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AORTA RESPONSE TO SECRETIN IN INTACT AND
DIABETIC RATS

Ró¿a J. Wiœniewska�, Ewa M. Sitniewska

���������� 	
 ������	�	��� ������ ������ 	
 �������	�� ��������� �� �� �� ��� �������	�� �	����

Aorta response to secretin in intact and diabetic rat. R.J. WIŒNIEW-
SKA, E.M. SITNIEWSKA. Pol. J. Pharmacol., 2001, 53, 647–651.

The influence of secretin (10��� – 10�� M), a gastrointestinal hormone, on
the relaxing response of rat thoracic aorta rings preconstricted by 40 mM
KCl was studied by measuring changes in isometric tension in intact and dia-
betic animals. Initial contraction of aorta rings was markedly decreased in
diabetic state. Secretin administered at two higher doses (10��, 10�� M)
caused significant relaxation. In diabetes, relaxing effect was observed at all
three doses of the peptide. These data indicate that secretin relaxes thoracic
aorta rings and state of diabetes markedly amplifies the relaxant response to
this peptide.
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Abbreviations: cAMP – 3’5’-cyclic adenosine
monophosphate, IP� – inositol 1,4,5-triphosphate,
mgf – milligram force, PKA – cAMP-dependent
protein kinase A, PKC – protein kinase C, STZ –
streptozotocin, VIP – vasoactive intestinal peptide

INTRODUCTION

The cardiovascular action of secretin has been
known since the seventies [6, 15, 17]. It evokes
a positive inotropic effect [3, 4], increases the car-
diac output and heart rate in anesthetized cat [17]
and dog atria [5]. We previously examined influ-
ence of secretin in vivo on systolic, diastolic blood
pressure and heart rate and on the isolated heart
function according to the modified Langendorff’s
method [18–20]. There are many reports about re-
laxing effect of secretin on different arteries mainly
situated in the gastrointestinal tract with simultane-
ous increase in arterial flow through different or-
gans [1, 13]. Action of secretin is changed in patho-
logical states: in hypertension, hypothyroidism and
diabetes [6, 15]. The purpose of the present work
was to examine the influence of secretin on tho-
racic aorta rings and to compare this effect in con-
trol and diabetic rats 4–6 weeks after induction of
diabetes by streptozotocin (STZ).

MATERIALS and METHODS

Animals

The experiment was carried out on male Wistar
rats with body weight of 250–350 g fed on com-
mercial pellet diet for rodents. The animals were
kept in air conditioned rooms at a constant tem-
perature of 22°C and humidity of 60%, in darkness
from 7.00 p.m. to 7.00 a.m. They were housed 8 per
cage with free access to water and food. Ethics
Committee of Medical Academy of Bia³ystok ap-
proved the study protocol.

Induction of experimental diabetes

STZ was dissolved in citrate buffer (0.1 M citric
acid and 0.1 M sodium citrate, pH 4.5). The ani-
mals (200–250 g) received 65 mg/kg of STZ
through the tail vein. The experiments were carried
out 4–8 weeks after the injection of STZ. The dia-
betic state was verified using methods described in
detail previously by Fiedorowicz and Wiœniewski
[8].

Drugs

Secretin, human synthetic and STZ were pur-
chased from Sigma Chemical Co. (St. Luis, MO,
USA). Secretin was dissolved in 0.9% NaCl imme-
diately before using.

Methods

Following decapitation and quick bleeding, the
thoracic aorta was immediately dissected, cleaned
of fat and connective tissue and cut into rings,
3–4 mm in length. Care was taken to avoid uninten-
tional abrasion of the intimal surface of the rings to
maintain the integrity of the endothelial layer. The
rings made from the first part of aorta arc were
mounted on wire hooks in a waterjacketed organ
bath filled with 30 ml of Krebs solution, which was
equilibrated with a gas mixture containing 95% O�

and 5% CO�. The Krebs solution consisted of (in
mM): NaCl 118.0, KCl 4.7, CaCl� 2.52, MgSO!

1.64, NaHCO" 24.88, KH�PO! 1.18 and glucose
5.55. The temperature of the solution was 37°C, pH
7.4.

Recording of mechanical actions

For measurement of isometric tension, a force-
-displacement transducer (FT-30, Hugo Sachks,
Germany) was connected to a polygraph (Line Re-
corder TZ 4200, Laboratorni Pristroje, Praha). Be-
fore the start of the experiments, arterial segments
were stretched gradually to a submaximal resting
tension of 1.0 g and equilibrated for a period of
90 min. During the equilibration period, the bath-
ing solution in the organ baths was replaced with
fresh Krebs solution every 15 min. The resting ten-
sion was adjusted when necessary to maintain 1.0 g
throughout the experiment.

Relaxation experiments

In this study, arterial segments were contracted
by 40 mM KCl. Values of initial contraction were
286 ± 13.4 mgf (milligram force) and 184 ± 15.7
mgf in intact and diabetic group, respectively.
Secretin was used at three doses: 10#�$, 10#% and
10#& M. They were eqimolar to those used in pre-
vious works [18–20] in vitro on isolated heart func-
tion and in vivo on systemic blood pressure.

Statistics

The results shown in the text (Fig. 1 and Tab. 1)
are presented as the means ± SEM; n = 8 (n – num-
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ber of measurements). Statistical comparison of
contractile and relaxing responses between differ-
ent treatments was made using the analysis of vari-
ance modified by Bonferroni and Student’s t-test
for paired data. The contraction caused by 40 mM
solution of KCl and the relaxing effect of secretin
were expressed in mgf (see Fig. 1). Differences
with probability of � 5% were considered to be sta-
tistically significant [25].

RESULTS

The initial contraction of aorta rings prepared
from diabetic animals was 30% less than contrac-
tion of intact aorta.

In intact rats, secretin administrated at higher
doses of 10#% and 10#& M caused significant relaxa-
tion of aorta rings (p < 0.05 and p < 0.001) (Fig. 1).

In diabetes all three doses of the peptide signi-
ficantly relaxed aorta of KCl-precontracted rings.
The relaxant response to secretin was particularly
observed when the peptide was given at the two

higher doses of 10#% and 10#& M (p < 0.001 vs con-
trol group).

The secretin-induced relaxation of diabetic aorta
(all three doses of the peptide) was significant vs
response to the same doses of the peptide in intact
rats, p < 0.01 (Fig. 1).

DISCUSSION

Our results confirm prior reports about the re-
laxing effect of secretin on vessel smooth muscle.
In view of this findings, the role of secretin, a well-
-known gastrointestinal hormone, in digestion pro-
cess is due not only to its influence on local bicar-
bonates, enzymes and hormone secretion but also
to its effect on cardiovascular system. It is known
that secretin causes an increase in blood flow in
many vascular beds of the gastrointestinal tract [1]
and also increases the cardiac output due to influ-
ences on cardiac contraction amplitude and its
vasodilating effect [6, 15–18].

In the present experiment, the administration of
the peptide at two higher doses (10#%, 10#& M)
caused relaxation of aorta rings precontracted by
KCl. These data are in agreement with prior reports
that secretin is a potent vasodilator of various vas-
cular beds in cats [1, 17] and dogs, where it was
compared to prostaglandin E� effects [13]. Waldum
et al. [24] reported that diuretic effect of secretin
caused by an increase in renal plasma flow was
most likely due to a direct vasodilatation of the re-
nal vessels. Our results have shown that secretin
can relax not only peripheral vascular beds but also
the biggest artery in the organism.

Secretin exerts its activity through binding to
the receptors defined as having a high affinity for
secretin and relatively low affinity for vasoactive
intestinal peptide (VIP) [6, 22]. It evokes its effects
on target organs through activation of adenylate
cyclase with subsequent generation of adenosine
3’5’-cyclic monophosphate (cAMP) and activation
of cAMP-dependent protein kinase A (PKA) [12,
14]. High concentrations of secretin may also stimu-
late generation of inositol 1,4,5-triphosphate (IP")
with subsequent intracellular calcium release and
activation of protein kinase C (PKC) isoforms [21].

Diabetes mellitus produces numerous morpho-
logical and functional abnormalities in the micro-
circulation of many vascular beds [7, 10, 11, 21].
Number of studies have suggested that both the
contraction and relaxant response of vessels to
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Fig. 1. The influence of secretin on relaxation of contracted
aorta rings in intact and diabetic (DM) rats. * p < 0.05; *** p <
0.001 vs control intact or DM group exposed to 40 mM KCl;
�� p < 0.01 vs intact group

Table 1. The values of relaxation of contracted aorta rings in in-
tact and diabetic rats expressed in %

% of relaxation of contracted aorta rings

Secretin dose Intact rats Diabetic rats

10��� M 90.0 ± 3.5 140.0 ± 10.0

10�� M 73.0 ± 4.6 47.0 ± 4.3

10�� M 42.0 ± 4.0 14.0 ± 1.7



many vasoactive agents is changed in diabetes. The
reduced maximal contraction response to KCl ob-
served in this work in diabetic group confirmed
prior reports [9] that vascular response to vasocon-
strictors is changed in diabetes. These changes re-
mained evident even after removal of the endothe-
lium [2, 9].

In diabetes, relaxing effect of secretin was big-
ger than in intact rats, and it was observed at all
three doses of the peptide. The cause of such action
of secretin is probably an abnormal initial state of
vessel wall in diabetes with impairment of endothe-
lium action (vasodilating, scavenging of free radi-
cals overproduced in this pathological state and its
antiadhesive role) [2, 7]. There are also quantitative
and qualitative differences in the function of many
receptors in the cardiovascular system, their second
messenger pathways and final effects in diabetic
state [9, 23]. Understanding the mechanisms of the
changed responsiveness of the vessels to vasoac-
tive agents may lead to the development of secon-
dary preventive strategies to reduce morbidity in
diabetes mellitus for cardiovascular and gastroin-
testinal causes.
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