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Abstract

Purpose Rho-kinase inhibitor is widely used for preven-

tion of cerebral vascular spasm. However, the cerebral pial

vascular action of Rho-kinase inhibitor has not been

investigated. We therefore evaluated the direct effects of

Y-27632, a Rho-kinase inhibitor, on pial microvessels.

Method Experiments were performed on anesthetized

rabbits. A closed cranial window was used to visualize the

pial microcirculation. After baseline hemodynamic and

pial vascular measurements, the cranial window was su-

perfused with four increasing concentrations of Y-27632

(10-9, 10-7, 10-6, 10-5 mol l-1; n = 7) dissolved in

artificial cerebrospinal fluid for 7 min each. We measured

the diameters of pial vessels, mean arterial pressure

(MAP), heart rate (HR), and rectal temperature at 7 min

after application of each Y-27632 concentration.

Results MAP, HR, rectal temperature, arterial pH,

PaCO2, PaO2, and plasma Na?, K? and glucose concen-

trations did not change significantly during the experi-

mental period. Y-27632 at 10-9 to 10-7 mol l-1 did not

produce any significant change in pial arterioles. Topical

application of Y-27632 at 10-6 and 10-5 mol l-1 produced

pial large (8.4 ± 5.7 and 19.8 ± 12.7 %) and small

(10.1 ± 8.5 and 18.1 ± 12.3 %) arterioles dilation.

However, Y-27632 did not produce any change in pial

large and small venules.

Conclusion We evaluated the direct effects of Y-27632

on pial microvessels. Y-27632 dilates only pial arterioles in

a concentration-dependent manner, and most at a concen-

tration of 10-5 mol l-1. Y-27632 is a potent cerebral pial

arteriolar dilator but is not a venular dilator.
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Introduction

Particularly in brain surgeries, control cerebral microcir-

culation is a major concern for anesthesiologists. Because

the Rho/Rho-kinase pathway plays a pivotal role in vas-

cular constriction and dilation, it is important to understand

the mechanisms.

Contraction of smooth muscle generally is mediated by

intracellular Ca2? concentration. Smooth muscle cells

generate inositol triphosphate, IP3, in response to stimula-

tion by a vasoconstrictor such as angiotensin II. IP3 opens

an intracellular Ca2? channel on the surface of the sarco-

plasmic reticulum and facilitates Ca2? release, thereby

elevating intracellular Ca2? concentration. IP3 also opens a

Ca2? channel on the cell membrane and allows extracel-

lular Ca2? to flow into the cell. Elevated intracellular Ca2?

complexes with calmodulin and activates myosin light

chain (MLC) kinase. Activated MLC kinase phosphory-

lates MLC; thereby, actin activates Mg2?-ATPase on the

myosin neck. Then, smooth muscle constriction occurs. In

contrast, relaxation and contraction of smooth muscles

mediated by Rho-kinase are Ca2? independent [1–3]. Rho-

kinase is a serine-threonine protein kinase identified as a

target protein of the small GTP-binding protein Rho [4–6].

M. Kotoda (&) � T. Matsukawa

Department of Anesthesiology, Faculty of Medicine,

University of Yamanashi, 1110 Shimokato, Chuo,

Yamanashi 409-3898, Japan

e-mail: mkotodaanes@yahoo.co.jp

T. Ishiyama � N. Shintani

Surgical Center, University of Yamanashi Hospital,

University of Yamanashi, 1110 Shimokato, Chuo,

Yamanashi 409-3898, Japan

123

J Anesth (2015) 29:186–190

DOI 10.1007/s00540-014-1903-x



Y-27632, a Rho-kinase inhibitor, is a potent vasodilator

and reported to dilate various arteries such as the pul-

monary [7], radial [8], and ophthalmic [9] arteries. Nev-

ertheless, the cerebral pial vascular action of Y-27632 has

not been investigated. We therefore evaluated the direct

effects of Y-27632 on pial microvessels in rabbits using a

closed cranial window technique.

Materials and methods

The protocol was approved by the University of Yamanashi

Animal Care Committee. Experiments were performed on

Japanese white rabbits weighing 3.0–3.8 kg. After obtain-

ing intravenous access in an ear vein, the animals were

anesthetized with pentobarbital sodium (20 mg•kg-1 IV).

Anesthesia was maintained with an infusion of pentobar-

bital sodium (5 mg/kg/h). The animals’ core body tem-

perature was maintained at 39 ± 0.5 �C using a heating

blanket. The animals were tracheostomized and were

connected to a ventilator. End-tidal CO2 (ETCO2) was

continuously monitored (Vamos; Dräger Medical, Tokyo,

Japan). Based on ETCO2 measurements, the tidal volume

and respiratory rate were adjusted to maintain arterial

carbon dioxide tension (PaCO2) between 35 and 45 mmHg.

A femoral artery was catheterized for continuous moni-

toring of mean arterial blood pressure (MAP) and blood

sampling.

A closed cranial window was used to visualize the pial

microcirculation. Each rabbit was placed in the sphinx

posture. The scalp was retracted and a 0.8-cm-diameter

hole was made in the parietal bone. After bipolar coagu-

lation of dural vessels, the dura and arachnoid membranes

were cut, and a thin ring of glass was positioned over the

hole and secured with bone wax and dental acrylic. The

space under the window was filled with artificial cerebro-

spinal fluid (aCSF), and three polyethylene catheters were

inserted into the ring. One catheter was attached to a res-

ervoir bottle containing aCSF, which was continuously

bubbled with 5 % CO2 in air (pH 7.398 ± 0.0839, PaCO2

37.94 ± 0.73 mmHg, PaO2 124.2 ± 5.81 mmHg). The

composition of aCSF was Na? 151 mEq/l, K? 3.5 mEq/l,

Ca2? 2.5 mEq/l, Mg2? 1.3 mEq/l, HCO3
- 25 mEq/l, urea

40 mg/dl, and glucose 65 mg/dl. The aCSF was suffused at

0.1 ml/min. Two other catheters served as an inlet and an

outlet for aCSF and study drug solutions. The level of the

outlet was maintained approximately 5–6 cm above the

window to maintain normal intracranial pressure. The

volume of fluid below the window was between 0.5 and

0.7 ml. The diameters of pial arterioles and venules were

measured using a digital video analyzer (VH Analyzer VH-

H1A5; Keyence) on a personal computer that was attached

to a microscope (VH-5000; Keyence) via video capture

unit (VH-E500; Keyence) (Fig. 1). Data from the pial

views were stored on the computer hard disk for sub-

sequent analysis after the experiments.

After baseline hemodynamic and pial vascular mea-

surements, the cranial window was superfused with four

increasing concentrations of Y-27632 (10-9, 10-7, 10-6,

10-5 mol/l; n = 7) dissolved in artificial cerebrospinal

fluid (aCSF) for 7 min each. We measured the diameters of

pial vessels, MAP, heart rate, and rectal temperature 7 min

after application of each Y-27632 concentration. The

window was then flushed with aCSF for 40 min before the

next concentration was administered. The sizes of blood

vessels were divided on the basis of initial diameters into

two subgroups: larger than 70 lm (large) and 70 lm and

smaller (small). Values were represented as mean ± SD.

Statistical analysis was performed via analysis of variance

and Newman–Keuls post hoc comparisons. Unpaired t test

was used to compare the differences of percent change in

diameter between large and small arterioles. A P value less

than 0.05 was considered statistically significant.

Results

MAP, HR, rectal temperature, arterial pH, PaCO2, PaO2,

and plasma Na?, K?, and glucose concentrations did not

change significantly during the experimental period. Fur-

ther, MAP and HR were not affected by topical application

of Y-27632 (Table 1).

Y-27632 at 10-9–10-7 mol l-1 did not produce any sig-

nificant change in pial arterioles. Topical application of

Fig. 1 A closed cranial window was used to visualize the pial

microcirculation. The diameters of pial arterioles and venules were

measured using a digital video analyzer (VH Analyzer VH-H1A5;

Keyence, Osaka, Japan) on a personal computer attached to a

microscope (VH-5000; Keyence, Osaka, Japan) via a video capture

unit (VH-E500; Keyence, Osaka, Japan)
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Y-27632 at 10-6 and 10-5 mol l-1 produced concentration-

dependent dilation in both large (8.4 ± 5.7 % and

19.8 ± 12.7 %) and small (10.1 ± 8.5 % and 18.1 ±

12.3 %) pial arterioles. There was no statistical difference

between percent changes of two subgroups (large and small

arterioles). On the other hand, Y-27632 did not produce any

change in large or small pial venules (Fig. 2).

Discussion

Rho-kinase inhibitor dilates constricted arteries [10].

Expression of endothelial nitric oxide synthase (eNOS) is

suppressed in an ischemic situation, and Rho-kinase is

considered to be related to this phenomenon [11]. Rho-

kinase inhibitor increases expression of eNOS by

stabilizing its mRNA [11]. Cerebral arterioles are con-

stricted after the ischemia–reperfusion period [12], and

Rho-kinase inhibitor exerts its action on the constricted

arteries [10]. Because the vasodilative effect of Rho-kinase

inhibitor on constricted cerebral arterioles was already

known, we therefore investigated the effect of Rho-kinase

inhibitor on normal vessels. In this study, Y-27632 exerted

a vasodilatory action on normal pial arteries. Generally,

myosin light chain (MLC) kinase is inactivated as a result

of separation of Ca2? and calmodulin when the intracel-

lular Ca2? concentration is reduced. Then, MLC is

dephosphorylated by activated MLC phosphatase, and

smooth muscle relaxes [13]. Rho-kinase mediates relaxa-

tion and contraction of smooth muscle independently of

intracellular Ca2? concentration [13]. Rho is activated by

vasoconstrictors through G protein-coupled receptors,

Table 1 Hemodynamic and laboratory data

MAP

(mm Hg)

HR (bpm) pH BE PaCO2

(mm Hg)

PaO2

(mm Hg)

Na (mEq/l) K (mEq/l) Glucose

(mg/dl)

Lactate

(mmol/l)

10-9 94 ± 14 261 ± 35 7.39 ± 0.03 1.4 ± 2.8 43 ± 4 260 ± 30 140 ± 3 3.5 ± 0.6 139 ± 19 2.2 ± 0.8

10-7 95 ± 12 253 ± 46 7.38 ± 0.04 0.6 ± 2.4 43 ± 4 246 ± 36 139 ± 5 3.3 ± 0.4 139 ± 21 2.3 ± 0.9

10-6 93 ± 12 285 ± 38 7.42 ± 0.03 1.0 ± 2.2 40 ± 4 250 ± 33 140 ± 4 3.2 ± 0.3 135 ± 20 2.4 ± 1.3

10-5 93 ± 9 288 ± 37 7.42 ± 0.04 1.1 ± 2.3 39 ± 5 253 ± 29 141 ± 2 3.2 ± 0.3 134 ± 15 2.6 ± 1.0

Values are mean ± SD

There were no statistical differences among the concentrations

MAP mean arterial blood pressure, HR heart rate, BE base excess

Fig. 2 Y-27632 at 10-9–10-7 mol l-1 did not produce any signif-

icant change in pial arterioles. Topical application of Y-27632 at 10-6

and 10-5 mol l-1 produced pial large (8.4 ± 5.7 and 19.8 ± 12.7 %)

and small arterioles (10.1 ± 8.5 and 18.1 ± 12.3 %) dilation (a).

However, Y-27632 did not produce any change in pial large and small

venules (b)
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whereby the Rho target protein Rho-kinase is activated.

Activated Rho-kinase inactivates MLC phosphatase by

phosphorylating the myosin-binding subunit. As a result,

MLC is phosphorylated and smooth muscle contracts [1.3].

Y-27632, a Rho-kinase inhibitor, blocks this pathway and

exerts a vasodilatory effect not only on constricted arteries

but also on normal arteries.

The sizes of blood vessels were divided on the basis of

initial diameters into two subgroups: larger than 70 lm

(large), and 70 lm and smaller (small). The sympathetic

contractile response to norepinephrine is substantial in

first-order vessel branches but relatively less in second-

order vessel branches in the rabbit middle cerebral tree

[14]. The mean diameter of the second branch is 67 lm

[15]. There was no statistical difference between percent

changes of the two subgroups (large and small arterioles).

It seems that the sympathetic nervous system is little, if

ever, affected by the Y2 vasodilative effect.

Although Y-27632 produced pial arterial vasodilation, it

did not affect the pial veins. The relationship between Rho-

kinase and venous dilation has not been clarified. Both

arteries and veins consist of three layers: vascular intima,

media, and adventitia. The intima consists of simple

squamous epithelium. The media includes a mature circu-

lar smooth muscle layer and is crucial in mediating the

diameters of vessel and blood flow. The adventitia is the

outermost connective tissue layer of vessels. The ‘‘small

artery’’ has an internal elastic membrane in its intima but

no external elastic membrane in the media. An artery that is

smaller than a small artery is called an arteriole and does

not have an internal elastic membrane. The arteriole con-

sists of a single endothelial layer, several smooth muscle

layers, and epithelial membrane. On the other hand, a vein

consists of restricted intima, a few smooth muscle cells,

and connective tissue. The quantity of smooth muscle cells

is larger in arteries than in veins. Because Rho-kinase acts

on smooth muscle and mediates its contraction, Y-27632

dilated only pial arterioles in our study. The Rho-kinase-

involved pathway may participate in the mechanism of

venous dilation. However, its participation should be

minor.

Y-27632 has been widely used as a Rho-kinase inhibitor

in various fields of research to reveal the mechanism of the

Rho/Rho-kinase pathway [16–18]. Rho-kinase plays an

important role not only in smooth muscle contraction but

also in many cellular functions such as adhesion, morphol-

ogy, proliferation, and motility [19]. Because Rho-kinase

mediates various cellular functions and gene expression, a

Rho-kinase inhibitor has various clinical effects on many

disease states such as vascular spasm and stenosis, arterio-

sclerosis [20–24], and systemic and pulmonary hypertension

[25–29]. Clinically, Rho-kinase inhibitor is used for pre-

vention of cerebral vascular spasm. Many studies support

the efficacy of Rho-kinase inhibitor for other diseases such

as cerebral infarction [30, 31], asthma [32], and glaucoma

[33]. In addition, there is some possibility that Rho-kinase

inhibitor suppresses cancer invasion [34] and improves

insulin resistance [35] and osteoporosis [36]. It is important

to elucidate the mechanism of the Rho/Rho-kinase pathway

and the effects of Rho-kinase inhibitor. Nevertheless, the

effects of Rho-kinase inhibitor are not fully understood, and

further study is necessary.

Conclusion

We evaluated the direct effects of Y-27632 on pial

microvessels. Y-27632 dilates only pial arterioles, in a

concentration-dependent manner, most at a concentration

of 10-5 mol l-1. Y-27632 is a potent cerebral pial arteri-

olar dilator but is not a venular dilator.
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