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Spontaneous fluctuation of cerebral blood flow

Laser-Doppler Local Field

Physiological coupling of Neural and Vascular activities

[ Neural activity } [Vascular response]

Transfer function
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1 Inverse problem I
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mwﬁ;w "’;i — We can see brain functions noninvasively by measuring
Qé 4 %\} vascular responses (not electrical activity!)
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Understanding of Neuro-Vascular interactions

1. Spatiotemporal accuracy (F:fZ2RIR R 1)

How accurate blood vessels respond to neural activity?
2. Quantitative relationship (&%)

Larger vascular response means stronger neural activity?
3. Physiologic mechanism (4B K1)

How can we interpret the vascular signals in terms of

neural functions?

Spatial specificity of metabolic and hemodynamic signals

Auto fluorescence image Laser speckle imaging
(Metabolic origin) (Hemodynamic origin)
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(Webner et al., 2004)

Species differences in hemodynamic response function

Rat somatosensory “ = Human visual cortex m
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Lags behind Demand due to Diffusion Time for Oxygen

CBF: laser-Doppler

i} Oxygen microsensor (tip diameter: ~10
i Tissue Po,

um), time-constant (~0.2 sec)

% Stim.
Forepaw ACBF  Supply of oxygen
Stimulation
2169 /aro 5
/ \- 1.2 s (Diffusion time) t

~0.4 s (Latency of CBF onset)

(Masamoto et al., JAP 2007)

“Suppressed vascular response experiment

Before Drug injection Recovery
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CBF: laser-Doppler FP: field potential
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(Masamoto et al., 2007)

Decrease in oxygen tension due to CMRO2 increase
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Tissue and blood Po2 decrease due to an
increase in oxygen consumption (CMRO2)

(Masamoto et al., Neurolmage 2007)

Dynamic CMRO, with Oxygen Exchange Model

v.22l0 - acBFtic, ~o.0)- Ps(C,m-00) Capillary
t Supply Exchange BF 3 oG, b)) |
dc,(t - ‘
v, (0 _ PS(C,(t)-C,(t))- CMROx(t) : psll
at Exchange Demand i  cmMRO, |
C(t)=C,(t)+ 4[2'3] § P(asma (C,) and hemoglobin- G I’lﬁf‘{% Po, |
1+ R D) binding oxygen Tissue
Constant: Measured:
V.= 1mL/100 g (capillary) CBF (t): LDF (t) x CBF
V=97 mL/100 g (tissue) C,(t): tissue Po,
a=0.00139 mmol/L/mmHg C,, [Hb]: systemic arterial blood
P5,= 38 mmHg, hill = 2.73 Variable:
PS = 7000 mL/min/100g : -
CBF =150 mL/min/100 g* LIRS (Ui E) .
(*ASL- MRI technique) C. (t): capillary oxygen concentration

(Modified from Valabrégue et al., JCBFM 2003)

2.5 Times Higher Supply Relative to Demand
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(Masamoto et al., 2007)

Po2 increase is not explainable by the change in CBF alone
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Dynamic changes in arterial oxygenation level
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Increase in CBF alone may not be sufficient

Recruitment of upstream arterial blood
3A (93%)

2A (94%)

1A (94%)
4A (89%)

3 Wl ichediishvili, 1982)
Branching 1A 2A 3A 4A 5A

Blood Po, 81mmHg |[79mmHg 76 mmHg| 68 mmHg 62 mmHg
(Sp0,) (94%) (94%) (93%) (89%) (84%)
A |

(Po, and SpO, data from Vovenko, 1999)

PO2 Changes in vascular and tissue compartment
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(Vazquez et al., JCBFM 2010)
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Spatial : > 1-2 mm
Temporal: 2-5 sec delay
Quantitative : overall linear il
What cause: increase of oxygen ?
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Comparison of functional brain imaging tools
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Two-Photon Laser Scanning Fluorescence Microscopy
1. Deep penetration
2. Less photobleaching and photodamages

Near infrared laser (700-
1000 nm wavelength)

Detection with PMT

Emission
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(Raster scanning) 16,000 lines/sec
Agar (2.0%) with 1 30 fps (512 x 512)
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Dynamic CBF measurements in awake mice
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Two-photon microscope

LDF
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(Takuwa et al., submitted)

Two-photon imaging through a closed cranial window

C57BL/6J mice (20-30 g) Y. Tomita et al., JCBFM (2005) 858-867

Isoflurane (1%) or awake iy e ¢ et
. N ST T e i o

Closed cranial window: open skull mpremmmmy Iy oy o oF Sesu ey

(3 mm in diameter), dura intact

Fluorescent dye: Sulforhodamine

101 (5-10 mM in saline, 8 ml/kg)
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Experimental arrangement

Imaging of vascular networks in live mice cerebral cortex
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New vessel formed between capillaries

MIP: 20-260 pm
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3D volume imaging of GFP-expressed rat cortex

Transgenic Wistar rats (250-480 g, N = 8) | GFP- expressed RBC
Isoflurane anesthesia (1.4%)
Skull removed, dura intact
1V injection of Qdot 605 (1 mL/kg)

' Excitation \

Titanium-sapphire

for Qdot
Fluorescence
(900 nm, 100 fs, 80 MHz) /T—.\lt. (plasma)

573-648 nm
VIl for GFP
500-550 nm

Electrical stimulation
(1.5-1.7 mA, 6 Hz)

RBC vs. plasma flow in parenchyma capillaries

(512 x 512, 14.3 fps)
T

Line intensity profile

Location (pm)

e May allow for evaluation of
dynamic hematocrit changes

RBC vs. Plasma

capillary netwo

Activation

Depth at 200-250 pm

Optical imaging of neural, metabolic, and vascular activities

2. Energy metabolism

/—\ - Phosphorescence oxygen

1. Neural activity imaging
Voltage sensitive dye i Fluorescent glucose

imaging L gk d

lon-sensitive fluorescent

dyes
G

3. Hemodynamics
GFP-expressed red blood
cells

laser speckle imaging

Current hypothesis on neurovascular coupling

Neural circuit Vascular network
Neuron to Vessel

To maintain neural plasticity?

“ Vessel to Neuron benefit:

To deliver plasticity-promoting factors?

1 Feedback action |
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