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Development of a modified microsphere method for studying hemodynamic alterations

in a stroke model animal, and its application in experimental cerebral ischemia.

I. Measurement of cardiac output, its fractional distribution, regional blood flow
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It : total amount of radioactivity entering arterial system (cpm)
In : amount of radioactivity entering each organ or tissue (cpm)
Ir :-omount of radioactivity in arterial reference sample (cpm)
Qt : cardiac output (ml/min)
Qn : flow to each organ or tissue (ml/min)
Qr : flow of arterial reference sample (ml/min)
FD : fractional distribution of cardiac output (%)
Rn : vascular resistance index in each organ (mm Hg/ml/min)
MP : mean arterial blood pressure (mm Hg)
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Regional blood flow in major organs of the Mongolian gerbil

Organs Weight Regional Blood Flow
(g) ( m/min ) ( ml/min/g tissue )
Heart 0.254 + 0.009 1.24 = 0.07 4.85 + 0.17
Lungs ( bronchial art. 0.343 + 0.047 0.38 £ 0.08 1.16 + 0.29
and A-V shunt )
Kidneys 0.573 £ 0.025 2.08 + 0.20 3.64 + 0.33
Brain 0.981 + 0.034 0.87 = 0.05 0.89 = 0.05
Liver ( hepatic art. ) 2.100 + 0.043 0.54 + 0.08 0.26 £ 0.04
Spleen 0.048 + 0.004 0.06 + 0.02 1.03 + 0.38
Pancreas 0.203 £ 0.027 0.39 + 0.05 1.96 =+ 0.20
G-I Tract 2.756 = 0.140 3.28 + 0.52 1.21 = 0.21
Stomach 0.488 + 0.015 0.29 = 0.04 0.59 = 0.09
Small Intestine 1.284 + 0.109 2.35 + 0.45 1.94 + 0.46
Large Intestine 0.984 + 0.039 0.64 £ 0.08 0.66 = 0.08
Total Splanchnic Organs 2.997 + 0.144 3.71 £ 0.55 1.26 £ 0.20
Hepatosplanchnic Organs 5.096 + 0.163 4.25 + 0.52 0.84 + 0.11
Adrenal Glands 0.043 = 0.002 0.23 + 0.04 5.31 £ 0.86
Testes 0.924 + 0.045 0.19 + 0.03 0.21 = 0.02
Carcass 52.9 £ 2.0 16.71 £ 1.11 0.32 + 0.02
Bone ( femoral ) 0.253 + 0.015 0.04 £ 0.01 0.16 £ 0.03
Muscle ( pectral ) 0.219 + 0,014 0.05 + 0.02 0.22 = 0.09

Each value represents the mean + SEM for the six gerbils. Total splanchnic
organs include the stomach, intestine, pancreas, and spleen. Hepatosplanchnic
organs include total splanchnic organs and Tiver. A-V shunt = arteriovenous shunt;
G-1 Tract = gastrointestinal tract.
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Fractional distribution of cardiac output in the Mongolian gerbil

Organs Fractional Distribution of Cardiac Output

( % cardiac output ) ( % cardiac output/g )

Heart 4.9 + 0.5 19.20 + 1.66
Lungs ( bronchial art, 1.4 + 0.2 4.35 + 1.06
and A-V shunt )

Kidneys 8.1 + 0.7 14.14 £ 1.11
Brain 3.4 £ 0.3 3.51 £ 0.33
Liver ( hepatic art. ) 2.2 + 0.4 1.02 £ 0.19
Spleen 0.2 £ 0.1 3.75 + 1.34
Pancreas 1.5 £ 0.2 7.62 £ 0.79
G-I Tract 12.7 + 1.8 4.65 + 0.72
Stomach 1.1 £ 0.2 2.28 + 0.29
Small Intestine 9.1 £ 1.6 7.41 £ 1.60
Large Intestine 2.5+ 0.3 2.54 + 0.25

. Total Splanchnic Organs 14.4 + 1.9 4.85 + 0.68
Hepatosplanchnic Organs 16.5 £ 1.8 3.25 + 0.35
Adrenal Glands 1.0 £ 0.2 21.66 + 4.77
Testes 0.8 = 0.1 0.80 + 0.06
Carcass 64.5 = 2.2 1.24 + 0.06
Bone ( femoral ) —_ 0.64 + 0.12
Muscle ( pectral ) —_— 0.86 + 0,31

Each value represents the mean + SEM for the six gerbils. Total splanchnic
organs include the stomach, intestine, pancreas, and spleen. Hepatosplanchnic
organs include total splanchnic organs and liver. A-V shunt = arteriovenous shunt;
G-1 Tract = gastrointestinal tract.
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Vascular resistance in major organs of the Mongolian gerbil

323D

Organs Vascular Resistance Index
( mmHg/ml/min ) ( mmHg/m1/min/g tissue )
Heart 4.1 = 4.4 16.2 £ 1.0
Lungs ( bronchial art. 310.4 = 102.3 101.6 + 34.2
and A-V shunt )
Kidneys 39.3 £+ 4.0 22.2 £ 2.0
Brain 90.8 + 4.4 89.1 + 5.5
Liver ( hepatic art. ) 161.2 = 23.2 336.2 + 45.6
Spleen 3232.3 + 1163.2 408.2 + 275.1
Pancreas 221.2 £ 29.3 41.9 = 4.2
G-I Tract 27.1 + 4.4 75.1 £ 12.5
Stomach 299.4 + 41.8 143.9 £ 17 .1
Small Intestine 39.8 £ 6.9 52.0 £ 10.5
Large Intestine 131.9 + 18.8 129.0 £ 17.3
Total Splanchnic Organs 23.4 £ 3.4 70.6 £ 11.2
Hepatosplanchnic Organs 19.8 + 2.6 1071.0 £ 13.2
Adrenal Glands 396.5 + 73.3 16.8 = 2.7
Testes 456.5 + 78.0 408.3 + 55.7
Carcass 4.8 = 0.4 255.6 % 30.0
Bone ( femoral ) _— 600.9 + 128.5
Muscle ( pectral ) —_— 660.3 * 193.9

Fach value represents the mean * SEM for the six gerbils. Total splanchnic

organs include total splanchnic organs and liver. A-V shunt
; G=I Tract = gastrointestinal tract,

organs include the stomach, intestine, pancreas, and spleen. Hepatosplanchnic

arteriovenous shunt
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Effect of cardiac puncture or microsphere injection on heart rate and MABP

Procedure Number Heart Rate MABP
( beats/min ) ( mm Hg )
Before 12 369.0 + 10.6 84.6 + 3.8
Cardiac Puncture*
After 12 365.0 + 9.2 83.5 + 3.8
Before 12 363.5 + 11.2 84.9 + 3.6
Microsphere Injection’ During 12 370.5 + 11.7 —
After 12 370.5 £ 11.6 83.6 + 3.4

Each value represents the mean + SEM. MABP = mean arterial blood pressure;
*Heart rate and MABP were measured about one minute before or after the procedure.
tHeart rate and MABP were measured about two minutes before or after the procedure,
and heart rate was also measured during the procedure.
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Extraction efficiency of 15-um microspheres injected into the right

ventricle by the pulmonary capillary beds of anesthetized gerbils

Organs Animal Number Percent of Injected Dose

(%)

98.0
98.4
98.8
98.4

Lungs

E O S N

98.4 + 0.3*

0.0
0.0
0.0
0.1

Kidneys

= w o

0.0 + 0.0*

*Mean * SD.
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Schematic representation of the method for measuring regional blood

flows 1in gerbils.

Effects of microsphere injection on electrocardiogram ( ECG ) and

mean arterial blood pressure ( MABP ). Except two ectopic beats de-
noted by arrow, no significant change was observed in ECG ( the bi-
polar standard lead I ) and MABP during and after microsphere injec-

tion into the left ventricle.

Comparison of blood flow values obtained by the simultaneous injec-
. . ‘ . 85 141 .

tion of microspheres labeled with Sr or Ce into the left ven-

tricle of a gerbil. The equation of the regression line is Y = 1.01 X

+ 0.04. The correlation coefficient is 0.999 and is highly significant

p < 0.001. Tissues included are kidneys, heart, pancreas, spleen,
liver, stomach, small intestine, large intestine, total splanchnic

organs, hepatosplanchnic organs, adrenal glands, Tungs, testes, cere-

bral cortex, midbrain-diencephalon and cerebellum.

Comparison of blood flow per gram tissue weight to the left and right

kidneys determined simultaneously with the microsphere reference
sample method. The equation of the regression line is Y = 0.99 X -

0.03 and the correlation coefficient is 0.994 ( p < 0.001 ).



27

Microsphere
Suspension

‘

:-' eft S TSmO T
: ¢+ PE-10

:, Ventricle <

Heparinized Saline
for Flushing

ECG

B

Blood Pressure

Tail Artery

Withdrawal Pump

26 -Gl N -

|

(E 1)



MICROSPHERE INJECTION

(H 2 )

7§



- o1

- N

141Ce-mlcrosphere
Organ Blood Flow (mi/min/g)
o

1 [l 1 L 1 [l

0 1 2 3 4 5 6
Organ Blood Flow (mi/min/g)

85Sr-microsphere

CE I )



152 B = » B N |

N W

Left Kidney Flow (mi/min/g)
S

b

| 1 1 ] 1 L

0 1 2 3 4 5 6 7
Right Kidney Flow (ml/min/g)

(&4 )

Zc



AIE & 7w g 1) 1w # v 3 IRE @ 0% # T A
DS e o o @< B 7 3 A AR AR

L. Ripaglif 0o 843 2 FHEMIE 2
®

Cevelopment of a modified microsphere method for studying hemodynamic alterations

in a stroke model animal, and its application in experimental cerebral ischemia.

IT, Effect of cerebral ischemia on systemic hemodynamics in the Mongolian gerbil

( Meriones unguiculatus ).
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Body weight and hematocrit of the gerbils in the

four groups

(27

Group Number Body Weight Hematocrit
(g ) (%)
S.D. (-) 6 66.3 + 2.1 41.3 + 0.7
Sham Control
S.D. (+) 6 69.5 + 3.0 41.0 = 0.8
S.D. (-) 6 70.3 + 2.0 43.2 + 0.7
Ischemia*
S.D. (+) 6 72.8 £ 3.6 40.8 + 1.3

Each value represents the mean + SEM. *Regional blood flow was measured
10 min after bilateral common carotid Tigation. S.D. (-); Carotid sinus de-
nervation was not performed. S.D. (+);

Carotid sinus denervation was performed.
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Effect of cerebral ischemia ( 10 min after bilateral carotid ligation ) on regional blood

flow in the Mongolian gerbils with or without carotid sinus denervation

Organs Sham Control Ischemia
S.D. (-) S.D. (+) $.D. (-) S.D. (+)
Heart 4.85 + 0.17 10.59 = 2.58 3.94 £ 0.34% 6.78 £ 1.32
Lungs ( bronchial art. 1.16 £ 0.29 0.66 + 0.09 1.50 £ 0.62 0.41 + 0.13
and A-V shunt )
Kidneys 3.64 £ 0.33 5.33 + 1.01 3.02 £ 0.37 4.45 £ 0.70
Brain 0.89 = 0.05 0.88 = 0.17 0.21 £ 0.06%** (.24 + 0.05+
Liver ( hepatic art. ) 0.26 + 0.04 0.13 + 0.02% 0.24 =+ 0.07 0.21 + 0.08
Spleen 1.03 + 0.38 0.99 + 0.21 1.15 £ 0.49 1.71 = 0.36
Pancreas 1.96 + 0.20 1.39 + 0.13% 2.47 + 0.36 1.36 £ 0.24
G-I Tract 1.21 + 0.21 2.04 £ 0.21% 1.40 + 0.27 1.69 £ 0.28
Stomach 0.59 + 0.09 0.82 + 0.14 0.77 £ 0.26 1.04 £ 0.4]
Small Intestine 1.94 £ 0.46 4.07 £ 0.45%* 2.86 £ 0.56 3.18 = 0.65
Large Intestine 0.66 = 0.08 0.76 £ 0.11 0.52 £ 0.14 0.46 + 0.051L
Total Splanchnic Organs 1.26 £ 0.20 1.92 £+ 0.17* 1.56 £ 0.25 1.60 £ 0.29
Hepatosplanchnic Organs 0.84 = 0.11 1.06 £ 0.09 0.90 + 0.12 0.93 + 0.16
Adrenal Glands 5.31 £ 0.86 6.65 + 0.77 4.74 £ 0.55 5.38 £ 1.33
Testes 0.21 + 0.02 0.15 * 0.02 0.20 £ 0.05 0.14 = 0.02
Carcass 0.32 + 0.02 0.30 £ 0.04 0.13 £ 0.03** 0.15 + 0.03"
Bone ( femoral ) 0.16 + 0.03 0.17 £ 0.02 0.17 £ 0.04 0.12 £ 0.02
Muscle ( pectral ) 0.22 + 0.09 0.18 £ 0.08 0.04 = 0.01 0.07 + 0.02

The figures represent ml/min/g tissue, mean + SEM ( n = 6 ). Total splanchnic organs include
the stomach, intestine, pancreas, and spleen. Hepatosplanchnic organs include total splanchnic
organs and liver. A-V shunt = arteriovenous shunt; G-I Tract = gastrointestinal tract; S.D. =
carotid sinus denervation; *p < 0.05; **p < 0.0%1; ***p <(.001: Significantly different from
the mean of sham control without carotid sinus denervation. tp <0.05: Significantly different
from the mean of sham control with carotid sinus denervation.
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Effect of cerebral ischemia ( 10 min after bilateral carotid ligation ) on fractional flow

&

in_the Mongolian gerbils with or without carotid sinus denervation

Organs B Sham Control Ischemia
S.D. (-) S.D. (+) S.D. (-) S.D. (+)
Heart 19.20 =+ 1.66 34.20 £ 6.91 25.29 £ 3.60 38.05 + 7.78
Lungs ( bronchial art. 4.35* 1.06 2.30 £ 0.30 11.63 + 6.12 2.23 £ 0.77
and A-V shunt )
Kidneys 14.74 = 1.11 17.43 + 1.87 19.33 + 2.80 24.64 + 3.85
Brain 3.51 + 0.33 3.20 + 0.67 1.22 £ 0.34%** 1,24 + O.24Jr
Liver ( hepatic art. ) 1.02 £ 0.19 0.44 + 0.04% 1.49 + 0.52 1.10 £ 0.37
Spleen 3.75 + 1.34 3.29 = 0.63 6.06 £ 2.14 9.22 + ].55+
Pancreas 7.62 = 0.79 4.86 + 0.40% 15.33 = 2.20% 7.36 £ 0.98
G-I Tract 4.65 *+ 0.72 7.13+ 0.76% 8.29 + 1.15% 9.46 + 1.70
Stomach 2.28 + 0.29 2.74 + 0.34 4.21 = 1.25 5.34 £ 1.68
Small Intestine 7.41 £ 1.60 14.69 + 2.52% 16.85 £ 1.98* 18.45 * 4.35
Large Intestine 2.54 + 0.25 2.65 + 0.32 3.07 £ 0.9 2.52 + 0.22
Total Splanchnic Organs 4.85 + 0.68 6.74 £ 0.66 9.56 £ 1.38* 8.95 * 1.69
Hepatosplanchnic Organs 3.25 £ 0.35 3.73 + 0.37 5.54 £ 0.67* 5.08 £ 0.83
Adrenal Glands 21.66 = 4.77 23.49 £ 3.13 29.96 * 4.36 29.92 = 8.07
Testes 0.80 + 0.06 0.63 + 0.09 1.15 £ 0.30 0.73 £ 0.1
Carcass 1.24 + 0.06 1.02 + 0.04% 0.71 £ 0.09*** (.80 * O.O8+
Bone ( femoral ) 0.64 + 0.12 0.60 £ 0.06 0.94 = 0.2] 0.62 £ 0.05
Muscle ( pectral ) 0.86 + 0.31 0.59 + 0.24 0.21 £ 0.06 0.34 £ 0.09

The figures represent % cardiac output/g tissue, mean + SEM ( n = 6 ). Total splanchnic
organs include the stomach, intestine, pancreas, and spleen. Hepatosplanchnic organs include
total splanchnic organs and liver. A-V shunt = arteriovenous shunt; G-I Tract = gastrointesti-
nal tract; S.D. = carotid sinus denervation; *p < 0.05; **p < 0.005; ***p < 0.001: Signifi-
cantly different from the mean of sham control without carotid sinus denervation. +p < 0.05:
Significantly different from the mean of sham control with carotid sinus denervation.
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Effect of cerebral ischemia ( 10 min after bilateral carotid ligation ) on vascular resistance

in the Mongolian gerbils with or without carotid sinus denervation

Organs Sham Control Ischemia
S.D. (-) S.D. (+) $.D. (-) S.D. (+)
Heart 16.2 + 1.0 10.5 + 2.4 28.7 + 3.8% 18.3 + 4.1
Lungs ( bronchial art.  101.6 + 34.2  143.0 = 34.4 307.2 + 156.7 451.4 + 142.8"
and A-V shunt )
Kidneys 22.2 + 2.0 17.6 + 2.9 37.6 + 4.6% 24.7 + 3.7
Brain 89.1 + 5.5 114.1 = 27.1 1157.8 + 411.3* 592.7 + 161.3"
Liver ( hepatic art. ) 336.2 + 45.6  669.4 + 80.8%** 1513.3 = 1033.0 964.8 + 313.6
Spleen 408.2 + 275.1 103.9 + 23.8 605.0 + 421.5  74.2 * 20.0
Pancreas 41.9 = 4.2 58.6 + 3.1* 46.4 + 4.4 81.7 + 10.5
G-1 Tract 75.1 + 12.5 41.7 + 5.4 91.9 + 18.4 68.1 + 11.7
Stomach 143.9 + 17.1  114.5 + 22.6 372.3 + 222.7 180.7 + 51.8
Small Intestine 52.0 + 10.5 21.4 + 3.1% 43.8 + 7.4 39.3 + 8.2
Large Intestine 129.0 + 17.3  114.6 + 15.8 366.3 + 155.8  224.4 + 16.4°
Total Splanchnic Organs 70.6 £ 11.2 43.3 + 4.7 76.6 + 10.7 73.2 + 12.4
Hepatosplanchnic Organs 101.0 + 13.2 78.4 + 8.3 127.8 £ 16.6 122.5 + 18.7
Adrenal Glands 16.8 + 2.7 13.1 + 2.7 25.4 + 4.7 23.1 + 3.9"
Testes 408.3 + 55.7  571.9 + 47.7* 994.7 + 474.2  901.5 + 204.2
Carcass 255.6 + 30.0  281.8 + 29.2 1134.5 + 285.3%* 746.5 + 110.4 @
Bone ( femoral ) 600.9 + 128.5 492.1 + 51.0 1048.7 + 357.4  958.7 + 157.9"
Muscle ( pectral ) 660.3 + 193.9 1048.9 + 325.9  5138.1 + 1838.9 6515.8 + 4659.6

The figures represent mmHg/ml/min/g tissue, mean + SEM (n=26). Total splanchnic organs
include the stomach, intestine, pancreas, and spleen. Hepatosplanchnic organs include total
splanchnic organs and liver. A-V shunt = arteriovenous shunt; G-I Tract = gastrointestinal
tract; S.D. = carotid sinus denervation; *p <0.05; **p < 0.005: Significantly different from
the mean of sham control without carotid sinus denervation. Tp <0.05; Ttp <0.01; *THp <
0.001: Significantly different from the mean of sham control with carotid sinus denervation.
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Changes in heart rate and mean arterial blood pressure ( MABP ) after

bilateral carotid ligation in the gerbils with ( A, A ) or without ( e,

o ) carotid sinus denervation. The vertical dotted 1ine indicates the

time of bilateral carotid ligation. Control values before carotid

Tigation were indicated on the left side of this line. The measurement

of heart rate and MABP was performed 10, 20, 40, 60, 90, and 120 sec

after carotid ligation. A1l values are mean + SEM, Open symbols ( o
and A ) show the values significantly different ( p < 0.05 ) from the

control values, according to the paired t-test, *Statistically signif-

icant difference ( p < 0.05 ) from the values obtained in the gerbils

without carotid sinus denervation by the unpaired t-test.
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