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ABSTRACT 

The discovery of endogenous opioid peptides and multiple opioid 

receptors may lead to a new avenue in understanding the mechanisms of 

opioid action and treatment of pain. The specific aims of the present study are 

to determine whether (1) subtypes of the opioid B receptor exist; (2) if 

antinociceptive efficacy of Jl agonists is modulated by B agonists; and (3) if 

development of morphine tolerance and dependence is reduced by co

administration of Jl and B agonists producing equivalent antinociception to that 

achieved with Jl agonists alone. The antinociceptive effect of opioid agonists 

was measured using warm water mouse tail flick assay. 

Intracerebroventricular (i.e.v.) administration of the B agonists, [D-Pen2,D

Pen5]enkephalin (DPDPE), [D-Ser2,Leu5,Thr6]enkephalin (DSLET), [D

Ala2,Leu5,Cys6]enkephalin (DALCE), or deltorphin II produced antinociceptive 

effects, which were blocked by the B antagonist ICI 174,864. Following 

pretreatment, DALCE also produced antagonism of DPDPE and DALCE, but 

not deltorphin II and DSLET induced antinociception. The antinociceptive 

effects of DSLET and deltorphin II, but not of DPDPE and DALCE, were 

antagonized by naltrindole-5'-isothiocyanate (5'-NTII), a B antagonist. Sub

antinociceptive doses of DPDPE, DSLET, and deltorphin II positively 

modulated morphine antinociception. The modulation was blocked by ICI 
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174,864 or 5'-NTII. DALCE produced neither modulation of morphine 

antinociception as a () agonist, nor antagonism of the modulatory effects of 

DPDPE, DSLET, and deltorphin II as a () antagonist. Under conditions of high 

stimulus intensity, morphine acted as a partial agonist; morphine efficacy was 

increased to the level of a full agonist in the presence of sub-antinociceptive 

doses of () agonists, such as [Leu6]enkephalin, DPDPE, or the neutral 

endopeptidase inhibitor, thiorphan. Again, these modulatory effects were 

antagonized by i.c.v. ICI 174,864. In the presence of sub-antinociceptive dose 

ofDPDPE or [Leu6]enkephalin, morphine produced antinociception equivalent 

to that of a higher dose of morphine, and antinociceptive tolerance and 

dependence developed more slowly. These data demonstrate the existence of 

subtypes of () receptor, i.e., DALCE sensitive and 5'-NTII sensitive () receptors. 

In addition, morphine antinociception can be positively modulated by () 

agonists without increasing the rate of development of antinociceptive 

tolerance and physical dependence. 
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INTRODUCTION 

Concept of Pain and Pain Pathways 

Pain is one of the major events to influence human life. In the whole 

human population, no one escapes from suffering pain from minor to severe 

degrees. Therefore, understanding pain and obtaining pain relief is one of the 

most important issues and challenges to human society, especially to medical 

science. 

The general concept of pain was described by the Taxonomy Committee 

of the International Association for the Study of Pain chaired by Merskey in 

1979: "Pain is an unpleasant sensory and emotional experience associated 

with actual or potential tissue damage, or described in terms of such damage.". 

The above concept is further explained with the following crucial notes: 

"Pain is always subjective. Each individual learns the application 
of the word through experiences related to injury in early life. Biologists 
recognize that stimuli that cause pain are likely to damage tissue. 
Accordingly, pain is the experience that we associate with actual or 
potential tissue damage. It is unquestionably a sensation in a part or parts 
of the body, but it is also always unpleasant and therefore also an 
emotional experience. Experiences that resemble pain (e.g., pricking) but 
are not unpleasant should not be called pain. Unpleasant abnormal 
experiences (dysesthesia) may also be pain but are not necessarily so 
because, subjectively, they may not have the usual sensory qualities of 
pain. 

Many people report pain in the absence of tissue damage or any 
likely pathophysiologic cause; usually this happens for psychologic reasons. 
There is no way to distinguish their experience from that due to tissue 
damage if one takes the subjective report. If they regard their experience 
as pain and if they report it in the same ways as pain caused by tissue 
damage, it should be accepted as pain. This definition avoids tying pain to 
the stimulus. Activity induced in the nociceptor and nociceptive pathways 
by a noxious stimulus is not pain, which is always a psychologic state, even 
though pain most often has a proximate physical cause." (Merskey, 1979). 
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This general concept of pain is widely accepted. Pain, at first, was 

classified as acute pain and chronic pain during 1950's (Bonica, 1953). 

Continued work in 1960's and 1970's led to further understanding of pain 

processes (Merskey and Spear, 1967; Fordyce, 1976). In acute pain, pain is 

characterized as a symptom of disease, while in chronic pain, pain itself is 

characterized as the disease (Sternbach, 1981). Therefore, entire differences 

exist between acute pain and chronic pain in etiology, mechanisms, 

pathophysiology, symptomatology, biologic function, and approaches to 

diagnosis and therapy (Bonica, 1990). 

The primary neural pathway for transmission of pain information 

consists of three major components: (1) the peripheral system, which includes 

the nociceptors and afferent nerves; (2) the spinal cord, which contains dorsal 

horn and ascending nervous pathways (anterolateral system); ~d (3) the 

supraspinal system. In the peripheral system, pain information, which is often 

called nociception (detection, transduction and transmission of noxious event, 

but not including the emotional experience)(Perl, 1980) is transduced by 

differential receptors in the skin. Most of these receptors are the free nerve 

endings. The nociceptor is a special class of receptor whose activation gives 

rise to sensations of pain. There are three types of major cutaneous 

nociceptors: (1) mechanical nociceptors, responsive to moderately intense or 

noxious mechanical stimuli (Burgess and Perl, 1973) ; (2) mechanothermal 
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nociceptors responsive to noxious heat and to intense mechanical stimuli 

(Georgopoulos, 1977); and (3) C-fiber mechano-heat nociceptors, as known as 

polymodal nociceptors (Bessou and Perl, 1969; Beitel and Dubner, 1976; 

LaMotte and Campbell, 1978). Similar classes of nociceptors have been 

identified in tissue other than skin, including muscle (Stacey, 1969), joint 

(Skoglund, 1956), cornea (Lele and Weddel, 1959), tooth pulp (Harris and 

Griffin, 1968) and other tissues. Nociceptive information is transmitted from 

nociceptors to the spinal cord via sensory nerves. It has been established that 

unmyelinated C fibers and small myelinated AB fibers are the two major 

sensory nerve fiber transmitting nociceptive information in animals and in 

humans (Collins et al., 1960; Hensel et al., 1960; Meyer and Campbell, 1981). 

These cell bodies of afferent nerves are located in the dorsal root ganglia. 

Small diameter C fibers transmit nociceptive information which give rise to 

"slow pain", with conducting speeds of about 2.5 meter/sec or less (Darian

Smith et aI, 1979). Fine myelinated AB fibers transmit nociceptive information 

concerned with "fast pain" such as pinprick, with conducting speeds at 4-30 

meter/sec (Campbell et al., 1979). The nociceptive information transmitted 

through the AB and C fibers reach the dorsal horn of the spinal cord, where 

they are significantly modified before they are sent to the brain. Anatomically, 

the gray matter of the spinal cord is divided into ten laminae (Rexed, 1954). 

The functional organization of lamina I through lamina VI playa significant 
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role in nociceptive transmission. The C fibers and some Ao fibers innervate 

cell bodies of lamina I and II (Dubner and Bennett, 1983), while other Ao 

fibers terminate at cell bodies in lamina V (Willis, 1985a). The axons of cells 

in lamina I and V give rise to the main projection pathways from the dorsal 

hom to the thalamus. There are two spinothalamic pathways involved in the 

transmission. The neospinothalamic tract projects directly to the thalamus 

from lamina I without relaying at any other site (Albe-Fessard et al., 1974). 

In contrast, the paleo spinothalamic tract rising from lamina V mainly 

terminates at the reticular formation of the medulla, pons, and midbrain, with 

only few direct projections to the thalamus (Brodal, 1981). The 

neospinothalamic and paleo spinothalamic tracts are crossed and contain 

myelinated fibers, they are referred to as the anterolateral system (Kelly, 

1985). In supraspinal system, the medullar nucleus gigantocellularis is 

strongly influenced by nociceptive inputs and is an important area related to 

pain behavior (Casey, 1971, 1980). In the posterior thalamus, three nuclei, 

the ventrobasal complex, the ventrocaudal parvocelluar nucleus, and the 

posterior nuclei group receive nociceptive information from the 

neospinothalamic tract (Albe-Ressard, 1985; Willis, 1985b). The ventrobasal 

complex is the most important part associated with sensations of burning, 

tingling, discriminative thermal sensation (Cerevo and Morrison, 1986). The 

paleospinothalamic tract terminates at the intralamina thalamic nuclei which 
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burning pain (Tasker et al., 1983). In the cerebral cortex, primary and 

secondary somatosensory areas located in the postcentral gyrus receive input 

from the thalamus. 

Management of Pain 

Pain comes with being human, therefore, the management of pain is one 

of the greatest issues for humans. The earliest attempts at management of 

pain included physical therapeutic methods. Ancient man sensed relief from 

pain when the injured part was rubbed or exposed to the cold water of streams 

or lakes, the heat of the sun, and later that of fires (Keele, 1957). How to 

understand and treat pain was found in all ancient civilizations, in ancient 

Egypt, China, Greece, and Rome. The use of herbs was prominent in all 

ancient cultures. The earliest records related legends of pain relieving effects 

of such plants as the poppy, mandragora, hemp, and henbane. During the 

nineteenth century, many compounds were also extracted from plants. Willow 

bark extract was first noted in the medical literature for treatment of fever in 

nineteenth century. Extracts of willow bark, wintergreen leaves, and spiraea 

have been used for medical purpose by many culture (Tainter and Ferris, 

1969). Isolation of "salicin" from willow bark occurred in the early nineteenth 

century, a compound that yielded salicylic acid which was used for treatment 

of pain. Another reason for the remarkable advance in treatment of pain in 

that century was due to progressive development of chemistry which made 
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systemic analgesics possible. Development of synthetic chemistry techniques 

allowed a variety of nonnarcotic analgesics to be synthesized, including 

acetaminophen, phenacetin, and other derivatives of paraminophenol family. 

Later, compounds from the para-aminophenol family, such as phenacetin were 

found to have analgesic and antipyretic effects (Haas, 1983). The discovery 

and synthesis of these drugs provided unique compounds which were readily 

available, inexpensive, simple to administer, and if properly used were 

reasonably effective in relieving various types of pain. During this century, the 

discovery of nitrous oxide and subsequent observation of the analgesic 

properties of this gas was an important event in surgical anesthesia. 

Development of surgical techniques for pain relief was another great advance 

in the conquest of pain. Advances were also made in physical therapy, 

including electrotherapy, hydrotherapy, thermotherapy, and mechanotherapy. 

Opiates and Pain 

Opiates have been established as having powerful effects in the 

treatment of pain by many cultures for thousands of years. Poppy was known 

5000 years ago, as the discovery of Sumerians in the Middle East. The record 

mentioned how to collect the juice from the poppy, which was calledHu gil, the 

plant of joy (Kramer, 1954). In earlier times, opiate use for medicine was 

limited by sedative and hypnotic effects (Castglioni, 1947). The first treatment 

of pain by using opiates was to treat headache that was found in Egypt, in the 
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Ebers papyrus, about the fifteenth century B.C .. The goddess Isis gave Ra a 

potion containing opium (Castglioni, 1947). Using opiates for treatment of pain 

was also found in Europe during Greek and Roman periods. In Europe, 

physicians used opiate-containing medicine to treat arthritic pain, chest pain, 

and cough, and to induce sedation. Opiates were also used extensively to treat 

the symptoms of dysentery in epidemics in Europe and the Middle East prior 

to 1000 A.D. (Benedetti and Premuda, 1990). It was found that opiates 

combined with other plant extracts were useful for surgical analgesia as 

"surgical sleeping draughts" in the medical school of Salerno in the ninth 

century A.D., and of Bologna in the thirteenth century A.D. (Benedetti and 

Premuda, 1990). However, toxicity problems by this potent mixture were also 

found and restricted wide spread use, and thus, opiate anesthesia never 

became popular. Therefore, opiates were not developed during the fifteenth 

and sixteenth centuries in Europe. In the seventeenth century, the therapeutic 

effects of opiates were studied since the establishment of experimental science. 

People began to look for the new ways to extract opiates from the poppy and 

to use it in the medical practice. In 1805, a 20 year old German chemist, 

named Friedrich Sertiirner extracted an alkaloid, the major active alkaloid, 

from Papaver somniferum, the oriental poppy. He named this extract 

morphium, from the Greek God of dreams. This was then abbreviated to 

"morphia" and "morphine". It has now become clear that over 25 alkaloids can 

---------.--.--
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be extracted from the juice of papaver somniferum (Fulop-Miller, 1938; Jaffe 

and Martin, 1985). The most important are morphine (4-20%), codeine (0.8-

2.5%), papaverine (0.5-2.5), and thebaine (0.5-2%) (Lewis and Elvin-Lewis, 

1977). Since then, opium was rapidly replaced by the more pure morphine as 

a compound for treatment of pain. In the present century, people have 

attempted to find a compound with less side effects than morphine. Therefore, 

more and more opioid compounds from natural to semi-synthetic or synthetics 

were synthesized. In the 1940's, it was found that some synthetic compounds 

such as N-allylnormorphine were able to antagonize the action of morphine 

(Unna,1943). These opiate antagonists not only provided unique therapeutic 

drugs for saving lives but also are important tools for opiate research. These 

opiate compounds have been introduced into medical practice. 

Although opiates have been used for thousands of years, the 

pharmacological actions still remain unclear. Great effort has been made to 

understand the action of opioids and the goal has been approached gradually. 

In the 1950's, it was found that morphine appeared to act in the central 

nervous system. The exciting breakthroughs in 1970's, the discovery of opioid 

receptors and endogenous opioid peptides is an important advance for the 

understanding of the action of opioid drugs. 
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Opioid Receptors and Endogenous Opioid Peptides 

In this century, following the maturity of receptor theory, the hypothesis 

of opioid receptors was proposed. This hypothesis was based on (1) opiates 

require structural specificity for analgesic actions, all opiate, natural or 

synthetic, have similar structure; and (2) the existence of selective and 

effective opiate antagonists which have similar chemical structures to 

morphine. This hypothesis strongly postulated that opiates must bind to 

specific sites (i.e. receptors) and antagonists could compete for these sites, and 

that these receptors could produce the biochemical and/or physiological 

responses. Based on this hypothesis, researchers tried to discover the opiate 

receptor using binding assays. Their attempts failed, however, because it was 

too difficult to distinguish between specific and nonspecific binding. The 

technical improvement of a radioassay which could distinguish specific opiate 

receptor interactions from the nonspecific binding of opiates to the brain 

membranes, subsequently allowed the demonstration of specific opiate 

receptors which were finally found in 1973. This remarkable discovery was 

almost simultaneously reported from three laboratories by Pert and Snyder 

(1973), Terenius (1973), and Simon et al. (1973). The discovery of opiate 

receptors strongly supported the existence of endogenous opioid ligands which 

could bind to opiate receptors. The hypothesis that the brain might possess its 

own opiate like substances had been suggested even prior to the biochemical 
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demonstration of opiate receptors. This hypothesis was supported by the 

observations that electrical stimulation of the periaqueductal brain region 

could induce analgesia in human and animals (Reynolds, 1969; Mayer et al., 

1971). These effects produced by electrical stimulation could be antagonized 

by opiate antagonist, naloxone (Akil et al., 1977; Hosobuchi et al., 1977). The 

evidence strongly suggested that an endogenous opiate like substance might 

exit in the brain to relieve pain. In 1975, another remarkable year for opiate 

research, the isolation of such endogenous opioid compounds were 

simultaneously reported from two laboratories, Hughes and Kosterlitz's (1975) 

laboratory at Aberdeen, Scotland, and Terenius and Wahlstrom (1975) in 

Uppsala, Sweden. Terenius and Wahlstrom used a competitive binding 

technique for the opiate receptor to find an opiate like substance in the brain. 

On the other hand, Hughes and Kosterlitz used aqueous extracts of pig brain 

and obtained its opiate like function in the intestine. Consequently, they 

successfully isolated and characterized the structures of these opiate like 

materials, two small, very similar pentapeptides (Hughes et al., 1975). They 

were identified as two related pentapeptides with the amino acid sequence of 

either tyrosine-glycine-glycine-phenylalanine-leucine or tyrosine-glycine

glycine-phenylalanine-methionine. Therefore, they were called by authors 

leucine (Leu)- and methionine (Met)-enkephalin, respectively. Enkephalin 

pentapeptides were identified as endogenous ligands of the opioid receptors. 
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It was found that the sequence of [Met5]enkephalin was also present in the 

structure of ~-lipotropin (~-LPH) a peptide containing 91 amino acids isolated 

from the pituitary by Li's laboratory in 1964 (Li 1964). Teschmacher et al. 

(1975) demonstrated that the pituitary extracts contained peptides with 

morphine-like activities in the guinea pig ileum preparation. These results 

suggested that other ~-LPH fragments might exist in the pituitary and possess 

opioid activity. Subsequently, this suggestion was confirmed by Li and Chung 

(1976), who isolated a peptide with opioid activity from camel pituitary and 

identified it as the 61-91 COOH-terminal amino acid residues of ~-LPH. This 

peptide was termed as ~-endorphin, containing the sequence of 

[Met5]enkephalin as its NH2-terminal sequence. In 1979, another endogenous 

opioid peptide, dynorphin was also isolated from porcine brain and pituitary 

by Goldstein and co-workers (1979). 

Three classes of opioid peptides, enkephalin, endorphin, and dynorphin 

represent three distinct peptide families. They are not synthesized directly, 

they are derived by cleavage of large, inactive, precursor polypeptides. The 

study of the biosynthetic pathway of enkephalins reveals that both Leu- and 

Met-enkephalin are derived from proenkephalin, a peptide sequence with 263 

amino acid sequence. The detection and characterization of proenkephalin 

mRNA has identified that proenkephalin contains within its structure seven 

peptides with the Met- or Leu-enkephalin active core (Nakanishi et al., 1979; 
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Gubler et al., 1981; Comb et al., 1982). Four of the seven peptides produced 

are Met-enkephalin; two are carboxyl extended Met-enkephalin-Arg6-Phe7 and

Arg6-Gly7-Leu8
• Finally, one copy of Leu-enkephalin is included. Another 

opioid peptide, ~-endorphin is cleaved from a large precursor, pro

opiomelanocortin containing 265 amino acids, which also yields 

adrenocorticotropic hormone (ACTH) and several copies of melanocyte

stimulating hormone (MSH)(Mains et aI, 1977; Roberts and Herbert, 1977). 

There is only one copy of ~-endorphin in each pro-opiomelanocortin molecule. 

Prodynorphin is a simpler precursor than the other two precursors and 

produces three main Leu-enkephalin-containing peptides, ex and ~ neo

endorphin, and two copies of dynorphin, dynorphin A and dynorphin B, 

respectively (Goldstein et al., 1979, 1981). 

The existence of multiple opioid receptors was proposed by Martin et al. 

(1976) on the basis of distinct actions of three opioid agonists, morphine, 

ketocyclazocine and SKF-10,047. It was proposed that morphine, is the 

prototype agonists for the J1 receptor, ketocyclazocine for the K receptor, and 

SKF-10,047 for the cr receptor. Lately, two other opioid receptors, 0 and e 

receptors, were introduced into the classification of opioid receptors. The 

relationship between multiple endogenous opioid peptides and opioid receptors 

is also revealed. In general, enkephalins bind to opioid 0 receptors, and ~

endorphin is selective for the e receptor, while dynorphin is for the K receptor 
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(Robson et al., 1983; Zukin et al., 1984). It must be pointed out that these 

endogenous opioid peptides are not very selective for distinct opioid receptors, 

and actually demonstrate considerable overlap between these opioid receptors, 

for example, enkephalins bind to p. receptors as well as to the 0 receptors. 

However, until now, the endogenous p. ligand has not been identified. 

Descending Pain Control System and Opioid Actions 

In the past several decades, the analgesic actions of opioids and the 

descending pain control system were studied extensively. It becomes more 

clear that the descending pain control system mainly contains five major 

components: (1) cortical and diencephalic descending systems; (2) the 

mesencephalic periaqueductal gray (PAG) and periventricular gray (PVG); (3) 

the rostroventral medulla and pons, especially the nucleus raphe magnus 

(NRM); (4) descending facilitatory system; and (5) the spinal and medullary 

dorsal horn (Bonica, 1990). The evidence of the existence of this system came 

from the phenomenon of stimulation produced analgesia. The most extensively 

studied regions are the PAGIPVG, NRM, and the dorsal horn of the spinal 

cord. The PAG is an important portion of the descending pain control system. 

The PAG receives the input from cortex (Hardy and Leichnetz, 1981), limbic 

system (Hammond, 1986), hypothalamus (Beitz, 1982), and amygdala (Calvino 

et al, 1982). The PAG also receives major brain stem inputs from the adjacent 

nucleus cuneiformis, the locus coeruleus and the pontomedullary reticular 
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formation. The locus coeruleus is of interest since it is a major source of 

noradrenergic input to the PAG. The PAG also sends outputs to the rostral 

medulla, the medullary reticular nuclei, and the nucleus raphe magnus (NRM) 

(Mantyh, 1983). In the early experiment by Reynolds (1969), it was found that 

electrical stimulation of the PAG in the rat produced such strong 

antinociception that laparotomy could be performed without any anesthesia. 

Similarly, stimulation of PAG caused significant and prolonged analgesia in 

the human, and this stimulation induced analgesia could be blocked by opioid 

antagonist, naloxone (Adams, 1976; Hosobuchi et aI., 1977). In addition, 

microinjection of opioids directly into the PAG also produced analgesia. The 

PAG is enriched with opioid peptides including enkephalins, ~-endorphin, and 

dynorphins. High densities of opioid receptors, especially opioid J.1 receptors 

are found in the PAG (Goodman et aI., 1980). The rostroventral medulla 

including nucleus raphe magnus and the adjacent nuclei receive excitatory 

input from the PAG (Fields and Anderson, 1978; Vanegas et aI., 1984). The 

rostroventral medulla then sends descending serotonergic and noradrenergic 

fibers to the dorsal horn via the dorsolateral funiculus (Basbaum et aI., 1978). 

Stimulation of the rostroventral medulla inhibits the dorsal hom neurons 

responding maximally to noxious stimulation (Fields et aI., 1977; Willis et aI., 

1977). The rostroventral medulla is another rich area containing enkephalins 

(Basbawn and Fields, 1978). It was found that opioid agonists administered 
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into this area produced potent antinociceptive effects (Takagi et al., 1977; 

Azami et al., 1982). In the spinal cord, it has been proposed that opioid 

containing interneurons presynaptically control primary afferent transmission 

(Jessell and Iversen, 1977). Biochemical studies indicate that opioids inhibit 

the release of the peptide substance P from primary afferents and modulate 

the output of ascending nociceptive neurons (Basbaum, 1984). 

Interaction Between Jl. and B Opioid Receptors 

The discovery of multiple opioid receptors lead to investigation of the 

antinociceptive function of these opioid receptors. It is well established that 

opioid J.l receptors are important opioid receptors in the antinociception. In 

the past decade, the antinociceptive functions of opioid B receptors had also 

been investigated at supraspinal and spinal sites. Investigations using heat 

as the noxious stimulus have demonstrated that activation of supraspinal and 

spinal opioid B receptors, as well as opioid J.l receptors, could induce 

antinociception, at least in the mouse tail flick and hot plate tests (Porreca et 

aI., 1984; Heyman et a!., 1987, and 1988; Takemori and Portoghese, 1987). 

In addition to the direct antinociception produced by activation of the B 

receptors, accumulated data also suggests that opioid B receptors may play an 

indirect modulating role on antinociception produced at opioid J.l receptors. 

Such suggested actions between opioid J.l and B receptors were based on studies 

which showed that the antinociception produced by J.l agonists such as 
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morphine could be modulated by 0 agonists. An initial report of such 

functional modulation came from the observations of Vaught and Takemori 

(1979) who demonstrated that [Leufi]enkephalin, an endogenous 0 ligand, given 

i.e.v. at doses which did not produce antinociception increased the 

antinociceptive potency of morphine. This observation was followed by work 

of Lee and her colleagues, who showed that in contrast to the actions of 

[Leufi]enkephalin, [Metfi]enkephalin, another endogenous 0 ligand, in non

antinociceptive doses, attenuated the antinociceptive effects of morphine (Lee 

et al., 1980; Vaught et al., 1982). Recent work has extended these observations 

by demonstrating that doses of i.e.v. DPDPE which did not produce 

antinociception increased the antinociceptive potency of some Jl agonists such 

as morphine, while doses of i.e.v. [D-Ala2
, Metfi]enkephalinamide (DAMA), 

which did not produce antinociception, antagonized the antinociceptive potency 

of morphine; additionally, both the increase in potency and the antagonism are 

blocked by i.e.v. ICI 174,864, a 0 antagonist (Cotton et al., 1984; Porreca et al., 

1987; Heyman et al., 1986, 1989a,b). Critically, these studies also showed that 

ICI 174,864 had no antinociceptive effects alone, and did not directly 

antagonize or increase the potency of the antinociception produced by morphine 

(Heyman et al., 1989a,b). These data correlated well with the findings of 

Vaught et al. (1982) who showed that [Metfi]enkephalin could prevent the 

change in potency of morphine induced antinociception produced by 
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[Leu5]enkephalin, reinforcing the view that the modulatory actions occurred 

through the a receptor. The concept of functional coupling between the J.l and 

a receptors was built on the specificity of the J.l receptors, as well as the a 

receptors. For example, DPDPE, which had been demonstrated to increase 

antinociception produced by morphine or normorphine, but failed to modulated 

antinociceptive actions produced by other J.l agonists, such as [D

Ala2,NMPhe\Gly-ol]enkephalin (DAMGO), PL017, or ~-endorphin (Heyman et 

al., 1989b). Moreover, studies with two J.l antagonists, ~-FNA and 

naloxonazine also support the concept of the J.l and a receptor interaction. The 

J.l antagonist ~-FNA, but not naloxonazine abolished both the change in 

potency derived from DPDPE and attenuation from DAMA on morphine 

produced antinociception (Heyman et al., 1989a,b). It is interesting to note 

that functional coupling between the J.l and a receptors is not only limited to 

the mediation of antinociception but also involved in J.l-mediated other 

functions, such as in cardiovascular activation and urinary bladder motility. 

Data reported from Holaday and his colleagues has shown J.l and a receptor 

interactions in the modulation of endotoxic shock in the rat (Holaday and 

D'Amato, 1983; D'Amato and Holaday, 1984) while other studies have 

demonstrated a-modulation on J.l-mediated changes in urinary bladder motility 

(Sheldon et al., 1989). 
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The ability of the 0 agonists to produce antinociception directly, as well as 

to modulate (i.e., increase or decrease) Jl-mediated antinociceptive potency, may 

imply the existence of subtypes of the 0 and Jl receptors. Early ligand binding 

studies demonstrating apparent noncompetitive interactions between Jl and 0 

binding sites (Rothman and Westfall, 1982a,b) led to the hypothesis that the 

modulatory effects of 0 agonists on Jl-mediated antinociception occur through 

a 0 binding site of an opioid receptor complex made up of distinct, yet 

interacting Jl and 0 binding sites (Vaught et aI., 1982). More recent ligand 

binding studies have refined this hypothesis. The evidence for such a receptor 

complex has been provided on the basis of mathematical analysis of 

radioligand binding data from preparations of rat brain membranes (Rothman 

and Westfall, 1983; Demoliou-Mason and Barnard, 1986; Rothman et aI., 

1987a,b; 1988), as well as mouse brain membrane (Barrett and Vaught, 1982). 

Based on reciprocal noncompetitive interactions between the Jl and 0 receptor 

ligands in the absence or presence of site-directed alkylating agents (Rothman 

et aI., 1988), it has been suggested that 0 receptors can exist either separately 

or in a physically-associated state with Jl receptors; these separate or 

associated 0 receptors were termed the 0nonocomplcxcd (onc) and the 0complcxcd (ocx) 

receptors, (Rothman et aI., 1988), respectively. Similarly, the Jl opioid 

receptors also could be classified as two receptors, Jlnonocomplcxcd (Jlncx) and the 

Jlcomplcxcd (Jlcx) receptors (Rothman et aI., 1988). 
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Hypothesis of the Dissertation 

Although morphine has been known as a potent compound for pain 

relief, its undesirable side effects including tolerance, dependence, respiratory 

depression, and constipation (Jaffe and Martin, 1985), has restricted the 

clinical use of this compound. For centuries, research in the opioid field 

focused on searching for new compounds which produce same analgesic action 

as morphine without the associated side effects. Although this final goal has 

not completely been achieved, progress has been made, especially in the 

understanding the mechanisms and functions of opioids. One of remarkable 

advancement is the discovery of endogenous opioid peptides and multiple 

opioid receptors. 

Since the discovery of enkephalins fifteen years ago, the role of 

enkephalins and opioid B receptors in the antinociceptive functions have been 

investigated. Like opioid J.l receptors which mediate antinociception, the 

activation of opioid B receptors can produce antinociception at either 

supraspinal or spinal sites. Another function of opioid B receptors is to 

modulate antinociceptive functions mediated by opioid J.l receptors. It has been 

shown that B agonists can modulate the antinociceptive potency of some J.l 

agonists such as morphine. In spite of the significant number of observations 

that demonstrate interactions between J.l and B agonists in a variety of 

pharmacological test systems, it remains unclear whether B agonists could 
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modulate the antinociceptive efficacy of II agonists; whether the modulation 

would not involve in the development of tolerance 'and physical dependence. 

The postulation of subtypes of opioid 0 receptors is not only based on the 

observation of ll-O receptor complex, the Ocx and 0ocx' sites (Rothman et aI., 

1988), but also on other pharmacological properties of the 0 receptors. For 

example, it was suggested that opioid 0 receptors in the mouse vas deferens 

(MVD) might be distinct from rat brain opioid 0 receptors (Shimohigashi et aI., 

1987, 1988; Vaughn et aI., 1990). These data came from studies with the 

synthetic opioid peptides, [D-Ala2
, (2R,3S)-VEPhe4,Leu6]enkephalin (CP-OH) 

and its methyl ester (CP-OMe) which showed high affinity for rat brain opioid 

o receptors, but not for those in the MVD (Shimohigashi et al., 1987, 1988; 

Vaughn et al., 1990). Unlike brain opioid 0 receptors which were influenced 

by guanine nucleotides, opioid 0 receptors on the MVD were not affected by 

guanine nucleotides (Rubini et aI., 1982). 

Based on the above information, the hypotheses of this dissertation 

addressed the function of supraspinal opioid 0 receptors in antinociception and 

are: (1) subtypes of opioid 0 receptors exist; (2) opioid 0 receptors modulate 

antinociceptive efficacy, as well as potency, of opioid II agonists such as 

morphine; (3) opioid 0 receptors are involved in modulating II receptor 

mediated antinociception, but not the development of antinociceptive tolerance 

and physical dependence. In order to test these hypotheses, experiments were 
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designed to include (1) measurement of antinociceptive effects of opioid 0 

agonists and antagonistic actions of opioid B antagonists; (2) determination of 

B receptor mediated modulatory effects, and antagonistic actions of B 

antagonists on the modulation; (3) establishment of partial or full J.1 opioid 

agonists under certain experimental conditions; (4) demonstration of 

modulatory effects of B agonists on the antinociceptive efficacy of J.1 agonists; 

(5) comparison of development of tolerance and physical dependence produced 

by morphine in the absence and presence of B agonists. The compounds used 

in the experiments are shown in Table 1. 



Table. 1. Compounds used in the present study. 

Opioid Agonists: 
Mu agonists: 

Morphine 
Etorphine 
Codeine 

Delta agonists: 
[Leu5]enkephalin: 

Tyr-Gly-Gly-Phe-Leu 
[Met5]enkephalin: 

Tyr-Gly-Gly-Phe-Met 
[D-Pen2 ,D-Pen5]enkephalin (DPDPE): 

Tyr-D-Pen-Gly-D-Pen-Leu 
[D-Ser2 ,Leu5

, Thr6]enkephalin: 
Tyr-D-Ser-Gly-Phe-Leu-Thr 

[D-Ala2,Leu5,Cys6]enkephalin (DALCE): 
Tyr-D-Ala-Gly-Phe-Leu-Cys 

Deltorphin II: 
Tyr-D-Ala-Phe-Glu-Val-Val-Gly-NH 

Oxymorphindole 

Opioid Antagonists: 
Non-selective antagonist: 

Naloxone 
N1:u antagonists: 

p-funaltrexamine (P-FNA) 
Delta antagonists: 

ICI 174,864: 
N,N-dially-Tyr-Aib-Aib-Phe-Leu-OH 

(where Aib is a-aminoisobutyric acid) 
DALCE 
N altrindole-5' -isothiocyanate (5'-NTII) 

Endopeptidase 24.11 Inhibitor: 
Thiorphan 

41 
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METHODS 

Animals 

Male, ICR mice (20-30 g) (Harlan, Indianapolis, Indiana) were used for 

all experiments. Animals were kept in groups of five in a temperature 

controlled room with a 12 hr light-dark cycle (lights on 7:00 A.M. to 7:00 P.M.). 

Food and water were available ad libitum until the time of the experiment. 

Chemicals 

Morphine sulfate was purchased from Mallinckrodt Chemical Co., (St. 

Louis, Missouri). Etorphine HBr was a generous gift from Dr. Alan Cowan, 

Department of Pharmacology, Temple University School of Medicine, 

Philadelphia, Pennsylvania. [Met6]enkephalin, [Leu6]enkephalin, [D

Se~,Leu6,Thr6]enkephalin (DSLET), naloxone, and thiorphan were purchased 

from Sigma Chemical Company (St. Louis, Missouri). [D-Pen2,D

Pen6]enkephalin (DPDPE) and deltorphin II were generously provided by Dr. 

Henry 1. Mosberg, College of Pharmacy, University of Michigan, Ann Arbor, 

Michigan. [D-Ala2,Leu6,Cys6]enkephalin (DALCE) was a generous gift from Dr. 

Wayne D. Bowen, Section of Biochemistry, Division of Biology and Medicine, 

Brown University, Providence, Rhode Island. ICI 174,864 (N,N-diallyl-Tyr-Aib

Aib-Phe-Leu-OH, where Aib is a-aminoisobutyric acid) was purchased from 

Cambridge Research Biochemicals (Atlantic Beach, New York). Beta-
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funaltrexamine ((3-FNA) was purchased from Research Biochemicals Inc. 

(Natick, Massachusetts). Codeine phosphate was purchased from Merck 

Chemical Co. (Fort Washington, Pennsylvania). Naltrindole-5'-isothiocyanate 

(5'-NTII) was a generous gift from Dr. P. S. Portoghese, Department of 

Medicinal Chemistry, University of Minnesota, Minneapolis, Minnesota. 

Oxymorphindole was a generous gift from Dr. Kenner C. Rice, NIDA, 

Bethosda, Maryland). The structures of these peptides are shown on Table 1. 

All compounds were dissolved in distilled water or 20% dimethylsulfoxide 

(DMSO) before using. 

Injection Techniques 

I ntracerebrove ntricular injections 

Intracerebroventricular (i.c.v.) administrations were made directly into 

the lateral ventricle according to the modified method of Haley and McCormick 

(1957) as previously described (Porreca et al., 1984). The mouse was lightly 

anesthetized with ether, an incision was made in the scalp, and the injection 

was made 2 mm lateral and 2 mm caudal to bregma at a depth of 3 mm using 

a 10 pI Hamilton microliter syringe with a 26-gauge needle. I.c.v. injections 

were made at a volume of 5 pl. 

I ntrape ritoneal injections 

Intraperitoneal (i.p.) administrations were directly injection into the 

peritoneal cavity from the left lower part of the abdomen. Injections were 
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made in unanesthetized mice using a 1 ml syringe with a 26-gauge needle. 

Injections were made in a volume according to the body weight of the mouse 

(0.1 m1l10 g). 

Subcutaneous injections 

Subcutaneous (s.c.) administrations were directly injection under the 

skin on the back of the mouse. Injections were made unanesthetized mice 

using a 1 ml syringe with a 26-gauge needle. Injections were made in a 

volume according to the body weight of the mouse (0.1 mlJ10 g). 

Oral injections 

Oral (p.o.) administrations were made directly into the stomach using 

a 1S-gauge feeding needle attached with a 1 ml syringe. Injections were made 

unanesthetized mice. Injection were made in a volume according to the body 

weight of the mouse (0.1 ml/10 g). 

Mouse Warm-water Tail-flick Test 

Antinociceptive responses were determined in separate groups of mice 

using water temperatures at 55, 65 or 69.5 °C as the noxious stimulus. The 

latency to the first sign of a rapid tail-flick was taken as the endpoint 

according to the method of Janssen et al. (1963). Prior to compound 

administration, the tail of each mouse was immersed in the water and the 

latency to flick was recorded as control latency. Animals not flicking their tails 

within 5 sec were eliminated from the study. This procedure was repeated at 
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various times after the administration of the test compound. Antinociceptive 

testing for i.c.v. morphine was conducted at 10 min, a time previously 

established as providing the peak antinociceptive effect (Heyman et al., 

1989a,b). Animals not flicking their tails within 15 sec were removed from the 

nociceptive stimulus and assigned a maximal antinociceptive score of 100% in 

order to avoid tissue damage. At the highest nociceptive stimulus (Le., 69.5 °C 

water) control animals routinely responded in less than 2 sec; no sign of injury 

was observed in these animals. In all cases, mice were sacrificed immediately 

after the second exposure to the nociceptive stimulus to obtain the test latency. 

Antinociception was expressed as: 

% Antinociception = 100 x (test latency - controllatency)/(15 - control latency). 

All testing was carried out in unanesthetized mice. 

Modulation of Jl Agonist Mediated Antinociception 

Following the determinations of the time- and dose-response curves for 

the 11 opioid agonists given by distinct routes (i.c.v., s.c., i.p., or p.o.) in control 

groups, the 11 agonist dose-response curves at maximal response times were re

established in the test groups. In the test group, the 11 agonists were given 

with the 8 agonists (at a dose which did not produce any detectable 

antinociceptive effect alone). Maximal response times were 10 min after 

administration for i.c.v. morphine, etorphine, and codeine, 20 min for s.c. or i.p. 

morphine and codeine, and 40 min for p.o. codeine in present studies. When 
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the () agonists were given by i.c.v. route, the time of i.c.v. administration was 

10 min before testing. When given by i.p. or s.c. routes, the () agonists were 

always given 20 min before testing. If the Jl agonist and () agonist were given 

by same route, the Jl and () agonists were given by co-administration in one 

injection. 

Antagonist Study 

A number of opioid receptor antagonists were used in the present study 

in order to investigate the involvement of subtypes of opioid receptors. 

leI 174,864 administration 

Opioid () selective antagonist, leI 174,864 (4.4 nmol) was always given 

by i.c.v. administration 10 min prior to antinociceptive testing (Cotton et al., 

1984). This dose of leI 174,864 had previously been demonstrated to 

selectively antagonize antinociception produced by DPDPE but not morphine 

(Heyman et al., 1987). Additionally, this dose of ICI 174,864 was shown to 

antagonize DPDPE mediated modulation of morphine antinociceptive potency, 

but not the direct antinociceptive actions of morphine (Heyman et al., 1989a). 

ICI 174,864 did not produce any detectable antinociception alone at testing 

time. 

~-FNA administration 

The opioid Jl selective antagonist, ~-FNA (18.8 nmol) was given as a 

single i.c.v. administration 24 hr prior to testing, a time previously established 
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as having the peak antagonistic effect (Ward and Takemori, 1983). I.c.v. ~-

FNA alone did not produce any antinociceptive effect in mouse tail flick test. 

DALCE administration 

The opioid 0 antagonist, DALCE (4.6 nmol) was given by as a single 

i.c.v. administration 24 hr prior to testing, a time established having the peak 

antagonistic effect (Figure 8) (Calcagnetti et al., 1989). I.c.v. DALCE alone did 

not produce any antinociceptive effect at 24 hr after administration in mouse 

tail flick test. 

5'-NTII administration 

Opioid 0 antagonist, 5'-NTII (17.5 nmol) was given by as single i.c.v. 

administration 24 hr prior to testing, a time established having the peak 

antagonistic effect (Figure 15). I.c.v. 5'-NTII alone did not produced any 

antinociceptive effect in mouse tail flick test. 

Antinociceptive Tolerance Studies 

Induction of morphine tolerance 

Groups of mice were pretreated with twice daily (9:00 a.m. and 5:00 

p.m.) s.c. injections of saline or graded doses of morphine given on the 

following schedule: day 1, 30 pmol/kg, day 2, 90 pmol/kg, days 3 and 4, 300 

pmol/kg, days 5, 6 and 7, 900 pmol/kg. Mice were tested on the morning of day 

8, approximately 18 hr after the last morphine injection. 
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Modulatory studies 

In order to compare the degree of antinociceptive tolerance between 

morphine alone and morphine plus B agonists, mice were divided into several 

groups. All groups of mice received doses of morphine which produced equal 

antinociception when given alone or in combination with either DPDPE or 

[Leu5]enkephalin. The administrations were twice daily (9:00 a.m. and 5:00 

p.m.) for 3 days, and the test was on the morning of day 4. For i.c.v. 

DPDPE/morphine experiments, animals received i.c.v. saline, morphine alone 

(1.2 nmol or 6 nmol), DPDPE alone (1.6 nmol), or morphine (1.2 nmol) plus 

DPDPE (1.6 nmol), respectively. This combination ofi.c.v. morphine (1.2 nmol) 

plus DPDPE (1.6 nmol) was shown to produce an equivalent degree of 

antinociception as z.c.v. morphine (6 nmol)(Figure 27). For 

[Leu5]enkephalin/morphine experiments, mice received i.p. saline, morphine 

alone (9 or 24 pmol/kg), [Leu5]enkephalin (18 pmollkg) or morphine (9 pmollkg) 

plus [Leu5]enkephalin (18 pmollkg), respectively. This combination of i.p. 

morphine plus [Leu5]enkephalin was shown to produced an equivalent degree 

of antinociception as i.p. morphine (24 pmollkg)(Figure 45). 

Physical Dependence Studies 

In order to compare the development of dependence between morphine 

alone and morphine plus B agonists, mice were divided into several groups. 

To evaluate acute physical dependence, mice were treated with i.c.v. injections 
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of either low doses of morphine (1.2 nmol), high dose morphine (6 nmol), or 

equal antinociceptive dose of morphine (1.2 nmol) plus DPDPE (1.6 nmol). 

Three hours after the injection, mice received a s.c injection of naloxone 75 

pmol/kg. Withdrawal jumping was evaluated for 30 min after administration 

of naloxone. To evaluate chronic physical dependence, all groups of mice were 

injected with lower and high dose of morphine alone or morphine plus 

DPDPE/[Leu5]enkephalin twice daily (9:00 a.m. and 5:00 p.m.) for 7 days, and 

testing took placed on the morning of day 8. Two hours after last injection, 

mice received a s.c injection of naloxone 75 pmol/kg. Withdrawal jumping was 

evaluated for 30 min after administration of naloxone. For i.c.v. 

DPDPE/morphine experiments, animals received i.c.v. morphine alone (1.2 

nmol or 6 nmol), or morphine (1.2 nmol) plus DPDPE (1.6 nmol), respectively. 

This combination of i.c.v. morphine plus DPDPE was shown to produce an 

equivalent degree of antinociception as i.c.v. morphine (6 nmol)(Figure 27). 

For i.c.v. DPDPEls.c morphine experiments, animals received s.c. morphine 

alone (9 or 30 pmol/kg), or s.c morphine (9 pmol/kg) plus i.c.v. DPDPE (1.6 

nmol), respectively. This combination of s.c. morphine plus i.c.v. DPDPE was 

shown to produce an equivalent degree of antinociception as s.c. morphine (30 

pmol/kg). For [Leu5]enkephalinimorphine experiments, mice received i.p. 

morphine alone (9 or 24 pmol/kg), or morphine (9 pmol/kg) plus 

[Leu5]enkephalin (18 pmol/kg), respectively. This combination ofi.p. morphine 
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plus [Leu5]enkephalin was shown to produce an equivalent degree of 

antinociception as i.p. morphine (24 pmol/kg)(Figure 45). 

Statistics 

All dose-response lines were analyzed using linear regression methods 

as described by Tallarida and Murray (1986). Regression lines, D50 values (i.e., 

the dose producing a 50% maximal antinociceptive response) and 95% 

confidence limits (C.L.) were determined with each individual data point using 

the computer program described by Tallarida and Murray (1986). A minimum 

of 10 mice were used at each dose level. In cases with the maximal 

antinociceptive effect less than 100%, the Duo value refers to the dose 

producing a 50% antinociceptive response rather than 50% of the maximal 

response. Relative potencies were calculated by comparison of the D50 values 

of regression line. All D50 values shown are calculated only from the linear 

portion of the dose-response curve. 

---------------- --- --------------
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RESULTS 

DIRECT EVIDENCE FOR EXISTENCE OF SUBTYPES OF B RECEPTORS 

Direct Antinociception of B Agonists 

Agonist Effects 

I.c.v. administration of DPDPE produced dose-related antinociception 

(Figure 1). Pretreatment with the Jl antagonist, ~-FNA (18.8 nmol, i.c.v. at -24 

hr) did not alter the dose-response line of DPDPE. However, i.c.v. co

administration of the B agonist, ICI 174,864 (4.4 nmol) significantly 

antagonized the antinociceptive effect produced by DPDPE (Figure 1). These 

data are in agreement with previous reports (Heyman et al., 1987). The D60 

values of DPDPE in the absence and presence ofi.c.v. ~-FNA and ICI 174,864 

are shown in Table 2. 

I.c.v. administration of deltorphin II produced a dose- and time-related 

antinociception (Figure 2). The maximal antinociceptive response of deltorphin 

II was seen 10 min after administration and the effect was detected for approx 

60 min. Co-administration of ICI 174,864 (4.4 nmol, i.c.v.) antagonized the 

antinociceptive actions of deltorphin II (Figure 3). On the contrary, 

pretreatment with ~-FNA (18.8 nmol, i.c.v. at -24 hr) did not affect the 

antinociceptive response of deltorphin II (Figure 3). The D60 values of 

deltorphin II in the absence and presence ofi.c.v. ~-FNA and ICI174,864 are 
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Figure 1. Dose-response lines for i.c.v. DPDPE in the mouse tail flick test 

alone or in the presence of leI 174,864 or in mice pretreated with ~-FNA. 
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Figure 2. Time-response lines of graded i.c.v. doses of deltorphin II in the 

mouse tail flick test. 
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Figure 3. Dose-response lines for i.c.v. deltorphin II in the mouse tail flick test 

alone or in the presence of leI 174,864 or in mice pretreated with ~-FNA. 
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Table 2. Effects of the B antagonist, ICI 174,864 or the J.1 antagonist, f3-FNA 
on the D60 (and 95% confidence limits) for antinociception produced by i.c.v. 
DPDPE, deltorphin II, DSLET, or DALCE in the mouse tail flick test. ICI 
174,864 (4.4 nmol) was co-administered i.c.v. with DPDPE, deltorphin II, 
DSLET, or DALCE. Beta-FNA (18.8 nmol, i.c.v.) was given 24 hr prior to 
testing. 

Compounds D60 (95% C.L.) + ICI 174,864 + f3-FNA 
(nmol!mouse) (4.4 nmol) (18.8 nmol, -24 hr) 

DPDPE 10.01 (7.6-12.01) ** 10.11 (7.8-12.35) 

Deltorphin II 2.12 (1.67-2.69) ** 2.38 (1.6-3.54) 

DSLET 0.21 (0.15-0.31) 0.99 (0.86-1.21) 2.7 (1.68-4.35) 

DALCE 0.32 (0.18-0.56) 18.6 (1.8-196.7) 2.44 Cl.9-3.14) 

** cannot be determined. 
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shown in Table 2. 

I.c.v. administration of DSLET produced a dose- and time-related 

antinociception in the mouse tail flick test (Figure 4). The maximal response 

of DSLET was seen at 10 min after administration and effects lasted up to 60 

min. Antinociceptive effects of i.c.v. DSLET were partially antagonized by 

either co-administration ofICI 174,864 (4.4 nmol) or pretreatment with ~-FNA 

(18.8 nmol, i.c.v., at -24 hr) as shown in Figure 5. However, complete 

attenuation of i.c.v. DSLET induced antinociception required the presence of 

both ICI 174,864 and ~-FNA (Figure 5). The D50 values of DSLET in the 

absence and presence ofi.c.v. ~-FNA and/or leI 174,864 are shown in Table 2. 

I.c.v. administration of DALCE produced a dose- and time-related 

antinociception (Figure 6). The maximal response of DALCE was seen at 10 

min after administration and antinociceptive effects lasted up to 60 min. The 

antinociceptive effect ofDALCE was blocked by ICI 174,864 (4.4 nmol) (Figure 

7). The D50 values ofDALCE in the absence and presence ofICI 174,864 are 

shown in Table 2. 

Antagonist Studies 

Antagonism of DPDPE, DSLET, DALCE, and Deltorphin II by DALCE 

When given as a single i.c.v. pretreatment dose, at 1, 2, 4, 6, 12, 24, 48, 

72, or 96 hr, respectively, DALCE (4.57 nmol) did not produce any measurable 
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Figure 4. Time-response lines of graded i.c.v. doses of DSLET in the mouse 

tail flick test. 
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Figure 5. Dose-response lines for i.c.v. DSLET in the mouse tail flick test 

alone or in the presence of ICI 174,864 or in mice pretreated with J3-FNA, or 

J3-FNA plus ICI 174, 864 in the mouse tail flick test. 
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Figure 6. Time-response lines of graded i.c.v. doses of DALCE in the mouse 

tail flick test. 
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Figure 7. Dose-response lines for i.e.v. DALCE in the mouse tail flick test 

alone or in the presence of leI 174,864 or in mice pretreated with (3-FNA. 
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antinociceptive effects. However, i.e.v. DALCE pretreatment significantly 

antagonized DPDPE (15.5 nmol, i.e.v.) induced antinociception in a time

related manner (Figure 8). Significant antagonistic effects of DALCE were 

observed, beginning at 2 hr and lasting up to 72 hr after administration, with 

maximal antagonist effects occurring from 12 hr to 48 hr. When graded doses 

of DALCE (0.15 - 4.57 nmol, i.e.v., at -24 hr) were given to mice, DALCE 

blocked antinociceptive effects of a sub-maximal dose of DPDPE in a dose

related manner (Figure 9). The antagonistic D50 value for DALCE against 

DPDPE was 0.52 (0.31 - 0.88) nmol. Additionally, pretreatment with a single 

dose of i.e.v. DALCE (4.57 nmol, at -24 hr) also antagonized the 

antinociceptive effect produced by i.e.v. DALCE and DPDPE given 10 min 

before testing (Figure 10 and 11). The D50 values of DPDPE or DALCE in the 

absence or presence ofDALCE pretreatment are shown in Table 2. In contrast 

to the antagonistic action of DALCE against antinociception of DPDPE or 

DALCE antinociceptions, DALCE pretreatment did not antagonize the 

antinociceptive effects produced by i.e.v. deltorphin II (Figure 12). 

Furthermore, i.e.v. pretreatment with DALCE also failed to antagonize 

antinociception produced by i.e.v. DSLET in mice pretreated with ~-FNA (18.8 

nmol, i.e.v. at -24 hr) or with saline (Figure 13). The antinociceptive D50 values 

of deltorphin II and DSLET in the absence and presence of DALCE 

pretreatment are shown in Table 3. 
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Figure 8. Antinociceptive effects of i.e.v. DPDPE in mice pretreated with a 

single dose of DALCE given at various times before testing in the mouse tail 

flick test. 
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Figure 9. Antinociceptive effects of i.c.v. DPDPE in mice pretreated with 

graded doses of i.c.v. DALCE in the mouse tail flick test. 
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Figure 10. Dose-response lines for i.c.v. DPDPE in the mouse tail flick test 

alone or in mice pretreated with i.c.v. DALCE. 



65 

100 
.DALCE . 90 W • + DALCE 4.6 nmol -24 hr . 

CJ) 80 
+1 
Z 70 

0 60 t-a.. 
50 W 

() 

() 40 
0 
Z 30 
i= 
z 20 « 
~ 10 

0 
0.1 0.3 1 3 10 20 

DOSE DALCE (nmol, i.e.v.) 

Figure 11. Dose-response lines for i.c.v. DALCE in the mouse tail flick test 

alone or in mice pretreated with i.c.v. DALCE. 
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Figure 12. Dose-response lines for i.c.v. deltorphin II in the mouse tail flick 

test alone or in mice pretreated with i.c.v. DALCE. 
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Figure 13. Dose-response lines for i.c.v. DSLET in the mouse tail flick test 

alone or in mice pretreated with i.c.v. P-FNA, or i.c.v. DALCE, or P-FNA plus 

DALCE in the mouse tail flick test. 
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Table 3. Effects of the 0 antagonist, DALCE or 5'-NTII on the D50 (and 95% 
confidence limits) for antinociception produced by i.c.v. morphine, DPDPE, 
deltorphin II, DSLET, or DALCE in the mouse tail flick test. DALCE (4.6 
nmol) or 5'-NTII (17.5 nmol) was given i.c.v. 24 hr prior to testing. 

Compounds D50 (95% C.L.) + DALCE + 5'-NTII 
(nmol!mouse) (4.64 nmol, -24hr) (17.5 nmol, -24 hr) 

Morphine 0.92 (0.65-1.44) 0.79 (0.49-1.26) 1.2 (0.75-2.1) 

DPDPE 10.01 (7.6-12.01) 114 (86.1-159.2) 8.62 (5.96-10.98) 

Deltorphin II 2.12 (1.67-2.69) 2.1 (1.35-3.1) 5.95 (4.22-8.41) 

DSLET 0.21 (0.15-0.31) 0.23 (0.16-0.31) 5.95 (4.22-8.41) 

DALCE 0.32 (0.18-0.56) ** 0.37 (0.24-0.56) 

** cannot be determined. 
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Antagonism of DPDPE, DSLET, DALCE, Deltorphin II by 5'-NTII 

5'-NTII, given i.c.v., did not produce any measurable antinociceptive 

effects in the mouse tail flick test (Figure 14). Pretreatment with 5'-NTII (17.5 

nmol, i.c.v.) antagonized the antinociception produced by a single dose of 

deltorphin II (3.8 nmol) in a time-dependent manner (Figure 15). The 

significant antagonistic effect of 5' -NTII was seen from 8 hr to 48 hr after i.c.v. 

administration, with a maximal effect at 24 hr. Pretreatment with 5'-NTII 

(17.5 nmol, i.c.v., at -24 hr) produced a significant rightward displacement of 

the dose-response line of i.c.v. deltorphin II (Figure 16). The D60 values of 

deltorphin II in the absence and presence of 5'-NTII are shown in Table 3. 

Pretreatment with 5'-NTII (17.5 nmol, i.c.v.) also produced a time-dependent 

antagonism of DSLET antinociception in mice pretreated with Jl antagonist, 

~-FNA (18.8 nmol, -24 hr) or with saline (Figure 17 and 18). The maximal 

antagonistic effect of 5'-NTII against DSLET was similar to that against 

deltorphin II. Pretreatment with 5'-NTII (17.5 nmol, i.c.v., at -24 hr) also 

produced a rightward displacement of the dose-response line ofDSLET (Figure 

19). Pretreated with both 5'-NTII (17.54 nmol, i.c.v.) and with ~-FNA (18.8 

nmol, i.c.v.) at -24 hr completely antagonized the antinociceptive action of 

DSLET (Figure 19). The antinociceptive D60 values of DSLET in the absence 

and presence of 5'-NTII are shown in Table 3. In contrast to its significant 

antagonistic effect on antinociception produced by deltorphin II and DSLET, 
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Figure 14. I.e.v. administration of 5'-NTII did not produce any measurable 

effect in the mouse tail flick test. 

----------- ----_.------------------ ---



100 

W 90 

en 80 
+I 
z 70 
0 60 i= 
a.. 
w 50 
U 
(3 40 
0 
Z 30 
i= 
z 20 « 
~ 10 

0 
Sanne tOmln 10m1n 

tOmln 

* p (0.05 

** p (0.01 

tOmln tOrMl 10m1n 10mln 10mln 10mln 10mln ,0mIn DeItorphln n 3.8 Mlol 

,hr 2hr 4fIr 8hr 1ehr 24hr 48hr 72hr S'-NTII17.S nmol 

DOSE (nmol. i.e.v.) 

71 

Figure 15. Antinociceptive effects ofi.c.v. deltorphin II in mice pretreated with 

a single dose of 5'-NTII given at various times before testing in the mouse tail 

flick test. 
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Figure 16. Dose-response lines for i.c.v. deltorphin H in the mouse tail flick 

test alone or in mice pretreated with i.c.v. 5'-NTH. 
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Figure 17. Antinociceptive effects of i.c.v. DSLET in mice pretreated with a 

single dose of 5'-NTII given at various times before testing in the mouse tail 

flick test. 
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Figure 18. Antinociceptive effects of i.c.v. DSLET in mice pretreated with a 

single dose of 5'-NTH given at various times before testing in mice pretreated 

with ~-FNA in the mouse tail flick test. 
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Figure 19. Dose-response lines for i.c.v. DSLET in the mouse tail flick test 

alone or in mice pretreated with i.c.v. ~-FNA, or i.c.v. 5'-NTII, or ~-FNA plus 

DALCE in the mouse tail flick test. 
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i.c.v. 5'-NTH (17.54 nmol, at -24 hr) failed to antagonize the antinociceptive 

effects produced by either DPDPE or DALCE (Figure 20 and 21). Similarly, 

when graded doses of 5'-NTII (0.53-17.5 nmol, i.c.v.) were given concurrently 

with DPDPE or 24 hr before DPDPE, 5'-NTH failed to produce antagonism 

(Figure 22 and 23). The D50 values of DPDPE or DALCE in the absence and 

presence of 5'-NTH are shown in Table 3. 

Effect of~-FNA, ICI 174,864, or5'-NTII on DPDPE Induced Antinociception in 

DALCE Pretreated Mice 

Pretreatment with i.c.v. DALCE resulted in a rightward displacement 

of the DPDPE dose-response line of approximately 12-fold (Figure 10, Table 3). 

In contrast to findings in untreated mice in which i.c.v. ~-FNA pretreatment 

or i.c.v. 5'-NTH pretreatment failed to antagonize DPDPE induced 

antinociception, these antagonists were partially effective against DPDPE 

induced antinociception in DALCE (5.7 nmol, at -24 hr) pretreated mice 

(Figure 24). Further, ICI 174,864 (4.4 nmol) also partially antagonized DPDPE 

induced antinociception in DALCE pretreated mice (Figure 24). 

Modulatory Effects of () Agonists 

Effect of [Met5]enkephalin on Morphine Induced Antinociception 

Sub-antinociceptive dose ofi.c.v. [Met5]enkephalin (17.4 nmol) produced 

a negative modulatory effect (i.e., a decrease in potency) on i.c.v. morphine 
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Figure 20. Dose-response lines for i.c.v. DALCE in the mouse tail flick test 

alone or in mice pretreated with i.c.v. 5'-NTII. 
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Figure 21. Dose-response lines for i.c.v. DPDPE in the mouse tail flick test 

alone or in mice pretreated with i.c.v. 5'-NTII. 
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Figure 22. Antinociceptive effects of i.c.v. DPDPE alone or co-administrated 

with graded doses of i.c.v. 5'-NTII in the mouse tail flick test. 
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Figure 23. Antinociceptive effects of i.c.v. DPDPE in mice pretreated with 

graded doses of i.c.v. 5'-NTII in the mouse tail flick test. 
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Figure 24. Antinociceptive effects ofi.c.v. DPDPE in the absence and presence 

of ~-FNA, ICI 174,864, or 5'-NTII in mice pretreated with a single dose of 

DALCE. 

----- --------- ---
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Figure 25. Dose-response lines for i.c.v. morphine in the mouse tail flick test 

alone or in the presence of [Met5]enkephalin, or [Met5]enkephalin plus leI 

174,864. 
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Table 4. Effects of the 0 agonist, [Met5]enkephalin on the D50 (and 95% 
confidence limits) for antinociception produced by i.c.v. morphine in the 
absence and presence of the 0 antagonists, ICI 174,864, DALCE, or 5'-NTII in 
the mouse tail flick test. ICI 174,864 was co-administered with morphine and 
[Met5]enkephalin. DALCE (4.6 nmol) or 5'-NTII (17.5 nmol) were given i.c.v. 
24 hr prior to testing. 

Compounds 

Morphine 

+ [Met5]enkephalin 17.4 nmol 

+ [Met5]enkephalin 17.4 nmol 
+ ICI 174,864 4.4 nmol 

+ [Met5]enkephalin 17.4 nmol 
+ DALCE 4.6 nmol, -24 hr 

+ [Met5]enkephalin 
+ 5'-NTII 17.5 nmol, -24 hr 

D50 (95% C.L.) 
(nmollmouse) 

0.92 (0.65-1.44) 

9.23 (6-14.21) 

0.8 (0.6-1.07) 

13.66 (9.86-18.93) 

1.3 (0.93-1.76) 
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induced antinociception, showing 10-fold rightward displacement of the 

morphine dose-response line, calculated by comparison of the D60 values. This 

modulatory effect was blocked by the i.c. v. B antagonist, leI 174,864 (4.4 nmol) 

(Figure 25). The D60 values of morphine in the absence and presence of 

[Met6]enkephalin and ICI 174,864 are shown in Table 4. ICI 174,864 at a dose 

of 4.4 nmol did not produce any measurable antinociceptive effect and did not 

directly antagonize morphine induced antinociception (Figure 25), in agreement 

with previous reports (Heyman et aI., 1987). 

When mice were pretreated with 5'-NTII (17.5 nmol, i.c.v., at -24 hr), the 

modulatory effect of [Met6]enkephalin was abolished, returning the dose

response line of morphine to control level. Pretreatment with 5'-NTII (17.5 

nmol, i.c.v., at -24 hr) had no effect on morphine induced antinociception 

(Figure 26). On the contrary, pretreatment with DALCE (4.6 nmol, i.c.v., at-

24 hr) failed to antagonize the modulatory effect of [Met6]enkephalin (Figure 

27). Pretreatment with DALCE (4.6 nmol, i.c.v., at -24 hr) also had no effect 

on morphine induced antinociception (Figure 27). The antinociceptive D60 

values of morphine in the absence and presence of different combinations of 

[Met6]enkephalin, 5'-NTII, and DALCE are shown in Table 4. 

Effect of DPDPE on Morphine Induced Antinociception 

I.c.v. co-administration of a sub-antinociceptive dose of DPDPE (1.6 

nmol) produced a positive modulatory effect (i.e. increase in the potency) on 
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Figure 26. Dose-response lines for i.c.v. morphine in the mouse tail flick test 

alone or in the presence of [Met6]enkephalin, or [Met.6]enkephalin plus 5'-NTH. 
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Figure 27. Dose-response lines for i.c.v. morphine in the mouse tail flick test 

alone or in the presence of [Met5]enkephalin, or [Met5]enkephalin plus DALCE. 
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Figure 28. Dose-response lines for i.e.v. morphine in the mouse tail flick test 

alone or in the presence of DPDPE, or DPDPE plus leI 174,864. 
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Figure 29. Dose-response lines for i.c.v. morphine in the mouse tail flick test 

alone or in the presence of DPDPE, or DPDPE plus 5'-NTII. 
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Figure 30. Dose-response lines for i.c.v. morphine in the mouse tail flick test 

alone or in the presence of DPDPE, or DPDPE plus DALCE. 
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z.c.v. morphine induced antinociception (Figure 28). DPDPE (4.4 nmol) 

produced a 4.4-fold leftward displacement of the morphine dose-response line. 

The modulatory effect of DPDPE was antagonized by ICI 174,864 (Figure 28). 

Pretreated with 5'-NTH (17.5 nmol, i.c.v., at -24 hr) also blocked the 

modulatory effect ofDPDPE on morphine induced antinociception (Figure 29). 

It should be noted that this dose of 5'-NTH did not block the direct 

antinociception of DPDPE (Figure 21). On the contrary, pretreatment with 

DALCE (4.6 nmol, i.c.v., at -24 hr), which blocked the direct antinociceptive 

effects of i.c.v. DPDPE, failed to antagonize the modulatory effect of DPDPE 

on morphine induced antinociception (Figure 30). The antinociceptive D60 

values ofi.c.v. morphine in the absence and presence of different combinations 

of DPDPE, ICI 174,864, 5'-NTH, and DALCE are shown in Table 5. 

Effect of DALCE on Morphine Induced Antinociception 

I.c.v. co-administration of sub-antinociceptive doses of DALCE (0.09 

nmol) did not produce any modulatory effects on morphine induced 

antinociception (Figure 31). 

Effect of Deltorphin H on Morphine Induced Antinociception 

I.c.v. co-administration of a sub-antinociceptive dose ~f deltorphin H 

(0.38 nmol) produced a positive modulatory effect on morphine induced 

antinociception, showing a 8.4-fold leftward displacement of the morphine dose

response line (Figure 32). Co-administration of i.c.v. ICI 174,864 (4.4 nmol) 
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Table 5. Effects of the B agonist, DPDPE on the D50 (and 95% confidence 
limits) for antinociception produced by i.c.v. morphine in the absence and 
presence of the B antagonists, ICI 174,864, DALCE, or 5'-NTIl in the mouse 
tail flick test. ICI 174,864 was co-administered with morphine and 
[Met5]enkephalin. DALCE (4.6 nmol) or 5'-NTIl (17.5 nmol) were given i.c.v. 
24 hr prior to testing. 

Compounds 

Morphine 

+ DPDPE 1.6 nmol 

+ DPDPE 1.6 nmol 
+ ICI 174,8644.4 nmol 

+ DPDPE 1.6 nmol 
+ DALCE 4.6 nmol, -24 hr 

+ DPDPE 1.6 nmol 
+ 5'-NTIl 17.5 nmol, -24 hr 

D50 (95% C.L.) 
(nmol/mouse) 

0.92 (0.65-1.44) 

0.21 (0.12-0.34) 

0.78 (0.52-1.25) 

0.25 (0.16-0.41) 

1.59 (1.11-2.22) 
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Figure 31. Dose-response lines for i.c.v. morphine alone or co-administrated 

with DALCE in the mouse tail flick test. 
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Figure 32. Dose-response lines for i.c.v. morphine in the mouse tail flick test 

alone or in the presence of deltorphin II, or deltorphin II plus leI 174,864. 
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Figure 33. Dose-response lines for i.e.v. morphine in the mouse tail flick test 

alone or in the presence of deltorphin II, or 5'-NTII, or deltorphin II plus 5'-

NTII. 
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Figure 34. Dose-response lines for i.c.v. morphine in the mouse tail flick test 

alone or in the presence of deltorphin II, or DALCE, or deltorphin II plus 

DALCE. 
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Table 6. Effects of the 8 agonist, deltorphin II on the D50 (and 95% confidence 
limits) for antinociception produced by i.c.v. morphine in the absence and 
presence of the 8 antagonists, ICI 174,864, DALCE, or 5'-NTII in the mouse 
tail flick test. ICI 174,864 was co-administered with morphine and 
[Met5]enkephalin. DALCE (4.6 nmol) or 5'-NTII (17.5 nmol) were given i.c.v. 
24 hr prior to testing. 

Compounds 

Morphine 

+ Deltorphin II 0.38 nmol 

+ Deltorphin II 0.38 nmol 
+ ICI 174,8644.4 nmol 

+ Deltorphin II 0.38 nmol 
+ DALCE 4.6 nmol, -24 hr 

+ Deltorphin II 0.38 nmol 
+ 5'-NTII 17.5 nmol, -24 hr 

D50 (95% C.L.) 
(nmollmouse) 

0.92 (0.65-1.44) 

0.11 (0.075-0.14) 

0.75 (0.51-1.08) 

0.087 (0.057-0.14) 

0.96 (0.69-1.32) 
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blocked the modulatory effect of deltorphin II on morphine induced 

antinociception (Figure 32). Pretreatment with 5'-NTII (17.5 nmol, i.c.v.) at 24 

hr prior to test, antagonized the modulatory effect of deltorphin II on morphine 

induced antinociception (Figure 33). Pretreatment with DALCE (4.6 nmol, 

i.c.v., at -24 hr), a dose and time which did not antagonize the direct 

antinociception of deltorphin II, also failed to block the modulatory effect of 

deltorphin II (Figure 34). The D50 values ofi.c.v. morphine in the absence and 

presence of different combinations of deltorphin II, ICI 174,864, 5'-NTII, and 

DALCE are shown in Table 6. 

Effect of DSLET on Morphine Induced Antinociception 

Sub-antinociceptive dose of i.e.v. DSLET (0.015 nmol) produced a 

positive modulatory effect on morphine induced antinociception (Figure 35). 

This dose of DSLET produced a 12.3-fold leftward displacement of the 

morphine dose-response line. The opioid 0 antagonist, ICI 174,864 antagonized 

this modulatory action of DSLET (Figure 35). As it efficiently blocked 

modulatory effect of deltorphin II, i.e.v. 5'-NTII (17.5 nmol, at -24 hr) also 

antagonized the modulatory effect of DSLET on morphine induced 

antinociception (Figure 36). In agreement with the lack of antagonism of 

direct antinociception of DSLET by DALCE, pretreatment with DALCE again 

failed to block the modulatory effect of DSLET (Figure 37). The 

antinociceptive D50 values of i.e.v. morphine in the absence and presence of 
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Figure 35. Dose-response lines for i.c.v. morphine in the mouse tail flick test 

alone or in the presence of DSLET, or DSLET plus leI 174,864. 
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Figure 36. Dose-response lines for i.c.v. morphine in the mouse tail flick test 

alone or in the presence of DSLET, or 5'-NTII, or DSLET plus 5'-NTI!. 
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Figure 37. Dose-response lines for i.e.v. morphine in the mouse tail flick test 

alone or in the presence of DSLET, or DALCE, or DSLET plus DALCE. 
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Table 7. Effects of the B agonist, DSLET on the Dso (and 95% confidence 
limits) for antinociception produced by i.c.v. morphine in the absence and 
presence of the B antagonists, ICI 174,864, DALCE, or 5'-NTII in the mouse 
tail flick test. ICI 174,864 was co-administered with morphine and 
[MetS]enkephalin. DALCE (4.6 nmol) or 5'-NTII (17.5 nmol) were given i.c.v. 
24 hr prior to testing. 

Compounds 

Morphine 

+ DSLET 0.015 nmol 

+ DSLET 0.015 nmol 
+ ICI 174,8644.4 nmol 

+ DSLET 0.015 nmol 
+ DALCE 4.6 nmol, -24 hr 

+ DSLET 0.015 nmol 
+ 5'-NTII 17.5 nmol, -24 hr 

Dso (95% C.L.) 
(nmol/mouse) 

0.92 (0.65-1.44) 

0.075 (0.043-0.13) 

0.76 (0.53-1.1) 

0.08 (0.049-0.15) 

0.94 (0.6-1.46) 
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different combinations ofDSLET, ICI 174,864, 5'-NTII, and DALCE are shown 

in Table 7. 
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MODULATION OF ANTINOCICEPTNE POTENCY AND EFFICACY OF 

p-AGONISTS BY 0 AGONISTS 

Characterization of Partial and Full J.1 Agonists 

Under Conditions of Varying Stimulus Intensity 

I.c.v. administration of etorphine produced a dose-related antinociceptive 

effect in the mouse tail flick test. The antinociceptive potency and efficacy of 

etorphine were not changed when the temperature of the water used as the 

nociceptive stimulus was increased from 55 to 69.5 °C (Figure 38). The 

antinociceptive D60 values of etorphine are shown in Table 8. 

I.c.v. administration ofmorphine produced a dose-related antinociceptive 

effect when tested using water temperature at 55, 65, and 69.5 °C in the mouse 

tail flick test (Figure 39). However, with the increase of the nociceptive 

stimulus intensity due to the rise in water temperature from 55 to 69.5 °C, the 

dose-response lines of morphine progressively shifted to the right (i.e., 

decreased potency) and the maximal response also decreased (i.d., decreased 

efficacy). The maximal effect of morphine at the highest stimulus intensity 

(69.5 °C) reached only approximately 70%. The potency of morphine was 

decreased by 8.8- and 16.9-fold with increasing nociceptive stimulus from 55 

to 65 and 69.5 °C, as shown by a comparison of the ratio of the D50 values at 

these temperatures. 
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Figure 38. Dose-response lines for i.c.v. etorphine in the mouse tail flick test 

with water at 55 and 69.5 °C as the nociceptive stimulus. 
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Figure 39. Dose-response lines for i.c.v. morphine in the mouse tail flick test 

with water at 55, 65, and 69.5 °C as the nociceptive stimulus. 
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Table 8. Effects of the degree of nociceptive stimulus intensity on the Dso (and 
95% confidence limits) for antinociception produced by i.c.v. etorphine, 
morphine, and DPDPE in the 55, 65, and 69.5 °C mouse tail flick test. 

Dso (95% C.L.) Dso (95% C.L.) Dso (95% C.L.) 
Compounds (nmollmouse) (nmollmouse) (nmollmouse) 

at 55°C at 65 °C at 69.5 °C 

Etorphine 0.058 (0.046-0.072) ** 0.059 (0.038-0.09) 

Morphine 0.92 (0.65-1.44) 8.08 (2.74-23.74) 15.5 (8.2-29.2) 

DPDPE 10.01 (7.6-12.01) 31.55 (14.4-69.13) 95.1 (47.45-190.6) 

** not determined 
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I.c.v. administration of codeine also produced antinociception in the 

mouse tail flick test (Figure 40). However, the maximal response of i.c.v. 

codeine only achieved approximately 40% even at lowest nociceptive stimulus 

tested (i.e., water temperature at 55°C). 

Modulatory Studies with Variable Stimulus Intensity 

Etorphine 

I.c.v. co-administration of DPDPE (1.6 nmol) at a dose which did not 

produce detectable antinociception alone had no effect on etorphine potency in 

either the 55 or 69.5 °C test as shown in Figure 41, and in agreement with 

previous reports (Heyman et al., 1989a). 

Morphine 

Effect of Endogenous 0 Ligands: fMet5]enkephalin and [Leu5]enkephalin 

I.c.v. co-administration of [Met5]enkephalin (17.4 nmol), at a dose which 

did not produce antinociceptive effects, produced a negative modulatory effect 

on morphine induced antinociception. At the lower stimulus intensity of 55°C, 

[Met5]enkephalin decreased the antinociceptive potency of morphine (Figure 

25). Co-administration of ICI 174,864 antagonized the modulatory effect of 

[Met5]enkephalin, showing a return of the morphine dose-response line to that 

seen with morphine alone (Figure 25). At the higher stimulus of 69.5°C, 

[Met5]enkephalin not only produced a rightward displacement of the dose

response line of morphine but also decreased the antinociceptive efficacy of 
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Figure 40. Dose-response line for i.c.v. codeine in the mouse tail flick test with 

water at 55°C as the nociceptive stimulus. 
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Figure 41. Antinociceptive effects of i.c.v. etorphine in the absence and 

presence ofDPDPE, and ICI 174,864 in the mouse tail flick test with water at 

55 and 69.5 °C as the nociceptive stimulus. 
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morphine (Figure 42). The maximal response of morphine decreased from 70% 

to 50%. Co-administration ofICI 174,864 with morphine and [Met5]enkephalin 

at 69.5 °C returned the dose-response line of morphine to control levels with 

a maximal effect of approximately 70% (Figure 44). The antinociceptive D50 of 

morphine in the absence and presence of [Met5]enkephalin and ICI 174,864 at 

69.5 °C are shown in Table 10. 

I.c.v. co-administration of a second endogenous 0 ligand, 

[Leu5]enkephalin (5.4 nmol) at a dose which did not produce any measurable 

effect alone, produced a positive modulatory effect on morphine induced 

antinociception. At the lower stimulus intensity (55°C), [Leu5]enkephalin 

produced a leftward displacement of the dose-response line of morphine. I.c.v. 

ICI 174,864 (4.4 nmol), co-administered with morphine and [Leu5]enkephalin 

antagonized the modulatory effect produced by [Leu5]enkephalin (Figure 43). 

The D50 values of i.c.v. morphine in the absence and presence of 

[Leu5]enkephalin and ICI 174,864 are shown in Table 9. At the higher 

nociceptive stimulus intensity (temperature at 69.5 DC), i.c.v. [Leu5]enkephalin 

modulated both the antinociceptive potency and efficacy of i.c.v. morphine, 

showing a leftward displacement of the morphine dose-response line and an 

increase of the maximal effect of morphine from 70% to 100% (Figure 44). 

I.c.v. ICI 174,864 (4.4 nmol) again antagonized the modulation of 

[Leu5]enkephalin on the antinociceptive potency and efficacy of morphine at 
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Figure 42. Dose-response lines for i.c.v. morphine in the mouse tail flick test 

with water at 69.5 DC as the nociceptive stimulus alone or in the presence of 

[Met5]enkephalin or [Met5]enkephalin plus ICI 174,864. 
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Figure 43. Dose-response lines for i.c.v. morphine in the mouse tail flick test 

alone or in the presence of [Leu5]enkephalin or [Leu5]enkephalin plus leI 

174,864. 
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Figure 44. Dose-response lines for i.c.v. morphine in the mouse tail flick test 

with water at 69.5 DC as the nociceptive stimulus alone or in the presence of 

[Leu5]enkephalin or [Leu5]enkephalin plus ICI 174,864. 
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Table 9. Effects of i.c.v. [Met5]enkephalin, [Leu5]enkephalin, DPDPE, 
oxymorphindole, and thiorphan on the D50 (and 95% confidence limits) for 
antinociception produced by i.c. v. morphine in the absence and presence of the 
o antagonist, ICI 174,864 in the 55 DC mouse tail flick test. 

D50 (95% C.L.) 
+ ICI 174,864 

Compounds (4.4 nmol) 
(nmollmouse) 

Morphine 0.92 (0.65-1.44) 0.78 (0.5-1.23) 

+ [Met5]enkephalin (17.4 nmol) 9.23 (6-14.2) 0.8 (0.6-1.07) 

+ [Leu5]enkephalin (5.4 nmol) 0.15 (0.09-0.23) 0.74 (0.51-1.18) 

+ DPDPE (1.6 nmol) 0.21 (0.12-0.34) 0.78 (0.52-1.25) 

+ Oxymorphindole (6.4 nmol) 0.36 (0.25-0.53) 1.09 (0.79-1.5) 

+ Thiorphan (0.39 nmol) 0.31 (0.15-0.6) 0.77 (0.5-1.2) 
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Table 10. Effects of i.c.v. [Met5]enkephalin, [Leu5]enkephalin, DPDPE, 
oxymorphindole, and thiorphan on the D50 (and 95% confidence limits) for 
antinociception produced by i.c.v. morphine in the absence and presence of the 
o antagonist, ICI 174,864 in the 69.5 °C mouse tail flick test. 

Compounds D50 (95% C.L.) + ICI 174,864 
(nmol!mouse) (4.4 nmol) 

Morphine 15.5 (8.2-29.2) 14 (7.2-27.8) 

+ [Met5]enkephalin (17.4 nmol) 101 (42.8-242) 21.4 (9.8-40.8) 

+ [Leu5]enkephalin (5.4 nmol) 3.23 (1.46-5.24) 17.8 (9.4-22.6) 

+ DPDPE (1.6 nmol) 5.4 (3.38-8.68) 26.4 (12.9-54.9) 

+ Oxymorphindole (6.4 nmol) 1.41 (0.98-2.04) 14.5 (8.2-25.4) 

+ Thiorphan (0.39 nmol) 5.6 (3.03-10.2) 13.6 (7.7-23.9) 
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the high stimulus intensity (temperature at 69.5 °C) (Figure 44). The D60 

values ofi.c.v. morphine in the absence and presence of [Leu6]enkephalin and 

ICI 174,864 at 69.5 °C are shown in Table 10. 

I.p. administration of [Leu6]enkephalin did not produce measurable 

antinociceptive effect at the doses tested (Figure 45). J.p. co-administration of 

[Leu6]enkephalin (18 pmol/kg) increased the antinociceptive potency of 

morphine, showing a leftward displacement of the i.p. morphine dose-response 

line (Figure 46). The D60 values for i.p. morphine were 15.3 (13 -18.02) and 

4.25 (3.41-5.31) pmol/kg in the absence or present of [Leu6]enkephalin, 

respectively. ICI 174,864 (4.4 nmol) given by i.c.v. administration antagonized 

modulatory effect produced by i.p. [Leu5]enkephalin, returning the dose

response line of morphine back to control level (Figure 46). 

Effect of a Synthetic Peptide B Ligand: DPDPE 

I.c.v. administration of DPDPE produced a dose-related antinociceptive 

effect as measured at the 55,65, and 69.5 °C water temperature in the mouse 

tail flick test (Figure 47). When the nociceptive stimulus intensity increased 

from 55 to 69.5 °C, the dose-response lines of DPDPE progressively shifted to 

the right and the maximal response also decreased. The maximal effect of 

DPDPE at the highest stimulus intensity (temperature at 69.5 °C) was 

approximately 60%. The D60 values of DPDPE are shown in the Table 8. 
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Figure 45. J.p. administration of [Leu5]enkephalin did not produce any 

measurable effect in the mouse tail flick test. 
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Figure 46. Dose-response lines for i.p. morphine in the mouse tail flick test 

alone or in the presence of i.p. [Leu5]enkephalin or i.p. [Leu5]enkephalin plus 

i.c.v. leI 174,864. 
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Figure 47. Dose-response lines for i.e.v. DPDPE in the mouse tail flick test 

with water at 55, 65, and 69.5 DC as the nociceptive stimulus. 
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A sub-antinociceptive dose of i.c.v. DPDPE (1.6 nnlOl) positively 

modulated the anti nociceptive effect of morphine, resulting in an increase in 

both the antinociceptive potency and efficacy of morphine at either 55 or 69.5 

°C stimulus (Figure 28 and 48). When equiantinociceptive doses of morphine 

alone (9 nmol) or morphine (3 nmol) plus DPDPE (1.6 nmol) were tested at the 

low stimulus intensity (55°C), the duration of antinociception was the same 

and lasted approximately for 2 hr (Figure 49). Co-administration of ICI 

174,864 (4.4 nmol) with morphine and DPDPE antagonized the modulatory 

effect of DPDPE on the antinociceptive potency and efficacy of morphine at 

both low and high stimulus intensities (Figure 28 and 48). 

J.p. administration of DPDPE alone did not produced an antinociceptive 

effect alone over the dose range tested (Figure 51). When tested at 69.5 °C, i.p. 

DPDPE (23.3 llmol/kg) increased both the antinociceptive potency and efficacy 

of i.c.v. morphine. The antinociceptive D50 of i.c.v. morphine was 15.5 (8.2-

29.2) and 0.44 (0.21-0.94) in the absence and presence of i.p. DPDPE, 

respeGtively. I.c.v. leI 174,864 (4.4 nmol) antagonized this positive modulatory 

effect of i.p. DPDPE (15.5 pmol/kg) on i.c.v. morphine induced antinociception 

(Figure 52). 

When the i.c.v. morphine dose-response line was established using the 

55°C stimulus in animals pretreated with morphine for 7 days, the maximal 

achievable antinociceptive effect was less than 20% at the highest testable 
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Figure 48. Dose-response lines for i.c.v. morphine in the mouse tail flick test 

with water at 55 and 69.5 °C as the nociceptive stimulus alone or in the 

presence of DPDPE. 
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Figure 49. Time-response lines for equiantinociceptive doses ofi.c.v. morphine 

alone or i.c.v. morphine plus DPDPE in the mouse tail flick test. 
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Figure 50. Dose-response lines for i.c.v. morphine in the mouse tail flick test 

with water at 69.5 °C as the nociceptive stimulus alone or in the presence of 

DPDPE or DPDPE plus leI 174,864. 
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Figure 51. J.p administration ofDPDPE did not produce any measurable effect 

in the mouse tail flick test with water at 55°C as the nociceptive stimulus. 
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Figure 52. Dose-response lines for i.p. morphine in the mouse tail flick test 

with water at 69.5 DC as the nociceptive stimulus alone or in the presence of 

i.p. [Leu5]enkephalin or i.p. [Leu5]enkephalin plus i.c.v. ICI 174,864. 
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i.c.v. dose (300 nmol)(Figure 53). In contrast, the i.c.v. morphine dose-response 

line in animals pretreated with saline for 7 days was similar to that seen in 

naive animals with a D50 value of 1.3 (0.86 - 2.1) nmol (Figure 53). When 

DPDPE (1.6 nmol) was co-administered with morphine in morphine pretreated 

animals and tested at the 55DC stimulus intensity, the effect of morphine was 

re-established as indicated by the dose-response line which achieved a maximal 

effect of approximately 70% (Figure 53). 

Effect of a Non-peptide B Ligand: Oxymorphindole 

The opioid B agonist, oxymorphindole (Portoghese et aI, 1990) given 

alone by i.c.v. administration did not produce antinociceptive effects at the dose 

range tested (Figure 54). When tested at 55DC, i.c.v. co-administration of 

oxymorphindole (6.4 nmol) increased the antinociceptive potency of morphine, 

showing leftward displacement of the dose-response line of morphine (Figure 

55). I.c.v. ICI 174,864 (4.4 nmol) co-administered with oxymorphindole and 

morphine antagonized modulatory effect produced by oxymorphindole (Figure 

55). The D50 values of i.c.v. morphine in the absence and presence of 

oxymorphindole and ICI 174,864 are shown in Table 9. When tested at the 

higher stimulus intensity (temperature at 69.5 DC), i.c.v. co-administration of 

oxymorphindole (6.4 nmol) increased both the antinociceptive potency and 

efficacy of morphine. The data showed a leftward displacement of the dose

response of morphine and the maximal response of morphine achieved 100% 
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Figure 53. Dose-response lines for i.c.v. morphine in saline pretreated or 

morphine pretreated mice in the absence or in the presence of i.c.v. DPDPE. 



128 

90 

• 80 W . en 
+I 70 

Z 60 
0 

li: 50 
W 
0 40 
0 
0 30 Z 
i= 20 Z 
< 
~ 10 

0 
Sanne 2.1 21.3 63.8 

DOSE OXYMORPHINDOLE (nmol, i.e.v.) 

Figure 54. I.c.v. administration of oxymorphindole did not produce any 

measurable effect in the mouse tail flick test. 
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Figure 55. Dose-response lines for i.c.v. morphine in the mouse tail flick test 

alone or in the presence of oxymorphindole or oxymorphindole plus leI 

174,864. 
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Figure 56. Dose-response lines for i.c.v. morphine in the mouse tail flick test 

with water at 69.5 DC as the nociceptive stimulus alone or in the presence of 

oxymorphindole or oxymorphindole plus ICI 174,864. 
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(Figure 56). ICI 174,864 (4.4 nmol) co-administered with oxymorphindole and 

morphine antagonized modulatory effect produced by oxymorphindole (Figure 

56). The antinociceptive D50 values of i.c.v. morphine in the absence and 

presence of oxymorphindole and ICI 174,864 at the high stimulus intensity 

temperature are shown in Table 10. 

Effect of Neutral Endopeptidase 24.11 Inhibitor: Thiorphan 

The endopeptidase inhibitor, thiorphan (Schwartz, 1983; De Bruno et al. 

1983; Hersh, 1984), administered at a sub-antinociceptive dose (0.39 nmol) 

produced a positive modulatory effect on morphine induced antinociception, 

when co-administrated i.c.v. with morphine. When tested at the lower 

stimulus intensity (55°C), i.c.v. co-administration of thiorphan (0.39 nmol) 

increased antinociceptive potency of morphine, producing a leftward 

displacement of the morphine dose-response line (Figure 57). I.c.v. co

administration of ICI 174,864 (4.4 nmol) with thiorphan and morphine 

antagonized the modulatory effect produced by thiorphan (Figure 57). The D50 

of morphine in the presence of thiorphan and ICI 174,864 are shown in Table 

9. When tested at the higher stimulus intensity, i.c.v. co-administration of 

thiorphan (0.39 nmol) increased both the antinociceptive potency and efficacy 

of morphine, producing a leftward displacement of the i.c.v. morphine dose

response line and an increased maximal response of morphine to 100% (Figure 

58). Co-administration of i.c.v. ICI 174,864 (4.4 nmol) antagonized the 
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Figure 57. Dose-response lines for i.c.v. morphine in the mouse tail flick test 

alone or in the presence of thiorphan or thiorphan plus leI 174,864. 
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Figure 58. Dose-response lines for i.c.v. morphine in the mouse tail flick test 

with water at 69.5 °C as the nociceptive stimulus alone or in the presence of 

thiorphan or thiorphan plus ICI 174,864. 
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modulatory effect produced by thiorphan (Figure 58). The D50 values of 

morphine in the presence ofthiorphan and ICI 174,864 are shown in Table 10. 

Systemic administration (s.c) of sub-anti nociceptive dose ofthiorphan (4 

Jlmol/kg) also increased the antinociceptive potency of morphine (Figure 59). 

This modulatory effect of s.c. thiorphan was antagonized by central 

administration (i.c.v.) of ICI 174,864 (4.4 nmol)(Figure 59). 

Codeine 

When tested at 55° C, i.c.v. administration of codeine produced a weak 

antinociceptive response with a maximal effect of approximately 40% (Figure 

60). Co-administration ofi.c.v. [Leu5]enkephalin, at a dose which produced no 

detectable antinociception alone, produced a remarkable leftward displacement 

of the codeine dose-response line and achieved a maximal antinociceptive effect 

of 100% (Figure 60). The D50 value for i.c.v. codeine in the presence of 

[Leu5]enkephalin was 8.35 (6.32-11.03) nmol. This modulatory effect of 

[Leu5]enkephalin was antagonized by co-administration of i.c.v. leI 174,864 

(4.4 nmol)(Figure 60). ICI 174,864 had no effect on codeine induced 

antinociception (Figure 60). 

I.c.v. co-administration of a sub-antinociceptive dose of DPDPE (1.6 

nmol) displaced the codeine dose-response line to the left with a D50 value of 

13.0 (9.4 - 17.9) nmol, indicating a positive modulation of the antinociceptive 

potency of codeine (Figure 61). Additionally, co-administration ofDPDPE with 
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Figure 59. Dose-response lines for s.c. morphine in the mouse tail flick test 

alone or in the presence of s.c. thiorphan or s.c. thiorphan plus i.c.v. leI 

174,864. 
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Figure 60. Dose-response lines for i.e.v. codeine in the mouse tail flick test 

alone or in the presence of [Leu5]enkephalin or [Leu5]enkephalin plus leI 

174,864. 
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codeine resulted in a 100% antinociceptive response, indicating a positive 

modulation of codeine efficacy. When co-administrated i.c.v. codeine and 

DPDPE with ICI 174,864 (4.4 nmol) , the codeine dose-response line was 

returned to the control level with a maximal effect of approximately 40% 

(Figure 61). 

Co-administration of i.c.v. thiorphan also displaced the dose-response 

line of codeine to the left and increased maximal response of codeine from 40% 

to 100% (Figure 62). This modulatory effect of thiorphan was antagonized by 

i.c.v. co-administration of leI 174,864 (4.4 nmol)(Figure 62). 

Oral administration (p.o.) of codeine produced dose-related 

antinociceptive effect in the mouse tail flick test at either the 55 or 69.5 °C 

water temperature. The change on the degree of nociceptive stimulus intensity 

did not change the antinociceptive potency and efficacy of codeine (Figure 62). 

The D50 values of codeine were 712.3 (570.4-889.6) and 634.8 (529.6-760.9) 

nmol at 55 and 69.5 °C, respectively. 

When tested at the 55°C water temperature, the dose-response line of 

p.o. codeine was displaced to the left by a sub-antinociceptive dose of i.p. 

[Leu5]enkephalin (1811mol/kg)(Figure 64), or i.c.v. co-administration ofDPDPE 

0.6 nmol)(Figure 65), or s.c thiorphan (4 llmol/kg)(Figure 66). The 

antinociceptive D50 values of p.o. codeine were 284.1 (240.4-335.9), 90.2 (75.2-

108.2), and 285.4 (233.5-348.8) llmol/kg in the presence of individual i.p. 
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Figure 61. Dose-response lines for i.c.v. codeine in the mouse tail flick test 

alone or in the presence of DPDPE or DPDPE plus leI 174,864. 
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• 
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Figure 62. Dose-response lines for i.c.v. Codeine in the mouse tail flick test 

alone or in the presence of thiorphan or thiorphan plus leI 174,864. 
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Figure 63. Dose-response lines for p.o. codeine in the mouse tail flick test with 

water at 55 and 69.5 DC as the nociceptive stimulus. 
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Figure 65. Dose-response lines for p.o. codeine in the mouse tail flick test 

alone orin the presence ofi.c.v. DPDPE or i.c.v. DPDPE plus i.c.v. leI 174,864. 
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Figure 66. Dose-response lines for p.o. codeine in the mouse tail flick test 

alone or in the presence of s.c. thiorphan or s.c. thiorphan plus i.c.v. leI 

174,864. 
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[Leu5]enkephalin, i.c.v. DPDPE, and s.c thiorphan, respectively. All of these 

modulatory effects produced by [Leu5]enkephalin, DPDPE, and thiorphan were 

antagonized by i.c.v. leI 174,864 (4.4 nmol)(Figure 64, 65, and 66). 
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STUDIES ON THE DEVELOPMENT OF ANTINOCICEPTIVE 

TOLERANCE AND PHYSICAL DEPENDENCE TO MORPHINE ALONE 

OR IN THE PRESENCE OF () AGONISTS 

Antinociceptive Tolerance to Morphine 

Effects of DPDPE 

The i.c.v. morphine dose-response line tested with the animals 

pretreated with saline twice daily for 3 days, showed no change as compared 

with the D50 values of untreated animals (Table 11). Similarly, pretreatment 

with the modulatory dose ofDPDPE (1.6 nmol) did not affect the dose-response 

line of i.c.v. morphine (Figure 67). Pretreatment with morphine (1.2 nmol) 

twice daily for 3 days resulted in a slight tolerance on the antinociceptive 

action of morphine, showing 1.6-fold rightward displacement of the morphine 

dose-response line as compared with the D50 values (Table 11)(Figure 68). 

Pretreatment with morphine at the higher dose (6 nmol) produced a greater 

degree (11-fold) of rightward displacement of the dose-response line of 

morphine (Figure 68), indicating significant development of antinociceptive 

tolerance. Additionally, the maximal effect of morphine only achieved 

approximately 60%. On the other hand, co-administration of morphine (1.2 

nmol) and DPDPE (1.6 nmol), which retained an equivalent antinociceptive 

effect with the high dose (6 nmol) of morphine alone, produced a rightward 
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Figure 67. Dose-response lines for i.c. v. morphine in mice pretreated with i.c. v. 

saline or i.c.v. DPDPE in the mouse tail flick test. 
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Figure 68. Dose-response lines for i.c.v. morphine in mice pretreated with i.c.v. 

saline or a low dose of i.c.v. morphine (1.2 nmol) , or a high dose of i.c.v. 

morphine (6 nmol), or with an equiantinociceptive (to morphine 6 nmol) 

combination ofi.c.v. morphine (1.2 nmol) plus DPDPE (1.6 nmol) in the mouse 

tail flick test. 



148 

Table 11. Effects of treatment with i.c.v. saline, morphine, DPDPE or 
morphine plus DPDPE on the antinociceptive responses to i.c.v. morphine. The 
antinociceptive D50 values of i.c.v. morphine are shown from mice pretreated 
with i.c.v. saline, DPDPE (1.6 nmol), morphine (1.2 or 6 nmol), or morphine (6 
nmol) plus DPDPE (1.6 nmol) twice daily for 3 days. 

Compounds Pretreatment Dose D50 (95% C.L.) 
(nmollmouse) (nmollmouse) 

Naive ** 0.92 (0.65-1.44) 

Saline ** 1.35 (0.87-2.1) 

DPDPE 1.6 1.27 (0.86-11.86) 

Morphine 1.2 2.13 (1.44-3.15) 

Morphine 6 14.77 (9.21-23.68) 

Morphine 1.2 
+ 2.12 (1.55-2.93) 

DPDPE 1.6 

** none 
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displacement of the morphine dose-response line by only 1.6-fold as compared 

with the D60 values (Table 11) (Figure 68) indicating a minimal tolerance. 

Effect of [Leu61enkephalin 

The dose-response line of i.p. morphine was not altered in animals 

pretreated with i.p. saline twice daily for 3 days; the D60 value of morphine was 

16.1 (13.1-18.9) pmol/kg. Pretreatment (i.p.) with the modulatory dose of 

[Leu6]enkephalin (18 pmol/kg) showed no change in the dose-response line of 

morphine (Figure 69). Pretreatment (i.p.) with morphine (9 J.lffiol/kg) produced 

2.2-fold rightward displacement of the dose-response line of morphine, as 

shown by comparison of the D50 values (Table 12)(Figure 69). Pretreatment 

with morphine (24 pmol/kg) produced a 8.7-fold rightward displacement of the 

dose-response line of morphine (Figure 69). Morphine (9 pmol/kg) plus 

[Leu5]enkephalin (18 pmol/kg) a combination retaining an equivalent 

antinociceptive effect with the higher dose (24 pmol/kg) of morphine alone, 

produced only a 2.1-fold rightward displacement of the dose-response of 

morphine (Figure 69); the D60 values of morphine are shown in Table 8. 

Study on the Development of Physical Dependence 

Study with DPDPE 

In the acute physical dependence experiments, the signs of physical 

jumping were seen in all three groups of mice after administration of naloxone. 

I.e.v. co-administration of morphine (1.2 nmol) and DPDPE (1.6 nmol), which 
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Figure 69. Dose-response lines for i.p. morphine in mice pretreated with i.p. 

saline or with a low dose of i.p. morphine (9 pmol/kg), or a high dose of i.p. 

morphine (24 pmol/kg), or with an equiantinociceptive combination (to high 

dose morphine) i.p. morphine (6 pmol/kg) plus [Leu5]enkephalin (18 pmol/kg) 

in the mouse tail flick test. 
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Table 12. Effects of treatment with i.p. saline, morphine, [Leu5]enkephalin, or 
morphine plus [Leu5]enkephalin on the antinociceptive responses to i.p. 
morphine. The antinociceptive D50 values of i.p. morphine are given from mice 
pretreated with i.p. saline, [Leu5]enkephalin (18 Jlmol/kg), morphine (9 or 19 
Jlmol/kg), or morphine (9 Jlmol/kg) plus [Leu5]enkephalin (18 Jlmol/kg) twice 
daily for 3 days. 

Compounds 
Pretreatment Dose D50 (95% C.L.) 

(Jlmol/kg) (Jlmol/kg) 

Naive ** 15.3 (12.9-18.1) 

Saline ** 16.1 (13.1-18.9) 

[Leu5]enkephalin 18 14.9 (13.1-18.7) 

Morphine 9 35.6 (130.8-41.3) 

Morphine 24 139.2 (114.8-168.8) 

Morphine 9 
+ 32.58 (26.8-39.6) 

[Leu5]enkephalin 18 

** none 
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retained an equivalent antinociceptive effect as a high dose (6 nmol) morphine 

alone, showed the highest degree of development of physical dependence. The 

data is in agreement with a previous report (Vaught and Takemori, 1979). The 

means of physical jumping were 2 ± 2, 7 ± 4, and 20 ± 12 for the low dose of 

morphine (1.2 nmol), the high dose of morphine (6 nmol), and the low dose of 

morphine (1.2 nmol) plus DPDPE (1.6 nmol) (Figure 70). 

In the chronic physical dependence experiment, mIce which were 

pretreated with i.c.v. morphine (1.2 nmol) plus DPDPE (1.6 nmol) for 7 days, 

showed the lowest degree of physical dependence, compared with the mice 

given the low dose or the high dose of morphine (1.2 nmol, or 6 nmol, 

respectively (Figure 71). The means of physical jumping were 10 ± 2, 18 ± 8, 

and 1 ± 1 for the low dose of morphine (1.2 nmol), high dose of morphine (6 

nmol), and the equiantinociceptive (to high dose morphine) combination oflow 

dose of morphine (1.2 nmol) plus DPDPE (1.6 nmol), respectively. Similarly, 

the combination ofa low dose ofs.c morphine (9 pmol/kg/kg) plus i.c.v. DPDPE 

(1.6 nmol) which retained equal antinociceptive effects of the high dose of 

morphine alone (30 pmol/kg, s.c), also showed the lowest degree of physical 

dependence (Figure 72). The means of physical dependence jumping were 8 ± 

7, 73 ± 2, and 1 ± 1 for the low dose of s.c morphine (9 pmol/kg), high dose of 

s.c morphine (30 pmol/kg), and low dose of s.c morphine (9 pmol/kg) plus i.c.v. 

DPDPE (1.6 nmol), respectively. 
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Figure 70. Evaluation of naloxone-precipitated physical dependence jumping 

in mice given i.c.v. morphine alone (1.2 nmol, or 6 nmol), or morphine (1.2 

nmol) plus DPDPE (1.6 nmol). 
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Figure 71. Evaluation of naloxone-precipitated physical dependence jumping 

in mice pretreated twice daily for 7 days with i.e.v. morphine alone (1.2 nmol 

or 6 nmol), or morphine (1.2 nmol) plus DPDPE (1.6 nmol). 
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Figure 72. Evaluation of naloxone-precipitated physical dependence jumping 

in mice pretreated with twice daily for 7 days with s.c morphine alone (9 

}lmol/kg or 30 pmol/kg), or S.c morphine (9 pmol/kg) plus i.c.v. DPDPE (1.6 

nmol). 
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Study with [Leu51enkephalin 

After pretreatment with a low dose of morphine (9 J.lIDol/kg, i.p.), high 

dose of morphine (24 pmol/kg, i.p.), or combination of low dose of morphine (9 

pmol/kg, i.p.) plus [Leu5]enkephalin (18 pmol/kg, i.p.), the mice showed signs 

of physical dependence. The combination of morphine plus [Leu5]enkephalin 

showed a slower degree of physical dependence compared to that seen with an 

equiantinociceptive high dose of morphine alone (Figure 73). The means of 

physical jumping were 5 ± 1, 13 ± 4, and 4 ± 2 for low dose of morphine (9 

pmol/kg), high dose of morphine (24 pmol/kg), and the combination of morphine 

(9 pmol/kg) plus [Leu5]enkephalin (18 pmol/kg), respectively. 
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Figure 73. Evaluation of naloxone-precipitated physical dependence jumping 

in mice pretreated with i.p. twice daily for 7 days with morphine alone (9 

pmol/kg or 24 pmol/kg), or morphine (9 pmol/kg) plus [Leu6]enkephalin (18 

pmol/kg). 
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DISCUSSION 

EXISTENCE OF SUBTYPES OF OPIOID 0 RECEPTORS 

This first portion of the study has demonstrated the involvement of 

different subtypes 0 opioid receptor in opioid mediated antinociception by using 

several 0 opioid agonists and antagonists in the mouse tail flick assay. In 

order to test the hypothesis that the direct antinociceptive actions and indirect 

modulatory antinociceptive actions of 0 agonists might be mediated through 

subtypes of opioid 0 receptors, the selective 0 agonists DPDPE (Mosberg et al., 

1983), DALCE (Bowen et al., 1987), DSLET (Gacel et al., 1980), and deltorphin 

II (Erspamer et al., 1989), were evaluated. In addition, selective antagonist 

actions of the 0 antagonists, ICI 174,864 (Cotton et al., 1984), DALCE (Bowen 

et al., 1987), and 5'-NTII (Portoghese et al., 1990) on the direct and indirect 

antinociceptive actions of these 0 agonists were examined in present studies. 

Direct Antinociception of 0 Agonists 

Agonist Effects 

It has been well established that supraspinal 0 receptors, as well as p. 

receptors, can directly mediate antinociception in the mouse tail flick assay 

(Heyman et al., 1986, 1987, 1989a,b; Porreca et al., 1987). It has been 

suggested that the 0 receptor may play an important role in supraspinal 

antinociceptive processes (Heyman et al., 1987). In the present studies, the 
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antinociceptive actions of four opioid peptides, DPDPE, DSLET, DALCE, and 

deltorphin II have been investigated. All these four agonists produced direct 

antinociception after i.e.v. administration. The antinociceptive actions 

produced by DPDPE was antagonized by ICI 174,864, a selective B antagonist 

(Cotton et al., 1984), but not by f3-FNA, an irreversible J.1 antagonist (Ward and 

Takemori, 1982), indicating that DPDPE is a B opioid agonist. These result 

correspond well with previous studies (Porreca et al., 1987; Heyman et al., 

1987). 

Recently, Erspamer and colleagues (1989) have reported the isolation of 

linear heptapeptide (i.e., deltorphin family) from the skin of the frog belonging 

to the genus Phyllomedusa. Deltorphin II, one of the deltorphin peptide 

families has been characterized in vitro as one of the most highly selective B 

ligands with the highest affinity for B receptor (Erspamer et al., 1989). 

Deltorphin II shows potent agonist activity in the mouse vas deferens, which 

is commonly used as the bioassay for opioid B receptor activity (Henderson et 

al., 1972). On the other hand, deltorphin II shows minimal effects in the 

guinea pig ileum, which is commonly used as the bioassay for opioid J.1 receptor 

activity (Gyang and Kosterlitz, 1966). The data from the present study 

support the view that the antinociceptive effect of deltorphin II is also 

mediated through supraspinal B receptors, since the effect of deltorphin II is 

antagonized by B antagonist, ICI 174,864, but not by J.1 antagonist, f3-FNA. 
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Unlike DPDPE and deltorphin II which have high selectivity for the B 

receptor, DSLET, is a compound with lower selectivity; this compound 

produced its antinociceptive effect by activating both J1 and B receptors. This 

has been supported by the observation that both the B antagonist, ICI 174,864 

and the J1 antagonist, f3-FNA produced a significant rightward displacement of 

in the dose-response line of i.c.v. DSLET. Since pretreatment with f3-FNA did 

not produce any rightward displacement in the dose-response lines of 

deltorphin II and DPDPE, the same dose of f3-FNA was employed at the same 

pretreatment time to block actions of J1 receptors in the rest of studies with 

DSLET. That DSLET acts at B receptors following f3-FNA pretreatment is 

indicated by the much greater (essentially complete) antagonism of 

antinociception produced by ICI 174,864 compared to the ICI 174,864 

antagonist action in control mice. 

The [Leu5]enkephalin analogue, DALCE incorporates a D-Alanine at 

position 2 yielding resistance to aminopeptidases, and contains a single 

cysteine residue at the C-terminus. Previous work utilizing radioligand 
, 

binding techniques showed that DALCE binds with high affinity to B receptors, 

with moderate affinity to J1 receptors and with negligible affinity to K receptors 

(Bowen et al., 1987). I.c. v. administration of DALCE produced a direct 

antinociceptive effect, with a maximal response at approximately 10 min, and 

persisting for approximately 1 hr. The antinociception produced by DALCE 
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was time- and dose-related. Additionally, this antinociceptive action ofDALCE 

was antagonized by ICI 174,864, a selective 0 antagonist (Cotton et al., 1984). 

Thus, DALCE is presented as a typical 0 receptor agonist by the results of 

acute administration in the mouse, which is in agreement with the result 

obtained from studies in the rat (Calcagnetti et al., 1989). 

Antagonist Studies 

Effect of DALCE on DPDPE, DSLET, DALCE, and Deltorphin II 

Antinociception 

In addition to the ability of initially interacting with both 0 and Jl 

receptors (according to radioligand binding data), DALCE also has been 

reported to produce long-lasting and selective covalent binding at the opioid 0 

receptor, by forming a disulfide bond with a sulfhydryl group in or near the 

receptor binding site (Bowen et al., 1987). This covalent binding ofDALCE to 

opioid 0 receptors is specific for the 0 site (Bowen et al., 1987). Based on 

information from radioligand binding studies with DALCE, it has been 

suggested that DALCE may have long-term 0 antagonist properties in vivo. 

This was confirmed in the rat by Calcagnetti and his colleagues (1989). In the 

present study, DALCE lost its 0 agonist effect at 1 hr after a single i.c.v. 

administration in the mouse. However, from the second hour after 

administration, DALCE showed a time-related antagonism of DPDPE 

antinociception. This result, again, is in agreement with the previous findings 
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in the rat (Calcagnetti et al., 1989). The maximal antagonism of DPDPE 

induced antinociception by DALCE was observed at 24 and 48 hr after i.c.v. 

administration of DALCE. Significant antagonism lasted up to 72 hr after 

DALCE pretreatment, suggesting a covalent interaction between DALCE and 

an opioid 0 receptor. Additionally, the antinociceptive effects of i.c.v. DPDPE 

were blocked by DALCE in a dose-related manner, at a constant pretreatment 

time following a single pretreatment dose of DALCE, therefore, reflecting a 

receptor mediated response. In addition to antagonizing the i.c.v. 

antinociception produced by DPDPE, but not morphine, DALCE pretreatment 

(at -24 hr) also antagonized the acute antinociception produced by itself (i.c.v. 

DALCE, at +10 min), indicating that the acute antinociception produced by 

DALCE is mediated through a 0 receptor. This was further supported by the 

finding that the acute antinociception of DALCE was also blocked by the 0 

antagonist, ICI 174,864. 

Unlike the results using DPDPE, however, the antinociceptive actions 

of deltorphin II were not altered with the same DALCE pretreatment. 

Similarly, the antinociceptive effects of DSLET were not antagonized by 

DALCE either in naive mice, or in mice which had been pretreated with Jl 

antagonist, ~-FNA. Since DALCE selectively antagonized the antinociception 

of DPDPE and DALCE, but not of deltorphin II and DSLET, it is implied that 
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these 0 agonists act at different supraspinal 0 receptors, suggesting the 

existence of subtypes of opioid 0 receptors in the mouse. 

Effect of 5'-NTII on DPDPE, DSLET, DALCE, and Deltorphin II 

Antinociception 

Further evidence supporting the existence of subtypes of opioid 0 

receptors came from the observations using a second selective 0 antagonist, 5'

NTII. As a non-peptide compound, 5'-NTII has been recently shown to produce 

irreversible antagonism on DSLET induced antinociception, but not that of 

morphine, or the 1C agonist, U50,488H in the mouse abdominal stretch assay 

(Portoghese et aI., 1990). Additionally, studies with 5'-NTII in vitro have 

shown that this compound produces irreversible antagonism of [D-Ala2
, D

Leu5]enkephalin (DADLE)(Portoghese et aI., 1990) in the mouse vas deferens, 

tissue enriched with the opioid 0 receptor and a commonly used bioassay for 

o receptor activity. In the present study, 5'-NTII did not produce measurable 

direct antinociceptive effect as tested at different time periods after 

pretreatment. Pretreatment with 5'-NTII, however, selectively antagonized the 

antinociception produced by deltorphin II but not that of DPDPE. The 

antagonism of 5'-NTII was time-related, and significant from 8 - 48 hr after 

i.c.v. administration of 5'-NTII. However, the failure to antagonize DPDPE

induced antinociception was observed at all testing times. Thus, 5'-NTII 
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distinguished one B receptor from another in the mouse tail flick assay, again 

supporting the existence of different B receptors in the mouse brain. 

These data emphasizing selective and differential antagonism with novel 

irreversible antagonists can be interpreted as strong pharmacological evidence 

for the existence of subtypes of opioid B receptors. These B receptors can be 

classified as either 5'-NTII-sensitive (i.e., acted upon by deltorphin Hand 

DSLET) or DALCE-sensitive (i.e., acted upon by DPDPE, DALCE, and [D-Ala2
, 

Leu6
, Ser6]enkephalin (DALES)(Mattia et al., 1991)). DALES, a close 

structural analogue of DALCE in which serine is substituted for cysteine in 

position 6, produced time- and dose-dependent antinociception after i.c.v. 

administration (Mattia et al., 1991). This antinociception of DALES was 

antagonized by DALCE. In addition, substitution of serine for cysteine at the 

COOH-terminal, prevented DALES from exhibiting the irreversible profile 

associated with DALCE. As a consequence, DALES failed to exhibit 

antagonistic action (Mattia et al., 1991). These results provide preliminary 

support for a structural basis for activity at the DALCE sensitive B receptor. 

From these data, DPDPE is primarily classified as an agonist acting on the 

DALCE sensitive B receptor since direct antinociception produced by DPDPE 

is antagonized by DALCE but not by 5'-NTI!. However, DPDPE still has 

ability to act on the 5'-NTH sensitive B receptor since DPDPE shows 

antinociception after DALCE pretreatment, and this antinociception produced 
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by DPDPE is blocked by 0 antagonist, ICI 174,864, as well as 5'-NTI!. It 

should be pointed out that DPDPE, at a much higher dose, no longer 

selectively acts at the 0 receptor, but also acts at the J.l receptor. This is clear 

as these very high doses of DPDPE (155 nmo!) produce antinociception which 

is antagonized by J.l antagonist, f3-FNA. Critically, however, after DALCE 

pretreatment, 5'-NTH also blocks DPDPE induced antinociception, indicating 

actions at the 5'-NTH sensitive 0 receptor. In this regard, then, DPDPE is 

non-selective and can either act at both the DALCE sensitive as well as at the 

5'-NTH sensitive 0 receptors although at a much higher (i.e., 12-fold rightward 

displacement in the dose-response line). Therefore, DPDPE is not highly 

selective agonist for DALCE and 5'-NTH sensitive 0 receptors. 

The concept of 0 receptor subtypes has been previously suggested in 

comparisons of 0 activity in the mouse vas deferens and in studies of 

antinociception in vivo (Shimohigashi et al., 1987). Shimohigashi et al. (1987) 

assessed the binding of[D-Ala2
, (2R,3S)-VEPhe\ Leu5]enkephalin (CP-OH) and 

found that it had high affinity for B receptors in the brain, but also found that 

the compound was inactive as either an agonist or an antagonist in the mouse 

vas deferens. Vaughn et al. (1990) assessed the binding of a similar 

enkephalin analogue [D-Ala2
, (2R,3S)-VEPhe4

, Leu5]enkephalin methyl ester 

(CP-OMe) as well as that of [D-Pen2
, p-CI-Phe\ D-pen5]enkephalin (p-CI

DPDPE)(Vaughn et al., 1989) in both rat brain and the mouse vas deferens. 
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While p-CI-DPDPE recognized 0 receptors in both tissues, CP-OMe showed a 

3D-fold lower affinity for the 0 site in the mouse vas deferens than for the site 

in the rat brain. Thus, the conclusion of subtypes of 0 receptors, identified in 

the present studies with selective antagonists, may be supported by differences 

in central and peripheral tissues. Whether these 0 sites identified in the 

mouse brain are similar to, or different from, sites in the periphery remains 

to be determined. Nevertheless, the finding of subtypes of 0 receptors offers 

a potentially important approach for the development of novel therapeutic 

agents. 

Modulatory Actions of 0 Agonists 

The direct antinociceptive effects of the 0 agonists, DPDPE, DSLET, 

DALCE, and deltorphin H can be distinctly antagonized by DALCE and 5'

NTH, implying the existence of subtypes of opioid 0 receptors. A second 

function of 0 agonist appears to be an indirect or modulatory antinociceptive 

function on p agonist mediated antinociception. Previous studies have 

proposed a p-o receptor complex and two subtypes of 0 receptors (oncx and Ocx 

receptors), as well as preceptor (Pncx and Pcx receptors) according to (1) the 

modulation of the antinociception of p agonists by 0 agonists (Vaught and 

Takemori, 1979; Heyman et aI., 1986b, 1989a,b); (2) radioligand binding assays 

using brain membrane preparations from the mouse and rat (Rothman and 

Westfall, 1982a,b, 1983; Rothman at aI., 1984a,b; 1985a,b,c; 1986, 1987; 
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Barrett and Vaught, 1983; Demoliou-Mason and Barnard, 1986;). In the 

present study, the possibility that 0 agonists such as DPDPE, DSLET, DALCE, 

and deltorphin II, and antagonists such as DALCE and 5 '-NT II could 

differentially act on the 0 receptors which are associated with ll-modulation 

was investigated. 

Effects of 0 Agonists on Morphine Induced Antinociception 

The present study demonstrated that three 0 agonists, DPDPE, DSLET, 

and deltorphin II at doses which did not produce any direct antinociceptive 

effects alone all produced a positive modulatory effect on morphine induced 

antinociception when co-administered with morphine. In order to determine 

whether the modulatory effects produced by these 0 agonists were due to 

actions at opioid 0 receptors, leI 174,864, a selective 0 antagonist, was used. 

The modulatory effects of these 0 agonists were antagonized by ICI 174,864, 

indicating that these modulatory effects ofDPDPE, DSLET, and deltorphin II 

were through 0 receptors. In contrast to the ability of these three 0 agonists, 

DPDPE, DSLET, deltorphin II to produce modulatory effects, a sub

antinociceptive dose ofDALCE when co-administered i.c.v. with graded doses 

of morphine, did not produce any positive or negative change in morphine 

induced antinociception. These data further support the interaction between 

11-0 receptors. According to radioligand binding studies in vitro and 

antinociceptive modulation in vivo, it has been suggested that 0 receptors can 
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exist either separately or in a physically-associated state with Jl receptors; 

these separate or associated B receptors are termed the Bncx (Bnonocomplcxcd) and 

the Bcx (Bcomplcxcd) receptors (Rothman et al., 1988), respectively. Therefore, the 

present studies with DALCE suggest that the B agonist action ofDALCE is not 

associated with the hypothesized Bcx receptors, while other B agonists such as 

DPDPE, DSLET, and deltorphin II are associated with Bcx receptors. The 

present study correlated well with previous work on modulation Jl agonist 

antinociception (Heyman et al., 1989a,b). Not all Jl agonist antinociception can 

be modulated; in this regard, etorphine, DAMGO, PL017 were not modulated 

by B agonists such as DPDPE, while morphine and normorphine were 

(Heyman et al., 1989a,b). These different effects of Jl agonists support the 

existence of Jlncx and Jlcx receptors. 

Effects of the B Antagonists, DALCE and 5'-NTII 

Similar to the results seen showing a lack of modulation by DALCE as 

a B agonist, pretreatment of mice with DALCE as a B antagonist, at a dose 

which directly antagonized antinociceptive actions of DPDPE and DALCE 

itself, did not prevent either positive modulation of morphine antinociception 

produced by DPDPE, DSLET, and deltorphin II, or the negative modulation 

produced by [Met5]enkephalin. These data further support the view that 

DALCE acts at the same B receptor as an agonist and as an antagonist, and 
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that DALCE does not interact with Ocx receptors, i.e., the DALCE insensitive 

o receptor. 

The differential antagonism seen with DALCE is also seen in the studies 

with a second 0 antagonist, 5'-NTII. Pretreatment with 5'-NTII, at a dose 

which significantly prevented the antinociception produced by deltorphin II 

and DSLET, antagonized the positive modulatory effects produced by DPDPE, 

DSLET, and deltorphin II. In addition, 5'-NTII also blocked the negative 

modulatory action of [Met5]enkephalin on morphine induced antinociception. 

The ability of 5'-NTII to block either positive or negative modulatory effects of 

o agonists indicates that 5'-NTII can selectively act at the Ocx receptor, i.e., the 

5'-NTII sensitive 0 receptor. The differential antagonism with both 5'-NTII 

and DALCE can be interpreted as evidence supporting subtypes of opioid 0 

receptors. 

The subtypes of 0 receptors are classified as DALCE sensitive and the 

5'-NTII sensitive 0 receptors according to both direct antinociceptive studies 

as well as by modulatory studies. It is clear that the DALCE sensitive 0 

receptor seems to be the oncx receptor because DALCE and DALES (Mattia et 

aI., 1991) have not any modulatory effects on morphine induced 

antinociception. In contrast, the 5'-NTII sensitive 0 receptor seems to be the 

Ocx receptor since 5'-NTII prevents both positive and negative modulatory 

effects produced by 0 agonists on morphine induced antinociception. 
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Deltorphin II and DSLET produce direct antinociceptions and modulatory 

effects on morphine induced antinociception by acting at 5'-NTII sensitive 0 

receptor. DPDPE can produce either direct antinociception or positive 

modulatory effect on morphine induced antinociception, acting at both the oncx 

(i.e., DALCE sensitive) and Ocx (i.e., 5'-NTII sensitive) receptors. It is 

noteworthy that DPDPE can produce direct antinociceptive action at the 5'

NTII sensitive 0 receptor after DALCE pretreatment at 12-fold higher doses 

and, therefore, these data imply the ocx receptor is the same as the 5'-NTH 

sensitive 0 receptor. This site can then produced both direct antinociception 

(from deltorphin II, DSLET, and DPDPE) and modulatory effects on morphine 

induced antinociception. 

Studies with opioid J.1 antagonists have also suggested the existence of 

J.1cx and J.1ncx receptors in vivo and in vitro (Rothman et aI., 1984b, 1986, 1988; 

Heyman et aI., 1989a,b). Pretreatment with the J.1 antagonist, ~-FNA abolished 

both the positive and negative modulatory effect on morphine antinociception 

produced by DPDPE and DAMA, respectively, in the mouse tail flick test 

(Heyman et aI., 1989a,b). Studies with ~-FNA in vitro, showed that this J.1 

antagonist bound to the hypothesized opioid J.1-0 complex in rat brain 

membrane preparations (Rothman et aI., 1984a; 1987a,b). In contrast to work 

showing that ~-FNA blocked the modulatory effect of 0 agonists on morphine 

antinociception, a second Jl antagonist, naloxonazine which also antagonized 
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morphine induced antinociception (Heyman et al., 1989a,b; Ling et al., 1986) 

failed to block the modulatory effect produced by DPDPE and DAMA, 

respectively (Heyman et al., 1989a,b). These studies with JI and a agonists and 

antagonists provide evidence to support the concept of an opioid JI-a receptor 

complex and the existence of subtypes of Jl (i.e., Jlncx and Jlex receptors) and a 

(i.e., ancx and aex receptors) receptors. Such Jl and a receptor interactions also 

were found in other studies, including the reversal of endotoxic shock in the 

rat (Holaday and D'Amato, 1983; D'Amato and Holaday, 1984), and in the Jl 

receptor mediated urinary bladder motility (Sheldon et al., 1989), and in the 

elevation of flurothyl seizure threshold (Holaday et al., 1985). Thus, a opioid 

receptors not only play a direct role in the production of antinociception but 

also indirectly modulate Jl-mediated antinociceptive effects by acting at the 

opioid (Jl-a) receptor complex. 

MODULATION OF THE POTENCY AND EFFICACY OF Jl-MEDIATED 

ANTINOCICEPTION BY a AGONISTS 

The present study has examined the issue of possible positive or 

negative modulation of the antinociceptive potency and efficacy of Jl agonists 

such as morphine and codeine by a agonists. The positive modulation on the 

efficacy ofJl agonists may give new therapeutic method for pain relieve in the 
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clinical practice. In order to reveal the possibility of modulation of efficacy, a 

situation where the J.l agonist produces less than a 100% antinociceptive effect 

had to be identified. Two such cases where J.l opiates such as morphine 

produce less than maximal analgesic responses can be identified clinically, 

specifically a situations of especially severe or unique types of pain (Arner and 

Meyerson, 1988; Morgan and Puder, 1989; Hill et aI., 1990) or in the control 

of pain in patients, especially in cancer patients who are highly tolerant to J.l 

opiates due to long term administration of opiates (Stimmel, 1989). Another 

clinical case is that some opioid compounds such as codeine are only used for 

milder pain relief, possibly due to their low efficacy. It is possible that these 

potentially lower efficacy opioids could be used for severe pain relief after 

increasing efficacy. With these clinical situations in mind, the mouse warm 

water tail withdrawal assay was modified in order to include testing at (1) 

three progressively increasing levels of nociceptive stimuli or (2) in animals 

highly tolerant to J.l opiates such as morphine. Additionally, attempts were 

made to modify the antinociceptive efficacy of some J.l agonists with potentially 

lower efficacy such as codeine. 

An evaluation of the antinociceptive effects of morphine under conditions 

of progressively increasing nociceptive stimulus intensity demonstrated a 

progressive decrease in antinociceptive potency which was accompanied by a 

rightward displacement the dose-response line of morphine. As the potency of 
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morphine decreased, the maximal achievable antinociception of morphine also 

decreased at conditions of increasing nociceptive stimulus intensity. These 

data suggest that under these severe conditions, morphine does not have the 

efficacy necessary to provide maximal antinociception (i.e. 100% effect). That 

is, under these conditions, morphine is acting in a fashion typical of compounds 

generally classified as partial agonists. It is important that the classification 

of compounds as either full or partial agonists, or even antagonists depends 

upon the effector system under study. Thus, in the rat vas deferens 

preparation in vitro, morphine acts as an antagonist, while other compounds 

such as etorphine have agonist actions (Miller et al., 1986; Sheehan et al., 

1988) a finding which indicates the importance of "tissue amplification" in 

classification of agonists. In contrast to the results seen with morphine, 

changes in the degree of nociceptive stimulus intensity did not change either 

the antinociceptive potency or efficacy of etorphine. This result would indicate 

that etorphine is a compound with greater efficacy than morphine. These data 

indicate that under these conditions, etorphine could be classified as a full 

agonist, in agreement with observations in the rat vas deferens preparation 

(Miller et al., 1986; Sheehan et al., 1988). 

One interpretation of the difference in the responses produced by 

morphine and etorphine under conditions of increasing nociceptive stimulus 

intensity may relate to the selectivity for opioid receptors between the two 
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compounds. It is generally acknowledged that though morphine is not a highly 

selective agonist, it does maintain reasonable selectivity for J..1 receptors in vivo 

(Wuster et al., 1978; Miller et al., 1986; Takemori and Portoghese, 1987). 

Morphine primarily acts on the opioid J..1 receptor to produce antinociceptive 

actions as the 0 antagonist, ICI 174,864 does not directly block morphine 

effects. Only after opioid J..1 receptors are blocked by a J..1 antagonist, such as ~

FNA, can morphine act on the 0 receptor to produce antinociception and this 

effect of morphine is then antagonized by the 0 antagonist ICI 174,864 

(Heyman, 1989). On the contrary, etorphine has similar affinity at J..1, 0 and 

K opioid receptors (Magnan et al., 1982). Thus, it should be considered that 

etorphine may maintain potency and efficacy under conditions of increasing 

nociceptive stimulus due to its ability to act on receptors other than J..1 

receptors, such as K and o. However, the possibility of antinociceptive actions 

of etorphine at supraspinal K receptors would appear unlikely since the K 

receptor agonists are minimally active after i.c.v. administration in the 

standard tail-flick test at low stimulus intensity (55°C)(Porreca et al., 1984). 

While 0 agonists such as DPDPE are active in this model (Porreca et al., 1984), 

the action of etorphine at 0 receptors is not likely since i.c.v. ICI 174,864 fails 

to antagonize the antinociceptive actions of this compound at either 55°C 

(Heyman et al., 1989a) or at 69.5°C in the present study. Thus, it would 

appear that etorphine has higher efficacy than morphine and that changes in 

---------------- -------------



175 

the intensity of the nociceptive stimulus are not sufficient to alter the potency 

or efficacy (i.e., maximal antinociceptive effect) produced by this agonist. The 

conclusion that etorphine is a compound with higher efficacy than morphine 

is supported by observations in vitro that this compound produces measurable 

agonist activity in the rat vas deferens preparation, while morphine does not 

act as an agonist, but rather an antagonist in this tissue (Miller et al., 1986; 

Sheehan et al., 1988). 

It is interesting to extend the comparison of relative antinociceptive 

actions to morphine and codeine when tested at the lowest stimulus intensity 

(55°C). Clearly, under the same standard assay conditions, i.c.v. codeine 

produces a much lower maximal antinociception than does morphine, 

suggesting that under these conditions, codeine may have lower efficacy than 

morphine. The present experiments related to clinical situations suggest that 

codeine can be less effective against severe pain than morphine (Jaffe and 

Martin, 1985). Therefore, codeine is only used for mild pain relief. It should 

be pointed out that codeine can produce 100% antinociceptive effect after 

systemic administration (p.o.) of this compound. This effect of codeine may be 

due to actions at both supraspinal and spinal sites, resulting in a multiplicate 

(synergistic) interaction. Multiplicate interaction between supraspinal and 

spinal opioid receptors has been reported with Jl opioid agonists such as 
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morphine and [D-Ala2,NMPhe\Gly-ol]enkephalin (DAMGO) in the mouse tail 

flick test (Yeung and Rudy, 1980; Roerig and Fujimoto, 1989). 

Another situation in which Jl opiates such as morphine produce 

decreased maximal relief of pain is seen in patients highly tolerant to opiates 

(Jaffe and Martin, 1985). In the present experiments, i.c.v. administration of 

morphine to animals pretreated for 7 days with progressively increasing doses 

of s.c. morphine produced only a 20% antinociceptive response, indicating the 

development of severe tolerance to the antinociceptive actions of morphine. 

Finally, under conditions of extreme tolerance to antinociceptive effects, 

morphine no longer produced effective antinociception after i.c.v. 

administration in the mouse tail flick assay. However, co-administration of a 

dose of DPDPE which did not produce any agonist or antagonist effects alone, 

gave rise to the restoration of the effect of morphine to approximately 70%, 

significantly increasing the antinociceptive effect of morphine. This result may 

be recommended to the clinical situation in patients who are highly tolerant 

to opiates due to suffering pain and long term administration of opiate. 

This situation of decreased maximal antinociceptive effects produced by 

the Jl agonist could be used to evaluate the possible modulation of 

antinociceptive efficacy of the Jl agonists by the B agonists. The modulation of 

antinociceptive potency of morphine has been studied. Generally, 

[Leu5]enkephalin and its analogues produce positive modulation on morphine 
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antinociceptive potency, while [Met5]enkephalin and its analogues produce 

negative modulation on morphine antinociceptive potency (Vaught and 

Takemori, 1979; Lee et al., 1980, Heyman et al., 1989a). It has been found 

that both the positive and negative modulation of antinociceptive potency of 

morphine is through the 0 opioid receptor by using the 0 agonists DPDPE or 

[Met5]enkephalin in the mouse tail flick assay at 55°C (Porreca et al., 1987; 

Heyman et al., 1989a). In addition, evidence that these modulatory effects are 

mediated via the 0 receptors also includes the observations that the 0 selective 

antagonist ICI 174,864 prevented both the increase and the decrease of 

morphine antinociceptive potency produced by either DPDPE or [D-Ala2
, 

Met5]enkephalinamide (DAMA), respectively (Heyman et al., 1989a,b). 

Moreover, ICI 174,864 did not modulate or directly antagonize the 

antinociceptive potency of morphine. Similar to the study on modulation of 

antinociceptive potency of the Jl agonists, these two endogenous 0 ligands, 

([Leu5]enkephalin and [Met5]enkephalin) also produced positive and negative 

modulation of antinociceptive efficacy of morphine in the present study. If 

similar modulation of morphine antinociceptive efficacy by the 0 agonists were 

occurring, then ICI 174,864 should be able to block these changes in maximal 

antinociceptive response. In both the case of positive and negative modulation 

of the efficacy of morphine, ICI 174,864 indeed produced a displacement of the 

antinociceptive dose-response line to levels seen with morphine alone. These 
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data strongly suggest that both modulatory potency and efficacy of the p. 

agonists is occurring at the 0 opioid receptor. The reason that these two 

endogenous 0 agonists to produce opposite effects on modulation of potency and 

efficacy ofp. agonist remain unclear. The highest selective 0 agonist, DPDPE 

produced same positive modulation of antinociceptive efficacy of morphine, in 

agreement with previous studies on potency (Heyman et aI., 1989a,b). 

It is important to study the systemic administration of these 0 agonist 

in modulating morphine antinociceptive potency and efficacy in order to help 

clinical practice in the future. When systemically administered (i.p.) the 

peptide 0 agonists, [Leu5]enkephalin or DPDPE were still able to modulate the 

antinociceptive potency and efficacy of morphine. The endogenous 0 ligands 

such as [Leu5]enkephalin have a short half-life since they are rapidly 

metabolized by several enzymes (Hambrook et aI., 1976). The question arose 

as to whether the intact enkephalin or its metabolites could modulate the 

antinociceptive effects of morphine. Therefore, the synthetic opioid peptide, 

DPDPE which is much more resistant to degradation and has longer half-life 

was used for comparison with to [Leu5]enkephalin (Mosberg et aI., 1984). The 

results showed that both endogenous and synthetic 0 agonists produced similar 

effects in modulation of morphine antinociception. These modulatory effects 

of 0 agonists are blocked by central (i.c.v.) administration of 0 antagonist, lei 

174,864. These data suggest that these intact 0 opioid peptide agonists may 

-----------.. _-._-------
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in fact, produce the modulatory effects. The results also indicate that these 

peptide can cross the blood brain barrier to enter central nervous system and 

act at supraspinal opioid B receptors to modulate the antinociceptive potency 

and efficacy of I?1orphine. The possibility that the naturally occurring opioid 

peptides, the enkephalins, might cross the blood brain barrier in significant 

amounts was first suggested by Kastin et al (1976). Further studies with 

endogenous B ligands and other synthetic B opioid peptides such as [D-Ala2,D

Leu5]enkephalin (DADLE) or DAMA support the possibility that these opioid 

peptides indeed can across the blood brain barrier in small quantities in the 

many species, such as guinea pig (Zlokovic et al., 1985, 1987), rat (Rapoport et 

al., 1980), rabbit (Begley and Chain, 1981) and bovine (Pardridge and Mietus, 

1981). 

The opioid non-peptide B agonist, oxymorphindole (Portoghese et al., 

1988) has no antinociceptive effect after i.e.v. administration in the mouse tail 

flick test, in agreement with previous reports in the rat (Comer et al., 1989). 

It produced a small antinociceptive effect in rhesus monkeys (Woods et al., 

1989). Oxymorphindole only produced a partial inhibitory effect on the mouse 

vas deferens (61%) (Woods et al., 1989). Its inhibitory effect on the mouse vas 

deferens was antagonized by the B antagonist, ICI 174,864, suggesting that 

oxymorphindole acts on opioid B receptors. Although oxymorphindole fails to 

exert an antinociceptive effect in the mouse tail flick test, it still produces a 
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positive modulatory effect on the antinociceptive potency and efficacy of 

morphine, which mimics the modulatory effects of [Leu6]enkephalin and 

DPDPE. 

Data on the modulation of the antinociceptive potency and efficacy of 

morphine by a sub-antinociceptive dose of thiorphan, an inhibitor of the 

neutral endopeptidase (E.C. 3.4.24.11) also supports modulation through 

supraspinal 0 opioid receptors. Thiorphan inhibits the neutral endopeptidase 

which cleaves either [Met6]enkephalin or [Leu6]enkephalin at the glycinyl

phenylalanine amide bond (Schwartz, 1983; De Bruno et al., 1983; Hersh, 

1984). Thiorphan not only enhances the antinociceptive effect produced by 

opioid peptide 0 agonists (Chipkin et at, 1982; Yaksh and Harty, 1982; 

Reggiani et at, 1984) but also produces antinociceptive actions which can be 

reversed by the opioid antagonist, naloxone (Roques et al., 1980), suggesting 

that thiorphan protects opioid peptide 0 ligands from degradation and 

indirectly acts on opioid receptors (Roques et al., 1980; Murthy et al, 1984). 

Similar to the modulatory effect of the opioid 0 agonists such as 

[Leu6]enkephalin and DPDPE, thiorphan produced a positive modulatory effect 

on the antinociceptive potency and efficacy of morphine. This positive 

modulatory effect of i.c.v. or s.c thiorphan was blocked by i.c.v. ICI 174,864, 

suggesting that thiorphan modulates the antinociceptive potency and efficacy 

of morphine through supraspinal 0 receptors. Although thiorphan dose not 
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have high selectivity for inhibition of the breakdown of [Leu5]enkephalin, the 

endogenous level of [Leu5]enkephalin seems to be higher than that of 

[Met5]enkephalin according to differential modulatory effects of 

[Leu5]enkephalin (positive) and [Met5]enkephalin (negative). Additional 

evidence supports the view that thiorphan may increase the levels of 

[Leu5]enkephalin or [Met5]enkephalin differentially from other studies in the 

rat (Yaksh et al., 1989). In this study, it was reported that thiorphan did not 

produce any measurable change in the level of [Met5]enkephalin in the rat 

brain or spinal cord tissues (Yaksh et al., 1989). 

It is especially interesting to note that the modulation of J.1 agonist 

efficacy could be demonstrated under conditions of either increasing nociceptive 

stimulus, such as increasing water temperature from 55 to 69.5 DC, or by using 

compounds with potentially lower efficacy such as codeine. Sub-antinociceptive 

dose of[Leu5]enkephalin, DPDPE, as well as thiorphan produced a remarkable 

leftward displacement of the dose-response line of codeine, and achieved a 

maximal antinociceptive effect from approximately 40% produced by codeine 

alone to 100% following co-administration of codeine with direct 0 agonists or 

thiorphan. These modulatory effects are mediated through supraspinal 0 

opioid receptors, since the 0 opioid antagonist, i.e.v. ICI 174,864 antagonized 

the modulatory actions produced by these 0 agonists. This extraordinary 
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modulatory effect may provide a new approach for therapeutics by using 

codeine-o combinations for pain relief. 

Regardless of the precise mechanism by which the modulation of Jl 

agonist activity is occurring, implications of the present results include the 

possible modulation of the efficacy of selected pain relieving substances such 

as morphine and codeine in situations of particularly intense pain or in 

situations of established analgesic tolerance. It should be noted that the vast 

majority of patients treated with morphine have obtained adequate clinical 

pain relief, and that patients reporting a ceiling analgesic effect with Jl opioids 

may in fact be attempting to avoid the unpleasant side effects of these 

compounds. Clearly, it is difficult to evaluate the maximal levels of analgesia 

in the clinical setting. This fact particularly influences the quantitative 

evaluation of the decrease in pain relief in patients tolerant to Jl opioids, 

particularly as the level of pain itself may also be increasing. It has been 

established, however, that the degree of cross-tolerance between Jl opioids is 

not complete and that pain relief is often obtained by switching between 

compounds. Thus, the present studies in animals must be interpreted with 

caution in terms of possible direct clinical relevance. 
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MODULATORY EFFECTS OF 0 AGONISTS ARE NOT DIRECTLY 

INVOLVED IN DEVELOPMENT OF ANTINOCICEPTIVE TOLERANCE 

AND PHYSICAL DEPENDENCE TO MORPHINE 

In the second portion of the dissertation, it has been shown that the 

antinociceptive potency and efficacy of some Jl. agonists can be modulated by 

o opioid agonists. A further consideration is the possibility that while the 

antinociceptive actions of some Jl. agonists can be modulated by 0 agonists, 

other undesirable actions of these compounds mayor may not be. From the 

present results, it seems that while the efficacy of some Jl. opioid agonists can 

be increased, the rate of development of antinociceptive tolerance and degree 

of physical dependence may not be concurrently increased by co-administration 

of 0 agonists. In this regard, the pain relieving properties may be significantly 

enhanced, while the side-effect profile may remain unchanged. 

Study on Antinociceptive Tolerance 

The present study has investigated the development of chronic 

antinociceptive tolerance to morphine by comparing equiantinociceptive doses 

of morphine alone with morphine plus DPDPE or [Leu5]enkephalin. The data 

clearly demonstrate that co-administration of morphine with the 0 agonist has 

a smaller degree of tolerance than when compared to higher doses of morphine 

alone. This study also shown that this effect occurs regardless of the route 
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chosen for administration of these compounds (i.e., morphine plus 

[Leu5]enkephalin, or morphine plus DPDPE) given i.p. or i.c.v.. The data 

indicate that the development of antinociceptive tolerance to morphine is 

dependent on the administered dose of morphine. The larger the dose of 

morphine administered, the greater antinociceptive tolerance to morphine will 

occur. In contrast to the attenuation of tolerance to morphine produced by the 

a-agonist, acute morphine tolerance was potentiated by a a agonist (Vaught 

and Takemori, 1978). In their experiment, a single injection of i.p. 

[Leu5]enkephalin plus s.c morphine markedly enhanced the development of 

antinociceptive tolerance, compared to the administration of a single injection 

of s.c morphine alone. Although it still remains a puzzle as to the precise 

mechanism which results in the difference between acute and chronic 

development of tolerance, it is clear that opioid a agonists such as 

[Leu5]enkephalin and DPDPE, can positively modulate the antinociceptive 

potency and efficacy of morphine, without enhancing the development of 

antinociceptive tolerance to morphine. 

Study on the Development of Physical Dependence 

In addition to the study of the development of tolerance, the degree of 

development of physical dependence also was investigated in the present study. 

After treatment with equiantinociceptive doses of morphine (i.e., morphine 

alone) or morphine plus DPDPE or [Leu5]enkephalin for 7 days period, the 
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degree of physical dependence was shown to be lower in the groups pretreated 

with morphine plus DPDPE or [Leu5]enkephalin, compared with the group of 

receiving higher doses of morphine alone. As seen in the case of 

antinociceptive tolerance, a difference was seen between the development of 

acute and chronic physical dependence. In acute physical dependence, a single 

administration of morphine plus a () agonist resulted in a greater development 

of physical dependence than with higher doses of morphine alone. This finding 

is in agreement with previous reports (Vaught and Takemori, 1978). Our data 

show, however, that chronic treatment with morphine plus () agonists, results 

in a lower degree of physical dependence. 
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SUMMARY 

This dissertation demonstrates that functions of supraspinal 0 opioid 

receptors involve not only direct antinociception, but also indirect modulatory 

actions on opioid Jl receptor mediated antinociception. The possible existence 

of subtypes of 0 opioid receptors in supraspinal site was investigated using the 

mouse tail flick test. 

1. I.e.v. DPDPE, DALCE, DSLET, and deltorphin II produced a dose- and 

time-related antinociceptive effect in the mouse tail flick test. These 

antinociceptive effects could be blocked by i.e.v. 0 antagonist, ICI 

174,864, indicating that these compounds act at supraspinal opioid 0 

receptors. Additionally, the antinociceptive effects of i.e.v. DSLET and 

DALCE, but not DPDPE and deltorphin II, were antagonized by the Jl 

opioid antagonist, ~-FNA (i.e.v.), indicating DSLET and DALCE act at 

both supraspinal Jl and 0 receptors. 

2. I.e.v. pretreatment of DALCE, but not 5'-NTH, antagonized the 

antinociceptive effects produced by i.e.v. DPDPE and DALCE. On the 

contrary, i.e.v. 5'-NTII, but not DALCE, antagonized the antinociceptive 

effects produced by i.e.v. DSLET and deltorphin II. Therefore, it 

indicates the existence of two subtypes of opioid 0 receptors, i.e. DALCE 

sensitive and 5'-NTH sensitive opioid 0 receptors. 
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3. Sub-antinociceptive doses of i.c.v. DPDPE, DSLET, and deltorphin H 

positively modulated antinociceptive action produced by morphine. 

These modulatory effects were blocked by the i.c.v. B antagonist, ICI 

174,864, indicating the involvement of B receptors in these modulatory 

effects. 

4. I.c.v. DALCE neither directly modulated morphine induced 

antinociception as a B agonist, nor antagonized the modulatory effects 

of other B agonists such as DPDPE, DSLET and deltorphin II. These 

data indicate that B agonists produce modulatory actions through 

DALCE insensitive B receptors. 

5. I.c.v. pretreatment with 5'-NTII antagonized the modulatory effects on 

morphine induced antinociception produced by DPDPE, DSLET and 

deltorphin II. These data indicate that the B receptors mediating 

modulatory actions are 5'-NTH sensitive B receptors. 

6. Under conditions of high stimulus intensity, morphine acted as a partial 

agonist. On the contrary, i.c.v. etorphine remained a full agonist under 

same conditions. Nevertheless, i.c.v. codeine was shown to be a partial 

agonist even at a lower stimulus intensity (i.e. 55°C stimulus). 

7. A sub-antinociceptive dose ofi.c.v. [Met5]enkephalin produced a negative 

modulatory effect on the antinociceptive potency and efficacy of 

morphine; these modulatory effects of [Met5]enkephalin were blocked 
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by leI 174,864, suggesting that the modulatory actions are mediated 

through 0 receptors. 

8. Sub-antinociceptive doses of i.c.v. [Leu5]enkephalin, DPDPE, or 

oxymorphindole produced positive modulatory effects on the 

antinociceptive potency and efficacy of morphine; these modulatory 

effects were blocked by 0 antagonist, ICI 174,864, suggesting that these 

actions are mediated by 0 receptors. 

9. Systemic administration of 0 agonists, such as [Leu5]enkephalin and 

DPDPE increased the antinociceptive potency and efficacy of morphine; 

these effects were blocked by i.c.v. leI 174,864, indicating that 

modulatory effects of systemic 0 agonists are mediated by supraspinal 

o receptors. 

10. As sub-antinociceptive dose ofthiorphan, a neutral endopeptidase 24.11 

inhibitor, produced a positive modulation of the antinociceptive potency 

and efficacy of morphine; this modulation was antagonized by i.c.v. ICI 

174,864. It appears that thiorphan protects the endogenous opioid 0 

peptides, such as [Leu5]enkephalin, from enzymatic degradation, thus 

indirectly potentiating morphine induced antinociception. 

11. The antinociception produced by compounds with potentially lower 

efficacy such as codeine could also be modulated by 0 agonists, such as 

[Leu5]enkephalin, DPDPE, and neutral endopeptidase inhibitor thiorphan. 



189 

12. Morphine, in combination with DPDPE or [Leu5]enkephalin produced 

antinociceptive effects as potent as those produced by a higher dose of 

morphine alone. On the other hand, chronic tolerance and physical 

dependence were developed at much slower rate during the combined 

usage of morphine and 0 agonists. In other words, DPDPE and 

[Leu5]enkephalin increased the antinociceptive effect of morphine, but 

did not increase the development of tolerance and dependence of 

morphine. 

In conclusion, the data of present study supports the hypothesis of this 

dissertation: (1) the existence of subtypes of supraspinal opioid 0 receptors, i.e. 

DALCE sensitive and 5'-NTII sensitive 0 opioid receptors; (2) a novel 

supraspinal opioid 0 receptor subtype is involved in the modulation of the 

antinociceptive efficacy, as well as potency, of opioid Jl agonists such as 

morphine and codeine; (3) opioid 0 agonists, DPDPE and [Leu5]enkephalin 

acting at supraspinal 0 receptors do not produce enhancement of the 

development of chronic antinociceptive tolerance and physical dependence of 

morphine. 
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