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the preparation was found to possess approxi- 
mately 175 pressor units per mg. 30 oxytocic 
units per mg by the chicken depressor method, 
and 9 oxytocic units per mg by the rat uterus 
method. After the incubation with trypsin 
there was a destruction of the oxytocic as well 
as the pressor activities of the lysine-vaso- 
pressin. 

Summar?. 1. It has been shown that 
trypsin had no effect on the activity of oxy- 
twin but destroyed both the pressor and 
oxytocic activities of arginine-vasopressin. 
These conclusions offer enzymatic evidence. 
in addition to the evidence already obtained 
from analytical and electrophoretic studies: 
for the inherent oxytocic activity of arginine- 
vasopressin. 2. It has also been demonstrated 
that a lysine-vasopressin preparation possessed 
oxytocic activity and that this activity was 
destroyed with the pressor activity by trypsin. 
The authors wish to express their appreciation for 
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The mechanism of the allosan-induced ini- 
tial fluctuations of the blood sugar is not yet 
clearly understood. Two alternate hypotheses 
have been offered to explain the alloxan hypo- 
glycemia. A pancreatic origin seemed to be 
implied mainly by the observations that the 
hypoglycemia is a )  preceded by histological 
evidence of Beta cell degeneration ( 1 ) , and b)  
absent in animals who were previously depan- 
creatized or made diabetic by alloxan or whose 
pancreatic blood supply is occluded temporar- 
ily while alloxan is injected intravenously 
(2,3). I t  appeared from this evidence that 
the transitory hypoglycemia was the result of 
endogenous insulin leaking from the disinte- 
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grating beta cells. This interpretation was 
challenged, however, when it was found that 
a) alloxan hypoglycemia could still be induced 
in freshly depancreatized dogs at least in some 
instances (4-6), and b) the insulin content of 
the pancreatic islets does not decrease until 
several hours after the onset of the hypogly- 
cemic phase (6). Therefore, an extrapancreatic 
-probably hepatic-origin of the alloxan hypo- 
glycemia was postulated( 7,8). A direct effect 
of alloxan on the liver of the frog was demon- 
strated by Houssay and Gershman(9) in per- 
fusion experiments where alloxan was found to 
inhibit glycogenolysis. Decrease of the spon- 
taneous glycogenolysis was also shown by 
Kepinov( 10) in the isolated and perfused rat 
liver. Weber ( 1 1 ) presented evidence that 
alloxan diabetic rabbits are able to store more 
glycogen in the liver after glucose feeding than 
normal animals. Other investigators using 
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various approaches have failed, however, to 
confirm such direct hepatic action of alloxan 
(12-14). Recently we have carried out a 
series of experiments with perfusion of the 
isolated liver of the bull frog and have been 
able to demonstrate that alloxan significantly 
inhibits both the spontaneous and the 
adrenalin induced glycogenolysis. 

Material and methods. The liver prepara- 
tion for perfusion was set up according to the 
original description by Froehlich and Pollak 
(1 5) and the modification as to rate of flow 
and to pressure by Geiger and Loewi( 16). 
Bull frogs-rana catesbeiana4f 200-250 g 
weight, were used and kept in hibernating con- 
dition a t  4OC. The animals were killed by 
decapitation without use of an anesthetic. The 
liver was removed while preserving the ab- 
dominal vein and the venous sinuses; it was 
placed on a wire gauze plate on a tripod under 
which a small collecting beaker was placed. 
The perfusion system consisted of 2 funnels 
connected by rubber tubings with a 3-way stop 
cock, the third rubber tubing being mounted 
with a No. 26 needle. This needle was in- 
serted into the abdominal vein and secured by 
ligation. The perfusate passed through this 
system and the liver with constant pressure 
so that 5-7 drops per minute were collected 
from the venous sinuses. Amphibian Ringer 
solution( 17) (NaC1 0.66, KCl 0.015, CaC12 
0.015, Na HC03-Ph 7.8, aqu. dest. ad 100) 
and amphibian Ringer-Glucose solution which 
contained 200 mg% glucose were used as per- 
fusates and placed into either of the 2 funnels. 
Where oxygenated solutions were employed 
saturation was maintained by bubbling 0 2  

through the perfusate in the funnel. When the 
effects of alloxan or adrenalin were studied, 
the material was injected directly into the 
rubber tubing near the abdominal vein. The 
preparation of the livers for perfusion was 
completed within 5 minutes. The perfusion 
experiments were carried out at  room tem- 
perature over periods of 3 hours, during which 
time the livers appeared healthy and main- 
tained almost normal color and consistency. 
The organs were weighed before and after the 
experiment; a gain of about 10% of the 
original wet weight was noted in most experi- 
ments, due to retention of perfusate. 
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TABLE 11. Effect of Allosan upon Glycogenolysis of Isolated Liver of the Bull Frog 
Perfused with Ringer Solution without Oxygen. 

Wet IT t of liver 

10 20 30 40 50 Ciii iO 80 90 100 110 120 130 140 130 160 170 180 Before After 
Time in min. (g, 

15.0 13.3 
I "  

27 6 0 0 ( I  18 SiI 21 23 31 21 20 19 10 1'1 6 0 - 
11 0 0 2 ( 1  12 24 2 i  26 9 13 7 10 0 0 CI 0 - 19 19 
3 1 1 6  6 U 0 t j  1 9 2 8 3 8 / 1 8  9 0 0 0 0 0 0 - 18.6 19 

* Indicates time when 10 nig allosaii werc inj. into perfusate. 
Each figure rel~rescwts the glwnse concentration (nig % j of the perfusate collected from the 

liver during period% of 1 0  niinutes. 

An initial period of perfusion with amphibi- 
ous Ringer solution served to wash out any 
free blood and blood $ucose. After 20' to 30' 
the fluid usually returned water-clear and 
sugar-free: then the specific experiment was 
started. The perfusate was collected at  10' 
or 20' intervals. The glucose determinations 
were done with the Selson modification of the 
Folin-Wu Jticro method ( 18). 

Results. A )  In a first series of experiments 
the spontaneous glycogenolysis of the isolated 
and perfused liver was studied. using as per- 
fusates a )  non-oxygenated, b) oxygenated 
amphibious Ringer solution and c)  oxygenated 
amphibious Ringer-Glucose solution. 

Table I represents the results of 2 experi- 
ments each. I t  can be seen that during an 
initial period of not more than 30' decreasing 
amounts of glucose are obtained. During this 
time the perfusate is blood tinged and the glu- 
cose undoubtedly originates from the blood 
which is washed out. Afterwards the per- 
fusate returns sugar-free for various periods of 
time. If non-oxygenated perfusion fluid is 
used (Exp. 1 and 2 )  glucose reappears in the 
perfusate about 30' later and reaches a rela- 
tively stable level which is maintained for 2 
to 3 hours. With the vascular tree now free 
of blood, this glucose must originate from the 
liver parenchyma and is evidence of spon- 
taneous glycogenolysis. If O2 is added to the 
perfusate the collected fluid remains practi- 
cally free of glucose for the duration of the 
experiment, i e . ,  3 hours, indicating that with 
oxygen supply spontaneous glycogenolysis 
does not occur (Exup. 3 and 4 ) .  A glucose- 
Ringer solution saturated with O2 returns 
from the liver with essentially unaltered sugar 
content ( 2 0 0  mg %) indicating that under 

these conditions neither glycogenolysis nor 
glycogenesis occurs unless both processes pro- 
ceed at  identical rates so as not to be notice- 
able from determinations of sugar-intake and 
output (Exp. 5 and 6 ) .  

B )  The second group of experiments was 
undertaken to test the effect of a standard dose 
of alloxan (10 mg) on the spontaneous glyco- 
genolysis of the surviving frog liver perfused 
with non-oxygenated amphibious Ringer solu- 
tion. The liver was perfused for a period of 
90 minutes before alloxan was injected. This 
initial period served not only to wash out any 
extraneous blood but also permitted the onset 
of spontaneous glycogenolysis. 

Table I1 demonstrates that after the ad- 
ministration of alloxan the glucose content of 
the perfusate begins to decrease gradually 
until it finally disappears entirely. This in- 
hibition of the spontaneous glycogenolysis is 
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FIG. 1. a )  Spontaneous glFcogenolysis of isolated 
liver of lmll frog perfused with aniphibious Ringer 
solution without oxygen. b) Effect of alloxan on 
spontaneous glycogenolysk of isolated liver of bull 
frog perfused with amphibious R.inger solution 

without oxygen. 
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Oxygenated Amphibian Rlnga - Glucose SoIu1;on 
(200 mg.% Glucose) 
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FIG. 2. Effect of adrenalin (1:lOOOOOO) and al- 
loxan (10 mg) on isolated liver of bull frog per- 
fused wit11 Oxygenated amphibious Ringer-gluc~e 
~olutioii (200 nig %). During first 40 min. the 
liver is perfused with oxygenated Ringer solution 

without. glucose. 

noticed as early as 10‘ after alloxan adminis- 
tration and lasts for more than one hour. I ts  
reversibility cannot be deduced from the ex- 
periments presented since these were termin- 
ated while the inhibition persisted. Fig. 1 
demonstrates graphically the spontaneous gly- 
cogenolysis of the perfused liver (a) and its 
inhibition by alloxan (b).  

If alloxan is added to an oxygenated per- 
fusate which, as shown, delays spontaneous 
glycogenolysis no evidence of its effect can be 
obtained. This is demonstrated in the fol- 
lowing experiment (Fig. 2 )  where an oxy- 
genated glucose containing perfusate was used. 
Fig. 2 shows that the amount of glucose re- 
covered from the returning perfusion fluid was 
the same without (a) and with (b) alloxan 
administration. Fig. 2c shows in comparison 
the increase of the glucose return after adrenal- 
in injection. 

C) We now proceeded to investigate the ef- 
fect of alloxan on the adrenalin-induced glyco- 

genolysis. The following experiments were car- 
ried out: a )  adrenalin 1 : l,OOO,OOO was injec- 
ted into the abdominal vein 60’ after perfusion 
with oxygenated amphibious Ringer solution 
had been started. This resulted in the appear- 
ance of a significant amount of glucose in the 
returning perfusate for a period of 40‘ to 60’. 
Afterwards the perfusate became again sugar- 
free. b) The administration of the same dose 
of adrenalin was followed after 20’ by an in- 
jection of 10 mg alloxan ( 1  cc of 1 % solution 
in Ringer). The adrenalin glycogenolysis was 
not affected by this subsequent administration 
of alloxan. c) The same doses of adrenalin 
and alloxan were injected simultaneously. Glu- 
cose failed to appear in the returning perfusate. 
d )  Alloxan administration preceded the injec- 
tion of adrenalin. This experiment was car- 
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FIG. 3. a-c) Effect of adredin  (1:1000000) and 
alloxan (10 mg) upon glycogenolyeis of isolated 
liver of bull frog perfneed with oxygenated Ringer 

solution. 
a)  Adrenalin-glycogenoly~~h. b) * Alloxm admin- 
istered 20‘ after adrenalin. does not affect adrenalin 
glycogenolysis. c) Alloxan administered simultan- 
eously with adrenalin prevents adrenalin glycogen- 
olyaie. d) Alloxan inhibits spontaneous glycogen- 
olysie and prevents adrenalin glycogenolyma in 
isolated liver of bull frog perfneed with amphibian 

Ringer solution without oxygen. 
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r i d  out with non-oxygenated Ringer solution 
in order to demonstrate the alloxan inhibition 
of the spontaneous glycogenolysis. Adrenalin 
failed to reinduce glycogenolysis. Represen- 
tative curves of these 4 types of experiments 
are shown in Fig. 3. 

Our finding that alloxan in- 
hibits the spontaneous glycogenolysis as well 
as the adrenalin induced glycogenolysis of the 
perfused frog liver is in full agreement with 
the observations of Houssay and Gershman 
(9) .  The failure of Brunfeldt and Iversen 
(13) to obtain similar results rests probably 
in their technic. They apparently perfused 
under too great pressure and observed "rapid- 
ly occurring changes in the appearance of the 
liver and violent edematization." The differ- 
ence between our findings and those of 
Kepinov(l0) is a quantitative one only. In  
his experiments the inhibition of the spon- 
taneous glycogenolysis was only partial and 
far shorter lasting than in ours. I t  is most 
likely that this can be explained as a species 
difference since he worked with the liver of a 
warm blooded animal. 

The demonstration of an estrapancreatic 
effect of alloxan on carbohydrate metabolism 
is undoubtedly of significance for its diabeto- 
genic action and particularly for the mechan- 
ism of the initial fluctuation of the blood sugar. 
It tends to weaken the evidence for the 
pancreatic origin of alloxan hypoglycemia. 
Whether the inhibition of hepatic glycogenoly- 
sis is its sole or a contributing cause will have 
to wait for further investigation. From the 
presented evidence the alloxan effect upon the 
liver appears to be an immediate one; the 
secondary hypoglycemic phase, on the other 
hand, becomes manifest not before 3 or 4 
hours after alloxan administration. This time 
interval may be required until changes in 
liver metabolism reflect themselves in the 
periphery; yet, during this same period one 
usually observes a transitory hyperglycemic 
phase which has been considered by some to 
be due to adrenal stimulation(3,19). The 
finding that alloxan inhibits adrenalin glyco- 
genolysis, however, tends to eliminate this 

Discussion. 

mechanism as its cause. 
Thus the acceptance of an hepatic origin of 

the alloxan hypoglycemia, far from soIving 
the problem, opens again the question of the 
origin of the initial hyperglycemia. 

S U ~ V Z Q ~ ~ .  1. The technic for perfusion of 
the liver of the bull frog is described. 2. Al- 
loxan inhibits the spontaneous glycogenolysis 
of the perfused liver. 3. Adrenalin glyco- 
genolysis is inhibited by alloxan if given previ- 
ously or simultaneously. 4. The significance 
of these findings for the alloxan-induced blood 
sugar fluctuations is discussed. 
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