CGRP) after subcutaneous injection 
of dexamethasone prior to skin incision in rats. 
METHODS: Twenty seven Wistar-EPM-1 rats were randomly divided into three groups. The sham group (SG) of rats was injected with 
0.9 % saline. The second group (Dexa) was injected with 1.0 mg/kg dexamethasone, and the third group (Dexa+) was injected with 10.0 
mg/kg dexamethasone. In all groups, the three subcutaneous injections were performed 30 minutes prior to the surgical skin incision and 
tissue collection. SP and CGRP (15 kDa pro-CGRP and 5 kDa CGRP) were quantified by Western Blotting. 
RESULTS: No statistically significant differences (p>0.05) were found in pro-CGRP, CGRP and SP values in all three groups. 
CONCLUSION: The anti-inflammatory effect of dexamethasone did not occur when the substance P and calcitonin gene-related 
peptide levels were altered during the neurogenic inflammation process of skin wound healing in rats.
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Introduction

The sensory and autonomic nerve fibers of the skin 
have trophic and immuno modulatory properties that contribute 
to homeostasis and the wound healing process. Neurogenic 
inflammation is a tissue reaction associated with acute conditions 
in wound repair. It comprises a series of vascular and non-
vascular inflammatory responses, triggered by the sympathetic 
activation of nociceptive nerve fibers A-Delta and C1-4 and the 
subsequent release of inflammatory neuropeptides, including 
substance P (SP) and calcitonin gene-related peptide (CGRP), 
among others5. In the skin, the neurogenic inflammation 
increases the blood flow, allowing the formation of edema and 
the exudation of plasma proteins. Primary lesions are described 
as erythematous papules or plaques with a pale center (wheal) 
and surrounding erythema (flare).

Substance P is one of the most potent vasodilators that 
releases nitric oxide from the endothelial cells. It activates the 
mast cells6, increases the production of histamine, leukotrienes 
and tumor necrosis factor-alpha (TNF-alpha); it also activates 
the endothelial cells7,8 so that they increase the expression of 
intercellular adhesion molecule-1  (ICAM-1), vascular cell 
adhesion molecule-1 (VCAM-1) and interleukin (IL); and it up-
regulates the production of IL-1 and IL-8 in keratinocytes. SP is 
chemotactic in T cells, it increases the proliferation and function of 
T and B cells, induces the expression of IL-1 and IL-6, increasing 
the production of immunoglobulins and the activity of natural 
killer-cells (NK)9.

In contrast, the action of CGRP is slower, steadily 
progressive and of longer duration, inducing an intensive 
vasodilatation10,11. As an a proinflammatory, CGRP is capable 
of activating mast cells, macrophages, fibroblasts, melanocytes, 
keratinocytes, dendritic cells and lymphocytes B and T, promoting 
the development of edema induced by IL-1 and IL-8,  and is 
chemotactic to neutrophiles.

Neurogenic inflammation derives from and depends on 
the function and integrity of the sensory sympathetic nervous 
system. The amount and the secretory neuropeptidergic adjustment 
affect the intensity and the quality of the neurogenic inflammation 
phase of wound healing12. Therefore, the homeostatic status of 
skin may determine some possible changes of the healing process, 
when it is subjected to an incision or wound13. 

 In general, any tissue damage or painful stimulus can trigger 
neurogenic inflammation. There are several events that are capable 
of activating the neurosecretory activity of the skin nociceptors by 
means of physical, chemical or psychophysiological agents.

With regard to chemical stimuli, corticosteroids 
produce anti-inflammatory effects14,15, acting essentially on (1) 
the stabilization of the lysosomal membrane, (2) the inhibition 
of formation of kinins, which cause vasodilatation, increased 
capillary permeability and pain, and (3) the stabilization of the 
proliferation of fibroblasts and collagen production16,17. For tissue 
inflammation, dexamethasone inhibits erythema and edema, 
however, its mechanism of action is still uncleared. Yet, this effect 
is not extended to the inhibition of erythema and edema triggered 
by histamines, although SP also releases this compound18. 
Considering that dexamethasone is a potent anti-inflammatory 
agent with a well-known inhibitory action, the objective of the 
present study was to investigate whether a subdermal injection of 
dexamethasone prior to a skin incision would have effects on the 
secretion of neuropeptides SP and CGRP in the skin of rats.

Methods

The present study was approved by the Animal Care 
and Use Committee of the Universidade Federal de São Paulo 
(UNIFESP), approval number 1926/10. The use of laboratory 
animals followed the principles of the Brazilian College on 
Animal Experimentation (COBEA), the Federal Law number 
11.794 (08/10/2008) and the decree 6.689 (15/07/2009). The study 
is classified as United States Department of Agriculture (USDA) 
Category C for laboratory animal usage.

The procedures were performed at the Experimental 
Surgery Laboratory of the Surgery Department of the institution. 

The sample consisted of 27 adult male Wistar EPM-1 
rats (Rattus norvegicus: albinus, Rodentia, Mammalia), 260-300g 
body weight, eight weeks of age. The animals were housed in 
individual propylene cages 15 days before the procedure, received 
food and ad libitum water. The temperature was maintained at 
22ºC with a light dark cycle of 12/12h.

The animals were randomly divided into three groups 
with nine rats each (software Bioestat® 3.0). Sham Group (Sham) 
of rats was injected with 0.9 % saline. Dexa group was injected 
with 1.0 mg/kg dexamethasone and Dexa+ group received 10.0 
mg/kg of dexamethasone. In all groups, the three subcutaneous 
injections were performed 30 minutes prior to the surgical skin 
incision and tissue collection to quantify the neuropeptides.  

For the experimental procedures, the animals were 
anesthetized by intramuscular injection in the right hind leg using 
tiletamine hydrochloride in association with zolazepam hydrochloride, 
10 mg/kg (Zoletil™ 50 mg), after pre-anaesthetic medication with 
intramuscular acepromazine 0.025 mg/kg (Acepran® 0.2%). 
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Subsequently, each animal was placed in the ventral 
decubitus position, immobilized on a surgery board for digital 
hair removal of an area measuring 12cm long x 6 cm large in 
the cranial-caudal direction. The adopted cranial limit was at the 
superior margin of scapula. A straight line was demarcated with 2 
cm in the cranial-caudal direction, on the dorsal midline, starting 
from the transverse line between the scapular inferior lines. 

All samples from the three groups were submitted to 
subcutaneous injection with 1.0 ml solution. In Sham, the rats 
were treated with 0.9% saline solution; Dexa group was treated 
with solution containing 1 mg/kg dexamethasone disodium 
phosphate, and Dexa + group received 10mg/kg of dexamethasone 
sodium phosphate. The injection of each solution was performed 
subdermally under the demarcation line, 30 minutes before the 
incision, using a 1.0 ml syringe with 25 x 0.8 mm needle. The 
solution was injected by a puncture in the caudal point of the 
straight line segment, using the bezel of a hypodermic needle 
introduced subdermally into the cranial extremity. The solution 
of 0.1 ml was injected every 2mm in a cranial-caudal retro-
injection movement. After 30 minutes, the skin was incised using 
a surgical blade (number 15). The skin of interest was extended 
until the superficial fascia. All animals were operated by the 
same researcher blinded to all groups.  

Following incision, all animals were submitted to a 
painless assisted death with an intracardiac injection of 1.0 mL 
potassium chloride at 19.1%, followed by a cervical-cranial 
dislocation. An electrical dermatome (Padgett®) was used to 
remove a skin sample from the dorsal mid sagittal line of 2cm2 
containing the incision. Thickness was adjusted to 0.5mm.

These skin fragments provided the samples for the 
quantification of SP, pro-CGRP (15 KDa) and CGRP (5-KDa 
active form) marked with an 8 mm in diameter punch, at the 
central midpoint of the incision. The samples were stored in 
Eppendorf tubes at temperatures ranging from -2.0 to -6.0°C 
and sent to the laboratory for processing and Western Blotting 
analysis. 

Western blotting

Fragments collected from each animal were homogenized 
in buffered solution for total protein extraction. The amount of 
protein was determined according to the Bradford method19. 
The buffered solution was prepared with Trizma® (25mmol/L), 
glicina (0,2mol/L) e SDS (0.1%), the proteins were separated 
by applying 100 volts for one hour and 30 minutes. The samples 
(60 µg protein/well) were applied to 12% polyacrylamide gel 

wells for separation (sodium dodecyl sulfate-polyacrylamide gel 
electrophoresis, SDS-PAGE).

The proteins were then transferred to polyvinylidene 
fluoride (PVDF) membrane (Bio-Rad®) for 1 hour at 100 V 
and blocked in solution composed by 10% milk in tris-buffered 
saline with Tween-20 (TBS-T) at 0.05% for 15 minutes at room 
temperature. After blocking, the membranes were incubated with 
primary antibodies: anti-substance P produced in goats (1/100, 
Santa Cruz®) and anti-CGRP polyclonal antibody produced in 
rabbits (1/300, Sigma) both diluted in milk (3%) in TBS-T for 
24 hours at 4ºC under constant stirring. After incubation, the 
membranes were washed twice for 10 minutes in TBS-T and 
incubated with the secondary antibodies, anti-goat and anti-
rabbit (1/2.000, GE and 1/10.000, GE, respectively) conjugated 
to a peroxidase [horseradish peroxidase (HRP)-conjugated], 
diluted in milk (3%) in TBS-T and incubated for 1 hour at 
room temperature. Subsequently, the membranes were washed 
twice in TBS-T and once in TBS for 10 minutes each and 
incubated with chemiluminescent reagent (Western Lightning 
Chemiluminescence Reagent Plus, ECL kit, Perkinelmer®, 
EUA) for 1 minute. The membranes were exposed to a 
chemiluminescent-sensitive film (Hyperfilm ECL, Amersham 
Biosciences®) and revealed according to the manufacturer’s 
instructions. The membranes were then incubated with primary 
antibody against beta-actin diluted at 1:30.000 (Sigma) in TBS-T 
with 1% bovine serum albumin (BSA) for one hour at room 
temperature, then washed twice for 10 minutes with TBS-T and 
incubated for 45 minutes at room temperature with the secondary 
antibody (anti-rabbit, HRP-conjugated, Amersham) diluted at 
1:10.000 in TBS-T with 1% BSA. After these incubations, the 
membranes were washed as previously described, followed by 
reaction and film developing.

The films were digitized (HP Scanjet G4000 series) and 
the protein levels of SP, Pro-CGRP and CGRP were quantified 
by optical densitometry using ImageJ software, version 
1.43u (National Institutes of Health). The band densities were 
normalized with β-tubulin III.

Statistical analysis 

In the Western Blotting analysis of the experiments, 
the one-way analysis of variance (ANOVA) was applied, using 
Tukey’s multiple comparison post test to identify statistical 
significances between groups. All analyses were performed using 
Prism 5.0 (Graph Pad). Data were presented as mean ± SEM and 
significance level was set at p<0.05.
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Results

The results showed that there neuropeptides release in 
three groups, but there were no statistically significant differences 
(p>0.05) in the values found for SP (p=0.32), pro-CGRP (p=0.56) 
and CGRP (p=0.53) among the groups (Figure 1).

Discussion

The healing of a skin wound is a complex process 
involving inflammation, reepithelization, angiogenesis, the 
formation of granulation tissue and interstitial matrix deposition, 
which are performed by different types of cells, such as 
keratinocytes, fibroblasts, inflammatory and endothelial cells20. 
Initially, however, mechanical stress on the margins of the wound 
stimulates mechanosensitive nociceptors on sensory fibers in 
the skin. Stimulated fibers release neuropeptides, including SP 
and CGRP21. The principal trigger of neurogenic inflammation 
is the activation of immunoinflammatory and pro-inflammatory 
substances resulting in an increase in the blood flow and 
consequent edema caused by the exudation of plasma from the 
post-capillary venula22.

Both SP and CGRP are present in cutaneous nerve fibers 
of type C and A-δ, which are the main fibers responsible for the 
healing process. These neuropeptides are also present in sweat 
and sebaceous glands, in mechanoreceptors and in perivascular 
innervations9,23. Some neuropeptides co-exist in the same nerve 
fibers and are co-released upon nerve stimulation24.

Neuropeptides released from cutaneous nerves act on 
target cells which express specific receptors that are coupled to an 
intracellular signal transduction pathway or ion channels13, which, 
when released, may result in erythema, edema, hyperthermia, 
and pruritus that activate local immune system cells that 
release prostaglandins, histamine, cytokines, proteases and 
immunoglobulins.

This mechanism has cast doubts that has guided our 
study; although the neuropeptides are released via neurogenic 
inflammation, the question was whether the local injection of 
corticoids (anti-inflammatory drugs), such as dexamethasone, 
could inhibit the response of neurogenic inflammation or affect 
the release of SP and CGRP induced by skin nociceptive stimuli 
in rats.

Corticosteroids act on inflammation25 to reduce the 
circulation of inflammatory cells, mainly during the initial stage26, 
in surgical wounds. However, corticosteroids inhibit not only 
the initial stage of erythema, hyperthermia, pain and edema, 
but also the later stages of wound healing and wound repair 
and proliferative responses observed in chronic inflammation. 
In this context, subcutaneous dexametasona treatment for eight 
consecutive days strongly interfered with both the synthesis and 
degradation of type I collagen and, more drastically, type III 
collagen, the molecule that is known to play a major role in the 
initiation of wound healing14.

FIGURE 1 - Western blotting analysis. The relative optical density of 
(A) Substance P (SP), (B) pro-CGRP and (C) CGRP by means of Western 
Blotting analysis in the incised rat skin of control (Sham), Dexa (1 mg/
kg) and Dexa+ (10 mg/kg) groups (n=9). β-Tubulin III (β-tub) was used 
as sample loading control. The representative bands of the SP (14 kDa) of 
animals as well as β-tub (55 kDa) are illustrated.
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There are some substances that can influence or modulate 
the neurogenic inflammation phase. Peptidases are among these 
substances, which are SP and CGRP degrading enzymes such as 
neutral endopeptidase (NEP) and tryptase; and substances that act 
by depletion or inhibition of secretion of free nerve endings, such 
as capsaicin, topic morphine and local anesthetics27. However, this 
modulation is not yet completely understood, therefore, further 
studies on the substances that interfere with the sensitivity of the 
skin and the release of neuropeptides are necessary. 

For the influence of corticosteroids on neurogenic 
inflammation, this study has showed that soon after cutaneous 
nociceptive stimuli (incision), there was no quantitative difference 
of neuropeptides CGRP and SP in subcutaneous injections of 
dexamethasone either in therapeutic dose (1 mg/kg) or in an 
acute overdosage (10 mg/kg). In fact, dexamethasone does not act 
locally on neurosecretory signaling of these neuropeptides. The 
release of neuropeptides occurs primarily as a direct consequence 
of the nociceptive stimulus through an axonal reflection of sensory 
nerve fibers type A-δ and C. Dexamethasone, independent of its 
inhibitory influence on the immuno-endocrine component of 
inflammation, fails to reduce the release of these inflammatory 
substances through the nerve endings. For the topically applied 
corticosteroids, a previous experimental study has reported that 
both dexamethasone and betamethasone are not able to inhibit the 
secretion of SP in atopic dermatitis, even after additional seven 
days. This finding revealed that these steroids have no influence 
on the neurosecretory inflammation pathways, which corroborates 
the results of the present study28.

The literature describes neuropeptide release from nerve 
endings as an event derived from an axonal reflex13. In the present 
study, the nociceptive stimuli (incision) occurred after 30 minutes 
of dexamethasone injection. This period of time was probably 
not enough for the anti-inflammatory to act on the nerve endings. 
However, 30 minutes seemed an appropriate time because the 
peak of this substance in the tissue occurred 2.5 to 20 minutes 
following the injection of the drug29. 

In clinical practice, the use of corticosteroids via 
intralesional with the purpose of minimize inflammation is routine, 
but there is no experimental study to validate this approach. The 
CGRP and SP research has its importance to quantify the degree of 
inflammation at the beginning of the healing process.

The study of neuropeptides in the skin of rats, as the 
measuring method of the inflammatory process early in the 
healing process was used by several authors. Hochman et al.30 
revised the influence of laser beams in rat skin by measuring 
the secretion of the neuropeptides CGRP and SP. Raymundo et 

al.31 used the same methodology to study the effects of carbon 
dioxide in the skin of rats. The authors demonstrated to be a 
useful tool to infer current and inflammation involved early in 
the healing process.

Subdermal dexamethasone did not act on the secretion 
of cutaneous neuropeptides analyzed in this study and was 
apparently innocuous in the biochemical pathways of neurogenic 
inflammation. Thus further research is needed to investigate 
whether the systemic use of dexamethasone could have a 
quantitative and/or qualitative impact on the levels of CGRP and 
SP during neurogenic inflammation. 

Studies on skin inflammation involving neuropeptides, 
are rare and find themselves at the beginning of its activities, 
which could explain the lack of current studies in the literature on 
the subject. 

Conclusion

The anti-inflammatory effect of dexamethasone did not 
occur when the substance P and calcitonin gene-related peptide 
levels were altered during the neurogenic inflammation process of 
skin wound healing in rats
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