
-- 

either the undifferentiated adenocarcino~na Eo771 or 
the myeloid leukemia C1498. Dosage of the compounds 
to be screened was arbitrarily set a t  40% of the 
MLD/5O dose, except in cases where the animals 
reacted unfavorably to this amount. 

Recently Skipper ( 7 ) ,  working with A k 4  mouse 
leukemia, reported that substitution of the 8-position 
of 2,6-diaminopurine eliminates its antileukemic ac-
tivity. These results are confirmed by our data. Studies 
are  now in progress with purine derivatives, similar to 
those in Table 1 (6-11)) in  the adenine, guanine, and 
isoguanine series. 
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Utilization of C1*-labeled Glucose by 
Cardiac Muscle Treated with a 
Cardiac Glycoside 
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Investigations in  several laboratories have shown 
that cardiac muscle tissue exposed in  vitro to  a car-
diac glycoside, or isolated following administration 
of the drug in vivo, respires a t  a markedly elevated 
rate (1).Because this increase in  respiration is re-
stricted to intact tissue and is a function of the con- 
centration of appropriate exogenous substrate, i t  has 
been attributed to  an increase in the rate of permeation 
of the substrate into the cell. This paper provides 
evidence that the phenomenon requires a different ex- 
planation. 

Ouabain in  a final concentration of 5 x 10-7 M was 
added simultaneously with C14-labeled glucose to slices 
of dog myocardium respiring in substrate-free medium. 
The C1402 evolved in the oxidation of the sugar was 
absorbed by the alkali in the center cup of the respi- 
roineter vessel. Table 1shows that the stinlulation of 
respiration by the cardiac glycoside was not accom-
panied by a greater uptake of glucose; on the contrary, 
somewhat less glucose was taken up  than in the ab- 
sence of the drug. However, the rate of glucose oxida- 
tion was doubled. According to calculations based on 
the data in Table 1,the fraction of glucose consumed 
which was oxidized to carbon dioxide and water rose 
from 16% to 38%. Conlparison of the Qc140, and Qco2 

I l'his work mas supported by a grant  from the Life Insur- 
ance Medical Research Fund. The author  wishes to express 
his thanks to  Robert E.  Olson for a gift of glucose evenly 
labeled with carbon 14  and for his interest in the problem, 
and to Elizabeth White for measuring the radioactivity of 
the samples. 

EFFECTO F  OUABAIN THE UTILIZATIONON OF C14-~ABELE~ 
GLUCOSEBY SLICESOF DOG VENTRICULAR 

CARDIACMUSCLE 

Control 3.03 1.61 0.07 2.97 7.80 8.33 
5 x 10 1 111 Ounbain 2.69 0.63 0.02 6.08 11.07 11.18 

-150 mg of slices (wet w t )  per vessel, shaken in 2.85 ml 
modified Iirebs-Ringer-phosphate solution ( 4 )  ; 0, atmos-
phere, 38* C. Glucose (16.1 micromoles) and ouabain added 
after 45 min ; 2-hr incubation period in glucose. All quanti- 
ties are expressed a s  pl ideal gas (N.T.P.) absorbed or evolved 
/mg dry tissue/hr. 

values shows that the acceleration of cardiac respira- 
tion by ouabain is quantitatively accounted for  by the 
increase in the rate of glucose oxidation. 

Table 1indicates further that lactic acid production 
by cardiac slices during aerobic incubation in glucose 
is greatly reduced by ouabain. The QlaCtat,declined 
from 1.61 to 0.63. The change in keto acid production 
was minor in comparison. Since endogenous lactate 
formation was nil. one can calculate from the data 
that the amount of glucose consumed which was con- 
verted to lactate decreased from 28% to 11%. And, 
since the decrease in lactate appearance was not ac- 
companied by synthesis of glycogen12 it  is also evident 
that most of the extra ~ l u c o s e  oxidized under the influ- -
ence of ouabain would, in  the absence of drug, have 
been glycolyzed. 

Suppression of aerobic glycolysis by ouabain has 
also been observed in smooth muscle ( 2 ) .  I n  brain 
cortex, on the other hand, which is the only animal 
tissue besides heart muscle that has been found to 
respond to cardiac glycosides with an increase in 
respiration, these drugs strongly stimulate aerobic 
glycolysis (3). The greater abundance of the Krebs 
cycle phorase enzymes relative to the glycolytic 
enzymes in heart muscle as compared to brain cortex 
may be responsible fo r  the difference in the metabolio 
response of these two tissues to cardiac glycosides. 

I t  has previously been reported (4)  that in the 
presence of pyruvate, which increases the rate of 
oxygen consumption of cardiac slices to the level a t-  
tained following addition of a cardiac glycoside in 
glucose or in lactate, the drug causes no further in- 
crease in metabolism. One may infer that in  cardiac 
muscle the cardiac glycosides accelerate the formation 
of pyruvate from glucose and lactate. Experiments 
aimed to test this hypothesis are now in progress in 
this laboratory. 

Little can be said a t  this stage concerning the sig- 
nificance of the present findings with regard to the 
action of the cardiac glycosides on cardiac function. 
As has been pointed out before (4),  i t  seems unlikely 
that the stinlulation of cardiac energy metabolism by 

The glgcoger. content of the slices declined rapidly during 
the preliminary incubation and remained uniformly very low 
(about 20 mg/1,100 g )  during the experimental period. 



these compounds is the cause of the increase in the 
force of contraction or of other effects on the function 
of the myocardium. More probably, the functional and 
metabolic changes are both products of a cellular 
alteration the nature of which still remains to be 
disclosed. 
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The fact that triphenyltetrazolium chloride is re-
duced to the red formazan by enzymes of viable tissue 
has been shown by several authors (1-3). Jerohel 
and Mohle (4) reported that the apparent redox po- 
tential (E', at  p H  7.0 of 2,3,5-triphenyltetrazolium 
chloride was about - 0.08 v. This fact suggested that 
the compound might be reduced through the catalytic 
action of certain pyridine nucleotide dehydrogenases, 
for  the redox potentials of most of these enzyme sys- 

is 0.00 v a t  p H  7.0. Fred and Knight (5)  found that 
sodium malonate, sodium azide, 2,4-dinitrophenol, so-
dium fluoride, and iodoaoetic acid a t  171/100 concen-
tration merely slowed reduction of the salt by Penicil-
Eiuw clwysoge.ctum. From this lack of specificity of in- 
hibitors, the authors of the latter article concluded 
that a number of enzyme systems are able to reduce 
the dye. 

We have investigated several enzyme systems, pre- 
pared from corn embryos, as to their ability to reduce 
the tetrazolium reagent. The apoenzyme mixture was 
prepared by the following method: Corn kernels were 
placed in water overnight, and the embryos were re- 
moved from the remainder of the kernel, extracted 
with acetone, dried, and ground with water. The ex- 
tract was pressed out, centrifuged, and dialyzed. The 
solution was brought to p H  5.7, centrifuged, adjusted 
to p H  7.0, and saturated with ammonium sulfate. The 
precipitate was filtered, dried on a porous plate, and 
finally dried in vacuo over sulfuric acid. Diphospho- 
pyridine nucleotide (DPN) was prepared by the 
method of Williamson and Green ( 6 ) ,  and triphos- 
phopyridine nuoleotide (TPN) was prepared by the 
method of Adler, Elliot, and Elliot ( 7 ) .  

The ability of pyridine nucleotide enzyme systems 
to reduce the tetrazolium salt was determined by pre- 
paring solutions containing equal volumes of 1% 
apoenzyme preparation, 0.1% coenzyme, 0.5% tetra- 
zolium salt, 4% substrate, and M/15 phosphate buffer 
( p H  6.6). The solutions were placed in the dark a t  
room temperature and examined for color forniation 
after 45 min. 

TABLE 1 

REDUCTIONOF T R I P H E N Y L T E T R A Z O L I U ~ ~  CHLORIDEBY CORN EIZBRYO DEHYDROGENBSES 


Dehydrogenase System 

Succinate/fumarate 
Glutamate/a-lcetoglutarate 
Malate/oxalacetate 
Ethyl  alcohol/acetaldehyde 
Lactate/pyruvate 
Glyceraldehyde-3-phosphate/l,3-


diphosphoglycerate 
8-Hydroxybutyrate/acetoacetate 

Coenzyme Substra te  

. . . .  Sodium succinate 
DPN Sodium glutamate 
DPN Sodium malate  
DPN Ethyl  alcohol 
DPN Sodium lacta te  
DPN *Sodium frnctose 

diphosphate 
DPN Sodium-8-hydroxy-

butyrate  
T P N  Sodium isocitrate 

DPN Glucose 
DPN Sodium-a-glycero-

phosphate 

Kedox Potent ia l  a t  pH 7.0 

0.00 Kalckar (1941) 
- 0.03 
- 0.102 Lehmann and Jorgensen (1939) 
- 0.163 ICalckar (1941) 
- 0.18 Barron and IIastings (1934) 

- 0.28 Ochoa (1946) 

- 0.293 Hoff-Jergensen (1938) 
- 0.30 Ochoa (1946) 

Color 
Developed 
in  45Min 

None 

Pink 

Pink (af ter  

24 h r )  

Pink 


* Aldolase was assumed to  be present. 

tems fall below -0.08 v. One of these systems, glucose 
dehydrogenase, was found to reduce the tetrazolium 
salt ( 2 ) .Kun and Abood (1) reported that succinic 
dehydrogenase, which does not require a coenzyme, 
also reduced the tetrazolium compound at  p H  7.4 and 
that the amount of formazan produced could be used 
as a measure of succinic dehydrogenase activity. The 
reduction by succinic dehydrogenase is unexpected, for  
the redox potential of the suooinate/fumarate system 

The dehydrogenase systems shown in Table 1were 
tested under aerobic conditions. Similar results were 
obtained when the solutions were placed in evacuated 
Thunberg tubes. When the enzyme system reduced the 
tetrazolium salt, the omission of enzyme, coenzyme, or 
substrate resulted in no color formation. 

The following pyridine nucleotide dehydrogenases 
requiring DPN reduced the tetrazolium salt: glucose 
dehydrogenase, alcohol dehydrogenase, malic dehydro- 
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