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nomena are related. Perhaps the large initial 
inhibition of leucine catabolism compensates 
for whatever anabolic inhibition is occurring. 
Since less leucine is being degraded, more is 
available for incorporation and this effect 
counteracts the process of inhibition of pro- 
tein synthesis. Once the catabolic inhibition 
reaches a plateau, the compensation no longer 
exists, and the inhibition of protein anabo- 
lism can assert itself. This hypothesis repre- 
sents one possibility. 

Another explanation is offered for the pecu- 
liar instance of PEBG-induced inhibition of 
protein incorporation. I t  is possible that 
there is present in the medium an unknown 
substance which reacts with the PEBG to 
form an inactive complex ; inactive toward 
inhibition of protein synthesis, i t  would be 
active toward inhibition of COa release. Once 
8 pmoles of PEBG were added, all of the un- 
known substance would be complexed and 
further addition of PEBG would result in the 
sudden drop in incorporation seen in Fig. 2.  
It was originally thought that this unknown 
substance might be glucose, since there are 8 
pmoles of glucose present in each incubation 
flask. The data in Table IV show the fal- 
lacy of this assumption. 

Summary. Leucine-C14 was utilized to study 

the affects of 2 oral hypoglycemic agents (tol- 
butamide and phenethylbiguanide) on protein 
metabolism. Both compounds were seen to 
inhibit CI4O2 production and incorporation of 
the amino acid into protein by rat liver ho- 
mogenate. Differences in the mode of inhibi- 
tion are noted and discussed. Neither com- 
pound appears to be dependent on the pres- 
ence of glucose for its in vitro affects on pro- 
tein metabolism. 
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I n  mammals studied to date the Il3I of 
intravenously administered 1ns~ l in - I '~ '  has 
been found to concentrate rapidly in liver and 
especially in kidney, and to pass somewhat 
less rapidly from an original TCA insoluble 
state to a TCA soluble state(1,2,3,4,5). In 
the case of liver, the highest concentration of 
TCA insoluble 113' was shown to be in the 
mitochondria] and microsomal fractions ( 4 ) .  
The decreased TCA insolubility of the 

*This work was supported in part by U S P B  
Grants AM 05980 and AM 05981. 

was accompanied by a loss of insulin biologi- 
cal (hypoglycemia-inducing) activity ( 2  ) . 
These findings have been interpreted by some 
( 3 )  to indicate that intact insulin molecules 
are capable of penetrating rapidly into and 
being concentrated by liver and kidney cells. 
A number of arguments have been advanced 
by Krahl(6),  Kallee(7) and others that this 
interpretation has not been proved. One argu- 
ment is that the TCA insoluble Il3I found in 
liver and kidney after Insulin-1131 adminis- 
tration may not represent intact insulin mole- 
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cules. In support of this argument it may be 
noted that following i.v. injection of radio- 
iodine labeled insulin, plasma insulin values 
estimated by bioassay (8) or by immunoassay 
(9) decreased appreciably more rapidly than 
did plasma insulin values which were esti- 
mated by assuming that all TCA insoluble 
radioiodine represents undegraded insulin. 

A second argument has been that 
whether or not attached to insulin, might 
have been present in the main extracellularly 
a t  time of sacrifice, and have been found at  
high concentration in mitochondria1 and mi- 
crosomal fractions only because of post-mor- 
tem redistribution. A third argument has 
been that in vivo metabolism might be quite 
different for iodinated and non-iodinated 
forms of insulin. This paper presents data 
bearing on these arguments. 

In the present experiments sacrifice was 
made and tissue samples were taken 2 to 25  
minutes after i.v. injection of beef insulin, 
prepared to contain 19 equimdar parts of un- 
labeled insulin for each part of Abbott Co. 
Insulin-112,5. Insulin concentration per tissue 
sample was estimated by two independent 
methods. In the one, tissue insulin concen- 
tration was inferred from count of 1125 be- 
lieved to be still attached, at least in the 
main, to insulin. In  the other method, tissue 
insulin concentration was estimated by im- 
munoassay, using guinea pig anti-insulin se- 
rum (AIS) and 1 n ~ u l i n - I ~ ~ ~ .  I t  was arranged 
that the II3I counting rate should not be af- 
fected by presence or absence of I1”. The 
premises on which this paper is based are 
that: (a)  P5 counts give direct information 
only about administered 1lz5 molecules, (b) 
insulin immunoassay values of this paper re- 
fer mainly to unlabeled insulin molecules 
since most of those injected were unlabeled, 
and (c) insofar as the two kinds of insulin 
values agree, to that extent it may be inferred 
that P5 labeled and unlabeled beef insulin 
molecules are metabolized in similar manner. 

Materials and methods. Reagents. Acid 
Alcohol was prepared by placing 3.75 ml con- 
centrated HC1 in a 250 ml volumetric flask 
and adding 7574 ethanol to the mark. All 
other solutions were prepared, wJv, using 
glass distilled water. Heparin contained 10 

mg powder per ml 0.9% NaCl. Sucrose (0.25 
M) contained 4.95 g of the monohydrateJ100 
ml. AT contained 0.2% beef albumin and 0.1 
M TRIS buffer of pH 7.2 a t  25°C. TCA con- 
tained 10 g crystalsJlO0 ml. Injection Insu- 
lin was prepared by mixing together AT, Ab- 
bott Co. beef 1 n s ~ l i n - I ~ ~ ~  (original specific 
activity > l o  mc/mg) and Eli Lilly beef insu- 
lin, low in glucagon, in such a manner that 
each ml contained 1,000 mpg insulin derived 
from the Abbott Co. preparation and 20,000 
mpg insulin altogether. A I S  consisted of high 
titer guinea pig anti-insulin serum( 10) di- 
luted as desired with AT. I n ~ u l i n - I ~ ~ ~ ,  10 
mpg insulin per ml (on assumption that Ab- 
bott Co. data were correct) was prepared by 
appropriately diluting with AT Stock Abbott 
Co. beef 1 n ~ u l i n - I ~ ~ ~  of original activity about 
10 mc/mg. This was used only in the im- 
munoassays, wherein i t  competed for AIS 
with Injection Insulin which was present in 
standards or unknowns. Cellulose Slurry con- 
sisted of a 10% by weight suspension of MN 
cellulose powder 3010 ( Brinkman Instruments, 
Inc.) in 0.1 M TRIS buffer (Sigma) of pH 
7.2 (25°C). Insulinase was prepared by ho- 
mogenizing rabbit liver with ice-cold Isotonic 
Sucrose, 1.8 ml/g liver, and centrifuging the 
homogenate at >105,000 g and near 0°C for 
15 minutes. The supernatant Cell Sap so ob- 
tained was held frozen. Just before use in 
those immunoassays in which Insulinase was 
used this Cell Sap was diluted 1: 1 with 0.3 
M TRIS buffer of pH 7.8 at 37°C. 

Treatment of mice in .the in vivo insulin 
distribution experiments. Webster strain male 
mice of 24-34 body weight and age 2-5 
months were used. Thirty minutes before 
scheduled time of sacrifice each mouse was 
injected i.p. with Heparin, 0.01 mlJg. Each 
mouse was also injected by tail vein with 
Injection Insulin, 0.005 ml/g (total insulin 
dosage, 100 mpg/g), a t  2,  5 ,  10 or 2 5  min- 
utes before sacrifice. Three or four mice were 
used per sacrifice period. Before insertion of 
the 27-gauge needle the tail was held for a 
few seconds in water at 50-60°C; this in- 
creased to nearly 100% the chances of hav- 
ing a satisfactory injection. On sacrifice by 
decapitatioa, the blood was collected through 
a funnel into an ice-chilled centrifuge tube; 
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centrifugation of blood to obtain plasma was 
carried out a t  4OC. Processing of excised tis- 
sues was carried out as described below. 

Procedures in $he whole tissue insulin con- 
centration studies. Livers, kidneys, and plas- 
mas from mice of a given sacrifice group were 
pooled separately. Each excised liver and kid- 
ney sample was frozen on dry ice immediately 
on excision. All tissues were held frozen to 
time of analyses. Each pooled liver or kidney 
sample was homogenized with Sucrose, 4.3 
or 9.3 ml/g (assumed dilution, 5 x or lox). 
An aliquot of each tissue homogenate or di- 
luted plasma sample was mixed 1 : 1 with TCA 
to give a precipitate. Each TCA precipitate 
was extracted twice for 30 minutes a t  room 
temperature with Acid Alcohol. The two acid 
alcohol supernatants per precipitate were 
combined and brought to desired volume. 
Using a biodryer (combined centrifugation 
and lyophilization), 0.5 or 1 ml of each acid 
alcohol extract was brought almost to dry- 
ness. I t  is in our experience crucial: (a) that 
complete dryness not be attained, since well 
dried samples failed to exhibit insulin im- 
munological activity, and (b) that only traces 
of HCl and alcohol be left since either agent 
is capable of drastically altering the position 
and shape of the immunoassay curves. Each 
lyophilizate was shaken thoroughly with 4 or 
5 ml altogether of AT and the mixture held 
a t  4 O C  overnight. The supernatant obtained 
on centrifugation was called the AT extract. 
Appropriate aliquots of each such extract 
were used in the immunoassay and 1125 insu- 
lin estimations. 

Preparation of ultrasonic-treated liver mido- 
choPzdrial-microsonzal ( M M )  fractions. Each 
liver sample used was homogenized with ice- 
cold isotonic sucrose, and the particles be- 
tween 700 g and 105,000 g obtained using a 
Spinco Model L ultracentrifuge. The par- 
ticles were dispersed in ice-cold isotonic su- 
crose, a second centrifugation at  105,000 g 
for 60 minutes was carried out, the particles 
were dispersed again in isotonic sucrose, and 
each such dispersion was subjected to ultra- 
sonication. 

Radioisotope counting. Counts were ob- 
tained using 1 ml fluid or suspension per 
counting tube, a TracerLab Gamma/Guard 

spectrometer, Model GG-5331, and a setting 
appropriate for P5 or Il3l. When 1125 was 
counted, 1131 was not present; when 1131 was 
counted, whatever 1125 was present gave no 
counts. Correction for quenching was not 
found necessary, 

Insulin inznzunoassay procedures. The “In- 
sulinase” method used in the present liver 
cell fractionation studies has been described 
(1  1) .  Details are given below of the method, 
herein called the Cellulose method, which was 
used for insulin immunoassay in the present 
whole tissue insulin concentration studies. 
This cellulose method is a modification to the 
insulin mpg range of the cellulose slurry 
method for separating AIS bound and free 
forms of both labeled and unlabeled insulin 
molecules described by Wright and Rivera- 
Calimlina( 12). Their procedure is in turn an 
adaptation to the centrifuge tube of the clas- 
sic Berson and Yalow method(l3) for un- 
labeled insulin immunoassay, in which: ( a )  
1 n s ~ l i n - I ~ ~ ~  and unlabeled insulin compete for 
AIS, and (b)  AIS bound and free forms of 
1 n s ~ I i n - I ~ ~ ~  are separated and counted on 
paper. 

Insulin standards were prepared in AT, or 
in an appropriate tissue extract or fraction 
which had been brought into AT, and which 
had been prepared using tissue from control 
mice (not injected with insulin). Solutions 
and immunoassay tubes were precooled in an 
ice bath. In each tube we placed: ( a )  1 ml 
of AT (Blank) or insulin standard or un- 
known, and (b) 0.1 ml of AIS diluted with 
AT (7000X in Exp. 1 ;  6000X in Exp. 2). 
All tubes were held at  4OC for 24 hours. We 
then added to each tube 1 mpg Abbott Co. 
1 n s ~ l i n - I ~ ~ ~  in 0.1 ml AT. After additional 
incubation at  4OC for 18 hours, 1 ml cellu- 
lose slurry was added per tube. The tubes 
were held at  room temperature for 30 min- 
utes and agitated vigorously at  intervals. Su- 
pernatants above packed cellulose were ob- 
tained by 20 minutes’ centrifugation at  near 
0°C: and 2000 g. T131 present in 1 ml of each 
supernatant was then counted: for each un- 
known the P1 count obtained was used to 
read off amount of “unlabeled” insulin in that 
tube using the Standards curve of that ex- 
periment (Fig. 1). This amount times the 
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dilution factor (Tables I and 11) then gave 
an insulin immunoassay value for “unlabeled” 
insulin concentration per g tissue. 

Tissue insulin values based on I12j  criteria. 
Mirsky et a l ( 2 )  found that the action of 
tissues, etc. in converting the of Insulin- 
P1 from TCA insolubIe to TCA soluble con- 
dition ran parallel with their action (through 
‘Ynsulinase”) to destroy insulin hypoglycemic 
action. They and many others( 1,3,4,5) have 
used tissue action in converting Il3I from 
TCA insoluble to TCA soluble condition as a 

-- I 
In lu lmau 

% 1131 from 
INSULIN-I  131 
in rupern 
(obovr T C A  6o  
precipi ta t o ,  

m s l h o d ,  or 
obova cell- 

ulors) 20 

Mug Injection Insulin Per Immunoa~roy Tube 
(OlSO per tub@. 01 ml OOOX dlluted A I S ,  I 
after 24 hour dolay, I mug Inrulin- 1131) 

li’TG. 1. Insulinase and cellulose insulin immuno- 
assay curves prepared simultaneously. 

TABLE I. Recoveries of Beef Insulin Mixrd with Mouse Plasma, or with Mouse Liver or 
Kidney Homogenate, with These Then Sixbj ected to TCA Precipitation, Acid Alcohol Extrnc- 

tion, etc. 

r mpg of insulin---- 7 

Estimated by imniunoassay Estimated from countst 
Dilution I n  AT ali- I n  original Using TCA insol- 

Sample factor t quot used mixture Using AT uble extr. into 
designation“ ( a>  (b) (a) X 0 )  extract acid alcohol 

PC500 5000 .090 450 450 536 

LC500 2500 .17 425 409 477 
KC500 2500 .I84 460 421 493 

2500 .205 512 

* C indicates that  plasma (P), liver (L), or kidney (K) was obtained from control micc; 
500 indicates that  500 mpg altogether of beef insulin was added (19 parts unlabeled, 1 part 
Abbott Insulin-F) . 

t l/g of original tissue from which insulin estimated by immunoassay could have come. 
3 Values have been calculated on the assumption that 11% labeled and unlabeled insulin niolc- 

cules passed through the ext,raction into AT in identical manner. 

TABLE 11. Insulin in Tissues of Mice Injected i.v. with Beef Insulin, as Estimated by T m -  
munoassay, and by Recovery of I12j Administered as Insulin-1126. 

r-Tissue insulin concentration ratios$---, 

From insulin 7- From Counts 7 % of tissue I’25 
immunoassay Using origi- which was TGA 

Sample Dilution factors estimations Using AT nal TCA in- insoluble (tliut 
designation” in immunoassayst (AT extracts) extracts soluble inj, 90.5%) 

2 P  
5P 

10P 
25P 

2L 
5 L  

10L 
25L 

2 15. 
5K 

l 0 K  
35K 

1000; 400 
1000; 400 
1000; 400 

625; 250 
625; 250 
625; 250 
625; 250 

2500; 1000 
2500; 1000 
8500 ; 1000 
5500 ; 1000 

1000; 400 

4.68; 3.80 2.91 
1.80; 1.88 1.64 
.77; .50 1.00 
3 5 ;  .30 .49 

5.06 ; Off curve 1.34 
2.69; 3.06 1.19 
1.03; .72 .67 
5 9 ;  .48 .30 

6.25; 7.48 4.54 
11.79 ; 10.32 8.79 
12.06; 7.75 6.44 
2.20; 1.15 1.80 

3.88 
2.26 
1.36 
.60 

2.98 
2.04 
1.42 
.57 

5.76 
11.81 

8.73 
2.ti6 

92.2 
83.7 
61.2 
32.0 
90.5 
80.1 
72.9 
59.5 
92.5 
87.9 
80.7 
63.7 

* 2, 5,  1 0  or 25 = minutes bctwcen i.v. injection of Injection Insulin and sacrifice; P, 1, or 

t l/g of tissue from which insulin wtirriated by immunoassay could have come. 
K == plasma, liver or kidney respectively. 

B’or immunoasstty estiirixtions, coiiwiitratiou ratio = mpg iiisuliu foiriid pvr g tissnr/100 
nipg insulin i r i j  per g. niousc; for I[%, conccntrtttion ratio = CPM fourid per g tissue/CPM of 
TCA insoluble in3 pcr g mouse. 
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convenient measure of tissue “insulinase” ac- 
tivities, and TCA insoluble P1 as a con- 
venient approximate measure of in tact exoge- 
nous insulin. In the present experiments we 
have in parallel manner used TCA insoluble 

derived from administered or added beef 
Insulin-1125, as measure of the maximum 
amount of unaltered exogenous insulin which 
could be present in each particular mouse tis- 
sue extract or fraction prepared. The equa- 
tion used was: 

T(’A iiisoliilJlc I IL-’ 1)or tissiic ;iliquot 

T(’A iiiso1iil)lc pt’r nipg iiijcctioii 
iiisuliii 

iupg ii is i i l i i i  = 

Implicit in the use of this equation is the 
assumption that radioiodinated and unlabeled 
beef insulin molecules are metabolized in the 
same manner. Original TCA insolubility of 
the Abbott Co. 1nsulin-P5 preparations used 
varied from 8 4 v  to 96% (Tables). The AT 
extracts contained no measurable TCA sol- 
uble I1”; hence 1’”; criteria insulin values 
reported for these extracts are based on total 

Results. Fig. 1 shows typical immunoassay 
curves of the present experiments, used in 
estimation of the immunoassay insulin values 
of the Tables. The 11“1 counted was that 
present in supernatants. The Insulinase curve 
has a positive slope because the I’31 present 
in the supernatants was derived only through 
action of insulinase on Tnsulin-IISt NOT 
bound by AIS. With increase in unlabeled 
insulin, less ATS became available to bind 
Insulin-1131, therefore more Il”’ could be 
made TCA soluble by the enzyme. The cel- 
lulose curve has a negative slope because it 
was the attached to AIS bound insulin 
which went into the supernatant above cellu- 
lose. With increase in unlabeled insulin, less 
AIS became available to bind Insulin-P1 and 
thus make this labeled insulin and its at- 
tached 1131 resistant to adsorption by cellu- 
lose. 

These curves were obtained using insulin 
standards prepared in AT, rather than 
through addition of insulin standards to a 
similar extract or fraction which had been 
prepared using tissues from control mice. 
This was possible, since use of an insulin dos- 

counts. 

age of 100 mpg per g mouse permitted us so 
to dilute potential tissue interfering sub- 
stances prior to the immunoassays that con- 
trol tissue insulin immunoassay curves dif- 
fered only slightly from simultaneously pre- 
pared AT curves, and then not according to 
any recurring pattern. I t  should be noted that 
in all curves there was some scatter of points. 
Therefore, the immunoassay tissue insulin 
values of the Tables are only approximate, 
but still useful in relation to the overall pur- 
poses of this paper. 

Table I presents data on recoveries of In- 
jection insulin added to tissue homogenates 
and diluted plasma of control mice. These 
homogenate and diluted plasma samples were 
processed to secure AT extracts as described 
under Materials and methods. Most of the 
added insulin was recovered in the AT ex- 
tracts. Each insulin value secured for a given 
AT extract through immunoassay was in fair- 
ly good agreement with the insulin value esti- 
mated for that same extract from its 1 l 2 c 7  

count. 
Table I1 presents data on mouse tissue in- 

sulin concentrations which were obtained in 
one of two experiments performed, both of 
which gave similar results. In  these experi- 
ments mice were injected i.v. with Injection 
Insulin and sacrificed at times indicated. 
Correlation between immunoassay and P5 
criteria insulin values of the AT extracts was 
not so good as had been the case when Injec- 
tion Insulin had simply been added in nitro 
(Table I) .  In  fact, for the liver extracts into 
AT, the immunoassay insulin values secured 
were so much higher than corresponding insu- 
lin values based on P2ti counts as to suggest 
that mouse liver may accumulate unlabeled 
insulin molecules more avidly than I1?> la- 
beled insulin molecules. Otherwise, findings 
regarding insulin metabolism in the mouse 
were in the same direction, regardless of the 
assay method used: ( 1 )  insulin reached its 
highest concentration per tissue sooner in 
liver than in kidney, ( 2 )  insulin was far more 
highly concentrated by kidney than by liver, 
and ( 3 )  insulin showed decrease in concen- 
tration with passage of time in the order 
plasma>liver > kidney. 

Table TI1 presents data obtained for soni- 
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TABLE T T I .  Accmnu1:ttion of Jnsulin in 700 g to 105,000 ,q (MM) Fractiori of Mouse Liver, TJnder Both 
in vitro and in vivo Conditions. 

Concentration ratios t for insu- 
lin found per g liver 

% TCA insoluble 
TI2" in homogcnatet 

A t  mpg injection insuliii 
used 

By count of TC'A 
ii L sol uble I 

r- I n  MM fr:tc- beginning At  end 

Added per Inj  per Entire MM frac- tion bp itn- (of cell fractionx- 
Esperirnen t * g liver g mouse liver tion only niunoasmy tion process) 

In tiitro, A 1500 - 2 5  .011 .008 24.8 12.9 
R 1500 - .13 . O M  .003 13.3 7.1 

2nd in vitio, 2' sacrifice - 100 1.39 .55 .53 67.1 49.4 
2nd in tlit'o, 5' sacrifice - 100 1.03 34 .30 62.2 45.6 

1st i r i  vice, 2' sacrifice - 100 1.65 . 5 2 ;  .51 .65; .70 83.2 - 

* I n  the in vi l ro  experiment, control mouse liver was hortiogenized with ice-cold isotonic sucrose, 8.3 
nil/g. One volume of Injectiori Insulin, 1500 nipg tot:il insulin per 1111, was mixed with 9 vol of liver ho- 
niogewte, to give a31 estimated final coneeiitra tion of 1500 mpg iiisulin per g of original liver. In  the E 
part  of this experiment, the filled Spirico centrifuge tube was a l l o ~ ~ ~ d  t o  sit while all other procedures 
were carried out (TCA precipitation, filling of tubes to obtain total counts, etc.). I n  the A part, the 
first centrifugation was started 3 min after filling of the Spinco centrifuge tube was completed. I n  the in 
t't uo experiments the first ceiitrifuptioii was begun as sooii as possible after sacrifice. 

t The mpg insulin found per g liver 1 Concentration ratio x 1500, the i n  v i t r o  Kxp., and X 100, the 
i n  vivo Expeririieiits. Approxiinntc estimations of nipg insulin per g of MM protein may be made by niul- 
tiplying the proper concentration ratio(a) by 60,000, the i n  ?Tifro Exp., and  117 4000, the iw viva Experi- 
men ts. 

$ I i t  this Exp. 84% of the 1l2: of the A1)liott Tnsuliir-I"' used was T('A insolu1)le. The % TCA insolu- 
all fractions Sum of TCA insoluble 

blr 11% a t  end values of Tahlr were estimated as equal to 100% 
Sum of total 1126, all fractions 

fied mouse liver particles (Mi tochondrial- 
Microsomal (MM)  fraction). When Injection 
Insulin was added to control liver homogenate 
(in vitvo Exp.), the insulin was mostly de- 
graded before completion of the centrifuga- 
tions. Regardless of the insulin assay proce- 
dure used, hardly any insulin was found in 
the washed 700 g-105,000 g fraction. How- 
ever, in each of the in vivo experiments per- 
formed, a large fraction of the IlZb found in 
the liver could be accounted for as insulin 
present in this MM fraction; this relation 
obtained whether the insulin value was based 
on TCA insoluble P5 present in this fraction 
or was secured through immunoassay. 

Discussion. Arguments which have been 
advanced against the conclusion of Lee and 
Williams and their associates ( 1,3,4) that in- 
tact insulin molecules are capable of pene- 
trating into and being accumulated by mam- 
malian liver and kidney cells, may now be re- 
considered. In our opinion the argument that 
the TCA insoluble radioiodine found concen- 
trated in human and rat liver after radio- 
iodoinsulin administration may not represent 
any significant amount of intact insulin has 

been refuted by the present finding that after 
radioiodoinsulin administration, mouse liver 
and kidney contained not only TCA insoluble 
radioiodine but also roughly equivalent 
amounts od insulin estimated by immunoas- 
say. The argument that radioiodine might in 
the intact animal be concentrated a t  or in 
extracellular liver and kidney structures, and 
be found a t  high concentration in mitochon- 
drial and microsomal structures only because 
of redistribution which had occurred after 
homogenization was for all practical purposes 
refuted by Lee and Wiseman(4) when they 
showed that the 11"1 of Insulin-Pl added to 
rat liver homogenates was rapidly trans- 
formed from TCA insoluble to TCA soluble 
condition and was not accumulated to any 
great extent by the mitochondria and micro- 
somes, whereas such accumulation did occur 
when the I 1 l s ~ l i n - I ~ ~ ~  was administered intra- 
venously. In  the present experiments we have 
confirmed their radioiodine distribution find- 
ings, and have also demonstrated that insulin 
estimated by immunoassay is accumulated by 
mouse liver 700 g to 105,000 g particles un- 
der in vivo but not under in vitro conditions. 
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The argument that insulin metabolism may 
be quite different for iodinated and non- 
iodinated forms of insulin would also appear 
to be a t  least partially refuted by present 
findings of rough parallelism between tissue 
exogenous insulin concentrations based on: 
( a )  immunoassay and (b) P criteria. 

Additional support for the hypothesis that 
intact insulin molecules penetrate into and 
are accumulated in significant amounts by 
mammalian liver cells is furnished by more 
recent work of Kallee(l4). He perfused rat 
liver with I n ~ u l i n - I ~ ~ ~ ,  followed by human 
anti-insulin serum to wash out insulin mole- 
cules which might have been present extra- 
cellularly, and then isolated liver mitochon- 
drial and microsomal fractions. These frac- 
tions contained 1131 a t  high concentration. 
Much of this I*31 was separated from the 
particles by incubating them with human 
anti-insulin serum; this then moved elec- 
trophoretically in the same manner as the 
I' 31 of 1 n ~ u l i n - I ~ ~ ~  which had been reacted 
directly with this anti-insulin serum. 

Summary. Mice were injected with a 19 
to 1 mixture of unlabeled and labeled 
beef insulins and sacrificed 2,  5 ,  10 or 2 5  
minutes later. Insulin in especially prepared 
tissue extracts and fractions was estimated 
by: (a) immunoassay, and (b)  P5 count. 
Using either assay procedure, insulin (1) 
reached its highest concentration in liver 
sooner than it did in kidney, ( 2 )  was far 
more highly concentrated by  kidney than by 
liver, (3 )  showed decrease in tissue concen- 
tration in the order plasma >liver > kidney, 
and (4) was rapidly and highly concentrated 
in liver particles brought down between 700 
g and 105,000 g. Insulin added to liver ho- 
mogenate was not concentrated by these par- 

ticles. These findings are in accord with the 
hypotheses that radioiodinated and unlabeled 
forms of insulin are metabolized in similar 
manner, and that both forms of insulin are 
capable of penetrating into liver and kidney 
cells. 

We are indebted to Drs. James Ashmore and 
Peter Wright of our Department for guinea pig anti- 
insulin serum, to Dr. Mary Root of Eli Lilly Co. for 
beef insulin of low glucagon content, and to  Dr. 
Howard Rickenberg, Microbiology Department, In- 
diana University, for use of a tissue ukrasonicator. 
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