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Abstract 

Vasoconstriction mediated by the highly selective alpha-2 adrenoceptor agonist dexmedetomidine leads 
to transiently increased blood pressure and severe hypertension. The dexmedetomidine-induced 
contraction involves the protein kinase C (PKC)-mediated pathway. However, the main PKC isoform 
involved in the dexmedetomidine-induced contraction remains unknown. The goal of this in vitro study 
was to examine the specific PKC isoform that contributes to the dexmedetomidine-induced contrac-
tion in the isolated rat aorta. The endothelium-denuded rat aorta was suspended for isometric tension 
recording. Dexmedetomidine dose-response curves were generated in the presence or absence of the 
following inhibitors: the pan-PKC inhibitor, chelerythrine; the PKC-α and -β inhibitor, Go6976; the 
PKC-α inhibitor, safingol; the PKC-β inhibitor, ruboxistaurin; the PKC-δ inhibitor, rottlerin; the c-Jun 
NH2-terminal kinase (JNK) inhibitor, SP600125; and the myosin light chain kinase inhibitor, ML-7 hy-
drochloride. Western blot analysis was used to examine the effect of rottlerin on dexmedetomi-
dine-induced PKC-δ expression and JNK phosphorylation in rat aortic vascular smooth muscle cells 
(VSMCs) and to investigate the effect of dexmedetomidine on PKC-δ expression in VSMCs transfected 
with PKC-δ small interfering RNA (siRNA) or control siRNA. Chelerythrine as well as SP600125 and 
ML-7 hydrochloride attenuated the dexmedetomidine-induced contraction. Go6976, safingol, and 
ruboxistaurin had no effect on the dexmedetomidine-induced contraction, whereas rottlerin inhibited 
the dexmedetomidine-induced contraction. Dexmedetomidine induced PKC-δ expression, whereas 
rottlerin and PKC-δ siRNA transfection inhibited dexmedetomidine-induced PKC-δ expression. 
Dexmedetomidine also induced JNK phosphorylation, which was inhibited by rottlerin. Taken together, 
these results suggest that the dexmedetomidine-induced contraction involves PKC-δ-dependent JNK 
phosphorylation in the isolated rat aorta. 

Key words: dexmedetomidine, protein kinase C, aorta, protein kinase C-δ, vasoconstriction, c-Jun NH2-terminal 
kinase 

Introduction 
The highly selective alpha-2 adrenoceptor ago-

nist, dexmedetomidine (DMT) produces vasocon-
striction mediated by alpha-2 adrenoceptor stimula-
tion in the vascular smooth muscle [1,2]. The intra-

venous administration of DMT produces transiently 
increased blood pressure via this alpha-2 adrenocep-
tor-mediated vasoconstriction [3-6]. Severe hyperten-
sion in humans due to high doses of DMT appears to 
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be associated with DMT-induced alpha-2B adreno-
ceptor stimulation, which is responsible for vascular 
smooth muscle contractions [7-10]. DMT-induced 
contractions involve pathways mediated by protein 
kinase C (PKC) and Rho kinase, both of which seem to 
be associated with the increased calcium sensitization 
that contributes to vascular smooth muscle contrac-
tions [11]. In addition, DMT produces vasocon-
striction mainly via the involvement of the 
c-Jun-NH2-terminal kinase (JNK) that belongs to the 
mitogen-activated protein kinase family [12]. The 
PKC isoforms that are involved in vascular smooth 
muscle contractions include PKC-α, -β, -δ, -ε and 
-ζ [13]. The PKC isoforms that are involved in vascu-
lar smooth muscle contraction may be agonist-, vas-
cular bed-, location-, and species-dependent [13]. 
PKC-α, -β, and -δ are all expressed in the rat aortic 
vascular smooth muscle [14]. However, the main PKC 
isoform that is involved in the DMT-induced contrac-
tion remains unknown. Therefore, the goal of this in 
vitro study was to investigate the specific PKC isoform 
that is involved in the DMT-induced contraction in an 
isolated endothelium-denuded rat aorta and deter-
mine the associated cellular mechanism.  

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 meas-
urements 

The aortic rings were prepared for tension 
measurements as previously described [15,16]. Male 
Sprague-Dawley rats weighing 250–300 g each were 
anesthetized with an intramuscular injection of Zoletil 
50 (15 mg/kg; Virbac Laboratories, Carros, France). 
The descending thoracic aorta was removed and dis-
sected from its surrounding connective tissue and fat 
under microscopic guidance while the aorta was 
bathed in a Krebs solution of 118 mM NaCl, 4.7 mM 
KCl, 1.2 mM MgSO4, 1.2 mM KH2PO4, 2.4 mM CaCl2, 
25 mM NaHCO3, and 11 mM glucose. The aorta then 
was 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 endothelium was removed from 

each aortic ring by inserting a 25-gauge needle into 
the lumen of the ring and gently rubbing the ring for a 
few seconds. The rings were equilibrated at a 3.0-g 
resting tension for 120 min, and the bath solution was 
changed every 30 min. When the contraction in re-
sponse to 10-8 M phenylephrine had stabilized, the 
removal of the endothelium was confirmed by an 
observation of less than 15% relaxation in response to 
10-5 M acetylcholine. The contractile response induced 
by isotonic 60 mM KCl was measured for all aortic 
rings and used as a reference value. 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 tension to return to base-
line, concentration-response curves induced by DMT 
were obtained as described in the experimental pro-
tocols. A single ring was used for each DMT-induced 
concentration-response curve. As the DMT-induced 
contraction is attenuated by endothelial nitric oxide 
release, the nitric oxide synthase inhibitor 
Nω-nitro-L-arginine methyl ester (L-NAME, 10-4 M) 
and the cyclooxygenase inhibitor indomethacin (10-5 
M) were included in the Krebs solution to prevent the 
release of endogenous nitric oxide and prostacyclin, 
respectively, from any residual endothelial tissue 
[17,18]. 

Experimental protocol 
The first series of experiments investigated the 

effect of the pan-PKC inhibitor chelerythrine (10-5 and 
3×10-5 M) on the DMT-induced concentra-
tion-response curves (10-9 to 10-6 M) in the endothe-
lium-denuded rat aorta [15,19]. Chelerythrine was 
added to the organ bath for 20 min before the addition 
of DMT. The DMT-induced concentration-response 
curves were generated in the presence or absence of 
chelerythrine.  

The second series of experiments was designed 
to determine the main PKC isoform that is involved in 
the DMT-induced contraction. The effect of the PKC 
isoform inhibitors (i.e., PKC-α and -β inhibitor: 10-6 M 
Go6976, PKC-α inhibitor: 2.5×10-5 M safingol, PKC-β 
inhibitor: 10-7 M ruboxistaurin, and PKC-δ inhibitor 
3×10-6 and 2×10-5 M rottlerin) on the DMT-induced 
concentration-response curves was assessed by com-
paring the DMT-induced concentration-response 
curves in the presence or absence of each PKC isoform 
inhibitor. Each isoform inhibitor was incubated for 20 
min before the addition of DMT to produce the 
DMT-induced concentration-response curves. The 
concentrations of the PKC isoform inhibitors used in 
this experiment were determined based on the con-
centrations used in previous similar experiments 
[20-23].  
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Finally, the effect of the JNK inhibitor SP600125 
on the DMT-induced contraction was assessed in the 
endothelium-denuded rat aorta [12]. After the DMT 
(10-6 M)-induced contraction had reached a plateau, 
one of two concentrations of SP600125 (3×10-6 or 10-5 
M) was added to the organ bath, and the 
DMT-induced contraction was measured continu-
ously in the presence or absence of SP600125 for 60 
min. In addition, the effect of the myosin light chain 
kinase inhibitor ML-7 hydrochloride (10-6, 3×10-6, and 
10-5 M) on the DMT-induced concentration-response 
curves was assessed by comparing the DMT-induced 
contraction in the endothelium-denuded aorta in the 
presence or absence of ML-7 hydrochloride. ML-7 
hydrochloride was added to the organ bath for 20 min 
before the addition of DMT.  

Cell culture 
Vascular smooth muscle cells were cultured as 

described by Ok et al. [24]. Vascular smooth muscle 
cells were isolated from the thoracic aortas of male 
rats by enzymatic dissociation and grown in Dulbec-
co’s modified Eagle’s medium supplemented with 
10% heat-inactivated fetal bovine serum, 2 mM 
L-glutamine, 100 U/ml penicillin, and 100 µg/ml 
streptomycin. The cells were subcultured twice per 
week by harvesting with tryp-
sin/ethylenediaminetetraacetic acid and seeding in 
flasks at 7.5 × 105 cells/mm2. For the experiments, 
cells between passages 2 and 10 were seeded at a 
density of 107 cells/100-mm dish, fed every other day, 
and used at 70–80% confluence. The cells were se-
rum-starved overnight prior to treatment. 

Western blot analysis 
Western blot analysis was performed as de-

scribed by Ok et al. [24]. In brief, the cells were lysed 
in PRO-PREP protein extract solution (iNtRON Bio-
technology, Houston, TX, USA) for total cell lysates, 
and the lysates were centrifuged at 100,000 × g for 20 
min at 4°C. The protein concentration was determined 
using the Bradford method. For the preparation of the 
sample loading, equal volumes of 2× sodium dodecyl 
sulfate (SDS) sample buffer (0.1 mol/L Tris-HCI, 20% 
glycerol, 4% SDS, and 0.01% bromophenol blue) and 
supernatant fractions from the lysates were mixed. 
Sixty micrograms of protein were separated with 10% 
SDS-polyacrylamide gel electrophoresis for 90 min at 
110 V. The separated proteins were transferred to 
polyvinylidene difluoride membranes for 2 h at 20 
mA using SD Semi-dry Transfer Cells (Bio-Rad La-
boratories, Hercules, CA, USA). After blocking the 
membranes in 5% nonfat milk in Tris-buffed saline 
(pH 7.0), the membranes were incubated overnight at 
4°C with specific antibodies at a dilution of 1:500 in 

5% skim milk in Tris-buffed saline containing 
Tween-20. Bound antibody was detected with horse-
radish peroxidase-conjugated anti-goat or anti-rabbit 
IgG. Membranes were washed and developed using a 
western blotting luminol reagent system (iNtRON 
Biotechnology) and autoradiography.  

Gene silencing with small interfering RNA 
(siRNA) 

Gene silencing experiments were performed us-
ing PKC-δ siRNAs, as described by Eun et al. [25]. The 
vascular smooth muscle cells were transfected with 
10-7 M PKC-δ siRNA or control siRNA (Bioneer, Dae-
jeon, Korea) using Lipofectamine RNAiMAX 
(Thermo Fisher Scientific, Waltham, MA, USA) in a 
medium containing 10% serum. The effect of gene 
silencing was assessed using Western blot analysis. 

Reagents 
All drugs were of the highest purity available 

commercially. L-NAME, indomethacin, chelerythrine, 
Go6976, safingol, ruboxistaurin, and SP600125 were 
obtained from Sigma-Aldrich (St. Louis, MO, USA). 
Rottlerin and ML-7 hydrochloride were purchased 
from Calbiochem (San Diego, CA, USA). DMT was 
donated by Orion Pharma (Turku, Finland). An-
ti-phospho-stress activated protein kinase/JNK 
(Thr183/Tyr185) and anti-JNK antibodies were ob-
tained from Cell Signaling Technology (Beverly, MA, 
USA). Anti-PKC-δ antibody was purchased from 
Santa Cruz Biotechnology (Santa Cruz, CA, USA). 
Indomethacin, Go6976, safingol, rottlerin, ruboxistau-
rin, and SP600125 were dissolved in dimethyl sulfox-
ide (final organ bath concentration: 0.1%). All other 
drugs were dissolved and diluted in distilled water 
unless otherwise stated.  

Data analysis 
The values are expressed as the mean ± standard 

error of mean (SEM) of the numbers of rats (n) from 
which the descending thoracic aortic rings were ob-
tained. The contractile responses to DMT are ex-
pressed as a percentage of the maximum contraction 
to isotonic 60 mM KCl or DMT (10-6 M). Statistical 
analyses regarding the contractile response to each 
concentration of DMT were performed using repeated 
measures analysis of variance (ANOVA) followed by 
Bonferroni’s post-hoc test (Prism 5.0; GraphPad 
Software, San Diego, CA, USA). The effects of inhibi-
tors on the DMT-induced contraction were analyzed 
with two-way repeated measures ANOVA followed 
by Bonferroni’s post-hoc tests. The effect of rottlerin 
on the DMT-induced PKC-δ expression and JNK 
phosphorylation and that of DMT on PKC-δ expres-
sion in vascular smooth muscle cells transfected with 
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PKC-δ siRNA or control siRNA were analyzed with a 
one-way ANOVA followed by Tukey’s multiple 
comparison test. The logarithm of the DMT concen-
tration eliciting 50% of the maximum contractile re-
sponse (ED50) was calculated using the nonlinear re-
gression analysis by fitting the concentra-
tion-response relationship for DMT to a sigmoidal 
curve using commercially available software (Prism 
version 5.00). Statistical analyses to compare maximal 
contraction and ED50 between control and inhibi-
tor-treated groups were performed using one-way 
ANOVA followed by Tukey’s multiple comparison 
test or unpaired Student’s t-test. Scanning densitom-
etry was performed using the Image Master VSD® 
(Pharmacia Biotech Inc., San Francisco, CA, USA). A 
p-value less than 0.05 was considered statistically sig-
nificant. 

 

Results 
DMT (3×10-8 M) produced vasoconstriction in 

the isolated endothelium-denuded rat aorta (p < 0.001) 
(Fig. 1 and 2B). The pan-PKC inhibitor chelerythrine 
(10-5 and 3×10-5 M) attenuated the DMT-induced con-
traction in a concentration-dependent manner (p < 
0.01 versus control, Fig. 2; Table S1), which suggests 
that the DMT-induced contraction is mediated by 
PKC. The PKC-α and -β inhibitor Go6976 (10-6 M), the 
PKC-α inhibitor safingol (2.5×10-5 M), and the PKC-β 
inhibitor ruboxistaurin (10-7 M) had no effect on the 
DMT-induced contraction (Fig. 3A, B, and C, respec-
tively, Table S1), whereas the PKC-δ inhibitor rottlerin 
(3×10-6 and 2×10-5 M) attenuated the DMT-induced 
contraction (p < 0.01 versus control, Fig. 4A and B, 
Table S1). The JNK inhibitor SP600125 (3×10-6 and 10-5 
M) attenuated the DMT-induced contraction in a 
concentration-dependent manner (p < 0.001 versus 

control at 20 to 60 min; Fig. 5A and B). The myosin 
light chain kinase inhibitor ML-7 hydrochloride 
(3×10-6 and 10-5 M) also attenuated the DMT-induced 
contraction (p < 0.05 versus control; Fig. 6A and B, 
Table S1).  

DMT (10-6 M) induced PKC-δ expression (p < 
0.001 versus control, Fig. 7A), whereas the PKC-δ in-
hibitor rottlerin (3×10-6 M) attenuated the 
DMT-induced PKC-δ expression (p < 0.01 versus 10-6 
M DMT alone, Fig. 7A). DMT (10-6 M) induced JNK 
phosphorylation (p < 0.01 versus control, Fig. 7B), 
which was attenuated by the PKC-δ inhibitor rottlerin 
(3×10-6 M; p < 0.01 versus 10-6 M DMT alone, Fig. 7B). 
DMT (10-6 M) induced PKC-δ expression in vascular 
smooth muscle cells transfected with control siRNA (p 
< 0.001 versus untreated cells, Fig. 8). In addition, the 
DMT-induced PKC-δ expression was attenuated in 
vascular smooth muscle cells transfected with PKC-δ 
siRNA but not in the cells transfected with control 
siRNA (p < 0.001, Fig. 8). PKC-δ expression was at-
tenuated in vascular smooth muscle cells transfected 
with PKC-δ siRNA but not in the cells transfected 
with control siRNA (p < 0.001, Fig. 8).  

 

Discussion 
The results of the present study suggest that the 

DMT-induced contraction in the isolated endotheli-
um-denuded rat aorta involves the PKC-δ-dependent 
JNK-mediated pathway. The major findings of this in 
vitro study are that the PKC-δ inhibitor rottlerin at-
tenuated 1) DMT-induced contraction; 2) 
DMT-induced PKC-δ expression; and 3) 
DMT-induced JNK phosphorylation. In addition, the 
transfection of vascular smooth muscle cells with 
PKC-δ siRNA attenuated DMT-induced PKC-δ ex-
pression.  

 
 

 
Figure 1. Trace showing the change in tension in endothelium-denuded rat aorta in response to isotonic 60 mM KCl, and in response to dexmedetomidine (DMT). 
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Figure 2. A: Trace showing the change in tension in endothelium-denuded rat aorta in response to isotonic 60 mM KCl or dexmedetomidine (DMT) after pretreatment with 
10-5 M chelerythrine. B: The effect of chelerythrine on DMT-induced concentration-response curves in the isolated endothelium-denuded rat aorta. All the data are expressed 
as the mean ± SEM (control: n = 7, 10-5 M chelerythrine: n = 7, and 3×10-5 M chelerythrine: n = 5) and as the percentage of the maximal contraction induced by isotonic 60 mM 
KCl. N indicates the number of rats from which the descending thoracic aortic rings were derived. *p < 0.001 versus 10-9 M DMT in the control. †p < 0.01 and ‡p < 0.001 versus 
control. #p < 0.001 versus 10-5 M chelerythrine.  

 
Figure 3. The effect of Go6976 (A), safingol (B), and ruboxistaurin (C) on dexmedetomidine (DMT)-induced concentration-response curves in the isolated endotheli-
um-denuded rat aorta. All the data are expressed as the mean ± SEM (n = 5) and as the percentage of the maximum contraction induced by isotonic 60 mM KCl. N indicates the 
number of rats from which the descending thoracic aortic rings were derived.  
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Figure 4. A: Trace showing the change in tension in endothelium-denuded rat aorta in response to isotonic 60 mM KCl or dexmedetomidine (DMT) after pretreatment with 
2 × 10-5 M rottlerin. B: The effect of rottlerin on DMT-induced concentration-response curves in the isolated endothelium-denuded rat aorta. All the data are expressed as the 
mean ± SEM (n = 5) and as the percentage of the maximum contraction induced by isotonic 60 mM KCl. N indicates the number of rats from which the descending thoracic aortic 
rings were derived. *p < 0.001 and †p < 0.01 versus control.  

 
Figure 5. A: Trace showing the change in tension in response to SP600125 (10-5 M) in endothelium-denuded rat aorta precontracted with 10-6 M dexmedetomidine (DMT). B: 
The effect of SP600125 on the DMT-induced contraction in the endothelium-denuded rat aorta. All the data are expressed as the mean ± SEM (n = 7) and as the percentage of 
the maximal contraction induced by DMT (10-6 M). N indicates the number of rat thoracic aortic rings. *p < 0.001 versus control. †p < 0.05 and #p < 0.001 versus 3×10-6 M 
SP600125.  
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Figure 6. A: Trace showing the change in tension in endothelium-denuded rat aorta in response to isotonic 60 mM KCl or dexmedetomidine (DMT) after pretreatment with 
3 × 10-6 M ML-7 hydrochloride. B: The effect of ML-7 hydrochloride on the DMT-induced contraction in the endothelium-denuded rat aorta. All the data are expressed as the 
mean ± SEM (control: n = 8, 10-6 M ML-7 hydrochloride: n = 7, 3 × 10-6 M ML-7 hydrochloride: n = 6, and 10-5 M ML-7 hydrochloride: n = 6) and as the percentage of the maximal 
contraction induced by isotonic 60 mM KCl. N indicates the number of rat thoracic aortic rings. *p < 0.05 and †p < 0.001 versus control.  

 

 
Figure 7. A: The effect of dexmedetomidine (DMT) on the protein kinase C (PKC)-δ expression (n = 4) in rat aortic vascular smooth muscle cells (VSMCs). The VSMCs were 
treated with 10-6 M DMT alone for 5 min and 10-6 M DMT for 5 min after pre-treatment with 3×10-6 M rottlerin for 1 h for PKC-δ expression. The data are expressed as the mean 
± SEM. N indicates the number of independent experiments. *p < 0.001 versus control. †p < 0.01 versus 10-6 M DMT alone. B: The effect of rottlerin on the DMT-induced c-Jun 
NH2-terminal kinase (JNK, n = 3) phosphorylation in rat aortic VSMCs. The VSMCs were treated with 10-6 M DMT alone for 10 min and 10-6 M DMT for 10 min after 
pre-treatment with 3×10-6 M rottlerin for 1 h. The data are expressed as the mean ± SEM. N indicates the number of independent experiments. *p < 0.01 versus control. †p < 
0.01 versus 10-6 M DMT alone. p-JNK: phosphorylated JNK, t-JNK: total JNK.  
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Figure 8. The effect of dexmedetomidine (DMT) on the protein kinase C (PKC)-δ 
expression (n = 4) in rat aortic vascular smooth muscle cells (VSMCs) transfected 
with PKC-δ siRNA or control siRNA. The VSMCs were treated with 10-6 M DMT for 
5 min. The data are expressed as the mean ± SEM. N indicates the number of 
independent experiments. *p < 0.001 and †p < 0.001 versus untreated VSMCs 
transfected with control siRNA. #p < 0.001 versus DMT-treated VSMCs transfected 
with control siRNA. 

 
PKC-α, -β, -δ, -ε and -ζ are involved in the 

pathway that mediates vascular smooth muscle con-
traction [13]. Consistent with previous reports, the 
pan-PKC inhibitor chelerythrine inhibited the 
DMT-induced contraction in a concentra-
tion-dependent manner (Fig. 2), which suggests that 
the DMT-induced contraction may be mediated by the 
PKC-dependent pathway [11,15]. Go6976 is a partially 
selective inhibitor of conventional PKC, including 
PKC-α and -β [26,27]. Go6976 had no effect on the 
DMT-induced contraction, which suggests that the 
DMT-induced contraction does not involve the 
pathway mediated by PKC-α and -β. The selective 
PKC-β inhibitor ruboxistaurin had no effect on the 
DMT-induced contraction, which suggests that the 
DMT-induced contraction does not involve the 
PKC-β-mediated pathway [28]. The PKC-α inhibitor 
safingol also had no effect on the DMT-induced con-
traction, which suggests that the PKC-α-mediated 
pathway does not contribute to the DMT-induced 
contraction [22]. Rottlerin, which is a highly selective 
PKC-δ inhibitor (3-6 µM) that also inhibits other PKC 
isoforms at higher concentrations, attenuated the 
DMT-induced contraction in a concentra-
tion-dependent manner [14]. Taken together, these 
results suggest that the DMT-induced contraction 
appears to be mediated primarily by the 
PKC-δ-dependent pathway.  

Myosin light chain kinase, which is activated by 
Ca2+-calmodulin, contributes to vascular smooth 
muscle contractions via the phosphorylation of the 20 
kDa myosin regulatory light chain [29]. The myosin 
light chain kinase inhibitor ML-7 hydrochloride at-
tenuated the DMT-induced contraction, which sug-
gests that the DMT-induced contraction involves the 
activation of the myosin light chain kinase. The 
DMT-induced contraction is dependent mainly on 
calcium influx via the voltage-operated calcium 
channels [17]. In addition, DMT increases the intra-
cellular calcium concentration in the rat aorta [11]. 
The DMT-induced increase in intracellular calcium 
levels (by calcium influx) appears to be associated 
with myosin light chain kinase activation, which con-
tributes to the contraction triggered by DMT 
[11,17,29].  

We have previously reported that DMT induces 
PKC phosphorylation in rat aortic vascular smooth 
muscle cells, which was also confirmed in the current 
study (data not shown) [11,15]. DMT also induced 
PKC-δ expression, which was attenuated by rottlerin. 
These results are consistent with the finding that rot-
tlerin attenuated the DMT-induced contraction in the 
current isometric tension study. In addition, the 
DMT-induced contraction is mediated by JNK via the 
5-lipoxygenase pathway [12,24]. Consistent with pre-
vious reports, JNK phosphorylation was induced by 
DMT, and the JNK inhibitor SP600125 inhibited the 
DMT-induced contraction, which suggests that the 
DMT-induced contraction involves the JNK-mediated 
pathway [12,24]. The mitogen-activated protein ki-
nase would be a downstream signaling molecule of 
PKC that contributes to vascular smooth muscle con-
traction [27]. It has been reported that the activation of 
extracellular signal-regulated kinase is mediated by 
PKC-δ activation via interleukin-1 beta in vascular 
smooth muscle [30]. The attenuation of DMT-induced 
JNK phosphorylation in rat aortic vascular smooth 
muscle cells by rottlerin in the current study is con-
sistent with previous reports [27,30]. Given both pre-
vious reports and the current findings that rottlerin 
inhibited DMT-induced JNK phosphorylation (Fig. 
7B) and SP600125 inhibited DMT-induced contraction 
(Fig. 5), the PKC-δ-dependent JNK-mediated pathway 
appears to contribute to the DMT-induced contraction 
[14,26,30]. Consistent with the results of the current 
isometric tension measurement, the transfection of 
vascular smooth muscle cells with PKC-δ siRNA sig-
nificantly decreased DMT-induced PKC-δ expression 
compared with the cells transfected with control 
siRNA. Several PKC isoforms, including convention-
al, novel, and atypical PKC, induce contractions via 
either the stimulation of the calcium channel or the 
inhibition of the potassium channel [13]. The PKC 
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isoforms also contribute to the enhanced phosphory-
lation of 20 kDa myosin regulatory light chain medi-
ated by the inhibition of myosin light chain phospha-
tase via the phosphorylation of the phosphoryla-
tion-dependent inhibitory protein of myosin light 
chain phosphatase, which leads to enhanced contrac-
tion [13,29]. The DMT-induced contraction involves 
caldesmon phosphorylation mediated by a pathway 
involving JNK and PKC [15]. Taking into considera-
tion previous reports, further research regarding the 
cellular signal pathway downstream of the 
PKC-δ-dependent JNK phosphorylation that contrib-
utes to the DMT-induced contraction is needed to 
elucidate the associated cellular signal pathway 
[13,15].  

This in vitro study of DMT-induced vasocon-
striction evoked by the PKC-δ-mediated pathway has 
several limitations. First, we used the aorta in this 
study, which is regarded as a conduit vessel, whereas 
the peripheral vascular resistance that contributes to 
blood pressure is determined mainly by the small 
resistance arteriole [31]. Second, the aorta was endo-
thelium-denuded in this study. DMT induces endo-
thelial nitric oxide release; therefore, the 
DMT-induced vasoconstriction observed in the cur-
rent study using an endothelium-denuded aorta 
would be attenuated in an in vivo state [18,32,33]. 
Despite these limitations, the vasoconstriction evoked 
by the DMT-induced PKC-δ-mediated pathway may 
contribute to severe hypertension or transiently in-
creased blood pressure as observed in patients taking 
high doses of DMT [3-5,7-9,34].  

In conclusion, these results suggest that the 
DMT-induced contraction in the isolated endotheli-
um-denuded rat aorta appears to be mediated by a 
pathway that involves PKC-δ-dependent JNK phos-
phorylation.  
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