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FIG. 4. Zinc stain of dorsolateral prostate of mature rat at junction of dorsal (left) and 
lateral (right) components of the gland, showing positive zinc stain in the lateral portion 
(black in photo) and negative reaction in dorsal portion (light gray in photo). Dithieone 
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Inhibition of Insulin Degradation by Amino Acids and Related Compounds? 
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Shmidt and Saatchian( 1 )  and Mirsky and 
Broh-Kahn(2) have shorn that insulin is 
readily inactivated by liver preparations at 

pH 7.5. Insulin labeled with 1131 is likewise 
degraded and the accumulation of radioactive 
material soluble in 10% trichloracetic acid 

Atcmic Energy Commission and the U,pjohn Co. non-protein nitrogen from insulin. These ob- 
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servations suggest that this inactivation of in- 
sulin is associated with proteolysis and that 
liberation of TCA-soluble radioactivity from 
i n ~ u l i n - 1 ~ ~ ~  can be used to measure this proc- 
ess. Although this insulin degradation has 
been attributed by Mirsky and Broh-Rahn 
(2 )  to an enzyme, which they called “insulin- 
ase,” the enzymatic action is probably nut ab- 
solutely specific for insulin, since a-cortico- 
tropin, casein, glucagon and somatotropin 
have been found to serve as substrate com- 
petitors(5,6). In this manner these com- 
pounds decrease the action of the enzyme on 
insulin. The discovery of a compound that 
could be given safely, orally, and that would 
significantly inh2bit the insulin-degrading en- 
zyme system might be of great advantage in 
the treatment of diabetes. I n d d ,  we have 
produced evidence in this laboratory to show 
that this mechanism can account for part of 
the effectiveness of p-aminolbenzenebutylurea 
(7) and of butyltolylsulfmylurea in the treat- 
ment of diabetes. Mirsky(8) has reported on 
the “insulinw” inhibitory effects of several 
compounds, including a preparation from the 
liver, of small molecular weight, which he 
called “insulinase inhibitor.” 

In studying a certain type of cheese that a 
patient claimed benefited her diabetes, we 
found by in vitro studies that i n ~ u 1 i n - F ~ ~  
degradation was not only inhibited by the 
cheese but also by some of its bacteria and 
the culture media used to grow the bacteria. 
Two of the constituents of the media, trypti- 
case and phytone also exerted significant in- 
hibition. Since trypticase (is a tryptic diges- 
tion product of casein we investigated a casein 
hydrolysate preparation ( Amigen) consisting 
chiefly of individual amino acids. This com- 
pound was found markedly inhibitory and has 
also been reported to produce hypoglycemia in 
normal subjects, following its oral ingestion 
(9). We then investigated the inhibitory ef- 
fect of many of the individual amino acids 
and these results serve as the basis for this re- 
port. 

Methods. The insulin-degrading enzyme 
preparation used in all experiments consisted 
of a dried powder remaining after specid 
treatment of beef liver homogenate with ace- 

tone and ether. The portion of 4 mg of this 
material soluble in 0.5 ml of buffer was placed 
in a beaker. Either 0.067 M phosphate or, 
much more frequently, 0.1 M Tris (hydroxy- 
methyl) aminomethane, containing 5 x 1o-S 
M verSene was used as buffer. To the enzyme 
pmparation was added 0.5 ml solution of the 
test inhibitor and 1 ml of insulin solution con- 
taining 0.4 pg of insu11in-P~~ (dialyzed for 
several hours immediately before using) and 
0.1 mg of amorphous insulin. In this system 
the quantity of enzyme is the limiting factor 
in the rate of the reaction. The total 2 ml 
mixture, with the pH adjusted to 7.5, was 
placed in a Dubnoff Metabolic Shaker at 
375°C and shaken for exactly 5 minutes. 
Fifteen seconds before the end of the incuba- 
tion 1 ml of 2% human plasma in water was 
added to insure complete precipitation of in- 
sulin, and at the end of the incubatiun period 
3 ml of 20% trichloracetic acid was added. 
After standing for 30 minutes the mixture 
was centrifuged and the precipitate washed 
twice with 1 ml of 5% TCA. The 3 superna- 
tant specimens were p l e d  and the precipi- 
tate dissolved in 30% ROH. The radioac- 
tivity in each specimen was measured by a 
well-type gamma counter. Then a calculation 
was made of the percentage of the total radio- 
activity found in the supernatant fractions. 
The following 3 control studies were con- 
ducted with each experiment: (a) 1 ml of 
buffer plus 1 ml of insulin solution, (b) 0.5 
ml of buffer plus 0.5 ml of enzyme prepara- 
tion plus 1 ml of insulin solution, and (c) 0.5 
ml of inhibitor plus 0.5 ml of buffer plus 1 
ml of insulin solution. All determinations 
were conducted at least in triplicate. 

Results. As shown in Table I most of the 
amino acids tested did not inhibit the insulin- 
degrading activity. There was marked inhibi- 
tion by ergothioneine, 3,4-dihydroxyphenyl- 
alanine, cystine, isoleucine, indole-3-acetic 
acid, and casein hydrolysate (Amigen) . The 
mechanism by which certain amino acids in- 
hibit insulin degradation is not known. How- 
ever, since there is evidence, recently sum- 
marized ( lo) ,  suggesting that insulin may be 
degraded by reduction and/or by a proteo- 
lytic process the effect of \inhibitors on these 
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TABLE I. Results of Iiieubation of Insulin-1'" plus Insulin-Degrading Enzyme with and 
without Test Inhibitors. 

Avg qc 1'" in supernatant Avg % 
Moles/nil KO inhibi- 

Iiiliibi t or X . inhibitor" Inhibitort tion 

Glut anlint. 

Glpcine 

p-Alaniiie 

d,l-aspa raghe 

1- Arginine 

d,l-Seriiie 

d,l-Threoiiiiie 

d,l-Leucine 
l-Netliioniiw 

1-Histicline monoli~clrocliloricle 

HylrosFproline 

Tyrosiiie 

1-T rypt o p l ~  ne 

l-Cystiiie 
l-Isoleuciiic 

1-Ergo thioneiiit. 

c1,1-3.1-Dili~dros~plieii~-lalai1iiie 

Indole-3-acetic acid 

2 6.1 f .4 6.1 f .6 
5 4.5 2 .3 4.6 k .3 
2.5 6.1 & .4 6.1 f .I 
5 5.0 2 .1 5.5 e .3 
L.5 6.1 2 .4 5.8 st .4 
5 4.5 -C .3 5.1 f 2 
2.5 6.1 2 .4 6.3 f .4 
5 4.5 * .3 5.1 2 .3 
2.5 6.1 .4 6.4 i= .4 
6 4.5 2 .3 4.0 2 .3 
2..5 6.1 .4 6.4 r .1 
) 5.0 f .1 5.3 k .1 
2.5 6.1 f .4 6.6 f .1 
5 5.0 2.1 4.5 e .1 
2.5 6.1 2 .4 5.5 2 .1 
1 6.9 k .1 i .6  f .5 
5 4.5 2 .3 4.3 f .1 
1 6.9 2 .9 i.6 f l  
1 4.5 f .3 4.4 2 .2 
2.5 4.2 2 .1 4.0 -C .1 
5 4.2 f .1 4.1 -t. .2 

.13 4. i  2 .2 4.5 f .1 
2 5  4.7 2 . 2  4.5 k .3 

1 6.9 2 .2 5.1 -1- .2 
3 6.1 2 .4 1.6 k .3 

.3: 4.7 2 .2 .1 t .1 
2.5 4.2 -I- .1 3.3 * .4 
3 4.2 2 .1 2.1 f .1 
.4 5.0 2 .1  1.8 f .3 

2.5 5.0 * .1 .1*0 
.a 4.7 2 .2 1.4 & .1 

1.2 5.0 2 .1 1.1 f0 
2.5 4.2 -& .1 .4 2 .2 
I 4.2 +, .1 1.5 r+ .2 
2 4.2 -C .1 1.1 2 .1 

* 

Casein hydrolysate (Aniigen) 3 iiig/nil 4.7 2 .2 2.6 k .1 46 
6.3 " 5.0 f .I .4 t .1 92 

* Figures in this column consist of percentage radioactivity in TCA supernatant after in- 
cubating insulin-I'*' with the enzyme preparation, after subtracting the control value which 
consisted of amount of supernatant radioactivity in beakers coutaining only insulin-1'" and 
buffer; the latter value usually was less than 1%. Figures shoivn are avg of 3 determinations; 
inaximal deviation is shown by each. 

t Conditions relative to the figures in  this coluiiiii are like those in the preceding paragraph 
except that test inhibitor was added to control and enzyme-containing beakers. 

$ I n  order to keep this compound in solution it was necessary to iiiaintain a pH of 8.2; 
controls for this determination were also at  pH 8.2. 

SSD = K O  significant difference. 

mechanisms must be considered. I t  may be pounds are inhibitory is not known. It is 
hypothesized that cystine protects insulin noteworthy that dihydroxyphenylalanine is 
from degradation by inactivating the enzyme very active while tyrosine, with a structure 
system by oxidation of the sulfhydryl groups. differing only in the absence of a hydroxyl 
The mechanism by which the other com- group, is inactive. 
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In comparable investigations, to be re- 
ported in detail subsequently, we have found 
inhibition of insulin degradation by the fol- 
lowing compounds: thiamine, thioctic acid, 
indole, skatole, phenylacetic acid, phenylpro- 
pionic acid and indole-3-propionic acid. 

Studies are being conducted in mice and 
man to determine to what extent the effective 
inhibitors augment the hypoglycemic action 
of insulin. 

Summary. In an in vitro system using in- 
~ u l i n - 1 ~ ~ ~  and a special liver preparation 
which degrades insulin, it has been shown that 
certain amino acids and related compounds 
inhibit i n s ~ I i n - 1 ~ ~ ~  degradation, , as measured 
by the accumulation of trichloracetic acid 
soluble radioactivity. Marked inhibition was 
demonstrated using cystine, ergothioneine, 3, 
4dihydroxyphenylalanine, isoleucine, tryp- 
taphane, indole-3-acetic acid, and casein hy- 
drolysate (Amigen) . In the concentrations 
tested no significant inhibition was exerted 
by glutamine, glycine, p-alanine, asparagine, 
arginine, serine, threonine, leucine, metbio- 
nine, histidine, hydroxyproline or tyrosine. 

The authors are very grateful to Drs. Henry H. 
Tomizawa, Yadviga D. Halsey and Hiromichi T. 
Narahara for their helpful suggestions. 
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Anti-Inflammatory Activities of Several 9 a-Halo Derivatives of Adrenal 
Steroids.* (22372) 

FRANK M. SINGER AND ALECK BORMAN. (Introduced by 0. Wintersteiner.) 
Squibb Institute for Medical Research, New Brunswick, N .  3. 

The synthesis of a series d 9 a-halo de- 
rivatives of adrenal steroids has been reported 
by Fried and co-workers ( 1-3). These com- 
pounds have been shown to possess unusually 
high adrenocortical activity in ‘the rat (3-5), 
in the dog(6,7), and in man(7,8). Several 
of these compounds are part of a series pre- 
pared to study the possible influence of varia- 
tions in side chain upon adrenocortical action. 
In  the present paper the anti-inflammatory 
activities of these compounds are reported, 
using as the anti-inflammatory index the in- 
hibition of formation of granulation tissue 

*Preliminary report presented at Fed. Am. SOC. 
for Exp. Biol., San Francisco, April 1955, (Fed. Proc., 
1955, v14, 281). 

around a cotton pellet. 
The use of cotton as an irritant in anti- 

inflammatory studies has been previously re- 
ported (9 , lO) .  Inhibition of the inflamma- 
tory reaction to cotton by either systemic or 
local administration of cortisone has been 
demonstrated by Meier, Schuler and De- 
saulles (9). 

Materials and methods. A 5 to 7 mg cot- 
ton pellet is inserted high into the upper dor- 
sal area of a male rat (weight range 120-150 
g )  at  the time of bilateral adrenalectomy. 
The pellet is prepared from non-sterile un- 
bleached cotton, which is rolled into a ball 
with the fingers( 11). The pellet is inserted 
with long thin forceps, subcutaneously, 


