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Abstract: The aim of this study is to investigate substance P (SP) expression in rat periodontal alveolar bone after
inferior alveolar nerve transection. 60 male Wistar rats were divided into six groups randomly. Mandibular alveolar
bones were removed from the denervated rats according to sacrifice time points (0, 3, 7, 14, 21, and 28 days after
operation). Immunohistochemical staining was applied to trace the expression of SP. The mRNA and protein levels of
SP in periodontal alveolar bone were quantified by real-time PCR and Western blot techniques. Positive expressions
of SP were located in sensory nerve fibres and blood vessels that distributed in periodontal ligaments and alveolar
bone. SP-immunopositive expressions changed at different time points as a result of denervation. Expressions of
SP decreased in periodontal alveolar bone at day 3, and the lowest expression level was measured at day 7 after
operation. In the late stages of the study, SP expressions increased since 14 days and then gradually got back to
normal levels at 28 days. To conclude, inferior alveolar nerve transection leads to the down-regulation of SP mRNA
and protein in alveolar bone. SP may also play an important role in the compensation or recovery of innervation.
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Introduction

Substance P is a sensory neuropeptide releas-
ed from the peripheral ends of sensory nerves
including inferior alveolar nerve, and found in
the nerve fibers of periodontal ligaments and
alveolar bone. It is well known that nervous sys-
tem as a systemic regulatory factor conducts
sensations of pain and pressure in the peri-
odontal tissues[1, 2]. The nerves also secrete
a variety of neuropeptides such as substance
P (SP), calcitonin gene-related peptide (CGRP)
and neuropeptide y (NPY), which are synthe-
sized in the ganglion sensory cells and distrib-
uted in the peripheral tissues [3, 4]. The neuro-
peptides play important parts in homeostasis
and repair of periodontal tissues [5, 6]. Studies
show substance P is a local regulator for mito-
sis of bone marrow-derived mesenchymal stem
cells, and accelerates osteoblasts proliferation
and differentiation in vitro [7, 8]. SP can also
regulate microcirculation in bone, and improves

formation of good-quality bone and accelerates
bony union during rat mandibular distraction
osteogenesis [9].

Rat inferior alveolar nerve transection models
have been used as an experimental model to
investigate the neuropeptides and inferior alve-
olar nerve innervation in health and disease
[10-12]. Many studies have emphasized the
roles of substance P in bone metabolic activi-
ties and wound healing [6, 13]. Our previous
study shows that the number of osteoclasts
increased with the bone density of alveolar
bone at root furcation decreased after IAN-T
[14]. But the mRNA and protein levels of SP in
periodontal alveolar bone after inferior alveolar
nerve transection remains unclear. In this study,
a rat inferior alveolar nerve transection model
was established, and the mRNA and protein lev-
els of SP in periodontal alveolar bone were
detected at different time points so as to illus-
trate its roles.
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Materials and methods
Animal care and group setup

Male Wistar rats (7 weeks of age, weight 260-
300 g, Laboratory Animal Center, Shandong
University) that acclimated for 1week before
the experiments were maintained on a normal
hard food diet and water ad libitum. 60 male
Wistar rats were randomly assigned to 6 groups
(n=10; 5 for tissue staining, the other 5 for
molecular study) according to the sacrifice time
points (0, 3, 7, 14, 21 and 28 days post opera-
tion). Animals in this study were maintained
and used in accordance with guidelines estab-
lished by the Institutional Animal Care and Use
Committee of school of stomatology, Shandong
University in Jinan, Shandong Province, P. R.
China.

Inferior alveolar nerve model transection
(IAN-T)

The protocol of the IAN-T operation was the
same as previously described [14]. Briefly, male
Wistar rats were anesthetized by intraperitone-
al injection (0.35 ml 10 % chloral hydrate per
100 g body weight). After routine disinfection
and skin preparation, a skin incision about 1
cm (5 mm under left mandibular angle) was
carried out (Figure 1A). At this position, muscle
was blunt dissected along mandibular medial
wall, and downward separated to a depth of
approximately 1 cm. Then, the left inferior alve-
olar nerve (IAN) was exposed and transected
(Figure 1B). Finally, the wounds were wash-
ed with 0.9 % sodium chloride solution, and
the muscle and skin were sutured using 4-0
sutures.

Tissue preparation

Rats were fixed with 4% PFA (paraformalde-
hyde) by systemic circulation fixation for half an
hour after being anesthetized by an intraperito-
neal injection (0.35 ml 10% chloral hydrate per
100 g body weight). The left mandibulars were
dissected and fixed immediately in 4% PFA for
another 12 h at 4°C, Then, the tissues were
demineralized in 10% EDTA for 4 months. After
dehydrated using gradient ethanols, cleared
with xylene and embedded in paraffin. 5 ym
serial sections were made in the bucco-lingual
direction for immunohistochemical staining.
The specimens for real-time PCR and western
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blots were not fixed. The molars and incisor of
the left mandibles were gently removed using a
needle holder, and the mandibular body was
taken out using bone cutting forceps and then
rapidly frozen in liquid nitrogen and stored at
-80°C for real-time PCR and western blots.

Immunohistochemical staining

After deparaffinized using xylene, hydrated in
gradient ethanols, the sections were treated
with 3% H,0, for 15 min at 37°C to inhibit
endogenous peroxidase activities, and react-
ed with polyclonal antibody SP (1:100, Bioss,
China) for 16 h at 4°C. After washing with
0.01 M PBS, the sections were then incubat-
ed with polymer auxiliary agent for 15 min at
37°C, washed with 0.01 M PBS 5 minx3 times,
and then incubated with Poly-HRP anti-rabbit
IgG (Zhongshan, China) for 15 min at 37°C,
Afterwards, the sections were visualized with
3,3-diaminobenzidine tetra hydrochloride (DAB,
Zhongshan, China) as recommended by the
manufacturer. 0.01 M PBS instead of antibody
served as negative control. The sections were
examined and photographed under a light
microscope (OLYMPUS CX-71, Japan). The pro-
tocol of immunohistochemical staining was the
same as previously described [15].

Western blot analysis

The frozen samples were homogenized with
hypotonic lysis buffer (potassium phosphate
50 mM pH 7.0, sucrose 0.3 M, DTT 0.5 mM,
EDTA 1 mM pH 8.0, PMSF 0.3 mM, NaF 10 mM
and phosphatase inhibitor). Protein concentra-
tions were determined by using a bicinchoninic
acid assay (BCA) protein assay kit (Beyotime,
China), and the curves in the BSA Protein
Standard curves were used. Equal amounts of
total proteins were resolved by SDS-polyacry-
lamide gel electrophoresis (PAGE) and trans-
ferred to PVDF Transfer membranes (Invitro-
gen, Carlsbad, CA, USA). The membranes was
washed three times with Tris-buffered saline/
Tween-20 (TBST) and blocked with 5% skim
milk in Tris-buffered saline at room tempera-
ture for 1 hour. Then, the membranes were
incubated with antibody against SP (diluted
1:500, Bioss, China) overnight at 4°C. The sec-
ondary antibodies were horseradish peroxidase
(HRP)-linked goat-anti rabbit IgG (CWBiotech,
China), Blots were visualized using ECL chemi-
luminescence reagents (Milipore, USA), and
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Figure 1. Animal operation processes. A. Operation incision designs. B. Mandibular foramen and inferior alveolar
nerve (white arrow). C. Schematic diagram of the inferior alveolar nerve branches innervating mandibular alveolar
bone (AL), periodontal ligaments (PDL) and tooth pulp (P).
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Figure 2. Expressions of substance P in rat periodontal ligaments and alveolar bone at different time points after
IAN-T. A-O. showed 0O, 3, 7, 14 and 28 days after operation respectively. Substance P-positive expressions were
mainly distributed in blood vessels (black arrow) and nerve fibers (red arrow) of the periodontal ligaments and al-
veolar bone. Immunoreactivities of substance P occurred weakly 3 and 7 days after operation and became stronger
gradually in the late stage. The positive expressions of substance P were similar to the normal level at 28 days.
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Figure 3. Expressions of substance P mRNA in rat
periodontal alveolar bone at O, 3, 7, 14, 21 and 28
days after IAN-T. IAN-T led to reduction of substance P
mMRNA at 3-14 days. The levels of substance P mRNA
decreased from 3 to 7 days, and then increased
gradually, approaching to normal level at 21 and 28
days (*P<0.05, **P<0.01).

quantified by densitometric analysis. Equal
protein loading was shown by stripping and
incubation with an anti-GAPDH antibody (dilut-
ed 1:5000, CWBiotcch, China).

Real-time PCR analysis

The protocol of real-time PCR analysis was the
same as previously described [14]. Total RNA
was isolated from frozen tissue using TRIzol
reagent (Invitrogen, Carlsbad, CA, USA) accord-
ing to the manufacturer’s instructions. Briefly,
reverse transcription was performed in a 200
pl reaction in the presence of 50 mM Tris-HCI
pH 8.3, 3 mM MgCl,, 10 mM dithiothreitol, 0.5
mM dNTPs, and 50 ng of random primers with
200 units of Moloney murine leukemia virus-
reverse transcriptase (Invitrogen). The reaction
product was amplified by real-time PCR with
the LightCycler 48011/96 (Roche) using the SY-
BR Green core reaction kit (Thermo, USA). The
primers used were the followings: rat SP for-
ward primer 5-TAATGGGCAAACGGGATGCT-3’
and reverse primer 5-TCGTAGTTCTGCATTGC-
GCT-3’; rat GAPDH forward primer 5-TGATG-
GGTGTGAACCACGAG-3’ and reverse primer 5’
CCCTTCCACGATGCCAAAGT-3..

Statistical analysis

Data were analyzed by the SPSS software 13.0
and values were expressed as mean + S.D.
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Statistical significance was determined by AN-
OVA followed by the post hoc Fisher’s least sig-
nificant difference test. Significance for statisti-
cal analyses was set at P<0.05.

Results
Immunohistochemical staining

Substance P-positive expressions were stained
lightly yellow or dark yellow, and were mainly
distributed in blood vessels and nerve fibers of
the periodontal ligaments and alveolar bone
(Figure 2A-C). After denervation, substance P-
positive staining weakened (Figure 2D-F) and
the lowest expression level was observed at 7
days (Figure 2G-I), then, became stronger grad-
ually in the late stage (Figure 2J-L). By 28 days,
the expressions of substance P were similar to
the level seen in normal rats (Figure 2M-0).

Real-time PCR

IAN-T led to down-regulation of SP mRNA in
rat periodontal alveolar bone. The levels of SP
mRNA decreased at 3-7 days, then increased
since 14 days, and approached to the normal
level at 28 days. Compared with the O day
group, SP mRNA was significantly decreased at
3, 7 and 14 days (P<0.05). In addition, the low-
est expression of substance P was observed at
7 days (P<0.01). But no significant difference
was found between 0 and 21 days or O and 28
days (Figure 3).

Western blot analysis

The expressions of SP protein in rat periodontal
ligaments and alveolar bone were similar to the
expression of its mRNA. SP protein was down-
regulated at 3-7 days, and then increased till
28 days, nearly back to the normal level. The
lowest level was observed at 7 days (P<0.01),
There was significantly statistical difference
between 0 and 3, 14, 21 days respectively
(P<0.05) (Figure 4). But no significant differ-
ence was found between O and 28 days (Figure
4).

Discussion

In recent years much attention has been given
to the participation of sensory nerves in inflam-
matory, immunological responses and healing
responses after injury. Growing evidences show
that neuroeptide substance P, released from
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Figure 4. Expressions of substance P protein in rat
periodontal alveolar bone at 0, 3, 7, 14, 21 and 28
days after IAN-T. IAN-T led to reduction of substance
P protein at 3-14 days. Substance P protein was
down-regulated at 3-7 days, and then increased till
28 days, nearly back to the normal level (*P<0.05,
**P<0.01).

peripheral sensory nerve endings, is involved in
parts of the inflammatory and healing respons-
es after injury. Substance P is a member of the
tachykinin family, and consists of 11 amino
acids linked by 10 peptide bonds. Substance P
exerts several regulatory functions such as vas-
cular permeability-increasing and vasodilatory
effects [16, 17], a chemotactic effect on neu-
trophils and macrophages [18, 19], improved
wound healing potential [20], and stimulation
of angiogenesis [21].

Inferior alveolar nerve is a branch of the man-
dibular nerve. The inferior alveolar nerve enters
the mandibular foramen in the ramus of the
mandible and occupies the inferior alveolar
canal in the body of the mandible. The sensory
branches innervate mandibular teeth, peri-
odontal ligaments and alveolar bone. After infe-
rior alveolar nerve transection, Wallerian de-
generation occurs in distal neurites, axoplas-
mic transport is blocked, and sensory corpus-
cles disappear due to degeneration and dener-
vation. Previous studies show the expressions
of neuropeptides in trigeminal ganglion cells
are changed after inferior alveolar nerve (IAN)
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section, and these changes may also play a
part in the persistent sensory abnormalities
[22-24]. However, little is known about how
neuropeptide substance P changes in peri-
odontal alveolar bone after denervation. In this
present study, we quantified the levels of SP
in rat periodontal alveolar bone at 3, 7, 14, 21
and 28 days after denervation. Positive ex-
pressions of SP were observed in sensory
nerve fibers and blood vessels that distributed
in periodontal ligaments and alveolar bone. SP
expressions in alveolar bone gradually decre-
ased at 3 days, and little positive expressions
were observed at 7 days post transection.
There was significantly statistical difference
between 0, 3 and 7 days respectively, which
supported previous studies that inferior alveo-
lar nerve secretes neuropeptide SP. This sug-
gests that substance P significantly decreases
in the early stages after injury, and may be use-
ful as a sensitive index to estimate the early
stages of inferior alveolar nerve injury.

Studies show that the nervous system is
involved in bone repairing and remodeling, and
can influence the callus quantity and quality of
bone formation by the intermedium of sensory
neuropeptides [25-27]. Neuropeptides releas-
ed from nerve endings distributed in bone is
critical to bone metabolism [28, 29]. The pres-
ent immunohistochemical study provided clear
evidence of substance P-positive nerves inner-
vate the periodontal ligaments and alveolar
bone, indicating that SP might participate in
bone metabolism of the periodontal tissues. In
the late stage of the study, SP levels increased
since 14 days, and approached to the preoper-
ative level at 28 days. Increased release of sub-
stance P provides a microenvironment of inner-
vation compensation and reflects the function
of the reinnervation. SP is known to mediate
nociception [30], protect nerves against further
injury and potentiate normal growth or recon-
struction of nerves by transmitting nociceptive
information to the central nervous system [31].
We conclude that substance P may play an
important role in the compensation or recovery
of innervation.

In conclusion, inferior alveolar nerve transec-
tion leads to the down-regulation of SP mRNA
and protein in alveolar bone in the early stages
after injury. In the late stages, SP may also play
an important role in the compensation or recov-
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ery of innervation. However, the mechanisms
are still unclear, further studies are required to
elucidate the potential mechanisms.
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