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The role of cytoskeleton dynamics in the oxidative stress toward human vasculature has been unclear.
The current study examined whether the cytoskeleton-disrupting agent cytochalasin B reduces oxidative
stress caused by high glucose in the human arterial smooth muscle. All experiments in the human
omental arteries without endothelium or the cultured human coronary artery smooth muscle cells were
performed in D-glucose (5.5 mmol/L). The exposure toward D-glucose (20 mmol/L) for 60 min reduced
the relaxation or hyperpolarization to an ATP sensitive Kþ channel (KATP) opener levcromakalim (10�8 to
3 � 10�6 mol/L and 3 � 10�6 mol/L, respectively). Cytochalasin B and a superoxide inhibitor Tiron,
restored them similarly. Cytochalasin B reduced the NADPH oxidase activity, leading to a decrease in
superoxide levels of the arteries treated with high D-glucose. Also, cytochalasin B impaired the F-actin
constitution and the membrane translocation of an NADPH oxidase subunit p47phox in artery smooth
muscle cells treated with high D-glucose. A clinical concentration of cytochalasin B prevented human
vascular smooth muscle malfunction via the oxidative stress caused by high glucose. Regulation of the
cytoskeleton may be essential to keep the normal vascular function in patients with hyperglycemia.

© 2020 The Authors. Production and hosting by Elsevier B.V. on behalf of Japanese Pharmacological
Society. This is an open access article under the CC BY-NC-ND license (http://creativecommons.org/

licenses/by-nc-nd/4.0/).
1. Introduction

All cardiovascular cells express NADPH oxidases, which regulate
diverse cellular functions, including differentiation, proliferation,
apoptosis, senescence, inflammation, and oxygen sensing.1 The
enzymes are implicated in many cardiovascular pathologies in
humans, such as diabetic cardiovascular complications, resulting
from the oxidative stress caused by the activation.1e3 Among
several cytosolic NADPH oxidase subunits, the p47phox homologs
play a critical role in the subunits’ assembly, and thus, regulate the
enzyme activation exclusively.4,5 Our previous studies in the intact
human arteries or cultured arterial smooth muscle cells found that
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p47phox presents significant relevance in the human vascular
smooth muscle malfunction induced by the acute exposure to high
concentrations of D-glucose.2,3

The actin polymerization resulting in the F-actin stress fiber
formation has been shown to function in the migration process of
human vascular smooth muscle cells.6 Reactive oxygen species
derived from NADPH oxidases are critical mediators acting on
promigratory signaling pathways in the vascular smooth muscle.7

The actin polymerization in the human neutrophil enhances the
NADPH oxidase activity leading to increased superoxide produc-
tion.8,9 These results suggest the close interrelation between the
actin polymerization and NADPH oxidase activation in the human
vasculature. Indeed, the inhibition of actin polymerization in the
cultured human vascular smooth muscle cells reduces the super-
oxide production mediated by the NADPH oxidase activation in
terms of the p47phox subunit action via the angiotensin II
signaling.10 Whether the high glucose exposure to the human ar-
tery or arterial cells augments the F-actin constitution resulting in
nese Pharmacological Society. This is an open access article under the CC BY-NC-ND
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the augmentation of NADPH oxidase activity simultaneously has
never been determined.

The regulation targeted to the cytoskeleton of vascular smooth
muscle cells, resulting in vascular tissue growth reduction as a
means of suppressing the intimal hyperplastic response, is a po-
tential pharmacological tool to treat patients with cardiovascular
disorders.11,12 Of these, cytochalasin B is a cytoskeleton-disrupting
agent, which dose of just below 10�5 mol/L is clinically useful to
prevent coronary stenosis after the intervention.12 Whether the
clinical concentration of cytochalasin B prevents oxidative stress of
human vascular smooth muscle is increasingly critical since the
superoxide produced by NADPH oxidase aggravates the prolifera-
tive response in human blood vessels.13

Therefore, the current study was conducted to determine if the
clinical concentration of a cytoskeleton-disrupting agent impairs
oxidative stress caused by the high glucose condition in the human
vascular smooth muscle. We employed our high D-glucose-induced
oxidative stress model to examine the human vascular smooth
muscle function using the human omental artery without endo-
thelium, and cultured human coronary artery smooth muscle cells
(HCASMCs).2,3

2. Material and methods

The human research committees at Aichi Medical University
(Aichi, Japan) approved the present study of the human arteries
(No. 12-010), and the study was conducted following the Declara-
tion of Helsinki. The written informed consent was obtained from
all of the patients involved in the current study.

2.1. Tissue and cells preparation

Human omental arteries (0.5e1.0 mm in diameter) were ob-
tained from 25 patients (15 males and 10 females of 40e66 years),
who were scheduled for elective gastric cancer surgery. The pa-
tients were without heart disease, diabetes mellitus, hypertension,
hypercholesterolemia, smoking habit, and therapy with anti-cancer
agents. The omental arteries without endothelium were examined
in the KrebseRinger bicarbonate solution (the control
KrebseRinger solution, pH 7.4) bubbled with a 95% O2 e 5% CO2 gas
mixture; the solution had the following composition (mmol/L):
NaCl 119, KCl 4.7, CaCl2 2.5, MgSO4 1.17, KH2PO4 1.18, NaHCO3 25,
and glucose 5.5. Endothelial cells of the arterial rings were removed
by rubbing the lumen with a needle insertion to avoid the modi-
fication mediated by endothelium-derived vasodilator substances.2

HCASMCs purchased from KURABO INDUSTRIES LTD., Osaka,
Japan, were cultured and propagated in the specialized growth
medium (medium A) supplemented with 5% fetal bovine serum,
human epidermal growth factor (0.5 ng/mL), human fibroblast
growth factor-B (2 ng/mL), insulin (5 mg/mL), gentamicin (50 mg/
mL), and amphotericin B (50 ng/mL). Cells were grown in the hu-
midified incubator insufflated with a 95% air e 5% CO2 gas mixture
at 37 �C.

All experimental protocols were performed in the existence of D-
glucose (5.5 mmol/L) as the control condition.2,14,15 Also, L-glucose
(20 mmol/L) was employed to adjust the osmolarity, although our
previous studies demonstrated a negligible role of the high osmo-
larity caused by D-glucose (20 mmol/L) in the human vascular
smooth muscle function.2,14,15

2.2. Organ chamber experiments

Each omental artery (3-mm ring) without endothelium was
suspended in an organ chamber filled with the control
KrebseRinger solution (10 mL, 37 �C) bubbled with a 95% O2 e 5%
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CO2 gas mixture. The ring was connected to an isometric force
transducer and stretched gradually to the optimal resting tension
approximately at 1.0 g as determined by the contraction to a
prostaglandin H2/thromboxane receptor agonist U46619
(3 � 10�8 mol/L). The absence of relaxation in response to brady-
kinin (10�6 mol/L) verified the removal of endothelial cells in each
ring.2,14,15 Some rings were incubated for 60 min with L-glucose
(20 mmol/L, n ¼ 15), L-glucose (20 mmol/L) in combinationwith an
ATP sensitive Kþ channel antagonist glibenclamide (10�6 mol/L,
n ¼ 5) or the cytoskeleton-disrupting agent cytochalasin B
(3 � 10�6 mol/L, n ¼ 5), D-glucose (20 mmol/L, n ¼ 15), or D-glucose
in combinationwith a superoxide inhibitor Tiron (10 mM, n ¼ 5) or
cytochalasin B (3 � 10�6 mol/L, n ¼ 5). Control rings, however, did
not receive any additional compound (n ¼ 5). The
concentrationeresponse curves to an ATP-sensitive Kþ channel
opener levcromakalim (10�8 to 3 � 10�6 mol/L) or a Ca2þ channel
antagonist diltiazem (10�7 to 10�4 mol/L) were, after that, obtained
during submaximal contraction to U46619 (3 � 10�8 mol/L).2,14,15

The relaxation was expressed as a percentage of the maximal
relaxation in response to papaverine (3 � 10�4 mol/L).2,14,15

2.3. Electrophysiological experiments

Each omental arterial ring was longitudinally cut and fixed on
the bottom of an experimental chamber and perfused with the
control KrebseRinger solution (10mL, 37 �C) bubbledwith a 95% O2
e 5% CO2 gas mixture. Some arterial segments were incubated for
60 minwith L-glucose (20 mmol/L, n ¼ 5), L-glucose (20 mmol/L) in
combination with glibenclamide (10�6 mol/L, n ¼ 5), D-glucose
(20 mmol/L, n ¼ 5), or D-glucose in combination with Tiron
(10mmol/L, n¼ 5), a superoxide inhibitor apocynin (1mmol/L)16 or
cytochalasin B (3 � 10�6 mol/L, n ¼ 5). A glass microelectrode (the
tip resistance 40e80 MU) filled with KCl (3 mol/L) was, after that,
inserted into a smooth muscle cell from the intimal side of the
arterial segment.2,14,15 The electrical signal was amplified (Electro
705™, World Precision Instruments Inc., FL), and the obtained
membrane potential was monitored and recorded continuously
(SS-250F-1™, SENKONIC Inc., Tokyo, Japan). Successful impalement
was defined as a sudden negative shift, followed by a stable nega-
tive voltage for more than 2 min.2,14,15 Levcromakalim
(3 � 10�6 mol/L) was added subsequently to the experimental
chamber, and the changes in membrane potentials were recorded
continuously.

2.4. Measurements of in situ superoxide production and NADPH
oxidase activity

Each omental arterial ring (5 mm in length) without endothe-
liumwas incubated in an experimental chamber and perfused with
the control KrebseRinger solution (10 mL, 37 �C) bubbled with a
95% O2 e 5% CO2 gas mixture. The arterial rings were incubated for
60 min with L-glucose (20 mmol/L, n ¼ 12), D-glucose (20 mmol/L,
n ¼ 13), or D-glucose in combination with Tiron (10 mmol/L, n ¼ 6)
or cytochalasin B (3 � 10�6 mol/L, n ¼ 13) and were frozen
at �80 �C immediately after the incubation. Twenty-micrometer
unfixed sections of arteries were cut on a cryostat and mounted
onto microscope slides. The slides in a light-protected chamber at
37 �C were further incubated with an oxidative fluorescent dye
hydroethidine (2 � 10�6 mol/L) in PBS (1�, pH 7.4) for 20 min to
obtain the semi-quantitative levels of superoxide in situ.15,17

Hoechst 33258 (1 mg/mL) was simultaneously applied to stain
nuclei of vascular cells. Images were acquired using a microscope
fitted with BZ-II analyzer software (Model BZ-9000 Generation II,
Keyence, Osaka, Japan). The settings were identical for the acqui-
sition of images from all slides. The total hydroethidine



K. Takaishi, H. Kinoshita, G.-G. Feng et al. Journal of Pharmacological Sciences 144 (2020) 197e203
fluorescence determined in each specimen was standardized by
making a ratio with the control fluorescence in the presence of
Tiron (10 mmol/L) for arterial slices.2,15

We substituted the NADPH-dependent superoxide production
detected spectrophotometrically using the cytochrome-c reduction
rate for the NADPH oxidase activity.18,19 Human omental arteries
without endothelium stocked at�80 �Cwere defrosted at 25 �C and
rinsed three times with the KrebseRinger HEPES. Each vessel was
incubated with L-glucose (20mmol/L, n¼ 6), D-glucose (20mmol/L,
n ¼ 6), or D-glucose in combination with cytochalasin B
(3� 10�6 mol/L, n¼ 6) for 60 min at 37 �C. After the incubation, the
vessel was minced and immersed in a 200-ml portion of protease
inhibitor cocktail consisting of cOmplete, EDTA-free (Roche Cus-
tomBiotech, Tokyo, Japan) dissolved in sucrose (150 mmol/L) and
buffer-A (sodium phosphate [50 mmol/L] and EGTA (1 mmol/L, pH
7.0)). The tissue from each artery on the ice was pestled by a ho-
mogenizer with an electric mixer (BioMasher II, Nippi, Tokyo,
Japan) and further had two 15-s cycles of auto power control son-
ication (10e50 W) for the disruption. The nuclear fraction and
debris were removed from the disrupted tissue by the centrifuga-
tion at 800�g for 5 min. The protein concentration of the arterial
cell membrane fraction (i.e., the supernatant) was determined us-
ing a Coomassie Plus Protein Assay Reagent Kit (Pierce Biotech-
nology, Rockford, IL). The superoxide productionwas determined as
a part of the cytochrome-c reduction that is abolished by adding
superoxide dismutase (3000 U/mL, Sigma Aldrich Inc., St. Louis,
MO, USA).20 A 20-mg portion of the arterial smooth muscle cell
membrane fraction (the supernatant) in the prefinal mixture (total
320 ml) containing the oxidized form cytochrome-c (10�4 mol/L),
NaN3 (2 mmol/L), FAD (10�5 mol/L), GTPgS (10�5 mol/L), and L-
NAME (1 mmol/L) dissolved in the buffer-A was set on the spec-
trophotometer (Genesys 10S Bio, Thermo Scientific, Waltham, MA)
and warmed at 25 �C. The basal absorbance at a 550-nm wave-
length of the prefinal mixture was monitored spectrophotometri-
cally for 5 min. An 80-ml aliquot of NADPH (0.5 mmol/L) in NaOH
(4 mmol/L, 0.02 N) was added to the prefinal mixture to complete
the final reaction mixture (total 400 ml), and immediately after, the
absorbance of the mixture at 550 nm was determined for 10 min
continuously. The reduction rate of cytochrome-c was calculated
using the extinction coefficient 21.
2.5. Immunohistochemical analysis

The omental arterial ring (5mm in length) without endothelium
was incubated in an experimental chamber and perfused with the
control KrebseRinger solution (10 mL) bubbled with a 95% O2 e 5%
CO2 gas mixture at 37 �C. The rings were incubated for 60 minwith
L-glucose (20 mmol/L, n ¼ 5), D-glucose (20 mmol/L, n ¼ 5), or D-
glucose in combination with cytochalasin B (3 � 10�6 mol/L, n ¼ 5)
and were subsequently immersed in 4% paraformaldehyde over-
night at 4 �C.21,22 Twenty-mm-thick coronal sections of the fixed
artery were cut on a cryostat, mounted onto microscope slides and
dried at 37 �C for 3 h. The sections were exposed to PBS with 3%
bovine serum albumin in combination with 0.05% Triton X-100 at
24 �C for 60 min and further incubated for 24 h in the dark with the
Alexa Fluor 488 Phalloidin (5 U/mL; Thermo Fisher Scientific Corp.,
Carlsbad, CA, USA). Images of cellular fluorescence were acquired
using a microscope fitted with BZ-II analyzer software (Model BZ-
9000 Generation II, Keyence, Osaka, Japan). Settings were
adjusted based on the fluorescence intensity in tissues from the L-
glucose group and were identical for the acquisition of images from
all of the arterial tissues. The negative control did not show any
nonspecific staining. The total F-actin green fluorescence was
determined by subtracting that of the background in each
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specimen. Five fields of viewwere analyzed using five sections from
different arteries.

2.6. Western immunoblotting analysis

Confluent HCASMCs in passages three to seven were set at the
60-mm tissue culture dishes to make quiescent for 2 h in low-
serum medium containing 0.5% FBS (Neves 2018). HCASMCs were
incubated for 60 minwith the addition of L-glucose (20 mmol/L), D-
glucose (20mmol/L), or D-glucose (20mmol/L) in combinationwith
cytochalasin B (3 � 10�6 mol/L) to the medium containing D-
glucose (5.5 mmol/L) insufflated with a 95% air e 5% CO2 gas
mixture at 37 �C. After the incubation, HCASMCs werewashed with
cold phosphate-buffered saline (�) solution (the control PBS solu-
tion, 1�, pH 7.4) and dissociated with trypsin/ethylenediamine
tetraacetic acid solution. After that, the vascular smooth muscle
cells were quickly frozen at �80 �C. Membranous fractions were
prepared and used for western immunoblotting analysis.23 The
specimens, which were stored at �80 �C until use, were powdered
under liquid nitrogen and dissolved in 300 mL cell permeabilization
buffer containing 1% protease inhibitor. A portion of the superna-
tant fluid was centrifuged at 100,000�g for 60 min at 4 �C, and the
pellet was used as the membrane fraction. Membranous fractions
were prepared according to the protocol of Cell Fraction Kit (Cell
Signaling Technology, Inc., Danvers, MA, USA). The protein con-
centrations in the membrane fraction were estimated by the BCA
protein assay (Thermo Fisher Scientific Inc., Rockford, IL, USA). The
same amount of protein was separated by SDSePAGE and trans-
ferred to nitrocellulose membranes (Cell Signaling Technology, Inc.,
Danvers, MA, USA). These membranes were assessed with anti-
bodies against p47phox (1:250 dilution; Santa Cruz Biotechnology,
Dallas, TX, USA) and Naþ/Kþ ATPase (1:1000 dilution; Cell Signaling
Technology, Inc., Danvers, MA, USA) for the membrane fraction. The
results were quantified according to the expression level of Naþ/Kþ

ATPase using the Image Analyzer System (Amersham Imager 600,
GE Healthcare UK Ltd., Pollards Wood, UK).

2.7. Drugs

The following pharmacological agents were used: apocynin,
bradykinin, diltiazem, dimethyl sulfoxide, glibenclamide, D-
glucose, L-glucose, levcromakalim, papaverine and Tiron U46619
(Sigma Aldrich Inc., St. Louis, MO, USA), cytochalasin B (FUJIFILM
Wako Pure Chemical Co., Osaka, Japan), and hydroethidine (Poly-
sciences Inc., Warrington, PA, USA). Drugs were dissolved in
distilled water such that volumes of <60 mL are added to the
perfusion system. The stock solution of Tiron was prepared in
dimethyl sulfoxide, and the highest concentration of dimethyl
sulfoxide was 1.74 � 10�6 mol/L. Our preliminary confirmed that
this vehicle does not affect the vasomotor function in our experi-
mental condition.24 The concentrations of drugs are expressed as
the final molar concentration.

2.8. Statistical analysis

Statistical analysis was performed using PASW Statistics 18 (IBM
Japan Inc., Tokyo, Japan). The continuous variables are expressed as
mean ± SD, and the data were analyzed by nonparametric statis-
tical tests, including the ManneWhitney and KruskaleWallis tests.
Differences were considered to be statistically significant when P
was <0.05. The current study protocol employed previous studies
to estimate sample sizes,2,21 that is, not formal a priori power
analysis, and sample size projection was performed. A 21% differ-
ence in the human omental arterial relaxation to levcromakalim
(10�6 mol/L) gave 83% power to detect at a significance level of 0.05
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with the sample size of 5 (SD¼ 10). The power calculationwas done
using Sample Power 3.0™ (IBM Japan Inc., Tokyo, Japan).

3. Results

3.1. Organ chamber experiments

D-glucose (20 mmol/L), but not L-glucose (20 mmol/L), attenu-
ated the vasorelaxation in response to levcromakalim (10�8 e

3 � 10�6 mol/L) compared with the condition without L-glucose
(Fig. 1A). The incubationwith glibenclamide (10�6 mol/L) abolished
the relaxation (Fig. 1A). The addition of cytochalasin B
(3 � 10�6 mol/L) or Tiron (10 mmol/L) to D-glucose (20 mmol/L)
restored the levcromakalim-induced relaxation similarly. However,
cytochalasin B did not alter the relaxation to levcromakalimwith L-
glucose (20mmol/L, Fig. 1B). The contraction in response to U46619
(3 � 10�8 mol/L) did not differ among L-glucose (20 mmol/L), D-
glucose (20 mmol/L), L-glucose (20 mmol/L) plus cytochalasin B
(3 � 10�6 mol/L), and D-glucose (20 mmol/L) plus cytochalasin B
(3 � 10�6 mol/L) groups (2.4 ± 0.4, 2.1 ± 0.5, 1.8 ± 0.5, and
2.0 ± 0.5 g, respectively, P ¼ 0.294). Also, D-glucose (20 mmol/L),
compared with L-glucose (20mmol/L) did not alter the vasodilation
to diltiazem (Fig. 1C).

3.2. Electrophysiological experiments

The incubationwith D-glucose (20mmol/L) reduced the vascular
smooth muscle hyperpolarization in response to levcromakalim
(3 � 10�6 mol/L), and glibenclamide (10�6 mol/L) abolished it.
However, cytochalasin B (3 � 10�6 mol/L), apocynin (1 mmol/L),
Fig. 1. (A) Levcromakalim-induced relaxation of the human omental arterial rings, in the pr
glibenclamide (10�6 mol/L), or the combination. (B) Levcromakalim-induced relaxation of t
(20 mmol/L), cytochalasin B (3 � 10�6 mol/L) or the combination. (C) Diltiazem-induced rela
D-glucose (20 mmol/L). Differences between the control rings and rings treated with D-glu
glucose and those treated with D-glucose in the graphs A and B are statistically significant
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and Tiron (10 mmol/L) restored it in the arterial segment treated
with D-glucose (20 mmol/L) similarly (Fig. 2).
3.3. Measurements of in situ superoxide production and NADPH
oxidase activity

The exposure of D-glucose (20 mmol/L) to the arterial segment
enhanced ethidium bromide fluorescence, indicating the levels of
in situ superoxide, compared with the incubation with L-glucose
(20 mmol/L; Fig. 3B). Both cytochalasin B (3 � 10�6 mol/L) and
Tiron (10 mmol/L) similarly abolished the increased levels seen in
the artery incubated with D-glucose (20 mmol/L) (Fig. 3A and B).

The incubation of the arterial segment with D-glucose
(20 mmol/L) enhanced the NADPH oxidase activity, whereas the
addition of cytochalasin B (3 � 10�6 mol/L) to D-glucose (20 mmol/
L) reduced the increment (Fig. 3C).
3.4. Immunohistochemical analysis

The exposure of D-glucose (20 mmol/L) to the arterial segment
increased the F-actin constitution (Fig. 4). The addition of cyto-
chalasin B (3 � 10�6 mol/L) to D-glucose (20 mmol/L) inhibited the
F-actin constitution in the arterial segment (Fig. 4).
3.5. Western immunoblotting analysis

The incubation with D-glucose (20 mmol/L), but not L-glucose
(20 mmol/L), augmented the membrane levels of p47phox protein
in the HCASMCs whereas the addition of cytochalasin B
esence or absence of L-glucose (20 mmol/L), D-glucose (20 mmol/L), Tiron (10 mmol/L),
he human omental arterial rings, in the presence of L-glucose (20 mmol/L), D-glucose
xation of the human omental arterial rings, in the presence of L-glucose (20 mmol/L) or
cose and glibenclamide in the graph A and differences between rings treated with L-
(*: P < 0.05).



Fig. 2. Changes in the membrane potential caused by levcromakalim (3 � 10�6 mol/L) in the human omental arterial segment without endothelium incubated with L-glucose
(20 mmol/L), L-glucose in combination with glibenclamide (10�6 mol/L), D-glucose (20 mmol/L), or D-glucose combined with cytochalasin B (3 � 10�6 mol/L), apocynin (1 mmol/L),
or Tiron (10 mmol/L) for 60 min *Difference between arterial segments treated with L-glucose and those treated with D-glucose or L-glucose in combination with glibenclamide is
statistically significant (*: P < 0.05).

Fig. 3. (A) Representative images of in situ superoxide (the red fluorescence) and nuclei (the blue fluorescence) in the omental arterial segment incubated with D-glucose (20 mmol/
L) or D-glucose in combination with cytochalasin B (3 � 10�6 mol/L) for 60 min. White dots indicate the outer margins of the artery without endothelium. (B) Relative superoxide
levels in the omental arterial segment incubated with L-glucose (20 mmol/L), D-glucose (20 mmol/L), or D-glucose in combination with cytochalasin B (3 � 10�6 mol/L) or Tiron
(10 mmol/L) for 60 min. The total hydroethidine fluorescence ratio was used for the semiquantitative superoxide. *Difference between the arterial segments treated with L-glucose
and those treated with D-glucose is statistically significant (*: P < 0.05). (C) Relative NADPH oxidase activity in the omental arterial smooth muscle tissues incubated with L-glucose
(20 mmol/L), D-glucose (20 mmol/L), or D-glucose in combination with cytochalasin B (3 � 10�6 mol/L) for 60 min *Difference between the arterial smooth muscle tissues treated
with L-glucose and those treated with D-glucose is statistically significant (*: P < 0.05). (For interpretation of the references to color in this figure legend, the reader is referred to the
Web version of this article.)
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(3 � 10�6 mol/L) to D-glucose (20 mmol/L) inhibited the protein
expression of the NADPH oxidase subunit (Fig. 5A and B).

4. Discussion

The current study documented that the acute D-glucose, but not
L-glucose, exposure for 60 min attenuated the relaxation and
201
hyperpolarization in response to ATP-sensitive Kþ channel activa-
tion in the human omental artery smooth muscle cells and that the
reduction resulted from the enhanced superoxide production via
the NADPH oxidase activation, consistently with our previous
studies.2,3,14,15 We are unknown why only D-glucose is a source of
oxidative stress in our experimental condition. Nevertheless, L-
glucose is not available as a substrate for the higher animals, and



Fig. 4. Relative F-actin constitution in the omental arterial segment incubated with L-
glucose (20 mmol/L), D-glucose (20 mmol/L), or D-glucose in combination with cyto-
chalasin B (3 � 10�6 mol/L) for 60 min *Difference between the arterial segments
treated with L-glucose and those treated with D-glucose is statistically significant (*:
P < 0.05).

Fig. 5. Representative images (A) and the bar graph (B) of the protein expression of
p47phox compared with Naþ/Kþ ATPase in the membrane fraction of the cultured
HCASMCs. The results were quantified based on the expression level of Naþ/Kþ ATPase.
The differences between the control HCASMCs and the cells treated with D-glucose
(20 mmol/L) or D-glucose in combination with cytochalasin B (3 � 10�6 mol/L) are
statistically significant (*: P < 0.05). Also, the difference between the cells treated with
D-glucose and those with D-glucose combined with cytochalasin B is statistically sig-
nificant (#: P < 0.05).
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thus, it might explain the difference. The enzymatic activation
coincided with the p47phox membrane translocation, confirming
the cytosolic subunit’s critical role in the oxidative stress caused by
high D-glucose in the human artery smooth muscle cells.2,3 Indeed,
the p47phox homologs regulate the subunits’ assembly among
several cytosolic NADPH oxidase subunits upon the NOX1 or NOX2
subtype enzyme activation induced by many pathological stimuli
including high D-glucose.2,4,5,10,25

tThe actin polymerization leading to the F-actin stress fiber
formation has been shown to play roles in the vascular smooth
muscle pathophysiological processes, including migration and
remodeling.6,26 Previous studies on the cultured animal vascular
smooth muscle cells documented that the prolonged incubation
with high concentrations of D-glucose (25e45 mmol/L for 24 h to
six weeks) increases the F-actin constitution, suggesting that the
actin polymerization mediates the vascular smooth muscle pa-
thology in the glucose intolerance.27,28 We have first demon-
strated in the isolated human vascular smooth muscle that the
short-term high glucose exposure (25.5 mmol/L for 60 min) en-
hances the actin polymerization, inhibited by a cytoskeleton-
disrupting agent cytochalasin B.11 In the current study, treat-
ment with the disrupting agent prevented the vascular smooth
muscle malfunction in which the acute exposure to high glucose
reduced ATP-sensitive Kþ channel-mediated vasorelaxation.
These results indicate that the modulation of F-actin dynamics
contributes to the maintenance of the normal vascular smooth
muscle function in humans.
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Cytochalasin B reduced the NADPH oxidase activity coincided
with the inhibition of the subunit p47phox membrane expression,
leading to a decrease in superoxide levels of the human arteries
treated with high glucose. These results suggest that the interre-
lation between the actin polymerization and NADPH oxidase acti-
vation plays a critical role in the oxidative stress caused by acute
high glucose in humans. How the actin polymerization activates
NADPH oxidase, has been unclear yet. A previous study on the
cultured human vascular smooth muscle cells documented the
association among p47phox, F-actin, and an actin-binding protein
cortactin upon the exposure toward angiotensin II, and the results
suggest a possible role of the actin-binding protein in the NADPH
oxidase activation.10 However, further studies will require to
confirm the involvement of various actin-binding proteins,
including cortactin, ADF, and cofilin in the p47phox activation
caused by high glucose.29

The possible nonselective effect of cytochalasin B used as the
cytoskeleton-disrupting agent has to be discussed. Cytochalasin B is
also known as an inhibitor targeting glucose transporter (GLUT),30

and thus, it may reduce the high glucose-induced oxidative stress
by its intracellular glucose concentration lowering effect via the
GLUTs inhibition. Indeed, GLUTs 1e4 have established roles as the
glucose transporter in various tissues and cell types, including
blood vessels.31,32 However, the cytochalasin B effect as a GLUTs
inhibitor is unlikely in the current study since the transporter in-
hibitor should only play a role in the condition with insulin, which
is capable of activating the glucose transportation.32 Recent studies
have documented that the cytoskeletal remodeling resulting from
actin polymerization associated with prolonged vasoconstriction,
indicating a critical role of F-actin formation in the pathogenesis of
hypertension.33 Indeed, the concentrations of a cytoskeleton-
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disrupting agent, cytochalasin B equal and higher than 10�5 mol/L
are known to reduce vasoconstriction,11,34 and the dose of
10�5 mol/L is the highest limit to administer locally for patients to
prevent coronary stenosis after the intervention.12 Therefore, we
selected 3 � 10�6 mol/L cytochalasin B in the current study since it
appears to be the highest clinical dose, which does not affect the
vasoconstriction. As we expected, the concentration did not alter
the human arterial contraction caused by the thromboxane re-
ceptor activation, indicating that the acute cytoskeleton modula-
tion by the concentration of cytochalasin B probably does not affect
the human vasoconstrictor response.

In conclusion, a clinical concentration of the cytoskeleton-
disrupting agent cytochalasin B prevents the acute high glucose-
induced human vascular smooth muscle malfunction caused by
oxidative stress originated from superoxide production to be
involved with the NADPH oxidase activation. Regulation of the
cytoskeleton may be essential to keep the normal vascular smooth
muscle function in patients with hyperglycemia.
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