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groups of malate and succinate as would be 
expected if acetoacetate was being utilized 
only by the established path (acetoacetate -+ 

2 “acetate“ + 4 CO2 via the tricarboxylic acid 
cycle). This is taken as corroborative evi- 
dence for our previous conclusion that ketone 
bodies per se are not responsible for the net 
increase in cardiac glycogen noted in keto- 
nemia. 

1. Meyer. J.. and Bow, T. M., PROC. SOC. EXP. 

2. Lackey. R.  IV., Bunde, C. -I., and Harris, L. C., 

3. Lifson, S., Lorber, I-., Sakami! W., and IVood, 

BIOL. AXD MED.. 1956. ~ 9 1 ,  610. 

PROC.  SOC. ESP. k 0 L .  .\SD MED., 1947, ~ 6 6 ,  433. 

H. G., J .  Biol. Chem., 1948, v176, 1263. 
4. Van Slyke, D. D., ibid., 1917, v32, 455. 
5 .  Calvin, M., Heidelberger, C., Reid, J. C., Tol- 

bert, B. M., and Yankwich, P. E., Isotopic Carbon, 
pp211-212, John Wiley and Sons, New York, 1949. 

6. Xeedham, D. M., Biochem. J., 1927, v21, 739. 
7 .  Isherwood, F. A., ibid., 1946, v40, 688. 
8. Calvin, M., Heidelberger, C., Reid, J. C., Tolbert, 

B. M., and Yankwich, P. E., Zsotopic Carbon, p253, 
John Wiley and Sons, Xew York, 1949. 

9. Lorber, V., and Cook, M., J. B i d .  Chern., 1935: 
~ 2 1 5 ,  823. 

10. Unpublished observation. 

Received March 8, 1956. P.S.E.B.M., 1956, v91. 

Effect on Cardiac Glycogen of Intravenously Administered Sodiuni 
Acetoacetate-3-C1*. (22346) 

JOE MEYER* AXD TED 11. Row.+ (Introduced by F. Brazda.) 
Radioisotope Service, Veterans Administration Hospital, Denver, (2010. 

In  dogs made diabetic by pancreatectomy 
the glycogen content of liver and skeletal 
muscle decreases while that of heart increases 
(1). A similar pattern has been observed in 
rats injected with large amounts of acetoace- 
tate or B-hydrosybutyrate( 2 ) .  I t  becomes 
a matter of some importance to establish 
whether the ketone bodies per se are being 
metabolized in a manner directly responsible 
for this net increase in cardiac glycogen or 
are merely acting in some secondary role. In 
the former instance a new and yet unrecog- 
nized mechanism would have to be operating 
since the conventional metabolic path (ace- 
toacetate --$ 2 bLacetate”+ 4C0, via the tri- 
carboxylic acid cycle) is not compatible with 
a net increase in any component. If ketone 
bodies on the other hand are acting only in 
some indirect manner, that role too must be 
defined. The data published by Lackey et aE. 
( 2 )  simply notes the quantitative increase of 
cardiac glycogen without throwing any light 
on possible mechanisms. The present paper 
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is the first in a series designed to define this 
particular metabolic area. Here we have 
made the direct #test of whether ketone bodies 
per  se go to heart glycogen. We have in- 
jected into rats large amounts of acetoacetate- 
3-C14 and subsequently isolated the cardiac 
glycogen to determine the quantity and dis- 
tribution of CI4 in the glucose molecule. By 
this means strong inferences concerning the 
metabolic path can be obtained. 

.??aterials and methods. Sodium acetoace- 
tate-3-CI4 was synthesized according to estab- 
lished methods(3) and put into a solution at  
pH 7.4 such that per ml there was 0.88 mM 
( 11 % ) of acetoacetate containing an amount 
of C14 giving 600,000 ctsjmin. The quantity 
of isotopic material available limited the study 
to 3 rats. The nature of the results is such 
that valid conclusions are clearly possible de- 
spite the small number of animals involved. 
A 200 g rat, warmed by a heat lamp, was 
anesthetized with nembutal, the jugular vein 
exposed, and the fine cannula of an intra- 
venous drip apparatus introduced. In  each 
of our 3 experiments the gravity flow ceased 
after a b u t  2% hours at which time 3 ml 
(2.6 mM and 1,800,000 cts/min.) of the ace- 
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toacetate solution had been introduced. In  
one rat we used a hypodermic syringe to in- 
ject an additional 2 ml into the tail vein over 
a period of half an hour. In  all instances a 
total of 4 hours elapsed before the animal was 
sacrificed. Following this, the heart was re- 
moved, washed with saline and dropped into 
hot 30% KOH together with 35 mg of puri- 
fied glycogen made from rat liver. The mr- 
rier material was necessary in view of the fact 
that a single rat heart contains only about 2 
mg of glycogen which is an inadequate amount 
for isolation, purification and degradation. 
The dilution does not interfere with evalua- 
tion of radioactivity since counting was done 
on the total sample which was highly purified 
(4), degraded to COs by persulfate oxidation 
(5) and assayed as BaC1403. 

Results. According to Lackey e t  al. ( 2 )  the 
infusion of acetoacetate can cause as much as 
a 60% increase in heart carbohydrate. In 
the average rat this represents formation of 
approximately 1.5 mg of glycogen over and 
above that normally present. We would not 
expect our experiments to effect this much 
synthesis since we introduced only about 
60% as  much ketone as the original workers. 
However, assuming that we obtained only 
10% as much synthesis and assuming that no 
more than one C14 from the acetoacetate was 
incorporated irxto each glucose of the glycogen 
molecule, we would have expected radioac- 

tivity in the order of 500 counts per minute. 
In none of our experiments did the glycogen 
molmecule contain any traces of radioactivity. 
We are forced to conclude itherefore, that the 
increase in heart glycogen accompanying ke- 
tonemia does not represent a direct conversion 
of ketone bodies to carbohydrate. The 
mechanism of this effect is still an open ques- 
tion. 

Summary. The intravenous injection of 
large amuunts of acetoacetate-3-C14 has been 
effected under conditions reported to cause a 
net increase in heart glycogen. Isolation and 
degradation of the cardiac glycogen failed to 
divulge any trace of 'radioactivity. It thus ap- 
pears that the net increase in heart carbo- 
hydrate accompanying ketonemia represents 
some secondary and yet undetermined influ- 
ence of ketone bodies. 
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Plasmapheresis is the obtaining of whole 
blood from a donor with the retention of the 
plasma; the red blood cells being returned to 

the donor. This has been accomplished in the 
past in both man and other animals by well 
known technics( 1-5). These are laborious, 
time consuming, and have many other ob- 
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