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Abstract

Background

Despite extensive research on the link between pain experience and neural
processes, the influences of intermittent sub-chronic pain on the hippocampal
plasticity are less clear. In this work, we investigated at long-term plastic
alterations in synaptic connections and neuronal function in rats with dentin

erosion.

Methods

Experiments were carried out on control and the rats with dentin erosion. The
dentin hypersensitivity test was used to assess the behavioral reaction of rats by
injecting of cold or warmish water. The short-term and the long-term plasticity of
the dentate gyrus area were induced by electrical stimulation of the perforant
pathway. The expressions of certain neurodegeneration-related genes were
assessed by quantitative real-time PCR. Western blot was used to measure the

expression of key proteins associated with neuronal plasticity.

Results

Exposure of teeth to acetic solution caused molar tooth lesions with increased
motor reaction when stimulated with cold water. These rats expressed facilitated
short-term synaptic depression, post-tetanic potentiation and long-term
potentiation. The PSEN2-mRNA levels significantly elevated in the rats exposed
to painful stimuli, compared to the rats exposed to painless stimuli. There was no
significant difference in MAPT-mRNA, JNK-mRNA, and BACE1-mRNA. Pain
perception prevented down regulation of ERK1/2 phosphorylation by dentin

erosion.

Discussion

The present study suggests a link between peripheral nociceptive information and
neuronal plasticity in the dentate gyrus. The simultaneous presence of increased
PSEN2 expression and facilitated plasticity in pain-perceived rats requires further
investigation into the role of pain in the development of neurodegenerative

alterations.

Introduction

Synaptic plasticity, or the alteration of synaptic strength, is assumed to be a
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cellular mechanism of learning and memory processes. Postsynaptic Calcium (Ca) entry, depending on
current dynamics, activates intracellular kinase or phosphatase cascades that result in AMPA receptor
insertion or removal from the membrane. This, in turn, raises post-synaptic NMDA excitation in
response to a given pre-synaptic stimulus. As a consequence, the enlargement of existing synapses, the
development of new synapses, and the loss of inappropriate synaptic connections reconfigure the neural

network for information processing [16; 22].

Experimentally, different patterns of electrical stimulation that are relatively confined to the perforant
pathway produces synchronized activity of many granule cells in the dentate gyrus which can be
extracellularly recorded as a field potential (FP) by a glass microelectrode. The FP consists of a
positive-going synaptic component (field excitatory postsynaptic potential, fEPSP), with a
superimposed non-synaptic component (population spike, PS). The fEPSP is a measure of postsynaptic
depolarization which makes the post synaptic neuron more likely to fire an action potential. The PS
reflects the somatic response, the amplitude of which is dependent on the number of granule cells that
discharge in synchrony. Both components of the field potential can be subjected to a relatively
permanent change independently of each other. Long-term potentiation (LTP) is characterized by an
increase in neuron output with or without changes in synaptic plasticity following a few trains of

high-frequency stimulation.

Recent work has recognized that the LTP at both excitatory and inhibitory synapses can function as a
prime mechanism underlying pathological pain as well [32; 26]. A growing body of data from
behavioral, electrophysiological, molecular/biochemical, and functional imaging research supports the
hypothesis of a link between hippocampal formation and pain perception. LTP of CA1 neurons in mice,
for instance, was enhanced after tail amputation [45]. Subcutaneous injection of whole bee venom
solution also significantly enhanced the induction probability and the magnitude of LTP elicited in both
the dentate gyrus and CAl area when compared to the control [50]. However, there are also studies
whose results are inconsistent with these studies: Chronic neuropathic pain causes memory deficits in
rodents [36], induces LTP at C-fiber synapses in the spinal dorsal horn [49], but
impairs LTP at CA3—CA1 synapses in the hippocampus [36]. The inconsistent findings of all these
studies show that there is a continuing need for further research to understand the

relationship between pain and plasticity.

The present study investigates the modulation of neuronal plasticity in the dentate gyrus with chronic
and intermittent pain which is induced by dentin hypersensivity in rats with dental erosion. The
presence of two distinct afferent pathways that carry peripheral nociceptive information to DG granular
cells is the primary source of the assumption of a causal relationship between pain perception and the
hippocampus [31]. One of these afferents is cholinergic projection pathway which
originates from medial septal nucleus. The other is the glutamatergic perforant pathway, which
transmits nociceptive information from the primary somatosensory cortex to posterior parietal
association cortex, and the entorhinal cortex and then to the dentate gyrus [15]. Previous studies have
reported findings indicating a role for the mitogen-activated protein kinase (MAPK)
signaling pathways in the modulation of LTP by pain in dorsal horn neurons. For instance, following
painful stimulation, dorsal horn neurons express an LTP that is blocked by MAPK kinases (MEK)
inhibitors [37; 47]. Activity-dependent insertion of AMPA receptor requires pain-induced activation of
the MEK/ERK pathway in dorsal horn neurons [18]. In addition, a specific role of MAPKs has also

been suggested for the development of pain hypersensitivity following tissue and nerve injury
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(reviewed in [23]). The MAPK signaling pathways control gene expression in a number of ways
including the phosphorylation and regulation of transcription factors, co-regulatory proteins and
chromatin proteins [46]. We, therefore, hypothesized that pain modulates neuronal plasticity in the
dentate gyrus through the MAPK signaling system and investigated whether this modulation causes
transcriptional changes in some neurodegenerative proteins. To do this, we studied an experimental

model of denti hypersensitivity (DH), a most common source of pain in humans.

Methods

The experimental setup of this study includes electrophysiological and molecular approaches used to
demonstrate that modulation of neuronal plasticity by pain sensation is accompanied by changes in the
hippocampal expression of some neurodegenerative proteins. To represent a common pain pattern in
humans, the dentin hypersensitivity model was chosen, which begins suddenly, causes periods of
discomfort, and persists throughout the time of contact with the stimulus [2; 40; 20]. Induction of
neuronal plasticity was achieved by stimulating the perforant pathway with high and low frequency
stimulation patterns. Western blot technique was used to demonstrate the contribution of three MAPK
family members, which are major regulators of the transcriptional response, in the modulation of
synaptic plasticity by pain sensation [46]. Quantitative mRNA measurements of MAPT, JNK, PSEN2
and BACEI genes were used to demonstrate that modulation of neuronal plasticity by pain may cause

transcriptional changes in neurodegenerative proteins.
Experimental design

Thirty-nine male Wistar rats were divided into two groups, based on dentin erosion treatment. The rats
in the control group (n = 13) were kept in standard conditions and housed in regular cages in the same
room as the rats with dentin erosion. The remaining rats were allocated to the experimental groups in
which dentin erosion was produced in rats by drinking an isotonic solution (Powerade®, lemon flavor,
pH 2.7) as drinking water for 42 days to rats. During the last 7 days, these rats were exposed to dentin
hypersensitivity test by injecting of cold (4 °C, painful group, Group El, n = 13) or warmish (16 °C,
painless group, Group EO, n = 13) water. Injections were applied by an insulin-size syringe containing a
silicon cannula for 5 seconds. During hypersensivity test, two observers scored behavior response
independently as follows: 0 = no response, 0.5 = slight contraction of the body, 1 = contraction of the
body, 2 = strong contraction of the body with a short vocalization; and 3 = strong contraction of the
body with a prolonged vocalization [4]. One day after hypersensitivity tests, the jaws were removed for

scanning electron microscopy (SEM) following electrophysiology.
Recording of Field Potentials

Hippocampal field potentials were recorded from anesthetized rats as previously described [43]. At the
beginning of experiment, the input/output curve was obtained by plotting the raw values of fEPSP slope
and PS amplitude against electrical pulse intensities varying from 0.1 mA to 1.5mA. For this, the PP
was stimulated at a frequency of 0.05 Hz with 0.2 mA steps after 15minutes of stable
baseline recordings. The pulse intensity that produces a half of the maximum PS amplitude (test
stimulus) was determined to be used throughout the experiment. Following I/O curve protocol,
electrical stimulation of the PP continued for 75 minutes at a frequency of 0.33 Hz (one pulse every 30
second). After 15-min baseline recording, high-frequency stimulation (HFS) was delivered four times
with 5-min intervals at 100 Hz, bipolar, biphasic, square wave with a width of 125 usec, or

low-frequency stimulation (LFS) at 1 Hz. Immediately after completion of electrophysiology, in deeply
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anesthetized rat, the brain was carefully dissected out from the skull, placed into ice-cold
phosphate-buffered saline, cut along the longitudinal fissure of the cerebrum using a surgical knife, and
cut off the regions posterior to lambda (midbrain, hindbrain, and cerebellum). Then medial side of the
cerebral hemisphere was placed up and carefully removed the diencephalon (thalamus and
hypothalamus) under a dissection microscope, allowing for visualization of the hippocampus. Using a

forceps, right and left hippocampus separately dissected from surrounding area and weighed.
Western Blotting

The whole hippocampus was lysed in RIPA buffer (sc-24,948; Santa Cruz Biotechnology, Santa Cruz,
California, USA) with sonication. The homogenates were centrifuged at 15,000 xg for 20 min at 4°C.
Forty micrograms of total protein from each sample were separated on a 10% of SDS-polyacrylamide
gel and transblotted onto a PVDF membrane (GE Healthcare, 10,600,021, Amersham Hybond). The
membranes were blocked with 5% of non-fat dry milk in Tris-Buffered Saline (TBS) containing 0.1%
of Tween-20 (TBS-T) for 1 hour at room temperature before being incubated with primary antibodies
overnight at 4°C (16, 17). The following primary antibodies were used: ERK1/2 (#4695, 1:1000, Cell
Signaling), p-ERK1/2 (#9101; 1:1000, Cell Signaling), JNK (#9252, 1:1000, Cell Signaling), p-JNK
(#9251; 1:1000, Cell Signaling), P38 (#9212; 1:1000, Cell Signaling), p-P38 MAPK (#9211, 1:1000,
Cell Signaling). The membranes were then washed briefly with TBS-T and incubated for 1 hr at room
temperature in a 1:4,000 dilution of goat anti-rabbit IgG (sc2004; Santa Cruz Biotechnology) or goat
anti-mouse IgG (sc-2005; Santa Cruz Biotechnology) secondary antibody conjugated to horse radish
peroxidase. The bound antibodies were visualized by the G: Box Syngene System (Beacon House,
Cambridge, UK) using an enhanced chemiluminescence substrate (Pierce™ ECL Western Blotting
Substrate, catalog number: 32,106) according to the manufacturer's instructions. The blots were
subsequently stripped and reprobed with a B-actin mouse monoclonal antibody (AC-15, sc-69,879,
Santa Cruz Biotechnology) to confirm the equal loading of the protein samples in the gel. The optical
density (OD) of the blots was measured with ImageJ software (National Institutes of Health, USA). The
OD of each band was normalized to the corresponding B-actin band. Relative OD (ROD) was calculated
dividing the optical density of the analyzed sample by the first band of each blot. The OD of a protein
band in a sample was expressed as relative OD (ROD) according to the amount of protein loaded into
the corresponding well. Each gel or blot was duplicated. Data were analyzed using Kruskal-Wallis and
Mann—Whitney U test.

Real-time Quantitative Polymerase Chain Reaction (RTqgPCR) Analysis

The RT-qPCR was performed using a CFX Connect Real-Time PCR detection System (BioRad) with
SsOAdvanced Universal IT SYBR Green Supermix (BioRad). Primer sets used were validated by and
purchased from Oligomer and Sentebiolab. The primer sequences used are given in Table 1. The cycle
threshold (Ct) was determined for each target gene in duplicate. The B-Actin gene was used as the
house- keeping gene (reference gene). At the end of the process, Ct (threshold cycle) values was

recorded. The Ct values obtained were calculated and normalized using the 2782% method.

Scanning Electron Microscopy (SEM)

After euthanasia, jaws were removed, cleaned free of soft tissues, and molars was isolated for SEM
analysis. The molars were submerged in acryl so that the buccal and lingual surfaces could be seen.
Then the pieces underwent a dehydration process with an ascending series of acetone and were

subsequently coated with gold palladium at a thickness of approximately 15 nm (Sputter Coater
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Table 1. Primer sequences of mRNA used for quantitative Reverse Transcription PCR (q-rtPCR).

Primer Sequences (5' -3") Tm (°C) Supplier Dilution

MAPT - F 5'.GAC TCC TCC AGG ATC AGG TG-3' 61 Oligomer 1:10

MAPT - R 5'.GGT AGG GAT GGG GTA CGG-3' 61 Oligomer 1:10
5'-GAA TGT CCT ACC TTC TCT CTA TCA

JNK -F 62 Oligomer 1:10
AAT GC-3'

JNK -R 5.TCC TTG CCA GTC CAA AAT CA-3' 55 Oligomer 1:10

PSEN2- F 5" AGG ACC CTA AGG CTT GCA CCT-3' 55 IDT 1:10

PSEN2-R | 5-CTA GGG AAA ATG GAA AGA GT -3 55 IDT 1:10

BACE1-F | 5-GTG GTT ACC TTG CTG CCA TC-3' 55 IDT 1:10

BACE1-R | 5GTG GTT ACC TTG CTG CCA TC-3' 55 IDT 1:10

MED-020, Bal-Tec). After these procedures, the specimens were observed under SEM (JEOL,

JSM-6510, USA), in order to concomitantly analyze structural condition of dentin.

Data Analysis and Statistics

The slope of the fEPSP was calculated as the amplitude change at 20-80% of the voltage difference
between the start and the peak of the waveform, whereas the amplitude of PS was calculated as the
difference from the first positive peak to the negative peak for each field potential. The raw values of
the EPSP slope and PS amplitude during the I/O experiment were analyzed using a separate two-way
repeated measures ANOVA, with group (control, EO and E1 groups) as between subjects variables, and

stimulus intensity (8 levels of intensity).

Raw values of each fEPSP slope and PS amplitude were expressed as a percentage of own mean value
averaged in baseline, and their means at 0-5 minutes (short-term plasticity) after induction and the last 5
minutes of recording (long-term plasticity) were calculated. Synaptic or somatic LTP was considered to
be induced if the mean fEPSP slope or mean PS amplitude was greater than 120% of the baseline value
[27], and if it was less than 80% to be induced LTD. Possible differences in plasticity among three
groups (control, EO and E1 groups) was analyzed separate one-way ANOVA.

Optical density of the blots was measured with ImageJ software (National Institutes of Health, USA),
was normalized to the expression levels of B-actin and was expressed as an arbitrary unit relative to a
sample of control group in each membrane. Kruskal-Wallis test followed by Mann—Whitney U tests was

used to compare differences between groups.

A p level of < 0.05 (two-tailed) was applied for all comparisons to determine statistical significance. All

statistical analyses were performed using SPSS software (SPSS, Chicago, IL).

Results
Verification of pain induced by dental erosion.

A one sample SEM picture from each group can be shown in Figure 1A. SEM of dental elements
showed the exposed tubules in E0 and E1 groups while no tubules exposure were observed in the
control groups (Figure 1A). There was higher dentin hypersensivity scores in rats with dentin erosion
exposed to cold water (0.538+0.144) than warmish (0.154+0.087; Z= 2.169, p = 0.030, the
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Figure 1. Jet injection of cold water to erosive molar triggers pain-related
behavioral response in rats. A4: Representative images of samples (SEM) with
normal (top, control rat) and severe dentin erosion (middle and bottom). B: Motor
reaction scores of rats with dentin erosion to warmish water (EO, n = 13) and cold
water (Group E1, n=13).

Mann-Whitney test), confirming thatcold stimulation increased the pain response (Fig. 1B).
Electrophysiology

Figure 2 shows pain modulation of neuronal plasticity induced by low-frequency stimulation and

high-frequency stimulation.
Short-Term Plasticity

The mean fEPSP slope and mean PS amplitude recorded 0-5 minutes after induction were used to assess
short-term synaptic and somatic plasticity, respectively (Fig. 3). LFS to the perforant pathway induced
comparable early depression of synaptic strength in the control (as shown by fEPSP slope of 88.2+6.0%
of baseline), EO (81.6+2.7%) and E1 groups (79.4+2.8%, F,5=1.227; p =0.321). The slope of EPSP
following HFS, on the other hand, increased by 112.3+10.6% of baseline in the control group,
119.247.9% of baseline in the painless group, and 131.6+5.8% of baseline in the painful group
(F215=1.378; p=0.277). Despite of the lack of a significant difference among groups these results
indicate that both short-term synaptic depression induced by LFS and short-term synaptic potentiation
induced by HFS are amplified by pain sensation.
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Figure 2. Pain modulation of neuronal long-term potentiation induced by low-frequency stimulation and
high-frequency stimulation. Left Panel: The perforant pathway of control rats (black circle) and rats with
dentin erosion (empty circle and grey circle: erosion with or without painful stimulus, respectively) was
stimulated by electrical pulses at 1Hz for 15 min (0-15 min). It is noteworthy that the field potentials of rats with
dental erosion followed the stimulation with a smaller slope and smaller amplitude compared to the control
group. Right Panel: The perforant pathway of control rats and rats with dentin erosion was stimulated by
electrical pulses at 100Hz four times for 15 min (0-15 min). It is noteworthy that the field potentials of rats with
dental erosion followed the stimulation with higher amplitude compared to the control group when pain

sensation is evoked.

Contrary to expected, an early potentiation of the PS amplitude was observed following both LFS
(121.2425.2% of baseline) and HFS (193.9420.2% of baseline) in control rats. The PS amplitude
decreased by 67.8+8.1% of baseline after LFS but increased by 448.0+70.1% of baseline after HFS in
the painful group. The PS amplitude in the painless group did not show any significant
difference to pre-induction after LFS (94.343.2 of baseline), but potentiated by 195.0+£23.4% of baseline
after HFS. After a one-way ANOVA, the PS amplitude was revealed to have a significant group
difference (F,,5=10.929; p=0.001), however there was a tendency for significance after LFS
(F2.15=3.006; p=0.080). Tamhane's post-hoc test confirms that painful stimulation facilitates post-tetanic
potentiation of the PS amplitude. (vs. control group, p=0.031; vs. painless group, p=0.031). These

results indicate that short-term somatic potentiation induced by HFS is amplified by pain sensation.

©2024 Soley Arslan, et al. This is an open access article distributed under the terms of the
Creative Commons Attribution License, which permits unrestricted use, distribution, and build Vol- 1 Issue 3 Pg. no. -7

upon your work non-commerecially.


http://www.openaccesspub.org/

Y ‘,
International Journal of Pain Management (jpew

LFS HES

mControl OEQO OE1 mControl OEO0 OE1
100 160
o 140
80 .

-
K
o

8

fEPSP slope (% of baseline)
3

fEPSP slope (% of baseline)
@
o

60 A
30 4
40 A
20 A
10 =
0 - 0-
mControl OEO0 OE1 mControl OE0 OE1
160 4 600 -
140 - | - ‘
é 120 A f E
[ [}
@ o 400 1
8100 A : 3
5 s "
€ g0 € 300 |
@ -]
§ 2
S 60 4 s 9
E £ 200 4
o (1]
2 40 2
100 A
20 A
0 0

Figure 3. Pain modulation of short-term synaptic (fEPSP slope) and somatic (PS
amplitude) neuronal plasticity. The percent change in fEPSP slope or PS amplitude
evaluated 55-60 min after low-frequency stimulation (LFS) or high-frequency stimulation
(HFS) over baseline is defined as short term plasticity. Horizontal lines represent threshold
for potentiation (>120%) and depression (<80%) of plasticity. Note that when exposed to
painful stimuli, rats with dentin erosion exhibit more depressed long-term plasticity to LFS
and more enhanced long-term plasticity to HFS than control rats (black bars). Grey bars: rats
with dentin erosion exposed to painless stimuli. Empty bars: rats with dentin erosion

exposed to painful stimuli. * indicates significant difference from control rats.

Long-Term Plasticity

The mean fEPSP slope and mean PS amplitude recorded 55-60 minutes after induction were used to
assess long-term synaptic and somatic plasticity, respectively (Fig. 4). In the control group, both LFS
(198.8+£35.9% of baseline) and HFS (154.0+16.5% of baseline) to the perforant pathway induce a
long-term increase in PS amplitude although no change in fEPSP slope was observed (100.1+10.7 and
99.9+4.5 of baseline, respectively).In contrast to the control group, LFS to the perforant pathway
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Figure 4. Pain modulation of long-term synaptic (fEPSP slope) and somatic (PS
amplitude) neuronal plasticity. The percent change in fEPSP slope or PS amplitude
evaluated 55-60 min after low-frequency stimulation (LFS) or high-frequency stimulation
(HFS) over baseline is defined as short term plasticity. Horizontal lines represent threshold
for potentiation (>120%) and depression (<80%) of plasticity. Note that when exposed to
painful stimuli, rats with dentin erosion exhibit more depressed long-term plasticity to LFS
and more enhanced long-term plasticity to HFS than control rats (black bars). Grey bars: rats
with dentin erosion exposed to painless stimuli. Empty bars: rats with dentin erosion
exposed to painful stimuli. * indicates significant difference from control rats.

resulted in synaptic LTD in painless group (82.5+6.0%, ts = 0.034) and painful group (79.0+4.9, tc =
0.008). LFS-induced long term potentiation of PS amplitude was lower in painless group
(130.6£13.6%) and painful group (94.0+£12.6%), but higher in painless group (197.5£31.9%) and in
painful group (337.3£53.2%). One-way ANOVAs yielded significant group difference for the PS
amplitude after LFS (F,,;5=5.200, p=0.019) and HFS (F,,15=6.671, p=0.007).There was no significant
group difference in fEPSP slope after LFS (F,15=2.13, p=0.146) and after HFS (F;,5=1.369, p=0.281).
Tamhane's post-hoc test confirms that painful stimulation facilitates long-term potentiation of the PS
amplitude after HFS (p=0.038). Nevertheless, the difference between control and El rats showed a
trend toward statistical significance after LFS (p=0.093).
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Molecular Results

The biochemical conversion from short-term plasticity to LTP requires activation of intracellular kinase

pathways and gene expression induced with high-frequency stimulation [14; 10]. MAPK control of

activity-dependent gene expression is one of the critical events for long-lasting changes at the synapse.

Therefore, we looked at how HFS-induced MAPK activation and gene expression differed between rats
exposed to painful and painless stimuli (Figure 4). We found that the p-ERK1/2 (x*=7.692; p=0.021)
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Figure 5. Pain perception prevents ERK1/2 phosphorylation and up-regulates PSEN2 mRNA levels in the rats
with dentin erosion 60 min after HFS. A and B: The Ilevels of total-ERK1/2 and
phosphorylated ERK1/2 in the hippocampus of control rats (n = 6) and dentin erosive rats with molar teeth
stimulated with warmish water (painless, n = 6) and cold water (painful, n = 6) were measured. Protein levels
were detected by immunoblot analysis as described in the Methods section. Relative optical density (Y -axis)
was calculated dividing the optical density of the analyzed band by that of own B-actin band, and quantified as
percent change of the first control hippocampus sample on the membrane. *significant p values from Mann
Whitney U test. C: Representative blots of total-MAPKSs and p-MAPKs. Down-regulation of p-ERK1/2 in the
blots of dentin erosive rats with molar teeth stimulated with warmish water (painless) is not seen in dentin
erosive rats with molar teeth stimulated with cold water (painful). D: qRT-PCR analysis of neurodegeneration
-related genes in LTP induced-hippocampus of control rats (n = 6) and dentin erosive rats with molar teeth
stimulated with warmish water (painless, n = 6) and cold water (painful, n = 6). The cycle threshold (Ct) was
determined for each target gene in duplicate. The B-Actin gene was used as the house- keeping gene
(reference gene). At the end of the process, Ct (threshold cycle) values was recorded. The Ct values obtained

were calculated and normalized using the 27 24% method.
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levels, but not total-ERK1/2 (¥*=3.978; p=0.137), in the hippocampus differed among groups 60
minutes after HFS. Post-hoc Mann Whitney test revealed that p-ERK1/2 levels in the painless group
was considerably lower than in the control group (Z=2.727, p=0.006), suggesting that pain sensation
prevents down regulation of ERK1/2 phosphorylation by dentin erosion. There was no significant dif-

ference among three groups for JNK and p38-MAPK (data not shown).

In addition, we found that PSEN2-mRNA levels significantly elevated in the rats exposed to painful
stimuli (n=5; 1.60+0.13 fold relative to a control rat), compared to the rats exposed to painless stimuli
(n=5; 0.97£0.18) in response to HFS (Z=2.104; p=0.030, Mann-Whitney U test). There was no
significant difference in MAPT-mRNA (painful:1.06+0.07; painless:0.84+0.15) and JNK-mRNA
(painful:1.57+0.16; painless:1.05+0.21), but the significance of difference remained at 0.052 level for
BACEI-mRNA (painful:1.60+0.13; painless:0.74+0.14).

Discussion

LTP and LTD are synaptic plasticity types that characterize a potentiation or depression of the PS
amplitude with or without fEPSP slope. The present study investigated whether pain sensation
modulates neuronal plasticity. A bulk of finding from our study indicates that chronic and intermittent
pain which is induced by dentin hypersensitivity facilitates the induction of plasticity. In control rats,
neither LFS nor HFS resulted in a lasting change in synapse strength; however both stimulation
methods induced somatic LTP. Interestingly, LFS was able to induce synaptic depression in the rats
with dentin erosion. Moreover HFS-induced LTP increased in magnitude if the rats with dentin erosion
were exposed to painful stimuli. The current findings suggest that pain sensation increases
glutamatergic granule cell somatic plasticity after HFS but decreases it after LFS. In agreement with this
finding, pain significantly increased LTP induced by theta burst stimulation in the DG and CA1 area of

hippocampal slices of rats suffering from persistent nociception [50].

The present study used dentin hypersensivity model induced by dentin erosion mediated by acidic
solution. Dentin hypersensitivity can be defined as a sharp, short pain arising from exposed dentin in
response to thermal, tactile, osmotic, or chemical stimuli. According to the Hydrodynamic Theory, the
pain of dentin hypersensitivity is caused by the quick movement of dentinal fluid which, in turn, excites
the mechanoreceptors in the periphery of the pulp [5].In a functional magnetic resonance research,
higher BOLD (blood-oxygen-level dependent) signals were identified in cortical areas involved in
emotion and pain control when painful electrical stimulation was applied to maxillary canine teeth
versus painless stimulation [7]. As a result, it is possible to deduce that exposing teeth with
compromised tissue integrity to cold stimulation causes a pain response. Such conclusions were
supported by the analysis of hypersensitivity scores that shows cold stimulation caused increased motor

response in the rats with dentin erosion.

The present study also investigated pain modulation of neuronal plasticity-related MAPK activity in
experimental model of dental erosion. The present finding shows that peripheral tissue injury reduces
ERK1/2 phosphorylation in the dentate gyrus, which is avoided by pain perception. It has been
demonstrated that intra-plantar saline or bee venom injection, which simulate temporary or chronic
pain, may cause a strong and long-lasting activation of ERKs in the hippocampus and primary s
omatosensory cortex[21]. Elk mRNA isoforms, a major target of ERKs within the nucleus, are
individually up-regulated 2.3-fold in the dorsal root ganglia following peripheral nerve damage [25].

Activation of the ERK isoforms of MAPK has been demonstrated to be necessary for the induction of
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NMDA receptor-dependent LTP in the dentate gyrus [9]. Previous studies have provided evidence that
chronic or persistent pain can cause malfunction in numerous brain structures involved in amnesia,
insomnia, and depression [17; 13; 30]. These findings support to the functional importance of
ERKs-mediated signaling pathways in the processing of consequences of pain associated with cognitive

dimensions.

We show that painful stimuli increase the expression of certain neurodegeneration-related genes,
particularly PSEN2. PSEN1 and PSEN2 genes encode presenilins (presenilin 1 and presenilin 2) which
constitute the catalytic subunits of the y-secretase intramembrane protease protein complex. Mutations
in presenilins cause autosomal dominant, early-onset familial AD (FAD) and promote cerebral Amyloid
B accumulation [28]. Transgenic mouse studies have revealed that FAD-linked presenilin 1 is associated
with a greater degree of LTP induction in the hippocampus [35; 48; 38; 34; 12]. To the best of our
knowledge, no study has addressed a direct interaction between LTP, pain and presenilin 2. Our
findings support the idea that a greater induction of LTP can be related with pain-induced up-regulation
of PSEN2.

Previous studies have reported that many of patients with neurodegenerative disease such as
Alzheimer’s disease [24], Parkinson’s disease [3] and Huntington’s disease [1] complain of painful
symptoms though their origin is variable. The presented study draws attention to the increase in the
transcription of some neurodegenerative proteins in the hippocampus tissue, which is involved in a
number of neurodegenerative diseases, due to exposure to painful stimuli. Among these proteins, the
pain-induced upregulation of PSEN2, which forms the catalytic subunit of the y-secretase complex,
during LTP induction seems to be important according to our study results. Other possible functions of
presenilins are on important neuronal processes such as regulation of Ca homeostasis [8], modulation of
apoptosis [11] and intracellular trafficking [33]. It was also shown that presenilin expression is
increased in the brains of some AD patients [19; 42; 14]. Therefore, our study highlights that exposure
to painful stimulation has the potential to increase susceptibility to neurodegeneration accompanied by

impaired regulation of plasticity.

The main limitation of the research is that it did not focus on the mechanism of which substance or
substances mediate the modulation of plasticity by pain. A candidate mediator may be Orexin because
the participation of Orexin receptors within the DG has been demonstrated in the anti nociceptive
effects of lateral hypothalamic stimulation [6], a region that responds to both acute heat stimuli and a
chronic inflammatory irritant [39]. The DG region has the Orexin-containing axon terminals that come
from neurons in the lateral hypothalamus [44]. Orexin, when administered directly to the dentate gyrus,
increased LTP, which was prevented by pretreatment with SB-334867, a selective Orexin 1 receptor
antagonist [44]. Exogenous orexin exacerbated hippocampal LTP depression, and increased A and tau
pathologies in APP/PS1/tau triple-transgenic AD model mice by affecting BACE1 [29].

As a result, pain perception may influence synaptic and somatic neural plasticity, as well as ERK
phosphorylation and PSEN2 expression in the dentate gyrus. Further investigations are needed to
understand the molecular targets that mediate the pain modulation mechanism of plasticity. These
studies will contribute to both a better understanding of the function of the hippocampus in the
formation of memory traces of painful stimuli and to revealing the role of pathological pain processes in

neurodegeneration.
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