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Cerebral Blood Flow and its Changes by the Various Affecting Factors in the Dog
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A2 & K5t 4§ 4+

AAdg= g d4% A5 A FEA 2E7
(Harvard respirator. Model 613) = I 3T & Y AT §
< AA 0, % CO; £¢& HEAZA. 0.3 N HCl g
0.6 M/L NaHCO,3 F9q)5le] " H* 225 wi5i) 5
Y HGex 2] Wss B}

¥4 pH, PCOE= 37°C= $xg pH-l¢ (IL,
DUO-matic Model 123-S2) 2. &3 35 3, €73 HCOy~
FE=¥% &4¢ pH, PCO, gre & Henderson-Hasselba—
Iehdef 213led A4 shgleh. oW pK Zhe 6.1, ¥4
CO, 4= A4E 0.03022 35t

HE =4 278 sbekA 48 A4 A 9
42 E FHYstdet. F ATy, FAg<E, AW
e, R 4 & Fx R4y 19
E%E AAdstdch old) FHE W gwysl pH,
PCO 2 F4 sl A—d>] 7Y A=l E sy o

A4 A dRdeae g4 L B3R T A
kgt 1,000 48 AP & Sty 4 ok
10%, 20%, 30% £& = o]l4e Ha g AAAdesw
Aoz 7o YA ) £2Y 4G el oo
TEE YR AFA) YL e wgon
54 ok Adeg y AgAds YFdas 2 g
F£7 Aleledl s WA AAS YA G 0%
F A Az 3030 oA AYA 7
F& =45y
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Aoz ¥ A st e Cxp moky AT
AA stach. F A5 AL s5cmold, AFL ¥ g
A Fztad gl 2AAZ L 2isie FUY ar)
9 Cah mokel AHAl AFe] AFU L P 275
d, goiad Bol 3 RE FHA4L FAzde A
=AE Asigdel, o] AT rheograph E & M
direct coupled, constant current)§ %3} physio-
graph (E & M 80 KC Impedance recorder) 8] servo
channeld] dJAsle] YU £ A7 4 A= A4
71§ 3hgd ok (Smith 1967).
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oldf FYsEIEE B8 ¥HYFA=E A A% 8
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A =% BES28 R340 A" A5 4
2g3el TYsASI RS Agydom ¢ lemrbed A5t
o 2gsa, 4 F4F4 JE s T FE x4
A FY Hzz 1, 102, 1:39) w2 5% Ad4, ¥
o E99E AT £52 F9s5le servo channels]
7159 FHY Eol 2 715 g 2Etd e
st 7159 Foishe] AwRA stel EF 5 (cali-
bration) 3} ).
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ot g HE Adsed AL Ak 299
ol w52 Stewart-Hamilton4 (Stewart 1921) of 93
o AANEFE A4 sk

A FIT A o
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FAZI ST dgFAA ot AR EEE 25w
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A lxx AYAAE TPt AT Aelwh o 1
2 13.8kge] A4 B AL LAtk HF FYY
st 132 mmHgs)| 4] A4t 200, AAgEak
1,470 ml/min, 14t& ek 7.36ml, 2elz o242
0.089 mmHg/ml/mino] A et. ola] A& WA 54§ &5
g HYFEe 56.8ml/minolglm wEAEL 2.32
mmHg/ml/min o|Qoh. w2l Q& A 5HE $
d Feke AgetEake] 3.9% ol o+

o 29} ¢ 3¢ epinephrineg A& FYsld FUY
& A5A7 = Fhid ¥ Fakel WaE FFshe ok
o 2¢] 4= epinephrine 3] 2% Ewid L& 90 mmHg
ol 4 103, 108, 106 mmHg= F7t= 9=l ol A2t
£ 2,070 ml/mine 4 2,210, 2,460, 1,540 ml/min




Table 1. Response of cerebral blood flow and hemodynamics to change of arterial blood pressure
and acid-base disturbance in the dog.
HR C1 TPR CVR |
Dog Condition v‘ff_d{(g mf};g Beat/. ml/milr;é SV mgllll-}g]/in mlc/f‘nfn mnTﬂﬁlfin, pﬁrte?éloz} pHVE“POélgi
1 Control 13.8 132 200 107 7.36 0. 089 56.8 2.32
2  Control 15.0 30 210 138 9.84 0.044 58.5 1.54 T7.47 44 7.41 45
Epinephrine 103 210 147 10.5 0.047 58.5 1.76
108 205 164 12.0 0.044 66.9 1.61
106 205 102 7.50 0.059 56.8 1.87
3 Control 13.8 125 170 55.0 2.27 7.47 44 7.40 45
Epinephrine 137 53.4 2.57
137 53.4 2.57
147 155 54.0 2.73
4 Control 14.4 146 215 63.8 4.27 0.159 53.8 2.71 7.48 45 7.42 47
Bleeding 123 240 63.5 1.93 7.56 44 7.32 49
127 245 84.4 4.96 0.105 61.8 2.05
117 190 55.1  2.12
105 220 55.1 1.91
83 220 53.8 1.54 7.53 43 7.23 50
68 51.6 1.32
45 230 52.5  0.86
5 Control 15.0 106 235' 109 6.98 0. 065 60. 1 1.76
Hyperventilation 106 230 143 9.31 0.049 60.1 1.76
106 220 143 9.72 0.049 56.8 1.87
6 Control 19.2 120 240 212 16.9 0.028 568 2.11 7.54 44 7.53 45
Hyperventilation 97 260 56.8 1.71 7.69 43 7.53 46
7 Control 15.0 106 230 156 10.1 0.045 60.1 1.76  7.40 44 7.36 45
CO, inhalation 98 190 68.6 1.42 7.21 48 7.17 49
105 195 68.6 1.58 7.17 49 7.12 51
8 Centrel 19.2 98 230 55.1 1.78 7.45 43 7.38 46
HCI infusion 103 205 56.8 1.81 7.37 43 7.26 46
93 185 66.9 1.39 7.26 42 T7.14 48
83 185 99.0 0.84 7.18 42 7.07 47
9 Control 15.0 65 155 55.2 1.18 7.26 44 7.14 47
NaHCO, infusion 72 160 56. 8 1.27 7.55 44 7.35 47

BP: Blood Pressare
SV: Stroke Volume
CVR: Cerebral Vascilar Resistance

HR: Heart Rate

= wststs ot

* & cpinephriie ¢ o8 AlAtEge 27| -dx A
A 2rbe QA o 4f FYs AtERE 2
38 A4grh o|RE ofvbE epinephrines] Al 7el
g w97 dxEd gy aect 44 dEiva

TPR: Total Peripheral Resistance

Cl: Cardiac Index

CBF: Cerebral Blood Flow

araz o] Evletd AutEake] gad & A7 A
2o Folvh E£dzAE 0.044 mmHg/ml/mine] 4
0.047, 0.044, 0.069mmHg/ml/minZ F7t ik

g} oY Fe 58 5ml/minsl A 58.5, 66.9, 56.8

ml/minz AguEere] Wais wmatel W3t %
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Fig. 1. Response of hypertension on the cerebral blood flow by infusion of epinephrine
in the dog. Above: arterial blood pressure. Below: cerebral blood flow.
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Fig. 2. Response of hypotension on the cerebral blood flow by extravasation in the dog. Above:
arterial blood pressure. Below:cerebral blood flow.
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ol 72 TG A5Egl ot Y FA Y] 154,
1.76, 1.61, 1.87% AR Frle: A2z o <
9l e,

o] 344 = epinephrine ¢ o® ¥¢t¢ 125mmHg
ol 4 137, 137, 147mmHg2 5>} sl ¥ FF2
55,53,53,54 ml/minZE A2 W#r} glodoen g FA
2 2,27, 2.57, 2.57, 2.73 mmHg/ml/min2 = &
k= ok (Fig. 1).

d 4= AAd ez AGAA £RYq ko] HLFO
24 ¥4E 146 mmHgell 4 A& @l A stgdch. ¢
o] o8 Feke 146 mmHgol A 45 mmHge] o] 2= Apo]
o 7o} "zt glgdet.

oy A F F2ASS T8 68 mmHg 32
Al 4] Fas gl (Fig. 2).

ol 5, ¢ 62 FHA=P7] A7 MY AAo)=. AE
HAEF7 AA FHYE COEgE 3P o= AR
G2, ¥ EFae olF¥ e & wgrt mo|A ghske}

o 644 FHYS . pHE 7.5404  7.69% F
7 Hgle o A F4 371E 5% C0—95%
0.2 3712 TFANZAE A 9] AAolet. olu] o g
%2 60ml/minsl 4] 69, 69 ml/min=. Y Fafo] F7}
5. ofd o ¥fF A& 1.76 mmHg/ml/mine] 4
1.42, 1.53mmHg/ml/minZ 74 5 q¢lv}. olm] Ew§
Ho| pHE 7.40604 7.21, 7.172 ®=Helxlew Ewlg
CO; -Egte 44mmHgel4 48, 49mmHgz ZEri=lg]
= (Fig. 3).

o 8& 0.3N HClE A Falete] B4ty abFel w)
A e AL FRE L Aot daes FaslzzA
4 pH: 7.45¢014] 7.37, 7.26, 7.182 27} "ol R
3. olef 9] ¥ F2F& 55ml/mine] 4 57, 67, 99 ml/min
= 7 2/ Frhstgech. ol ¥ ¥FAYG 1.78
mmHg/ml/mine) 4] 1.81, 1.39, 0.84 mmHg/minZ 7+
&5 AYgE Rolgl = (Fig. 4).
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Feke Frlde HYF Age FaHE AL €T
Al A7) o 75 o 8eiAe} o] TEFHLE &
£ g o s EWge] pHE 2 FFoz H39E
ol A8 Feke Fte g4y aqlel oj Fo] CO &
4 Frbel 71 HAE W e v £ Rbek

o 9% NaHCO& A% F4tsld djab4g &ae] F
2 Furgt AAolvh whab4 &g F iy A
YFdes W E 25 gt

o | a

ol 3§70l AL

ez & T4 g4 F5%-

150
BP 100 F
mm Hg 50 |
oL
Poco, o
FLOW 70 |
mb'min = 50 |
30 L

Ze o)Az FHYUS HYPA Y Y FAGAY Aol
o Aa@A A 3t A @A FFAY =
Ae m FUEG Wi oFe JPL wed, F
HHale] FotAw YHAGe] Frieda, FHYgte]
ol RA g agel. olozte WHHEA
24714 Atz = A& 34 =4
3 F2E st A 88 Agae Aoy, =
g FaFel il dsted sbg Aok Arlelslx Shelh
a8 el Hd e o] F T €A RF-L vz dA A
At o] vt AslEA A8o] Yrh(Lassen 1959,
Betz 1972).

2 HEFe] AstzAEe FF Y ¥t 60~80

Fig. 8. Response of cerebral blood flow to inhaled 5% CO, and O, mixture in
the dog. Above: larterial blood pressure, Below:cerebral blood flow,

Fig. 4. Response of cerebral blood flow to infusion of hydrochloric acid. Above:arterial
blood pressure. Below:cerebral blood flow, ;




mmHg o] 3}4] AYFolA L FLHA o], o] 44
Al olAas AstFgeAnt ¥ 4+ Y= Hape]sh.
(Lassen 1959). zalmz o YA ES} ojskzel ¥t
WAL A A o)ee Yesd 8<lo] Y44
22 Z22A5 ¢l (Bedford 1935, Dickinson 1960,
Harper 1966).

oA WL E T dFGY Ay we vy
¥ FUAY HYdF Alxzge gdaqiulez 4y
7le 23 Reeh. 2 HYR Age Agsis
AeA S92y gl o) gartas A4
* 4 #o] ol (Harper 1965, Hieggendal 1965). CO, &
GASE HYA S 45t HYFAYS B2
q7E F7HAE ZAAA 2024 (Kety 1048,
Lennox 1932, Novack 1953, Patterson 1958), ¥ & &
8 A7tz & A A7) cl(Harper 1965). §4 7)<
CO: 27t EolAw ¥ ¢ YRAYL a4z 5y
i 7Y P A" 3R E o x50 =) getA
v COoll el gk k8- 9§37} 3 obAl v (Krupp 1964). o]
AL v HzAe garge] Ak CO, A 4t
#4E7] g ez elxel (Homburger 1946,
Kety 1948).

Severinghaus%- (1967)o] o]5ba olw) =z g
FYde] CO; #t57te 27 glod, By CO,
TEE EBATE Fa&A7Iz COY 828
Y FL 259 PPl fet.

e A CO9 H¥d FAae Hetd 39
A AYAFAL vada gk AL Yo FAE
719l CO; ¥ 5% Eed &7lol: Y¥EFo| =
St TLT AL FEY CO ol TrAHE o ¥y
F BFas A glolAAY 98 285 (Betz
1965).

2.2 35}ed Betz (1967)9} Agnoli(1968)5-& & 4al
= A A x99 Aole] CO, ¥4, HCO 5=, HY =
=9 ADPA S L4y ol & o MY €O, 2
&= pH Zhol A2 AA A d@sln] oivlx o] 5 4
B =2 st ¥ FFe] AP e} o}

U¥ F=ZF (hyperventilation) & = =zAz CO,
Tstel AaEn BdFEol A i Z HEP S50
7 E Y, AR Re HYFge] S 4 gk o) A
Hx CO £ A4AA7 g8 4004 o443
= & el

Higgendal (1968) & T4 d CO, 44577 59
€ 74 B ohde FUY 0 4t Fam o
dFFE 37 Adle Ae YA S9UYE gy

A4 2227} 60% wigteld HYFe abvlzd 39
€ 2459, 283 2445 (hypoxia) ) 4= CO,
49 @Fell BA = AL Pol ggich

ojgto] AGAF ol9fe] AU4F % FAF HYH
74A] o et Noells} Schneider (1942) S& 4] %)
ALFEI} 11%0]6t2 Aas HYgd Ko Pas
o YFE Fohdcl olHsA g FEA4E O, B
=7} 16%e1 4 olvl AW Feo HHE 2el”] Ak
(Betz 1964). o] Wg= 2] =13 %o COl oigl &
Tteh Fo] HzA iate] Atz 4yl

74344 O; ¥dol 30mmHgs| 4 35 Jegne =
7h8t7] AlAHElz (Noell 1942), BE)A & ¥E o] &
T TUY O, 2ol AE5Fe] A2} Fed
F& 59 COE4e 2&ch zad COqbe]
GE AT HYFGe] FoiEE e ¢4 witrle}
ol CO, AA7L A duYRA-) B4 g ee A4
3= ApAo] et

ol 43 Feo] FALAF I ARLFAALE Pl
4T o)A dAY 49 F49 AYS) Heh. =
W CO Egto] A3k FHEL B8 27 RE o
o - z2F 3 A ¢ HCOm H 5 xo] 4450] &
H, AALF oA £ A Ty el Halo] Eagch. 4
Td& BYAd Fhao] Ho] CO T M Friz
pH 437 vlz 4 =+,

T WA o] FauA] Yokl ® €ele] gA g
3tz dojAd HYFFL Pan, Pz z—of
WA el ¥EHA =o] (Reulen 1968) F74 of
APEES %4 ¢] &}, Fujishima (1970) & » x4
4T FUY 0, CO; Esistel 4 Pdo] o3t wholx]
o, ¥R gat PR ge] 0, ¥ Fast
Ped s ¥ qoe FArsl Zrlsn pHE P&
He 23 d9dvh. agsld $340%44 73 859 @
T U F 2 HEFY Arlage gz
ek ol ddtd FLA o2 HYgFeko] asy
olef- 44" FAA HAAES sl zd {ARc}
3 3+

Bienmiiller (1970} & g4 ¥ B P
o ARRAE AR L FE2 HYFE WG
Y S 39 B 5% ouletA Wasigel. nore-
pinephrine-d Fitdle HYFFL 3F=l7] FA1A A
Y oelst HE A HEF APl FrlHEJek Az
YFae] Frisw COo MY adz == pHA 3
71 7] sl Eq Aoz Weixich(Gilboe 1967).
HAYFF A=A glolAd, B3l Seta) = =
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stzERe] WA A F& ek ol shte] 2HF<l
AzA 24w Add Bl givh. ozt o] 8
a3 <lAlEe] AEstE £477F €@ AeA F
L 2207 BLggd FA st GuA, AL g
] A2l YAz FEsAgt gt vty o
=2A A xe $7o] Y —¥F g AFshs A 2Y
3 HESA e oAz gyl glenz ojn A
79 AFAA o FxsA F4E AWhE
w3tx7l gbeh BTy H 5 A xeda) wlmst
o 2314, EAzAE, As, $325HF g 5449
Folg FFA L oA obd oo BF Y FBE W
277t oF& "ol TF FHA7k ohiel,. £ A4
= 68mmHg o] 42 THEgtel A= HYF3e 27tz
Ho| AR FPobe A4 Aty odd, FEY CO, £
qe Frhe & HAHAF & B4 TFA44AFI HC
=902 gt FA A ATAAE S FFd ¥4
% Z2718% ¥4 s z2ed CO, B¢EUtstHT 5
=8 Zrdg A2 wlz¥s oS pHY RaF =t
ZgAets HY o Fri] 9@ A F=F 57171
HA Adh. TFA AFF G444 AFHAE vl
7o pH T A= 2FA 4FolA = CO, 2ol A4
aoh Tor w4 Bk s FA
CO, 2opxe} we g fAgst gehd CO, 2545
H+e] A=> gddalatz ALgrid 3§54 AFdA4
= CO,8 Ho] Z7] FHata oz F4std HEFekd
Fobd vlae 2dsl HEH FR0lE A& 2
g AY AR olgh w2 Hiulo] AFqlxt2 A4
Fha CO; Hofo] gt WA A Fol 4 ¥ FFo] 57t
7+ g oL HHFeE Frbel A&k AR
4 CO, EYZrtnnt= Hryxe F7 &sf7t 4L
< 4 it

2 =

Rotameter ¢ 2 ¢ HdFakge FAsgd A
A ¥ ¥ 5% 433 epinephrined AT FIF
=2 A& FURA4e FYEYE 45, A
Adew FUe Sole AEAA FAVYL AFAR
o 2E)stel Yol A4 F& ahpate AhEd Hd
$¢ W e BAGG 2FE AEZES AA
EUY CO, Bohe wigew, 5% COZ ZFAH
E9Y CO2e ¥ ¥ uFue Uis @A
gich. 0.3 N HCIS A9Falsia gf4b4d 43S 444
713, ¥8 0.6 M/L NaHCO, & A Fatsted o214

da s e FiAA €4 HH 5= Q54 g2 ¥
Fo W% S pANY

CAda g4 WY AVAEg e AtESGE &
At 2z At AL YRHAGAY 25 ¢ viad
Aslgd ek

1. 9ufel Al 2 4F WAFY S B¢ ¥ Fekd 57.7
ml/min o]giet. 6rlele] A4 FA7 AA4A 4= 131
ml/min/kg ol vt BFYLL 117mmHg 4F WA F
w72 Eg Y3Aqe-e 2.03 mmHg/ml/mino] & &

2. Epinephrineg o 4F3te] FHYGE 4542
224 ARA4E 7 Sgovt fEREe AY
i 8}5}= gkgke}. Epinephrined |3 Fejdwd 27
o= AR &t Toivy iAW ARAS4E 2303
7ZAas g o)A oiaiE EudaAF Frid AT
Aelw gt 7ozt

3. AAA o2 AYAA Y Y4E 146414 45mmHg
2 B2 tw HJYFALGL AL Wt gk 2
U HdF Ae BP9 68 mmHged A FA48 F4
g9, o|Ae 2P 68 mmHg ¥ 244 HEFF
o A tEAA A o srtel 2] wEoletdrt A
g et

4 BEIFoT FHEY CO, Bhe w5 H
yoepe Ae wgkelA ggort ARA+E F7HEAU
o}, 5% C0,-0, T3/ 2 2844 4% CO: £
2 =yow HYFeEe 60.1ml/mindl4 68.6ml/min
2 Z7Egle oldl B9y CO, B¢ A7 45 5l
mmHg, pHY: 7.40, 7.170]8i=k

5. 0.3NHCl2 A9 Fsted $9Y pHE 7. 45414
7.37, 7.26, 7.182 394w H¥FFL 551ml/
ml/mine] 4 56.8, 66.9, 99.0ml/minZ A# Z7HE %
o, BEAES gAY Aert A FEd
it AR A A S Y FFEHE YA S

0.6 M/L NaHCO,& A= FAtsted Al4t4 €RH T
Sk ol = HEFF wss AL gl

ABSTRACT

Cerebral Blood Flow and its Change by
the Various Affectirg Factors in the Dog

Chong Ku Chu, M.D., Woo Gyeum Kim, M.D.
Department of Physiology, College of Medicine
Seoul National Univesity
Cerebral blood flow and cardiovascular hemody-

namics and its change were determined under the
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various conditions in the dog. Cerebral blood flow

was measured using rotameter and cardiac output

was measured analyzing the saline dilution curve,
recorded on physiograph the extra-arterial conduc-
tivity, using Stewart-Hamilton formula.

1. Cerebral blood flow through the one side of
internal carotid was 57.7ml in 9 dogs (13.8-19.2
kg body weight). Cardiac index in the dog was
131 mi/min/kg. Arterial blood pressure and
cerebral vascular resistance were 117 mmHg and
2.03 mmHg/ml/min, respectively,

2. Raising the arterial blood pressure up to 164
mmHg by the constant infusion of epinephrine,
cerebral blood flow did not show any significant
change. Lowering the arterial blood pressure
from 146 mmHg to 50 mmHg, by the serial blood
loss from the vein, cerebral blood flow main-
tained fairly steady level, however, lower than
68 mmHg of arterial blood pressure, there was
an abrupt decrease of cerebral vascular resistance.

This might suggest that this range of the
pressure might be the autoregulatory limit of
the cerebral circulation.

3. Hyperventilation did not produce any change in
cardiovascular hemodynamics and cerebral bloed
flow. On the contrary, breathing with 5% C0,-0,
mixture, cerebral blood flow increased from
60.1 ml/min to 68.6 ml/min, associated with the
pH change from 7.40 of normal to 7.17, and
49 mmHg of arterial CO, tension.

4. Cerebral blood flow increased most eminently
after the infusion of hydrochloric acid. Cerebral
blood flow increased from 55.1 ml/min of normal
to 56.8, 66.9, 99.0 ml/min, respectively, with
the associated decrease of arterial pH from 7.45
of normal to 7.37, 7.26, 7.18,, respectively.
Considering with the hypercapneic effect which
has the same pH value, it appears that metabolic
acidosis has much more effectiveness to the
cerebral vascular resistance. There was not any
cardiovascular effect in metabolic alkalosis.
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