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CHAPTER I 

INTRODUCTION 

The isolation and localization of opioid receptors in the central nervous system 

(CNS) followed by the discovery of endogenous opioids in the 1970s initiated a fluny 

of biochemical investigations to characterize the physiological and pharmacological 

properties of opioids. In addition to the well-known analgesic functions of opioids, a 

more complex functional role of opioids emerged which included behavioral, 

psychological, respiratory and cardiovascular actions. This myriad of ftinctions was 

explained by the existence of a differentially localized heterogeneous population of 

opioid receptors within the CNS. Radioligand binding assays coupled with cDNA 

cloning assays characterized the three primary opioid receptors, p-, 5- and K-, as G-

protein coupled receptors that are linked to a variety of second messenger systems 

(Childers and Snyder, 1978; Thompson et al.. 1993; Wang et al.. 1993). Despite the 

wealth of information accumulated in the field of opioid physio-pharmacology, the link 

between the observed physiologic acfions of opioids, such as those involving the 

autonomic and cardiovascular systems, to the specific opioid receptor subtype 

mediating these actions is not well established. 

The purpose of this study is to characterize the binding properties of an 

endogenous opioid, p-endorphin, in the caudal dorsomedial medulla (CDMM). The 

CDMM contains an important cardioregulatory region, called the nucleus of solitary 



tract (nTS). The nTS is richh innervated w ith P-endorphin producing neurons (Joseph 

et al., 1983) and possesses p-opioid receptors (Xia and Haddad, 1991). There is 

conflicting evidence indicating there is also a population of 5-opioid receptors in this 

area (Dashwood et al., 1988; Xia and Haddad. 1991). Further e\ idence suggests that p-

endorphin also binds to a nonopioid receptor in the CNS (Houghten et al.. 1984). 

Therefore, the cardioregulatory actions of p-endorphin may be mediated by a number of 

receptor subtypes in the nTS. To date, there has been no pharmacological binding 

profile for p-endorphin binding sites in the nTS. The purpose of this study is to identif> 

the receptor(s) to which P-endorphin binds to in the nTS. This P-endorphin binding 

profile may then provide an important link between P-endorphin"s observed 

cardio\ ascular effects and a specific receptor subtype mediating these actions. The long 

term implications of this pharmacological profile may help pro\'ide important 

therapeutic applications toward the treatment of analgesia without the deleterious 

cardiovascular side effects commonly associated with opioids and may provide an 

altemati\'e treatment to clinical hypertension. 

Opioid Receptors 

Discovery 

In 1971, Goldstein et al. using stereospecific binding assays, provided strong 

preliminary evidence for a distinct opioid receptor in the CNS of manunals (Goldstein 

et al., 1976). Two years later, two independent laboratories confirmed this evidence. 

Pert and Snyder (1973) using [^HJnaloxone, a potent opioid antagonist, and Terenius 



(1973) using [^HJdihydromorphine an opioid agonist, found high stereospecific opioid 

binding to mammalian synaptic plasma membrane preparations. In the same year. 

Kuhar et al. (1973) provided a regional localization of the opioid receptors in the 

monkey and human brain, and further predicted the existence of a "naturalh-occurring 

brain constituent [endogenous opioidj" for the opioid receptor. These findings set off a 

cascade of research into the pharmacological and physiological properties of opioids 

and opioid receptors. 

Opioid Receptor Subtypes 

The next important finding in opioid receptor research came in 1976 when 

Martin et al. identified three novel opioid receptor subtypes in the CNS (Martin et al., 

1976). The rationale for this receptor multiplicity came from findings that different 

opioid drugs exerted different physiological actions. Martin et al. (1976) therefore 

named 3 distinct opioid receptors for the 3 opiate-like compounds studied: \i for 

morphine, K for ketocyclazocine and a for SKF 10,047 (N-allylnorphenazocine), 

although the a receptor is not currently believed to be an opioid receptor. In 1977, Lord 

et al. using pharmacological binding profiles from various opioid derivatives confirmed 

the presence of a heterogeneous population of opioid receptors and fiarther identified 

another receptor subtype, named the 5-opioid receptor. 



Localizafion of Opiate Receptors in the CNS 

Although several other receptor subtypes as well as several non-opioid receptors 

have been identified, the p, 6 and K are the three most widely characterized opioid 

receptors in the CNS. The regional localizafion of these three types has been well 

mapped in the CNS (see review by Mansour et al., 1988). Of particular interest to my 

research is the distribution of opioid receptors in the brainstem, particularly the p-

opioid receptor in the CDMM (see below). 

Structure of Opioid Receptors 

Pharmacological binding profiles, demonstrating an inhibition of opioid agonist 

binding to opioid receptors in the presence of guanine nucleotides, provided the first 

clues that opioid receptors belonged to the family of G-protein coupled receptors 

(Childers and Snyder, 1978). The recent cDNA cloning of opioid receptors (Thompson 

et al., 1993; Wang et al., 1993) identified the presence of 7 transmembrane domains of 

opioid receptors, consistent with G-protein coupled receptors. Given this evidence, the 

binding of P-endorphin to opioid receptors is expected to be in a manner characteristic 

of G-protein coupled receptors (see review by Childers, 1991). Current evidence 

suggests that [ IJp-endorphin binding is regulated by NaCl, GTP and GTP analogs 

(Toogood et al., 1986; Selley and Bidlack, 1989). The pharmacological binding of 

['̂ ÎJ P-endorphin specific binding in the presence of NaCl and a GTP analog helps 
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characterize the type of receptors that bind [ IJ P-endorphin in the CDMM. 



Upon binding to these G-protein coupled receptors, a number of direct and 

indirect cellular processes occur. Direct coupling of opioid receptor G-proteins to ion 

channels leads to an inhibition of calcium conductance and a stimulation of potassium 

conductance. Conversely, the indirect effects of opioid receptor activation lead to a 

number of second messenger system acfions, including an inhibition of adenylate 

cyclase activity and an increase in GTPase activity. Therefore, opioids exert a broad 

range of physiological acfivity through the binding of G-protein coupled receptors. 

p-Endorphin 

Discovery 

In 1975, Hughes using pigs, and Pasternak et al. using calf and rat brains, 

identified for the first time an endogenous opioid within the mammalian CNS. which 

they termed 'morphine-like factor' (MLF). Hughes demonstrated an inhibition of MLF 

binding to membrane homogenates in the presence of low concentrations of naloxone, a 

potent opioid antagonist (Hughes, 1975). Both groups fiirther correlated the localization 

of MLF with that of opioid receptors in the CNS (Hughes, 1975; Pasternak et al. 1975). 

MLF, now known as enkephalin, marked the beginning of a widespread investigation of 

endogenous opioids and two years later led to the discovery of another similar structure, 

p-endorphin. 

The pharmacological and physiological record of p-endorphin begins in 1976 

when two independent laboratories isolated this endogenous opioid within the pituitary 

(Li and Chung et al., 1976; Bradbury et al., 1976). The term endorphin was coined from 



endogenous and morphine to identif\ peptides with opioid acti\ it\'. Perhaps w hat 

initiated the w ide-spread interest in this endogenous opioid was the localization of P-

endorphin in an important hypothalamic region, the arcuate nucleus (Bloom et al.. 

1978; Watson et al., 1978). This nucleus contains a complex neuronal circuitr\. with 

projections to the limbic system, midbrain and medulla and median eminence. Such a 

complex circuitry provided the potential for an endogenous opioid such as p-endorphin 

to exert a wide range of behavioral and physiological processes. 

Structure of P-Endorphin 

The amino acid sequence of p-endorphin (Li and Chung, 1976) represents the 

C-terminal residues (61-91) of the larger 91 residue precursor, P-lipotropin (P-LPH). Its 

NH2-terminal amino acid sequence was found to be identical to that of the MLF 

(enkephalin) pentapeptide sequence, indicating that this new peptide possessed opioid 

like activity. 

Synthesis and Processing of Neuronal p-Endorphin 

Shortly after its discovery, Mains et al. in 1977 identified a 31.000 dalton 

glycoprotein precursor from which p-endorphin was derived. Two years later, the 

completed nucleofide sequence analysis by Nakanishi et al. (1979) identified the 

precursor as a 1,091-base pair 29,259 dalton prohormone, which gave rise to several 

important bioreactive peptides, including p-endorphin. This prohormone, now called 

pro-opiomelanocortin (POMC), undergoes highly specialized and differential 



processing to give rise to several physiologically active peptides in the hypothalamus 

and brainstem. P-endorphin 1.31 is the immediate cleavage product (P-LPH [61-91 J) of 

the larger POMC derived peptide, P-lipotropin ( P-LPH1.91) as well as a-endorphin (P-

LPH 61-76). p-endorphin 1-31, in turn, is sequenfially proteolytically cleaved at its C-

terminus to yield p-endorphini.27 and P-endorphin 1.26. Further acetyltransferase 

enzymes convert P-endorphin 1.31 to N-acetylated-p-endorphin 1.31 and N-acetylated-p-

endorphini.27. 

The Role of Neuronal P-Endorphin on Cardiovascular Activity 

p-Endorphini-31 and P-endorphin 1.27 have both been implicated in 

cardioregulatory activity (Hirsch and Millington, 1991). The CDMM is the site of 

termination for three distinct p-endorphin derived peptides, the parent peptide p-

endorphini-31 originating from hypothalamic cell bodies of the arcuate nucleus which 

terminate in the CDMM and the A^-acetylated and P-endorphin 1.27 fragments derived 

from p-endorphin-producing neurons endogenous to the CDMM (Dores et al., 1986). 

This distinct differential processing indicates an important functional role of opioid-

containing neurons in the CNS. While N-acetylation results in loss of opioid receptor 

affinity and has little effect on cardiovascular activity, p-endorphin 1.27 is a more potent 

agonist than its precursor, p-endorphin 1.31 (Hirsch and Millington, 1991). 
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Nucleus of solitan. tract fnTS) 

The nTS is an important cardioregulator>' center that receives primar\' baro- and 

chemoreceptor afferents via the \agus and glossophar}ngeal cranial ner\̂ es (see review-

by Van Giersbergen et al.. 1992). The nTS integrates these sensor}" stimuli, in part, via 

projections from A2 noradrenergic neurons within the nTS to either the h\ pothalamus. 

dorsal \agus motor nucleus, rostral ventral medulla, amygdala or other local brainstem 

areas (Zandberg et al., 1978; Kalia et al., 1988). A2 neurons produce potent inhibhon. 

effects on cardiovascular acti\ity (see re\iew by van Giersbergen, 1992). p-endorphin-

producing neurons ha\ e been identified in close proximit} to A2 neurons in the nTS. In 

vitro release studies have shown that P-endorphin inhibits K"-stimulated 

norephinephrine (NE) release from A2 neurons (Carr and Gregg, 1995). Electricalh' and 

K'-e\'oked NE release is fiirther inhibited by p-, but not 6- or K-opioid receptors 

(Schoffelmeer et al., 1991: Carr. 1997). Autoradiography studies have shown a 

significant densin of p-opioid receptors in the caudal nTS (Atweh and Kuhar. 1977; 

Xia and Haddad, 1991). Only a small populafion of 5-opioid receptors ha\e been 

identified and even fewer, if any. K-opioid receptors. Therefore, a functional 

relationship ma> exist between p-endorphin and A2 neurons, which may be mediated 

through p-opioid receptors. This relationship may be responsible for mediating p-

endorphin's observ^ed alterations in cardio\ascular activit>-. 
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Hypothesis 

In the present study, based on the relationship between P-endorphin and 

noradrenergic neurons, the hypothesis to be tested is that ['̂ ^IJP-endorphin binds to 

p-opioid receptors located presynaptically on noradrenergic (A2) neurons in the 

nTS (Fig. 1.1). Two primary objectives will be addressed in this research. One 

objecfive will be to characterize the pharmacological properties of ['^^IJp-endorphin 

binding sites in the CDMM. The second objective will be to determine the localizafion 

of p-opioid receptors in the CDMM. 

Vagus afferent nerve 

NE 

|i-opioid receptor 

nTS 

- • Alterations in sympathetic and 
cardiovascular tone 

Figure 1.1: Schematic Representing p-endorphin's Postulated Mechanism of 
Action in the nTS 
This hypothetical depiction suggests that p-endorphin binds to p-opioid 
receptors on A2 neurons to inhibit the release of NE. A pharmacological profile 
was constructed to determine if in fact p-endorphin binds to p-opioid receptors 
and to determine if in fact these receptors are located on A2 terminals. 



Objective One 

p-Endorphin interacts with both p- and 5-opioid receptors in the CNS (Paterson 

et al., 1983). Since it is the p-opioid receptor that influences A2 neurons and not the 5-

opioid receptor, the objective of the first set of experiments will be to determine the 

density of both p- and 5-opioid receptors in the CDMM. These densities will then be 

used as a model for identifying and characterizing ['^^IJp-endorphin binding sites in the 

CDMM. Pharmacological studies will be done to determine the affinity, density, and 

selectivity of [ IJ p-endorphin binding sites. This pharmacological profile will provide 

important information on the type and specificity of ['^^IJP-endorphin binding sites in 

the CDMM which are speculated to be responsible for mediating cardiovascular activity 

in the nTS. 

Objective Two 

The second objective in these experiments will be to determine the localization 

of p-opioid receptors in the nTS. Since P-endorphin inhibits NE release, preliminary 

experiments will be performed to determine if p-opioid receptors are located 

presynaptically on A2 neurons using a potent noradrenergic neurotoxin, 6-

hydroxydopamine (6-OHDA). These localization experiments will help provide a more 

detailed picture of the mechanism by which P-endorphin inhibits NE release from A2 

neurons. 
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CHAPTER II 

MATERIALS AND METHODS 

Materials 

[^HJ-[D-Ala^ N-Me-Phe\ gly-ol^ J-enkephalin (DAMGO) (48 Ci/mmol) and 

[^HJ-[D-Pen^ D-Pen^J[tyrosyl-3,5-(n)J-enkephalin (DPDPE) (47 Ci/mmol) were 

purchased from New England Nuclear (Boston, MA). ['^^IJP-endorphin (2000 

Ci/mmol) was obtained from Amersham Corp. (Arlington Heights, IL). Unlabeled 

DAMGO, DPDPE, hAc-p-endorphini.31, hP-endorphin 1.31 and hP-endorphin 1.27 were 

purchased from Peninsula Laboratories (Belmont, CA). U50488 and GTPyS were 

purchased from Research Biochemicals International (Natick, MA). 6-OHDA was 

purchased from Sigma (St. Louis, MO). 

Animal Selection 

All receptor binding assays were performed using adult male Sprague-Dawley 

rats (275-325 g) purchased from Sasco Inc. Rats were housed in rectangular plasfic 

cages with a 12 h light: 12 h dark photoperiod in a 22^C controlled environment. Food 

and water were available ad libitum. The care and use of animals were in compliance 

with the TTU ACUC. 

Tissue Preparation 

Rats were rapidly decapitated and brains removed from the skull and placed on 

an ice cold petri dish containing homogenization buffer (50 mM Tris-HCl/250 mM 
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sucrose, pH 7.4 at room temperature). Using a razor blade, the brainstem \\ as isolated 

by making a transverse cut at the pineal gland and another transverse cut to separate the 

cerebellum. The CDMM was isolated on moistened filter paper using a manual tissue 

sheer that was kept on ice. The CDMM explants contained the commisural nTS (cnTS). 

A2 neurons, the dorsal vagus motor nuclei, portions of the hypoglossal nucleus and the 

area postrema. Transverse cuts were made at the obex and 2 mm caudal to the obex. 

Longitudinal cuts were made below the central canal separating the dorsal and ventral 

halves of the medulla. Two sagittal cuts were made in the dorsal half isolating the 

CDMM (Fig. 2.1). CDMM explants were pooled and homogenized in 10 vol 

homogenization buffer (50 mM Tris-HCl/250 mM sucrose. pH 7.4) using a Potter-

Elgin teflon homogenizer and a Brinkman Polytron set to a speed of 7 for 

approximately 15 sec. Homogenates were spun at 1000 xg or 10 min at 4°C. The SI 

was decanted and spun at 35,000 x g for 25 min at 4°C. The P2 containing isolated cell 

membranes was reconstituted in binding buffer (50 mM Tris-HCl with 1% bacitracin, 

pH 7.4 at 19°C). Membranes were kept on ice approximately 15 min while preparing 

tubes for binding assays. 

Binding Assays 

Assays were performed in a 25^C shaking water bath for 120 min as determined 

experimentally (see equilibrium experiments below). All assays were carried out in a 

final volume of 0.5ml in polypropylene tubes to prevent radioligand sticking to glass. 

Final assay volume contained 150-350 pg protein in 200 pi buffer, 50 pi radioligand 
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and 250 pi binding buffer. Bacitracin was added to the binding buffer to pre\ ent 

radioligand degradation ( Houghten et al., 1984) and was prepared fresh on the da> of 

each assay. Nonspecific binding was determined using 10 pM naloxone. Incubations 

were terminated by placing tubes in an ice bath for 10 min. Membranes were har\ested 

and rapidly filtered onto Whatman GF/C filters using a Brandel Cell Harvestor 

(Brandel, Gaitthensberg, MD). Filters were pretreated with 0.5% poh eth\ lenamine 

(PEI-Sigma) to minimize nonspecific binding of the radioligand to the filter. Washes 

were done with ice cold 50 mM Tris-HCl buffer pH 7.4 for an experimentalh 

determined length of time (see wash experiments below). Following washes, filters 

were air-dried approximately 15 min. For tritium radioligands, filter punches were 

incubated in 5 ml Scintiverse (Fisher) scintillation cocktail in clean polypropylene tubes 

for a minimum of 45 min in the dark and then counted on a Beckman Scintillation 

Counter. For [ IJ p-endorphin, filter punches were placed in clean poh propylene tubes 

and counted on a TM Analytical Gamma Counter. Final protein content was determined 

in triplicate using a modification (Markwell et al.,1981) of the Lowry method (Lowr\' et 

al., 1951). Specific binding was defined as the total radioligand binding minus the 

nonspecific radioligand binding. 

Wash Assays 

Wash experiments were performed to empirically determine the wash time 

needed to remove excess nonspecific radioligand binding to membranes and filters. 

Single concentrafions of [^HJDAMGO (2 nM), [^HJDPDPE (0.6 nM) and ['̂ ^IJP-
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endorphin (0.05 nM) were used in each assay. Membrane preparations and binding 

assays were performed as described above. Filters were washed with ice-cold 50 mM 

Tris buffer using one of 6 different wash times, ranging from single 1 to 6 sec washes to 

multiple 4 sec washes. Wash times yielding at least 70 % specific binding of the total 

radioligand binding were used in subsequent binding assays. 

Equilibrium Binding Assays 

Time-dependent kinetic association experiments were performed for each 

radioligand, [^HJDAMGO (2 nM), [^HJDPDPE (0.6 nM) and ['^'ijp-endorphin (0.05 

nM), to determine the amount of time needed to reach binding equilibrium. Binding 

assays using CDMM homogenates were performed as described above. Incubations 

were performed for 30, 60, 120, and 180 min in a 25°C shaking waterbath. Equilibrium 

data analysis was performed with EBDA (McPherson, 1985). 

Saturation Studies: [̂ HJDAMGO and ['̂ ÎJP-Endorphin 

Saturation binding with each radioligand was accomplished by incubating 150-

200 pg protein for [^HJDAMGO and 350-400 pg protein for ['''IJP-endorphin with 

one of 7-10 different increasing concentrations radioligand using the tissue and binding 

assay procedures described above. [ HJDAMGO concentrations ranged from 5 nM to 

0.1 nM. [^^^IJP-endorphin concentrations ranged from 2 nM to 0.01 nM. Incubation and 

wash times were based on preliminary experiments. A single 3 sec wash was performed 

on CDMM explants in [HJDAMGO saturation assays while 3 x 4 sec washes were 
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performed on CDMM explants in ['""IJp-endorphin saturation assays. Scatchard 

anah sis of saturation studies were performed with EBDA/LIGAND software program 

using the nonlinear least-squares regression methods to determine dissociation 

constants (Kd) and receptor denshies (Bmax). Saturation studies were repeated 6 times 

for [^HJDAMGO and twice for ['̂ 'IJ p-endorphin. 

NaCl and Guanine Nucleofide Regulafion of Opioid Binding 

Binding experiments were performed using radioligand in the presence of NaCl 

alone and in the presence of NaCl with the guanine nucleotide analog. GTPy-sulfate 

(GTPyS). Tissue preparations w ere done as previoush described. Binding assays were 

performed with the following modifications. Membranes (300-350 pg protein) were 

incubated with ['HJDAMGO (2 nM) or ['''IJP-endorphin (0.05 nM) with one of 5 

different concentrations of NaCl (0, 25. 50 100 and 150 mM). These experiments were 

repeated in a similar manner with 6 different concentrations (1. 10. 25. 50, 75. 100 pM) 

of GTPyS alone for ['^^IJP-endorphin. Finally, membranes were incubated with 0.05 

nM ['^'IJP-endorphin and 25 mM NaCl with 1 of the 6 different GTPyS concentrations 

(1, 10. 25, 50, 75, 100 pM). GTPyS dose dependent inhibition was compared to that of 

GTPyS alone and in the presence of NaCl. Specific binding was expressed as a 

percentage of specific binding in the absence of NaCl or GTPyS. For assays with 

GTPyS and NaCl, specific binding was expressed as a percentage of specific binding in 

the presence of 25 mM NaCl concentration alone. 

15 



125i 
Competition Studies: [ IJp-Endorphin 

Membranes (300-350 pg) were incubated with 0.05 nM ['^^IJP-endorphin in 

one of 10 different concentrations of competing unlabelled ligand ranging from 1 pM 

to 1 pM. Competing unlabelled ligands included naloxone, DAMGO, DPDPE, U50-

488, the K agonist, and the endorphins human P-endorphin 1.31 (hP-endorphini.31), 

human acetylated-P-endorphini.31 (hAcP-endorphini.31) and human p-endorphin 1.27 (hp-

endorphin 1.27). Concentrations which displaced 50 % [ IJ P-endorphin binding (IC50 

values) were determined by nonlinear least-squares regression methods with 

EBDA/LIGAND. Inhibition constants (Kj) were calculated from IC50 values using the 

Cheng and Prusoff equation: Kj = IC50/ (1+[LJ/Kj) where [LJ is the total free 

radioligand concentration (Cheng and Prusoff, 1973). 

6-OHDA Lesioning: [^HIDAMGO Binding Experiments 

In order to lesion noradrenergic nerve terminals in the CDMM, rats were 

injected intracistemally (ic.) with the catecholamine neurotoxin 6-OHDA. Male 

Sprague-Dawley rats, weighing approximately 250-300 g were briefly anesthetized in 

ether just prior to injections. Injections were then carried out using a gas tight Hamilton 

syringe fitted with a 5/8th length needle. Administration of 6-OHDA or vehicle in a 

total volume of 25 pi was delivered by flexing the head of the rat approximately 60 

degrees to the frontal plane of the body. The needle was inserted through the foramen 

magnum and into the cistema magna. The procedure lasted less than 30 sec and the rat 
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remained anesthetized less than 1-3 min following injections. A total of 3 injections 

were given over the course of 3 weeks with 1 week intervals between injections. One 

group of rats received 6-OHDA (1.48 pmol in 0.9% sterile NaCl containing 10 mg/ml 

ascorbic acid) while the other group served as the vehicle injected controls. 

Approximately 8 rats were used in each treatment group. 

[ HJDAMGO binding was performed using CDMMs as previously described 

with the following modification. Individual CDMM explants from each rat were 

incubated in a single concentration of 2 nM [^HJDAMGO. Incubations, washes and 

harvesting were performed as previously described. Specific binding was averaged for 

each treatment group. Means between each group were then subjected to a means test 

using a two tailed t-test with p-values of < 0.05 taken as significant. 

Norephinephrine content in the CDMM was determined using high performance 

liquid chromatography (HPLC) coupled with electrochemical detection methods 

previously described by our laboratory (Carr and Gregg, 1995). Briefly, tissue samples 

were thawed and sonicated 1 min. Homogenates were centrifuged at 16,000 x g for 15 

min at 4 °C and supematants used for NE determination. Means from each treatment 

group were subjected to a means test using two-tailed t-test with p-values of < 0.05 

taken as significant. 
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Obex 

Figure 2.1 An Anatomical Representation of the CDMM 
A cross-section of the CDMM caudal to the IV ventricle at the level of the obex 
illustrates the nTS (nucleus of the solitary tract), AP (area postrema), and X 
(dorsal motor nucleus of the vagus nerve). 
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CHAPTER III 

RESULTS 

[^HIDAMGO Binding Assavs 

[^HJDAMGO Wash Assays 

Binding assays using 2 nM [^HJDAMGO incubated with ice cold 50 mM Tris-

HCl alone and with CDMM explants showed a single 4 sec wash was necessary to 

minimize nonspecific binding (Figure 3.1) and achieve at least 70%) specific binding 

(Figure 3.2). Experiments were repeated twice for each assay with similar results. 

[^HJDAMGO Equilibrium Binding Assay 

Time-dependent kinetic association experiments indicated a 2 h incubation was 

required for 2 nM [^HJDAMGO to reach steady state binding equilibrium (Figure 3.3). 

Incubations were performed at 25^C with times ranging from 30 min to 180 min. Data 

analysis with EBDA/LIGAND was performed using nonlinear regression methods. The 

observed kinetic association rate constant was based on a statistically favored a single 

site model over a two site model. Experiments were done twice with similar results. 

[^HJDAMGO Saturation Assays 

[^HJDAMGO (0.1 nM to 3 nM) demonstrated saturable binding to CDMM 

membrane homogenates at 25°C in 50 mM Tris-HCl buffer (pH 7.4) with a 2 h 

incubation. Scatchard analysis of saturation data showed [ HJDAMGO binding to a 

homogenous high affinity, dense receptor population. Data analysis performed with 
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LIGAND using nonlinear least squares regression resulted in a single site best fit model 

with a mean (n=6) apparent dissociafion constant (Kd) of 1.45 nM and a receptor 

density (Bmax ) of 81 fmol/mg protein (Figure 3.4). Specific binding represented at least 

75%) of the total binding. The observed affinity in these experiments are similar to 

published reported in which [-̂ HJDAMGO labeled presynaptic p receptors with a Kd of 

5 nM (Schoffelmeer, 1991). 

Effects of NaCl on [^HJDAMGO Binding 

[ HJDAMGO binding was sensifive to NaCl concentrations. Sodium chloride 

incubated with 2 nM [^HJDAMGO inhibited specific [^HJDAMGO binding to CDMM 

membranes in a concentration dependent maimer (Figures 3.5 and 3.6). As much as a 

64% inhibition resulted with a 150 mM NaCl incubation. 

Saturation assays with [^HJDAMGO in the presence of 50 mM NaCl resulted in 

a Scatchard plot that was shifted significantly to the left (Figure 3.7) as compared to 

normal [^HJDAMGO saturations. This shift corresponded to an almost 40% reduction 

in receptor density, from 81 fmol/mg protein to 45 fmol/mg protein and a slightly 

decreased receptor affinity from a Kd of 1.45 nM to a Kd of 5 nM. The inhibition of 

NaCl on opioid binding is consistent with published reports which have consistentl} 

demonstrated a NaCl inhibition on opioid binding to opioid receptors (Law et al., 

1979). 
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[^HJDPDPE Binding Assavs 

Initial experiments to characterize the 5-opioid receptor in the CDMM were 

done with the 5 agonist, [^HJpCl-DPDPE. [^HJpCl-DPDPE represents the halogentated 

form of the highly selective 5-opioid receptor agonist, [^HJDPDPE. This halogenated 

relatively new radioligand has been shown to confer increased selectivity and affinity 

for 5-opioid receptors over the unhalogenated parent ligand, [^HJDPDPE (Vaughn et 

al., 1989). In our laboratory, however, I could not duplicate these results using either 

CDMM or cortical membranes. Therefore, I performed characterization studies with 

[ HJDPDPE which has been routinely used in other laboratories to label 5-opioid 

receptors with high affinity and selectivity (Mosberg et al., 1983; Dashwood et al.. 

1988) Initial characterization studies were done using rat cortex since this tissue 

contains a dense population of 5-opioid receptors (Xia and Haddad, 1991), unlike the 

CDMM (Dashwood et al., 1988; Xia and Haddad, 1991). Unilateral cortex was taken 

from rapidly decapitated rats. The striatum was removed using a razor blade. Standard 

P2 preparations were done in a similar manner to the procedures for CDMM 

preparations. 

[^HJDPDPE Wash Assays 

Wash assays were repeated in a similar manner to those of [ HJDAMGO. 

Results indicated that 3 x 4 sec wash times with ice cold 50 mM Tris-HCl using 

Whatman GF/C filters pretreated with 0.5%) PEI was required to minimize nonspecific 
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binding (Fig. 3.8). Se\'eral wash times were attempted, from single washes to multiple 

washes. Experiments were performed once. 

[^HJDPDPE Equilibrium Assay 

Time-dependent kinetic associafion experiments using rat cortical tissue 

preparations indicated that a 2 h incubafion was required for 0.6 nM [^HJDPDPE to 

reach binding equilibrium (Figure 3.9). Incubations were performed at 25''C with times 

ranging from 60 min to 480 min. The results of this experiment were used in 

subsequent [^HJDPDPE assays using CDMMs. 

[^HJDPDPE Saturafion Assays 

Prior to performing saturation assays, preliminary single point [^HJDPDPE 

assays were performed with rat cortex and CDMM membranes in a single assay. This 

preliminary assa} was used to determine if 5-opioid receptors were in fact present in the 

CDMM. As shown in Figure 3.10, specific binding to CDMM membranes was 

negligible, eliminating the need for saturation assays.. The fact that specific binding to 

cortical membranes was high indicated that the results obtained for CDMM membranes 

was the result of a nondetectable population of 5-opioid receptors and not an artifact of 

the assay. These results are consistent with previoush published data, which also report 

an absence of 5-opioid receptors in the CDMM of cats (Dashwood et al., 1988). 
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['̂ ^IJB-Endorphin Binding Assavs 

['^^IJP-Endorphin Wash Assays 

Wash assays for [ IJ P-endorphin were repeated in a similar manner to those 

with [ HJDAMGO using CDMM membranes. Results indicated that 3 x 4 sec washes 

with ice cold 50 mM Tris-HCl using Whatman GF/C filters pretreated with 0.5% PEI 

were necessary to reduce nonspecific binding (Fig. 3.11). Specific binding represented 

at least 70% total binding. Several wash fimes were tested, from single washes to 

muhiple washes. Experiments were repeated with similar results. 

1 TC 

[ IJp-Endorphin Equilibrium Binding Assays 

Time-dependent kinetic association experiments indicated that a 2 h incubation 

was required for 0.05 nM [ IJ P-endorphin to reach steady state binding equilibrium to 

CDMM membranes (Figure 3.12). Incubations were performed at 25 "C with times 

ranging from 15 min to 180 min. Data analysis was performed with EBDA/LIGAND 

using nonlinear regression methods. The observed kinetic association rate constant was 

based on a monophasic best-fit model. The experiment was repeated once with similar 

results. 

['"^^IJP-Endorphin Saturation Assay 

[ IJ P-endorphin demonstrated saturable binding to CDMM membranes (350 

pg) in 50 mM Tris-HCl containing A% BSA and .1%) bacitracin (Figure 3.13). 

Incubations were performed at 25°C for 2 h. Nonspecific binding was determined using 
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10 pM naloxone. Concentrations of ['^^IJP-endorphin ranged from 0.01 nM to 3 nM. 

Scatchard analysis of saturafion assays with EBDA/LIGAND resulted in the labeling of 

a homogenous high affinity receptor population (Figure 3.14). A single site best fit 

model was obtained using nonlinear least squares methods with a mean Kd of 0.25 nM 

and a Bmax of 97 fmol/mg protein. Specific binding represented at least 70% total 

binding. Saturation assays were performed twice with similar results. 

1 7S 

[ IJp-Endorphin Competition Assays 

Compefifion assays were performed with 0.05 nM ['̂ ^IJP-endorphin and several 

the unlabeled opioid agonists and p-endorphin fragments (Figure 3.15) using CDMM 

membranes. Competing unlabeled ligands ranged from 10 M to 10 M. Data analysis 

was performed on EBDA/LIGAND using nonlinear regression methods to obtain IC50 

values. These values were then converted to K, values (Table 3.1). As shown, unlabeled 

P-endorphin 1-31 and P-endorphini-27 were slightly more potent than either DAMGO or 

naloxone in displacing [ IJ P-endorphin binding. Displacement by DAMGO was at 

least 1000-fold more potent than either U50-488, a K agonist or DPDPE, a 5 agonist or 

N-acetyl-P-endorphin. The rank order of displacement for ['̂ ÎJ P-endorphin binding 

was p-endorphini.31 > P-endorphini.27 >DAMGO >naloxone >U50-488 >DPDPE >N-

acetyl- p-endorphini.31. 
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Effects of NaCl and GTP Analog on ['^'ij P-Endorphin Binding 

1 9S 

[ IJ p-endorphin binding was sensitive to both NaCl and the nonhydrolyzable 

GTP analog, GTPyS. Sodium chloride inhibited 0.05 nM ['^^IJp-endorphin specific 

binding in a concentration dependent manner (Figure 3.16). Concentrations of NaCl 

ranged from 1 mM to 150 mM. These results parallel published reports which show 

opioid agonist binding is inhibited by NaCl (Childers and Snyder, 1978; Selley and 

Bidlack, 1989). 
1 9S 

[ IJP-endorphin (0.05 nM) incubated in the presence of increasing 

concentrations of GTPyS, from 1 pM to 100 pM, significantly decreased ['"̂ ÎJP-

endorphin specific binding (Figure 3.17). Maximum inhibition was achieved with 25 

pM GTPyS. These experiments were repeated 3 times with similar results. 

[ IJP-endorphin binding was also assayed in the presence of both 25 mM NaCl 

and increasing concentrations of GTPyS (1 pM-100 pM). Resuhs are shown in Figure 

3.18. ['^^IJP-Endorphin binding was more sensitive to the presence of both NaCl and 

GTPyS than to the presence of NaCl alone. A single 25 mM concentrafion of NaCl 

alone produced a 25%) inhibifion in ['^^IJP-endorphin specific binding while 25 mM 

NaCl plus 25 pM GTPyS resulted in at least 50%) inhibhion. This inhibifion was also 

greater than the inhibition with 25pM GTPyS alone. These results are similar to 

previously published reports which show opioid binding is more sensitive to the 

presence of NaCl and GTP analogs than either NaCl or GTP analogs alone (Childers 
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and Snyder, 1978; Toogood et al.. 1986; Selley and Bidlack, 1989; Shahabi et al.. 

1990). 

6-OHDA Treatments 

6-OHDA Lesioning: [^HJDAMGO Binding Experiments 

Following treatment with either 6-OHDA or vehicle injections into the CDMM. 

[HJDAMGO binding experiments were performed on subsequent membrane 

preparafions. Resuhs of [^HJDAMGO specific binding were expressed as means from 

each treatment group (Figure 3.17). Statistical analysis was done to compare the means 

from each treatment group using a two tailed Student's t-test with a 95%) confidence 

inter\ al. Analyses failed to yield a significant difference between the means. 

6-OHDA Lesioning: Norephinephrine Content 

To confirm the 6-OHDA lesions, CDMM tissue from treated and control rats 

were assayed for NE content using HPLC analysis. Results from each treatment group 

are shown in Fig. 3.18. Results show that rats receiving 6-OHDA injecfions had a 40% 

reduction in NE content as compared to those receiving vehicle injections. These results 

were statistically analyzed using a Student's two tailed t-test with p-values of < 0.05 

taken as significant, which resulted in a significant difference between the mean NE 

content of each group. 
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Figure 3.1: [^HJDAMGO Wash Assay with Buffer Alone 
Wash assays were performed using 50 pi 2 nM [^HJDAMGO in 450 pi 50 mM 
Tris-HCl (see Methods). Briefly, washes were done with ice cold 50 mM Tris-
HCl using Whatman GF/C filters pretreated with 0.5 % PEI. The results show at 
least 99 % [ HJDAMGO nonspecific binding to filters is reduced with a 
minimum 4 sec wash. The data represents one experiment performed in 
triplicate, which was repeated with similar results. 
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Figure 3.2: [^HJDAMGO Wash with CDMM Membranes. 
Wash experiments were performed by incubating 2 nM [^HJDAMGO with 150 
pg CDMM membranes (200 pi) in a final volume of 0.5 ml (See Methods). 
Briefly, membranes were incubated 2 h in a shaking waterbath and subsequently 
washed 4 sec with ice cold 50 mM Tris-HCl. Specific binding was determined 
using 10 pM naloxone. At least 70 %> specific binding is achieved with a 4 sec 
wash. The data is a representation of one experiment performed in triplicate, 
which was repeated with similar results. 
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Figure 3.3: [^HJDAMGO Association to CDMM Membranes. 
Time dependent association of [^HJDAMGO (2 nM) to CDMM membranes 
(150 pg) was determined (see Methods). Briefly, incubations were performed 
for the indicated times in a 25°C shaking waterbath. Wash times consisted of a 4 
sec wash with ice cold 50 mM Tris-HCl. Data analysis was performed with 
EBDA/LIGAND which resulted in a single site best fit model. The experiment 
was performed in triplicate and repeated with similar results. Data from one 
experiment is shown. 
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Figure 3.4: [^HJDAMGO Saturation Assay 
Saturations were performed using the indicated concentrations of [ HJDAMGO 
incubated with 150 pg CDMM membranes (200 pi) in the presence of 10 pM 
unlabeled naloxone in a final volume of 0.5 ml (see Methods). Membranes were 
incubated 2 h. in a 25°C shaking waterbath followed by a 4 sec wash as 
previously described. Data analysis was performed with EBDA/LIGAND. The 
experiment was performed 6 times with comparable results. Data represents one 
experiment performed in triplicate. See Figure 3.5 for Scatchard analyses. 
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Figure 3.5: [ HJDAMGO Scatchard analysis of Saturafion Assays 
Saturations were performed as previously described (see Figure 3.4). Scatchard analysis 
with EBDA/LIGAND of specific [^HJDAMGO binding to CDMM membranes resulted 
in a Kd of 1.45 nM and a Bmax of 81 finol/mg protein. The Scatchard plot is a 
representation of one of 6 saturations performed with comparably similar results. 
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Figure 3.6: The Effects of NaCl on [̂ HJDAMGO Specific Binding to CDMM 
Membranes. 
Specific [̂ HJDAMGO (2 nM) binding to CDMM membranes (150 pg) was 
measured in the presence of increasing concentrations of NaCl (see Methods). 
Incubations and washes were performed as previously described. The results 
show a significant inhibition of specific [̂ HJDAMGO binding in the presence of 
NaCl. Experiments were performed in triplicate. Data represents one 
experiment. 
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Figure 3.7: Scatchard Analyses of [^HJDAMGO Saturations Incubated With 
and Without 25 mM NaCl. 
Scatchard analysis of saturations with [^HJDAMGO were performed as 
previously described with the addition of 50 mM NaCl to the binding buffer (see 
Methods). Data analysis with EBDA/LIGAND resulted in a mean Kd of 3.4 nM 
and a mean Bmax of 41 fmol/mg protein for saturations with 50 mM NaCl as 
compared to a Kd of 1.45 nM and a Bmax of 81 fmol/mg protein for saturations 
without 50 mM NaCl. 
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Figure 3.8: [^HJDPDPE Wash assay. 
Wash assays were performed by incubating unilateral rat cortex membranes 
(400 pg) with the striatum removed with 0.06 nM [^HJDPDPE in a final 
volume of 0.5 ml (see Methods). Membranes were harvested onto Whatman 
GF/C filters pretreated with 0.5% PEI and washed according to the indicated 
fimes with ice cold 50 mM Tris-HCl. At least 77 % specific binding was 
reached with a 3 x 4 sec wash. The experiment was performed once in triplicate. 
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Figure 3.9: [^HJDPDPE Association to Rat Cortex Membranes 
Unilateral rat cortex (400 pg) was used to determine equilibrium association of 
0.6 nM [̂ H J DPDPE to cortical membranes (see Methods). Incubations were 
performed at 25 ''C in a shaking waterbath for the indicated times. Nonspecific 
binding was determined using 10 pM naloxone. Results indicate binding 
equilibrium is sufficiently reached at 2 h. The experiment was performed once 
in triplicate and the results were used in subsequent [^HJDPDPE assays with 
CDMM. 
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Figure 3.10: [^HJDPDPE Single Point Cortex and nTS Assay 
A single point 0.6 nM [^HJDPDPE assay was performed using 150 pg CDMM 
membranes and 400 pg unilateral cortical membranes with the striatum 
dissected out (see Methods). Two hour incubations were performed in a 25°C 
shaking waterbath. Three 4 sec. washes (determined experimentally) were 
performed using ice cold 50 mM Tris-HCl. The experiment was performed 
once in triplicate. Results indicate there are no detectable 6-opioid receptors in 
the CDMM. 
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Figure 3.11: ['^^IJp-Endorphin Wash Assay 
Wash times were performed using 0.05 nM [ IJ p-endorphin in 50 mM Tris-
HCl binding buffer in a final volume of 0.5 ml (see Methods). Briefly, washes 
were performed using 4 sec increment washes using Whatman GF/C filters 
pretreated with 0.5% PEI. Results indicate a multiple 3 x 4 sec wash removes at 
least 85 % nonspecific radioligand binding to filters. 
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Figure 3.12: ['^^IJP-Endorphin Association to CDMM Membranes 
Time-dependent association experiments were performed by incubating 200 pi 
buffer containing 350-400 pg CDMM membranes with 0.05 nM ['̂ ^IJP-
endorphin in a final volume of 0.5 ml (see Methods). Following the indicated 
incubations at 25°C in a shaking waterbath, 3 x 4 sec washes performed using 
ice cold 50 mM Tris-HCl. Samples were counted on a TM Analytic Gamma 
Counter with a 75 % efficiency. The experiment was performed once. Data 
analysis was performed with EBDA which favored a one site association model. 
The results indicate binding equilibrium is sufficiently reached \\ ith a 2 h 
incubation. 
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Figure 3.13: [ IJP-Endorphin Saturation Assays 
Saturations were performed by incubating 200 pi buffer containing 350-400 pg 

1 7S 

CDMM membranes with the indicated [ IJP-endorphin concentrations (0.01 
nM to 2 nM) for 2 h at 25°C in a shaking waterbath. Membranes were harvested 
onto Whatman GF/C filters pretreated with 0.5 % PEI and washed 3 x 4 sec 
with ice cold 50 mM Tris-HCl. Data analysis was performed with 
EBDA/LIGAND (see Figure 3.14). The experiment was performed in triplicate 
and repeated once with similar results. The data is a representation of one 
saturation. 
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Figure 3.14: ['"^^IJp-Endorphin Scatchard Analysis of Saturafions 
Scatchard analysis with EBDA/LIGAND of ['^'IJP-endorphin saturations 
resulted in the labeling of a homogenous high affinit> receptor population with a 
Kd of 0.35 nM (n=2) and a Bmax of 97 fmol/mg protein (n=2). Data was best fit 
to a single she model. The data is a representation of one saturation. 
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Figure 3.15: Displacement of [ I]P-Endorphin Specific Binding 
Competition assays were performed by incubating 200 pi buffer containing 300-
350 pg CDMM membranes in 0.05 nM ['^^I]p-endorphin with the indicated 
unlabeled ligand concentrations in a final volume of 0.5 ml for 2 h (see 
Methods). Wash times of 3 x 4 sec were performed with ice cold 50 mM Tris-
HCl usmg Whatman GF/C filters pretreated with 0.5% PEI. Data analysis was 
performed with EBDA using nonlinear least squares regression methods. 
Displacement of [ I]p-endorphin specific binding was best fit to a single site 
model. The IC50 values for each displacement were transformed to Ki values 
accordmg to Cheng and Prusoff (1973) (Table 3.1). Each displacement assay 
was performed 2-3 tunes with comparable results. 
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Table 3.1: The Inhibition Constants (Kj) for Displacement of ['" '̂IJP-Endorphin 
Binding to CDMM Membranes. 

Ligand 
h(3-endorphini.3i 
h p-endorphin 1.27 
DAJVLGO 
naloxone 
h Ac- p-endorphin i .31 
DPDPE 
U50488 

Ki (nM) 
0.66 
1.73 
6.49 
8.19 
657 
1710 
1800 

Note: Competition assays were performed by incubating 200 pi buffer 
containing 300-350 pg CDMM membranes in 0.05 nM [ IJP-endorphin with 
the indicated unlabeled ligand concentrations in a final volume of 0.5 ml for 2 h 
(see Methods). Wash times of 3 x 4 sec were performed with ice cold 50 mM 
Tris-HCl using Whatman GF/C filters pretreated with 0.5% PEI. Data anah sis 
was performed with EBDA using nonlinear least squares regression methods. 
Displacement of ['"^^IJp-endorphin specific binding was best fit to a single-site 
model. The IC50 values for each displacement were transformed to Kj values 
according to Cheng and Prusoff (1973) Each displacement assay was performed 
2-3 times with comparable results. 
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Figure 3.16: NaCl hihibition of Specific Binding of ['̂ 'IJP-Endorphin to 
CDMM Membranes 
['̂ ^I]p-endorphin (0.05 nM) specific bmdmg to CDMM membranes (300pg) 
was measured in the presence of increasing concentrations of NaCl. Membranes 
were incubated for 2 h and washed as previously described (see Methods). 
Maximal inhibition is reached by 75 mM NaCl. The minimal inhibition 
produced by 25 mM NaCl was used to measure the effects of inhibition 
produced by GTPyS alone and in the presence of NaCl. Data is a representative 
of one experiment performed in triplicate that was performed 3 times with 
comparable results. 
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Figure 3.17: GTPyS Inhibition of ['^^IJP-Endorphin Specific Binding to CDMM 
Membranes. 
['^^IJp-endorphin (0.05 nM) specific binding to CDMM membranes (300 pg) 
was measured in the presence of increasing concentrations of GTPyS. 
Membranes were incubated 2 h and washed as previously described (see 
Methods). The results show a significant dose-dependent inhibition of GTPyS 
on specific [ IJ p-endorphin binding to CDMM membranes. The experiment 
was performed in triplicate and repeated twice with comparable results. 
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-125, Figure 3.18: NaCl + [GTPySJ Inhibition of Specific ['"IJP-Endorphin Binding 
to CDMM Membranes. 
['^ajp-endorphin (0.05 nM) specific binding to CDMM membranes (300 pg) 
was measured in the presence of 25 mM NaCl with increasing concentrations of 
GTPyS. Membranes were incubated 2 h and washed as previously described (see 
Methods). Results show that the inhibifion by 25 mM NaCl with increasing 
concentrafions of GTPyS is greater than the inhibifion by NaCl alone or GTPyS 
alone. The experiment was performed 3 times with similar results. The data is a 
representative of one assay. 
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Figure 3.19: Norephinephrine Content in the CDMM Following 6-OHDA 
Intracistemal Injections. 
The content of NE in the CDMM of rats treated with 6-OHDA or vehicle 
injections was measured using HPLC methods (see Methods) and compared. 
Statistical analysis revealed a significant difference between the mean NE 
content of each group. These results confirm that 6-OHDA destroyed 
presynaptic noradrenergic nerve terminals, including any receptors localized to 
these terminals. Each group represents the mean NE content fi-om 6-8 rats. 
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Figure 3.20: [^HJDAMGO Specific Binding to CDMM membranes of Rats 
Treated with 6-OHDA and Vehicle. 
Specific binding of 1 nM [^HJDAMGO to CDMM membranes treated with 
either 6-OHDA or vehicle (see Methods) show no differences in mean binding 
between either group. These results, correlated with the 60% inhibition of NE 
content in 6-OHDA treated rats (see Figure 3.19), suggests that p-opioid 
receptors are not presynaptic to noradrenergic nerve terminals. 
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CHAPTER IV 

DISCUSSION 

19S 

I have demonstrated that [ IJ p-endorphin binds in a saturable and high-affinit> 

manner to a homogenous population of opioid receptors in the CDMM. Scatchard 

analysis of saturation assays resulted in a Kd of 0.24 nM and a Bmax of 97 fmol/mg 

protein. These findings are in close agreement to previous work. Using [^HJp-

endorphin, Law et al. (1977) reported a Kd of 0.46 nM to rat brainstems, but variable 

KdS in other CNS regions, indicating the existence of a heterogeneous population p-

endorphin binding sites. It is now known that P-endorphin interacts nonselectively with 

both p- and 5-opioid receptors (Paterson et al., 1983), including a conjoined p / 6 

receptor complex (Schoffelmeer et al., 1990) as well as with the nonopioid s receptor 

(Houghten et al., 1984). Given these increasingly complex p-endorphin interactions, I 

performed binding assays with [^HJDAMGO and [^HJDPDPE to characterize the p- and 

5-opioid receptor population, respectively, in the CDMM. The resulting binding 

characterisfics were then used as a model for determining the proportion of p-endorphin 

binding to either p- and/or 5-opioid receptors or for the possibility of interactions with 

the nonopioid 8 receptor. 

Saturation assays with [^HJDAMGO resulted in the labeling of a high affinity, 

single site receptor populafion in the CDMM with a Kd of 1.45 nM and a Bmax of 82 

fmol/mg protein. This affinity is within the range of affinities reported by Schoffelmeer 

et al. (1991) to rat neocortical p-opioid receptors (Kd = 5 nM) and Onogoi et al. (1994) 
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to transfected COS-7 cells expressing p-opioid receptors (Kd = 3.46). The relati\e 

similarities between these KdS provide strong evidence that in our assa\s. ['HJDAMGO 

labeled a dense p receptor population with a slightly greater affinit}' for p-opioid 

receptors in the CDMM than traditional p-opioid receptors. 

The rich density of p-opioid receptors in the CDMM has been reported 

previously in the literature (Atweh and Kuhar, 1977: Xia and Haddad, 1990) and is 

consistent with our results. Interestingly, Scatchard analyses of saturations re\ ealed 

comparable receptor densities between both [ HJDAMGO (82 fmol/mg protein) and 

19^ 

[ IJ p-endorphin (97 fmol/mg protein). The simplest interpretation for this correlation 

is that the greatest proportion of [ IJP-endorphin binding in the CDMM is to p-opioid 

receptors. The inclusion of 5-opioid receptors in this model was eliminated following 

assays with [^HJDPDPE. 

[^HJDPDPE specific binding was nondetectable (Fig. 3.9). indicating there are 

no 5-opioid receptors in the CDMM. This supports the conclusion that ['"'IJP-

endorphin binding is solely to p-opioid receptors. Dashwood et al. (1988) also reported 

nondetectable 5-opioid receptor binding in the cat CDMM using [^HJDPDPE. Xia and 

Haddad (1991), however, did report the presence of 5-opioid receptors in the rat 

CDMM using the p- and 5-opioid receptor agonist, DADLE, albeit a low density 

population in comparison to the p-opioid receptor population. One plausible 

explanation for these discrepancies may be the differences in the ligand used to label 5-

opioid receptors. Although our results and those of Dashwood et al. (1988) are based on 
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different animal models, the same high affinity and highly selecti\ e radioligand. 

[ HJDPDPE, was used to characterize 5-opioid receptors. Xia and Haddad (1991). on 

the other hand, used the less selecfive ligand, DADLE, which is binds both p- and 5-

opioid receptors. Although Xia and Haddad (1991) co-incubated DADLE with the p 

agonist, PL017 to block p binding, it is possible that the low density 5-opioid receptor 

population they labeled represents a non-delta opioid receptor, perhaps a p-opioid 

receptor subtype, that is not blocked by PL017. If in fact the results of Xia and Haddad 

(1991) are correct, despite our findings, then h is possible that a proportion of the 

[ IJP-endorphin binding in the CDMM is to 5-opioid receptors. However, this binding 

must represent a rather inconsequential proportion of the total ['̂ ^IJP-endorphin 

binding, given that our saturation assays resulted in a single-site high affinity model and 

that a 5-opioid receptor population, if present, is of a very low density. Xia and Haddad 

(1991) further hypothesized that the cardiorespiratory effects of opioids in the CDMM 

are most likely mediated by p-opioid receptors, not 5-opioid receptors, given the 

significant ratio of p- to 5-opioid receptors. 

The presence of nontraditional p-opioid receptor subtypes, with higher affinit> 

for ['^^IJP-endorphin than [^HJDAMGO, has been reported by Schoffelmeer et al. 

(1991) in rat neocortical membranes. I report for the first time evidence of this receptor 

subtype in the CDMM of rats. Displacement of ['"̂ ÎJ p-endorphin specific binding was a 

1000-fold more potent with unlabeled DAMGO and naloxone than either U50488 or 

DPDPE. The high potency with which naloxone displaced ['^"IJP-endorphin binding is 
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evidence for the involvement of ['^^IJp-endorphin with opioid receptors and does not 

support the involvement with nonopioid epsilon receptors (Houghten, 1984). The low 

displacement potency exhibited by DPDPE, given that ['^^IJP-endorphin is a 

nonselective p / 5 agonist, is corroborated by our results and those of Dashwood et al. 

(1988), showing the paucity of 5-opioid receptors in the CDMM. This evidence, 

coupled with the comparably potent displacement of ['̂ ^IJP-endorphin by both 

DAMGO and p-endorphin 1.31, is evidence that ['̂ ^IJP-endorphin is selective for p-

opioid receptors in the CDMM. The slightly greater potency with which p-endorphini.31 

displaced [ IJP-endorphin as compared to DAMGO is consistent with the results of 

saturation assays in which ['^^IJp-endorphin displayed a greater affinity for p-opioid 

receptors than DAMGO. This greater affinity is consistent with the results of 

Schoffelmeer et al. (1991), who reported that p-opioid receptors inhibited the release of 

NE from noradrenergic nerve terminals with greater potency in the presence of p-

endorphin than DAMGO. Schoffelmeer (1991) therefore hypothesized that these 

receptors represented a nontraditional presynaptic p receptor subtype. The CDMM 

contains a distinct A2 noradrenergic neuronal population, which has been previously 

shown in our laboratory to be inhibited by p-endorphin (Carr and Gregg, 1995; Carr, 

1997). These data, combined with the present results from saturation and competition 

assays, indicate that [ IJP-endorphin binding may be to a disfinct p-opioid receptor 

subtype in the rat CDMM. 
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Biochemical analysis indicates that the major end products of p-endorphin 

processing in the nTS are p-endorphin 1.31 and N-acetyl-p-endorphini.31. and to a lesser 

extent N-acetyl-p-endorphini.26and P-endorphini.27 (Dores. 1985). The results of 

competition assays with unlabeled P-endorphini.31, P-endorphini.27. and N-acet\'l- p-

endorphini.31 provide important implicafions on the effects of postranslational 

processing and the relafive potency of p-endorphin peptides in the CDMM. p-

endorphini-31 displayed the greatest potency in displacing ['^'iJP-endorphin than either 

fragment. N-acetylation of p-endorphin 1.31 resulted in a significant loss of receptor 

affinity. N-acetyl-p-endorphini.31 was at least 1000-fold less potent in displacing 

['^"'IJP-endorphin than either p-endorphini.31 or DAMGO. P-endorphiui.o? resulted in a 

30% relative potency of P-endorphin 1-31, consistent with published reports (Hammonds 

et al., 1984). In a manner similar to its precursor peptide, P-endorphin 1.27 was more 

potent in displacing ['^^IJp-endorphin than DAMGO. The rank order potency for 

displacement of ['^^IJP-endorphin binding sites is as follows: P-endorphin 1.31> P-

endorphini.27 > DAMGO > naloxone > U50,488 > N-acetyl-P-endorphin 1.31 > DPDPE. 

The differential posttranslational processing of POMC derived p-endorphin 1.31 

in the caudal dorsal medulla may be one mechanism whereby the CDMM modulates 

cardiovascular acfivity. The CDMM is a source of P-endorphini.31- p-endorphini.27, and 

N-acetyl-p-endorphin 1.31 (Dores, 1985). N-acetylation virtually eliminates the 

cardioregulatory function of its precursor (Hirsh and Millington, 1991). On the other 

hand, both i.c.v. and i.e. administrafion of the C-terminal proteohtic product p-
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endorphini-27 results in a more potent effector of adrenal medulla stimulation and 

cardiovascular acfi\ ity than p-endorphin 1.31 (van Giersbergen et al.. 1990). It is not 

known, however, which receptor medicates these actions. Given the e\ idence that 

1 7S 

[ IJP-endorphin binding sites represent a high affinity p-opioid receptor subtype and 

that P-endorphini.27 displaces this binding with a slightly lower affinit> than the 31 

amino acid parent residue, it is likely that P-endorphin 1.27 acts upon the same p-opioid 

receptors as p-endorphin 1.31 to mediate cardiovascular activit}. This homogeneous 

opioid receptor binding site is supported by data from Toogood et al. (1986). Although 

the opioid receptor subtype was not identified in these studies, P-endorphin 1.31 

displaced high affinity ['^•'ljp-endorphini.27 binding to rat cortex membranes with a 

slightly higher affinity than the 27 residue. 

Mu opioid receptors belong to the family of G-protein coupled receptors. An 

important distinguishing feature of this characteristic receptor is GTP and NaCl 

inhibhion upon agonist binding. To provide fiirther evidence that [' 'IJp-endorphin 

binds to p-opioid receptors, I characterized the specific binding of ['''IJp-endorphin in 

the presence of NaCl alone, GTPyS alone, and in the presence of 25 mM NaCl with 

increasing concentrafions of GTPyS. The results indicate that ['̂ 'IJ p-endorphin specific 

binding is characterisfic of p-opioid receptor interacfions. Consistent with published 

reports, ['^^IJP-endorphin binding (Selly and Bidlack, 1989) and [^HJDAMGO binding 

(Wang et al.. 1993) were inhibited by NaCl in a concentrafion dependent manner. This 

comparable NaCl senshivity is a characteristic feature of p-opioid receptor-agonist 
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interactions (Wang et al., 1993) and suggests that both radioligands are acting on 

similar receptors. Unlike the resuhs of Selley and Bidlack (1988). who reported that 

GTP or the nonhydrolyzable analog GppNHp alone did not inhibit ['"'ijP-endorphin 

binding, I found that ['^^IJp-endorphin was inhibited by GTPyS alone in a concentration 

dependent manner that reached maximal inhibition with 50 pM GTPyS. Selly and 

Bidlack (1988) found that ['^^IJP-endorphin sensitivity to GTP occurred only in the 

presence of monovalent cafions, such as Na^. Although our results conflict with Sell) 

and Bidlack (1988), they corroborate the results of Toogood et al. (1986), who 

demonstrated that [ IJ p-endorphin binding to rat cortex membranes is inhibited by 

GppNHp alone. The discrepancies between these resuhs and those of Selly and Bidlack 

may be that the latter group used membranes from the cell lines NG108-15 and SK-N-

SH, whereas I employed rat CNS membranes. In addhion, the fact that ['̂ ^IJP-

endorphin binding sites may represent a distinct, nontraditional, p-opioid receptor 

subtype may account for this distinct guanine nucleotide inhibition. Furthermore the 

inhibitory effects of GTP or GTP analogs on opioid agonist binding is a characteristic 

feature of G-protein coupled receptors (see minireview by Childers, 1991) to which p-

opioid receptors belong (Thompson et al., 1993; Wang et al., 1993). Similar to Selly 

and Bidlack (1988), I found that NaCl-guanine nucleotides coincubations produced a 

greater inhibition of [ IJ p-endorphin specific binding than either produced by NaCl 

alone or GTPyS alone, another distinguishing feature of opioid receptor-agonist 

interactions. 

54 



To determine the location of p-opioid receptors. I performed lesioning studies 

using 6-OHDA to determine whether or not these receptors were present on 

noradrenergic nerve terminals in the CDMM. Although NE content was depleted b\ 

60% in rats receiving 6-OHDA compared to rats receiving vehicle, our resuhs failed to 

demonstrate a significant difference in [ HJDAMGO specific binding between either 

group. I therefore conclude that presynaptic p-opioid receptors are not localized to 

noradrenergic nerve terminals and may represent a general presynaptic feature of 

CDMM nerve terminals. In a complementary set of investigations Carr (1997). using 

the Na^-channel blocker, tetrodotoxin (TTX). found no evidence for the presynaptic 

localization of p-opioid receptors on noradrenergic nerve terminals. In these studies. 

TTX blocked p-endorphin inhibition of NE release, suggesting that p-opioid receptors 

are located on intemeurons, not noradrenergic terminals. 

There is compelling evidence that p-opioid receptors in the CDMM are 

localized on vagus afferent innervations in the nTS. Atweh et al. (1979) using rats and 

Dashwood et al. (1988) using cats, demonstrated that unilateral vagotomy significantly 

reduced the p-opioid receptor density in the nTS. Dashwood et al. (1988) further 

specified that vagotomy without excision of the nodose ganglion failed to alter the p-

opioid receptor density. P-Endorphin effects on cardioregulatory functions may 

therefore be mediated by p-opioid receptor subtypes localized on presynaptic primary 

afferents of the nodose ganglion in the CDMM, specifically the nTS. 
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Summary 

In summary, I have assembled a distinct pharmacological profile for [''̂ 'IJP-

endorphin binding sites in an important cardioregulatory area of the rat brainstem. I 

hypothesize that the cardioregulatory functions mediated by P-endorphin 1.31 and 

perhaps those attenuated by the proteolytic product P-endorphini.27. are mediated b> a 

nontraditional p-opioid receptor subtype with greater affinity for endogenous p-

endorphini.31 than the p agonist DAMGO. This distinct receptor subtype exhibits 

comparable binding characteristics to the traditional p-opioid receptor, in that agonist 

binding is inhibited by NaCl alone and by NaCl-guanine nucleotides. This receptor 

subtype also appears to exhibit unique binding characteristics in that it is inhibited by 

GTPyS alone, which has not been consistently reported in the literature. The results of 

these studies may provide a more clear picture of the mechanism by which p-endorphin 

mediates cardioregulatory functions through p-opioid receptors. The conclusion that 

these receptors are localized on primary autonomic afferents in the nTS is 

consistentwith the autonomic role of endogenous P-endorphin in the CNS. 
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