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Sodium and Water Metabolism in Relation to Dis
turbances of Carbohydrate Metabolism after 

Adrenalectomy 
WE have found that in the absence of the adrenal 

cortex, flavin is not transformed to flavin phosphoric 
acid, but that adrenalectomized animals can be 
kept alive with large quantities of the latter sub
stance (vitamin B 2)1. We have also shown that 
lack of adrenal cortex causes serious disturbances 
in intermediate metabolism of carbohydrates and 
fats, particularly in the absorption of these sub
stances•-•. In the following experiments, we have 
tried to show how these facts are related to 
the well-known disturbances of water and sodium 
metabolism which may cause death in adrenal
ectomized animals. 

The selective absorption of glucose is inhibited 
after adrenalectomy, and this is due to the absence 
of the cortex, since it can be restored by administer
ing cortical hormone1• We have now demonstrated 
this by injecting a mixture of glucose and xylose 
(each in half blood-isotonic solution) into a ligatured 
loop of a rat's intei>tine. From such a solution, 
glucose disappears four times as quickly as xylose, 
in normal animals, and in adrenalectomized animals 
the ratio is almost l : l, that is, both sugars are 
absorbed at the same rate. 

TABLE 1. Absorption of a mixture of 3 c.c. of 5 ·4 per cent glucose and 
3 c.c. of 4 •5 per cent xylcse from a 60 em. loop of Intestine In a 

rat during one hour. 

Normal rats 
Adrenalectomized 

rats 

Injected (gm.) Absorbed (gm.) 
Glucose Xylose Glucose Xylose 
0·162 0·135 0·146 0·034 

0·162 0·135 0·049 0·028 

Ratio of 
Absorption 

4·3: 1 

1·7: 1 

If the selectively rapid · absorption of glucose from 
an intestinal loop is inhibited by poisoning the 
animal with iodoacetic acid, then sodium salts diffuse 
into the interior of the intestine more rapidly than 
glucose leaves it ; hypertony results, and a large 
quantity of water enters the intestine by osmosis6 • 

Exactly the same happens when the selective absorp
tion of glucose is inhibited by adrenalectomy. The 
intestine is found to be full of fluid one hour after 
glucose administration. The example given in Table 2 
is typical of many such experiments. 

TABLE 2. Absorption of 5 ·4 per cent glucose solution from a 30 em. 
Intestinal loop of a rat during one hour. 

Glucose (gm.) Fluid movement (c.c.) 
Injected Absorbed Injected Found 

Normal rat 0·162 0·147 3 0·6 
Adrenalectomized rat 0·162 0·042 3 3·5 

Thus in adrenalectomized rats, ingestion of glucose 
causes great losses (into the intestine) of sodium by 
diffusion and of water by osmosis. Therefore the 
adrenalectomized animals, in contrast to normal 
rats, develop intensive diarrhrea after glucose admin
istration. This is also seen in normal animals after 
the administration of xylose, which is slowly absorbed, 
or after glucose with iodoacetic acid poisoning, when 
the glucose is also slowly absorbed. 

Thus the inhibition of the selective absorption of 
glucose in adrenalectomized animals leads secondarily 
to losses of sodium salts and water. Similar disturb
ances are possible in the intermediate metabolism 
of carbohydrates and fatss..s. 

These secondary disturbances of loss of sodium 
and water may be the cause of death of adrenal
ectomized animals which can be prevented by giving 
sodium salts. In several cases, rats adrenalectomized 

8-15 days before, died in 3-5 hours when 5 c.c. of 50 
per cent glucose solution was fed by stomach tube. 
A second group of such rats survived when sodium 
chloride and carbonate were given simultaneously. 
This supports the above explanation. 

A detailed report will be published in Pftiigers 
Archiv. 
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Biosynthesis of Ascorbic Acid 
SoME time agol, we observed that incubation of 

some tissues of the rat with mannose in a mixture of 
Ringer-Locke solution and phosphate buffer at pH 
7 ·4 resulted in an increase of the ascorbic acid value, 
as determined by the usual titrimetic technique with 
2: 6-dichlorophenol indophenol". The experiments 
in vitro were supported by experiments in vivo, in 
which it was shown that the injection of mannose 
into the rat also caused an increase in the ascorbic 
acid content of some of its tissues3 • Cell-free extracts 
were also obtained from germinating Phaseolus mungo, 
which were likewise capable of converting mannose 
into ascorbic acid•. 

Euler, Gartz and Malmberg5 have, however, not 
been able to detect the above conversion with the 
tissues of the rat. Their experiments indicate that 
they worked in an atmosphere of nitrogen, and that 
they compared the ascorbic acid values of the fresh 
tissues with the values obtained after incubation 
with mannose. We repeated the following experi
ments in order to clear up the discrepancy. 0·5 gm. 
of the finely minced tissue was used in each case, 
suspended in a mixture of 3 c.c. Ringer-Locke solu
tion and 2 c.c. phosphate buffer of pH 7 ·4, to which 
l c.c. of a freshly prepared aqueous solution, con
taining 20 mgm. mannose, was added. This was 
shaken up and incubated for 3 hours at 37° in a 
25 conical flask closed with a rubber cork. The 
flask was not shaken any more. The control vessel 
contained l c.c. water instead of the mannose solu
tion. Two other vessels contained the same two 
mixtures in an atmosphere of nitrogen. The results 
are shown in the accompanying table : 

Ascorbic acid (mgm.) per 0 ·5 gm. liver tissue. 

Ex pt. In nitrogen In air 

With Without With Without Percentage 
of increase mannose ma.nnose mannose man nose !nair 

1 0·29 0·29 0·27 0·20 35 
2 - - 0·21 0 ·19 10 
3 0·32 0•32 0·25 0·21 18 
4 

I 
0·32 0·32 0·21 0·18 16 

5 0·22 0·22 0·18 0·13 

I 
23 

6 - - 0·097 0 ·080 21 

These figures show that in an atmosphere of nitro
gen the amount of ascorbic acid remains constant, 
whether mannose is added or not. But in a closed 
volume of air, if the experiments are carried out 
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