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Table 1. Body weight, systolic blood pressure (SBP), blood gases and blood biochemical
markers in the M5R” mice and their wild-type littermates

M5+/+ M5/
Body weight @) 39.3+0.7 39.9+0.9
SBP (mmHg) 109.1+3.4 109.5+3.0
PaCO, (mmHg) 34.5%1.2 33.1+1.9
Pa0, (mmHg) 123.242.5 121.0+1.5
pH 7.25+0.02 7.26x0.02
Blood Glucose (mg/dL) 132.5+2.1 134.2+£1.9
Total Protein (g/dL) 5.240.1 4.9+0.2
Albumin (g/dL) 1.88+0.01 1.87+0.01
Blood Urea Nitrogen (mg/dL) 24.2+0.6 23.9£0.5
Creatinine (umol/L) 79.6+1.3 80.7+1.4
Total Cholesterol (mg/dL) 108.0+1.4 107.3+1.3
triglyceride (mg/dL) 53.41£2.6 58.0£3.2
Na (MEg/L) 142.9+0.6 143.040.4
K (mEg/L) 4.86+0.16 4.93+0.12
cl (MEg/L) 118.9+0.8 118.4+0.7
Ca (mEg/L) 4.83+0.07 4.91+0.05
No. of mice 12 12

All values are means + S.E.M..
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Table 2. Resting CBF in M5R™ mice

CBF, mL/100g per min.

Regions M5** M5 % Change
Cerebral cortex
Frontal cortex 136.7+4.0 117.5+6.4 -14*
Somatosensory cortex 142.3+3.1 123.2+4.0 -13*
Parietal cortex 149.1+3.1 129.5+6.0 -13*
Temporal cortex 156.2+5.4 126.7+£6.4 -19*
Occipital cortex 136.3+£3.3 117.3+3.5 -14*
Basal ganglia
Caudate-putamen 128.3+4.0 105.0£3.5 -18*
Globus pallidus 90.7+2.9 86.3+3.1 -5
Amygdala 103.2+4.0 88.5+1.8 -14*
Hippocampus
CAl 90.2+3.0 76.0+£2.7 -16*
CA3 90.7+£3.7 78.7£2.1 -13*
Dentate gyrus 91.0£3.0 78.8£2.7 -13*
Thalamic nuclei
Anterior 154.2+4.3 133.3£5.4 -14*
Reticular 149.7+3.9 127.8+5.2 -15*
Ventrobasal 147.2+7.7 122.7+4.1 -17*
Ventromedial 152.8+4.9 124.7£3.7 -18*
Intralaminar 148.0+3.3 116.5+4.1 -21*
Hypothalamus 99.2+3.9 83.5+3.6 -16*
Midbrain
Substantia nigra 92.7+3.3 86.0+2.6 -7
Superior colliculus 148.7£3.1 143.3+£3.0 -4
Inferior colliculus 209.3+4.7 196.5+3.7 -6

All values are means + s.e.m.; n = 6; *P < 0.05 from M5R*"* (Student’s unpaired t test).
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(a) (b)
Figure 1. Pictures of Stroke-Prone Spontaneously Hypertensive Rats (SHRSP)
(a)normotensive Wistar Kyoto Rats. (h)SHRSP.
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Figure 2. Cerebral Measurement System for Mouse.

Mice were initially anesthetized with a mixtureof ketamine (200 mg/kg body weight, i.p.) and xylazine (10
mg/kg body weight, i.p.) and were breathing freely. The animals were fixed ina stereotaxic frame, with the
bone overlying the dorsal surface positioned at the center of the left parietal bone. The animal in
thestereotaxic frame was placed on the stage of a microscope equipped with a long-working-distance
objective, and the cerebral vesselswere monitored with a CCD camera and their images captured on a
personal computer. The branches of the middle cerebral vessels were defined in the order from Al to A3. A
probe with adiameter of 0.5 mm was attached to the point of divergence of the middle cerebral vessel, and
CBF in the parietal lobe was measuredcontinuously using a laser Doppler flowmeter (ALF 21, Advance Co.,
Ltd, Tokyo) and that data were analyzed using a PowerLab system(ADInstruments, CA, USA). After a
measuring ofCBF and vessel diameter, blood samples (30uL) were obtained from the abdominal aorta to
measure levels of arterial blood gases(PaO2, PaCO2) and pH (Blood Gas Analyzer 248, Bayer Medical,
Medford, MA, USA).
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Figure 3. Cerebral microvessels in mouse.

(a)broad area. (b)expansion of artery and venules.
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Figure 4. A schematic illustration of the closed cranial window methods (a).

The head of rat was fixed in a stereotaxic frame, and the skull was exposed by incision. A craniotomy (5
mm diameter) was performed in the center of the right parietal bone using a hand drill.

Pial arterioles and venules in SHRSP/Izm at the age of 4 weeks (b).

The pial vessels were observed on a video monitor and recorded on videotape by a CCD video camera.
Bar is 100 um.
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Anesthesia

Canulation Fixed Set up

Figure 5. Photograph of ARG measurement.
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Figure 6. A photograph of brain slice after ARG measurement.

ARG measurement calculated as follows.

t=t—-At (1) C.=C,(l-¢") (2 Inl-/C,=C)=-1t  (3)
r=0.693/T 4
C.(T)= AKe ™ ] C' MeNA-K/r)dt+(K/NC,(T) (4

0

K =mF /AW

C(T)=AKe™ j C', (t'—At)e (1K /r)dt+(K/r)C', (T) (5)

0
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Figure 7. Salt water drinking in SHRSP.
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Figure 8. Salt consumption in M5R”" mouse.
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Figure 9. Salt-sensitive hypertension in M5R™ mouse.
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Figure 10. Cerebral circulation in M5R”" mouse.

A; Picture of microvessels. B; Vessel diameter. C; Cerebral blood flow.
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Salt-Sensitive Hypertension and Cerebral Circulation
in Gene-Mutant Mouse and Genetically Stroke Rat

Takanori Noguchi® #, Masahisa Yamada®, Shigeyoshi Itohara®, Katsumi Ikeda?, Yukio Yamori®
YBrain Science Institute (BSI), RIKEN, Wako, Japan, ?School of Human Environmental Sciences,
Mukogawa Women's University, Nishinomiya, Japan, ®WHO Collaborating Center for Research on
Primary Prevention of Cardiovascular Diseases, Kyoto, Japan. “Faculty of Nutrition, Kobe Gakuin

University, Kobe, Japan,

Summary

Recently, the availability of transgenic mice has enabled us to examine the involvement of specific
gene products in various pathological and physiological conditions. Furthermore, we used
gene-targeting technology to generate M5 muscarinic acetylcholine receptor-deficient mice (M5R™
mice). In the present study, we made a measurement system for blood pressure and cerebral
hemodynamics (cerebral blood flow; CBF, vessel diameter; VD) in pial microcirculation in mouse.
Using this system, we measured cerebral hemodynamics in gene mutant mice and genetically
stroke model rat (stroke-prone spontaneously hypertensive rats; SHRSP) under physiological and
pathological condition.

We first measured CBF and the diameter of cerebral arterioles using intravital microscopy through
a cranial window in male M5R”" and wild-type (M5R**
blood pressure (tail-cuff method) (M5R **, 111.6 + 4.6 mmHg; M5R ™, 111.8 + 3.6 mm Hg; means

+ s.e.m.; n = 8 for each group of 3 month-old mice). The branches of the middle cerebral arterioles

) mice. All mice showed normal peripheral

(MCA) were defined in the order from Al to A3. Under resting conditions, male M5R™ mice
showed a small but significant reduction (P < 0.05 in one-way ANOVA) in MCA diameter, as

+/+

compared with M5R™"* mice. Laser-Doppler flowmeter measurements showed that male M5R”-
mice showed significantly lower (P < 0.001 in one-way ANOVA) CBF at the Al branch of the
MCA in the resting state. Male M5R” and M5R*"* mice did not differ in the levels of blood gases
and pH (see Supplementary Methods).

We quantitated regional CBF in male M5R™ and M5R** mice by using **C-labeled iodoantipyrine
autoradiography. M5R™ mice displayed significantly reduced CBF (P < 0.05) in all cortical,
hippocampal, and thalamic regions studied. CBF was not significantly reduced in different regions
of the midbrain.

These data strongly suggest that M5 receptor dysfunction leads to impaired CBF in higher brain

regions.
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