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The effect of long-term streptozotocin-induced diabetes on

contractile and relaxation responses of coronary arteries: selective

attenuation of CGRP-induced relaxations
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1 This study investigates the effect of partially metabolic controlled long-term (34 weeks)
streptozotocin (STZ)-induced diabetes on relaxation and contractile responses of isolated coronary
arteries to seven different vasoactive agents.

2 The average fasting and non-fasting blood glucose concentrations (mM) were significantly
elevated in STZ-induced diabetic rats (P<0.0001; 10.4+0.4 and 16.6+1.1, n=15) compared to
those (4.3+0.03 and 4.74+0.18, n=11) in age-matched controls. The level of glycated haemoglobin
(HbA,) was also significantly (P<0.0001) increased in STZ-induced diabetic rats. In STZ-induced
diabetic rats, the HbA, levels were significantly correlated with the non-fasting blood glucose
concentrations (r=0.76; P=0.003; n=13). In both groups, there was no significant correlation
between the HbA, levels and maximal responses or sensitivities to the vasoactive agents.

3 The maximal relaxation induced by rat-acalcitonin gene-related peptide (rat-«CGRP) was
significantly attenuated in the coronary arteries of STZ-induced diabetic rats (P<0.05; 40+7%,
n=15) compared to that in age-matched controls (63+3%, n=11). However, there was no
significant difference in the sensitivity to rat-«CGRP between the two groups.

4 There was no significant difference in either maximal response or sensitivity to any of the six
other vasoactive agents between STZ- induced diabetic rats (n=15) and age-matched controls
(n=11).

5 Our results show that partially metabolic controlled long-term (34 weeks) STZ-induced diabetes
causes a selective depression of rat-«CGRP-induced relaxation in the intramural coronary arteries of
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Wistar rats.
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passive transmural pressure of 100 mmHg; PGF,,, prostaglandin F,,; PSS, physiological salt solution; Rat-
aCGRP, rat-acalcitonin gene-related peptide; STZ, streptozotocin; AT,,.., maximal contractile response of vessel

Introduction

Vascular dysfunction, e.g. alterations in the reactivity of blood
vessels to neurotransmitters and hormones, are a well-
established complication of diabetes mellitus. It is suggested
that failure in the adaptive coronary flow response to cardiac
hyperactivity in diabetic subjects may, in part, be responsible
for the higher incidence of ischemic heart disease in the
diabetic population (Durante et al., 1989). A number of studies
using streptozotocin(STZ)-induced diabetic animals have
shown that the severity and duration of diabetes and insulin
treatment are important factors affecting both endothelium-
dependent and -independent vascular responses to various
vasoactive agents (Orie & Aloamaka, 1993; Taylor er al.,
1994a; Savage et al., 1995; Pieper, 1997; Rodriguez-Maiias et
al., 1998; Van-Buren et al., 1998; Kobayashi & Kamata, 1999).

Diabetes is normally induced at a relative young age in rats
by giving 3565 mg kg=' STZ, and the effect of long-term
STZ-induced diabetes generally covers an observation period
of 8—20 weeks, with the exception of three studies (MacLeod
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& McNeill, 1985; Chang & Stevens, 1992; Van-Buren et al.,
1998) with observation periods of 40 or 52 weeks. In these
studies the rats were treated with a relative low (40 mg kg~ ")
or moderate dose (50 or 55 mg kg~") of STZ.

The purpose of the present study is to investigate the effect
of long-term diabetes (34 weeks), induced at an early age (10
weeks of age), on relaxation and contractile responses of rat
intramural coronary arteries by treating female Wistar rats
with 65 mg kg~! STZ. Because of the severity and the long
observation period we were forced to partially control the
STZ-induced diabetes with slow releasing insulin implants due
to animal welfare regulations in Denmark.

Methods

Experimental animals

Diabetes was induced in 10 week-old female Wistar rats (197 —
211 g) by injection of STZ (65 mg kg™, Sigma-Aldrich,
U.S.A.), dissolved in 0.1 M trisodium citrate buffer (pH =4.5),
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in the tail vein. Onset of diabetes was confirmed by the
presence of glycosuria 48 h after injection. In order to check
the diabetic state of the rats, the glucose concentrations in tail
blood samples were measured with a glucometer (Reflolux®,
Boehringer Mannheim, Mannheim, Germany). A group of
age- and sex-matched control rats were injected with the
vehicle and kept under identical housing conditions with free
access to water and food ad [libitum. After induction of
diabetes, both groups of rats were kept under observation for
34 weeks before the experimentation. During this period body
weight, blood glucose (fasting or non-fasting) and severity of
diabetic-related symptoms were monitored once a week. The
rats were deprived of food 10 h prior to fasting blood glucose
measurements.

Insulin treatment

In order to reduce the rate of death among diabetic rats during
the observation period, these animals were treated with insulin
implants (Linplant®, LinShin Canada, Inc.). The insulin
treatment was given approximately three times during the
observation period, when blood glucose values exceeded
20 mM in 2 consecutive weeks. The implants were sterilized
in 2% povidone-iodine solution and inserted by a 12 gauge
hypodermic needle under the dorsal skin of the neck. This
procedure was carried out under a short acting local
anaesthetic (4 mg s.c. Xylocaine 20 mg ml~!, Astra Sédertilje,
Sweden). Every implant contained palmitic acid as excipient
and gradually released the insulin by erosion, at a dose of
approximately 1 unit per day.

Measurement of glycated haemoglobin (HbA;)

The haemoglobin variants in heparinized full blood samples
were separated on a cation-exchange resin column, and the
percentage of glycated haemoglobin (HbA,) was determined
by a spectrophotometric assay (Glycated Hemoglobin Kit,
Sigma Diagnostics, U.S.A.).

Measurement of force-development in coronary arteries

The animals were anaesthetized with ether and killed by
exsanguination. Then, the heart was removed and kept in ice-
cold (4°C) oxygenated physiological salt solution (PSS).
Afterwards, distal intramural segments (1 -2 mm long) of the
left anterior descending coronary artery were dissected from
the hearts of STZ-induced diabetic female Wistar rats and age-
matched controls, as previously described (Nyborg &
Mikkelsen, 1985). The arteries were mounted as rings on two
40 pum stainless steel wires connected to a force transducer and
a micrometer, respectively, in the organ bath of a small vessel
myograph (J/P Trading I/S, Aarhus, Denmark), which allowed
direct determination of the isometric wall tension while the
internal circumference of the vessels was controlled (Mulvany
& Nyborg, 1980).

Assessment of coronary vascular function

After mounting, the arteries were equilibrated at 37°C for
30 min in oxygenated (95% O, and 5% CO,) PSS with the
following composition (in mM). NaCl 119, NaHCO; 25, KCl
4.7, KH,PO, 1.18, MgSO,7H,0 1.17, CaCl,2H,0 1.5, ethylene
diamine tetraacetic acid (EDTA) 0.027 and glucose 5.5 with
pH adjusted to 7.4. The vessels were then stretched to their
optimal lumen diameter 1,=0.9 X 1,40, Where 1,4 is an estimate
of the diameter the vessel would have under a passive

transmural pressure of 100 mmHg (13.3 kPa (N m™?), in
order to obtain optimal condition for active tension
development (Nyborg et al., 1987). Each experiment was
initiated by contracting the vessels repeatedly with KPSS
(similar composition to PSS except that NaCl was exchanged
with KCI on an equimolar basis) until reproducible wall
tensions were recorded. At the end of each experiment, the
maximal contractile response of the vessels (AT,..) was
determined by measuring the differences in vessel wall tension
(newton per meter of vessel wall, N m~"), when the vessels
were maximally contracted with KPSS to which 10 um
serotonin and 10 uM prostaglandin F,, (PGF,,) were added,
and when maximally relaxed in calcium-free PSS to which
10~* M papaverine was added (Nyborg, 1991). Calcium-free
PSS was similar in composition to PSS except that the CaCl,
was replaced with 0.01 mM ethylene glycol-bis(f-aminoethyl
ether)-N,N,N’,N'-tetraacetic acid (EGTA). The intrinsic tone
(spontaneous myogenic tone), determined as the difference in
wall tension of the vessels when kept in PSS and calcium-free
PSS, was similar in both groups of rats throughout the
experiment. Vessels were accepted only if the maximal active
pressure (calculated according to the Laplace relation:
AP =2 x AT ./11) exceeded 13.3 kPa.

Experimental protocol

In these series of experiments, the effect of partially metabolic
controlled long-term (34 week) STZ-induced diabetes on
coronary arteries was investigated by constructing consecutive
cumulative concentration-response curves in half log molar
increments. We used seven different vasoactive agents on each
arterial segment in the following order: rat-acalcitonin gene-
related peptide (rat-«CGRP) (10 pMm—100 nMm), acetylcholine
(0.1 nM—100 M), serotonin (0.1 nM—100 uM), noradrenaline
(1 nM—100 um), isoprenaline (I nM—10 uM), phenylephrine
(1 nM—100 uM) and sodium nitroprusside (10 pM—100 um).
Relaxation curves were constructed in coronary arteries
precontracted with 10 uM PGF,,. The coronary arteries were
activated once for 3 min with KPSS (125 mm K*), with a
15 min washout period between each concentration-response
curve.

Drugs

Drugs used were rat-aCGRP, 5-hydroxytryptamine HCI,
noradrenaline HCI, acetylcholine chloride, sodium nitroprus-
side, isoprenaline HCI, phenylephrine HCI (Sigma-Aldrich, St
Louis, MO, U.S.A.), prostaglandin F,, (Dinoprost®, UpJohn,
Belgium) and papaverine 30 mg ml~' (Nycomed DAK A/S,
Denmark). All compounds (except papaverine) were dissolved
in distilled water. Stock solutions (100, 10 or 0.1 mM) were
stored at —20°C and dilutions were made just before
experimentation.

Data analysis and statistics

Relaxations are expressed as a percentage of the PGF,,-
induced tensions (precontraction tension) and contractions are
expressed as a percentage of AT,... Sensitivity to agonists is
expressed as pD,-value, where pD,= —log(ECs, [M]), and
ECs, [M] is the molar concentration of agonist required to
produce half-maximum relaxation or contraction. All con-
centration-response curves were analysed by iterative non-
linear regression analysis using GraphPAD Prism programme
(GraphPAD Corp, SanDiego, CA, U.S.A.). Each regression
line was fitted to a sigmoid equation: R/Ry.x=A[M]"/
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(AM]"+ ECs[M]"), where R,,.x is the maximum response
developed to the agonist, A[M] is the concentration of agonist
and n is a curve-fitting parameter, the Hill coefficient (Kenakin
1986). Results are given as mean+s.e.mean (n=number of
rats). Differences between mean values were analysed using
either a two-tailed Student’s ¢-test (parametric) or non-
parametric test for paired or unpaired observations where
appropriate. The level of significance was for all tests set to P-
values less than 0.05.

Results

Animals injected with STZ gained significantly less weight
compared to age-matched controls (mean weight: diabetic
233.79+4.16 g, n=15 vs control 273.16+4.16 g, n=11,
P<0.0001). However, we found no significant correlation
between the body weight and maximal responses or sensitiv-
ities to the vasoactive agents in either group of rats. The
average blood glucose concentrations (fasting and non-fasting)
were significantly elevated in STZ-induced diabetic rats
(P<0.0001; 10.44+0.4 and 16.6+ 1.1 mM, n=15) compared to
those (4.3+0.03 and 4.7+0.18 mM, n=11) in age-matched
controls. There were no significant correlations between the
blood glucose concentrations and maximal responses or
sensitivities to the vasoactive agents in either group of rats.

Effect of the level of HbA, on coronary vascular
response

The average estimated HbA, level in blood samples was also
significantly increased in STZ-induced diabetic rats
(P<0.0001; 3.940.2%, n=13) compared to that (2.54+0.1%,
n=11) in age-matched controls. In both controls and STZ-
induced diabetic rats, there were no significant correlations
between the HbA, levels and maximal responses or sensitivities
to the vasoactive agents. However, we found a significant
correlation (r=0.76; P=0.003; n=13) between the HbA,
values and blood glucose concentrations (non-fasting) only in
STZ-induced diabetic rats (Figure 1).
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Figure 1 Relationship between the levels of HbA, and blood glucose
concentrations (non-fasting) in STZ-induced diabetic Wistar rats
(n=13) and age-matched controls (n=11).

Effect of 34-week STZ-induced diabetes on relaxation
responses of coronary arteries

Throughout the experiment, there were no significant
differences either in the levels of precontraction tone (per cent
of AT,y induced by PGF,, or in the AT,,,-values (N m~")
between STZ-induced diabetic rats and age-matched controls
(Figure 2). The AT,,..-values being 4.474+0.27 Nm~"' (n=15)
vs 3.8740.34 Nm~' (n=11), in STZ-induced diabetic rats and
age-matched controls, respectively. Mean lumen diameters (1)
of the coronary arteries were 219+9 um (m=15) vs
218+ 10 um (n=11), in STZ-induced diabetic rats and age-
matched controls, respectively.
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Figure 2 The level of precontraction tone induced by 10 um PGF,,
in concentration-response curves for rat-«CGRP, acetylcholine,
isoprenaline and sodium nitroprusside during the experiment with
coronary arteries from STZ-induced diabetic Wistar rats (n=15) and
age-matched controls (n=11). Values are given as mean+s.e.mean.
The level of PGF,,-induced precontraction tone is given as
percentage fraction of AT ..
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Figure 3 Rat-aCGRP concentration-response curves (10 pM—
100 nMm) after precontraction with 10 umM PGF,, in coronary arteries
from STZ-induced diabetic Wistar rats (n=15) and age-matched
controls (n=11). Points represent mean values and vertical bars
indicate +s.e.mean where this value exceeds the size of symbol.
Relative responses are given as percentage fraction of the initial
vessel response to PGF,, (10 um) just before they were challenged
with rat-«CGRP. *Significantly different from control with P<0.05.
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Table 1 Effects of long-term STZ-induced diabetes on pD,-
values for the used vasoactive agents 100
=3
pDo-values pDs-values P w
Diabetic (n=15) Control (n=11) @ 75 |
o
Rat-aCGRP 8.714+0.10 8.7940.10 NS N
Acetylcholine 7.2140.08 7.2540.09 NS °
Isoprenaline 7.1740.06 7.31+0.10 NS ‘é’ 50
Nitroprusside 7.2140.12 7.5340.08 NS 2
Serotonin 6.92+0.09 7.01+0.08 NS e
Noradrenaline 5.8140.08 6.014+0.06 NS ."2" 25
Phenylephrine 5.4540.10 5.694+0.11 NS © @ Control (n=11)
& O Diabetic (n = 15)
The values are given as mean+s.e.mean, » is the number of 0 -

rats used. P<0.05=not significant (NS)
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Figure 4 Acetycholine concentration-response curves (0.1 nM—
100 um) after precontraction with 10 um PGF,, in coronary arteries
from STZ-induced diabetic Wistar rats (n=15) and age-matched
controls (n=11). Points represent mean values and vertical bars
indicate +s.e.mean where this value exceeds the size of symbol.
Relative responses are given as percentage fraction of the initial
vessel response to PGF,, (10 um) just before they were challenged
with acetylcholine.

rat-oCGRP-induced relaxations

There was a significant (P<0.05) depression of rat-«CGRP
(10 pM—100 nM) induced maximal relaxation in STZ-induced
diabetic rats compared to age-matched controls (Figure 3).
However, we found no significant difference in sensitivity to
rat-oCGRP between these groups of rats (Table 1).

Acetylcholine-induced relaxations

There was no significant difference either in sensitivity or in
maximal response (per cent of PGF,,) to acetylcholine
(0.1 nM—100 uM) between STZ-induced diabetic rats and
age-matched controls (Figure 4; Table 1).

Isoprenaline-induced relaxations

We found no significant difference either in sensitivity or in
maximal response (per cent of PGF,,) to isoprenaline (1 nM—
10 uM) between STZ-induced diabetic rats and age-matched
controls (Figure 5; Table 1).

Sodium nitroprusside-induced relaxations

There was no significant difference either in sensitivity or in
maximal response (per cent of PGF,,) to sodium nitroprusside
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Figure 5 Isoprenaline concentration-response curves (I nM—10 uMm)
after precontraction with 10 um PGF,, in coronary arteries from
STZ-induced diabetic Wistar rats (n=15) and age-matched controls
(n=11). Points represent mean values and vertical bars indicate +
s.e.mean where this value exceeds the size of symbol. Relative
responses are given as percentage fraction of the initial vessel
response to PGF,, (10 uM) just before they were challenged with
isoprenaline.
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Figure 6 Sodium nitroprusside concentration-response curves
(10 pm—100 um) after precontraction with 10 um PGF,, in coronary
arteries from STZ-induced diabetic Wistar rats (n=15) and age-
matched controls (n=11). Points represent mean values and vertical
bars indicate +s.e.mean where this value exceeds the size of symbol.
Relative responses are given as percentage fraction of the initial
vessel response to PGF,, (10 uM) just before they were challenged
with sodium nitroprusside.

(10 pM—100 uM) between STZ-induced diabetic rats and age-
matched controls (Figure 6; Table 1).

Effect of 34-week STZ-induced diabetes on contractile
responses of coronary arteries

Serotonin-induced contractions There was no significant
difference either in sensitivity or in maximal contraction (per
cent of AT,.,) to serotonin (0.1 nM—100 uM) between STZ-
induced diabetic rats and age-matched controls (Figure 7;
Table 1).

Noradrenaline-induced contractions There was no significant
difference either in sensitivity or in maximal contraction (per

British Journal of Pharmacology, vol 129 (6)
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Figure 7 Concentration-response curves for serotonin (0.1 nm—
100 uMm) in coronary arteries from STZ-induced diabetic Wistar rats
(n=15) and age-matched controls (n=11). Points represent mean
values and vertical bars indicate +s.e.mean where this value exceeds
the size of symbol. Normalized relative responses are given as
percentage fraction of AT.y.
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Figure 8 Concentration-response curves for noradrenaline (1 nmM—
100 um) in coronary arteries from STZ-induced diabetic Wistar rats
(n=15) and age-matched controls (n=11). Points represent mean
values and vertical bars indicate +s.e.mean where this value exceeds
the size of symbol. Normalized relative responses are given as
percentage fraction of ATpx.
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Figure 9 Concentration-response curves for phenylephrine (1 nM—
100 um) in coronary arteries from STZ-induced diabetic Wistar rats
(n=15) and age-matched controls (n=11). Points represent mean
values and vertical bars indicate +s.e.mean where this value exceeds
the size of symbol. Normalized relative responses are given as
percentage fraction of AT ..

cent of AT,,,,) to noradrenaline (I nM—100 uMm) between STZ-
induced diabetic rats and age-matched controls (Figure 8;
Table 1).

Phenylephrine-induced contractions There was no significant
difference either in sensitivity or in maximal contraction (per
cent of AT,,.x) to phenylephrine (I nM—100 uM) between STZ-
induced diabetic rats and age-matched controls (Figure 9;
Table 1).

Discussion

Our study showed that the partially metabolic controlled long-
term (34 weeks) STZ-induced diabetic state, caused a selective
impairment of rat-«CGRP-induced relaxations in rat intra-
mural coronary arteries. However, the sensitivity of the
coronary arteries to rat-«CGRP was not altered by the
diabetic state.

A recent study investigating the neurogenic cutaneous
vasodilatation in STZ-induced diabetic rats, has shown that
release of calcitonin gene-related peptide (CGRP) is dimin-
ished in diabetes and that treatment with either insulin or nerve
growth factor normalized the microvascular responses to
neurogenic released CGRP (Bennett er al., 1998). Another
study has shown that STZ-induced diabetes causes a selective
damage of CGRP-like immunoreactive enteric nerve fibres in
rats (Belai & Burnstock, 1987). Rittenhouse et al. (1995)
showed a significant reduction of CGRP-encoding mRNA in
sensory neurons in the lumbar 4 -6 dorsal root ganglia of STZ-
induced diabetic rats.

Furthermore, our study showed that the endothelium-
dependent acetylcholine-induced relaxations as well as en-
dothelium-independent relaxations induced by sodium nitro-
prusside were preserved in the coronary arteries of STZ-
induced diabetic rats, indicating a normal NO-cGMP path-
way. A number of studies have also shown that the vascular
responses to sodium nitroprusside are neither affected by
severity of STZ-induced diabetic state (Durante et al., 1989;
Kamata et al., 1989; Taylor et al., 1992; 1995; Endo et al.,
1995; Kamata & Kondoh, 1996) nor by the duration of
diabetes (Furman & Sneddon, 1993; Van-Buren et al., 1998).
Our results concerning endothelium-dependent acetylcholine-
induced relaxations are consistent with the studies where
isolated aortic rings (Pieper, 1997) or mesenteric resistance
arteries (Taylor et al., 1994a) were obtained from insulin-
treated STZ-induced diabetic rats, which were completely
normalized regarding the blood glucose level.

In the study carried out by Rodriguez-Maiias et al. (1998), it
was shown that vasorelaxant responses to acetylcholine in both
aortic segments and mesenteric microvessels after 8 weeks of
STZ-induced diabetes were only normalized in diabetic rats
with a good metabolic control (HbA,.: 5.5-7.4%; blood
glucose ~16 mM), thus indicating a limit for appearance of
endothelial damage associated with the metabolic sequelae of
diabetes. This is in good agreement with our results from STZ-
induced diabetic rats, which received low-dose insulin
treatment (release rate 1 U day~') during the observation
period, causing a relatively low glucose concentration and
HbA, level (HbA, ~4%; blood glucose ~ 17 mMm).

The general impression is that the endothelial dysfunction is
observed in STZ-induced diabetic animals with a poor
metabolic control having blood glucose concentrations higher
than 20 mM. There are, however, some exceptions regarding
the functional integrity of vascular endothelium in STZ-
induced diabetic rats not treated with insulin.

British Journal of Pharmacology, vol 129 (6)
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Furman & Sneddon (1993) showed that the endothelium-
dependent vasodilator responses to acetylcholine were pre-
served in rat mesenteric arteries after 15—17 weeks of STZ-
induced diabetes. In this study, the diabetic animals had an
average blood glucose level of 39 mM. Another study
comparing isolated perfused mesenteric artery and aorta from
STZ-induced diabetic rats (average blood glucose concentra-
tion ~22 mM), demonstrated that the acetylcholine-induced
relaxations after 2—10 weeks of STZ-induced diabetes were
preserved in aorta but not in mesenteric arteries, leading to the
conclusion that endothelial cell layers in resistance flow-
regulating arteries were more sensitive to the diabetes related
damages compared to conduit arteries (Taylor et al., 1994b).

In our study, a-adrenoceptor (phenylephrine) as well as
p- adrenoceptor (isoprenaline) and the combined «- and f-
adrenoceptor (noradrenaline) mediated responses in rat
coronary arteries were not affected at all by the state of
diabetes. A previous study using isolated arteries from
mesenteric and hindlimb circulation showed no significant
difference in constrictor response to phenylephrine between
STZ-induced diabetic rats (average blood glucose concen-
tration ~36 mM) and controls after 3 weeks of STZ-
induced diabetes (Taylor et al., 1995). Studies investigating
the effect of noradrenaline on vessels from STZ-induced
diabetic rats, have come up with conflicting results. Some
studies have shown an increase in sensitivity to noradrena-
line with no change in maximal response (Taylor er al.,
1992; 1994b; Savage et al., 1995; Van-Buren et al., 1998),
while others have shown unaltered sensitivity to nora-
drenaline with an elevated (Taylor et al., 1994a; Kamata
et al., 1988) or unaltered maximal response (Furman &
Sneddon, 1993; Taylor et al., 1994b; Sjogren & Edvinsson,
1988). Myers & Messina (1996) showed that vasoconstric-
tor responses to noradrenaline in rat cremaster third order
arterioles were depressed after 4 weeks of STZ-induced
diabetes, and to an even greater extent after 8 weeks of
STZ-induced diabetes, indicating that the extent of the
depression in noradrenaline responsiveness in STZ-induced
diabetic rats was dependent on the duration of the
hyperglycaemic state. Another study using isolated aortic
ring segments from STZ-induced diabetic rats has shown
that the maximal contractile responses to noradrenaline
and serotonin were significantly increased after 1 and 4
weeks but not after 12 weeks of diabetes, indicating
duration-dependent changes in vascular responses in the
course of STZ-induced diabetes (Oric & Aloamaka, 1993).
The explanation for these discrepant findings is not
obvious, but variation in the duration and severity of
diabetes, type of vessel used in experiments, experimental
conditions and strain differences, could be contributory to
the conflicting results.

In our experiments, we can not rule out the possibility
that chronic low-dose insulin treatment might be involved
in restoration of coronary artery response to vasoactive
agents in the STZ-induced diabetic rats. Two studies have
clearly demonstrated that insulin might be directly
responsible for some of the changes in vascular reactivity
in the STZ-model of diabetes. Savage et al. (1995)
investigated the contractile responses of mesenteric arteries
to noradrenaline with and without neuropeptide Y using
four groups of rats, namely non-diabetic rats and rats
with 4-week STZ-induced diabetes that were either
untreated or treated with insulin or food restricted to
restore near-normoglycaemia. The authors concluded that
increased reactivity to noradrenaline in untreated diabetic
and diet-restricted vessels was probably due to insulin lack

(hypoinsulinaemia) and not to diabetes per se. A recent
study performed by Kobayashi & Kamata (1999) on rats
with 10-week STZ-induced diabetes, showed that high-dose
insulin treatment (hyperinsulinaemia) enhanced noradrena-
line-induced contractility in rat aortae.

In our study, the response to CGRP is not normalized
under the partial metabolic control, indicating that the
CGRP receptor system could be very sensitive to STZ-
induced diabetes. It is well-known that CGRP can cause
vasodilatation via a number of mechanisms. Previous
studies have shown that STZ-induced diabetes can have
a disrupting effect on some of these mechanisms such as
endothelial function (Kamata et al., 1989; Taylor et al.,
1992; 1994a,b; 1995) activity of smooth muscle ATP-
sensitive potassium channels (Katp) (Bouchard et al., 1997,
Zimmermann et al., 1997) and the levels of intracellular
second messenger systems (Kamata et al., 1989). However,
rat-«CGRP induces endothelium-independent relaxations in
rat coronary resistance arteries (Prieto er al., 1991;
Sheykhzade & Nyborg, 1998), and glibenclamide (a
selective inhibitor of Katp) has no effect on relaxations
induced by rat-«CGRP in these vessels (Prieto et al.,
1991). Our results then indicate that impairment of the
CGRP-induced response is related to the vascular smooth
muscle CGRP receptors and their transduction pathway.

Comparing CGRP concentration-response relations in
STZ-induced diabetic rats and controls, the attenuated
CGRP response in STZ-induced diabetic rats resembles the
response-pattern usually seen after irreversible receptor
antagonism in a system with little or no receptor reserve,
where the maximal response (E,.x) is depressed without a
parallel rightward shift in the log concentration-response
curve.

STZ-induced diabetes could perhaps bring about
glycosylation and/or conformational changes of the CGRP
receptor. Genetic studies have indicated that potential sites
for glycosylation in the CGRP receptor are located
extracellularly in the first transmembrane segment (Njuki
et al., 1993). Alterations in the molecular structure of
CGRP receptors and a following inability (or reduced
ability) of CGRP receptors to transduce the exogenous
CGRP signal may explain the desensitization-pattern we
have observed in our study. This assumption is further
supported by the unchanged response to isoprenaline in
the STZ-induced diabetic rats, indicating that the
intracellular cyclic AMP second messenger system is
unaffected in these rats.

In conclusion, our study clearly demonstrates a selective
attenuation of rat-«CGRP-induced relaxations caused by
long-term (34 weeks) STZ-induced diabetes, under partial
metabolic control, in rat coronary arteries. The exact
mechanism behind the attenuation of CGRP responses by
STZ-induced diabetes remains to be elucidated in the
future.
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