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Abstract

Fkaraco-oatogMv and possible necbanlsas

Involved In no and kappa rocoptor-oadlatod ant1-noc1copt1on.

by

Janas Giordano

Advisor: Professor Gordon A. Barr

Both the nu agonist norphlne and the kappa agonist 

ketocyclazoclne (KC) produce analgesia In the ra t. The goals of th is  

thesis were to characterize the unique properties o f nu and kappa 

receptor-nedlated analgesia and address possible nechanlsns Involved 

1n these system.

The f i r s t  set o f experlnents exanlned developnental patterns of 

norphlne- and KC-lnduced analgesia In 11nb-w1thdrawa1 and ta11-fl1ck 

tests o f themal and nechanlcal nociception 1n the preweanling ra t. 

These studies denonstrated differences In ontogeny, 

s tlnu lus-speclflc lty  and sonatotopy between nu and kappa opioid 

receptor system. B rie fly , In both themal and nechanlcal tests, 

norphlne analgesia In rostral body parts developed prio r to 

KC-1nduced analgesia; while the developnent of KC-lnduced analgesia 

preceded norphlne effects In caudal regions by several days.
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Further, norphlne was wore analgesic In thenaal and high Intensity 

Mechanical tests than KC.

Based upon these fin d in g s , a working Model conceptualizing  

possible neural MechanlsMS Involved In  mu and kappa receptor-Mediated  

analgesia was proposed. In th is  Model, kappa receptors Mediate 

analgesia segMentally w ith in  the spinal cord, local c ir c u i t  e f fe c t;  

mu receptors, located p rlM a rlly  suprasplnally  w ith in  the Midbrain  

periaqueductal gray (PAG) exert an tinoc icep tive  e ffe c ts  through 

In te ra c tio n  w ith  descending spinal Monoawlne pathways. The ontogeny 

o f kappa receptor-M edlated analgesia was seen as dependent upon the 

extent o f functional developMent o f  kappa s ite s  In  the cord, w hile a 

c r i t ic a l  detenalnant o f nu receptor-nedlated analgesia was the ra te  

o f Maturation o f descending nonoanlne tra c ts .

As 5-HT has been shown to be Involved In the expression o f opiate 

analgesia, the effects of neonatal depletion of spinal 5-HT on 

patterns o f norphlne- and KC-1nduced analgesia were detemlned. 

Depletion of spinal 5-HT n ln lna lly  affected patterns of KC-lnduced 

analgesia In both themal and nechanlcal tests. D iffe rentia l roles 

o f spinal 5-HT In norphlne-Induced themal and Mechanical analgesia 

were denonstrated. Depletion of spinal 5-HT attenuated norphlne- 

Induced themal analgesia nore e ffec tive ly  than nechanlcal analgesia. 

These findings suggest that the raphe-spinal 5-HT systen Is p rln a rlly  

active 1n nu receptor-nedlated themal analgesia, and 1np11cate the 

Involvenent o f a non-5-HT bralnsten systen In nu receptor-nedlated



mechanical analgesia. The d iffe ren t developmental patterns of 

morphine-induced analgesia against thermal and mechanical noxious 

Input may re flec t the separate maturation o f these multiple 

PAG-bulbosplnal c ircu its .

These studies provide further evidence that opiate drugs and 

endogenous opioids exert effects a several neuroanatomlcal loc i to 

produce analgesia; thus, pain modulation Involves activation of 

subpopulatlons of spinal and supraspinal opioid receptors as well 

several bulbospinal neurotransmitter systems.
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HISTORY AND SIGNIFICANCE OF OPIATES

The behavioral, medicinal and pharmacologic effects of opium, the 

desslcated sap of the poppy, Papaver soanlferua, have been long 

known. C lin ica lly , opiates are used In the treatment o f pain and 

dysentery. However, opiate effects also Include respiratory 

depression and nausea, and repeated use promotes tolerance, 

physiologic and psychologic dependence (Goodman A Gllaan, 1982).

To understand the behavioral pharaacology o f opioid receptor 

systeas, I t  Is laportant to review several of the blochealcal and 

electrophyslologlcal findings. A considerable body of research has 

addressed the biologic action o f opiate drugs. In the early 20th 

century, Langley (1909) and la te r Clark (1933) proposed that aany 

pharaacologlc agents act by binding to a ce llu la r receptor.

Goldstein et a l. (1971) defined the c r ite r ia  and In itia ted  the 

aethods required fo r Identifying an opiate-binding receptor 1n mouse 

whole brain preparations. The f i r s t  deaonstratlon of the opiate 

receptor caae as the result o f extensive Independent studies by Pert 

& Synder (1973), Slaon et a l. (1973) and Terenlus (1973), eaploylng 

modifications of receptor binding assays 1n tissue hoaogenates. The 

receptor was localized to synaptosomal membranes (Pert et a l. ,  1974) 

and was found both presynaptlcally (Atweh & Kuhar, 1977; H ille r  et 

a l. ,  1978) and postsynaptlcally (MacDonald et a l. ,  1978; 

Zleglgansberger & Bayerl, 1976).

O rig inally, the opiate receptor was biochemically characterized 

as a proteolipld (Goldstein, 1977). However, solubilization 

techniques aimed at Identifying a protein component of the receptor
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have bean problematic; the weak non-1on1c detergents used have 

Invariably disrupted specific binding (Simon I  H ille r , 1981; Way,

1983). Subsequently, the Involvements of lip id s  has been stressed.

A role fo r cerebroslde sulfate (CS) as the pharmacologically relevant 

opiate receptor has been supported by several lines of evidence:

1) CS provides an Ideal s ite  fo r binding of the amine nitrogen of 

opiates (Loh, 1977); 2) pure CS binds opiates stereospeclflcally 

(Cuatrecasas, 1977); 3) CS-def1c1ent Jlmpy mice are unresponsive to 

the analgesic effects of morphine (Law et a l. ,  1978) and 4) animals 

treated with CS-spec1f1c antibodies are resistant to the 

pharmacologic actions of morphine (Craves et a l. ,  1979). Other 

lip id s , Including phosphotldyl-serine, -phenylalanine, and -Inosito l 

have also been considered as possible functional opiate receptors 

(Loh et a l. ,  1980).

Receptor-eff ector 1nteract1ons.

Several Ions and cyclic nucleotides have been suggested as 

effectors fo r opioid receptors. Divalent and monovalent cations 

d iffe re n tia lly  affect opiate agonist and antagonist binding:

Divalent cations Increase the binding a ff in ity  of agonists, while 

monovalent cations Increase antagonist binding (Pert & Snyder,

1974). Specifica lly manganese, magnesium, sodium and nickel 1ons 

have been shown to enhance agonist binding (Pasternak et a l. ,  1975; 

Simon et a l. ,  1975), whereas cuprlc and fe rr ic  1ons decrease agonist 

binding (Pasternak et a l. ,  1975).
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A second Msstngor system of cyclic nucleotides linked to opiate 

receptors has been well established (Blume, 1978; Childers I  Snyder,

1978). Opiate receptors are negatively coupled to adenyl cyclase In 

a neuroblastoM hybrid ce ll line  (Klee et a l. ,  1978) and ra t s tria ta l 

slices (Childers et a l. ,  1985). Adenyl cyclase Inh ib ition  occurs 

through a GTP-b1nd1ng regulatory protein, N1 (Costa et a l. ,  1985), 

which 1s GTP-ase nodulated (Clark I  Medzlhradsky, 1985) and pH 

sensitive (Childers et a l. ,  1984). As well, a cyclase Independent 

systen has been suggested (Zukln & Glntzler, 1980; Zukln A Zukln, 

1984).

The Involvenent of the calcium-calmodulin systen as a selective 

messenger fo r opiate receptors has been described by Chapman and 

co-workers (1980). Calmodulin 1s calcium sensitive, serves as a 

calcium binding s ite , and affects phosphodiesterase a c tiv ity . 

Membrane protein kinase has been shown to be both c-AMP and calcium 

dependent (Clouet et a l. ,  1981). Thus, receptor activation may 

e l ic i t  alterations In calmodulin, calcium and protein kinase 

metabolism, ultim ately causing changes 1n membrane phosphorylation 

(Chapman et a l. ,  1982).

Endogenous ligands.

The discovery of the opioid receptor prompted research aimed at 

demonstrating an endogenous ligand exerting opioid a c tiv ity .

Terenlus & Wahlstrom (1974), u t iliz in g  competitive binding of opiate 

receptor 1n cerebrospinal f lu id , and Hughes et a l. (1975), u tiliz in g  

a c tiv ity  of various opiates In the guinea pig 11eum-myenter1c plexus
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preparation, Independently proposed the active Involvement of a low 

Molecular weight peptide as the endogenous ligand. The Hughes group 

confirmed two pentapeptldes, leuclneenkephalln (leu-enk) and 

Methionine-enkephalin (Met-enk) as being endogenous opioids. These 

peptides were found to be aMlno acid subsequences 61-65 present 1n 

the 91 aMlno acid peptide beta-1Ipotropln (B-LPH), which had been 

Isolated ea rlie r by L1 (1964), although Its  precise role had reMalned 

vague. GullleMln et a l. (1976) Isolated three peptides froM extract 

of sheep hypothalamus and hypophysis. These peptides were also found 

to be residues of the B-LPH Molecule, and were referred to as 

alpha-endorphln (aMlno acid sequence 61-76), beta-endorphin or 

C-fragMent (aMlno acid sequence 61-91) and gaMMa-endorphin (aMlno 

acid sequence 61-79). The opioid a c tiv ity  o f these substances was 

conflnaed by Bradbury et a l. (1976) and Cox et a l. (1976).

Another peptide, dynorphln, was Isolated froM hypothalaMus and 

hypophysis by Goldstein et a l. (1980). Dynorphln (1-17) and Its  

subfragments dyn (1-8/9), dyn (1-11) and dyn (1-13) have been shown 

to possess varying degrees of opioid a c tiv ity  In v itro  and 1n vivo 

(Corbett et a l. ,  1982).

Ak11 et a l. (1976) have shown that B-LPH and the endorphin 

fragments exist 1n the saaie neurons, suggesting a possible 

biosynthetic route wherein alpha, beta and/or ganMia endorphin may be 

enzymatically converted from the B-LPH precursor. However, Nakanlshi 

et a l. (1979) have asserted that leu- and met-enkephal1n are not 

produced by the same bioconversions as the larger molecular weight 

opioids. Circulating B-LPH or beta-endorph1n of hypophyseal origin
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did not appear to bo tho source of brain enkephalin, as 

hypophysectoajy did not affect the concentration of e ither leu- or 

Mt-enkepha11n In brain (Hong et a l. ,  1977; KobayasM et a l. ,  1978). 

Recently, Hughes (1983) has categorized the endogenous opioids Into 

three groups based upon th e ir respective precursor Molecules. These 

are 1) the proopiomelanocortin group, which gives rise  to alpha, beta 

and gaMMa endorphin, as wellas ACTH and MSH; 2) the proenkephallns, 

froM which leu- and Met-enkephalin are derived; and 3) the 

prodynorphln group, which Is precursor to the dynorphln peptides and 

possibly an additional source of leu-enkephalln. A cowplete review 

1s provided by Ak11 et a l. (1984).

Multiple opiate receptors.

The d if fe r e n t ia l  actions o f opiate drugs strongly iM plled the 

presence o f heterogeneous populations o f op iate  receptors.

O rig inally, Martin et a l. (1976) proposed two opiate receptor sites 

based on agonlst/antagonist a c tiv ity  o f Morphine and nalorphine.

Three opiate receptor subtypes were la te r suggested based on actions 

of classes of opiates 1n the Morphine-dependent and non-dependent 

chronic spinal dog (Martin et a l. ,  1976b). These receptors were 

named a fte r th e ir principal agonists and were found to Mediate 

specific physiologic effects. Morphine was the principal ligand for 

the mu receptor and caused analgesia, respiratory depression, 

bradycardia and euphoria. Ketocyclazoctne (KC) was the principal 

agonist fo r the kappa receptor, causing analgesia, sedation and 

miosis. N-a1lylnormetazoc1ne (SKF-10, 047), the principal sigma



7

agonist caused respiratory stimulation, mydriasis and was 

psychotomimetic. Further, I t  was subsequently found that the 

enkephalin pentapeptldes were more potent than morphine In the mouse 

vas deferens (MYD) bioassay, while the potency o f morphine was 

greater 1n the guinea pig Ileum (6PI) preparation. Based upon these 

findings, a fourth opiate receptor, the delta s ite , re la tive ly  

specific fo r D-ala-D-leu-enkephalln (DAOLE) was described (Lord et 

a l. ,  1977). Binding (Chang ft Cuatrecasa, 1979), d iffe ren tia l 

tolerance (Schulz et a l. ,  1980, 1981), protection (Robson et a l. ,

1979) and radioautograph1c studies (Duka et a l. ,  1981; Goodman et 

a l. ,  1980) have confirmed the presence of d is tin c t delta sites.

While alternative schemes of opiate receptor c lassifica tion  exist 

(see Pasternak et a l. ,  1980; Pert et a l. ,  1981; Qulron et a l. ,  1982), 

the mu, kappa, delta c lassifica tion  as o rig in a lly  proposed by Martin 

and co-workers (1976a, b) and Lord et a l. (1977) 1s favored (see 

Table 1).

Several studies have addressed the behavioral and pharmacologic 

effects mediated by the mu and kappa receptors. There Is question as 

to whether the effects of ketocyclazoclne-Hke opiates are mediated 

by a receptor which 1s d is tin c t from the mu s ite . Although the 

benzomorphan drugs are capable of binding to a high a ff in ity  mu site 

(Pasternak, 1980), there Is mounting evidence In support of a unique 

kappa receptor system. Selective tolerance between mu and kappa 

agonists has been demonstrated In GPI (Schulz et a l. ,  1981) and MVD 

(Wuster et a l. ,  1981). Oka and colleagues (1981) reported that only 

kappa agonists were effective In suppressing e le c trica lly  Induced
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contractions of the rabbit vas deferens (RVD). Mu and delta agonists 

were Inactive In th is  preparation. Indicating that RVD contains only 

kappa receptors, and Is therefore a specific kappa bioassay.

Further, 1n both RVD and GPI, benzomorphans were less sensitive to 

naloxone antagonist than were tu  agonists (Hutchinson et a l. ,  1975; 

Oka et a l. ,  1981). In cross-protection studies, kappa drugs were 

more effective than tu , or delta ligands In preventing kappa receptor 

alkylatlon by phenoxybenzamlne (Kosterlltz et a l. ,  1981). In binding 

studies, 3H-ethy1ketocyc1azoc1ne was less displaceable by unlabeled 

morphine or DADLE than kappa agonists (Wolozln et a l. ,  1982).

Additional support fo r a d is tin c t kappa receptor comes from 

findings that dynorphln peptides may be the endogenous kappa receptor 

ligands. Results from several research approaches strongly suggest 

the kappa a c tiv ity  o f dynorphln: 1) In RVD, dyn A, dyn(l-9),

dyn(1-11) and dyn(l-13) have been shown to ye lld  a potency series 

(Oka & Neglshl, 1982); 2) the action o f dyn(l-13) was more completely 

reversed by MR-2266, a kappa-specific antagonist, than by naloxone 

(Oka et a l. ,  1982); 3) In GPI, dyn(l-13) completely protected kappa 

binding sites against alkylatlon by B-chlorna1trexam1ne (Chavkln et 

a l. ,  1982); 4) The high concentration of 1mmunoreact1ve dynorphln 1n 

the cord (B o ttic e lli et a l. ,  1982; Goldstein et a l. ,  1982) 

corresponds to the d istributions of spinal kappa receptors (Slater et 

a l. ,  1983; Traynor et a l. ,  1983); 5) Intrathecal administration of 

dyn A produced analgesic effects which were 6-10 fo ld more potent 

than Intrathecally administered morphine, and th is  potency remained 

unchanged 1n morphine tolerant rats (Han & Xle, 1982). While Tung
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and Yaksh (1982) reported that Intrathecal dyn(l-13) fa iled  to 

produce analgesia, these conflic ting results have subsequently been 

attributed to Methodological differences (Goldstein, 1984).

Evidence that selective mu and kappa agonists exert th e ir effects 

at d iffe ren t neuroanatomlcal loc i further strengthens the arguaent 

fo r separate mi and kappa receptor systeas. Morphine adalnlstored 

Intracerebrally to the periaqueductal gray (PAG) area produced 

sign ificant and analgesia (Jacquet k Marks, 1976; Lewis & Gebhardt, 

1977; Yaksh k Rudy, 1976), while Injection of EKC to that area (Wood 

et a l. ,  1981) or to the la tera l ventricle (Wood et a l. ,  1982) was 

Ineffective In e lic it in g  an analgesic response. Intrathecal 

adalnlstration of breaazoclne, EKC or the novel kappa agonist U-50, 

488H produced analgesia In the t a l l - f l lc k  pared1ga (Plercey et a l. ,

1984); von Volgtlander et a l. ,  1983). Moreover, spinal transection 

attenuated aorphlne- but not EKC-1nduced analgesia (Dewey et a l. ,  

1969; Wood et a l. ,  1981). These findings correlate to the anatomical 

d is tribu tion  of au and kappa receptors. Mu receptors have been 

localized to the superficial cortica l layers, Interpeduncular 

nucleus, pontine and re ticu la r zones o f the brain stea, particu la rly  

areas proxlaal to the locus coeruleus and a ld llne raphe nuclei, the 

periaqueductal/periventricular gray regions of the aldbraln and 

within the spinal cord (Goodaan et a l. ,  1980). Kappa receptors 

exhibit greater concentration In laalnae V-VI o f the cerebral cortex, 

caudal brain stea, spinal vestibular nuclei and throughout the spinal 

cord (Goodman & Synder, 1982; Slater & Patel, 1983; Uhl et a l. ,

1978).
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Developmental studies have Illus tra ted  differences between these 

receptor systems aswell. In i t ia l ly ,  I t  was shown that 3H-na1oxone 

and 3H-na1trexone binding Increased with age (Clendenlnn et a l. ,

1976; Coyle et a l. ,  1976), and had a caudal to rostral pattern of 

Maturation In brain (Tsang et a l. ,  1982; Tsang & Ng, 1900). Patterns 

of analgesia have been correlated with opiate receptor ontogeny. A 

high a f f in ity  binding s ite  fo r Morphine, naltrexone and EKC developed 

no ea rlie r than 12 to 14 days a fte r b irth , and paralleled the 

ontogeny o f Morphine analgesia In the t a l l - f l ic k  test (Pasternak et 

a l. ,  1980; Zhang & Pasternak, 1981). The developawnt of a low 

a f f in ity  receptor peaked several days ea rlie r (Pasternak et a l. ,

1980; Zhang 6 Pasternak, 1981) and has been associated with the 

ontogeny of EKC-lnduced analgesia In the t a l l - f l ic k  paradlgw (Barr et 

a l. ,  1983). In the neonatal ra t, kappa and delta receptors were 

found to Mature prio r to mu receptors (KornbluM et a l. ,  1985; Leslie 

et a l. ,  1982; WohltMann et a l. ,  1982).

In addition to developaiental differences, soMatotopIc variations 

In the patterns of opioid analgesia have been described (Watkins et 

a l. ,  1982a, b). Both body topography and stimulus parameters have 

been shown to affect the neurochemlcal basis o f analgesia (Cannon et 

a l. ,  1982, 1984). Somatotoplc differences 1n patterns of opioid 

analgesia may re flec t Mediation of ant1nociception by subpopulations 

o f opioid receptors acting at d iffe ren t regions within the central 

nervous systeM. I t  1s possible that d is tin c t opioid receptor 

mechanisms may be d iffe re n tia lly  engaged by the location, type and 

Intensity o f the noxious stimulus.
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Opiate analgesia My be Mdlatad in part by opioid receptors 

w ithin the spinal cord (Yaksh, 1978, 1981) and by supraspinal sites 

Influencing descending bulboretlcular spinal systems (Basbaua 8 

Fields, 1984). Several studies have described the possible 

organization o f th is  neuraxls. P rlM ry nociceptive A-delta and C 

fibers terminate In laalnae I ,  I la  and V of the dorsal horn o f the 

spinal cord (Light 8 Perl, 1979). The majority o f second order 

neurons decussate In the cord, aggregate 1n the anterolateral 

coluans, and ascend to higher lo c i, Including the PA6 (Kelly, 1980). 

Several structures o f the rostro-ventral medulla (RVM), Including the 

nucleus re ticu la ris  glgantocellularls (NRGC), nucleus re ticu la ris  

paraglgantocellularls (NRpG) and particu la rly  the nucleus raphe 

Mgnus (NRM) receive projections froa the PAG (Beltz et a l. ,  1983; 

Carlton et a l. ,  1983; PoMroy et a l. ,  1979). Fibers froa these 

nuclei descend 1n the dorsal horn of the spinal cord, p r lM r lly  

w ithin the dorsolateral fun icu li (OLF) (Basbaua 8 Fields, 1979;

Bowker et a l. ,  1981; Dostrovsky et a l. ,  1983) and synapse on neurons 

In laalnae I I  and V of the dorsal horn (Ruda 8 Gobel, 1980). Recent 

neuroanatoalcal (Bowker et a l. ,  1981; Johansson et a l. ,  1981) and 

physiological data (Fields et a l. ,  1983; Gray 8 Dostrovsky, 1983; 

PoMroy et a l. ,  1979; Vanegas et a l. ,  1984) have confirmed the 

presence of th is  c irc u it.  Stimulation of the PAG activated neurons 

w ithin the NRM (Morrow 8 Casey, 1984; Oleson et a l. ,  1978), Inhibited 

noclsponslve neurons within the dorsal horn (Dubulsson 8 Nall, 1980) 

and produced potent behavioral analgesia (Behbehanl 8 Fields, 1979;
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Fields I  Andersen, 1978; Gray I  Dostrovsky, 1983; Gullbaud et a l. ,  

1980; W ill Is, 1982).

Mechanisms of h  and kappa analgesia

An Important unresolved issue 1n the study o f nu and kappa 

receptor-nediated analgesia Is the nechanlsns through which opiates 

act to produce pain Modulation. A role fo r serotonergic 

neurotransMlsslon 1n both mu and kappa analgesia has been suggested. 

Von Volgtlander et a l. (1984) have shown that suppression o f 5-HT 

function with parachlorophenylalanine (pCPA), cyproheptadine, 

ketanserln or plrenperone blocked the analgesic potency of the kappa 

agonist U-50, 488H but not Morphine to thermally noxious stim uli. 

S1n11ar findings have been reported by others (Cheney et a l. ,  1971), 

and Indicate that kappa analgesia may be dependent upon serotonergic 

function. Evidence supporting serotonergic Involvement 1n mu 

analgesia, however, 1s equally compelling. Supraspinal stimulation 

Induced analgesia was blocked by 1ntraper1tonea1 administration of 

the 5-HT synthesis Inh ib ito r pCPA (Carstens et a l. ,  1983). Les1on1ng 

the NRM attenuated morphine-Induced analgesia (Azaml et a l. ,  1978). 

Morphine analgesia against thermally noxious stimuli was blocked by 

Intrathecal administration of the 5-HT antagonist methyserglde (Yaksh 

et a l. ,  1978). Morphine analgesia was attenuated by depletion of 

5-HT In the cord with the neurotoxin 5,6-d1hydroxytryptam1ne 

(5,6-DHT) (Kuralshl et a l. ,  1984; Proudflt & Yaksh, 1980). Further, 

Tyce & Yaksh (1981) and Yaksh & Tyce (1979) have demonstrated
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Increased release o f 5-HT w ith in  the dorsal horn o f the cord 

fo llow ing N lc ro ln je c tlo n  o f Morphine In to  the PAG.

The Involvewent o f th is  descending raphe-spinal 5-HT systeM In 

Morphine analgesia May be dependent upon the type of noxious 

stlMulatlon (KuralsM et a l. ,  1984). Intrathecally adMlnlstered 5-HT 

was Most analgesic In t a l l - f l ic k  and hot-plate tests of nociception 

(Kuralshl et a l. ,  1985). Depletion of spinal 5-HT with 5,6-DHT 

decreased the potency of Morphine analgesia against thenaal pain 

(Kuralshl et a l. ,  1984). These data suggest that the PAG-splnal 

serotonergic systeM selectively a lters the processing o f Input from 

thenaal noclsponslve units within the dorsal horn.

There Is evidence to deamnstrate that th is  raphesplnal trac t 1s 

lawiature at b irth  and develop postnatally. Iaaaunoreactlve 5-HT 

fibers developed w ithin 3-5 days a fte r b irth  In cervlcothoraclc areas 

o f the cord, while iMMunoreactlve 5-HT In luMbo-sacral cord did not 

Markedly Increase to Mature levels u n til 15 days postnatally (DITIrro 

et a l. ,  1983; Ho et a l. ,  1981). Serotonin-like laaaunoreactlvlty 1n 

laMlnae I and I I  of the superficial dorsal horn Matured ea rlie r 1n 

cervical regions than In luaibar areas (G ilbert et a l. ,  1979; Martin 

et a l. ,  1978). These findings Illu s tra te  the caudal progression of 

spinal 5-HT systeMS 1n the developing anleal and suggest d iffe ren tia l 

serotonergic Innervation of spinal targets during ontogeny.

Both Morphine and ketocyclazoclne produce analgesia In the 

preweanling r a t .  However, the question arises  as to  whether the 

patterns o f analgesia represent a purely spinal e f fe c t ,  May be 

a ttr ib u te d  to  In te rac tio n  o f supraspinal receptor s ite s  w ith
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descending systems, or both. Date froa p ilo t studies have shown that 

aorphlne-lnduced analgesia preceded ketocyclazoclne-Induced analgesia 

to theraal and aechanlcal noxious s tla u ll 1n the forepaws. 

Ketocyclazoclne-Induced analgesia appeared several days prio r to 

aorphlne analgesia In the hlndpaws and t a l l .  I propose that these 

data re flec t d iffe ren t processes Involved In aorphlne- and 

ketocyclazoclne-Induced analgesia. One p o ss ib ility  Is that 

appropriate spinal receptors aay develop ea rlie r In aore rostral 

regions. The extent o f analgesia aay be aedlated by the degree of 

caudal developaent of these receptors. Thus, au receptors aay appear 

ea rlie r than kappa sites 1n the thoracic spinal cord, while kappa 

receptors would aature ea rlie r than au receptors 1n the luabosacral 

cord. However, the developaent o f au-ana1ges1a 1n the hlndpaws and 

ta l l  during the second postnatal week, In lig h t o f the apparent 

scarcity o f au receptor sites In the caudal cord (Gourderes et a l. ,  

1981), strongly laplles a 1ate-eatur1ng coaponent other than 

luabosacral populations of au receptors. While th is  eleaent aay be 

spinal delta sites (Yaksh, 1984), I t  Is also possible that the 

developaent of descending bulbospinal systeas aay contribute to the 

delayed aaturatlon of aorphlne-Induced analgesia 1n the hlndpaws and 

t a l l .  Therefore, I hypothesize a aodel In which aorphlne acts 

p rla a rlly  through supraspinal au receptors, which exert e ffect over 

descending spinal aonoaalne tracts. These au receptor sites, located 

w ithin the aesencephallc PAG, alght develop early, while descending 

monoamine pathways, assuming a rostro-caudal pattern of ontogeny 1n 

the cord, take longer to develop. The mu receptors may be
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functionally active as early as 3 days a fte r b ir th , however, an 

Important determinant of analgesic effects would be the rate of 

maturation of the descending spinal tracts. The neural c irc u itry  

Involved In mu analgesia of the forepaw may be developed and active 

at 3 days of age, while c irc u itry  of more caudal structures ( I.e . - 

hlndpaws, ta l l )  develops la te r. I propose that ketocyclazoclne acts 

prim arily through spinal kappa receptors. These kappa receptors may 

mediate ant1-nociception on a segmental leve l. Patterns of 

ketocyclazocle analgesia would re flec t the rostro-caudal maturation 

of kappa sites w ithin the cord.

General Methods

The following experiments examined the ontogeny and mechanisms of 

action Involved In mu and kappa opioid receptor-mediated analgesia 1n 

the ra t. By characterizing the changing properties o f analgesia 1n 

response to specific opiate drugs In the developing animal, I hope to 

further define possible neural mechanisms subserving mu and kappa 

analgesia, and to c la r ify  the behavioral and physiologic roles of 

these opioid receptor systems.

The f i r s t  experiment Investigated the d iffe re n tia l pattern of 

ontogeny of morphine- and ketocyclazoclne-lnduced analgesia 1n the 

forepaw and hlndpaw to a thermally noxious stimulus, and compared 

these findings to existing data fo r the ta l l  (Barr et a l. ,  1983).

The second experiment examined the development o f morphine- and 

ketocyclazoclne-lnduced analgesia to mechanical noxious stim uli. In 

th is  paradigm, a high and low Intensity nociceptive stimulus was used
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to  In ves tig a te  the e ffe c ts  o f stimulus In te n s ity  on m i and kappa 

opioid receptor Mediated analgesia. These experiments demonstrated 

developmental and somatotoplc d iffe rences  between mu and kappa 

receptor mediated systems, and compared the analgesic effectiveness  

o f these systems to  d if fe re n t  nociceptive Input.

As serotonin has been shown to be Involved In the expression of 

opiate analgesia, the th ird  experiment determined the effects of 

neonatal spinal serotonergic depletion on the development of morphine 

and ketocyclazoclne analgesia against both thermal and mechanical 

noxious stim uli.

These studies address the pharmacology o f mu and kappa receptor 

systems In the developing ra t. These approaches attempt to c la r ify  

the functional roles o f these systems 1n analgesia, and hopefully 

w ill further contribute to progress In the understanding of pain and 

pain modulating systems.



CHAPTER 1V0

Hu and kappa receptor-Medlated analgesia 

In the developing ra t: Differences due to 

type o f noxious stlnulus and body topography
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INTRODUCTION

Several groups have demonstrated the existence of heterogeneous 

opioid receptors (Chang et a l. ,  1978; Lord et a l. ,  1977; Pasternak et 

a l. ,  1975; Zukln et a l. ,  1981). Evidence fo r d is tin c t mu and kappa 

opioid receptors comes from 1n v itro  competitive binding studies In 

brain homogenates (Chavkln et a l. ,  1982; Goodman et a l. ,  1962; 

McLawhon et a l. ,  1982), cross-protection studies (James et a l. ,  1982; 

Kosterlltz et a l. ,  1981), d iffe re n tia l antagonist re ve rs ib ility  (Cox 

et a l. ,  1983; Kosterlltz et a l. ,  1981) and cross-tolerance studies 

(Tung et a l. ,  1982; Muster et a l. ,  1981). Chapter 1 provides an 

overview of these studies. In v itro  homogenate binding and 

radioautograph1c studies have shown d iffe ren t d istributions of mu and 

kappa receptors throughout the CNS mu receptors have been localized 

to Interpeduncular nucleus, pontine and re ticu la r zones o f the 

brainstem, periaqueductal (PAG) and periventricular gray regions of 

the mesencephalon, and spinal cord (Goodman et a l. ,  1980; Snyder,

1975). Kappa receptors have been localized to the caudal brainstem, 

deep cortical layers, spinal vestibular nuclei and throughout the 

spinal cord (Czlonkowskl, 1983; Slater et a l. ,  1983). These 

d istributions correlate with findings that have shown that mu and 

kappa agonists exert the ir analgesic effects at d iffe rent 

neuroanatomlcal lo c i. Morphine produced analgesia when administered 

Intracerebrally to the PAG (Jacquet et a l. ,  1976; Lewis et a l. ,  1977; 

Wood et a l. ,  1981; Yaksh et a l. ,  1976), while ketocyclazoclne (KC) 

did not (Wood et a l. ,  1981, 1981a). Spinal transection attenuated 

morphine-Induced, but not KC-1nduced analgesia (Dewey et a l. ,  1969;
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Wood et a l. ,  1981). Although conflic ting  reports ax1st (Porrecca et 

a l. ,  1984), vonVolgtlander and co-workers (1982, 1984) have shown 

that spinal adalnlstration of the novel kappa agonist U-50, 488H 

produced analgesia In tests of thenaal nociception.

Opioid receptors display non-uni fora ontogeny and show a caudal 

to rostral pattern of aaturatlon In brain (Tsang et a l. ,  1982; 

Pasternak et a l. ,  1980). Patterns of analgesia against a thermal 

stimulus have been correlated with opioid receptor ontogeny; 

KC-lnduced analgesia preceded aorphlne-Induced analgesia In tests of 

thermal nociception, and paralleled the ea rlie r developaent o f kappa 

receptors (Barr et a l. ,  1983; Giordano et a l. ,  1984). Morphine- 

Induced analgesia In the t a l l - f l ic k  test appeared 7 to 13 days after 

b irth  In the ra t, and was shown to parallel developaent of a hlgh- 

a ff ln lty  opioid receptor, the au-1 s ite  (Pasternak et a l. ,  1980;

Zhang et a l. ,  1981). A low -a ffin ity  opioid receptor developed 

several days ea rlie r (Pasternak et a l. ,  1980).

Additionally, au and kappa receptor-mediated analgesia aay be 

d iffe re n tia lly  dependent upon the type and Intensity o f the noxious 

stimulus (Cannon et a l. ,  1984; Dennis et a l. ,  1980; Tyers, 1980). 

Hayes et a l. 91983) and Kaneko et a l. (1983) reported that kappa 

opiates were more effective In producing analgesia against mechanical 

stim uli, while aorphlne appeared to In h ib it thermal nociception more 

e ffective ly  (Schaauss et a l. ,  1984). Soaatotoplc differences 1n 

sens itiv ity  to nociceptive stimuli (Cannon et a l. ,  1984; Matklns et 

a l. ,  1982) Indicate the complexity of mu and kappa receptor-mediated 

analgesia.
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The f i r s t  goal o f the present study was to examine the 

developaent o f aorphlne- and KC-lnduced analgesia. The second goal 

was to characterize d iffe ren t developoental patterns of analgesia 

oedlated by aorphlne (au) and KC (kappa) receptor systeas and to 

define sooatotoplc and stloulus specific differences 1n analgesia 

produced by aorphlne and KC.

MATERIALS AND METHODS

Subjects

Subjects were Long-Evans ra t pups aged 3, 5, 7, 10 and 14 days, 

and were offspring of rats oated 1n our colony. Pups were oalntalned 

at constant nest teoperature (33-35°C) p rio r to testing. The 

nuober of pups used was 4-10 per dose at each age and anloals were 

randoaly assigned to treatoent and control groups. Each pup was used 

only once; w ithin a drug group, dose-effects (Including controls) 

were assessed froa anloals froa the saae l i t t e r .  Thus, the nuober of 

pups used per experlaent refers to the nuober of l i t t e r  groups 1n 

each experloental paradlgo.

Drugs

Drugs used were aorphlne sulfate (generously supplied by Pennlck 

Corporation), KC (generously supplied by Drs. Scott and Soria, 

Sterling Wlnthrop Corporation) and naloxone hydrochloride (generously 

supplied by DuPont Pharuaceutlcals). A ll drugs were dissolved 1n 

d is t il le d  water and were administered 1n a volume of 1 ml/lOOg body 

weight.
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Appropriate drug dosas In aach paradigm were determined In p ilo t 

experiments In which m x Im I analgesic dose ranges of morphine and KC 

were examined. These Investigations demonstrated that 1.0 mg/kg was 

the minimal e ffective dose at which both morphine and KC were capable 

of Inducing analgesia. Further, 1t was found that doses In excessof

10.0 mg/kg produced asymptotic analgesic effects and produced severe 

respiratory depressive and motor effects.

PROCEDURE

Thermal Tests

Pups aged 3, 5, 7, 10 and 14 days old (N>8 per dose x age) were 

administered either 0.0, 1.0, 3.0 or 10.0 mg/kg of morphine or KC 

Intraperltoneally. A ll testing occurred 30 minutes post-Injection. 

This time was determined In p ilo t experiments to be the time of 

maximal analgesic e ffect fo r both drugs. Thermal analgesia was 

tested by lemerslng the forepaw and hlndpaw In random order 1n a bath 

of hot water (50°C) and recording withdrawal response latencies (1n 

1/100 sec. Intervals) on a foot-pedal operated e lectrica l timer 

(Lafayette Industries, model 120225-ADW). In th is  paradigm, a 

cu t-o ff o f 5 seconds was used, a fte r which the stimulus was 

discontinued.

Mechanical Tests

To test mechanical analgesia, a blunt probe, fashioned from a 

dulled 23 ga. needle, bevelled to an angle of 30°, 0.2 cm 1n 

diameter, was applied with a force of 15 g. to the dorsal side of the
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forepaw, hlndpaw and ta l l  In random order, and withdrawal response 

latencies were recorded. A cu to ff latency of 5 seconds was used. In 

another experiment, a blunt probe, fashioned from a dulled 23 ga. 

needle bevelled to an angle of 90°, 0.2 cm 1n diameter applied at 

10 g. o f force to the dorsal side of theforepaw, hlndpaw and ta l l  1n 

random order was used to determine differences In analgesia due to 

decreasedstlmulus Intensity. Mechanical stimulus was determined by 

lowering the stimuli onto the surface of a balance and recording 

pressure weight. Within th is  paradigm, I t  1s c r it ic a l to maintain an 

operational de fin ition  o f stimulus Intensity. In th is  context, 

stimulus Intensity refers to the properties of a specific stimulus 

modality (e.g. - mechanical, thermal) that e l ic i t  d iffe ren t 

withdrawal response baselines. Thus, a more Intense stimulus w ill 

e le c lt a decreased baseline response, while a less Intense stimulus 

w ill e l ic i t  an Increase 1n response baseline. While the withdrawal 

topography was Identlfcal fo r both high and low Intensity stim uli, 

the response latencies were longer when the low Intesnlty stimulus 

was applied. Response latencies were recorded both p rio r to and 30 

minutes post-1nject1on. A cu t-o ff of 10 seconds was used, after 

which the stimulus was discontinued.

Naloxone Antagonism

Pups aged 7 and 14 days (N+8 per dose x age) were administered

10.0 mg/kg o f e ither morphine or KC Intraperltoneally. Naloxone was 

administered 1n a dose range of 0.001 mg/kg to 1.0 mg/kg. The 

antagonist was administered 20 minutes a fter the opiate agonist. Ten
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minutes after naloxone Injection, Mechanical analgesia was assessed 

according to Methods previously described.

A ll analgesic effects were evaluated by analysis of 

post-injection response latencies. A ll data were analyzed by 

four-way facto ria l analysis of variance (ANOVA). Factors were drug 

(Morphine or KC), dose, body part (forepaw, hlndpaw, ta l l )  and age. 

The unit of analysis was the l i t t e r .  Separate analyses were done for 

thenaal and high and low Intensity Mechanical s tim u li. Post-hoc 

coMparlsons o f s ign ificant Interactions were done by tests of slwple 

Main effects (K1rk, 1968).

RESULTS

Thenaal Tests

The data deannstratlng Morphine and KC-lnduced analgesia In 

response to the therMal stlMulus are presented In the f i r s t  figure. 

The data on the ta l l - f l ic k ,  (taken froM Barr et a l. ,  1983) are 

presented fo r coMparlson, but were not Included In the analyses. The 

results of ANOVA fo r the forepaw and hlndpaw showed sign ificant 

differences between the two drugs (p<.001), between the forepaw and 

hlndpaw (p<.001) and a sign ificant Interaction between the 11wb 

tested and the two drugs (p<.001). There were no s ign ificant age 

effects. The data demonstrate that when the thenaal stlMulus was 

presented to the forepaw, Morphine produced analgesia 1n a 

dose-dependent Manner as early as 3 days of age. Morphine was always 

more potent than KC against thenaal stimuli 1n the forepaw. The 

effects of the drugs 1n the ta1 l-fl1ck were markedly d iffe ren t. KC
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produced robust analgesic 2-4 days p rio r to Morphine, with the Major 

Increase In e ffect occurring between 9 and 10 days o f age (Barr et 

a l. ,  1983). Neither drug produced sign ificant effects In the hlndpaw 

withdrawal test (see Figure 1).

Mechanical Tests

When the high Intensity Mechanical stlMulus was presented to each 

lln b , there were Marked differences 1n results conpared to data using 

the thenaal stlMulus. A ll Main effects and Interactions In the ANOVA 

were sign ificant (p<.001, with one exception, p<.05). In the 

forepaw, Morphine was More potent than KC, and the onset of analgesia 

fo r both drugs was between 3 and 7 days of age In th is  appendage. In 

the t a l l - f l ic k  test, In agreement with data using the thenaal 

stlawlus, KC was More effective In blocking the response In 7 and 10 

day olds, but by 14 days, Morphine was wore e ffective. Analgesia 

developed between 5 and 7 days of age 1n the hlndpaw as well, and 

Morphine was s lig h tly  More effective than KC (see Figure 2).

When a low Intensity Mechanical stlMulus was applied, and 

baseline latencies Increased, a th ird  pattern of results was 

dewonstrated. A ll Main effects and Interactions were sign ificant 

(p<.001). When the stlMulus was applied to the forepaw, Morphine was 

more effective than KC at early ages. Morphine was analgesic at 3 

days o f age, and both Morphine and KC showed a notable Increase In 

analgesia at 7 days postnatally. In the ta1l-f11ck test, neither 

drug was effective u n til 7 days of age, at which time KC Induced 

potent analgesia. Morphine produced Minimal effects u n til 14 days of
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Figure 1. Effects of Morphine end KC on withdrawal froM a

thenaal1y noxious stlMulus. Points represent Mean response 

latencies (±SEM) to iHMerslon of the forepaw, and hlndpaws 

Into a bath o f hot water (50°C). Existing data fo r the 

ta l l  froM Barr et a l. (1983) are presented fo r coaiparlson.
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FIGURE 1
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FIGURE 2. Effects o f Morphine and KC on withdrawal from a high 

Intensity Mechanical stlMulus. Points represent Mean 

response latencies (±SEM) to application of a 30° angled 

probe at 15 g. o f force to the dorsal side of the forepaw, 

hlndpaw and ta l l .
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age. In the hlndpaw, KC was wore effective than Morphine at 7 and 10 

days o f age. As In the t a l l - f l ic k  tes t. Morphine had only Marginal 

analgesic action un til 14 days of age (see Figure 3).

Naloxone Antagonlsa

The data showing the effects o f naloxone on morphine and 

KC-lnduced analgesia are presented 1n Figure 4. Both Morphine- and 

KC-1nduced analgesia were naloxone reversible. A higher dose of 

naloxone was required to antagonize Morphine-Induced analgesia.

There were no differences among appendages. Naloxone reversal of 

KC-1nduced analgesia was dose-dependent while fu l l  reversal of 

morphine-Induced analgesia was seen even at the lowest dose tested. 

KC-1nduced sedative effects were reversed at lower doses than 

KC-1nduced analgesia as evidenced by qualita tive  Measures o f sedation 

such as postural f la cc ld lty  and catalepsy (data not presented).

DISCUSSION

Morphine was consistently More effective than KC when either 

thenaal or Mechanical stimuli were applied to the forepaw. The 

analgesic actions of Morphine appeared between 3-5 days of age In 

thenaal and Mechanical tests of nociception. In the t a l l - f l i c  test, 

KC was consistently More potent than morphine at younger ages. The 

onset of KC effects was between 7 and 10 days, depending on the 

stimulus. Morphine effects did not peak un til 14 days o f age 1n both 

thermal and mechanical analgesic tests. Against a less Intense 

mechanical stimulus, morphine was not very effective at any age
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FIGURE 3. Effects of aorphlne and KC on withdrawal response

latencies fro * a low Intensity Mechanical stimulus. Points 

represent nean response latencies (±SEM) to application of 

a 90° angled blunt probe to the dorsal side of the 

forepaw, hlndpaw and ta l l .
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FIGURE 4. Naloxone reversal of Morphine and KC-lnduced analgesia 

against a low Intensity Mechanical stlMulus. Points 

represent Mean response latencies (± SEN) to application of 

a 90° angled blunt probe to the dorsal side of the 

forepaw, Mndpaw and ta l l .
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tested. In the Mndpaw withdrawal tests, morphine was more effective 

than KC against higher Intensity mechanical stim uli, while KC was 

more e ffective against a lower Intensity stimulus. Neither drug was 

effective against thermally noxious stimulus applied to the Mndpaw. 

Naloxone antagonized morphine-Induced analgesia. Patterns o f 

naloxone reversal of morphine- and KC-lnduced analgesia were sim ilar 

fo r a ll body parts tested. I propose that the differences between 

morphine and KC re flec t the d iffe re n tia l a b ilit ie s  of these drugs to 

Interact with mu and kappa opioid receptros. While neither drug 1s 

specific to a particu lar receptor type, the d iffe re n tia l development, 

somatotopy, spec ific ity  to stimulus type and naloxone re ve rs ib ility  

argue that they act through d iffe ren t receptors. The poss ib ility  

that they Interact with delta receptors has also been considered 

(Barr et a l. ,  1983; Yaksh, 1984).

Further, morphine was found to be more effective against thermal 

and high Intensity mechanical stimuli than KC. This suggests that 

both stimulus type and Intensity may determine the pharmacological 

basis o f opioid receptor-mediated analgesia. A model conceputallzlng 

the neural c irc u itry  Involved 1n mu and kappa receptor-mediated 

analgesia 1n discussed 1n detail 1n Chapers 3 and 4.

The d iffe re n tia l reversal of morphine- and KC-1nduced analgesia 

by naloxone provides further support fo r separate mediation of 

analgesia by mu and kappa opioid receptor systems. The absence of 

somatotoplc differences 1n naloxone antagonism suggests both mu and 

kappa receptor Involvement In nociceptive modulation of the forepaws, 

hlndpaws and t a l l .  The reversal o f KC-1nduced sedation at lower



36

doses then KC-Induced analgesia Implies d iffe rent receptor 

Involvement fo r sedative and antinociceptive effects. One 

po ss ib ility  1s that KC May act through mu receptors to produce 

sedation, and spinal kappa sites to produce analgesia. A second 

p oss ib ility  Is that sedative effects are Mediated by cortica l kappa 

receptors, while analgesia Is Mediated by kappa receptors w ithin the 

spinal cord. The action ofKC at cortica l kappa sites May be More 

fu lly  reversed by naloxone.

In conclusion, th is  study has deMonstrated differences between 

morphine- and KC-1nduced analgesia that are dependent upon 

developmental factors, body topography, stimulus type and Intensity. 

These data suggest that mu and kappa opioid receptor systeMs are 

d iffe re n tia lly  organized 1n the Mediation of analgesia. Experiments 

presented In the following chapter atteMpt to define the 

physiological systems that subserve mu and kappa receptor Mediated 

pain Modulation In the developing ra t.



CHAPTER THREE:

Rolo of Spinal 5-HT In ou and kappa 

Racaptor-aad1atod Analgasla In tha 

Davaloping Rat



38

INTRODUCTION

There Is evidence thet opiate drugs produce analgesia through 

d is tin c t classes of opioid receptors at d iffe ren t neuroanatoM,1ca1 

regions. While oppolng arguments exist (Porrecca et a l. ,  1984), 1t 

appears that Morphine acts through mu receptors at both the Midbrain 

periaqueductal gray (PAG) and the spinal cord (Lewis et a l. ,  1967; 

Wood et a l. ,  1981; Yarsh et a l. ,  1976), while keyocyclazoclne (KC) 

(Wood et a l. ,  1984) and U-50, 488H (vonVolghhtlander et a l. ,  1984) 

act prlw arlly  through kappa receptors w ithin the spinal cord.

Several studies have addressed the possible neural MechanlsMs 

underlying m u- and kappa-oplold receptor-Medlated analgesia. While 

there  are c o n flic t in g  data , pharMacologlc and physiologic findings  

have suggested a ro le  fo r  serotonin (5-HT) 1n the expression o f 

Morphine-Induced analgesia; although 5-HT InvolveMent 1n KC-induced 

analgesia has also been proposed (vonVolgtlander e t a l . ,  1984a).

Intrathecal adMlnlstration of the 5-HT receptor blocker 

methyserglde attenuated Morphine-Induced analgesia (Yaksh 1978) and 

produced hyperalgesia against nonaal theraal noxious stimuli 

(Proudflt et a l. ,  1981). Both Morphine-Induced (Tulanay et a l.,

1976) and central gray stimulation-induced analgesia (Carstens et 

a l. ,  1983) were blocked by administration o f the 5-HT synthesis 

Inh ib ito r parachlorophenyl alanine (pCPA). Morphine-Induced 

analgesia was reducwed by depletion of spinal 5-HT with the 

neurotoxin 5,6-dlhydroxytryptaMlne (5,6-DHT) (Kura1sh1 et a l. ,  1983; 

Proudflt et a l. ,  1981). Lesions of the nucleus raphe magnus (NRM) 

dimished the analgesia effects of both systemic morphine (Azaml et
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a l. ,  1978) and PAG stimulation (Bohbohanl at a l. ,  1979).

Intrathecally administered 5-HT (Mang, 1977) or 5-hydroxytryptophan 

(5-HTP) (Yaksh et a l. ,  1979) Increased nociceptive thresholds to 

thermal stimuli 1n both ra t and cat. Additionally, morphine-Induced 

analgesia was potentiated by subarachnoidal administration o f the 

5-HT re-uptake Inh ib ito r cltalopram (Larsen et a l. ,  1982). Studies 

o f Rlvot and colleagues (1984) have demonstrated Increased 5-HT 

biosynthesis In cord following subcutaneous administration of 

morphine. Spinal cord 5-HT turnover (Shloml et a l. ,  1978) and 

5-hydroxy1ndo1eacet1c acid (5-HIAA) levels o f (Messing et a l. ,  1978; 

We11-Fugazza et a l. ,  1979) Increased a fte r systemic morphine 

administration. Further, elevated 5-HT release In the cord has been 

reported following microinjection of morphine to the PAG (Tyce et 

a l. ,  1981; Yaksh et a l. ,  1979). These results support the Importance 

of 5-HT function In morphine-Induced analgesia.

Analgesia produced by microInjectIon o f morphine to the PAG (Hood 

et a l. ,  al981), the paucity of d irect PAG-sp1na1 fibers and the 

Involvement o f 5-HT 1n morphine-Induced analgesia further suggested a 

connection between the PAG and a descending bulbospinal 5-HT system. 

An excitatory PAG-NRM projection has been described (Fields et a l. ,  

1978). Spinal 5-HT tracts originating within the NRM and adjacent 

re ticu la r nuclei descend along the dorsolateral fun icu li (Basbaum et 

a l. ,  1979; Bowker et a l. ,  1981) and terminate In laminae I ,  I I  and V 

of the superficial dorsal horn (Ruda et a l. ,  1980). PAG stimulation 

Increased a c tiv ity  o f nelrons within the NRM (Morrow et a l. ,  1984), 

depressed f ir in g  of nodsponslve neurons within the dorsal horn
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(Dubulsson et *1 ., 1980), and productd analgesia (Bahbahanl at a l. ,  

1979; Gray at a l. ,  1983)

Savaral studies have demonstrated the post-natal, rostro-caudal 

maturation of th is  raphe-splna;! trac t In several species. Including 

the ra t. Seroptonln-llke Immunoreactlve fibers developed 3-5 days 

a fte r b irth  1n the cervlco-thoraclc cord, while 5-HT-like 

Imaunoreactlvlty In lumbo-sacral areas did not approach mature levels 

u n til 15 days post-partum (DITIrro et a l. ,  1983; Ho, 1981).

Serotonin-like Immunoreactlvlty In laminae I and I I  o f the cervical 

cord matured several days p rio r to lumbar regions (Gilbert et a l. ,  

1979; Hartln, 1978). As the superficial dorsal horn Is the s ite  of 

primary nociceptive afferent Input, as well as a probable locus of 

descending Inh ib ition  of nociceptive transmission (Basbaum et a l. ,  

1984), these data suggest progressive Involovement of spinal 5-HT 1n 

the analgesia neuraxls 1n the developing animal.

Several groups have reported the selective engagement of the 

raphe-spinal system 1n analgesia against thermally noxious stim uli. 

NRM lesions (Abbot et a l. ,  1982) or depletion o f 5-HT In the cord 

with 5,6-DHT (Kura1sh1 et a l. ,  1983) reduced morphine-Induced 

analgesia against thermal pain. Intrathecal Injection of 5-HT 

produced potent analgesia 1n hot-plate and ta l l - f l ic k ,  but not 

ta ll-p inch  tests of nociception (Kuralshl et a l. ,  1985)

We have recently shown somatotoplc and stimuli specific 

differences In the development of morphine and KC-lnduced analgesia 

In the preweanling rat (Giordano et a l. ,  1984, 1985). These findings 

suggested maturation differences 1n the neural substrates subserving
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m u -  and kappaoplold recpetor-Modlated analgesia. In th is  model, 

supraspinal au racaptors w ith in  tha PAG In te ra c t w ith  descending 

bralnsteai Monoamine systems to  produce analgesia; kappa receptors  

Mediate analgesia segaentally  w ith in  the cord, and May function  

Independently o f spinal Monoaalnerglc Involvement. The regional 

development o f Morphine*Induced analgesia would depend upon the  

functional M aturation o f both m u -  receptor and spinal monoamine 

systeas, w hile  the ontogeny o f KC-1nduced analgesia would r e f le c t  

development o f kappa receptors w ith in  the cord.

The goal o f the present experiments, therefore, was to provide 

d irect eveldence fo r the role of spinal 5-HT 1n m u -  and kappa-op1o1d 

receptor Mediated analgesia duelng development. He depleted 5-HT 1n 

the spinal cord at 1 day o f administered the 5-HT neurotoxin 5,7-DHT 

via Intrasplnal Injection at 1 day of age and Measured subsequent 

patterns of Morphine and KC-lnduced analgesia against both thermal 

and Mechanical stimuli In the developing ra t.

MATERIALS AND METHODS

Subjects

Subjects were Long-Evans ra t pups from rats Mated In our colony. 

Pups were Intrasplnally Injectwed 5,7-DHT within 24 hour o f b irth  and 

returned to the dam. analgesia testing was performed at 7, 10 or 14 

days o f age. In ea rlie r studies (Giordano et a l. ,  1984, 1985) we 

ahve shown these ages to be c r it ic a l points 1n the development of 

morphine- and KC-lnduced analgesia against thermal or mechanical 

stim u li. Pups were maintained at constant nest temperature
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(33-35°C), and were permitted to have food, water and maternal 

contact and lib itum  p rio r to analgesia testing. The number o f pups 

used was 6-8 per dose at each age, and each animal was used only 

once, and assignment to treatment and control groups was random.

Drugs

Drugs used were desmethyllmipramlne (DMI; Sigma),

5,7-d1hydroxytryptam1ne (5,7-DHT; Sigma), morphine sulfate 

(generously supplied by Pennlck Corporation) and ketocyclazoclne (KC; 

generously supplied by Drs. Scott and Soria of Sterllng-Wlnthrop 

Corporation). OMI, KC and morphine were dissolved In d is t il le d  water 

and were administered In a volume of 1 ml/100 g body weight. 5,7-DHT 

was dissolved In 0.2X ascorbate solution which also served as the 

vehicle fo r the Intrasplnal Injections.

PROCEDURE

Neonatal Spinal 5-HT Depletion

A modification o f the procedure described by Pappas et a l. (1983) 

was used. Within 24 hours of b irth  pups were removed from the dam 

and administered 20 mg/kg of DM 1.p. to prevent uptake of 5,7-DHT by 

noradrenergic terminals. Forty (40) minutes a fte r DM 

administration, pups were lig h t ly  anesthetized with methoxyf1urane 

(Metofane). Each animal was gently restrained and a small Incision 

was made approximately 2-4 mm caudal to the Intrascapular fa t pds, 

allowing visualization of the vertebral column. A 30 ga. needle 

attached to a 10 ul syringe, oriented caudally was Inserted to the
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dorsal aspoct of tha vartabral col urn, jus t postarlor to tho fa t 

pads. 0.5 ul o f 8.0 ug 5,7-DHT dissolved In 0.2% ascorbate was 

delivered over a 70 second Interval. Sham-treated animals received 

only DMI pretreatment and the ascorbate vehicle.

The Incision was closed with cyanoacrylate cement, pups were 

allowed to recover fu lly  from the anesthetic and were returned to the 

dam.

Analgesic Testing

Test procedures have been described previously (Giordano et a l.,  

1984; 1985). B rie fly , fo r mechanical testing, 5,7-DHT-treated and 

sham control pups aged 7 and 14 days (N-8 per dose x age) were 

administered e ither 0.0, 1.0, 3.0 or 10.0 mg/kg of morphine or KC 

1.p. All testing occurred 30 minutes post-InjectIon. To assess 

mechanical analgesia, a blunt probe, fashioned from a dulled 23 ga. 

needle, bevelled to 90°, 0.2 cm 1n diameter, was applied at 10 g of 

force to the dorsal side of the forepaw, hlndpaw and ta l l ,  and 

withdrawal response latencies were recorded.

For thermal tests, treated and control pups aged 10 and 14 days 

(N-8 per dose x age) were administered either 0.0, 1.0, 3.0 or 10.0 

mg/kg of morphine or KC 1.p. Thirty (30) minutes post-Injection the 

forepaw, hlndpaw and ta l l  were Immersed 1n a bath of hot water 

(45°C), and withdrawal response latencies were recorded. A cu t-o ff 

of 10 seconds was used 1n both paradigms, a fte r which the stimulus 

was discontinued. In these experiments, the less Intense mechanical 

and themal stimuli were used. This allowed fo r more c r it ic a l
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assessaant of 5,7-DHT traataant affacts on aorphlna and KC-lnducad 

analgasla along savaral paraaatars: 1) axtanslon of rasponsa 

basalInas allowad aora accurata coaparlson of analgaslc affacts 

batwaan prawaanllng and adult ra ts; 2) Incraasad rasponsa basalInas 

paralttad a aora dlscrlalnabla avaluatlon of posslbla aotorlc vs. 

analgaslc affacts of 5,7-DHT traataant; and 3) longar rasponsa 

basal1nas allowad fo r daaonstratlon of avan subtla changas In 

withdrawal latancy producad by 5,7-DHT adaln!stration.

RESULTS

Tharnal Tasts

As n Inportant focus of thasa axparlaants was tha d iffe re n tia l 

action o f neonatal 5,7-DHT traataant on tha analgesic affacts of 

aorphlne and ketocyclazoclne 1n tharaal and aachanlcal tasts of 

nociception, results are presented according to  stlaulus type. In 

a ll cases, data ware s ta tis t ic a lly  analyzed using 6-way factoria l 

analysis of variance (ANOVA). Factors ware: drug (aorphlne or 

ketocyclazoclne), dose, traataant (5,7-DHT treated or contro l), age, 

bodypart (forapaws, Mndpaws, ta l l )  and stlaulus type (tharaal or 

mechanical). Data deaonstratlng effects of neonatal 5,7-DHT 

treataent on patterns o f aorphlne- and KC-lnduced analgesia against 

theraal pain are shown 1n Figure 5. Consistent with previous 

findings (Giordano at a l. ,  1984), 1n control anlaals, aorphlne 

effects preceded KC-1nduced analgesia In the forepaws, while 

KC-1nduced analgesia preceded aorphlne-Induced effects In the 

Mndpaws and ta l l  by several days. Morphine f i r s t  produced analgesia
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FIGURE 5. Effects o f neonatal Intrasplnal 5,7-DHT treataent on 

aorphlne- and KC-Induced analgesia against a theraally 

noxious stlaulus. Points represent aean withdrawal 

response latencies (±SEM) to 1aaers1on of the forepaw, 

hlndpaw and ta l l  Into a bath of hot water (45°C).
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1n caudal body parts at 10 days o f ago, and those effects did not 

reach adult levels u n til day 14. In contrast, KC produced robust 

analgesia In a ll body parts tested at day 10.

Figure 5 demonstrates that neonatal admlnlstration of 5,7-DHT 

d iffe re n tia lly  affected aorphlne- an KC-lnduced analgesia (drug x 

dose x treataent Interaction, F[3,72] -  81.49, p.<.001) and revealed 

a greater effects o f 5,7-DHT treataent on aorph1ne-1nduced than 

KC-1nduced analgesia (drug x stlaulus x treataent x dose Interaction; 

F[3,72] -  58.75, p.c.OOl).

Further, these data deaonstrated that treataent effects varied 

fo r body part tested; the effects o f spinal 5-HT depletion were 

greatest In the forepaws and t a l l ,  while lesser effects were seen 1n 

the Mndpaws (stlaulus x drug x treataent x bodypart Interaction; 

F[2,48] -  34.91, p.c.OOl) (re fer to Figure 5). Serotonin depleted 

anlaals were hyperalgeslc coapared to controls as evidenced by 

decreased baseline withdrawal response latencies.

Mechanical Tests

Figure 6 presents the effects o f neonatal 6,7-DHT treataent on 

morphine- and KC-1nduced analgesia against the aechanlcal stimulus.

In control animals, morphine-Induced analgesia 1n the Mndpaws and 

ta l l  f i r s t  appeared at 7 days o f age, and did not reach fu l l  potency 

u n til day 14. KC produced fu l l  analgesic effects 1n a ll body parts 

tested at 7 days of age (stimulus x drug x dose x age x treatment 

Interaction, F[6,144] -  11.17; p.<.001; and by Inspection of graphed 

mean data points). These findings are consistent with ea rlie r
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FIGURE 6. Effects o f neonatal Intrasplnal 5,7-DHT treataent on 

Morphine- and KC-lnduced analgesia against a Mechanical 

noxious stlaulus. Points represent Mean withdrawal 

response latencies (± SEN) to application o f a 90° angled 

blunt probe to the dorsal side of the forepaw, hlndpaw and 

ta l l .
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reports that have characterized the developmental patterns of 

morphine- and KC-lnduced analgesia against mechanically noxious 

stimuli (Giordano et a l. ,  1985). As In thermal tests, 5,7-DHT 

treatment d iffe re n tia lly  altered patterns o f morphine- and KC-1nduced 

analgesia (stimulus x drug x dose x treatment Interaction, F[3,72] - 

58.75; p.<.001). Again, spinal 5,7-DHT administration affected 

morphine-Induced analgesia to a greater extent than KC-1nduced 

analgesia 1n a ll body parts tested (drug x dose x treatment x body 

part Interaction, F[6,144] -  15.14; p.<.001).

Further, Figure 7 demonstrates that when ce ll means were 

collapsed over age, neonatal 5,7-DHT treatment more e ffective ly  

reduced the analgesic potency of morphine In ther mal than In 

mechanical tests (stimulus x drug x treatment Interaction, F[3,72] - 

342.97; p.<.001).

DISCUSSION

Patterns of KC-lnduced analgesia 1n both thermal and mechanical 

tests were less s ign ifican tly  affected by spinal administration of

5,7-DHT. Figure 8 demonstrates that when ce ll means were collapsed 

over age groups, the effects of 5,7-DHT treatment on KC-analges1a 

were shown to be minimal In both thermal and mechanical paradigms.

Neonatal administration o f 5,7-DHT d iffe re n tia lly  disrupted 

patterns of morphine-Induced analgesia depending upon the nociceptive 

tes t. Against the thermal stimulus, 5,7-DHT treatment s ign ifican tly  

reduced morphine-Induced analgesia 1n a ll body parts at both ages 

tested. Against the mechanical stimulus, the analgesic potency of
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FIGURE 7. D ifferentia l effects of neonatal Intrasplnal 5,7-DHT

treatment on morphine-Induced analgesia against thermal and 

mechanical stim uli. Points represent treatment or control 

ce ll means collapsed over age 1n order to demonstrate 

treatment x stimulus x drug Interaction.
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FIGURE 8. D iffe rentia l effects of neonatal Intrasplnal 5,7-DHT 

treatiaent on KC-1nduced analgesia against thermal and 

mechanical s tim u li. Points represent treatment or control 

ce ll group means collapsed over age 1n order to demonstrate 

treatment x stimulus x drug Interaction.
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morphine were only s lig h tly  diminished. In animals that received the 

opiate vehicle, 5-HT depletion produced mild hyperalgeslc effects 1n 

both thermal and mechanical tests.

These results demonstrate d iffe re n tia l Involvement o f spinal 5-HT 

1n morphine- and KC-lnduced analgesia. The reduction o f the 

analgesic potency of morphine In thermal tests supports sim ilar 

findings 1n the adult animal (Abbot et a l. ,  1984; KuralsM et a l. ,  

1984; Proudflt et a l. ,  1982) that have suggested that a 

PAG-raphe-spinal 5-HT system may be selectively engaged to modulate 

thermal antinociception. Spinal 5,7-DHT administration less 

e ffective ly  attenuated morphine-Induced analgesia against a 

mechanically noxious stimulus. However, morphine produced analgesia 

against mechanical Input 1n control animals. Taken together, these 

results strongly suggest the possible Involvement of some other 

brainstem mechanism 1n th is  e ffect. A recent study In our laboratory 

(Hughes et a l. ,  1986) on the potency of Intrathecal administration of 

the alpha-NE agonist clonldlne against mechanical stim uli supports 

other Investigations that have Implicated a role fo r bulbospinal HE 

systems 1n mechanical analgesia (Kuralshl et a l. ,  1985).

Patterns o f KC-lnduced analgesia against both thermal and 

mechanical stimuli were less s ign ifican tly  disrupted by neonatal

5,7-DHT treatment. I t  1s possible that KC produces analgesia 

Independently of the spinal 5-HT system. This conclusion 1s 1n 

con flic t with a report that the analgesic action of the novel kappa 

receptor agonist U-50, 488H was reduced by compounds that are 5-HT/2 

receptor antagonists (e.g. - cyproheptadine, ketanserln) (Peroutka et
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a l. ,  1981). Concentration o f 5-HT/2 receptors Is high In cortex 

(Schotte et a l. ,  1983) and I om 1n the spinal cord (Nonroe et a l. ,  

1983), while the analgesic locus of U-50, 488H action was at spinal 

kappa sites (Plercey et a l. ,  1982). Thus, the reduction of U-50,

488H effects by 5-HT/2 receptor blockers way not re fle c t a d irect 

5-HT kappa receptor Interaction w ithin the analgesic neuraxls o f the 

spinal cord, but way be due to antagonism of cortica l processes 

Involved In pain perception. Second, these studies only assessed the 

potency of U-50, 488H In thenaal tests. As kappa receptor-mediated 

analgesia has been shown to be more effective against mechanical 

stimuli (Tyers 1980), nad the 5-HT system appears to more e ffective ly 

mediate thermal analgesia (Kuralshl et a l. ,  1983, 1985; Proudflt et 

a l. ,  1982), 1t 1s possible to argue that 5-HT/2 receptor blockage may 

be reducing thermal analgesia through a neural c irc u it which 1s 

Independent of the mechanisms subtending the kappa receptor system. 

Clearly, these deta ils require further study.

In conclusion, the results o f the present study suggest that the 

neural c irc u itry  subserving mu- and kappa-oplold receptor-mediated 

analgesia may d if fe r .  This evidence supports the model o f a 

sgemental spinal mechanism of kappa receptor-mediated analgesia and 

Implies that multiple descending monoamine systems are responsible,

1n part, fo r patterns of mu-receptor-mediated analgesia 1n the 

preweanling ra t.



CHAPTER FOUR

Gonoral Discussion
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GENERAL DISCUSSION

Stimulus Specificity

Both morphine and KC are effective analgesics 1n the neonatal 

ra t. In the developing animal, marked differences were apparent 1n 

the potencies of these agents against cutaneous thermal or mechanical 

pain. These results support the concept that morphine and KC act at 

d is tin c t opioid receptor populations, previously defined as mu and 

kappa (Martin et a l. ,  1976), and suggest a d iscrim inate a b ility  of 

these receptor systems to modulate d iffe ren t classes of nociceptive 

Input. The analgesic potency of morphine against thermal stimuli was 

consistently greater than KC, particu la rly  In the forepaws. Against 

mechanical stim u li, KC produced equlpotent or greater analgesic 

effects than morphine at younger ages In caudal body parts.

These findings are consistent with existing data fo r adult 

animals that demonstrated tha mu receptor agonists were highly 

effective 1n t a l l - f l ic k  and hot-plate ( I.e . - thermal) tests, while 

kappa agonists, such as KC and U-50, 488H, were considerably more 

active 1n mechanical or visceral chemclal tests (Abbott et a l. ,  1982; 

Lahti et a l. ,  1984; Plercey et a l. ,  1982; Tyers, 1980). Several 

explanations may be proposed fo r these findings. One po ss ib ility  1s 

that parameters other than stimulus-type may determine the engagement 

of the mu or kappa oplold-receptor system. The efficacy of mu 

agonists In thermal and high Intensity mechanical algesic paradigms 

may re flec t that these stimuli may be a more complex sensory 

phenomenon than lower Intensity stim uli. For example, although 

stimulus Intensities were equilibrated according to withdrawal
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response baselines, the sensory parameters Induced by the application 

of d is tin c t strengths of stimuli may Involve d iffe ren t neural 

processes. A recent report by Price (1984) has shown that noxious 

heat Involves a greater dermal area and may Induce spatial and/or 

temporal summation In second-order nociceptive-specific efferents of 

the spinal cord. The potency of morphine against both thermal and 

high Intensity mechanical stim uli supports th is  hypothesis.

Kappa receptor-mediated analgesia may not be effective against 

high Intensity pain. Chemical evoked writhing and mechanical tests 

have generally been considered to represent weaker nociceptive 

stimuli (Blumberg et a l. ,  1965; Taber, 1974). The effectiveness of 

kappa receptor agonists, In addition to the lower ED50 of morphine In 

these tests (Yaksh, 1984) supports the concept of kappa receptor 

modulation o f less Intense pain.

A recent study by Basbaum et a l. (1986) may provide an anatomical 

basis fo r th is  hypothesis; Dynorphln was shown to be co-released with 

substance-P from primary afferents. Given the localization of kappa 

receptors w ithin the superficial dorsal horn (Slater et a l. ,  1984), 

and that dynorphln may be an endogenous ligand fo r the kappa receptor 

(Chavkln et a l. ,  1982), I t  1s possible that the kappa receptor may 

function pre-synaptlcally as an autoreceptor fo r dynorphln that is 

co-released from primary afferents. Conceptually, A-delta/C 

afferents might regulate th e ir response output through kappa receptor 

mediated Inh ib ition w ithin a specific range of stimulus in tensities. 

As stimulus Intensity Increases, kappa receptor-mediated Inh ib ition 

would be less e ffective.



60

Another p o s s ib ility  Is  th a t low frequency A -d elta /C  f ib e r  

a c t iv i ty  «1ght evoke a local or transegwental dynorphlnerglc c ir c u it  

w ith in  the cord to  engage kappa receptor-aedlated Modulation o f low 

In te n s ity  noxious Inpu t. S im ila r ly , th is  type o f In h ib it io n  May be 

Most e ffe c tiv e  against a punctate or weak noxious noxious stlMulus 

ta h t does not Involve several denaatoaws and/or Invoke a d iffu s e  

suaaaatlng response In  second order a ffe ren ts  (see Figure 9 ) .

A second hypothesis Is  th a t nociceptive pathways are anatow lcally  

and fu n c tio n a lly  segregated according to  stlMulus type. Noxious heat 

May a c tiv a te  a th e n e a lly -s p e c lflc  dorsal horn pathway to  engage 

p rlM a rlly  a mu opioid receptor-M ediated analgesic network.

Mechanical pain May a c tiv a te  kappa receptor-Medlated Mechanisms 

w ith in  the spinal cord. I t  May also be th a t kappa receptors are 

associated w ith Mechano-specif1c a ffe ren ts  to  a g reater extent than 

w ith  thermal noclsponslve u n its . These concepts are speculative  

In te rp re ta tio n s  o f the data . Further In ves tig a tio n  ( I . e .  - s p ec ific  

u ltra s tru c tu ra l lo c a liz a tio n  o f receptor types on s p ec ific  primary 

and/or secondary a ffe re n t networks) Is  required to  c la r i f y  the roles  

o f these opioid receptor systems In  the modulation o f s p ec ific  types 

o f pain.

The pharmacological p ro file s  and analgesic potencies o f mu and 

kappa opiates cannot e n t ire ly  "define” th a t drug actions are mediated 

through separate receptor types. A recurrent caveat 1s th a t opiate  

agonists have d if fe re n t  a f f in i t ie s  a t several receptor types.

However, one strategy to  strengthen the assumption th a t the action of 

an opiate  agonist 1s mediated by a p a r t ic u la r  receptor system 1s to
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FIGURE 9. Possible dynorphlnerg1c/kappa opioid receptor-mediated

analgesic c ircu itry  within the dorsal horn of the spinal 

cord; Figure A represents the activation of a 

transegmental dynorphln network by A-delta/C fib e r and 

nodsponslve second order afferent Input. Figure B 

represents a local dynorphln c irc u it 1n which A-delta/C 

fib e r a c tiv ity  evokes a segmental dynorphlnerg1c/kappa 

receptor-mediated analgesia. In both arrangements, 

dynorphln acts at kappa sites located on A-delta/C fibe r 

terminals and/or perlkarya of nodsponslve second order 

afferents.
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examine the differential reversal of those actions by the antagonist 

naloxone.

The a ff in ity  of naloxone for the m i receptor Is at least one 

order of Magnitude greater than fo r the kappa s ite  (Martin, 1979), 

and pA2 values d if fe r  fo r Morphine and KC (Tallarlda et a l. ,  1978).

In the developing rat, high doses of Intraperltoneally adMlnlstered 

naloxone were required to reverse the analgesic effects of KC 1n all 

body parts tested. At he highest range, this antagonlsM was 

dose-dependent. In contrast, cowplete reversal of Morphine-Induced 

analgesia wasseen at all doses of naloxone. The dose-response 

analysis of naloxone antagonlsM provided additional support that the 

specific analgesic effects produced by Morphine and KC were Mediated 

by distinct mu and kappa receptor populations 1n the preweanling rat.

Developaental Differences

In both thenaal and Mechanical tests, differences existed 1n the 

developaiental patterns of Morphine and KC-Induced analgesia.

B rie fly , Morphine-Induced analgesia preceded KC-1nduced analgesia 1n 

the forepaws against both thenaal and Mechanical nociception, while 

KC effects occurred several days prior to Morphine-Induced analgesia 

1n the Mndpaws and ta l l  in these tests. KC produced potent 

analgesia 1n a ll body parts tested between 7 and 10 days of age, 1n 

mechanical and thenaal tests, respectively. Morphine-Induced 

analgesia was f i r s t  seen 1n the forepaws at 3-5 days of age, 

depending upon the test, however, Morphine effects 1n Mndpaws and 

ta l l  were Minimal u n til 14 days postnatally.
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These developmental patterns strongly suggest the d iffe ren tia l 

maturation of d is tin c t mu and kappa opioid receptor systems 1n the 

preweanling ra t. The patterns of morphine- and KC-lnduced analgesia 

may re flec t the development of mu and kappa receptors at d iffe ren t 

ages throughout the spinal cord. In th is  scheme, mu receptors might 

mature progressively In a caudal direction within the cord. Thus, mu 

receptor-mediated analgesia would be seen 1n rostra l areas ( I.e . - 

forepaws) several days prio r to caudal regions ( I.e . - Mndpaws, 

t a l l ) .  The kappa receptor system might not assume th is  rostro-caudal 

pattern of development, and may mature somewhat uniformly throughout 

the cord within the f i r s t  postnatal week. Therefore, the onset of 

kappa receptor-mediated analgesia 1n rostral regions might occur 

la te r than mu receptor-mediated effects, while kappa 

receptor-mediated analgesia would precede mu receptor-mediated 

analgesia In caudal structures ( I.e . - Mndpaws, t a l l ) .  Although 

th is  model Is a ttractive , several lines of evidence Implicate a more 

complex system. F irs t, spinal transection attenuated 

morphine-Induced, but not KC-1nduced analgesia (Wood et a l. ,  1981). 

Second, morphine administered centrally to the PAG produced potent 

analgesia, while KC was not analgesic when administered to that s ite  

(Wood et a l. ,  1981). These findings argue that morphine-Induced 

analgesia Involves some supraspinal component, while KC-1nduced 

analgesia does not. Third, the paucity of mu receptors 1n the 

lumbo-sacral spinal cord (Gourderes et a l. ,  1982) suggests that some 

factor other than spinal mu receptors may be at least p a rtia lly
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responsible fo r the late development o f morphine-Induced analgesia In 

caudal body parts.

Considering these data, I have proposed a model In Mhlch morphine 

acts prim arily through supraspinal mu sites w ithin the midbrain PAG. 

Expression of morphine-Induced analgesia appears to be dependent In 

part, upon the activation of one or more brainstem monoamlnerglc 

systems which descend 1n the spinal cord. KC may not act through 

th is  system, but rather activates populations of kappa sites within 

the cord to produce segmental analgesia. Based upon th is  model, I 

hypothesize that the patterns of analgesia produced by morphine and 

KC 1n the developing animal re flec t the maturation o f the neural 

mechanisms which subserve mu and kappa receptor mediation o f pain.

The development of morphine-induced analgesia would be dependent 

upon the maturation of both mu-op1o1d receptors and descending 

bulbospinal systems. The ontogeny of KC-1nduced analgesia, 1f 

Independent o f descending brainstem systems, would require only the 

regional maturation of kappa sites w ithin the spinal cord.

However, questions arise as to what bulbospinal systems are 

Involved with mu receptor-mediated analgesia, and whether the kappa 

receptor system 1s at a ll re lian t upon these descending mechanisms 

fo r the expression of KC-1nduced analgesia In the developing ra t. To 

address these Issues, I t  was decided to examine the effects of 

neonatal 5,7-DHT treatment on morphine- and KC-1nduced analgesia 1n 

the neonatal animal. I f  the neural mechanisms Involved In mu and 

kappa receptor-mediated analgesia were d is tin c t, neonatal 5,7-DHT
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treatment should d iffe re n tia lly  affect developmental patterns of 

morphine- and KC-lnduced analgesia.

Role o f 5-HT 1n Hu and Kappa Receptor Mediated Analgesia

The results presented 1n th is  thesis build upon the aodel that 

InpHcates a role fo r brainstem nonoanlnes 1n opiate analgesia (see 

Chapter 1 fo r review). Neonatal administration o f 5,7-DHT decreased 

norphlne-Induced analgesia against thermal pain to a greater degree 

than mechanical pain. Yet morphine produced analgesic effects 

against mechanical stim uli, and the developmental pattern of 

morphine-Induced analgesia differed In thermal and mechanical tests. 

These findings Indicate a d iffe re n tia l function of spinal 5-HT 1n 

norphlne-Induced analgesia. I t  may be that morphine-Induced 

mechanical analgesia Is subserved primarily by a non-5-HT brainstem 

pathway. Noradrenergic Involvement In mechanical analgesia has been 

shown 1n preweanling (Hughes et a l. ,  1986) and adult animals 

(Kuralshl et a l. ,  1983, 1985). Neuroanatonlcal evidence further 

argues fo r the Involvement o f both 5-HT and NE bulbospinal systems 1n 

opiate analgesia; 5-HT ce ll bodies are located within the medullary 

NRM. The nuclei of orig in  of NE neurons are also 1n the 

rostro-ventral medulla and caudal pons, specifica lly  the nuclei 

re ticu la ris  gigantocellularls (NRGC) and paraglgantocellularls (NRpG) 

(Dahlstrom & Fuxe, 1965). Both systems receive Input from the PAG 

(Abols et a l. ,  1981), and project to the dorsal horn of the spinal 

cord via the dorsolateral fun icu li (Basbaum et a l. ,  1984).
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I t  Is possible to envision segregated themal and Mchanlcal 

afferent projections to the PA6 that selectively activate a 

particu lar PAG-bralnstem system. These Multiple PAG-bulbospinal 

mechanisms night subtend m i receptor-nedlated analgesia specific to 

the type of noxious Input. Thus, noxious heat nay activate a 

PAG-NRM-splnal c irc u it,  while Mechanically noxious s tln u ll Might 

engage a PAG-NRGC/pG-splnal neuraxls. These factors nay provide a 

possible explanation fo r the sonatotoplc and developnental 

differences In Morphine-Induced analgesia against themal and 

nechanclal pain (see Figure 10).

The ontogeny o f the descending 5-HT and NE tracts are not 

Identical (DITIrro et a l. ,  1983; Ho, 1981; Jonsson et a l. ,  1982). 

Therefore, the d lffe rn t tine-courses of development seen 1n patterns 

of Morphine-Induced analgesia against themal and Mechanical noxious 

stim uli nay be due, 1n part, to d ls s ln llla r  Innervation of spinal 

targets by 5-HT and NE systens during maturation. Once nature, these 

systems nay function separately or In tanden 1n mu receptor Mediated 

analgesia against various types of pain (see Figure 11).

Inspection of the data revealed that the effects o f neonatal

5,7-DHT treatment were greater fo r norphlne- than KC-lnduced 

analgesia (refer to Figures 7, 8); KC-Induced analgesia was less 

s ign ifican tly  affected by neonatal administration o f 5,7-DHT; thus 

suggesting that spinal 5-HT function nay be less c r it ic a l fo r the 

expression of kappa receptor-nedlated analgesia. The poss ib ility  

that a NE pathway Interacts with the kappa receptor system to produce 

analgesia has been addressed elsewhere (vonVoigtlander et a l. ,  1983).
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FIGURE 10. Sch«Mt1c representation of segregated thenaal and

Mechanical nociceptive pathways that activate d is tin c t mu 

receptor populations w ithin the PAG to engage Multiple 

bulbospinal c ircu its . In th is  Model, thenaal Input 

activates a PAG-raphe*sp1na1 (5-HT) MechanlsM, while 

Mechanical Input activates a PAG-NRGC/pG-spinal (NE) 

MechanlsM.
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FIGURE 10
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FIGURE 11. DUgrumatlc representation of d iffe re n tia l tlme-course 

o f Morphine- and KC-lnduced analgesia In the developing 

ra t. These developewntal differences In patterns of 

analgesia produced by Morphine and KC May re flec t 

d is tin c t Maturatlonal processes of the neural Mechanisms 

that subserve mu and kappa opioid receptor-Medlated 

analgesia.



FIGURE 11
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Prazocln, an alpha-NE receptor antagonist fa iled  to reduce the 

analgesic potency of the kappa agonist U-50, 488H (vonVolgtlander et 

a l. ,  1983, 1984), suggesting that NE Mechanises are not Involved with 

kappa receptor-Medlated analgesia.

Taken together, these data support the Model o f a segmental 

spinal Mechanise o f kappa receptor-Medlated pain Modulation th a t  

functions soMewhat Independently o f bulbospinal MonoaMlnerglc 

systems. In agreeMent w ith e a r l ie r  studies (BasbauN e t a l . ,  1984; 

Fields e t a l . ,  1978), I propose th a t mu receptor-M edlated analgesia  

Involves, 1n p a rt, an In te ra c tio n  between supraspinal mu opioid and 

bralnsteM MonoaMlnerglc systeMS. The ro les  o f the descending 

monoaMlne systeMS functional In  mu receptor-Medlated analgesia appear 

to  depend upon the type o f noxious Input. BralnsteM 5-HT MechanlsMS 

are More analgesic against thenaal pain; bralnsteM NE MechanlsMS are 

More e ffe c tiv e  against Mechanical s tlM u ll.

Further, the potency of mu receptor-Medlated analgesia against 

d iffe ren t types o f pain Might re flec t the regional Involvement of 

5-HT and/or NE c irc u itry . The 5-HT or NE Innervation o f specific 

body regions May be responsible fo r topographic differences 1n the 

analgesic properties of morphine In thermal and Mechanical tests. 

Additionally, the d is tribu tion  of mu and kappa opioid receptor 

systems 1n the nociceptive neuraxls may also contribute to d is tin c t 

patterns of stimulus-specific analgesia. Thus, certain body regions 

may be considered to be subserved by one receptor system rather than 

another. The d iffe ren t analgesic patterns produced by morphine andKC
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strongly support tho concopt of separate neural c irc u itry  fo r mu and 

kappa receptor systems.

Such differences are clearest 1n the neonatal animal, where the 

actions o f au and kappa opiates produce analgesic pro files that 

re flec t the heterogeneous development of these systems. As these 

systems aature, the neural aechanlsas contributing to the unique 

properties of regional analgesia and stlau lus-spec lflc lty  become more 

d if f ic u l t  to c la r ify . This may Indicate that although these 

endogenous analgesic systeas are pharmacologically and 

physiologically d is tin c t, they function synerglstlca lly to modulate 

pain 1n the adult animal.

The present studies have demonstrated differences In patterns of 

developaent, stlm u lus-spedflc lty , naloxone re v e rs ib ility  and 5-HT 

Involvement 1n morphine- and KC-lnduced analgesia In the preweanling 

ra t. These results support the hypothesis that the analgesic effects 

o f morphine and KC are mediated by the mu and kappa receptor systems, 

respectively, and are consistent with existing pharmacologic (Plercey 

et a l. ,  1982; Hood et a l. ,  1981; Yaksh, 1978) and anatomical data 

(Goodman et a l. ,  1982; Slater et a l. ,  1983) that suggested a spinal 

analgesic locus o f kappa agonist action and a suprasplnal/splnal 

e ffect of mu receptor agonists. Hhlle the present study addressed 

the function of mu and kappa receptor systems 1n analgesia, I t  should 

be noted that the delta opioid receptor has recently been shown to 

mediate analgesia at the spinal level as well (Schmauss et a l. ,  1983; 

Tung et a l. ,  1982; Yaksh, 1984). Additionally, the Involvement of 

several otehr neurochemical systems, (e.g. - neurotensin) 1n
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analgesia hava baan daaonstratad (saa Basbaua a t a l . ,  1984 fo r  a 

rev iew ). These find ings 1nd1cata fu rth a r  tha coaplex nature o f 

opioid receptor-iM dlated  analgesia. Tha M u ltip le  s ite s  a t which 

various endogenous opio ids, op iate  drugs and Monoaalnas act to  

produce antinociception  I l lu s t r a te  th a t pain Modulation occurs 

through several MechanlsMS a t d if fe re n t  le v e ls  w ith in  the cen tra l 

nervous systeM.

The u t i l i t y  o f such studies 1s to  fu rth e r  "unravel" the  

endogenous analgesic networks so as to  develop nore s p ec ific  and 

se le c tive  c lin ic a l  approaches to  pain therapeutics .
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