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ABSTRACT

Objectives: The aim of this study was to evaluate the effects of endodontic treatment on
levels of substance P (SP) and calcitonin gene-related peptide (CGRP) in the saliva of patients
with symptomatic apical periodontitis.

Materials and Methods: Twelve patients with mandibular molars with symptomatic apical
periodontitis were enrolled in this study. An initial saliva sample was collected just before
administration of anesthesia for root canal treatment, which was performed at the first visit. A
second saliva sample was collected at a control visit 1 week after treatment. Salivary SP and CGRP
levels were evaluated quantitatively using biochemical assays. The data were analyzed using
Pearson correlation analysis, the paired samples #-test, and the Mann-Whitney U test (p = 0.05).
Results: The postoperative salivary level of SP was significantly lower than the preoperative
level (p = 0.005). However, the postoperative salivary level of CGRP was similar to the
preoperative level (p = 0.932). Visual analog scale (VAS) scores of patients' subjective pain
were found to be positively correlated with salivary levels of SP (= 0.421; p = 0.040). No
statistically significant correlations were observed between salivary levels of CGRP and VAS
scores for patients' subjective percussion tenderness (p = 0.533) or VAS scores for patients'
subjective pain (p = 0.459).

Conclusions: According to the results of the present study, salivary SP levels may be used as an
objective indicator in the diagnosis and assessment of the degree of pain in endodontic diseases.

Trial Registration: Thai Clinical Trials Registry Identifier: TCTR20161228001

Keywords: Endodontics; Substance P; Calcitonin gene-related peptide; Root canal treatment

INTRODUCTION

Pain associated with the dental pulp and periradicular tissue can induce neurogenic
inflammation. The inflammatory response in these tissues has been shown to have a
neurogenic origin [1]. During such inflammatory reactions, the nervous component
stimulates the vascular and immune systems through the release of neuropeptides
such as substance P (SP), calcitonin gene-related peptide (CGRP), and neurokinin A
[2]. These neuropeptides have a variety of effects, including strong vasodilation and
plasma extravasation; the activation of numerous types of inflammatory cells; and the
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https://orcid.org/0000-0002-4121-2494 B and T lymphocytes, as well as mast cell degranulation and capillary vasodilatation [6,7]. SP
is considered a major mediator of neurogenic inflammation [6]. CGRP, another mediator,
increases the effects of SP on vascular permeability and the promotion of edema [8].

Saliva is the main component of oral fluid and is secreted from a variety of glands, including
the parotid, submandibular, sublingual, and minor salivary glands [9]. Saliva contains
proteins, glycoproteins, electrolytes, and small organic molecules originating from the
blood, and it can be used for the detection of certain diseases [10,11]. SP and CGRP have
been measured in the saliva of patients with migraine and cluster headaches [12], and saliva
has been used for the identification of biomarkers in oral diseases, including periodontal
diseases [13-15]. The salivary SP concentration has been demonstrated to be significantly
lower in patients with burning mouth syndrome than in control patients [13]. In another
study, the levels of CGRP were reported to be non-significantly decreased in patients with
burning mouth syndrome relative to healthy subjects [14]. Non-significantly higher levels

of SP and non-significantly lower levels of CGRP have also been observed in the saliva of
patients with aggressive and chronic periodontitis [15]. However, according to our search of
the literature, no study has evaluated SP and CGRP levels in human saliva pre- and post-
endodontic treatment.

Therefore, the aim of this study was to evaluate the effect of endodontic treatment on SP
and CGRP levels in the saliva of patients with symptomatic apical periodontitis. The null
hypothesis was that no significant difference would be found between preoperative and
postoperative SP and CGRP levels in human saliva. The alternative hypothesis was that
postoperative SP and CGRP levels in human saliva would be lower than preoperative SP and
CGRP levels.

MATERIALS AND METHODS

We compared preoperative and postoperative SP and CGRP levels in human saliva. Since
each participant served as his or her own control, this study did not include a dedicated
control group.

Patient selection

The study was approved by the Research Ethics Committee of the Faculty of Dentistry at
Ataturk University in Erzurum, Turkey (January 6, 2017; No. 2017/2). The clinical registration
number is TCTR20161228001, and the trial register is the Thai Clinical Trials Registry.
Patients were referred to the Department of Endodontics at Ataturk University in Erzurum,
Turkey between June 2017 and October 2017 and were assessed for eligibility. The inclusion
criteria were the presence of a mandibular molar with symptomatic apical periodontitis
(manifesting as preoperative spontaneous pain and preoperative percussion tenderness), the
absence of systemic disease and of medication use within 3 days, the absence of periodontal
disease, and the absence of previous endodontic treatment.
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Patients' subjective preoperative spontaneous pain and preoperative percussion tenderness
were recorded on a 10-cm visual analog scale (VAS) by the patients themselves. VAS values
were measured using a ruler and recorded in millimeters. Pain of more than 60 mm on the
scale was considered severe, and patients with severe pain and severe percussion tenderness
were included in the study.

Patients who needed root canal treatment for only 1 tooth were included. Possible
confounding factors (periodontal diseases, previously treated teeth, etc.) were accounted for
via the inclusion criteria of the study. In the statistical analyses, the factors considered to be
potential confounders were age, sex, analgesic intake, the vitality of the tooth, and the tooth
number. The number of cases in the area during the study period was used to determine the
sample size.

Saliva sampling

Patients refrained from eating, drinking, and brushing their teeth for 2 hours prior to
sampling. Unstimulated whole saliva samples were obtained simply by asking patients to
expectorate into polypropylene tubes (Eppendorf-Elkay, Shrewsbury, MA, USA). The desired
volume (500 pL) of saliva was pipetted out in a polypropylene tube. To remove cell debris,
saliva samples were centrifuged (EBA 20 Zentrifugen; Andreas Hettich GmbH, Tuttlingen,
Germany) at 10,000 rpm for 6 minutes, and the clear, supernatant saliva was transferred to
sterile polypropylene tubes and stored in a -80°C freezer (New Brunswick Scientific, New
Brunswick, Canada) until the subsequent assays were performed.

Saliva samples were collected from each patient twice. The first sample was collected just
before the administration of anesthesia (Ultracaine DS; Aventis Pharma, Istanbul, Turkey)
for root canal treatment. Root canal treatments were performed at the first visit by a single
operator, and patients were recalled after 1 week. The levels of spontaneous pain on the first,
third, fifth, and seventh days were recorded on a VAS scale by the patients. The second saliva
sample was collected at a control visit 1 week after root canal treatment. At this session,
percussion tenderness was recorded on a VAS scale.

Determination of salivary SP and CGRP levels

All saliva samples collected before and after root canal treatment were analyzed at the

same time, and laboratory personnel were unable to distinguish among the samples. The
measurement of CGRP and SP levels in the saliva samples was carried out using enzyme-
linked immune assay (ELISA) kits (Cayman, Ann Arbor, MI, USA). The frozen saliva samples
were thawed until they reached room temperature. The amounts of sample used for each
assay were determined according to the manufacturer's recommendation.

For the measurement of SP, 50 puL of each sample was pipetted into microplate wells
(Cayman), which were pre-coated with mouse anti-immunoglobulin G antibody. Then, 50
uL of SP acetylcholinesterase tracer and ELISA antiserum were added to the wells. The wells
were incubated overnight at 4°C and washed before adding the Ellman reagent to facilitate
the development of the samples. The samples were allowed to develop for 90 minutes on an
orbital shaker (Thermo Fisher Scientific, Waltham, MA, USA) in darkness. The absorbance
levels of the developed plate were read with a microplate reader (Multiskan GO Microplate
Spectrophotometer; Thermo Fisher Scientific) at 405 and 420 nm. The SP concentrations of
the saliva samples were calculated according to the manufacturer's recommendations with
the help of SP ELISA standards.
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To calculate CGRP levels, similar steps were followed. First, 100 pL of each saliva sample was
pipetted into the microplate wells, which were pre-coated with CGRP monoclonal antibody.
The samples were incubated overnight at 4°C with the same amount of acetylcholinesterase
tracer as was used in the measurement of SP concentration. Afterwards, the Ellman reagent
was added to facilitate the development of the samples for spectrophotometric analysis, and
those samples were incubated for 45 minutes. After the samples achieved the proper yellow
color, the plates were read at 405 and 414 nm for the calculation of CGRP concentrations, per
the provider's instructions.

Instead of including a control group of patients who did not have symptomatic apical
periodontitis, 2 samples (before root canal treatment and 1 week after root canal treatment) were
collected from each participant. Therefore, each participant served as his or her own control.

Statistical analysis

SPSS 20.0 (IBM Corp., Armonk, NY, USA) software was used for all statistical analyses. The
Mann-Whitney U test was used to analyze the differences between the preoperative and
postoperative salivary levels of SP and CGRP (p = 0.05), while the paired samples -test was
used to assess the differences between the preoperative and postoperative VAS scores of
patients' subjective pain and percussion tenderness (p = 0.05). Pearson correlation analysis
was used to determine any correlations among salivary levels of SPPCGRP and VAS scores
of patients' subjective pain/percussion tenderness. Linear regression analysis was used to
determine the confounding variables (age, sex, vitality, and tooth number) that affected the
preoperative and postoperative salivary levels of CGRP and SP.

RESULTS

A total of 802 patients were referred to the clinic for root canal treatment. Of these patients,
308 declined to participate in the study, and 494 were assessed for eligibility. Of these
individuals, 308 patients did not have mandibular molars requiring root canal treatment, and
174 were excluded because they did not meet the inclusion criteria (due to systemic disease [n
=42], previously endodontically treated teeth [n=12], analgesic intake in the last 3 days [n =
98], or periodontal disease [n=22]). No patients were lost to follow-up. Therefore, data from
12 patients were analyzed as shown in Figure 1.

Eight men and 4 women were enrolled in this study. Nine teeth had vital pulp, while 3 teeth
had nonvital pulp. The mean age of the patients was 26.33 + 5.91 years (range, 18-39 years).
The postoperative VAS scores of subjective percussion tenderness were significantly lower
than the preoperative scores (p < 0.001), and the VAS scores of subjective pain were also
significantly lower than the preoperative scores (p < 0.001) (Table 1).

The minimum and maximum preoperative salivary levels of SP were 9.58 and 183.24 pg/mL,
respectively, while the minimum and maximum postoperative SP levels were 3.52 and 44.92
pg/mL, respectively. The minimum and maximum preoperative salivary levels of CGRP were
36.46 and 42.88 pg/mL, respectively, while the minimum and maximum postoperative CGRP
levels were 36.79 and 39.54 pg/mL, respectively. The postoperative salivary level of SP was
significantly lower than the preoperative salivary level (p = 0.005). However, the postoperative
salivary level of CGRP was similar to the preoperative level (p = 0.932) (Table 2).
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Patients who needed
endodontic treatment (n = 802)

Not assessed for eligibility
- Declined to participate (n = 308)

Assessed for eligibility (n = 494)

Excluded (n = 482)

- No mandibular molar requiring treatment (n = 308)
- Systemic disease (n = 42)

- Previously endodontically treated teeth (n =12)

- Analgesic intake in last 3 days (n = 98)

- Periodontal disease (n = 22)

‘ Total recruited (n =12) ‘

g No patients were lost to follow-up (n = 0)

‘ Data available for analysis (n =12) ‘

Figure 1. Flow diagram.

Table 1. Means and standard deviations of preoperative and postoperative VAS scores of pain and percussion
tenderness (both in mm)

VAS Scores Preoperative Postoperative p value Effect size
Patients' subjective pain 83.25+10.93 1.75 £ 3.1 <0.001 8.150
Patients' subjective percussion tenderness 73.25 +14.89 9.95 +18.06 <0.001 2.370

VAS, visual analog scale.

Table 2. Means and standard deviations of preoperative and postoperative salivary levels of SP and CGRP (in pg/mL)

Neuropeptides Preoperative salivary level Postoperative salivary level p value Effect size
SP 50.91 + 48.47 16.07 +£13.47 0.005 0.835
CGRP 38.17 +1.79 37.71 + 0.83 0.932 0.295

SP, substance P; CGRP, calcitonin gene-related peptide.

The Pearson correlation analysis revealed that the VAS scores of subjective pain were
positively correlated with salivary levels of SP (= 0.421; p = 0.040) (Table 3). No statistically
significant correlations were observed between the salivary level of CGRP and the VAS score
for subjective percussion tenderness (p = 0.533) or the VAS score for subjective pain (p =
0.459) (Table 3).

Linear regression analysis was used to determine the confounding variables (age, sex, vitality,

and tooth number) that affected the preoperative and postoperative salivary levels of CGRP
and SP. The results of the regression analysis regarding the preoperative SP level showed

Table 3. Correlation coefficients between parameters analyzed in this study

Variables SP CGRP Pain Percussion tenderness
SP - 0.176 0.421* 0.349
CGRP = = 0.159 0.134

Pain - - - 0.906"
Percussion tenderness - = 5 -

SP, substance P; CGRP, calcitonin gene-related peptide.
*Correlations were considered significant when p < 0.05.
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Table 4. Results of logistic regression analysis with regard to preoperative SP levels

Potential confounders Standardized coefficient Unstandardized coefficient Standard error p value Effect on preoperative SP
95% Cl low 95% Cl high
Age -0.699 -5.729 1.807 0.016 -10.002 -1.455
Sex -0.226 -22.250 27.567 0.446 -87.436 42.935
Vitality -0.143 -15.353 24.432 0.550 -73.124 42.419
Tooth number 0.668 6.075 2.588 0.051 -0.045 12.194
SP, substance P; Cl, confidence interval.
Table 5. Results of logistic regression analysis with regard to postoperative SP levels
Potential confounders Standardized coefficient Unstandardized coefficient Standard error p value Effect on postoperative SP
95% Cl low 95% Cl high
Age -0.440 -1.004 0.779 0.239 -2.846 0.839
Sex -0.194 =525 11.882 0.669 -33.393 22.802
Vitality -0.207 -6.158 10.531 0.577 -31.059 18.744
Tooth number 0.459 1.160 1115 0.333 -1.478 3.797
SP, substance P; ClI, confidence interval.
Table 6. Results of logistic regression analysis with regard to preoperative CGRP levels
Potential confounders Standardized coefficient Unstandardized coefficient Standard error p value Effect on preoperative CGRP
95% Cl low 95% CI high
Age -0.443 -0.134 0.100 0.221 -0.370 0.102
Sex -0.180 -0.654 1.522 0.680 -4.254 2.945
Vitality 0.266 1.055 1.349 0.460 -2.136 4.245
Tooth number 0.594 0.200 0.143 0.205 -0.138 0.537
CGRP, calcitonin gene-related peptide; Cl, confidence interval.
Table 7. Results of logistic regression analysis with regard to postoperative CGRP levels
Potential confounders Standardized coefficient Unstandardized coefficient Standard error p value Effect on postoperative CGRP
95% Cl low 95% CI high
Age 0.136 0.019 0.055 0.736 =011 0.150
Sex -0.438 -0.746 0.840 0.404 -2.731 1.240
Vitality 0.143 0.265 0.744 0.732 -1.495 2.025
Tooth number 0.280 0.044 0.079 0.594 -0.142 0.230

CGRP, calcitonin gene-related peptide; Cl, confidence interval.

that the p-value of age as a potential confounder was 0.016 (Table 4), while no variables were
found to be significant confounders with regard to the postoperative SP level (Table 5).

The results of the regression analysis regarding both preoperative and postoperative CGRP

levels also showed that none of the variables were significant confounders (Tables 6 and 7).
The effect size for SP was determined to be 5.755, while the effect size for CGRP was 0.643.
The observed power of the present study with regard to salivary levels of SP was 0.631, while
the observed power with regard to salivary CGRP levels was 0.120.

DISCUSSION

We hypothesized that no significant difference would exist between preoperative and
postoperative SP and CGRP levels in human saliva. This null hypothesis was rejected. The
results showed that the postoperative salivary level of SP was lower than the preoperative level
of that substance; however, no significant difference was observed between preoperative and

postoperative CGRP levels.
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The decrease in salivary SP levels after root canal treatment may be associated with a
reduction in peripheral neuropeptide release. SP, released from sensory nervous fibers,

is a neurotransmitter that plays an important role in the transmission and production of
moderate to intense pain signals [16]. The increased levels of preoperative SP in the saliva

of patients with symptomatic apical periodontitis may indicate an association with pulpal
inflammation and pain. In this context, the findings of the present study revealed that the
VAS score of subjective pain was positively correlated with the salivary level of SP. Evidence
supports an immunoregulatory influence of salivary neuropeptides. One report suggested
that the salivary glands may be a key organ in the neuroimmunoregulatory network

because they play a role in regulating the mucosal immune/inflammatory response and in
regeneration and healing [17]. After the stimulation of sensory nerves (mainly C and Ad
fibers), SP and other neuropeptides are released from peripheral nerve endings. This process
results in vasodilatation, increased microvascular permeability, and plasma extravasation,
leading to neurogenic inflammation [18,19]. SP also plays an important role in neurogenic
inflammation; a mouse study showed that when the preprotachykinin A gene, which encodes
SP, was disrupted, the mice did not exhibit neurogenic inflammation [20].

SP is released via the activation of transient receptor potential vanilloid 1 (TRPV1), which is a
member of the transient receptor potential gene family of ion channel subunits [21]. TRPV1
is highly expressed in the dorsal root ganglia, trigeminal ganglia, small sensory C fibers,

and some AJ fibers. It is also detectable in some organs of the nervous system, such as the
brain and spinal cord [22]. The significant difference observed between the preoperative and
postoperative salivary levels of SP suggests that the release of SP may occur via the activation
of TRPV1 at the level of the trigeminal ganglia or above. Animal experiments have shown that
the salivary glands are supplied with SP-containing fibers; the parotid gland is innervated

by the auriculotemporal nerve, and the submandibular and sublingual glands are innervated
by the chorda tympani [23,24]. Activation of TRPV1 at the trigeminal ganglia may cause the
release of SP from branches of the trigeminal nerve. The auriculotemporal nerve is a branch
of the trigeminal nerve. Activation of TRPV1 at higher levels than the trigeminal ganglia, such
as the dorsal root ganglia or part of the brain, may cause the release of SP from additional
nerve fibers. SP may enter the saliva after being released from nerve terminals in and around
the salivary glands [25]. Neurogenic inflammation and changes in the salivary level of SP may
occur in this manner.

The activation of TRPV1 may also lead to increased levels of SP in the gingival crevicular fluid,
because the gingiva is innervated by branches of the trigeminal nerve. SP has been reported
to be present in significantly greater amounts in the gingival crevicular fluid of painful teeth
compared with healthy teeth [26]. In the same study, it was suggested that the activation of
TRPV1is I-sided [206]. In the present study, the increased level of SP in the saliva of patients
with symptomatic apical periodontitis may occur due to the 1-sided activation and release of
TRPV1 and SP, respectively. Further investigations in which saliva is obtained directly from
the salivary glands are needed. Saliva contains a large proportion of gingival crevicular fluid
[27], which may be another reason for the high salivary SP level observed in the present study.

Another result of the present study was the lack of a significant difference observed between
preoperative and postoperative CGRP levels. CGRP is co-localized with SP, and these 2
neuropeptides may be released simultaneously in response to noxious stimuli such as pain or
inflammation [28]. The result of the present study does not contrast with the co-localization
of the 2 peptides in the same neurons. Indeed, it is clear that SP and CGRP are partly located
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in different subpopulations of fibers [12]. The carboxypeptidase enzyme has been detected

in both the saliva and the gingival crevicular fluid [29,30], and selective inactivation of CGRP
but not SP by this enzyme may occur. This mechanism for the accelerated degradation of
CGRP in the saliva of patients with symptomatic apical periodontitis may explain the absence
of a significant difference between preoperative and postoperative levels of CGRP.

According to our search of the literature, no study has evaluated SP and CGRP levels in
human saliva pre- and post-endodontic treatment. Therefore, this is the first study to evaluate
the effect of endodontic treatment on SP and CGRP levels in human saliva, and a direct
comparison with other studies is not possible. In a previous study, SP levels in the saliva of
patients with dental pain were compared to those of patients without pain, and the salivary
concentrations of SP were reported to be significantly higher in patients with dental pain than
in patients without pain [31]. Although SP levels in human saliva before and after endodontic
treatment were not evaluated in that study, its results are consistent with the results of the
present study. In another study, the expression of CGRP and SP was quantified, and the
expression of these neuropeptides was reported to be significantly higher in inflamed human
dental pulp than in healthy pulp [32]. Although that study examined pulp tissue, its results
are consistent with the SP results but not with the CGRP results of our study. In yet another
study, amounts of SP and CGRP in gingival crevicular fluid were investigated, and it was
concluded that, while SP is present in significantly greater amounts in the gingival crevicular
fluid of painful teeth than in that of healthy teeth, the amounts of CGRP were not significantly
different [26]. The results of that study align with the findings of the present study.

Results of the regression analysis with regard to preoperative SP level showed a significant
difference in terms of age (p = 0.016). This result can be attributed to decreased SP expression
in the nerves of older patients [33]. In contrast, the results of the regression analysis for
postoperative SP level showed no significant difference based on age. This may be due to the
reduction in SP expression that had already taken place postoperatively.

The results of the regression analysis showed no significant difference in terms of pulpal
status. Thus, it can be claimed that the main source of SP in saliva is not the pulp. However,
this claim should be supported with further studies with larger sample sizes.

It has been reported that the quantity of neurochemical markers in tissues affected by
periodontal disease suggests a possible role for neuropeptides in the pathogenesis of
periodontitis [34,35]. To avoid any impact of periodontal disease on our results, patients with
periodontal disease were excluded from the present study.

According to our search of the literature, no study has yet evaluated the effect of caries on the
salivary levels of SP or CGRP. In addition, the incidence of caries is high. Therefore, in the
present study, the presence of caries was not an exclusion criterion.

To gain a better understanding of the effects of TRPV1 and carboxypeptidase on the salivary
levels of SP and CGRP, studies are needed to evaluate this receptor and enzyme. One
limitation of the present study was that TRPV1 and carboxypeptidase levels were not evaluated.
It is possible to collect saliva via electrical drainage, which allows collection directly from the
salivary glands [12]. This method may also allow the exclusion of gingival crevicular fluid;
therefore, not having used this method is another limitation of the present study. Additionally,
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pain is subjective, and the patients being treated expect that their pain will decrease [36].
Together, these may cause bias, which is another limitation of the present study.

The molar amount of neuropeptides produced over time (in pmol/min) can increase with
salivary stimulation. However, the concentration of neuropeptides (in pmol/L) is diluted by
the increased volume of saliva and is also affected by the mode of stimulation [37]. Thus,

in the present study, resting (or unstimulated) saliva was collected to prevent the effect of
the stimulation mode on the levels of SP and CGRP in saliva. Salivary flow rate can vary
from person to person. Some systemic diseases, such as autoimmune diseases (Sjogren
syndrome, AIDS, lupus erythematosus), hormonal diseases (diabetes mellitus), neurological
diseases (Parkinson disease), and psychogenic diseases (depression), can be associated

with hyposalivation [38]. In addition to this effect of systemic diseases, medications such as
antidepressants, diuretics, and antihistamines can affect salivary secretion [38]. Therefore,
patients who had systemic disease or who were using drugs or medications within 3 days
were not included in the present study. However, according to our literature search, no study
has evaluated the effect of salivary flow rate on the levels of neuropeptides in saliva. Further
studies of the effect of salivary flow rate are required.

As this was a pilot study, we first evaluated 12 patients with mandibular molars with
symptomatic apical periodontitis. While the sample size used in the present study is similar
to those of previous pilot studies [39, 40], it remains a limitation of the present study.
However, despite the small sample size, a clear significant difference was observed.

Many studies have evaluated the levels of neuropeptides such as SP and CGRP in the saliva in
various pain conditions [12-14,31,41]. It The salivary level of SP in patients with tension-type
headaches during active headache periods has been reported to be significantly higher than
that in healthy controls [41]. Salivary SP concentrations have also been shown to be higher in
patients with dental pain than in those without such pain [31]. In light of the results of these
studies and of the present study, we conclude that the levels of neuropeptides in saliva may be
diagnostic parameters that help detect the type or the location of pain in the future.

CONCLUSIONS

In this pilot study, we evaluated the effect of endodontic treatment on SP and CGRP levels
in the saliva of patients with symptomatic apical periodontitis. According to the results, we
conclude that salivary SP level may be used as an objective indicator in the diagnosis and
determination of the degree of pain in endodontic diseases.
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