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Little is known about metabolism of cere- 
bral potassium during insulin hypoglycemia. 
Nost recently La Fran ct  aZ.( 1)  have postu- 
lated that electroencephalographic changes 
and alterations of consciousness observed in 
both acute and prolonged insulin coma are in 
part due to shifts in electrolytes and water 
within the brain. They have postulated a de- 
crease in intracellular potassium as a result 
of the deposition of brain glycogen. This re- 
sults in a distortion of the intra- and extracel- 
lular relationship of potassium and ;odium 
giving rise to extracellular edema. Several 
investigations are not in accord with this hy- 
pothesis, since it has been shown that there is 
an increase in intracellular potassium in liver, 
muscle, and erythrocytes during hypoglyce- 
mia( 2-6). Further, Himwich has demon- 
strated a drop in cerebral glycogen content 
during hypoglycemia( 7 ) .  Finally, in vitro 
and in vivo studies of the effect of insulin on 
cerebral metabolism have not demonstrated 
increased glucose utilization (8-10). These 
studies would tend to refute the arguments of- 
fered by La Fran et aZ.( 1 )  to support their 
hypothesis, and would indicate that the 
changes observed electroencephalographically 
and clinically are primary or secondary results 
of a lowered level of metabolic substrate. This 
study was undertaken in an effort to clarify 
if possible, the changes that might be observed 
in the total brain potassium following a 
marked lowering of the blood sugar. 

Method.  12 adult white male rats of the Os- 
borne-Mendel strain were given 50 units of 80 
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uni ts/cc crystalline regular insulin in traven- 
ously in a tail vein. The rats were then sac- 
rificed by decapitation at 1% to SFL! hours 
after injection, and in varying depths of hy- 
poglycemic reaction ranging from stupor to 
coma. The whole brain including cerebellum 
was then analyzed for potassium by modifica- 
tion of the method of Elliott and Jasper (1 1) .  
Following determination of wet and dry 
weights, samples were ashed in an electric 
furnace at  650°C for 4 to 5 hours and re- 
mained overnight a t  350" to 400°C( 11). The 
ashed weight was determined. The samples 
were then dissolved in 10 cc of concentrated 
hydrochloric acid, diluted to 100 cc with dis- 
tilled water. Potassium was determined 
using an internal standard flame photometer 
( 1 2  ) . 1 2  control rats were lightly anesthetized 
with ether, decapitated, and the above pro- 
cedure was carried out. 

ResuZts. In comparing brains obtained 
from experimental and control groups, there 
appeared to be no observable edema in either 
group; on close inspection, however, i t  was 
noted that in the insulin-treated group the 
brains appeared to be more friable, hyperemic 
and glistening. Also, the meninges were more 
adherent to the surface of the cortex. 

There was no statistically significant in- 
crease in water content of brains of hypogly- 
cemic rats. The values obtained were: con- 
trols 78.16%, hypoglycemic 78.38% ( p  = 
> 50). 

Comparison of the amount of potassium on 
the basis of wet brain showed no statistically 
significant difference. The values were: con- 
trol 92.89 meq. potassiumfig, hypoglycemic 
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TABLE I. Cerebral Potassium Levels during 
Hypoglycemia. 

Nean S.D. t P 
meq K / k g  

Wet wt control 
Iiisulin 
Dry wt control 
Insulin 
Ash wt coiitrol 
Insulin 

% tcatcr 
Con t r ol 
Iiisuliii 

92.89 6.11 1.07 .30 
95.45 3.08 

425.8 25.0 2.19 <.05 
446.2 9.0 

6158.0 719.0 2.04 >.05 
6726.0 344.0 

78.16 .55 .37 >.50 
78.38 1.67 

95.45 meq. potassium/kg (p = .30). 
In contrast to the above negative findings 

there was a statistically significant increase in 
dry grain potassium. These findings were: 
controls 42 5.8 meq. potassium/kg, hypogly- 
cemic 446.2 meq. potassium/kg ( p  =< 
0.05). The ash weight values showed a neat 
statistically significant increase (p = >0.05). 
These values were: controls 6158.0 meq. po- 
tassium/kg, hypoglycemic 6 7 2 6 .O meq. potas- 
sium/kg. 

Discussion. The data show a statistically 
significant increase in dry brain potassium. 
Although values for potassium in the ashed 
samples were not significant, it is possible 
that the combination of a near significant 
value for s h e d  brain plus a small increase 
in water content combined to give a significant 
dry weight value. The distribution of potas- 
sium in the brain is not known, but it may be 
assumed that the increase in cerebral potas- 
sium is on the basis of increase in intracellu- 
lar potassium, since the in tracellular values 
have been estimated to be approximately 99 
times those of the extracellular fluid( 13). It 
is obvious that there would have to be a large 
increase in the extracellular potassium to ac- 
count for these changes. 

Previous investigators have demonstrated, 
in vitro, promotion of glycogenesis by potas- 
sium. This glycogenesis and metabolism of 
glucose is facilitated by insulin. The knowl- 
edge that 0.36 meq. of potassium is bound 
with each gram of glycogen and is released by 
glycogenolysis would explain, at least in part, 
the transport of potassium into an intracellu- 
lar position in the brain(l4). However, to 

date, no evidence, either in vitro or in vivo 
has been accumulated to demonstrate a facili- 
tation of cerebral glucose metabolism by in- 
sulin( 12-13). 

Finally, i t  must be pointed out that the re- 
sults of this study raise the question of the in- 
fluence of insulin on cerebral glucose utiliza- 
tion. The significant increase in potassium 
seen here is similar to that produced in other 
tissues when glucose metabolism is stimulated 
by insulin. In  view of the fact that most 
studies of insulin coma have been done in the 
hypoglycemic state i t  would seem necessary 
to study the effects of insulin on glucose 
metabolism of the brain where an adequate 
supply of substrate was available. 

1. A significant increase in 
cerebral potassium levels of dry brain was 
demonstrated in insulin-treated rats. 2.  Hy- 
poglycemia had no significant effect on water 
content of brains. 3. The importance of this 
finding as related to the present concept of 
cerebral glucose metabolism is discussed. 
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Conclusions. 
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