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Abstract

Introduction: In surgical procedures, tissue damage results in the release of a number of bioactive substances. Calcitonin gene-related
peptide (CGRP) is a peptide released from sensory nerves, which determines its role in pain sensation. Its distribution in tissues deter-
mines its role as a primary afferent neurotransmitter.

Aim: To determine the effect of CGRP on postoperative pain and reactive inflammatory process after surgical removal of impacted
mandibular third molars, as well as the factors that have influence upon the perception of pain.

Materials and methods: Forty patients with bilaterally impacted mandibular third molars were included in the study. Venous blood
samples were collected before and 24 hours after the surgical procedure in order to test their serum levels of CGRP and procalcitonin.
Two weeks later the procedure was repeated. The difficulty of the surgical procedure, its duration and complications were assessed in
all patients.

Results: The influence of some of the studied factors upon postoperative pain was established. Differences in the sensation of pain
between the two sexes were found when comparing pain intensity reported by the patients. Significant difference between pain inten-
sity after the 1st and 2nd surgical procedures (6 hours) was found in females (Z=2.63, p=0.009;), whereas in males the difference was
observed at 24 hours (Z=1.99; p=0.047).

Regarding the existence of sex-related association, a significant, strong positive correlation between CGRP levels after the 1st and 2nd
surgical procedures (24 hours) was found in males (r, =0.78; p=0.004), whereas in females this correlation was also significant, although
moderately significant (r, =0.44; p=0.020). CGRP levels at the first and second extractions were generally similar in males, and not as
much in females. We proved significantly moderate positive association between CGRP and pulse levels measured before the second
surgery (r, =0.37, p=0.021).

Conclusion: The results of our study suggest a significant role of CGRP in reactive (neurogenic) inflammation.
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INTRODUCTION

Postoperative pain management is one of the objectives of
scientific research worldwide. In recent years, a number of
studies have been conducted in an effort to find substances
playing a role in the occurrence, conduction and analysis
of pain.! Despite the large number of studies on the mech-
anisms of pain and its management, the results regarding
postoperative pain management are still extremely limit-
ed.? Tissue damage during surgical procedures acts as a no-
ciceptive stimulus that triggers the release of primary pain
mediators such as prostaglandins, leukotrienes, serotonin
and bradykinins. They, in turn, stimulate the release of pep-
tides such as calcitonin gene-related peptide (CGRP) and
substance P> CGRP is a subject of a great number of studies
on pain. It is a neurotransmitter belonging to the calcitonin
family* and is a 37-amino-acid neuropeptide which was
first identified in rats in 1983 °.

CGRP is secreted primarily from the sensory nerves,
which determines its role in pain.® The function and ex-
pression of CGRP depend on the site it is produced in.
When synthesized by cells located in the dorsal horns of
the spinal cord, it plays the role of a pain neurotransmitter.’

The concentration of CGRP is the highest in the outer
laminae of the dorsal horn and in the trigeminal nucleus
caudalis which corresponds to the terminals of primary
afferent neurons with soma in the dorsal root ganglion.®
Given the tissue distribution of CGRP, a number of authors
conclude that it plays a major role as a primary afferent
neurotransmitter.”-!!

Tissue damage, which occurs during surgery, results in
releasing of pro-inflammatory mediators — serotonin, hista-
mine, prostaglandins, CGRP, etc. There is growing evidence
for an increase in CGRP synthesis during inflammation.!?
It is considered that when a peripheral terminal of a sen-
sory nerve is activated, the action potential is transmitted
not only to the dorsal horn but down the nerve branches as
well. This results in the release of neuropeptides from the
peripheral branches. Neurogenic inflammation is the term
given to the microvascular effects caused by the release of
neuropeptides from the periphery of nerve terminals.®

The functional relationship between CGRP and pain
sensation is of particular interest.” According to Weidner
et al. there is no evidence that substance P and CGRP me-
diate pain directly, they rather contribute to sensitization
and pain modulation.!® Evidence of the role of CGRP and
its relationship with pain is contradictory and is a subject
of discussion.!*!®

In recent years, it has been found that a member of the
calcitonin gene family, namely procalcitonin, is one of the
most important markers of the severity of the inflamma-
tion in the body.!® Measuring the levels of this marker
would make it possible to determine the significance of the
inflammatory process after surgery.

AIM

The aim of this study was to determine the effect of CGRP
on postoperative pain and reactive inflammatory process
after surgical removal of impacted mandibular third mo-
lars.

MATERIALS AND METHODS

Participants

Forty clinically healthy subjects with bilaterally impact-
ed mandibular third molars were included in the study.
The mean age of the participants was 22+3 years, with the
youngest being 18, and the oldest — 40. Informed consent
was obtained from all participants, in accordance with the
requirements of the Ethics Committee at the Medical Uni-
versity of Plovdiv. The patients were diagnosed by an oral
surgeon with bilaterally impacted mandibular third molars,
which were to be extracted. Exclusion criteria: allergy to
medications, acute inflammation in the area of the tooth to
be extracted, regular alcohol consumption or drug abuse,
women 5 days before and 5 days after their menstrual peri-
od (to exclude the influence of hormonal factors on pain),
pregnancy and breastfeeding.

Study design

The participants were divided, in accordance with the prin-
ciples of simple randomization, in three groups, depending
on the medication they were given preoperatively.

The distribution of medications previously to both surgi-
cal procedures was double-blinded and placebo-controlled.
The subjects were given a flask with the medication prior
to the first surgery. Prior to the second surgery the par-
ticipants remain unaware whether they received the same
drug as the first time. This information was disclosed at the
end of the trial. Fifteen participants received ibuprofen 400
mg (1 tablet 3 times a day) — 9 tablets in total, other 15
participants received ibuprofen 400 mg (1 tablet 3 times a
day) - 9 tablets in total, and gabapentin 300 mg (1 tablet in
the evening) — 3 tablets in total, and the last 10 participants
received placebo (1 tablet 3 times a day). The time inter-
val between the surgical procedures of each patient was set
at two weeks. Prior to the second surgical procedure, each
patient received a vial with medication using the principle
of simple randomization. Before each surgical procedure,
venous blood samples were collected from the patients in
order to determine the baseline serum CGRP and procalci-
tonin levels. Within 24 hours later, intravenous blood sam-
ples were collected again in order to monitor the dynamics
of the parameters tested.
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Surgical procedure

The impacted third molars were removed in a surgical pro-
cedure at the Department of Oral Surgery of the Medical
University of Plovdiv. Half an hour before each procedure,
patients received pre-emptively 1 tablet of the medication
in the numbered vial which had been given to them. The
local anesthetic used in the study was articaine 4%. A stan-
dard surgical technique was applied. The difficulty of the
surgical procedure, its duration and complications were as-
sessed in all patients.

Pain scale

A visual analog scale (VAS) was used to assess postoperative
pain. Each patient marked the perceived pain with a vertical
check on a 100 mm ruler, which started at its left end with 0 -
no pain, and ended at its right end with 10 - very severe pain.
Pain was reported at 3, 6, 24, 48 and 72 hours, respectively.

Immunological methods for CGRP and
procalcitonin measurement

To measure serum concentrations of calcitonin gene-relat-
ed peptide (CGRP), serum was used, which was pre-sepa-
rated from the blood collected with Vacutainer by centrif-
ugation for 5 minutes at 2,000 rpm. ELISA kit for Human
calcitonin gene-related peptide CSB-E08210h was used
(Cusabio, USA). Values were obtained by ELISA method
(enzyme-linked immunosorbent assay). The procedure
was performed according to manufacturer’s instructions.
Absorption, i.e. optical density, was measured by an ELI-
SA reader at a wavelength of 450 nm. Double samples were
dropped. By drawing a calibration curve, the concentration
of each parameter was determined.

To measure serum concentrations of procalcitonin, en-
zyme-linked fluorescence assay (ELFA) was used in human
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serum on VIDAS instruments (bioMérieux, France). VI-
DAS B-R-A-H-M:S PCT assay is a one-step immunoassay
sandwich method with a final fluorescent detection (ELFA).
The method used is automated and is extremely sensitive,
with limit of quantification (LoQ) of 0.05 pg/L and limit of
detection (LoD) of 0.03 ug/L.

Statistical analysis

Numeric variables were presented as mean + standard de-
viation (mean+SD) or median (25th percentile; 75th per-
centile), if not normally distributed. Categorical variables
were presented as percentage + standard error (%+SEM).
The difference between two means of dependent samples
was tested by paired t-test or Wilcoxon signed ranks test
for nonparametric analysis of not normally distributed
paired data. A repeated measures ANOVA with a Green-
house-Geisser correction was applied to follow changes
over time. Correlation analysis was performed to study the
association between variables, whereas hierarchical multi-
ple regression models were used to examine the relation-
ship between five independent and one dependent variable
to isolate predictors which have significant influence on
CGRP levels. A p-value < 0.05 was considered statistical-
ly significant for all tests. For the statistical processing we
used the data analysis software IBM SPSS Statistics v. 25.

RESULTS

Assessment of pain duration after
surgical procedure

During the second surgical procedure, two patients
dropped out of the study due to their absence. The diffi-
culty of the performed procedures was assessed using the

T 95% CI FIRST surgical procedure
I 95% CI SECOND surgical procedure

VAS median (mm)

10

w
Lo

Time (hour's)

Figure 1. Levels of pain intensity after the surgical procedures at the time points studied.

There was no statistically significant difference in the complications after the two procedures (p=0.437)
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Pederson index.!” The first surgical procedure was assessed
as difficult in 75+7% of the patients, and the second - in
78.8+1% of the patients.

The duration of the first surgical procedure was 32 min
(20; 42 min), with one significant outlier (min=15 min;
max=90 min). The duration of the second surgery was nor-
mally distributed with mean+SD time of 35+13 minutes.

The average levels of pain intensity assessed by VAS
after the second surgical procedure were lower at each of
the time points compared to the first procedure, but sta-
tistically significant different only at the second time point
(at 6 hours - t=2.87, p=0.007). The median values follow
the same pattern with exception at 3 hours - 23 mm (9; 44
mm) vs. 23 mm (4; 49 mm) (Fig. 1). These data are import-
ant in terms of comparison with the results of immunolog-
ical tests.

CGRP and procalcitonin levels in surgical
procedures

We tested numerous hierarchical multiple regression mod-
els with different sets of variables included - duration and
difficulty of the second surgical procedure, smoking, com-
plication after the first surgical procedure and the fMRI
resting state results after the first and second surgical pro-
cedures, which were proven not to influence CGRP level.
The models were not significant and the coefficient of de-
termination was below 1%. The only significant model we
were able to establish was as follows: a two-block analysis
with the CGRP levels reported after the second procedure
as a dependent variable:

¢ Block 1 - in this block we included the predictor which
we expected to predict CGRP - the type of medication.

In the next block, we included the explanatory variable
(stepwise inclusion), which we did not expect to necessarily
have an effect on CGRP, as follows:

o Block 2 - CGRP reported after the first procedure.

1,50

In step 1, the application of a hierarchical multiple re-
gression showed that for CGRP measurement after the
second procedure, the type of medication did not contrib-
ute significantly to the regression model F (1, 36)=0.03,
p=0.866, with determination coeflicient of only 0.001. In
Step 2, introducing the variable CGRP reported after the
first procedure represents an additional 25% of variation,
and this change in R2 is significant, F (2, 35)=5.76, p=0.007.
The hierarchical regression analysis with two stages of pre-
dictor inclusion allows us to identify which one is signifi-
cant for the model. First, it is evident from R2 (determina-
tion coeflicient), signifying the percentage of variation of
the variable (CGRP at the second extraction) in response
to medication (0.1%) and values of CGRP at the first ex-
traction (25%), i.e. a quarter of the variation of CGRP at
second extraction can be explained with the CGRP-values
at the first one. Second, it is evident by the significance of
the coeflicient of the predictor.

The regression coefficient in step 2 b0=0.20 (the inter-
cept term in the regression equation), denoted as a con-
stant, is not statistically significant (t=0.75, p=0.459). The
regression coeflicient in front of the factor variable medi-
cation b1=0.05 is also not statistically significant (t=0.40,
p=0.690), whereas the regression coefficient in front of the
factor variable CGRP after the first procedure b2=0.25 is
significant (t=3.39, p=0.002).

Regarding the existence of sex-related relationship, a
significant, strong positive correlation between CGRP lev-
els after the 1st and 2nd surgical procedures (24 hours) was
found in males (rXY:0.78; p=0.004), whereas in females this
correlation was again significant, but moderate (r, =0.44;
p=0.020). CGRP levels at first and second extraction are
generally similar in males, and not as much in females.

The repeated measures ANOVA (with the Green-
house-Geisser correction without taking into account the
medications used) did not confirm a statistically significant
difference in CGPR levels between the four time points af-

Bars: 95% CI

1,00

Mean CGRP pg/ml

before the FIRST surgical ~ after the FIRST surgical

procedure procedure

before the SECOND after the SECOND
surgical procedure surgical procedure
Time points

Figure 2. Distribution of CGRP at the four time points studied without taking into account the medication administered.
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ter each surgical procedure as well as in a pairwise compar-
ison (Fig. 2).

We proved significant moderate positive association be-
tween CGRP and pulse levels measured before the second
surgery (r,,=0.37, p=0.021).

The results of the procalcitonin measurements after both
surgical procedures showed PCT levels of < 0.5 ng/mL,
which indicated possible local inflammation and a local
infection with a mild or non-significant systemic inflam-
matory response.

DISCUSSION

Understanding the characteristics of postoperative pain is
important for its adequate management.'® The model used
in this study is extraction of impacted mandibular third
molars. This model is commonly used in studies of new
analgesics as well as in pain-related studies due to the re-
peatability of relatively identical surgical traumas and the
similar intensity of postoperative pain.!9-!

Characteristics of the surgical proce-
dures and subjective assessment of
postoperative pain by patients

The surgical procedures we performed experienced the
same difficulty - it is the difficult extraction (by Pederson
index), and this makes it possible to compare the results.
Another important feature of the surgical procedures is
that they were performed in outpatient setting under local
anesthesia. This is associated with a serious postoperative
pain which was assessed using VAS. The intensity of post-
operative pain was highest at 6 postoperative hours, with
differences in the results found after the two surgical pro-
cedures. Higher intensity was reported after the first surgi-
cal procedure - 50£26, whereas after the second surgical
procedure it was significantly lower — 39+30. The results of
the assessment of postoperative pain intensity are identical
to those found in studies using another model.?? Postoper-
ative pain intensity after the second surgical procedure was
found to be lower at all time points studied. The probable
cause of lower postoperative pain levels after the second
surgical procedure, in our opinion, is the cognitive com-
ponent of pain. Once performed, the surgical procedure is
considered as something familiar, which is the reason for
the lower pain intensity after the second surgery. No effect
of the medications administered on the pain sensation after
the surgical procedures was found.

This evidence about the absence of effect of the medica-
tion differs from other research in which bilateral impact-
ed mandibular third molars were removed under general
anesthesia. Bupivacaine was preemptively infiltrated locally
prior to the first extraction, and the second extraction was
used as control. The authors reported considerably lower
levels of postoperative pain on the side that was treated

The Role of CGRP in Postoperative Pain

with bupivacaine.?*> We speculate that the difference in the
reported pain can be explained with the preemptive appli-
cation of bupivacaine and its long duration (8-12h), which
negated the peak of pain, usually experienced at 6 hours
post-surgery.

Relationship between postoperative
pain characteristics and changes in
serum levels of CGRP and procalcitonin

Postoperative pain has two main components — neuropath-
ic and inflammatory, which largely characterise patient
sensations.!®

Our study did not find a relationship between the med-
ications administered and the serum levels of CGRP. These
results are similar to literature data for the absence of cor-
relation between the release of this neurotransmitter and
the neuropathic and inflammatory pain.?%

Other studies have found a relationship between neu-
ropathic pain and CGRP release.?® In our opinion, the
difference in CGRP levels is due to the fact that the study
conducted used a model of chronic neuropathic pain. Its
characteristics differ significantly from the acute pain re-
sulting from nerve damage due to the surgical procedure.

Studies by some authors have found that CGRP is not an
active participant in postoperative pain, but predominantly
in inflammatory pain.?” According to Bowler et al.?8, this
neuropeptide has multiple functions, and also exhibits an-
ti-inflammatory activity.

The results of our study demonstrate local inflammation
and a mild systemic inflammatory response as a result of
the surgical procedure, as confirmed by serum procalci-
tonin levels. The serum levels measured by us are below the
widely used limit of 0.5 ng/mL, which is indicative of the
presence of inflammation in the early postoperative period.
According to some authors, low levels of procalcitonin are
indicative of absence of bacteriemia.?’ This, in our opin-
ion, excludes bacterial genesis of inflammation, but rather
makes it neurogenic in nature.

The surgical model we used to investigate CGRP levels
allows credibility and comparability of results. Our studies
found a moderate correlation between CGRP levels before
and after the first, as well as before and after the second sur-
gical procedures. The positive association between serum
levels of CGRP and pulse rate prior to the second surgery
can be interpreted as confirmation of the above-mentioned
hypothesis on the impact of pain’s cognitive component.
The statistical analysis performed without taking into ac-
count the medications used did not demonstrate a statis-
tically significant difference in the results at the four time
points. Nevertheless, the graphics of CGRP measurements
show a trend to a decrease of the levels of this neurotrans-
mitter before and after the second surgical procedures,
which, in our opinion, is a consequence of one of the com-
ponents of pain that is neglected in some studies - the cog-
nitive component.3%-3!
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CONCLUSION

The results of our study suggest a significant role of CGRP
in reactive (neurogenic) inflammation. It is advisable to use
anti-inflammatory medications in order to manage the in-
flammatory component of postoperative pain. For greater
objectivity of the results, it is necessary to carry out a study
with a significantly higher number of patients.
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Pe3tome

BBepeHue: IIpu xupyprudeckux BMeIIaTeIbCTBAX MOBPEKICHNe TKaHell IIPUBOUT K BBIJIE/ICHNIO PsAla 6JIO/IOTMYeCKY aKTVMBHbIX
BemiecTB. Kampuuronnu-ren-ceasannbii nentuy (CGRP) npencrapider co60ii IenTup, BEICBOOOXK/IaeMblil CCHCOPHBIMU HepBaMI,
KOTOPBIil OIIpefie/iAeT ero pojb B olyLieHnn 6o/, Ero pacnpereneHne B 9TUX TKaHAX ONPeie/AET ero PO/Ib B KaueCTBe NePBUYHOTO
addepeHTHOrO HeIfPOTPAaHCMUTTEPA.

LUenb: Onpepemnts Bamsane CGRP Ha octeonepayioOHHYI0 60/Ib 1 PeaKTBHbII BOCIIAINTEIbHbII IIPOLIECC IIOCIIE XVPYPrUIecKOro
YAAIEHIS HOPAXKXEHHOTO TPETHETO MOJIIPa HIDKHEI YeTI0CTH, @ TAKXKe (paKTOPbI, BAMAIONIE Ha OLfyLieHue 60/m.

MaTtepuanbl u MeTofbl: B nccienoBanne O0bU10 BKIIOUEHO 40 MALIEHTOB C ABYCTOPOHHNMM IIOPaKEHIEM TPEThero MOLAPa HIDKHE!
gemocTu. O6pasLbl BEHO3HOI KPOBY OTOMPAN IO U Yepe3 24 yaca Ioc/e onepanuin A onpenenenus yposas CGRP B cbiBOpoTKe U
YPOBHell IIpoKanbLMTOHNHA. Yepes e Hemerm npolenypy noropya. CI0XHOCTb XMPYPIUYeCKOro BMEIIaTe/IbCTBa, €ro MPOzo-
JKUTETIBHOCTD 1 OCIOKHEHISI ObUIN OLIeHEeHbI [/Is1 BCeX MalleHTOB.

Pe3ynbraTbl: YcTaHOB/IEHO BIMAHME HEKOTODPBIX U3 M3YYEHHBIX (AKTOPOB Ha IIOC/ICOIEPAIVIOHHYIO 60/b. Pasmans B 60/IeBbIX
OLIYIIEHNAX MEXK/Y MOIaMi ObIIi 0OHAPY)KEHDI [PV CPAaBHEHNI MHTEHCUBHOCTY 00N, cOO6IaeMoll naryeHTaMy. SHa9nTeIbHasg
PasHMIIA MEK/]Y MHTEHCUBHOCTDIO OOV IIOCIIE IIePBOIL 11 BTOPOII XMPYPIMUYecKoit IpoLefypsI (6 4acoB) 6blta 0OHApYKeHa Y )KEHIIH
(Z=2.63, p=0.009;), Torga KaK y My>X4lH pasHulia Hab/ofanace 4epes 24 aca. (Z = 1.99; p = 0.047).

Y10 KacaeTcs TeHAEPHOI aCcCOLMALNN, Y MY>XXUIH OblTa 0OHApy)KeHa 3HAYNTEIbHAs, CIUIbHAS MTO/IOKIUTENIbHAS KOPPETALNS MEKLY
yposHamMu CGRP mocie mepBoii 1 BTOpOii XMPYPrudecKoii mpouenypsl (24 daca) (rXY = 0.78; p = 0.004), B TO BpeMs KakK y >KEHIIVMH
9Ta KOPPe/ALMs TaKXKe OblIa 3HAYNTEIbHOIL, HO YMEPEHHO 3HAYNMOIL (rq = 0.44; p = 0.020). Yposuu CGRP npu niepsom 1 BTOpom
9KCTPAKIMAX OBUIN B 1IJIOM OFVHAKOBBIMI Y MY)KUMH, HO He TaK CHIbHO BBIPaXKEHDI Y XKEHIUH. MBI IIPOJEMOHCTPUPOBA/IN 3Ha-
YHUTEbHYI0 YMEPEHHYIO TONIOKUTENbHYIO CBA3b Mex 4y CGRP 1 yacToToll cepfiedHbIX COKpaIleHNMIl, M3MePEeHHbIMI TIepefi BTOPOit
omepariuenn (rXy =0.37,p =0.021).

3aKnoueHne: PesynbTaThl Halllero MCCIeOBAHNA OKa3bIBAIOT 3HaUNTeNbHYI0 porib CGRP B peakTMBHOM (HelipOreHHOM) BOCIIa-

JICHUMN.

KnioueBble cnoBa
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