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Abstract
W hile diabetes is a predisposing factor for intestinal ischemia, mesenteric ischemia is associated with
impaired glucose tolerance. We evaluated the effect of partial intestinal ischemia on glucose tolerance, GLP1 and insulin level in forty non-diabetic SD rats. Rats were randomly assigned into 4 groups; SHAM; SHAM
+ sitagliptin (30 mg/kg/day); intestinal ischemia; and intestinal ischemia + sitagliptin (30 mg/kg/day). The
superior mesenteric artery was partially occluded. At the 11 th day, glucose tolerance, plasma GLP-1 and
insulin levels were measured along with histological changes in the pancreas and insulin-secreting beta
cells. Intestinal ischemia resulted in significant impairment of glucose tolerance with reduction of plasma
levels of GLP-1 and insulin. Treatment with sitagliptin partially ameliorated these changes. Beta cells in the
pancreas were not affected by ischemia. These results suggest that impaired glucose tolerance with intestinal
ischemia might be secondary to functional impairment of beta cells secondary to decreased basal GLP-1
secretion.

Introduction
Small intestine is a major source of glucagon-like
peptide-1 (GLP-1) (1). GLP-1 has several
physiological actions which are considered beneficial
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in diabetic patients. It is a potent secretagogue for
insulin (2). GLP-1 potentiates insulin action and
increases insulin sensitivity (3). Moreover, it has
been shown that GLP-1 has hemodynamic and
cardioprotective capacities (4). The half -life of GLP1 is only 1-2 minutes due to its rapid metabolism (5)
by an enzyme called dipeptidyl peptidase-4 (DPP-4)
(6).
The interaction between GLP-1 and diabetes is
complex. GLP-1 secretion in response to a
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standardized meal was found to be significantly
decreased in patients with type II diabetes in
comparison to glucose tolerant subjects (7). Whether
impaired GLP-1 secretion is a primary phenomenon
in the pathogenesis of diabetes or a consequence of
diabetes itself is yet to be revealed. First-degree
relatives of patients with type II diabetes have normal
G L P-1 s ec r etio n in r es pon s e t o or al g luc o s e
challenge; suggesting that the GLP-1 secretion
abnormality seen in diabetes may be acquired
(8).
As GLP-1 is secreted from the intestine, it would be
interesting to know if any changes in the intestinal
h e m o d yn a m i c s c o u l d a f f e c t t h e s e c r e t i o n o r
metabolism of this hormone. The aim of the present
study was to evaluate the effect of partial intestinal
ischemia on glucose tolerance, insulin and GLP-1
levels in non-diabetic rats and whether a DPP-4
inhibitor, namely sitagliptin, could modify these
effects.

Methods
The experiments were conducted in accordance with
regulations specified by the local ethical committee,
Faculty of Medicine Menoufiya University, Egypt.
An i m a l s

Forty adult pathogen-free Sprague Dawley rats
( we i g h i n g 2 0 0 - 2 5 0 g ) u n d e r s i m i l a r h o u s i n g
conditions.
Re a g e n ts

ELISA kits were used for the assay of Glucagon like
peptide-1 (Phoenix Pharmaceuticals, INC., USA) and
insulin (Phoenix Pharm aceuticals, INC., USA).
M on oc lo na l a nt ib od i es a ga i ns t in s u l in ( Da k o ,
Glostrup, Denmark) were used for immunohistochemical
study of beta-cell mass in the tail of pancreases.
The anesthetic, ketamine, was provided by Amoun
(Egypt) as 10 ml vials (Ketamar) with a concentration
of 50 mg ketamine/ml. Sitagliptin was obtained from
Merck Sharp & Dohme Corp.
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Experimental protocol

The 40 rats were randomly divided into the following
groups (n = 10 in each group):
Group (I): SHAM: Anim als in this group were
subjected to all steps in the surgical induction of
intestinal ischemia except narrowing of the superior
mesenteric artery (SMA).
Group (II): SHAM and sitagliptin: As group (I) but
starting from day 5 after the operation, rats were
treated with sitagliptin (30 mg/kg/day) orally for 7
days.
Group (III): Intestinal ischemia: As group (I) but rats
were subjected to the partial narrowing of the superior
mesenteric artery (SMA).
Group (IV): Intestinal ischemia and sitagliptin: As
group (III) but starting from day 5 after the operation,
rats were treated with sitagliptin (30 mg/kg/day) orally
for 7 days.
Induction of intestinal ischemia

Rats were anesthetized by ketamine (50-100 mg/kg,
i.p.) (9). A midline laparotomy was performed and
the SMA was partially constricted below the origin
of the middle colic artery to avoid affecting the blood
supply of the inferior pancreatic-duodenal artery that
supplies the pancreas. The SMA was partially
occluded by placing a single ligature of 3-0 silk
around both the SMA and blunt-tipped needle (using
a 22-gauge needle), placed alongside the SMA. The
needle was then removed from ligature, creating a
callipered constriction of SMA. The procedure
resulted in about 30-40% reduction of SMA blood
flow as verified by a Doppler flow meter. After that,
sterile saline (1 ml) was injected into the peritoneal
cavity for rehydration, and the abdomen was closed
in layers.
The animals had 4 days for postoperative recovery.
At the 11 th day, rats were anaes thetized and
subjected to intravenous glucose tolerance test
(IVGTT) over 50 minutes. By the end of the test,
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blood samples from the femoral vein were used to
measure plasma levels of GLP-1 and insulin. Animal
were then sacrificed and SMA partial narrowing with
the absence of gangrenous intestinal loops was
then verified. Pancreatic tissue was dissected for
histological examination.
In trav eno us gluc ose tol era nce tes t.
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analyzed using SPSS version 16. Variables were
tested for normality distribution using KolmogorovSmirnov test. Comparison between groups was done
by analysis of variance (ANOVA) followed by Tukey
test. A p value of less than 0.05 was considered
statistically significant.

Results

Rats were fasting for 16-18 hours (overnight) prior to
the glucose tolerance test. The animals had free
access to drinking water during the fasting period.
Prior to performing the glucose tolerance test,
baseline glucose level was recorded for each rat
(blood samples were taken from the tail). D-glucose
(10 g/dl) was injected in the femoral vein over 1
minute in a dose of 1 mg glucose/gram body weight
(2.5 ml in 250-g rat). At 2, 5, 20, and 50 minutes
after injection, blood samples were collected from
the tail vein (10). Measurement of blood glucose was
done by using the blood glucose check er
[GLUCOTREND®2 (Roche Group, UK)] and (AccuChek® Active) strips (Roche Group, UK).
Histological and immuno-histochemical study of betace ll s

Tissue samples (tail of the pancreas) were dissected,
and fixed in 10% formalin for 5 days, then processed
as usual to make paraffin blocks. Sections of 5
microns were stained with haematoxylin and eosin
(H and E) for routine histological study. Identification
of insulin-secreting beta-cells of pancreas was
performed by using immuno-stain with anti-insulin
m onoclonal antibodies as described by the
manufacturer.
Statistical analysis

D a t a i s e x p r e s s e d as M e a n ± S E M . Da t a wa s

1.

IVGTT:

After injection of glucose, the blood glucose level at
the 2 nd minute showed a significant increase and
remained significantly higher at 5 th and 20 th minutes
in comparison to the basal level. W ith exception of
the ischemia only group, the 50 th minute measure
was not significantly different from the basal level
indicating that 50 minutes were enough for the
hom eostatic mechanisms to readjust the blood
glucose level (Table I). Regarding the comparison
between groups, partial intestinal ischemia led to
significant elevation of basal level of blood glucose
as well as all values in the different time points of
IVGTT. Treatment with sitagliptin partially ameliorated
the changes induced by partial intestinal ischemia
(Table I).
2.

Insulin and GLP-1 levels:

In c om pa ri s o n to S HA M gr ou p, t he i s c he m i c
group had a significant decrease in both insulin and
GLP-1 levels. Again, treatm ent with sitagliptin
parti ally am e liorated the c hang es induc ed by
partial intestinal ischemia. Of note, treatment with
sitagliptin resulted in elevation of insulin and GLP-1
levels in group II in comparison to SHAM group (Table
II).

TABLE I : Effect of superior mesenteric artery ischemia and sitagliptin on intravenous glucose tolerance test [mean±SEM] (n=10).
Group
I (SHAM)
II (SHAM-Sitagliptin)
III (ischemia)
IV (ischemia-Sitagliptin)

Basal blood glucose mg/dl
114± 1.98
91± 1.89
143± 2.38%f&
121± 2.05f&†

2 min mg/dl
270± 2.02*
257± 1.56*
405± 2.81*%f&
322± 2.37*%f&†

5 min mg/dl
224± 2.33*
210± 2.26*
331± 2.33*%f&
267± 1.85*%f&†

20 min mg/dl
142± 1.65*
100± 1.90*%
270± 1.87*%f&
131± 2.20%f&†

50 min mg/dl
112± 1.87
94± 1.64
205± 1.83*%f&
127± 1.73%f&†

* = significant difference from basal blood glucose within the same group; % = significant difference from group I; f& =
significant difference from group II; † = significant difference from group III (P<0.05).
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Effects of intestinal ischemia and sitagliptin on
GLP-1 plasma level (pmol/l) and insulin (µ/ml) in
different rat groups (mean±SEM).

GLP-1
I Sham
II Sham + sitagliptin
III Intestinal ischemia
IV Intestinal ischemia + sitagliptin

Insulin

Groups

9±0.6
13.22±0.7*
6.33±0.3*%
8.76±0.3%f&

23.3±1.13
29±1.26*
18.35±0.42*%
25.1±0.77%f&
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Positively stained beta-cells were seen am ong
pancreatic acini. A positively stained immune reaction
for insulin was also seen in the endothelial cells
lining blood capillaries (Fig. 2). No differences were
detected between different groups indicating that SMA
partial ischemia did not affect insulin-secreting cells.

Discussion
*Significant difference from group I; % = significant
difference from group II; f& = significant difference from
group III (P<0.05).

3.

Histological changes in the pancrease:

For both SHAM and ischemic groups; the islands of
Langerhans were embedded within the acini forming
the endocrine part of pancreas. The islets contain
several cell types and were highly vascularized. They
appeared as non-capsulated pale stained area inside
the pancreatic lobules (Fig. 1). Insulin secreting
beta-cells c ould be dem ons tr ated in im m unehistochemically stained sections with anti- insulin
antibodies. They composed the major cell population
of the islets that occupied mainly the central zone.
The anti-insulin antibody reaction was seen as brown
granules occupying the cytoplasm of the beta-cells.

The relationship between GLP-1 and Type II diabetes
is somewhat complex. In general, meal-stimulated
GLP-1 secretion in diabetic patients is impaired (7).
Studies on first-degree relatives of patients with type
II diabetes suggested that the GLP-1 secretion
abnormality seen in diabetes may be acquired (8). A
yet to be answered question is whether impairment
of GLP-1 secretion is a contributing factor in the
pathogenesis of diabetes or is just a consequence
of diabetes itself.
The most important cause of chronic intestinal
ischemia is atherosclerosis (11, 12). An important
predisposing factor to such condition is diabetes
mellitus (12). As the terminal ileum is an important
source of GLP-1 (1), the present study investigated

Fig. 1 : A photomicrograph of a section of pancreas from rats subjected to partial occlusion of the superior mesenteric artery
(H & E). Lobules packed with acini and an islands of Langerhans situated in the center. Blood vessels and exocrine
duct were seen among exocrine acini indicating that ischemia did not influence the pancreas. Magnification: x 200.
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Fig. 2 : A photomicrograph of a section of pancreas from rats subjected to partial occlusion of the superior mesenteric artery
stained with anti-insulin antibodies. It indicates that ischemia did not influence beta-cells. Magnification: x 400.

whether intestinal ischemia, by turn, could affect
glucose homeostasis. W e demonstrated that after
10 days of partial intestinal ischemia, IVGTT was
negatively affected.
Abnormal glucose tolerance in case of mesenteric
ischemia was reported only once by Sedlack and
Bean (13). In a parallel way, resection of 5 cm of the
small intestine 5 cm distal to the ligament of Treitz
in adult rats resulted in reduced insulin release after
IVGTT; an effect unrelated to corticosterone nor IL6 changes (14). A simple explanation to the report
of Sedlack and Bean (13) is that mesenteric ischemia
affected the blood flow to the pancreas. To rule this
out, we have intentionally constricted SMA below
the origin of the middle colic artery to avoid affecting
the blood supply of the inferior pancreatic-duodenal
artery that supplies the pancreas. In addition,
histological and immunohistochemical evaluation of
pancreatic tissue of the rats subjected to intestinal
ischemia showed no significant differences from the
SHAM-operated rats. The present study indicated
that beta-cells might be affected at the molecular or
functional level rather than being directly injured by
mesenteric ischemia. We demonstrated that reduced
insulin levels in the ischemic group was secondary

to reduced GLP-1 levels and that using a DPP-4
inhibitor partially restored GLP-1 and insulin levels
and improved IVGTT. It was reported that, in diabetic
patients, defects in the secretion of the incretin
hormones are responsible for the reduced incretin
effect and hence the inadequate insulin secretion
but not responsible for development of diabetes (15).
Of note, it is well-known that GLP-1 is secreted
mainly in response meals but not secondary to
intravenous glucose (16). Intravenous glucose
tolerance test rather than oral glucose tolerance test
was done, as absorption of oral glucose from the
intestine would be greatly affected by the intestinal
ischemia. Nevertheless, it was found that there is a
continuous secretion of GLP-1 from the intestine that
contributes to measurable basal level of the hormone
(5). Although no studies investigated the role of basal
G L P- 1 in i ns ul in s ec ret io n, i nd ir ec t ev id en c e
suggested that the basal hormone levels might be
important. Using the GLP-1 analogue, exenatide, in
diabetic patients was found to increase the already
impaired first-phase insulin secretion (17); an event
that occurs too early before the meal stimulates GLP1 secretion. Such finding may suggest a role of basal
GLP-1 in early insulin secretion. In another direction,
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GLP-1 might have a direct protective mechanism
against islet injury. A DPP-4 inhibitor was reported
to suppress STZ-induced islets injury in monkeys;
an effect which was dependent on activation of the
IGFR/Akt/mTOR signalling pathways by GLP-1 (18).
Although the histopathological evaluation did not
reveal beta-cell injury that could be attributed to
ischemia in this model, affection at the molecular
level cannot be excluded. A third possibility that
could explain the results of the present study is
away from islet affection theory. It was found that
GLP-1, through an islet-independent mechanism, can
inhibit hepatic glucose production (19, 20). W e
believe that intestinal ischemia with subsequent
impairment of portal drainage in this model might
r e duc e th e he pat ic a c ti on o f G LP- 1 . S o, t he
amelioration of derangement in glucose homeostasis
after using sitagliptin might be partially attributed to
restoration of GLP-1 in the liver.
Of note, during early development of the model we
used acute complete occlusion of the SMA. However,
we could not exclude the effect of stress and surgical
trauma from affecting glucose tolerance (data not
published). Stress stim ulates the hypothalam opituitar y-adrenal ax is a c tivating both p ituitary
adrenocortical and the sympatho-adreno-medullary
systems (21). By turn, catecholamines elevate the
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blood glucose due to stimulation of glycogenolysis
and inhibition of insulin secretion (22). Partial
ischemia was then used to avoid the effect of stress
and as it is also more similar to atherosclerosis;
where the blood flow is impaired rather than complete
deprivation. One limitation in the present study that
should be considered is that part of the L-cells that
secret GLP-1 is localized in the rectum (23) and few
are localized in the duodenum (1); both are not
supplied by the SMA and could escape the effect of
ischemia in this model.
Conclusion

In conclusion, chronic intestinal ischemia in rats
resulted in significant elevation of basal blood
glucose level and impaired IVGTT due to a decrease
in basal GLP-1 secretion. W hether such effect of
ischemia is a primary contributing factor in the
pathophysiology of type II diabetes or just an addon factor that worsen the disease is a point yet to
be investigated.
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