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ABSTRACT

Objective: Glucagon-like peptide—2 (GLP-2) is a 33 amino acid peptide produced in endocrine L-cells of the intestinal mucosa. The aim
of the present study was to characterize whether GLP-2 alters the hemodynamic parameters of the small intestine and to find out possible
mediators.

Methods: After an overnight fasting, the rats were anesthetized with urethane. The right carotid artery and jugular vein were cannulated
and a midline abdominal incision was made to isolate the superior mesenteric artery (SMA) for flow probe placement. GLP-2 at doses of
1, 5 and 10 pg/rat were infused into the jugular vein for 120 minute. SMA blood flow and resistance were measured and calculated. In an
additional group, the animals were pretreated with atropine sulfate (1 mg/kg), teophylline (25 mg/kg) and ramosetron (100 pg/kg) given
20 minutes before the infusion of GLP-2 (5 pg/rat).

Results: There was no significant difference in the mean arterial pressure of the untreated or GLP-2 treated rats throughout the
experiments. GLP—2 administration at all doses increased the SMA blood flow compared with the untreated values. Neither atropine
sulfate and ramosetron nor theophylline pretreatment significantly changed the blood flow responses obtained from GLP—2 infusion.

Conclusion: These results demonstrated that GLP-2 induced changes in blood flow are not mediated by muscarinic, adenosine or
serotonergic 5-HT; receptors.
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SICAN INCE BARSAK HEMODINAMIGINDE GLUKAGON BENZERI PEPTID-2 ARACILI
MEYDANA GELEN DEGISIKLIKLER

OZET

Amag: Intestinal L-hiicrelerinden salinan GLP-2, besin absorbsiyonu ve epiteliyal permeabilitenin diizenlenmesinde énemli bir rol
oynamaktadir. GLP-2'nin bilinen bu ozelliklerine ragmen barsak kan akimi iizerindeki etkileri ve bunlardan sorumlu olasi araci
molekiiller bilinmemektedir. Bu ¢aligmanin amaci GLP—2’nin intestinal hemodinamik parametreler iizerindeki etkilerini karakterize
etmek ve bu etkilere aracilik eden mekanizmalari aydilatmaktir.

Yéntem: Biitiin deneyler kurumsal etik komite tarafindan onaylanmistir. Uretan anestezisi altinda sicanlarm sag karotid arter ve juguler
venleri kantile edildikten sonra siiperior mesenterik arter’e (SMA) akim probu yerlestirildi. GLP-2 (%0.1 s1g1r serum albumini i¢inde), 1,
5 ve 10 pg/rat dozlarinda, 0.016 ml/dk hizinda juguler venden 120 dakika boyunca infiize edildi. Kan basinci es zamanli olarak
kaydedildi, SMA rezistans1 hesaplandi. Diger gruplarda, GLP-2 (5 pg/rat) infizyonundan 20 dk Once atropin siilfat (1 mg/kg),
ramosetron (100 p/kg) ve teofilin (25 mg/kg) tedavileri uygulandi. Sonuglar ortalama + standart hata seklinde ifade edildi ve ANOVA ile
analiz edildi.

Bulgular: GLP-2 kan basincini anlamli olarak degistirmemistir. SMA kan akimmi anlamli bir sekilde arttirirken rezistansi
diisiirmektedir (p<0.01 kontrole gore). On tedavilerin higbiri GLP-2 ile meydana gelen SMA kan akimi degisikliklerini anlamli olarak
degistirmemistir.

Sonug: Bu sonuglar GLP-2 ile meydana gelen hemodinamik degisikliklerde muskarinik, adenozin veya ve serotonerjik 5-HT;
reseptorlerinin sorumlu olmadigi diisiindiirmektedir.

Anahtar Kelimeler: GLP-2, Kan akimi, ince barsak

INTRODUCTION 2) is a 33 amino acid peptide produced in

Many different growth factors (GLP-2, EGF endocrine L-cells of the intestinal mucosa. Both
TGF-a) take part in the growth, development and GLP_I, and G,L P-2 are secreted fr.om sut
repair of the gut. Glucagon like peptide 2 (GLP— endocrine cells in the small and large intestine.

Corresponding author: Prof Hizir Kurtel, M.D.
Department of Physiology, School of Medicine,

Marmara University, 34668 Haydarpasa, Istanbul, Turkey
E-mail: hkurtel@hotmail.com

Marmara Medical Journal 2005,18(2),;59-63

59




Marmara Medical Journal 2005,18(2),59-63
Mustafa Deniz, et al.

Glucagon-Like Peptide 2 Induced Hemodynamic Alterations In The Rat Small Intestine

Secretion of these peptides is predominantly
regulated by nutrient intake'. GLP-2 stimulates
intestinal growth™ crypt cell proliferation®
decreases intestinal apoptosis in rats and mice>
regulates gastric motility and acid secretion® and
increases intestinal hexose transport’.

GLP-2 has also been
therapeutically  useful
experimentally-induced  gut  inflammations,
including  dextran  sulfate-induced  colitis®
indomethacin-induced gastrointestinal injury’ and
intestinal ischemia-reperfusion injury'®'"'2. These
inflammatory conditions are associated with
alternations in the gut hemodynamics. Although
beneficial actions of GLP-2 during inflamatory
conditions are attributed to its proliferative and
anti-apoptotic properties, it is unknown whether
some of these actions are associated with the
changes in intestinal hemodynamics. Therefore,
the objectives of the present study were to
characterize ~ whether =~ GLP-2  alters the
hemodynamics of the small intestine and to find
out whether muscarinic, adenosine and
serotonergic 5-HT; receptors were involved in the
intestinal hemodynamic responses induced by
GLP-2

METHODS

Animals

implicated as a
agent in  various

Sprague-Dawley rats of both sexes (250-300g)
were kept at a constant temperature of 22+2 °C
with light-dark cycles of 12 h and fed a standard
diet and water ad libitum. Studies were approved
by the Marmara University Animal Care and Use
Committee. After an overnight fast, the rats were
anesthetized with urathane (1.2 g/kg, ip.) and a
tracheotomy was performed to facilitate breathing.
The right carotid artery was cannulated for arterial
pressure recording (Nihon Kohden polygraph,
model AP-621G). The right jugular vein was also
cannulated for the injection of various
compounds. A thermometer was inserted into the
rectum, and the body temperature was maintained
at 37 °C by use of a heating pad.

Hemodynamic measurements.

After laparotomy, blood flow in the superior
mesenteric (SMA) artery was measured by the
ultrasonic transit time technique for 60 or 120 min
as previously described”. Briefly a 0.7 VB 156
probe (Transonics Systems, Ithaca, NY) was used
for the blood flow measurements. The probe
houses two ultrasonic transducers and fix acoustic
reflector. The transducers pass ultrasonic signals
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back and forth, alternately intersecting the flowing
liquid in upstream and downstream directions. A
short length (~5 mm) of the SMA was isolated for
flow probe placement. All fatty tissue was
removed from the isolated segment of the SMA to
avoid obstruction of the ultrasonic signal. The
flowmeter (model T106; Transonic Systems)
subtracts the downstream transit time, estimating
the volume of blood flow (ml/min), normalized
for per 100 g of tissue weight at the end of the
experiments. Mean arterial pressure (MAP) was
recorded simultaneously with the blood flow and
the resistance of arteries was calculated by
dividing MAP in millimeters of mercury by blood
flow. Following 20 min of stabilization, baseline
recordings of blood flow were collected for 5 min.
All subsequent changes in blood flow and
resistance caused by various treatments were

calculated as a percentage of the baseline
recording.

Administration of drugs

GLP-2 (Sigma Chemical, St. Louis, MO)

prepared in 0.1% bovine serum albumin (BSA)
and doses of 1, 5 and 10 pg/rat (20 % of the total
dose as bolus and the rest as infusion) were given
and infusions were continued for 60 minutes.
Control animals received the same volume of (1
ml/rat) vehicle (0.1% BSA in saline). In a group
of animals, non selective muscarinic acetylcholine
receptor antagonist atropine sulfate (1 mg/kg; iv,
Sigma Chemical, St. Louis, MO), 5-HT; receptor
antagonist ramosetron (100mg/kg; iv Gift) and
adenosine A; and A, receptor antagonist
theophylline (25 mg/kg; iv) were used 20 minutes
before the infusion of GLP-2.

Statistics.

All values were reported as means + SE. One-way
analysis of variance with the Tukey-Kramer (post
hoc) test was used for multiple comparisons.
Differences  were  considered  statistically
significant if p<0.05.

RESULTS
Effects of GLP-2 infusion

The administration of GLP-2 at various doses did
not cause any significant change in mean arterial
pressure. The mean arterial pressure before and
after GLP-2 infusion (5 mg/rat) was 82.1£5.18
mmHg and 79.33+6.5 mmHg, respectively, which
slowly declined to 76.88+4.2 mmHg 60 minutes
later. Figure 1 illustrates the time-dependent
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changes in SMA blood flow (Fig. 1A) and
resistance (Fig. 1B) induced by the administration
of different doses of GLP-2. Basal values of the
groups were found to be not statistically different.
Administration of GLP-2 at all doses significantly
increased SMA blood flow compared to baseline
(p<0.01), in which GLP-2 infusions significantly
reduced the SMA resistance in all groups.

Effects of treatments

The effects of the pretreatment of animals with
various doses of atropine sulfate, ramosetron and
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theophylline on GLP-2 induced alterations in
blood flow are shown in Fig. 2A. Atropine sulfate
(1 mg/kg), ramosetron (100 pg/kg) and
theophylline (25 mg/kg) did not change the GLP—
2 induced increases in blood flow compared with
the untreated group.

Similar results were obtained from the resistance
data (Fig. 2B), in which pretreatment with
atropine sulfate, ramosetron or theophylline did
not significantly alter the SMA resistance.
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Fig. 1: Time-dependent changes in superior mesenteric artery blood flow (A) and resistance (B) induced by administration of
different doses of GLP-2. *p<0.05, **p<0.01; compared to basal time point value.
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Fig. 2: Changes in SMA blood flow (A) and resistance (B) after GLP-2 administration (5 pg/rat) and GLP-2 plus atropine sulfate (1
mg/kg), ramosetron (100 pg/kg) and theophylline (25 mg/kg) **p<0.01; compared with basal time point values.
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DISCUSSION

An intact mucosal barrier is vitally important for
the separation of the luminal contents from the
underlying mucosal interstitial fluid. The factors
important for barrier function and maintenance of
epithelial mucosal integrity in the small intestinal
epithelium are complex and include local and
systematically derived growth factors,
prostaglandins, endogenous gut bacterial flora and
mucins. Recent studies have addressed the
possibility that GLP-2 may be therapeutically
useful for enhancing the endogenous reparative
response to mucosal epithelial damage.
Investigators administered GLP-2 to mice with
dextran sulfate-induced colitis. It has been shown
that a human GLP-2 analogue (Gly?)GLP-2
significantly reverses weight loss, reduces
interleukin-1 expression and increases colon
length, crypt depth and mucosal area in the colon
of mice with acute dextran sulfate colitis *. In
another study, the administration of human
(Gly)GLP-2 significantly improved survival,
reduced histological evidence of disease activity,
myeloperoxidase activity, cytokine induction and
bacteremia after indomethacin-induced
gastrointestinal injury °. The beneficial effects of
GLP-2 are also observed in animals after I/R
injury. In these studies, a synthetic protease-
resistant  analogue of GLP-2, GLP-2a
significantly increases mucosal mass, mucosal
DNA content and absorptive function in rats after
reperfusion followed by 30 minutes of intestinal
ischemia ' ',

In the present study the administration of different
doses of GLP-2 directly into SMA significantly
elevated the intestinal blood flow. The
observations that GLP-2-induced increases in
SMA flow are accompanied by decreases in
vascular resistance suggests that elevations in
blood flow are associated with decreased vascular
tonus, rather than the alterations in blood pressure.
It has been generally accepted that reductions in
tissue blood flow are associated with the
inflammation-induced tissue injury. It has been
shown that the administration of vasodilator
agents such as nitric oxide or inhibition of
vasoconstrictor agents such as endothelin-1 by
receptor blockers has been documented to be
beneficial following acute episodes of ischemia
reperfusion  injury, indomethacin  induced
intestinal damage or colitis *”'?. Thus, it is
conceivable to suggest that in addition to
proliferative * and anti apoptotic '* actions, some
of the beneficial actions of GLP-2 observed after
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various models of the intestinal inflammation >

can be attributed to the restorations in blood flow.

In order to address the mechanism by which
GLP-2- induced increases in intestinal blood
flow, we pretreated the animals with atropine,
theophylline and ramosetron 20 minutes before
the infusion of GLP-2. None of the pretreatments
significantly changed GLP-2-induced alterations
in hemodynamics, indicating that muscarinic
receptors, 5-HT; and adenosine A; and A,
receptors are not involved in this response. Other
mediators such as nitric oxide, prostaglandins and
vasoactive intestinal polypeptide should be
considered regarding the  GLP-2-induced
increases in SMA blood flow.

In conclusion, GLP-2 dose dependently increased
intestinal blood flow and decreased vascular
resistance without changing the blood pressure.
The effect of GLP-2 on intestinal blood flow is
not mediated by muscarinic receptors, adenosine
and 5-HT; receptors.

REFERENCES

1. Brubaker PL, Crivici A, Izzo A, Ehrlich P, Tsai
CH, Drucker DJ. Circulating and tissue forms of
the intestinal growth factor, glucagon-like peptide-
2. Endocrinology 1997 Nov; 138(11):4837-43.

2. Drucker DJ, Erlich P, Asa SL, Brubaker PL.
Induction of intestinal epithelial proliferation by
glucagon-like peptide-2. Proc Natl Acad Sci USA
1996; 93:7911-6

3. Ghatei MA, Goodlad RA, Taheri S, Mandir N,
Brynes AE, Jordinson M, et al. Proculucagon-
derived  peptides in  intestinal  epithelial
proliferation: glucagons like peptide-2 is a major
mediator of intestinal epithelial proliferation in rats.
Dig Dis Sci 2001; 46:1255-63

4. Drucker DJ. The glucagon like peptides. Diabetes
1998; 47: 159-69.

5. Burrin DG, Stoll B, Jiang R, Petersen Y, Elnif J,
Buddington RK, Schmidt M, Holst JJ, Hartmann B,
Sangild PT. GLP-2 stimulates intestinal growth in
premature TPN-fed pigs by suppressing proteolysis
and apoptosis. Am J Physiol. Gastro Liver Physiol
2000; 279: G1249-56.

6. Wojdemann M, Wettergren A, Hartmann B, Hilsted
L, Holst JJ. Inhibition of sham feeding stimulated
human gastric acid secretion by glucagon like
peptide-2. J Clin Endocrinol. Metab.1999; 84:
2513-2517.

7. Cheeseman CI, Tsang R. The effect of GIP and
glucagon like peptides on intestinal basolateral
membrane hexose transport. Am J Physiol.
Gastrointest. Liver Physiol,1996; 273: G477-82.

8. Drucker DJ, Yusta B, Boushey RP, DeForest L,
Brubaker PI. Human (Gly2)GLP-2 reduces the



Marmara Medical Journal 2005,18(2),59-63
Mustafa Deniz, et al.

Glucagon-Like Peptide 2 Induced Hemodynamic Alterations In The Rat Small Intestine

10.

11.

severity of colonic injury in a murine model of
experimental colitis. Am J. Physiol. Gastrointest.
Liver Physiol, 1999; 276:, G79-91.

Boushey RP, Yusta B, Drucker DJ. Glucagon like
peptide-2 decreases mortality and reduces the
severity of indomethacin-induced murine enteritis.
Am J.Physiol. Endocrinol. Metab 1999; 277: E937-
47.

Prasad R, Alavi K, Schwartz MZ. Glucagon like
peptide-2 analogue enhances intestinal mucosal
mass after ischemia and reperfusion. J Pediatr Surg,
200; 35:357-59.

Noda T, Iwakiri R, Fujimoto K, Matsuo S, Aw TY.
Programmed cell death induced by ischemia-
reperfusion in the rat small intestine. Am J. Physiol.
Gastrointest. Liver Physiol, 1998; 274:, G270-76.

63

12.

13.

14.

Oktar BK, Gulpinar MA, Bozkurt A,Ghandour S,
Cetinel S, Moini H, Yegen BC, Bilsel S, Granger
DN, Kurtel H. Endothelin receptor blockersreduce
I/R-induced intestinal mucosal injury: role of blood
flow. Am J Physiol. Gastrointestinal liver Physiol.
2002; Apr; 282(4):G

Daemen M, Veer CV, Denecker G, Heemskerk
VH, Wolfs TG, Clauss M, Vandenabeele P,
Buurman WA. Inhibition of apoptosis induced by
ischemia-reperfusion prevents inflammation. J Clin
Invest, 1999; 104:541-49.

Tavakkolizadeh A, Shen R, Abraham P, Kormi N,
Seifert P, Edelman ER, Jacobs DO, Zinner MJ,
Ashley SW, Whang EE. Glucagon-like peptide 2: a
new treatment for chemotherapy-induced enteritis.
J Surg Res, 2000; 91:77-82.



