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In previous investigations we studied the 
importance of glucose for the contraction of 
isolated rat atria ( 1, 2 ) .  We found that the 
removal of glucose from the medium as well 
as the addition of 2-deoxy-~-glucose (2-DG) 
resulted in a rapid decrease in the isometric 
developed tension and ATP levels of rat 
atria. The addition of pyruvate or lactate to 
this hypodynamic preparation restored ATP 
levels but failed to completely restore the 
contractile tension to the control levels (1, 
2 ) .  Furthermore, we have also demonstrated 
that high concentrations of pyruvate de- 
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pressed the developed tension of atria sus- 
pended in glucose medium. The depression 
occurred even when the entry of pyruvate 
into the tricarboxylate cycle was blocked by 
arsenite (2)  or when the conversion of py- 
ruvate to lactate was inhibited by oxamate 
(3 ) .  Inasmuch as high concentrations of py- 
ruvate can inhibit the uptake of glucose by 
the heart as well as several steps of the gly- 
colitic pathway (4-7) we suggested that such 
metabolic influences could possibly explain 
the negative inotropic effect observed after 
pyruvate. 

All the above evidence indicated that glu- 
cose plays a definite role for the maintenance 
of atrial developed tension. The present 
study was undertaken to determine whether 
other metabolizable and nonmetabolizable 
monosaccharides have a similar inotropic in- 
fluence on the isolated rat atria; in addition 
the effects of butyrate, acetate, and pyruvate 
were also studied. It was found that only 
metabolizable monosaccharides were able to 
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TABLE I. Initial Developed Tension Magnitude and Stability of the Developed Tension of Isolated Rat  
Atria i n  Glucose, Mannose, Fructose, or 3-O-Methylglucose." 

Initial 
developed 

tension 
Conc magnitude 

Stability of the developed tension (% change) with time 

Substrate (mM) (mg) 10 min 30 min 60 min 90 min 120 min 

Glucose 5.5 

11.0 

Mannose 5.5 

11 .o 

Fructose 5.5 

11.0 

3-O-Methyl- 5.5 

11.0 
glucose 

None - 

438 f 28.9 

471 ? 30.7 

521 ? 38.2 

453 ? 32.1 

304 fi 37.1 

287 ? 26.4 

186 fi 18.7 

150 fi 20.6 

196 k 34.8 

(22) 

(20) 

( 8 )  

(6) 

(6) 

(6) 

(4) 

(4) 

(9) 

-1.2 f 0.7 
(14) 

0.0 f: 0.1 
(6) 

-0.8 2 0.06 
( 8 )  

(6) 

(6) 

(4) 

(4) 

(4) 

(5) 

-3.1 2 1.3 

-4.0 1 1.3 

-8.7 & 1.8 

-8.7 fi 0.8 

-13.3 fi 1.5 

-7.5 f: 1.3 

-2.8 & 0.9 
(14) 

-0.3 +, 0.1 
(6) 

-1.8 & 1.6 
(8) 

(6) 

(6) 

(4) 

(4) 

(4) 

(5) 

-5.5 3- 1.4 

-11.4 & 2.2 

-16.4 2 1.5 

-23.5 & 2.0 

-34.2 & 0.6 

--22.0 .+- 2.8 

-6.4 2 1.1 
(12) 

-1.0 -i- 0.2 
(6) 

-5.8 fi 1.9 
(8) 

( 6 )  

(6) 

(4) 

(4) 

(4) 

( 5 )  

-10.9 ? 1.7 

-24.5 2 3.0 

--25.2 & 3.2 

-40.1 2.9 

-46.0 fi 2.5 

-40.7 2 3.6 

-7.0 f 1.8 
(5) 

(4) 

(4) 

+0.5 f: 0.09 

-8.6 fi 1.5 

- 

- 

- 

- 

- 

- 

"Stability of the developed tension with time is expressed as percentage of change from the initial 
control values. In all cases the values are mean 2 SEM ; the number of atria given in parentheaes. 

stimulate atrial developed tension in a sus- 
tained form, glucose being the most effective. 
Furthermore, increasing concentrations of 
3 -0-methylglucose, acetate, butyrate, and py- 
ruvate depressed the developed tension mag- 
nitude of isolated rat atria. 

Methods. Atria from decapitated male rats 
were suspended in a tissue chamber filled 
with a modified Krebs-Ringer-bicarbonate 
solution (KRB) composed as follows (mM) : 
Na+, 145; K+,  6.00; Ca2+, 1.68; Mg2+, 

and P042-, 1.20. The substrate for this solu- 
tion was glucose, mannose, fructose, 3-0- 
methyl-glucose, lactate, acetate, butyrate, or 
pyruvate, a t  5.5 or 11.0 mM. The solution 
was always aerated with a gas mixture of 95% 
02-5% C02 (at  a flow rate of 150 ml/min) 
and maintained at  pH 7.4 and 30". Lactate 
determinations by an enzymatic method (8) 
were made to ensure adequacy of the ox- 

1.33; C1-, 126; C04'-, 1.33; H'CO-, 25.30; 

ygenation. The average lactate concentration 
found in 10 untreated atria incubated during 
60 min in KRB medium with 5.5 mM glu- 
cose was 2.1 7 t 0.18 pmoles/g (w/w) (mean 
t SEM). A constant resting tension of 750 
mg was applied to the atria by means of a 
micrometer device and the isometric atrial 
developed tension was determined with the 
aid of a strain gauge connected to a direct 
writing oscillograph. Atria were stimulated 
with square waves of 5-7 V and 1 rnsec 
duration at  a constant rate of 200/min. The 
equilibration period was 60 min. The record- 
ed tension at the end of the equilibration 
period is referred in the text as the "initial 
developed tension." The effects of increased 
osmolarity of the medium resulting from the 
addition of substrates were compared with 
those elicited by sucrose (the determination 
of osmotic pressure being made by cryosco- 
py). The effects of increasing Na+ concen- 
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TABLE 11. Initial Developed Tension Magnitude and Stability of Developed Tension of 
Isolated Rat Atria in Pyruvate, Lactate, Acetate, or Butyrate." 

Initial developed Stability of developed tension (% change) with time 

Substrate (mM) tude (me) 10 min 30 min 60 min 90 min 
Cone tension magni- 

Pyruvate 5.5 

11.0 

Lactate 5.5 

11.0 

Acetate 5.5 

11.0 

Butyrate 5.5 

11.0 

454 & 28.0 
(16) 

460 2 44.9 
(9) 

415 -c 29.6 
(8) 

433 -c 32.2 
(7) 

455 & 50.3 
(8 ) 

413 2 41.5 
(6) 

403 -c 22.8 
(8) 

408 2 37.6 
(7) 

-0.4 f 0.08 
( 5 )  

(7) 

(6) 

( 5 )  

+O.l 2 0.2 
(8) 

-0.2 2 0.2 
(6) 

-0.5 2 0.4 
(8) 

(7) 

-0.3 & 0.1 

-0.6 2 0.5 

-1.1 & 0.4 

-0.7 0.6 

-2.8 +- 0.5 
(5) 

(7) 
-1.7 2 1.0 

(6) 
-2.2 rt 0.8 

( 5 )  
-2.2 & 1.8 

(8) 
-3.6 2 2.1 

(6) 
-2.2 f 1.2 

(8) 
-0.2 & 0.5 

(7) 

-1.3 2 0.2 

-3.7 2 0.6 
( 5 )  

(4) 

(6) 

( 5 )  

(8) 

(6) 

(8) 

(7) 

-3.9 A 0.3 

-4.8 & 1.0 

-4.0 2 1.1 

-4.4 2 3.6 

-5.1 & 1.6 

-4.6 & 2.2 

-4.7 -c 3.2 

-6.5 2 1.5 
( 5 )  

(4) 

(6) 
-5.8 & 1.4 

( 5 )  
-9.1 t 4.3 

(8) 
-9.9 2 1.0 

(6) 

(8) 

(7) 

-5.1 2 0.9 

-6.1 f 1.3 

-10.4 3.5 

-5.6 & 4.1 

a Stability of the developed tension with time is expressed as percentage of change from the 
SEM; number of atria given in paren- initial control values. In all cases the figures are mean 

thesee. 

tration upon adding the sodium salts of the 
substrates were determined with equivalent 
additions of NaCl ( 2 ) .  The addition of sub- 
strates did not produce significant changes in 
the pH of the medium (>O.l pH unit). 
Mean values of developed tension under dif- 
ferent experimental conditions were compared 
using Student's t test. Differences were con- 
sidered significant if p = 0.05 or less. 

Results. Initial developed tension magni- 
tude and stability of developed tension of 
isolated rat atria suspended in diflerent sub- 
strates. Rat atria were set up in a medium 
containing glucose, mannose, fructose, 3-0- 
methylglucose, lactate, acetate, butyrate, or 
pyruvate as the substrate; the initial devel- 
oped tension, immediately after the 60 min of 
equilibration period, was determined (Tables 
I and 11). It is evident that when glucose, 
mannose, acetate, lactate, butyrate, or py- 
ruvate were present the developed tension 
was significantly greater than when fructose 
or 3-O-methylglucose was the substrate. On 
the other hand, atrial developed tension in 

fructose was significantly greater than in 
3 -0-methy1glucose or in the substrate-free 
condition. Increasing the substrate concentra- 
tion from 5.5 to 11.0 mM had no significant 
effect on the magnitude of the initial de- 
veloped tension. 

Tables I and I1 also shows the effects of 
substrates on the stability of the developed 
tension magnitude with time. It is evident 
that the stability was influenced not only by 
the substrates, but also with glucose by the 
concentration. Comparison of the stability at 
5 .5  and 11.0 mM glucose shows that the 
decrement with time was significantly less 
when the concentration of this substrate was 
11.0 mM. On the other hand, increasing con- 
centrations of mannose, 3-O-methylglucose, 
fructose, acetate, lactate, butyrate, or py- 
ruvate from 5.5 to 11.0 mM did not prevent 
the decrement of developed tension with 
time. Although fructose was significantly bet- 
ter than 3 -0-methylglucose or the substrate- 
free control, i t  was not as effective as glucose, 
mannose, lactate, acetate, butyrate, or py- 
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5 10 20 30 40 50 

TIME (min) 
FIG. 1. Effects of 5.5 mM glucose, mannose, fructose or 3-0-methylglucose on the developed 

tension of atria suspended in glucose medium. Atria were equilibrated in 5.5 mM glucose and the 
initial developed tension w3s recorded; 5.5 mM of the different substrates were added immediately 
after (0 time). Each point represents the mean of 5-14 different expeliments: Curve 1, controls in 
5.5 mM glucose with no additions (14 atria) ; curve 2 ,  glucDse (13 atria); curve 3, mannose (7 
atria) ; curve 4, fructose (5 atria) ; curve 5, 3-0-methylglucose (6 atria). 

ruvate in maintaining the magnitude of atrial rat atria suspended in Krebs-Ringer-bicar- 
developed tension. bonate-glucose medium. The ability of sever- 

The eflects of glucose, mannose, fructose, a1 substrates to modify the isometric contrac- 
3-O-methyZgZucose, pyruvate, acetate, and tile tension of isolated rat atria suspended in 
butyrate on the developed tension of isolated KRB medium containing 5.5 mM glucose 

TIME (min) 

FIG. 2. Effects of 11.0 mM glucose, mannose, fructose or 3-0-methylglucose on the developed 
tension of atria suspended in glucose medium. Conditions and details as described in Fig. 1. Curve 
1, controls in 5.5 mM glucose with no additions (14 atria) ; curve 2, glucose (7  atria) ; curve 3, 
mannose ( 5  atria) ; curve 4, fructose (5 atria) ; curve 5, 3-0-methylglucose (5 atria). 
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TIME (min) 

FIG. 3. Effects of 2.75 mM pyruvate, acetate or butyrate on the developed tension of atria SUS- 

pended in glucose medium. Conditions and details as described in Fig. 1. Curve 1, controls in 5.5 
mM glucose with no additions (14 atria) ; curve 2, pyruvate (7 atria) ; curve 3, acetate (8  atria) ; 
and curve 4, butyrate (8 atria). 

was investigated (Figs. 1-5). As shown in the 
previous section the developed tension of 
atria suspended in KRB medium with 5.5 
mM glucose, exhibited a slight and progres- 
sive decrement with time. The addition at 0 
time of 5.5 or 11.0 mM glucose, to make a 
final concentration in the medium of 11.0 or 
16.5 mlM, respectively, resulted in a sus- 
tained positive inotropic effect (Figs. 1 and 

nose also stimulated the atria (Figs. 1 and 2, 
curve 3) the effect was less sustained than 
with identical concentrations of glucose; this 
being particularly evident 40 min after the 
addition of mannose (at the time when the 
changes of atrial contractile tension were sig- 
ificantly smaller than those after the addi- 
tion of glucose). On the other hand 5.5 or 
11 .O mM fructose (Figs. 1 and 2, curve 4) as 

2, curves 2 )  Although 5.5 or 11.0 mM man- well as 5.5 mM 3-0-methylglucose (Fig. 1, 

z 
cn z w t- 

0 

(3 

W 
0 z 
Q 
I 0 

0 

W 

$ -a 
W > 
W 0 

I I  I I I I I 
1 5 10 20 30 40 50 60 

TIME (min) 

FIG. 4. Effects of 5.5 mM pyrumte, acetate or butyrate on the developed tension of atria sus- 
pended in glucose medium. Conditions and details as described in Fig. 1. Curve 1, controls in 5.5 
mM glucose with no additions (14 atria) ; curve 2, pyruvate (12 atria) ; curve 3, acetate (12 atria) ; 
Curve 4, butyrate (9 atria). 
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I I I 1 

20 30 40 50 60 
T I  M E  (min) 

FIG. 5.  Effects of 11.0 mil4 pyruvate, acetate or butyrate on the developed tension of atria sus- 
pended in glucose medium. Conditions and detait as described in Fig. 1 .  Curve 1, controls in 5.5 
mil4 glucose with no additions (14 atria) ; curve 2 ,  pyruvate (9 atria) ; curve 3, acetate (10 atria) ; 
and curve 4, butyrate (8 atria). 

curve 5 ) , a nonmetabolizable monosac- 
charide, had no significant effect on the mag- 
nitude of atrial developed tension. Similar 
results were obtained with 5.5 or 11.0 mM 
sucrose. However 11 .O mM 3-O-methylglu- 
cose, resulted in a significant negative inotro- 
pic response (Fig. 2, curve 5 ) .  

The positive inotropic effect produced by 
the addition of glucose does not appear to be 
related to a release of catecholamines. The 
stimulation of developed tension by glucose 
occurred in atria isolated from reserpinized 
animals ( 5  mg/kg/24 hr) as well as in atria 
exposed to tyramine to the point of tachy- 
phylaxis. Also, a reduction of cholinergic ac- 
tivity is not the mechanism for the positive 
inotropic effect for the stimulation of de- 
veloped tension by glucose occurred in atro- 
pinized atria (0.01 m M  atropine). Inasmuch, 
as 5.5-11.0 mM sucrose did not produce a 
significant positive inotropic response it is 
unlikely that the effect of glucose on atrial 
developed tension resulted from an elevation 
of the osmolarity of the medium. 

Figures 3-5 summarize the inotropic effects 
of various concentrations of pyruvate, ace- 
tate, and butyrate. All of these substrates 

produced an initial transient depression of 
the magnitude of developed tension; this 
effect was followed by a secondary increase of 
developed tension, the magnitude of this in- 
crease differed with each substrate as well as 
with each concentration. Pyruvate at 2.75 
mM produced a small but significant positive 
inotropic effect (Fig. 3, curve 2 )  ; at  5.5 mM 
had no significant effect (Fig. 4, curve 2 )  
whereas at 11.0 mM a definite progressive 
decrement occurred (Fig. 5 ,  curve 2).  With 
acetate ur butyrate no stimulation above the 
control levels was observed (Figs. 3-5, curves 
3 and 4).  I t  is evident that the effects of 
pyruvate, acetate, and butyrate differ from 
those obtained with increasing concentrations 
of glucose or mannose. It is also clear that 
the initial transient depression produced by 
acetate (Figs. 3-5, curve 3)  or butyrate (Fig. 
3-5, curve 4) was significantly greater than 
that elicited by pyruvate; hence the anionic 
part of these molecules appears to have a 
more specific influence on this initial depres- 
sion than the accompanying cation, Na+ 
(2) - 

The possibility that the negative inotropic 
effect observed after the addition of these 
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substrates were due to an elevation of the 
osmolarity of the medium was tested with 
isosmolar concentrations of sucrose. I t  was 
found that sucrose at these concentrations 
had no significant effects on the magnitude of 
atrial developed tension. Furthermore, the 
participation of cholinergic mechanisms do 
not appear to be significantly involved in 
these phenomena, for the negative inotropic 
effects of these substrates were also present in 
atropinized preparations (0.01 mM atro- 
pine). 

Discussion. The results of this investigation 
demonstrate that the magnitude and stabili- 
ty of developed tension of isolated rat atria 
suspended in substrate-free medium or in the 
presence of 3 -0-methylglucose, was signi fi- 
cantly less than when glucose, mannose, fruc- 
tose, lactate, acetate, butyrate, or pyruvate 
was the substrate. The rapid negative inotro- 
pic response observed in substrate-free medi- 
um as well as in the presence of the nonmeta- 
bolizable monosaccharide 3 -0-methylglucose, 
suggest that the endogenous energy stores of 
rat atria are not adequate for the support of 
the processes involved in the maintenance of 
the developed tension magnitude. 

Furthermore, glucose 11.0 mM was able 
to support the developed tension of a pro- 
longed period of time without significant de- 
crement. On the other hand, with 5.5 mM 
glucose as well as with 5.5-11.0 mM man- 
nose, pyruvate, lactate, acetate, or butyrate a 
small but definite decrement occurred. I t  
was also observed that increasing developed 
tension magnitude followed the addition of 
increasing concentrations of glucose. The ad- 
dition of mannose also stimulated the de- 
veloped tension but significantly less sus- 
tained than glucose. The 3 -0-methyglucose 
not only failed to support atrial contractile 
tension but also did not produce a positive 
inotropic effect when 5.5 mM were added to 
a medium containing glucose. Furthermore 
the addition of higher concentrations ( 1 1 .O 
W )  were clearly depressant. This is in con- 
trast to the contractile stimulation observed 
after the addition of metabolizable monosac- 
charides (9-1 1 ) , i.e., glucose and mannose. 
Inasmuch as 3 -0-methylglucose is transport- 

ed across the membrane of muscle cells with 
a similar kinetics as glucose but is not meta- 
bolized (12-13), it would appear that trans- 
port per se is not the primary mechanism by 
which the metabolizable monosaccharides can 
either maintain atrial developed tension or 
produce a positive inotropic effect. 

As indicated above the stability of de- 
veloped tension varied with the concentration 
of glucose. At 5.5 mM a small but definite 
decrement was observed, whereas at 11.0 mM 
the decrement was significantly less. Fur- 
thermore, the addition of increasing concen- 
trations of glucose resulted in a sustained 
positive inotropic effect. Opie et al. (14) 
demonstrated in the perfused rat heart that 
when the concentration of glucose was ele- 
vated from 5 to 10 m2M the rate of metabol- 
ism of this substrate was almost doubled. 
Therefore, it is likely that the effects of in- 
creasing concentrations of glucose on the 
magnitude and stability of myocardial de- 
veloped tension, as presently observed on iso- 
lated rat atria, could be associated with an 
increased metabolic rate. Inasmuch as man- 
nose is also transported (15) and metabol- 
ized ( 10-1 1) by muscle cells, it is reasonable 
that the inotropic effects of mannose are also 
associated to a metabolic mechanism simular 
to that of glucose. 

Opie et al. (14) demonstrated in the per- 
fused rat heart that the uptake and metabol- 
ism of fructose was significantly less than 
that of glucose and a similar finding has been 
made by Danforth and co-workers on the 
human heart (16). From these studies they 
concluded that it is unlikely that fructose 
could serve directly as a fuel for myocardial 
contraction. Our observation that fructose 
was not as effective as glucose, mannose, lac- 
tate, acetate, butyrate, or pyruvate for the 
maintenance of atrial developed tension mag- 
nitude is in agreement with the above 
findings. However, the fact that the contrac- 
tile tension of rat atria suspended in the 
presence of fructose was higher and better 
sustained than in substrate-free medium or in 
the presence of the nonmetabolizable mono- 
saccharide 3 -0-methylglucose, indicate that 
fructose, even though less effective than glu- 
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cose, mannose, lactate, acetate, butyrate, or 
pyruvate, can support a definite level of atri- 
al contraction. On the other hand the fact 
that increasing concentrations of fructose 
failed to stimulate atrial contraction as glu- 
cose or mannose, could also be associated 
with its comparatively reduced metabolism 
by the myocardium. 

When the concentration-action relation of 
glucose was compared to those of 3-0-methyl- 
glucose, pyruvate, acetate, and butyrate, 
it was found that increasing concentrations of 
glucose resulted in a positive inotropic 
effect ; whereas increasing concentrations of 
3-O-methylglucose, pyruvate, acetate, and 
butyrate depressed the contractile tension. I t  
is well known that pyruvate, acetate, and 
butyrate are readily oxidized by the perfused 
rat and guinea pig heart ( 5 ,  17-20) and we 
have demonstrated that pyruvate can elevate 
ATP levels of isolated rat atria (1). On the 
other hand it has also been shown that ace- 
tate, butyrate, and other souces of ace- 
tyl-CoA markedly reduce the oxidation of 
exogenous glucose by the isolated heart and 
the suggestion was made that this resulted 
from an inhibition of pyruvate oxidation with 
no influence upon glucose uptake or glycol- 
ysis (20). Indeed, the finding that fatty acids 
as well as acetate increase the heart levels of 
acetyl-CoA which in turn can inhibit heart 
pyruvate dehydrogenase ( 2  1) is in favor of 
such a mechanism as the reason for the re- 
duction of glucose metabolism. However, it 
was also observed that fatty acids, acetate, 
and pyruvate at high concentrations inhibited 
not only the oxidation of glucose but re- 
duced its uptake by the perfused rat heart 
( 5 ,  7) .  Suggestions were made that these 
influences are mediated by changes in the 
tissue levels of citrate as well as by changes 
in the ATP/ADP ratio which regulate the 
activity of the enzyme phosphofructokinase 
in the glycolytic sequence (4-7, 22-24). 
Therefore, it is reasonable that the negative 
inotropic effect observed with increasing con- 
centrations of pyruvate, acetate, or butyrate 
could be the consequence of an inhibition of 
early steps in the metabolism of glucose. 
Also, it would appear from the present data 

that the stimulation of contractile tension 
produced by increasing concentrations of glu- 
cose or by the addition of mannose, was not 
merely the consequence of an increased 
formation of oxidizable substrates for the tri- 
carboxylate cycle. On the other hand, inas- 
much as the nonmetabolizable monosac- 
charide 3-0-methylglucose compete with glu- 
cose for transport across muscle cell mem- 
branes (1 1, 2 5 ) ,  it is possible that the nega- 
tive inotropic effect observed with 11.0 mM 
3-0-methylglucose is also associated to a re- 
duction in the uptake and metabolism of glu- 
cose by the atria. 

In  previous studies we found that the de- 
veloped tension of isolated rat atria is partic- 
ularly sensitive to the removal of glucose, 
decreasing very rapidly in glucose-free medi- 
um. The readmission of glucose is followed 
by a complete recovery of the control levels 
of developed tension (2, 3). Similarly, 2-DG, 
an inhibitor of glycolysis, exerted a negative 
inotropic effect; this was accompanied by a 
fall in the ATP content of the atria ( 1). The 
addition of increasing concentrations of glu- 
cose counteracted to some extent the contrac- 
tile depression by 2-DG and partially 
restored atrial ATP levels. Pyruvate, on the 
other hand, completely restored the ATP 
concentration of atria made hypodynamic by 
incubation in glucose-free medium or by ex- 
posure to 2-DG, however it was significantly 
less effective than glucose in restoring the 
magnitude of developed tension. Similar re- 
sults were obtained with lactate (2 ) .  From 
these studies it was suggested that the magni- 
tude of atrial developed tension is influenced 
by some process that occurs during the initi- 
al phases of glucose metabolism. The findings 
of the present study are also in accord with 
this interpretation and again suggest that glu- 
cose and the operation of the Embden- 
Meyerhof pathway chain exerts a unique role 
in the regulation of the magnitude and sta- 
bility of the developed tension of isolated rat 
atria. 
Summary. The initial developed tension 

magnitude as well as the stability of the 
developed tension magnitude of isolated rat 
atria suspended in different substrates were 
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studied. The initial developed tension was 
significantly greater in the presence of glu- 
cose, mannose, lactate acetate, butyrate, or 
pyruvate than when fructose or the nonmeta- 
bolizable monosaccharide 3 -0-methylglucose 
was the substrate. Atrial developed tension in 
fructose was significantly greater than in 
3 -0-methylglucose or in substrate-free medi- 
um. The stability of the developed tension 
was comparable in 5 .5  d glucose, mannose, 
lactate, acetate, butyrate, or pyruvate 
showing a small decrement with time 
(5-10% in 60-90 min period). Increasing con- 
centrations of mannose, fructose, lactate, ace- 
tate, butyrate, or pyruvate up to 11.0 d 
did not prevent the decrement of developed 
tension whereas it was completely abolished 
in the presence of 11.0 d glucose. The 
ability of several substrates to modify the 
isometric contractile tension of rat atria sus- 
pended in KRB medium containing 5.5 mill 
glucose was also investigated. The addition of 
increasing concentrations of the metaboliza- 
ble monosaccharides glucose and mannose, 
stimulate atrial developed tension, whereas 
fructose, had no effect. The 3-O-methylglu- 
cose had either no effect, or a t  higher concen- 
trations resulted in a negative inotropic re- 
sponse. Increasing concentrations of butyr- 
ate, acetate, or pyruvate depressed the de- 
veloped tension. It would appear that trans- 
port of sugars across the cell membrane or 
the increased formation of oxidizable sub- 
strates for the Krebs cycle are not “per se” 
the only mechanism by which the metaboliz- 
able monosaccharides can maintain atrial de- 
veloped tension or produce a positive inotrop- 
ic effect. The possibility that the magnitude 
of atrial developed tension is influenced by 
some process that occur during the initial 
phases of the glycolytic sequence is dis- 
cussed. 
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