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Abstract

Background: Despite extensive research, the exact molecular mechanisms underlying migraine development and especially its
progression and transformation from episodic into chronic is still unknown.

Objectives: This study aimed to assess the role of somatosensory cortex and hippocampal transient receptor potential vanilloid 1
(TRPV1) in migraine in a rat model.

Methods: This study was an intervention study. Adult male Wistar rats were divided into three groups, including sham, episodic
migraine (EM), and chronic migraine (CM). The sham group received normal intraperitoneal (IP) saline injections every two days
for 11 days, and the EM group received a single dose of trinitroglycerin (TNG) injection (IP; 10 mg/kg). For the CM group, TNG was
administrated every two days (on days 3, 5,7, 9, and 11; IP; 10 mg/kg). TRPV1 levels in plasma, somatosensory cortex, and hippocampus
were detected with an enzyme-linked immunosorbent assay (ELISA) kit.

Results: The findings showed that in both CM and EM groups the TRPV1 levels in plasma (P < 0.001in both groups), somatosensory
cortex (P < 0.05 and P < 0.001, respectively), and hippocampus (P < 0.01in both groups) increased after migraine induction. Inter-
estingly, in the somatosensory cortex, this TRPV1 elevation in the CM group was much greater than the EM group, and a significant
difference was observed between the two groups (P < 0.05).

Conclusions: Our results suggested that headache severity and frequency may enhance concomitant with the upregulation of
somatosensory cortex TRPVI. This new achievement can help to develop new drug approaches to prevent CM.

Keywords: TRPV1, Episodic Migraine, Chronic Migraine, TNG, Migraine Transformation

[

. Background disturbance arising from the cortex (majorly visual cortex)
or brainstem (5, 6).
Migraine is one of the most common debilitating neu-

rological disorders (1, 2). It is known as the recurrent The precise mechanisms underlying the pathophysiol-

headaches lasting for 4-72 hours. Headaches are usually
felt in half of the head and are pulsating in nature. A
progressive increase in migraine headaches can yield al-
most permanent pain that may last for at least 15 days per
month. This condition is known as the transformed or
chronic migraine (CM) (3). People with severe episodic mi-
graine (EM) and CM have an extremely impaired quality of
life, suffer from an immense disability, and impose a large
financial burden on the country (1, 4). Up to 1/3 of migraine
patients experience aura, which is a transient perceptual

ogy of migraine are not well known yet. The complex in-
teraction between hormones, neurotransmitters, and in-
flammatory pathways seems to drive the pathogenesis of
migraine (7, 8). Traditional medications for migraine at-
tacks are limited to analgesics (alone or in combination
with caffeine), vasoconstrictors, and alpha adrenoreceptor
antagonists such as ergotamine, and triptans (9). Some re-
centinvestigations focused on other therapeutic strategies
such as modulation of the GABA, (y-aminobutyric acid),
serotonin (5-hydroxytryptamine), glutamate, CGRP (calci-
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tonin gene-related peptide), and nNOS (neuronal nitric
oxide synthesis) receptors for migraine treatment. These
medications have been beneficial for both acute and pre-
ventive therapies (10-16).

Patients with CM are less responsive to these treat-
ments (17, 18). It seems that to find new approaches in the
treatment of CM, it is necessary to understand the molecu-
lar mechanisms involved in CM. Inappropriate treatment,
overuse medication for acute migraine, obesity, chronic
stress, and depression are the main risk factors for mi-
graine transformation (19, 20). However, identifying the
molecular factors that contribute to the change from EM
to CM has received less attention and should be seen as a
priority in migraine studies.

Transient receptor potential vanilloid 1 (TRPV1) that be-
longs to the TRP family of cation channels is permeable
to Ca** and gated by capsaicin, harmful heat (> 43°C),
protons, reactive oxygen species (ROS), and inflammatory
agents (21-24). TRPV1 is an important mediator for periph-
eral and central sensitization and promotes hyperalgesia
and allodynia. In this regard, TRPV1 is also likely to be in-
volved in migraine pathophysiology (25, 26), importantly
in pain generation and aura sensitization.

2. Objectives

The undefined pathways that trigger the transforma-
tion of EM to CM motivated us to investigate the alter-
ation level of TRPV1 in the plasma, hippocampus, and so-
matosensory cortex of a rat model and compare these
changes in EM and CM.

3. Methods

3.1. Animals

In this study, we used Wistar rats because of their
anatomical, physiological, and genetic similarity to hu-
mans. A total of 18 healthy adult male Wistar rats with a
weight range of 250 - 300 g were investigated. The animals
were housed in the standard condition (12-h light/dark cy-
cle,22 +1°C, 45-50% humidity) and had free access to food
and water. All experimental procedures were done in ac-
cordance with the guidelines approved by the Institutional
Animal Care and Use Committee of Iran University of Medi-
cal Sciences and confirmed by the ethical committee of the
National Institute for Medical Research Development (NI-
MAD) (ID: IR.NIMAD.REC.1396.054) (Grant no. 957537).

The animals were randomly assigned into three groups
(n =6 in each group) sham, episodic migraine (EM), and
chronic migraine (CM). As shown in Figure 1, in the sham

group, normal saline injections were administrated in-
traperitoneally (IP) every two days for 11 days. In the EM
group, a single dose of trinitroglycerin (TNG) injection
was administrated (IP; 10 mg/kg). In the CM group, injec-
tions of TNG were administrated every two days (on days
3, 5,7 9, and 11; IP; 10 mg/kg) (27). TNG was prepared by
Pohl Boskamp Germany. All injections were done between
10:00 AM and 01:00 PM. After each injection, the animals
were closely monitored by two examiners for symptoms
of headache. Also, for more precise evaluation, the symp-
toms and behaviors were recorded by a video camera. To
confirm pain induction after drug injection, Rat Grimace
Scale (RGS) was used (28). This scale consists of five facial
scales (orbital tightening, nose flattening, cheek flatten-
ing, ear changes, and whisker change) evaluating the rat
behaviors after pain induction. In our study, after 5 min-
utes of TNG injection, signs of headache were observed in
rats, which were similar to the clinical signs of migraine.
These migraine signs peaked 30 minutes after the injec-
tion and lasted for 45 minutes. If an animal did not show
headache symptoms after NTG injection, it was excluded
from the study and replaced with another animal.

3.2. Plasma and Brain Tissue Gathering

After 24 hours of the last injection, the animals were
anesthetized deeply with chloral hydrate (Sigma-Aldrich,
350 mg/kg, IP). Then, 2 mL of blood sample was drawn
from the heart and collected in tubes coated with EDTA
7.5%. Samples were centrifuged for 15 minutes at 4000 rpm
and 4°C. Next, their isolated plasma was stored at-80°C. Fi-
nally, the animal brains were removed manually, and the
somatosensory cortex and hippocampus were dissected
and stored at-80°C.

3.3. Assessments of TRPVI1 Levels

The levels of TRPV1 in the plasma, as well as hippocam-
pal and cortical tissues, were detected with an ELISA kit
(Bioassay Technology Laboratory; E1568Ra) following the
manufacturer’s instructions. The tissue samples were ho-
mogenized by adding 1 mL of PBS (PH 7.4) and then the su-
pernatants were collected. A standard curve for the TRPV1
protein was constructed by plotting the mean absorbance
(y-axis) versus the protein concentration (x-axis). Accord-
ing to the absorbance value of samples, the protein con-
centrations were calculated by linear regression of the
standard curve.

3.4. Statistical Analysis

The data was presented as mean =+ standard error. Sta-
tistical analysis was done using one-way analysis of vari-
ance (ANOVA) followed by Tukey’s post-hoc test. Data anal-
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Figure 1. Schematic representation of the experimental procedures (n =6 in each group).

ysis was performed using the SPSS software version 20. P-
value < 0.05 was considered as significant.

4. Results

4.1. The Plasma Level of TRPV1

The mean plasma TRPV1 level (pg/mL) was presented in
Figure 2. The plasma level of TRPV1 significantly increased
in the EM and CM groups compared to the sham group (315
+9.04 & 313.14 = 7.7vs. 261.33 +10.1; P< 0.001& P < 0.001
in both models).

350 - ok KKk
300 - =
250 A
200 -
150 -

100 -

Plasma TRPV1 level (pg/ml)

Sham EM CM

Figure 2. The bar graphs indicate the mean level of TRPV1in the plasma. There was a
significant increase in the TRPV1 level in the plasma of EM and CM groups compared
to the sham group, ***(P < 0.001).

4.2. Cortical and Hippocampal Level of TRPV1

The results of hippocampal analysis showed that TRPV1
level (pg/mL) in this area increased in both EM and CM
groups compared with the sham group (585.99 + 30.11and
573.27 £ 40.45 vs. 349.6 £ 12.98; P < 0.01 in both models),
and the rate of this increase in both EM and CM groups
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was nearly the same. Also, the results of studying the so-
matosensory cortex displayed TRPV1 elevation in both EM
and CM groups compared with the sham group (710.74 £
10.2 and 1046.39 + 17.25 vs. 545.73 +36; P < 0.05 & P <
0.001, respectively). Moreover, the post-test analysis re-
vealed that TRPV1 enhancement in CM was much greater
than in the EM, and a significant difference between the
two conditions was observed (1046.39 &+ 17.25 vs. 710.74 &
10.2,P < 0.05) (Figure 3).

5. Discussion

In this study, we investigated the alteration level of
TRPV1 in the plasma, hippocampus, and somatosensory
cortex of arat model. The new aspect of this study was that
the detection of the TRPV1 highlighted the EM to CM trans-
formation.

Choosing the best animal model of a specific condition
canresultinvalid and reliable findings that provide strong
indications for human studies. In this study, we used the
TNG model to carry out our research project. Today, NG
is known as the best animal model for migraine, which
is highly similar to migraine patients in terms of clinical
signs and symptoms (27).

Our findings showed that plasma TRPV1 level increased
in EM and CM groups compared to the sham group, and the
rate of this increase was nearly the same in both groups.
Also, no significant difference was observed in the levels
of TRPV1 in the CM group compared to the EM. Moreover,
in the hippocampus, the same pattern of increase was ob-
served in the TRPV1 in both EM and CM groups compared
to the sham group; however, no remarkable difference
was observed between the two migraine models. Interest-
ingly, the results of the study in the somatosensory cor-
tex showed that although in both EM and CM groups, the
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Figure 3. The bar graphs indicating the mean level of TRPV1 (pg/mL) in the cortex and hippocampus. There was a significant increase in the TRPV1 level in the cortex of CM
group compared to the sham and EM groups. Also, there was a significant increase in the TRPV1 levels in the hippocampus of EM and CM groups compared to the sham group
(**and ***P < 0.01and P < 0.001, respectively vs. the sham group) (# P< 0.05 vs. the EM group).

TRPV1 level increased compared to the sham group, this
increase in the CM group was much greater than the EM,
and a significant difference was observed between the two
groups in this regard (P < 0.05).

According to the existing clinical evidence, an ongoing
increase in headache attack frequency occurs in some pa-
tients with EM, which leads to CM. This state is often re-
ferred to as migraine transformation. Several risk factors
for this progression are known, including age, socioeco-
nomic status, genetic factors, obesity, barbiturates, opiates
and caffeine overuse, stressful life events, and inflamma-
tion (19, 29). It is noteworthy that EM is transformed to CM
more commonly in females than males (30).

In previous research, the molecular mechanism under-
lying migraine transformation has not been investigated
efficiently. In a recent study, Yakubova et al. evaluated 46
patients suffering from migraines (27 EM and 19 CM) and
demonstrated that TRPV1 single-nucleotide polymorphism
(SNP) might be one of the effective factors for the pro-
gression of migraine from episodic to chronic form (31).
Their results indicated that TRPV11911A>G SNP genotype is
more frequent in CM patients than in patients with EM and
healthy controls.

TRPV1 is broadly expressed in nociceptive fibers and
has a key role in both pain perception and sensitization
(32). Also, ithas awide distribution in the brain. It presents
in the trigeminal nucleus caudalis, hypothalamus, thala-
mus, cerebral cortex, and several other brain regions (16,
33). TRPV1 activation and CGRP (calcitonin gene-related

peptide) release in the trigeminovascular system causes
neurogenic vasodilation, that has an important role in mi-
graine development (25). The trigeminovascular system
comprises of nociceptive neurons that arise from trigem-
inal ganglion and innervate the meninges, large cerebral
arteries, and large venous sinuses. The projections from
the trigeminal ganglion converge at the trigeminal nu-
cleus caudalis. Fibers from the trigeminal nucleus cau-
dalis projected to ventroposterior medial nucleus of the
thalamus and from there projected to several cortical ar-
eas, including insular, auditory, visual, and olfactory cor-
tices, as well as somatosensory cortex. These cortical path-
ways are responsible for the many cortically mediated spe-
cific symptoms of migraine (34, 35).

Previous studies have shown that somatosensory cor-
tex is important for the consistency of migraine-induced
changes. Several studies indicated structural and func-
tional alteration of the somatosensory cortex in migraine.
These findings clearly demonstrate that thickening of the
somatosensory cortex is associated with increased dura-
tion and frequency of headaches (36-38). Also, a magne-
toencephalographic study showed hyperexcitability of the
primary somatosensory cortex in migraine, which is asso-
ciated with the frequency of migraine attacks (39). Brain
imaging investigations have reported a direct relationship
between cerebral blood flow rate and the frequency of mi-
graine attacks. Migraine patients are reported to display
bilateral hyper-perfusion in the primary somatosensory
cortex, where the value of blood flow is directly correlated
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tomigraine attack frequency (40). To the best of our knowl-
edge, this is the first study to provide evidence that TRPV1
levels are remarkably elevated in the somatosensory cortex
in both EM and CM types. Moreover, our findings showed
a significant elevation of somatosensory TRPV1 level in the
CM compared to the EM and healthy controls. These results
suggest that headache frequency might enhance through
upregulation of somatosensory cortex TRPV1.

Activation of TRPV1 receptors stimulates CGRP release,
which is one of the main mediators of migraine and
gives long-lasting activation of meningeal afferents (31, 41).
Plasma CGRP levels are increased during a migraine attack
(42, 43) and also in the pain-free interval in CM; so, this
peptide is considered as a CM biomarker (44, 45). The so-
matosensory function of CGRP has been implicated in the
development of pain generation and neuronal sensitiza-
tion in migraine (46).

Given that migraine attacks are repeated stressors and
considering the key role of the hippocampus in stress re-
sponse, functional and structural alterations of the hip-
pocampus might be involved in migraine pathophysiol-
ogy. Recently, it was shown that the expression level of
TRPV1 both in the cortex and hippocampus increased in
EM (47). In the present study, we examined the hippocam-
pal TRPV1 alteration in both EM and CM types. The re-
sults of our study showed that after migraine induction,
the amount of hippocampal TRPV1 increased in both EM
and CM compared to the non-migraine rats. However,
comparing the rate of these changes between the EM and
CM groups showed that the rate of this increase was the
same in both conditions. Therefore, although hippocam-
pal TRPV1 can be involved in migraine development, TRPV1
changes in this region do not appear to play any role in
migraine progression. However, our knowledge about
TRPV1 alterations during migraine attacks is still inade-
quate. Mechanisms leading to increased TRPV1 expression
in EM and CM are unclear, and further research in this area
is needed.

In conclusion, we evaluated the TRPV1 level alteration
in the plasma, hippocampus, and somatosensory cortex in
the EM and CM groups using the rat model of migraine
to investigate the possible role of TRPV1 levels in migraine
progression. Our findings showed significantly higher el-
evation of TRPV1 in the CM group than the EM group in
the somatosensory cortex. We discussed that further ele-
vation of TRPV1 in the somatosensory cortex of rat mod-
els of CM compared to EM may indicate that this factor
might contribute to increasing the severity and frequency
of headache attacks in migraine and the progression from
EM to CM. In this regard, paying attention to TRPV1 regula-
tion in different areas of the brain in migraine patients is a
new approach that could lead to the development of a new

Arch Neurosci. 2022; 9(1):e115709.

class of anti-migraine drugs that are useful in preventing
the occurrence or progression of migraines.

Footnotes

Authors’ Contribution: Conception and design of re-
search: Mansoureh Togha. Administrative, technical,
and material support: Fariba Karimzadeh and Mansoureh
Togha. Perform of experiment and Acquisition of data:
Fahime Zavvari, Atousa Janzadeh, and Negin Mojarad.
Analysis and interpretation of data: Fariba Karimzadeh.
Prepare the manuscript: Fahime Zavvari. Critical revi-
sion of the manuscript for important intellectual content:
Zeinab Ghorbani and Mansoureh Togha. All authors ap-
proved the final version of the manuscript.

Conflict of Interests: The authors declared no conflict of
interest.

Ethical Approval: All experimental procedures were
done in accordance with the guidelines approved by the
Institutional Animal Care and Use Committee of Iran Uni-
versity of Medical Sciences and confirmed by the ethical
committee of the National Institute for Medical Research
Development (NIMAD) (ID: IR.NIMAD.REC.1396.054; Grant
no. 957537).

Funding/Support: This research received a grant from
the National Institute for the Medical Research Develop-
ment of Iran (Grant no. 957537). The project was supported
by the Cellular and Molecular Research Center of Iran Uni-
versity of Medical Sciences.

References

1. Burch R, Rizzoli P, Loder E. The Prevalence and Impact of Migraine
and Severe Headache in the United States: Figures and Trends
From Government Health Studies. Headache. 2018;58(4):496-505. doi:
10.1111/head.13281. [PubMed: 29527677].

2. Peroutka S]. What turns on a migraine? A systematic review of mi-
graine precipitating factors. Curr Pain Headache Rep. 2014;18(10):454.
doi: 10.1007/s11916-014-0454-z. [PubMed: 25160711].

3. Martelletti P, Steiner T]. Handbook of Headache. Springer Science &
Business Media; 2011. doi: 10.1007/978-88-470-1700-9.

4. Holroyd KA, Penzien DB. Pharmacological versus non-
pharmacological prophylaxis of recurrent migraine headache:
a meta-analytic review of clinical trials. Pain. 1990;42(1):1-13. doi:
10.1016/0304-3959(90)91085-w.

5. Jurgens TP, Schulte LH, May A. Migraine trait symptoms in mi-
graine with and without aura. Neurology. 2014;82(16):1416-24. doi:
10.1212/WNL.0000000000000337. [PubMed: 24658932].

6. Hansen ]M, Charles A. Differences in treatment response between mi-
graine with aura and migraine without aura: lessons from clinical
practice and RCTs. ] Headache Pain. 2019;20(1):96. doi: 10.1186/s10194-
019-1046-4. [PubMed: 31492106]. [PubMed Central: PMC6734209].

7. Noseda R, Burstein R. Migraine pathophysiology: anatomy of the
trigeminovascular pathway and associated neurological symptoms,
CSD, sensitization and modulation of pain. Pain. 2013;154 (Suppl


http://dx.doi.org/10.1111/head.13281
http://www.ncbi.nlm.nih.gov/pubmed/29527677
http://dx.doi.org/10.1007/s11916-014-0454-z
http://www.ncbi.nlm.nih.gov/pubmed/25160711
http://dx.doi.org/10.1007/978-88-470-1700-9
http://dx.doi.org/10.1016/0304-3959(90)91085-w
http://dx.doi.org/10.1212/WNL.0000000000000337
http://www.ncbi.nlm.nih.gov/pubmed/24658932
http://dx.doi.org/10.1186/s10194-019-1046-4
http://dx.doi.org/10.1186/s10194-019-1046-4
http://www.ncbi.nlm.nih.gov/pubmed/31492106
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6734209

Karimzadeh F et al.

10.

1.

12.

14.

15.

16.

17.

18.

19.

20.

21

22.

23.

24.

25.

26.

1):44-53.d0i:10.1016/j.pain.2013.07.021. [PubMed: 24347803]. [PubMed
Central: PMC3858400].

. Pietrobon D, Moskowitz MA. Pathophysiology of migraine. Annu

Rev Physiol. 2013;75:365-91. doi: 10.1146/annurev-physiol-030212-183717.
[PubMed: 23190076].

. Diener H, Holle-Lee D, Nagel S, Dresler T, Gaul C, Gobel H, et

al. Treatment of migraine attacks and prevention of migraine:
Guidelines by the German Migraine and Headache Society and
the German Society of Neurology. Clin Transl Neurol. 2019;3(1). doi:
10‘1177/2514183X18823377.

Israel H, Neeb L, Reuter U. CGRP Monoclonal Antibodies for the
Preventative Treatment of Migraine. Curr Pain Headache Rep.
2018;22(5):38. doi: 10.1007/s11916-018-0686-4. [PubMed: 29623520].
Farkkila M, Diener H, Géraud G, Lainez M, Schoenen ], Harner N, et
al. Efficacy and tolerability of lasmiditan, an oral 5-HTIF receptor ag-
onist, for the acute treatment of migraine: a phase 2 randomised,
placebo-controlled, parallel-group, dose-ranging study. Lancet Neurol.
2012;11(5):405-13. doi: 10.1016/51474-4422(12)70047-9.

Barbanti P, Aurilia C, Egeo G, Fofi L, Palmirotta R. Serotonin re-
ceptor targeted therapy for migraine treatment: an overview
of drugs in phase I and II clinical development. Expert Opin In-
vestig Drugs. 2017;26(3):269-77. doi: 10.1080/13543784.2017.1283404.
[PubMed: 28103158].

. Hoffmann ], Charles A. Glutamate and Its Receptors as Thera-

peutic Targets for Migraine. Neurotherapeutics. 2018;15(2):361-70.
doi: 10.1007/513311-018-0616-5. [PubMed: 29508147]. [PubMed Central:
PMC5935645].

Puppe A, Limmroth V. GABAergic drugs for the treatment of
migraine. CNS Neurol Disord Drug Targets. 2007;6(4):247-50. doi:
10.2174[187152707781387305. [PubMed: 17691980].

Bhatt DK, Gupta S, Jansen-Olesen I, Andrews ]S, Olesen J. NXN-188,
a selective nNOS inhibitor and a 5-HTIB[ID receptor agonist, in-
hibits CGRP release in preclinical migraine models. Cephalalgia.
2013;33(2):87-100. doi: 10.1177/0333102412466967. [PubMed: 23155193].
Diener H, Charles A, Goadsby P], Holle D. New therapeutic ap-
proaches for the prevention and treatment of migraine. Lancet Neu-
rol. 2015;14(10):1010-22. doi: 10.1016/51474-4422(15)00198-2.

Vukovic Cvetkovic V, Jensen RH. Neurostimulation for the treat-
ment of chronic migraine and cluster headache. Acta Neurol Scand.
2019;139(1):4-17. doi: 10.1111/ane.13034. [PubMed: 30291633].

Cho SJ, Song TJ], Chu MK. Treatment Update of Chronic Migraine.
Curr Pain Headache Rep. 2017;21(6):26. doi: 10.1007/s11916-017-0628-6.
[PubMed: 28424953].

Bigal ME, Lipton RB. What predicts the change from episodic
to chronic migraine? Curr Opin Neurol. 2009;22(3):269-76. doi:
10.1097/WC0.0b013e32832b2387. [PubMed: 19381087].

Buse DC, Greisman ]D, Baigi K, Lipton RB. Migraine Progression: A Sys-
tematic Review. Headache. 2019;59(3):306-38. doi: 10.1111/head.13459.
[PubMed: 30589090].

Tominaga M, Caterina MJ. Thermosensation and pain. | Neurobiol.
2004;61(1):3-12. doi: 10.1002/neu.20079. [PubMed: 15362149].
Tominaga M, Caterina MJ, Malmberg AB, Rosen TA, Gilbert H, Skin-
ner K, et al. The Cloned Capsaicin Receptor Integrates Multiple
Pain-Producing Stimuli. Neuron. 1998;21(3):531-43. doi: 10.1016/s0896-
6273(00)80564-4.

Szallasi A, Blumberg PM. Vanilloid (Capsaicin) receptors and mecha-
nisms. Pharmacol Rev.1999;51(2):159-212.

Lee LY, Gu Q. Role of TRPVI in inflammation-induced airway
hypersensitivity. Curr Opin Pharmacol. 2009;9(3):243-9. doi:
10.1016/j.coph.2009.02.002. [PubMed: 19269247]. [PubMed Central:
PMC2704095].

Meents JE, Neeb L, Reuter U. TRPVI1 in migraine pathophysiology.
Trends Mol Med. 2010;16(4):153-9. doi: 10.1016/j.molmed.2010.02.004.
[PubMed: 20347391].

Benemei S, Dussor G. TRP Channels and Migraine: Recent De-
velopments and New Therapeutic Opportunities. Pharmaceuticals

27.

28.

29.

30.

3L

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

(Basel). 2019;12(2):54. doi: 10.3390/ph12020054. [PubMed: 30970581].
[PubMed Central: PMC6631099].
Harris HM, Carpenter JM, Black JR, Smitherman TA, Sufka K]. The
effects of repeated nitroglycerin administrations in rats; model-
ing migraine-related endpoints and chronification. ] Neurosci Meth-
ods. 2017;284:63-70. doi: 10.1016/j.jneumeth.2017.04.010. [PubMed:
28442295].

Sotocinal SG, Sorge RE, Zaloum A, Tuttle AH, Martin L], Wieskopf JS, et
al. The Rat Grimace Scale: a partially automated method for quantify-
ing pain in the laboratory ratvia facial expressions. Mol Pain. 2011;7:55.
doi: 10.1186/1744-8069-7-55. [PubMed: 21801409]. [PubMed Central:
PMC3163602].

Bigal ME, Lipton RB. Modifiable risk factors for migraine progression.
Headache. 2006;46(9):1334-43. doi: 10.1111/j.1526-4610.2006.00577.X.
[PubMed: 17040331].

Buse DC, Manack AN, Fanning KM, Serrano D, Reed ML, Turkel
CC, et al. Chronic migraine prevalence, disability, and sociodemo-
graphic factors: results from the American Migraine Prevalence and
Prevention Study. Headache. 2012;52(10):1456-70. doi: 10.1111/j.1526-
4610.2012.02223.x. [PubMed: 22830411].

Yakubova A, Davidyuk Y, Tohka ], Khayrutdinova O, Kudryavtsev I,
Nurkhametova D, et al. Searching for Predictors of Migraine Chroni-
fication: a Pilot Study of 1911A>G Polymorphism of TRPV1 Gene in
Episodic Versus Chronic Migraine. ] Mol Neurosci. 2020;71(3):1-7. doi:
10.1007/s12031-020-01683-9. [PubMed: 32827294].

Szallasi A, Cortright DN, Blum CA, Eid SR. The vanilloid receptor
TRPVI: 10 years from channel cloning to antagonist proof-of-concept.
Nat Rev Drug Discov. 2007;6(5):357-72. doi: 10.1038/nrd2280. [PubMed:
17464295].

Toth A, Boczan ], Kedei N, Lizanecz E, Bagi Z, Papp Z, et al. Ex-
pression and distribution of vanilloid receptor 1 (TRPV1) in the
adult rat brain. Brain Res Mol Brain Res. 2005;135(1-2):162-8. doi:
10.1016/j.molbrainres.2004.12.003. [PubMed: 15857679].

Ashina M, Hansen JM, Do TP, Melo-Carrillo A, Burstein R, Moskowitz
MA. Migraine and the trigeminovascular system—40 years and
counting. Lancet Neurol. 2019;18(8):795-804. doi: 10.1016[s1474-
4422(19)30185-1.

Dodick DW. A Phase-by-Phase Review of Migraine Pathophysiology.
Headache. 2018;58 Suppl 1:4-16. doi: 10.1111/head.13300. [PubMed:
29697154].

Kim JH, Kim ]B, Suh SI, Seo WK, Oh K, Koh SB. Thickening of
the somatosensory cortex in migraine without aura. Cephalal-
gia. 2014;34(14):1125-33. doi:  10.1177/0333102414531155. [PubMed:
24728304].

DaSilva AF, Granziera C, Snyder ], Hadjikhani N. Thickening in
the somatosensory cortex of patients with migraine. Neurol-
0gy. 2007;69(21):1990-5. doi: 10.1212/01.wnl.0000291618.32247.2d.
[PubMed: 18025393]. [PubMed Central: PMC3757544].

Maleki N, Becerra L, Brawn ], Bigal M, Burstein R, Borsook D. Concur-
rent functional and structural cortical alterations in migraine. Cepha-
lalgia. 2012;32(8):607-20. doi: 10.1177/0333102412445622. [PubMed:
22623760]. [PubMed Central: PMC3846436].

Lang E, Kaltenhauser M, Neundorfer B, Seidler S. Hyperexcitabil-
ity of the primary somatosensory cortex in migraine-a magne-
toencephalographic study. Brain. 2004;127(Pt 11):2459-69. doi:
10.1093/brain/awh295. [PubMed: 15471903].

Hodkinson DJ, Veggeberg R, Wilcox SL, Scrivani S, Burstein R, Becerra
L, et al. Primary Somatosensory Cortices Contain Altered Patterns of
Regional Cerebral Blood Flow in the Interictal Phase of Migraine. PLoS
One. 2015;10(9). e0137971. doi: 10.1371/journal.pone.0137971. [PubMed:
26372461]. [PubMed Central: PMC4570777].

Edvinsson L. Role of CGRP in Migraine. Calcitonin Gene-Related Peptide
(CGRP) Mechanisms. 255.2019/02/07 ed. Springer; 2019. p. 121-30.
Edvinsson L. The CGRP Pathway in Migraine as a Viable Target for
Therapies. Headache. 2018;58 Suppl 1:33-47. doi: 10.1111/head.13305.

Arch Neurosci. 2022; 9(1):e115709.


http://dx.doi.org/10.1016/j.pain.2013.07.021
http://www.ncbi.nlm.nih.gov/pubmed/24347803
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3858400
http://dx.doi.org/10.1146/annurev-physiol-030212-183717
http://www.ncbi.nlm.nih.gov/pubmed/23190076
http://dx.doi.org/10.1177/2514183x18823377
http://dx.doi.org/10.1007/s11916-018-0686-4
http://www.ncbi.nlm.nih.gov/pubmed/29623520
http://dx.doi.org/10.1016/s1474-4422(12)70047-9
http://dx.doi.org/10.1080/13543784.2017.1283404
http://www.ncbi.nlm.nih.gov/pubmed/28103158
http://dx.doi.org/10.1007/s13311-018-0616-5
http://www.ncbi.nlm.nih.gov/pubmed/29508147
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5935645
http://dx.doi.org/10.2174/187152707781387305
http://www.ncbi.nlm.nih.gov/pubmed/17691980
http://dx.doi.org/10.1177/0333102412466967
http://www.ncbi.nlm.nih.gov/pubmed/23155193
http://dx.doi.org/10.1016/s1474-4422(15)00198-2
http://dx.doi.org/10.1111/ane.13034
http://www.ncbi.nlm.nih.gov/pubmed/30291633
http://dx.doi.org/10.1007/s11916-017-0628-6
http://www.ncbi.nlm.nih.gov/pubmed/28424953
http://dx.doi.org/10.1097/WCO.0b013e32832b2387
http://www.ncbi.nlm.nih.gov/pubmed/19381087
http://dx.doi.org/10.1111/head.13459
http://www.ncbi.nlm.nih.gov/pubmed/30589090
http://dx.doi.org/10.1002/neu.20079
http://www.ncbi.nlm.nih.gov/pubmed/15362149
http://dx.doi.org/10.1016/s0896-6273(00)80564-4
http://dx.doi.org/10.1016/s0896-6273(00)80564-4
http://dx.doi.org/10.1016/j.coph.2009.02.002
http://www.ncbi.nlm.nih.gov/pubmed/19269247
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC2704095
http://dx.doi.org/10.1016/j.molmed.2010.02.004
http://www.ncbi.nlm.nih.gov/pubmed/20347391
http://dx.doi.org/10.3390/ph12020054
http://www.ncbi.nlm.nih.gov/pubmed/30970581
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6631099
http://dx.doi.org/10.1016/j.jneumeth.2017.04.010
http://www.ncbi.nlm.nih.gov/pubmed/28442295
http://dx.doi.org/10.1186/1744-8069-7-55
http://www.ncbi.nlm.nih.gov/pubmed/21801409
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3163602
http://dx.doi.org/10.1111/j.1526-4610.2006.00577.x
http://www.ncbi.nlm.nih.gov/pubmed/17040331
http://dx.doi.org/10.1111/j.1526-4610.2012.02223.x
http://dx.doi.org/10.1111/j.1526-4610.2012.02223.x
http://www.ncbi.nlm.nih.gov/pubmed/22830411
http://dx.doi.org/10.1007/s12031-020-01683-9
http://www.ncbi.nlm.nih.gov/pubmed/32827294
http://dx.doi.org/10.1038/nrd2280
http://www.ncbi.nlm.nih.gov/pubmed/17464295
http://dx.doi.org/10.1016/j.molbrainres.2004.12.003
http://www.ncbi.nlm.nih.gov/pubmed/15857679
http://dx.doi.org/10.1016/s1474-4422(19)30185-1
http://dx.doi.org/10.1016/s1474-4422(19)30185-1
http://dx.doi.org/10.1111/head.13300
http://www.ncbi.nlm.nih.gov/pubmed/29697154
http://dx.doi.org/10.1177/0333102414531155
http://www.ncbi.nlm.nih.gov/pubmed/24728304
http://dx.doi.org/10.1212/01.wnl.0000291618.32247.2d
http://www.ncbi.nlm.nih.gov/pubmed/18025393
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3757544
http://dx.doi.org/10.1177/0333102412445622
http://www.ncbi.nlm.nih.gov/pubmed/22623760
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3846436
http://dx.doi.org/10.1093/brain/awh295
http://www.ncbi.nlm.nih.gov/pubmed/15471903
http://dx.doi.org/10.1371/journal.pone.0137971
http://www.ncbi.nlm.nih.gov/pubmed/26372461
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4570777
http://dx.doi.org/10.1111/head.13305

Karimzadeh F et al.

43.

44.

45.

[PubMed: 29697153].

Edvinsson L. CGRP Antibodies as Prophylaxis in Migraine. Cell.
2018;175(7):1719. doi: 10.1016/j.cell.2018.11.049. [PubMed: 30550780].
Cernuda-Morollon E, Larrosa D, Ramon C, Vega |, Martinez-Camblor
P, Pascual ]. Interictal increase of CGRP levels in peripheral blood as
a biomarker for chronic migraine. Neurology. 2013;81(14):1191-6. doi:
10.1212/WNL.0b013e3182a6¢cb72. [PubMed: 23975872].

Lee MJ, Lee SY, Cho S, Kang ES, Chung CS. Feasibility of serum CGRP
measurement as a biomarker of chronic migraine: a critical reap-
praisal. | Headache Pain. 2018;19(1):53. doi: 10.1186/510194-018-0883-X.

Arch Neurosci. 2022; 9(1):e115709.

46.

47.

[PubMed: 30006780]. [PubMed Central: PMC6045522].

Iyengar S, Ossipov MH, Johnson KW. The role of calcitonin
gene-related peptide in peripheral and central pain mech-
anisms including migraine. Pain. 2017;158(4):543-59. doi:
10.1097/j.pain.0000000000000831. [PubMed: 28301400]. [PubMed
Central: PMC5359791].

Sun ], Wang K, Fu H, Dai Z, PuF, Yin S, et al. Effects of Zhengtian Pills on
Migraine Headache in Rats via Transient Receptor Potential Vanilloid
1. Chin Herb Med. 2016;8(3):267-72. doi: 10.1016/s1674-6384(16)60049-7.


http://www.ncbi.nlm.nih.gov/pubmed/29697153
http://dx.doi.org/10.1016/j.cell.2018.11.049
http://www.ncbi.nlm.nih.gov/pubmed/30550780
http://dx.doi.org/10.1212/WNL.0b013e3182a6cb72
http://www.ncbi.nlm.nih.gov/pubmed/23975872
http://dx.doi.org/10.1186/s10194-018-0883-x
http://www.ncbi.nlm.nih.gov/pubmed/30006780
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6045522
http://dx.doi.org/10.1097/j.pain.0000000000000831
http://www.ncbi.nlm.nih.gov/pubmed/28301400
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5359791
http://dx.doi.org/10.1016/s1674-6384(16)60049-7

	Abstract
	1. Background
	2. Objectives
	3. Methods
	3.1. Animals
	Figure 1

	3.2. Plasma and Brain Tissue Gathering
	3.3. Assessments of TRPV1 Levels
	3.4. Statistical Analysis

	4. Results
	4.1. The Plasma Level of TRPV1
	Figure 2

	4.2. Cortical and Hippocampal Level of TRPV1
	Figure 3


	5. Discussion
	Footnotes
	Authors' Contribution: 
	Conflict of Interests: 
	Ethical Approval: 
	Funding/Support: 

	References

