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Abstract

The present study was undertaken to determine whe-
ther pioglitazone treatment influences on the ago-
nist-induced vascular smooth muscle contraction
and, if so, to investigate the related mechanism. The
measurement of isometric contractions using a com-
puterized data acquisition system was combined
with molecular experiments. Pioglitazone decreased
Rho-kinase activating agonist-induced contraction
but not phorbol ester-induced contraction suggest-
ing the least involvement of Ca?*-independent thin
filament regulation of contractility. Furthermore, pio-
glitazone decreased thromboxane A, mimetic-
induced phosphorylation of MYPT1 at Thr855, the
newly-highlighted site, instead of Thr696. In conclu-
sion, this study provides the evidence and possible
related mechanism concerning the vasorelaxing
effect of pioglitazone as an antihypertensive on the
agonist-induced contraction in rat aortic rings regard-
less of endothelial function.
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plications in diabetes are due to increased serum glu-
cose and increased generation of oxyderived free
radicals, which lead to endothelium dysfunction.

Pioglitazone, a peroxisome proliferators activated
receptors (PPAR) gamma agonist, improves insulin
mediated glucose uptake into skeletal muscle without
increasing endogenous insulin secretion and has been
demonstrated to be effective in the treatment of non
insulin dependent diabetes mellitus with insulin resis-
tancé?®. It activates PPAR leading to improved in-
sulin sensitivity and reduced blood pressure in both
humans and animals through a mechanism that has
not been completely elucidafed his finding, coupl-
ed with the observation that PP expressed in
both vascular muscland endotheliufy suggest that
it may play an important role in the regulation of blood
pressure and vascular tone.

Vascular smooth muscle contraction in response to
both agonists and increased intravascular pressure
has been shown to be largely dependent on the classic
smooth muscle biochemical pathway involvinggGCa
calmodulirinduced myosin regulatory light chain
phosphorylation. The requirement for these pathways
has been directly confirmed in studies of isolated vas-
cular smooth muscles in combination with fluores-
cence measurements of intracellula®Cand elec-
trophoretic estimations including &asensitization
and timedependent phenomena such as cytoskeletal
and cellular reorganization may contribute to contrac-
tile responsiveness. These mechanisms may support
the C&*-myosin light chain phosphorylation pathway
and, further, provide a mechanism for maintained ten-
sion development at comparatively low energy cost.

It is generally accepted that the initiation of smooth
muscle contractility is predominantly controlled by a
Ca&*-dependent increase in myosin light chain 20
kDa (MLC,) phosphorylatioh However, other path-
ways have now been described that may regulate the
contractility of smooth muscle by regulating the phos-

Cardiovascular disease is one of the leading causephorylation of MLG, independently of a rise in intra-
of death in the western world and diabetes mellituscellular C&* %12, The phosphorylation of ML£

has been identified as a primary risk fattalue to

promotes the interaction of actin and myosin Il and the

the alteration in vascular responsiveness to severatontraction of smooth muscle. The degree of W.C

vasoconstrictors and vasodilatorsost of the com-

phosphorylation or contraction does not always paral-
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Figure 1. Direct effect of pioglitazone on OpM thrombox- Figure 2. Direct effect of pioglitazone on @M phorbol

ane A mimetic U46619induced contraction in the aortic 12,13dibutyrate (PDBwinduced contraction in the aortic
rings with endothelium denuded. Developed relaxation is rings with endothelium denuded. Developed relaxation is
expressed as a percentage of the maximum contraction to 0.expressed as a percentage of the maximum contraction to 1
UM thromboxane Amimetic U46619. Data are expressed as pUM PDBu. Data are expressed as means-BfeXperiments
means of & experiments with vertical bars showing SEM. with vertical bars showing SEMP<0.05, *P<0.01, pre-

** P <0.01, presence versus absence of pioglitazone. sence versus absence of pioglitazone.

lel the C&* concentration. The extent of ML§phos- endothelium denuded (Figure 1). The absence of the
phorylation or force of contraction induced by ago- endothelium was verified by the lack of relaxation
nist stimulation is usually higher than that caused byafter the addition of acetylcholine (M) to precon-

an increase in the €aconcentration, a finding ex- tracted ring segments. Pioglitazone significantly inhi-
plained by secalled C&* sensitizatiof. Thus, an bited thromboxane Amimeticinduced contraction
additional mechanism of regulation that modulates regardless of endothelial function (Figure 1).

the levels of MLG, phosphorylation and degree of  Thromboxane A mimetic is believed to increase
contraction has been proposed. Subsequent studieRhokinase activity’. Thus we thought that RHa-
have revealed that inhibition of MLC phosphatase is nase activity might be more inhibited by pioglitazone
a major pathway in Ga sensitizatio®. These path-  compared to control.

ways are generally stimulated by contractile agonists

that activate heterotrimeric G proteioupled recep-  Effect of Pioglitazone on Phorbol

tors, probablyia G;,13stimulation of Rho GEFs(gua  Ester-induced Rregulation of Contractility

nine nucleotideexchange factor$) Activation of of Denuded Aorta

Rho A leads to subsequent activation of a recently There was no significant difference in phorbol ester

isolated downstream target of Rho, a p160-B&so- -induced contractility between control and pioglita-
ciated coileecoil-containing protein kinase (RHa- zone treated rat aorta with endothelium denuded (Fig-
nase}>1® ure 2). Thus we postulated that protein kinase C acti-

There are few reports of the effect and the relatedvity or other downstream kinases such as mitegen
mechanism of pioglitazone on agoriirstiuced vascu-  activated protein kinase kinase (MEK) and extracellu-
lar constriction. Hence the purpose of the presentlar signal regulated kinase (ERK) 1/2 might not be in-
study was to investigate the vasorelaxation effect andhibited by pioglitazone treatment.
possible related mechanism of an antidiabetic piogli-
tazone treatment on aortic contractibility induced by Effect of Pioglitazone on

a specific agonist. Depolarization-induced Regulation of
Contractility of Denuded Aorta

Effect of Pioglitazone on Agonist-induced There was no significant difference in depolariza-

Regulation of Contractility of Denuded Aorta tion-induced contractility between control and piogli-

The addition of 0.JuM thromboxane A mimetic tazone treated rat aorta with endothelium denuded
U-46619 produced the contraction in rat aorta with (Figure 3). Thus we postulated that thick or myosin
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Figure 3. Direct effect of pioglitazone on depolarization
induced contraction in the aortic rings with endothelium de- Figure 4. Decreased phospHdYPT 155 protein levels in
nuded. Developed relaxation is expressed as a percentage quick frozen pioglitazonadded rat aorta in the absence of
the maximum contraction to 50 mM KCI. Data are expressed endothelium compared to the vehicldded rat aorta precon-
as means of-8 experiments with vertical bars showing SEM. tracted with thromboxane yAmimetic U46619. Upper panel
shows a typical blot and lower panel shows average densito-
metry results on the relative level of phosfM¥PT1. Data
are expressed as means €5 8xperiments with vertical bars
filament regulation including myosin light chain showing SEM. P<0.05, **P<0.01,"P<0.01, versus sham

kinase inactivation might not be inhibited by pioglita- or control respectively. Pio: pioglitazone; TxAhrombox-
zone. ane A; Y: 0.1uM Y-27632.

Effect of Pioglitazone on Tthe Level of
Phospho-MYPT1 at Thr-855 regulate the contractility of smooth muscle by regu-
To confirm the role of pioglitazone in thick filament lating the phosphorylation of ML independently
regulation of smooth muscle contractility, we measur- of a rise in intracellular G4 %2 The phosphoryla-
ed the levels of MYPT1 (myositargeting subunit of  tion of MLC,, promotes the interaction of actin and
myosin light chain phosphatase) and phosight®T1 myosin Il and the contraction of smooth muscle. The
in the muscles quick frozen after 30 min exposure todegree of MLG, phosphorylation or contraction is
0.1uM thromboxane A mimetic U-46619. Interes-  not always linearly related to the £aconcentration.
tingly, there was a significant decrease in they®fl  The extent of MLG, phosphorylation or force of
thromboxane A mimetic U46619induced MYPT1  contraction induced by agonist stimulation is usually
phosphorylation at the newdyighlighted site of  higher than that caused by an increase in the Ca
Thr855 instead of Thr696'°in quick frozen piogli-  concentration, a finding explained by-called C&*
tazone treated rat aorta in the absence of endotheliursensitizatiofi involving the inhibition of myosin
compared to the vehicle treated rat aorta (Figure 4).phosphataséor thin filament regulatiof.
Thus thick or myosin filament regulation including  The signaling pathways involved in vascular smoo-
myosin phosphatase activation through RhoA/Rho th muscle contractility may be categorized broadly as
kinase inactivation might be involved in decreased leading to either thick or thin filament regulation. As
contractility in pioglitazone treated rat aorta. described above, thick or myosin filament regulation
encompasses both €aactivation and C& sensiti-
zation as it involves both activation of myosin light
Discussion chain kinase by Ca-calmodulin and regulation of
myosin light chain phosphatase activity. On the other
It is generally accepted that the initiation of vascu- hand, thin or actin filament regulation includes the
lar smooth muscle contractility is predominantly con- possible disinhibition of actimyosin interactions by
trolled by a C&-dependent increase in myosin light phosphorylation of caldesmon, possibly by protein
chain 20 kDa (MLG) phosphorylatioh However, kinase C, mitogesctivated protein kinase kinases or
other pathways have now been described that mayextracellular signal regulated kinases that are translo-
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cated during their activatiéh pioglitazoneinduced vasorelaxation.
The main finding of the present study is that piogli- In summary, our results indicate that pioglitazone

tazone decreased thromboxangmimetic U-46619 relaxed thromboxane -Anduced contraction in rat
induced vasoconstriction regardless of endothelialaorta inhibiting Rhekinase activity regardless of
function but not phorbol esteor depolarizatiofin- endothelial function. Subsequent interactions between
duced contraction suggesting that thin or actin fila- myosin phosphatase and inactivated Rimase may
ment regulation and myosin light chain kinase activity lead to attenuated €asensitivity of the myofilament
might not be involved but Rhkinase activity and and vascular relaxation. Therefore, this study pro-
subsequent myosin phosphatase activity might bevides the evidence concerning the vasorelaxing effect
inhibited (Figure 5). Molecular result also supports and the related mechanism of an antidiabetic piogli-
the possible mechanism (Figure 4). Furthermore,tazone as an antihypertensive on the-Rinase acti-
another experiment for vascular contraction, wherevating agonistspecific vascular contraction in rat
various concentration of pioglitazone and Réimase  aortic rings regardless of endothelial function.
inhibitor Y-27632 were directly coadministrated to

rat aorta precontracted with uM thromboxane A

mimetic U-46619, showed that there was no addition- Methods

al relaxation effect of 27632 compared to adminis-

tration of pioglitazone alone (Je H. D., unpublished Tissue Preparation

data) indicating that the relaxation mechanism of pio- Male SpraguéDawley rats, weighing 32850 g,
glitazone is similar to that of-2£7632. Recently, it were anesthetized by sodium pentobarbital (50 mg/kg
was reported that pioglitazione decreased blood presi.p.) followed by cervical dislocation, in agreement
sure with the endothelial functi® However, pio-  with procedures approved by the Institutional Animal
glitazone inhibited the special agoristiuced vaso- Care and Use Committee. The thoracic aorta was
constriction regardless of endothelial function (Figure quickly removed and immersed in oxygenated (95%
1). On the other hand, pioglitazone did not affect the O./5% CQ) physiological saline solution composed
contractile response to phorbol ester or depolarizationof (mM): 115.0 NacCl, 4.7 KCl, 2.5 Cagl1.2 MgC},

in the aortic rings with endothelium denuded (Figure 25.0 NaHCQ, 1.2 KH,PQ,, and 10.0 dextrose (pH

2) suggesting that thin filament regulation or myosin 7.4). The aorta was cleaned of all adherent connective
light chain kinase activity might not be important in tissue, and the endothelium was removed by gentle
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(1:2,000, 1:2,000, respectively, Upstate, Lake Pla-

cid, NY). General laboratory reagents were of analyt-

Contraction Measurements ic grade or better and were purchased from Sigma or
Circular strips (4 mm wide) were prepared and at- Fisher Scientific.

tached to a force transducer. The strips were allowed

to equilibrate at 3T for at least 1 h and challenged Statistics

with a depolarizing solution containing 50 mM KCI.  The data were expressed as meatandard error

Muscle strips were then washed and allowed to equi-of the mean (SEM). Student’s unpairteest was used

librate for 1 h before beginning the experiment. The to determine the statistical significance of the means

absence of the endothelium was verified by the lackbetween two groups using SPSS 12.0 (SPSS Inc., Chi-

of relaxation after the addition of acetylcholine (1 cago, lllinois, U.S.A.)P values< 0.05 were regarded

MM) to precontracted ring segments. as statistically significant.

abrasion with a cell scraper.

Western Blot Analysis

Muscle strips were quick frozen by immersion in a
dry ice/acetone slurry containing 10% trichloroacetic
acid (TCA) and 10°mM d.'th'Othre'tpl (DTT). Muscles matrix metalloproteinase activity: role of oxidative
were stored at-80°C until used. Tissues were brou- : .

; ; stressCirc Res88:1291:1298 (2001).

ght to room temperature in a dry ice/acetone/TCA/ 5 genges, Vet al Effect of Saminoimidazoled-car-
DTT mixture. Then samples were homogenized in @  poxamide riboside (AICA) on isolated thoracic aorta
buffer containing 20 MM mops, 4% SDS, 10% glyce-  responses in streptozotogiiabetic ratsJ Basic Clin
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