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Cardiac Qutput During the Metabolic Acid-Base Disturbance in the Rabbit
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=4t 5 (Hypercapnia) 3t ef4t4 413 (Metabolic
acidosis) o] A} AAAE 4& o] oA (negative inotro-
PiSH = A& dH3Y e 4AAolsl (Jerusalem
1910, Daly 1921, Darby 1960, Manley 1964, Wilden-
thal 1969). L34 9] ol A &3 B2z}
71 webe el £ A4 AR yo|d, H 3xvt
7t Al 5% =24 %83} (McElroy
1958, Lorkovic 1966, Ng 1967). =&} Ao $2a
E &5 g A8e R4 AFe] FRAFuc o
ehitx, A3 A 82 CO, H3te] Hnel n)
efste} (Vaughan Williams 1955). o4 A ass
ol Fa H& AL A2y FFAYE A5 A
1} (Vaughan Williams 1967), A2t £3-2 w3
Al7led 7108 AL ehiXste] (Mein 1913), A3
o] A AT4E5Yd Y 4L catecholamine
g Fv AAE JAE Bylehdz aPAA TEEY
A2 +59 7t 238 A5 o £UAF e (Dar-
by 1960. Bendixen 1963). H* ¥ %o wigle} Az T+&
Aol FA = obd gAstA FHdAE G, 2wy
254 FE—4% oA (excitation-contraction coup-
ling) o] fejdts Cattsde] RAzt A HE5 stet
(Langer 1964, 1968).

AT 93 H 329 Fr7le 447 449 32
YR = ¥ = shie Hyx 9o gz}
o] oz 44Y K px dfelet. TFA 8909
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A A 2qlel A WA H $xe] F4 g
7 K*yxel 3718 fu@de}(Brown 1965). A1z
K" FEuls A3 Azt BAgte $A 5 2
ol F9, = 4320 FEHL AS5n2 K+ xx
gl HEE 2 A3 FEAS 454 2 4454
AT T PlAA F Aol Kim 1975). o] gho]
A Hryed wal, B8 thapd 415e K+ g Catt
(Kim 1973) & A4 &ede] Add JPe 28354
HLg AFo4A AguEa] WEe Htexo o fql
L2 At = Edebeh. AAEL ¢4 W97 K 5
zo Ca** w57t A2l oY a38 BB}
ez g4 HY 59 371 9 327 45950
A G¥E wAdna) g

CR-I

T& 1 AF 1.9—2.4kg?] Er1§ Nembutal (30 mg/
kg) 2 vid st 25 F Yo I s HE 3 o
HENd FUASHE APt $F AYRa) 4
99 AWANYE B3l E ANEAE Y gz,
YUY AAtELEE ABFU AU FY S
B 2% 3887 (transducer) ¥ A physiograph
o 71& sgich AgnEse Sudd A% AT
e =AY A7 Axzd 2] A4 54 Yoz
obal g el &A gl

MEEX: 94 248 7hebA] g AN vy @
RGN E &4 dgch. F AFGE, FUY, A
ANErE 45T 3 22YFAYY 19858 A
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Table 1. Response of hemodynamics to acute metabolic Acid-Base disturbance in 39 rabbits,

Alkalosis Control Acidosis
No. of Experiments 13 14
pH 7.51 7.40 7.28
Blood Pressure, mmHg 104 105 192
8. e, +3.1 +4.2 +9.0
Heart Rate 253 240 203
s.e. +10.5 +5.8 +7.1
Cardiac Index, ml/min/kg 72 50
s.e. +7.1 +5.0 +4.3
Stroke Volume, ml 0.72 0.63 0.53
s.e. -+0.084 +0.045 +0.049
Total Peripheral Resistance, mm Hg/ml/min 0.65 0.72 1.08
s.e. +0.06 +0. 068 +0.129
A4 EAe QFGTH S ghaF % AAFEF 54 34242 2.5cm/secd] J|E4ER A5 F el vt

=z 0.3 NHCIE 488 FUS=2 F4F4 5
Yy H* =8 Z7 Agd=z, ¥= o 6M NaHCO, &
RRFat st WA HY 55 4 Ak ad3d
dg 479 94 H* 349 AdgEs, 9t
ARRESFE 275 7 €5 gebA9 dEE R
g et

¥4 pHE 37°C2 $= g pH-==] (IL. Model 123
pH/pCO, system complete) = F74 3l3it.

Muutazr 29

HIMR : S5 A5H L Ao} 5emzbep FHEH L
236 % destel Badol CAf moel AT E A
stgdeh. F A39 AL Loemels, ASE FEA
Zetad B¢ aFAAG. zdstd FRAY 20
s} e =7l Cat ®okg rhatal AFe] A5H-E 7
A 24ss FeadEel o £9E FA44T T4
=43¢ A=A € A sk
" o] AZ¢ rheograph (E & M, direct coupled, con-
E35}e physiograph (E & M, 80 ke
impedance recorder) 2] servo channelo] d7sts
Aqe BF AexE 44 75 543 H(Smith 1967).

B Asdd oF Ad4 94 Ty A% AFE
£2Z7% AZY FHEo] L52 AAYA Ad" g
5“1"1%': 3 2% A4 InlE £3g ez FYA

. Agest $AF AERE AFod A5E AT

-H°‘ | =2ey zAAAFE FRete dde R7 A
ExE 37 et olshRe] mANESY Wy AT

stant current) S

ole) B AN HE T8 SPULTFAE FA 71E 3
% ot

Mess BEg T3 ATe] 459 AFYS A2
ool B0 vhe] e B Al oF 0.5cm 7 AFsh
A zAHE, A4 H4TA 7B AL TR
A e wag 1:1, 1:2, 1:39 v} 8= 2% Ad<
gof E9HL 9 22 F9) st servo channe!
8 7l2d 259 & & F1E stgdh. aEsid Ad
=gol 7| Eae] Eelske AR BA il EEH
(calibration) 5}l =}

ARt HA: A&7 5 Ad4 H4Fdez
2y BED Tr7]aq AT 7149 FLE A4 317
slated 7} 71 B EZAE ojo] $4 TR H4FA
2 gt zd Aue Aas H4F40E F
Aol A4g 2z 7hglE e FAE A F 2
aiﬂ- Astz, 7149 Fo Aoz ¥ 2% Ad4E
B8 g §F AQy=g A4 dys. 25

1;}‘,9—] Stewart-Hamilton4] (Stewart 1921} <} 9
'3}4 AgurEerg A4 s

60 A
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Heart Rate

Fig. 1. The relationship between arterial pH and
cardiac index in the rabbit.
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Fig. 2. The relationship between arterial pH and
heart rate in the rabbit.

H*yx9 AR 5de @A ofd w2 BAE
A7 ey Aoz A4 pH (7.35-7.45) H4i
ot Htyxrt S7heed AautEee] tasgs A&
243 ¢ ¢+ 99

A4 =49 33 FHY3L 105(14.2) mmHgel gl
th AlFdl A& FUd el 102(X9.0) mmHg o9,
dE] S A= 104(E3. DmmHg= 4 A48 ga vz
st ApelZb glodw

of AgelA ¥ ¥ H* 3 =9} $Hdgte] Bl =
53] A4 R Yo Aol 2l H¢Atat
b S F584 dejdez 44" 4+E¢ $A35]
= ot gt ez Aol AFSsE ¥yee HE

kol ziglch. o AL Hel A Astzutel Fo] Fz 4
At geke) ghad Zles el HejAld,
iP5
E
£ 10 . it
g
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Fig. 8. The relationship between arterial pH and
stroke volume in the rabbit.

AAE4e FAEA A4 240(25.8) GE FAA4
253(X10.5) 24 o] AL ¢geFoide Foit
WElrt ggoy AFA4E 203(R7.DE 9T s
T 24, 2§ 2% HY 5o Aautssad 34 &
=4 g eh. @A £ & 9l ulgFe] Hy=s)
FAad elel vlzstd FeobAld wE4E Fisz, H*
x50t Zadd wEe0h F0hE = Aol £ sl

A F 1.9-2.4kg =7 ¢ A4 19332 0.63(20.045)
miojglel. A FAA = 0.72(F0.084)mlz F2]3
WAt ok, 4Fd4= 0.53(H0.049)mlz FL H
geh. =y 3¢ HY F=ol 1upZgse Aq|PAE
=AG Aolth. HF 5x71 271 £& 2agd 1458
o] ALEE AFL Ho|gEd 5l AT AFAAE
A A 2 Fo 1Eek AR B 4 Qg

F2xxg A4z 0.72(F0.068) mmHg/ml/min,
gz Sl A= 0.65(0.061), AFFAALE 1.08(*
0.129)mmig/ml/min o]+l & Fwz A& ¢at
2 Fel4 fo& FrHE Helglvh
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Fig. 4. The relationship between stroke volume L1201
and cardiac index in the rabbit. Ei‘;‘;‘;ure |
mm Hg €0
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FAAAE M BASGAS AFA49 19bEEFHe Heart gig
ADRA L A o Fodn FA4E adn Y Rate 230
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dl olell @ A1 3 G A goot #A FE
Fro Faq AATES7t Fagsdoz (Kim
1975) Bot a0l Lw = F7HE JIQly FyA A
gk gxba Fgala] g il ol HE, B
H% AN & Jle Agddl o 2AA A&l
7 vl Asteh. HFE F4 ol 2R Frtz 4G
47t ALE T AL Aol o o] ARA4o 3
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ol &8 zlttel Ca** Al Hrs Agald o] Eul ¢
o A7 4ol kot (Bass 1966).

4 9 mte] 22 F (microsome) §9 Z{¥] = H*
e Ask4e] Ca*nrl A 10008+ &=l (Carvalho
1966). o] Aol FAZ wie|z2EF F Yo AT
Z A 15 (sarcoplasmic reticulum)e 4 x % & gf

(Carvalho 1963). H*e A2 4& w39 AP
Ax Carrgulolx A9 A¢s e ez Hql
b FEHE FF AT A4 pHE 7.0404 6.0
2.2 yie] HY5 & 10MZ F7H g0y Carr—2]
E #3431 ATPase @4 290 AAR{A == A3 %
2 o] a4}yl v} (Schadler 1967). ¢]17 & HY 529 F7}
7} ATPase 34 %& AT 2oy AT A5+ 24
e A7) ek Cattalel AL Fo8A FFxaAAE

HE Al AlstE Zle]

2845 AZdA Cate] 2 F54 A4FL Hreb=
ALA e = gt ZA 7 gl of (Sandow 1965, Weber 1966,
Ebashi 1968). €%¢] 4&% o Zdeid® (myofi-
lament) ¢+ 145 =2 ¥ (troponin)F Catte] AY
Fozs o gl-vle] 2.4 (actin-myosin) AETE

B el

Bk

QA& ﬁﬂ“}ﬁ}ﬂ (Fuchs 1968, Ebashi 1968,
1964) %9 %% . F Catte T
S aae aAE B0, by AFes ~aa

Langer

& Agae sad BuE RS Cab FE3
= FEQ9 xl;% & Ca® A7erelel & RAoiwh
AR & Adee A xed el Ca*t Fxo) of
- e wsiA #A-9"rla gel(Langer 1968). 2eizz
A A zdeld 422 54 Axd Catt Fx
(10-"M/L)ell wielslz, = A X9 Ca**gx (2X10°
M/L, Ebashi 1968) o =% ulztelx) dislalzt 25
=l

ol st71¢] gdeldE Fwe Ca* vt 107°'M/Lo
Easlrg 22 2 yd 2% Yel-nfe] oAl dA o4
A7 AT 25 2239 o] glek. M EZM
Cat*g =7t I0"M/LE deow Cat'e o] B E2 Y
Hd AYEd Errd-magele] s A EFAE
=224 BE- “l-“"T_?_‘ 97 54E fANE ¥
sted gl-rlo]l o4l eiAde] FAsZ F WIkEx
A= mEdA a‘ﬂ’\}oi 5 Ho] Ayt FE
Reuter(1969) £2 A ¢ =AY (voltage clamp techni-
que) A4 &apd Cael =) AR $&u] vlc} 4 29
Al A A ZHE o] Fste] M2 Cag FFee] olAo}
AT4E2 Z43 Totx # o} (Bailey 1968, Entman
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2 Al 2e] ’E T og Ca F3pA4e Frlelrl

TAZE Cat'e] St YAA R JFhd +544
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< A2 S0z FFACY EFH L 1294 izt
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ABSTRACT

Cardiac Output During the Metabolic Acid-
Base Disturbance in the Rabbit

Jai Seong Lee, M.D., Woco Gyeum Kim, M.D.

Department of Plysiology, College of Medicire

Seoul National University

Cardiac output and hemodynamics were deter—
mined in the rabbit during the acute acid-base:
disturbance of metabolic origin by the intravenous
infusion of (.3 N hydrochloric acid or 0.6 M/L
sodium bicarbonate solution.

Cardiac output was measured analyzing the saline-
dilution curve recorded on physiograph the extra-
aterial conductivity, using Stewart-Hamilton form-
ula.

Under each level of plasma hydrogen ion concen—
tration, arterial blood pressure, heart rate, cardiac
index, stroke volume and total peripheral resistance
were measured and relation of them were analyzed.
1. Normal cardiac index measured by saline cond-

uctivity method in the rabbit was 72(%5.0) ml/

min/kg. After the infusion of hydrochloric acid,

associated with the decrease of pH from 7.40 of

normal to 7.23, cardiac index decreased to 50
(+4.3) ml/min/kg. During metabolic acidosis,
the higher the concentration of hydrogen ion,
the more significantly decreased the cardiac
index. After the infusion of sodium bicarbonate,
however, associated with the increase of pH from
7.40 to 7.51,
significantly.

cardiac output did not change-

2. The infusion of hydrochloric acid produced slow-
ing of the heart rate significantly from 253(%
10.5) of normal to 203(+7.1), on the contrary,
the infusion of sodium bicarbonate produced
neglible change of heart rate.

3. Stroke volume in normal rabbit was 0.63 (%
0.045) ml. It was decreased to 0.53 (Z0.048)ml
in acidosis, and increased to (.72(F0.084)ml.
Statistically significant change of stroke volume
was produced only when acidosis proceed moder-
atzly severe degree.

4. In spite of negligible change in arterial blood
pressure in acid-base disturdance, total perip-
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heral resistance increased from 0.72(Z0.068)
mmHg/ml/min of normal to 1.08(30.129) mmHg/
ml/min in metabolic acidosis. This might be a
cardiovascular compensation to maintain the
arterial bood pressure to the decrement of cardiac

output.
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