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Prolongation of Circulation Time during Brain Ischemia-induced
Hypertension in the Rabbit. Takahiro KANNO and Tsuyoshi SHimizu
(Fukushima Medical College, Department of Physiology)

Circulation time (CT) is markedly prolonged when arterial pressure is extremely ele-
vated by global brain ischemia which elicits also bradycardia, decrease in cardiac output
and apnea in anesthetized rabbits, To study the cause of the prolongation of CT, we
measured separately CT in the large veins, cardiopulmonary circulation system (CPS)
and large arteries by a dye-densitometer before and during the brain ischemia, and also
examined effects of apnea and bradycardia on CT in the large veins and CPS. CT during
the brain ischemia was prolonged in each portion as compared to that before the brain
ischemia. The prolongation was shortest in the large veins and longest in the CPS. During
the brain ischemia with apnea, there was a significant linear relationship between heart
rate and the inverses of CT in the large veins, but not in the CPS. When -artificial
ventilation was performed during brain ischemia-induced apnea, the linear relationship v
became significant also in the CPS, We conclude as follows ; During global brain ischemia
the prolongation of CT occurs primarily in the large arteries due to constriction of the
small arteries and it progresses towards the CPS and large veins. The bradycardia
prolonges CT in the large veins and CPS, and the apnea may produce hypoxic pulmonary
vasoconstriction which may also contribute to the prolongation of CT in the CPS,

key words : apnea, bradycardia, brain ischemia, circulation time, hypertension
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Fig. 1.  Schematic representation of the meth-
od for measurement of the circulation time, The
dye was separately injected from 3 different
vessels, but sampling of the dye-diluted blood
and detection of the dye were always performed
at the root of the left femoral artery. V : vein, A:
artery, Lt : left, Rt : right, Ext : external,
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Fig, 2.

Examples of dye-dilution curves obtained for measurement of the circulation

time in the large veins in a case of experiment B (see text).

A : before brain ischemia (control).
B : during brain ischemia.

C : during brain ischemia with artificial ventilation.

Suction of the blood to the cuvette was started at the same time as the onset of brain
ischemia and the dye was injected when arterial pressure made a plateau (arrows). The
artificial ventilator was started after the onset of apnea was confirmed, and stopped im-
mediately after the blood was resupplied to the brain,



222 TSGR i ik 57 FE IR D TE BRIRF ] D 3B JE

5[ EETFOICHE Lic. £ORRNL, &
5l¥iE% 4ml/min & L. {BL, 34z 8mi/
min O FE T -7, BRHEBRHZ co RS
RSV gt © 30.4+6.1sec TH v, TDRK
B4k 25+1.2ml THoro.  BUBA AT
BRI 51.2+10.1 sec CH5|£EiY 4.2+1.8
ml Chote. ELRELZ—ERT T5 LK,
WEIMEZEANHLREL, JEORK VELTE
L CRmE, LDHBEROCERESPEE IS
DB TiTote. O—HEDERISENT I\
T, Mt e Lic & & 0FBIMEIR O
DT, PEOWERcrhZh 6831124
mmHg & 262+40beats/min TH hH, HED
JEERTO Fh Hit 68.7+14.8 mmHg > 257+
35beats/min ThH v, £ H EE D 2 o0
EOMCIIEBLRERNh T (BEHE  #
k).
CF oy P ADTEREC X A BR BRI R
35 EEEIEX Milnor o FEWwe -7, 3
frbd, Y, IF—TADEMM R E
TORREERER L LBAEKEHLCE
XOEERENLAEL, TOEEIMIED RS E
E% Milnor H0E L7k DORA LFHIE
fE%x R Dl
A4AT=0.410+0.553(V/F)—0.00376(V/F)?
AAT : @R HBBIRMORIEME (Bl
B R 5 D E T % RiH)

V:M%ﬁif@ﬁﬂ%ﬁﬁ@%ﬁ

F . Bimpgo s
WNT, COMEHEXHEHEL vELFI L
T b, BEAFMSHABEERE COBRY
Bl & L.

B RWEIR &RV BIIRIC oW TR o I
TRESRDI. Tihobb 5flic o CTIERE:
MIMER T, BERBEET X - TRG#kE K
WEIRO B ERHEIL, CheBRERcRT
BT bz X W FHMEEREYRD . ZOHE
ROBIIRIC DWW TIRBFREA D T — T A O JuH
BRI A T — T AR E COMERE, Kok
EDOWTREANT —FADEBE VEREAR
HE COREEYRIE L.

2. PEMAPE A TSR i LicBe (E
B B) ‘

IR MBS 2 B B R IR SR BRI &
DRELREELZRIZLTWANERET5H19,
18D v+ (2.5~3.6 kg) & iV TKRD & 57x
KBREfT -, ERALFAR, BIIRE OHE
I ORRIREE Y O Lina D, IMAEEmes, 4
I I 23 A 1 e B4R i e I O v B4 BEL I B oD 4R %
F e AR HE Licko 3o B/
&, KWEIRE DIGERRO A TERIH % WE
Lic. 7o, hpEEBEXRITLIcDFED
KB DA B MRS & B35, AR D
SRR A B O B EE MR O I RRRBICIT < 78 %
IORBRELE. Tivbh, 1EBRKER4~
20mil, WEIRE355~102[E /DT H - 1.

ARERTOKRCER S LIGBERARO EERREM
1%, EBRAD X OSCBREABMLLELCEE
DERBREINR E CO SR HBERR» bET R X
> TRDBD TR, BROEAMAE L
BROHBRBER L Th Zh O RNICRE T
Bl X hEENELL. Thbb, KW
PR B BRI R R A SAL % A KRR B IRELS
W, BMFrEHEEAO FTAERA OMMAEE
LTHEEL, DLIMEERRO £ AEREATRA
*HEBEN, Bty ETKBIRERRE LT
WaE L. RWBIIRICOWTIE, BREALL
L BROBERMLS LRERALF LTHD T
&, WO MORE DE LEEN LD T
ERERBLUTHERR ORI L, FREED
FRES X DB BETD L TFRIKBEER,
TlhebbROEIRE UITEERRD 2 - TH
Hllk. EboEBRBRTIE, BEH
B (ERAC BT HFER X D RDIEE
RS 35) oftic, BREARNLER
ZRBR ECETOEINY - s b BERS
BEIELORME bRDL. Ik, TOER
EREHSTEHEMPT —FADOEIN20cm D %
D% AV, Thelth CTIEREMEOMEY &
HRALFABCT - BL, CERSERES
EKE% Milnor S0 HEY R X v BIEL T4

’5a%oﬁméﬁm%ﬁﬁ;b%ﬁ<na%%



T4 i 4 57 PR oD {E BRIV ) D 34 223

BoteDT, TOERBIBWTIREEHBRN
B OWTOLMIE Lic. ¥, BRHBRRN
B LT, B—% 7 — 7 AR EEREE
ZHICHEL, %0 RHE L FIEMED ik Lk
BT, XL —FKTHZELEEMIDI.
E. #EH#RR
HEMBELFHE L EREFEETRL, FHED
ZEDOBREIT paired t-test, % 7-i% nonpaired
t-test 217 - 7. X HRFEOHBIEIfRILH
ERSHTELT - 1o, FRMEEAERRS ZUTE
BHLU.
. # 7
A. B4PE s IR & MERE
1. BREABLOZ I X 5 EFK BB
IO R WERIR, (DITERR R L 0K
WBIHRD 18 BRINE ]
FEEADISHIIC B\ T, BMFRMETT 5 & AKX
BEER RS HAEKXERENR % co K HEERIN
e 5.0x1.2sec 225 19.2+£7.7sec ~, A
B bEXBENR ¥ ©o 6K HEREME D

B 3.6x1.0sec 25 15.3+7.5sec ~, XEIIR
RBIAEL 2 B EKIREIIR & <O AR HBRHEILN
geimEo 1.6+:08sec 75 6.9+3.0sec ~\FF
NHFEER L (Fig. 3-A). chohbk
DIRCER, DIERRE L ORCEIIRD %
AL TOERBEIINE M B X 2 h T h
1.4+0.7sec, 1.9+0.5sec & X 1.6%0.8sec
TH-TeDeH L, BME MM ER i 3.8+
19sec, 84+57sec Xt 69+3.0sec &4
& bFEL LR Li-(Fig. 3-B). Laxl,

KR 3 Crxl56ieh 2 gl BRI X b
HFebhTrit bEENA R b, DIERR
TIx, BB X B LRWHOH1564 4 1
BB ST OIIER L. KOBIREDWT
GRRIE X Y 2BIER L. Bk, ThZh
D MR BT, BEBEIRE & Ho T RXBE I RE
CIFBRREEIAER Lic /iy, KROBEIR, DififE
BREIOCRGERTEZR L 24123 sec(F
B RERIT1Y), 6.4+57sec(f 337% )& L O
53+2.8sec([d 331%)ChH o Tr. KWEIROTE
BEFHOERR, OERRERKVERD Zh

A B C

= 30y (n=15) ' 16 14 ——
8 T g, ™1 *
225 214 812

. (]
=20 £ £10
o =10 =
e c - 8
o 15 2 8 o
S 5 26
o 3 6 o
g0 £, S 4
< o o

5 2 2

0 0 0 -

FV RA Ao vV CP A V CP A
Fig. 3. Circulation time before brain ischemia (under normotension) and during brain

ischemia (under hypertension).

A : Appearance time of the dye when it was injected from the root of the right femoral
vein (FV), the right atrium (RA) and the root of the ascending aorta (Ao).

B : Circulation time (CT) calculated from the results shown on Fig, 3-A in the large veins
(V : from the root of the right femoral vein to the right atrium), cardiopulmonary circula-
tion system (CP : from the right atrium to the root of the ascending aorta)and large
arteries (A : from the root of the ascending aorta to the root of the left femoral artery).
C : Prolonged time obtained by subtracting CT before the brain ischemia from CT during

the brain ischemia in each vessel.

*significantly different (p<C0.05). White column : before brain ischemia. Black column :

during brain ischemia,
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Fig. 4. Velocity of the circulating blood cal-
culated from the circulation time and the length
of the large vein and the large artery (n=5).
White column : before brain ischemia, Black col-
umn ; during brain ischemia.
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Effects of artificial ventilation on the circulation time during global

brain ischemia. Data are expressed as Mean=+S, D, in six rabbits which showed
marked bradycardia (heart rate during the brain ischemia : 50~200 beats/min).

Control  Brain Ischemia (BI) BI+ Artificial’ Ventilation

Large Veins

Appearance Time (sec) 1.1+0.3 56+3.9 3.2+2.1%

Peak Concentration Time (sec) 2.8+0.8 10.7+5.4 8.4+39

Build-up Time (sec) 1.8+0.5 51+1.8 51+19
Cardiopulmonary Circulation

Appearance Time (sec) 2.0+05 9.2+5.1 6.9+25

Peak Concentration Time (sec) 4.0+0.7 21.3+7.2 17144

Build-up Time (sec) 21+04 121430 10242.7*

* significantly different from the value during brain ischemia with apnea (p<{0.05).
Build-up time : duration from the time when the dye first appeared to the time when the

dye concentration reached to the maximum.
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Fig. 5. The relationship between heart rate counted at the time of dye injection and
circulation time (A, B) or the inverses of circulation time (C, D) in the large veins during
brain ischemia and effects of artificial ventilation on the relationship (n=18),

- A, C : during brain ischemia with apnea.
B, D : during brain ischemia with artificial ventilation,
Cross maks (+ ) : the appearance time, triangle marks (A) : the peak concentration time,
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The relationship between heart rate counted at the time of dye injection and

the inverses of circulation time in the cardiopulmonary circulation system during brain
ischemia and effects of artificial ventilation on the relationship (n=12).

A : during brain ischemia with apnea.

B : during brain ischemia with artifcial ventilation,
Cross marks (+ ) : the appearance time, triangle marks (A) : the peak concentration time,
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