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inhibited by fasudil, a Rho-kinase inhibitor, in the
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Abstract

This study was designed to investigate possible ef-
fects of a Rho-kinase inhibitor, fasudil, on migration of
neutrophils induced by leukotriene B,. The neutrophil
behavior was observed in the microvasculature of ham-

ster cheek pouch using a trans-illumination microscope.

Superfusion of lekotrience B, caused an increase in the
number of neutrophils adhering the endothelium and

migrating through the endothelium outside the venules.

The migration induced by lekotrience B, was signifi-
cantly attenuated in hamsters receiving intravenous
infusion of 10 and 30mg/kg of fasudil prior to the leu-
kotriene B, superfusion. These results suggest that
inhibition of Rho-kinase by fasudil produces an inhibi-
tion of neutrophil migration and represents a new
therapeutic strategy for neutrophil-mediated tissue
damage.

Introduction

Fasudil is a Rho-kinase inhibitor that has shown
clinical effectiveness in patients with subarachnoid
hemorrhage? and that was launched for clinical use
after subarachnoid hemorrhage in Japan. Rho-
kinase contributes to the reorganization of the actin
cytoskeleton and to the formation of stress fibers,
and is thought to be one of the critical elements
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involved in a variety of cytoskeleton-dependent cell
functions such as cell migration?. It has been
shown that neutrophil chemotaxis as well as neutro-
phil and macrophage infiltration is inhibited by
fasudil and its active metabolite, hydroxyfasudil®~®.
In the present study, therefore, we investigated if
the inhibition of Rho-kinase with fasudil would re-
duce neutrophil migration in vivo in a leukotriene-
induced inflammatory model.

Materials and Methods

Ethical committee for animal experimentation of
our institution approved this study. Thirty-one male
Golden hamsters, weighing 110-160g at 10-16weeks
old (Nihon SLC, Shizuoka, Japan) were anesthetized
with urethane 1.2g/kg given intraperitoneally. A
tracheal cannula was inserted to facilitate spontane-
ous respiration with a mixture of oxygen and room air.
A cannula was placed in the femoral vein for drug
infusion.

Preparation of hamster cheek pouch:

The hamster cheek pouch preparations were set up
as previously described’”®. The cheek pouches were
pulled out, cut longitudinally, and extended. The
connective tissue was elaborately dissected away to
expose the microvasculature of the mucous layer.
The thin mucous membrane tissue was spread out in
a plastic chamber.
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Microscopic observation and recording of leuko-
cyte behavior:

The microvasculature of the hamster cheek pouch
(unit: 502m X 100.m) was observed under a transil-
lumination microscope (ECLIPSE, Nikon, Tokyo, Ja-
pan), using a W40 water immersion lens ( X 40, Nikon,
Tokyo, Japan) and X 10 eyepieces (Nikon, Tokyo,
Japan).
jected onto a color television monitor screen (PVM-
20M4], SONY Co, Tokyo, Japan) via a color TV cam-
era (DXC-5800, SONY Co, Tokyo, Japan) mounted at
the top of the microscope. The behavior of the neu-

Images of the microcirculation were pro-

trophils in each experiment was recorded with a
videotape recorder (SVO-5800, SONY Co, Tokyo,
Japan).

Application of fasudil:

Fasudil (Asahi Kasei, Japan) at the dose of 3mg/kg
(n=8), 10mg/kg (n=9), and 30mg/kg (n=7) in a total
volume of 3ml/kg, or saline of 3ml/kg (n=7) as a vehi-
cle were administrated via the femoral vein for 30
minutes.

Chemotactic agent:

Leukotriene B,(Paesel, GMBH, Frankfurt, Ger-
A stock
solution of leukotriene B,(304m in absolute ethanol)
was kept at —80°C and diluted to 300nM with Ty-
rode’s solution immediately before use. Ten minutes

many) was used as a chemoattractant®.

after initiating the administration of fasudil or saline,
leukotriene B, (300nM) was applied to the microvas-
culature at the observation site with a 501 micropi-
pette.

Count of neutrophils:

Neutrophils could be individually visualized as
bright white cells against the dark background of the
blood stream, since they rolled slowly on the endothe-
lial wall. Migration of neutrophils was determined
when neutrophils were moving from the venular wall
into the interstitial space (unit: 50m X 100zm) .

Data analysis

All values are expressed in mean+SD. Data were
statistically analyzed with ANOVA and Student’s t-
test was used for comparisons between the two
groups, and paired t-test for comparisons before and

after interventions in the same group. P<0.05 was
considered as a statistically significant difference.

Results

Before the application of leukotriene B,, several
neutrophils were observed to move slowly along the
vascular endothelium. The application of leukotriene
B, caused a transient increase and a subsequent de-
crease in rolling of neutrophils. There were no sig-
nificant differences in the alterations in rolling and
adhesion of neutrophils among the four groups.
Thickened wall was observed both in the vehicle and
the fasudil 3mg groups, but not in the fasudil 10mg
and fasudil 30mg groups (Fig. 1).

Migration of neutrophils started 20min after leukot-
riene B, application in all groups. Fig. 2 demonstrates
typical pictures in which migration of neutrophils
occurred at 60min after initiating leukotriene B, in
the vehicle group. In the vehicle group, 3.6+ 1.3
and 5.2+1.8 counts/unit of neutrophils were migrated
at 60 and 90min after leukotriene B,, respectively.
In the fasudil-10mg group, 1.3+0.5 and 1.4=0.2
counts/unit, and in the fasudil-30mg group, 1.1+0.5
and 1.6+0.7 counts/unit were migrated at 40 and
60min, respectively. The numbers of migrating neu-
trophils in the fasudil 10mg and the fasudil 30mg
groups were significantly less than those in the vehi-
cle and fasudil 3mg groups (Fig. 3).

Discussion

Leukotriene B, is a pro-inflammatory mediator
synthesized in myeloid cells from arachidonic acid'”.
It induces recruitment and activation of neutrophils,
monocytes and eosinophils by stimulating the produc-
tion of a number of proinflammatory cytokines and
mediators®'”. In our study, superfusion of leuko-
triene B, could also augment migration of neutrophils
in the microvasculature of hamster cheek pouch.
Pharmacological inhibition studies support a role for
leukotriene B, in the pathogenesis of neutrophil me-
diated tissue damage, and treatments which reduce its
production or block its effects may prove beneficial in
neutrophil mediated inflammatory diseases'®™?. Since
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Figure 2
Photomicrograph of microcirculation in hamster
cheek pouch. Migration of neutrophils was observed at
60 min after initiating leukotriene B, in a hamster re-
ceiving a vehicle. An arrow indicates a migrated neu-
trophil.

neutrophil migration elicited by superfusion of leukot-
riene B, was inhibited by pretreatment of fasudil in
this study, it is suggested that fasudil can be beneficial

in prevention of neutrophil mediated tissue damage.
Studies in animal models show fasudil to be promis-
ing in the treatment of stroke, angina, and renal fibro-

SiSS,13'-l5) .

Fasudil and its active metabolite, hydroxy-
fasudil, inhibit Rho-kinase more effectively than they
inhibit other protein kinases; e.g., protein kinase C, or
myosin light chain kinase'®~. There is accumulat-
ing evidence that Rho is important regulators of endo-
thelial barrier properties by influencing both the en-
dothelial actin-based cytoskeleton and the integrity of
interendothelial junctions®”. The Rho family of small

GTPases regulates many facets of cytoskeletal dy-

namics that underlie changes in cell shape and adhe-

Figure 1 sion during migration?>??. It has also been shown that
Photomicrograph of microcirculation in hamster Rho-kinase is involved in controlling the development
cheek pouch. Intact venular wall was observed before of polarity and migration of neutrophils?. All these

superfusion of leukotriene B, (upper). Sixty min after
superfusion of leukotriene B,, the venular wall was
thickened in a hamster receiving a vehicle (middle), on neutrophil migration occurs through the inhibition
whereas the venular wall was not thickened in a ham- of the Rho-kinase pathway. However, we could not
ster treated with fasudil 30mg (lower). The thickened
venular wall comprised of infiltrated neutrophils.

together suggest that the inhibitory action of fasudil

exclude the possibility that fasudil causes the inhibi-
tory effect through inhibition of other protein kinases
because fasudil has a wide spectrum of action against

Presented by Medical*Online



270 & W M M FE25% H3 5 (2004)

*#p<0.05 vs vehicle

No. of migrating neutrophils (count/unit)

8
—m— vehicle
6 e fasudil 3mg/kg
--e-0---- fasudil 10mg/kg
4+  ----B---- fasudil 30mg/kg

50 75 100

Time after LTB4 (min)

Figure 3
Changes in the numbers of migrating neutrophils after superfusion of leukotriene B,. The abscissa indicates
the time lapse after the application of leukotriene B,. The ordinate indicates the numbers of migrating neutro-
phils in the detection window. Values are shown as mean+=SD. Fasudil 10mg and 30mg significantly inhibited
the migration of neutrophils elicited by leukotriene B, superfusion (p<0.05).

several kinds of protein kinase. Thus, the detailed
mechanisms underlying the inhibition of neutrophil
migration by fasudil have not been identified in this
study.

In the present study, a significant inhibition in the
migration of neutrophils induced by leukotriene B, was
observed in hamsters receiving 10mg/kg and 30 mg/kg
of fasudil. It has been reported that a significant inhi-
bition of neutrophil chemotaxis induced by various
chemoattractants, including N-formyl-methionyl-leucyl-
phenylalanine, was observed at 3 to 30M of fasudil®.
In rats, the maximum plasma concentration of fasudil
after intraperitoneal administration of fasudil at
10mg/kg was approximately 15,M*®, which is equiva-
lent to the effective concentration for inhibition of
neutrophil chemotaxis. Plasma concentrations of
fasudil were not measured in this study, but intrave-
nous infusion of fasudil 10mg/kg for 30min in ham-
sters could be suspected to reach a similar level as
intraperitoneal administration of fasudil at the same
dose.

It has been reported that fasudil 10mg/kg, which
was administered daily for 2 weeks also attenuated
interstitial fibrosis and macrophage infiltration in rat
It has
also been reported that fasudil 10 and 30mg/kg sig-

kidneys with unilateral ureteral obstruction®.

nificantly prevented the development of myocardial
fibrosis in a chronic myocardial damage model in rats 2.
These previous reports are in agreement with our
results in hamsters in terms of the doses of fasudil
inhibiting neutrophil or macrophage infiltrations and
the accompanied possible tissue damage.

In conclusion, this study demonstrated that fasudil,
a Rho-kinase inhibitor, reduced neutrophil migration
elicited by leukotriene B, in the microvasculature of
hamster cheek pouch, representing a new therapeutic
strategy for neutrophil-mediated tissue damage.
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