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haps be achieved in man by applying such compounds to mucous 
membranes. 

Summary afid Conclusiom. Various steroid hormones, es- 
pecially D.C. A. and progesterone produce deep anesthesia in rats 
and mice if injected into the peritoneum whence they can be rapidly 
absorbed. After recovery from the anesthesia such animals show 
no ill effects. Partially hepatectomized rats are much more sensi- 
tive to the anesthetic effect of the steroids than intact controls. This 
probably indicates that the liver plays an important r6le in the de- 
toxification of these compounds. Males are less sensitive than 
females of the same size. 
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We have previously described a method for the study of the 
availability of various substrates for human brain metabolism i z z  
vicc~.~ In the absence of glucose during therapeutic insulin shock 
it has been slicwn that the metabolisni of the brain is diminished. 
This is indicated by an extremely low oxygen uptake of the brain', 
in association with characteristic changes of the cortical brain poteii- 
tials4 and the onset of clinical coma. Intravenous administration of 
glucose rouses the patient and restores the normal arterio-venous 
oxygen diff erelice.' In previous publications we have reported 
that as little as 4 g of glucose administered intravenously invariably 
roused the patients from coma and approximately doubled the oxygen 
uptake of the brain.6 Ethyl alcohol had no effect on the clinicai 
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state or the oxygen uptake of the brain,’ while racemic sodium lactate 
resulted in only a slight increase in the oxygen uptake of the brain, 
and had no effect on the comatose state of the patients.8 In this 
report we are presenting evidence on the availability of sodium 
pyruvate for hrain oxidations. 

Experiiiiciztd. The method has been previously described.’ The 
cerebral inetaholisni was estimated from the arterio-venous dif - 
ferences of O.,, C02, and glucose. Duplicate analyses of blood gas 
determinations checked within 0.2 vol. %. The velocity of circula- 
tion in the peripheral vascular system was estimated with the method 
of Robb and IVeis.!’ I11 9 experiments the metabolism of the brain 
was estimated after the patients were in deep hypoglycemic coma, 
and again 15 iiiiiiutes after the administration of various aniounts of 
sodium pyruvate. The data f roni these experiments are presented 
in Table I. Patients 1 aiid 6 roused slightly after administration of 
the pyruvate, but sooii lapsed into conla again. The remaining 
patients dicl not rouse. The closes varied from 4 to 8 g of pyruvate, 
and are iiidicatecl in the table. In 4 aclditional patients 15 g of sodium 
pyruvate were adniiuistcred, aiicl in iioiie of these cases did the patient 
rouse from the coniatose statc. The average oxygen uptake during 
coma was 2.9 volumes %. and after the pyruvate was 4.08 volumes 
%. Statistical analyses of these averages reveal that the difference 
was barely significant. It is interesting to note that this increase closely 

TABLE I. 
ERect of Sodium Pyruv:ite Administered Intravenously on Cerebral Metabolism of 

Schizoplirenic Patients in Insulin Coma. 

Dose of Volume % oxygen a r c .  
Exp . pyruvate, - time, 
NO. g art. ven. diff. see. 

~~ 

1 4.0 19.5 15.1 4.4 
2 6.7 19.9 15.0 4.9 
3 8.0 20.9 16.9 4.0 
4 8.0 19.1 16.0 3.1 
5 8.0 23.2 21.6 1.6 
6 8.0 20.0 14.6 5.4 
7 8.0 19.5 15.2 4.3 
8 8.0 19.6 16.1 3.5 
9 8.0 20.8 15.3 5.5 -- - 

Avg 20.26 16.20 4.08 f 1.10 
Avg of 60 cases in insillin coiiia 19.6 16.7 2.90 f 1.49 

0.418. Difference k St. Deviation = 1.18 
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approximates the increase previously observed after lactate adniin- 
1 s t r a t 1 on. 

The estimation of brain metabolism in these experiments was 
based on the differences between the concentrations of various sub- 
stances in the arterial and venous blood. This method is subject 
to error if the blood flow varies, and other investigators have stlg- 
gested that changes in blood flow can account for the changes ob- 
served. In collaboration with Himwich, el (xE.,1° we have confirmed 
the observations of Loman and Myersonll that in the absence of 
convulsions there is no appreciable change of the brain blood flow 
during insulin coma. During the course of this research we also 
observed that the adniinistration of glucose, lactate and pyruvate 
did not affect the blood flow of the brain of patients during insulin 
coma. It therefore appears probable that the changes observed in 
the arterio-venous oxygen difference of the brain indicates that 
there is a corresponding increase of the brain metabolism after 
the administration of sodium pyruvate, but this increase is not 
sufficient to rouse patients from coma. These results are not in 
agreement with the effects of pyruvate on the metabolism of isolated 
brain tissue in the Warburg apparatus. The possibility remains, 
however, that the oxidations in ziitro occur at a diminished rate12 
and may be maintained by the oxidation of pyruvate, while the 
oxidation of pyruvate iiz vivo is too slow to supply sufficient energy 
for brain metabolism during insulin hypoglycemia. 

The availability of sodium pyruvate 
for brain oxidations in hypoglycemic insulin coma was studied in 
human patients. In 2 of 14 experinients with various amounts 
of pyruvate the patients roused slightly from coma, and in the re- 
maining 12 there was no change observed in the clinical state. In 
9 patients the oxygen uptake of the brain was observed, and there 
was a small, though statistically significant, rise. These results are 
in striking contrast to those observed with glucose, and indicate that 
the oxidation of pyruvate by the brain is not sufficient to adequately 
support cerebral functions. 
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