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The ctfects of glucagon-low insulin were studied on canine wolated papillary muscles incubated in Chenoweth
Kolle solution and in the pentobarbital anesthetized dog. Insulin, 12,5 mU/ml, increased developed isometric
tension of papillary muscles which had equilibrated for 17 hrs, but not in muscles incubuated up 1o 60 min. The
decrease in tsometric tension produced by propranolol, 1079 M but not that due to pentobarbital sodium, 80 ugmi.
was reversed by ansuling The positive inotropice ettect of insulin was obtiuned when pyruvate. tumarate and gluta-
mate replaced glucose as substrate in the Chenoweth Kolle solution. The intracoronary administration of isulin,
0.1 Uskg, increased lett ventricular isometric tension and the rate of tension development in dog hearts depressed
with propranolol. 2 mgikge. Insulin exerts i direct positive inotropic effect upon canine heart muscle depressed by
propranolol or due to prolonged incubation. The effect is not dependent upon catecholamines, glucagon or glucose.
The positive inotropic effect is not observed in non-depressed hearts or in barbiturate depressed hearts.
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1. INTRODUCTION

Early studies by Farah (1938) revealed that certain
preparations of insulin produced positive inotropic ef-
fects upon the canine heart: an observation which was
attributed to contamination of the hormonal prepara-
tion by un unknown factor or factors. Similarly.
Reguan and coworkers (1963). who used a purified
preparation ot insulin (glucagon-tree insulin, Eli
Litly). concluded that the pancreatic hormone did
not possess inotropic effects when injected into the
left coronary artery of the anesthetized dog. even
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though insulin exhibited its classical effect on glucose
uptake and an increase in the cardiac respiratory quo-
tient.

Renewed interest in the possible inotropic ettect
ol insulin has been stimulated by the studies of Sodi-
Pallares et ul. (1963) who have advocated the clinical
use of insulin in combination with glucose and KCl in
the management of patients with acute myocardial
infarction. A recent study by Carlstrom and Karletors
{1970) has indicated that cardiae pertormance was
increased in the juvenile diabetic patient after ade-
quate insulin therapy. Sharma et ual. (1970) and
Taylor et al. (1969) have reported a suppression of
insulin secretion to be associated with heart tailure or
myocardial infarction: the therapeutic implications of
which should deserve serious consideration since the
supression o insulin secretion may possibly aggravate
the heart failure. Recent studies by Merin (1970) in-
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dicate that insulin could reverse the myocardial de-
pression produced by halothane: an action that was
attributed to the ability of insulin to enhance myo-
cardial glucose transport. A similar conclusion regard-
ing the inotropic action of insulin was wirived at by
Weissler et al. (1970) who reported that the hormone
increased ghucose transport and cardiae performance
in the isolated pertused rat heart. Majid et al. (1971)
have demonstrated o correlation between the low car-
diae output stute and the uability to secrete insulin
in vesponse to the ive injection of tolbutamide in
patients atter open-heart surgery and suggest that the
administration ol insulin may possibly produce clini-
cal improvement.

In view ot the divergent views concerning the ino-
tropic action of insulin and its mechunism. o study
wias undertaken to investigate the eftects ot the hor-
mone on dog isolated papillary muscles as well as in
the mtact heart of the dog. The results suggest thut
insulin is capable of significantly augmenting contrac-
tile force of the depressed myocurdium und that the
positive inotropic effect is not dependent upon in-
creased glucose transport across the myocardial cell.

2MATERIALS AND METHODS

L. Pupillary muscle preparation

Mongrel dogs. 7 10 kg in weight were anesthe-
tized with pentobarbital sodium. 30 mg/kg. i.v.. and
90 min were allowed to elapse betore thoracotomy
wius performed. This time interval was considered suf-
ficient 1o permit adequate distribution ot the barbitu-
rate anesthetic and o reversal of the transient depres-
sion of myocardial contractility that occurs upon the
rapid i.v. administration of pentobarbital sodium. The
heart was rapidly excised and placed in cooled. oxy-
genated Chenoweth Kolle solution. Right ventriculan
papillary muscles were caretully selected und mount-
ed in muscle chumbers containing SO m! of Cheno-
weth Kolle solution which was vigorously bubbled
with 9577 0, 577 CO, and maintained at a tempera-
ture ol 37°C. The nontendenous ends of the muscles
were held mou Lucite clip and the upper end ot the
muscles were attached by braided non-capillary silk
to a FT-03 force displacement transducer. The mus-
cles were stretched by a resting force which was near
the peak ol their active length  tension curves (ap-

N

proximately 2 g) and were maintained @t this length
throughout the study. The isometric muscles were
stimulated via punctate electrodes with square wave
pulses of 0.5 msee duration. at a rate of 60 min™
with a current 1077 above threshold delivered from an
[04A American Electronics Laboratories Stimulator.
Al recordings were made on a Grass Model 7 Poly-
graph. The signal from the force displacement trans-
ducer was simuftancously displayed on a Tektronis
S02A osciiloscope and photographed with a Polaroid
camera.

The muscles were divided into two groups. Those
of group I were allowed to contract isometrically tor
I by betore being exposed to insulin. The papillary
muscles in group [ were allowed to contract isometri-
cally tor a period of 17 hr before the addition of
insulin. Groups [ and H muscles will be referred 1o as
fresh™ and  Cfatigued™ muscles. respectively. The
canine papillury muscles were selected with care so
that only the smallest muscles would be used so as to
insure adequate oxygenation ot the muscle. The pap-
illary muscles varied from 2 10 3 mm diameter und
were from 7 to L0 mm m length. The reason for using
the canine preparation rather than the cat or rabbit
wus because the latter two species did not ¢ hibit an
inotropic response to insulin. The adequacy ot the
canine papillury muscle preparation is shown by the
fact that the muscles continued to function for pe-
riods in excess of 20 hr and responded in o typical
manner to paired clectrical pacing and to ouabmn.

The composition of the bath medium was us tol-
lows expressed as mM: NaClo 1200 KCL S8 CaCl, .
2H,O0 2220 MeCly-oH, 00 2010 glucose. 100 and
NatlICO, . 14, The pH was adjusted o 7.4, In addi-
tion. two other bath media were prepared in which
the dextrose was reduced to I mM and a solution
without dextrose. but to which had been added: po-
tassivm pyruvate. S mML sodiom fumarate. S mM.
and mono-sodivm glutamate. S mM. The latter two
solutions are referred Lo respectively as o “dextrose-
fow™ and o “dextrose-lree solution™. In all instances
trypsin-treated bovine insulin. low in glucagon. was
added to the muscle chamber in cumulative doses 1o
attain - concentrations  of 1250 250, 500 and
100 mU/ml. Successive additions of insulin were
made at 10 min intervals. At the conclusion ol each
experiment the papillary muscles were subjected to
paired-pacing 1o determine the maximum isometric
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tension for each muscle. The isometric force re-
sponses to insulin were expressed as u percent of the
maximum isometric torce. The data were analyzed
statistically with the standard r-test for group com-
parisons (Snedecor and Cochran. 1967).

2.2 Intact dog heart preparation

Mule mongrel dogs. between 13 and 27 kg, were
anesthetized with pentobarbital sodium. 30 mg/kg,.
i.v. Positive pressure respiration was maintained
through an endotracheal tube by a Harvard respirator
pump. Systemic arterial pressure was measured from
a femoral artery with a Statham pressure transducer.
The cervical vagi were severed bilaterally. The heart
was exposed through a thoracotomy in the left tifth
intercostal space. A 5 10 mm segment of the ante-
rior descending branch of the left coronary artery was
dissected free near its origin. Heparin was adminis-
tered in an initial dose of S mg/kg and then in hourly
doses of 2.5 mg/kg. The anterior descending coronary
artery was cannulated with a polyethylene cannula
and perfused from a femoral artery. The blood flow
through the descendans branch was maintained con-
stant by a bilateral roller pump. In cach experiment
the descendans coronary flow was adjusted to pro-
duce a mean coronary perfusion pressure equal to the
mean systemic arterial pressure. Coronary perfusion
pressure was measured with a Statham pressure trans-
ducer trom a sidearm of the coronary artery cannula
near the heart. The temperature of the perfusing
blood was maintained constant at 37°C by means ot «
heat exchanger interposed between the perfusion
pump and the heart. The temperature was monitored
continuously with u thermistor probe inserted into
the blood stream near the heart. A calibrated
Brodie -Walton strain gauge arch was sutured at the
apex of the left ventricle in a region supplied by the
anterior descending coronary artery. The peak rate of
torce development (dF/dt) was electronically differ-
entiated and recorded simultaneously with isometric
ventricular tension on a Grass Model 7 Polygraph.

All drugs were administered either intravenously
into a cannulated external jugular vein. or by intra-
coronary (i.c.) injections via a side arm of the extra-
corporeal circulation supplying the anterior descend-
ing coronary artery.

3. RESULTS

3.1 Effects of insulin upon dog isolated papillary
muscles

A total of 14 papillary muscles was incubated in
Chenoweth Kolle solution containing dextrose in a
concentration of 180 mg¥% (10 mM). The muscles
were allowed to contract isometrically for 1 hr before
insulin was added to the bath medium. The control
developed isometric tension averaged 0.58 = 0.11 g
which was 23.4 £ 2.9% of the maximum isometric ten-
sion developed in response to paired pacing. The addi-
ton of insulin, 12.5 mU/ml. produced an average
developed tension of 0.70 £ 0.15 g or 29.5 £ 5.3% of
the maximum developed tension. The insulin-induced
change in developed tension, or the mean change in
tension expressed as a percent of the maximum ten-
sion, did not differ signiticantly from the control
values (p>0.05). When papillary muscles were al-
lowed to contract isometrically tor 17 hr in Cheno-
weth Kolle solution (dextrose. 180 mgs or 10 mM)
the developed tension in 10 preparations averaged
0.12 £ 0.02g or 13.1 = 3.1% of the maximum devel-
oped isometric tension. The addition of insulin,
12.5 mU/ml. to the ‘fatigued” papillary muscles pro-
duced a significant increase in isometric tension as
expressed in absolute units or as a percentage of muax-
imum developed tension: 0.24 + 0.5 g (p<0.025) und
21.3 £ 359 (p<0.005). respectively. Qualitatively
simifar results were obtained when the dextrose con-
centration was reduced to 18 mg% (1 mM) or when
the dextrose was eliminated and replaced with pyru-
vate, fumarate and glutamate. The inotropic response
to insulin was observed only in “fatigued’ papillary
muscles. The data are summarized in table 1 and the
insulin-induced responses upon ‘fatigued’ papillary
muscles incubated in the presence of 1 mM dextrose
(18 mg'7) or in the absence of dexirose are shown in
figs. I und 2. respectively.

The insert in fig. 1 shows the isomeltric force re-
sponses as recorded from an oscilloscope before and
after the addition of insulin to the bath medium. Al-
though insulin increased the developed isometric ten-
sion and rate of tension development. it did not alter
the time to peak tension or change the duration of
the contractile response.

It should be noted that although the papillary
muscles were depressed after 17 hr of incubation, in-
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Table 1

Etfect of insulin upon canine papillary muscles.
Butter solution Treatment [sometric p value Change n tension p value
(1) tension (y) - of maximum)

Values obtained 60 min atter incubation: mean @ S.F. M.

> (.04 23429 0,08

Glucose, 180 mg'’ None 0.58 + 011

14y Insulin, 12.5 U/ml 0.70 ~ 0.15 29.5 - 8.3
Glucose, 18 mg's None 1.03 » 10.26 - 0.08 244 28 008
(1o Insulin, 12.5 mU/ml 0.97 - 0.12 231 =28
Glucose, (hmy' None 0.66 + 0.15 > 0.08 REPRIE N > 0.08
Pvr Fum Glu®*(9) Insulin, 2.5 mUml 0.65 - 0.12 32.8 - 4.7

Values obtained 17 hrafter incubation; mean - S.EAL

Glucose, 180 my( None 0.12 - 0.02 < (L0O2S 131+ 301 < 0,005
(10} Insulin, 12.5 mU/ml  0.24 = 0.08 21,3238
Glucose. 18 mg's None 0.50 + 0.09 < 001 10,419 < 0.008
(7) Insulin, 12.5 mU/ml 1.04 + 0.18 21.002 2.3
Glucose, 0myg’ None 0.31 = 0.07 < (L0228 19.3 = 5.0 < 0.01
Pvr Fum Glu* Insulin, 12.5 mU/ml 0.71 - 0.20 38274
(7)
T pyruvate -tumarate - glutamate.
Dog Papillary Muscle
17hee. glucose 18 mg™
20
lsometeic
Tersion 1 g
(ome)
] i —
0.3 soc |

INSULIN 12.5mU 'ml

.

100 miec

Fig, 1. Ftfect of insulin, 12.5 mU/ml, upon developed isometric tension in the dog papillary: muscle incubated tor 17 hrin
Chenoweth  Kolle solution having a glucose concentration ot 18 mg’; (1 mM). The inset at the bottom ot the figure is the pho-
topraphic recording of the isometric contractions recorded trom an ascilloscope. The onset of the positive inotropic ctiect requires
approximately 2 min and reaches a maximum within 10 212 min. Insulin increased the rate of tension development. without
changing the time to peak tension or the duration of the contractile event.



B.R. Lucchesi et al.. Inotropic action of insulin 111
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Fig. 2. Fricct of insudin. 12.5 mU/ml, upon developed isometric tension in the dog papillary muscle incubated for 17 hroin
glucose-free Chenoweth  Kolle solution in which pyruvate. fumarate and glutamate served as substrates. The contractile response
to insulin appears within 2 min and reaches a maximum within 1012 min.

sulin was capable of producing an average isometric
force response equal to that produced by papiilary
muscles incubated for 1 hr in 18 mg? glucose or glu-
cose-free Chenoweth -Kolle solution. Although insu-

lin produced & positive inotropic effect in “fatigued’

papillary  muscles incubated in the presence of

180 mg7 glucose. the magnitude of the response was
not as great as that obtained with muscles incubated
in the presence of 18 mg’ glucose or in the presence
of pyruvate, fumarate and glutamate. Therefore, the
positive Inotropic response to insulin was observed
only in papillary muscles permitted to contract con-
tinuously for 17 hr and the insulin-induced response

was independent of the presence of glucose in the
medium. It was also noted that the response to insu-
lin occurred at a concentration ot 12.5 mU/ml.
Lower concentrations failed to produce a significant
augmentation of contractile force and further in-
creases in the concentration did not produce an addi-
tional increment in isometric tension. The increment
in developed tension was sustained and was slowly
reversed by washing the muscle for several hours
during which time the addition of insulin to the bath
failed to initiate a signiticant positive inotropic re-
sponse.
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Fig. 3. The effect of insulin on the propranolof-depressed dog papillary muscle. Muscles were exposed to propranolol. 10" M. 1or
45 min before the addition of insulin. Under these conditions, the muscles displayed a dose-dependent response to imsulin and a

further augmentation of developed tension in response to ouabain.
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3.2. Effect of insulin upon dog isolated papillary mus-
cles depressed  with  propranolol or pentobarbital
sodium

Since the previous studies had suggested that insu-
lin would exert a positive inotropic effect upon "fa-
tigued™ papillary muscles, it was considered important
to study the effect of the hormone in the presence of
drugs known to produce a depression of myocardial
contractility.

Recently excised papillary muscles, incubated in
the presence of glucose (180 mg%) or in a glucose-
free medium were exposed to d.I-propranolal, 107 M,
for a period of 45 min. The addition of d J-proprano-
lol resulted in a significant depression of isometric
tension. The addition of insulin, 12.5 to 100 mU/ml,
produced a dose-dependent increase in isometric
force in both groups of muscles. An additional incre.
ment in isometric tension was achieved by the ad-
ministration of ouabain, 1 pg/ml. The data are pres-
ented graphically in fig. 3. Unlike the study in non-
depressed  papillary  muscles. insulin produced un
augmentation ot contractility in muscles which had
been contracting isometrically for less than 2 hr. but
which had been depressed by d f-propranolol added to
the bath miedium. Another point of ditference. was
the tuct that papillary muscies depressed with dl-
propranolol exhibited a dose-dependent increase in

2800 )
DOG PAPILLARY MUSCLE {n:9
2400 GLUCOSE CONCENTRATION 180mg %
o
I 2000
r4
Q
g 1600 )
= i - -
v 1200
=
; 800 <001
Q
bt
400 <QO01
o
PENTOBARBITAL INSULIN OUABAIN
- CONTROL  65ugjml SOmUfml| 100mUiml Yugfml

Fig. 4. The effect of insulin on the pentobarbital-depressed
dog papillary muscle. The addition of pentobarbital produ-
ced a significant depression in isometric force which could
not be reversed by insulin. Ouabain. however. produced a
positive inotropic eftect.

isometric tension in contra-distinction to “tatigued’
muscles which failed to show a dose-dependent
change in developed tension.

The results obtained with insulin in 9 papillary mus-
cles depressed with pentobarbital sodium are shown
in fig. 4. Unlike the previous results. insulin fuiled to
augment the  contractility  of the pentobarbital-
depressed muscle even though the preparations did
exhibit a significant increase in developed isometric
torce when exposed to ouabain, I ugiml.

Insulin heated 10 100°C at pH 1t for 30 min failed
to augment developed isometric torce although the
subsequent administration of the non-denatured hor-
mone to the isolated muscle produced the typical
positive inotropic effect.

3.3 Effect of insulin upon the intact canine heart

Insulin in a dose of 0.1 U/kg was administered into
the anterior descending coronary artery in each of 6
open-chest anesthetized dogs. which had been treated
with propranolol. 2 mg/kg. iv. In each of the dogs.
isometric myocardial force and the rate of tension
development (df7de) recorded trom the descendans
region were significantly reduced after the administra-
tion of propranolol. The subsequent udministration
of insulin (0.1 U/kg) directly into the anterior de-
scending coronary artery was associated with a posi-
tive notropic effect characterized by an increase in
isometric force and df7dr. The results trom one ex-
periment are shown in fig. S and the data are summa-
rizes in fig. 6. The mean control £ S.E MU isometric
force and dFjdr values were 61.3 + 6.7 gund 18018
2043 gisec. respectively. After propranolol both
values were signiticantly reduced to 450 + 3.1 gand
1128.3 + 160.8 gisec. Insulin restored both parame-
ters to the control state 61.3 £ 59 g and 14649 ¢
227.2 g/sec, respectively. The peuk response to imsu-
lin occurred within 5 min and isometric torce and
dFfdr had returned to the pre-insulin level by the end
of 20 min. As observed with the isolated muscle prep.
arations, the response to insulin was delayed and did
not begin until 1 or 2 min atter administration of the
hormone.

In 3 of the experiments summarized in fig. 6.
second strain gauge arch was sutured to the right ven-
tricular wall for the measurement of right ventricular
isometric force. The positive inotropic response to
insulin was noted to occur only in the region of the
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Fig. S, The reversal of myocardial depression in the intact dog heart by the intracoronary administration ot insulin 0.1 U/kg. Both

myocardial isometrie tension and d//de increased within 1

2 min after the administration of’ the hormone. The anterior de-

seending coronary artery was supplied with arterial blood by means of o roller pump and left ventricular isometric foree was
recorded from the region of the heart supplied by the anterior descending coronary artery.
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Fig. 6. Summury of the results obtained in 6 dogs illustrating
the positive inotropic action and time course of insulin in the
pentobarbital depressed heart. The inotropic response had
subsided by the end of 20 min.

heart perfused by the anterior descending coronary
artery: the ismetric force recorded trom the right ven-
tricle did not change after insulin although it wus
significantly decreased after intravenous administiu-
tion of propranolol. These results suggest that the
positive inotropic action of insulin is the result ot
direct etfect upon the myocardium and is not depen-
dent upon the release of neurotransmitters or other
biochemicul changes brought about by the hormone.
Furthermore. the presence of propranolol. 2 mg/kg,
rules out the possibility that the response is due to
myocardial g-adrenergic stimulation. Insulin did not
produce any alteration in heart rate which would sug-
gest that glucagon is not involved in the insulin-
induced response. since glucagon is known to produce
both positive inotropic and chronotropic eftects.

4. DISCUSSION
Recent investigations have provided evidence to

suggest that insulin, by virtue of its ability to facili-
tate glucose transport across the myocardial cell, can
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improve cardiue pertormance (Sheldon et al.. 1964;
Merin, 1970: Weissler et al.. 1970; Henderson et al..
1970). The positive inotropic action of insulin has
been demonstrated in the present study in the dog
isolated papillary muscle which was allowed to beat
continuously for a period of 17 hr at which time the
muscles exhibited 4 murked depression of contractile
force. Insulin was capable of restoring the contractile
force of depressed muscles to levels of tension devel-
opment which approximated those ot non-depressed
muscles. Papillary muscles incubated for 17 hr in the
presence of 180 mg glucose showed a greater degree
of depression than did papillary muscles incubated
for the same period of time in the presence of
I8 mg' glucose or in the absence of glucose. In the
latter instance, tricarboxylic acid metabolites served
as substrates. The augmentation of isometric tension
upon the administration of insulin was more pro-
nounced in the latter two groups, whereas. the posi-
tive inotropic response in muscles incubated in the
presence of 180 mgtt glucose. while stutistically sig-
nificant. never restored tension development to a
level comparable to that of non-depressed papillary
muscles. The results demonstrate that glucose alone
as substrate, in a concentration of 180 mg'/ . is not
capable of maintaining the contractile state of the
papiliary muscles and that contractile pertormance
under these conditions is not restored to control
levels by insulin. In constrast was the observation that
insulin waus more effective in restoring contractile ten-
sion in the absence of extracellular glucose. These
results suggest that the inotropic action ot insulin in
the depressed papillary muscle is not related to its
ability to facilitate the transport of glucose across the
myocardial cell and that the pancreatic hormone may
aftect other metabolic processes which alter myocan-
dial contractility. Furthermore, the inotropic action
of insulin in the dog papillary muscle is not demon-
struble in recently excised. non-depressed papillary
muscle preparations. [t should be noted however. that
under anaerobic conditions the positive inotropic ac-
tion of insulin is vbserved only when glucose is pres-
ent in the bathing medium (Macleod and Prasad.
1969 Prasad and Callaghan. 1969) a resalt which is
not unexpected since the glycolytic pathway would
he the primary source of energy production under
conditions ot oxvgen deprivation. However, the ino-
tropic response to insulin as reported by Macl eod

and Prasad (1969) and Prasad and Callughan (1969)
was o minimal effect and did not approach the con-
tractile level which existed in the control state,

1t has been suggested that the positive inotropic
response to glucose which is further enhanced by in-
sulin occurs in rat heart under conditions in which
oxygen is limited (Henderson et al.. 1970). This is
supported by the previously mentioned observations
by Mucleod and Prasad (1969) and by Prasad and
Callaghan (1969). 1t is doubttul that oxygen limita-
tion was a fuctor in the present experiments since the
contractile performance of the “fatigued™ papillary
muscles was restored to normal upon the addition of
insulin in those muscles incubated in 18 mg's glucose
and in the group of muscles incubated in a glucose-
free medium in which pyruvate. fumarate and glutu-
mate served as substrates. It is unlikely that oxygen-
limited muscles would have been able to achieve this
level of contractile activity let alone survive a con-
timuous period ol stimulation in excess of 17 hr.
As integrity of cell structure is believed to be essential
for an eftect of insulin, it is not likely that it would
have exerted an ettect under prolonged hypoxic con-
ditions. 1t is unlikely that endogenous lipid serves as
an energy source for cardiae muscle except during
intense exercise (Rinetti et al.. 1954) or prolonged
tasting (Denton and Rundle. 1967). Theretore. under
conditions ot high concentrations ot extracellular glu-
cose. the need tor endogenous lipid as substrate is
diminished. The limited effect of insulin under these
conditions might be attributed to the tact that its
primary metabolic action in bringing about a positive
inotropic effect does not involve glucose uptake and
the glycolytic pathway. The inotropic response is best
observed under conditions in which lipid or carboxyl-
ic acid metabolism serves as the primary  energy
source. This sitwadion would prevail when extiacellu-
lar glucose is diminished or absent. It has been te-
ported that glucose uptake by heart muscle is non-
maximal at an extracellular concentration of & mM:
but is maximal at 20mM (Penney and Cascarano,
1970). The results of the present study do not rule-
out the important role of insalin upon glucose trans-
port. but suggest that a second mechamsm mvolving
the oxidative pathway might play a signiticant part in
the hormone’s inotropic action.

The tailure to observe an inotropic response to
insulin in the bwbiturate depressed heart muscle
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preparation is difficult to explain at present. Similar-
ly. why insulin should reverse the negative inotropic
action of propranolol is not clearly understood. Al-
though the effects of propranolol upon myocardial
metabolism have not been clearly elucidated. there is
some evidence to suggest that propranolol interteres
with myocardial lipid metabolism (Sutchell et al..
1968: Masters and Glaviano. 1969). Furthermore,
Bewsher et al. (1966, 1967) have provided evidence
to suggest thut an antogonism exists between insulin
and S-adrenergic receptor blocking agents such as
pronethalol and propranolol when studied upon adi-
pose tissue. A similar mechanism may be involved in
myocardial tissue and may account tor the dose-
dependent increase in isometric force observed in the
propranolol depressed papillary muscle.

The present investigation has demonstrated that
glucagon-low insulin is capable of augmenting myo-
cardial contractility in the depressed heart and that
the response is not dependent upon the ability of the
hormone to facilitate glucose transport across the
myocardial cell. The potential therapeutic importance
of these observations is suggested by the recent publi-
cations in which the role of insulin in heart failure
and in patients with myocardial infarction has been
discussed (Carlstrom and Karletors, 1970 Taylor et
al. 1969 Sharma et al., 1970; Taylor. 1971 Majid et
al.. 1971). Thus, insulin may play an important role
in maintaining mechanisms of energy production in
the failing myocardium and turther studies on the
metabolic eftects of the hormone in experimental
congestive heart failure should be undertuken.
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