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Hyperglycemic Properties of Crude Pancreatic Proteins.* (17792) 
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The prFsence of a factor in crude insulin 
that produces a transitory hyperglycemia 
when injected intravenously has long been 
known(1). Its presence was reported in 
amorphous insulin and certain commercial 
preparations of crystalline zinc insulin( 2 , 3 ) ,  
and in the supernatant of the first isoelectric 
precipitation of insulin (4). These observa- 
tions prompted us to test pancreatic fractions 
that were obtained in the course of another 
investigation( 5 )  from the supernatant of the 
15% sodium chloride precipitate of the crude 
insulin salt-cake preipared by a slight modifi- 
cation of the procedure of Romans, Scott and 
Fisher(6). To those engaged in the isolation 
of this factor, its presence in the 15% so- 
dium chloride supernatan t and’ oibservatiolns 
on the intravenous and subcutaneous admin- 
istration of these fractions may be of interest. 

ExperimentaZ. The procedure employed 
for the preparation of the pancreatic fractions 
from the 15% NaCl supernatant has been 
described in another publication ( 5 ) ,  and is 
briefly outlined in flow sheet form in Table I. 
All preparations were dialyzed thoroughly 
against running tap water for at least 48 
hours, filtered throlugh clarifying pads (Re- 
public K-3) and then lyophilized. The alka- 
line treatment described by Heard and co- 
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workers (4) was employed to inactivate insu- 
lin. 

Blood glucose was determined by the official 
U.S.P. XI11 method(7). As a rule, each 
preparation was tested on a group of 5 or 6 
rabbits ( 2  kg), and the results for each bleed- 
ing were averaged. To eliminate the varia- 
tions in absolute Mood sugar levels, the av- 
erage blood sugars for each bleeding period 
were expressed in terms of percentage of the 
average preinjection blood sugar value. 

Results and discussion. Hyperglycernic ac- 
tivity of pancreatic fractions. With the ex- 
ception of No. 3 all preparations tested pro- 
duced a mild hyperglycemia of short dura- 
tion, followed by a marked1 lowering of blood 
sugar which in a few animals resulted in mild 
convulsions (Fig. 1). The nature of this 
hypoglycemic response indicated the ap- 
parent presenlce of about 1 unit of insulin. 
Only the trichloracetic acid insoluble frac- 
tion (No. 3 )  apparently was free of insulin. 

It was evident that in preparations contain- 
ing insulin, bhe full effects of the hyper- 
glycemic factor were masked. Inactivation od 
the insulin in these fractionst with alkali(4) 
yielded preparations which showed no evi- 
dence of insulin (Fig. l ) ,  thoulgh it is p s -  
sible that the effects of small amounts of it 
might have been overshadowed by the hyper- 
glycemic factor. 

The alkali-treated preparations and the 
“non-treated” preparation, No. 3,  were all 
essentially equally active in raising blood 
sugar levels. Similar results were obtained 
with two other series of fractions (tested at 
dosage levels between 1 and 10 mg/kg), one 
of which was treated with alkali before frac- 
tionation. The presence of tihe hyperglycemic 
factor in almost a41 fractions indicated lack 

7.  U.S.P. XIII, Insulin Monograph 265-268. 
t Due t o  lack of an adequate supply of the 

crystalline inhibitor (No.4) , this preparation was 
oot treated vi th  alkali. 
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of adequate separation of this factor from 
contaminating substances and suggested that 
it possiibly was lbeing readily adsorbed by the 
protein(s) in these fractions. The presence 
of the factor in crystalline zinc insulin and 
amorphous insulin( 2,3), in the supernatant 

of first iso-electric precipitate(4) and now in 
the 1 5 %  NaCl supernatant and the various 
fractions derived from it support this pss i -  
bility. Except for the separation of the fac- 
tor fram insulin by 2.5% trichloracetic acid 
(preparation No. 3 ) ,  i t  is doubtful whether 
any degree of purification was effected. 

Quantitative aspects. The wide variation 
in response among individual rabbits to the 
injection of the hyperglycemic factor, especial- 
ly evident a t  lower dosages, suggested that the 
test employed was not suitable for quantita- 
tive studies. An analysis of variance on tihe 
data obltained (Table 11) indicated the log- 
dose-response curve to #be linear over the range 
covered by the 4 lowest doses. However, the 
slope of the regression line was too low for 
statistically significant results without em- 
ploying an impractically large number of 
animals at each dose level. Therefore i t  was 
concluded that the hyiperglymmic effects pro- 
duced under the specified conditions could be 
interpreted only qualitatively. 

Subcutaneous administration. When the 
hyperglycemic factor was injected subcutan- 
eously in single dosages of la0 and 200 
mg/kg it produced blood sugar levels as high 
as 225% of the initial value in some rabbits. 
Maximum levels were reached in approxi- 
mately 30 minutes. 
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TABLE 11. 
Dose-response Eff cct of Hypcrglyceniic Factor  (Prep.  No. IS) Administered I.V. in Rabbits 

(Groups of 6 Aiiinials) . 
Dose (y/kg) 

c 3 

(mi n. ) 0" 3 "0  80 100 300 900 2700 
Elood sample 

________ 
1 0  95 t 98 105 110 140 130 130 145 
20 1110 103 112 114 137 120 1'33 142 

" Distilled water-0.5 ml/kg. 
t Blood sugar-yo of initial value. 

I n  some of the animals multiple subcutan- 
eous injections (Fig. 2 )  raised the blood sugar 
level above 300% of the initial value. The  
administration of 0.75 units of crystalline Zn 
insulin per kg with the initial dose did not 
significantly change this response. This 
amount of insulin is sufficient to cause a 50% 
or greater reduction in blood sugar level with- 
in 2 hours, and to produce convulsions in the 
more sensitive animals, When insulin and the 
hyperglycemic factor were administered to- 
gether, neither hypoglycemia nor convulsions 
were observed during this period. However, 
continued administration of the hyperglycemic 
factor. with or without the initial dose of 
insulin: produced a convulsive and fatal Ievd 
of blood sugar after 7 hours. Heard et a l . ( 4 )  
and Burger and Kranier ( 9 )  have elirni- 
nated the possibility that this factor produces 
its effect through a non-specific action or 
adrenal or anterior pituitary intervention. 
Therefore the continued administration of 
large amounts of this factor probably pro- 
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Effect on blood sugar lex-els of rabbits rcceiv- 
ing multiple subcutaneous injections of 100 mg/kg 
of Preparat ion KO. l A  a t  half-hourly intervals. 
Each c w v e  represents a single animal. 

duced a depletion of the glycogen reserves of 
the liver. 

Stabiiity in blood; hyperglycemic property 
of incubated blood. Sutherland and de  Duve 
(8) were unable to identify with certainty the 
hyperglycemic >factor in ci trated plasma CQI- 
lected from the pancreatic duodenal vein, and 
found that when the factor was added to 
blood it was destroyed a t  an  appreciable rate. 
Our factor apparently was not destroyed 
when incubated a t  37°C for 1 hour with 
heparinized whole blood since the injection 
of the blood produced a hyperglycemic 
effect like that produced by the factor 
alone. KO significant increase in blood sugar 
was observed in animals injected with blood 
incubated under the same conditions, but 
without the factor. In  our experiments, per- 
haps the presence of heparin accounted for 
the stability of the hyperglycemic factor. 

secondary rise in blood sugar did 
occur in 1 to 3 hours in control animals in- 
jected with blood held for one hour at 37°C. 
This was confirmed in other experiments (Fig. 
3) in which heparinized blood injected im- 
mediately after collection from donor rabbits 
did not produce any increase in blood sugar, 
but incubated blood did. Hence incubation 
of such blood apparently released a substance 
which had hyperglycemic properties or which 
acted through the adrenal or anterior pitui- 
tary glands or in some other way. Obviously 
these experiments afford no explanation of 
mechanism of action. 

Protection of mice from insulin shock. The 
observation (9)  that the hyperglycemic factor 

8. ISutlierland, E. W., a i d  de Duve, C., J .  Biol. 

9.  Zimniermaiin, €3.) and Donovaii, T. J., Am. 

______-__ ~ 

('henl., 1948, ~ 1 7 5 ,  663. 

J .  Physiol., 1948, v153, 197. 



AUREOMYCIN STIMULATION OF CHICK GROWTH 11 

m 
90-1 

I I I 
I 1 i 

I e 3 4  5 

TIME IN HOURS 
F I G .  3 

Effect (in blood sugar levels of rabbits receiving 
10  ml injections of l iepahized blood, Each curve 
represents average ,of 3 animals except C (2 ani- 
mals). Curves A, B. and C were obtained by in- 
jecting pooled heparinized blood taken from sever- 
al donor rabbits : A-blood injected immediately 
(within 10 min) after collection, B-after ineu- 
bation at  room temp for 1 hr, and C-after incu- 
bation 37°C for 1 hr. Curve D by reinjecting 
the animals ’ own heparinized blood after incu- 
bation 37°C for 1 hr. 

does not protect mice against insulin-induced 
shock was confirmed by thoroughly controlled 
experiments with groups of 30 and 40 mice 
receiving 100 mg/’kg (single and multiple 
doses) of the hyperglycemic factor a t  various 
intervals before and/or after the injection of 
insulin (0.016 unit/mouse) . Failure of rela- 

tively large doses to protect mice against in- 
sulin-induced convulsions seems to be at  vari- 
ance with the results obtained in rabbits, in 
which the subcutaneous injection of the hyper- 
glycemic fackor in large doses successfully re- 
versed the hypoglycemic effect of the insulin. 
The absence of data on the actual blood sugar 
levels in the mice makes interpretation of the 
results difficult. 

Summary. The hyperglycemic activity of 
certain fractions derived from the 15% so- 
dium >chloride supernatant, a by-product of 
insulin manufacture, was determined before 
and after alkaline inactivation of the insulin 
present in these preparations. Hyperglycemic 
activity was studied in the rabbits but the 
results were intexpreted only qualitatively, 
since a satisfactory log dose-response was not 
obtained. The factor mas active whether in- 
travenously or subcutaneously administered. 
Repeated subcutaneous administration pro- 
duced hypoglycemia and convulsions in some 
animals. The factor appeared to be stable 
in heparinized b l d  at  37°C for 1 hour; in- 
cubated blood itself produced a delayed hy- 
perglycemic effect when injected intraven- 
ously. The factor did not protect mice against 
insulin-induced convulsions, but did reverse 
the hypoglycemic effect of insulin in the 
rabbit. 
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Several reports in the literature suggest that 
the growth-promoting activity of “animal pro- 
tein factor” iconcentrates for chicks is not due 
solely to the vitamin BI2 content of such sup- 
plements ( 1-3). ‘Stokstad et al. (4) in study- 
ing the distribution of this additional fac- 
tor (s) found that fermentation liquors of 
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Streptomyces aureof aciens were capable of 
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