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Isoproterenol Induces ST-Segment El-
evation Without Wall Motion Aggrava-
tion and Myocardial Ischemia in Ex-
perimental Myocardial Infarction
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Abstract

The mechanism of exercise-induced ST-segment elevation in previous myocardial infarction was in-
vestigated using isoproterenol infusion with atrial pacing to simulate exercise hemodynamics in seven
closed chest dogs with myocardial infarction. The myocardial infarction was induced by cellulose
embolization of the left anterior descending artery. One week after infarction, 1) isoproterenol 0.3 ug/
min infusion, 2) right atrial pacing alone, and 3) isoproterenol infusion after the injection of propranolol
0.5 mg/kg were performed. The heart rate was kept constant by atrial pacing during the examination.
Precordial ST-segment deviation, left ventricular global and regional wall motions, lactate extraction ra-
tio, and regional myocardial blood flow were measured. Isoproterenol induced a significant elevation of
the ST-segment, i.e., the sum of ST-segment elevation at chest leads V2, Vs and Vi, ZSTV234, increased
from 0.32£0.11 (mean=+SEM) to 0.82+0.22 mV (p<0.01). However, pacing alone and isoproterenol
with pretreated propranolol did not. During isoproterenol-induced ST-segment elevation, left ventricular
ejection fraction increased (29.2+3.3 to 39.1£3.9%, p<0.01), lactate extraction ratio decreased but
within the normal range for lactate metabolism (30.2+7.0 to 16.7+4.2%, p<0.01), and the inner/outer
ratio of regional blood flow did not change significantly (0.81£0.18 to 0.97£0.13 in the non-infarct
border area, NS; 0.37+0.04 to 0.421£0.07 in the infarct border area, NS). Isoproterenol enhanced ven-
tricular wall motion in the border and non-infarct areas, but did not induce aggravation in the infarct area.
Propranolol inhibited both isoproterenol-induced ST-segment elevation and the enhancement of wall
motion in the border and non-infarct areas. Therefore, neither myocardial ischemia nor worsening of wall
motion was responsible for ST-segment elevation. Beta-adrenergic stimulation may be a cause of exer-

cise-induced ST-segment elevation.
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1. DEFEERERE

SHEIIHEERA 105 (F A 8%, A2, fKE
16-25kg) T3 5. Pentobarbital 20 mg/kg = CTHREE, #
1%, heparin 2,000 BLAL B L ORERRF B D 7% lido-
caine 40 mg & propranolol 2 mg Z#EEL 7z, LHEE
DYERIIEAMT cellulose ZEAeiE X FV 72, EISH
N5k, KEHVEBIRAD O e/ NV — L ERS R IR L 7
PTCA NV — Y AT —F V%, B FATHEE 2 b fakesy
I &R % TH %, oxidized cellulose (L7 + — A©,
0.5 mm #l 5 80 mg) % 76% amidotrizoic acid ("7 &2 7 F
74 %5ml EAEBREIEKSmIRM LA DERE
WAL L, PICANT—7TVH 5 XEERTIERLIZ
ERTITREENEZH OFRB~NOSEFHE D5
THEAL, E2MAKDELZREL:. BWOFRIC
WL T, BOREDS L OEBICET A ERICED
WTEERZITo 7.

2. E®7Oobra—-u

BELER LA 10D B 1 HITEEERK 6 B
%IC, 1HIZ2 BRICFET L2720, 1 EHE $TE
EFko 7 SFHICAM A MAT L2, BEEKE LRI
FRBe, {81, heparin 2,000 B #&#EL 2. AT —
TIVEEE L-AE % Fig. 1-EIRT. AV EEIR A
 6F pigtail # 77— 7 IV 2 [ERIE L BE DO EZICE
B L7, AXRBEEARA S microsphere FRILF 6F pigtail
AT —T NV TITKERICEE L2, ARE#ERD S
BENR—V Y TBIZTF Zucker AT — T VEEALA
BICHE L7z, SV SEEFIR 2> & FLERRIMLA 6F Cournand
AT —T Ve RKOERICEA L. GHEHER» 5N
BEIFOERHLHFEAL, GEPLLEFREERL,
microsphere 7£ A 7F Cournand 1 7 — 7 )V # EE &
AL7Z:.

B EI BB OFHH 10 51&(C isoproterenol % 0.3 g/
min DEETEEL, 35RICFHBEZEHAIL 2. &
A& T # isoproterenol & H11E L#y 20 B L, AR
DIRFEICMATENE L LERAPEBE L -0 HRA LD

5, BE— ¥ 7 % isoproterenol EFf & [F] L.
BTitye, UTERERTITHRELZ. A=Y 7%
3FTR=Y YV TAMOAROF M EITo72. ZDFHA
1%, propranolol 0.5 mg/kg % #HE L 5 51212 B ERTER
5% isoproterenol BRI DEHA 24Ty, £ D 10 74
\ZFHEE isoproterenol D REFHEZ B L, 3 FRICE
WEITo7:. FRLTOFENL 12 FEAKRELEN,
EOEE, KBRS K OERIR & 0 2LBRRIL, B0
MiE, EEELDIRIAT 7205, BERX—Y 7D
ADKER TIIEZEER 3T R o7, BWERLIE
fTL7- 88D % 1 §HIZ, propranolol BHER |\ ME(K
TLRECLAZ®, RET CTEREBTTE 2 7HIC
DWTHR LI L7,

3. Bt Al &

STIRALIZ TP % &ML LI A TORMEFHAIL, &
EIRFHE V-V, DR % ISTV234 & L7z, ESER
fluid filled &% CRLER L 72, EZER L 76% amidotrizoic
acid 0.8 ml/kg % 2 FoB CHEA LARIFHL 30° 18 % &k
L7z, 35mm 7 4 VA% 6 Mipron 1 (Kontron Instru-
ments ) T HWT, EEHREKPERE, KPS
f&, EFHI=E % area-lengthE® I X W EH L2, EZER
FrBEEE) I3 R K EAG & GRS % fixed axis 2 |C
L D EREDHY, 48 4E radial hemiaxis E® 12L& D
radial shortening & L TR 7,

1 FLERAE |3 BV BRI G EE I %E @ End Point 320 (2
Lo TRe, FLEBERERIT (KEIIR MLTLERE — AL
JR ML LR 8 )/ KB AR ML 2LERAE X 100 (%) IS X DEHEL
7z, RFTOGHIMLTEE DEHAIZ, colored microsphere (E-
Z Trac 10 um Ultra-uniform) % fi\V:722, EE»HLED
# 72 o 7= microsphere £J 400 X 10* M % 10 #2F TEA
L, HEA10HHA2 6 TITRER L hK5IKY 7Tl
% 18.4 ml/min DA ¥ — FT 70 HEE5I L7,

EBRETHRUELHEE L, 1ocmEBEOEHERT ) &
L triphenyl tetrazolium chloride (TTC) ¥+ % 17\>, JE
TEZEER, JEAEZEMIEDE, HEEMEDR, EEROEH
DENFNNE, HE 0.3-1.0g 28 Y H L, micro-
sphere $t % BEMEE CH A MM E 2 & L7z, £HEBD
BE Fig. 1-AIIRT &L 9 12, BETZAIBEFEEOH
OER, FEEEI T REERE.LHOPLEE L, HE
FEBES E HEERI O TTC THREB SN BEALL Shiv
BAOER LR E L, e 35 % IEEERED
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Fig. 1 Schematic representation of the experiment

Left : Microspheres were injected into the left atrium (LA) via the transseptal puncture. Blood was sampled from the
descending aorta and the great cardiac vein for lactate metabolism analysis. A pacing catheter was introduced into the
right atrium (RA) and a pigtail catheter into the left ventricle (LV).

Right : Regional myocardial blood flow was measured in the outer and inner layers of the four areas; the infarct area,
the infarct border area, the non-infarct border area, and the non-infarct area. The shaded area indicates myocardial
infarction determined by triphenyl tetrazolium chloride (TTC) staining.

RV =right ventricle.

W, Shwilz LR E L.

4. RETERIRTE

TRTCOBEITFHELEERE TR L. BHE
HEOBRERSEGITEERH, FEENFD LGS
13, BRI IR & & AT T Dunnett’s test 4T o 72.
p<0.05  HEZDOHE L L7,

=] %

1. [LEMX (Fig.2)

FEZEMER 1 AR OBAMRI*TBEEE, isoproterenol H1iT,
HRE~X— » 78, propranolol HiALE, propranolol
LB £ isoproterenol Bfif DAFKH EM Z Fig. 2 12
RY. & THHICHIEE Q BEESMERIN TV,
ISTV234 (ZEMAT 0.32£0.11 mV 25 isoproterenol
BT 0.82£022mV & EH L72A<001), GF
~— 3 v 7B R propranolol FijAL{E % isoproterenol &
WTIEEL LA RIALNLH o7 (Table 1).

2. MTEHREH S U'RLERICH (Table 1)

%513 isoproterenol B i T 18510 bpm ¥ T L&
L, ZD#HIIAFE— ¥ 7 T isoproterenol B fiflkf &
iz fRo 7z, AENHHEIEMN 28 L TE
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1bid 7 <, LEEARMAE S propranolol $5-#% 12 EA L 72
(p<0.01). Isoproterenol Bfif T/ EILRAINEM, X
FARPAEIT L DI/ L, EERERITEFH 29.2
+3.3% 75 isoproterenol B 39.1+£3.9% L HEhNL 72
(p<0.01). —7J, propranolol #%5-%IIHEER—Y ¥ 7
I & 2 HEIR D 7o DILERAABE R I L 722, PR
ARIIENE T, LAEHBHEIT 195228% LIET
L (p<0.01), 22 < isoproterenol B T ML 7%
o7z, FLEEIEELER T isoproterenol B T 16.7+4.2%
~NET L7200 (p<001), BILOHIE S5 10%
UToETIE oz,

3. [BAETEREE) (Fig. 3)

7O OREERATEEES) % 48 5% radial shorten-
ing TH& L7z, ®ROHEMIIHEEERITOMRE R TEHD
radial shortening ¥ +E#ERZE % /R ¥ . Fig. 3 IR
T L ICHE 1 25 48 DFAICHE-> THIEE, LRER,
TEEDALE IS T 5. HEERXOAMFIOME TIAFT
BEM & N RER I\ BEEB EE A5 o /2. Isoproterenol B
TR &) IEMEZEE B X OV ERELLE (T 1-15 B LD
25-48) DEEEB)ILE L, HE 15-25 fHE DML T
EEEB)OE LIZAONT, FETIIRE LRI OR
# LT\ 7 (Fig. 3-7). Propranolol $%5-7% (3 /£ S BEE
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Fig. 2 Electrocardiograms showing the effect of isoproterenol (ISO), right atrial pacing (RAP) and propranolol (PRO)
ST-segment elevation was induced by ISO infusion. RAP alone and ISO infusion after PRO injection (RAP+PRO+

ISO) showed no significant ST changes.

Table1 ST-segment elevation, hemodynamics and lactate extraction ratio

Control ISO RAP RAP+PRO RAP+PRO+ISO
2STV234 (mV) 0.32%0.11 0.82£0.22* 0.51£0.15 0.47+0.14 0.47%0.14
HR (bpm) 1368 185£10%! 187£10% 187£10*! 186+ 10*'
LVSP (mmHg) 1196 10619 1246 105+4 112+2
LVEDP (mmHg) 5.0£03 4.0x05 6.0£0.7 8.0£0.9%! 6.6x£1.0
LVEDV (m/) 62.7+74 51.816.6%2 55.616.6% 56.01+7.0%2
LVESV (m)) 44156 32.0£4.9% 45.516.6 45.1+6.7
EF (%) 29.2+33 39.1£3.9% 19.5£2.8*! 20.7%3.1*
LER (%) 30.2%7.0 16.7£4.2% 25.6+£5.3 22.7+6.3 24.0£6.5

n=7; meantSEM; *p<0.01 vs control, *3p<<0.05 vs control.
2STV234=sum of ST V2, V3, V4; HR=heart rate;
pressure; LVEDYV =left ventricular end-diastolic volume;
tate extraction ratio. Other abbreviations as in Fig. 2.

B3I E&fRBICIET L, isoproterenol BT IC & 5 BEEE)
DIEHAHIHI & L7z (Fig. 3-5/).

4. BFTUEAMTEE (Table 2)

EEEROMMEZIAEWAIxTBEICLEN
isoproterenol B2 & ) @ Tl 2.3 % (v<0.01), 4+
BT 228 (p<0.01) I28EML, R—Y v ZFARFICE

LVSP=left ventricular systolic pressure;
LVESV =left ventricular end-systolic volume;

LVEDP=left ventricular end-diastolic
EF=ejection fraction; LER=lac-

DARETIE 1.7 15 p<0.05), 4@ Tit 1.8 4% (p<0.05)
\Z38h0 L 7-%%, propranolol }x5-&I3HE, SNELDE
B3 %ro7:. RAVBMIEIIZEEW Y@L TE
iz %o 7z,

—%, BEIROBErMFITE L &L, MFEAT0my
min/g DBIA3H o727, PSRBT ILIIETETE %
o fz. BEMRELDIO mEEIIFEEIL DL & HM
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Fig. 3 Analysis of left ventricular regional wall motion by the radial method

The shaded area indicates wall motion (mean = SD) in the seven normal dogs.

Left : Isoproterenol enhanced radial shortening in the border and non-infarct areas but not in the infarct area.

Right : After propranolol injection with right atrial pacing, radial shortening was generally reduced. Isoproterenol
infusion with prior propranolol (RAP+PRO+ISO) showed little enhancement of radial shortening.

Abbreviations as in Fig. 2.

Table 2 Regional myocardial blood flow

Control ISO RAP RAP+PRO RAP+PRO+ISO
Non-infarct area
Inner (m//min/g) 1.374+0.22 3.12+0.58%! 2.32+0.48*2 1.57+0.21 1.56£0.20
Outer (m//min/g) 1.41+0.22 3.14£0.67*' 2.59+0.67%2 1.73£+0.22 1.74£0.26
Inner/outer 1.05+0.15 1.04+0.09 1.00+0.12 0.93£0.09 0.92+0.05
Non-infarct border area
Inner 0.79£0.11 1.821+0.43*! 1.38+0.27 0.92%0.15 1.20+0.23
Outer 1.09+0.20 2.12+0.57*? 1.72+0.56 1.23+0.29 1.32+0.28
Inner/outer 0.81£0.18 0.97%0.13 0.96+0.15 0.82%0.13 0.98+0.16
Infarct border area
Inner 0.12+0.02 0.23+0.09 0.16£0.06 0.10%+0.02 0.10%£0.03
Outer 0.30%0.06 0.57£0.23 0.64£0.27 0.4810.21 0.40%0.13
Inner/outer 0.371+0.04 0.42+0.07 0.42+0.16 0.43%0.17 0.39%0.15
Infarct area
Inner 0.03%0.01 0.05+0.04 0.06+0.03 0.03£0.01 0.04%0.01
Outer 0.13+0.03 0.28+0.10 0.24£0.09 0.16+0.07 0.12%0.05
n=7; mean+SEM; *'p<0.01 vs control, *p<<0.05 vs control.
Abbreviations as in Fig. 2.
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1. STLEREEM
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A Z kA5, Haines 52 I3EMAT ST LR O—KkK %
FERTRWERRTWS, - EBREEMERIES
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BENEZ ONTEN, BEREENEZ LE2TH
FERFAYIC ST ERRER T A Z LMo T 52,
SEDOERTIE, FLBRAHL OHOLKEL LUEE
EEHR»S ST LRH & OFHEIMICDOWTRE L 7.
FUBRIERURIL 0 LT ic 2 IS BIm I & 2 SLERREA: % 7R
L, 0% UTTHEEELTHIEDFENM,
Isoproterenol 817 ST LR RO FLEIERRIX, BFFAT
WKHRETLZ3D0D10% L EOETH Y, THIZE
FHEANDOE(LLZEZONS, LHITTED S AT E
MOEERZ, MiTEDHEFEDET 2SS Mt D
BTTHs. BEELDIIIEMICHED RV 720IEE
ZEHME L EERMO 2 2O MK E % #%E L7245, ST
FRBEINASFIRE SO VTOIA T D HixdE
BLURNBIGRHEOETIIHE L 2d o/, Fob
MR ICIE, AEABOBEARLEHROETAHE
T5Y, EEEZICL DRETOFKER, isoproterenol B
ST ERBICIIEZERRIIMNL, EEERHET M
mizz. Bk, FLERMCH, LHMiE, EZE&EEov
ThrHATY, ST LRROBMOEBIIL % & HE
L7,

2. STEREREHEE

ST LRADERPEZREHRETHHLTIHERD
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MBI RS % EFGRRELER L ELS TS L)
BDTH5A.

EENET ST LROEFEZANL -0121F, Egh
DEEEFHENZBET HLEND S, Bekki® (LUK
HT—T VR TV T — 5 —BHESER 1T
vy, ST L& 7 Bl 2 Gl BEBBEAL DD o 72 L
£L, Yamaki 5M I\ NV TA - —BHSIF 7
AV V=TEZE&EEZ LB, ST LAH 12 Fld 9 Flic
BEEBEAS Do HE L TWAE. T X)) ICHE
BICIE ST LR ICBEEHIEILT 2605 575, ST
ERBITXTICEEFH BRI 2. SEOEERTIE,
isoproterenol (= & % ST bA-FF|ZBEZEIRBEEBYEALIZ 2
{, EZUFRKPER, IHERIFERIIVTRLHN
L7z, —h, BEMERSRZRIEIR— 7L 558k
D7-OPRFAAERIIHE/A L7205, IR H I
Y, EEIREEEEIREEL L /-, BEEEOEL
L72iZd 22b 63, STERIIELTEST, BERT
EHS ST LR ZHHI L 7-TTEEMEA H 5. S HICRIEID
bbb DOEE Tl methoxamine (2 & ) JUFEEA M E
e ERASETEEAREEAR, LHORDLEMS L,
BB A BAL SR/ L ETH, ST LREIFRTEL
Mol INLOERNS, BESHELLLGHOME,
BRI OHEMA ST LERDOER L IZEZ T\,

3. ST ER&ULEHE

DEo2HDIzA, STICHETHERTFL LTLHEEK
MdHb. Mirvis b? DERTIER—L 7 TST LH
PHERUET, ZOHFL L THEERO.LHER SO
AERI DL E DB BB DOEMNZET ST ERIS4EL
5 EIRRTW3, Hiyamuta® »X—3 7T ST £EH
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SEOEBRTUOHAKERLCICLTR—Y ¥ 7L iso-
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Fig.4 Schematic representation of a possible mechanism

of ST-segment elevation by B-adrenergic stimulation

A : The stimulation of Na*-K* pump activity induces greater polarization of the myocardial action potential in the
non-infarct area than in the border area during diastole. The electric current vector is directed towards the non-infarct

area in diastole, causing TQ-segment depression.

B : Enhancement of Ca** channels induces greater depolarization in the non-infarct area than in the border area
during systole. The electric current vector is directed towards the infarct area in systole, causing ST-segment eleva-

tion.

BN 5 2 L 13, ZREG BIEAOBEY S}
TwhEEbNE.

4. STER & B1EA

Isoproterenol |2 & ) ST EFAHEL, =V V7% B
EHEERTLERIIE L do/-Z &, ST LAFHIMFE
R BEOBEESYASIETE L /- Z L, REHRE BIER A
STEADERLZ2ATHAH) T LxRMT S, EMIC
&% ST EHIZ, BlLGH L RBRE CHEOFESHEMZE
D7:OELBEINTEY, EBHEWFICLS ST L&
b FEIRRIC, BZER LI & IR LR B A=
MEL, STHALERTHEERZOLNS.

BTERIZL % ST LR DHEF % Fig. 4 [IR$. 33K
HE BERIZEEM Nat—KY R 7& ML, L5
DEGBEERI L, BIEREMZHEEHI L9, §
EFDE O L E L5 12 e isoproterenol D52
ZRITIT W20, JEREIRLHHEER LG
I BB BESEBERIT. TO/KE, EXRWILEY
(2 FEAE ZEER IS ATEE BB\ I B M D MBSV BT 4
DI IRy, HEERLYED S HEANER RS MU
PELS. EERIPY T oM LERBOLERED
TQ HAIET L, LEEIOHIESF I I % R IR
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TEIICHELT, HMHICST ER %4 L 5 (Fig. 4~
A; IR E R ER).

% 7z, isoproterenol i3 Ca B AT EMAZ 2 SIEENERL
DE2HLHRTHEVAHAEDOCaBRZIEAL, &
BEMORIBLZEMS S, ZOKR, FEESLLH
PHEERLEOH & D S RaBEREI L, BRI
FEE IR ET IS ISR E O MBNER 2 7.
CD7-OBERNY PR & 3 ICEERNED
CHMBIZMAAD Y, HEEO ST HH % LA €5 (Fig.
4-B; [UHEEA B EER).

Z DYLERA] & WHEEA BB T, ST LA OBFIH
BHT&5. MhEWVEEIZ ST LAFALNIZL VD
X, ST* EREEHLETORELBMESET NN
7eR, E USRI TB ) EHEMICL S cat-
echolamine D LA PR =L EX ObND. F72, B
BrEd 51212 ST LR D8RR L 7= & v ) BRERBFZE™ i3,
DLW DOFAEZIRT AR THSLBEbNS.

5. HARDIER
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iR L Loz, EREICE ) | RS TR 2
LOEFIVEER L. LD LERRBIZIZIZSHERER
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