Influence of a Myocardial Depressant Factor on Physiologic Properties

of Cardiac Muscle! (34774)

ArraN M. LEFER? AND MICHAEL J. ROVETTO?
Department of Physiology, University of Virginia School of Medicine, Charlottesville, Virginia 22901

A myocardial depressant factor (MDF)
has been found in the plasma of cats in
postoligemic shock (1, 2). MDF has been
shown to be a peptide having a molecular
weight of 800-1000 (3, 4), which is produced
primarily by the ischemic pancreas (5). The
nature of the precise trigger mechanism for
the release of MDF is unknown. MDF is
known to depress the developed tension of
isolated cardiac muscle (2) and may
depress the function of the reticuloendotheli-
al system (6). The mechanism by which
MDF exerts a negative inotropic effect is not
known. The purposes of the present investi-
gation were to determine the electrophysiolo-
gic effects of MDF in isolated cardiac tissue,
and to correlate them with the mechanical
effects in order to determine if MDF de-
presses cardiac tissue by altering membrane
properties or by some other mechanism.

Methods. Papillary muscles from the right
ventricles of cats were removed as previously
described (2). The muscles were then placed
in a 15-ml bath containing modified Kreb’s
Henseleit (KH) solution oxygenated with
95% 02 and 5% CO: at 37 =+ 0.5°. The
composition of the KH solution in millimoles
was KCI, 4.75; KH.PO,, 1.19; MgSO,,
1.19; CaCls, 2.54; NaCl, 118; NaHCOs,,
12.50; and glucose 10. The muscles were
stimulated via bipolar platinum electrodes at
2.5 times threshold, 1 msec duration, and at a
frequency of 1/sec. Stimulation was suffici-
ent to produce maximum developed tension.
The resting tension was adjusted until fur-
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ther increases failed to produce greater de-
veloped tension. Muscle tension was dis-
played on one beam of a Tektronix 502A
dual-beam oscilloscope utilizing the bridge
circuit of a Beckman RB Type Dynograph
and a Grass FT-03 force transducer.

Transmembrane potentials were measured
using glass microelectrodes. They were filled
by Tasaki’s method (7). with 3 M KCl. The
tip diameters of the electrodes were 1y or less
and the electrode resistances were 15-40 MQ.
The electrical activity was displayed on the
second beam of the oscilloscope and was pho-
tographed with the accompanying contrac-
tion.

After a 30- to 40-min equilibration period,
mechanical and electrical activities were mea-
sured. This recording period was designated
as the control period. The KH media in the
bath was then replaced with KH solution
which contained myocardial depressant factor
(MDF) eluted on a Bio-gel P-2 column
from 10 ml of cat plasma. The MDF was
purified by ultrafiltration and gel filtration
chromatography as previously described (4,
5, 8). Developed tension and transmembrane
potentials were again recorded from 30 sec to
11 min after addition of MDF. At the end
of this recording period, the muscle was
rinsed several times with fresh KH solution
over a period of 30 min before further obser-
vations were made.

Another series of papillary muscles were
subjected to additions of calcium in the
presence of MDF. After a maximum negative
inotropic effect had been achieved with
MDF, small increments of a concentrated
CaCl, solution were added to the bath to
increase the total calcium concentration
stepwise from 2.5 to 15 mM.

Results. The effects of extracts of plasma
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TABLE I. Effects of MDF on Mechanical and Electrical Properties of Isolated Cat Papillary
Muscles.
Pre-MDF Maximum
control MDF effeet p value

Resting membrane potential (mV) 747 +13 744 =+ 0.7 NS
Amplitude of action potential (mV) 83.7 =22 816 +2.6 NS
Duration of aetion potential® (msec) 156.5 + 6.2 192.3 + 6.9 » <.01
Developed tension (g/mm*) 3.24 3- 0.32 1.41 += 0.18 p <.001

All values are means + SEM for six museles.

Muscles were maintained at 37° and stimulated at a frequency of 1/sec.

Maximum MDF effect obtained 6-11 min after addition of MDF to the bath.

¢ Duration measured from start of upstroke of action potential to a point equal to 80% re-
polarization back to the resting membrane potential.

from cats in late postoligemic shock, contain-
ing purified MDF, on the electrical and
mechanical properties of isolated cat papil-
lary muscles are summarized in Table I.
MDF had no significant effect on the ampli-
tude of either the resting membrane potential
or the action potential. These values were
obtained at the peak of the negative inotropic
effect, approximately 6-11 min after addi-
tion of MDF to the bath. The developed
tension had decreased an average of 589 at
this time. Nevertheless, the duration of the
action potential was significantly prolonged
(s.e., an average of 36 msec) at the peak of
the MDF effect (p<C.01).

Figure 1 illustrates a typical electrical and
mechanical response of a cat papillary mus-
cle to the addition of MDF. It can be seen
that no obvious changes occurred in the am-
plitude of the resting or action potentials
when MDF exerted a negative inotropic
effect. Furthermore, MDF produced a rela-
tively rapid effect on the duration of the
action potential, so that a significant prolon-
gation occurred by 180 sec. However, the
maximum decrease in developed tension oc-
curred at 6 min. The tracings shown were
obtained from a continuous recording from a
single cell near the surface of the papillary
muscle. Recordings taken from cells through-
out the muscle mass yielded essentially the
same results.

In another series of experiments, purified
extracts of plasma containing MDF were
added to papillary muscles. After the result-

ant negative inotropic effect reached a stable
maximum level, CaCl, was added to increase
the external calcium concentration in a
stepwise manner from 2.5 to 15.0 m}M. Table
IT summarizes the effects of the addition of
CaCly on the contractile response to MDF.
It is evident that even a small increment in
the calcium concentration (i.e., from 2.5 to
3.0 mM) exerted a noticeable increase in
tension development. This was a rapid pheno-
menon, having a latency of 5-10 sec and
reaching a plateau in 30-45 sec. Further in-
creases in calcium exerted additional increases
in tension development, so that at a calcium
concentration of 7.5 mM, the effect of MDF
had been completely reversed. Figure 2 shows
a typical recording of this phenomenon.

A concentration of 15.0 mM (or six times
the calcium concentration of the KH solu-

TABLE II. Effect of Calcium on Reversal of the
Negative Inotropic Effect of MDF.

Calcium
concentration Presence of Developed tension
(mM) MDF (% of control)

2.5 0 100.0
2.5 + 36.0 4.0
3.0 + 44.5 + 3.7
3.5 + 163979
7.5 + 95.8 -+ 6.6

15.0 + 126.6 + 8.1

All values are mean equilibrium values += SEM
for eight muscles.

Mean control developed tension for the eight
muscles was 1.88 + 0.24 g/mm?
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F1G, 1, Typical unretouched oscilloscope recording of contractile force (upper tracing) and the
concomitant action potential of a single papillary muscle cell at different time periods from just prior
to addition of MDF to 11 min after addition of MDF to the muscle bath. The muscle was

electrically driven at a frequency of 1/sec at 37°.

tion) increased the tension significantly
above that of the pre-MDF control value.
The positive inotropic effects of higher con-
centrations of calcium were exerted within
the same time as the smallest increment in
calcium. Thus, calcium can reverse the de-
pressant effect of MDF in isolated cat papil-
lary muscles.

Discussion. The role of toxic factors is
becoming increasingly important in the path-
ogenesis of hemorrhagic shock (4, 5, 9-11).
A myocardial depressant factor (MDF) has
been shown to depress the contractile re-
sponse of cardiac muscle (2), the blood pres-
sure of intact cats (3), and the phagocytic
function of the reticuloendothelial system
(6). The complete spectrum of activities of

MDF is probably not fully known. However,
since myocardial depression is commonly ob-
served in the late stages of hemorrhagic
shock (9, 12-16) the mechanism of this de-
pression is of direct importance in under-
standing this phenomenon.

The data in this report indicate that the
mechanism of the negative inotropic effect of
MDF is not via electrical properties of the
cardiac muscle cell membrane. This is based
on the observations that the resting membrane
and action potential undergo no significant
alteration in magnitude at any time during
the negative inotropic effect of MDF. The
only significant effect of MDF on the electro-
physiological properties studied was a prolon-
gation of phase 2 (i.e., the plateau) of the
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INFLUENCE OF CALCIUM ON THE MDF EFFECT

1 min I

I

Peak D From Shock
Cat in 2.5 mM Ca ++

A

Addition of Calcium to
Achieve 7.5 mM Ca ++

Fic. 2. Typical response of an isolated cat papillary muscle to a column eluate containing MDF
(first arrow) showing the negative inotropic effect of MDF, The peak depressant activity of 68%
occurred within 2 min and after a slight increase leveled off at 7 min to a 53% depression. At that
point (second arrow), 0.5 ml of a concentrated CaCl; solution was added to the bath to elevate the
final calcium concentration to 7.5 mM. The tension increased back to control levels within 1 min,

action potential. However, this would tend to
increase developed tension, since a prolonga-
tion of the action potential would presumably
increase the duration of the active state
(17). Thus, none of the data presented here
can be interpreted as evidence for a failure of
the membrane excitability mechanisms in
response to MDF.

Thus, one must look to other processes for
the mechanism of the negative inotropic
effect of MDF (i.e., excitation-contraction
coupling, direct effect on the contractile ma-
chinery, or other mechanisms. The reversal of
the negative inotropic effect by free calcium
ions tends to substantiate this concept. How-
ever, since Ca?+ would increase contractility
under any conditions, it does not differentiate
between these two possibilities.

It is of interest that the phenomena report-
ed here were not frequency-dependent, since
the same relationships occurred at stimula-
tion frequencies of 0.5 and 1.0/sec. That is, a
similar negative inotropic effect occurred in
the absence of any electrophysiological
change other than a prolongation of the ac-
tion potential at both frequencies.

The negative inotropic effect of MDF com-
mences within 30 sec but requires 6-11 min
to reach a maximum. This negative inotropic

effect can be completely reversed by one or
two washes with KH solution. It is interest-
ing that calcium restores developed tension
more rapidly than the decline in developed
tension in response to MDF.

The mechanism of MDF action may in-
volve binding of free calcium in the sarco-
plasm or sarcoplasmic reticulum; however
such an explanation requires additional evi-
dence. One must use caution in the interpre-
tation of the calcium results, since these data
do not conclusively show that MDF com-
petitively blocks the intracellular actions of
calcium. The additional calcium added to the
bath may circumvent a depressant effect of
MDF which may act via a non-calcium-
dependent mechanism.

It is of interest that another myocardial
toxic agent, streptolysin O, was also without
electrophysiological effect in isolated electri-
cally driven ventricular myocardial prepara-
tions (18). However, the cardiotoxic effect of
streptolysin O appears to be related to a
disruption of the cardiac conduction system
and not to a basic defect in the contractile
machinery of the myocardium (18).

Summary. The electrophysiological effects
of a myocardial depressant factor (MDF)
were studied on isolated cat papillary muscles.
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MDF decreased developed tension 58%
within 6-11 min. There were no significant
changes in the amplitude of either the resting
membrane potential or the action potential of
individual myocardial cells over this 11-min
period. There was a significant prolongation
of the action potential within 3 min of addi-
tion of MDF to the papillary muscles. How-
ever, this prolongation of the action potential
cannot account for the negative inotropic
effect of MDF. Addition of free calcium to
the bathing medium from 2.5 mM to 7.5 mM
completely and rapidly reversed the nega-
tive inotropic effect of MDF. We conclude
that MDF acts at a site other than the exci-
tation of the cell membrane, possibly by de-
pressing excitation-contraction coupling or by
impairing the contractile machinery di-
rectly.
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