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Abstract

We investigated the effect of Rho kinase inhibition on changes in cerebral blood flow (CBF), brain injury and

vascular function after ischemic stroke in spontaneously hypertensive rats (SHR). Changes in core MCA and col-

lateral perfusion were measured by a validated laser Doppler method. Animals underwent 2 h tMCAO and 2 h

reperfusion. Fasudil (0.1 mg/kg, i.v.) or vehicle was given at 30 min ischemia (n¼ 9/group; mean (SD)). Brain injury

was determined by 2,3,5-triphenyltetrazolium chloride staining. To determine the effect of fasudil on vascular func-

tion, fasudil was given 10 min before reperfusion and parenchymal arterioles studied isolated (n¼ 6/group;

mean(SD)). Collateral perfusion was low in vehicle-treated SHR (�8(32)%) that changed minimally with fasudil

(6(24)%, p> 0.05, effect size: 0.47;95% CI�0.49–1.39). Reperfusion CBF was below baseline in vehicle

(�27(26)%) and fasudil (�32(25)%, p> 0.05, effect size: 0.19; 95% CI�0.74–1.11) groups, suggesting incomplete

reperfusion in both groups. Fasudil had little effect on brain injury volume (28(13)% vs. 36(7)% in vehicle, p> 0.05,

effect size: 0.75; 95% CI�0.24–1.66). In isolated parenchymal arterioles, myogenic tone was similar between groups

(37(6)% vs. 38(10)% in vehicle, p> 0.05, effect size: 0.09; 95% CI�1.05–1.21). There were no differences with fasudil

treatment vs. vehicle in perfusion, brain injury and vascular function that may be related to the low dose that had

minimal blood pressure lowering effect.
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Introduction

Chronic hypertension is a major risk factor for acute
ischemic stroke.1,2 A number of clinical studies revealed
at least 70% of acute stroke patients have a history of
hypertension.3–5 These patients also have worse stroke
outcomes compared to normotensive patients, includ-
ing increased incidence of death and disability after
stroke.3–5 Animal studies also showed that acute ische-
mic stroke caused increased neurological deficits, larger
infarct and smaller penumbra in hypertensive animal
models compared to their normotensive counter-
parts.6–9 Although the cause of worse stroke outcome
is likely multifactorial, one well-established adverse
effect of chronic hypertension is on cerebral vascular
function and structure.10,11 For example, multiple vas-
cular segments of the cerebral circulation have been
shown to be constricted in hypertensive animals,
including leptomeningeal anastomoses (LMAs) and
parenchymal arterioles (PAs).12,13 Constriction of
small arterioles in the brain in response to ischemia

and/or reperfusion could further limit perfusion and
worsen outcome of acute ischemic stroke. In addition,
selective vasodilation of these vascular segments could
be a therapeutic target for acute stroke patients with
pre-existing hypertension.

Chronic hypertension is known to activate Rho-
associated protein kinase (Rho kinase) that is expressed
in many cell types, including vascular endothelial and
smooth muscle cells.14–16 Rho kinase inhibits myosin
phosphatase activity in vascular smooth muscle, and
hence preventing de-phosphorylation of myosin light
chain.17 One important consequence of Rho kinase
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activation is enhanced response to increased smooth
muscle intracellular calcium, leading to more
robust vasoconstriction.16 This Rho kinase-dependent
smooth muscle calcium sensitization is an important
mechanism for hypertension-induced vasoconstric-
tion.16,18 In the cerebral circulation, Rho kinase inhibi-
tors dilate a number of vascular segments, including the
basilar artery, posterior cerebral artery, middle cerebral
artery (MCA) and PA.19–23 This suggests Rho kinase is
involved in basal tone regulation at almost all levels of
the cerebral vasculature. Moreover, Rho kinase inhibi-
tors including Y27632 and fasudil (also known as HA-
1077) have been shown to dilate significantly more in
cerebral vasculature from hypertensive than normoten-
sive animals, further suggesting enhanced activation of
Rho kinase in the cerebral circulation during hyperten-
sion.21,24 We have previously demonstrated that PAs
were more constricted at early post-ischemic reperfu-
sion due to smooth muscle calcium sensitization.19

Due to the inhibitory effect of Rho kinase on myosin
phosphatase activity, we sought to determine if Rho
kinase inhibition, by in vivo fasudil treatment, could
increase collateral perfusion, reperfusion CBF, and
reduce ischemic brain injury in hypertensive rats. We
also determined if fasudil treatment in vivo would
reverse the vasoconstriction of PAs after ischemia and
reperfusion.

Materials and methods

Animals

Male spontaneously hypertensive rats (SHR, Charles
River, Kingston, NY, USA), aged 16–19 weeks old,
were used in this study. Rats were housed in the
Animal Care Facility at the University of Vermont,
an Association for Assessment and Accreditation of
Laboratory Animal Care-accredited facility. Rats
were maintained on a 12-h light/dark cycle and allowed
food and water ad libitum. All animal procedures were
approved by the Institutional Animal Care and Use
Committee at the University of Vermont and complied
with the National Institutes of Health guidelines for
care and use of laboratory animals. The reporting of
this study was conducted in accordance with ARRIVE
guidelines.

Model of transient focal ischemia

Proximal middle cerebral artery occlusion (MCAO) was
performed using an intravascular filament model, as
previously described.19 Briefly, animals were anesthe-
tized with isoflurane in oxygen (1.5–2%) and mechanic-
ally ventilated to maintain blood gases within
physiologic ranges (Table 1). One femoral artery cath-
eter was placed and connected to a servo-null system

Table 1. Body weights, mean arterial pressure and blood gases of all animals during MCAO surgeries.

In vivo CBF experiments Isolated PA experiments

SHR-vehicle SHR-fasudil SHR-vehicle SHR-fasudil

n 9 9 6 6

Weight (g) 337 (25) 341 (10) 367 (31) 348 (40)

Arterial pressure and blood gases

Start

Pressure (mm Hg) 89 (12) 91 (12) 85 (15) 84 (12)

pH 7.38 (0.03) 7.39 (0.03) 7.44 (0.03) 7.42 (0.02)

pCO2 (mm Hg) 38.3 (3.6) 36.8 (3.4) 40.1 (4.5) 41.0 (2.6)

pO2 (mm Hg) 109.4 (17.0) 100.9 (14.9) 108.3 (9.7) 125.8 (32.1)

Middle

Pressure (mm Hg) 86 (5) 88 (7) 87 (6) 85 (4)

pH 7.36 (0.03) 7.37 (0.03) 7.45 (0.03) 7.44 (0.01)

pCO2 (mm Hg) 40.9 (2.2) 37.1 (3.2) 40.9 (5.1) 42.0 (3.1)

pO2 (mm Hg) 98.8 (8.6) 93.9 (7.5) 108.2 (11.1) 117.5 (25.0)

End

Pressure (mm Hg) 86 (9) 88 (11) 83 (11) 88 (9)

pH 7.36 (0.03) 7.36 (0.03) 7.46 (0.03) 7.46 (0.01)

pCO2 (mm Hg) 39.0 (3.6) 39.7 (2.2) 41.0 (2.9) 41.5 (1.9)

pO2 (mm Hg) 99.0 (10.6) 95.1 (12.7) 104.7 (7.6) 110.5 (15.4)

MCAO: middle cerebral artery occlusion; SHR: spontaneously hypertensive rats; CBF: cerebral blood flow; PA: parenchymal arteriole.
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(Living Systems Instrumentation, St. Albans, VT) for
monitoring blood pressure. Another femoral artery
catheter was placed for obtaining blood gas samples.
Femoral vein catheters were inserted on both sides for
chloral hydrate and treatment infusion. After instru-
mentation, chloral hydrate (200–300mg/kg, i.v.) anes-
thesia was used in place of isoflurane because isoflurane
has a potent vasodilator effect of the cerebral circula-
tion. Toe pinch was performed and blood pressure regu-
larly checked for depth of anesthesia. The MCA was
occluded for 2 h of ischemia followed by filament
removal to allow reperfusion for 2 h for CBF and
brain injury experiments or for 30min for isolated PA
experiments. The different time periods of reperfusion
was because our previous study found that isolated PAs
were more constricted after 30min of reperfusion.19

Animals were excluded if the drop in CBF during ische-
mia was <70% from baseline.

Measurement of changes in CBF at core and
collateral MCA territories

Dual laser Doppler flowmetry (Perimed Inc., Ardmore,
PA, USA) was used to measure CBF in both the MCA
core ischemic and collateral territories, as described
previously.25 Probe 1 was placed at þ4mm lateral of
midline and �2mm posterior of Bregma to measure
changes of CBF in MCA core ischemic territory.
Probe 2 was placed þ3mm lateral of midline and
þ2mm anterior of Bregma to measure changes in col-
lateral CBF. This multi-site laser Doppler measurement
for collateral flow measurement during MCAO was
recently validated with MRI.26 Changes in CBF were
measured continuously throughout ischemia and reper-
fusion, and calculated and presented as percent change
compared to before filament insertion or before treat-
ment. To further assess collateral flow, discrete
increased perfusion events within the collateral territory
were quantified by number, duration, and magnitude
(area under the curve, AUC). These events were identi-
fied from laser Doppler and blood pressure tracings
during ischemia only and defined by increases in
probe 2 perfusion that were largely independent of
changes in blood pressure. The quantification of
increased perfusion was performed by investigators
who were unaware of the experimental groups, i.e. in
a blinded manner.

Treatment with Rho kinase inhibitor fasudil

To investigate the effect of Rho kinase inhibition on
changes in collateral perfusion, reperfusion CBF and
brain injury (n¼ 9), fasudil (0.1mg/kg) or vehicle (lac-
tated Ringer solution) was infused intravenously via
femoral catheter at 30min of ischemia. Animals were

randomly assigned to either treatment or vehicle group.
In another set of experiments, the effect of Rho kinase
inhibition on PA reactivity to pressure and vasoactive
agents (n¼ 6) after ischemia and reperfusion, fasudil
(0.1mg/kg) or vehicle was infused 10min prior to reper-
fusion after which PAs were dissected and studied iso-
lated and pressurized. We chose 0.1mg/kg fasudil for
infusion because pilot studies showed that this dose
decreased systemic pressure minimally, by 4(8)%,
whereas higher doses of 0.3 and 3mg/kg decreased
pressure by 15(12)% (n¼ 7) and 43% (n¼ 1),
respectively.

Determination of acute brain injury and edema

Rats were quickly decapitated under deep isoflurane
anesthesia after 2 h of reperfusion and the brain
removed. Brains were sliced to 2mm coronal sections
and incubated for 30min at 37�C in 2% 2,3,5-triphe-
nyltetrazolium chloride (TTC) in phosphate-buffered
saline. Brain sections were then fixed in 3.7% formalin
in PBS at 4�C for 45min, followed by imaging using a
digital scanner. Brain injury was identified as white
(unstained) area of each section and measured with
ImageJ software (NIH, Bethesda, MD, USA). Edema
was measured and calculated by subtracting the area of
contralateral from the ipsilateral hemisphere. Volume
of acute brain injury was calculated by summing the
edema-corrected brain injury areas of the sections for
each brain by investigators blinded to the groups.

Determination of reactivity of isolated PAs to
pressure and vasoactive agents

Following 30min of reperfusion, rats (n¼ 6 in each
group) were quickly decapitated under isoflurane anes-
thesia. Brains were removed and placed in cold, oxyge-
nated physiologic saline solution (PSS). PAs, which
branched perpendicularly off the MCA and penetrated
into the brain tissue, were dissected from the M2 region
of the ipsilateral MCA, mounted onto glass cannulas in
an arteriograph chamber and secured with silk suture,
as previously described.19 PAs were pressurized to
40mmHg and equilibrated for 1 h to allow spontaneous
development of myogenic tone. After the equilibration
period, myogenic reactivity was assessed with stepwise
increases in intravascular pressure up to 80mm Hg, and
lumen diameter recorded once stable. Intraluminal pres-
sure was returned to 40mm Hg for the remaining
experiment. A pharmacological approach was used to
investigate the effect of fasudil on PA smooth muscle
reactivity after ischemia and reperfusion. Constriction
to thromboxane mimetic U46619 was evaluated by
cumulatively adding U46619 (10�9–10�6M) to the
bath. After washout with PSS, reactivity to L-type
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calcium channel blocker diltiazem (10�9–10�6M) was
tested. At the conclusion of the experiment, passive
structural inner diameter of PAs was determined in cal-
cium-free PSS from 5 to 100mm Hg for calculation of
myogenic tone and percent reactivity of vasoactive
agents.

Drugs and solutions

Fasudil (Sigma, St. Louis, MO, USA) was dissolved in
sterile-lactated Ringer solution prior to animal treat-
ment. All isolated vessel experiments were performed
using a bicarbonate-based Ringer’s PSS, the ionic com-
position of which was (mmol/L): NaCl 119.0, NaHCO3

24.0, KCl 4.7, KH2PO4 1.18, MgSO4� 7H2O 1.17,
CaCl2 1.6, EDTA 0.026, and glucose 5.5. Zero calcium
PSS was the same PSS composition without CaCl2 and
addition of EGTA 0.05mmol/L. PSS was made each
week and stored without glucose at 4�C. Glucose was
added to the PSS prior to each experiment. PSS was
aerated with 5% CO2, 10% O2 and balanced N2 to
maintain pH. Diltiazem was purchased from MP
Biomedicals (Santa Ana, CA, USA) and made up
weekly to a 1mmol/L stock. U46619 was purchased
from Sigma and aliquots of 10mmol/L stocks were
stored frozen at �20�C. TTC and formalin were pur-
chased from Sigma.

Data calculations and statistical analysis

The number of animals used in each experiment was
justified by statistical power calculation based on pre-
vious similar studies.25,27 Power calculation was based
on difference between means of the two groups and
standard deviation of brain injury volume and myo-
genic tone of isolated PAs. Probability of type I error
(a) was set at 0.05 and that of type II error (b) was set at
0.2. Therefore, statistical power (1�b) of each experi-
ment was at least 80%. For brain injury volume statis-
tical power calculation, difference between means was
9.94, standard deviation was 7.30 and the test was one-
tailed. For myogenic tone statistical power calculation,
effect size was 12.30, standard deviation was 7.49 and
the test was also one-tailed. Results are presented as
mean (SD). Myogenic tone was calculated as a percent
decrease in diameter from the fully relaxed diameter in
calcium-free PSS by the equation: (1�(’tone/’passive))�
100%; where ’tone is the inner diameter of the vessel
with tone and ’passive is the inner diameter of the vessel
in calcium-free PSS. Percent constriction to U46619
was calculated as a percent change in diameter from
baseline by the equation: [1�(’drug/’baseline)]� 100%,
where ’drug is the diameter of vessel after drug expos-
ure, and ’baseline is the diameter before giving drug.
Percent reactivity to diltiazem was calculated from the

equation [(’dose�’baseline)/(’passive�’baseline)]� 100%,
where ’dose is the diameter at a specific concentration
of drug. Mann–Whitney or t-test was used to determine
statistical differences between groups where appropri-
ate. Repeated measures one-way analysis of variance
(ANOVA) was used for changes of CBF versus base-
line. Effect size was calculated using Cohen’s d.
Differences were considered significant at P< 0.05.

Excluded animals

A total of seven animals were excluded in this study,
two in CBF and brain injury experiments and five in
isolated PA experiments. All but one excluded animal
had a drop of CBF that was <70%. The remaining
excluded animal had a malformed brain.

Results

Effect of fasudil on collateral perfusion

Collateral perfusion remained largely unchanged or
negative throughout 90min of post-treatment period
in vehicle-treated SHR (Figure 1(a)). Fasudil modestly
increased collateral perfusion starting at 60min of
ischemia but this was not statistically significant
(p¼ 0.198 at 60min). To further evaluate the change
in collateral perfusion, we determined the number, dur-
ation, and magnitude of discrete collateral perfusion
increases from the laser Doppler tracings. Within the
90min of post-treatment period, fasudil did not
increase the number (Figure 1(b)), duration
(Figure 1(c)) and magnitude (Figure 1(d)) of increased
collateral perfusion events.

Effect of fasudil on reperfusion CBF

Figure 2 shows the change in CBF at core MCA region
over the entire ischemia and reperfusion duration. The
drop in CBF during filament occlusion was sustained
and consistent throughout ischemia in both groups of
animals, suggesting severity of stroke was similar
(Figure 2). After removal of the filament, CBF was
lower than baseline in both groups, demonstrating
incomplete reperfusion. The decrease in CBF during
reperfusion was not significantly different at any time
points in the fasudil group when compared to the
controls.

Effect of fasudil on brain injury and edema formation

Figure 3(a) shows representative images of TTC-
stained brain coronal sections where red color repre-
sents healthy tissue, while white represents injured
brain tissue. Fasudil treatment did not significantly
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affect acute brain injury volume (Figure 3(b)) and
edema formation (Figure 3(c)).

Effect of fasudil on reactivity of isolated PAs

Constricted PAs after ischemia and reperfusion, caused
by smooth muscle calcium sensitization, may be a
mechanism for incomplete reperfusion.19 Therefore,
we sought to determine if fasudil treatment 10min
before reperfusion could prevent vasoconstriction of
PAs. Figure 4 shows the reactivity of PAs to pressure
and vasoactive agents after 2 h of ischemia and 30min
of reperfusion. Active diameter of PAs was not signifi-
cantly different at all pressures studied in the fasudil
group versus controls (Figure 4(a)). The percent tone
was also similar between the groups (Figure 4(b)). In
addition, we tested reactivity of PAs to U46619 and
diltiazem. Constriction to U46619 (Figure 4(c)) and
dilation to diltiazem (Figure 4(d)) were similar in PAs
from vehicle and fasudil-treated animals.

Figure 1. Effect of fasudil on changes in collateral perfusion during ischemia. (a) Graph showing changes in collateral perfusion

calculated as percent change from prior to treatment (30 min after filament occlusion). Changes in collateral perfusion was minimal

and mostly negative in vehicle-treated SHR. Fasudil did not significantly increased collateral perfusion. Graphs showing (b) number, (c)

duration, and (d) magnitude of increased collateral perfusion events in vehicle or fasudil-treated SHR. Fasudil treatment did not

increase these discrete events.

Figure 2. Effect of fasudil on changes in ischemic and reperfu-

sion CBF in core MCA territory. Decrease in CBF in response to

filament insertion was similar between groups and sustained

throughout ischemia. During reperfusion, CBF was lower than

baseline in both groups and fasudil had no significant effect.

*p< 0.05 vs. baseline using repeated measures ANOVA.
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Figure 4. Effect of fasudil on reactivity of PAs to pressure and vasoactive agents. (a) Graph showing active inner diameters of PAs in

response to pressure. Fasudil treatment did not affect inner diameter of PAs at any pressure studied. (b) Graph showing percent tone

of PAs at different pressures. Fasudil had no significant effect on percent tone of PAs. Graphs showing (c) percent constriction to

U-46619 and (d) percent reactivity to diltiazem. Fasudil had no effect on reactivity to U46619 or diltiazem.

Figure 3. Effect of fasudil on acute brain injury volume and edema formation. (a) Representative images of rat brain coronal sections

showing acute brain injury (white) after TTC staining in each group. Graphs showing (b) brain injury volume and (c) edema formation

in vehicle or fasudil-treated SHR. Fasudil treatment had no significant effect on brain injury and edema.
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Discussion

Rho kinase is activated and leads to vasoconstriction in
cerebral vasculature during chronic hypertension.21

Previous studies have shown hypertension worsens
stroke outcome that may be related to the constricted
state of the cerebral vasculature. For example, vasocon-
striction of LMAs could significantly limit collateral
perfusion from the ACA during ischemia, leading to
small penumbra and large infarct seen in hypertensive
animals.13 In addition, constriction of PAs could mark-
edly limit reperfusion to the brain parenchyma that
could also worsen stroke outcome. Therefore, we
sought to determine if Rho kinase inhibitor fasudil
would prevent constriction of these specific vascular
segments in the brain, leading to improved collateral
and reperfusion CBF. We found that fasudil, at a low
dose that had minimal effects on blood pressure, had no
significant effect on collateral flow, reperfusion, acute
brain injury, or edema. In agreement with the in vivo
study, isolated vessel experiments revealed that the
same dose of fasudil did not significantly prevent vaso-
constriction of PAs.

In addition to chronic hypertension, Rho kinase is
also activated in neurons after ischemic brain injury.28

The neuroprotective effect of Rho kinase inhibition by
fasudil has been demonstrated and likely involves mul-
tiple mechanisms. For example, fasudil exerts its neu-
roprotective effect by directly inhibiting neuronal cell
death pathways.28,29 Alternatively, the neuroprotective
effect of fasudil may be secondary to its vascular pro-
tective effect, through endothelial nitric oxide-depen-
dent vasodilation and increase in CBF.30,31 These
previous studies were performed in either cell culture
or normotensive animals. Despite previous studies
showing promising vascular protecting effects, fasudil
did not show any effect in hypertensive rats. It is pos-
sible that in an effort to limit the blood pressure low-
ering effect, this dose of fasudil was insufficient to
inhibit Rho kinase that is highly activated in hyperten-
sion. This low dose of fasudil was also unlikely to have
direct neuroprotective effect because previous studies
that showed the efficacy of fasudil used was 1 to
10mg/kg.30,32,33 That this low dose of fasudil was insuf-
ficient to inhibit Rho kinase in SHR is further sup-
ported by the finding that blood pressure was not
decreased compared to vehicle-treated animals. While
the blood pressure lowering effect of chloral hydrate
was substantial (Table 1), it was not further lowered
by fasudil, suggesting Rho kinase inhibition was too
low to impact blood pressure.

PAs, isolated from normotensive rats, had increased
myogenic tone in response to early post-ischemic reper-
fusion that was associated with smooth muscle calcium
sensitization.19 In this study, we sought to determine if
fasudil treatment would reduce myogenic tone of PAs

after MCAO. We chose fasudil because it inhibits cal-
cium sensitization of vascular smooth muscle that was
shown to be a mechanism of PA constriction.19 In
agreement with the in vivo CBF measurement of reper-
fusion, fasudil treatment did not significantly reduce
myogenic tone of PAs after ischemia and reperfusion.
In addition, PA smooth muscle reactivity to pressure
and receptor-mediated vasoconstriction were not
affected by fasudil, as suggested by similar response
to increasing pressure and U46619, respectively. In
addition, sensitivity to L-type calcium channel inhib-
ition was also not affected by fasudil as evaluated by
reactivity to diltiazem. Together, the fasudil treatment
used in the current study did not appear to prevent
vasoconstriction and affect smooth muscle function of
PAs after ischemia and reperfusion during chronic
hypertension.

Fasudil has a powerful effect on systemic blood pres-
sure, particularly in hypertensive animals.34,35 Reduced
systemic blood pressure is associated with poor out-
come of acute ischemic stroke, probably because of fur-
ther decrease in cerebral perfusion pressure and
increased risk of infarction.3,36 Because the brain
during stroke has impaired cerebral autoregulation,
any reduction in systemic blood pressure would be
accompanied by a similar reduction in cerebral blood
flow to the ischemic brain and increase both the ische-
mic penumbra and size of brain infarction with acute
stroke. Therefore, we determined a dose of fasudil that
did not significantly impact systemic blood pressure.
The reported effect of fasudil in age-matched male
SHR is variable, with decreased systemic blood pres-
sure of �35% at 8mg/kg versus only �10% at a higher
10mg/kg.34,37 The effect of fasudil on CBF was not
reported in these studies; therefore, we determined the
dose of fasudil in a pilot study. Our preliminary study
showed that 3mg/kg, a dose that has been shown pre-
viously to have neuroprotective effects in normotensive
rats,32 decreased blood pressure by more than 40% in
anesthetized SHR. Blood pressure was decreased by
�15% at a 10-fold lower dose of 0.3mg/kg. Thus, we
selected a dose of 0.1mg/kg in this study for two rea-
sons. First, this dose decreased systemic blood pressure
minimally, by only �4%. Second, a previous study
showed that 0.1mg/kg significantly increased cortical
CBF by �20% and was not further increased by a
higher dose of 0.3mg/kg.38 These results suggested
that CBF could be increased by an appropriate dose
of fasudil without marked impact on systemic blood
pressure. However, we found that fasudil did not sig-
nificantly increase perfusion during ischemia and reper-
fusion, possibly because this dose was not sufficient to
inhibit Rho kinase that is highly activated in cerebral
vasculature of hypertensive animals.21 It is worth
noting that higher doses of fasudil may indeed provide
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neuroprotection in SHR if the blood pressure lowering
effect could be prevented.

We have considered several commercially available
Rho kinase inhibitors. We chose fasudil for several rea-
sons. First, it is a widely used, potent (IC50 1 mM) and
selective (IC50 100-fold higher for protein kinase C)
Rho kinase inhibitor.39 Second, it is clinically relevant
that fasudil has been approved for treatment for cere-
bral vasospasm after subarachnoid hemorrhage in sev-
eral countries and showed efficacy in clinical trial for
pulmonary arterial hypertension.40,41 Third, fasudil is
as potent as another widely studied and structurally
unrelated Rho kinase inhibitor Y27632 on dilating
cerebral vasculature.21 Lastly, fasudil has been shown
to have neuroprotective effects in animal models of
acute ischemic stroke.32,33 Therefore, it appeared that
fasudil was an appropriate choice of Rho kinase inhibi-
tor for this study. However, we did not find that fasudil
was efficacious in treating ischemic stroke in SHR.

In conclusion, low dose fasudil treatment in vivo had
no beneficial effect on changes in collateral perfusion,
reperfusion CBF, or brain injury after acute ischemic
stroke in hypertensive rats. This may be partly due to
insufficient fasudil dosing that had no vasodilatory
effect in the cerebral vasculature. Higher doses of fas-
udil may be effective at limiting brain injury if the blood
pressure lowering effect could be prevented.
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