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In Vivo Observation of the Brain Microvessels by Needle-probe CCD Intravital
Microscope

Kenji SHIMMYO

In vivo observation of cerebral arterioles and venules is important for the analysis of the
mechanism(s) of cerebral blood flow regulation. It has been possible to observe pial microvessels
by using a cranial window and a intravital microscope. However, accession areas are limited and
the microvessels within cortex are not visualized. A ncedle-probe CCD intravital microscope was
developed with the cooperation of Nihon Koden Co Ltd. Tokyo, Japan and is used to observe
microvessels.

By observing the movement of red blood cells, blood flow is also visualized. We used two
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different types of needle—probe CCD intravital microscope. The one consists of a straight-type
system with a relay lens probe and a triple-plate CCD of 1,140,000 pixels, which is used for
chservation of microvessels on the brain surface. The other consists of a side—type system with a
prism on the tip of the probe and a single plate CCD of 380,000 pixels, which is used for
observations of microvessels within the cortex.

Dogs of both sexes weighing 7-12 kg were anesthetized with intravenous (i.v.) pentobarbital
(25 mg/kg) and paralyzed with i.v. gallamine triethiodide (0. 1 mg/kg). Through a midline incision
of the skin, a piece of one side of the skull was removed. A needle probe of CCD videomicroscope
was placed gently on the surface of the brain. Catheters were inserted into the carotid artery via the
thyroid artery and the femoral vein for injection of drugs and femoral artery for measurement of
blood pressure. Blood flow in the carotid artery was monitored by transit time ultrasound
flowmetry.

I tried to observe the changes in the microvessels during hypercapnia and after injection of
adenosine (0.5 mg), nitroglycerin (0.5 mg), angiotensin I (5 ug) into the carotid artery. The
carotid flow markedly increased during hypercapnia and after injection of adenosine and
nitroglycerin. The microvessels on the brain surface showed diffuse dilation with the vessels of a
smaller diameter (< 75 ym) showing more dilation. In contrast, after injection of Angiotensin 1II ,
the carotid flow was reduced to 1/3, microvessels showed a mixture of segmental constriction and
dilation. This vessel diameter response was also more prominant in the smaller vessels (<75 gm).

I inserted the side type needle probe in depth of 0.5-1.5 mm into the brain cortex for the
observation of the microvessels within the cortex.

I suggest that the brain blood flow may be mainly regulated by the arterioles of up to 75 ym
diameter. (Accepted on September 8, 1998) Kawasaki Igakkaishi 24( 3 ) 7 131 — 140, 1998
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Fig. 1. The needle-probe CCD intravital microscope system
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Fig. 2. The picture of brain surface using the straight-type needle-probe CCD videomicroscope
A ! Before 10% CO; inhalation, B : 15 min afier 10% CO. inhalation. C : Before adenosine injection, D 7 30 sec after
ic. injection of adenosine, E : Before nitroglycerin injection. F [ 30 sec after i.c. injection of nitroglycerin. These
vasodilations of cerebral microvessels occurred in a diffuse fashion. G ! before angiotensin [I injection, H © 40 sec after
injection of angiotensin . Before injection the diameter of the arterioles was uniform. However, after i.c. injection of
angiotensin [ segmental constriction occurred (—). Scale bar =100 gm. a: arteriole, v | venule.



136 n e R E s Gk

A 1210% CO, 154 8 i B O M B ik @ & £
WINE % 5 IO IME E2° 75 pm L B O LB
BIRWILE &, FRA 75 um FKili O A
Wi EICGTHBELERERYT. MER
75 um AFORNIE THE L MEEOEK %
HbH, 5um P EOLDOTIIHEELRELE
mE Lol
i) THNZ X 2 IMEFEORIE

TFE/ Yy, =bhayye) OmEBkNE
Sk ) AEBRILEEB0H®IZERLEN
25154, 453+136%Z#ML7z. ZhizxinL
THREROHMBIRILIES AL L TRE®%, 58
ZMEEEOHKZHD/: (Fig. 2C~F).
7o, ‘EHOMEBZELEEFEORLE L BT
5 EMBEEONSWINEIZEMEOILEAK
2, BEROKZVMETRIERIZHLTITH
h, FOBEFRIIMEEIF 75 um ThHo7- (Fig.

A) 10%COz2 inhalation

%
450

400
350
300
250 3
2001 io -
150 .°& 4
100 F -+

59 209+14 12116
0 1 i 1

0 50 75 100 150 200
pym

ri' mean+SE |

T 1 1 I
* * -
¢v. L J
* 8 a8

e

C) Nitroglycerin i.c.

%
1 60 !__ A " WAESHN . TR S TR IS
- ‘ [+ mean:SE |
140} ;
120- 4'P * . - " .
1000 < 4. :
go 11828 | 109:2
0 5075100150 200 250 300

pm

(F24% 3% 1998)

3B, 3C). #CZ TMEIRWHIC X 2RI
Z XF PR 0 1L B £R A% 75 um R i O LB A
miE L 75 um BLE® BRI 2G5 L
Tl L7 (Fig. 4). CO. A%, 75/ %
H, =busux) 250, MEHED R
HEZALAFRLZLICHMD LT, HERIZHEY
MR DIIRASA & {, HERRRVIBIIRI &
TR L ed o,

T X F T vy 1 OFEERAS S Tl EER
MFEIE33% I AR & BH12H (p <0.05,
n=12), N%NE Ol Bh IR B 25 13 T A & AR AT
RBELTWw/: (Fig. 3D). T bbbl L8
FTIZEESHANC B 0, I L7 S5Bhr & UG L 7=
SOOI EREZ R, BERROELTH -7
(Fig. 2G, 2H). Z b L3R o 3T 1%
A5 pm KGO BNV ETKE L, £
A 75 um PLE O B K IME T mE%E

B) Adenosine i.c.

%

- |= meanSE
140 -, :
0. g
m_ :gn.. |
1001 o of8Fte?
go 1195 10721 _

0 5075100150 200 250 300

um
D) Angiotensin Il i.c.
%
- e
140 . ;

P i
ol X
100 = ¢ . .
80| %*

o ; ; ; ; |

0O 5075100150 200 250 300

pm

Fig. 3. The change of the arteriolar diameter for each vasodilator.
The horizontal axis is the arteriolar diameter of control.
The vertical axis is the arteriolar diameter after each vasodilator. (%5)
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