
Diabetologia 3, 305-310 (1967) 

Passage of Radio-Iodinated Insulin through the Intestinal Wall of the Rat 

A. D'ADDABBO, G. FANFANI and  A. MuSCOGIUI~I 

University Department of Medicine, (Director: Prof. V. CI~INI), Bari, I ta ly  

Received, August 31, 1966 

Summary. 13~I-insulin was given intravenously to nor- 
mal rats, and the passage of radioactivity into the dtm- 
denal loop containing a proteasis inhibitor was studied 
by two techniques. In  the first, the ~a~I-insulin was se- 
parated from the intestinal content by electrophoresis; 
whereas in the second, the radioactivity that  remained 
on an ion-exchange resin, directly introduced into the 
small intestine, was measured. I t  was found that  within 
15 minutes from the injection a small amount of ~3aI- 
insulin passes into the gut lumen. -- The absorption of 
la~I-insulin from small intestine into the blood was studied 
after introduction of t3~I-insulin along with a proteasis 
inhibitor into the intestinal loop. The autoradiograph of 
the electrophoresis of serum showed plasma-protein-bound 
radioactivity but  no radioactivity due to unbound (free) 
insulin-lalI. -- These findings show that  the passage of 
insulin through the intestinal wall of rats can be demon- 
strated by neutralizing the proteolytic activity in the 
intestinal tract. The possible role of this passage in 
protein-losing enteropathy is pointed out. 

Passage d'insuline marqude & l'iode radioactif d~ travers 
la paroi intestinale du rat. 

Rdsumd. Des rats normaux ont regu de l'insulineAalI 
par voie intraveineuse et le passage de la radioactivit6 
l ' intdrieur du duoddnum, contenant  un inhibiteur de la 
protdolyse (Trasylol), a dtd ddtermind par deux mdthodes. 
Pour la premiere, l'insulineA~lI a dtd sdparde du contenu 
intestinal par dlectrophor~se, tandis que pour la deuxi6me, 
nous avons mesurd la radioactivitd fixde sur rdsine 
dehangeuse d'ions introduite directement darts l ' intestin. 
Nous avons trouvd que 15 minutes aprbs l ' injeetion une 
petite quantitd d'insuline passe dans la lumi6re intesti- 
nale. -- L'absorption d'insuline-Za~I de l ' intestin gr61e 
vers le sang a dt6 ddterminde aprbs introduction eombinde 
d'insuline-~31I avec un  inhibiteur de la protdolyse darts 
une anse intestinale. L' autoradiographie de 1' dlectropho- 

rbse du sdrum a montrd une radioactivitd lide aux pro- 
tdines du plasma, mais pas d'insuline-131I non-lide (libre). 
-- Ces recherches montrent  que le passage d'insuline ~ tra- 
vers la paroi intestinale du rat peut 6tre ddmontrd aprgs 
neutralisation de l 'activitd protdolytique darts l ' intestin. 
Un r61e possible de ce passage dans les entdropathies 
avee perte de protdines est suggdrd. 

Passage yon rad~ojodmarkiertem Insulin durch die 
Darmwand der Ratte. 

Zusammenfassung. Normale Rat ten  erhielten lalI-In- 
sulin i.v., und der Ubertr i t t  der Radioaktivit/it  in das 
Lumen des Zw61fflngerdarms, das einen Proteasen-Inhi- 
bitor (Trasylol) enthielt, wurde mittels zweier Verfahren un- 
tersucht. Bei deIn ersten wurde das l~lI-Insulin durch Elek- 
trophorese vom Darminhalt  getrennt, w/~hrend beim zwei- 
ten ein Ionenaustauscher direkt in den ]:)arm eingefiihrt 
und dann die daran haftende Radioaktivit/~t gemesscn 
wurde. Dabei fand sich, dab 15 )/finuten nach der Injek- 
tion eine kleine 2r lalI-Insulin in das Darmlumen 
iibertritt. -- Die Absorption yon l~lI-Insulin aus dem 
Diinndarm in das Blur wurde nach Einbringen von 131I- 
Insulin zusammen mit einem Proteasen-Hemmer in die 
Darmschleife untersueht. Die Autoradiographie der Se- 
rumelektrophorese zelgte an PlasmaeiweiB gebundene Ra- 
dioaktivit~t, jedoch kein nichtgebundenes (freies) 131I-In- 
sulin. -- Aus diesen Untersuchungen geht hervor, dab 
sich der Durchtri t t  yon Insulin durch die Darmwand 
bei Rat ten  nach Neutralisierung der proteolytischen 
Aktivit/it im Verdauungstrakt nachweisen I/iBt. Es wird 
auf die m6gliche Bedeutung dieser Passage bei Enteropa- 
thien mit EiweiBverlust hingewiesen. 

Key-words: 131I-labelled Insulin, Insulin leakage into 
intestine, Insulin absorption from intestine, Insulin ca- 
tabolism, Iodide secretion and absorption, Gastrointesti- 
nal protein loss. 

Previous invest igat ions from a n u m b e r  of different 
laboratories [24, 10, 6] have demons t ra ted  that ,  even 
in  normal  subjects, several p lasma proteins can be 
recognized in  different segments of the gut  lumen.  I n  
pa t ients  with protein-losing en te ropa thy  the concen- 
t r a t ion  of these proteins may  be up to 50 t imes higher 
t h a n  the normal  values, and  i t  has been shown tha t  
the in tes t ina l  wall has no fi l trat ing effect on the pro- 
te in  fractions [23, 18]. The possibil i ty therefore exists 
t ha t  in  hea l ty  subjects even insulin,  being a small 
molecule t ha t  has already been shown to pass in to  
urine [5, 19, 17, 13], m a y  pass through the wall of the 
gast rointes t inal  t rac t  and  tha t  an  increased leakage of 
this protein  may  occur in protein-losing enteropathy.  
The present  s tudy  was designed to demonst ra te  this 
passage of 131I-insulin through the gut  and  in tes t ina l  
mueosae. 

Radio- iodinated insul in  was adminis tered to rats  
in t ravenous ly ;  qual i ta t ive  determinat ions  were then  
carried out  by  autoradiography of the electrophoretic 
strips of duodenal  secretion. 

lalI- insulin was adminis tered directly into the duo- 
denal  lumen  of another  group of rats  and, in  order to 
prevent  its digestion in  the intest ine,  i t  was associated 
with a ka lhkre in- inac t iva tor  (Trasylol |  Le- 
verkusen).  Qual i ta t ive informat ion  was obta ined from 
autoradiography of the electrophoretie strips of serum. 

Fur thermore ,  an  approximate  quan t i t a t ion  of the 
in t ravenous ly  injected 131I-insulin passing into the in- 
test ine was obta ined by  measur ing the radioact iv i ty  
t ha t  had remained on an  ion exchange resin (Amberlite 
I l iA-400) directly in t roduced into the small intest ine.  

The excretion and  absorpt ion rates of insul in  were 
compared with those of radioactive iodide. 

20* 
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Material and methods 

1. 131I.insulin. The labelling of crystalline beef in- 
sulin (Farbwerke I-Ioechst/Frankfurt) with iodide 181 
was performed according to the method of B A ~ s  et 
al. [1]. The specific radioactivity at  the t ime of use 
varied between 1.4 and 3.6 microcuries of 181I per mi- 
crogram insulin. 

2. Paper electrophoresis. Paper  electrophoresis with 
special paper strips (Bergmann/Berlin) was carried out 
in 0.05 barbital  buffer (pH 8.6) at  a constant voltage 
of 115 volts. Runs lasted for 10 hours. 

3. Autoradiography. The t ime of exposure for the 
electrophoretie strips of radioactive insulin was 3 days, 
for the strips of sera it was 12 days and for the strips 
of duodenal secretion 18 days. 

4. Counting techniques. Measurements of radioactiv- 
i ty were made in a well-type scintillation counter (Selo/ 
Milano), which has a sensitivity of 450000 cpm per 
#C ~1I in 3 ml, above a background of 200 cpm. 

5. Experiments. Male Wistar rats  between 250-- 
300 g body weight were used. They were fasted for 
twelve hours prior to the experiments. To prevent  up- 
take of IalI by  the thyroid, 0.1 g potassium iodide was 
administered twice on the day before the experiment. 
The operative procedures (laparotomy) were carried 
out under nembutal  anaesthesia. 

cardiac puncture, care being taken to prevent the 
blood from entering the abdominal cavity and con- 
tamining the surface of the intestine. Then the isolated 
intestinal loop was removed and the duodenum was 
divided from the jejunum by ligature. The two loops 
were quickly slit open and the content of each of them 
determined individually. The resin-bound radioactivity 
was measured separately from the radioactivity of the 
intestinal wall. The values were expressed as a per- 
centage of the administered radioactivity. 

Absorption of 131I-insulin from small intestine into 
the blood. 

a) 30 #C of 131I-insulin in 3 ml of kallikrein-in- 
act ivator  (Trasylol, 15000 K I E  1) was introduced into 
the duodenal segment of 12 rats and blood samples 
were taken at  5--15 minutes intervals from the femoral 
veins. The radioactivity in 0.1 m] of plasma was meas- 
ured for about  110 minutes. The results were expressed 
as a percentage of the administered radioactivity. 

b) In  addition, the sera obtained from 2 rats 15 min- 
utes after introduction into the duodenum of 500 #C 
of ~31I-insulin in 3 ml of kallikrein-inactivator were 
used for electrophoresis and autoradiography. 

c) Both procedures (a and b) were repeated by in- 
troducing 131INa instead of 131I-insulin in order to 
distinguish the behaviour of iodinated insulin from the 
behaviour of iodide. 

Passage of 131I-insulin into the intestinal lumen. 
d) 4 ml volumes of wet amberlite IRA-400 (0.5 g 

per ml of water) were introduced into the duodenum 
of 12 rats and the segment of the small intestine replete 
with amberlite was isolated between tape ligatures, 
one near the pylorus, and one about  20 cm distant from 
it. Afterwards the laparotomy wound was closed by  
continuous suture and 30 #C of ~8~I-insulin was in- 
jected intravenously. 

The animals were killed after 15 minutes by  re- 
moving the greatest possible quanti ty of blood by  

i KIE is the quantity that inactivates, within 30 ruin, 
at 37~ and I)/-I 7.5, 50~o of 2 kallikrein units. 

Fig.  1. Pape r  electrophoresis s t r ips  (1, 2, 3) and  au torad iographs  (1 a, 2 a,3 a) 
o f  l~iI-insulin 

1. P a p e r  electrophoresis pa t t e rn  of  5.7 ttg lsiI- insulin 
2. Pape r  elecirophoresis Pa t t e rn  of  5.7 #g  131I-insulin § 0.008 ml se rum of  r a t  
3. P a p e r  electrophoresis pa t t e rn  of  5.7 ttg lsII-insulin -~ 0.008 ml s e rum of  r a t  
-{- 0.01 ml  of  commercia l  insulin (~oechs t )  ~ 0.4 i .u .  ~ 16 #g insulin 

e) In 2 rats the intestinM loop was filled with a 
3 ml volume of kallikrein-inactivator (Trasylol 
15000 KIE) instead of amberlite, and 500 #C of ~aII- 
insulin was injected intravenously. 15 minutes later the 
contents of the loop were removed and used for electro- 
phoresis and autoradiography after a 24 hours' di- 
alysis. 
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f) Both procedures (d and e) were repeated with 
lalINa instead of lalI-insulin. 

Disappearance of 131I-insulin f rom serum. 
In  3 rats the disappearance rate of radioactivity 

from the blood stream was calculated after intravenous 
injection of 30 #C of 131I-insulin. The same procedure 
was repeated with iodide. 

Results 

The insulin labelled with radioiodine was detected 
by exposing the electrophoretic strips against X-ray  
film for 3 days. 

The findings agreed with those of previous investi- 
gations [3, 4] in tha t  13~I-insulin in low concentrations, 
whether tested alone or mixed with serum, remained 
adsorbed to the paper at the starting point (Fig. 1, 
strip 1 and 2). According to KALLEE [14, 15], migration 
of free 131I-insulin was obtained by adding a large 
excess of nonradioactive insulin as a specific car- 
rier. The autoradiography of strip 3 showed that  
laiLinsulin then migrated with more or less the same 
mobility as albumin and Mpha-g]obulins. However the 
inter-exchange between the labelled and non-labelled 
insulin and adsorption along the strip resulted in 
smearing and trailing of the labelled insulin. 

i ty  passing from intestine into blood was completely 
bound to plasma proteins, so tha t  none remained at 
the starting point (strip 1). The main fraction of 
radioactivity was present in the alpha-globulin and 
beta-globulin bands, and a small amount  in the pre- 
albumin band. After addition of an excess of non- 
labelled insulin, the radioactivity could be distinctly 
recognized only in the alpha-globulin and pre-albumin 
bands (strip 2). 

Fig.  2. Paper eleetrophoresis strips (1, 2) and autoradiographs ( l a ,  2a) of 
serum obtained 15 minutes  after in t roduct ion of 500 ~C l~lI-insulin mixed 

with a kal l ikrein inae t iva tor  into the gut  
1. Paper  electrophoresis pa t te rn  of 0.008 ml serum 

2. Paper eIeetrophoresis pa t te rn  of 0.008 ml serum § 0.01 ml commercial 
insul in (Hoechst) -- 0.4 i .u.  -- 16 ~g insulin 

Fig. 2 shows the autoradiographs of eleetrophoretie 
strips of serum obtained 15 minutes after introduction 
of 500 #C lalI-insulin mixed with 3 ml of kallikrein- 
inaetivator into the duodenum. The strips were ex- 
posed against X-ray  film for 12 days. The radioactiv- 

Fig. 3. Paper electrophoresis strips (1, 2, 3) and autoradiographs (1 a, 2 a,3a) 
of the intest inal  content  after 15 minutes  f rom intravenous injection of  

500/~e I~lI-insulin 
1. Paper eleetrophoresis pa t t e rn  of 0.1 ml of in tes t inal  content  

2. Paper eleetrophoresis pa t te rn  of 0A ml of  intest inal  content § 0.008 ml 
serum of non-treated ra t  

3. Paper electrophoresis pa t te rn  of 0A mI of intes t inal  content + 0.008 ml 
sermn of non-treated ra t  -t- 0.01 ml of commercial insul in (tIoechst) = 

0.4 i .u.  -- 16/~g insulin 

Fig. 3 illustrates the electrophoretic strips and auto- 
radiographs of the intestinal content 15 minutes after 
intravenous injection of 500 #C 131I-insulin. The strips 
were exposed against X-ray  film for 18 days. The auto- 
radiographs seem to indicate tha t  ~31I-insulin passes 
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into the duodenum in two forms: one moving with 
the same mobili ty as albumin and inter-alpha-globulins, 
and one localized around the starting point (strip 1 
and 2). By adding an excess of non-radioactive insulin 
to the duodenal secretion, the fraction previously ad- 
sorbed to paper  around the starting point also moved 
with a mobility equal to tha t  of albumin and inter- 
alpha-globulins (strip 3). 

Concerning the rats t reated with ~ I N a ,  none of 
the autoradiographs, whether those of the electro- 
phorctic strips of serum or those of the intestinal con- 
tent, showed radioactivity when the electrophoretic 
run lasted for 10 hours. 

Quantitative measurement. The serum radioactivity 
curve after introduction of ~lI-insulin into the duo- 
denum rises steeply during the first 8 minutes and then 
gently for the subsequent 99 minutes:  the tracing 
shows a continuous rise, and when the sampling was 
stopped the radioactivity had not yet  declined (Fig. 4). 
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Probably a much longer t ime is required for the plasma 
curve to reach its final slope. Whereas the curve of serum 
radioactivity after introduction of ~a~INa rises rapidly 
for the first few minutes and reaches its maximum 
within 30 minutes (about 0.5 per cent of the adminis- 
tered dose/ml serum). Then it declines at a rate similar 
to tha t  of 131I disappearing from blood (Fig. 5). An 
explanation for this difference between the two curves 
may  be given by  the fact tha t  the passage of l~I-  
insulin and its digested components from intestine into 
blood is delayed and of uneven velocity, whereas iodide 
passes more uniformly and more rapidly. The half-time 
of iodide (about 3 hours) was calculated from the de- 
scending par t  of the curve, and gave a result similar 
to the half-time of the disappearance rate of iodide 
from blood after intravenous injection. 

Considerable difficulties beset any a t tempt  to quan- 
t i tate  the passage of ~alI-insulin into the intestinal loop 
because it is digested rapidly and the degradation pro- 
ducts are reabsorbed. Only an approximate quantita- 
tion was possible using the ingenious resin technique 
[12] : the amberlite introduced into the loop prevented 
the reabsorption of the degradation products of the 
lalI-insulin which had passed into the intestinal lumen 
from blood. I t  should also be mentioned tha t  any 1~I 
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originating from the lalI-insulin catabolism in other 
sites of the body, principally in the liver or in the 
kidneys, could be secreted into the gut contents and 
be retained by  the resin. 
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In Table 1 the average values of radioactivity after 
15 minutes from intravenous injection of laI-insulin 
and laINa have been calculated per ml of amberlite 
as we]l as per cm of intestine. The amount of amberlite 
in the duodenal segment was 0.11 ml/cm and in the 
jejunal segment 0.08 ml/cm ; the total amount in duo- 
denum (average length 7 cm) was 0.78 ml and in je- 
junum (length 15 cm) 1.21 ml. 

The average values of radioactivity in the duode- 
num and jejunum after intravenous injection of laI- 
insulin and laINa are presented in Fig. 6. When related 
to the whole content of the isolated loops (about 20 cm 
of sma]l intestine) the radioactivity represents 0.7% 
of the injected dose of laI-insulin and about 3% of 
the injected dose of 131INa. 

Since it is almost impossible to fill the whole of the 
gut uniformly with amberlite, it is difficult to estimate, 
from data obtained in a smM1 segment, the extent of 
leakage of ~aI-insulin in the whole intestinal tract. 

Any attempts at quantitation of ~31I-insulin in the 
intestine are bound to be difficult and a wide latitude 
in calculation must be accepted on common-sense 
grounds at the, present time. The radioactivity that 
remained on the amberlite represents that  of intact 
insulin [21], as well as that  of its intestinal breakdown 
products. This may be deduced from the above-de- 
scribed electrophoretie and autoradiographie demon- 
stration of the radioactivity components in the intes- 
tinal content (Fig. 3). 

Owing to the limitation of the resin technique [21, 
9, 7], however, we cannot at the present time assess 
how much the iodide liberated by the ~aI-insulin cat- 
abolism anywhere in the body contributed to the resin- 
bound radioactivity. In  any ease, on the grounds of 
the data obtained, we can affirm that  in normM rats 
~aI-insulin passes through the intestinal wall in small 
amounts. 

The other aspect of the present experiments con- 

Table 1. Concentration of radioactivity in intestine of rats 15 min. after i.v. insulin-~31I 

% of dose per amberlite % of dose per cm 
Intestinal loop No. of % of dose per lnl contained in 1 cm of intestinal tissue 
(length) rats amber l i t e  intestine 

Duodenum 12 0.225 -4- 0.150 0.025 • 0.017 0.054 ~ 0.016 
(7 cm) 
Jejunum 12 0.476 • 0.170 0.040 4- 0.014 0.032 • 0.014 
(15 cm) 

Concentration of radioactivity in intestine of rats 15 rain. after i .v.  13lI1Va 

% of dose per amberlite % of dose per em 
Intestinal loop :No. of % of dose per ml contained in 1 cm of intestinal tissue 
(length) rats amberlite intestine 

D u o d e n u m  12 1 . 2 8 6  • 0 . 6 9 1  �9 0 . 1 4 4  =L 0 . 0 7 2  0 . 0 7 0  • 0 . 0 2 4  
(7 c m )  

Jejunum 12 1.613 • 0.472 
(15 cm) 

Discussion 

The present work has given evidence that  ~a~I- 
insulin passes through the intestinal wall of the rat. 
15 minutes after intravenous injection, laI-insulin can 
be demonstrated eleetrophoreticMly in the duodenal 
content: the main fraction of radioactitivy was local- 
ized around the starting point and a small fraction 
had migrated more or less nonspeeifieally with plasma 
proteins. Since it has long been recognized that  intact 
~aI-insulin remains adsorbed to the paper at the start- 
ing point while ~aI migrating with the plasma proteins 
is bound to the damaged components of the labelled 
insulin [2], it can be deduced that the duodenal secre- 
tion also contMns a portion of altered ~aI-insulin. This 
is not surprising since insulin, being a relatively small 

p ro te in  molecule, readily passes across the capillary 
wall and can be degradated both in the extravascular 
spaces of the intestinal tissue and in the intestinal 
lumen. Presumably the proteasis inhibitor introduced 
into the duodenum had only partially protected the 
~aI-insulin from digestion. 

0.137 • 0.040 0.044 ~ 0.021 

cerns the absorption of laI-insulin from intestine. Ac- 
cording to LASKOWSKI et M. [16], absorption of insulin 
in a physiologieMly active form occurs from an intesti- 
nal loop in rats when insulin digestion has been pre- 
vented by the admirdstration of a trypsin-inhibitor. 
I~o~u and VARS [11] demonstrated insulin absorp- 
tion from smM1 and large intestines of dogs after simul- 
taneous administration of a kMlikrein inaetivator. HA- 
BERLAI~D eta].  [8] showed that  the amount  of absorp- 
tion in rats depends on the dose of both insulin and 
kMlikrein inactivator injected into the gut lumen. The 
passage of insulin through the wall of the gastro- 
intestinal tract has also been demonstrated by Mo- 
SI~GEI~ et al. [22] in new-born rats without tryptic 
activity of the intestine and pancreas. 

In  our experiments the autoradiography of the 
e]ectrophoretie strip of serum, taken 15 minutes after 
introduction of ~aI-insulin and kMlikrein-inaetivator 
into the duodenum, shows plasma-protein-bound radio- 
activity but no radioactivity due to unbound (free) 
insulin-laI. There are three possible explanations for 
these results: 1. the absorption of ~aI-insulin from the 
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small in tes t ine  requires a much longer time, so t ha t  
a t  abou t  15 minutes  only  its hydrolysed components  
are circulating in the blood s t ream; 2. lalI- insulin has 
been completely digested because of a n  insufficient 
dose of proteasis inhib i tor ;  3. labelled insul in  was 
destroyed in  the liver by  the enzymat ic  " insul inase"  
system [20]. The observat ions of HABERLAND et al. 
suppor t  the first thesis:  they  showed tha t  the hypo- 
glycaemic effect of insul in  absorbed from intes t ine  oc- 
curs in  hea l thy  rats  1 ~ to 3 hours after in t roduc t ion  
of insul in  in to  the intest ine.  The absorpt ion curve of 
ls~I-insulin resul t ing from our invest igat ions also gives 
suppor t  to the view tha t  insul in  requires some t ime to 
become absorbed from the enterohepat ic  circulation. 
Indeed,  the concent ra t ion  of radioact iv i ty  in  the blood 
stream of the ~81I-insulin-treated rats  was lower t h a n  
t h a t  of the ~ I N a - t r e a t e d  animals,  and  the absorpt ion  
process t u rned  out  to be slower. 

On the basis of these data  i t  can be concluded tha t  
a two way movemen t  of insul in  across the in tes t ina l  
wall is possible. Studies are in progress on the role of 
this passage in  protein-losing enteropathy.  
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