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Dexmedetomidine Modulates Histamine-induced Ca2+ Signaling and 
Pro-inflammatory Cytokine Expression
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  Dexmedetomidine is a sedative and analgesic agent that exerts its effects by selectively agonizing 
α2 adrenoceptor. Histamine is a pathophysiological amine that activates G protein-coupled receptors, 
to induce Ca2+ release and subsequent mediate or progress inflammation. Dexmedetomidine has been 
reported to exert inhibitory effect on inflammation both in vitro and in vivo studies. However, it is 
unclear that dexmedetomidine modulates histamine-induced signaling and pro-inflammatory cytokine 
expression. This study was carried out to assess how dexmedetomidine modulates histamine-induced 
Ca2+ signaling and regulates the expression of pro-inflammatory cytokine genes encoding interleukin 
(IL)-6 and -8. To elucidate the regulatory role of dexmedetomidine on histamine signaling, HeLa cells 
and human salivary gland cells which are endogenously expressed histamine 1 receptor were used. 
Dexmedetomidine itself did not trigger Ca2+ peak or increase in the presence or absence of external 
Ca2+. When cells were stimulated with histamine after pretreatment with various concentrations of 
dexmedetomidine, we observed inhibited histamine-induced [Ca2+]i signal in both cell types. Histamine 
stimulated IL-6 mRNA expression not IL-8 mRNA within 2 hrs, however this effect was attenuated by 
dexmedetomidine. Collectively, these findings suggest that dexmedetomidine modulates histamine-induced 
Ca2+ signaling and IL-6 expression and will be useful for understanding the antagonistic properties 
of dexmedetomidine on histamine-induced signaling beyond its sedative effect.
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INTRODUCTION

  Dexmedetomidine hydrochloride (chemical name (+)4(S) 
[1(2,3-dimethylphenyl)ethyl]1Himidazole monohydrochloride) 
is a highly selective and specific α2 adrenoceptor agonist, 
with particularly high affinity for α2A-adrenergic receptor 
subtype [1]. It is a powerful sedative and analgesic agent 
with high efficacy and safety compared with other seda-
tives, such as, opioids, benzodiazepines, and propofol [2]. 
Dexmedetomidine hydrochloride has been reported to have 
protective effects on cardiac ischemia-reperfusion injury, 
renal injury, and incomplete forebrain ischemia in various 
species [3-6] and it is considered a suitable sedative for use 
in adult intensive care patients [7]. 
  Furthermore, several lines of evidences indicate that dex-
medetomidine regulates inflammation. In microglial cells, 

dexmedetomidine inhibits lipopolysaccharide (LPS)-induced 
up-regulation of pro-inflammatory cytokines and nitric oxide 
(NO) and inducible NO synthase (iNOS) accumulation by pre-
venting extracellular signal-regulated kinase (ERK) activa-
tion [8]. In C6 glioma cells, dexmedetomidine inhibits inter-
leukin (IL)-1β-induced IL-6 synthesis independently of the 
adenylyl cyclase-cAMP pathway [9]. Dexmedetomidine also 
inhibits neuronal apoptosis caused by the inhalational an-
esthetic agent isoflurane by activating c-JUN N-terminal 
kinase (JNK) and P38 mitogen-activated protein kinases 
(MAPK) pathways [10]. In glial cells, dexmedetomidine 
markedly reduced LPS-induced increases in pro-inflammatory 
cytokines, such as, tumor necrosis factor-α, NO, prosta-
glandin E2, IL-1β, and IL-6 [11,12]. Interestingly, dexme-
detomidine induces Ca2+ response in astrocytes but not in 
neural cells, suggesting that its effect on central nervous 
system provides through astrocytes [13]. 
  Ca2+ is one of the most universal and versatile intra-
cellular second messengers and is responsible for initiating 
numerous cellular processes [14]. Receptor-evoked Ca2+ sig-
naling involves the activation of phospholipase C to gen-
erate inositol-1, 4, 5 trisphosphate (IP3), which binds to IP3 
receptors (IP3Rs) and initiates an initial increase in intra-
cellular Ca2+ from endoplasmic reticulum (ER) stores. This 
triggers Ca2+ signals in the form of oscillations and sparks 
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Table 1. Primers used for RT-PCR

Genes Tm 
(oC) Sequences (5’→3’)

H1R 62 GAC TGT GTA GCC GTC AAC CGG A 
TGA AGG CTG CCA TGA TAA AAC C

H2R 60 TCG TGT CCT TGG CTA TCA C
CTT TGC TGG TCT CGT TCC T 

H3R 62 TCA GCT ACG ACC GCT TCC TGT CGG TCA C
TTG AGT GAG CGC GGC CTC TCA GTG CCC C

H4R 60 GAA TTG TCT GGC TGG ATT AAT TTG CTA ATT TG
AAG AAT GAT GTG ATG GCA AGG ATG TAC C

IL-6 58 AGC CAC TCA CCT CTT CAG AAC GAA 
TAC TCA TCT GCA CAG CTC TGG CTT 

IL-8 56 ATG ACT TCC AAG CTG GCC GTG GCT 
TCT CAG CCC TCT TCA AAA ACT TCT

GAPDH 58 GTC GGA GTC AAC GGA TT 
GCC ATG GGT GGA ATC ATA

that control a plethora of physiological function mediated by 
gene expression changes and various metabolic responses [15].
  Histamine is a pathophysiological biogenic amine and an 
important inflammatory mediator. It contributes to the in-
ductions of IL-6 and IL-8, ultimately inducing inflammation 
[16,17]. Histamine exerts its effects by activating G pro-
tein-coupled receptors, H1 to H4 receptor (H1R−H4R) that 
induce Ca2+ release and ultimately initiate inflammatory 
processes including nociceptive effects [18]. Despite grow-
ing knowledge of dexmedetomidine in inflammation, the ef-
fect of dexmedetomidine on intracellular Ca2+ signaling 
mediated by histamine remains unknown. Here, we inves-
tigated dexmedetomidine-modulated Ca2+ signaling in 
HeLa and human salivary glands (HSG) cells, expressing 
endogenous H1R [19]. The primary aim of the present study 
was to determine the effects of dexmedetomidine on the reg-
ulation of histamine-induced Ca2+ signaling and the ex-
pressions of the pro-inflammatory cytokine IL-6 and IL-8 
mRNA. 

METHODS

Reagents and molecular cloning

  Dexmedetomidine chloride (PrededexⓇ, 100 mcg/mL) was 
kindly gifted by Dr. Teo Jeon Shin at Seoul National 
University Dental Hospital. Fura-2/AM and Pluronic F-127 
(20% in dimethyl sulfoxide [DMSO]) were purchased from 
Teflabs (Austin, TX) and Invitrogen (Carlsbad, CA), 
respectively. Dulbecco’s Modified Eagle’s Medium (DMEM), 
penicillin-streptomycin, trypsin-ethylenediaminetetraacetic 
acid (EDTA), phosphate-buffered saline (PBS), and fetal bo-
vine serum (FBS) were from Invitrogen and cyclopiazonic 
acid (CPA) was from Alomone Labs (Jerusalem, Israel). 
Histamine and other chemicals not specifically mentioned 
here were purchased from Sigma (St. Louis, MO).

Cell culture

  HeLa and HSG cells were purchased from American Type 
Culture Collection (Rockville, MD) and maintained in 
DMEM containing 10% FBS with antibiotics including 100 
μg/mL streptomycin and 100 U/mL penicillin at 37oC in 
a cell culture incubator with a 5% CO2/95% air atmosphere. 
When cells were 80% confluent, they were washed with 
PBS and dispersed with a 2 min trypsin/EDTA treatment 
before they were transferred to new culture dishes or glass 
coverslips-in dishes for later use. 

Reverse Transcription-Polymerase Chain Reaction 
(RT-PCR) 

  Total RNA was extracted from HeLa and HSG cells using 
the TRIzol extraction system (Invitrogen), according to the 
manufacturer’s instructions. Extracted total RNA pellets 
were washed with ice-cold 75% ethanol, and resolved in 20 
μL of diethylpyrocarbonate-treated water. RNA was ampli-
fied using AccuPowerⓇ RT PreMix from Bioneer (Seoul, 
South Korea), according to the manufacturer’s instructions, 
and the cDNA obtained was amplified by PCR using HiPiTM 
Thermo-stable DNA polymerase from Elpis (Seoul, South 
Korea) and primers (Table 1). PCR was started with a dena-
turation step at 95oC for 5 min, followed by 36 cycles of 
95oC for 1 min, an annealing step for 1 min, and an ex-

tension step of 72oC for 1 min, and a final extension of 72oC 
for 7 min. PCR products were electrophoresed on 0.8% agarose 
gels. Glyceraldehyde 3-phosphate dehydrogenase (GAPDH) 
levels were measured as a loading control.

Measurement of intracellular Ca2+ concentrations ([Ca2+]i)

  HeLa or HSG cells were cultured on cover slips in 35 mm2 
dishes. Cells were incubated with 5 μM Fura-2/AM in the 
presence of the same volume of 20% (w/v, in DMSO) plur-
onic acid F-127 for 15 min in physiological salt solution 
(PSS) at room temperature in the dark and then washed 
for 5 min with PSS containing the following [in mM]: 140 
NaCl, 5 KCl, 1 MgCl2, 1 CaCl2, 10 HEPES, and 10 D-glucose 
and titrated to pH 7.4. For Ca2+ free solution (0 Ca2+), CaCl2 
was removed, and 10 mM EGTA was added. Coverslips 
with cells were mounted onto the chamber. Changes in 
[Ca2+]i were determined by measuring fluorescence in-
tensities at excitation wavelengths of 340 and 380 nm and 
an emission wavelength of 510 nm. The results were pre-
sented as fluorescence ratios calculated by dividing the fluo-
rescence intensity at 340 by that at 380 nm (R340/380). 
Evoked [Ca2+]i (ΔCa2+) were calculated as the differences 
between the 340/380 basal and peak values. Emitted fluo-
rescence was monitored using a high performance CCD 
camera (Photometrics, AZ) attached to an inverted micro-
scope (Olympus, Tokyo, Japan) and analyzed with MetaFluor 
system (Molecular Devices, PA). Fluorescence images were 
obtained at 1 sec intervals, and background fluorescence 
was subtracted from raw signals at each excitation 
wavelength. 

Statistical analyses

  Data from more than three or more independent experi-
ments are expressed as means±standard error of means 
(SEMs). Statistically significant differences (p<0.01) be-
tween experimental groups were determined using paired 
Student’s t-tests.
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Fig. 2. Histamine-induced [Ca2+]i
signals were inhibited by dexmedeto-
midine. (A) Expression levels of 
histamine receptors mRNA (H1R to 
H4R) in HeLa cells. (B) Changes in 
[Ca2+]i induced by 100 nM histamine. 
(C) Changes in [Ca2+]i after pretreat-
ment with 10 ng/mL dexmedetomidine 
(Dex) and subsequent treatment 
with 100 nM histamine. (D) Changes 
in [Ca2+]i after pretreatment with 10 
μM histamine (E) Changes in [Ca2+]i
after pretreatment with 100 ng/mL 
dexmedetomidine and subsequent 
treatment with 10 μM histamine. 
The upper bars indicate the extra-
cellular solutions applied to the cells 
and traces were selected randomly. 
Three separate experiments were 
performed and each point represents 
a mean±SEM. (−): no RNA, M: DNA 
ladder (bp).

Fig. 1. Dexmedetomidine did not elicit [Ca2+]i signals in HeLa cells. Changes in [Ca2+]i induced by 10 ng/mL dexmedetomidine in (A) 1 
mM Ca2+ medium and (B) Ca2+ free medium (0 Ca2+). The upper bars indicate the extracellular solutions applied to the cells.

RESULTS

Dexmedetomidine did not elicit [Ca2+]i signals in HeLa 
cells

  Dexmedetomidine is a highly selective α2 adrenoceptor 
agonist and induced aortic contraction via an influx of ex-
tracellular Ca2+ [20]. To evaluate the role of dexmedetomi-
dine in Ca2+ signaling, HeLa cells were treated with 10 or 
100 ng/mL dexmedetomidine. The application of 10 ng/mL 
dexmedetomidine did not alter the basal [Ca2+]i level or in-
duce a [Ca2+]i peak in the presence or absence of Ca2+ in 
the PSS media in HeLa cells (Figs. 1A and 1B, 89 and 102 
cells from three independent experiments, respectively) and 

in HSG cells (data not shown). Even 100 ng/mL dexmedeto-
midine failed to elicit an intrinsic [Ca2+]i response in HeLa 
cells (data not shown).

Histamine-induced [Ca2+]i signals were inhibited by 
dexmedetomidine

  HeLa cells were examined to detect the expression of his-
tamine receptors subtypes H1R through H4R. The specific-
ity of the primers was confirmed by sequencing the gene 
products. HeLa cells predominantly expressed H1R (Fig. 
2A). To examine the modulatory role of dexmedetomidine 
on histamine, cells were compared with respect to hista-
mine-induced [Ca2+]i oscillations and dexmedetomidine-pre-
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Fig. 3. The effect of dexmedetomidine on CPA-induced [Ca2+]i release and Ca2+ entry. The CPA-induced [Ca2+]i increase in the presence 
of 2 mM extracellular Ca2+ in the absence (A) or presence (B) of 100 ng/mL dexmedetomidine. (C) Analysis of CPA-induced Ca2+ release 
and influx as determined using R340/380 fluorescence ratios. The upper bars indicate the extracellular solutions applied to the cells. Three 
separate experiments were performed and each point represents a mean±SEM.

treated histamine-induced [Ca2+]i signals. As shown in Fig. 
2B and 2C (54 cells and 49 cells from three independent 
experiments, respectively), 10 ng/mL dexmedetomidine pre-
treatment inhibited histamine-induced [Ca2+]i oscillation. 
Even at histamine concentrations of 10 μM, [Ca2+]i in-
creases were inhibited by the pretreatment with 100 ng/mL 
dexmedetomidine (Fig. 2D and 2E show 64 and 70 cells 
from three independent experiments, respectively). These 
results revealed that dexmedetomidine inhibited the max-
imal Ca2+ peak and Ca2+ oscillatory patterns.

The effect of dexmedetomidine on CPA-induced [Ca2+]i 
release and Ca2+ entry 

  The transient increase in [Ca2+]i evoked by CPA in Ca2+ 
free solution depletes internal Ca2+ stores and subsequent 
induces Ca2+ influx signal by adding back Ca2+. To de-
termine the effect of dexmedetomidine on Ca2+ release and 
influx, the HeLa cells were pretreated with 100 ng/mL dex-
medetomidine for 3 min. No differences in CPA-induced 
Ca2+ release and Ca2+ entry were observed in the presence 
or absence of dexmedetomidine (121 and 108 cells from three 
independent experiments, respectively, Fig. 3). These data 
addressed that modulation of dexmedetomidine was in-
dependent on store-operated Ca2+ influx.

Effects of dexmedetomidine on the histamine-induced 
IL-6 and IL-8 mRNA expression 

  Changes in [Ca2+]i are intimately involved in various 
stress responses and the inflammatory responses elicit by 
pro-inflammatory cytokines and chemokines [21-23]. Even 
though Ca2+ signaling itself do not dictate cytokine in-
duction, it is quite clear that Ca2+ is an important control 
element for the induction of cytokines and facilitates this 
process [24]. To assess the effect of dexmedetomidine on 
histamine-mediated IL-6 and IL-8 production, cells were 
pretreated with 100 ng/mL dexmedetomidine for 30 min 
and then treated with 100 nM histamine for 90 min. 
Histamine increased IL-6 mRNA level (Fig. 4), whereas pre-
treatement with dexmedetomidine suppressed hista-

mine-mediated IL-6 mRNA expression to 55.8% compared 
to histamine-treated cells (Fig. 4B and 4C). Histamine 
stimulation did not alter IL-8 mRNA expression within 2 
hrs. These findings suggested that dexmedetomidine po-
tently inhibited histamine signaling by suppressing hista-
mine-induced expression of the pro-inflammatory cytokine 
IL-6. 

Histamine-induced [Ca2+]i signals were inhibited by 
dexmedetomidine in HSG cells

  To evaluate whether the modulatory effect of dexmedeto-
midine was mediated through the histamine receptor acti-
vation, experiments were performed in HSG cells which ex-
pressed H1R [25]. HSG cells were tested and confirmed his-
tamine receptor subtype expression (Fig. 5A). HSG cells did 
not exhibit an altered Ca2+ response at less than 10 μM 
histamine despite predominant H1R expression. Cells were 
stimulated with 30 μM histamine, and histamine-triggered 
[Ca2+]i responses were inhibited in the presence of 100 
ng/mL dexmedetomidine (Fig. 5B and 5C; 81 and 78 cells 
from three independent experiments, respectively). In HSG 
cells, dexmedetomidine reduced Ca2+ signals to 67% com-
pared to histamine-treated cells. To assess the effect of dex-
medetomidine on histamine-mediated IL-6 and IL-8 pro-
duction, HSG cells were pretreated with 100 ng/mL dexme-
detomidine for 30 min and then treated with 30 μM hista-
mine for 90 min. Histamine increased IL-6 mRNA level 
(Fig. 5E), whereas dexmedetomidine pretreatment sup-
pressed histamine-mediated IL-6 mRNA expression to 
81.6% compared to histamine-treated cells (Fig. 5E and 5F). 
Histamine stimulation also did not alter IL-8 mRNA ex-
pression within 2 hrs in HSG cells. Dexmedetomidine itself 
did not affect pro-inflammatory cytokines expression. These 
findings confirmed that dexmedetomidine potently in-
hibited histamine signaling by suppressing histamine-in-
duced expression of the pro-inflammatory cytokine IL-6. 
These results suggested that the ability of dexmedetomi-
dine suppressed histamine-induced Ca2+ signals is not cell 
type specific.
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Fig. 4. Effects of dexmedetomidine 
on histamine-induced IL-6 and IL-8 
mRNA expression. (A) After 
pre-treatment with 100 ng/mL 
dexmedetomidine (Dex) for 30 min, 
HeLa cells were stimulated with 
PBS and 100 nM histamine (His) for 
90 min and then total RNA was 
extracted and amplified with 
primers specific for IL-6, IL-8, and 
GAPDH. Data are from one of 
experimental replicates. IL-6 (B) 
and IL-8 mRNA (C) expressions 
were quantified after normalizing to 
GAPDH levels as a loading control 
(n=6 and n=3, respectively). Results 
are the means±SEMs of independent 
experiments. M: DNA ladder (bp), 
PBS: phosphate buffered saline. 
*p<0.01 was considered statistically 
significant.

DISCUSSION

  The aim of this study was to perform the first inves-
tigation of the direct regulatory effects of dexmedetomidine 
on histamine-induced Ca2+ signaling and pro-inflammatory 
cytokine expression. We demonstrated that dexmedetomidine 
acts as a modulator of histamine signaling to inhibit hista-
mine-induced Ca2+ signaling and IL-6 mRNA expression. 
Notably, dexmedetomidine-induced inhibitory effect on Ca2+ 
signaling was obvious in the low range of histamine stim-
ulation, suggesting that dexmedetomidine exerts a regu-
latory role of histamine-induced signaling. 
  Histamine signaling is a novel target for inflammatory 
processes and secretory dysfunction such as xerostomia. 
Histamine released by mast cells acts as an inflammatory 
mediator in several allergies and during inflammation-related 
responses via its effects on smooth muscle, endothelial cells, 
and nerve endings [26,27]. Histamine stimulates four types 
of seven transmembrane-spanning G protein-coupled re-
ceptors, H1R-H4R [28,29], and this stimulates phospholi-
pase C, which hydrolyzes inositol phosphates to generate 
IP3 and diacylglycerol. IP3 released to cytosol then binds 
IP3R and stimulates Ca2+ release from stores (e.g., the ER) 
into the cytosol [15]. The Ca2+ ion has versatile, important 
roles as a second messenger during gene expression, growth, 
apoptosis, differentiation, muscle contraction, memory, and 
learning [15,22,30]. During signaling processes, temporal 
or spatial [Ca2+]i changes transmit specific signals to cells, 
and these signals elicit diverse responses. Moreover, hista-
mine-mediated vascular inflammation is linked to the acti-
vation of Ca2+ release-activated Ca2+ (CRAC) channels. 
Histamine-induced Ca2+ increases initiate a signaling cas-
cade, involving CRAC channels STIM1 and Orai1, which 
is critically involved in gene regulation and the tran-

scription of inflammatory factors [26]. Dexmedetomidine it-
self did not alter the store-operated Ca2+ influx (Fig. 3). 
Little is known about the mechanism linking dexmedetomi-
dine-mediated receptor signaling to CRAC channels. 
Although this point was not addressed in the present study, 
the modulation of dexmedetomidine on CRAC or other ion 
channels deserves future investigation.
  Previous studies have shown that histamine activation 
induces H1 receptor up-regulation associated with the pro-
tein kinase C δ/ extracellular signal-regulated Kinase/poly 
(ADP-ribose) polymerase-1 signaling pathway in allergic 
diseases, such as, rhinitis [31,32]. In addition, histamine 
preferentially stimulates mechano-insensitive nociceptors 
of primary afferent fibers [33] and has been considered an 
itch-triggering element [34,35]. 
  Pro-inflammatory cytokine, most notably IL-6 is an im-
portant mediator of acute phase reaction and has been 
found in damaged areas of the salivary glands and have 
been implicated in the pathophysiology [36,37]. These re-
sults show that dexmedetomidine inhibited both hista-
mine-evoked Ca2+ mobilization (Fig. 2 and Fig. 5) and the 
mRNA expression of inflammatory cytokine IL-6 (Fig. 4 and 
Fig. 5), which suggest that dexmedetomidine might be use-
ful for treating histamine/IL-6-associated inflammatory dis-
orders or itching events. A high concentration of dexmede-
tomidine would be clinically practicable; relevant range for 
dexmedetomidine plasma concentration is up to 20 nM [11,38]. 
A dexmedetomidine dose to suppress histamine effects in 
the micromolar range would elicit other effects besides an-
ti-inflammation and would lead to unacceptable side effects 
[39]. In HSG cells, high concentration of histamine more than 
30 μM was required to elicit Ca2+ signal to evaluate the in-
hibitory role of dexmedetomidine (Fig. 5). Dexmedetomidine 
also attenuated histamine-induced IL-6 expression at 30 μ
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Fig. 5. Histamine-induced [Ca2+]i signals were inhibited by dexmedetomidine in HSG cells. (A) Expression levels of histamine receptor 
mRNA (H1R to H4R) in HSG cells. (B) Changes in [Ca2+]i induced by 30 μM histamine. (C) Changes in [Ca2+]i after pretreatment with 
100 ng/mL dexmedetomidine (Dex) and subsequent treatment with 30 μM histamine (His). (D) Evoked [Ca2+]i (Δ Ca2+) calculated by the 
peak value of 30 μM histamine stimulation in the presence or absence of 100 ng/mL dexmedetomidine. The upper bars indicate the 
extracellular solutions applied to the cells and traces were represented with average value. (E, F) After pre-treatment with 100 ng/mL 
dexmedetomidine for 30 min, HSG cells were stimulated with PBS or with 30 μM histamine for 90 min and then total RNAs were extracted 
and amplified with primers specific for IL-6, IL-8, and GAPDH. Data are from one of three experimental replicates. IL-6 and IL-8 mRNA 
expressions were quantified after normalizing to GAPDH levels as a loading control. Results are the mean±SEMs of three independent 
experiments. (−): no RNA, M: DNA ladder (bp), *p<0.01 was considered statistically significant.

M histamine. Histamine treatment at 100 μM masked the 
inhibitory effect on dexmedetomidine in Ca2+ signaling in 
HSG cells (data not shown). However the modulation of 
IL-6 expression by dexmedetomidine in salivary gland cell 
addresses will be a beneficial research of salivary pathology 
such as Sjӧgren’s syndrome (SS). Salivary gland cells stim-
ulate T cell differentiation through the production of IL-6 
which is currently being explored as a therapeutic target 
in SS [40]. Thus, our results provide evidence that an appro-
priate concentration of dexmedetomidine can be potential 
therapeutic strategy to modulate histamine/IL-6 signaling.
  In addition, dexmedetomidine can cross the blood brain 
barrier and has been shown to improve neurological out-
comes in stroke and brain injury models [4,41]. It can also 
modulate inflammatory responses and exert anti-apoptotic 
effects by directly activating α2-adrenergic receptors in vi-
tro and in vivo [42,43]. Dexmedetomidine may have bipha-
sic effects, those are, an anti-inflammatory effect at low 
doses or analgesic and sedative effects at high concentrations. 
Recently, Unal et al. [44] examined ineffective doses of dex-
medetomidine potentiate the anti-nociceptive effects of 
opioids such as morphine and proposed the synergistic po-
tentiation of dexmedetomidine on anti-nociception induced 

by opioids.
  This study provides novel insight into inflammatory proc-
ess resulting from Ca2+ signaling based on an investigation 
of the expressional levels of pro-inflammatory cytokine IL-6 
inhibited by dexmedetomidine. These results suggest that 
histamine-induced Ca2+ signaling is modulated by dexme-
detomidine and its inhibitory effect on histamine-induced 
cytokine expression should be considered a potential ther-
apeutic treatment for itching caused by histamine-medi-
ated activation of sensory neurons. However, further stud-
ies are required to clarify how dexmedetomidine modulates 
inflammatory processes and which channels are involved. 
It should be clarified whether a down-regulation of stim-
ulus-triggered Ca2+ increase by dexmedetomidine is pro-
tective because it prevents a Ca2+ increase or if other signal-
ing cascades or channels are involved. In conclusion, the 
identification of the Ca2+ mobilizing characteristics of dex-
medetomidine will be an important step to modulate hista-
mine signaling beyond its sedative effect.
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