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amino acids, polylysine, pol yornithine and 
polyarginine, accelerate conversion of fibrino- 
gen to fibrin by thrombin; the acidic poly-a- 
amino acids, polyaspar tic, polyglutamic and 
polycysteic acids, and also heparin, retard this 
reaction. 2. The acidic polyamino acids neu- 
tralize the clot accelerating activity of the 
basic polyamino acids. 3. The addition of 
polylysine makes possible the detection of con- 
centrations of fibrinogen too low to be clotted 
by thrombin alone. 

We should like to express our indebtedness to Mr. 
M. Breuer for help in electrophoresis experiments, 
and to Miss A. Herzog for her valuable assistance. 
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Inhibition of Degradation of 1 n s ~ l i n - I ~ ~ ~  in viva.* (21287) 

NEIL J. ELGEE~ AND ROBERT H. WILLIAMS. 
From the Department of Medicine, University of Washington, Seattle. 

The processes of degradation and of inacti- 
vation of insulin by tissues in vitro can be in- 
hibited by a number of substances( 1,2). 
Both in vitro and in vivo the system in which 
degradation is accomplished does not dis- 
tinguish between insulin and I131-labeled in- 
sulin (1,3). I t  would seem to be of great 
importance to determine if the degradation of 
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i n ~ u l i n - 1 ~ ~ ~  can be inhibited in vivo, because 
such inhibition might effect potentiation of 
insulin action and have therapeutic implica- 
tions. Accordingly, the effects of the following 
compounds on the degradation of insulin-1181 
in vivo were studied. 

(1) Zinc. There has been a great deal of 
study of the chemical and biological inter- 
action between insulin and zinc, and in prac- 
tice, zinc has been used as a factor in various 
insulin preparations. It is of interest then, 
that zinc has been shown to be a potent in- 
hibitor of insulin degradation(1) and in- 
activation ( 2 )  in vitro, and accordingly the 
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effect of zinc on the in vivo degradation of in- 
~ u l i n - 1 ~ ~ ~  was studied. 

( 2 )  Polyphloretin phosphate. The en- 
hancement of the ascorbic acid depleting ac- 
tivity of adrenocorticotrophin by the systemic 
administration of polyphloretin phosphate, 
(PPP) , has been ascribed to anti-enzymatic 
properties of this substance(4). In  view of 
(a) possible similarities between insulin and 
adrenocorticotrophin metabolism ( 5 )  and (b) 
the evidence that i n ~ u l i n - 1 ~ ~ ~  degradation is 
proteolytic ( 1 ) , we desired to find out if PPP 
affected this degradation. 

(3) The effect of 5-isopropZyidene-2,4-di- 
thiohydantoin (MC 2346) on i n ~ u l i n - 1 ~ ~ ~  
degradation was investigated because of the 
report by Houssay et a l . ( 6 ) ,  that this com- 
pound reduced the incidence of diabetes in 
sub tot ally pancr eat ec t omized rats . 

Methods. The method used to measure the 
degradation of i n ~ u l i n - 1 ~ ~ ~  was based on the 
following observations. The radioactivity of 
i n ~ u l i n - 1 ~ ~ ~  is protein-bound$, but after its in- 
jection into a rat, this property is rapidly lost 
(5). A fraction of radioactivity appears that 
is not protein-bound as measured by trichlora- 
cetic acid (=A) precipitation, and thereby 
represents degradation of the insulin-I131. A 
standard procedure, described elsewhere ( 5 )  , 
has been adopted to measure insulin degrada- 
tion and was used in these experiments. A 
brief outline of the method follows. Sprague- 
Dawley male rats of similar weight and age 
were used in all studies. Seventeen hours be- 
fore an experiment, experimental and control 
animals had their food and water replaced by 
10% dextrose in 0.9% saline (10% D/S). 
This was removed and the animals fasted for 
2 hours before the experiment was begun. 
I n ~ u l i n - 1 ~ ~ ~  was then injected intravenously 
in all rats of both groups, and 15 minutes later, 
the animals were sacrificed and gastrocnemius 
muscle, blood, liver, and kidney removed. The 
radioactivity of these tissues was divided into 
a protein-bound fraction and a supernatant 

insulin was kindly provided by Eli Lilly 
and Co., and iodinated in the Abbott Laboratories at 
Oak Ridge. In the preparation of the material, 
unbound 1131 was removed by dialysis. Essentially 
all of the radioactivity remaining was then precipi- 
table with trichloracetic acid. 

2 The 

fraction by means of TCA precipitation. Con- 
centration of radioactivity in each fraction was 
expressed as [T]/[B],  a ratio of the concen- 
tration of radioactivity in the fraction to the 
initial overall total body concentration. Values 
greater than one therefore represented concen- 
trations greater than the initial total body con- 
centration, and values less than one repre- 
sented lesser concentrations. 

Results. Zinc was given to rats in 3 sep- 
arate experiments. In  one experiment, zinc 
acetate, 0.01 g in 0.2 ml of distilled water, 
was given to each of 5 rats and sodium acetate, 
0.008 g in 0.2 ml distilled water was given to 
each of 4 control rats. These doses were given 
subcutaneously twice, once 1 7  hours before,. 
and finally one hour before the injection of 0.5; 
unit, 10 pc of i n ~ u l i n - 1 ~ ~ ~ .  -4 second experi-. 
ment was done in 2 parts. Both involved the 
feeding of zinc carbonate in the diet. A 0.5% 
Zn diet (Purina Laboratory Chow containing 
0.5% zinc as zinc carbonate) was given to I 
rats for 2 weeks and to 5 rats far 4 weeks.. 
Equal numbers of controls of the same weight. 
and age received chow without added zinc for 
the same intervals. At the termination of the 
experiments all were given 0.3 unit (10 pc) 
of i n ~ u l i n - 1 ~ ~ ~ .  In  all of these experiments 
there was no significant effect of the adminis- 
tration of zinc on the distribution or degrada- 
tion of i n ~ u l i n - 1 ~ ~ ~ .  

Polyphloretin phosphate. 0 Two experiments 
were performed using this substance. In one, 
8 rats were given 2 mg of PPP per kg intra- 
muscularly in a 1% solution in 0.9% saline 
30 minutes before i n s ~ 1 i n - I ~ ~ ~  injection ancl 
compared with 7 controls who received 0.5% 
saline only, before the i n ~ u l i n - 1 ~ ~ ~ .  In  the 
second experiment 40 mg of PPP per kg in a, 
2% solution in 0.9% saline was given intra- 
muscularly 17 hours and one hour before in- 
~ u 1 i n - I ~ ~ ~  injection. Again controls of the 
same age and weight received 0.9% saline 
only. In both experiments there was no effect 
of PPP on the distribution or degradation of 
i n ~ u l i n - 1 ~ ~  l. 

5 - isopropylidene - 2,4 - dithiohydantoin.ll 

0 The PPP was kindly supplied by Dr. Gustav 

I I  The MC 2346 was kindly supplied by Mr. W. A, 
Martin of the. National Drug Co. 

Lott of E. R. Squibb and Sons. 
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FIG. 1. Effect of 5-isopropylidene-2,4-dithiohydan- 
toin (MC 2346) given intravenously, on concentra- 

tions, of radioactivity in trichloracetic acid 

(TCA) precipitate and supernatant fractions of 
tissues 15 min. after intravenous administration 
*of insulin-Im to rats. Figures between columns 
are p values of differences between respective 

fractions of treated and control groups. 

‘Three experiments were performed with this 
substance : 1 ) Seven rats weighing between 
166 and 198 g were each given one ml of a 
2% suspension of MC 2346 in 0.9% saline 
alkalinized to pH 8.9 (alkaline saline) intra- 
venously 2 minutes before the injection of one 
unit, 10 pc of insulin-I131. Seven controls, 
weighing between 146 and 192 g, received 
one ml of the alkaline saline alone and simi- 
larly, 2 minutes later, insulin-I131. The results 
are shown in Fig. 1. Profound changes re- 
sulted from the injection of the MC 2346. 
Supernatant radioactivity was reduced in all 
tissues. Bound radioactivity was increased in 
liver, muscle, and blood, and decreased in 
kidney. We interpret these observations as 
suggestive that MC 2346 decreased insulin- 
1131 degradation. 

2 )  Six rats weighing between 132 and 174 g 
were each given one dose of 25 mg of MC 
2346 in one ml of alkaline saline by stomach 
tube 4 hours before i n ~ u l i n - 1 ~ ~ ~  iniection. Five 

P I ’  

controls weighing between 155 and 172 g were 
given alkaline saline only, by stomach tube, 
and 4 hours later were injected with insulin- 
I131. The results of this experiment showed 
no effect of the single oral dose of MC 2346 
on the distribution or degradation of insulin- 

3)  Five rats, weighing between 135 and 171 
g were given daily for 5 days the same dose of 
MC 2346 as described in the previous para- 
graph, with the last dose being given 4 hours 
before the injection of the i n ~ u l i n - 1 ~ ~ ~ .  Five 
controls, weighing between 152 and 206 g re- 
ceived only alkaline saline solvent in the same 
dosage schedule. Both groups received one 
unit, 10 pc, of i n ~ u l i n - 1 ~ ~ ~  intravenously. The 
results are shown in Fig. 2. The changes ap- 
pear to be similar to those following the ad- 
ministration of MC 2346 intravenously, aI- 
though perhaps not as marked. 

Discussion. The tolerance of the rat for 

1131. 

KIDNEY 

LIVER 

MUSCLE 

BLOOD 

’ICA SUPERNATANT r25 TCA PRECIPITATE 

( 5rats) (5rats) 

FIG. 2. Effect of prolonged oral administration 

of MC2346 on concentrations, - of radioactiv- 

i ts  in tissue fractions 15 min. after intravenous 

[TI 
P I ’  

insulin-P in rats. 
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zinc has been considered to be between 0.5 
and 1% of the diet by weight(7). At the 
lower level, reproduction was found to be im- 
paired, but growth was not. Accordingly this 
level seemed to be a suitable one for the study 
of the effect of zinc on i n ~ u l i n - 1 ~ ~ ~  metabolism 
in v i m .  I t  was found, however, to be without 
effect, even after 4 weeks of such a diet. This 
may mean that different conditions in vivo 
counteract or prevent the inhibitory effect of 
zinc which hlas been seen in vitro, or perhaps 
that different dosage programs need to be in- 
vestigated. 

The dose levels of PPP used were ones that 
have been shown to potentiate adrenocortico- 
trophin action. The absence of an effect of 
this dosage on insulin-I1"l degradation is then 
of significance and raises the question of the 
mechanism of action of PPP with respect to 
adrenocorticotrophin. 

The action of MC 2346 on i n ~ u l i n - 1 ~ ~ ~  
degradation is of great interest, particularly 
since this substance has been shown to pre- 
vent, a t  least partially, the development of 
diabetes( 6)  in the subtotally pancreatecto- 
mized rat. The present study has indicated 
that MC 2346 decreases the degradation of 
insulin. It seems possible that these 2 func- 
tions are related, and, as has been suggested 
before ( 5 ) , that decreased insulin degradation 
results in decreased insulin inactivation. Less 
insulin can exert the same amount of action as 
is exerted by a larger quantity which is in the 
presence of a fully functionary degradation 
system. The insulin insufficiency resulting 

from subtotal pancreatic resection may be d- 
leviated by MC 2346 because of a reduction 
in insulin degradation. Such a concept offers 
promise of a new therapeutic approach to the 
insulin insufficiency of diabetes mellitus. 
Perhaps an inhibitor of insulin degradation 
could so bolster a relative insulin insufficiency 
as to make endogenous insulin adequate, and 
restore physiologic homeostasis. 

Summary. 1 n s ~ l i n - I ~ ~ ~  degradation in rats 
in vivo was not inhibited by the administra- 
tion of zinc in the diet, or by treatment 
with the substance, polyphloretin phosphate. 
Marked inhibition was obtained by the intra- 
venous or prolonged oral administration of 
5-isopropylidene-2,4-dithiohydantoin and it  
was suggested that this may explain the pro- 
tection afforded against diabetes by this sub- 
stance in the partially depancreatized rat. 
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