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EFE Adadde BEPga Agnsebo zyy Avte]l sel® Ca** o Jelz EAUGE sy o,

Ca*" 5 =% 0.5 1, 3mEq/LY F747¢ o 34
%3l CaCl; %-& A 88 ml/min el 4] 79, 75, 77, 66 ml/min 2 33}
EDTA 100 mM +-& 10-15%0] A4 AAx ez F Ak & 2mM/L 9] Frlel o|mrmAle Al v} dek
gialel A Z2gdel4 Catt Fxv) 0.5, 1, 2, 3mEq/L o 523l Wzl glont 3mM/L o] ErAlv]m A
4 F7 L FaEA s adE e g3e g Fadl: AT Ldh A4 AguEsg
2 AAtigs A,

4 8 4 37

AF 1.92.0kg o] Aol 4 & 4 At o
g, AFEs, d 9 F 92 ge A1 %)
FAFER @4 Catt 2T P24 i #E,
7 T 5 A RS 248l 46u) 9] A
A4 BAlol A B Al ake 88(45.4) ml/min, 9 v}
&2 0.36(0.03) mi, 4 A H5 1 25604, 2)/min,

Cardiac Ouput

60r

HFd gk 102(F2) mmig, P35t QA S A4t 40
" F d2A 42 1.40(H0. 11) mmHg min/mi o} ¢ v},
Al Eede # 1ol A Bir upel o] EDTA S &= 20}
gletel @Ak Ca't =4 0.5, 1. 2, 3nmEq/L Y s
A Ze] izl AAA 83 ml/mino] 4 84, 48, 48, 41 L L
-3 -2 -l -05 05 | 2 3

ml/min 2 ZFadsieh, GHmEG/L o) 7Fae] o dle] =

+b
Gl A ol b shorh, 1mBq/L o] 4] 74 (Ca™) mEa/L

vl glkol ¢k x rd ol . 1= . i . i
i A g o éu'}_o'i_ Ab gle jlcqi . Fig. 1. Changes of cardiac output in various
A 7A@ (Tetany)e] odr] Al=talet. CaCl, & 9] plasma calcium concentrations in rabbit.
sled Ca't FET w44 wlols A4 F49 Cag Control data was expressed as 100.
Table 1. Cardiac output and hemodynamic data in various plasma calcium ion concentrations in rabbit.
T [ Decreased Plasma Calom don || licrenssd Placms Calcin o
—_— mEq/L Control mEq/L
3 2 1 0.5 | 0.5 1 2 3
Cardiac Output 4] 48 48 84 88 79 75 77 66
(ml/min)
S.E. 4.4 2.6 3.5 5.1 5.4 7.7 6.8 8.2 8.1
Stroke Volume 0.26 0.27 0.23 0.36 0.36 0.32 0.33 0.34 0.32
(ml/beat)
S.E. 0.05 0.03 0.02 0.02 0.03 0.03 0.03 0.05 0.04
Blood Pressure 78 92 91 109 102 114 100 100 107
(mmHg)
S.E. 3.7 6.6 3.8 10.0 2.0 55 5.8 6.8 6.1
Heart Rate 184 197 228 238 256 | 248 236 223 210
(beat/min)
S.E. 17.6 15.9 8.4 5.6 4.2 5.6 6.6 7.2 7.4
Peripheral Resistance 2.45 2.38 2.10 1.75 1.40 1.74 1.56 1.62 1.85
(mmHg-min/ml)
S.E. 0. 46 0.21 0.26 0.24 0.11 0.16 0.11 0.20 0.22
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Fig. 2. Changes of stroke volume in various
plasma calcium concentrations in rabbit.
Control data was expressed as 10{.
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Fig. 8. Changes of heart rate in various pla-
sma calcium concentrations in rabbit.
Control data was expressed as 100.
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Fig. 4. Changes of blood pressure in various
plasma calcium concentrations in rabbit.
Control data was expressed as 100,
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Fig. 5. Changes of total peripheral resistance
in various plasma calcium concentrations
in rabbit. Control data was expressed
as 100.

Eohe] BH vlaa w2y o Eo] XN Catt
= 4A AZd Cattyxe G2 uA A2 £54
o Heojzle]zl lojA ). Reuter'® 52 A2 RA¢gnd
W (voltage clamp technique)el] °1%F AYel| 4 Ca o]
W A FEal el A x4 AEZHE o] Fsld A
EZW A% Cag $FA72 o]Ae] & Ae4aL B
A 5} Lin=1 ﬂ,_-_]_u- SERLIRLIN

ol ]2 ZAZY SdeE Fue Cattrel:
107" M/L ol £33l E22de o3 g zxads
& Aol o] HR-mlol 2] AL o] FX Eshn &
& F23 olskge] ek A ZY Catt¥Esl 1077
M/L%E deorl Ca** & ® B& =Exzdst Aisie
E2xd-22zalo] oAl H¥AE whEo] dAunE
el e}, o]e]sle] fEl-wle] 24l wAe] FYHT 4
2 a]Eolx Soigte r Z&4%0] Az} Az
Ca*t 328 4hal7] oA st 9L AMzwte &
E3olh & TAZA FE59 Catt & AA4E Fol 4
AEuz d4e f4 Frh Cart 3 =7} o] 479
506 (510 *M /L)~ 5= 54 7} %E(bond bridge)
2 =5 348 "5, o] FEd EdstEA 252
ATl A 50-60 pg/ke o] M B R Fejsoief

o zElEz it s AEggEe FEA6
AT Yo F5E 242N FAY 5 o B
o] o] &5 B Sat F¥ wel 8
Catt 2] ofel] vl glv}. A5t o] 7] XA el 4] A
B 9l A4 g g ([dP/dt) fejs Catt F2) A3 3A
= #2l = Catto] 0l 4 50-60 pg/kg 2] H el A
= v 3AE Ao 2eR Cattd o -4
& dAAelg Agl-rlel oAl FEF ZAY Catt E

(pool)ql 434 (sarcotubular system)ell 4 %3
3 ol &o] Ca*tto]l fu]g} ™ o|zo] qul-mle] 24l

AT g st T4de] AdEcte Folth

W 5E9 TASE Cattol gl AR AFH
b EARL 247 Fof] F ko ok ol A
S AZHAA Cattel FE-F49 dAEFI R4S
A48g AT o FAFE dolh o9 HEAHon AY
o5 AATE AL oz ARYNY FEAH L
1% el qizbs e oo} e T4 AH e A
Aol 529 AR2AAE F4F Catto] AN F
7hell AR gAY F& AN A BYL o &
4 9 AMEEel gledet FE55A Atk 4w A
el wle) w e Ca** & FubaA Fx Catt A% 8
Ad oz AATE AFT AFa AL A Frrfo
A A=,

AR Catt F 3oy 42 ES THAHRY T
Z7F T2 2ol vlsld ALZAA A FaEE A
2 Azt slvh AT A 2FE Feiy £4
L FAZEG 4 Aow 2 il TAR] AL
ZA 29 sel Heb oA A AFEe] AxY
2 FE% 4 Qi Catt o] o] TAZ wiste] YAl
How Ca*te] Z3¢ TAZE 2343 AZEH 9
Az e AE G s Aol

AR Cad 24%¢ 435 AA Caolzz
AgRe 2rv +EH L 24 Aoprinin, o
A% Caxgekg ol Wi RAA Mz 4
Loze] Cattelgel 718, Ex on Catt Fxmo
A A 2E(sarcoplasmic reticulum)e] Ca-& w] &3}
59 Frlolvh AT Cat $Es $xE FE o
F dd 289 o] 59 AT A il A

Al A Zuto] BEFEE Catt & x4 AEyY
2 xSt Ak AB0mv)e] wet ol F® el ¢4
712 vhel Aol gl Fx Wl A ZTAH Catt
o] 5ol Y A= F=A Aol oifglalA o] E51, 9t
B3 Ca¥ol TA2EYe] Adolely Wood 7} %
gt oule} kel A FAAL] AL Catto| ATz
ol¥& ZAFo N X FA43 Catt 2] Folo 7
g1zl Aeleie}l Wejxlel, Al xed Cattpx Adtel g

— 269 —




A A ee AWz Catte]FAste} Catt A7
ko] gad 71A¥ Aelm [w ehz AT Catt
Eobd] o5t AAEAAEL 422 Cattols F
Z}et 2 Ak F7 FilE Feldh

Age TAwAE g AT 53 |HE HE
o)dtoma Egel BL AANEFE FAY F e
=z A% Caol TRENA £83 felge] T A
Bl EE 45478 FRE FadAYs) o] Catt
s BA2ER TEA AR oate EEALR 3T
e ARG o] A = A= Azl EAWA F4
s & el

A2 Ca A S F7HA 7 &= b 7hEF e 2
Aago) Catt & S Faoz Hukste ¥l F 4
J i &7 A LS Catt FEAA TRLE] A
Waie Cattg duhy who] 3 Fshiriel 228l
Zae] AR o4y £ AEA AR [8T A%
) A g A e Catt 3 ¢rt Adse AR
wol Az4Ed WES Adst: F23 JAAAE
pgopeee, Agghl AfdA AR dAle 24
289 Catt3l4T AsAZIZV® ARHAA =
Catt 4% FAAA G

AREA Heddn] AT4EA ek AEE 2
g spsAo] 9l Aer Ao £54 dUAE A
#A4 B¢ 4 gk oA FE-4EF dAAA Car
o] Aot aFrlelnz 9T Catt FRAE =
Aol el 2 4570 ohE 4 Yk Aol el
i} 476 gade ok A9 ok szt flth

ARuEe] AurA 7] (pace maker) TAE st B
7 A (sinus node)?] FHMAE Aolx FHEel F7HA
Bl o3t A5t AHEL Natel 82
A Mzzoz Aol Folrte $E(I ¥4Z FE
WAL 98 4 Eute] Agte] ztadE Aol B
WALE §1a A wure] R AGE 7 AxHe] 54
elilel AARA Y d7)dl CattFE7t 71 EH T
el Catt & AlZTE QAHA sz GFee AL
o Ca** 5 E7F Q38 +Fo vlAA Fshd TYAA
2 A xe] FEAE FopAn CattFEst UF =l
Aw FEade sead. FEua wse] JEse
AL ol®at olvl v FE, PRI 2 AFA, 27
32 dde 0 CO: B¢, "o Ax g & T=2¥
] Sl=t.

ol A 714t vist Zo] YA A Cattyxo| bl
g AAEGe] v[AE 92 ¢ dstd T 8
aol 9ate z wd A9 w8 g3t
7F el o ATt AAGE o elefet ¥
At As FyA A6 Ml A7 Catt Fx2 A

o] ozt 54 Frrt AFEE UH Catt R
o] Frle] 2ste] WMEge Fart dEEY B AL
Yol AL olz@ ke Helal Aol gk olHE B
AL A wF, 2Rl ARt o] &
ol e FEAY T FuAg ATE o 2L A
SAA Ak 33 Be o] H4F7]6) i Catt ]
Ago] AR A4HE 45 & ek
a4 Cattyx Azl ot AALED]
ZAZH F3-45 dAEREAY Gt FF
A9 mz AR} o] A Ca*t @A go] wiE £
A geyury sl A g ge] had Aelmz AR
wpaape] ZhAs - AL A oot Rk 2 A
A Cattex A&l dstds 4HFE ubeh @80
obz} clEr] qubalew wpEake] Al W7 glat
WE Eur ZolAl o8]y ARNER] BF A4
Helet. WA Catt oA ATARY & ATAE
W AR Cal A9 &80 el g AR
ale]Ae] 7 o)A Catt ¥t Agddels 4239
o] o}y mvl 9= S elsh el ATHF
f XL AxYd Catt¥xe @it M owdt o
4 Ca** 522 ImEq/L o1 #53A% welnt 2ol
g Aakelvh Cattpevt TE4E dod A2 o147
of ATPE Axsd4 Catt & 2N TALEE
e TAReR 34477t 2379 o8dA Ha AF
wpEsSL e AlgutEske] F4 Hi Xiheh

# L=

E7]¢] CaCl. @ EDTA & A4FAsle] dA Ca**
g AsAA ol 59 83 Cap=lA A
g A

ARargey 242 R4 $98 wAgds] 3
A2 QS A5 ARNE Ao 3l A4 A7

s oz HATHE A7 23l Stewart-Hamilton

=4 &
Wez B4 A el

1. A Axdel ojar o] A gase 88k
5.4) ml/min, & "HETE 0.36(F£0.03) ml, FEF
956(4.2)/min, ¥ W e 102(£2) mmHg, & T&
A 5o 1.40(+0.11) mmHg. min/ml o] g}

9. W7 Cat* SE% 7705, 1, 2, 3mEq/L 4 AA
Ao wiol yhyd AAubEare 77 B4, 48, 48, 412
FAaH AL wakeh oA L AAT AT FE-
£ JAEA AL Catto] YA A FasE A
T ole] Catt ¥xAANE Foln Aoz Catt s
A xR ze o] o] Faslm ATd A Catt g 2
FHA2 Catte] 242 TABeRYY o2l
o] Bao] Fo] 57 wf-Felelel Ao

— 270 —




3 ¥ Ca™erE AAdon & SE04AE 4

FEol web kgt Ao & wolu ATkt Ed
A AN ERS Wast ey 3mEa/L olfz} 9]
 Cat Fx Zhaol Ao} o] At ake] pageh
ol A¥AAE A4 29 €4 Catt vE: /975}1 A
2 FE-5 dAEHEA A 235 gle] U9
A WA Ca*t e s i U715 Ao
gk 282 Catt 3= A= Fole AANE R
%}ix 13+t

- 874 Catt wE Aie o ApdEese 7R

éﬁz o el gad S Aol

5. AlAwtEEe zhael of%t Were e £
EA el 48 Frrd oz ¥ $5FA LA

3 CattpE2] AdFFAA AFNF AlAE

FE wasgch

ABSTRACT

Cardiac Qutput in Various Plasma Calcium
Ton Concentration in Rabbit

Ee Sup Kim, M.D. Woo Gyeum Kim M. D.

Department of Physiology, College of Medicine,

Seou! National University

Cardiac output was measured in rabbit under
vartous plasma calcium ion concentrations induced
by the intravenous infusion of EDTA or calcium
chloride solution. Cardiac output was determined
by means of saline dilution method, recording on
physiograph the extra-arterial conductivity, and
analysed using Stewart-Hamilton formula.

1. Normal cardiac output measured by saline cond-
uctivity method in rabbit was 883(+5.4) ml/min
in 1.9-2.0kg body weight. Stroke volume, heart
rate, mean arterial blood pressure and total perip-
heral resistance were 0.36(=30.03) ml, 256(34.2)
/min, 102(+2.0) mmHg and 1.40(+0.11)mmHg-
min/ml, respectively.

2. Decreasing the plasma calcium ion concentration
to 0.5, 1, 2, 3 mEq/L, cardiac output revealed
to decrease to 84, 48, 48 and 41 per cent of nor-
mal, respectively. Decrement of cardiac ouput
were consistant and significant when calcium ion
level decreased more than 1 mEq/L.

3. Increasing, on the other hand, the plasma calcium
ion concentration to 0.5, 1, 2, 3 mEq/L, no sig-
nificant change of cardiac output was recozniged.

However, there was a tendency to decrease when
calcium level elevated more than 3mE/L.

4, Considering the similar pattern of change between
the cardiac output and stroke volume, the derease
of cardiac output in hypocalcemia was attributed
primarily to the decreased stroke volume.

5. During the experimental hypocalcemia and tetany,
in spite of abrupt decrement of cardiac output,
arterial blood pressure was moderately well
regulated and maintained.

The mechanism of inotropic and chrenotropic
effects of calcium ion was discussed.
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