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THE IMPORTANCE OF BICARBONATE-BUFFER ON CARDIAC FUNCTION:
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ABSTRACT

The effects of omission of buffers from Krebs-
Ringer medium on contractile activity, membrane
potentials and ATP content of electrically stimu-
lated isolated rat atria were investigated.

1) Contractile status: A rapid and marked
depression of the contractile activity of atria
occurred when buffer-free medium was substituted
for the normal Krebs-Ringer medium.

2) Electrical status: The omission of buffers
from medium did not alter the resting or action
potential magnitudes of atria. However, the
action potential duration was on initial increase
followed by a decrease in the buffer-free medium.

3) ATP concentration: The omission of buffers
from medium resulted in a marked decrease in
the ATP levels of atria. It has been also found

in the present study that bicarbonate buffer plays
an important role for the maintenance of the
contractility and ATP levels of the heart. The
contractile depression by the omission of buffers
was not directly associated with electrical altera-
tions in resting or action potentials of the heart.
In the absence of bicarbonate-buffer, glucose no
longer plays to maintain the contractile activity
and the ATP levels of rat atria.

INTRODUCTION

The physiological buffers of bicarbonate-phosp-
hate system ‘are widely used for the study of
biological sciences. However, the buffers themse-
Ives play an important role on the heart function,
besides its action on pH regulation of the phys-
iological medium. Thus, the pharmacologic obje-

ctive of this investigation is the elucidation of the
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factors of buffers themselves on the myocardial
function in relation to the drug action, as it has
been commonly known that many drugs may be
administered to the living body through the
medium with various buffer systems. In experi-
ments with isolated cardiac preparations, it would
be convenient at times to omit the buffers from
the medium. For example, in studies on the
influences of calcium on cardiac function, the
formation of complexes with the buffers may
modify the results. In stuies on the influences of
pH, the buffers themselves might modify the
cardiac function. The present investigation was
undertaken to determine the effects of omission
of buffers from the Krebs-Ringer bicarbonate
medium on the developed tension, membrane
potentials and ATP content of electrically stim-

ulated isolated rat atria.

METHODS

Male Sprague-Dawley rats weighing 180 to 200
g with ad lib. access to food and water were
used for the study. Atria were removed from
decapitated rats and suspended in a modified
Krebs-Ringer bicarbonate glucose medium of the
following composition (mM)? NaCl 120; KCl
4.8; CaCly 1.22; MgS0O,-7H;0 1.33; KH,PO,
1.2; NaHCO; 25.3; glucose 5.55. The medium
was gassed with 95 per cent O;—5 per cent COs
at pH 7.4 and 30 C. A constant tension of 750
mg was maintained throughout the experiments.
The developed tension was recorded with a Stat-
ham strain guage, and the atria were electrically
stimulated at a rate of 200 pulses/min. An equ-
ilibration period of one hour was allowed before
readings were taken. The experimental values of
contractility (peak tension) were compared with
those of control records obtained at zero time
(following  equilibration) and expressed as per

cent change in developed tension. In the experi-

ments with buffer-free medium, the pH was mo-
nitored throughoiut the experimental period and
maintained at 7.4 by additions of dilute' sodium
hydroxide or hydrochloric acid. By this method
the pH was maintained within 7.3 to 7.5 thro-
ughout the experimental period. The buffer-free
medium was prepared by replacing the sodium
bicarbonate and potassium phosphate in the Krebs-
Ringer medium with equivalent concentrations of
sodium and potassium chloride. In this way, the
concentrations of sodium and potassium were kept
constant. When the bicarbonate was omitted, the
medium was gassed with 100 per cent oxygen.
Transmembrane potentials were obtained with
microeleetrodes by methods previously described
D, ATP was determined by the method of Kor-
nberg® and expressed as micromoles/g wet

weight.

RESULTS

Effect of omission of buffers from the Krebs-
Ringer medium on developed tension of rat
atria.

The atria were suspended in normal Krebs.
Ringer bicarbonate glucose medium. After a 60
min equilibration period of the tissue in this me-
dium, the medium was replaced with buffer-free
medium containing 5,5 mM glucose as the same
concentration with the normal medium: It is
evident from figure 1. that after a transient initial
stimulation, a rapid depression of contractility
occurred when buffer-free medium was substituted
for the Krebs-Ringer bicarbonate. The contract-
ility was restored to the control level when the
buffer-free medium was replaced with Krebs-
Ringer bicarbonate. It is also evident from the
figure that the pH was maintained within 0.1
pH unit during the experiment.

Effect of omission of buffers from the Krebs-
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Fig. 1. Effect of omission of buffers from Krebs-Ringer medium on the developed tension of isolated rat
atria electrically-stimulated at a frequency of 200/min. The Krebs-Ringer bicarbonate medium was
replaced with buffer-free medium(aerated with 100% Q) at zero time. At arrows, the medium was
replaced with Krebs-Ringer bicarbonate (gassed with 95%0;—5% CQOy).

Ringer medium on membrane potentials of rat
atria.

The results from experiments with buffer-free
medium in which simultaneous measurements of
membrane _potentials and developed tension were
made are shown in figure 2. It is evident that
omission of the buffers from the medium did not
markedly alter the magnitudes of the resting or
action potentials. During the two-hour period in
the buffer-free medium, the values of the resting
action potential magnitudes were within 5 per
cent of the control levels. The effect on the action
potential duration was biphasic, an initial increase
followed by a decrease. After ten minutes incub-
ation of the atria in buffer-free medium, the
action potential duration increased approximately

20 per cent. At 30 min the action potential dur-

ation was at the control level. This was followed
by a progressive decrease in the action potential
duration. The effects of buffer-free medium on
the action potential duration and developed tension
of the atria were reversed when the medium was

replaced with Krebs-Ringer bicarbonate.

Effect of omission of buffers from Krebs-
Ringer medium on ATP content of rat atria.

The ATP concentrations of atria electrically
stimulated in Krebs-Ringer bicarbonate or buffer-
free medium are shown in Table 1. It is evident
that omission of the buffers from the medium
resulted in a marked decrease in the ATP conc-
entration of the atria. The presence of glucose
in the buffer-free medium prevented neither the

decrement in contractility nor the decrease in the
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Fig. 2. Effect of omission of buffers from Krebs-Ringer medium on membrane potentials and contractility of
isolated rat atria. The Krebs-Ringer bicarbonate medium was replaced with buffer-free medium at
zero time, At arrow, the medium was replaced with Krebs-Ringer bicarbonate, The curves are the

average of 4 exp,

ATP concentration in the atria. Omission of
glucose from the Krebs-Ringer medium resulted
in a decrease in the ATP concentration to the
level observed in the atria suspended in the buffer-
free medium; however, the decrement in contra-
ctility was less in this medium than in the buffer-
free. Thus, the depression of contractility was
not directly correlated with the ATP levels, in
agreement with the conclusions reached by Fur-

chgott and Lee®.

Abilities of bicarbonate and phosphate buffers
to reverse contractile activity of rat atria dep-
ressed in buffer-free medium.

Experiments were performed to determine the
ability of phosphate and bicarbonate buffers to
reverse the depression of contractility resulting
from incubation of atria in buffer-free medium

(Fig. 3). After 30 min incubation in buffer-free

Table 1. Effect of omission of buffers and glucose from
Krebs-Ringer medium on ATP concentration
of electrically-stimulated rat atria,

.. No. of ATP,
Conditions exps. moles/g

Krebs-Ringer bicarbonate- -

phosphate, with glucose 6 2.8+0.08
Krebs-Ringer bicarbonate-

phosphate, glucose-free 2.0%0.05
Buffer-free, with glucose 2.04-0.08
Buffer-free, glucose-free 2.0+0.05
Krebs-Ringer bicarbonate

with glucose 6 2.8%0.05
Krebs-Ringer bicarbonate

glucose-free 6 2.2+0.03
Krebs-Ringer phosphate

with glucose 6 2.140.08
Krebs-Ringer phosphate

glucose-free 6 2.140.05

medium, the medium was replaced with either a
medium containing phosphate buffer(aerated with

100 per cent Os) or bicarbonate buffer (gassed
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Fig. 3. Effect of bicarbonate and phosphate buffer on contractility and ATP content of isolated rat atria

depressed in buffer-free medium, At arrow,

exposure to buffer-free medium.,

with 95 per cent O;—5 per cent CO3). The buffers
were present in the concentrations found in
Krebs-Ringer bicarbonate medium and contained
5.5 mM glucose. Incubation of the atria in the
bicarbonate-buffered medium restored the develo-
ped tension and ATP concentration to the control
levels. On the other hand, phosphate buffer only
partially restored the developed tension of the
atria and had no significant effect on the ATP

level.

bicarbonate or phosphate were added after 30 min

DISCUSSION and SUMMARY

In the present investigation, it was demonstr-
ated that omission of buffers from Krebs-Ringer
medium resulted in significant alterations in the
developed tension of isolated rat atria (Fig. 1).
The importance of bicarbonate buffer for the
maintenance of cardiac contractility has been rep-
orted by White and Salter®. Berman and Saunders
© demonstrated that glucose was relatively inffe-
ctive as a substrate for restoring the contractility

of rat ventricle strips made hypodynamic by
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prolonged incubation in bicarbonate-free medium.
Rice and Berman”® found that the oxidation
of glucose by rat ventricle strips incubated in
bicarbonate-free medium was slower than the
oxidation of pyruvate or acetate. In contrast,
they have observed that in medium containing
bicarbonate glucose maintains contractile activity
of the myocardium®, and Hood and Saunders
have reported that glucose is rapidly oxidized in
this medium®. The resultes of the contractile
depression of rat atria in buffer-free medium are
consistent with the biochemical data of Shaw and
Stadie on diaphragm which indicate that the
Embden-Meyerhof pathway is inhibited at phos-
phofructokinase step by a bicarbonate-free medium
10,10 Tt has been also established tha the enzyme
activity of phosphofructokinase is an important
regulatory step in glycolysis in the cells!2~1®,

Thus, it is possible that the rapid decrement in
developed tension of atria that occurs in buffer-
free medium may in part be due to a defect in
glucose metabolism, and in particular, to the
inhibition of phosphofructokinase step. The res-
ults of the present study show that the depression
of developed tension in atria suspended in buffer-
free medium was not directly corrected with
alterations in the resting or action potential mag-
nitudes or in the action potential duration (Fig.
2). However, the decrease in the action potential
duration after prolonged exposure of atria to
buffer-free medium may have contributed to the
depression in contractility. The results also show
the importance of bicarbonate ion in the mainte-
nance of contractility and ATP levels in the heart
In the absence of the bicarbonate, glucose no
longer plays a significant role in the maintenance
of the contractility and the ATP content of the

rat atria.
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