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Abstract

Abstract:

Previous studies noticed the ability of opioid to desensitize groups Il and IV
muscle afferents and can be used to attenuate the exercise pressor reflex (EPR) in
pathophysiological conditions as femoral artery occlusion for 72 hr in rats
(Tsuchimochi et al. 2010a, b) which is a model similar to the blood flow condition

in patient muscles’ with peripheral arterial disease (Yang et al. 2000).

The purpose of this study is to examine the effect of arterial occlusion on the
signaling pathway of the Opioid-mediated modulation of Ca®* channel in rat dorsal
root ganglion (DRG) neurons innervating the triceps surae muscles. Our study was
on DRG neurons transfected with cDNA coding for EGFP whose expression is
driven by the Nayl1.8 promoter region, a Na channel primarily expressed in
nociceptive neurons. Determining the involved channels, receptor subtypes and
intracellular signaling pathway, may help in the identification of drugs to
selectively suppress the enhanced exercise pressor reflex that exacerbates certain

human diseases (e.g. heart failure and peripheral arterial disease).

Our results showed significant leftward shift of DAMGO, MOR agonist,
concentration-response relationship in rats DRG neurons with femoral artery
occlusion for 72 hr compared to those with freely perfused hindlimbs, suggesting

that DAMGO has higher potency on the identified rat DRG sensory neurons after
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Abstract

femoral artery occlusion for 72 hr. Thus patients with peripheral arterial disease
might need small opiate doses to attenuate the exercise-induced sympathetic

response protecting the patients from its hazardous cardiovascular effects.

The Western blot of DRG tissue showed that Gays significantly expressed
followed by Gaj,, while Gaj; and Ga, was not detected in DRG tissue. Our
experiments using siRNA approach followed by whole-cell patch clamping suggest
that Gays is an essential signaling element in the pathways that couple Ca*
channels with MOR in EGFP-expressing DRG sensory neurons. Western blotting
analysis showed that this enhanced sensitivity to DAMGO did not result from
either increased Gaiz or MOR expression. Femoral artery occlusion in rats did not

affect either Ca®* channel density or fraction of main Ca** channel subtypes.

In group Il and 1V muscle afferents, which are an important component of
the exercise pressor reflex, N-Type channels (Cay2.2) is dominated by generating
~50% of the total Ca®* current and could be an important target for treating the
excessive undesired cardiovascular response of exercise pressor reflex in patients

with peripheral arterial disease.

Key Words: Exercise Pressor Reflex, Mu Opioid Receptors, Dorsal Root

Ganglia, Ca** Channel Current, whole-cell patch clamp.



Aim of the work

Aim of the work

The aim of the work is to determine the role of peripheral u-opioid receptor
to inhibit the excitability of rat DRG sensory neurons expressing EGFP (whose
expression was driven by the Na,1.8 promoter region), following rat femoral artery
occlusion for 72 hr which is a model likely similar to the blood flow condition in
patient with chronic peripheral vascular disease. Then we aimed to determine the
specific PTX-sensitive Ga subunit that mediates the functional coupling of MOR
and Ca?* channels and also Ca?* channels expressed in this identified DRG neurons
which may help in better understanding of their role in mediating the EPR. This
study may provide initial step for the development of novel drugs that selectively
suppress the exaggerated exercise induced sympathetic reflex that exacerbates
certain human diseases (e.g. peripheral arterial disease and chronic muscle
ischemia) and to relive the exercise induced claudicating pain in peripheral

vascular disease patients.
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Chapter 1: Exercise Pressor Reflex

Chapter 1: Exercise Pressor Reflex

Exercise leads to reflex increase in cardiovascular and respiratory functions.
The cardiovascular response to dynamic exercise is characterized by large
increases in heart rate (HR), stroke volume (SV) and cardiac output (CO)
(Gallagher et al. 1999). This reflex cardiovascular response after skeletal muscles

contraction could be explained by exercise pressor reflex.

The group I (Aa) and II (AP) muscle afferents are involved in sensory
pathway required to guide motor activity (Houk, 1974), while Group III (Ad) and
IV (C) afferents are involved in transmitting the signals of muscle pain and are also
involved in mediating exercise pressor reflex response (Coote et al. 1971,

Kaufman et al. 1983; Kaufman and Hayes, 2002).

Activation of the exercise pressor reflex leads to transmission of the sensory
impulse from skeletal muscle to the spinal cord by group Il and IV afferents and
subsequently to the cardiovascular centers in the brain stem, with consequent
cardiovascular adjustments to exercise predominately via increase in the
sympathetic nerve activity to the cardiovascular system and a withdrawal of
parasympathetic nerve activity. These actions result in the precise alterations in
cardiovascular hemodynamic requirements to meet the metabolic needs of the
contracting skeletal muscle. Coordinated activity by this pressor reflex is altered in
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