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Insufficient Protection of the Immature Myocardium from Ischemia

Hiroshi WATANABE

Second Department of Surgery, Niigata University School of Medicine
( Director: Prof. Shoji EGUCHID

Effect of ischemia on the mechanical function and metabolism of the ventricular
myocardium of newborn guines pig was investigated in the isolated perfused heart pre-
paration in comparison with that of adult guinea pig. After ischemia, the newborn
myocardium showed a hetter recovery of the mechanical function and a higher ATP
content than the adult. However, while cardioplegia by the St. Thomas' Hospital
cardioplegic solution resulted in an excelient preservation of the myocardial mechanical
and metabolic condition in the adult, the protection was not so marked in the newborn.
Myocardial contracture ohserved in the newborn upon administration of the cardiople-
gic solution may be a cause of the poorer protection afforded by the cardioplegic soclu-
tion in the newhorn as compared with that in the adult. To elucidate mechanism of
the contracture the membrane potential of papillary muscle preparation was recorded
by means of conventional glass microelectrodes. There was no significant difference in
the control values of resting membrane potential and in the degree of depolarization
during exposure to the St. Thomas' Hospital cardioplegic solution between the newborn
preparation and the adult., These results suggested that the greater contracture of the
immature myocardium by the St. Thomas' Hospital cardioplegic sclution was not due

to a greater depolarization produced by the cardioplegic solution,
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BED D 5. SRIORBER TR b OFBE B F
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(BT OREL TR TH AFERMS S 2 L2078, 2)5%

KEECEBOREFMA OB BRI K& BEBA g 4
ZETRE T ENE T L, BAT O LR E
L TEAERDGEED A & Bl 588k G R RE o &
B ET BN A.

R O RN X THLOM O B4 3 TR I
M EL, OISEEROSRC SV TORE A S B
SNTLAB 0 UL, O EE RED R
Tle DT EEY S 2 AT o0 T L Bl
T&Eue Foglia B2 (XHERIRER % V72 FBC.080
PRAETE I b T A DA R Ude S LT
k72, Pernot B2 (LOHREROE» BB I
LT LBCEESYS 2505055 80 5 EERR
Tty Ulc. ORE O IR BRI DU T AR
RHLNTETED, LHREROHEBUIRAOHC L
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DEBENLOTRIEHE 2 Hhb, Kinoshita 5%
e E S FOLEREY G TLBREDE QM
VERS#E L, BEBREMHLE UTH-Th, HLEE
TokREA R D D, BREIRN O H ey s B0
W L - TR B i, KBGO CHEAIIaR 2
BARRBETH D, AL 27 AR EBOT &
BB T B 08 RGO O RER N T B 1E
DO S R 2R EEZ B, D DOFER
¥ L OREFHOR.OM A X D R2 T 5 bl F

BOBORBEELER LT L0 —BERRNLHRE
B LW AR ETH L.

& B

ELEy MEHLOETIGCT, REOETC T AL
R O BB A S R L.
1. RO RO TR M4 A i &
WAL, DR OB AL DBERE - D T R L F — R
DT RO TH BB L0 L &b -1
2. KRB CRLORER L R TEA LS, O
FORG B Z O H v AR L OEEE D BIGR T
B L O b b &b -
3. RELVOEICR TR O L 0 S ORREROT R
Nidrin G Bd s LG, RO T O RERC L »T
R At Er bhl.
4. DIFRERC L - TTREWLETTHIE 2 1 A HofR i
R E AT T e T
5. LLEXD, REOB ORI U TR LR
SRERBRICE R L, (LIRSS L &
AT Tl fosd, RGO OIHRE BV Tl
DO & 2D 2 DFFBEE L 5 & X T IRSES S B
BEBThHhHERbRA.

WA #Z Hicdie b, IS b O 2 BB
b0 E LB e HuE, EEEEELHE £
[BYAE St e KRl i S L U I el
T E ok LR E O, BOHE - =8
iR SRl L L g T

2 E X m
1) Penefsky, Z.J.:

cardiac contractile mechanisms. In: Goot-

Perinatal development of

man, N., Gootman, P.M., ed. Perinatal
cardiovascular function. 1st ed. New York:
Marcel Dekker, 109~199, 1983.

2) Langendorff, O.: Untersuchungen am iiber-

p

lebenden Sdugethierherzen. Pfliigers Arch.,
61: 291~332, 1895,

Biinger, R., Haddy, F.J., Querengi sser, A.
and Gerlach, E.:
heart preparation with in vivo like features.
Pfliigers Arch., 353: 317~326, 1975.

4) Shah, A., Kechejian, S.J., Kavaler, F. and

Fisher, V.J.: Effects of adenine nucleotides

3

o

An isolated guinea pig



442

5)

6

p

—

7

8

—

9)

10

11)

12)

13)

on contractility of normal and postischemic
myocardium. Am. Heart J., 87: 740~749,
1974.

Imai, 8., Katano, Y., Shimamoto, N.
Sakai, K.:

myocardium as studied in the isolated per-

and

Energy metabolism in ischemic

fused guinea pig heart. In: Winbury, M.M.,
Abiko, Y., ed.
antianginal drugs. 1st ed. New York: Raven
Press, 85~199, 1979.

Guimann, I. and Wahlefeld, A.W.: L—(+)-
lactate determination with lactate dehydro-

Ischemic myocardium and

genase and NAD. In: Bergmeyer, HU., ed.
Methods of enzymatic analysis. 2nd ed.
New York: Academic Press, Vol. 3, 1464~
1468, 1974.

Sparrow, M.P. and Johnstone, BM.: A ra-
pid micro-method for extraction of Ca and
Mg from tissue. Biochim Biophys Acta, 90:
425~426, 1964.
Pucelik, P.:

electrogenesis of action potentials of

Do differences develop in the
the
right and left ventricle of the guinea-pig
heart during postnatal development? Physiol.
Bohemoslov., 32: 193~202, 1983.
Starnes, V.A. and Hammon, J.W.Jdr.: The
influence of acute global ischemia on left
ventricular compliance in the adult and im-
mature dog. J. Surg. Res., 30: 281~ 286,
1981.

Yee, E.5. and Ebert, P.A.:

mia on ventricular function, conpliance, and

Effect of ische-

edema in immature and adult canine hearts.
Surg. Forum, 30: 250~252, 1979,

Nishioka, K. and Jarmakani, J.M.: Effect
of ischemia on mechanical function and high-
energy phosphates in rabbit myocardium.
Am. J. Physiol., 242: H1077~H1083, 1982.
Bove, E.L. and Stammers, A.H.:

of left ventricular function after hypothermic

Recovery

global ischemia: age-related differences in
the isolated working rabbit heart. J. Throac.
Cardiovase. Surg., 91: 115~122, 1986.

Fazekas, J.F., Alexander, F.A.D. and Him-

F102 & WS

14)

15)

16)

17)

18)

=

19

200

21

22)

23)

63 7 A

wich, H.E.:
anoxia. Am. J. Physiol., 134: 281~287, 1941.
Glass, H.G., Snyder, F.F. and Webster, E.:

The rate of decline in resistance to anoxia

Tolerence of the newborn to

of rabbits, dogs and guinea pigs from the
onset of viability to adult life. Am. J. Phy-
siol., 140: 609~615, 1944.

Gennser, G.: Influence of hypoxia and glu-
cose on contractility of papillary muscles
from adult and neonatal rabbits. Biol.
Neonate, 21: 90~106, 1972.

Jarmakani, J.M., Nagatomo, T., Nakazawa,
M. and Lnager, G.A.:

myocardial high-energy phosphates in the

Effect of hypoxia on

neonatal mammalian heart. Am. J. Physiol.,
235: H475~H481, 1978.

Jarmakani, J.M., Nakazawa, M., Nagatomo,
T. and Langer, G.A.:

function in the neonatal mam-

Effect of hypoxia on
mechanical
malian heart. Am. J. Physiol., 235: H469~
H474, 1978.

Revetto, M.J., Whitmer, J.T. and Neely,
J.R.:
and whole heart ischemia on carbohydrate

Comparison of the effects of anoxia

utilization in isolated working rat heart.
Circ. Res., 32:699~711, 1973.
Hoerter, J.A. and Opie, L.H.:

changes in glycolytic function in response

Perinatal

to hypoxia in the incubated or perfused rat
heart. Biol. Neonate, 33: 144~161, 1978.
Young, H.H., Shimizu, T., Nishioka, K.,
Effect

of hypoxia and reoxygenation on mitochon-

Nakanishi, T. and Jarmakani, J.M.:

drial function in neonatal myocardium.
Am. J. Physiol., 245: H998~H 1006, 1983.
Bove, E.L. and Behrendt, D.M.: Open-heart
surgery in the first week of life. Ann. Tho-
rac. Surg., 29: 130~134, 1979.

Turley, K., Mavroudis, C. and Ebert, P.A_:
Repair of congenital cardiac lesions during
the first week of life. Circulation, 66 tsuppl.
1):214~219, 1982,

Kirklin, J.K., Blackstone, E.H., Kirklin,

J.W., McKay, R., Pacifico, A.D. and Bar-



24)

25)

26)

27

28)

29)

30

31

—

—

geron, L.M.dJr.: Intracardic surgery in in-
factors fos hospitat mortality. Am. J. Car- 33
- 500~506 1981.

Bull, C., Cooper, J. and Stark, J.: Cardio-

plegic protection of the child’s heart. J.

metabolic and morphologic effects of potas-

sium-induced cardioplegia. Surgery, 74: 284~

Hearse, D.J., Stewart, D.A. and Braimbri-
Hypothermic arrest and potas-

stum arrest: metabolic and myocardial pro-
tection during elective cardiac arrest. Circ. 35
Res., 36: 481~489, 1975.

Conti, V.R., Bertranou, E.G., Blackstone,

E.H., Kirklin, J.W. and Digerness, S.B.:

Cold cardioplegia versus hypothermia for
myocardial protection: randomized clinical
study. J. Thorac. Cardiovasc. Surg., 76: 36
577~586, 1978.

Foglia, R.P., Steed, D.L., Follette, D.M.,
DeLand, E. and Buckberg, G.D.: latrogenic 577, 1972.
myocardial edema with potassium cardio- 37) Katz, A.M, and Tada, M.:
J. Thorac. Cardiovasc. Surg., 78:
217~222, 1979.

nica, A. and Fossel, E.T.: Limitations of

potassium cardioplegia during cardiac isch-

netic resonance study. Ann. Thorac. Surg.,
32: 536~545, 1981.

Hearse, D.J., Braimbridge, M.V, and Jynge,
Components of cardioplegic solutions.
In: Hearse, D.J., Braimbridge, M.V., Jynge, 1984.
Nakanishi, T. and Jarmakani, J.M.: Deve-

lopmental changes in myocardial mecha-

., ed. Protection of the ischemic cardium: car- 40
dioplegia. 1st ed. New York: Raven Press,
209~299, 1981.
Buckberg, G.D.:
the cardioplegic controversy. J. Thorac.
Cardiovasc. Surg., 77: 803~815, 1979.

32) Leaf, A.:

A proposed “solution” to

Cell swelling, a factor in isch-

B RBCHIC R B LR DR BRI & RRE R

fants under age 3 months: incremental risk 1973.
Watts, J.A., Koch, C.D. and LaNoue, K.F.:

Effect of Ca? antagonism on energy metabo-

the neonatal heart: a comparison of topical

N

~

443

emic tissue injury. Circulation, 48:455~458,

lism: Ca® and heart function after ischemia.
Am. J. Physiol., 238: H909~H916, 1980.

Thorac. Cardiovasc. Surg., 88: 287~293, 1984. 34) Corno, A.F., Bethencourt, D.M., Laks, H.,

Gay, W.A.Jr. and Ebert, P.A,: Functional, Haas, G.S., Bhuta, S., Davtyan, H.G.,
Flynn, W.M., Drinkwater, D.C., Laidig, C.
and Chang, P.: Myocardial protection in

hypothermia and crystalloid and blood car-
dioplegic solutions. J. Thorac. Cardiovasc.
Surg., 93: 163~172, 1987.

Laks, H., Milliken, J. and Haas, G.: Myo-
cardial protection in the neonatal heart. In:
Marcelletti, C., Anderson, R.H., Becker,
A.E., Corno, A., diCarlo, D., Mazzera, E.,
ed. Pediatric cardiology. 1st ed. New York:
Churchill Livingstone, 13~26, 1986.
Cooley, D.A., Reul, G.J. and Wukasch,

D.C.: Ischemic contracture of the heart:

potassium, high-glucose solution on electro-

“stone heart”. Am. J. Cardiol., 29: 575~

“stone he-
art”: a challenge to the biochemist. Am. J.
Cardiol., 29: 578~580, 1972.

Pernot, A.C., Ingwall, J.S., Menasche, P., 38) Hearse, D.J., Garlick, P.B. and Humphrey,
Grousset, C., Bercot, M., Mollet, M., Piw- S.M.: Ischemic contracture of the myocar-
dium: mechanisms and prevention. Am. J.
Cardiol., 39: 986~993, 1977.
emic arrest: a phosphorus 31 nuclear mag- 39) Kinoshita, K. and Ehara, T.: Importance
of sodium ions in the protective effects high-

mechanical activities in the guinea-pig myo-
cardium. J. Mol. Cell. Cardiol., 16: 405~419,

nical function and subcellular organelles.

Am. J. Physiol., 246: H615~H625, 1984.
41) Naylor, W.G. and Fassold, E.: Calcium ac-
cumulating and ATPase activity of cardiac

sarcoplasmic reticulum before and after birth.



444 R RS w1028 W5 BT T H

Cardiovasc. Res., 11: 231~237, 1977.

42) Seguchi, M., Harding, J.A. and Jarmakani,
J.M.: Developmental changes in the function
of sarcoplasmic reticulum. J. Mol. Cell.
Cardiol., 18: 189~195, 1986.

43) Bers, D.M., Philipson, K.D. and Langer,

G.A.: Cardiac contractility and sarcolem-
mal calcium binding in several cardiac
muscle preparations. Am. J. Physiol., 240:
H576~H583, 1981.

(634 2 H19H 54






