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Abstract

Esmaeili A, Akhavan A, Bouzari M, Mousavi SB, Tora-
binia N, Adibi S. Temporal expression pattern of sodium
channel Nav 1.8 messenger RNA in pulpitis. International
Endodontic Journal, 44, 499-504, 2011.

Aim To determine mRNA expression levels of Nav 1.8
in inflamed pulps of rats.

Methodology Inflammation was induced by creat-
ing pulp exposures in rat incisors. Histopathological
changes in the induced pulpitis were evaluated 1, 3, 7
and 10 days after exposure. Using real-time PCR, the
relative mRNA expression levels of Nav 1.8 in the
inflamed rat dental pulp was determined.

Results At day 1, no inflammation was evident in
the pulp tissue, whereas increased levels of inflamma-
tory responses were identified at day 3 and day 7. No

pulpal inflammation was evident in day 10 or in the
control group. Nav 1.8 was expressed in the rat dental
pulp and increased at day 3 and day 7. Time course
study of dental pulp inflammation indicated that
differences in relative mRNA expression levels of Nav
1.8 were correlated with the severity of inflammation.
Conclusions Nav 1.8 channels seem to be expressed
significantly more under a temporal control so as to be
associated with a severity of inflammation during
pulpitis. As Nav 1.8 has been considered to have a
role in neuropathic pain, its expression within dental
pulp may contribute to the pathophysiology of tooth
pain.
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Introduction

In spite of extensive investigation on dental pulp axons,
little is known about expression levels of ion channel
genes in pulpal tissue. Neural fibre sensitization is likely
associated with human pulpal inflammation (Tyldesley
& Mumford 1970, Rodd 2000). Alterations in the
expression of ion channels including voltage-gated
sodium channel isoforms associate with inflammation
and may play an important role in neuropathic pain
(Amir et al. 2006).
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The tetrodotoxin-resistant sodium channel Nav 1.8
with rapid activation and slow inactivation belongs to
the voltage-gated ion channel superfamily and is highly
expressed in small-diameter sensory neurons (Renga-
nathan et al. 2001, Lai et al. 2004). These channels are
expressed in nociceptive neurons of the dorsal root
ganglions (Dib-Hajj 2007). Direct nerve injury leads to
immunocytochemical and electrophysiological changes
in Nav 1.8 channels suggesting a potential role in the
sensation of neuropathic pain (Gold et al. 2003).
Patients with chronic neurogenic pain or chronic local
hyperalgesia also show increased Nav 1.8 channel
expression proximal to a peripheral injury site (Coward
et al. 2000, 2001, Yiangou et al. 2000).

Presence of nerves containing Nav 1.8 in layers of
the pulp subodontoblastic region may reveal an
important role for sodium channels in dental pain.
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Immunohistopatholgy has also shown the presence of
Nav 1.8 in the dental pulp (Renton et al. 2005). The
expression level of Nav 1.8 is regulated by sensory
neurons. One of the factors that may affect expression
levels of Nav 1.8 is changing pulp tissue, specifically
inflammation. Injury to dental pulp tissue causes
inflammation that can lead to pain (Waxman 1999).
Changes in sensory neurons may associate with chronic
dental pain (Djouhri et al. 2003a,b). Nerve fibres in pulp
tissue from patients with dental pain showed signifi-
cantly more Nav 1.8 channels compared to a proportion
of neurofilament positive fibres (Renton et al. 2005). As
Nav 1.8 has been implicated in neuropathic pain, its
expression by nerve fibres within human tooth pulp
tissue may contribute to the pathophysiology of dental
pain. The effects of inflammation severity on mRNA
expression of Nav 1.8 have not investigated. Therefore,
this study aimed to determine mRNA expression levels
of Nav 1.8 according to the time-course and the severity
of inflammation. To attain this goal real time RT-PCR as
a sensitive quantitative method was used. Results of the
current study may elucidate the role and regulation of
Nav 1.8 ion channels in the pathophysiology of
trigeminal pain.

Materials and methods

Animals

Sixty adult male Wistar rats weighing between 180
and 240 g at the beginning of experiment were used.
The rats were assigned to five groups (12 rats in each
group): a nontreatment group (control group); four
inflammation groups (day 1, day 3, day 7 and day 10).
They were housed under a 12:12-h light/dark cycle
with ad libitum access to food and water. All experi-
ments were approved by the Animal Ethics Committee
for the University of Isfahan and Isfahan University of
Medical Sciences, Iran.

Experimental dental pulp inflammation

For inducing injury in incisor pulp tissue, the animals
were anaesthetized with a combination of isofluran and
nitrous oxide inhalation. Body temperature was main-
tained at 37 °C during surgery using a heating pad. To
induce pulpal exposures right mandibular and maxil-
lary incisors at the gingival margin of the teeth were
decoronated using a high-speed size 10 coarse diamond
bur (D&Z, Berlin, Germany). For each case a new
diamond bur was used. The coronal root canal was

International Endodontic Journal, 44, 499-504, 2011

enlarged with hand reamers (size 25, GC, Tokyo, Japan)
and the cavity left open.

Pulp extirpation

Control rats were sacrificed at O h (non-treated), and
treated rats were sacrificed at 1, 3, 7 and 10 days by
decapitation under light ether anaesthesia. The max-
illary and mandibular jaws were removed from rats
and the incisors were extracted. Half of the teeth
(both mandibular and maxillary incisors) were used
for reverse-transcription/polymerase chain-reaction
(RT-PCR), and half were used for histological studies.
Dental pulp tissue was removed from the pulp chamber
and extirpated with a stainless steel barbed broach (size
20) (VDW, Munich, Germany) from the pulp stumps.
The pulp tissues were carefully extirpated cut into
several pieces and then kept at —70 °C until tested.

Histological study

The extracted teeth were immediately fixed with 10%
formalin (pH 7.4) for 3 days, decalcified for 48 h with
10% nitric acid at room temperature. All regions of
associated soft tissues then were serially sectioned at
5-um thickness, stained with haematoxylin & eosin and
examined under a light microscope. The inflammatory
response of pulp tissues were scored according to
predefined criteria (Aeinehchi et al. 2003, Ooms et al.
2003) (Table 1) in high-power fields (x400). The
scoring of the tissues was conducted by the same
examiner throughout.

Real time PCR analysis

Total cellular RNA was extracted using the RNeasy kit
(Qiagen, Valencia, CA, USA) following the manufac-
turer’s specifications. Total RNA was assessed by optical
density measurements. DNase treated total RNA (1 pg)
was reverse transcribed using QuantiTect RT kit
(Qiagen) according to the manufacturer’s instructions.

PCR reactions were performed in a 25 pL. volume
containing 12.5 pL. iQ SYBR Green supermix kit
(BioRad, Hercules, CA, USA), 10 pM of specific Nav
1.8 and 18S (as housekeeping gene) forward and
reverse primers with 5 ng of template. Samples were
made up to 25 ul. with RNase-DNasefree water.
Reactions were carried out on a Chromo 4 System
Instrument (Bio-Rad) PCR machine as follows: an
initial 95 °C denaturation for 10 min and 50 cycles of
amplification reactions at 95 °C for 30 s, 58 °C for
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1 min and 72 °C for 30 s, followed by melting curve
analysis and cooling process. The melting curve anal-
ysis was initiated at 55 °C with elevation of the
temperature up to 95°C at a heating rate of
0.1 °C s'. The conditions were identical for Nav 1.8
and 18S. The primers used for real time PCR were:

Nav 1.8: AAGGGACAGGAGCAGTTG/CAGGT-
ATGGAGCCAGGTC.

Expression levels were normalized to that of the
constitutive 18S ribosomal RNA with primers:

18S: GTAACCCGTTGAACCCCATT/CCATCCAATCGGTA-
GTAGCG.

Relative expression data were quantified using
2 (€t sample-Ct control) yhare Ct is the cycle threshold.
Relative standard curves were generated by plotting the
threshold value (Ct) versus the log of the amount of
total cDNA added to the reaction and used to check the
efficiency of primers. Calculation of Ct, standard curve
preparation and quantification of mRNA in the samples
were performed using Excel (Microsoft Office Excel
2007, Redmond, CA, USA).

Statistical analysis

Statistical analysis was performed using the GraphPad
Prism software package (GraphPad Software Inc., San
Diego, CA, USA). Statistical significance was determined
by Tukey one-way ANOVA. A P value of less than 0.05
was chosen as the significance level for all statistical
analyses. The Spearman coefficient was also used. All
data are presented as the mean *+ standard error (SEM).

Results
Histological findings for experimentally induced rat
pulpitis

Based on light microscopic observations, only inflam-
mation scores of 0-2 were observed in the tissues.
Visible differences were obvious in the degree or extent

Table 1 Criteria for scoring of inflammatory tissue responses

of the pulpal inflammation between the control and
experimental animals. At day 1, the median value of
inflammation was O in the root canal (Fig. la).
However, increased levels of inflammatory response
(1) were detected at day 3 (Fig. 1b). Pulp exposures
induced a strong inflammatory reaction (2) at day 7
(Fig. 1c). These pathological findings were char-
acterized by infiltration of inflammatory cells, the
dilation of blood vessels and focal areas of necrosis.
No pulpal inflammation was evident at day 10.

Real time RT-PCR findings

To identify levels of Nav 1.8 present in the dental pulp
mRNA expression of this ion channel was examined in
a normal incisor tooth by real time RT-PCR. Nav 1.8
was expressed in this normal tooth. Next the expression
levels of Nav 1.8 were determined during the progres-
sion of inflammation. Real-time PCR profiles (Fig. 2)
showed an enhancement in mRNA expression levels of
Nav 1.8 from day 1 to day 7. The highest level of
expression was seen at day 7. From day 7 to day 10 a
significant reduction in expression levels was observed
(Fig. 2). The relationship between the observed inflam-
mation and gene expression was determined. Using the
Spearman coefficient, a significant correlation between
the Nav 1.8 expression and pulpal inflammation was
observed. The correlation coefficient value was 0.90
(P = 0.035), indicating a strong relationship.

Discussion

The role of ion channels, receptors and signalling
mechanisms in pain pathophysiology, in which specific
channels play a role in neuropathic and inflammatory
pain, have been studied extensively (Rogers et al. 2006,
Zhao et al. 2008, Siqueira et al. 2009, Thakor et al.
2009). Because of pain disorders or unresponsiveness
to pain, studying the role of voltage-gated sodium
channels in chronic pain has recently gained interest

No inflammation (grade 0)  Mild Inflammation (grade 1)

Moderate inflammation (grade 2)

Severe inflammation (grade 3)

No inflammatory cells
More than 30 fibroblasts
Mature fibrous tissue with

Presence of macrophages
and/or plasma cells.

Less than 30 inflammatory

many collagens. cells.

10-30 Fibroblasts.

Immature fibrous tissue
with little collagen.

Presence of macrophages and
plasma cells.

Occasional foci of neutrophils,
granulocytes and/or lymphocytes.
More than 30 and less than 60 cells.
inflammatory cells.

5-9 Fibroblasts

Focal areas of necrosis.

Tissue densely infiltrated by
inflammatory cells.

More than 60 inflammatory

1-4 Fibroblasts.
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Figure 1 Degree of rat dental pulp inflammation after exposure. Figures show examples of the different inflammation grades.
Grade 0, grade 1 and grade 2 respectively (a—c). Haematoxylin—eosin stain, original magnification x400.
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Figure 2 Quantitative analysis of Nav 1.8 mRNA expression
in dental pulp tissue after injury. Nav 1.8 mRNA increased
significantly between 3 and 7 days after injury then gradually
declined. Significant difference (*P < 0.05, ***P < 0.001,
Tukey post hoc test) compared to the sham operated group.

(Cox et al. 2006, Ahmad et al. 2007, Goldberg et al.
2007). Nav 1.3, Nav 1.7, and Nav 1.8 subtypes are
expressed in many chronic pain conditions (Rogers
et al. 2006, Rush et al. 2006, Cummins et al. 2007,
Dib-Hajj et al. 2007). In the present study, the expres-
sion of Nav 1.8 in inflamed dental pulp was examined
and compared to a control group. The effects of the
degrees of inflammation on expression of this channel
1, 3, 7 and 10 days after induction of injury was also
determined.

In neuropathic and inflammatory pain the expres-
sion and activity of several voltage-gated sodium,
potassium, and calcium channels may change. The
expression pattern of these ion channels within specific
tissues may either be up- or down-regulated after nerve
injury. A variety of tetrodotoxin-sensitive (Nav 1.3 and
Nav 1.7) and tetrodotoxin-insensitive (Nav 1.8 and
Nav 1.9) channels are involved in regulating sensory
neural excitability (Matzner & Devor 1994, Eglen et al.
1999). In acute inflammatory pain, Nav 1.7 and Nav
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1.8 are overexpressed (Cummins et al. 2007, Dib-Hajj
et al. 2007). The expression of Nav 1.3, Nav 1.7 and
Nav 1.8 by RT-PCR in patients with trigeminal
neuralgia an idiopathic paroxysmal pain showed
changes in their expression (Siqueira et al. 2009).
Changes in the expression, trafficking, and redistribu-
tion of sodium channels, after inflammation or nerve
injury, are considered to account for unstable oscilla-
tions of membrane potential, abnormal firing, and the
generation of ectopic activity in afferent nerves (Rogers
et al. 2006).

Prostaglandins, bradykinin, ions, and the release of
neuronal growth factors (NGF), increase the expression
of sodium channels, and characterize primary hyper-
algesia.

At the dorsal horn or trigeminal nuclei system, the
upregulation of voltage-gated sodium channels is
involved in secondary hyperalgesia and central sensi-
tization, with long-term potentiation, higher strength
in synaptic connections and memory of pain (Sand-
kiihler, 2007). The presence of Nav 1.8 in pulp tissue
has previously been shown (Renton 2005, Warren
et al. 2008, Luo et al. 2008). In some studies, Nav 1.3
remains upregulated, (Cummins et al. 2007, Dib-Haijj
et al. 2007, Siqueira et al. 2009); in other studies of
neuropathic mechanisms, Nav 1.7 and Nav 1.8 are
downregulated (Cummins et al. 2007, Dib-Hajj et al.
2007). However, in the present study, Nav 1.8 had an
increased expression when compared to controls. The
underlying hypotheses of these findings are discussed
below. Evidence provided in the present paper and in
previous studies (Renton 2005, Henry et al. 2009)
demonstrates that Nav 1.8 is expressed in pulp tissue,
however the physiological role of these receptors is not
known.

Inflamed pulps compared to controls showed upreg-
ulation of Nav 1.8 at day 3 and 7. There was a
correlation between the expression of Nav 1.8 and
degree of inflammation; in other words that higher
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expression of Nav 1.8 that occurred in pulps was
associated with a higher degree of inflammation.

Nav 1.8 is expressed in small sensory neurons and
may be down-regulated in small injured axons but
up-regulated in adjacent uninjured C fibres in human
peripheral neuropathies (Coward et al. 2000, Gold
et al. 2003). Nav 1.8 appears to be important for the
generation of spontaneous activity in damaged sen-
sory axons (Roza et al. 2003), and knock down of
Nav 1.8 in models of neuropathic pain produces a
marked reduction in abnormal pain responsiveness
(Gogas 2006). It has been demonstrated that Nav 1.8
has a greater involvement in frank nerve injury and
inflammatory pain as compared to acute, post-oper-
ative or chemotherapy-induced neuropathic pain
states (Joshi et al. 2006). The results of the present
study are in agreement to these previous findings
which determined Nav 1.8 expression in dental pulp
nerves.

While it has traditionally been thought that Nav
1.8 mRNA, and other mRNAs, are restricted to the
cell body of sensory neurons, recent evidences suggest
that this might not be the case. Enhancement in Nav
1.8 mRNA may be due to its trafficking to the
periphery after injury to the tooth. It is shown that
sodium channel mRNA could be peripherally trans-
ported from the DRG to the sciatic nerve and locally
translated (Thakor et al. 2009). Recently the role of
local protein synthesis in sensory neurons and its
contribution to nociception were reviewed (Price &
Geranton 2009). Some experiments have shown
recently that Nav 1.8 and other sodium channels
are expressed by cells such as epidermal keratinocytes
and machrophages (Craner et al. 2005, Carrithers
et al. 2007, Zhao et al. 2008). This may also explain
the presence and up-regulation of Nav 1.8 mRNA
within the tooth pulp after injury in this study. It is
anticipated that determining Nav 1.8 expressed in
dental pulp will facilitate future research into the role
of these receptors using an increasingly available
subtype-specific pharmacology.

Conclusion

Inflamed rat dental pulp tissue had significantly higher
expression levels of Nav 1.8. As Nav 1.8 has a role in
neuropathic pain, its expression within human dental
pulp tissue may contribute to the pathophysiology of
tooth pain. Further studies of the time-course of
severity of pain and/or inflammation in human are
necessary to clarify the role of Nav 1.8 ion channels in

© 2011 International Endodontic Journal

the pathophysiology of trigeminal pain. Also investiga-
tions into the effects of Nav 1.8 agonists and antago-
nists as novel analgesic agents are needed. One of the
future challenges in the development of novel sodium
channel blockers is to design and synthesize isoform-
selective channel inhibitors.
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