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k3 007mé/min® =2 BN TA 5%
U Fddld E3Z2EFEE A AMNA &
T3 onleni) ng4d5e suiee fa
ol 10% Ca-borogluconate £%4& AF kg3
0.075m¢/min®l FE=Z 10587 ZAAFYEL F3
Fodod 3 Res =g HA F/HAA KR8
Qqopsizaz am AYWEAGE plastic NV
catheter(21 gauge)E AWl Hx)3d Fof3}
. E% BAIFIAL Injection pump(Sage Instru-
ment) 2 TYA e FoHE $FS 2HIHY
=3

ANz 7|5 :43x9 7|82 Physiogra-
phy MK-IZ A-B #%(A:HZARA RFEZ
W osemf-9lel F, B 3 VAR HAHS
A A9 4R 14AH87)E H L3t 1mV/em
o] EFHLH 25em/secd] 71FEEEE 9 Na
+EDTAR Y QA EdAMe 7580, 2559 o
2EdAE 10585 44 FAAREH 158 T

Aoz AARgE Avtssd STEE 2 QT
3¢ 2339y QTUHE S Auss w3l
o] AFNE HAFI] Y8 Bazette® F4(Q-Te=
QT/RR)l & QTcHEE SAAN3IH T

UEUSETY 2H 83 LETEY 23
Az 7153F ZAHAlA  heparind 2] @
FAZIZ BHE AF3td dAEAF o-Cresol-
phthalein complexon'd 2] ¥ (wako calcium C
ki) &8 AA)sth

SAXe: dFLEFE BE AwESF S
TER 9 QT2 W3le IARANS 44

st
Z z}
Nag-EDTA 2 Ca-borogluconate & 5o g4

A9 HzAd FLEsEe 47 480+0.33
mEq/L(Table 1)¢} 4.30+ 0.17mEq/L(Table 2)&

Table 1. Plasma Calcium Levels, Heart Rates, S-T Segments and Q-Tc Intervals During Hy-

pocalcemia Induced by Nap-EDTA in Korean Black Goats (Meant+ SE)

Time(min) Ca(mEq/L) HR(/min) S-T(msec) Q-Tc(msec) n.

0 4.80+ 0.33 82.1+ 751 122+ 10 417+ 30 4

15 3.23+0.10 100.1+ 10.50 132+ 10 510+ 40 4

30 2.60+ 0.11 109.7+ 8.56 141+ 10 567+ 20 4

45 2.23+0.12 113.9+ 10.49 164+ 10 596+ 30 4

60 1.68+ 0.18 119.2+ 8.76 161+ 20 634+ 20 4

75 1.37+ 0.16 1132+ 7.25 180+ 20 655+ 20 4
Q-Tc : Q-T/R-R

Table 2. Plasma Calcium Levels, Heart Rates, S-T Segments and Q-Tc Intervals During Hy-

percalcemia Induced by Calcium Borogluconate in Korean Black Goats (Mean+ SE)

Time(min)  Ca(mEq/L) HR(/min) S-T(msec) Q-Tc(msec) n.

0 4.30+0.17 91.3+ 4.98 113+ 10 475+ 20 5

15 6.89+0.23 73.2+5.16 87+ 10 372+ 30 5

30 8.69+ 0.63 63.6+ 2.94 66+ 10 316+ 10 5

45 9.86+ 0.61 62.4+1.12 67+ 10 308+ 0 5

60 10.98+ 0.83 61.3+ 1.58 67+ 10 315+ 0 5

75 11.64+ 0.69 60.6+ 2.43 56+ 0O 309+ 10 5

90 12.75+ 0.88 59.0+ 1.75 66+ 10 . 307+ 10 5

105 12.98+ 0.80 58.7+ 1.83 57+ 10 308+ 10 5
Q-Tc: Q-T/R-R
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A AAERE 2FAN 4 P THE 4
B rSoh(6vtal, 67%)Y QSHH(3¢He, 33%)
o] QrRS#H¥ & el A (Fig. 1, 2).

NarEDTAS ¥ 9 Foz AZFgYEFT] L€
ASde 8F32EF=7 A g T4
Byo 9 Aupgge F7 §ol AN, S-
TEATR QTctZol HF AAH AN (Table 1,
Fig. D.

Z Nag-EDTAS A2 TAMNY T4 52
557l H7 480+033mEq/LY E$9o A4
FF, STEE, ¥ QToHAS 4 BF 821+
7518 /min, 122+ 10msec ¥ 417+ 30msecH <6l
EDTARY 15%7 FLE5ET YT 323+0.
10mEq/LE A3 Zi=HAd. ojde Auts
&, STER ¥ QTctEe 7474 37 1001+
10.503)/min, 132+ 10msec, 510+ 40msec® ¥A
3 Z7kE Ao 2eg A 0EAFY ¥F5TE
FEE ¥H¥ 260+01ImEg/LE 4 ZAHA
2o ol YuFF, STEE ¥ QTcde
Ztzt 37 109.7+ 8563 /min, 141+ 10msec ¥
567+ 20msecE 93] ZVIEIQ). 45837 60

0* (4.89**

O

30 (2.41)

H

60 (147)

ZAE Y o AAxEYe) F/EHAR A 75
¥73de 85TEFTE7 YT 1371 0.16mEq/L
2 Zasden ojfe STEAE ¥ QTcit3
S 274 HF 1132+ 7258 /min, 180+ 20msec
2 655+ 20msecE #UF F7HE YeEbdoEHR
YFAasEY Zid 4 HJAZAY RE
WalEol XA uig fgstA FAHANp
<0.05, Table 1).

Ca-borogluconate §90] FAHAEL Al
gsdaszrt F7Hee g 483y &
Aatgare art AL S-TEEH QTc
7tAo] =42 EHAHTable 2, Fig. 2). & 43
5L EFTE HT 430+017mEg/LY W9
AEE, STEA 2 QT A 24y HF 9L
3+4.983)/min, 113+ 10msec ¥ 475+ 20msec®
£ Ca-borogluconate$ 9} Fo 158739 ¥F
Lesedes FT 689+ 023mEgLE AA3]
F7 AT ol AutES, ST 9 Q-Tc
1AL 47 ¥ 732+ 5.165]/min, 87+ 10msec
2 372+ 30mEq/LE @3] ZAHAJ a8
o 3087 ¥5ZeFStc BT 832+062

15* (3.08°*)

oy

45 (1.98)

75 (1.25)

it n L i N n_

Fig. 1. ECG tracing during intravenous infusion of 5% Na;-EDTA(0.07 mé/kg/min) in Korean

black goat : A-B lead, 25mn/sec paper speed.
*#* | Plasma calcium level(mEq/L)

* ! Duration of administraion(min)
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0* (4.48%%) 15* (6.60%*)
30 (8.20) 45 (9.66)
60 (10.48) 75 (11.48)
)
90 (12.31)
105 (12.38)
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Fig. 2. ECG tracing during intravenous infusion of 10% calcium borogluconate(0.075m£/kg/min) in
Korean black goat : A-B lead, 25mn/sec paper speed.

* ! Duration of administration(min)

mEq/LE F7IH Qo9 olme 4utg4 ST
d 2 QTEe 47 HF 6353+ 2.943] /min,
73+ 10msec ¥ 314+ 10msecE 93 74 S
B 183 gF@Eexrl 31EE 4
Aede Z2391n F9 105230 852
F5Z7F BT 1298+ 0.80mEq/LE MA 3] F7}
HAEH olme] Myt STEE ¥ QTct
Ae 4z HH 587+ 1.833|/min, 57+ 10msec
F 308+ 10msecZ 4 HAE YEIPOZH
dFZEELY Fr7ld g Huts$, STEE
2 QTctZ ol Heldd vls] FAsAl Z4as
1 H(p<0.05, Table 2).

agn §IEPrM AZadFTH 1ZF

FE F=ded ¥F3ZeEsxr SUMEsE

** . Plasma calcium level(mEq/L)

HEF, STEE 2 QT ZAHJUY
(Fig. 3, 4, 5). AZFEF 454X 5LF5E
()9 wste] & AuEs(y), STEA(y)
L QTctA(y)2 2zt AFAF r2=0.32, rf
=0.26, r3?=0.667% 3] A4 y;=133.30—11.01x,
y2=181.11— 14.45x, y3=738.87—69.70x2 #AE
Vel 2 (Fig 3a, 4a, 5a), LBEEF FEA
e ARAF n?=034, r2=0.30, r;2=0.39%
AN y;=8541—1.88x, y»=114.31—4.13x, y3
=442.78—9.98x2 #AE Zzt el of(Fig. 3
b, 4b, 5b) FTZHFT =Y AuEs, STEAH
2 QTctAZ e A3 ARAZ AAH(p<o.
05).

-374—



:r2=0.32, y1=133.30—-11.01x
:r?=0.34, y1=85.41—1.88x
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Fig. 3. Relationship between heart rate and pla-
sma calcium levels in Korean black goats
during induction of hypocalcemia or hy-
percalcemia.
< . Normal plasma calcium level
a . Iduced hypocalcemia
b : Iduced hypercalcemia
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Fig. 4. Relationship between S-T segments on
electrocardiogram and plasma calcium le-
vels in Korean black goat during induc-
tion of hypocalcemia or hypercalcemia.
«— . Normal plasma calcium level

a . Induced hypocalcemia
b ! Induced hypercalcemia
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Fig. 5. Relationship between Q-Tc intervals on
electrocardiogram and plasma calcium le-
vels in Korean black goats during induc-
tion of hypocalcemia or hypercalcemia.
Q-Tc : Q-T/R-R
«=> . Normal plasma calcium level

a : Induced hypocalcemia

b : Induced hypercalcemia
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715 o] SRR Mo JehL S.TH
A QTcztF ol A H TR,

Kvart?Del i 5308 4dA E0tF AT %
3oz FAvh7l FEHAE We €F5LF
TxE7F BdF 317+ 05mEq/LE Z4AHASW
S-TEAH QTctde 2+ 200+ 30msecst 340
+ 30msecZ VSAZEEL B + Ui 4
Daniel 5!V, Daniel® Moodie!? 22|31 Little-
dike 520 APHo2Z R0 Na,EDTAS
& FARAY A HAA dFLFEEI
T 442+ 00TmEq/LY™ Q-TcitH L 406+28
msecA=H FFZEFE7F 3.08+ 0.05mEq/LE
Z4EHA e QTcHEL 432+ 45msecE 4%
gAatn gozx Hie Hee HAHEAY
WilE dodle dFTETEE AAEE ¢
F Atk B dYe) e EDTASY Fo g0
Ae Fo 1587 d3ZEHFFE7 3231010
mEq/LE ZHAFAJEW Q-TctZHo] 510440
msecE YFEHO AAZAFe W3yt Jehde
YFAEe FEE F2Y AU~V fAME
o QTcZe 93 B 439 g2dAM d
Zet ol#F Aol FEFFY Aol 9%
AR 2& Hamlin# Scher'® L £pE 53 0]
Hug dlghgo] dAdA e purkinjed FEXE
29 @8 AUl ®glolyel AZoA Aot
SHAA BEHO X AHRAA AR
A o2y FEAG] wE Azt Hejt Ay
o AgHe A 2oe F47 dAHE A9A
R AYAoZE 79T 4 o
2B Hee dB AAFLo) 4% EDTAY
152 1m/mine £52 FodstE g4
o 152%F L EF 57 349mEq/L 132
A2HAL QTctAY F33 @33 vl
Yebgtia 3tk 2en B 13587 ¥F
ZAFSE7t 215mEq/L7HA] Z4AHAE "We Q-
TctA e A% wdol ¢ AAsHDT |
o B AgeMe 5% EDTAL Y-S 43192
9 o 15873 ¥FZEF5E7F 323+ 0.10mEq/

<n o

03

7 < A% QTcAEY %= Qi
el AL Fo 308, 458, 608 LB 75
T 4

st fAtelAT ot B AYPPGL® AS 3
% EDTAE Y ¥dd (1ml/head/min) ¥4 15
2¥ 83Z44%27 35mEq/LE #HAPLH
7iel & Aubgae Foke QTctAe dFol
AALE o]F 240ENA FZEFEE 35
mEq/L °l3t2 ZAHZA Fhs ®olyz 4
Az HIgx dojux] FAgn P} o
g At ¥ZLFFeI AE A A
2528 Fgol o3 J=FEAA= F#
7 2zAozRE %5 AFYoz HEHE
f3040) 7]1% Ao g WolAth E APHH
A ¥EZE5E7F 323+0.10mEq/L ©]d 9&

€ 7/HE #d, 340 2 1950 Mt
sded 85Z4E5 =7 168+0.18mEg/LE %
2598 de 7EEF, I4AAE e
on 4%F 259 FAE AFIE 10923
HAE T HAME F4EL o€ EDTAS
Adsle wjAdsEE EF5Z5Y 4& AeFez
B3 5 Qedd 7198 Roz Poi
o}

Kvart?V s} fAR 536 7ol oty A3
HAuojulo] olgg o] XBEHOSE Caboro-
gluconate 84 & Fodld FFLPFEEE &3
StEA AATAE BEIFAAN FFLEFE
7t Mg, E S TEAFS QTctEY %48
vehictn st 223 Daniel $1V&
Ad FLgFxe Wi mE AHEYe
H3tEe #Eet7] 98 Ca-borogluconate ¢
AU2d3} Ao BFLeEsmt F
442+ 007TmEq/LN A 696+ 0.14mEq/LE 27}
Adeu QTcHES 406+ 4.8msecol A 359+ 4.5
msec® FAHUTGT At B AFFGLNA
Ca-borogluconate &4 -& T3 AL FLEF
=7t AAA 430+ 0.17mEq/LAl A Fo 1587
689+ 0.23mEg/LE Z7FHSSW QTctd 2
475+ 20msecol Al 372+ 30msecE ZAHAM o]
Aol ARER B 4EF S vud BYE QTc
A Wyl dojus 5 dasEs 2 A
do 799 fAE oy QTctZEe 24
dadA o A old zeole i A
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o 7R REHY o] FEAGAIZ] m

omlo 1o M

_8._!-_-,0

Yo Jdo rr

- 376 -



201935 A 7lddE Aoz AlgEHY A%
g2 Adeze A9y £7} gk

2 dYoiMY 1Z2F8F F2d g A9
T, STEE 9 QTctt3e] Wl ZAFS 4o
2 2445557 869+ 0.63mEq/LE F7HE
f7tA e AAEA ZAHASY 1 olF F
B55E7}t 1298+ 086mEqLE ASHE A
Mg AAEGe Wste dFEHA ¥

Daniel SV3 Littledike S0 938 A
ol Nay-EDTAS ¢ Fdo o8 HA#EF &
£A 83265 %7 32mEq/Lelstdd ¥FZ
#% %7} 05mEq/LA 7AE writhk Q-oTcit4
< 125msec¥ AFEHM LAERYo Fofd 9
% 1ZE¥F FZAlde YFBETEIL 8
mE¢/LZ 3718 wW7tA =7t 05mEq/LY T
718 gvitt QoTctAL 10msecd FHAEHo
YZZE5EY WS ©E QoTcd HIIE
T AZE¥F fxuvt 22E8F =R T
Atz &9t E 4% Fig 3, 4, 5904
Uehd biel Zo] AZw¥F fxuvl 1dE
8% it Adss, STEE 9 QT
Ao W Zzrt et FAME ZAE EAo.
oI AREL QTcAY I dojue
A& STEAH wilygiol 31AFIF f%
Alele S-TEHe W37t Frjdg&Eolzte
3 319179242531 o) 2] Bt o).

oldel & FHI Eu FIIZALA A
ZEYSH 1ZEHFTol FEHALSHW HH=
Aol Wyl dojue FgEsEe &9 7
9 At o AutES STEE 2 QTc
A AR AAEE XTG4 F¢U)
o At AZEESo] FEHASY AA=A
o U3yt dolue ¥5ZarEd AR
By g ATe dE NAFGL S FAEIA
=2

Z =

g5 A4L 5% disodium-ethylenediamine
tetraacetic acid(0.07mé/kg/min) ¥ 10% Ca-boro-
gluconate(0.075m¢/kg/min) & 2+t 75%-2t2 105
2 AR HA 7 T A o) 158 HFHo

2 ¥FPaTEE SN o2 ABRE
Holl o3 HAEAE 7IS3lY FFasxY
Hale] WE HAxGY Autss, STEE ¥
QTcZY Hss zAElgWu b33 2
&S ¥oith

1L AAERE 4894 9F EFN 44 P
ste} ToE WebdL, QRSFHS Fee 6t
A STHEE YL VYR 3ute] e FadlA
T QS#¥ & YERY.

2. NagzEDTAS A& B A9 HAxzY
9] W3l FTHEFET}F 480+ 0.33mEq/Lol A
323+0.10mEq/LE Z4APE&W HusFe 821
+7.513]/min®l A 100.1+ 10508l /min2 2 F7}
39, STHEAY QTctEdLe ZZt 122+ 10
msec, 417+ 30msecol 4 132+ 10msec ¥ 510+
40msecE F7FE Ao FAHERZNE vEMICL
a2l B3 TEEEI ZAEFE AuEs, S-
TEE 2 QTctEe 47 fFostA F713A
Hp<0.05).

3. Ca-borogluconate & %42 ¥ GAE
AoIM ARzge) wIe BFAEFEIT 430
+0.17mEq/Lol A 6.89+ 0.23mEq/LE F7HE A&
4 AubEF 91.3+4.983]/minol A 73.2+5.16
3/mino 2 743} PD STEE B QTcAEL
22} 113+ 10msec % 475+ 20msec A 87+ 10
msec @ 372+ 30msecE2 7AYoy FdH
=7t FNEFE Aues, STEE 2 QTc
AL 77t fFgsA FA A2 (p<0.05) ¥
FEEFEY W mE HAAEY HudF
F, STEE 4 QTctAe WA= AZsH
5 =t 21Z258F fEdgEog o
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ElectrocardiographicA Changes in Experimentally
Induced Hypocalcemia and Hypercalcemia
in Korean Black Goats

Chang-Yeal Choi, D.V.M., M.S. and Hee-In Choi, D.V.M,, Ph.D.

College of Veterinary Medicine, Seoul National University

Abstract

This experiment was performed to investigate the electrocardiographic changes in experi-
mentally induced hypocalcemia and hypercalcemia in Korean black goats by dosing with 5%
disodiumethylene diamine tetraacetic acid at 0.07mé/kg body weight/min and 10% Ca-borog-
luconate at 0.075 mé/kg body weight/min, respectively.

the result were summarized as follows . Heart rate, S-T segment and Q-Tc interval at 3.23
+0.10mEq/L plasma calcium level(hypocalcemia) were increased to 100+ 10.5 rate/min, 132
+ 10msec and 510+ 40msec, respectively. Heart rate, S-T segment and Q-T interval at 6.89+
0.23mEq/L plasma calcium level(hypercalcemia) were decreased to 73.2+ 5.16 rate/min, 87+
10msec and 3724 30msec, respectively.

The degree of changes of the heart rate, S-T segment and Q-Tc interval at low plasma
calcium level was higher than those at high plasma calcium level.
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