


W 4.5 D4188 2005 
Deo, Shekhar H. 
sustained delta 1-o~ioid 

receptor stimnlat1on down 

UNTHSC • FW 

'lllll.~l 
---~ 



""'''·· 

LEWIS U8RARY 
UNT Health Science Center 
3500~8owieiJ,U 
Ft Worth Texas76107-2699 





Deo, Shekhar H., Sustained o1-opiod receptor stimulation down regulates 0~-opioid receptor 

responses. Master of Science (Integrative Physiology), May 2005, 49 pp., 2 tables, 8 figures, 

references, 25 titles. 

Ultra-low doses of methionine-enkephalin-arginine-phenylalanine (MEAP) 

improve vagal transmission (vagotonic) and decrease the heart rate by the stimulating o.-

opioid receptors (OR) within the sinoatrial (SA) node. Higher doses of MEAP (5 

nmol/min) acting on 02-opioid receptors interrupt vagal transmission (vagolytic) and 

reduce the decline in heart rate. Repeated occlusion of the SA node artery produced a 

vagotonic response during a subsequent prolonged ischemia that was reversed by 

selective 01-opioid receptor antagonist, 7-benzylidenaltrexone (BNTX). 2-Methyl-4aa-(3-

hydroxyphenyl)-1 ,2,3,4,4a,5, 12, 12aa-octahydro-quinolino[2,3,3-g]isoquinoline (TAN-

67); a selective o1-0R agonist has been used experimentally to mimic ischemic 

preconditioning in the heart. The following study was designed to the test the hypothesis 

that sustained o1-opioid receptor stimulation reduces the o2-opioid receptor response. The 

cervical vagi were isolated and ligated and the right vagus was stimulated at frequencies 

chosen to produce a two-step decline in heart rate of about 25 and 50 beats per min 

(bpm). A microdialysis probe was introduced into the SA node such. that the porous 

window was in the nodal interstitium. In study one, the selective 02-0R agonist, 

deltorphin II was introduced (1.67 nmol/min) into the dialysis inflow to evaluate the 02-

OR response before and after the infusion of TAN-67 (1.67 nmollmin). The vagolytic 

effect (% inhibition) of deltorphin after TAN-67 infusion was significantly reduced 

during both low (76% to 22%) and high (80% to 21%) frequency vagal stimulation. In 

study two, BNTX (1.67 nmollmin), a selective o1-0R antagonist was mixed with TAN-67 



(1.67 nmoVmin) in an equimolar ratio and introduced into the dialysate inflow. By 

blocking the effects ofTAN-67, BNTX preserved the deltorphin response suggesting that 

the earlier attrition of the response was mediated by <h -receptor activity. In study three, 

TAN-67 was omitted to perform a time control study. Unexpectedly, some loss of ~2-

response was apparent in the absence of added TAN-67. So study 4 was designed in 

which BNTX (1.67 nmol/min) was infused for the period of time similar to that of saline 

in study 3. Like study 2, BNTX prevented the loss of the deltorphin response, suggesting 

that the attenuated response seen in study 3 was also mediated by ~ 1 -activity. Two 

additional studies were conducted to determine the effects of TAN -67 alone and the 

duration of the experiment without prior exposure to deltorphin. Another time control 

was conducted in which the initial deltorphin evaluation prior to the vehicle treatment 

was omitted. In that study (Study 5) a very robust vagolytic response was observed when 

deltorphin was first tested after 2.5 hours. In study six, TAN-67 was substituted for saline 

and the subsequent ~2-evaluation at 2.5-hour was eroded compared to that in study 5. 

When BNTX was added to deltorphin after erosion of the vagolytic response, the 

vagolytic response was not restored. This observation support the conclusion that 

sustained ~ 1 -stimulation desensitizes or down regulates ~2-mediated responses through a 

heterologous mechanism. Collectively the six studies support the conclusion that the loss 

of ~2-mediated vagolytic response was a result of reduction in the number of ~2-receptors 

mediated by sustained ~ 1-receptor stimulation. 
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Historical Perspective 

CHAPTER I 

INTRODUCTION 

Opium, one of the oldest known medicinal was often used by man for its 

mind altering properties. Written records indicate that inhabitants of the Middle East used 

opium as early as 4000 B.C. The ancient Greeks and Romans were fully aware of the 

euphoric and analgesic effects of opium and therefore administered the drug for a variety 

of maladies and for recreational purposes. Opium was recommended for headaches, 

cough, asthma and melancholy by two well known Greek physicians, Hippocrates and 

Galen. Opium was extracted from poppies and inherited its name "Opius," from the 

Greek (or "little juice") in the first century A.D. In 1805, German chemist Friedrich 

Serturner isolated the active principle in opium and named it morphine, after Morpheus, 

the Greek God of dreams. In the nineteenth century, opioid abuse became a major 

problem in America. With the invention of the hypodermic syringe in 1853, opiate 

alkaloids could be injected directly into the blood stream. Injection causes more rapid 

and more potent effects than oral ingestion, because the digestive system breaks down 

some morphine before it enters the blood. In 1874, German chemists attempted to 

improve morphine by adding two acetyl groups to morphine. The acetyl groups 

increased its lipid stability, making diacetylmorphine twice as potent as morphine. The 

new drug was introduced as a potential cough suppressant. Later this drug, commonly 

called heroine became notorious for its addictive properties and was banned from general 

., 
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use. Today, a variety of opiates are used legally as analgesics, cough suppressants and as 

antidiarrheal agents. 

Endogenous Opioids 

In 1973, Candace Pert and Solomon Snyder discovered that opioids act by 

attaching to specific receptors in the brain. These receptors were called opiate 

receptors. Scientists then hypothesized that the brain must have its own chemical agent 

that was similar in structure to morphine that activated these receptors. The endogenous 

ligands for those receptors were soon identified as a large number of small peptides. 

Endogenous opioid peptides function as neuromodulators in a wide variety of 

biological systems. Opioid peptides, like opioid alkaloids act on cell membrane receptors 

to produce physiological or pathological responses. There are four families of opioid 

peptides enkephalins, endorphins, endomorphins and dynorphins. Of these peptides 

enkephalins are abundant in various tissues but especially in heart and brain. They are 

synthesized as part of a precursor, preproenkephalin which undergoes endoproteolysis to 

release the constituent peptides methionine-enkephalin (ME), leucine-enkephalin (LE), 

methionine-enkephalin-arginine-phenylalanine (MEAP) and methionine-enkephalin

arginine-glycine-leucine (MEAGL). In this regard, Howells et al reported more 

proenkephalin mRNA in the rat heart than in rat brain (5). The concentrations of various 

enkephalins differ among tissues. MEAP is the most abundant opioid peptide in the heart 

and may play an important role in the regulation of the heart rate at the SA node (9, 11, 

13). 

Two of the three different opiate receptors are commonly implicated in cardiac 

fup~tion. Although mu (Jl) receptors have been reported in heart, most opioid effects have 
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been attributed to delta (o) or kappa (K) receptors. Clear opioid mediated effects have 

been observed in the SA node. Although, considerable advances have been made in 

dissecting the molecular and cellular mechanisms of opioid receptor coupling, the 

regulation and distribution of cardiac opioid receptors (OR) is largely unknown. The 

present research focuses on in vivo studies in a dog model and introduces the concept of 

heterologous desensitization among the delta opioid receptors. The o-opioid receptor 

belongs to the family of G-protein coupled receptors (GPCR). A variety of GPCRs are 

important in cardiac functioning and many are known targets for desensitization. Thus, 

desensitization plays an important role in the cardiovascular system ( 4, 1 0). 

MEAP interrupts vagal transmission via opiate receptors located prejunctionally 

on the postganglionic parasympathetic nerve terminals (1 ). These opioid receptors 

presumably suppress the release of acetylcholine in the sinoatrial (SA) node. The nodal 

location for MEAP was determined by a novel application of microdialysis. Miniature 

microdialysis probes were placed in the canine SA node in vivo. Selected agents were 

then delivered directly into the SA node (7, 12). This method also allows one to collect 

dialysate and sample the local interstitial environment. 

MEAP may bind to multiple opioid receptor subtypes. Nodal MEAP inhibits 

vagal transmission locally. When naltrindole (non-selective o-OR antagonist) was 

introduced into the perfusate, it reversed the vagolytic effect of MEAP in the dose

dependent manner. The selective 02-0R agonist, deltorphin II duplicated the vagolytic 

effect of MEAP and this effect was blocked by the 02-antagonist naltriben (8). Thus the 

vagolytic effect of MEAP was mediated by 02-receptors. 
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Previous studies have also demonstrated that opioids ( enkephalins) could modify 

vagal transmission in the SA node in opposite directions (2, 6). Enkephalins primarily 

interact with subtypes of the 8-opioid receptor. As indicated above higher doses of 

MEAP acting on 82-opioid receptors interrupt vagal transmission (vagolytic) and reduce 

negative chronotropy. In contrast, ultra-low doses of methionine-enkephalin-arginine

phenylalanine (MEAP) improve vagal transmission (vagotonic) and reduce heart rate by 

stimulating 81-opioid receptors within the SA node. These 81-opioid receptors are 

proposed to activate the stimulatory protein Gsa, which enhances adenylyl cyclase activity 

and consequently increases the production of 3 ',5' cyclic adenosine monophosphate 

(cAMP). Increased cAMP activates protein kinase A (PKA). PKA then phosphorylates 

calcium (Ca2+) and potassium (Kl ion channels that leads to increased Ca2+ influx and 

decreased K+ efflux at the presynaptic postganglionic parasympathetic nerve terminal. 

The net change in the ion distribution then prolongs the action potential duration with a 

resultant increase in acetylcholine release as illustrated in Figure A. This leads to the 

vagotonic response. In contrast, 82-opioid receptors activate a Guo-coupled response 

which reduces cAMP production. By diminishing the production of this second 

messenger, enkephalins reduce Ca2+ influx and increase K+ efflux with the net effect to 

hyperpolarize the nerve ending. This shortens the action potential duration and decreases 

the acetylcholine release. Reduction in acetylcholine release translates into a vagolytic 

response (Figure A). 
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The figure illustrates a model for how the opposing o-opioid receptor interactions 

might translate into changes in neurotransmitter release . 
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Preliminary work in the laboratory indicated that prior exposure to a Ot-OR 

agonist dramatically reduced the subsequent 52-0R response (3) as suggested in the 

Figure B. In these experiments the vagolytic effect of deltorphin prior to treatment was 

more than 85%. However, after completing dose responses with either of two o1-agonists 

(TAN-67 or DPDPE) the subsequent ~)z-vagolytic response was reduced or nearly 

eliminated. 

Control Stimulation 
Deltorphin (5 x 10-9 moles/min} 
before Pretreatment 

--~[ 
M.C --CCD o-·- as 
~a: 
'3t: 
ECG 
·- Cl) 0::1: _c 
ca·-
CDCD catn >CG 
-CD .c ... 
CDU 
ii.! 

0.0 

-12.5 

-25.0 

+ 

Deltorphin After 
TAN-67 
Pretreatment 

TAN-67: Selective o1-opioid receptor agonist. 

DPDPE: Selective 51-opioid receptor agonist. 

Deltorphin II: Selective Oz-opioid receptor agonist 

Figure B 
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Hypothesis 

These data led us to test the hypothesis that sustained o1-opioid receptor 

stimulation reduces the o2- opioid receptor response. 

Specific Aims 

I. To test whether extended administration ofTAN-67; a selective o1-receptor 

agonist reduces the vagolytic response to deltorphin II, a selective ~h-receptor 

agonist. 

2. To test whether the attrition ofvagolytic response is prevented by blocking the 

opposing o1-mediated vagotonic response with BNTX. 

3. To test whether ~h-receptor blockade with BNTX will restore the lost response. 
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CHAPTER II 

SUSTAINED ~h-OPIOID RECEPTOR STIMULATION DOWN REGULATES ~h

OPIOID RECEPTOR RESPONSES 

ABSTRACT 

Ultra-low doses of methionine-enkephalin-arginine-phenylalanine (MEAP) 

improve vagal transmission (vagotonic) and decrease the heart rate by the stimulating o1-

opioid receptors (OR) within the sinoatrial (SA) node. Higher doses of MEAP (5 

nmollmin) acting on o2-opioid receptors interrupt vagal transmission (vagolytic) and 

reduce the decline in heart rate. Repeated occlusion of the SA node artery produced a 

vagotonic response during a subsequent prolonged ischemia that was reversed by 

selective o1-opioid receptor antagonist, 7-benzylidenaltrexone (BNTX) (11). 2-Methyl-

4aa-(3-hydroxyphenyl)-1 ,2,3,4,4a,5, 12, 12aa-octahydro-quinolino[2,3,3-g]isoquinoline 

(TAN-67); a selective Ot-OR agonist has been used experimentally to mimic ischemic 

preconditioning in the heart. The following study was designed to the test the hypothesis 

that sustained o1-opioid receptor stimulation reduces the o2-opioid receptor response. The 

cervical vagi were isolated and ligated and the right vagus was stimulated at frequencies 

chosen to produce a two-step decline in heart rate of about 25 and 50 beats per min 

(bpm). A microdialysis probe was introduced into the SA node such that the porous 

window was in the nodal interstitium. In study one, the selective o2-0R agonist, 

deltorphin II was introduced (1.67 nmollmin) into the dialysis inflow to evaluate the Oz

OR response before and after the infusion of TAN-67 (1.67 nmol/min). The vagolytic 

dfect (% inhibition) of deltmphin after T AN-67 infusion was significantly reduced 
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during both low (76% to 22%) and high (80% to 21%) frequency vagal stimulation. In 

study two, BNTX (1.67 nmol/min), a selective ~h-OR antagonist was mixed with TAN-67 

(1.67 nmollmin) in an equimolar ratio and introduced into the dialysate inflow. By 

blocking the effects ofTAN-67, BNTX preserved the deltorphin response suggesting that 

the earlier attrition of the response was mediated by o1-receptor activity. In study three, 

TAN-67 was omitted to perform a time control study. Unexpectedly, some loss of o2-

response was apparent in the absence of added TAN-67. So study 4 was designed in 

which BNTX (1.67 nmol/min) was infused for the period of time similar to that of saline 

in study 3. Like study 2, BNTX prevented the loss of the deltorphin response, suggesting 

that the attenuated response seen in study 3 was also mediated by o1-activity. Two 

additional studies were conducted to determine the effects of TAN -67 alone and the 

duration of the experiment without prior exposure to deltorphin. Another time control 

was conducted in which the initial deltorphin evaluation prior to the vehicle treatment 

was omitted. In that study (Study 5) a very robust vagolytic response was observed when 

deltorphin was first tested after 2.5 hours. In study six, TAN-67 was substituted for saline 

and the subsequent o2-evaluation at 2.5-hour was eroded compared to that in study 5. 

When BNTX was added to deltorphin after erosion of the vagolytic response, the 

vagolytic response was not restored. This observation support the conclusion that 

sustained o1-stimulation desensitizes or down regulates 02-mediated responses through a 

heterologous mechanism. Collectively the six studies support the conclusion that the loss 

of o:rmediated vagolytic response was a result of reduction in the number of 02-receptors 

mediated by sustained Ot-receptor stimulation. 
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INTRODUCTION 

The sinoatrial node (SA) contains a small number of pacemaker cells that 

modulate normal cardiac rhythms. These pacemaker cells are highly innervated by both 

arms of the autonomic nervous system though the vagus nerve is the primary mediator of 

rapid changes heart rate. The autonomic ganglion for the vagus nerve is located on the 

surface of the heart near the SA node. The long efferent preganglionic nerve fibers 

synapse in the ganglion with short efferent postganglionic nerve fibers which then 

innervate the nearby node. Instantaneous changes in heart rate are primarily achieved by 

increasing or reducing the vagal nerve traffic. The speed of the change in rate depends on 

the rate of acetylcholine hydrolysis by nodal cholinesterase activity. A healthy vagus 

nerve appears to exert a trophic action on the cardiac rhythm. Patients who regain their 

vagal control of heart rate soon after ischemic injury have a clearly better prognosis for 

survival than those who do not (13). Although, many factors regulate heart rate, recent 

studies indicate that opioids modulate vagal pacemaker interactions in a paracrine fashion 

by activating opioid receptors on vagal nerve terminals (2). 

Endogenous cardiac opioids are potent modulators of cardiovascular function 

with significant physiological and pathological influences. The opioid peptides 

discovered include the dynorphins, enkephalins, ~-endorphins and endomorphins. The 

peptides are synthesized as precursors and the constituent opioid peptide(s) are released 

by selective hydrolysis. Proenkephalin for instance include four copies of methionine-

enkephalin (ME), one copy of methionine-enkephalin-arginine-phenylalanine (MEAP), 

one copy of leucine-enkephalin (LE) and one copy of methionine-enkephalin-arginine-.. 
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glycine-leucine (MEAGL). The proenkephalin mRNA was found more abundant in heart 

than in other tissues (9, 22, 14, 23). Surprisingly MEAP was more concentrated in heart 

than ME despite the high number of copies of ME within the precursor (23). MEAP, ME 

and LE all alter the vagally mediated decline in heart rate when introduced directly in the 

SA node by microdialysis (4, 11, 12). Opioids can improve or impair vagally mediated 

alteration in heart rate by binding to specific opioid receptors. The probable location of 

the opioid receptors in question is on the presynaptic postganglionic vagal nerve terminal 

within the SA node (3). 

Opioid receptors belong to the family of G-protein coupled receptors (GPCR). 

Upon binding, opioids activate various downstream pathways to regulate the 

neurotransmitter release {8, 15, 16). There are three classes of opioid receptors designated 

as mu (J.t), kappa (K) and delta (o) receptors. The native enkephalins bind with high 

affinity to o-receptors and behave as potent o-agonists. Pharmacological studies 

indicated that there are two distinct o-receptor subtypes despite biochemical analysis in 

support of a single protein transcript (1, 12, 17, 21, 24). Farias et al demonstrated that the 

o-opioid receptors modulated vagal transmission bimodally in canine SA node. Lower 

concentrations (1 X 10-15 mol/min) of enkephalin enhanced vagal transmission 

(vagotonic) and higher concentrations (1 X 10-12 mol/min) reduced the vagal transmission 

(vagolytic) (4). The two opposing effects were blocked by subtype specific antagonists 

implicating o-opioid receptor sub-types the opposing responses. 

Crain et al demonstrated both excitatory and inhibitory pathways in cultured 

dorsal root ganglion (DRG) cells and suggested that opiate receptor polarity might shift 

between these modes. They proposed that excitatory mode activates the adenylyl cyclase-
~ 
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cAMP-PKA pathway by coupling through the G-protein, Gsa. The consequent Protein 

kinase A activation then led to the prolongation of the action potential duration in DRG 

cells and a presumed increase in the neurotransmitter release. The inhibitory pathway 

suppresses the adenylyl cyclase-cAMP-PKA pathway by coupling through Gu0-proteins. 

Thus decreased PKA led to a shortening of the action potential duration of the DRG cells 

followed by a subsequent decrease in the neurotransmitter release (3). The present study 

was based on related observations made in the SA node. The working hypothesis 

proposes that ultra low concentrations of enkephalins stimulate the Gsa-coupled ~h-

receptors on vagal nerve terminal and increase acetylcholine release. On the other hand, 

higher concentrations of enkephalin stimulate Gu0-coupled 32-receptors that decrease the 

acetylcholine release (4). 

Recent studies have supported the thesis that opioid induced cardioprotection is 

mediated in part via lh-opioid receptor stimulation (18, 19). ~h-stimulation improved the 

vagal transmission and may contribute to cardioprotection by reducing local myocardial 

oxygen demand and thus ischemic damage following coronary occlusion. The application 

of a preconditioning-like protocol to the SA node artery raised the nodal endogenous 

MEAP recovered by microdialysis (10). In contrast to the vagolytic effects of the 

exogenously administered MEAP, the rise in endogenous MEAP enhanced vagal 

transmission. The appearance of the vagotonic response after preconditioning was 

effectively blocked by the 31-opioid receptor antagonist, BNTX suggesting again that the 

~h-opioid receptor participated in preconditioning (10). 

The existence of a single a-receptor transcript and two functional opposmg 

responses, suggested that inter-conversion between the two subtype populations might be 
.._~ " 
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physiologically important. The subtype inter-conversion during preconditioning might 

shift the balance of responses in favor of a cardioprotective ~h-subtype. Preliminary 

observations indicated a reduction in the intensity of ~h-mediated vagolytic response 

following the exposure of the SA node to extended o1-receptor stimulation. The following 

studies were designed to determine whether extended exposure to the cardioprotective ~h

opioid, TAN-67 will reduce the intensity of o2-mediated vagolytic responses. The data 

will address the thesis that the decrement in the Oz-response is dependent on prior Ot

receptor stimulation. In summary, experimental protocols were conducted to test the 

hypothesis that extended o1-opioid receptor stimulation down regulates Oz-receptor 

responses. 
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METHODS 

All protocols are approved by the Institutional Animal Care and Use Committee 

and are in compliance with the NIH guide for the Care and Use of Laboratory Animals. 

Surgical Preparation 

Twenty four mongrel dogs of either gender weighing 15-25 kg were assigned at 

random to various experimental protocols. The animals were anesthetized with sodium 

pentobarbital (32.5 mglkg), intubated and mechanically ventilated initially at 225 

ml/minlkg with room air. Fluid filled catheters were inserted into the right femoral artery 

and vein and advanced into the descending aorta and inferior vena cava, respectively. The 

arterial line was attached to a Statham PD23XL pressure transducer to monitor heart rate 

and arterial pressure during the remainder of the surgical preparation. The venous line 

was used to administer supplemental anesthetic, as required. The acid-base balance and 

the blood gases were determined regularly with an Instrumental Laboratories Blood Gas 

Analyzer. The P02 (90-120 mmHg), the pH (7.35-7.45) and the PC02 (30-40 mmHg) 

were adjusted to normal by administering supplemental oxygen, bicarbonate or 

modifying the minute volume. 

The right and left cervical vagus nerves were isolated through a ventral midline 

surgical incision. The nerves were double ligated with umbilical tape to prevent afferent 

nerve traffic during electrical stimulation. The isolated nerves were then returned to the 

prevertebral compartment for later retrieval. Surgical anesthesia was carefully monitored, 

and a single dose of succinylcholine (50 J.Lg/kg) was administered intravenously to 

temporarily reduce involuntary movements during the 10-15 minutes required for 
~< 
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electrosurgical incision of the chest. The costostemal cartilage for ribs 2-5 were severed 

to permit access to the thoracic cavity and the heart was exposed from the right aspect. 

The pericardium was opened and the dorsal pericardia! margins were sutured to the body 

wall to support the heart. The left femoral artery was isolated and a high fidelity catheter 

pressure transducer (Millar) was inserted and advanced into the abdominal aorta to 

measure heart rate and blood pressure continuously thereafter on-line (PowerLab). 

Nodal Microdialysis 

The SA node was visualized at the junction of superior vena cava and the right 

atrium. A 25 gauge stainless steel needle containing microdialysis line was inserted into 

the center of the sinoatrial node along its long axis {5, 11). The needle was removed and 

the probe is then positioned so that the dialysate window was completely within the 

substance of the sinoatrial node. The microdialysis probewas constructed of a single lcm 

length of dialysis fiber from a Clirans TAF08 (Asahi Medical) artificial kidney (200 J.Lm 

ID, 220 J.Lm OD) and a hollow silica glass fiber inflow and outflow. The dialysis tubing 

permits molecules with a molecular mass of 35,000 kDa or less to cross from the lumen 

into the nodal interstitium. This technique allows the precise introduction of agents 

directly into the nodal interstitium for extended periods without provoking complicating 

systemic reflexes. After placement of the probe in the SA node, the preparation was 

allowed to equilibrate for one hour while perfused with saline at 5 J.Lllmin. 
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Materials 

Deltorphin II was synthesized by American Peptide Co., Sunnyvale CA. 7-

benzylidenaltrexone (BNTX) and 2-Methyl-4aa-(3-hydroxyphenyl)-1 ,2,3 ,4,4a,5, 12, 12aa-

octahydro-quinolino[2,3,3-g]isoquinoline (TAN 67) were obtained from Tocris, Cookson 

Inc., Ellisville MO. 

Statistical Methods 

All data were expressed as means and standard errors. Differences were 

evaluated with repeated measures ANOV A and post hoc analysis was performed with 

Tukey's test for multiple cross comparisons and Dunnett's test for multiple comparisons 

to control. Differences determined to occur by chance with a probability <0.05 were 

deemed statistically significant. 

Protocol 1: The 01-agonist, TAN-67 reduces subsequent deltorphin II mediated ~h-

vagolytic responses. 

After equilibration for one hour, the right cervical vagus nerve was stimulated at a 

supra-maximal voltage (15 v) for 15 seconds at low (1-2 Hz) and high (3-4 Hz) 

frequencies selected to produce respectively 10-20 bpm and 30-40 bpm decreases in heart 

rate. Two min . were allowed for recovery between the two sequential stimulation 

frequencies. After recovery from control stimulation, deltorphin II (1.67 X 10"9 mol/min), 

a selective o2-receptor agonist was added to the dialysis inflow. The vagal stimulations 

(low and high) were repeated after five min of deltorphin II to quantify the initial 02-

vagolytic response prior to exposure to T AN-67. This test of efficacy was designated 52-... 
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5 to indicate the time in the protocol. After determining the o2-response, deltorphin was 

discontinued and the system was washed out with saline ( 45-60 min) until the control 

vagal responses were restored. TAN-67 (1.67 X 10-9 mol/min), the selective o1-receptor 

agonist was then introduced into the dialysis inflow. Vagal stimulations were repeated at 

15-min intervals for an hour. Deltorphin II (1.67 X 10-9 mol/min) was reintroduced into 

the microdialysis infusion; 82-responses were retested and designated 82-155. The 

deltorphin was discontinued and washed out ( 45-60 min). 

Protocol 2: Ot-blockade with BNTX prevents the loss of o1-response. 

The purpose of this study was to determine whether the loss of o2-response was 

mediated by 81-receptor. After the initial one hour of equilibration, vagal stimulations 

were performed at low and high frequencies to obtain control values as described above. 

Deltorphin II (1.67 X 10-9 moles/min) was added to the dialysis inflow. The two right 

vagal stimulations were repeated after five minutes of deltorphin II treatment. The 

treatment protocol was similar to Protocol 1 except that the BNTX was combined with 

TAN-67 in the dialysis inflow at an equimolar rate. Vagal stimulations were repeated at 

15-min intervals during the hour. Deltorphin II (1.67 X 10"9 moles/min) was reintroduced 

into the perfusate and the o2-receptor response was assessed again 5 min later. 

Protocol3: Controls: vehicle, duration, and repeated deltorphin ll. 

The purpose of this study was to determine the potential influence of the duration 

of the protocol, the repeated vagal stimulation, and/or the repeated exposure to deltorphin 

Qn the subsequent deltorphin mediated 82-vagolytic responses. This protocol was -. 
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identical to the first 150 minutes in Protocol 1 except vehicle (saline) was substituted for 

TAN-67 during the treatment period. Following o2-155, deltorphin was discontinued but 

was introduced again 25 minutes later for another vagal test designated 82-180 to 

evaluate further the progression ofchanges in the 82-response. 

Protocol 4: Influence of «h-blockade on «h-response. 

The purpose of this study was to test whether apparent contributions of duration 

of protocol and/or deltorphin to the erosion of the 02-response observed in Protocols 2 

and 3 depended upon 01-receptor activity. This protocol was identical to the time control 

in Protocol 3 except that the 81-antagonist, BNTX was added to the dialysis inflow for 60 

minutes instead of saline. BNTX was then continued throughout the following two hours 

and subsequent ~h-challenges at 82-155 and 82-180. 

Protocol 5: Controls: vehicle, duration, and naive deltorphin II. 

The purpose of this study was to remove the influence of prior deltorphin 

exposure on the o2-response and to evaluate the influence of the protocol alone. This 

protocol was similar to Protocol 3 except initial exposure to deltorphin (82-5) was 

omitted. Vehicle was perfused for two and half hours with vagal stimulations every 15 

minutes during the second hour as in Protocol3. Following the wash out after the second 

o2-evaluation at o2-180, BNTX was introduced (1.67 nmollmin) for five minutes and the 

right vagus nerve was stimulated to evaluate the effects of 01-receptor blockade with 

BNTX alone. BNTX and deltorphin were then introduced together (1: 1) for five minutes 

~d the two-step vagal stimulation designated 82-250 was conducted to determine (by 
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subtraction) the contribution of o1-mediated (vagotonic) response to any change in the o2-

response. The treatments were then discontinued, the area was washed and the vagal 

responses were tested periodically until the original control responses were restored. 

Protocol 6: T AN-67 and naive deltorphin. 

The purpose of this study was to evaluate the efficacy of T AN-67 alone. The 

protocol was designed to test by omission of 82-5, whether the decline in the 82-vagolytic 

response depended on an interaction between the initial exposure to deltorphin (82-5) and 

the subsequent addition of TAN-67. The initial two-step vagal stimulation was 

conducted followed by two hours of T AN-67 perfusion at the rate of 1.67 X 1 o-9 

mol/min. The first hour was conducted to simulate the 82-5 exposure to deltorphin and its 

washout. In the second hour the right vagus nerve was tested at 15-min intervals as 

described in the other protocols, to evaluate progressive effects ofTAN-67. TAN-67 was 

discontinued and followed by deltorphin challenges with and without BNTX applied in a 

sequence equivalent to 82-155, 82-180 and 82-250 as described in Protocol3. 
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RESULTS 

Basal cardiovascular parameters for all subjects across all treatments are 

presented in Tables 1 and 2. Animal subjects were assigned randomly to various 

protocols and there were no significant differences in resting blood pressure and heart 

rate among groups prior to treatment except for heart rate in study 6 which was 

statistically lower. Resting heart rate and blood pressure were unaltered by any of the 

treatments applied during the individual protocols. 

Protocol 1: 01-agonist pretreatment (TAN-67) reduces subsequent 02-

vagolytic responses ( deltorphin II). As illustrated in figure 1, deltorphin produced a 

significant vagolytic response when first introduced into the nodal interstitium (82-5). 

The degree of inhibition was similar at both low (76%) and high (80%) frequencies. 

Vagal effects similar to control were re-established after 45-60 min of washout. The 60-

min, o1-treatment with TAN-67 produced gradual though modest, increases in the 

negative chronotropic effect of vagal stimulation during the 60-min treatment period. 

The control responses were re-established after 20 min of washout with vehicle. The 

subsequent o2-vagolytic evaluation with deltorphin was dramatically reduced in 

magnitude compared with the earlier o2-evaluation conducted before the TAN-67 

pretreatment and was no longer statistically different from control. The degree of 

inhibition was reduced from more than 75% before TAN-67 to less than 25% after TAN-

67 regardless of the stimulation frequency tested. A matched washout of the deltorphin 

was again followed by restoration of the vagal effects to values not different from 

· · - \ 
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control. These results led to the suggestion that o1-stimulation reduced subsequent o2-

mediated vagolytic responses. 

Protocol2: Ot·blockade prevents the TAN-67 mediated erosion of subsequent 

O:z-vagolytic responses. Figure 2 illustrates that deltorphin produced a significant 

vagolytic response when first introduced into the nodal interstitium (B2-5). The degree of 

inhibition though less robust than in protocol I, was similar at both low (62%) and high 

(57%) frequencies. Vagal effects similar to control were re-established after 45-60 min of 

washout. The combined 60-min treatment with T AN-67 and the o1-antagonist, BNTX 

had no apparent effect on the negative chronotropic effect of vagal stimulation when 

compared to control. After 20 min of washout with vehicle, the response was likewise 

not different from control. Unlike the previous treatment without BNTX (Figure I), the 

second o2-evaluation at o2-I55 remained significantly different from control and was not 

different from that observed at the beginning ( o2-5) of the protocol. Washout of the 

deltorphin was again followed by restoration of vagal transmission to that observed at the 

beginning of the experiment. These results supported further the thesis that the erosion of 

the o2-mediated vagolytic effect observed following TAN-67 in protocol I was mediated 

by activation of Ot-receptors. 

Pro~ocol 3: Controls: vehicle, duration and repeated deltorphin II. The 

purpose of this study was to test whether the reduction in the 02-response observed in 

protocol I occurs in the absence of added TAN-67. Thus vehicle was substituted for 

T,AN-67 during the treatment period. The initial vagolytic effect of deltorphin was . 
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similar to the initial response in the first protocol with percent inhibitions of 80% and 

60% respectively at the lower and higher frequency stimulations. Surprisingly, after a 

vehicle-only infusion for a time interval matching the treatment period in Protocol 1, 

there was similar though less complete loss in the o2-mediated vagolytic effect of 

deltorphin. The resulting inhibition was still different from control but the degree of 

inhibition was now reduced to 67 and 36%. The intermediate response prompted an 

additional 52-evaluation. Deltorphin was reintroduced 25 min later and the vagus was re-

tested. In this case the vagolytic responses had eroded further to 44 and 24% inhibition 

and were no longer different from control. Thus, the protocol itself and/or the prior 

exposure to deltorphin appeared to have contributed to the loss of the 52-vagolytic 

response. 

Protocol 4: Influence of ~ 1-antagonist pretreatment on the ~2 response. The 

purpose of this study was to test whether 51-blockade prevents loss of the 52 response 

observed in the time control immediately above (Protocol 3). In this study, BNTX was 

introduced into the SA node by microdialysis. After five minutes of exposure to BNTX 

the vagal stimulations were repeated and there was no significant difference between this 

response and the control response. BNTX was then combined with deltorphin for five 

minutes and the vagus was re-tested. A typical deltorphin mediated vagolytic response 

was observed (Figure 4). Deltorphin was discontinued and Protocol3 was then repeated 

with BNTX added throughout. In this case, the initial (52-5) and two later 52-evaluations 

(52-155, and 52-180) were very similar. There was no loss apparent in the two 

subsequent vagolytic responses and all three were significantly different from control. 
- ~- .. 
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These data led to the suggestion that the loss of the orresponse in the time control was 

also mediated by activation of 01-receptors. Thus either deltorphin has intrinsic o1-

activity or the protocol provoked the release of or facilitated the activity of an 

endogenous 01-agonist. 

ProtocolS: Controls: vehicle, duration and naive deltorphin. The purpose of 

this study was to test whether the duration of the protocol or the prior exposure to 

deltorphin was responsible for the loss of the or response observed in protocol 3. In this 

protocol the initial deltorphin exposure was omitted but the remainder of 3-hr protocol 

through b2-180 was replicated. The two 52-receptor evaluations at b2-155 and b2-180 

were both significantly different from control. In fact the initial 52-challenge at 155 min 

was significantly better (> 90% inhibition) than that observed in any of the prior 

experiments at 5 or at 155 min. When deltorphin was re-tested 25 min later, a degree of 

attrition was clearly evident but the percent inhibition was still significantly different 

from control. At this point, deltorphin was washed out and the vagal responses were 

tested before and after BNTX to evaluate the effect of acute 5t-blockade. In each case 

the resultant decline in heart rate was not different from that observed at the start of the 

experiment. When BNTX was combined with deltorphin for a third 52-evaluation, the 

response was eroded slightly further but was still significantly different from control. 

These data . supported the suggestion that when untreated, the 02-response gets stronger 

during the protocol and that deltorphin contributed to the loss of the 02-response observed 

in protocols 1 and 3. 
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Protocol 6: T AN-67 and naive deltorphin. The purpose of this protocol was to 

evaluate the contribution of T AN-67 to the loss of the 52-response in the absence of a 

prior exposure to deltorphin. Sixty minutes perfusion with T AN-67 was substituted for 

the initial exposure to deltorphin and subsequent wash. TAN-67 was then continued for a 

second hour and vagal function was tested at 15-min intervals for one hour. Vagal 

responses during this treatment though progressively higher were not significantly 

different from the original control. T AN-67 was discontinued and washed out. When 

deltorphin was introduced for the first time, intermediate vagolytic responses were 

recorded. This response was less than those observed at o2-5 in protocol 1 and clearly 

greater that those parallel responses observed at o2-155 without TAN-67 in protocol 5. 

The subsequent orchallenge conducted 25 min later, resulted in a further erosion of the 

response which was now closer yet to the control. As in protocol 5, BNTX added 

afterward had no apparent effect on the control or vagolytic responses. Thus, T AN-67 

was able to reduce the ormediated vagolytic effect in the absence of prior exposure to 

deltorphin. 

--' 
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DISCUSSION 

The data reported above support the primary hypothesis that extended exposure to 

01-opioid receptor stimulation down regulates oropioid receptor responses in the SA 

node. This hypothesis was formulated from preliminary observations in the SA node that 

dose responses to 01-agonists were followed by a dramatic reduction in the subsequent o2-

mediated vagolytic responses. In the current study, prior exposure to the ch -agonist, 

T AN-67 eroded the vagolytic effect of the 02-agonist, deltorphin II. The heterologous 

participation by 01-receptors was verified by demonstrating that pretreatment with the 

selective 01-antagonist, BNTX effectively prevented the loss of the ~h-response. 

Unexpectedly, a qualitatively similar, erosion in the vagolytic effect of deltorphin was 

observed in time controls in which T AN-67 was . omitted, suggesting a complex 

interaction between the ~h-agonist, deltorphin and the evaluation protocol. 

These initial results posed a potential conflict in interpreting the results. The 

attrition in the response may have been due to the duration of the protocol itself or the 

prior exposure to the 52-agonist, deltorphin. The smaller, though qualitatively similar, 

progressive reduction in the 82-response observed when T AN-67 was omitted suggested 

that 82-stimulation was capable of eroding its own response in the absence of 81-receptor 

stimulation. Down regulation of opiate receptors mediated by opioid peptides is a well 

recognized phenomenon, although prior studies conducted in the SA node with MEAP 

had provided little evidence for down regulation of vagolytic responses (8). Deltorphin 

and MEAP differ in their reported selectivity. MEAP is a mixed o1/o2-agonist and 

deltorphin is considered a more selective 02-agonist. The homologous quality of the 

desensitization was however placed in doubt when the apparent effect of deltorphin alone 
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was also blocked by the bt-antagonist BNTX indicating that the loss of the vagolytic 

response in the absence ofT AN-67 was also mediated by b1-receptor stimulation. At that 

point the collected observations suggested that deltorphin was functionally active at the 

bt-receptor or that the protocol itself facilitated endogenous b1-activity. 

The subsequent protocols that omitted the initial exposure to deltorphin provided 

clear evidence of deltorphin's involvement in the erosion of the vagolytic response. In 

the absence of the initial evaluation with deltorphin at 5 min, the subsequent vagolytic 

response at 155 min was stronger than those observed at 5 min or at 155 min in any of the 

previous four protocols. This unexpected finding revealed that in the absence ofT AN-67 

and/or prior deltorphin, the intensity of the b2-mediated vagolytic response increased 

during the extended perfusion of the SA node with vehicle. The vagolytic effect in naYve 

controls had improved during the protocol. The stronger vagolytic response in the 

absence of prior deltorphin suggested that prior exposure to deltorphin had contributed to 

the subsequent erosion of the vagolytic response. Thus deltorphin was a contributory 

factor and most likely exerted its influence through interaction with 81-receptors. The 

vagotonic b1-receptor mediated responses in this system are significantly more sensitive 

(femtomolar versus picomolar) than their brmediated vagolytic counterparts (4, 5). Thus 

despite the preference of deltorphin for 82-receptors, a small degree of cross-reactivity 

with the 81-receptor might have been sufficient to initiate the heterologous response. 

The combination of deltorphin and T AN-67 produced the greatest decline in the 

subsequent vagolytic responses. Thus the final protocol was conducted without the initial 

exposure to deltorphin at 5 min, in order to determine whether T AN-67 was effective 

without prior deltorphin. Following two hours exposure to the bt-agonist, the degree of 
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inhibition during the initial ~h-evaluation at 155 min was significantly different from 

control but was also significantly reduced compared to the vagolytic response observed 

following 2.5 hours of vehicle (protocol 5). This result indicated that in the absence of 

treatment, the potency of the o2-response strengthened as the protocol proceeded. Thus 

T AN-67 alone prevented the increase in 52-potency and produced a qualitatively similar 

though intermediate response compared to the result observed at o2-155 after the single 

exposure to deltorphin at 5 min. In both protocols 5 and 6, a subsequent 52-evaluation 30 

min later at o2-180 resulted in vagolytic responses slightly weaker than the preceding 

responses at o2-155. Thus at the dose rates employed, the combined effects of deltorphin 

and T AN-67 were greater that either agent applied alone suggesting that the integrated 

time/dose effect of each was sub-maximal. Since both the combination and deltorphin 

alone were each blocked by the ~h -antagonist, it seems likely that both deltorphin and 

TAN-67 activated the same o1-pathway. Whether deltorphin has intrinsic 01-activity or 

provokes the release of endogenous ~h -agonist remains to be determined. 

The paired o2-evaluations at 155 and 180 min provide additional support for the 

o1-character of the heterologous response. In the three protocols (Figures 3, 5, and 6) 

without prior o1-blockade, the paired evaluations 25-min apart revealed an overall 

reduction in the intensity ofthe second vagolytic response. In protocol 4 (Figure 4) when 

the concomitant evaluations were preceded by BNTX throughout, the second vagal 

response at 180 min was nearly identical to its predecessor. This dose of BNTX was 

previously determined as wholly ineffective versus the ~-vagolytic effect of either 

deltorphin or the native agonist, MEAP (6). This ostensibly homologous 02-effect 

\ 

appears instead to be heterologously mediated by the opposing receptor subtype. 
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However since there is as yet no molecular evidence for two a-receptor subtypes, this 

terminology may be inadequate to describe the phenomenon. 

Though 01-blockade with BNTX prevented the erosion of the vagolytic response, 

the same agent was unable to restore the lost vagolytic response acutely when added 

afterward. Explanations for the lost vagolytic response included the potential emergence 

or strengthening of a competing vagotonic response mediated by o1-receptors. The net 

effect of increased opposition would then appear as a net loss in the o2-response. In that 

case, the addition of BNTX should have immediately restored the original vagolytic 

response by withdrawing the competing vagotonic contribution to unmask the underlying 

82-response. T AN-67 reduced the 52-mediated vagolytic effect and the lost vagolytic 

response was not restored by the subsequent blockade of the nodal 51-receptors. This 

result indicated that the reduced vagolytic response was not the result of competition 

from an increased vagotonic response. Thus, by inference, the results favor some variant 

of heterologous uncoupling, desensitization or down regulation of the 02-response. 

In conclusion, the relatively selective 02-agonist, deltorphin was used evaluate the 

erosion of vagolytic responses following o1-receptor treatment with T AN-67. The erosion 

of the vagolytic response was greatest in protocol one in which the SA node was exposed 

to both TAN-67 and deltorphin early in the experiment. Both of these opioids 

contributed to the desensitization, both were less effective when added alone and together 

they were blocked by the o1-antagonist, BNTX. The common role of the 01-receptor and 

the apparent additive character of the responses . suggested that T AN-67 and deltorphin 

mediated the desensitization through a common mechanism. Whether deltorphin has 

intiinsic 51-activity or provoked the release of an endogenous 01-agonist remains to be 
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determined. The failure of BNTX to restore the vagolytic response afterward suggested 

that the lost vagolytic response was not the result of competition from an opposing o1-

mediated vagotonic response. Finally, in the absence of any prior intervention, the o2-

mediated vagolytic response became more intense during the duration of the protocol. 

This suggested a dynamic re-balancing of the o-receptor coupling during the course of 

the experiment. In this model, repeated occlusion of the SA node artery in a 

preconditioning-like protocol raised enkephalins locally and improved vagal transmission 

(1). The improvement in vagal function in the ischemic region might thus preserve the 

ischemic myocardium by reducing work and oxygen demand locally. Since 01-receptors 

and improved vagal transmission have been associated with the cardioprotective 

mechanisms (18-20), the shift toward o2-mechanisms may represent an undesirable 

outcome. In contrast, the 01-mediated reduction in 02-responses may reinforce further the 

cardioprotective efficacy of 01-agonists like, T AN-67. Finally, the gradual increase in the 

intensity of the 02-response in untreated controls may reflect a mechanism by which o2-

opioid receptors contribute to the gradual closure of the initial window of 

cardioprotection that follows ischemic preconditioning. Thus time, T AN-67 and 

deltorphin II all interact to modify the subsequent 02-mediated vagolytic responses. The 

specific mechanism by which the o1- and 02- coupled opioid receptors interact with each 

other still remains to be determined. 
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LEGENDS 

Figure 1: Changes in heart rate mediated by low and high frequency stimulations of the 

right vagus nerve are illustrated in the upper panel during treatment with the ~h -agonist, 

TAN-67. The evaluation of vagolytic 82-responses with the 8ragonist, deltorphin are 

illustrated before and after treatment in the lower panel. The designations 82-5 and 82-

155 indicate the B2-evaluations at 5 and 155 minutes respectively after the initial control 

stimulations. The numerical values on those bars indicate the percent inhibition from the 

original control. Values are means and standard error of the mean for four subjects. The 

symbols (* and **) indicate the change in the heart rate was significantly different from 

control at P<0.05 and P<0.01 respectively. The symbol (#) indicates the change in the 

heart rate was significantly different from «52-5 (P<0.05). 

Figure 2: Changes in heart rate mediated by low and high frequency stimulations of the 

right vagus nerve are illustrated in the upper panel during combined treatment with the 

81-agonist, T AN-67 and the 81-antagonist agonist, BNTX .. The evaluation of vagolytic 

82-responses with the 82-agonist, deltorphin are illustrated before and after treatment in 

the lower panel. The designations 82-5 and 82-155 indicate the D2-evaluations at 5 and 

155 minutes respectively after the initial control stimulations. The numerical values on 

those bars indicate the percent inhibition from the original control. Values are means and 

standard error of the mean for four subjects. The symbols(* and**) indicate the change 

in the heart rate was significantly different from control at P<0.05 and P<O.Ol 

respectively. 
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Figure 3: Changes in heart rate mediated by low and high frequency stimulations of the 

right vagus nerve are illustrated in the upper panel during treatment with saline. The 

evaluation of vagolytic 82-responses with the 82-agonist, deltorphin are illustrated before 

and after treatment in the lower panel. The designations 82-5, 82-155 and 82-180 

indicate the Oz-evaluations at 5, 155 and 180 minutes respectively after the initial control 

stimulations. The numerical values on those bars indicate the percent inhibition from the 

original control. Values are means and standard error of the mean from four subjects. The 

symbols(* and**) indicate the change in the heart rate was significantly different from 

control at P<0.05 and P<0.01 respectively. 

Figure ,4: Changes in heart rate mediated by low and high frequency stimulations of the 

right vagus nerve are illustrated in the upper panel during treatment with 81-antagonist, 

BNTX. The evaluation of vagolytic 8z-responses with the 82-agonist, deltorphin are 

illustrated before and after treatment in the lower panel. The designations 82-5, 82-155 

and 82-180 indicate the c52-evaluations at 5, 155 and 180 minutes respectively after the 

initial control stimulations. The numerical values on those bars indicate the percent 

inhibition from the original control. Values are means and standard error of the mean 

from four subjects. The symbol (**) indicates the change in the heart rate was 

significantly different from control (P<0.01). 

Figure 5: Changes in heart rate mediated by low and high frequency stimulations of the 

right vagus nerve are illustrated in the upper panel during two hours treatment with saline 

without prior exposure to deltorphin. The evaluation of vagolytic 8z-responses with the 
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~-agonist, deltorphin are illustrated after vehicle treatment in the lower panel. The 

designations 82-155 and 82-180 indicate the o2-evaluations at 155 and 180 minutes 

respectively after the initial control stimulations. The designation, BNTX +82-250, 

indicate the orevaluation at 250 minutes when deltorphin and BNTX were combined 

acutely. The numerical values on those bars indicate the percent inhibition from the 

original control. Values are means and standard error of the mean from four subjects. The 

symbols(* and**) indicate the change in the heart rate was significantly different from 

control at P<0.05 and P<0.01 respectively. 

Figure 6: Changes in heart rate mediated by low and high frequency stimulations of the 

right vagus nerve are illustrated in the upper panel during two hours treatment with the 

81-agonist, TAN-67, without prior exposure to deltorphin. The evaluation of vagolytic 

82-responses with the 82-agonist, deltorphin are illustrated after vehicle treatment in the 

lower panel. The designations 82-155 and 82-180 indicate the o2-evaluations at 155 and 

180 minutes respectively after the initial control stimulations. The designation, 

BNTX +82-250, indicates the o2-evaluation at 250 minutes when deltorphin and BNTX 

were combined acutely. The numerical values on those bars indicate the percent 

inhibition from the original control. Values are means and standard error of the mean 

from four subjects. The symbols (* and **) indicate the change in the heart rate was 

significantly different from control at P<0.05 and P<O.Ol respectively. 
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Resting Cardiovascular Indices: 

Study 1: Ot-agonist pretreatment (TAN-67) reduces subsequent o1-vagolytic 

Control Wash Wash 
60min 

MAP 98 100 95 97 97 99 99 96 97 98 
±5 ±5 ±6 ±3 ±8 ±6 ±4 ±4 ±3 ±6 

HR 126 126 129 123 124 126 130 111 131 130 
±6 ±6 ±10 ±8 ±9 ±10 ±12 ±3 ±9 ±10 

Study 2: Ot-blockade prevents the TAN-67 mediated erosion of subsequent Oz--
vagolytic responses 

Control ~2-5 Wash Wash Wash 
15 min 60min 

MAP 98 97 101 103 98 92 90 92 96 88 
±4 ±8 ±5 ±3 ±6 ±6 ±6 ±5 ±6 
130 130 126 124 121 122 122 123 122 
±3 ±3 ±2 ±5 ±4 ±5 ±6 ±5 ±7 

Study 3: Controls: vehicle, duration, and repeated deltorphin II 

Control ~2-5 Saline 

MAP 97 93 95 93 98 
±4 ±6 ±3 ±6 

HR 126 123 123 120 
±5 ±7 ±5 ±6 ±7 

TABLE 1 
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Resting Cardiovascular Indices: 

Study 4: Influence of 01-blockade on 02-response 

Control BNTX BNTX+ BNTX+ BNTX+ 
i2-5 02-155 02-180 

MAP 87 86 89 90 86 
±9 ±10 ±8 ±7 ±9 

HR 116 117 115 108 102 
±4 ±3 ±4 ±4 ±5 

Study 5: Controls: vehicle, duration, and naive deltorphin II 

Control Saline Saline 80 BNTX BNTX+ 
1st hour znd hour il-250 

MAP 105 104 103 101 98 90 89 
±4 ±9 ±6 ±6 ±6 ±8 ±6 
130 127 123 121 119 120 120 
±1 ±5 ±4 ±5 ±4 ±7 ±7 

Study 6: TAN 67 and naive deltorphin 

Control TAN-67 TAN-67 80 BNTX BNTX+ 
1st hour znd hour 02-250 

MAP 89 95 80 85 80 74 75 
±2 ±2 ±8 ±8 ±11 ±10 ±12 

HR 138 137 133 134 133 130 133 
±6 ±9 ±10 ±8 ±9 ±10 ±11 

TABLE2 
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CHAPTER III 

SUMMARY AND CONCLUSIONS 

• The erosion of the 52-mediated vagolytic effect was mediated by the activation of 

51-receptors. The 52-mediated vagolytic response became more intense over time 

and T AN-67 prevented that improvement. 

• Deltorphin and T AN-67 produced a more severe attrition of the 52-response than 

either agent alone. Since both the effects of deltorphin alone and deltorphin 

combined with TAN-67 were both blocked by BNTX, the deltorphin effect also 

appeared to be mediated by 51-receptors. 

• The loss of 52-mediated vagolytic response was not restored by the subsequent 

blockade of the 51-receptors with BNTX. Thus, the erosion of the 02-response was 

likely the result of its uncoupling, desensitization or down regulation and not due 

to the emergence of an opposing 51-mediated vagotonic activity. 
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FUTURE STUDIES 

The following studies are proposed to further clarify the influence of the extended o1-

receptor stimulation and its interaction with the o2-response. 

1. To determine Ot- and 02-receptor subtype population densities on the vagal nerve 

terminal in the SA node by binding assays and for quantitative 

immunocytochemistry. 

2. To demonstrate that preconditioning down regulates 02-receptors and favors o1-

receptors to function. 

3. To demonstrate the time course for recovery of the o2-receptor response. 

4. To demonstrate the physiological consequence of altering the balance between o1-

and o2-responses. 
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