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The Effects of Oxamate on the Contractility of
Isolated Rat Atria

Oxamate, THN-CO-COO~, a compound structurally
related to pyruvate, is an inhibitor of lactate dehydroge-
nase from heart? and skeletal muscle?, the inhibition
being competitive with respect to pyruvate. Oxamate
depressed anaerobic glycolysis and aerobic glucose utiliza-
tion in tumors and human leucocytes, but endogenocus
respiration is unaffected 2-4. There is evidence that glucose
uptake or utilization through the Embden-Meyerhof path-
way is important for a fraction of atrial contractility®-7,
and thus the effects of oxamate of atrial function were
studied.

Methods. Rat atria were suspended in a modified
Krebs-Ringer bicarbonate medium and electrically stim-
ulated at a rate of 200/min. Developed tension, resting
and action potentials were recorded as previously de-
scribed 5:8:8,

Results. The effects of oxamate on atria in normal glu-
cose medium are illustrated in Figure 1 (curves 1-3).
The contractility falls fairly rapidly over the first 10 min
and then remains at this depressed level with little change
for at least 90 min. The addition of 2.75~5.5 mM pyruvate
or lactate 30 min after oxamate does not effectively
counteract the atrial depression (curves 4-7); indeed,
pyruvate at 5-11 mM further reduces the contractility
(curves 7 and 8) slightly more than in the absence of
oxamate (curves 9 and 10). These effects are not due to
increased osmolarity or Nat concentration, since 11 maAf
excess NaCl affects contractility very little (curve 11) —the
developed, tension of untreated atria falls 5-109%, over
90 min ~ and does not alter the effects of oxamate (curve
12). Inasmuch as the depression was identical with the
inhibitor alone or in combination with 0.01 mM atropine,
cholinergic mechanisms do not appear to be involved. On
the other hand it is interesting to note that the initial
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Tig. 1. Effects of oxamate on normal atria and of lactate, pyruvate
and excess NaCl on atria depressed by oxamate. Curve 1, oxamate
5 mM at 0 time (4 atria); curve 2, oxamate 10 mM at O time (9
atria); curve 3, oxamate 20 mM at 0 time (9 atria}; curve 4, oxamate
10 mM at 0 time, 2.75 mM lactate at 30 min {6 atria); curve 5,
oxamate 10 mM at 0 time, 5.5 mM lactate at 30 min {6 atria);
curve 6, oxamate 10 mM at 0 time, 2.75 mM pyruvate at 30 min
(6 atria); curve 7, oxamate 10 mM at 0 time, 5.5 mM pyruvate at
30 min (7 atria}; curve 8, oxamate 10 mM at 0 time, 11 pyruvate
at 30 min (9 atria); curve 9, pyruvate 5.5 mM at 0 time (12 atria};
curve 10, pyruvate 11 mM at 0 time {9 atria); curve 11, NaCl11 mM
excess at 0 time (6 atria); curve 12, oxamate 10 mM at 0 time,
11 mM excess NaCl at 30 min (11 atria).
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rapid fall of contractility during the first 10 min aftef
oxamate was accompanied by a transient 159%, reductio?
in the rate of depolarization of atrial cells, with no other
consistent changes in resting or action potentials,

The simultancous addition at 0 time of 5.5 mM lactat?
(Figure 2, curve 2) or 2.75 mM pyruvate (Figure %
curve 3) with 10 ma/ oxamate, however, protects the
atria against the depression by oxamate alone (Figur® Z
curve 1). Higher concentrations of lactate and pyruvé e
are ineffective (Figure 2, curves 4-6).

Atrial contractility is depressed in the absence of gl
cose (Figure 3, curve 1) or by 10 mM 2-deoxyglucos?
(Figure 3, curve 2); oxamate increases the depression i
both cases (Figure 3, curves 3 and 4). Pyruvate 11
partially restores the contractility in the absence of glu-
cose, with or without oxamate (Figure 3, curves 5 and 7)s
but has no protective cffect in glucose medium in the
presence of oxamate with or without 2-deoxyglucos®
(Figure 3, curve 6 and Figure 1, curve 8). )

Discussion. Oxamate depresses atrial contractility *
the presence or absence of glucose, and when added wit
2-deoxyglucose or atropine but the results do not answef
the question as to its mechanism{s} of action. They
provide, however, some preliminary data which ope?
interesting possibilities regarding the metabolic contro
of atrial function. Can the action of oxamate be explaif®
on the basis of a blockade of the conversion of pyruvat®
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Fig. 2. Effects of oxamate and of oxamate plus lactate or pyru‘{at‘f
on normal atria. Curve 1, oxamate 10 mM at 0 time (9 atria);
curve 2, oxamate 10 mM + 5.5 mM lactate at 0 time {5 atria); curv®
3, oxamate 10 mM + 2.75 mM pyruvate at 0 time {5 atria); curve’’
oxamate 10 mM + 5.5 mM pyruvate at 0 time (5 atria); curve -’
oxamate 10 mM + 11 mM pyruvate at 0 time (5 atria); curve ™
oxamate 10 mM + 11 mM lactate at O time (6 atria).
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t?(arl;c:&te? Inhi}:)ition of lactate dehydrogenase by
Yo ucade Tesults in increased cellular pyruvate levels,
thfeu Blucose uptake and glycolysis (possibly related
) -d:d In NAD and ATP), and accumulation of fructose-
. 1PhOSphaL‘ce, as demonstrated in other tissues?,1°. On
eenc’thEY hand, .high concentrations of pyruvate have
heartl?lgwn to inhibit glycolysis in the perfused rat
eVidepc. | and web® as well as ot.hersf have provide.d
ite Tice that glucose uptake or utilization plays a defi-
Tole in the maintenance of atrial contractility, over
above the formation of substrate for the tricarboxylate
ee. Flllrf:hermore, high pyruvate concentrations de-
S atria despite the increase in ATP levels5,S.
Dar:i 18 difficult to explain all the effects of oxamadte,
basisculany the initial rapid fall in contractility, on the
sulg; of a direct or indirect inhibition of gllycolysxs, re-
fng from changes in tissue pyruvate or citrate levels,
ratiorom an alteration of the cytoplasmic NAD:NADH
of as a consequence of a supression of the conversion
pyr_llvate to lactate. It must be noted that the nature
difge time course of atrial deprgssion with oxamate are
- fent from those observed in glucose-free medium,
‘08 inhibition of glycolysis by 2-deoxyglucose, or in
Othelf_’reSence‘ of high pyruvate concentrations. On the
et har}d, if a fall in cytoplasmic NAD plays a role in
able }Emctlonal effects of the i.nhibitor, it would be reason-
of th’ expect that th.e addi‘gon of lactate, the conversion
OXamlch to pyruvate is not likely to be affected by 10 mM
cont a«te}:“, would result in further reduction of atrial
the Tactility. Possibly the initial transient reduction of
Tate of cellular depolarization is involved in the early
;‘fe Of. contractile failure by slowing the activation of
resractlle units. Later on some other factors might
Sio Umably come into the action maintaining atrial ten-
N at a constant depressed level.
sig Yruvate at 5.5-11 mM enhances the oxamate depres-
D of atria in normal glucose medium; the depression
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agi:‘ Effects of oxamate on atrial responses to 2-deoxyglucose or
oy ece of glucose. Curve 1, glucose-free medium at 0 time (7 atria);
8lugg, 2,2-DG 10 mM in glucose medium at 0 time (7 atria); curve 3,
2. Siree medium + 10 mas oxamate at 0 time (5 atria); curve 4,
atl’ia) .10 mM + 10 mM oxamat.e in glucose medium at 0 time (5
llrn > Curve 5, glucose-free medium + 10 mM oxamate at 0 time,
Oxq, P}_'ruvate at 30 min (5 atria); curve 6, 2-DG 10 mM + 10 mM
(5 at ate in glucose medium at 0 time, 11 mM pyruvate at 30 min

Ma); curve 7, glucose-free medium at 0 time, 11 mM pyruvate

at 30 min (10 atria).
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is actually greater than in the absence of the inhibitor.
This effect is not observed in glucose-free medium, either
alone or with oxamate, and indeed under such conditions
pyruvate induces a partial but definite recovery. On the
other hand, pyruvate is unable to imporve contractility
when added after 2-deoxyglucose and oxamate in the
presence of glucose. It thus appears that the recovery
with high pyruvate concentrations is lost when glucose
is present, whether glycolysis is blocked by 2-deoxyglu-
cose or not. Oxamate sensitizes the atria to the depressant
effects of high pyruvate. These findings seem to be con-
sistent with the idea that oxamate causes an intracellular
accumulation of pyruvate in such a way that externally
added pyruvate can more easily inhibit the initial steps
of glycolysis, even at the glucose transport level, which
may be involved in the regulation of atrial contractility.

It may be concluded that even though we have no
definitive evidence to relate the principal effect of
oxamate on the atria to an alteration of glycolysis, it
seems clear that oxamate can sensitize the tissue to func-
tional depression through glycolytic impairment. Inas-
much as it has been shown that oxamate competitively
inhibits the reductive amination of pyruvate to alanine,
an action which also favors the intracellular accumulation
of pyruvate, it is possible that some of the effects of
oxamate are related to alterations in atrial amino acid
metabolism 18,

Zusammenfassung. Oxamat, das die Lactat-Dehydro-
genase hemmt, erniedrigt die Kontraktionsfihigkeit des
Vorhofs mit und ohne Anwesenheit von Glucose im
Medium und bei Hinzufiijgung von 2-DG oder Atropin.
Hohe Konzentration von Pyruvat erhéht die Depression
von Oxamat auf den Vorhof im Glucose-Milieu. Oxamat
sensibilisiert das Gewebe fiir funktionellen Abbau durch
Glycolyse.
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