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Abatracfc

OPIOID RECEPTOR INVOLVEMENT IN POOD INTAKE AND DODT VII6HT 

HAINTINANCH ROLE OP THE HU-1 1INDIN6 SITE

by

Phyllia E. Hann 

Adviaori Prefaaaor Richard J. Bodnar

Opiate racopfcor agoniato and antagoniata lnfluanca fooding 
behavior. Agoniata of aach opioid racopfcor eubfcypa lncroaaa fooding.
By coopering naloxono, a ohorfc-acfcint opioid racopfcor entegonlat 

with naloxonasino, an irrovaraiblo and highly-oolactivo anfcagonlafc of 
fcho nu-1 binding olfco. It la poaalblo fco cafcogorima opioid aodulation 
into aitt-l-Mdiafcad and non-aiu-l-aMdiafcad act Iona. Tha au-1 aifco haa 
boon iaplicatad in fcho opioid cooponant aodulating frao-faoding and 
doprivation-lnduced fooding but not glucoprivic fooding. Thia 
diaaarfcafcion further cafcagorimaa diffaronfc fooding aedoio by 
oxaolnlng naloxono and naloxonasino offocfca upon opioid-inducod 
fooding and upon chronic body weight oainfconanco and food infcako in



V

•dult, tdoltaemt and dietary obaaa rata.

Tha rela of tha au-1 binding aita in epiata racaptor agoniat 
hjrparphagia waa axaainad firat in adult aala rata. Horphina (5 
ag/kg, a.c.) hyparphagia waa blockad by naloxone (10 ag/kg, a.e. or 
l.v.) but waa potantiatad by naloxonasino (10 ag/kg, i.v.). Only 
naloxona blockad athylkatocyclaaocina (IRC) hyparphagia at 2 ag/kg 

(a.c.) wharaaa naithar blockad IKC hyparphagia at 5 ag/kg. Oynorphin 
(10 ug, i.c.v.) and D-alaa-D-leur-enkephalin (DAOLi 10 ug, l.c.v.) 

hyparphagia waa blockad by naloxona but waa unaffactad by naloxon- 
asina.

Tha affacta of daily adainiatration of naloxono and naloxonaxina 

in thraa typaa of Mturational or diotary altuationa waa axaainad 

noxt. In adult rata, naloxono and naloxonasino raducad body woight 

by 4S and 7S, reapectlvely and food intaka by 13S and 22S, reepec- 
tivoly over 14 dayo. In adoloacont rata, naloxona and naloxonasino 

raducad body waight gain by 33* and 53S, reapectlvely and food intake 
by 14* and 27S, raapoctivoly ovor 14 dayo. In contraat, naithar 

chronic naloxona nor naloxonasino troatMnt altarad body woight or 

food intako of rata pravioualy M d o  obaaa by a "cafeteria* diet.

Tha uaa of naloxono and naloxonasino haa obown that tha au-1 

binding aita M y  be inplicated in froe-feeding, deprivation-induced 

feeding and chronic food intako and body weight Mintonance ouggee-



tint tha involvaaant of fcha au-1 aifca in "long-fcara* condifcIona. In 
contraat, glucoprlvlc faading and oploid-inducad faading aay ba 
aadiatad by non-au-1 binding aitaa auggaating that othar opioid 
rocoptor aubtypaa aMy ba involvad in aithar "ahort-tnrn* ragulatory 
challangaa or aiiaulatory eonditiona.
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Introduction

Recent developaente in tho roaoorch on opiate receptors, opiata 
rocaptor subtypes and endogenous and exogenous opioid agonists and 

antagonists haa lad to now insighta in thair rolo in physiological 
functiona and behavior. Rlochaaical evidence haa indicated tha 
existence of two diatinct au opiata racaptora termed au-1 and mu-2. 
Tho au-1 rocaptor appoara to ba a coaaon high affinity binding aita 
for variety of opiata druge and opioid poptideo. Tha dovelopaent of 
long-laatlng opiata rocaptor antagoniata auch aa naloxonasino 
apocific for tha au-1 binding aita haa allowed roaaarchara to 
pinpoint whether thia aita la involved In epecific opiata aediated 
behaviora. Tha au-1 binding aita haa bean laplicated in opiata 
aodulation of aupraapinal analgesia, catalopay. hypothoraia, 
prolactin ralaaea and acetylcholine turnover, but not in opiata 
aodulation of apinal analgeeia, raaplratory dapraaalon, eedation, 

bradycardiai growth horaona ralaaea, dopaaina turnover and aany 
coaponenta of phyaical dependence. Evidence alao auggoata that 
opiataa are involved in ingeative behavior. Vhlle agoniata of each 
opiata receptor eubtype atiaulato feeding, naloxono, a general opiata 
receptor antagoniat inhibits feeding and blocks opiata agonist 
affects upon feeding. Maloxonasine blocks free-feeding and 
deprivation-induced feeding but not feeding induced by glueo- 
privation. The present series of experiments evaluated the role of
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tlM au-1 binding ■it* in tha following fooding nodoloi oeufco fooding 
indueod by difforont opioto rocoptor ogonioto including norphino, 
ofchylkotocyclosocino (KKC), dynorphin ond D-ala^-O-leu^-enkephalin 
(DADL), ond chronic noinfcononco of body woight ond food intoko in 
odult, odoloocont ond diotory-obooa rota (plooao ooo tho Appendix for 
a Toblo of Abbreviationo).

Tho following ooctiono provido background information pertaining 
to a) opiata rocoptoro and ondogonoua opioid poptidoo, b) tho high- 
off inity (mi-1 ) opioid binding oito, and c) tho relationohip between 
opiatoa ond lngootivo behavior.

A. Opiate Rocoptoro and Opioid Poptidoo
Pharmacologiote pootulatod tho oxiotonco of opiato rocoptoro in 

tho 1940'o upon tho roalisation that opiato narcotic analgoeico ouch 
ao Mirphino poooooo atructural and otorooopocific proportioa that aro 
cloooly related to their action. In 1973, oeveral laboratorioo (Port 
A Snyder, 1973ai Simon, Hi1lor, A Kdelman, 1973| Taroniuo, 1973) 
reported otorooopocific opioto binding in rot brain tioouo. Opiato 
binding io oaturablo, highly opecific and poeooooos high affinity 
(Part A Synder, 1973b) with high corrolationo between binding 
affinitioo and pharmacological potoncy of opiatoe (Croeee A Snyder, 
1975| Port A Snyder, 1973b| Stahl, van Savor, Janooen, A Simon,
1977). Opiato rocoptoro wore found to bo located in tho control 
norvouo eyeten (CMS), in tho innervation of tho enooth nuoclee of tho 
gut and vao doforono, and in tho pituitary and adrenal glando of
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vtrttbritN including h u u m  (Atwah i Kuhar, 1977a,b,ci Hillar, 
Poaraon, ft Sinon, 19731 Kuhar, Part, ft Snydar, 19731 Palacloa ft 
Kaurar, 1984j Paatarnak, ftoodatan, ft Snydar, 1975| Part, Apoohian, ft 
Snydar, 19741 Stafano, Kroaa, ft Zukin, 1980). Tha rational dlatri- 

bution of opiata racaptora in tha CNS ia not uniforai but eoncantratod 
in particular araaa, including tha frontal cortax, liable ayataa, 
baaal ganglia, aadlal thalaaua, parlaquoductal and parivantrlcular 
gray ragiona, nuclaua rapha aagnua and tha aubatantia galatinooa of 
tha doraal horn of tha apinal cord.

Tha diacovary of tho opiato rocaptor in tho CNS waa followad by 
tha aoarch and aubooquant iaolation of ondoganoua opioid Uganda.
Hughat (1975) found a aubatanco in axtracta of pig brain which had 
opiata-lika actiona in tha aouaa vaa dofarana and in tha gulnoa pig 
iloua blo-aaoaya. Toranlua and Hahlatrou (1975) ioolatod a factor 
from rat and calf brain that could coapato with labalod opiatao for 
rocaptor binding. Tha activa factor waa purifiad and charactarisad 
aa two pantapaptidoa, H-Tyr-Cly-Sly-Pha-Hat-OH (aat-ankophalln) and 
H-Tyr-Sly-Sly-Pha-Lau-OH (lou-ankophalin) (Hughaa, Saiith, Koatorllts, 
Pothargill, Morgan ft Norria, 1975). Opioid activity waa alao found 
in two coapounda (alpha- and gaaaaa-andorphin) iaolatod fron pig 
hypothalaaii and pituitary glanda which wara praaant in tha horaono 
bata-lipotropln (Ling, Bargua, ft Suilloain, 1976). Tho C-toruinal 
fragaont of bota-lipotropin (bata-andorphin) alao poaeaaoad opioid 
activity (Bradbury, Sayth, Snail, Birdaall, ft Hulao, 1976| Cox, 
Soldatoln, ft Li, 1976). Dynorphin, a potont opioid, waa aubaaquantly



4

iiolaUd from pituitary extracts (Coldstein, Tachlbana, Lowney, 
Hunkapiller, i Hood. 1979). Purthar atudiaa using messenger M A  
tachniquaa indicatad that proopiomelanocortin was tha prseursor for 
bata-andorphin aa wall aa for adronocortieotrophic horaono (ACTH) and 
tha aalaneoyta stimulating horaona (H8H) faailias of paptidasi 
proonkaphalin was tha prseursor for aat-ankaphalin and prodynorphin 
was tha prseursor for dynorphin and alpha-nao-andorphin (aao raviawt 
Akil, Matson, Young, Lewis, Khachaturian, i tfalkar, 1984).

Tha existence of difforont aubtypas of opiato racaptora was 
postulatad basad upon tha heterogeneity of endogenous opioid paptidas 
and tha differing pharmacological affaets and potencies for difforont 
opiatas. Martin and co-workers described thraa kinda of opiata 
rocaptor subtypes basad on thair pharmacological atudiaa in chronic 
spinal dogs (Martin, ladas, Fraser, i Vlklsr, 1964| Martin, Kadaa, 
Thompson, Hupplor I gilbert, 1976). Tha opiata receptor agonists 
morphine, kotocyclasocina and SKF-10,047 (M-allylnoraotasocina) 
produced different physiological and behavioral effects when injected 
into nondapandant spinal dogs which failed to show eross-toloranca, 
and did not prscipitata or prevent abstinence affects whan injected 
into dependant spinal dogs. The three opiata receptors wars named 
according to tha prototypie agonisti mu for morphine, kappa for 
ketocyclasoeine and sigma for SKF-10,047. Receptor heterogeneity was 
also found in bioassay systems in vitro. Using the guinea pig ileum 
and tha mouse vas dafarena assays. Lord and co-workers found that tha 
depression of sloctrically-inducod contractions of tha guinea pig
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I U ub n u  •or# sensitive to aorphina than to ankaphallna (aui Lord, 
Watarfiald, Hughes, i Koatarlits, 1977). Tha reverse occurrad in tha 

•ouse via dafaranai ankaphallna wara aora potant than aorphina in 
suppressing contractiona (daltai Lord at al., 1977). Receptor binding 
atudiaa and croaa-protaction axpariaanta provide furthar confirmation 
that diffarant opiata racaptor populationa existed. Inkaphalina 
coapata battar against laballad ankaphallna than laballad oplataa for 
racaptor binding and vica varaa (Lord at al., 1977* Chang i 
Cuatracaaaa, 1979i Siaon, Bonnat, Crain, Groth, Hillar, i Salth, 
1980). Oplataa ouch aa aorphina protact tha aorphina binding aita 
froa inactivation battor than ankaphallna, ahoroaa ankaphallna 
protoct tha ankaphalln binding aita battar than aorphina (Robaon and 
Koatarlits, 1979* Salth 8 Siaon, 1980). Croaa-protaction studios 
havs alao confiraad tha oxlatones of kappa racaptora. Ithylketo- 
cyclasocino (CKC) la aora offoctivo than aorphina in protocting 
laballad IRC binding sitoa froa inactivation by phonoxybsnsaaino 

(Koatarlits 8 Laalla, 1978* Koatarlits 8 Paterson, 1980). Finally, 
rogional diatribution atudiaa uaing rocaptor autoradiography indi- 
catod that tha ratio batwaon au and dolta racaptora varlas as a 
function of brain roglon. For oxaapla, tha thalaaua and hypothalaaua 
hava aora au racaptora than dalta racaptora, whereas tha frontal 
cortex and atriatua hava equal concentrations of au and dalta 
racaptora (Chang, Cooper, Hasua, 8 Cuatracaaaa, 1979i Goodaan,
Snydar, Kuhar, 8 Toung, 1980| Harkanhaa 8 Fart, 1980* Siaantov, 
Childers, 8 Snydar, 1978).
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Bndogonoua opioids act lika opiafca agonists in bofch binding 
aaaara and bioaaaaya and hava aiallar pharaacologlcal affacta whan 
adainiatered in vivo (a.|. analitaia. catatonia, raapiratory depres­
sion, developaent of tolaranca and phyaical dapondanca). Thay ara 
found in all vortobrato apaciaa atudiod (a.g. Blooa, Battenberg, 
Rossier, Ling, i Cut1lealn, 19701 Vataon, Richarda, i Barchaa, 1978) 
and in aoaa invartabrataa (Aluaots, Kahanson, Sundler, i Thorell, 
1979| Zipoar, 1980). Tha ragional diatrlbution of ondoganoua opioida 
in gonaral ia alnilar to tho diatribution of opiato racaptora with 
cortaln exceptions (Lowia, Khachaturian, 8 Vatoon, 1982| Paatornak at 
al., 197Sai Quirion, Bowon, Harkanhaa, 8 Part, 1982). Tha enkapha- 
lina ara extensively diatributad aa intornourona in tho talancophalon 
(a.g carobral cortax, liable ayatoai), dioncophalon (hypothalaaua and 
lataral goniculata body), aidbrain (a.g. collieuli, pariaquoductal 
gray), pona and aadulla (a.g. parabrachial and doraal tagaantal 
nuclai, nuclaua tractua aolltariua and rapha), and tha doraal horn of 
tho opinal cord (Khachaturian, Lowia, Hollt, 8 Vataon, 1983| HcCinty, 
van dor Kooy, 8 Blooa, 1984). Bata-ondorphin call bodiaa ara nainly 
found in tha arcuata ragion of tho hypothalaonia and nuclaua tractua 
aolltariua (Bloon at al., 1978| Schwartxbarg 8 Makana, 1983i Vatoon, 
Barchaa, 8 Li, 1977). Tho inaninoraactivo fiber ayaton of bata- 
ondorphin collo in tha arcuata nuclaua haa oxtonaiva projaetiona to 
tho periventricular thalaaua, pariaguaduetal gray, nadial anygdala, 
locua coarulaua, and rapha aagnua (Blooa at al., 1978| Vataon at 
al., 1977). Xaaunoreactlvo dynorphin call bodiaa and fiber ayataaa
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are located In the cerebral cortex, liable ijwtMi hypothalaania, 
periaqueductal gray, ptribrtcbitl nuclaua, nuclaua tractua eoli- 
tariua, lateral reticular nuclaua, apinal trlgeainal nuclaua, and 
apinal cord doraal horn (HcSinty at al., 1984i Vabar 8 Barchaa, 1983i 
Khachaturian, Vataon, Lowia, Cox, Soldatein, 8 Akll, 19821 Vincent, 
Hokfolt, Chriatanaaon, 8 Taroniua, 1982).

In ouMwrp, there ara throe faailloa of opioid paptidaa derived 
froa one of throe precureor aoleculeat proopioaolanocortin (bata- 
ondorphin), proenkophalln (oat- onkophalln) and prodynorphin 
(dynorphin). Thaaa paptidaa appear to interact with at loaat four 
eubtypee of opioid rocoptorai au, kappa, delta and apoilon. Tha au 
receptor aubtype can ba further claaaifiad into au-1 and au-2 baaed 
on tho following bioeheaical and pharatacological avidonco.

B. The High-Affinity (Hu-1) Opioid Binding Site.
When laballad opiata druga with vary high apacific activity 

becaae available, curvilinear Scatchard plota and biphaeic diaplaca- 
aont curvaa of opiato binding ware reported (Lord at al., 1977i 
Paeternak 8 Snydar, 1975). Biphaaic Scatchard plota auggaat tha 
axiatonco of at loaat two populatione of binding aitoai high- 
affinity and low-affinity. Tho high-affinity opioid binding aita ia 
aora eeneitlve to tho effecte of eodiua, onsyaaa and protain- 

aodifying raaganta than tho low-afflnity aita (Paatarnak, Snowaan, 8 
Snydar, 1975bI Paatarnak, Vilaon, 8 Snydar, 1975I Paatarnak 8 Snydar, 
1974| Paatarnak 8 Snydar, 1975| Crooaa, Paatarnak, Part, 8 Snydar,
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1975| Vilson, Puttrnik, 8 Snyder, 1975). Th* high-afflnltjr and 
low-affinity sites war* Initially thought to althar rapraaant tha 
agonist or antagonist foraa of tha racaptor (Paatarnak 5 Snydar,
1975) or tho diffarant aitaa raproaantad binding to difforont racap­
tora (a.g., high-affinityi deltas low-affinityi au) (Lord at al., 
1977). Tha davalopaant of highly selective, irreversible antagonists 
for tha hlgh-affinlty binding site (a.g., naloxasona) provided 
further evidence for th* existence of at least two distinct binding 
oitos (Paatarnak, 1980s Paatarnak, Childers, 8 Snydar, 1960a,b|
Zhang, Chang, 8 Paatarnak, 1981). Naloxasona blocked hlgh-affinlty 
binding of radiolabollod aorphina in ale* without affecting low- 
aff inity binding and attenuated aorphina analgesia without altering 
aorphina lethality (Paetornak at al., 1980a,b). Paatarnak and 
co-workar* toraod this high-affinity binding sit* au-1 and tha 
low-affinlty binding sit* au-2. Naloxasona also blocked tho high- 
affinity binding of radiolabollod ankaphallna, bata-ondorphin, EKC 
and SKF 10,047 but had negligible affects on tho low-affinity binding 
character1stics of thoss ligands (Hasua, Chang, Cuatracaaaa, 8 
Pasternak, 1981I Johnson, Houghton, 8 Paatarnak, 1982| Paatarnak, 
1980| Volosln, Mishiaura, 8 Paatarnak, 1982| Zhang 8 Paatarnak,
1980). Further, difforontial regional localisations of high-affinity 
and low-affinity binding sites war* found in tho brain and spinal 
cord (Zhang 8 Pasternak, 1980). Naloxasona produced greater inhi­
bition of binding in th* hypothalami* and spinal cord (au-1 sites) 
than in tho frontal cortsx, pons aedulla and aidbrain (au-2). Auto-
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radiopraphic techniquee have confiraed tha hi|b levola of mi-1  

bindinp in araaa known to ba involved in analpeaia includinp tha 
periaqueductal pray, Medial thalaaue and Median raphe (Seodaan i 
Paeternak, 1985). Hu-1 eitae were aleo found in tha nucleue accuat- 
bene, atriatua, hypothalaaua, Medial habenula and the aedial aeptua. 
Developaental differencea in the appearance of hiph-affinity and 
low-affinity bindinp aitea further eubatantiated tha exiatence of two 
diatinct bindinp aitea. Durinp the firat two poatnatal weeka in 

rata, low-affinity bindinp of labelled aorphine reaaine relatively 
conetant, whereae hiph-affinity bindinp increaaea three-fold 
(Paeternak. Zhanp, P Tacott, 1980j Zhanp i Paaternak, 1981a). The 
chanpea in bindinp correlate with aorphine'a analpeaic and reapira- 
tory effactai amrphine analpeaia increaaea 40-fold in the firat two 
weeka of life while Morphine effecta on reapiratory dapreeaion ranain 
conetant. Phylopenatic differencea in the proportion of hiph-affinity 
to low-affinity bindinp are alao obaerved (Buatti 8 Paaternak. 1981). 
Maloxasone blocked hiph-affinity opiata bindinp In rat and turtle to 
the aawe dopree. yet waa leaa effective in frop and waa ineffective 
in poldfieh. Baaed on the above evidence, Volosin and Paaternak 
(1981) poatulated three claeeea of receptora for opiatea and 
enkophalinei a) mu-1, a hiph-affinity bindinp aita that binde opiatea 
and enkephalina equally, b) mu-2 , a low-affinity aita that binda 
aorphine and ita analopa More potently than enkephalin analopa and c) 
delta, a low-affinity aite that binda enkephalin analopa amre 
potently than aorphine.
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Haloxasone and naloxonasine, hydrasone darlvitlm of naloxone 
(Hahn ft Pasternak, 1962), have baan Invaluable toala In trying to 
undaratand tha physiological and pharmacological relevance af tha 
au-1 receptor and whether it aodiates particular opioid actiona. 
Supraepinal opiate and opioid peptida analgesia appear to be aodiated 
by the eu-1 receptor (Zhang A Paaternak, 1981b). If naloxasone waa 
adainiatered 24 h before testing to eliainato unbound drug, it 
blocked analgaeia induced by aorphine, D-ala-aet-enkephalinaaide, and 
beta-endorphin aiailarly, thereby auggeating a conaon receptor 
aechanioa. Catalepay induced by high doaea ef aorphine waa alao 
blocked by naloxasone adainiatered 24 h earlier (Ling 6 Paaternak, 
1982). Xn contraat, naloxasone failed to affect endotoxic ahock 
(Holaday, Paaternak, D'Aaato, Ruvio, 8 Padan, 1963). Tha uee of 
naloxonasine deaonatrated receptor diaeociation of aorphine analgaeia 
froa phyaical dependence (Ling, HacLeod, Lee, Lockhart, 6 Paaternak,
1984). Adalnistration of naloxonasine 24 h prior to chronic infusion 
with aorphine significantly reduced aorphine analgesia, whereas 
withdrawal signe ware virtually unaffected (e.g., ptosis, tachypnea 
and weight loss). Haloxonasino also eliainated aorphine analgesia in 
adult rats without affecting the respiratory depressant effecta of 
aorphine (Ling, Spiegel, Lockhart, 6 Paaternak, 1985i Ling, Spiegel, 
Miahiaura, 6 Pastarnak, 1983).

By coaparing the effecta of naloxasone and naloxonasine with 
naloxone, it is possible to separate out which opioid effects are 
au-1 aadlatod and which are non-eu-1 aadiated. Reversal of an 
opioid-asdiatsd offset by naloxone defines opioid action. Reversal
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by both naloxone and naloxasone or naloxonasine defines involvoownt 
of tho bu-1 binding alto. Reversal by noloxono but not by otthor 
noloxosono or noloxonosino doflnoo a non-sw-1 opioid action. This 
approach hoo node It pooolblo to dlfforantlato ou-1 involveaent In 
oupraoplnol aorphlno analgesia (Line ( Paaternak, 1983). norphino 
catalopoy (Line 8 Pootornok. 1982), roloaoo of prolactin by aorphlno 
(Splocal, Kouridoo, 8 Paatarnak, 1982). acatylchollno turnover and 
hypotharala, and non-au-1 Involveaent In roaplratory doprooolon (Lint 
at al., 1965), growth horaono raloaao (Spiegel ot al., 1982), brady­
cardia, oodation, dopaalna turnovor (Hood 8 Paatarnak, 1983) and 
Inhibition of tho olactrlcally-atiaulatod guinea pit iloua (tlntslor 
8 Paatarnak, 1983t for review, aoo Paatarnak 8 Hood, 1966).

Tho oxlatonco of opiate roceptore and ondotenoua opioid peptldea 
led to apoculation about tha phyalolotical significance of thoao 
ayatoaa. Oplata druta have boon known for aoaw tlna to produce a 
variety of offocta auch aa analteala, aodation, catalapay, roaplra­
tory daproaaion, bradycardia and pupil conatriction. Endogenous 
opioida ara thought to bo Involved In nany phyalolotical and 
behavioral functtona including tha perception and reaction to noxioua 
atinull, tha raaponaa to atroaa, learning and nanory, cardlovaecular 
raaponaoa, tharnorogulatlon and intention (aoo rovlawi Oleon, Olaon,
8 Raatin, 1985b). Tha following aoction providoa a brief rovlow of 
opioid involvonont in tho latter function.

C. Xngoativo Behavior
Hany factora are involved in tha control of food intake. Ho at



12

of tho work that hod boon dono in thio oroo oxaainod specific aota- 
bolitoo of food ouch oo glucose, aolno ocldo and fatty acido or 
iookod at gastrointestinal horwonot ouch aa insulin and glucagon. 
Othor Investigators havo Iookod at eontral nervous ejrotsa factors 
involved in ingoettvo bohaviori tho rolo of neurotraneaittero (e.g. 
noropinophrine, dopaaino and sorotonln) and tho iaportanco of speci­
fic brain areas ouch as tho vontroaodial hjrpothalaauo (VMM), tho 
latoral hjrpothalaauo (LH) and tha caudal hindbrain. In addition to 
tho involveaont of tho control norvouo syotea thoro aro peripheral 
factors that aust bo taken into account. Tho aouth, stoaach, saall 
intootlno and llvar aajr bo Just as iaportant as tho brain in control­
ling ingestivo behavior. The isoue becoaeo oven aore coaplex when 
you conoidor the pojrchological aspects of food intako. Appetite io 
not only tho oonsation of hunger but can involve hedonic qualities 
associated with tho sight and oaell of food. Vhat aakos an aniaal or 
a parson stop oating io also coaplicatsd and is not Just based on tho 
oonsation of a full stoaach. Satiety can also involve tho novelty or 
tho avoroivsnoss of tbs food.

Thoro aro throe aain theories describing which factors aro 
iaportant in tha central regulation of food intakoi tho glucootatlc, 
lipostatic and aainostatic hjrpothoses. The glucostatic hjrpothosis 
originally statod that it is the level of glucose in the blood (which 
the brain aonitors) that regulates food intake. It was then thought 
that it is not the blood glucose level but tho degree of glucose 
utilisation that is iaportant (Hayer, 1955) sines diabetic patients
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hypothec!a ha* been critlciaed oinca it baa baan iapooaibla to find 
an araa in tha brain which raspondo to glucooo injoctiono. Hungry 
anlaala do not atop oating if glucooa io injoctod into aroaa of tho 
brain (Balagura, 1973). Tho lipoatatie hypothec1a io baaad on tha 
observation that anlaals can regulato thoir fat dapoaito and that 
diabatic rata raapond to changaa in tho coaposition of fat in thair 
diota. Rata that have baan troatod with alloxan, a diabototonic 
agent, will altar thoir intaka to eorroapond with ehangoa in tha fat 
contant of thair diata (Friadaan, 1978). Thar will not roopond to 
changes in carbohydrata concantration. Aaino acida ara alao producad 
aa a raault of food intako and aro thought to bo involved in ingea- 
tiva bahavlor (Hallinkoff. frankland, Boyle, 8 Broipel, 1956) 
although tha aoinoatatic hypothoaia baa not boon aa wall raaaarchad 
aa tha othar two.

Tho awuth aay play a part in tho regulation of food intaka by 
signaling aatiaty. laophagotoaited doga will atop oating a aaal avan 
though tha food hao not roachod thair atooach (Janowits 6 Sroaanan, 
1949). Thara ia avidanca that tha atoaach haa both nutriant and 
atratch rocaptora that aonitor tha contant and voluae of food that 

antara which would alao aignal aatiaty (Dautach, 1978). Tho livor. 
too, ia thought to ba iaportant in food intako. Xnjoctiona of 
glucoao into tho hepatic portal vain but not tho Jugular voin 
producoa aatiaty (Ruoook, 1971) and blocking tho vagal affarant froa 
tho liver to tho brain docroaaoa feeding (Ponaloaa-Rojaa 8 Ruoook, 
1963).

Tho central norvoue ayatea ia alao involved in tho control of
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lnititlvt bahtvior. B v t d M M  for fchii h u  c o m  froa lesion itadlu 
of specific broln irua and pathways and froa aieroinjoetlona of a 
variety of oubafcaneos into tho brain which oithor otiaulato or 
inhibit foodins. Tha vontroasdial nuclaua of tho hypothalaaua (VIM) 
and tho latoral hypothalaaua (LH) woro thought to bo tho "satiety 
contor" and tho "fooding cantor", respectively, baaod on early 
atudioa that loaionod thoso aroaa (Hothorington ft ftanaon, 19S9| Anand 
ft Brobock, 1951). Further evidence haa obown that ia not tho 
loaionod nucloi thoaaolvoo that explain tho offocta that woro 
observed but tho fibor pathwaya that paaa through thoa (Rapatos ft 
Sold, 1975| Zioglor ft Karton, 1974). Tho caudal hindbrain has alao 
boon iaplicatod in fooding behavior (Rittor, 1984). Thia aroa of tho 
brain contains tha aotor nucloi of tho vagus norvo and tho solitary 
tract nucloi which rocolvo viscoral afforonts froa tho gastrointes- 
tinal tract and tho aroa postroaa, a circuavontricular organ. Rato 
that rocoivo laaiona of tho aroa postroaa and tho adjacont nucloi of 
tho solitary tract looo weight and aaintain thoir body weight at 
lowor lovols than controls (Rdwarda ft Rittor, 1961).

Bvidonco la aecuaulating that a variety a nsurotransaittsrs and 
nouroaodulators aro involved in food intako. Historically, aono- 
aainos have boon iaplicatod in fooding bohavior having both atiaula- 
tory and suppressive actions (Hoobol, 1977i Loibowits, 1960). Mor- 
apinaphrino whan injected into tho paraventricular nucleus of tho 
hypothalaaua (PVR) reliably atiaulatoo fooding (Hoods ft Loibowits,
1985) usually at a shorter latency than opioid offsets. Dopaains 
agonists and antagonists can oithor increase or suppress fooding
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depending on the locue of injection (Loibowits. 1980). The dopeaine 
agonist broasrgocrpptine induced feeding that ie inhibited bp the 
dopeaine entegoniet heloperidol and bp naloxone (Horlop at al.. 
1962a)-. Serotonin and related coapounde ere well known regulatore of 

appetite (Blundell. 1979). ee are the gut peptidee (Beile,

HcLaughlin. I Della-Fore. 19061 Horlep. Levine. Boenell. ft Rretui. 
19B5). Tho pancreatic polppeptide faailp which includee huaan 
pancreatic polppeptide, neuropeptide T end peptide TT. have been 
known to etiaulate food intake (Clark, Kalra, Crowlep, ft Kalra, 1984» 
Horlep ft Levine, 1984). Inhibitors of food intake include chole- 
cpetokinln (Bella at al., 1986), calcitonin (Freed, Ferlow, ft Vpett, 
1979| Levine ft Horlep, 1981), boabesin (Rulkoskp, Cibbs, ft Saith, 
1982| Horlep ft Levine, 1981a) end eoaatoetatin (Aponte, Leung, Cross, 
ft Taaada, 1984).

In the laet eeveral pears, a growing nuaber of reports have 
ehown that opiatea and opioid peptidee ere involved in food intake 
under a wide varletp of conditions (Horlep, Levine, Tia, ft Lowp,
19831 Reid, 1985). The following eoction will describe ooae of the 
reeearch that has been accoaplished in this field.

D. Ingeetive Behavior and Opioid Peptides
The firat definitive evidence for the involveaent of opiates in 

lngestive behavior wae obtained using the ehort-acting epiate recep­
tor antagoniste naloxone and naltrexone. Holtsaan (1974) found that 
epetoaic adainietration of naloxone reduced food Intake in rate 
prevlouelp deprived of food for 48 h. This anorectic effect has been



16

widely replicated and occure in rate (e.g. Brawn ft HoItnan, 1979| 
Prank ft Rogora, 1979), nice (Brawn 6 HoltMan, 1979), rabbita 
(McCarthy, Oettaar, Lynn, 6 Banger, 1981), cate (McCarthy at al.,
1981), aheep (Bella, Rain, Della-Pera, i McLaughlin, 1981), fieh 
(Chriat, 1984), pigaona (Devicho, Helaer, 6 Schapara, 1984) and 
hunana (Horlay, Coanell, 6 Lavina, 1984) but not in aluge (Ravaliera, 
Rangelay, Hirat, 6 Taakay, 1986). Naloxone and naltrexone alao 
roduco food intake in non-deprived rata (Brande, Thornhill, Hirat, 6 
Oowdey, 1979| Caray, Roea, 6 Inna, 1981 ft Cooper, 1980) and decreaee 
water intake under both deprived and non-deprived conditiona (a.g. 
Brown 6 Holtsaan, 1979, 1981j Pronk 6 Rogere, 1979| Pronk 6 Roaan, 
1979). Thaaa opiate receptor antagonlata have alao baan ahown to 
roduco tho hyporphaglc offacto of 2-daoxy-D-glucooe (Ootrowoki, 

Rowland, Poloy, Nalaon, 6 Raid, 1961t Siaone, Bodnar, Soldaan, 6 
Paatarnak, 1965| Thoapaon, Holla, Lilavivat, Ponicaud, i Caapbell,
1982), aiild tail pinch (Lowy, Haickal, 6 Tin, 1960| Horlay i Levina, 
1980| but aaa Ootrowoki ot al., 1981) and hypothalaaic brain 
otiaiulation (Carr 6 8lawn, 1984).

If opiata receptor antagoniato reduce feeding, it night be 
oxpactod that opiata receptor agoniete ohould potentiate feeding. 
Morphine waa hlotorically deocribed ao an inhibitor of food intako, 
but Martin and co-workero initially noted that dependant aniaala 
dioplayod incroaaoa in food intako (Martin, Hiklor, Badoo, 8 Paoeor, 
1963). Sanger and McCarthy (1980) ehowed that aorphine'a ability to 
either atiaulate or inhibit food intako depended upon tho relative
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deprivation state prior to injection, Systemic administration of 
norphino increased both food and water intake in non-deprived 
animate, pet decreased food and water intake in animate that had been 
previously deprived for 24 h. When rats ere mildly food deprived 
(e.g.. 5 h). eyetemic administration of morphine increased intake in 
the firat 4 h after deprivation (Jalowiec, Pankeepp, Zolovick. If aJam, 
i Harman. 1981). Increased food inteko is also obeerved following 
morphina injections into tho paraventricular nucleus (HcLean 8 
Hoebe1, 1982| 1983) end the ventromedial hypothalamus (Tepperman. 
Hirst, 8 Sowday, 1981a).

A variaty of opiata drugs and endoganous opioid peptidee that 
aro putative agonists of different opioid receptor subtypeo produce 
hyperphagia following central or systemic administrates. Beta- 
endorphin, a putative agonist of the epsilon receptor (Schuls,
Muster, Kreneo, 8 Hera, 1980), increases food intake following 
injection into either the ventromedial hypothalamus (Srandison 8 
Ouidotti, 1977) or the lateral ventricles (HcKay, Kenney, Idens, 
Williams, 8 Woods, 1981). D-ala-met-enkephalinamida (DALA), a 
putative delta raceptor agonist, increased food intake following 

paraventricular nucleus injections in rats (HcLean 8 Hoebel, 1982, 
1963) and lateral ventricle injections in sheep (Bails et al., 1961), 
but not following lateral ventricla injections in rats (HcKay et al., 
1961). Another delta receptor agonist, D-ala-D-leu-onkephalln (DADL) 

also produces feeding when injected into the ventromedial hypo­
thalamus (Tepperman 8 Hirst, 1983). Systemic adminstration of KKC 
and central administration of dynorphin, both kappa receptor agonists



increaae food Intake In nondeprived rate (Horlay I Levine, 1981bi 
Horlay, Levine, drace, ft Kneip. 1962aI Horlay, Levina* draea, ft 
Kneip. 1962bi Sanger ft HcCarthy, 1981). N-allylnornetasocine 
(SKP-10,047), a etgna receptor agoniat, increaaed food intako at low 
doeea in free-feeding rata (doenell. Levina, ft Horlay, 1983).

Thoro ia alao evidence indicating that ondogonoue opioid 
peptidoa are involved in the devolopnent of obeaity. High levele of 
beta-endorphln were found in genetically obeae nico (ob/ob) and rata 
(fa/fa) although it la not dear whothor beta-endorphin precipitatoe 
thia condition or io a by-product (Hargulea. Hoiaaot, Lewi a, dhibuya, 
ft Port. 1978| koaaier, ftogera. Shlbaoaki, Suillenen, ft ftloooi, 1979). 
Short-acting opiata receptor antagonleta reduce overeating in geneti­

cally obeae nice and rata (Hargulea at al.. 1978| HcLaughlin ft Haile, 
1984| Recant, Voylaa, Luciano, ft Port, 1980| Shinonura, Oku, dlick, ft 
Rray, 1982» Thornhill, Taylor, Harahall, ft Parent, 1982), in rate 
made obeae by hypothalaaic leaiona (King, Caatellanoo, Kaatin,
Bermae, Hauk, Olaon, ft Olaon, 1979) and in rata expoaed to dietary 
reginena that eventually induce obeaity (Apfelbaun ft Handenoff,

1961).
Tho long-torn effecta of opiate receptor agoniate and antag- 

oniata on fooding behavior have not bean aa well docunonted ae 
abort-tern acuta effecta. Branda at al. (1979) found that one 
injection of naloxone euependod in a elow-releaeo vehicle aignifi- 
cantly reduced food intake and body weight in rata over 11 daya. 
Rapaatad daily injectiona of naloxone dieaolvod in ealine over 10 
daya reduced night-tine feeding hut failed to elter overall food
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intake and body weight. On tho othar hand, ropaatod daily injactiona 
of naloxone in arildly food-deprived rata eonalatontly rodaead food 
Intako over a 8 day pariod (Jalowioe at al., 1981). Daily injactiona 
of naltrexone in tho oguirrel nonkoy alao roducad food intako and 
body weight with no evidence of toloranco (Hornan 8 Holtxnan, 1984). 
Tho chronic offoct of opiata antagoniata on food intake and body 
weight can ba influenced by dietary nanipulatlone. Daily naltroxona 
injactiona had a greater inhibitory offoct on rata glean a eucroae 
aolution in addition to laboratory chow (Harke-Kaufnan, Balnagiya, 8 
Croaa, 1984). Naltroxona reduced food intake and body weight acroaa 
a two weak injection period in aucrooe-fed aniaale but only reduced 

food intako but not body weight in tha firat weak of injeetlona in 
chow-fed aniaale. Opiata antagoniata alao have boon abown to bo aoro 
affective in genetically obeae rata than thair lean littaraate 
controla. Daily adainiatration of nalaefene, a potent antagoniat 
over 21 daya reduced food intake and body weight gain to a greater 
extant in obeae rata than in laan rata (McLaughlin 8 Daila, 1983).

The chronic offoct of opiate antagoniata on Intako alao appeare to 
ahow tolerance (Olaon, Delatto, Kaatin, McLean, Phillpott, 8 Olaon, 
1985a) in that rata dacraaaed thair intake of a 208 eucroae aolution 

only during tho firat two of 15 daya of naloxone injactiona. In 
contraet, chronic injoctiona of opiate receptor agoniata do not ehow 
tolerance (Jalowioe ot al., 1981I Horlay ot al., 1982b). Morphine 
conelatently increaaed food intake over a 8 day injection reginon 
(Jalowioe ot al., 1981). Thio contraata with tho production of 
toloranco that oecura to norphino'e analgeaic effecta (Martin, Kadea,



Thoapeon, Happier, i Gilbert, 1976). Tha kappa racaptor aponiet, 
ketocyclasocine injactad over a 5 day parted aiae coneiatently 
incraaaad food intake with no evidence of tolerance (Horlay at al. 
1982b).
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Rational*

Tha heterogeneity of opiata racaptora haa baan daaonatratad 
ualng pharmacological, biocbaaical and bioaaaay tachniquaa (a.g., 

Chavkin i Goldstein, 1981I Lord ot al., 1977i Hartin at al., 1976). 
•iochoaical atudioa hava alao daaonatratad tho axiotanc* of two 
diatinct binding aitoa for tha au racaptori a high-affinity binding 
ait* taraad au-1 and a low-affinity binding ait* taraad au-2 (Holosin 
6 Paatarnak, 1981). Tha au-1 binding ait* appaara to b* tho coaaon 
high-affinity binding aita for a variety of opiata drug* and opioid 
paptidaa (Haaua at al., 1981l Houghton, Johnaon, 8 Paatarnak, 1984| 
Paatarnak, 1980l Paatarnak ot al., 1980ai Zhang 6 Paatarnak, 1981b). 
Tha development of irravaraibl* high-affinity opiate receptor antag­
oniata, auch aa naloxasone and naloxonasin* (Hahn 6 Paatarnak, 1982) 
allowed invoatigation of tha functional aignificanc* of tha au-1 
binding aita in opiata and opioid-aadiatod action*. Haloxasono and 

naloxonasine produce long-laetlng inhibition of tha supraspinal 
analgesic actIona of morphine, aotkaphaaid, kotocyclasocin* and DADLi 

naloxonasin* produces thss* affects at far lower doses (Ling ot al., 
1983, 1984, 1985l Ling 6 Paatarnak, 1982, 19831 Paatarnak, 1980| 
Pasternak at al., 1980ai Zhang 6 Paatarnak, 1981b). Tho us* of 
irravaraibl* opiate receptor antagonists has thus far distinguished 
tha aodiation of the au-1 binding sit* in the opiata modulation of 
supraspinal analgesia, catalepsy, hypothermia, prolactin roloaaa, and 
acatylcholino turnover, and tho apparent non-involvoaont of tha au-1
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binding aifc* in tha opiata aodulation of epinal analgaeia, reepira- 
tory deproeaion, phyaical dapandanca, aadation, bradycardia, growth 
boraone roloaaa and dopaaino turnover (aoo reviewi Paatarnak ft Vood, 
1986). Tha opiata aodulation of food intaka can alao bo differentia- 
tod aa au-1 aadiatad and non-au-1 aodiatod (Siaona ot al., 1985). 
Proo-fooding and doprivation-inducod fooding woro inhibited by pre- 
troataont with oithor naloxonaaino adalnlatorod 24 h prior to treat- 
aont or noloxono adainiatorod 15 ain prior to troataont, auggoeting 
au-1 racoptor aodiation of thaao offocta. On tho othor hand, gluco- 
privic fooding induced by adalniatratlon of 2-dooxy-D-glucooo waa 
blockod by naloxono but not by naloxonaaino, iaplying a non-au-1 
racoptor aodiation. Thoao roaulta indicate that tho hotorogonoity of 
opiate racoptor aodiation of opiate actiona oxtond to fooding 
bohavior.

Adainiotration of difforont opiate racoptor agoniata incraaaoa 
food intako with tho aagnltude and duration of oach roaponao depen­
dant upon tho agoniat oaployad. For lnatanca, ayataaic adainiatra- 
tion of aorphine lncroaooo food Intako in both non-doprivod and 
aildly-deprived (4-5 h) rata with tha lattar condition producing a 
aoro robuat feeding reeponee (Jalowiec ot al., 1981| Sangor ft 
HcCarthy, 1980, 1981). Thia affect ia doao-dapondant and reveraed by 
tha opiata antagoniet, naloxono (Sangor ft McCarthy, 1981). Syatoalc 
adalniatratlon of EKC and othor bonsoaorphan derivative! increaaea 
food intako in freely-feeding rata in a doao-dapondant and naloxone- 
reveraible Banner (Lowy ft Tla, 1983i Horlay ot al., 1982bi Sangor ft 
McCarthy, 1981). Incroaaod food intako in freely-foeding rata alao
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occurs following lntracorobrovonfcrlculor adalnietratlon of oithor 
dynorphin (Horlor * Lorino, 1981bi Horlay ot al., 1962a) or DAOL 
(HeLoon ft Hoobol, 19831 Tepperaan ft Hirot, 19831 Jockson ft Sowoll, 
1965) In dose-dependent ond neloxone-reversible Banners. Vhothor 
thoso dlfforont agonists set to indues fooding through o single, 
cosawn receptor aechanlsn Is not clear, although specifc receptor 
subtypes for tho aodiation of opioid-induced fooding (e.g. koppoi 
Horlor 6 Levine, 1963| Horlay, Levine, Cosnell, ft Blllington, 1984) 
have boon proposed.

Maloxonaslne was used to evaluate whether the au-1 opioid 
binding site asdietos feeding induced by aorphine, KKC, dynorphin end 
M O L  by deteraining whether protreetaent with this antagonist 24 h 
prior to each opiate troetaont would block the subsequent hyperphegic 
responses. Ths prsooncs or ebsonco of effects upon food intake would 
be interesting in light of the ability of tho au-1 antagonists 
naloxasone end naloxonasine e) to inhibit free-feeding end depriva­
tion-induced feeding, end b) to block supraspinal analgesia Induced 
by aorphine, kotocyclasocine and M O L  (Ling et el., 1983, 1984, 1985s 
Pasternak, 19801 Pasternak et el., 1980ai Zhang ft Pasternak, 1961b). 
The effects of naloxonasine upon agonist-induced food intako woo 
coapared with the known antagonistic offsets of noloxono protreetaent 
(5 ain) upon hyperphagia induced by aorphine (e.g. Sanger ft HcCerthy, 
1981), 8KC (Lowy ft Tia, 1983), dynorphin (Horley ft Levine, 1961bi 
Horlay et al., 1982a) end M D L  (Hcloen ft Hoebel, 1983| Tepperaan ft 
Hirst, 1983). If both naloxono and naloxonasine inhibit any of tho 
foras of opioid-induced feeding it would suggest that the au-1
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binding aitt ia involved in aach Mrkieular ajmtaa. In contreet, 
failura of naloxonaaino to affoct any of tho foraa of opioid-induced 
fooding would iaply a non-au-1 receptor aachaniaa in thaoa faoding 
aodala and diaooeiata opiata tngeative affacta froa opiata analgaaic 
affocta.

Tha aoeond oat of experiaenta coaparod tha affocta of chronic 
adainiatration of naloxono and naloxonaaino to pinpoint poaoibla au-1 
involvoaent in food intaka and body uoight aaintonanco. Aa 
aantionad proviouely, ropaatad adainiatration of opiato racoptor 
antagoniata hao yialdad equivocal raaulta. Vhila aeveral roporto 

indicata that chronic naloxono or naltroxona troataont docraaead food 
intako and body weight in rata (Branda ot al., 1979| Jalowioe ot al., 
1981| Harke-Kaufaan ot al., 1984) and pravantod tha occurrence of 
cafetoria-induced obaaity (Apfelbaua A Handenoff, 1981). other 
atudioo indicata that theee chronic ouppreoaivo affocta ware tranei- 
tory and raoultod in a fora of toloranco (Brando ot al., 1979* Olaon 
ot al.> 1985a). Tho aoeond aorioa of oxpariaanto oxaainod tha role 
of tho au-1 binding aita in tho maintenance of food intake and body 
weight by coopering tho affocta of daily intravonoue adainiatration 
of naloxono and naloxonaslno in three different typoa of faoding 
aodala. Pull-grown adult rata ware uood initially to dotoraino tha 
affocta of daily adainiatration of naloxono and naloxonaaino on body 
weight and food intako. Second) adoloecent, but aoxually-atature rata 
wore to dotoraino antagoniat affocta upon intake and weight during a 
phaeo of dynaaic growth. Third, in an effort to evaluate chronic 
antagoniata affocta upon oboeity, tho affocta of naloxonaaino and



naloxona war* m l u t i d  in adult rata aada obaaa bjr a 'cafatarla' 
diat and aalntainad on that diat during tooting.
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Senoral Method*

Subject*i Albino Sprague Dawloy sale rate (250-600g) were need In 
all experiaente. The aniaale were houeed individually in wire aeeh 
cagee on a 12 h light (0800)i 12h dark (2000) cycle at aabiant 
taaparaturae between 21 and 25°C. Purina Rodent Chow and tap water 
war* available ad libitua except where opecifically etatad in the 
protocol.

Lateral Ventricle Cannulationei Aniaale in Bxperiaente lc end Id 
received chlorprocMsin* MCI (3 ag/al noraal ealine/kg body weight, 
i.p.) 20 ain before anaethatisation with ketaalne MCI (100 ag/al 
noraal ealine/kg body weight, i.a.). On* eteinleee eteel 22 gauge 
guide cannula (Pleetie Producte) wee etereotexically (Ropf) aiaed eo 
that the tip wee poeitioned 0.3 aa above the left lateral ventricle. 
Kith the incieor har eat et +5 aa. the coordinate* were 0.5 aa 
anterior to tho bregaa euture. 1.3 aa lateral to the eagittal euturo 
and 3.6 aa froa the top of tho ekull. The cannula wee eocured to 
three eteinleee eteel anchor ecrewo with dental acrylic. All aniaale 
were allowed 10 daya to recover froa eurgery before toeting began. 
Intracerebroventricular infueione were aade et a rate of 1 ul every 
20 eec through a eteinleee eteel 28 gauge internal cannula (Plaetic 
Producte) which protruded 0.5 aa paet the tip of tho guide cannula.

Hietologyi Following experiMntal teeting, ell cannulatod rate were
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anesthetised with sodiua pentobarbital (100 n/2il noraal saline/kg 

body weight, i.p.) and porfusod through tranaeardiae puncture with
0.9* online followed by 10* buffered foraalin. Bach brain wae 
rosmved, blocked, eliced into 40 ua section*, aounted and etained 
with creayl violet for cell body visualisation. Coronal sections 
through the lateral ventricle were analysed for cannula placeaent. 
Only aniaale with cannula tips located in the lateral ventricle were 

included for data analysis.

Jugular Cathetarisationsi This procedure was used in all experiaente 
and was a Modification of a procedure initially developed by Veeke 

(1962). After anosthetisation with ketaalne HC1 (100 ag/al noraal 
saline/kg body weight, i.a.), a longitudinal Incision was aade over 
the right external Jugular vein. The vein wae then exposed (5-10 aa) 
by blunt dissection and connective tissue was reaoved. A etainless 
eteel epatula elevated the vein which was punctured with a 19 gauge 
needle. Vinyl intravenous tubing (BOLAB V-J, 20 aa) was thsn 

inserted and subsequently anchored to the vein with 4-0 suture and 
cyanoacrylate glue by a cuff (BOLAB V-5). A loop was aade in the 

reaainlng tubing which was placed in a pocket created by heaostatic 
forceps left of aidline. The distal end of the tubing was passed 
through the skin subcutansously to an incision previously aade on the 
dorsal surface of the neck. The tubing was anchored there with 2-0 
suture and cyanoacrylate glue by a second cuff (V-5). The catheter 
extended an inch past the skin and was filled with heparin (50 U/al 
noraal saline) to prevent blood clots within tho tubing. The end of
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the tubing m i  cloeed off by alitor a knot aedo In tha tubing or by a 
criaped 22 |iuia naadla depending upon whether tha oxperiaont 
required ona Injactlon or aMlfciplo 1nJoetIona. Vten tha anlaal 
racaivod an intravonoua injactlon, toparln (0.2 al) waa adainiatered 
initially to eloar tha lina and aubooquently to prevent further 
clotting.

Data Analyaloi Split plot analyaoa of variance woro performed to 
dotoraino tho proaanea of aitnifleant affocta or interactlone. Htora 
appropriate, Dunnott coapariaona woro uaed to dotoraino experiaontal 
dlffaroncoa froa control aoana. Dunn coapariaona woro uaed to 
dotoraino dlffaroncoa aaong oxperiaental croupe. Correlation 
coafficionta woro uaed to evaluate etongee in body woight and food 
intako for the chronic opiate antagonlat atudiaa (Kirk, 1960).



29

Ixporiaont li Naloxonasine and Naloxone If facta upon Opioid Agonist 
foodint.

Bxperiaent lai Horphina Protocol
Fourtaan catbatariaad rata (450-000 t> racoivad tha following 

four injaction conditional a) vehicle (1 al noratal aalino/kt body 
weight, a.c.), b) aorphine aulfata (Pannick Laboratories, 5 ag/al 
noraal aalino/kt body weight, a.c.), c) naloxono (Indo Laboratorioai 
10 ag/al noraal aalino/kt body weight, a.c.) pairod with aorphina, 
and d) naloxonaaino (10 ag/kg, i.v. adainiatorad in 5 ag/al noraal 
saline/0.28 glacial acatic acid) pairod with aorphina. Naloxonaaino 
waa provided by Dr. Paatarnak and waa adainiatorad 24 h prior to 
aorphina troataont to allow for tho dovelopaent of irreveraiblo 
binding to tho au-1 binding aita (Hahn, Carroll-Buatti, A Paatarnak, 
1982l Jotuieon 8 Paatarnak, 1984i Ling, Siaantov, Clark, A 
Paatarnak, 1986). Naloxonasine will roveraibly bind to aany claaaoa 
of opioid binding aitoa on a ahort-tara baala (Ling at al., 1986).
Tho 10 ag/kg doaa of naloxonasine was chosen becausei a) higher doses 
have siailar affacta on fooding (Siaona at al., 1985), b) this doaa 
produces aaxiaal inhibition of au-1 sites and aorphina analgaeia 
(Ling ot al., 1986). Tha 10 ag/kg doaa of naloxonasine doae-

and duration of action. In addition, higher doees of naloxonasine 
antagonise othor opioid binding sites besides au-1 (Ling at al.,
1986). Tho dosas and tiae interval (5 ain) of naloxono and aorphina
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treataonte wore choeen on the bull of previous reports (Jalowioe at 
al., 19011 Sangor 0 McCarthy, 1900). Kata woro aildly food and wator 
deprived for 5 h boforo and for 0.5 h following aorphine or vehicle 
adainiatration, a condition which alicita roliablo faoding rooponaaa 
for aorphina (Jalowioe at al., 1901). Pood and wator woro raturnad 
to tha cagoa and food intako waa aoasured over 4 h aftor adjuataanto 
for apillaga which waa aaaaurad by placing paper towela under each 
cage and collecting and weighing food particloa. All injection 
conditiona occurred 1-2 h into tho light cycle and waro oaparatod by 
a ainiaua of 3 daya.

In tha above protocol naloxono and naloxonaaino waro adainl- 
otorod by different routoo and at different tiaa intorvala. There­
for a, to inoura that any diffarancao between naloxono and naloxon­
asine roflactod thair receptor aeneitivitioo and not thoee other 
variables, an additional group of eight rata, watched for food intake 
following vehicle troataont, woro exposed to tho following injection 
conditional a) vehicle, b) aorphino (5 ag/kg, a.c.), c) naloxone (10 
ag/kg, i.v.) adainiatorad 24 h prior to aorphina, and d) naloxone 
adainiatorad 5 ain before aorphina. Identical deprivation and intake 
conditiona woro oaployed.

Ixporiaont lbi IRC Protocol
An additional group of 13 cathoterised rats roceivedi a) vehi­

cle, b) IRC (NIDAi 5 ag/al noraal oaline/kg body weight, a.c.), c) 
naloxone (10 ag/kg, a.c.) pairod with IRC, and d) naloxonasine (10 
ag/kg, i.v.) pairod with IRC. Again, a ainiaua of 3 daya elapsed



31

batman conditiona. Sinca pravloua roporta indicatad that IRC 
alicita a raliabla feeding raaponaa in aatad rata, injactiona m r a  
adainiatorad to freely-feeding rata 1-2 h into tha light cycle 

(Horlay ot al., 1982bi Sangor i HcCarthy, 1981). Pood intaka m a  
aaaaaaod 4 h lator. Raoulto of thia experiaont ahomd that naloxono 
at 10 ag/kg did not block IRC hyperphagia at 5 ag/kg thorafora an 
additional group of 19 aniaala racoivod identical troataonta oxcopt 
that tho IRC doao waa 2 ag/kg.

Ixperia»nt lei Dynorphin Protocol
An additional group of 12 cannulatod and cathatorixod rata 

racoivod at 3 day intarvaloi a) vehicle, b) dynorphin (Dynorphin A 
1-13, Poninaula Laboratories 10 ug/5 ul norml aalino, i.c.v), c) 
naloxono (10 ag/kg, a.c.) pairod with dynorphin, and d) naloxonaaino 
(10 ag/kg, i.v.) pairod with dynorphin. Tho dynorphin doao waa 
choeen becauaa pravloua reporto indicatad a raliabla feeding raaponaa 
in froely-foeding rata (Horlay A Levina, 1981b). Injactiona m r a  
aado 1 to 2 h into tha light cyclo and intako waa aaaaaaod 1 h lator 
(Horloy A Lovino, 1981b). Tha ahortor faoding interval waa baaod 
upon pravloua reporta and duo to tho aora rapid degradation 
proportion of tho ondogenoua opioid.

Ixporiaont ldi DADL Protocol
An additional group of 19 cannulatod and cathatorixod rata 

racoivod at 3 day intervals a) vehicle, b) DADL (Poninaula Labora-
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toriaai 10 ug/5 ul noraal aalina, i.c.v). c) naloxona (10 at/kii 

a.c.) pairad with DADL. and d) naloxonamina (10 ag/kg, i.v.) pairad 
with DADL. Thia DAOL doaa incraaaaa faadint in froaljr-faading rata 
(Tapparaan A Hirat, 1903). Again, injactiona wara nada 1-2 h into 
tha light cycla to froaljr-foading rata and intaka waa aaaaaaad 1 h 
latar.
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ftesulte

Morphine Hjrptrphuiti Morphine elicited a significant 25S lncreaae 
In food Intake aa coopered to vehicle treataent (Tabla 1). When tho 

rata wore pretreated with naloxone 5 Bin before aorphine. food Intake 
failed to differ (21S decraaaa) froa vehicle treataent, but waa 
significantly decreaaed by 37* relative to aorphine treataent alone, 
indicating that naloxona coaplataly alialnated aorphina-induced 
hyperphagla. In contraat, whan the rata were pretroated with 
naloxonaaine 24 h before aorphino, food intake waa eignifleantly 
incraaaad relative to either vehicle treataent (Sit ineraaaa) or 
aorphina treataent alone (24S ineraaaa), indicating a clear dissoci- 
ation between naloxona and naloxonasina pratraataanta.

Tabla 2 indicatee that theea dteeociationa between naloxone and 
naloxonasine protreetaent upon aorphine-induced hyperphagla were not 
due to differencea in either the route of adainiatration (a.c. vs
i.v.) or the tine interval (5 ain vs 24 h). Hhilo aorphine alone 
significantly increased Intako by 32* relative to vehicle treataent, 
intravenous protreataent with naloxono 5 ain prior to aorphino 
induced food intake which failed to differ froa vehicle treataent 
<27* decrease), but which was significantly reduced (45* decrease) 
relative to aorphine treataent alone. Thus, both intravenous and 
subcutaneous naloxone protreataent 5 ain prior to aorphino ellainated 
aorphine hyperphagla, an effect expected of ite abort duration of 
action. In contraat, intravenous protreataent with naloxone 24 h 
prior to aorphine failed to affect the letter's hyperphagic proper-
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TABLI 1. Differential elterationa In aorphino-induced lncreaeee In
atfood Intake by naloxone and naloxonaslne pretreetaent.

Condition Food Intake (glSKH)

Vehicle 6.35 (0.60)
Morphine (5 ag/kg, e.c.) 7.96 (0.76)*
Naloxone (10 ag/kg, e.c.)/Morphine (5 ag/kg, t.c.) 5.03 (0.52)4
Meloxonaxlne (10 ag/kg, I.e.)/Morphine (5 ag/kg, e.c.) 9.90 (0.61)*+

^  Significant dlfferancae were obeereed aaong the four condltlone 
(F(3,3B)-13.92, P<.001).
* Significantly greater than vehlcla (Dunnett coaparieon, F<.05) 
4 Significantly different froa aorphine alone (Dunn coaparieone, 
P<.05).
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TABLI 2. Ability of ehort-tern, but not iont-torn naloxone 
pretreataent to altor norphina-induead incraaaaa in food intako.

Condition Pood Intaka (giSBH)

Vehicle 4.16 (0.93)
Morphine (5 ag/kg. a.e.) 5.53 (0.73)*
Naloxone (10 ag/kg. i.v.)-5 ain-Horphine 3.04 (0.28)+

Naloxone (10 ag/kg, i.v.)-24 h-Horphina 5.84 (0.62)*

Jt Significant diffarancaa were obeerved anong tha four conditiona
(P(3,21)*4.91, P<.01).
* Significantly graatar than vehicle (Dunnett coaparieon, P<.05)
♦ Significantly different froa aorphine alona (Dunn coaparieona, 

P<.05).
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tiea (40* incraaaa n U t t n  to vihielii 6S increase relative to 
aorphlne alone).

BKC Hyperphagiai BKC significantly increased food intake in freely- 
feeding rata over vehicle levels following adaiiniatration of tha 2 
ai/k| <51* ineraaaa) and 5 mg/kg (47* incraaaa) doaaa (Tabla 3). 
Following naloxona pratraatawnt, tha 2 ag/kg doaa of BKC induead food 
intako which failad to differ froa vehicle valuee (3* incraaaa) but 
waa significantly raducad (32*) relative to IRC alono. Thia pattarn 
waa altarad aarkadljr by incroaaing tha BKC doaa. Naloxona pretreat- 
aant 5 ain prior to a S ag/kg doaa of BKC olidtod food intaka which 
failed to diffar (5* docraaaa) froa BKC alona, but which waa aignifi­
cantly incraaaad by 40* abova vehicle valuee. Thua, naloxona ravar- 
aal of BKC hyperphagia waa dependant upon tha BKC doaa eaployed. 
Pairing of naloxonaxine and BKC produced a different pattarn in that 
thia condition olicitod food intako which failed to differ froa BKC 
alona (2 ag/kgi 3* docraaaat 5 ag/kgi 13* incraaaa) and which waa 
aignificantly incraaaad over vehicle valuea at both tha 2 M/kg (47* 
Incraaaa) and tha 5 ag/kg (66* incraaaa) BKC doaoo. Hence while 
naloxona could oliainato BKC hyperphagia at the lower, but not tha 
higher BKC doaaa, naloxonaxine failed to affect either condition.

Dynorphin Hyperphagiai Dynorphin aignificantly incraaaad food intake 
by 122* in frooly-feoding rata ralativa to vehicle valuaa (Tabla 4). 
Food intake following naloxona paired with dynorphin failad to differ
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TABLI 3. Differential elteretione in IKC-lnduced increeeee in food
Mintake bjr naloxone and naloxonasine pretreataent.

Condition Pood Intake (gi BIN)

BKC (2 ag/kg) BKC (5 ag/kg)
Vehicle 3.85 (0.43) 3.64 (0.37)
BKC 5.82 (0.63)* 5.35 (0.50)*
Naloxone (10 ag/kg)/KKC 3.98 (0.50)+ 5.08 (0.79)*
Naloxonaxine (10 ag/kg)/BKC 5.65 (0.53)* 6.03 (0.67)*

^  Significant dlfferencee were obeerved aaong the four eondltiona in 
both the 2 n*/k# (P(3,36)-4.47, P<.001) and the 5 ng/k* (F(3,54)-6.26, 
P<.001) troupe.
* Significantly greater than vehicle (Dunnett coaparieon, P<.05)
♦ Significantly leee then BKC alone (Dunn coaparieon, P<.05).
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TABLI 4. Differential alteration* in dynorphin-inducad incraaeae in
Afood intako by naloxona and naloxonasino pretraateont.

Condition Pood Intaka (giSIH)

Vehicle 0.65 (0.27)
Dynorphin (10 ug, i.c.v.) 1.44 (0.42)*
Naloxona (10 ng/kg, e.c.)/Dynorphin (10 ug, i.c.v.) 0.26 (0.17)4
Naloxonaxine (10 ng/kg, l.v.)/Dynorphin (10 ug, i.c.v.) 1.36 (0.35)*

*  Significant diffaroncea were obaorved aeong tha four condltiona
(P(3,33)-3.46, <.027).
* Significantly greator than vehicle (Dunnett coepariaon, P<.05)
+ Significantly loaa than dynorphin alona (Dunn coapariaona, P<.05).
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froa vehicle levele but woo eignifieantly lowor than dynorphin alono. 
In contract, food intako following naloxonasino pairad with dynorphin 

failod to diffor froa dynorphin alona, and waa aignificantly 
incraaaad ralativa to vohiclo valuoa.

DADL Hyporphagiai MO L  adalniatration roaultod in a aignificant 236* 
lncroaao In food Intako in fraoly-foodlng rata ralativa to vahlclo 
valuoa (Tabla 5). Pood intako following naloxona pairod with DADL 
failad to diffor froa vohiclo lovola but waa aignificantly lowor than 
DADL alono. In contraet, food intako following naloxonasino pairod 
with DADL failod to diffor froa DADL alono, and waa aignificantly 
incraaaad ralativa to vohiclo valuoa.

Tabla i ia a coapilation of tho food intako undor all drug 
conditiona included for tho aaka of clarity. Since there wore 
conditiono of food deprivation and free-fooding It ia difficult to 
coo»are acrooa drug groupa yot it ia evident that while naloxona 
blocked opiate-induced feeding in tho norphina, KKC (2 ag/kg), 
dynorphin and DADL conditiona, naloxonasino had no offact in any of 
tha groupa.
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TABLI 5. Differential elteretione in DADL-Induced increeeee in feed
*intake by naloxone end naloxonazine pretreetnent.

Condition Pood Inteke (si Bill)

Vehicle 0.53 (0.19)
DADL (10 ug, i.c.v.) 1.79 (0.35)*
Naloxone (10 ag/kg, e.c.)/DADL (10 ug, i.c.v.) 0.65 (0.00)4
Neloxonesine (10 ag/kg, i.v.)/DADL (10 ug, i.c.v.) 2.05 (0.31)*

*  Sifniflcent differencee were obeerved aaong the four conditiona 
(P(3,54)-10.23. P<.0001).
* Significantly greater than vehicle (Dunnett coaparieon, P<.05)
* Significantly laea than DADL alone (Dunn coaparieone, P<.05).
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TABLI 6. Ceaptrlion of tha alteration* in ■orphine, BKC, dynorphin 
and DADL-inducad incraaaa* in food intak* by naloxona and naloxonasina 
pratraatnant.

Condition Pood Intako (si SBH)
Horphina* BKC (2)* BKC <5)+ Dynorphln++ DADL++

Vahicla 6.35 3.85 3.64 0.65 0.53
Drup alona 7.96 5.82 5.35 1.44 1.79
Dru* plu* naloxona 5.03 3.98 5.08 0.28 0.65
Drug plu* naloxonasina 9.90 5.65 6.03 1.36 2.05

* Baaad on 4 h intake after nild food deprivation.
♦ Baaad on 4 h intako in frooly-fcoding rat*.
++ Baaod on 1 h intak* in fraoly-fcoding rat*.
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Bxperiaont 2i Chronic Oplofco Antagoniot If facta Upon Body tfelght 
Haintananca and Pood Intako.

Kxporioant 2ai Adult Protocol

TWonty-oevon adult rata (4S0-650g) received axtarnal Jugular 
cathotora and were allowed two dajra following recovery froa aurgory. 
Tha rata waro divided into throe matched groupa baaad upon thoir body 
woighta following throe daya of vohiclo injoctiona (2 al noraal 
aalina/kg body weight, i.v.) 4-5 h into tho light cycle. Following 
eatabliahaant of thaaa baaalino conditiona, oinglo, daily intravonoua 
injoctiona of oither vohiclo (6roup 1, n>ll), naloxona (10 ag/2 al 
noraal oallno/kg body weight, Bndo Laboratorieei Oroup 2, n«8) or 
naloxonasino (10 ag/2 al noraal aaline with 0.2S acotic acid, Oroup 
3, n-8) woro adainlotorod daily over 14 daya at 4-5 h into tho light 
cyclo. Body wolght and food intako waro rocordod ovary day for oach 
aniaal including adjuataanta for opillago. Any aniaala in tho 
oxpariaantal groupa that dovolopad catheter leake were oxcluded froa 
data analyaiai thia accounta for tha unequal aaaploa in thia and 
aubeequont groupa. After tho laet injection, rocovory body weight 
waa recorded for oach aniaal at weekly intervale for throe woeke.

Bxperiaont 2bt Adoloacont Protocol
Adoloacont though aexually-aature rata (60 daya of ago,

250-425g) were ooployed to aoaooa naloxona and naloxonasino offacta 
on body weight gain and food intake in rata that wore experiencing
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tfynaalc growth. Koch rot received external Jugular cothotoro ond 
woro allowed two days to recover froa ourgergy. Koch rot received 
throo doyo of vohiclo injoctiona (2 al aoraol oolino/kg body woight, 

i.v.) 4-5 h into tho light cycle, ond woro rondoaly oooignod to throo 
groupe hoood on body woight. Single, doily lntrovonouo injoctiona of 
aithor vohiclo (Group 1, n*13), naloxone (droop 2, n*S| 10 ag/2 al 
noraal oolino/kg hody woight) or naloxonaaino (Group 3, n«7| 10 ag/2 
al noraal oolino with 0.2S oeotic ocid) woro odainiotorod doily ovor 
14 doyo. Body woight ond food intoko woro rocordod ovory doy 
including adjuotaonto for oplllago. Rocovory of body woight woo 
rocordod for oach aniaal for throo wooko aftor tho loot injection.

Kxporiaont 2ci Oiotary Ohoolty Protocol
Adult roto (90 doyo, 275-490g) woro oxpoood to o cofotoria diot 

to ovaluoto naloxone ond naloxonasina offocto on diotory ohoolty.

Roto aotchod for body woight woro aaintoinod oa oithor a control diot 
(Purina Rodont Chow and top wotor od libituai n»4) or a "cofotoria” 
diot (n»27). Tho cofotoria diot eonoiotod of laboratory chow (3.A 
kcal/gi 25.7* protoin, 11.7* fot, 62.AS corbohydratoo), fot (67S 
ground lob chow pluo 33S vogotoblo ohortaningi 5.5 kcol/gi 11.3S 
protoin, A1.3S fat, 27.5S corbohydratoo), Bilk oolutlon (41S ovoporo- 
tod ailk pluo 59S tap wotor pluo 19S ougori 1.3 kcol/gt 9.IS protoin, 
23.4S fat, A7.4S corbohydratoo), chocoloto-chip cookloo (Bunohinoi 
4.8 kcol/gi 4.8S protoin, 40.4S fot, 54.AS corbohydratoo) ond top 
wotor od llbitua (Sclafoni, Arovich, A Londaon, 1981). All 
eonotitoonto woro replaced freeh doily. All roto woro weighed
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woakly, until tha cafataria rata (naan ■ 407g) walghad an avaraga af 
100 g aara than tha contral rata (naan ■ S06g) aftar alx waaka. Vhan 
thia erltarion waa raaehod, all rata racolvod oxtarnal Jugular 

cathatara. Aftar two daya of aurgleal racovary, all rata rocoivad 
dally injactlona of aalino vohiclo for thraa daya. Tha cafataria- 
traatad anluala wara than dlvldad Into thraa groupoi vahlcla (n>13), 
naloxona (n»9), or naloxonasina (n*5). Tha control group and thraa 
cafataria groupa racaivad tbalr roapactlvo Injactlona dally orar a 8 
day pariod whila balng nalntalnad on tholr raapactlvo dlota. Body 
woight of all rata aa wall aa awoatanad uilk conauaptlon of tho 
cafataria rata wara rocordod daily.



Beeulte

Adult Protocoli Body woight In adult rata changed aignificantly 
acrooa tha lnjaction tlaa courao (F(16,384)*ll.26, P<.001) (Pleura 
1). Thoro waa alao an intaraction botwaan groupa and tha tlna couraa 
(F(32,384)-2.96, P<.001). Bata traatad with vehicle Injactlona 
failad to dlaplay aignlflcant changoa In body woight acroaa tha 
Injection tlaa courao ralativa to tholr baoallna valuoa. Zn con­
tract, rata traatad with olthor naloxona or naloxonaalna dlaplayod 
aignlflcant raductlona In body woight ovar tho lnjaction tlna courao 
ralativa to both rata traatad with vohiclo and tholr raapactlvo 
baoallna valuaa (Dunnott coaparieon, P<.05). A aignlflcant loaa of 
body woight waa oboorvod In both naloxona-troatod and naloxonastne- 
troatad anlaala by tho oacond day of oxparlaontal troataant and 
paralatod acroaa tho ontiro axporiaontal tlaa courao, oxcopt on tho 
fifth day of troataant in tho naloxona-troatod group. Tho woight 
loaa in both oxparlaontal groupa appaarad to bo gradual and parallol. 
By tho and of oxparlaontal troataant naloxona aignificantly roducod 
body woight by 28 g or 5S while naloxonasina roducod body woight by 
36 g or 7>. Naloxonasina'a offact upon adult body weight waa aigni­
ficantly groator than that of naloxona only on tho tenth day of 
oxparlaontal troataant (Dunn coaparioona, P<.05). Tho looooa In body 
weight wore recovered to vehicle valuoa within throe waaka aftar 
coaaatlon of antagoniot troataanto. Figure 2 portraya body wetghte
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Piiuri 1. Alterations in body weight (|) following chronic treatment 
with aithar vohiclo, naloxona or naloxonasino over o 14-day injection 

retiaon in edult roto (B1 - base11not 4 aignificantly leas than 
vehicla (Dunnett coaparieon, F<.05)i * significantly loaa than 
naloxone (Dunn coaparieon, P<.05)).
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Figure 2. Alterations in body might (|) following chronic troataant 
with oithor vohiclo, naloxona or naloxonasina evor a 8-day injection 
rogiaen in adult rata (81 - baeelinei 4 aignificantly loaa than 
vohiclo (Dunnett coaparlson, P<.05)| * aignificantly laoo than 
naloxona (Dunn coapariaon, P<.05>).
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for adult aniaala aftar eight dajra of troataant for tho eake of 
clarity and In ordor to bo ablo to coapare it aoro eaeily with body 
weighte of dietary obaao aniaala which received troataant for only 0 
daya (too Figure 9). Sinco tha baoallna body woighta of tha adult 
aniaala woro alightly. though not otatiatieally difforant, dlffaranco 
acoroa woro calculatad. Figuro 5 doplcta body weight dlffaranco 
acoraa of tho adult aniaala. Tho dlffaranco acora ia tho 
experiaental day body weight ainua the baoallna body weight. Body 
weight difference acoroa waa oignfleantly reduced aaong groupa 
(F(2'24)b4.89)'F<.01)' acroaa tho injection tiae courao 
(F(13(312)*6.18. P<.001) and for tho interaction between groupa and 
tho tlaa courao (F(26.312)a2.55. P<.001).

Food intako waa aignificantly roducod aaong groupa 
(F(2,24)a7.41. P<.003) and thoro waa a aignlflcant intaraction 
between groupa and tho injection tiaa courao (F(32.384)al.81. P<.005) 
(Figure 4). Rate treated with vehicle injactlona failad to diaplay 
aignlflcant changea in food Intake acroaa tha injection tiao courao 
relative to their baaeline valuoa. In contract. both naloxona- 
troatod and naloxonaalne-troatad rata dieplayed aignlflcant reduc- 
tlona in food intake over tha injection tiaa courao relative to both 
vehicle-treated rata and thoir raapactlvo baaeline valuoa (Dunnett 
coaparioona. P<.05). Naloxone treataent aignificantly reduced intake 
after the aecond, tenth, eleventh and fourteenth injoctiona. 
Maloxonaaine troataant aignificantly reduced Intake after tha
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Fituro S. Bod? weight difforenca scores (*) following chronic 
treatawnt with oithor vehicle, naloxone or naloxonasino ovar a 14-day 
injection rogiaen in adult rats (>1 - haoolinoi ♦ oicnificantly loss 
than vshiclo (Dunnatt coaparioon, P<.05)
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Figure 4. Alterationo in feed intake (|) following chronic treataent 
with either vohiclo, naloxone or naloxonasino over a 14-day injection 
regiaen in adult rata (B1 - baaelinei ♦ aignificantly laaa than 
vohiclo (Ounnott coaparieon, P<.05)>.
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eoeond. fourth, and fifth Injactlona aa wall aa tha tanth through 
fourtaanth injoctiona. Ovor tho oxparlaontal tiao courao. naloxona 
troataant aignfieantly roducod food intako by 4S (0.7 g/day) relative 
to haaolino valuoa and by 1 M  (5 g/day) relative to correoponding 
vehicle valuoa. Raloxonaaino troataant aignificantly roducod food 
Intako by 10k (2g/day) ralativa to haaolino valuoa. and by 22k (5.3 
g/day) ralativa to correoponding vohiclo valuoa. Although 
naloxonasino appoarod to produco groatar roduetiona in food intake 
than naloxona. tho intako of oach group failad to diffor 
aignificantly froo oach othor ovor tho oxporinontal tino courao (Dunn 
cooparioona, P<.05).

Tho rolatlonehip botwoon drug-inducod changoa in body woight and 
drug-inducad changoa in food intako waa than aaooaood by calculating 
correlation eo-officienta. Aa oxpoctod, body woight and food Intako 
changoa woro not rolatod In vehicle-treated rata (r(12)a.001). 
However, woight loaa and food intako roduetiona woro aignificantly 
rolatod in naloxona-troatod rata (r(12)«.749, P<.01) and accountad 

for 5tt of tho varianco. Haight loaa and food intako roduetiona 
approached eignifieance in naloxonaaino-traatad rata (r(12)a.523. 
P<.06), and accounted for 23k of tho varianco.

Adoloacont Protocoli Figure 5 illuatratoo tho aignlflcant 
retardation of body woight gain in adoloacont rata obeorved aaong 
groupa (F(2,22)a4.18. P<.029), acroaa tho injection tiao courao 
(F(14, 306)a43.26, P<.001) and for tho intoractlon botwoon groupa and
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Piguro S. Alterations In body weight (g) following chronic treetaont 
with either vehicle, naloxone or neloxonesine over a 14-day injection 
reginen in adoleecent rate (B1 - baseline! + significantly less than 
vehicle (Dunnett congerieon, P<.05)| * significantly lass than 
naloxona (Dunn coaparieon, P<.05)>.
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tha t1m  course (f(28,306)-3.55,P<.001). Vehicle-treated adolescent 

rata displayed tha expected aitnifieant lneraaaaa in body woitht 
ralativa ta thair baaalina valuaa acroaa tha lnjaction tiao couraa 

with aitnifieant offacta eaortint aftar tho third lnjaction day 
(Dunnatt cooper1eons, P<.05). Naloxone-treated rata alae diaplayad 
aitnifieant lneraaaaa in body woitht rolatlvo to thair baaalina 
valuoa acroaa tho injoction tlna courao, but aitnifieant offacta only 
eaorted aftar tho fifth day of experlaont troataant. Naloxonasine- 
troatod rata diaplayad aitnifieant lneraaaaa in hody woifht rolatlvo 
to thair baaalina valuoa acroaa tha lnjaction tiao couraa with 
aitnifieant offacto oaartint on tha aocond day. Tho woitht tain 
obaorvod in naloxona-troatod and naloxonasine-treated rata acroaa tha 
rotioan diffarad froa tho woitht tain obaorvod with vahicla-traatod 
rata. Body woitht tain waa aitnlftcantly rotardod ralativa to 
vohiclo troataant in naloxona-troatod rata aftar tho third lnjaction 
day and paraiatod acroaa tho tiae courao of troataant. Valtht tain 
in naloxonacina-traatad rata waa aitnlficantly rotardod aftar tho 
aacond lnjaction and paraiatod acroaa tha tiao couraa (Dunnatt 
coaparioono, P<.05). Tha woitht tain for vohiclo-troatod rata 
totalled M  t (4.7 t/day tain) ovor tho 14-day retiaon. Naloxona 
aitnlficantly aupproaoad body woitht tain to 44 t (3.1 t/day tain) 
ovor tho 14-day rotiaon, a 33* reduction rolatlvo to vohiclo 
troataant. Naloxonasina aitnlficantly suppressed body woitht tain to 
31 t (2.2 t/day tain) ovor tho 14-day rotiaon, a S3* reduction 
ralativa to vohiclo troataant. Tho retardation in body woitht tain 
woitht tain was aitnlficantly aore pronounced in naloxonasina-troatod
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rati raUtiva to naloxone-treated rat* aft*r the tanth injection 
(Dunn eoaparlsone. P<.05). Tha retardations In body weight tain 
produced by both antagonist* nor* recovered to vehicle velees within 
throo M*ok* of antagonist traatxent. Figure 6  portrays body wolghts 
for adoloaeont aninala aftar sight days of traatnont, again, for tha 
aaka of clarity and in ordsr to bo abls to eoapar* it nor* oasily 
with body weights of dietary obese aninala which received troataont 
for only 8  daya (sea Pigur* 9). Tha basalins body weights of the 
adolescent aninala ware alao slightly, though not statistically 
diffsrant. so difference scoroa wars calculated. Pigure 7 depicts 
body weight difference scores of tha adoloaeont aninala. Difforonca 
scoras wars significantly diffsrant anong groups (P(2.22)«7.02. 
Pi.OOS). across tha injection tins course (F(13»286)>39.64, P<.001) 
and for the interaction between groups and tha tins course 
(F(26.206)-2.32, P<.001).

Pigurs 9 illustrates tha significant reduction in food intake 
observed anong groups (P(2.22)«9.0O, P<.001) and for the interaction 
between groups and tha injoction tine course (P(20,3O0)b 1.50. 
P<.035). Vehicle-treated rats failed to display significant changes 
in food intaks over ths 14-day reginen. but Increased intake by 14S 
(3.6 g/day) relative to bassline values. This parallels the 
increased weight gain exhibited by the** vehicle-treated rats. In 
contrast, naloxone-treated rats exhibited significant decreases in 
food intake ralativs to vohlclo-trsatsd rats after ths sixth through
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Fipuro 6 . Altaration* In body wolyht (*) following chronic troataont 
with oithor vahiela, nalosona or naloxonasina ovor • M a y  injection 
ragiaon in adoloaeont rata (B1 - baaolinai ♦ aignlficantly loaa than 
vahicla (Ounnatt coapariaon, P<.05)| * aignificantly laao than 
naloxono (Dunn coapariaon, F<.05)>.
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Figure 7. Body weight difference acorea (*) following chronic 
trootMnt with oithor vohiclo, noloxono or naloxonaaine over • 14-day 
injection roglaon in adoloaeont rata (B1 - baeelinoi ♦ eignificantly 
laoo than vehicle (Ounnott coeparieon, F<.05)
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Figure 8 . Alteration* in food intak* (|) following chronic treataent 
with aithar vehicle, naloxone or naloxonaaine over a 14-dar regiaen 
in adolaacant rata (81 - haaallnai ♦ eignificantljr laaa than vehicle 
(Dunnett coapariaon, P<.05)>.
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eighth and tha tenth through fourtaanfch injaetlona (Dunnott 
c w piriMM, P<.05). Naloxone treataent failad fco altar intaka 
relative to correeponding baaalina valvai (99* of baeelino), bat 
raducad intaka ralativa to correeponding vahicla valuaa bjr 14*. 
Naloxonaalno had an avan vraatar affact on food intaka. Naloxon- 
aalne-troated rata exhibited oignificant dacraaaaa in food intako 
ralativa to vohiclo-troatod rata aeroaa tha antira 14-day regiaon 
(Dunnatt coaparieona, P<.05). Naloxonaalno traatnont reduced intaka 
ralativa to both baaolino valuoo (9* docraaao) and eorreoponding 
vahicla valuaa (20* dacraaaa). Although tbo roduction in food intaka 
waa graatar in naloxonasina-traatad than naloxone-treated rata, tha 
two groupa failad to diffor aignificantly froa oach othor aeroaa tha 
injoction tina couraa.

Corrolationa batwaan daily cbangaa in body weight and food 
intako indicated that thoaa variablaa waro not aignificantly rolatad 
in oithar vehicle-treated adolaacant rata (r(12)«-.224) or 
naloxone-troated adoloaeont rata (r(12)«.338). In contraat, 
retardation in body weight and food intako raductiona wore 
aignifIcantly rolatad in naloxonaaine-treated rata (r(12)".636.
P<.02) and accountod for 40* of tbo variance.

Dietary Oboaity Protocoli Naloxone and naloxonamino failed to altar 
body weight in diotary-obaao rata (Figure 9). Although aignfleant 
difforoncaa in body weight wore obaervod anong tha control and all 
thrao dietary oboao groupa (F(3,29)a6.00( P<.003), body weight 
changee failed to occur aeroaa the tine couraa (F(8,232)*0.1S) or for



Figure 9. Failure of chronic treataent with olthor naloxone or 
naloxonaalno to elter body weight (9 ) of dietary-oheee rete ever 
8-day retlean.
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tha interaction between groupa and tha tftaa couraa (P(24,232)>0.66). 
Tha three dietary-obeee groupa ware aignificantly heavier than tha 
diet control ro<v *t tha onaat of taating (Dunnatt coagarlaona, 
P<.05), and thia relationahip peraiatad aeroaa tha 8-day regiaen. 
Neither tha naloxone-treated, naloxonazine-treated nor tha two 

vohiclo-troatod grouga dieplayed any changaa in body weight ralativa 
to baeoline valuaa aeroaa tha 6-day regiaen (Dunnatt coagariaona, 
P>.05). Thia failure of naloxone and naloxonasine to affoct body 
weight in dietary-obeoo rata waa accoaganiad by a correeponding 
failure of either antagoniat to affoct aean conauagtion of the 
ewoetened condonaod allk.
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Discussion

Confiraing previous roporfco tha opioid rocoptor agonists 
aorphina, BKC, dynorphin and DADL oach produced hyperphagia in rata 
under a variety of axparinantal conditions (Morloy st al., 1903).
The opiato agonist studios wore undertaken to detoraina whether 
opiate-induced feeding was nodulated through the au-1 binding site. 
Oach typo of hyporphagia was blocked by the general short-acting 
opiato antagonist, naloxone but not by ths specific irreversible au-1 
antagonist naloxonaslne. Previous studies have shown that aorphina, 
KKC, and OAOL oach produce supraspinal analgesia which can be blocked 
by naloxamone or naloxonaslne thereby iaplicating the au-1 binding 
site in opiate aedlated analgesia (Pasternak, 1980i Pasternak at al., 
1900bi Zhang A Pasternak, 1901b). Previous studies have also iaplied 
a role for the au-1 binding site in feeding behavior. Both naloxone 
and naloxonaslne inhibit free-feeding and deprivation-induced feeding 
in rats (Siaona at al., 1905). Tha results of ths opiato agonist 
studios presented here wore unexpected in light of these previous 
reports. Naloxonaslne failed to affect the hyperphagic actions of 
aorphina, BKC, dynorphin and OAOL suggesting that opiate-induced 
feeding is not aedlated through the au-1 receptor.

The chronic opiato antagonist studios wore undertaken to 
doteraine the involvoaont of the au-1 binding site in body weight 
aaintenance and chronic food intako in three different feeding 
aodelsi the adult rat, tha adoloaeont rat in a stage of dynaaie
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growth and tha rat aade obaaa by exposure to a 'cafeteria' dlat. 
Chronic treataent with aithar tha non-seloctivo opiato antagonist 
naloxone or tha au-1 selective antagonist naloxonaslne produced 
aignificant raductlons in body weight and food intako in adult rats 
and significant ratardationa in body weight gain and food intako in 
adoloaeont rata, deaonstrating au-1 aadiation of those effects. In 
light of previous reports showing that naloxona aithar failed to 
produce long-tsra affects on body weight or food intako (Pronk i 
Rosen, 1979| Pfeiffer, Nlkolarakls, A Pfsiffor, 1984) or transiently 
dacrsasod intako and than was subject to tolerance (Brands at al., 
1979| Olson ot al., 1985ai Ostrowskl at al., 1981I Shlaoaura at al.,
1982), naloxono's long-torn offsets on body weight and food intako in 
both feeding aodole in ths prosont study wore unexpected. Also 
unexpectedly, chronic treataent with either naloxona or naloxonasino 
failed to altar body weight and food intako in rats aado obese and 
subsequently aaintained on a cafetoria diet.

The following throe eoctions will discuss in dotail ths 
rslationship of those findings to previous reports and tha iaplica- 
tions of the results in toras of physiological aschanisao and 
clinical rolovanco.

1. The Hu-1 Rocoptor and Opioid-induced Feeding.
Tha opiato agonist studios continued previous reports that food 

intake could bo stiaulatsd following adainistration of putative 
agonists of the au (Jalowiac ot al., 1981l Sangor A McCarthy, 1980), 
kappa (Horloy t Levina, 1981bl Horley at al., 1982a,hi HcLean A
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Hotbtl, 1983) and delta (Tepperaan I Hirst, 1983) opioid rocoptor 
subtypes. Vhon aorphlne was adainistered to aildly food-deprived 
rata, it otiaulatad foodint by 25-321 over a 4 h ported aa eoaparad 
to vohiclo injectIona. Aa expected froa provioua atudioa (o.|M  

Benper 8 McCarthy. 1981). naloxona coaplotoly blocked the byperphapic 
affect of awrphino, roducinp intako to within vohiclo lovola. If the 
au-1 rocoptor waa involved in the aodiation of thia auppoaed au- 

aoloctivo effect, naloxonaalno would alao bo expected to reduce or 
oliainato aorphino hyporphapia. In fact, naloxonaslne failed to 
roduco aorphino hyporphapia but rather potentiated thia affect under 
the doao and experiaontal condltiona aaployod. Pasternak and 
eolloapuoa have provided aany instances in which a physiolopical, 
pharaacolopical or behavioral affect of aorphino has boon shown to bo 
aadiatod by the hiph-afflnity au-1 bindinp site. The au-1 selective 

antaponiots. naloxasone and its -asine derivative, naloxonaalno. 
block ouch aorphino effects as supraspinal analpoaia. catalepsy, 
prolactin ralaaao, hypothorala and acetylcholine turnover (Pasternak 
8 Vood, 1986). In contract, neither au-1 antaponiat altars such 
awrphine affects as spinal analpesia, prowth horaona release rolaasa, 
respiratory doproosion, sedation, bradycardia, lethality, dopaaine 
turnover, ondotoxlc shock and soaa sipna of physical dependence.
Lika tha latter proup of effects, it would appear that tha otiaula- 
tory affects of aorphino upon food intako is aedlated by either the 
low-affinlty au-2 bindinp site or another opioid rocoptor subtype 
(kappa, dolta or sipaw).

Indeed, Norley and co-workers (Norley ot al., 1984) have hypo-
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tlMilitd that eantral ktpH opiate racaptora nay ha aadiatlng apield- 
lnduead feeding. Tha raaulta af tha praeant atadtaa ueing BKC and 
dynerphin, bath putative happa racaptar agonists, appaar te provide 
further auppart far thia hypotheaie. Bath BKC (47-51S ftneraaaaa) and 
djmorphin (122* lncraaaa) adainiatarad te freeljr-feedlng rata 
praducad an even greater hjrperphaglc affect than anrphina. affacte 
which agree with previoueljr-reported atudlaa (Harley at al., 1982bi 
Horley I Levine, 1981b). Tha nen-aalactlva antagonlet, naloxona 
eoaplataly blacked tha hjrperphaglc affect af BKC at tha 2 ag/kg daaa 
bat failed ta altar It at tha 5 ag/kg daaa. If ana aeeuaea that tha 
pharaaceleglcal effecte af BKC and aerphlne are at tha kappa and au 
receptore, reepectively, tha ability af nalexana te differentially 
affact hjrparphagia induced by theee aganiata at Mulaelar (S ag/kg) 
deeee la predictable ainca nalexana haa bean ahewn ta ha laaa patent 
at tha kappa racaptar than at tha au racaptar (Harley at al.( 1984). 
Haloxonaxine, an tha ether hand, failed ta affact BKC-Induced hjrpar­
phagia at aithar af tha 2 ag/kg and 5 ag/kg daaaa, again indicating 
that tha au-1 binding aita appaara net ta he invelved in thia 
raapanaa. Tha raaulta af tha djmerphln axpariaant ware vary aiailart 
lntracarabravantricular adainiatratian ta freely-feeding rata atiau- 
latad feed intake which waa ceapletely bleckad by nalexana, but net 
by nalexenaxine. Theae raaulta land auppart te tha hjrpetheeie that 
djmerphln ia tha endogeneua ligand aadlating apiaid invelveaent in 
noraal feeding bahaviar and that tha kappa racaptar nay ha tha aita 
af actien. Unfertunately, tha anly way that ralativa kappa invelve- 
awnt in tha apiaid awdulatian of food intaka can be taatad ia through
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comparison of tbs ralativa potancias of kappa and othor opioid 

agonists (sos reviewsi Coopar ot al., 1985| Horley ot al., 1983, 
1985). Tbo roason for tbis is tbat tboro aro few oaloctivs kappa 
antagonists. For instance, HR 2266, a proposed kappa antagonist, 
displays sons degree of cross-reactivity with mi binding sites. It 
should bo noted however tbat tbo nu-1 site and tbo kappa sites dis­
play little cross-reactivity in binding studios (Pasternak, personal 
coununlcation). As with norphino, IRC actions can bo divided into 
aediation by nu-1 sites and non-ou-1 sites. Pasternak (1980) 
previously dsswnstratsd tbat tbs analgesic actions of systsnic IRC, 
like norphino was blocksd by tbs nu-1 antagonist, naloxasonsi tbs 
prsssnt study found tbat systsnic IRC byporpbagia, liks norphino 
byporpbagia was unaffsctsd by nu-1 antagonism. Tbs byporphagic 
affect of dynorphin is also non-nu-1 aedlated. Although any au-1 
aodiation of dynorphin analgesia has not boon evaluated, it is 
interesting to note tbat tbis fora of analgesia is aost consistently 
elicited following direct spinal adainistratlon (Goldstein at al., 
1979) and not supraspinally. Zn contrast, tbs nu-1 sits nedlatss 
supraspinal, but not spinal foras of analgesia (Ling A Pasternak,
1983). Rather, kappa and dslta sites appear to mediate spinal opioid 
analgesia (see rsviowsi Taksh, 1981i Basbaua A Fields, 1984).

The dslta receptor and its putative dslta endogenous ligands, 
ths enkephalins nay also bo involved in food intako. OAOL, a long- 
lasting leu-enkephalin analogue, also produced robust byporpbagia 
(236S increase) when adninistorod intracorobrovontricularly con­
fining previous reports (Teppsrnan A Hirst, 1983). Systsnic
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naloxone coapletely blocked the hrptr^lwilc affxt of DADL. Xn 

contract, naloxone injected Into tlw vantroaadlal hjrpothaliMia failed 
to affoct DADL-lnduced hyperphagia (Tappanan ft Nirat, 1983) at|- 

taatinc that thia alto ia not reaponaible for tha affoct. Onca 
again, naloxonasino failad to affact DADL-lnduced incraaaaa in food 

intaka indicating that tha mi- 1 binding aita in not involved in thia 
rooponao. A delta-receptor aechanioa ia rathar iaplied ainca XCX 
174,844, a potent delta receptor antagoniat ia capable of eliainating 
OAOL hyperphagia (Jackaon ft Sewell, 1985).

Opiate and opioid peptida etiaulation of feeding ia oiailar to 
and differant froa tha etiaulation of feeding by other neurotrana- 
aittera. Norepinephrine-induced feeding ia predoainantly an increaae 
in carbohydrate ingeation rather than protoin or fat (Leibowita, 
Vaiaa, Tee, ft Tretter, 1965). Opiatea, on tha other hand, potentiate 
protein and fat intaka (Narka-Kaufaan, 1982). Both norepinaphrine 
and opiatea inhibit firing of the paraventricular nucleua of tha 
hypothalaaua (PVN), tha putative cite of action of both thooe eub- 
etancoe in inhibiting the "aatiety* aetiona of the PVN (Hoaa, Urban, 
ft Croaa, 19721 Pittaan, Hatton, ft Blooa, 1980). Opiatea and opioid 
peptldea alao etiaulate feeding when injected into the perifornical 
area in addition to tha PVN unliko norepineprhine which etiaulatee 
feeding only in the PVN (Vooda ft Laibowits, 1985). Neuropeptide T 
producee a very potent etiaulation of feeding. Vhen it in injected 
into the PVN a aated rat will eat in 4 h what it will noraMlly it in 
24 (Stanley ft Leibowita, 1985). The opiate-induced feeding deacribed
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etiaulation of feeding by neuropeptide I*
Tha reduction by naloxone, but net naloxonaslne of opioid- 

induced feeding appeara to be tbo roault of aelactiro and not non- 

opecific affacta for the following raaaona. Firat, naloxona eliaina- 
tad the byporpbaglc affacta of norphino, IRC, dynorphin and DADL by 
reducing intako within larale obeorred in vehicle-treated rata. It 
did not aboliah feeding conpletoly which night bo expected fron 
affacta of non-apocific nalaiao. Second, tha aana doooa of naloxona 
and naloxonaalno ara actiro in other feeding nodalat both naloxona 
and naloxonaalno at 10 ag/kg rodueo free-feeding and deprivation- 
induced feeding. Tharafora, any reduction by naloxone, but not 
naloxonaalno upon opioid-induced feeding waa not duo to the foraor's 
reduction of feeding par no given tha offectiveneea of both antagon- 
iata to docroaao free feeding. Third, othore have obown that 
naloxone-induced anorexia ia not duo to aithar general notor disrup­
tion (Caroy at al., 1981) or drug-induced aversion (Leeboa, 1984i 
Ostrowoki, Poloy, Ling, i Raid, 1980| Vu, Crua-Horalas, Quinan, 
Stapleton, 6 Raid, 1979). Finally, any diffaranca observed between 
tha affacta of naloxone and naloxonaalno upon norphino hyperphagia 
could not bo attributed to the route of adainistration or the tine 
interval between injection and testing. Both subcutaneous and intra­
venous naloxona adainistarod 5 ain prior to aorphino produced siailar 
inhibition of the hyperphagic response, an interval consistent with 
its pharaacological duration of action. In contrast, naloxona failed 
to affoct aorphine-inducod hyperphagia when adainistarod 24 h prior 
to tha agonist, an interval in which its reversible pharaacological
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actions aro dissipated. Naloxona and a naloxonaalno analogue alao 
havo different affacta in anothar unrslatad ajratai. Aa nantlonod 
above, naloxona but not naloxasone, a slallar irreversible, long- 

lasting nu-1 antatoniat to naloxonaalno, blocks endotoxic shock 
(Holaday ot al., 1983). Naloxaaona failad to provont tha haaodynaalc 
affacta of ondotoxic shock which can ba blockad by naloxona and othar 
opiata rocoptor antagonists.

To suBBMriso, coaparlson of tho antagonistic actions of naloxono 
and naloxonaslna providas insight into ths involvsnont of tho au-1 
binding sits in opioid-aediatod bahaviors. Hhila ravorsal of an 
offact by naloxono dofinos opioid action, rovorsal of an affoct by 
both naloxono and naloxonaslna ouggosts involvaaant of ths au-1 
binding sits. Sines naloxono but not naloxonaslna blockad tho 
hyporphagic affacta of aorphino, KKC, dynorphin and OAOL, it appoaro 
that opioid-induced fending is not au-1 aodiated. This was suprising 
since tha au-1 binding sita appears to aodiato tho supraspinal 
analgesic responses induced by those saao agonists (Pastornak, 1980| 
Pasternak ot al., 1980a,bl Zhang 8 Pasternak, 1981b). Thus, tho 
receptor or binding sits subpopulations responsible for ths opioid 
nsdiation of ingestive behavior on tho one hand, and supraspinal 
analgesia on tha other appear to differ. This extends our knowledge 
of which opiate actions aro aedlated by tha au-1 binding sita (e.g., 
supraspinal analgosia, catalepsy, prolactin roloasa, hypothoraia, 
acetylcholine turnover, freo-feoding and deprivation-induced feeding) 
and which are non-au-1 asdiatod (e.g., spinal analgesia, growth 
horaono release, respiratory depression, sedation, bradycardia,
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aorphina lethality, dopaaine turnover, endotoxic shock, i o m  sitns of 
physical dependence, glucoprivic feeding and oplold-lnducad feeding).

Based on previous reports and tha results of tho present 

experlaente It appeara that tho eu-1 binding aita is Involved in 
free-feeding end deprivation-induced feeding. Clucoprivic feeding 
and feeding induced by the opioid agonista, norphino, BKC, dynorphin 
and DADL appeara to be non-nu-l-vediated. It is possible that 
glucoprivic and opioid-induced feeding nay be nediated by tho kappa 
opioid receptor but thia raooarch awaits tho dovelopnont of very 
epecifie kappe antagonists. Tho delta epioid receptor nay also be 
involved in feeding. The delta receptor antagoniet, XCI 174,864 has 
interesting sinilaritios to naloxonaslna in that it reduces free- 
feeding, yet has no affect on glucoprivic feeding (Sinone at al., 
1985| Jackson 6 fewell, 1985). However, naloxonaalno fails to 
affect OAOL hyperphagia, while XCI 174,864 reduces this hyperphagic 
response (Jackson 6 Bewail, 1985). Tho affect XCX 174,864 has on 
feeding induced by other opiate receptor subtypes is unknown. Fur­
ther experlwents should sxaaine different opiato recaptor antagon­
ists, such aa XCX 174,864, beta-funaltroxaaine (beta-FHA) which 
selectively alkylates tha au receptor (Hard, LoPresti, 6 Jaaea, 1986i 
Takeaorl, Xkeda, 6 Portoghooe, 1986), and beta-chlornaltrexaaine 
(beta-CHA), a derivative of naltrexone which alkylates all opiato 
receptors (Portoghooe, Larson, Jiang, Takeaorl and Caruso, 1979|
Jaaos 6 Hold*tain, 1984) to datoruino their effecte on different 
feeding uodela (e.g., free-feeding, deprivation-induced feeding.

The failure of naloxonaslne to affoct glucoprivic feeding
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(SlaoiM at al., 1985) and oploid-lnduced faadini ( m  above) aay 

indleata that tha au-1 binding aita ia involved in 'long-tara' 
ingestive oonditiona bat not in aithar 'ahort-tara' regulatory 
challangaa (e.g., glucoprivation) or stlaulatory oonditiona (e.g., 
opioid-aadiatod hyperphagia).

2. Tha Hu-1 Racaptor and Chronic Iffoeta on Body Haight and Pood 

Intako in Adult and Adolaaeant Rata.
Chronic troataont with aithar naloxona or naloxonaslna producod 

aignificant raductiona in body walght and food intako in adult aalo 
rata aeroaa a 14-day ragiaon. In general, naloxono and naloxonaslna 
did not differ froa each other in their ability to reduce body weight 
and food intako in tha adult rat. Maloxonasine produced a 7S 
decrease in body weight and a 22S decrease in food intako, while 
naloxona decreased body weight by 41 and reduced food intako by 13S. 
In adolescent rats, chronic troataont with aithar naloxone or 
naloxonaslne significantly retarded body weight gain and reduced food 
intake in a alailar 14-day injection paradiga. Maloxonasine retarded 
body weight gain by 53S and reduced food intake by 27S. Naloxone had 
a significantly saallor affect, retarding weight gain by 331 and 
reducing food Intake by 14S over tho injection regiaen.

Maloxonasine'a effects on body weight and food intake aight be 
predicted a) if the au-1 binding site is involved and b) since 
naloxonaslna la a long-lasting, irreversible opiate receptor antagon­
ist tbat has boon shown to reduce free-feeding 24 h subsequent to 
injection (Miaono at al., 1985). That naloxona was capable of
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producing aignifleant and paralatent dacreaaoa in body weight and 

food Intako over a chronic Injection parediga waa aoawwhat unexpected 
In light of aavaral previoue roporta. Although aoaa atudlaa (Branda 
at al., 1979| Jalowiec at al., 1901i Hargulaa at al.( 1978,1979) have 
ohown that naloxono troataont doaa roduco body weight and food lntaka 
In a chronic Injection roglaon, othera have either failed to obeervo 
an affect (Prank 8 koaon, 1979» Pfeiffor at al., 1984) or have found 
that any docroaaaa wara tranaitory and aubjact to a fora of toler- 
ancet body weight initially dacraaaod hut than returned to noraal 
levele aftor aavaral daya (Branda at al., 1979| Olaon at al., 1985ai 
Oatrowakl ot al., 1981I Shlaoaura at al., 1982). Tho prevent chronic 
adalnlatratlon atudy dlffora froa tho above aantionod negative 
atudlaa in aavaral raapacta. Pirat, tho affacta of naloxona on body 
weight and food intaka wore cuaulative, initially appearing aftor 
aavaral lnjectiona and than producing a gradual and prograaaivo 
alteration over tha 14-day regiaen. Second, naloxono and naloxon- 
asina wore adainiatorod intravanoualy which incraaaaa tha poeaiblity 
that aaxiaal aaounta of tha drug reachee relevant central target 
etructuree. In pravloue atudlaa, naloxona waa adainiatarad either 
intraperitoneally or aubcutaneouely which allowa part of tho drug to 
bo eoqueatered and/or aliainatad froa relevant araaa.

Tha reduction of body weight and food Intako in adult and 
adoloaeont rata appeara to be apecific to aaintenance of weight and 
intako rather than duo to nonepeclfic aalaiaa or changee in water 
exchange. Tha body weight loaa in adult rata and tho retarded body 
weight gain in adoloaeont rata wore gradual rather than abrupt.
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Also, food Intoko showed stoblo dscrsesos following ooeh antagonist 
rethsr then sphogls typically sssoclstod with sickness or eeleiso. 
Ksrllsr studies hove shown thet nodsroto dosos of opioto rocoptor 
ontotonlsts do not produce conditioned tests aversions (Leeben, 1984| 
Ootrowokl st el.. 190O| Vu et el.. 1979). Further evidence that 
naloxonesIns does not produce * 0 1 0 1 0 0 con c o m  free ths results of 
ths opiate agonist studies. Neloxonestne felled to effect BKC. 
djmorphln. end DADL-lnduced hyperphagia end even potentiated 
■orphlno-lnducsd hyperphagia. If naloxonaslne produces aversion It 
would then ho expected to block food Intake In these conditions so 
well as acute end chronic free-feedlnt conditions. In addition, 
naloxono and naloxonaslna had no offset on food Intake and body 
weight In dietary obese rats (see next section) which aro usually 
very sensitive to averslve stleull. Opiate receptor antagonists nay 
affect renal water and electrolyte excretions which could then 

account for tho observed reductions in food intako. However. Lang 
and co-workers have shown that while chronic administration of 
naltroxone reduced food and water Intako. It had no effect on 
electrolyte balance or water exchange (Lang. Strahlsndorf. 
Srahlendorf, Lutharor. A Barnes, 1982).

Chronic opiato antagonist treatment also affects opioid binding 
sites and norphlns-inducsd analgesia (Yoburn, 6ooduan, Cohen. 
Pasternak. A Inturrisi. 1985| Yoburn, Cohen, A Inturrisi, 1986).
Rats iuplantsd with naltrexone pallets for 0 days show a ASS increase 
in whole brain radtolabellod opiold-blnding 24 h after pellet rouoval 
which is sccoapanied by a SOS increase In ths analgesic effect of
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aorphina. This affact ta net aaan aftar a 24 li iaplantation. Tha 
"up-regulation" that ia observed aftar naltrsxono pallet reaoval Bar 
ha relevant ta tha aneractlc affact af chronic naloxona and naloxon- 
amina troataont. If chronic antaconiot troataont preducaa a -"dewn- 
regulatlon* during tho actual troataont thia aar aaan that tha 
endogenous opioid ligands that aar ha involved with food intaka have 
fowor opioid-binding aitao to bind to and thoraforo food intako ia 
inhibited.

Tha affacta of naloxona and naloxonaslna waro aora pronounced in 
adolaocant rata than in adult rata. Thia aar be duo te tha affacta 
of tha opiate receptor antagonists on tha endocrine eretea. Both 
exogenoue (e.g. aorphino) and endogenous (e.g. beta-endorphin) 

opioids have boon shown to produce offocta on hrpothalaao-pituitarr 
function (dorley, 1981l Howiott 8 Roes, 1986). Srsteaic or central 
adainlstration of beta-endorphin. aot-ankophalin and aorphino in rata 
otlaulate growth horaono roloaoa (Dupont. Barden, Cusan, Herand, 

Labria, 8 Vaudrr, 1980i Hartln, Audat, 8 Saunders, 197S). Thia 
affect is reversed br naloxona. Naloxono alone has not boon shown to 
hava a definitive affoct on growth horaono roloaoa. deltas and 
coworkoro (Brunl, VanVugt, darshall, 8 deltoo, 1977) hava ehown that 
naloxono reduces growth horaono roloaoa but this has not boon 
replicatad (dartin ot al., 1975). Opiates and opioid paptidas also 
affact tha roloaoa of gonadotrophins, prolactin, thrroid-otlaulating 
horaono, ACTH, vasopressin and oxytocin (Howiott 8 Rasa, 1986). Tha 
affects of opiato receptor antagoniata alone on hypothalaao-pltultary 
function have not bean as wall docuaonted, but their actions on such
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eyeteae aay nplaln why both naloxone and naloxonaslna oxortod a 
greater affact on body weight and food Intako In adoloaeont rata as 
coapared to adults.

Deteralning the alto of action of tha opiato receptor antagon­
iata can euggoat poaaiblo aechanisae of action. Aa nontionad before, 
opiato receptors aro diatrlbutad throughout the central norvoua 
syatea and body (e.g., Atweh A Kuhar, 1977a,b,c), including aroaa 
usually associated with feeding behavior auch as the hypothalaaua, 
nooatriatun, aaygdala, and gastrointestinal tract. The kappa opiato 
receptor subtype has bean found particularly in areas known to be 
involved in taste and feeding such aa the rostral pole of the nucleus 
of the solitary tract, parabrachial nuclei, nedial hypothalaaua, 
aodial nuclei of the aaygdala and bed nucleus of tho stria terainalls 
(Lynch, Watt, Krall, A Paden, 1985). Recent evidence has shown that 
various opiate agonists and antagonists increase or decrease feeding 
behavior only when injected into specific brain raglons (Cosnell,
Norley, A Levina, 1986| Woods A Leibowita, 1985). Dynorphin 
increased food intake only when injected into the paraventricular 
(PVN) end ventroaedlal (VMI) nuclei of the hypothalaaua but not tho 
lateral hypothalaaua or tho globus pallidus. Naloxone decreased food 
intake only when injected into the PVN, V M  and globus pallidus but 
not the lateral hypothalaaua or the etrlatua (Cosnell at al., 1986). 
When aorphina was injected Into the PVN and the perifornieal hypo- 
thalaaus (PFH), it produced e strong feeding response which did not 
occur when injected into the VIM. Naloxone, on the other hand, while 
effective in the PVN and PFH also produced a reduction in feeding
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whan injactad into tha VHH. Thta eanfcraata with tha affacta of 
noraplnaphrina (HI). HI produced a faading raapenaa whan injactad 
Into tha PVH but not tha PPH (Hooda 0 Lalbowlts, 1905).

Tha parallal raduetiona in body weight and food intako following 
chronic naloxona and naloxonasina troataont indicata that tha opioid 
aoduiation of thoao offocta ara aadiatad by tha aw - 1  binding aita.
Tha opioid aoduiation of body woight aaintonanco and long-tora 
control of food intako by tha au- 1  binding aita ia oiailar to au- 1  

aodiation of fraa faading and daprivatlon-inducad faading obsarvod 
following acuta naloxona and naloxonasina traataant (liaona at al.t 
1905). It diffora froa tha ability of naloxona but not naloxonasina 
to inhibit hyparphagia inducod by glucoprivation (liaona at al.,
1905) and as daacribad abovo hyparphagia inducad by aorphino. IKC, 
dynorphin and DAOL.

Chronic adainiatratlon of naloxona and naloxonasina was 
affective in roducing body woight and food intako undor "long-tora" 
conditions iaplicatlng tha au- 1  binding sito in ongoing body woight 
aaintonanco and faading behavior. In contrast, naloxonasina was 
insffactlva undsr "short-torn” ragulatory challongos ouch as gluco­
privation and opioid-aodiatad hyparphagia suggaoting that thaso 
conditions ara non-sni-1-aadiatad.

3. Tha Hu-1 locaptor and Oiotary Obasity.
Chronic traataant with naloxona and naloxonasina fatlad to 

affoct body woight or ailk intako in rats nado obsss on a oafstarla 
diat. This is in narkad contrast to tha raducod woight and rotardad
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Milht gain obftrvtd in adult and adolaacant rata, respectively. Tha 
failura of tha opiate antagonists to have an affact in abaaa rats was 
suits surprising. Previous svidenco has shewn apiaid involvement in 

tha prafaranea far palatable diets in normal rsts and intaka in ebess 
rats. Nargules and ea-werkars (1978) initially feund that geneti­
cally abase rats (fa/fa) and genetically-obese nice (eb/eb) wars sera 
sensitive ta nalexena than lean littarnata centrals, and that pitui­
tary bata-enderphin cancantratiens wars alavatad in abase rats and 
mice, suggesting that thsss incrsased cancantratiens wars involved in 

the development of obesity. This hypothesis was supportad by 
ebsarvations that rats wade obass by ventre-wodial hypothalaaic 
lsslons (king at al., 1979) and genatically-obess Zuckar rats 
(McLaughlin 8  Baila, 1983, 1984) ware wore sensitive te naloxone than 
lean controls. Howovsr, this hypothssis has bsan challangsd by tha 
failure te observe increased sensitivity to naloxona or increased 
beta-endorphin concentrations in sews non-genetic aodels ef obesity. 
Bunion and Pators (1982) examined the effacts of nalexena on the 
development of obesity In rats with ventromedial hypothalaaic 
lesions, dorsolateral tegmental lesions and parasagittal hypothalamic 
knifo cuts, manipulations which usually produce obesity. Naloxone 
suppressed intake in all groups equally. In this study, however, the 
animals wsra food-restricted to prevent the occurrence ef the obesity 
and all axperiaantal and control animals were within a normal woight 
range. Tha ability of acute pretreatment ef naloxona to decrease 
preferences for palatable or sweet diets is wsll-establishsd (e.g.. 
Cooper, Barber, 8  Barbour-HcHullon, 1985I Cooper, Jackson, Morgan, 8
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Cartar, 1985| Lowy at al., 1980| Levine at al., 1992), aa la tha 
ability of acuta pretreatment ef naloxona to decrease intaka of a 
cafeteria diet (Apfelbaum i Handanoff, 1961| Handanoff, Pumeron, 
Apfelbaum, 6  Hergules, 1982). Horeover, chronic administration of 
naloxona sine tannata, a salt which ralaaaaa naloxona alowly over 
several days prevented tha occurrence of dietary obesity (Handanoff, 
at al., 1982). A najor difference between tha present study and that 
of Handanoff'a ia that our animals ware made diatarily-obese before 
tha onset of chronic naloxona or naloxonasina treatsmnt. Thus, a 
number of different procedural factors appear inportant in tha opioid 
modulation of dietary obesity. Short-term affects of opiate antagon­
ists appear to reliably block preferences for eweet, palatable or 
high-caloric foods. Chronic antagonist treatment affects the 
development of dietary obesity, it does not reduce weight or reduce 
intake in animals that ara already obese. A similar affect was 
observed in Zucker rats that ara genetically obeee (HcLaughlin 8  

Bella, 1983). Halfeoene, a highly-potent opiate antagonist, reduced 
body weight gain. Dietary obesity in rats has been used as an animal 
nodal of soma forme of environmentally-induced husmn obesity 
(Sclafani A Springer, 1974). Opiate receptor antagonists such as 
naloxone and naltrexone have been used in both clinical settings and 
with normal subjects. Naloxone reduced intake in patients with the 
Prader-Villl syndrome, a condition which produces obesity at an early 
age (Ryrlakides, SiIvorstone, Jeffcoate, 6  Laurence, 1980). In normal 
huswn volunteers of normal body weight, a single intravenous 
injection of naloxone, reduced food intake as compared to placebo
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(Tronchard 8  81Ivoratone, 1983). Thar* waa no change on subjective 
ratings of hunger, satiety, aaod, arouaal or on total fluid intaka.
Xn contract, naltrexone at a dooa of 2 0 0 at/day fallod to raduca body 
woltbt in a tan week trial of naloa and fancies who wora 30-100 
parcont overweight (Halcoln, O'Neil, Sexauor, Kiddla, Curray, 8  

Counto, 1985). Hagglo and co-workero (Haggle, Prosta, Filippo 
Bracco, Vaaaalli, Klsaileff, Pfohl, 8  Haahin, 1985) investigated tha 
offact of naltroxona on apontanaoua oatins bahavlor of eight 

noderatoly oboao nalo volunteers for 28 daya in a hoopital setting. 
Tha aubjacta received placobo, 100, 200, or 300 ng/day doaao of 
naltroxona in a ropoatad noaaures, crooo-ovar dooign. Naltroxona 
failod to raduca food intako at any doao although tha anal1oat doaa 
(100ng) produced a alight reduction in body woight. Therefore tha 
clinical utility of naloxona and other opiate antagoniata aa anoroc- 
tica ia atill in doubt. Naloxona raducoa gaotric accretion both 
baaolina lavola and weal-induced while having no offoct on the 
aocrotion of pancreatic polypeptidee (Paldnan, Naloh, 8  Taylor,
1980). Ixperiawnta ahould bo perrorned axaalning the offact of 
chronic adBinietration of long-laating, irrovaraiblo antagoniata ouch 
aa naloxonasina on tha phyaiology of the intoatlnal horwonea, ACTH, 
cortiaol and ralatad hornonaa.

Tha raaulta doacribad above on the affacta of opiate antagoniata 
in hunane ara conalatont with the affacta doacribad in rata. Nal­
troxona reduced intako in nornal aubjacta but had no offact in obeeo 
aituationo. Naloxona and naloxonasina reduced intako and body weight 
in adult and adoloacant nornal woight rata but had no affect on rata
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that had already haan aade obaaa. ftnea tha effectivenoao af opiato 
antagonists aa potential anoraetica la questioned andar tha preoent 
paradiga of dietary-induced obesity, it la important te detoraine tha 
praelaa factora under which different apiata antaconiata praduca 
anorectic affacta. Future expertaents could axaalna the degree of 
developaont of dietary obesity which renders opiate antagonist- 
induced anorexia inaffactivo and/or tha rolo of dietary conatituants 
offered to tha aninal during antagonist traataant. It la poasibla 
that a certain level of obeaity altera tha affective dose for opiato 
antagonist anoroxia or tha continuous accessibility of highly- 
palatablo and caloric foods aay offset tha potentially transient 
anoractic affects of opiato antagonists.

In suswtary, chronic traataant with naloxona and naloxonasina 
failed to altor body woight and allk intaka in dietary oboso aniaals 
that ara nalntained on thoir palatable diet. This indicates that 
body woight aaintonanco and possibly food intako in a dietary obese 
situation is aadiatad by nonau- 1  binding oitas as is glucovprivic 
faading and faading induced by the opioid paptldoa. This contrasts 
with tha loss of body woight and reduction in food intako in adult 
rats and tha reduction in body woight gain and food intako in 
adoloacont rats which is thought to bo au- 1  aadiatad siailar to the 
au- 1  aediatlon of free-feeding and deprivation-induced faading.
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(•iwral Discussion

It hss boon known for csnturiss that opiates produce a variety 
of behavioral and physiological offsets such as analgesia and 
euphoria. Horphino has also boon used nedicinally for its offset on 
ths gastrointestinal systse in tha control of diarrhaa. Tha exis­
tence of endogenous opioids in areas of the brain that are involved 
in ingestion (e.g., hypothalanus) and peripherally in tha vagus nerve 

and that opioids reduce gastric notility thereby slowing food transit 
has reinforced speculation that the endogenous opioids nay be 
involved with the nornal regulation of food intaka. The significance 
of ths endogenous opioids in nornal feeding behavior and appetite 
regulation is still controversial. It is possible that opioids are 
involved in netabolic changes which lead to food intako rather than 
in hunger and appetite per se. Horley (1981) has suggested that the 
endogenous opioids and thoir hornonal effects are involved with an 
organisn's response to stress or ths phenonenon of "flight or fight".
Beta-endorphin is secreted fron ths pituitary conconittantly with 

ACTH in stress-related situations. Tha offset endogenous opioids have 
on feeding behavior nay be a secondary event to naintain energy 
balance. It has also been proposed that endogenous opioids are 
involved with the adaptation to pending fanine, to naintain honeo- 
stasis (Hargulee. 1979). Shortage of food would lead to activation 
of the endogenous opioid systen in ordsr to initiate feeding, to lay 
down fat and conserve nutrients and ions. Inargy would be conserved
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by llaitlni (tnard activity as wall as reduced reproductive acti­
vity- At tha extreue this would laad to hlbarnation. Many atudloo 
hava lapllad that andotanoua oplolda way ha Involvad with tha oanaory 
qualities of ingestion (Raid, 1905). Tha diffarantlal affact 
naloxona haa on food that auppoaodly taotaa hattar nay ha dua to ita 
offact on tho "pleasantness" of tho food. Bndogenous opioida uay 
affact tho hodonic foaturoa of cortaln otlauli. Naloxona'a antl- 
dipoovanlc affoct la potontiatad by awoat or aalty flavora whilo 
■orphina Incraaaaa Intako of proforrad saccharin aolutions.

Tha discovery of tho involveaont of endogenous opioids in 
ingestion is a relatively recant phonoaonon. Xn addition to ando- 
genoua opioids, uonoaainos and nauropaptidas stay be involvad in tho 
naurochaalcal and nauroendocrinological regulation of appetite. 
Alpha-adranarglc stiuulation in tho PVM induces faading while 
beta-adrenergic stiuulation of tho LH inhibits faading (Leibowits, 
1900). Certain nauropaptidas hava boon found to either stlnulate or 
inhibit faading. While CCR, boabeain, calcitonin and neurotensin 
rsduce food intake, pancreatic polypeptide, neuropeptide T, peptide 
TT and endogenous opioids incrsasa food intako. However, there ara 
differences in tho affects these nauropaptidas hava on food intako. 
CCK and boubesin appear to act both peripherally as wall as centrally 
to decroaso faading. Endogenous opioids stlnulate faading but only 
under vary specific conditions involving dose, tino intervals and 
state of deprivation. Opioids also produce a short-lived stiuulation 
of intako. This contrasts with tho affects of neuropeptide T which 
can stiuulate intake such that an aninal's nornal daily intako will
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occur In • 2-4 h period. Thus, opioid control of feeding is defini­
tely not exclusive but one of many endogenous systens regulating food 
intake. It is important for future studios to evaluate tho inter­
action of tho opioid syston with other neuronal systaaw involved in 
ingestion. To do this however, we mist identify specific receptor 
subtypes involved in different forao of opioid feeding. Tho 
proceeding series of experiments have expanded our knowledge of this 
area. Finally, given tho interesting constellations of behaviors and 
physiological offocts that arc nodlatod by nu- 1  and non-nu- 1  actions, 
we can begin to understand how opiates in gonaral alter underlying 
hoMostatic statos.
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Appmdix

Table of Abbreviations

ethylketocyclasocine
D-ela^-D-leu^-enkephalin
naloxone
nelexenasine

BL
i.v.
e.e.
l.c.v.

BKC
DAOL

NAZ

baseline
intravenous
subcutaneous
intracerebroventricular
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