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Abstract 

Caldesmon, an inhibitory actin binding protein, binds to actin and inhibits actin-myosin interac-
tions, whereas caldesmon phosphorylation reverses the inhibitory effect of caldesmon on ac-
tin-myosin interactions, potentially leading to enhanced contraction. The goal of this study was to 
investigate the cellular signaling pathway responsible for caldesmon phosphorylation, which is 
involved in the regulation of the contraction induced by dexmedetomidine (DMT), an alpha-2 
adrenoceptor agonist, in endothelium-denuded rat aortas. SP600125 (a c-Jun NH2-terminal kinase 
[JNK] inhibitor) dose-response curves were generated in aortas that were pre-contracted with 
DMT or phorbol 12,13-dibutyrate (PDBu), a protein kinase C (PKC) activator. Dose-response 
curves to the PKC inhibitor chelerythrine were generated in rat aortas pre-contracted with DMT. 
The effects of SP600125 and rauwolscine (an alpha-2 adrenoceptor inhibitor) on DMT-induced 
caldesmon phosphorylation in rat aortic vascular smooth muscle cells (VSMCs) were investigated 
by western blot analysis. PDBu-induced caldesmon and DMT-induced PKC phosphorylation in rat 
aortic VSMCs was investigated by western blot analysis. The effects of GF109203X (a PKC in-
hibitor) on DMT- or PDBu-induced JNK phosphorylation in VSMCs were assessed. SP600125 
resulted in the relaxation of aortas that were pre-contracted with DMT or PDBu, whereas 
rauwolscine attenuated DMT-induced contraction. Chelerythrine resulted in the vasodilation of 
aortas pre-contracted with DMT. SP600125 and rauwolscine inhibited DMT-induced caldesmon 
phosphorylation. Additionally, PDBu induced caldesmon phosphorylation, and GF109203X at-
tenuated the JNK phosphorylation induced by DMT or PDBu. DMT induced PKC phosphorylation 
in rat aortic VSMCs. These results suggest that alpha-2 adrenoceptor-mediated, DMT-induced 
contraction involves caldesmon phosphorylation that is mediated by JNK phosphorylation by PKC. 

Key words: dexmedetomidine, contraction, alpha-2 adrenoceptor, caldesmon, c-Jun NH2-terminal kinase, pro-
tein kinase C, rat aorta. 

Introduction 
Dexmedetomidine (DMT), a highly selective al-

pha-2 adrenoceptor agonist, is widely used during the 
perioperative period because DMT decreases the 
neuroendocrine response and analgesic drug and 
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opioid requirements as well as produces sedation 
without respiratory depression [1]. As a full alpha-2B 
adrenoceptor agonist, DMT causes vasoconstriction 
by stimulating the alpha-2B adrenoceptor, which is 
primarily involved in vascular smooth muscle con-
traction, thereby leading to transiently increased 
blood pressure [2-5]. High-dose DMT produces hy-
pertension, which appears to be associated with the 
DMT-induced alpha-2B adrenoceptor stimulation of 
vascular smooth muscles [3,4,6-9]. In addition, in iso-
lated rat aortic smooth muscle, DMT-induced con-
traction primarily involves the phosphorylation of 
c-Jun NH2-terminal kinase (JNK) among the mito-
gen-activated protein kinase isoforms [10]. 
DMT-induced contraction, which involves increased 
myofilament calcium sensitization, is mediated by 
protein kinase C (PKC) via the alpha-2 adrenoceptor 
[11]. The PKC-dependent pathway contributes to mi-
togen-activated protein kinase activation, thereby 
leading to smooth muscle contraction [12,13]. 
Caldesmon is an inhibitory actin-binding protein that 
inhibits actomyosin ATPase activity and actin-myosin 
interactions in smooth muscle [14]. Caldesmon 
phosphorylation induced by an extracellular sig-
nal-regulated kinase reverses the inhibitory effect of 
caldesmon on actin-myosin interactions, which may 
lead to enhanced contraction [14,15]. However, the 
cellular signaling pathway that is associated with 
caldesmon phosphorylation, which is potentially in-
volved in regulating DMT-induced contraction, re-
mains unknown. Therefore, the goals of this in vitro 
study were to investigate whether DMT-induced 
contraction involves caldesmon phosphorylation and 
to determine the cellular signaling pathway involved.  

Materials and Methods 
Animal preparation 

All experimental procedures and protocols were 
approved by the Institutional Animal Care and Use 
Committee at Gyeongsang National University. All 
experimental procedures were performed in accord-
ance with the Guide for the Care and Use of Labora-
tory Animals prepared by the Institute for Laboratory 
Animal Research. 

Preparation of aortic rings for tension 
measurements 

The aortic rings were prepared for the tension 
measurements as previously described [16,17]. Male 
Sprague Dawley rats weighing 250–300 g each were 
anesthetized with an intramuscular injection of Zoletil 
50 (125 mg tiletamine-HCl plus 125 mg zolazepam 
base/5 ml; 15 mg/kg; Virbac Laboratories, Carros, 
France). The descending thoracic aorta was removed 

and dissected from its surrounding connective tissue 
and fat under microscopic guidance in Krebs solution. 
The aorta was then cut into 2.5-mm rings, which were 
suspended on Grass isometric transducers (FT-03, 
Grass Instrument, Quincy, MA, USA) under a 3.0-g 
resting tension in a 10-mL Krebs bath at 37°C and 
continuously aerated with 95% O2 and 5% CO2 to 
maintain pH values within 7.35–7.45. The rings were 
equilibrated at a 3.0-g resting tension for 120 min, and 
the bath solution was changed every 30 min. The en-
dothelium was removed from the aortic rings by in-
serting a 25-gauge needle into the lumens of the rings 
and gently rubbing the rings for a few seconds. When 
the contraction (in response to 10-8 M phenylephrine) 
stabilized, the removal of the endothelium was con-
firmed by observing < 10% relaxation in response to 
10-5 M acetylcholine. The contractile response induced 
by isotonic 60 mM KCl was measured for all aortic 
rings. The isotonic 60 mM KCl solution was prepared 
by replacing the NaCl in the Krebs solution with an 
equimolar amount of KCl. After washing out the KCl 
from the organ bath and allowing the isometric ten-
sion to return to baseline, concentration-response 
curves to DMT, SP600125 and chelerythrine were ob-
tained as described in the experimental protocols. A 
single ring was used for each concentration-response 
curve induced by DMT, SP600125 and chelerythrine. 
As DMT-induced contraction is attenuated by endo-
thelial nitric oxide release, the nitric oxide synthase 
inhibitor Nω-nitro-L-arginine methyl ester (L-NAME, 
10-5 M) and the cyclooxygenase inhibitor indometha-
cin (10-5 M) were included in the Krebs solution to 
prevent the release of endogenous nitric oxide and 
endogenous prostacyclin, respectively, from any re-
sidual endothelia [17,18]. 

Experimental protocols 
The effect of rauwolscine (10-5 M), an alpha-2 

adrenoceptor inhibitor, on the DMT-induced concen-
tration (10-9 to 10-6 M)-response curves was assessed 
by comparing the DMT-induced contraction in en-
dothelium-denuded aortas pretreated with or without 
rauwolscine. Rauwolscine was added to the organ 
bath 20 min prior to the addition of DMT.  

Dose-response (10-6 to 3 × 10-5 M) curves of the 
JNK inhibitor SP600125 were generated in endothe-
lium-denuded aortas pre-contracted with 10-6 M DMT 
or PKC activator phorbol 12,13-dibutyrate (PDBu, 10-6 
M). After DMT (10-6 M) or PDBu (10-6 M) produced a 
sustained and stable contraction in the endotheli-
um-denuded aortas, SP600125 was cumulatively 
added into the organ bath to generate SP600125 
dose-response curves. The next higher concentration 
of SP600125 was added to the organ bath after a pre-
vious concentration of SP600125 had produced a sus-
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tained relaxant response. In addition, after DMT (10-6 
M) produced vasoconstriction in isolated endotheli-
um-denuded rat aortas, the PKC inhibitor chel-
erythrine (10-5 or 3 × 10-5 M) was added to 
DMT-induced vasoconstricted aortas, and isometric 
tension was continuously monitored for 90 min [19].  

Cell culture  
Cells were isolated from rat thoracic aortas by 

enzymatic dissociation and grown in Dulbecco’s 
modified Eagle medium supplemented with 10% 
heat-inactivated fetal bovine serum, 2 mM 
L-glutamine, 100 U/ml penicillin and 100 µg/ml 
streptomycin [16]. Cells were sub-cultured twice per 
week by harvesting with tryp-
sin/ethylenediaminetetraacetic acid and seeding into 
flasks at a density of 7.5 × 105 cells/mm2. For the ex-
periments, cells between passage numbers 2 and 10 
were seeded into dishes (107 cells/100-mm dish), fed 
every other day and used when confluent (6–7 days). 
Cells were serum deprived overnight prior to treat-
ment. 

Western blot analysis  
Western blot analysis was performed using the 

method described by Lee et al. [20]. Cells were lysed 
in PRO-PREP protein extract solution to obtain total 
cell lysates, and the lysates were centrifuged at 13,000 
rpm for 20 min at 4°C. The protein concentrations 
were determined using the Bradford method. For 
sample loading, equal volumes of 2× sodium dodecyl 
sulfate sample buffer (0.1 mol/L Tris-HCI, 20% glyc-
erol, 4% sodium dodecyl sulfate and 0.01% bromo-
phenol blue) and supernatant fractions from the ly-
sates were mixed. Proteins (60 µg) were separated by 
10% sodium dodecyl sulfate-polyacrylamide gel elec-
trophoresis for 90 min at 110 V. The separated pro-
teins were transferred to polyvinylidene difluoride 
membranes for 2 h at 20 mA using SD Semi-dry 
Transfer Cells (Bio-Rad Laboratories, Hercules, CA, 
USA). After blocking the membranes with 5% nonfat 
milk in Tris-buffered saline (pH 7.0), the membranes 
were incubated overnight at 4°C with specific anti-
bodies at a dilution of 1:500 in 5% skim milk in 
Tris-buffered saline containing Tween-20. Bound an-
tibody was detected with horseradish peroxi-
dase-conjugated anti-goat or anti-rabbit IgG. The 
membranes were washed and developed using a 
western blotting luminol reagent system (iNtRON 
Biotechnology, Houston, TX, USA) and autoradiog-
raphy.  

Drugs 
All drugs were of the highest commercially 

available purity. L-NAME, indomethacin, acetylcho-

line, SP600125, rauwolscine, GF109203X, PDBu and 
chelerythrine were obtained from Sigma Aldrich (St. 
Louis, MO, USA). Anti-phospho-JNK, anti-JNK, an-
ti-phospho-PKC and anti-PKC antibodies were ob-
tained from Cell Signaling Technology (Beverly, MA, 
USA). DMT was donated by Orion Pharma (Turku, 
Finland). Anti-phospho-caldesmon and an-
ti-caldesmon antibodies were obtained from Millipore 
(Billeria, MA, USA) and Abcam (Cambridge Science 
Park, Cambridge, England), respectively. SP600125, 
PDBu and GF109203X were dissolved in dimethyl 
sulfoxide (final organ bath concentration, < 0.1%). 
Unless otherwise stated, all other drugs were dis-
solved and diluted in distilled water.  

Data analysis 
The values are expressed as the means ± SD. 

Vasodilation induced by SP600125 or chelerythrine is 
expressed as a percentage of the maximum contrac-
tion induced by PDBu (10-6 M) or DMT (10-6 M). 
DMT-induced contraction is expressed as a percent-
age of the maximum contraction induced by isotonic 
60 mM KCl. The effect of SP600125 or chelerythrine on 
the pre-contraction induced by DMT or PDBu was 
analyzed using a two-way repeated-measure analysis 
of variance (ANOVA) followed by Bonferroni’s 
post-test (Prism 5.0, GraphPad Software, San Diego, 
USA). The effect of rauwolscine on DMT-induced 
contraction was analyzed using a two-way repeat-
ed-measure ANOVA followed by Bonferroni’s 
post-test. The DMT-induced contraction or 
SP600125-induced relaxation at each concentration 
was analyzed using a repeated-measure ANOVA 
followed by Bonferroni’s post-test. Band intensities 
from western blot analyses were assessed using scan-
ning densitometry. A one-way ANOVA followed by 
Bonferroni’s post-test was employed to analyze the 
effects of the inhibitors on the DMT-induced 
caldesmon phosphorylation and on the DMT- or 
PDBu-induced JNK phosphorylation. The effects of 
the incubation period on the DMT-induced 
caldesmon phosphorylation were analyzed using an 
unpaired Student’s t-test. DMT-induced PKC phos-
phorylation and PDBu-induced caldesmon phos-
phorylation were analyzed using an unpaired Stu-
dent’s t-test. P-values < 0.05 were considered statisti-
cally significant.  

Results 
DMT (3 × 10-8 to 10-6 M) produced vasocon-

striction (P < 0.001) (Fig. 1A). Rauwolscine (10-6 M), an 
alpha-2 adrenoceptor inhibitor, nearly abolished 
DMT-induced contraction (P < 0.001 versus the con-
trol) (Fig. 1A), suggesting that DMT-induced contrac-
tion is mediated by the alpha-2 adrenoceptor. 
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SP600125 (3 × 10-6 and 10-5 M), a JNK inhibitor, pro-
duced vasodilation in endothelium-denuded aortas 
pre-contracted with 10-6 M DMT in a concentra-
tion-dependent manner (Fig. 1B) (P < 0.001 versus the 
vehicle), suggesting that the JNK-mediated pathway 
contributes to DMT-induced contraction. The JNK 
inhibitor SP600125 (10-5 and 3 × 10-5 M) induced re-
laxation in endothelium-denuded aortas that were 
pre-contracted with the PKC activator PDBu (10-6 M) 

in a concentration-dependent manner (P < 0.001) (Fig. 
2A), suggesting that PKC-dependent contraction is 
mediated by JNK. The PKC inhibitor chelerythrine 
(10-5 and 3 × 10-5 M) caused vasodilation in endothe-
lium-denuded aortas pre-contracted with DMT in a 
concentration-dependent manner (P < 0.001) (Fig. 2B), 
suggesting that the PKC-mediated pathway contrib-
utes to DMT-induced contraction.  

 
 

 
Figure 1. A: The effect of rauwolscine on dexmedetomidine (DMT)-induced contraction of endothelium-denuded aorta. B: SP600125 dose-response curves in endotheli-
um-denuded aortas pre-contracted with 10-6 M DMT. All data are expressed as the mean ± SD (A, N = 6, B, N = 7) and as the percentage of maximal contraction induced by 
isotonic 60 mM KCl or 10-6 M DMT. N indicates the number of rat thoracic aortic rings. A: *P < 0.001 versus 10-9 M DMT in the control group. †P < 0.001 versus the control. 
B: *P < 0.001 versus the vehicle. †P < 0.001 versus 10-6 M SP600125. ‡P < 0.001 versus 3 × 10-6 M SP600125. 

 

 
Figure 2. A: SP600125 dose-response curves in endothelium-denuded aortas pre-contracted with 10-6 M phorbol 12,13-dibutyrate (PDBu, 10-6 M). All data are expressed as the 
mean ± SD (N = 5) and as the percentage of maximal contraction induced by 10-6 M PDBu. N indicates the number of rats from which the descending thoracic aortic rings were 
derived. *P < 0.001 versus the vehicle. †P < 0.01 and ‡P < 0.001 versus 10-6 M SP600125. #P < 0.001 versus 10-5 M SP600125. B: The effect of chelerythrine in endotheli-
um-denuded aorta pre-contracted with 10-6 M dexmedetomidine (DMT). All data are expressed as the mean ± SD and as the percentage of maximal contraction induced by DMT 
(10-6 M), where N indicates the number of rat thoracic aortic rings: control, N = 7; 10-5 M chelerythrine, N = 7; 3 × 10-5 M chelerythrine, N = 7; *P < 0.05 and †P < 0.001 versus 
control, ‡P < 0.001 versus 10-5 M chelerythrine.  
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DMT (10-6 M) induced caldesmon phosphoryla-
tion at 5, 10, 15 and 20 min after pretreatment with 
DMT (P < 0.05 versus the control) (Fig. 3). The JNK 
inhibitor SP600125 (10-5 M) and the alpha-2 adreno-
ceptor inhibitor rauwolscine (10-5 M) inhibited 
DMT-induced caldesmon phosphorylation (P < 0.01 
versus 10-6 M DMT alone) (Figs. 3 and 4A), suggesting 
that DMT-induced caldesmon phosphorylation ap-
pears to be mediated by the alpha-2 adrenoceptor and 
JNK. The PKC activator PDBu (10-6 M) induced 

caldesmon phosphorylation (P < 0.05) (Fig. 4B). The 
PKC inhibitor GF109203X (10-5 M) inhibited JNK 
phosphorylation induced by the PKC activator PDBu 
(10-6 M) (P < 0.001 versus 10-6 M PDBu alone) (Fig. 4C). 
The PKC inhibitor GF109203X (10-5 M) attenuated 
DMT-induced JNK phosphorylation (P < 0.01 versus 
10-6 M DMT alone) (Fig. 5A), suggesting that 
DMT-induced JNK phosphorylation is mediated by 
PKC. DMT induced PKC phosphorylation (Fig. 5B) (P 
< 0.05 versus control).  

 
Figure 3. The effect of SP600125 on dexmedetomidine (DMT)-induced caldesmon (CaD) phosphorylation (N = 5) in rat aortic vascular smooth muscle cells (VSMCs). VSMCs 
were treated with 10-6 M DMT alone for 5, 10, 15 and 20 min or with 10-6 M DMT for 15 min after pretreatment with 10-5 M SP600125 for 1 hr. CaD phosphorylation was 
examined by western blot analysis as described in the Methods section. The data are presented as the mean ± SD. N indicates the number of independent experiments. p-CaD: 
phosphorylated CaD. *P < 0.05 and †P < 0.01 versus the control. ‡P < 0.01 versus 10-6 M DMT (15 min) alone. 

 
Figure 4. A: The effect of rauwolscine on dexmedetomidine (DMT)-induced caldesmon (CaD) phosphorylation (N = 4) in rat aortic vascular smooth muscle cells (VSMCs). B: 
The effect of phorbol 12, 13-dibutyrate (PDBu) on CaD phosphorylation (N = 4) in rat aortic VSMCs. VSMCs were treated with 10-6 M DMT alone for 15 min or 10-6 M DMT 
for 15 min after pretreatment with 10-5 M rauwolscine for 1 hr and 10-6 M PDBu alone for 10 min. CaD phosphorylation was examined by western blot analysis as described in 
the Methods. The data are expressed as the mean ± SD. N indicates the number of independent experiments. p-CaD: phosphorylated CaD. A: *P < 0.001 versus the control. †P 
< 0.01 versus 10-6 M DMT alone. B: *P < 0.05 versus the control. C: The effect of GF109203X on PDBu-induced c-Jun NH2-terminal kinase (JNK) phosphorylation (N = 3) in rat 
aortic VSMCs. VSMCs were treated with 10-6 M PDBu alone for 10 min or 10-6 M PDBu for 10 min after pretreatment with 10-5 M GF109203X for 1 hr. JNK phosphorylation 
was examined by western blot analysis as described in the Methods section. The data are expressed as the mean ± SD. N indicates the number of independent experiments. 
p-JNK: phosphorylated JNK. t-JNK: total JNK. *P < 0.001 versus the control. †P < 0.001 versus 10-6 M PDBu alone. 



Int. J. Biol. Sci. 2014, Vol. 10 
 

 
http://www.ijbs.com 

1113 

 
Figure 5. A: The effects of GF109203X on dexmedetomidine (DMT)-induced c-Jun NH2-terminal kinase (JNK) phosphorylation (N = 4) in rat aortic vascular smooth muscle 
cells (VSMCs). VSMCs were treated with 10-6 M DMT alone for 10 min or with 10-6 M DMT for 10 min after pretreatment with 10-5 M GF109203X for 1 hr. JNK phosphorylation 
was examined by western blot analysis as described in the Methods section. The data are presented as the mean ± SD. N indicates the number of independent experiments. 
p-JNK: phosphorylated JNK. t-JNK: total JNK. *P < 0.05 versus the control. †P < 0.01 versus 10-6 M DMT alone. B: The effect of DMT on protein kinase C (PKC) phosphorylation 
(N = 4) in rat aortic VSMCs. VSMCs were treated with 10-6 M DMT alone for 10 min. PKC phosphorylation was examined by western blot analysis as described in the Methods 
section. The data are presented as the mean ± SD. N indicates the number of independent experiments. p-PKC: phosphorylated PKC, t-PKC: total PKC. *P < 0.05 versus the 
control.  

 

Discussion  
This study is the first to suggest that 

DMT-induced contraction involves caldesmon phos-
phorylation mediated by JNK activation via the al-
pha-2 adrenoceptor. The major findings of this in vitro 
study are as follows: 1) SP600125 and rauwolscine 
attenuated DMT-induced caldesmon phosphoryla-
tion; 2) GF109203X attenuated DMT-induced JNK 
phosphorylation; 3) GF109203X attenuated 
PDBu-induced JNK phosphorylation; 4) SP600125 and 
chelerythrine produced vasodilation in endotheli-
um-denuded aortas pre-contracted with DMT or 
PDBu; and 5) rauwolscine inhibited DMT-induced 
contraction. 

Among the mitogen-activated protein kinases, 
DMT-induced contraction is primarily mediated by 
JNK [10]. Consistent with a previous report, SP600125 
(a JNK inhibitor) produced vasodilation in endothe-
lium-denuded aortas that were pre-contracted with 
DMT, suggesting that DMT-induced contraction in-
volves JNK activation [10]. Consistent with previous 
reports, rauwolscine (an alpha-2 adrenoceptor inhib-
itor) attenuated DMT-induced contraction [10,11,18]. 
In agreement with a previous report, chelerythrine (a 
PKC inhibitor) inhibited the DMT-mediated contrac-
tion of endothelium-denuded aortas (Fig. 2B) [11]. 
SP600125 (a JNK inhibitor) also attenuated the con-

traction evoked by the PKC activator PDBu (Fig. 2A). 
Together, these findings suggest that JNK is a down-
stream signal effector of PKC that mediates 
DMT-induced contraction. In addition, mito-
gen-activated protein kinases, including p38 mito-
gen-activated protein kinase and extracellular sig-
nal-regulated kinase, are downstream effectors of 
PKC that mediate vascular smooth muscle contraction 
[12,13]. Together, these results suggest that alpha-2 
adrenoceptor-mediated, DMT-induced contraction 
involves JNK activation by PKC [12,13]. In terms of 
the amount of phosphorylated 20-kDa myosin regu-
latory light chain required for the actin-myosin inter-
action, inhibition of DMT-induced contraction by the 
PKC inhibitor chelerythrine appears to be associated 
with the attenuated inhibition of the myosin light 
chain phosphatase [11].  

Caldesmon binds to actin and inhibits the inter-
action between actin and myosin, thereby regulating 
smooth muscle contraction [14]. The inhibitory effect 
of the heavy isoform of caldesmon on actin-myosin 
interactions is reversed by either Ca2+/calmodulin or 
caldesmon phosphorylation [21.22]. In addition, 
caldesmon phosphorylation induced by the PKC 
stimulant phorbol ester, which results in smooth 
muscle contraction, is mediated by an extracellular 
signal-regulated kinase [23]. Similar to a previous 
report, SP600125 attenuated DMT-induced caldesmon 
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phosphorylation (Fig. 3), and PDBu also induced 
caldesmon phosphorylation [23]. Rauwolscine atten-
uated the caldesmon phosphorylation induced by 
DMT (Fig. 4A). Together, DMT-induced caldesmon 
phosphorylation, which increases actin availability for 
interaction with myosin, appears to be mediated by a 
pathway involving the alpha-2 adrenoceptor and JNK 
in rat aortic smooth muscle. GF109203X attenuated 
JNK phosphorylation (Fig. 4C and 5A) induced by 
DMT or PDBu, and these results suggest that PKC is 
an upstream effector of JNK that mediates 
DMT-induced caldesmon phosphorylation. Thus, 
together with results from isometric tension meas-
urements, SP600125- and chelerythrine-induced inhi-
bition of DMT-mediated contraction appears to be 
partially associated with the decreased availability of 
unbound actin. Consistent with a previous study and 
the results of current tension study, DMT induced 
PKC phosphorylation, suggesting the involvement of 
PKC in DMT-induced contraction [11]. Further re-
search regarding the involvement of PKC in 
DMT-induced caldesmon phosphorylation is needed 
to confirm the involvement of a PKC-JNK axis in this 
phosphorylation event. Combined with the results of 
previous studies, the putative cellular mechanism 
responsible for DMT-induced caldesmon phosphory-
lation is as follows: alpha-2 adrenoceptor-mediated, 
DMT-induced contraction involves caldesmon phos-
phorylation through the activation of JNK, which is 
mediated by PKC (Fig. 6) [10,11]. Further studies re-
garding the effects of other signaling pathways (e.g., 
calcium/calmodulin or p21-activated protein kinase) 
on the caldesmon-mediated inhibition of actin availa-
bility during DMT-induced contraction and detailed 
information on the pathway downstream of 
caldesmon phosphorylation are warranted.  

The clinical relevance of vasoconstriction medi-
ated by DMT-induced caldesmon phosphorylation 
could be attenuated by the following facts. First, DMT 
produces endothelial nitric oxide release [18,24]. Thus, 
the DMT-induced contraction observed in this in vitro 
study using isolated endothelium-denuded aortas 
would be inhibited in an in vivo state. Second, in this 
study, we used rat aortas, which are considered to be 
a conduit vessel, whereas the small resistance arteri-
oles regulating organ blood flow mainly determine 
blood pressure [25]. Although this in vitro study has 
the above mentioned limitations, vasoconstriction 
induced by a supraclinical dose of DMT (3 × 10-8 M), 
which exceeds the clinically relevant concentration of 
DMT (10-8 M) required for sedation, may contribute to 
hypertension due to the high DMT doses or concen-
trations observed in humans [7-9,26]. 

These results suggest that alpha-2 adrenocep-
tor-mediated, DMT-induced contraction involves the 

phosphorylation of caldesmon by JNK, which is acti-
vated by PKC.  

 

 
Figure 6. The putative cellular signal transduction pathway responsible for the 
caldesmon phosphorylation involved in dexmedetomidine (DMT)-induced contrac-
tion of rat aortic smooth muscle cells. PKC: protein kinase C; JNK: c-Jun 
NH2-terminal kinase. 
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