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An Investigation of Lung Mast Cell
Behavior in a Rat Model of Migraine:
Implications for Migraine Headache

Akciger Mast Hucre Davranisinin Migren Sican
Modelinde incelenisi: Migren Bas Adrist Icin
Cikarimlar

Erkan Kilinc', Cemre Nur Balci?

Abstract T Abant Izzet Baysal University, Faculty
Aim: In this study, we aimed to investigate the potential role of lung mast cells in migraine by using a of Medicine, Department of Physiology,

nitroglycerin-induced migraine model in rats. Bolu, Turkey

Materials and Methods: Thirty-five adult male Wistar rats were divided into five groups. Each treatment * Abant Izzet Baysal University, Institute of
] - . ) ) Health Sciences, Department of Histology

being performed intraperitoneally, the NS group received 0.2 ml normal saline, the NTG group 10 mg/kg and Embryology, Bolu, Turkey

nitroglycerin, the NTG vehicle group 0.2 ml 0.1% ethanol in normal saline, the L-NAME+NTG group 50

mg/kg L-NAME + nitroglycerin, and the NS+NTG group normal saline + nitroglycerin. Two hours after the

nitroglycerin and other treatments, the rats under anesthesia were intracardially perfused with a solution

of 150 ml 4% paraformaldehyde. The lungs were harvested and stained with toluidine blue to observe

mast cells. The data were analyzed by using one-way ANOVA.

Results: Nitroglycerin increased significantly both number (from 94+3.8 to 131+6.7, p=0.0035) and per-

cent of degranulation (from 11.8+1.3% to 35.5+5.7%, p=0.003) of lung mast cells. However, L-NAME

prevented the effects of nitroglycerin on the number and degranulation of lung mast cells, attenuating

the increase in both number (from 13615.1 to 93+2.5, p=0.0011) and degranulation percentage of lung

mast cells (from 37.3+1.0% to 13.6+3.1%, p=0.001) induced by nitroglycerin.

Discussion and Conclusion: Our findings demonstrate that nitroglycerin treatment leads to an increase

in the number and degranulation of lung mast cells in a rat model of migraine induced by nitroglycerin.

Moreover, L-NAME prevented these effects, suggesting that nitric oxide released from nitroglycerin di-

rectly or indirectly leads to the activation of lung mast cells. The results obtained in the current study can

pioneer new research on the role of lung mast cells in migraine.
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Amag: Bu calismada siganlarda nitrogliserin ile olusturulan migren modeli kullanilarak akciger mast hiic-
relerinin migrendeki muhtemel roltint arastirmak amaglanmistir.

Gereg ve Yontemler. Otuz bes yetiskin erkek Wistar sigan bes gruba boéltindd. Tim uygulamalar intrape-
ritoneal yoldan olmak tzere; NS grubuna 0,2 ml normal salin (serum fizyolojik), NTG grubuna 10 mg/kg
nitrogliserin, vehikdl NTG grubuna 0,2 ml normal salin iginde %0,1'lik etanol, L-NAME+NTG grubuna 50
mg/kg L-NAME + nitrogliserin, NS+NTG grubuna ise 0,2 ml normal salin + nitrogliserin uygulandi. Nitrog-
liserin ve diger uygulamalardan iki saat sonra sicanlar anestezi altinda 150 ml %4'lik paraformaldehit ile
intrakardiyak olarak perflize edildi. Akcigerler alindi ve mast hticrelerini gdzlemlemek igin toluidin mavisi
ile boyandi. Veriler tek yonli varyans analizi ile incelendi.

Bulgular. Nitrogliserin akciger mast hticrelerinin hem sayisinda (94+3,8'den 13116,7'ye; p=0,0035) hem
de degraniilasyon yiizdesinde (%11,8+1,3'ten %35,5+5,7'ye; p=0,003) anlamli bir artis sagladi. L-NAME
ise akciger mast hiicrelerinin say! ve degraniilasyonu tzerinde nitrogliserinin yol agtigi bu etkileri 6nledi,

bdylece akciger mast hiicrelerinin nitrogliserin ile tetiklenerek artan sayisini ve degrantilasyon yiizdesini Gelis Tarihi /Received :02.06.2018
ayr ayri azaltti Kabul Tarihi /Accepted: 06.07.2018

Tartigma ve Sonug: Bulgularimiz nitrogliserin ile olusturulan migren sigan modelinde nitrogliserin uygu- DOI: 10.21673/anadoluklin.429905

lamasinin akciger mast hticrelerinin sayisinda ve degranilasyonunda bir artisa yol actigini gostermistir. Sorumlu Yazar/Corresponding Author

Ayrica L-NAME'nin bu etkileri 6nlemis olmasi, nitrogliserin kaynakli nitrik oksidin direkt veya indirekt ola- Erkan Kilinc o

rak akciger mast hiicrelerinin aktivasyonuna yol agtigini diistindiirmektedir. Bu galismada elde edilen Abant Izzet Baysal University, Faculty
. N L o . o . of Medicine, Department of Physiology,

sonuglar akciger mast hiicrelerinin migrendeki rolti tizerine yapilacak yeni arastirmalara 6nciilik edebilir. 14280 Golkoy, Bolu, Turkey.
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INTRODUCTION

Mast cells (MCs) are multifunctional immune cells
affecting a wide range of physiologic and pathophysi-
ologic processes such as immunological responses,
inflammation, migraine, arthritis, allergic reactions,
and pulmonary hypertension (1). MCs are extensively
distributed through the body and are located in most
tissues such as the lungs, meninges, skin and gastroin-
testinal tracts. MCs contain a wide range of vasoactive,
pro-inflammatory and pro-nociceptive mediators
such as substance P (SP), calcitonin gene-related pep-
tide (CGRP), pituitary adenylate cyclase-activating
peptide (PACAP), serotonin, prostaglandins, bradyki-
nin, histamine and many cytokines including tumor
necrosis factor-a (TNF-a) in their cytoplasmic gran-
ules (2,3). MCs are able to trigger and promote inflam-
matory responses by releasing mixed mediators via
the process of degranulation. There are various trig-
gers such as stress, food, temperature changes, odors,
SP, and CGRP that activate mast cells to release these
mediators (2,4). Migraine is a common neurovascu-
lar disorder characterized by recurrent unilateral head
pain, nausea, photophobia, and phonophobia. Al-
though numerous studies have so far been carried out
to clarify the pathophysiology of migraine, the mecha-
nisms underlying migraine pain have yet not been
fully elucidated due to the disease’s complex nature.
However, it is well established that mast cells in the in-
tracranial meninges are implicated in migraine patho-
physiology (5-7). Degranulation of the mast cells in
the meninges contribute to migraine pain by leading
to neurogenic inflammation, and activation and sen-
sitization of the trigeminovascular system (8). Experi-
mental studies have shown that increased number and
enhanced degranulation of mast cells in the meninges
contribute to the generation and maintenance of mi-
graine pain (1,5,7). It has been demonstrated that mast
cell mediators including serotonin, prostaglandin-12,
and histamine lead to the sensitization and activation
of the meningeal nociceptors (9). In addition, dural
mast cell degranulation causes prolonged activation
of the trigeminal pain pathway underlying migraine
pain (5). Moreover, we have recently shown that dural
mast cell activation triggered nociceptive firing in the
trigeminal nerve terminals innervating meninges (10).

Therefore, it is now well known that meningeal
mast cells play a key role in migraine; but the role of
lung mast cells in the pathophysiology of migraine
remains unclear. Many studies reported a potent re-
lationship between migraine headache, allergies, and
asthma (11). It has been reported that migraine ap-
pears to be more prevalent in patients with allergy and
asthma, which indicates the relationship of the mast
cells (6). Previous studies reported that plasma his-
tamine levels in migraine patients were found higher
and that there was a further increase during migraine
attacks (12,13). In a clinical study including migraine
patients with and without allergy, plasma histamine
and total IgE levels were higher in migraine patients
with allergy than in migraineurs without allergy (14).
Therefore we hypothesized that there might be a po-
tential link between migraine and lung mast cells. Ac-
cordingly, in the present study we aimed to investigate
the potential role of lung mast cells in migraine by us-
ing a nitroglycerin-induced migraine model in rats.

I

MATERIAL AND METHODS

Experimental animals

Thirty-five Wistar male rats (150-200 g) were used in
the experiments. They were given ad libitum a standard

rodent diet and tap water, and were harbored in welfare
lattices with a 12-hour light/dark cycle at 22+2°C. The
experimental procedures were approved by the Animal
Experiments Local Ethics Committee of the Abant Izzel
Baysal University (license number 2016/28).

Materials

Nitroglycerin stock solution (5 mg/0.5ml in 95%
ethanol), L-nitroarginine methyl ester (L-NAME),
toluidine blue, paraformaldehyde, and phosphate-
buffered saline were purchased from Sigma-Aldrich
(Schnelldorf, Germany).

Experimental groups and procedures

The thirty-five rats were divided into five groups.
All injections being performed intraperitoneally, the
normal saline (NS) group (n=7) received an injection
of 0.2 ml normal saline, the NTG group (n=7) 10 mg/
kg nitroglycerin in normal saline, the NTG vehicle
group (n=7) 0.2 ml 0.1% ethanol in normal saline, the
L-NAME+NTG group (n=7) 50 mg/kg L-NAME (ni-
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Figure 1. Effects of the nitroglycerin and L-NAME treatments on
the number and degranulation state of lung mast cells.

(A) While nitroglycerin treatment alone increased the number of
lung mast cells, L-NAME pretreatment attenuated the increases in-
duced by nitroglycerin. (B) Similarly, while nitroglycerin treatment
alone enhanced the degranulation of lung mast cells, L-NAME pre-
treatment prevented it.

** p<0.01; NS: normal saline; NTG: nitroglycerin; LN: L-NAME;
MC: mast cell

tric oxide, NO, synthase inhibitor) 30 min prior to the
nitroglycerin administration, and the NS+NTG group
(n=7) 0.2 ml normal saline 30 min prior to the nitro-
glycerin administration. Two hours after the nitroglyc-
erin or other treatments, the rats were intracardially
perfused with a solution of 100 ml phosphate-buffered
saline (pH 7.4), followed by 150 ml 4% paraformal-
dehyde while they were under ketamine (90 mg/kg)
anesthesia. Thereafter, the lungs were harvested and
stored in 4% paraformaldehyde until stained with to-
luidine blue to observe the lung mast cells.

Lung tissue preparations and toluidine blue
staining for mast cells

The left and right lungs were embedded in parafhin
and cut into 5-pum-thick sections using a microtome.
The sections were placed on the glass slides with poly-
lysine; thereafter the sections were deparaffinized and
then stained with toluidine blue (pH 2.5) for 10 min to
observe the lung mast cells.

The lung mast cells were evaluated in terms of their
granulation (intact), degranulation, and number, re-
spectively, by use of alight microscope (Olympus CX21)
by a blinded observer at 40X magnification in the bilat-
eral five objective areas around the left and right main
bronchi in each whole lung. The percent of degranu-
lated lung mast cells for each rat was calculated as fol-
lows: [(number of degranulated mast cells) / (number
of total mast cells)] x 100 %. Images of lung mast cells
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were taken by a camera (Nikon DS-Fil, Japan) attached
to the microscope (Nikon Eclipse 80i, Japan).

Statistical analysis

The data were presented in mean+SEM (standard
error of mean). Statistical analysis was carried out using
SPSS for Windows (version 17.0, SPSS Inc., Chicago,
IL, USA). The data obtained from the experimental
groups were analyzed by one-way analysis of variance
(ANOVA) followed by Tukey’s multiple comparisons
test. p<0.05 was considered statistically significant.

I
RESULTS

In the present study, we used a nitroglycerin-in-

duced rat model of migraine to mimic migraine head-
ache in humans (15,16). This model is considered a
reliable method and is widely used by researchers
worldwide. In order to establish this experimental
model of migraine, we injected 10 mg/kg nitroglycerin
to the rats. Nitroglycerin treatment increased signifi-
cantly the number of lung mast cells, (94+3.8 in vehi-
cle control versus 131+6.7 in nitroglycerin, p=0.0035;
Figure 1.A) and the percent of degranulated lung mast
cells (11.8+1.3% in vehicle control versus 35.5+5.7%
in nitroglycerin, p=0.003; Figure 1.B). Lung mast cells
in the vehicle control and nitroglycerin groups are
shown in Figure 2.A and 2.B.

Nitroglycerin is a nitric oxide donor and regarded
to exhibit its migraine-like effects via activation of ni-
tric oxide synthase enzyme. We recently demonstrat-
ed that nitroglycerin treatment enhanced degranula-
tion of mast cells in the meninges in a nitroglycerin-
induced rat model of migraine (7). Inducer effect of
nitroglycerin on degranulation of mast cells in the
meninges was also shown by another group previously
(16). In the present study, however, we show for the
first time that systemic administration of nitroglycerin
also induces degranulation of lung mast cells in rats
with nitroglycerin-induced migraine.

In addition, to verify the effects of nitroglycerin on
the number and degranulation of lung mast cells, we ad-
ministered a non-selective nitric oxide synthase inhibi-
tor, L-NAME, 30 min prior to the nitroglycerin admin-
istration. L-NAME prevented the effects of nitroglyc-
erin on both number (136+5.1 in the NS+NTG group
versus 93+2.5 in the L- NAME+NTG group, p=0.0011;
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Figure 1.A) and degranulation percentage (37.3+1%
in NS+NTG versus 13.6+3.1% in L-NAME+NTG,
p=0.001; Figure 1.B) of lung mast cells. Images of lung
mast cells in the NS+NTG and L-NAME+NTG groups
are given in Figure 2.C and 2.D. Also, a populated image
of lung mast cells in the NS group is shown in Figure 3.

|
DISCUSSION AND CONCLUSION

It is well known that mast cells in the meninges

play a critical role in the pathophysiology of migraine
(5,6,10,17). Stress and chemical and mechanical stim-
uli induce the release of vasoactive and inflammatory
neuropeptides such as SP and CGRP from the tri-
geminal nerve terminals in the meninges (18). SP and
CGRP released from the trigeminal nerve terminals
subsequently lead to the neurogenic inflammation
underlying migraine pain by evoking degranulation
of mast cells and vasodilation of blood vessels in the
meninges (8). As a result of the degranulation of mast
cells, mediators such as SP, NO, CGRP, VIP, prosta-
glandins, and histamine are released from the degran-
ulated mast cells (6,8). Consequently, these mediators
further aggravate the neurogenic inflammation and
migraine pain. For this reason, stabilization of mast
cells and modulation of mast cell numbers are impor-
tant targets in treatment of migraine pain.

Mast cells are located in close proximity to the af-
ferent nerve terminals and blood vessels in the me-
ninges and lungs, and this close proximity indicates
a neuroimmune crosstalk. Similarly to the neurogenic
inflammation in the meninges, afferent nerve termi-
nals release sensory neuropeptides such as CGRP and
the tachykinin substance P that induce mast cell de-
granulation in the lungs (19). As mentioned above,
mediators released from the degranulated mast cells in
the airways, too, cause vasodilatation, edema, plasma
protein extravasation leading to pulmonary neuro-
genic inflammation. Although neurogenic inflamma-
tion in the airways was previously shown in experi-
mental studies (20-22), involvement of lung mast cells
in migraine headache remains unclear.

Previous epidemiologic studies suggested a rela-
tionship between migraine and respiratory disorders
such as asthma (23-25). In a clinical study, it was re-
ported that 31.9% of a total of 119 patients with chron-

Figure 2. Intact and degranulated lung mast cells in the groups
Microscopic images of the lung mast cells were taken at a magni-
fication of 40X and 100X. (A) Intact lung mast cells in the vehicle
control group, (B) degranulated lung mast cells induced by nitro-
glycerin, (C) degranulated lung mast cells in the NS+NTG group,
(D) intact lung mast cells in the L-NAME+NTG group, (E) a de-
granulated lung mast cell in the NTG group at a magnification of
100X, (F) an intact lung mast cell in the L-NAME+NTG group at
a magnification of 100X. Open arrowheads show intact lung mast
cells; solid arrows show degranulated lung mast cells in all groups.
Note the enhanced degranulation of lung mast cells in both NTG
and NS+NTG groups.
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Figure 3. Overall image of lung mast cells

A populated image of lung mast cells in the NS group at a magnifi-
cation of 20X. While open arrowheads show intact lung mast cells,
solid arrows show degranulated lung mast cells.

br: bronchiole

ic obstructive pulmonary disease complained of head-
aches; moreover, 16% of the patients with headaches
mainly had migraine (26). Moreover, a study inves-
tigating the risk of migraine in patients with asthma
recently reported that the risk in the asthmatic group
was 1.45-fold higher, compared to the non-asthmatic
group (27). Similarly, two recent studies have also
stated that patients with asthma have a high preva-
lence of migraine headaches (28,29).
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As reported in the mentioned studies, it is well es-
tablished that there is a link between migraine and re-
spiratory disorders, particularly asthma. Nevertheless,
there is currently no study that explains the mecha-
nisms underlying the relationship between migraine
and respiratory disorders. Therefore, in the present
study, we show for the first time that lung mast cells
are related to migraine pain. Consistently with sev-
eral previous studies, we found increased numbers
and enhanced degranulation of lung mast cells in rats
with nitroglycerin-induced migraine. Previous stud-
ies reported that plasma histamine levels in migraine
patients were increased (12-14). Taking into consid-
eration that histamine hardly crosses the blood-brain
barrier (30), it can be said that the plasma histamine
source is mostly peripheral mast cells. Doubtlessly, the
lung mast cells have a critical part in this. Histamine
from the degranulated lung mast cells diffuses readily
to the bloodstream because the lungs are constantly
supplied with blood. Although this can explain why
plasma histamine levels are higher in migraine pa-
tients with asthma, mast cell mediators other than
histamine such as nitric oxide, serotonin, TNF-a, PA-
CAP, and VIP are also capable of inducing migraine
pain (8). In particular, the role of NO in the patho-
physiology of migraine is well established (6). In fact,
the nitroglycerin-induced migraine model used in the
present study is widely used by researchers, and this
model is based on the release of nitric oxide. It is well
known that nitric oxide is a strong vasodilator. It is
considered that nitric oxide induces migraine pain
by leading to vasodilation of meningeal and cerebral
arteries and degranulation of mast cells in the menin-
ges. This phenomenon is also compatible with the va-
sodilatory theory of migraine. Mast cells are capable
of producing and releasing nitric oxide. In a study,
prednisolone, an anti-inflammatory drug, reduced the
intensity of the delayed head pain in migraineurs af-
ter nitroglycerin infusion (31). This report has further
supported that dural mast cell degranulation is impli-
cated in the pathophysiology of migraine.

Moreover, while it has been suggested that NO
leads to mast cell degranulation through activation of
sensory neurons (16), several previous reports report-
ed contrarily that NO suppressed antigen-induced
degranulation of mast cells (32-34). However, this ef-
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fect of NO is not an obstacle for it to induce mast cell
degranulation through the other mechanisms.

Therefore, our results from a rat model of nitro-
glycerin-induced migraine suggest that nitroglycerin
treatment leads to increased numbers and enhanced
degranulation of lung mast cells. Moreover, L-NAME
prevented these effects, suggesting that NO released
from nitroglycerin may trigger an endogenous pro-
duction of NO (16). The results obtained in this study
can pioneer new research on the role of lung mast cells
in migraine.
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