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Thymoquinone Inhibits Neurogenic Inflammation
Underlying Migraine Through Modulation
of Calcitonin Gene-Related Peptide Release
and Stabilization of Meningeal Mast Cells
in Glyceryltrinitrate-Induced Migraine Model in Rats

Erkan Kilinc ,1,5 Fatma Tore,2 Yasar Dagistan,3 and Guler Bugdayci4

Abstract— Two main contributors of sterile neurogenic inflammation underlying migraine
pain, calcitonin gene–related peptide (CGRP), and meningeal mast cells (MMCs) play a key role
in the activation of the inflammatory cascade resulting in the sensitization of trigeminal
nociceptors. It is well established that phytochemical agent thymoquinone exhibits multiple
anti-inflammatory effects in different in vitro and in vivo models of neuroinflammation. But its
effects on the CGRP release and meningeal mast cells are unknown. In the present study, we
investigated the effects of thymoquinone on the CGRP release in migraine-related strategic
structures which are crucial targets for anti-migraine drugs, and on theMMCs in glyceryl trinitrate
(GTN)–induced in vivo migraine model as well as in the ex vivo meningeal preparations in rats.
Anti-inflammatory thymoquinone ameliorated GTN-stimulated CGRP levels in plasma, and
migraine-related structures including trigeminal ganglion and brainstem;moreover, thymoquinone
inhibited degranulation of MMCs and prevented the increase in the number of MMCs in GTN-
induced in vivo migraine model. However, in the ex vivo meningeal preparations, thymoquinone
did not inhibit the GTN-induced CGRP release from trigeminal meningeal afferents. Our findings
suggest that thymoquinone mediates modulation of CGRP release in trigeminal ganglion neurons
and brainstem, and stabilization of MMCs. Thus, thymoquinone may be a promising candidate to
prevent the meningeal neurogenic inflammation and consequently migraine.
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INTRODUCTION

Migraine is a common and complex neurological
disorder characterized by symptoms like recurrent episodes
of disabling headache, photophobia, phonophobia, nausea,
and vomiting. Even though pathophysiology of migraine is
not fully understood, meningeal neurogenic inflammation
has been largely held responsible for this state [1]. This
neuroinflammation in the meninges is referred to as sterile
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dural neurogenic inflammation and can be initiated by
endogenous events like cortical spreading depression
[2]. Since the meninges and their related large blood
vessels are intensely innervated by trigeminal noci-
ceptive afferents, the meninges are one of the most
pain-sensitive cranial structures and have primary
role in the genesis of migraine [3, 4].

Activation of trigeminal nociceptive afferents in the
meninges via chemical or mechanical stimuli results in the
release of potent vasoactive neuropeptides such as sub-
stance P (SP) and calcitonin gene-related peptide (CGRP)
from these afferent terminals through an axon reflex. These
neuropeptides could in turn evoke plasma protein extrava-
sation, vasodilatation, andmast cell degranulation resulting
in meningeal neurogenic inflammation [1, 3, 5, 6].

Meningeal mast cells (MMCs) are proinflammato-
ry immune cells which are resident in close proximity
to blood vessels and nerves in the meninges [7]. SP
and CGRP released from the activated trigeminal af-
ferents activate meningeal mast cells to release a wide
range of neuroinflammatory mediators such as neuro-
peptides, cytokines, and prostaglandins [8, 9]. It was
demonstrated that a large number of proinflammatory
mediators from MMCs promote the activation and
sensitization of meningeal afferents and the headache
pain pathway [10, 11]. Therefore, it is evident that
mast cell mediators further aggravate meningeal neu-
rogenic inflammation. Stabilization of MMCs has great
importance in the prevention of meningeal neurogenic
inflammation underlying migraine.

Increasing data have indicated that thymoquinone,
principal active ingredient isolated from Nigella sativa
seeds, has broad and potent anti-inflammatory properties
[12–16]. Previous studies reported that thymoquinone
suppressed stimulated activation of rat mucosal and
peritoneal mast cells in vitro and inhibited the increase
in the number of mast cells in vivo experiments in rats
[12, 17–19]. In one of those studies was demonstrated
that thymoquinone blocked histamine release from peri-
toneal mast cells in albumin-sensitized rats [17]. More-
over, it was also shown that thymoquinone inhibited
the % of mortality of mice following the systemic
anaphylac t i c reac t ion induced by mas t ce l l
degranulating agent compound 48/80 [17]. We have
recently shown that the ethanolic extract of Nigella
sativa seeds inhibited degranulation of MMCs induced
by compound 48/80 in rats [20]. Those studies have
led us to hypothesize that thymoquinone in the extract
of Nigella sativa seeds might be a mediator for stabi-
lization of MMCs.

The aim of the present study thus was to investigate
the effects of thymoquinone on the MMCs and CGRP
release, a mediator of neurogenic inflammation, in glyceryl
trinitrate (GTN)–induced in vivomigrainemodel as well as
ex vivo meningeal preparations in rats.

MATERIALS AND METHODS

Animals

All experiments were approved by the Abant Izzet
Baysal University Animal Experiments Local Ethics Com-
mittee (licence number 2016-14). Male Wistar rats
weighing 180 to 220 g were used in the experiments.
Animals were procured from the Animal House of the
University of Abant Izzet Baysal, Turkey, and were main-
tained in accordance with the Guide for the Care and Use
of Laboratory Animals (Eighth Edition). They were given
ad libitum with a standard rodent diet and tap water and
were harboured in their individual cages with a 12-h light/
dark cycle at 22 ± 2°°C.

Experimental Groups

Rats were randomly separated to seven groups with
seven rats in each group for in vivo experiments; also eight
rat hemiskulls (four rats) in each group in the ex vivo
experiments were used for CGRP release from cranial
meningeal preparations. In vivo groups were as follows:
NS group (normal saline), vehicle group (for GTN),
GTN group (glyceryltrinitrate, a nitric oxide donor),
TQ group (thymoquinone alone), TQ + GTN group,
NS + GTN group, and L-NAME (nitric oxide synthase
inhibitor) + GTN group. Ex vivo groups were as fol-
lows: GTN group, TQ + GTN group, L-NAME + GTN
group, and TQ alone group for the CGRP release,
respectively.

Drugs and Reagents

Glyceryl trinitrate stock solution (5 mg/0.5 mL in
95% ethanol, Batch No. 3.0), thymoquinone, L-NAME,
toluidine blue, paraformaldehyde, phosphate-buffered sa-
line, and cOmplete protease inhibitor cocktail were pur-
chased from Sigma-Aldrich (Schnelldorf, Germany);
CGRP ELISA kits were purchased from ELABscience
(Wuhan, PR China).
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Glyceryl Trinitrate-Induced In Vivo Migraine Model
and Drug Administrations

Systemic administration of glyceryl trinitrate, a nitric
oxide donor, to freely moving rats induces a universally
adopted human model of migraine on freely moving rats
[5, 21]. All injections were carried out through intraperito-
neal route with a volume of 0.2 mL. Rats in NS group
received normal saline; rats in vehicle group received 0.1%
ethanol in saline; rats in GTN group received 10 mg/kg
glyceryltrinitrate alone; rats in TQ group received 10
mg/kg thymoquinone alone [22]; rats in saline + GTN
group received normal saline 30 min before glyceryl
trinitrate administration; rats in TQ + GTN group received
thymoquinone 30 min before glyceryl trinitrate; rats in L-
NAME +GTN group received 50 mg/kg L-NAME 30min
before glyceryl trinitrate. Four hours after administrations,
rats were deeply anaesthetized with ketamine (90 mg/kg,
intraperitoneally). Cardiac blood samples were collected
from right ventricle and mixed immediately with protease
inhibitor cocktail to prevent degradation of CGRP. Blood
samples were centrifuged at 3000×g for 15 min at 4 °C,
and supernatants were stored at − 80 °C until assayed for
CGRP immunoreactivity. Immediately after blood collec-
tion, the head of rats was perfused intracardially with 200
mL of heparinized phosphate-buffered solution (PBS) to
remove the blood from the brain tissue. Then, cranial dura
mater, trigeminal ganglia, brainstem, and brain tissue were
harvested. Cranial dura mater were postfixed overnight in
4% paraformaldehyde.

Homogenization of Brain Tissue, Trigeminal Ganglia,
and Brainstems

Total brain tissues, brainstems, and trigeminal ganglia
were homogenized using a light-duty Ultra-Turrax homog-
enizer (ISOLAB, Wertheim, Germany) as described previ-
ously [5], and supernatants of all samples were stored at −
80 °C until assayed for CGRP immunoreactivities.

Whole-Mount Dura Mater Preparations and Toluidine
Blue Staining for Dural Mast Cells

Whole-mount dura mater preparations from in vivo–
treated rats were stained with toluidine blue and evaluated
in terms of their number and degranulation states as de-
scribed previously by us [23].

Ex Vivo Meningeal Preparations

In order to investigate the effects of thymoquinone on
the basal and GTN-evoked CGRP release from trigeminal

nociceptive afferents in the meninges, we used a well-
established method that is based on an organ preparation
of the hemisected rat skull [5]. Hemiskull preparations with
intact dura mater and trigeminal ganglia were prepared
from rats, as described previously [4, 5]. The hemiskull
cavities were topically treated with 0.1% ethanol in artifi-
cial cerebrospinal fluid (ACSF, pH 7.4) for control or drugs
(100 μMGTN [5], 10 μM thymoquinone [15], 100 μML-
NAME [24]) in ACSF and incubated for 15min in a humid
incubator at 37 °C. Superfusate samples with protease
inhibitor cocktail were stored at − 80 °C until assayed for
CGRP immunoreactivities.

Determination of CGRP Contents in Plasma, Brain
Tissue, Trigeminal Ganglia, Brainstems, and
Meningeal Superfusates

CGRP contents in the samples including plasma,
trigeminal ganglia, brainstem, brain tissue homogenates,
and meningeal superfusates were measured by an enzyme-
linked immunosorbent assay kit as described previously
[5]. The protocol was carried out according to the manu-
facturer’s instructions and in duplicates. Briefly, 100 μL of
sample or CGRP standard was added to each well. There-
after, the 96-well plates were incubated at 37 °C for 90min;
later on, 100 μL of biotinylated detection Ab was added,
and afterwards, the 96-well plates were incubated at 37 °C
for 1 h. After the incubation, 100μL of HRP conjugate was
added to each well and the plate was incubated at 37 °C for
30 min. Afterwards, 90 μL of substrate reagent was added
to each well, and the plate was incubated at 37 °C for 15
min. After the incubation, instantly 50 μL of stop solution
was added to each well. The optical density was measured
at 450 nm using a microplate reader (Epoch BioTek Instru-
ments, Inc. Highland Park, Winooski, VT, USA). Curve of
optical density was plotted by using standards with defined
CGRP concentrations.

Statistical Analysis

The data obtained from experimental groups were
expressed as mean ± standard error of mean. Statistical
analysis was carried out using SPSS for Windows (version
17.0, SPSS Inc., Chicago, IL, USA). Data obtained from
multiple groups were compared by one-way analysis of
variance (ANOVA) followed by Tukey’s multiple compar-
ison test. Data obtained from paired samples in the ex vivo
experiments were compared by paired t test. p < 0.05 was
considered as statistically significant.
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RESULTS

Thymoquinone Pretreatment Alleviated GTN-Induced
Increases in the CGRP Levels in the In Vivo Migraine
Rats

It is well established that CGRP is a potent vasodilator
and pro-nociceptive neurotransmitter which mainly medi-
ates migraine, also referred to as mediator of neurogenic
inflammation [4, 25–27]. Despite the fact that SP also
contributes to neurogenic inflammation, it has not yet been
reported that SP levels are elevated in human subjects
during migraine attacks or in the animal models of mi-
graine. Therefore, we tested whether thymoquinone pre-
vents increase of the CGRP levels in plasma, and migraine-
related structures including trigeminal ganglia, brainstem,
and brain tissue in GTN-induced migraine model. In the
present study, GTN administration alone increased signif-
icantly CGRP levels in the plasma, the trigeminal ganglion
neurons, brainstem, and brain tissue compared with normal
saline group or GTN vehicle group (p < 0.001 and p < 0.01,
Table 1). However, thymoquinone pretreatment signifi-
cantly reduced the increases in the CGRP levels evoked
by GTN in the plasma, trigeminal ganglion neurons, and
brainstem, but it did not change that in brain tissue com-
pared with GTN group or NS +GTN group, respectively (p
< 0.01 and p < 0.001, Table 1). Since GTN is a nitric oxide
donor, we tested a non-selective nitric oxide synthase
inhibitor L-NAME (L-nitroarginine methyl ester) by
pretreating a half hour prior to systemic administration of
GTN to verify GTN-induced CGRP releases. As a positive
control, L-NAME pretreatment blocked GTN-induced in-
creases in the CGRP levels in the plasma, trigeminal gan-
glia, brainstem, and brain tissue compared with NS + GTN
group (p < 0.001 and p < 0.05, Table 1).

Thymoquinone Pretreatment Prevented Activation of
Meningeal Mast Cells and Avoided the Increase of
Their Numbers Induced by GTN In Vivo Migraine
Rats

Degranulation of MMCs evokes sensitization and
activation of the meningeal nociceptors and the neurogenic
inflammation underlying migraine [4, 10, 11, 26]. System-
ic GTN administration leads to MMC degranulation which
was prevented by pretreatment with L-NAME in rats [28].
In the present study, systemic GTN administration alone
induced degranulation of MMCs, and also, it increased
their numbers compared with normal saline group or
GTN vehicle group in vivo migraine model (p < 0.001,
Table 2 and Fig. 1a–d). On the one hand, pretreatment with

thymoquinone attenuated significantly both the degranula-
tion and the number of MMCs induced by GTN compared
with GTN group and NS + GTN group (p < 0.001 and p <
0.05, Table 2 and Fig. 1e). In addition, as a positive control,
pretreatment with L-NAME prevented GTN-induced
changes in the number and degranulation of MMCs com-
pared with NS + GTN group (p < 0.01 and p < 0.001,
Table 2 and Fig. 1f). Representative magnificent images of
intact and degranulated MMCs are presented in Fig. 1h, i,
respectively.

Topical Administration of Thymoquinone Did Not
Attenuate Basal or GTN-Induced CGRP Release in the
Ex Vivo Meningeal Preparations

Ex vivo meningeal preparations with intact dura
mater and trigeminal ganglia are useful tools to study
CGRP release from the peripheral terminals of menin-
geal afferents, the origin site of migraine [4]. We tested
whether thymoquinone can inhibit release of the main
migraine mediator CGRP, which is stored in large
dense core vesicles of peptidergic terminals in the
meninges [29]. GTN significantly increased the release
of CGRP from the meningeal nerve terminals (p <
0.01, Fig. 2a). In the presence of L-NAME, the GTN-
induced release of CGRP was completely prevented (p
< 0.01, Fig. 2b). However, thymoquinone failed to
inhibit both basal and the GTN-induced release of
CGRP (Fig. 2a, c). We illustrated the potential mech-
anisms of action of thymoquinone on the mast cell
degranulation-mediated neurogenic inflammation and
the CGRP release in Fig. 3 according to our results.

DISCUSSION

Two main contributors of sterile dural neurogenic
inflammation, CGRP and meningeal mast cells, have a
key role in the activation of the inflammatory cascade
resulting in the sensitization of trigeminal nociceptors.
Thus, these contributors are essential targets to investigate
the pathophysiology and treatment of migraine which is a
neuroinflammatory disorder.

In current study, we found that systemic administra-
tion of GTN increased the secretion of CGRP in plasma,
trigeminal ganglion neurons, and brainstem in the in vivo
rat model of migraine. It is well documented that serum
levels of CGRP are elevated during migraine attacks in the
patients and GTN-induced in vivomigraine models [5, 30–
32]. However, previous studies reported that GTN induces
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increased secretion of CGRP in trigeminal ganglion neu-
rons and brainstem in the same model [5, 33, 34]. There-
fore, our current findings indicating increased secretion of
CGRP in plasma, trigeminal ganglion neurons, and
brainstem are in accordance with those previous studies.

Moreover, our findings indicated that anti-
inflammatory thymoquinone ameliorated stimulated secre-
tion of CGRP in plasma, and migraine-related structures
including trigeminal ganglion neurons and brainstem. In
previous studies, it has been well established the anti-
inflammatory effects of thymoquinone in different
in vitro and in vivo models of neuroinflammation [13–16,
35]. In accordance with those previous studies, however,
we first demonstrated modulating effect of thymoquinone
on the secretion of CGRP in GTN-induced migraine mod-
el. Our findings are novel and very important, because
CGRP is considered as a key mediator of neurogenic
inflammation underlying pathophysiology of migraine
due to its multiple effects at multiple sites of pain pathway
underlying migraine headache including cranial meninges,
the cell bodies of the trigeminal sensory neurons, and
trigeminal nucleus caudalis in brainstem [36, 37].

Peripheral release of CGRP from trigeminal afferent
terminals within the cranial meninges and from the cell
body of trigeminal ganglion neurons contributes to

peripheral sensitization of trigeminal nociceptors [36, 38].
CGRP released from trigeminal meningeal afferents leads
to degranulation ofMMCs [9, 39]. Then, proinflammatory,
algogenic, and vasoactive mediators released from
degranulated mast cells further promote neurogenic in-
flammation as well as stimulate sensitization and activation
of intracranial meningeal nociceptors [10].

It is considered that CGRP released from the cell
bodies of trigeminal neurons could in turn evoke further its
own synthesis and also induce satellite glial cells within
trigeminal ganglion to secrete proinflammatory cytokines
and nitric oxide that would reinforce peripheral sensitization
of trigeminal nociceptors [36, 37]. Ultimately, this vicious
cycle among CGRP, meningeal mast cells, and trigeminal
nociceptors results in the neurogenic inflammation and pain.

In addition, following trigeminal nerve activation,
CGRP released from central terminals of trigeminal fibers
projecting to the trigeminal nucleus caudalis within
brainstem facilitates activation of nociceptive second-order
neurons and glial cells [36]. Thus, CGRP is implicated in the
generation and maintenance of persisting pain and central
sensitization related to pathophysiology of migraine.

So, therapeutic agents targeting the inhibition of release
of CGRP in these strategic structures is of pivotal impor-
tance to abort migraine pain. For instance, anti-migraine

Table 1. CGRP levels in the plasma, trigeminal ganglia, brainstem, and brain in the in vivo groups

Parameters Groups

NS Vehicle GTN NS + GTN TQ + GTN LN + GTN TQ

CGRP Plasma (pg/mL) 37.2 ± 2.3 34.0 ± 2.1 69.6 ± 6.1*** 70.8 ± 6.3 47.5 ± 2.5†† 39.8 ± 2.4††† 36.7 ± 3.1
Trigeminal ganglion

(pg/mg/mL)
98.7 ± 4.4 100.1 ± 4.5 206.1 ± 15.6*** 209.8 ± 17.2 144.0 ± 11.9†† 118.1 ± 10.4††† 95.8 ± 6.5

Brainstem (pg/mg/mL) 50.2 ± 4.1 48.9 ± 4.7 105.6 ± 8.0*** 108.8 ± 5.9 62.0 ± 5.1††† 54.5 ± 7.6††† 47.6 ± 5.4
Brain (pg/mg/mL) 36.6 ± 4.1 37.8 ± 3.2 62.7 ± 7.6** 60.3 ± 3.7 58.1 ± 6.8 37.6 ± 2.1† 38.9 ± 3.6

The values are expressed as mean ± SEM. * vs NS or vehicle; † vs NS + GTN. Single symbols denote p < 0.05; duple symbols denote p < 0.01, and triple
symbols denote p < 0.001
NS normal saline, GTN glyceryl trinitrate, LN L-NAME, CGRP calcitonin gene–related peptide

Table 2. Number and degranulation of meningeal mast cells in the in vivo groups

Parameters Groups

NS Vehicle GTN NS + GTN TQ + GTN LN + GTN TQ

Mast cell number 344.7 ± 21.0 356.4 ± 20.9 609.4 ± 62.8*** 614.3 ± 32.0 470.6 ± 16.9† 414.1 ± 15.6†† 334.7 ± 27.8
Percentage of mast

cell degranulation (%)
8.2 ± 2.1 6.9 ± 0.9 30.2 ± 2.8*** 29.7 ± 2.6 13.8 ± 1.4††† 10.1 ± 1.3††† 8.1 ± 0.5

* vs NS or vehicle; † vs NS + GTN. Single symbols denote p < 0.05; duple symbols denote p < 0.01, and triple symbols denote p < 0.001
NS normal saline, GTN glyceryl trinitrate, LN L-NAME

Anti-Neuroinflammatory Effects of Thymoquinone in Migraine-Like Condition
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Fig. 1. Intact and degranulated mast cells in the meninges in the in vivo groups. Microscopic images of mast cells in the meninges were taken at a magn-
ification of ×40. a Intact mast cells in normal saline group and b in the vehicle group; cGTN-induced degranulatedmast cells in GTNgroup and d in the NS +
GTN group. Systemic administration of GTN led to degranulation of meningeal mast cells. eMostly intact mast cells in TQ + GTN group; TQ pretreatment
preserved mast cells against the degranulation induced by GTN; f intact mast cells in LN + GTN group; LN pretreatment blocked the effects of GTN on the
mast cell degranulation; g intact mast cells in TQgroup; TQ treatment alone did not show any effect on the mast cell degranulation; h an intact mast cell with a
magnification of ×100 from a in normal saline group; i a degranulated mast cell with a magnification of ×100 from c in GTN group. Open arrowheads show
intact mast cells in the meninges in all groups; thick-solid arrows show degranulated mast cells in the meninges in GTN group as well as in NS + GTN group;
thin-solid arrows show the granules spread from degranulated mast cells in the meninges in GTN group as well as in NS + GTN group. Please notice
enhanced degranulation of mast cells in the meninges in GTN group compared with vehicle control and intact mast cells in the meninges in TQ +GTN group
compared with NS + NTG group. a middle meningeal artery, NS normal saline, TQ thymoquinone, GTN glyceryl trinitrate, LN L-NAME.
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Fig. 2. The effects of thymoquinone on the CGRP release in the ex vivomeningeal preparations. aWhile topical administration of GTN tomeninges induced
CGRP release, thymoquinone treatment alone did not affect basal release of CGRP. b On the other hand, as a positive control, LN treatment blocked GTN-
induced CGRP release, (c) but thymoquinone treatment did not prevent GTN-induced CGRP release. **p < 0.01, ***p < 0.001. CGRP calcitonin gene–
related peptide, TQ thymoquinone, GTN glyceryl trinitrate, LN L-NAME, n.s. non-significance.
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drug sumatriptan exerts its effect by inhibition of release of
CGRP both in dura mater and the brainstem [40]. Recently,
CGRP receptor antagonists, gepants, and CGRP or CGRP
receptor monoclonal antibodies have appeared for the acute
treatment of migraine [41]. However, the use of these drugs
is limited because they are not effective in all migraine
patients and have some side effects [41, 42]. As a conse-
quence, research on promising novel therapeutic agents with
less or no side effects to treat migraine patients is required.

In this respect, our findings are important and suggest
that thymoquinone may be a promising candidate for treat-
ment of migraine pain. On the other hand, in the present
study, thymoquinone did not change CGRP levels in brain
tissue induced by GTN. A possible reason for this may be
that CGRP release within the brain is likely to function in
an anti-nociceptive capacity [36].

In addition, we found that systemic administration of
GTN evoked degranulation of MMCs and enhanced the
number of MMCs, which in the presence of thymoquinone
pretreatment was inhibited. This study showing stabilizing
effects of thymoquinone on theMMCs is in accordance with
our previous results that the extract of N. sativa seeds

prevented degranulation of MMCs induced by compound
48/80 [20].

Other studies also reported that thymoquinone sup-
presses activation of rat mucosal and peritoneal mast cells
in vitro [12, 17, 18]. One of those studies showed that
thymoquinone repressed LPS-evoked IL-5 and IL-13 mRNA
expression and protein production in rat mucosal mast cells
[12]. They demostrated that thymoquinone also alleviated the
proinflammatory response in lipopolysaccharide-activated rat
mucosal mast cells by modulating nuclear transactivation of
NF-κB and TNFα production [43]. Thymoquinone pretreat-
ment inhibited histamine release from peritoneal mast cells in
egg albumin-sensitized rats [17]. In addition, it was demon-
strated that thymoquinone also prevented the increase in the
number of mast cells in ethanol-induced gastric mucosal
damage model in rats [19]. The present study first dem-
onstrated that thymoquinone inhibited degranulation of
MMCs and decreased the number of MMCs in GTN-
induced in vivo migraine model in rats. It also con-
firmed that GTN evoked CGRP release from cranial
meninges in vitro rat hemiskull preparations [5, 44],
but thymoquinone did not prevent both basal and the

MMC

GTN TQ

Cranial 
meninges

CGRP

GTN

CGRP

Neurogenic inflammation
Trigeminal ganglion

CGRP

Brainstem

TQGTN

Fig. 3. Schematic representation of the potential mechanism by which thymoquinone inhibits meningeal mast cell activation–mediated neurogenic
inflammation and modulates CGRP release. Systemic administration of glyceryl trinitrate evokes degranulation of meningeal mast cells and also induces
CGRP release from cell bodies of trigeminal ganglion neurons and from central terminals of trigeminal sensory nerve in the brainstem. While the mast cell
degranulation could in turn lead to the neurogenic inflammation in meninges and peripheral sensitization of trigeminal nociceptors, the CGRP released could
in turn contribute central sensitization related to pathophysiology of migraine. Thymoquinone prevents meningeal neurogenic inflammation by inhibiting
degranulation of meningeal mast cells and modulates CGRP release from cell bodies of trigeminal ganglion neurons and from central terminals of trigeminal
sensory nerve in the brainstem.While straight red arrows depict the activation, black arrows with dashed line delineate the inhibition. CGRP calcitonin gene-
related peptide, TQ thymoquinone, GTN glyceryl trinitrate, MMC meningeal mast cell.
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stimulated release of CGRP in these preparations. This
may be due to systemic administration of thymoquinone
functions by modulating neurological or endocrine
cascades.

Disorders of mast cell activation are greatly varied in
their demonstration. However, they are due to the abnormal
activation or proliferation of mast cells such as
mastocytosis and IgE-mediated allergic reactions, respec-
tively. There are current drugs that interfere with mast cell
activation or proliferation. But, while limited drugs such as
ketotifen and cromolyn are able to inhibit overactivation or
proliferation of mast cells, most of the others target princi-
pally receptors of mast cell mediators such as histamine
[45]. Moreover, despite cromolyn alleviates gastroin-
testinal complaints, it exhibits a weak inhibitor effect
for mast cell activation [45]. Therefore, broad spec-
trum drugs that are capable of inhibiting both mast
cell activation and proliferation and have potent anti-
inflammatory properties are needed for the treatment
of mast cell–mediated disorders. According to our
current findings, thymoquinone may fill such a gap
in the treatment of mast cell–mediated inflammatory
diseases including migraine due to its potent anti-
inflammatory properties and the inhibiting effects on
the mast cell activation and proliferation.

Taken together, our findings revealed that anti-
inflammatory thymoquinone modulated CGRP release in
migraine-related strategic structures which are crucial tar-
gets for anti-migraine drugs and inhibited degranulation of
MMCs which is a substantial contributor of meningeal
neurogenic inflammation in migraine pain.

In conclusion, migraine treatment without side effects
seems to be a pharmaceutical holy grail. Thymoquinone
may be a promising candidate for preventing the meningeal
neurogenic inflammation, therefore migraine pain which is
worthy of further investigation.
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