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Abstract

An autoradiographic study was conducted to determine whether kinin receptors are altered in the rat spinal cord in two experimental
models of chronic hyperglycemia and insulin resistance. Sprague-Dawley rats were givanrdl0€6se in their drinking water alone or
with insulin (9 mU/kg/min with osmotic pumps) for 4 weeks. Both groups and control rats were treated either with a normal chow diet
or with an alpha-lipoic acid-supplemented diet as antioxidant therapy. After 4 weeks of treatment, glycemia, insulinemia, blood pressure,
insulin resistance index, the production of superoxide anion in the aorta and the densitseoéptor binding sites in the dorsal horn were
significantly increased in the two models. These effects were prevented or attenuated by alpha-lipoic acid. In corégitd binding
sites of most spinal cord laminae were increased in the glucose group only and were not affected by alpha-lipoic acid. Results show that
chronic hyperglycemia associated with insulin resistance increaseadB, receptor binding sites in the rat spinal cord through distinct
mechanisms, including the oxidative stress for thedgeptor.
© 2005 Elsevier Inc. All rights reserved.
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1. Introduction interleukin-1B and the tumour necrosis factor alpiid,21]
The induction of B receptors involves the transcriptional nu-
Compelling evidence suggests a role for kinins as media- clear factorkB (NF-«B) and the mitogen-activated protein
tors of central neuronal pathways associated with the trans-kinase (MAP-kinase)23,28,33] Since NFkB is activated
mission of nociceptive information and autonomic control of by hyperglycemia and the oxidative str¢$8,38], B1 recep-
arterial blood pressur8,9]. These peptides signal through tor is thought to be involved in the development of diabetic
the activation of two transmembrane G-protein-coupled re- complications. Rodents treated with streptozotocin (STZ), an
ceptors denoted asBind B [31]. The widely distributed B acute model of type 1 diabetes, exhibited an up-regulation of
receptor is constitutive and mediates the majority of the bio- B receptorsin severaltissues where they mediate several bio-
logical effects of kining8,9], while the B, receptor is either  logical functions, including paw edema and increased vascu-
absent or underexpressed in healthy animals. The latter redar permeabilityf3,34], mononuclear and polymorphonuclear
ceptoris induced and up-regulated following tissue injury, by leukocyte migratiofi36], vasodilation of retinal microvessels
bacterial endotoxins or in the presence of cytokines such as[1], inhibition of hyperglycemia-induced MAP-kinase acti-
vation in renal glomerul[20], spinal autonomic control of
- cardiovascular functiofb], and thermal hyperalgedig,15].
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_‘?;S,TTZE ig% 022?{2)':_‘ ffslifgﬁg 2'\1‘1"?* Que., Canada H3T 1J4. B, receptors in the thoracic spinal cord of streptozotocin-
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possibility that chronic hyperglycemia can also up-regulate cells by centrifugation and kept frozen-a20°C for the later

B1 receptors remain unknown. It is also uncertain whether measurement of glucose and insulin. Plasma glucose concen-

the oxidative stress that occurs during chronic hyperglycemia trations were measured with a glucometer (Elite, Bayer Inc.,

may affect the expression ofiBand/or B receptors. Thus,  Toronto, Canada) and plasma insulin levels were determined

the aim of the present study was to examine whethearil by radioimmunoassay (Rat insulin RIA kit, Linco Research,

B receptor binding sites are increased in the rat spinal cord St. Charles, MO) using 108l of plasma. The Homeostasis

in two experimental models of diabetes with insulin resis- Model Assessment (HOMA) was used as an index of insulin

tance. Because alpha-lipoic acid prevented the developmentesistance and calculated with the following formula: [insulin

of arterial hypertension, the oxidative stress and attenuated(p.U/ml) x glucose (mM)/22.5]29].

the insulin resistance in rats fed with glucose for 3—4 weeks

[12,13] the second objective was to evaluate the effect of a 2.3. Superoxide anion measurement

diet supplemented with this antioxidant on the densities of

B1 and B receptor binding sites in the rat spinal cord. Ef- Superoxide anion production was measured in isolated

fects of the various treatments were also assessed on systemiaortic rings using the lucigenin-enhanced chemilumines-

blood pressure, plasma levels of glucose and insulin, insulin cence method as described previougg]. Briefly, 5mm

resistance and the basal production of superoxide anion inaortic rings were pre-incubated in Krebs-Hepes buffer (sat-

the aorta. urated with 95% @ and 5% CQ, at room temperature
during 30 min) and then transferred to a glass scintillation
vial containing Gumol/L lucigenin for the determination of

2. Materials and methods basal Q-levels. The chemiluminescence was recorded ev-
ery minute for 15 min at room temperature by a liquid scin-
2.1. Animals and protocols tillation counter (Wallac 1409, Tuku, Finland). Background

counts were determined from vessel-free incubation media

Male Sprague-Dawley rats weighing 230-260 g were pur- and substracted from the readings obtained with vessels. Lu-
chased from Charles River, St-Constant, Que., Canada. Theycigenin counts were expressed as cpm/mg of dry weight of
were housed under a 12 h light-dark cycle in aroom with con- tissue.
trolled temperature (23C) and humidity (50%) with food
and tap water available ad libitum. Two models of insulin 2.4. Peptide iodination
resistance were used as described eddi2r14}

First model, rats received 10%glucose in their drink- lodination of HPP-desArR§-Hoe 140 and HPP-Hoe 140
ing water for 4 weeks. Second model, rats received 10% was performed according to the chloramine T metfiog.
p-glucose in their drinking water for 4 weeks along with Briefly, 5u.g of peptide were incubated in 0.05 M phosphate
an infusion of pork insulin (9 mU/kg/min, Sigma) using an buffer for 30s in the presence of 0.5mCi (18.5MBq) of
Alzet 2002 osmotic pumps (Alza Corporation, Palo Alto) 12%Na and 220 nmol of chloramine T in a total volume of
during the last 2 weeks. Both groups and control rats were 85ul. The monoiodinated peptide was then immediately pu-
treated with a normal chow diet (Charles River Rodent) or rified by high pressure liquid chromatography on a C4 Vydac
with a diet containing alpha-lipoic acid (1000 mg/kg feed) column (0.4 mmx 250 mm) (The Separations Group, Hes-
(Ren’s Feed Supplies Limited). Systolic blood pressure was peria, CA) with 0.1% trifluoroacetic acid and acetonitrile as
measured by tail-cuff photoplethysmography (Harvard Ap- mobile phases. The specific activity of the iodinated peptides
paratus Ltd.) and calculated as the average of five determi-corresponds to 2000 cpm/fmol or 1212 Ci/mmol.
nations at the end of the treatment. Overnight fasted rats
were sacrificed by decapitation under anesthesia with CO 2.5. Tissue preparation for autoradiography
inhalation. The blood, the thoracic aorta and spinal cord
were removed for the measurements of glucose and insulin,  After decapitation, spinal cord segments (T8-T11) were
superoxide anion and kinin receptor binding, respectively. removed and immediately frozen in 2-methyl butane cooled
The care of animals and research protocols were in com-at —45 to —55°C with liquid nitrogen, and then stored at
pliance with the guiding principles for animal experimen- —80°C until use. Matched spinal cord segments (T9-T10)
tation as enunciated by the Canadian Council on Animal of the same group of rata € 4) were mounted together (four
Care and approved by the Animal Care Committee of our spinal cords per gelatine block) and serially cut intqu20

University. thick coronal sections on a cryostatl1 to—13°C). A total
of six slices per slide were alternatively thaw-mounted on
2.2. Laboratory analysis 0.2% gelatine/0.033% chromium potassium sulfate coated

slides. Three slides were taken for the total binding and two

Blood was rapidly collected from sectioned carotids slides (adjacent sections) for the non-specific binding. A to-

and immediately transferred into a chilled tube containing tal of 10 slides (240 sections) were obtained for each group
0.63 mg/ml heparin. The plasma was separated from bloodstudied and kept at80°C until use.
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