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the operation state that immediately there 
is a disappearance of nervous tension. .\I- 
though memory is intact. and conflicts still 
exist, they cause little concern. They report 
their patients are able to formulate ideas 
but lack the accompanying emotional drive 
that is necessary to put them into effect. A s  
a result their productivity is usua!ly marktdly 
impaired. 

Sumiiinr?. Ry using small electrodes i i i  

electroshock treatment i t  was possible to 10- 

calize the stimulation sufficiently to separate 
some of the many phenomena that occur with 
conventional electroshock therapy. The 
small amount of data thus far accumulated 
seems to indicate: ( I )  Memory loss and 
convulsion are probably not necessary to 
produce clinical improvement. ( 2 )  'Stimula- 
tion of cortical autonomic centers seems to 
be the most important factor in producing 
clinical improvement in the affective disor- 
ders with electroshock. 
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IXabetes Mellitus in Rabbits Injected with Dialuric Acid? 

Since the discovery that alloxan prod iic\c.\ 

diabetes when injected into animals'-:: other 
chemically related substances have h e m  
studied for possible diabetogenic action. CTI- 
ti1 recently no chemical with such actiori has 
been found. 

Koref, Vargos, Rodriguez and 'I'elchi' r e  
ported the production of diabetes Kith al- 
loxantin and confirmation of this work has 
already been published from this laboratory.; 
Recently, Bruckmzn and WertheimeP have 
found that besides alloxantin methylalloxan, 
dialuric acid, methyl dialuric acid and 
dimethyl alloxantin produce diabetes when 

* This invcst igat ion h:is h v b n  aided by ii gr;ltit 

from the  Aincrican Cyanamid Company, M.II(J :Ilso 
supplied the dialuric acid. 
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injected into rats. The present investiga- 
tion reports the production of diabetes in 
the rabbit with dialuric acid and compares 
the diabetes so produced, clinically and his- 
tologically, with the diabetes produced with 
alloxan. 

Experimental. Eight chinchilla male rab- 
bits each weighing 1500-2000 g were injected 
intravenously with dialuric acid in doses of 
150, 2 0 0  or  250 mg per kg. The rabbits 
were not fasted a t  any time during the ex- 
perimental period and in all but one in- 
stance the injection was made with the ani- 
mal under nembutal anesthesia. Anesthesia 
seemed advisable since the dialuric acid was 
injected as a hot solution, owing to its in- 
solubility a t  lower temperatures. 

The  solution of dialuric acid was prepared 
as a 1.5% solution in nearly boiling distilled 
water. The  solution was cooled to a tem- 
perature of 40"-50" C and injected imme- 
diately. It was found necessary to keep the 
solution at this temperature to avoid re- 
crystallization of the dialuric acid which tend- 
ed to occur a t  room temperature. 

Blood samples were taken from the ear 
veins before and at frequent intervals fol- 
lowing the injection of the dialuric acid. 
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Determinations of blood sugar were made 
routinely by the micro procedure of Folin 
and Malmros7 and in one instance (Rabbit 
No. 1) checked by a micro copper method 
referred to in an earlier paper.s 

The chemical relationship between alloxan, 
dialuric acid and alloxantin is shown in the 
formulas below: 

I i  
HN-GzO 

Alloxan 
HN-&O 

Dialuric Acid 

curve similar to the alloxan-injected animal 
but died 1 2  hours after the injection. Rab- 
bit No. 5, though showing an initial hyper- 
glycemia, did not develop diabetes. 

Rabbits No. 6, No. 7 and No. 8, injected 
with 150 mg/kg, did not develop diabetes. 
No. 8 showed a tendency toward the transitory 
type of diabetes with one blood sugar of 
278 mg % on the third day following injec- 
tion, but a glucose tolerance on this rabbit 
40 days after the injection was normal. 

These results suggest that the rabbit re- 
quires a slightly larger dose of dialuric acid 
to produce permanent diabetes than of al- 
loxan. If dialuric acid is given in 200-250 
mg/kg doses, however, the blood sugar 
changes produced seem to parallel those ob- 
served in alloxan-injected animals. 

Histology. Pancreas. The early stages of 
HO'  I I the pancreatic lesion were not studied since 

our purpose was to compare the fully de- 
veloped lesions due to dialuric acid and to 

OG-NH 
1 i  

HN-GEO 
Alloxantin 

Dialuric acid is a reduction product of 
alloxan and may be oxidized to alloxan. That 
oxidation of dialuric acid to alloxan occurs 
easily in very dilute solutions in the presence 
of air has been emphasized by Ar~hiba ld .~  
However, by applying Archibald's diff erenti- 
ating phosphotungstic acid testg to a warm 
1.5% solution of dialuric acid (the concen- 
tration used in the experimental work) we 
have found less than 10% oxidation to al- 
loxan occurring during the first 15 minutes 
at room temperature and only about 20% 
during a half hour at  room temperature and 
reheating . 

These results indicate that a solution of 
dialuric acid prepared as indicated contains 
during the first 30 minutes after its prepara- 
tion at  least 80% dialuric acid and probably 
no more than 10-20% alloxan. 

Results. Chemical. The blood sugar re- 
sults of the animals injected with 250 or 
200 mg/kg are shown in Fig. 1. Three of 
these rabbits developed severe diabetes, one 
(No. 3 )  developed an initial blood sugar 
7 Folin, O., and Malmros, H., J .  Biol. Chem., 
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alloxan. The pancreas of the rabbits ren- 
dered diabetic by the injection of dialuric 
acid was characterized by paucity of islets 
and the small size of those remaining. A 
large percentage of the islets had disappeared 
completely. Their former sites were identi- 
fied only with difficulty, being marked only 
by small masses of connective tissue without 
inflammatory cellular infiltration or residual 
traces of islet cells. In those islets which 
remained, the beta cells had entirely disap- 
peared without concomitant infiltration with 
lymphocytes or polymorphonuclear leuko- 
cytes. Occasional alpha cells of normal 
morphology were seen, but more numerous 
alpha cells had pyknotic nuclei and agranular 
cytoplasm at the stage studied. The acinar 
and ductile tissues, stroma and blood vessels 
of the pancreas were within normal limits. 
The lesion was thus extremely similar to 
that seen in the pancreas in alloxan dia- 
betes,1° the only distinction being that some 
degenerating islet cells were present even 
when the rabbits were well established in 
diabetes. 

Kidneys. There was considerable damage 

10 Railcy, 0. T., Bailey, 0. C., and Hagen, W. H., 
Am. J. Med. Sci., 1944, 208, 450. 
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to the renal convoluted tubules. The tubular to that seen in alloxan diabetes. Since the 
epithelia cells were swollen and the nuclei extent of the kidney changes varied con- 
of many of them were pyknotic. They con- siderably in our large series of rabbits with 
tained protein precipitate. The glomeruli, alloxan diabetes, it is difficult to compare 
convoluted tubules, pelvic epithelium and the degree of renal injury resulting from the 
blood vessels were within normal limits. The In the ma- 
character of the rend damage was similar terial a t  hand, the renal changes due to 

iajection of the 2 substances. 
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dialuric acid seemed to be at  least as great 
and possibly greater than those produced by 
alloxan. 

The liver was somewhat 
congested, but there was no fatty infiltration. 
Other organs contained no lesions not found 
in control animals. 

The adrenal showed no infiltration with 
polymorphonuclear leukocytes or other path- 
ologic changes. 

In Rabbit No. 3,  which developed severe 
hypoglycemia and died during the night after 
injection of dialuric acid, the lesions were 
at an earlier stage than those of the diabetic 
animals. In  many islets the central beta 
cells were pyknotic and the cytoplasm 
agranular, while some alpha cells at  the 
periphery were essentially normal. In  other 
islets all the cells had pyknotic nuclei. Again 
the degeneration and disintegration of the 
islet cells were unaccompanied by infiltra- 
tion of inflammatory cells. The histologic 
features of other organs were similar to those 
already described in the diabetic animals. 

The rabbit which developed transitory dia- 
betes (No. 8)  showed much less marked 
changes in the pancreatic islets. The alpha 
cells and many of the beta cells were normal 
in appearance. Some of the beta cells were 
pyknotic, while others were judged to have 
disappeared, since they were less numerous 
than in control rabbits. There was no in- 
flammatory cellular infiltration. No hy- 
droptic degeneration or mitoses were seen 
in the islet cells. The epithelial cells of 
the convoluted tubules of the kidney were 
swollen but there was less pyknosis and less 
protein precipitate in the lumen than in the 
diabetic animals. 

In the rabbits (No. 5 ,  6 ,  7) not developing 
diabetes, either permanent or transitory, 
there were only a few pyknotic beta cells in 
some of the pancreatic islets and the other 
pancreatic changes were absent. The degree 
of renal damage, however, was as great as 
in the rabbits developing transitory diabetes. 

These studies have been based on tissues 
fixed in acetic Zenker’s solution and stained 
with phloxine-methylene blue and with 
Gomori’s method for the cells of the pan- 
creatic islets. 

Other Organs. 

Discussion. Clinically the diabetes’ pro- 
duced in rabbits by dialuric acid and by 
alloxan was identical except for the fact that 
a slightly larger dose is necessary when’ em- 
ploying dialuric acid. 

The triphasic blood sugar curve consisting 
of an initial transitory hyperglycemia followed 
by hypoglycemia and finally a permanent 
hyperglycemia or diabetes is found after the 
injection of either dialuric or alloxan. Per- 
manent diabetes may be produced with either 
drug and with the use of smaller doses 
transitory diabetes may occur. 

The histologic changes described as the re- 
sult of injection of dialuric acid are closely 
similar to those due to the injection of al- 
loxan. The few variations mentioned are 
trifling when considered from the functional 
point of view. The cardinal features of al- 
loxan diabetes in the rabbit-necrosis of islet 
cells with survival of a few alpha cells, mod- 
erate to mild injury to the renal convoluted 
tubules, with only minor changes in other 
organs-are duplicated in dialuric acid dia- 
betes. Such evidence as can be gleaned 
from these experiments suggests that dialuric 
acid diabetes, like alloxan diabetes, is due 
to a lesion of the islets of Langerhans, which 
is degenerative from its inception,. 

Since dialuric acid may be obtained as a 
reduction product of alloxan, it might be 
questioned whether one of these substances is 
converted into the other in the t y  of the 
experimental animal before the lesions are 
initiated. The present series of experiments 
throws no light on this question other than 
to indicate that the lesions caused by the 
2 substances are similar and are consistent 
with either view. 

Dialuric acid is not recommended as a sub- 
stitute for alloxan as an experimental technic 
for the production of diabetes, because it 
must be injected in a warm solution owing 
to its low solubility. Except for the extra 
labor involved, however, dialuric acid and 
alloxan may be regarded as interchangeable 
as diabetogenic agents. 

Summary. Dialuric acid when injected in- 
travenously into rabbits produces diabetes 
which is indistinguishable clinically or path- 
ologically from alloxan diabetes. 


