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Abstract
Background The surgical treatment for obesity promotes
massive weight loss and early improvement in co-morbid
conditions such as type-2 diabetes. Because surgically
mediated glycemic improvements are immediate, the
mechanisms involved appear to be weight loss independent.
Ileal interposition has been used to gain understanding of
the relative role that the lower intestine plays in mediating
metabolic improvement. Here, we report that ileal interpo-
sition is sufficient for improving glucose tolerance in a low-
dose streptozotocin-treated diabetic rat model as well as in
normal rats with no effect on body weight.
Methods Male Long–Evans rats were treated with strepto-
zotocin (35 mg/kg) or left untreated and then received sham
or ileal interposition. Body weight was measured as well as
glucose and insulin tolerance. Plasma insulin and gut
hormones were measured during the glucose tolerance test.
Results Streptozotocin treatment resulted in hyperglycemia
within 48 h after treatment. Diabetic rats with ileal
interposition showed improvement in glucose tolerance as
early as 4 weeks after surgery compared to sham (p<0.05).
By 11 weeks after surgery glucose and insulin tolerance
was markedly improved in interposed-diabetic compared to
sham-diabetic rats (p<0.05). Normal non-diabetic rats
showed improved glucose tolerance after ileal interposition

compared to sham (p<0.05). Insulin secretion was in-
creased in interposed rats following glucose administration
(p<0.05). The ileal-derived hormones glucagon like pep-
tide-1 (GLP-1), peptide YY (PYY), and glucagon were all
significantly elevated in the ileal interposed rats (p<0.01).
Gastric inhibitory polypeptide (GIP) was unchanged. In
neither study did body weight between the surgical groups
differ at any time point.
Conclusions Ileal interposition effectively improves glu-
cose tolerance in streptozotocin-diabetic and euglycemic
rats. Enhanced insulin secretion can explain the lowered
glucose concentrations in euglycemic rats following ileal
interposition. Ileal interposition is associated with dra-
matically elevated ileal hormones, GLP-1, PYY, and
glucagon (p<0.01) with no change in the duodenal
hormone GIP.
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Introduction

Obesity surgery is currently the most effective treatment for
morbid obesity. Weight loss is typically massive and co-
morbid conditions show dramatic amelioration following
surgery. Specifically, patients demonstrate immediate and
long-standing improvement or resolution of type 2 diabetes
following specific surgical procedures that appears to be
independent of weight loss. Gastric bypass and biliopancreatic
diversion result in 84% and 99% resolution of type 2 diabetes
respectively [1]. Restrictive procedures such as gastric
banding also result in improvement in type 2 diabetes;
however, with a later appearance, that is likely a consequence
of weight loss.
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Anatomically, the surgical procedures that are most
effective in resolving type 2 diabetes include nutrient
diversion to the lower small intestine. This interesting
commonality has led to the “hind-gut” hypothesis that
suggests that increased nutrient delivery to the lower small
intestine leads to the secretion of hormones or factors that act
as mediators in the diabetic improvement. To isolate the
effects of lower intestinal stimulation in the absence of
restriction or a bypassed intestinal tract, we utilized a novel
surgical model called ileal interposition. Ileal interposition
(formerly transposition) involves the relocation of a short
portion of lower intestine, primarily ileum, to a more proximal
region within the jejunum [2]. The hypothesis behind the
model, first proposed by Mason, is that lower intestinal
stimulation may be an important component in mediating the
post-surgical improvement in type 2 diabetes [3].

Previous studies have demonstrated improved glucose
homeostasis in diabetic humans and diabetic rodent models
following ileal interposition surgery [4, 5]. Possible factors
involved in the diabetic improvement include increased
ileal-produced hormones such as glucagon like peptide-1
(GLP-1). GLP-1 is markedly increased following ileal
interposition [6]. Because GLP-1 and GLP-1 receptor
agonists promote beta cell proliferation, neogenesis, and
reduced apoptosis, it is possible that increased beta cell mass
or ‘health’ results from ileal interposition surgery [7–9].
Streptozotocin treatment reliably results in beta cell
destruction and consequently causes severe hyperglycemia
in rats [10]. Because ileal interposition results in increased
GLP-1 secretion, we predicted hyperglycemia would be
improved in streptozotocin-treated diabetic rats with ileal
interposition compared to sham-operated rats. Further, we
examined whether ileal interposition would improve glucose
tolerance in normal euglycemic rats.

Methods

Animals

Age-matched male Long–Evans rats (Harlan, Indianapolis, IN,
USA) were used for all experiments. Rats were individually
housed in the University Vivarium under a light:dark cycle of
12:12. Rats were allowed free access to Purina rodent chow
(Harlan Teklad) and water unless specified. All experiments
were approved by the University IACUC committee.

Ileal Interposition Surgery

Rats received either sham or ileal interposition as described
by Strader et al. [6]. Briefly, a midline abdominal incision
was made and the cecum was externalized. Intestinal
transections were made at 5 and 15 cm proximal to the

ileocecal valve to isolate a 10-cm segment of ileum. A
single anastomosis was made using 7-0 silk (Ethicon) at the
site of the segment removal. The segment was laid aside
and kept moist with warmed 0.9% saline while the
remaining intestines were externalized to locate the Liga-
ment of Treitz. The jejunum was transected 5 cm distal to
the ligament of Treitz and the segment was inserted using
anastomosis in an iso-peristaltic direction. The intestines
were bathed in 0.9% saline and re-inserted into the abdominal
cavity. Sham-operated rats received three transections in the
same locations as the ileal interposition group, which were
immediately re-joined by anastomosis. The duration of both
surgical procedures was approximately 45 min.

Experiment 1: Effects of Ileal Interposition or Sham
Surgery on Glucose Homeostasis in STZ-treated
Diabetic Rats

Rats were given a single intraperitoneal injection of
streptozotocin (STZ) (Sigma-Aldrich) (35 mg/kg dissolved
in ice cold citrate buffer pH 4.5 to induce hyperglycemia).
It has been shown that there is a dose–response effect
following STZ and that a 35 mg/kg dose results in an 80%
reduction in plasma insulin immunoreactivity [10]. It was
important that some beta cell mass be preserved as to not
create an insulin-deficient diabetic model.

Forty-eight hours following the STZ treatment, non-fasting
glucose was measured in duplicate from tail vein blood using a
handheld (Freestyle, Alameda, CA, USA) glucometer to assess
hyperglycemia. One week after STZ treatment, rats were given
an oral glucose tolerance test (OGTT; 1 g/kg, 20% dextrose).
Rats were fasted overnight (16 h) followed by an oral gavage
of 20% dextrose in the concentration of 1 g/kg. Blood samples
were taken from the tail vein for the measurement of blood
glucose in duplicate at times 0, 15, 30, 45, 60, and 120 min.
Two weeks after STZ treatment, all rats received either sham
(n=6) or ileal interposition (n=5) surgery. Body weights were
measured at various time points following surgery. Two
additional OGTTs were performed at 4 and 11 weeks
following surgery. For the OGTT at 11 weeks, plasma insulin
was measured in duplicate in each of the samples using the
commercially available rat insulin ELISA kit from Crystal
Chem Inc. (Downer’s Grove, IL, USA). An insulin tolerance
test was performed at 13 weeks. For the insulin tolerance test,
rats were fasted overnight (16 h) followed by an intraperito-
neal injection of insulin (0.75 U/kg). Tail vein blood samples
were taken at 0, 15, 30, and 60 min for glucose measurement.

Experiment 2: Effects of Ileal Interposition or Sham
Surgery on Glucose Homeostasis in Non-diabetic Rats

Seventeen mature male Long–Evans rats received either
sham (n=9) or ileal interposition surgery (n=8). During the
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recovery period all rats were provided with ad libitum
access to Purina rodent chow and water. At 12 weeks
following surgery, an oral glucose tolerance test was
performed to assess glucose tolerance. Following an
overnight fast (16 h), rats received an oral gavage of 20%
dextrose (2 g/kg) and blood samples were collected for
measurement of blood glucose (time 0, 15, 30, 45, 60, and
120 min) plasma insulin and the gut hormones GLP-1,
peptide YY (PYY), gastric inhibitory polypeptide (GIP),
and glucagon (time 0, 15 and 30 min). Glucose was
measured in duplicate using a handheld glucometer
(Freestyle) and plasma insulin was measured in duplicate
using a rat insulin ELISA (Crystal Chem). Total bile acids
were measured from the time 0 sample from the OGTT.

Assays

Total Bile Acids Assay

Enzyme Cycling Method

Total bile acids levels were measured in plasma containing a
DPPIV (Linco Research Inc.) inhibitor, using an enzyme
cycling-based Total Bile Acids Assay Kit from Diazyme
(catalog number DZ042A, San Diego, CA, USA). The assay
was performed according to the manufacturer’s protocol,
with slight modifications. Briefly, the assay was run in 96-
well microtiter plates. The enzyme cycling assay is a method
that allows for signal amplification through cycled regener-
ation reactions. Serum bile acid molecules are repeatedly
oxidized and reduced by the enzyme 3-α-hydroxysteroid
dehydrogenase (3-α-HSD) with a concomitant accumulation
of reduced co-enzyme thio-NADH. The rate of thio-NADH
formation is proportional to the amount of total bile acids in
the sample. Measurement of thio-NADH was performed at
405 nm using a SpectraMax plate reader.

Multiplex Assay

Plasma levels of insulin, PYY, and GIP were measured in
plasma containing a DPPIV inhibitor (Linco Research)
using the rat gut hormone LINCOplex assay (catalog
number RGT-88K, Linco Research). The assay was
performed according to the manufacturer’s protocol. The
LincoPlex assay is based on conventional sandwich assay
technology. The antibody specific to each hormone is
covalently coupled to Luminex microspheres with each
antibody coupled to a different microsphere uniquely
labeled with a fluorescent dye. The microspheres can be
discriminated by using the dual-laser based Luminex
xMAP technology. This allows for the measurement of
multiple hormones in a single assay using limited amount

of material. Briefly, microspheres were incubated with
standards, controls, and samples (25 μl) in a 96-well
microtiter filter plate overnight (16–18 h) at 2–8°C while
shaking. After incubation, the plate was washed and the
detection antibody was added. After 30-min incubation at
room temperature, streptavidin–phycoerythrin was added
for an additional 30 min. After washing, the beads were
resuspended and read on the Lumine×100 instrument to
determine the concentration of the hormones of interest. All
samples were tested in duplicate wells and results reported
as the mean of the duplicates.

Total GLP-1 and Glucagon, LOCI Assays

Plasma levels of total GLP-1 and glucagon were measured
in plasma using a Luminescence Oxygen Channeling
Immuno assay (LOCI). LOCIis a homogenous bead based
sandwich assay which include donor and acceptor beads
and a biotinylated antibody (which is one of the antibodies
in the sandwich). The donor beads are coated with
streptavidin and contain a photosensitive dye. The acceptor
beads are coated with the other antibody making up the
sandwich. During the assay the three reactants combine
with analyte to form a bead-aggregate-immune complex.
Illumination of the complex releases singlet oxygen from
the donor beads which channels into the acceptor beads and
triggers chemiluminescence which is measured in an
EnVision plate reader. The amount of light generated is
proportional to the concentration of hormone in the sample.

Two antibodies recognizing different sites of the hormone
of interest (total GLP-1 or glucagon) were used. One was
biotinylated and the other was used to coat the acceptor
beads. Briefly, biotinylated antibody and antibody coated
acceptor beads (15 μl) were incubated with calibrator,
control, or analyte (2 μl) in a 384-well microtiter plate
covered with a black lid for 1 hour at room temperature.
After incubation, 30 μl of streptavidin coated donor beads
was added for an additional 30 min. The plate was read in an
EnVision Turbo Alpha plate reader from Perkin Elmer to
determine the concentration of total GLP-1 or glucagon in
the sample. All samples were tested in replicate wells and
results reported as the mean of the replicates.

Statistics

Body weight changes over time were analyzed using a two-
way ANOVA with repeated measures. Fasting glucose
concentrations between ileal interposed and sham-operated
rats were compared using a t test. All glucose tolerance,
insulin, and gut hormone data were analyzed using a two-way
ANOVAwith repeated measures. A Bonferroni test was used
for post hoc analysis. Area under the curve was analyzed
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using a t test. All statistics were performed using Prism
Statistical Software and significance was set at p<0.05. All
data are expressed as mean±SEM.

Results

Low-dose streptozotocin-treated Long–Evans rats were
utilized for the present study to determine whether ileal
interposition would improve hyperglycemia. In experiment
1, the rats were given a 35 mg/kg intraperitoneal injection
of streptozotocin. As shown previously, the present dose of
STZ resulted in significant hyperglycemia in all rats
(Fig. 1a,b). The average non-fasting blood glucose concen-
tration before surgery for each group was 345.3±16 (sham)
and 337.5±19.8 (interposition) (Fig. 1a). A pre-surgical
fasting oral glucose tolerance test was performed to show
that all rats were sufficiently hyperglycemic (Fig. 1b). At
the onset of the experiment, rats did not differ in body
weight and continued to show similar body weights
following STZ treatment (Fig. 2). Interestingly, following
surgery, sham and ileal interposition rats lost and re-gained
the same amount of body weight (Fig. 2). At no point
during the 13-week experiment was there a difference in
body weight between the groups.

To determine whether improved glycemia following
obesity surgery was a consequence of body weight loss, a
glucose tolerance test was performed. Because all rats in
our present study remained similar in body weight despite
their surgical treatment, this question could be answered. At
4 weeks following surgery, rats that received ileal interpo-
sition showed improved glucose tolerance (AUC) compared
to sham-operated rats (Fig. 3). Although a two-way ANOVA
failed to identify individual time points that were significantly
different during the OGTT, a t test determined that the area
under the curve was significantly lower for the interposed
rats compared to sham (8,772.8±1027.7 vs. 10,296.3±
1,595.9; p<0.05, Fig. 3b). A second OGTT performed at
11 weeks following surgery revealed significantly improved
glucose tolerance in the interposed surgical group compared to
sham. Fasting as well as post-glucose gavage time points (30,
45, 60, and 120 min) during the OGTT were significantly
lower in the interposed group (two-way ANOVA repeated
measures, p<0.05, Fig. 4a). Total glucose excursions
expressed as area under the curve were lower for the
interposed group (t test, p<0.05, Fig. 4c). Insulin concen-
trations were measured and were similar at all time points
during the OGTT (Fig. 4b). An insulin tolerance test at
13 weeks following surgery showed that rats with ileal
interposition had lower fasting blood glucose (p<0.01) prior
to the test as well as lower glucose 15 min following insulin
administration (two-way ANOVA repeated measures, p<
0.05, Fig. 5). The insulin dose was similar in both groups as
body weights were very similar (0.75 U/kg).

Experiment 2 tested whether normal chow-fed rats would
show improvements in glucose tolerance following ileal
interposition. Chow-fed rats showed a significant improve-
ment in glucose tolerance 12 weeks after interposition surgery
compared to sham. Specifically, significance was determined
at 45 and 60 min after the glucose administration (two-way
ANOVA repeated measures, p<0.001, Fig. 6b). Area under
the curve was approximately 25% lower for interposed rats
compared to sham (t test, p<0.05, Fig. 6d). The lowered
glucose excursions may be partially due to increased insulin
secretion during the test as plasma insulin was significantly
elevated in the interposed surgical group (two-way ANOVA

Fig. 1 Fasting (a) blood glu-
cose 48 h following streptozo-
tocin (STZ) (35 mg/kg)
treatment. Glucose tolerance
curves (b) in rats prior to ileal
interposition or sham surgery.
Fasted rats were given a 1 g/kg
D-glucose gavage and glucose
was measured at times 0, 15, 30,
45, 60, and 120 min

Fig. 2 Body weight changes in STZ-treated rats before and after ileal
interposition or sham surgery. No changes in body weight were seen at
any time point
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repeated measures, p<0.001, Fig. 6c). Lastly, there were no
differences in body weight between the surgical groups
(Fig. 6a).

During the glucose tolerance test additional blood
samples were taken at 0, 15, and 30 min for measurement
of plasma hormones. All of the ileal-derived hormones
(glucagon like peptide-1, peptide YY, and enteric glucagon)
were significantly elevated following glucose administra-
tion at 15 and 30 min (Fig. 7a–c, two-way ANOVA
repeated measures, p<0.01). No differences were seen
between surgical groups at the baseline (time 0) time point.
In addition, no differences were noted at any time point for
the duodenal hormone gastric inhibitory polypeptide
(Fig. 7d). Total bile acids in plasma were measured in

fasted rats and a 3-fold elevation was noted in the rats with
ileal interposition (t test, p<0.05, Fig. 8) compared to sham.

Discussion

Gastric bypass surgery involves a large degree of gastroin-
testinal restructuring including exclusion of the proximal
small intestine and increased nutrient delivery to the lower
small intestine. To isolate the effects of lower intestinal
stimulation on weight loss and metabolism, we chose the
surgical model ileal interposition. Ileal interposition has
been previously studied primarily in rodents but more
recently in humans for its usefulness as a potential ‘anti-

Fig. 3 Glucose tolerance test 4 weeks after ileal interposition or sham
surgery. STZ-treated fasted rats were given a 1 g/kg D-glucose gavage
and blood glucose was measured in duplicate at times 0, 15, 30, 45,

60, and 120 min (a). Area under the curve was determined using
trapezoidal analysis and showed a significant improvement in rats with
ileal interposition surgery (b)

Fig. 4 Glucose tolerance test
11 weeks after ileal interposi-
tion or sham surgery. STZ-trea-
ted fasted rats were given a
1 g/kg D-glucose gavage and
blood glucose was measured in
duplicate at times 0, 15, 30, 45,
60, and 120 min (a). Insulin was
measured at each time point
during the test (b). Area under
the curve was determined using
trapezoidal analysis and showed
a great improvement in rats with
ileal interposition (c)
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diabetic’ surgery [2, 4–6, 11]. The present findings
contribute to the existing literature in support of ileal
interposition or ‘hind-gut’ stimulation as a possible future
intervention for type 2 diabetes.

Streptozotocin treatment renders rodents hyperglycemic
through the selective destruction of beta cell mass [10]. A
dose–response effect exists for streptozotocin with low
doses sparing a small number of functional beta cells
capable of secreting insulin. A dose of 35 mg/kg has been
estimated to destroy approximately 4/5 of insulin immuno-
reactivity in the rat [10]. In the present study, rats treated
with this dose of streptozotocin achieved non-fasting

glucose concentrations above 300 mg/dl within 48 h
(Fig. 1a). In addition, prior to ileal interposition or sham
surgery, both groups showed similar peak glucose concen-
trations during a glucose tolerance test (Fig. 1b). Following
surgery, glucose tolerance was evaluated and the area under
the curve showed a small but significant improvement at
4 weeks (Fig. 3b), but a more dramatic improvement at
11 weeks (Fig. 4c) in the ileal interposition group. Diabetic
rats with ileal interposition had an area under the curve that
was 25% lower than diabetic rats with sham surgery.
Similarly, by 13 weeks fasting glucose was lower in rats
with ileal interposition compared with sham rats (Fig. 5).
However, both surgical groups reached similar glucose
levels during an insulin tolerance test. These findings lend
further support that lower intestinal stimulation alone may
provide relief for type 2 diabetes.

Ileal interposition has previously been shown to improve
hyperglycemia in the type 2 diabetic Goto–Kakizaki (GK)
rat [5, 12]. The GK rat is a non-obese model of type 2
diabetes [13], and while studies show that glucose tolerance
is improved following ileal interposition in this model, no
differences were noted in post-surgical body weight gain
between sham-operated rats. Remarkably, the effects we
describe in both the STZ-diabetic and euglycemic rats were
also achieved in the absence of any difference in body
weight compared to sham-operated rats during the entire
study period (Fig. 2 and Fig. 6a). The fact that glucose
tolerance was improved independent of body weight is

Fig. 5 Insulin tolerance test 13 weeks following ileal interposition or
sham surgery. STZ-treated fasted rats were given an intraperitoneal
injection of insulin (0.75 U/kg) and blood glucose was measured in
duplicate at times 0, 15, 30, 45, and 60 min

Fig. 6 Body weight and glucose
tolerance data in euglycemic rats
12 weeks after ileal interposition
or sham surgery. No difference
was noted in body weight be-
tween the surgical groups (a). A
glucose tolerance test was ad-
ministered to fasted rats and
blood glucose was measured in
duplicate at times 0, 15, 30, 45,
60, and 120 min (b). Insulin was
measured at times 0, 15, and
30 min (c). Area under the curve
was determined using trapezoidal
analysis and was improved in
rats with ileal interposition (d)

OBES SURG (2009) 19:96–104 101101



important as this is similar to the early improvement seen in
humans following gastric bypass or biliopancreatic diver-
sion [14]. Patients often demonstrate improvement within
days after the above procedures, well before any measur-
able weight loss has occurred [15]. In the present study, we
report that glucose tolerance is improved in the STZ-
diabetic rat as early as 4 weeks. Previous studies in the GK
rat show a similar time course for improvement with
reductions in glucose (AUC) noted at 30 days [5].
However, fasting glucose shows a more rapid improvement
at 1 week following surgery [12]. Finally, the idea that
diabetes can be ameliorated in a diabetic rodent model
using bariatric surgery independent of body weight changes
was noted many years prior in a study showing that a

partial (50%) jejuno-ileal bypass can immediately (1 week)
resolve diabetes in the STZ-diabetic rat [16]. In contrast to
the present study, jejuno-ileal bypass is also associated with
significant malabsorption. Notably, jejuno-ileal bypass, like
ileal interposition, involves lower intestinal stimulation
without the exclusion of any proximal intestine.

One interesting difference between the previous rodent
studies examining glucose tolerance improvement follow-
ing ileal interposition and the present findings are in regards
to the euglycemic rat. If nutrient delivery to the lower
intestine reliably results in the release of beneficial factors
or hormones, we hypothesized that glucose tolerance
should be better in the interposed rats, despite the presence
of a metabolic defect before surgery. Here we showed that
chow-fed euglycemic Long–Evans rats with interposition
secrete more insulin and therefore exhibited lower glucose
excursions during a GTT compared to sham-operated rats.
This is in contrast to that of Patriti et al. who failed to detect
differences in glucose tolerance in euglycemic Sprague
Dawley controls. These differences suggest the possibility
of underlying species variability. Alternatively, the amount
of glucose delivered during the glucose tolerance test may
not have been sufficient to identify an effect of the surgery.
In the present study, we chose 2 g/kg for the OGTT in
euglycemic rats while Patriti et al. selected 1 g/kg. We too
have previously failed to identify an improvement in
glucose tolerance using a lower dose of 0.75 g/kg in the
diet-induced obese rat model [6].

Regardless of any potential differences in species or
metabolic model, glucagon like peptide-1 produced from

Fig. 7 GLP-1 (a), PYY (b),
glucagon (c), and GIP (d)
concentrations before and 15
and 30 min during the glucose
tolerance test

Fig. 8 Total bile acids in fasted rats with either ileal interposition or
sham surgery
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ileal “L” cells is a likely candidate as a mechanism
underlying early and prolonged improvements in post-
surgical glucose control. We have previously demonstrated
that fasting levels of proglucagon mRNA and glucose-
stimulated GLP-1 are greatly elevated following ileal
interposition compared to sham surgery in the diet-induced
obese rat model [6]. Here again, we demonstrate in a
euglycemic chow-fed rat that the ileal-produced hormones
GLP-1 and PYY (Fig. 7) are greatly increased following
ileal interposition. It is not surprising that secretion of GIP
was unchanged since ileal interposition does not involve
disruption or exclusion of the duodenum. In addition,
glucagon was elevated and likely represents enteric gluca-
gon or oxyntomodulin secretion. There is 80% and 20%
cross reactivity for oxyntomodulin and glicentin, respec-
tively for the glucagon antibody in the assay used in the
present study. The contribution of enteroglucagon-derived
hormones in post-surgical intestinal changes has been
documented over 30 years ago in which patients with
jejuno-ileal bypass surgery showed an increase in enter-
oglucagon within 3 weeks after surgery [17]. In humans,
glucose-stimulated GLP-1 is elevated after both gastric
bypass and biliopancreatic diversion [18, 19].

GLP-1’s roles as an incretin and a trophic factor on the
beta cell are both consistent with the physiological changes
seen after gastric bypass and possibly ileal interposition.
Although GLP-1 was not measured in the STZ-diabetic
rats, it is tempting to speculate that prolonged endogenous
elevations in GLP-1 following ileal interposition may have
resulted in a proliferative effect on the beta cell mass in the
STZ-diabetic rats and perhaps the euglycemic rats as well.
It has been shown that GLP-1 and the GLP-1 receptor
agonist exendin-4 will ameliorate STZ-induced diabetes in
rodents [20, 21].

The ileum is not only an important site of hormone
synthesis and secretion, but it is also the key site for bile acid
re-uptake. We hypothesized that with ileal interposition, the
ileum is in a more proximal location within the small intestine
and the ileal mucosa will proliferate upon nutrient stimulation
which then presumably results in a higher absorptive capacity
for bile acids. Here we show that euglycemic rats demonstrate
elevated total bile acids in the plasma following ileal
interposition. It has been previously shown that rats with ileal
interposition have premature bile salt uptake at the site of the
interposed segment, resulting in attenuated cholesterol ab-
sorption and transport [22]. A role for altered bile acid
circulation in the resultant improvement in glucose homeo-
stasis is highly likely as it has been shown that surgical
diversion of only the common bile duct to the distal small
intestine resolves STZ-induced diabetes in rodents and
improves glucose tolerance in normal rats [23, 24]. Recent
studies have identified elevated bile acid concentrations in
the plasma of humans after gastric bypass surgery [25].

Because ileal interposition does not promote massive
weight loss, as it is neither restrictive nor causes malabsorp-
tion, it is currently being performed in humans as a metabolic
surgery due to its GLP-1-producing capabilities. Diabetic
patients with BMIs below 35 kg/m2 showed great glycemic
control (87% of patients) following ileal interposition with
the remaining 13% of patients showing improvement [26].
However, the long-term effects of augmented GLP-1 secretion
are unknown in both humans and rodents. Widespread use of
ileal interposition in humans should be approached with
caution since the elevations in GLP-1 following gastric bypass
surgery has been implicated in post-surgical reports of hyper-
insulinemic hypoglycemia with nesidioblastosis [27]. In
addition, thorough patient screening to insure a diagnosis of
type 2 diabetes opposed to slow onset type 1 diabetes appears
to be critical for long-term control [28]. While improvement of
type 2 diabetes is obviously an exciting consequence of ileal
interposition surgery in humans, the long-term effects are
unknown. Since ileal interposition is not a substitute for gastric
bypass surgery, which also involves gastric restriction and
duodenal exclusion and may lend additional important
metabolic changes after surgery, it should still be considered
a novel but promising potential treatment for type 2 diabetes in
humans.
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