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After ethanol is ingested, i t  enters the 
brain rapidly and accumulates in concentra- 
tions similar to those in blood ( 1, 2 ) .  The 
metabolites of ethanol, acetaldehyde and 
acetic acid, produced chiefly in the liver ( 3 ) ,  
accumulate in small amounts in blood and 
brain (4-7). Small amounts of these metabo- 
lites also may be produced in the brain be- 
cause it contains some alcohol dehydrogenase 
and aldehyde dehydrogenase ( 8-1 0) . 

Ethanol and acetaldehyde (in much smal- 
ler amounts) inhibit K+-stimulated respira- 
tion in brain cortex slices ( 11, 1 2 )  ; acetalde- 
hyde inhibits brain mitochondria1 respiration 
(12, 13). Ammon and co-workers (14, 15) 
found that, after intravenous injection of 
very large amounts of ethanol in mice, the 
concentration of glucose was doubled in the 
brain, and the concentrations of glycogen, 
lactate, and coenzyme A were all reduced. 
Roach and Williams (16, 17) administered 
g l ~ c o s e - U - ~ ~ C  to ethanol-intoxicated ham- 
sters and found a higher percentage of brain 
14C in glucose and less in amino acids than 
in control hamsters. 

This paper reports additional studies of the 
effect of ethanol on glucose metabolism in 
cerebrum and hindbrain, and particularly on 
the conversion of glucose to amino acids, in 
fed and fasted rats given ethanol by stomach 
tube and in fed rats given ethanol by intra- 
peritoneal injection. Glucose-U-14C was in- 
jected 234 hr after the dose of ethanol; 15 
min later, the brain was frozen in situ. Com- 
parisons were made between fed and fasted 
control rats, between fed control and fed al- 
cohol-treated rats, and between fasted con- 
trol and fasted alcohol-treated rats. 

Materials and Methods. Male rats of the 
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Sprague-Dawley strain, weighing 240-345 g 
and maintained on Rockland rat diet, were 
used in this study. Some of the rats were 
fasted for 15 or 24 hr. With the rats under 
ether anesthesia, polyethylene tubing (PE 
no. 10) was inserted into the tail vein for 
intravenous injections ; polyethylene tubing 
(PE no. SO) was inserted in the femoral 
artery for collection of blood. Zero time was 
the start of ethanol administration, immedi- 
ately after insertion of the tubing. Ethanol 
(33% solution) was administered to fed rats 
by stomach tube (4.3 mg/g body weight) 
(4) or intraperitoneally (3.3 mg/g; 25% 
solution) and to fasted rats by stomach tube 
(3.3 mg/g) . Even with the higher doses given 
to fed rats by stomach tube the blood ethanol 
concentrations were only about half as great 
as in the other two groups ( 2 ) .  Ethanol-treat- 
ed rats and control rats were placed in re- 
straining cages (18) and infused with physio- 
logic saline (1.25 ml/hr) for 2% hr. At 2,% hr 
a single injection of g lu~ose-U-~~C (New Eng- 
land Nuclear; 20 pCi; 0.24 mg of glucose) 
in 0.2 ml was given into the tail vein. The 
infusion of saline was resumed until pento- 
barbital sodium (20 mg) was injected in- 
travenously exactly 30 sec before the rat was 
immersed, head first, in liquid nitrogen at  
2% hr (after injection of ethanol) for 2 min. 
Blood was obtained from the femoral artery 
immediately before the brain was frozen in 
sit u . 

Preparation of brain extracts. Precautions 
were taken to prevent thawing of brain dur- 
ing processing because this results in rapid 
destruction of brain glucose as shfown by 
Lowry and co-workers (19).  The frozen brain 
was chiseled out quickly and split into cere- 
brum and rhombencephalon or hindbrain 
(20) and replaced in liquid nitrogen. The 
frozen cerebrum and hindbrain were weighed 

325 



326 GLUCOSE UTILIZATION IN RAT BRAIN 

quickly, dropped into ice-cold 0.1 N HCI, 
and homogenized immediately in the VirTis 
homogenizer. Aliquots of homogenate were 
deproteinized with picric acid for measure- 
ment of amino acids and with perchloric acid 
for measurement of glucose and lactate. 

In some experiments, blood was collected 
from the femoral artery at  half-hour intervals, 
during the 2% hr infusion, for measurement 
of blood glucose concentration. In  other ex- 
periments, glucose-U-14C was administered 30 
min before the end of the infusion, and 
blood was collected at  1-30 min for measure- 
ment of radioactivity and glucose concentra- 
tion. 

Chemical determinations. For glucose de- 

termination, protein-free extracts of blood 
were made immediately with Somogyi re- 
agents and of brain, with perchloric acid; for 
column chromatography (amino acid an- 
alyzer), protein-free extracts of blood were 
made with sulfosalicylic acid and of brain, 
with picric acid. The amino acid analyzer 
was used for measurement of free amino ac- 
ids in brain ( 2 1 ,  2 2 ) .  Enzymatic methods 
were used for determination of glucose ( 2 3 ) ,  
lactate (24),  and alcohol ( 2  5 ) . Additional 
details of the procedures have been presented 
previously (26, 2 7 ) .  

Radioactivity measurements. Radioactivity 
in blood and in protein-free extracts of 
blood and brain was measured in a 2: 1 mix- 
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FIG. 1.  Upper left. Concentration of glucose in femoral artery during 254-h~ infusion of 
physiologic saline begun immediately after ethanol was administered by stomach tube to fed or 
fasted rats or by intraperitoneal injection to fed rats. Means & SE are shown (number of rats in 
parentheses). Lower left. Concentration of glucose in blood during infusion of saline in fed and 
fasted control rats. Upper right. Concentration of glucose in blood during last half hour of saline 
inifusi,on in alcohol-treated rats (after intravenous injection of glucose-U-14C). Lower right. 
Concentration of glucose in blood of control rats during last half hour. 
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ture of toluene-PPO-DMPOPOP and Triton 
X-100 (28) in a Packard scintillation spec- 
trometer. Radioactivity in column effluents of 
extracts of blood and brain was measured in 
an anthracene-filled flow cell (vol 1 or 2.5 
ml) in a scintillation spectrometer before the 
effluent entered the mixing manifold in the 
amino acid analyzer for reaction with ninhy- 
drin. 

Calculations. Brain amino acid specific ac- 
tivities were determined by comparison of the 
radioactive peaks with the ninhydrin peaks 
of the column effluent. Specific activities of 
glucose and lactate in brain were determined 
by comparison of radioactive peaks with con- 
centrations measured enzymatically. 

The specific activity of blood glucose 
(dgm/,pmole) was obtained by dividing the 
total blood 14C (dpm/ml) by the glucose 
concentration (pmole/ml) . This simple calcu- 
lation was used because over 90% of blood 
14C was found in glucose when protein-free 
extracts of blood were made promptly (Flock 
and associates, unpublished data), 

The specific activities of blood glucose dur- 
ing the first 30 min after injection of glucose- 
UJ4C were plotted on linear graph paper 
and extrapolated visually to zero. The spe- 
cific activities read from the curves at  1-min 
intervals were averaged for the first 15  min 
and this average specific activity divided by 
the specific activity at  15 min gave a factor 
by which the average specific activity of 

bl!ood glucose could be calculated when blood 
was taken only at the end of the experiment. 
Glucose incorporation or uptake in brain 
was calculated by dividing the total 14C in 
brain (dpm/g) 15 rnin after injection of glu- 
cose-U-14C by the average specific activity 
of blood glucose (dpm/pmole) during this 
interval; this was expressed as the equivalent 
of blood glucose (pmoleJg). Similarly, the 
amount of glucose converted to metabolites in 
the brain was obtained by multiplying the 
percentage of brain 14C in the metabolites of 
glucose by the glucose uptake in brain, and 
this also was expressed as the equivalent of 
blood glucose (pmoles/g). The amount of 
glucose converted to metabolites was also cal- 
culated by dividing the I*C in each metabo- 
lite (dpm/g) by the specific activity of brain 
glucose, and this was expressed as the equiva- 
lent of brain glucose (pmoles/g) . 

Results. Concentrations of blood glwose. 
The blood glucose concentrations in fed rats 
given alcohol by stomach tube were relatively 
constant (6.59-7.1 5 pmoles/ml) during the 
first 2% hr after alcohol ingestion; but in fed 
rats given alcohol by intraperitoneal injec- 
tion, the blood glucose concentrations some- 
times increased sharply during the last hour 
of the period (Fig. 1). The glucose concen- 
tration decreased somewhat in fasted rats giv- 
en alcohol by stomach tube. 

Steady but small increases in blood glucose 
concentration were found in all three groups 
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FIG. 2 .  Specific activity of blood glucose in femoral arterial blood during 30 min after injection 
of gluc~se-U-"C. Means k SE are shown, Lines were extrapolated to zero time visually. Left. Rats 
after ethanol administration. Right Control rats without ethanol. 
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TABTAE I. Glucose :ind T,actate Concentrations in Cercbrum and Hindbrain of Rats." 

~~ ~ 

Control rats Stoniacli tube In traperi toneal 

Measurement Fed (8) Fasted (4)  Fed ( 6 )  Fasted (4)  Fed (5) 

Blood ethanol (mg/100 nil) 
Blood glucose (pmole/ml) 
Cerebrum glucose ( Fcniole/g) 
Hindbrain glucose (pmolc/g) 

Glucose ratio 
Cerebrum/blood 
Hindbrain/blood 

Cerebrum lactate (pmole/g) 
Hindbrain lactate (pmole/g) 

0 0 
6.40 5 0.23 
0.58 & 0.23 
0.72 c 0.Oi 

5.40 k 0.4Zb 
0.66 f 0.16 
0.85 t 0.14 

0.09 2 0.01 0.12 f 0.02 
0.11 2 0.01 0.16 2 0.02b 
4.80 2 0.31 3.81 i. 0.13b 
6.91 2 0.57 4.50 & 0.23b 

139 4 27 
5.49 & 0.38b 
1.00 -t 0.03 
1.43 & O.lgd 

0.19 2 0.026 
0.28 & 0.06" 
3.53 & 0 . 2 0 d  
4.73 & 0.40" 

292 & 7 
4.39 & 0.56 
1.21 2 0.09" 
1.12 f 0.04 

283 & 1 3  
7.24 & 0 . 3 P  
1.30 & 0.05b 
1.63 2 0.08" 

0.28 2 0.02f 
0.27 k 0.03O 
3.41, 3.28 (2) 
5.25, 5.78 ( 2 )  

0.18 2 0.01" 
0.23 k 0.01' 
2.58 & 0.36" 
5.00 f 0.70b 

a Data  a re  shown as means k SE (in parentheses: number of rats). I n  this and subsequent tables, in 
fasted control rats, the mean of four analyses done on eight r9ts is shown, two brains being combined 
for each analysis. 

For difference from fed coiitrol, p <.05; 
For difference from fasted control, p <.05 ; f p <.OOl .  

p < . O l ;  p <.OOl. 

of alcohol-treated rats and in fed and fasted 
control rats during the 30 min after the injec- 
tion of glucose-U-14C. This may have been 
due in part to the frequent sampling of blood 
even though it was collected from the poly- 
ethylene tubing in the femoral artery with 
minimal apparent disturbance to the rat. 

Radioactivity in blood. The specific activi- 
ty of blood glucose in all the rats decreased 
rapidly during the first 5 min after injection 
of glucose-UJ4C and then more slowly (Fig. 

2). The blood glucose concentration was less 
in fasted than in fed rats and the specific 
activity was greater. 

Concentrations of glucose and lactate in 
brain. The administration of ethanol by 
stomach tube doubled the concentration of 
glucose in the hindbrain of fed rats and in 
the cerebrum of fasted rats (Table I). Intra- 
peritoneal injection of ethanol doubled it in 
both hindbrain and cerebrum. The glucose 
concentration ratios cerebrum/blood and 

TABLE 11. Effect of Fasting OIL Aniino Acids and Taurine in Cerebruni and Hindbrain of 
Normal Rats. 

- ~~~~~ 

Concentrations, mean k SE (pmole/g wet wt) 
-~ ~~ 

Fed (8 rats)" Fasted (4 analyses, 8 rats) 

Amino acids Cerebrum Hindbrain Cerebrum Hindbrain 

Alanine 
Glutamatc 
Glut m i n e  
Aspartate 
GABA 
Threonine 
Glycine 
Taurine 

0.38 2 0.02 

6.31 & 0.14 
2.93 rf: 0.11 
2.06 & 0.03 
0.52 & 0.04 
0.74 f 0.02 
4.50 2 0.15 

11.9 t 0.4 
0.28 -+ 0.02 
9.14 & 0.14 
4.68 2 0.13 
2.50 2 0.08 
1.28 & 0.03 
0.54 k 0.15 
1.76 0.08 
2.90 2 0.15 

0.37 -c 0.01 
11.1 f. 0.12 

5.91 & 0.14 
2.67 & 0.05 
1.51 2 0.06' 
0.48 t 0.03 
0.75 f 0.02 
4.31 2 0.13 

0.24 & 0.02" 
8.93 0.12' 
5.20 rt O.llbo 
2.27 2 0.06b 
1.07 & O . O l d f  
0.49 -L 0.04 
1.33 & 0.08de 
3.11 -+: O.Ogd 

a These values have been published by Flock, Tyce, and  Owen ( 2 ) .  
For difference between hindbrain and c(~rebrun1 in comparatrle rats, p < . O l  ; p <.OOl .  
For  difference between fasted aiid fed rats f o r  comparable location, p <.02; ' p <.01; p 

< . O O l .  
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hindbrain/blood were significantly greater in 
all three groups of alcohol-treated rats than 
in comparable control rats. Differences in 
glucose concentration between hindbrain and 
cerebrum were found: there was more glucose 
in the hindbrain in fed rats given ethanol by 
stomach tube ( p  < .OS) or intraperitoneally 

The concentrations of lactate in both cere- 
brum and hindbrain were significantly de- 
creased in all three groups of alcohol-treated 
rats compared to fed control rats, but there 

( P <  .01). 

was no difference between fasted alcohol- 
treated rats and fasted control rats (Table 
I). The concentration of lactate was higher in 
the hindbrain than in the cerebrum in all 
groups ( p  < .Ol-< .0.5). 

Concentrations of amino acids and t a w h e  
in control rah. Concentration of alanine, glu- 
tamate, glutamine, aspartate, and taurine 
were lower in the hindbrain than in the cere- 
brum in fasted control rats (Table 11); the 
concentration of glycine was higher. Similar 
differences have been described previously in 

TABLE 111. Percentage Distribution of W in Glucose and Metabolites in Cerebrum and Hind- 
brain. a 

Ethanol-treated rats 

Control rats By stomach tube Intraperitoneal 

Fed (8) Fasted (4) Fed (6) Fastcd (4) Fed (5) 

Peak Ib 
Cerebrum 
Hindbrain 

Glucose 
Cerebrum 
Hindbrain 

Lactate 
Cerebrum 
Hi ndb r ai n 

Cerebrum 
Hindbrain 

Aspartate 

Serine 
Cerebrum 
Hindbrain 

Glu tamine 
Cerebrum 
Hindbrain 

Glutamate 
Cerebrum 
Hindbrain 

Alanine 
Cerebrum 
Hindbrain 

Cerebrum 
Hindbrain 

GABA 

4.8 k 0.3 
4.2 & 0.4 

7.6 f 0.6 
10.6 & 0.4 

20.0 0.9 
20.7 f 1.3 

9.3 * 0.4 
8.6 k 0.3 

0.94 & 0.08 
0.85 0.03 

9.7 & 0.4 
11.0 f 0.4 

39.2 f 0.5 
35.3 f 0.9 

2.4 & 0.5 
1.3 -+ 0.1 

4.8 t 0.1 
5.6 & 0.2 

3.7 f: 0.2 
4.2 f 0.2 

10.8 & 2.3 
13.8 f 2.1 

16.9 & 1.1 
17.0 f 1.0 

9.6 f 0.03 
8.5 * 0.08 

0.75 t 0.13 
0.63 (3) 

10.1 f 0.2 
9.9 * 0.2 

39.8 +- 0.8 
36.5 * 1.0 

1.9 * 0.1 
1.4 3- 0.1 

4.8 r+ 0.2 
5.6 2 0.4 

5.1 & 0.3 
4.8 f 0.4 

13.4 2 0.8" 
17.7 2 1.6" 

15.6 f: 0.5 
18.3 2 1.1 

9.5 & 0.2 
8.0 -t 0.3 

0.8 (3) 
0.7 (3) 

8.9 -+ 0.1 
8.8 & 0.3 

39.3 f 0.3 
33.6 * 0.6 

2.0 +- 0.1 
1.3 & 0.1 

4.7 f: 0.2 
5.4 2 0.2 

5.5 2 0.4 
5.0 2 0.7 

19.1 2 1.7" 
18.9 + 1.8 

14.0 k 1.2 
18.5 f 1.0 

8.6 & 0.9 
8.0 * 0.5 

0.6 (2) 
1.2 (2) 

9.0 2 0.7 
8.2 2 0.4a 

35.6 t 1.6" 
32.3 -+ 1.4" 

2.0 -+ 0.1 
1.4 & 0.1 

4.5 & 0.2 
5.3 & 0.2 

5.1 & 0.4 
5.7 f 0.3 

27.4 & 1.9' 
30.2 2 3.6' 

12.8 & 1.5' 
16.2 -F- 2.0 

7.0 -c- 6.0" 
6.0 & 0 . P  

0.8 (2) 
1.2 (2)  

8.2 t 0.4" 
7.6 & 0.4" 

31.7 2 0.6" 
26.2 +- 1.0" 

1.8 I+ 0.06 
1.2 -+- 0.04 

3.7 0.16 
4.3 -t- 0.5" 

Data,  shown RS means & SE, are pclccllti1ge of total ''C in tha t  portion of brain. 

For difference between alcohol-t.rcated and  control rats (fed vs fed; fasted vs fasted), p 
li Peak 1 contains glycogen and other compounds. 

<.05; p < . O l ;  " p <.OOl .  
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TABLE IV. Glucose Uptake and Metaholisin in Cerebrum a n d  Hindbrain of Rats." 
~ 

E thaiiol- txea ted ra t s  

Control ra t s  By stoniacli tube Iiitraperitoneal 

Fed  (8) Fasted (4) Fed (6)  Fasted (4) F e d  (5 )  

Blood ethanol (mg/100 ml) 0 

"C a t  15 min (10.: dpiii/g) 

In cerebriini 448 * 39 
I n  hindbrain 388 30 

Rlood glucose spec ac t  
( lo?  dpm/pniole) 

A t  15 min 
Average, 0-15 min 
Factor, 0-15 min/l5 min 1.27 

Blood g luco~e  equivalent 

48.6 * 5.0 
61.7 & 6.0 

(pnlole/g ) 
Of ccrebruni 7.49 & 0.38 
Of hindbrain "C 6-44 & 0.26 

IJC in glucose inetabolit,es (%) 
In cerebrum 92.4 & 0.6 
I 11 hi 11 db r xi n 89.4 0.5 

Blood glucose equivalent in 
glucose metabolites (pmoles/g) 
In cerebrum 6.92 ? 0.36 
In  hindbrain 5.76 f 0.25 

0 

531 -+ 39 
49-1 & 2 8 h  

67.4 & 5.2O 
85.6 k 6.6 

1.27 

6.21 0.17 
5.81 2 0.18 

89.2 -+ 2.3 
86.2 _+ 2.1b 

5.54 f 0.23 
5.00 2 0.15 

139 & 27 292 k 7 

407 1 3 2  4 i 2  & 25 
3 i 6  58 3fi5 & 45 

50.1 -t- 6.0 
73.6 * 8.9 

ti8.3 2 6.0 
87.4 +- 7.6 

1.47 1.58 

5.96 & 0.48' 5.4(; & 0.33 
5.54 & U.26" 4.13 & 0.17" 

86.6 & 0 . P  80.9 & 1.Yf' 
81.2 & 1.8 82.3 f 1.6" 

5.16 & 0.22' 
4.31 & 0.21d 

4.41 2 0.17c 
3.36 +_ 0.21" 

283 +- 13 

321 e 26c 
308 2 25 

33.3 -i 2.gb 
47.6 & 4.1 

1.43 

6.78 & 0.36 
6.55 f 0.54 

'72.6 _+ l.gd 
70.2 +- 3 . P  

4.91 2 0 . W  
4.52 f 0.16' 

a Data shown as nieans -t- SE (in pareiitheses: nnmber of rats-except for  fasted controls there were 
four malyses on eight rats) .  

F o r  tliffcrciice froin appropriate controls, p <.05: 1' c.01 ; p <.001. 

fed control rats ( 2 ) .  The only effects of fast- 
ing on the concentrations of amino acids in 
the cerebrum were a 27% decrease in y-amino- 
butyric acid (GABA) and in the hind- 
brain, a 16% decrease in GABA, a 24% 
decrease in glycine, and an 1 1  % increase in 
glu tamine. 

Radioactive compounds in brain. Fifteen 
min after injection of glucose-UJ4C, more 
than 90% of the radioactivity in extracts of 
cerebrum of fed control rats was present in 
eight compounds; more than half was in glu- 
tamate and lactate (Table 111). A similar 
distribution of radioactivity was found in the 
fasted control rats. The percentage of cere- 
bral I4C found in glucose was greater in all 
three groups of ethanol-treated rats than in 
the control rats. This increase was greatest in 
rats given alcohol by intraperitoneal injec- 

tion and, in these rats only, there were sig- 
nificant decreases in the percentage of 14C in 
each of the five metabolites of glucose: lac- 
tate, aspartate, glutamine, glutamate, and 
GABA. 

The distribution of 14C in the hindbrain 
was generally similar to that in the cerebrum. 

Hood glucose equivalents of radioactivity 
in brain. Glucose uptake by brain, as indi- 
cated by the blood glucose equivalent at  15 
min after injection of glu~ose-U-~~C,  was 7.49 
pmoles/g in cerebrum and 6.44 pmoles/g in 
hindbrain of fed control rats but was dce- 
creased in fed rats given ethanol by stomach 
tube (to 5.96 and 5.24 pmoles/g). No de- 
crease in glucose uptake was noted in fed rats 
after intraperitoneal injection of ethanol. 
There was a decreased uptake of glucose in 
hindbrain of fasted rats (Table IV) .  The 
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TAIBliE V. Erain Glucose Equivaleiits in  Metabolites of Glucose.n 
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Ethanol-treated rats 

Control rats By stomach tube In t r  ap e ri ton c :t 1 

F e d  ( 8 )  Fasted (4) Fcd (6)  Fasted (4) Fed (5) 

Lactate 
Cerebrum 
Hindbrain 

Alanine 
Cerebr u r n  
Hindh r n i n  

Cerebrum 
Hind br:tin 

Glut aina t e 

GABA 
Ce r el) r u in 
Hindbrniii 

Glu tamin e 
Cerebrum 
Hindbraj n 

Cerebrum 
Hindbrain 

Aspart ate 

1.51 & 0.05 
1.37  & 0.08 

0.14 k 0.01 
o.ng 2 0.01 

3.01 & 0.20 
2.42 * 0.21 

0.37 & 0.02 
0.35 ? 0.03 

0.75 2 0.06 
0.75 L 0.07 

0.72 * 0.06 
0.59 & 0.06 

1.04 * 0.10 
1.04 & 0.08 

0.12 2 0.01 
0.09 3. 0.01 

3.15 * 0.14 
3.33 * 0.12 

0.30 0.02 
0.34 2 0.01 

0.(it! 0.04 
0.61 5 0.04 

0.59 & 0.03 
0.52 _+ 0.03 

1.20 2 0.1OG 
1.64 -c- 0.39 

0.15 * 0.01 
0.12 & 0.03 

3.01 & 0.23 
2.86 2 0.52 

0.36 & 0.04 
0.47 2 0.10 

0.68 2 0.04 
0.76 2 0.15 

0.73 2 0.07 
0.69 2 0.14 

0.88 0.03 
1.11 -+ 0.07 

0.13 & 0.01 
0.09 -+ 0.01 

2.29 -+ 0.23 
1.98 & 0.26 

0.29 & 0.03 
0.33 2 0.04 

0.58 * 0.07 
0.50 -F- 0.04 

0.56 +- 0.08 
0.50 5 0.07 

0.63 +- 0.11' 
0.93 ? 0.17b 

0.09 t 0.005' 
0.07 -I: 0.004 

1.52 & 0.0ga 
1.47 f. 0.13' 

0.18 & 0.01d 
0.24 & 0.433" 

0.39 0.01' 
0.43 0.04" 

0.33 2 0.Old 
0.34 -c 0.04" 

a Data, shown as niearis % 88 (number of rats in parentheses), are pmoles/g. The radioactiv- 
i ty (10" dpm/g) of cadi glucose metabolite a t  1.5 miri after injection of glu~ose-U-~*C was di- 
vided by the specific, activity of brain glucose (lo" dpnih@inole) a t  the same time for individual 
ra ts  and then averaged. 

For differcrice from appropriate controls, p <.05; " p < . 0 l ;  p < . O O l .  

percentage of cerebrum 14C and hindbrain 
14C in glucose metabolites was significantly 
lower in fed rats given ethanol by stomach 
tube and was decreased further after intra- 
peritoneal injection of ethanol. In  the fasted 
rats treated with ethanol a significant de- 
crease was found only in the cerebrum. 

However, on the basis of the blood glucose 
equivalent of the metabolites, glucose utiliza- 
tion in brain was significantly decreased in 
both cerebrum and hindbrain of all three 
groups of ethanol-treated rats. 

Comparisons of fed and fasted control rats 
showed small decreases in blood gIucose 
equivalents of cerebrum I4C (7.49 to 6.21 
pmoles/g, p < .OS) in the fasted rats and in 
the blood glucose equivalents of the glucose 
metabolites in cerebrum (6.92 to 5.54 pmoles/ 
g, $J < .05). Differences in hindbrain were 
not significant. 

Brain glucose equivalents of radioactivity 

in glucose metabolites. The brain glucose 
equivalents in alanine, glutamate, GABA, 
glutamine, and aspartate at  15 min after in- 
jection of gIuco~e-U-~~C in fed rats were not 
altered by alcohol given by stomach tube 
(Table V) . After intraperitoneal injection of 
alcohol in fed rats, the brain glucose equiva- 
lents of all the metabolites in both cerebrum 
and hindbrain (with the exception of almine 
in hindbrain) were significantly lower than in 
normal rats. 

Comment. The effects of ethanol on glu- 
cose metabolism in brain were evident a t  2 5 4  
hr after ethanol ingestion and, thus, a t  least 
an hour after the acute effects of intoxication 
had worn off. In  fed and fasted rats with 
mean blood ethanol concentrations of 139 or 
292 mg/100 ml, respectively (after ethanol 
administrations by stomach tube), glucose 
concentrations in cerebrum or hindbrain were 
greater than in control rats; in fed rats with 
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mean blood ethanol concentrations of 283 
mg/lOO ml (after intraperitoneal injection of 
ethanol), the glucose concentrations were 
greater in both parts of the brain than in 
control rats. The ratios of cerebrum and 
hindbrain glucose tao blood glucose were 
greater in all three groups of ethanol-treated 
rats than in control rats. Previously, Ammon 
and Estler (14) showed that the brain glu- 
cose concentration was doubled in mice at  10 
and 60 min after intravenous injection of 
doses of ethanol which produced blood 
ethanol concentrations of 6.9 and 5.2%. They 
also found decreased brain lactate concen- 
trations. We found decreased lactate concen- 
trations in fed rats after ethanol ingestion. I n  
fasted rats, which had lower concentrations 
of brain lactate than fed rats, we observed no 
effect of ethanol. 

Glucose accumulation in brain can occur 
due to increased transport of glucose from 
the blood, as in diabetic rats ( 2 9 ) ,  or to 
decreased utilization of brain glucose, as in 
anesthetized mice (30, 3 1) , hyperglycemic 
eviscerated rats (27,  3 2 ) ,  mice receiving 
chronic administration of hydrocortisone 
(33), and rats after injection of dihy- 
droxyphenylalanine with the monoamine ox- 
idase inhibitor, p-phenylisoprophylhydrazine 
[JB 5161 (34).  I t  also can occur as a result 
of both increased transport and decreased 
utilization. 

Injections of g luco~e-U-~~C are useful in 
determining how glucose accumulates in 
brain, particularly when the radioactivity in 
brain is expressed in terms of blood glucose 
equivalents, a calculation based on blood glu- 
cose specific activity. 

The effects of ethanol on glucose uptake by 
the brain were influenced by the mode of 
ethanol administration and by the state of 
nutrition of the animal. Fasting overnight 
alone was sufficient to lower glucose uptake 
by the cerebrum, as measured by the blood 
glucose equivalent of brain I4C, probably due 
to decreased blood glucose concentration. 
There was a reduction in this index of glu- 
cqse uptake in the hindbrain when ethanol 
was administered by stomach tube to fasted 
rats. In  fed rats, ethanol produced a decrease 

in this index in both parts of the brain when 
given by stomach tube but not when given 
by intraperitoneal injection. 

The effects of ethanol on glucose utiliza- 
tion in brain included the accumulation of 
glucose without an increase in glucose uptake 
and an altered distribution of radioactivity 
in brain after administration of glucose-U- 
14C. Higher percentages of brain 14C were 
found in glucose and less in the amino acids, 
as shown previously in severely intoxicated 
hamsters by Roach and Williams (16, 17) .  
Calculations of radioactivity which compen- 
sated for differences in glucose pool sizes in 
blood and brain supported the hypothesis 
that brain glucose utilization was impaired. 
Thus, the blood glucose equivalent of brain 
14C present in glucose metabolites was re- 
duced in all the alcohol-treated rats. Howev- 
er, the brain glucose equivalents in the indi- 
vidual amino acids that are synthesized via 
the tricarboxylic acid cycle were reduced par- 
ticularly in rats after intraperitoneal injection 
of ethanol. In  these rats the blood glucose 
concentrations were greater and the blood 
ethanol concentrations during the first hour 
after ethanol administration were greater 
than in the other alcohol-treated rats (2 ) .  

The impairment in glucose metabolism 
found in the brain at  2% hr after ethanol 
administration was much smaller than that in 
rats a t  2% hr after evisceration (27)  or a t  
30 min after injection of dihydroxyphenyl- 
alanine in rats treated with the monoamine 
oxidase inhibitor, JB 5 16 (34). 

The concentration of GABA was smaller in 
both parts of the brain in control rats fasted 
15 hr than in fed rats. 

Summary. Signs of impairment of utiliz- 
tion of glucose in rat brains a t  2% hr after 
administration of ethanol included increased 
glucose ratios for cerebrum/blood and hind- 
brain/blood in fed and fasted rats, decreased 
concentrations of lactate in cerebrum and 
hindbrain in fed rats, higher percentages of 
brain 14C in glucose at  15 min after injection 
of gluco~e-U-~~C, and decreases in blood glu- 
cose equivalents in the combined glucose 
metabolites in cerebrum and hindbrain of fed 
and fasted rats. 
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G~UCQ~X uptake in cerebrum and hindbrain 
was lower in rats given ethanol by stomach 
tube (fed or fasted) than in control rats. 
Glucose uptake was normal in fed rats given 
ethanol intraperitoneally, but they had in- 
creased blood glucose concentrations. Howev- 
er, in these rats with the greater supply of 
blood glucose the greatest decreases in blood 
glucose equivalents of brain glucose rnetabo- 
lites were found. Significant decreases were 
found in aspartate, glutamate, glutamine, and 
7-aminobutyrate (GABA) , 

Effects of fasting in control rats included 
decreased concentrations of glucose in blood, 
of lactate and GABA in both cerebrum and 
hindbrain, and of glycine in hindbrain. 
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