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Summary. Purified cartier-free 125I-insulin was injected into 
the vitelline vein of rat fetuses in utero after 17, 19 or 21 days 
of a 22-day gestation. Three minutes later, the weight and r~- 
dioactivity of various organs and the remaining carcass were 
measured. A radioactivity concentration index was calculated 
by dividing the specific activity of each organ by that of the 
whole feto-placental unit. In each of the three age groups 
studied, the gastrointestinal tract radioactivity concentration 
indices were 1.7, 2 and 1.9 respectively, indicating that the gas- 
trointestinal tract concentrated the labelled hormone. Three, 
9 and 15 min after 125I-insulin injection, the gastrointestinal 
tract was removed, homogenized and chromatographed on a 
G-50 fine Sephadex column. At 3 min, 91.4% of gastrointesti- 
nal tract radioactivity co-eluted with a standard of ~25I-insulin. 
At the later time intervals studied, the percentage of 125I-insu- 

lin decreased while that of low molecular weight degradation 
products increased. Quantitative autoradiographic study of 
the fetal gastrointestinal tract indicated that epithelial cells 
bound 12sI-insulin and that this binding was inhibited by co- 
injection of large amounts of unlabelled insulin. 125I-insulin 
binding was highest in the proximal small bowel and lowest in 
the colon. Insulin binding did not appear to depend upon de- 
gree of cell maturation or cell type. These results indicate that 
the epithelium of the gastrointestinal tract is characterized by 
the presence of numerous insulin receptors and is a poten- 
tially important insulin target. 
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The physiological role of insulin during late fetal life is 
still a debatable matter, largely because good models of 
insulin lack or of insulin excess are scarce. Lack of insu- 
lin during late fetal life is probably best examplified by 
transient neonatal diabetes in man. In these patients, 
portal plasma insulin concentration is below assay sen- 
sitivity, whereas plasma glucagon concentration is eas- 
ily measurable. Subcutaneous fat is markedly reduced 
and the overall appearance of the neonate is that of a 
dysmature, with near-normal body length but decreas- 
ed body weight [1, 2]. In contrast, during late gestation, 
continuous insulin infusion in the rhesus monkey fetus 
in utero induces an increase of body weight, and in par- 
ticular of placenta, liver, heart and spleen weights; body 
length and lung, brain and kidney weights remain un- 
changed [31. In both models, fetal blood glucose con- 
centrations remain at near-normal levels, as this sub- 
strate is in equilibrium with the relatively much larger 
maternal pool. Both models suggest that insulin is a se- 
lective growth factor for some organs in which abund- 
ant insulin receptors have  been found [4-81. Previous 
studies directed at determining the distribution of insu- 

lin in vivo in the near-term rat fetus (length of gestation: 
22 days) demonstrated an insulin-extracting and -con- 
centrating activity in the liver, heart and kidneys [5, 9]. 
The liver bound the largest fraction of injected 12sI-insu- 
lin and had the highest specific activity. Tracer binding 
to the liver was saturable, indicating a receptor mediat- 
ed process [5]. In contrast, in fetuses in which the insulin 
receptor .compartment had been saturated by an excess 
of  unlabelled insulin, kidney uptake of 125I-insulin did 
increase, indicating that, even though true insulin recep- 
tors exist in the kidneys, the predominant mechanism of 
tracer uptake is non-receptor mediated and comprises 
mainly glomerular filtration and absorption by the 
proximal tubular cells [9]. As these near-term rat fetuses 
approached the time of delivery, the liver and kidneys 
bound relatively more insulin. Yet, even at 21 days of 
gestation, approximately 50% of the injected tracer was 
unaccounted for. Therefore, autoradiographic studies 
of  frozen dried sections of whole near-term fetuses were 
performed to determine which organs, in addition to 
the liver and kidneys, bound 125I-insulin. These studies 
revealed that significant amounts of radioactivity were 
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Table I. Radioactivity concentration index of gastrointestinal tract of 17-, 19- or 21-day post coitum fetuses 

17-day fetuses 19-day fetuses 21-day fetuses 
(n = 9) (n = 10) (n = 10) 

Body weight (mg) 

Gastrointestinal tract weight (rag) 

Gastrointestinal tract radioactivity (% of total injected) 

Gastrointestinal tract radioactivity concentration index ~ b 

Carcass radioactivity concentration index 

1240 __+ 141 3039 __+ 173 6418 __+ 515 

21 _____ 3 105 __+ 10 344____ 27 

3.0__+0.6 6.9__+0.9 9.8_+2.0 

1.74 _+ 0.36 2.01 _____ 0.30 1.90 _+ 0.48 

0.72 _+ 0.10 0.45 __+ 0.07 0.50 _+ 0.06 

Results expressed as mean + SD. a Equality of gastrointestinal tract radioactivity concentration index group means was tested by one-way analy- 
sis of variance (F = 1.18 < F005 = 3.37). b Statistically different from corresponding carcass radioactivity concentration index (P < 0.001; unpaired 
t-test) 

bound by the gastrointestinal tract (F.Sodoyez-Gof- 
faux, unpublished data). Furthermore, the quantitative 
importance of the gastrointestinal tract was established 
by the observation that, near-term, up to 10% of the ra- 
dioactivity of an injected tracer dose of t25I-insulin was 
recovered in that organ [5]. These observations prompt- 
ed us to study in more detail the mechanism of uptake 
of insulin by the fetal digestive tract and to determine 
the influence of such factors as growth, differentiation 
of the epithelium and changes of plasma insulin con- 
centration. 

Methods 

Animals 

Female albino rats (250g, aged 10-12weeks) were caged overnight 
with a male rat. The gestational age of the fetuses was known within 
12 h. Pregnant rats were anaesthetized with nembutal (15 mg, intra- 
peritoneally) at 17, 19 or 21 days post-coitum and the distal portion of 
a uterine horn was exposed. Intravenous insulin injections into near- 
term fetuses were performed into the vitelline vein using a 10-p.1 
microsyringe (Hamilton, Reno, Nevada, USA) mounted with a 26S 
gauge needle, taking care not to perforate the fetal membranes. 

Labelled and unlabelled insulin 

Monocomponent bovine insulin was monoiodinated with 125I using 
the lactoperoxidase method and purified as described previously [10]. 
Specific activity was 200-300 ~tCi/I.tg. Before use, the labelled hor- 
mone was rechromatographed on a G-50 fine Sephadex column. The 
unlabelled hormone for competitive studies was pork monocompo- 
nent insulin (Actrapid, kindly provided by Novo, Copenhagen, Den- 
mark). 

Analysis of gastrointestinal tract radioactivity 

Seventeen, 19- or 21-day-post-coitum fetuses (9-10 in each group) 
were injected with 125I-insulin (60,000 cpm/g body weight). Three min 
later, the whole gastrointestinal tract, including the digestive tube 
from the stomach to the colon and the pancreas, was dissected and 
weighed, its radioactivity was measured and the specific activity cal- 
culated. After complete thoracic and abdominal evisceration, the spe- 
cific activity of the remaining carcass was measured similarly. The 
results were normalized using radioactivity concentration indices 
(RCI), i.e. the ratio of organ or carcass specific activity to total body 
specific activity. In a group of 21-day-post-coitum fetuses, the diges- 
tive tract was divided into four segments (stomach, proximal and dis- 

Table 2. Radioactivity concentration index at various levels of the 
gastrointestinal tract of 21-day-post-coitum fetuses 

Stomach Proximal Distal Colon 
small bowel small bowel 

Weight (mg) 44+8 87+12 60+9 15+3 

Organradioactiv- 1.26+0.15 3.13+0.43 1.84+0.39 0.33+0.10 
ity (% of total 
injected) 

Organradioactiv- 1.58+0.26 1.96+0.27 1.65+0.22 1.16+0.16 
ity concentra- 
tion index a 

Results expressed as mean + SD, n = 22. a Radioactivity concentration 
index group means were found unequal by one-way analysis of vari- 
ance (F = 44.43 > F001 = 4.04). Contrasts: 1. proximal small bowel ra- 
dioactivity concentration index was higher than stomach and distal 
small bowel (F=32.35>F0.01=6.96); 2. colon was lower than sto- 
mach and distal small bowel (F=  113.41 > F0.01 = 6.96) 

tal small bowel and colon) and for each one, the corresponding RCI 
was calculated. 

To determine whether gut-bound radioactivity was insulin or de- 
gradation products, 21-day-post-coitum fetuses (three in each group) 
were injected intravenously with 0.3-0.5 lxCi/g 125I-insulin. The small 
and large bowels were removed at 3, 9 and 15 min and immediately 
homogenized in 5 ml ice-cold acetic acid (1 mol/1)/urea (7 mol/l), us- 
ing a homogenizer (Polytron PT 10 Kinematica, Kriens/Luzern, Swit- 
zerland). The homogenates were centrifuged at 2500 g for 30 min and 
the precipitates discarded. Over 90% of the initial radioactivity was re- 
covered in each supernatant, I ml of which was chromatographed on 
a 60 • 1.2 cm G-50 fine Sephadex column, equilibrated and develop- 
ed with 3 ml/h  of the same acetic acid/urea solution. In each set of 
experiments, the bowel of a control fetus was transferred to 5 ml ho- 
mogenization medium containing -500,000cpm 125I-insulin. This 
sample, processed exactly as the experimental ones, served as control 
of 125I-insulin degradation during the homogenization, storage and 
chromatographic procedures. 

Quantitative autoradiographic studies 

Seventeen-, 19- or 21-day-post-coitum fetuses were injected intraven- 
ously with 0.5-1 l-tCi/g 125I-insulin alone or mixed with unlabelled 
insulin (100 mU). At 3 and 9 min, the stomach, jejunum, ileum and 
colon were dissected, fixed in 4% glutaraldehyde in 0.15 mol/1 phos- 
phate buffer (pH 7.4), post-fixed in 1% osmium tetroxide, embedded 
in epon and cut into sections (1 gm) using a M-T 1 ultramicrotome 
(Porter Bloom, Newtown, Connecticut, USA). The sections were coat- 
ed with L4 size A emulsion (Ilford, Basildon, Essex, UK) allowed to 
stand for 4 weeks at 4 ~ then revealed in 4% Rodinal (Agfa-Gevaert, 
Leverkusen, FRG), fixed in 250 g/l  sodium thiosulphate and stained 
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Fig. 1. Elution profile of radioactivity after G-50 Sephadex chroma- 
tography. ~25I-insulin was a added before gastrointestinal tract ho- 
mogenization or b, e, d intravenously injected 3, 9, 15 min respectively 
before gastrointestinal tract removal. Radioactivity eluting in the 
same volume as a azsI-insulin standard was considered to be 125I-insu- 
lin. Small alterations of the molecule, such as hydrolytic cleavage of a 
peptide bond, cannot be excluded 

Table 3. Analysis of small and large bowel radioactivity following an 
intravenous bolus injection of a25I-insulin into 21-day-post-coitum fe- 
tuses 

Time after intravenous 
injection 

3 min 9 min 15 rain 

Organ radioactivity (cpm • 10 -3) 602 486 316 

Percentage of organ radioactivity identi- 
fied as: 

125I-insulin 91.4 61.5 33.5 
125I-tyrosine + ~25I-iodide 5.4 30.0 61.7 

Organ radioactivity (cpm x 10 -3) identi- 
fied as: 

~25I-insulin 550 299 106 
lzsI-tyrosine + 125I-iodide 32.5 146 195 

with 1% toluidine blue. For each organ, six photomicrographs (mag- 
nification x 320 on a 24 x 36 mm negative) were taken under immer- 
sion using a Photomicroscope III (Carl Zeiss, Oberkochen, FRG). On 
each photomicrograph, all the silver grains were counted and as- 
signed to epithelium, lumen or the rest of the intestinal wall. The 
corresponding areas were measured using an image analysis system 
(Leitz, Wetzlar, FRG) and the surface densities of grains were calcu- 
lated. A total of 168 pictures obtained from 16 fetuses were examined 
and on each picture 500-1000grains were counted. Since in all in- 
stances the surface density of grains in the epithelium was signifi- 
cantly higher in the presence of 125I-insulin alone than after saturation 
of the receptor compartment by an excess of unlabelled insulin, we re- 
port only the quantitative data obtained at 3 min. 

Statistical analysis 

All results are expressed as mean_+ SD. Statistical analyses were per- 
formed using the Student's t-test on unpaired data. When more than 
two experimental groups were compared, analysis of variance was 
performed and contrasts were determined. 

Results 

Relative concentration of radioactivity in the 
gastrointestinal tract 

Gastrointestinal tract growth was faster than whole 
body growth during the last 5 days of intra-uterine life 
(Table 1). The percentage of radioactivity recovered in 
the gastrointestinal tract 3 min after 125I-insulin injec- 
tion rose from 3% in 17-day-post-coitum fetuses to 9.8% 
in 21-day-post-coitum fetuses. To determine whether 
the apparent increase in gastrointestinal tract extraction 
of radioactivity was due to organ growth or to matura- 
tion of insulin-concentrating tissues, results were nor- 
malized for weight, using radioactivity concentration 
indices. By definition, an RCI above 1 indicates that the 
corresponding organ binds relatively more insulin per 
unit weight. The gastrointestinal tract RCI respectively 
were 1.74, 2.01 and 1.90 in 17-, 19- and 21-day post-coi- 
tum fetuses and analysis of variance showed that the 
means of the three groups were not statistically different 
(Table 1). All segments of the gastrointestinal tract con- 
centrated 125I-insulin albeit with different degrees. In- 
deed, in 21-day post-coitum fetuses, the RCI was high- 
est in the proximal small bowel, intermediate in the 
stomach and distal small bowel and lowest in the colon 
(Table 2). 

Radiochemical analysis of gastrointestinal tract 
radioactivity 

The G-50 Sephadex column elution profile of radioac- 
tivity extracted from the gastrointestinal tract at 3, 9 and 
15 min in 21-day-post-coitum fetuses is shown in Fig- 
ure 1. No 125I-insulin degradation occurred during the 
homogenization, storage or chromatographic proce- 
dures (Fig. 1 a). After 3 min, over 90% of the gastrointes- 
tinal tract extractable radioactivity was eluted in the 
same volume as an 125I-insulin standard (Fig. 1 b). As the 
time after 125I-insulin injection increased, less radioac- 
tivity appeared in the 125I-insulin elution volume and an 
increasing percentage was recovered in the total gel bed 
volume (Fig. 1 c and d). As previously noted in liver [5] 
and lung [11] extracts of fetal tissues, no degradation 
products of intermediate molecular weight were found. 

At 3 rain, gastrointestinal tract radioactivity was 
91% 125I-insulin (Table 3). Between 3 and 15 min, total 
gastrointestinal tract radioactivity decreased and its 
radiochemical composition changed so that the total 
amount of extractable insulin decreased fivefold and 
that of small molecular weight degradation products in- 
creased sixfold. 
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Fig. 2 a and b. Autoradiographs of cross-section of jejunal villi taken 3 min after intravenous injection of 125I-insulin a alone or b mixed with an 
excess of unlabelled insulin ( x 320 on the 24 x 36 negative) 

Table4. Quantitative analysis of autoradiographs of gastrointestinal tract of 17-, 19- and 21-day-post-coitum fetuses 

Fetuses Gastrointestinal tract Surface density of reduced silver grains 

Control + Excess unlabelled insulin 

17-day-post-co• Small bowel 

19-day-post-co• Small bowel 

21-day-post-co• Stomach 

Proximal 
small bowel 

Distal 
small bowel 

Colon 

Epithelium a 
Lamina propna 
Lumen c 

Epithelium ~ 
Lamina proprla 
Lumen c 

Epithelium ~ b 
Lamina propna 
Lumen c 

Epithelium ~, b 
Lamina propna 
Lumen c 

Epithelium ~ b 
Lamina propna 
Lumen c 

Epithelium ~ b 
Lamina propna 
Lumen c 

8.9• 2.0• 
3.1• 3.7• 
1.4• 0.6• 

7.0• 2.6• 
4.2• 9.2• 
0.8• 0.7• 

6.6• 2.1~0.3 
3.8• 3.6• 
0.9• 0.6• 

8.6• 1.5• 
3.4• 5.5• 
1 • 0.5~0.3 

6 • 2.4• 
4.3• 11.2• 
0.5• 1 • 

4.8• 1.6• 
2.1• 3.5• 
0.3• 

Results expressed as mean + SD. a Epithelium surface density means were found unequal by one way analysis of variance (F = 63.6 > F0.01 = 2.56). 
Contrast: control epithelia were higher than epithelia + excess unlabelled insulin F = 595 > F0.01 = 7.08. b 21-day post-co• epithelium surface 
density means were found unequal by one way analysis of variance (F = 10.3 > F0.01 = 4.94). Contrasts: 1. proximal small bowel was higher than 
stomach and distal small bowel (F=14.49>F0.01=8.10); 2. colon was lower than stomach and distal small bowel (F=5.71 >F0.05=4.35). 
~ Equality of lumen surface density means were tested by one-way analysis of variance (F = 1.148 < F0.05 = 2.01) 

Autoradiographic studies 

F i g u r e  2 i l lus t ra tes  a u t o r a d i o g r a p h s  o f  j e j u n u m  vill i  o f  
21-day-pos t -co•  fe tuses  t a k e n  3 m i n  af te r  i n j ec t ion  
o f  125I-insulin a l o n e  (Fig.  2 a) o r  m i x e d  wi th  an  excess  o f  
u n l a b e l l e d  insu l in  (Fig .  2b) .  I n  F i g u r e  2 a, s i lver  g ra ins  
a re  c l ea r ly  a s s o c i a t e d  wi th  b o t h  t ypes  o f  ep i the l i a l  cells,  
the  c o l u m n a r  a b s o r p t i v e  cells a n d  the  gob l e t  cells.  Ex-  
a m i n a t i o n  o f  84 a u t o r a d i o g r a p h s  suggests  t ha t  g ra ins  
a re  m o r e  n u m e r o u s  at  the  b a s a l  t h a n  at  t he  ap ica l  a spec t  
o f  the  e p i t h e l i u m  a n d  tha t  ve ry  few gra ins  a re  v i s ib le  in  
the  s t r i a t ed  borde r .  Very  l i t t le  r a d i o a c t i v i t y  is p r e s e n t  in  

t he  in tes t ina l  l u m e n  a n d  l a m i n a  p r o p r i a .  In  cont ras t ,  in  
t he  p r e s e n c e  o f  an  excess  o f  insu l in  the  p a t t e r n  is re- 
ve r sed  ( F i g . 2 b ) :  few gra ins  a r e  a s s o c i a t e d  wi th  the  ep-  
i the l ia l  cells  a n d  m o s t  r e m a i n  in the  cap i l l a r i e s  o r  in the  
l oose  connec t ive  t i ssue  o f  the  l a m i n a  p rop r i a .  

Quan t i t a t i ve  ana lys i s  o f  the  su r face  dens i t y  o f  g ra ins  
was  p e r f o r m e d  on  the  sma l l  b o w e l  o f  the  17- a n d  19-day  
p o s t - c o i t u m  fe tuses  and ,  in the  o l d e r  fetuses ,  o n  each  
s e g m e n t  o f  the  gas t ro in t e s t ina l  t ract ,  i. e. s t omach ,  p rox i -  
m a l  a n d  d i s ta l  sma l l  b o w e l  a n d  co lon .  I n  al l  s a m p l e s  ex- 
a m i n e d  af te r  125I-insulin a lone ,  the  su r face  dens i ty  o f  
g ra ins  was  h ighes t  in the  ep i the l i a l  cells  a n d  lowes t  in  
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the lumen (Table 4). After co-injection of 100 mU of in- 
sulin, the surface density of grains was highest in the 
lamina propria and lowest in the lumen. Analysis of 
variance on all groups of lumen shows that none is dif- 
ferent from the others. Thus surface density of grains 
on the lumen is not only low but also independent of 
the studied conditions; it most likely represents back- 
ground activity. In the presence of excess unlabelled 
insulin, epithelium-associated grains significantly de- 
creased indicating that unlabelled insulin competed 
with 125I-insulin for a finite number of binding sites. 
Comparison of the various segments of the gastrointes- 
tinal tract of  21-day post-coitum fetuses shows that the 
surface density of epithelial silver grains was in the fol- 
lowing order: proximal small bowel > stomach and dis- 
tal small bowel > colon. 

Discussion 

These results show evidence that the epithelium of the 
gastrointestinal tract is equipped with insulin receptors. 
An RCI above one is indicative of the presence of insu- 
lin receptors, although not proof of it. The highest RCI 
are found in the liver and kidneys. In the former, 125I-in- 
sulin binding is due to the presence of specific recep- 
tors, whereas in the latter, 125I-insulin is predominantly 
taken up by a non-receptor mediated mechanism con- 
sisting of glomerular filtration followed by tubular re- 
absorption [5]. 

The presence of insulin receptors in the gastro- 
intestinal tract is, however, very likely in view of the 
chromatographically identified ~25I-insulin and the ad- 
ditional autoradiographic demonstration that t25I-insu- 
lin binding was saturable by co-injection of an excess of 
unlabelled insulin. Cross-reaction of 125I-insulin with 
the receptor of a structurally related peptide such as in- 
sulin-like growth factor cannot, however, be excluded, 
although it is unlikely in view of the low nanomolar 
concentration of 125I-insulin in the plasma. 

Similar findings were reported recently in adult rats. 
Bergeron et al. presented autoradiographic evidence for 
saturable binding of 125I-insulin to the digestive epithe- 
lium of the entire digestive tract, from stomach to colon 
[12]. Using dispersed cells from the jejuno ileal rat mu- 
cosa, Forgue-Lafitte et al. demonstrated high affinity, 
specific and saturable binding sites for 125I-insulin [13]. 

Comparison of RCI in various segments of the gas- 
trointestinal tract suggests that insulin receptors are 
more abundant in the proximal small bowel and least 
abundant in the colon. A similar conclusion could be 
reached after examination of Table 4, in which the high- 
est surface density of silver grains is shown in the proxi- 
mal small bowel epithelium and the lowest in that of the 
colon. Although this interpretation may be true, other 
explanations are possible. Indeed, following an intrave- 
nous injection into a live rat fetus, the amount of tracer 
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extracted by any organ will depend not only upon its 
concentration of specific receptors, but also upon the 
local blood flow and the rapidity of 125I-insulin diffu- 
sion from the capillary lumen to the target cell mem- 
branes. Whatever the mechanism, either uneven recep- 
tor distribution or local differences in availability of 
plasma insulin, the observation remains that, in vivo, all 
segments of the gastrointestinal tract bind differing 
amounts of insulin. 

Even 1 day before term, the digestive epithelium of 
the near-term fetus is immature and the glandular sys- 
tem is poorly developed. However, from the stomach to 
the colon, all epithelial cells, whether immature or al- 
ready differentiated into mucus-producing or absorp- 
tive, appear to possess insulin receptors. Actually, rather 
than being associated with an individual cell type, the 
density of silver grains decreased from the basement 
membrane to the epithelium surface, no grains being as- 
sociated with the luminal aspect of any cell. This distri- 
bution is consistent with diffusion of insulin from the 
capillaries to the basal layers of the epithelium and the 
lateral aspects of the surface epithelial cells and with 
prevention of further insulin diffusion into the lumen 
and luminal aspect of the surface epithelial cells by the 
tight junctions. In their description of insulin receptor 
distribution in the digestive tract of adult rats, Bergeron 
et al. also noted a pattern related to insulin diffusion 
rather than to cell type [12]. Thus, it appears that most 
entoblast-derived cells are equipped with insulin recep- 
tors including fetal bronchi [11, 14], gastrointestinal 
tract [12, 13], liver [5-7], gall-bladder [15] and exocrine 
pancreas [16]. 

It is interesting to note that the surface density of sil- 
ver grains associated with the epithelium of the jejuno- 
ileum remained constant during the last 5 days of in- 
trauterine life, despite cyto-differentiation and large 
changes of plasma insulin concentration, which rose 
from 130mU/l  on day 17 to 500mU/1 on day 20 and 
then fell to 90 mU/1 on day 22 at delivery [9, 17]. 

At the present time, it is unknown which are the 
main effects exerted by insulin on the gastrointestinal 
tract, a well recognized target for other hormones. For 
instance, cortisol and thyroid hormones have been dem- 
onstrated to induce and regulate intestinal brush border 
enzymes [18-20]. A similar effect of insulin has been re- 
ported by Menard and Malo for the appearance of in- 
testinal sucrase activity [21] and more recently by the 
same authors, for precocious induction of other disac- 
charidases and peptidases [22]. However, the wide dis- 
tribution of insulin receptors among all gastrointestinal 
tract epithelial cells suggests that insulin also exerts 
more fundamental effects, such as cell growth and mul- 
tiplication, to compensate for shedding. In this respect, 
it is interesting to note that insulin has been shown re- 
cently to stimulate the growth of a cell line derived from 
a human colonic cancer [23] and to increase 3H-thymi- 
dine incorporation into the digestive epithelium of nor- 
mal mice [24]. 
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Clearly, this and previous reports point to the diges- 
tive tract as a yet unrecognized major component of the 
plasma insulin clearing system and as a potentially im- 
portant target of insulin. 
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