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-opium, whichffﬁz Creatdr himself%eems
to prescribe, for we often see the
scarlet poppy gkowing in the corn \
fields, as if it were forseen that where-
ever there is hunger to be fed -the e\

must also be pain to be soothed-"

Oliver Wendell Holmes - \
. Address to the. -
Massachusetts Medical: Soclety
May 30,:1860

“
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! Abstract,.
/ ’ .":' ’ ' f"‘ - ’ ~-

Nhén 1njected subcutaneOusly lnto rats, morphlne

stlmula ed food 1ntake after a perlod of depressed

13

motor #ct1v1ty. ThlS 1ngest10nvms always accompanled‘, a

by hypirthermla. Because of the nature of this type y\

.‘:““ ." 7 [ -
llj ascrlbed to any one of the dlverse systenrs .nWolved in
P

1ngeshlon. To C1rcumvent thls problem, morphlne was

i
-

adnln stered to a- spec1f1c braln locatlon, the\ventro-.

- medl 1 hypothalamus (VMH) This site'is associated-with

Fl -
-

feed ng regulatlon and could provlde some lndlcatlon of

‘e

j K
Acc rdlngly, the objectlves of the 1nvest1gatlon were

stablish whethem*dose-dependent feedlng can be 1nduced

K

to |
’ by‘adm1n1strat1on ‘of oplates and OplOld peptldes Into the
VMH of rats- 1f thls résponse 1nvolves stereospeclflc
'oplate receptors, ‘how thlS effect 1s medlated” Wthh

class of oplate receptor 1s 1nvolved and whether feedlng

-
fed |
‘ -

and core temperature are 1nterdependent pheﬂ%mena. ,Inx‘

addltlon, the ab;llty of varlous other smtes in the rat ;

braln to- respond to morphxne in ectlon by’lncre351ng ‘ :
i 3 .

1ngestlon Was Survejed. B - .
/ ) . )
Male Spragueunawley rats were 1mp1anted stereo~

€

tax1ca11y w1th a stalnlese,steel gulde cannuia, dlrected

4
.. et . . L

. '3ﬁ ""w o 111 . . T ,
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to.the particular Site under investigation. During the

' studies,'enimale reéeived prefwefghed quantities of rat

-

chow pelléts.and their temperatures.were_mopitored by

rectal probe.
1 ' l ‘
'Opiates injécted into the VMﬁietimulated feeding in’

a dose-dependent fashion. Morphine and levorphanol

were effecti‘ﬁ’;as was the guaternary opiate, morphine

. B .
+ v B N 4
e i . .

~methiod}de. *Fdilowing fnjedtions, these narcotic

agonists e11c1ted prolonged feeding which was preceded .

»

by a lengthy latent’ per;od.~ This contfasted w1th the o .

v1gorous, but brief - feedlng produced by noradrenallne.

‘ - . '

.

As the non-analgesic analogue of levorphanol,

dextrorphan} was inactive, the opiate "feeding" receptor

\\appeared;to exhibit specificitys‘ The effects of mdrphine

",

f N ‘ - 3 . * ‘.
nd its quaternary analogue wer %ijérsed by -subcutaneous © °

injection of the opiate antagonibt, naloxone. Pre-
e : . ! \ ‘ - . . * -
treatmentIWith naloxone'adninisteredirtothe\nuidid'not - v

¢ e -

d1m1n1sh morphlne 1nduced feeding, as e@fectlvely, and did

: ‘i Kot alter feedlng due to the quaternar;\compound Codelnehj
wh1ch ls a weak llgand at‘oplate redepto s, and cOdeine . .

i methlodlde did not inducé lngestlon. Mbreover, morphlne

» .o 4 a ’

a. u—oplgte receptor agonlsé but not ketocyclazocxne on.'” ‘ .
X A cL

;\\\\phencyclldlne (k=" and d-opiate receptor agonlsts, “ﬁ ‘“:*
» ‘ M h .

. reepectlvely), was able to 1nf1uence food 1ntake after

. VMH. njectlon." L I , L S sy




[N ®’

. L . ‘. . i - t‘ *
Opioid peptides also elicited feeding, which was hot
- . . v, 4 .

suppressed when naloxone wasmadministeﬁdﬁ into the VMH.
. Ingeséion following injection of the sjﬁthétic enkephalin,@
D—Alaz—D—LeuS—enkephalin 1DADLE3,-a“64receptor ligaﬁd, : -;
: was rapid in enset and ended withia an, hoqr. B-

Endorph1n~1nduced feedlng was 51mllar to ‘that observed

-
°

followrhg morphlne. '

'

) . The feeding effects were not@lways accompanied by

changes in temperature. Morphine ané B—endorphiq could
,. - induce a proldhged‘hyperthermia which correspondeé in
. time to heightened‘feeding aetiéity. Le;o;phanol and
certaln ‘doses of DADLE, howeVer, ellc1ted food intake .
without altering temperature, whlle morphlne methlodlde
injection -elicited prolonged - feedlng, but only a ‘brief
_pefiéd of\h&pertﬁermia. Small doses of ‘B+ehdorphin

\ . . . i
elevated. temperature without affecting ingéstion.
_ e : C £ing

o ‘ ; Noradrenaline may mediate the feeding response to

opiates, sinde ‘the o- adrenerglc antagonlst phentolamine,

. but net the Bwadrene'glc antagonlst, nropranolol %docked

. ingestion due ‘'t rphine and DADLE. Additionally, the

B ! ot . ' ° - .‘ ) - ] -

az-adrenergic~antagonis ) yohimbine, -increased food
intake.. Dopamine, apomorphine, haloperidol, 5-HT'and

methYsergide were'ineffectiﬁe{ Phentolamine induced a

+ .. ’

- . t
]

- s

hyperthermla by 1tself and when glven.ln conjunctlon with

N .

V" . .‘ N -

B morphlne .

- v
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0 » ’. .
In a comparison of various brain sites, the most
‘ s
vigorous feeding appeared to occur following injection of

. -

" - morphine into the VMH and became weaker at more.lateral,
ventral and caudal sites. . _— ‘ .
.. -
- ’- M
. . .
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1. Introduction

.

1.1. Feedi%g: Hypothalamic Regulation
Lo

N ‘ Food intake is a parameter used ‘to measure'objectively

the very subjectiveé stdate known as hunger. Feeding is a

-

complex phenomenon involving numerous brain and peripheral’

loci. - It can be influenced by various components such

-

s. as taste,'smell,-activity level, temperature, emotionmity
- & - . ' .
and wvarious visceral factors. Subtle alterations in the

tconstituents of the plasma including carbohydrates,
‘lipids and amino acids play a crucial part %ﬂ the complex
' feedback regulation of energy balance and food intake

{Myers, 1974); for exahple, sensors may monitor levels

40

of circulating carbohydrates in the plasma (M;yer, 1953),

- or blood-borne factors from fat depots (Andersson, 1971).
— ) ’
. A vafiety of agent§’Can be introduced which, acting at .

ﬁany sites and by differing mechanisms of action, are

able to affect food intake. This Turther demonstrates .
. 14 .

" %hat.the system for régulation of feeding is both- .

-
-

‘extensive and complex.

Early research into food intake focussed attention

" on the hypophalémus when it was established that

-

ventromedial hypothalamic damage caused hyperpﬁagia and

obesity while lateral hypothalamic destruction 1ed to




aphagia (Anand and Brobeck, 1951; Brobeck, Tepperman

. ~and Long, 1943; Hetherington and Ransén, 1940; Smith,

- -
-~

T 1927;‘1930; for reviéw

r

see Stevenson, 1969). . According-
ly; electfical stimulation of the lateralshypothalamus
elicited spontaneous féedihg, while stimulation gf the

- @, . N a
- . ventromedial ;egion tended to inhibit feeding (Brobeck

et al., 1943;)belgado and Anand, 1953; Smith, 1956).

While these es are still believed to be involwved in
- 'Y

food intake regulation,\they are presently thought to be

[+
an intimate part of é much larger circuitry.
The hypdthalafgus is traversed by numerous_ neural
' . pathways; the monoamiynes, noradrenaline, dopamine and -
. . . ? -
. * serotonin, as well as acetylcholine are all available.

Although there is some evidence that 5-hydroxytryptamine

(5-HT, serotonin) and dogamine may be involved in food .
| iﬁtake in rats. (Booth, 1968; Goldman, Lahr and Friequnp

J971; Hdebel, 1977; Myers and Yaksh, 1968; Singér, Sanghvi
‘ ' ’ r' . " L ° v
and Gershon, 1971:;- Slangen and Miller, 1969), the

reliable, vigorous responses evoked by injectidn of

-~

mnoradrenaline into certain hypothalamic sites sgrongly-

. e ..
implicate its involvement in ingestive processes (Booth, .
1968; Leibowitz,  1970; Slaﬁgén)and Miller, 1969).
Noradrenaline's involvement in central control of feédiné-

in rats has been reaffirmed.through knowledge of anatomical

location (Leibowitz, 1978), specificity (Booth, 1968;

e
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Slangen and Miller, 1969), increased relgase during

N

feeding periods (Martin and Myers, 1975) and decreased
feeding folloying noraérenaline depletion (Ahlskog aﬂé’—}
Hoebel, 1973; Richardson and Jacobowitz, 1973; Rossi,
Zolovick, Davies and Panks%pp, 1982). The effects of
cholinergic substarnces on féeding is ne£ clear;
acetyléholine and carpaéhol, given zgto the lateral
cerebral ventricle or preépﬁic—anterior hypothalamus of
rats did nothstimulate food intake (Avery, 1971; Myers
ind Yéksh, 1968) although food intake was increased

after application of crystalline carbachol to the lateral .

hypothalamus (Sciorelli,‘Poloni»and Rindi, 1972).
. , . _

- ' 1

1.2. Tempegature: Hypothalamic Regulation

The hYpdfhalamus has emerged additionally as a
prime.cehtre,for temperature regulation. From earlier
stgdies involving lesioning and stimulation, the anterior
hypothalamus was considered to proviae defense against
heat while the pqs£eribr hypothalamus was implicated ;n‘
heét prqdhct;on in defense against the Foid (Anderson,
‘Grant and Larsson, 1956; Hemingway, 1965;~Hemiﬁgway,

-

Forgrave and Birz¥s, 1954; Ranson, 1940).

From available evidence, the pre-optic anterior

hypothalamus (PDAH) now‘appears to be the area most

‘ 4




sensitive to the %gmperature-altering effecﬂs of biogenic‘
monoamiﬁési small doses of 5-HT (0.05 to 1.0 ug) injected
into this area in the rat produced a‘riSe in temperature
(Crawshaw, i972), although 5-HT éiven intréventricularly
A -

had a hypothermic effect (Myers and Yaksh, 1968). Hypo-
thalamic or intraventricular injections of noradrenaline
‘into rats did not give as consistent changes. In various
studieg conducted at room temperature, doses of
noradrenaline caused a fall in core temperature (Avery,
1971; Cantor and Satinoff, 1976; Lomax, Foster and Kirk-
paérick, 1969), a rise in core temperature (Lomax et al.,
1969; Myers and‘Yaksh, 1968) or a biphasic response
(Feldberg and Lotti, 1967; Veale and Wishaw, 1976).
Dopamine, pfesumably §cting at specific  dopamine receptors
in the pre-bpﬁic anterior region, caused a rapid féll in
temperature kCok; Kerwin and Lee, 1978; Cox and Lee, 1977).

’ r
Acetylcholine or cholinomimetics also can modify rat core

temperature, although their effects ére variable. Applica-
tions of éholinergic substances, 'by tha ventricular route
(Myers and Yaksh, 1968) or directly to the anterior

l hypo;halamus-(Avery, 1970, 1971) caused a loné—lasting
hyperfheréia. Hypothermia, however, has been observed
ih rgstréined rats after administration'of carbachol to

the rostral hypothaggmic area (Kirkpatrick and Lomax,

1970; Lomax and Jenden, 1966). . ’




@ ' ) ‘ . o

Other brain sites, however, may be involved in.
thermoregulation.‘ The posterior hypothalapié area was
able to alter core ﬁemperature in response to Ygry subtle
alterations in the ratio of calcium to sodium ions -at
this site (Myers and Brophy, 1972;AMyers and Veale, 1971).
A significaﬁt capacity éor both autonomic .(Lipton, 1975;
Lipton, Dwyer and Fossler, 1974; Liptén and Trzcinka,
1976; Stuart, K;wamura, Hemingway‘and Pri&e, 1562) and
behavioural (Lipton, 1968; Roberts and Martin, 1977;-
Satianf and Rutsteih, 1970; éatinoff and Shan, 1971) .
temperature control still persisted after POAH lesions.
Furthermore, control by anatomically separate sités,_dis—
£in¢t froni the POAH, of certaih individual autonomic
_and behavioural responses has been demonstrated (Lipton

et al., 1974; Roberts and Mooney, 1974; Satinoff and

Shan, 1972). ‘ .

~1.3. Opiates: Receptors

The initial identjfication of specific opiate
receptors proved difficult, although their exisfence‘was
- suspected for a long time. Goldstein and his'colleagueg
(Goléstein, Lohney ahd'bal; 1971) were the first to use
stereosgecificity as .the griteribn for‘opiate receptor
binding_in mouse-brain homogena¥es. ' Although gnly 2% of-.

L] «

total binding was steréqigij}fic, they were able to

-



diétinguish high-affinity, readily-saturable binding sites
from non-gpecific sites. By using modifications of Gold-
stein’'s pzzcedure, several groups (Peft and Snyder,~;973;
Simon, Hiller and Edelman, 1973; Tereniums, 1973) were able
//r\Ei:report stereospecific opiate binding which refresented

“ a majof portidén of total binding (50-90%).

'From' these beginnings, reéearch has progregséd
.rapidlf. . Much evidence has accumulated suggesting tha£
these binding sites represent feceptors to whiéh opiates

. must bind in order to produce their responses. They have
be;n found in man (Hiller, Pearson and Simpn,'l973) and in
all vertebrates, but not iﬁvértebrates, which have been
studied (Pert, Aposhian and Sﬂydér,:l974). The distri-
bution of these siﬁes w&thin the central nervous system

. was found to be neither homogenous nor random. High
concentrations were located within the limbic system
(except for the hippocampus), the medial thalamus and
throughout the,hypothalamﬁs. The lowesf concentrations were
in the cerebellum, the spinal cord, many of the cerebral
hemisphéric gyri and white matter area (Hiller et al.,
1973; Kuhar; Pert and Snyder, 1973).

‘« The chagécpﬁristicé of the specific binding have

‘been studied:' A good correlation existed between binding

« .Jaffinities of a homologous series of ketobemidones and an-

algesic potencies (Wilson, Rogers, Pert and Snyder, 1975),

N | :
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and there was anhéxcéllent correlation between binding

of a series of opiate agonists and antagonists‘%o receptors
in the guinea pig iléum and the concentratioh of themnm
required to inhibit electrically-induced contractiQns

of this same tissue (Crease and Snyder, 1975).-

B

There is extensive evidence that opliate binding
sites exist peripherally as well as®in the centfél‘
nervous system. They have been 1océted in such smooth ’
muscle tissues as ﬁhe ileum (guinea pié), vas aeferens -
(mouse) , nictitating membrane (cat) ana ear artery (rabbit)
(Ronai and Berzetei, 1978), and, perhaps, in skeletal

muscle (frog) (Frank, 1975).

. Various studies have indicqtéd that there is prébably
more than one type of opiate_receptér. Martin and
his colleagues (Gilbent‘and Martin, 1976; Martin, Eades,
Thompson, Huppler and Gilbert, 1975) were the first to
proposé, from their studies on chronic spinal doé prépara-
‘tions, that there were tﬁree subclassés of ébiate receptors.
. These Qere debignated U, Kk and o afte; the prbtotypic
agouists(morphine( ketocycla;ocine and SKF l0,0?? (N-
allylnormetazocine), respectively. In vitro studies on
rat brain, guinea pig ileum, and rat and mouse vas
deferens have fﬁrther—distinguisheﬁ a site with.some

selectivity for enkephalins, which has been designated

§ (Chang and Cuatrecasas, 1979; Lord, Waterfield, Hughes




LY

- ~

and Kosterlitz, 1977) and a site with selectivity‘fof~

" B-~endorphin, which has been labelled % (Wuster, Schulz

and Herz, 1979). Enkephallns have some p affinityy and
B-endorphin binds dlso to u and § receptors (Chang,
Cooper, Hazum and Cuatrecasas, 1979; Wuster et al.,

1979)..

L 4
[

1.4. Opiates: Endogenous Ligands . )

With the existence of opioid binding sites confirmed,
the search for endogenous ligands began. The first
reports of such activity came simultaneously'from'two
laboratories. Both Hughes (1975) and Terenius ané
Wahlstrom (1975) reported the presenoe,of_opioia activity
in aqueous extracts of animal brain.’ Goldstein and
colleagues (Teschemacher, Ophelm,‘ Cox~and Goldstein,
1975) subsequently reported the presence of opioid act1v1ty
in extracts of bovine pituitary glands. In 1975, Hughes
and colleagues,(Hughes, Smith, Kosteflitz, ?othergill,
Morgan -and Morfis, 1975) isolated éwb pentapeptides from
pig brain that acted like morphiné on the electrically-
stimulated guinea pig ileum. These were named methionine
(met)-enkephalin and leucine (leu)- enkephalln. These
researchers also noted that the sequence of met- enkephalln
was present at p051t10n 61-65 in the structu;e of B—

- . . .
lipotropin, a 91 amino acid peptide isolated from .

i

@




) : Y
pituitary glands :(Li, Barnafi, Chretien and Chung, 1965). -

Subsequently, opioid activity was found to exist in

various fragments of B-lipotropin, the most important

of these being the 31 amino acid peptide R-endorphin

at posifion 61-91 (Cox, Goldstein and Li, 1976). Quite
recently, the existence.of a new 17 amino acid opioid
peptide, dynorphin, has been revealed (Goldstein,'Fisdﬁli;

Lowney, Hunkapiller and Hood, 198l; Goldstein, Tachibana,

~

" Lowney, Hunkapiller and Hood, 1979). This potent com-

pound contains the sequence for leu-enkephalin at its
P ’ . .
N-terminal.

4
. kil

-~

.Many bjochemical and histochemical studies have
indrtated that the enkephalins and B-endorphin are neuror
transmitters. Subcellﬁlar fractionation studies have
shown that ‘the peptldes are concentrated in the synapto—
somal fractlon of brain homogenates (Osborne, Hollt and
Hefﬂ, 1976; Simantov, Snowman and Snyder, 1957). However,
neurons that oontain enkephalins exist separately from
those that contain B—endorphin (Bloom, Battenberg,
Rossier, Ling and Guillemin, 1978), anq their dietributione
‘differ. 1In brief, enkepnalin—containing neurons are
present throughout the entlre rat central nervous system,,
from cerebral cortex to Splnal cord, including the

pituitary. ‘The limbic system, hypothalamus, gentral

gray and reticular formation are heavily innervated with

’
4 M
/e - -




, . enkephalingrgic neurons (Rossier and Bloom, 1972; Sar,
Stumpf, Miller, Chang* and Cuatrecasas, 1972; Uhl,
Kuhar and Snyder, 1978). Periéhera}ly}'enkephalins can

e be located in many regions including the intestinal tract

L) b -

and adrénomedullary cells (Linnoila, ﬁiAugustine,
Miller, Cpqng and Cuatrecasas, 1978; Polék, Bleom and
, Spilivan, 1977; Schultzbefg, Lundberg, Hokfelt;.Terenius,
. *Brandt, Elde and Cuatrecasas, 1978).  B-Endorphin is
_distriputed in the hypothalamus/'septum, midbrain,'medulla,
pons and pituitary (Rossiéf} Vargo,\Minick, Ling, Bl?om

- .4

and Guillemin, 1977).

. N .
M .
- ©
-

1.5. Opiates: Feeding ) -

] . -
. .

There are several lines of evidence %ﬁpportihg the

_ possibility that opioids may be involved in the regqulation
" of food intake. A frequently used technique involves

peripheral  injection of an opiate’antagonist, generall

naloxone, and measurement of resulting éhanées in feeding.

.. If-endd{phinergic'acﬁivity has a physiological role in
‘ g : ; .

the control of fe?ding, then_spppreééing‘this.activiiy

. should disrugt feeding. Holtzman - (1974) . was fhé first to

show that naloxone, giéenAQYSpeﬁicglly, could reduce

food iQtake in_fbod-deprived.fats.“Subséquent studies Have

confirﬁed this (Branas, Thér?ﬁill,‘Hifst"and Géwdey, l§79;

Brown and-Holtzman, 1979; Frank and Rogers, 1979) .

19
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Food intake due to night feeding, tail pinch, 2-déoxy—D—

~

glucose and insulin has been shown Qy soFe investigators
'to be £edﬁced.by systemic naloxéne (Lowy, Maickel and Yim,.
1980; Ostrowski, Rowland, Foley, Nelébn and‘REia, 1981;"
Sewell and Jawaharlal, 1980). Studies with péloxone‘must,
however, be jnterpgeteﬁ with caution since it may have
effects not mediated by opiate receptors (Sawyngk,’Pin§k§

s

and Labella, 1979). ‘ ; :

- More direct evidence comes from altered food <
consumption folloﬁing administration of opiate agonists.
Upon repéated systemic administraﬁion, various opiafes
were found to iﬁérease ingestiqn in rats (Kumar, Mitchell
and Stolerman, 1971; Thornhill, Hirst and Gowdey, 1976,
1978a). This ingestion is stereospecific, sincé levorphanol
but not'dextrorphan stimulated it (Thornhill, Hirst and
Gowdey, 1979). Moreover, B-endorphin injectéd directly
into‘the ventromedial hypoth;lamus stimulated increased -

.

food intake in free-fgeding rats (Grandison and Guidotti,

1977). Further enhaqéing a possible association between, .
feeéing and central endorphins was fhe’findiﬁg that
genetically obese rodents ﬁéve higher levgls-of.thé

-opioid peptides in their pituitaries than related, non-

obese strains {Margules, Moisset, Lewi¢, Shibuya and Pert,
' ' T | -

1978) . i
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. - 1.6. Opiates: Core Temperature

Morphine and. heroin have well-established effects
on thermoregulation when given systemically in the rat. ~*

Low doses produce hyperthermia (Gunne, 19§0; Herrmann,

1942; Martin, Pryzbylik and Spector, 1977; Thornhill et
al., 197%). Higher doses evoke, hypothermia or a bipﬁésic‘-
response in which hyperthermia is preceded by hypothermia
(G—anne‘,"l'QGO; Herfmann, 1942; Martin et al.,-1977; Oka,

Nozaki and Hopsoya, 1972; Thornhill et al., 1976).

PEERN

Administration of opiaﬁes into brain sites can also
alter temperature. Injection of morphine into the C
rostral hypothalamic area, pre-optic anterior’hypothalamus
or paraventricular area eliciteq hypo;hefmia (Cox, Ary,
Cheéarek and Lomax, 1976; Lotti, Lomax and George, 1965) [
and hyperthermia‘Qag,produced by. application of morpﬁine )

to the pre-optic anterior hypothalamus, or mammillary nu-

clei (Cox et al:, 1976; Lotti et al., 1965; Martin and "ﬁ‘-

_Papp, 1979). Opioid peptides including the enkephalins, a
‘synthetic enkephalin derivative (FK_.33-824), and‘%-
endorphin aﬁblied to the lateral ventricles or pre-optic .
anterior hypothalamus éhuséd hyperthermia at low doses, |
while large doses lowered body tempe;atufe (Blasig,

-. Bauerle and Hef;, 1979; Ferri, Reina,,Santagostino, Scoto.
and Spadaro, 1978; Holaday, Law, Tseng, Lo and Li, 1977;

* < . ’ ¢
T -

b
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'Holaday, Lo and Li, 1978). The alteréﬁﬁbns in core
temperature which are p{oducéd by opiates are affected
by both réstraint and ch;nges in ambient temperature
(Blasig et al., 1979; Martin and Morrison, 1978; Martin
et.al., 1977; Paolino and Bernard, 1968; frzcinka,

Lipton, Hawkins and Clark, 1977).,.

Naloxone is able to aﬁtagonize the thgrmogenic
effécts of morphine and the hypothermic effect of R- .
endofphin (Bloom, Segal, Ling and Guilléﬁin, 1976; Holgday
et al., 1978; Martin et al., 1977; McGilliard; Tulanay and
Takemori, 1976; Thornhill et al., 1978a).

‘l

1.7. Objectives . ™~ L

L

.As mentioned apove, systemic injections of opiate
‘agonisté.and antagonists can alter, food intake in rats,
probably by affecting central control mechanisms. The VMH
was iéentified as a brain locus involved in feeding regula;
tion and contaihing a high concentration of opiate receptors.
"In initiating the direction of study for this Qork) it
waé hypothesized that if endogenous opioids were involved
in’ the central regulation, of feeding, then tRe VMH likely®
would be an.imporﬁané area of action.. This congideratioh
\\“uas,min fact, supported‘by the preliminary report of
Grandison and Guidoéti (1977), who indicated that B-

endorphin applied.-to the VMH of satiated rats could °

/]' , -
e
. .
.

-



promoteifeeding. : 0

t

Althoygh few studies have measured simultaneously
the pattern of feedihg and temperature éhanges produced .
by the opiates, Thornhill et al. (1976, 1978a) found

0

that repeated subcutaneous injection of low doses of
morphine or heroin into rats caused‘vigorous fgeding,
accompanied by pronounced hyperthérmia. It was decided !
thaﬁ.thermal changes could be monitored readily within
protocois directed towafds feediﬁg studies, and so these .

<X

were incorporated. This addréSsed the question of the in-

dependence or iInterdependence of feeding behaviour and

thermoregulation in opiate-treated animals. »

The 6bjectives of this investigation were, theﬁ, to
establi;L‘xpether‘dose-dependent feeding could be induced
by adminigEéation of opiates and opioid peptides into the
VMH of rats, if this response involved stereospecific
opiate receptors, how this effect‘was mediated, and which
' “class of opiate receptor was involved. Moreover,” this
'study included an evaluation of whether feeding &nd core
temperature changes were interdependent, as information
from subcutaneous injections suggested, or if the receptors
regponsibl; for thesé two effectsﬁwere separable. An
extension from this theme was a;survéy of the ability of

v

various other sites in the rat brain to respond to morphine

14
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injection with. increased 'ingestion. This was conducted

o in order to determine how specific the VM? site was for

>

this behaviour. _ . .
) T . ) . I‘

L { '
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. ' ' 2. Materials

Severai of the drugs used in these studies were
made available throdgh the kindness of Mr. R.A.
Graham, Chief; Scientific'Services, Department of
National Health and Welfa;é,'Gttawé; These included:

morphine sulphate (May and Baker), codeine phbsphate

(Britig) Drug Houses Chemicaks Ltd.), levorphanol tartrate

monohydrate (Hoffman-LaRoche Ltd.), dextrorphan

tartrate monohydfate (HoffmanéLaRoché, Ltd.3J ketocy- .
... : \ .
clazotine hydrochloride {(Sterling-Winthrop Research /)

Institute), apohorphine hydrochlofide (McFarlan,r Smith)

and phenayclidine hydrochloride (#277239).

(A

Nzloxone hydrochloride ‘was provided by Endo :
?

.

Laborat?ries, New York; haloperidol by McNeil Laboratories
Ltd.; phentolamine hydrochloride by CIBA+GEIGY,. Canada
Ltd.; and prizésin hydrochfgéide by Pfi;ér Company Ltd.
The gen;;osity of these companies 1s'gratefully acknowled-

ged. ' : -

Noradrenaline hydrochloride and dopamine hydrechloride

were purchased from Sigma Chemicals; propranolol hydro-

| 9
chloride from Ayerst Laboratories; yohimbine hydro=
. : ’ 7
chloride from Aldrich Chemicals; 5-hydroxytryptamine
- - . . v -~
(5-HT, serotonin creatinine sulphate) from British Drug

Houses Chemicals, Ltd.; methysergide bimalegate from

16 ‘
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2

Sandoz, Basel; D-Ala D-Leus-enkephalin (DADLE) from

Biosearch, Califqrnia and B-endorphin from Beckman

Chemicals.
o @,

A <

? The synthesis of morphine methiodide and codeing
methiodide was developed and carried out by Dr. M.

Hirst, DepafEmeht of Pharmacology and Toxicology,
; ..

- N L4 \ N -
University of Western Ontario. For details of

L

preparationy see Appendix.

!

. , ' . 4
Structures of all opiates and opioid peptides used

are illustrated in Fig. 1.

17
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3. Methods

3.1 studies invoilving application of drugs to specific
brain sites

3.1.1. General

Male Sprague-Dawle} rats weighing over 27Q g prior
~to surgery were eﬁployed in these stullies. Animals were
housed individually in standard metal cages ang maintained
~with ad lib water and food pellets (Purina). Their room
- , " was kept on a-fixed 12 hour light-dark cycle (lights on
-7 % . 0807 to 2000 h) at 24.0 * 2.09 C. Rats were kept at
least five days in their home aages before stereotaxic

>
surgery was begun.

]

3.1.2. Stereotaxic Surgery -

Rats were anaesthetized with 3.5 mg/kg Equithesin

(200 ml propylene glycol, 50 ml absolute ethanol, 4.8 g
sodium pentobarbital, 21.3 g chloral hydrate, 10.6 g
magnesipmsulphate,and distilled water to 500 ml total
volume). The animals were then_pl;ced in a. stereotaxic
,frame (quf Instruments), ear bars inserted, and head
adjusted sb that the interaurél'liné was 5 mm beiow the
"level of the upper,incisor bar. Thg skull was exposed aﬂd
bregma located. ‘Co—ordinates were taken fromithe atlas -

of Pellegrino, Pellegrino and Cushman (1979), with bregma
' ] @

o

2

L




used as reference point. A small hole was drilled in

- the skull at the appropriate location,xthe dura was cut

and the cannula was lowered. All cannulae were constructed
“from 23 éauge hyp§dermic tubing (Small Parts, Inc.,

Miami, Fla.). Each cannula was anchored to the skull

‘with three stainless steel jeweller's screws (Watch
Material Co., Montreal) and dental acrylic cement (Caulk
Repair Material, L.D. Caulk Co.). When animal; were not
being injected, éﬁ osdurator pin of the same length as the
cannula and fashioned from stainless stegl wire (0.03 cm

-

diameter, Small Parts, Inc., Miami, Fla.) was inserted.
Following surgery, rats were injected intramuscuLérly
witﬁ‘o.l ml Pen-Di-Strep [procaine penicillin G (130,000
I.U.(}g) and dihydrostreptomycin (170 mg/kg)] and then
allowed six to ten days to recover. l

0

3.1.3. Experimental Procedure for Studies Involving
Feeding an@ Temperature Measurements
Throughout the stugy-animals had accesé_to as much
food and water as they required. At intervals du;ing
the'period of recovery from su;gery and during the .
morning of trial day§, animals were handled frequently
and the injectiOn cahnula was occasionally lowered ;hroﬁgh
‘the implanted cannula, but no injection was made. This |

was done to familiarize the animals with the experimental

procedure and reduce stress.

[
]
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»

All trials were performed in;the home room with at
least one rest day intervening. On intexmed{ate, non-
trial days animals wefe observed but otherwise undis-
turbed. In the morning of a trial day, animals were
weighed and occasionally handled. Between 1215 and 1245 h
initial injections were made. Injections into the brain .
were administered over 20 to 40 seconds through 30 gauge
hypodermic tubing (Small Parts, Miami,'Fla.) which ex-
tended 0.5 Tam beyond the permanent cannula. This injection

cannula was joined by ?E 10 polyethylene tubing (Intra-

medic) to a 10 ul szfénge (Hamilton Co.). Drugs were

applied to the brainh in a volume of 0.5 ui_sterile,
pyrogen-free saline (Ab?ott Laboratories, Montreal) unless
otherwise specified. All trials were performed in the

home room and rats were only refffoved from their cages when

weighed and injected.

A pre-weighed guantity of rat chow pellets (Purina)
was provided after injection and was changed at hourly
intervals during the study. Paper towels were placed

under each cage to catch any spillage and the towels were

- replaced in conjunction with the food'pellets. The weight

¢, . .
L

£ o

v

of remaining pellets plus spillage at the eﬁd‘of each
hour subtracted from the original weight of pellets

indicated the weight of food consumed péer hour.




Core temperatures. were recorded just prior to the

first injection and at hourly intervals thereaftv while

- L

- . the animal remained in’ the home cage. Tempefatures were
measured by insertibn of a lubricated, pre-calibrated

rectal probe (Yellow Springs Instruments 423) 6 cm beyond

the anus and allowance of up to 20 seconds for the Yellow

Springs 44TA tele-thermometer to'equilibrate.

A -

. 3.1.4. Sterectaxic Co-ordinates for the Ventro-
' medial Hypothalamus

In these studies, injections were made into the

. ventromedial hypothalamus (VMH). From the atlas of ~
Pellegrino et al. (1979), with bregma as reference point,
cannulae were positioned according to the following co-

ordinates: +0.4 mm anterior, -0.5 mm lateral and to a

———— -

"depth of 8.3 mm from the surface of the brain.

3.1.5. Alterations in Feeding and Temperature
Following VMH Application of Morphine Sulphate
and Noradrenaline Hydrochloride

[N

. &
For this study, six rats with VMH cannulae were

divided into two.equal groﬁps. One group received moréhine
f .

(2.7, 5.3 and 10.6 nmole) while the other group received

noradrenaline (10, 20 and 40 nmole). A control trial day

-

where 0:3 ul saline was injected intervened between each

[

drug trial day. Drug doses were given according to a

Latin Square design. The groups were crossed over so that
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all animals received both drugs at all doses.

//T 3.1.6. Effect -of Procaine Hydrochloride Applied to
the VMH on Feeding and Temperature

. ¥
Five rats from the six used for the above study
(Section 31L.5,) received procaine (110 nmole) injected into

the VMH;i T )

3.1.7. Effect of Subcutaneous Compared to VMH
Application of Morphine Sulphate

The three rats used in this study responded to VMH
a?plic?tioh of morﬁ%ine (5.3 nmole) by eating more thén
‘1.5 g of food pellets in three hqurs. Thef were injected .
with:saline (int9 thé‘VMH), saline (0.2 ml, given
subcutangéusly) or morphine sulphate (2 ué in 0.2 ml P
saline, ;iven subcutanepusly). Drués were applied in a
Latin’Square,aesign. The quantity‘of4morphine sulphate -
given into the hypothalamus was equal to the amount given

=

'subcutaneously (2 ug). o

2 ~ -
4

3.1.8. Studies on Specifiéity of the VMH Opiate
Receptors Involved in Feeding

3.1.8.1. Levorphanol Tartrate Monohydrate,
' Dextrorphan Tartrate Monochydrate
and Codeine Phosphate

Seven rats were given VMH injections of the following

-

_.”._,r,..‘”,’ .
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opiates according to a Latin Square design: levorphanol

’

(1.8 and 5.3 nmole); dextrorphan (5.3 nmole); or codeine

.

e D (5.3 nmole) . .
| Y
- vy
' § . ) ,
W&ﬁ 3.1.8.2. Morphine Siudlphate, Kétocyclazocine
. hg. Hydrochloride and Phencyclidine
B \ﬁyﬂ Hydrochloride

i) Seven rats were given VMH injections of saline or the
\ :

) 1

:wﬁ foilowing agents which represent various classes of ogfate
adonists, again accerding to a Latin Square design: .
mmorphine (5.3 nmole, u agonist); ketocy&lazocine (5.3
nmole, k agonist); or phencyclidine (5.3 nmole, ©

agonist).

3.1.9.- Efﬁecté of Quaternary Opiates in the VMH on
Feeding and Temperature

v L]

e
-

3.1.9.1. Effects on Guinea Pig Ileum and Rat
Blood Pressure : . .

Preliminary studies were done to ascertain the effects

of morphine methiodide and codeine methiodide on the

stimulated guinea pig ileum arid on rat blood pressure.

Details of methods énd‘resultSAare given in the Appendix.

.
»

3.1.9.2. Morphine Methiocdide Compared to
. Morphine Sulphate

’
L4
'

Moiphiné‘ﬁethiod{ae (ld.6 and~2l,2 ﬂﬁglé)‘dr—ﬁorphine

-

f
»
-
’ -




sulghate (5.3 nmole) were instilled into the VMH in a
Latin Square‘design. A trial day involving injection
of saline alonexintervened between each drug trial day.’.

w

‘3.1.9.3._ Morphine Methiodide Compared to
. Codeine Methiedide
' !
Six rats réceived morphine methiodide (21.2 nmole)
or codeiné methiodide (21.2 nmole) instilled .into the

VMH in a crossover design.

s 3.1.10. - Effects of Obioid'Peptides in the VMH on
Feeding and Temperature

2

3.1.10.1. D—Alaz, D-Leus-enkephalzn (DADLE)h

D—Klaz, D—LeuS;eggephalin (DADLE) was given into the
VMH of two groups .,of rats. The first‘group (16 rats)

“received initially morphine (5.3 nmole) anﬁESubsequently

DADLE (1.4, 2.7‘and.5.§ nmole{, dosés.of pe tide.being given
in a Latin Square‘désign. Each drug trial altefnated -
with a saline trial day when animals recéivéd saline alonéﬂ
The second group (1l rats) received 5.3 nmole morphine,
'thén DADLE (0.35 and 0.70 nmole), by Lgtin Square frotocol.

Again, saline trial days alternated with drug trials.




3.1.10.2. f-Endorphin

2

The two studies examining VMH actions of various
doses of fB-endorphin were arranged similarly to the above
studies of DADLE (Section3.1.10.1.). Each consisted of a

morphine treatment (5.3 nmole) followed by B-endorphin

treatments, given in a Latin Square design. Drug trials

alternated with saline trials. In the first study, six

rats received 1{4 or 2.7 nmole B;epdorphin, while in the

second, four rats received 0.35 oy 0.70 nmole.

L4

3.1.11. Effects 6f Naloxone Hydrochloride on the
Alterations in Feeding and Core Temperature
. Induced by VMH Injection of Morphine
Sulphate, Morphine Methiodide, DADLE and
B=Endorphin

IS

3.1.11.1. Morphine Sulphate

ght rats received a -VMH injection of naloxone

&

(10.6 nmole) or salihe followed, after a fiveé-minute

N
interval, by an injection of morphine (5.3 nmole) into the

.

«

same site.. A crossover design was used.

In five rats, naloxone (10.6 nmole) was given five
minutes before saline, both injections being made into the
VMH .

In a companion study nine rats received morphine (5.3

-

nmole) followed one hour later by naquone {10.6 nmole) or

i




b3 )
v

saline, all drugs being éiven_fnto the® VMH . Again, a cross-
over design was employed. Food intake was monitored -

following naloxone or saline injection. .

Ten rats were giveh subcutaneous injections of saline

>

or naloxone (2 or 10 -mg/kg). Ten minutes later they were
given an injectioq‘of morphiné (5.3 nmole) into the VMH.

A crossover experimental design, as above, was used.
R : . o
. - , [ . .

o

3.1.11.2. Morphine Methiedide

In five rats,.naloxone *(10.6 nmole) or saline was

instilled into the VMH. flve mlputes prior to 1nst11katlon

of morpiine methiodide (21 2 nmole3 1nto thé VMH.

"

In seven rats, arﬁubéutaneons injection of naloxone
(2 or 10 mg/kg) or sallne preceded by 10 minutes the

hypothalamlc admlnlstratlon of morphine methlodlde.

3.1.11.3. DADLE k£ = )

L
L

Seven rats receited naloxone (10.6. nmole) or Ea}ine
- S . o ' oy I,
. administered into’ the VMH and followed after five minutes

'by DADLE (5.3 nmolg):given ﬂ' the' same ;pﬁte: K“batin

Square design was used. -




L4

3.1.11.4. R-Endorphin - '

Four rats received naloxone (10.6 nmole) or salipe

édministered into the VMH and followed afteﬁ.five‘minutes
by g-endorphin (l.4°nmole) given by the same route. As

, above, a-Latin Square design was used.

I

3.1.12. Involvement of Noradrenergic, Dopaminergic,
' and Serotonergic Neurons in Opioid-Influenced
Feeding and Temperature Chandes

4

3.1.12.1. eneral ) .

In the following studies, whenever a series of.
»two injections was given on a trial day, food intake
rwés always measured from the second injection.. All’ )

‘ -&aigétions were made into the VMH. Occasionally, drugs

e

wéré'injected'into the VMH in a volume of 1 pl; the use .

of this volume beiny dictated by the low solubility of the

drug in saline. L. .
. ( )
* L ]

- 3.1.12.2. Effects of Phentolamine Hydro-* -
' * chloride on Noradrenaline o
Hydrochloride ot

»

[N ' . . N . R
MY . -
.

An initial study was ﬁerforméd in seven_ rats to
determine the dose of phentoiamine sufficieht to block
. L. . s ® . -~

N 4 . - - . I3 0] ) . .
the effect of a neradtrenaline (NA) injectijon given five
v - “~ T o k4

.minutes later. -All injections were made irito the VMH.'
. - - : )

- L4

”

The experimental design was: ” - .




. : y
Injection 1 (5 min) Injection 2
Trial 1 =~ - ' o saline .
Trial 2 .saline . ’ NA (30 nmole)
Trial 3 phentolamine (30, 60 nmole) , - - NA (30 nmole)

Trial 4 saline . .. NA (30 nmole)

¥
A ]

" .
3.1.12.3. Effects of Phentolamine Hydro-
‘e chloride on Morphine!%ulphate

To determine whether phentolamine would affect
feeéing,due tq'morphine, the antagoniét or séline was

appl%ed to the VMH either five minutes before (seven rats)

or one hour after (six rats) an identically placed dose

. of morphine. The design was as follows:

e

LY

Injection 1 —— (5 .min) ———— Injection 2
Trial 1 - ' ) f . saline .
Trial 2 saline o T mérphine (5.3 nmole)
s+ Trial 3 phentolamine (60 nmole) . morphine (5.3 nmole)
Trial 4 saline . : morphine (5.3 nmole)
‘Injection 1 —— (1 hour) —— Injettion 2 -

Trial 1 saline . -
Trial 2 phentolamine. (60 nmole) -

Trial 3 mbrphine (5.3 nmole) ~ saline - 3
Trial 4 morphine (5.3 nmole) phentolamine {60 nmole)
Trial 5 morphine (5.3 nmole) saline

-

-

o . -

. 3.1.12.4. Effects of Morpgine Sulphate.GiQen
o @ - o with Noradrenallne”Hydrqchlor%se

-~

In six rats, interaction of morphine and noradrenaline.

given together to the VMH was investiqated. On t?é ihitial

o




o

BTl 2 N

5 ey

- 1

. trial day, the rats received a saline injection. On the
second and third trial days, they received 5.3 pméie
morphine or 30 nmole noradrenaline in a crossover patterh.
On the finai trial da¥y, all rats rééei%ed an injection

of 5.3 nmole morphine followed after five mlnutes by a

P - !B nmole nSEadrenallne 1njectlon. ‘
o N

(

3.1.12.5. Effects of Phentolamlne Hydro—
chloride on DADLE -

“

In nine rats, phentolamine or saline was'applied to
4 L)

the VMH five minutes before DADLE. The éequeﬁce of

trials was: - . ) e’
Injection 1 —— (5 min) ————— Injection 2
Trial 1 - - saline ,
Trial 2 saline - . DADLE (5.3 nmole)
Trial 3 phentolamine (60 nmole) DADLE (5.3 nmole) ~
. + Trial 4 saline, : DADLE (5.3 nmole)

.3.1.12.6. Effects of Prazosin Hydrochloride
, “on Morphine Sulphate and on
- . . Noradrenaline Hydrochloride

Injections of §razosin (1 pl1) or saline into the

VMH were given to rats one hour after VMH morphine in

°

the following se&uence:

-

-
¢
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ﬁ. - ' ] v
Injection 1 — (1 hour) —— Injection 2 - :
Trial 1 saline < -
Trial 2 prazosin (0.26 pmole) -
Trial 3 morphine (5.3 nmole) saline . .
Trial 4 morphine (5.3 nmole) |, prazosin (0.26 pmole)
Trial 5 morphine (5.3 nmole) salihe
Injections of noradrenaline into the VMH were givem»g .
‘ ‘ 15 minutes after injections of VMH prazosin (1 ul) or
saline in six rats as follows:
¢ C , q )
Injection 1 ——— {15 min) — Injéction‘Zj
‘ Trial 1 - ‘ , saline
Trial 2 .saline Co . NA (30 nmole)
Q\Triql.3 prazosin (0.26 pmole). NA (30 nmole)
Trial 4 saline ' : NA (30 nmole)
3.1.12.7. Effects of Yohimbine Hydrochloride
. on Morphine Sulphate ' : ,
%i. ’ -
Injections of yohimbine (1 ul) or saline into the
N VMH were given to six rats one hour after morphine in o
the following seqﬁence:
- Injection 1 — (1 hour) Injection 2
Trial 1 saline , . - .
2 . Trial 2 yohimbine (9.1 nmole) ' -
. Trial 3 morphine (5.3 nmole) saline .
Trial 4 morphine (5.3 nmole) yohimbine (9.1 nmole)
3 Trial 5 morphine (5.3 nmole) saline

.

P




3.1.12.8. Effects of Propranolol Hydro-
| chloride, 5-HT, Methysergide
Bimaleate, Dopamine Hydrochloride,
Haloperidol and Apomorphine ‘
Hydrochloride on Morphine '
Sulphate ‘

The following design was used to test various agonist
and antagonist drugs for effects on morphine-induced

feeding and temperature changes:

-
Injection 1 -——— (1 hour) —— 'Injection 2
Trial 1 saline -
Trial 2 'drug -
Trial 3 morphine (5.3 nmole) ' saline
, Trial 4 morphine (5.3 nmole) drug
f Trial 5 morphine (5.3 nmole) ’ ] " saline

3
The drugs used were propranolol (60 nmole, five rats),

’S—HT (30 nmole, five rats), methysergide (28.3 nmble,

five ratg), dgpamine (30~nmoié, seven rats), halopefidol

(8 nmole given in‘l ul, seven rats), and apomorphine
© (25 rimole given in i ul, seven rats). The haloperidol was

dissolvéd in a small amount of acetic acid'and made up

to volume with saline add bicarbonate. The final pH was

¥

5.5.

’ 3;1{12.9. Effects on Feeding of Morphine' .
: Sulphate Applied to Various Brain

‘ - 4 - Sites o
Feeding responses to morphine‘were‘tested at several

L3




-

brain sites, including the ventromedial hypothalamus,

posﬁerior hypothalamhs, paraventricular hypothalamus,

-

internal capsule, lateral hypothalamus, fornix, amygdala,
caudate-putamen and thalamus. For each site, a

unilateral cannula was implanted in three to five rats,

as described in Section3.1.2. The stereetaxic ca-ordinates

<

. . )
for these sites were chosen from the atlas of Pellegrino

et al. (1979), with bregma used as a reference boint. On
four trial days, which were not consecutive days, animals
received an injection of morphine dissolved in sterile,
pyrogen-free 'saline (0.2 ul, Abbott Laboratories; Montrgal)
or saline alone (0.2 ul). The order of inﬂectiqns.was;_
saline, morphine (5.3 nmole), saline- and, finally,

morphine (5.3 nmole). Injections were made between 1215
and 1245 h and administered over 20 séconds through 30

gauge hypothermic tubing (Small Parts, Miami; Fla.) which

extended 0.5 mm beyond the permanent canqula: The injection

cannula was joined by PE10 tubing (Intramedic) to a‘10 ul

syringe (Hamiiton Co.Y.

Rats were allowed ad lib food pellets (Purina) and

water. Food intake and core temperature was measured ag in
. - ‘

Section 3.1.3.° R o
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3,2. Histology

.
After completion of the eafly studies, rats were

anaesthetized with Equithesin.and perfused through the

left ventricle of the heart with 10% buffered formalin‘

phosphate (Fisher Scientific Co.). 1In later studies,

rats were killed with chloroform vapoursl All brains were

remo&ed and stored in buffered formalin for at least ten

days at room temperature.

-

Transverse sections (50 p) in the approximate plane
of the cgnnula tract were sliced from the brains on a
freezing microtome (Leita).‘ Sections were placed on
microscope slides coated wiEh 1% gelatin solution. At
least 24 hours 1a£er, sections were proqessed with
thionin, a basic cell stain (see Appendix), and the stained
slides were mounted with DePex mounting medium (British
Drug Hoﬁses Chemicals, ‘Ltd.). Appropriate cannula place-

ments were verified from the stained sections.

3.3.. Analysis of Results

3.3.1. Feeding and Temperatﬁ}e Responses after
. Injections ' :
n N . /

AN

For studies in which two treatments were compared,

Student's.t-test for paired data was used. Tﬁese

included naloxone studies, where animals received VMH

\
i}




injections of saline or naloxone with an opioid Aone-

tail); the methiodide study where effects of morphine

methiodide were compared to codeine methiodide (two-tail);
and studies of effects of morphine or saline at various

brain sites (two-tail).

In all other VMH studies, where more than two groups
were compared, results were assessed by a randomized
block analysis of variance. Where the F-ratio showed
significance among groups, results wefe further analyzed

'
by thekxStudentized range test (Goldstein, 1964).
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4. Results

4.1° Studies Invoflving Appllcatlon of Drugs to Sbecific
~ Brain Sites

L)
4.1.1. Alterations in Feeding and Temperature
* Following VMH Application of Morphine
Sulphate and Noradrenaline Hydrochloride

s

[y

Fig. 2 illustrates a typical cannula placeménﬁ in the

VMH. .

Although noradrenaline caused hyperphagia,Ain this

study no dose-dependency was observed over the dosage

oo " A P . .

range examined. During tq‘ first hour agter injection,

animals ate significantly more in response to all doses
of noradrenaline than to saline (Fig. 3). 'However, three-

-

\
‘hour food intake after 40 nmole noradrenaline was not

' significantly different from saline. At this dose, the

effe¢t of the drug varied greaﬁly among animals; some

rats ate large amounts (e.g. seven g) wﬁile othe:é

exhibited greatly decreased iocoﬁotion and afe nothing.

Generally, feedlng began w1th1n five minutes of noradrena-
g

llne injection follewing much movement and sniffing and

continued for 15 to 40 minutes. Core temperature one

'hour after injection of 10 and 20 nmole noradrenaljine

was significantly higher. thanscontrol tempgréture. At

;ws and three hoursﬂpost-inje?tian only 40 ﬁmqle

. ’ J

AN



FIGURE 2 . ’ /

'

Photograph of a coronal section through a rat
braiﬁ, illustrating a representative placement site
for a cannula aimed‘ét the ventromedial hyp;thalamus.
The plane o;.the section followg]t@e~at£as:of ﬁellégrino
et al. (1979), with-co-oidinétes: +0.4 mm éntefior to,

bregma, -0.5 mm lateral to the“midfine’and a aepth

of 8.3 mm “#rom the surface of the brain.







FIGURE 3 ,
” , - -

-

-

Food intake '‘and corresponding core temperature over

&

. »
noradrenaline and saline into'the ventromedial hypo-
: R - . ‘

thalamus of rats (n = 6). .

\

3 hours folléwing administiztiqn of several doses of

k-]

Histobars represent -mean cumulative food intake

Y

after injection for: l , ) :
L .1 hour ¢
’ a
f§> 2 hours

7 | 3hours ) 4

Graph represents core- temperatures following

[l

injection of:

~

.- B8 saline .’ . :
; ' L]

o0 10 nmoie noradrenaline

O—0O 20 nmole noradrenaline

st 4—4 40 nmole noradrenaline
A}
. . . - L.
Vertical lines indicate S.E.M. Significant

differences %¥rom saline (p <0.05) are indicated as ¥ . ,
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noradrehaline caused a signifidant rise in temperature -

over that *after the saline control.
!

- .
1 . a

. ' Fig. 4 illustrates the changes in feeding and core

temperaturé following injections of morphine or saline .

into the VMH of rats, at the same site where noradrenaline

-

increased food intake. Tolerance to either parameter
was nét apparent with this ;aradigm. All .-three doses éf
morphine produced a significant'increasé’in the amount Sf
food consumed ovgr the th}ee—hour period of measurement, 1
.and the higher doses (5.3 and 10.6 pmoles) of mofbhine
A léd to significantly more fegding than the lowest (p <
-0.05). The total guantity of food ingested after morphin

was‘comparab£;\>o that following noradrenaline injection. 'ug

. ,
The pattern of” feeding after morphine treatment,

s . howevér, was very different from that after the catechola-
mihe. There was a short'latend;_before intense eating
?ommeﬁced after noradrgnaliné; but animals receiving ) E
‘morphine be;;;n eating only after a latent period that R |
lésteé from 30 to 120 m\er. As shown in Fig. 4, quantities T
eaten déring éhe first hour following mofp@ine injection

were qpt)signific;ntlx’different from the saline control
hfe;ding. The duration of the latency genera11§ ré&ated

. 8

Mto the, quantity of drug injected. It was characterized

v
by a "trance-like" state, where animals would either sit

—
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FIGURE. 4 BN - G .
N '. Food intake and cormsponding core temperature '
: .+t t e . - W . . ’ . ‘ “‘
over 3 hours following administration of several
doses of morphine and saline. into the ventromedial ‘
- L4 .
hypothalamus of rats (n = 6). .. ' .
“ - ﬁ Hlstobars represent mean cumulatlve intake after
+ injectioh ﬁor- ) ' : -
. ' s i ) ! 1 ' . :
4 , . d \ " ; v
" S 1 hour . .
- \ z 2 howurs b
) f '3 hours ) N
‘ ! ‘ ) . » l
° " Graph represents Egmpera;cure following injection
‘of: l .
., ¢ ®m—@ saline L .
B . @—®2.7 nmole morphine
' . 0—0 5.3 nmole":morph'iné . g -
. . a - L4
o W ) LA : € -
a4 10.65@mole morphine L
Vertlcal llnes J.ndlcate S.E.M. - Significant
. . e
" differences from saline (p <0 05) are indicapedas ¥ . f(
.'v T . ’ . ’
‘ .4 o .
’ .
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- or "stand at the back. c;;'f the cage with eyes open. They‘
were always capable of movement if gently provoked.
Fqllowing this éhase, animals ge?erally began a prolonged
ﬁeedingusession. After the highest dgse, animals were

. often found to be still eating at the end of the three-
hour period, whereas fee?ing with noradrenaiine Had
essentially‘ceased by the end of the first hour. -After
morphiﬁe was administeréd, the animgls appéaréd appre-

Q .
hensive during feeding, and when apprbadhed closely would

. often stop or drop tHeir fodd and stand with front paws

¢

up at the back‘of the cage. Noradrenaline did not  appear

'té§make animals as reactive to external Stiﬁu;i.

o

o

2 g At all. doses, morphine evoked a persistent hyper- -

thermia;core temperature remained significantly,elevatéd
over that after saline for three hours. The elevation

. [ ' B
in temperdture was dose-related; at two hours followirfg
. ’ % e

the injection of morphine, 10.6 nmole elicited a sig-

8

nificantly higher mean tehperature than did 2.7 nmole.
| -3 -

’

The effect on Qemperature-of noradrenaline appeared to

’

,,be smaller than that of morphine and not dose-dependent.

“. - Although,levels of feeding and core temperature were
) ' * ) ’

both elevated over .controls by the ,end of the tlfree-hour *

morphine sessions, increases in temperature ogcurred‘”;f o

2,

‘before incredses in feeding. ' °




-

4.1.2. Effect of Procaine Hydrochloride Applied to
the VMH on Feeding and Temperature

©

The effects of procaine on feeding and tempergtufe
did not differ app?eciaﬁly from those after saline (Table
1). Total food intake following procaine was 0.7 * 0.3 g
and after saline was 1.0 * (0.2 g; peak temperature

following procaine was 38.3 * 0.40 C and after saline

-

was 38.1 + 0.20.C. .

v
4.1.3. Effect of Subcutaneous Compared to VMH
. Application ¢f Morphine Sulphate

‘

b

Morphine, given int§ the VMH, stimulated significantly

" more three-hour intake than d&d the same amount of morphine

given subéutaneously; or saline administered by either

* Id
route (Fig. 5). Similarly, only centrally-applied morphine

".effected a significant elevétion in t?mperature a% one,

two and three hours after injéction. Following sub-

.

cutaneous morphine, food intake and temperatures were

no different from saline. ) ‘

e

¢

v o

"4.1.4. Studies Investigating Specificity of the Opiate

‘Receptor irf the VMH Involved in Feeding e

4.1.4,1. "Levorphanol Tartrate Monohydrate,
"™ Dextrorphan Tartrate Monohydrate and
o Codeine Phosphate

v

-

47



" Table 1

Food Eaten (g) Following VMH Injection of Procaine (110
nmole) or Saline N

Initial Hour " Two Hours Three Hour$-
. .
Procaine: 0.4 = 0.3 0.4 + 0.3 0.7 =+ 0.3
Saline: - 0.2 = 0.1 0.7 + 0.2 1.0 + 0.2

Core Temperature (©C), Following VMH Injection of Procaine
(110 nmole) or Saline

Initial Hour ' ' Two Hours Three Hours
Procaine: 37.3 + 0.2 38.0 + 0.4 '38.3 = 0.4
Saline: 3744 4% 0.1 38.0 + 0.1 38.1 = 0.2
o
R |
a' a
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FIGURE 5
Mean cumulative food intake and core tempeqaégre

of rats (n = 3) over 3 hours following administration

of: ' . . .

*

v

e OO saline into the ventromedial

hypothalamus .

morphine (5.3 nmole) into the

ventromedial hypothalamus

saline, subcutaneously

c— 4&—A morphine (2 ug) subcutaneously
/ . ’ ~ .
Vertical lines frepresent S.E.M. Significant

differences (p'< 0.01) from both saline giveﬂ intra-

- pypothalamicaliy and from morphine and saline injected

.

subcutaneously are.indicated as ¥ .

A
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Injection of levorphanol (1.8 and 5.3 nmole, ‘Fig. 6)
wa% followed by a pericd of groominq and exploratory
aetivity, and then dose-dependent feeding,vwhich increased_
slowly during the three-hour period~tq reach max imum
levels of 1.2 + 0.6 g and 1.9 * 0.4 g respectively.
Cumulative food intakes both two and three hours after
injection of levorphanol (5.3 nmole)’we}e significantly
greater than those occurring after treatment with an
equimolar quantity of‘dextroiphanr’,Little was'ihgested
after codeine. and the animals, although awake, were not
active. The welght of food ‘consumed in the three hours
following 1n]ect10n of codeine (5.3 nmole) was signifi-
cantly,lees than following levorphanol (5.3 nmole), but
not different from the dextrorphan. There were no
significant differences ln‘eore temperature ameng the

four treatment groﬁps,

4.1.4.2. Morphine Sulphate, Ketocyclazocine Hydfo-
' chloride and Phencyclldlne Hydro+#
chloride

Only minimal ingestibn followed injection of saline

and ketocyclazocine (Fig. 7). Feeding after the latter

[ ] . . ‘
was occasionally preceded by a short (less than lo\min)

period of depressed act1v1ty followed by sporadlc

nibbling and sleeplng. There was no food 1ntake follow1ng

Vd

phencYclidihe. (Only one animal ate 0.1 g food during

Pl
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FIGURE 6 . )
o , -2

- ." )
’Mean cumulative‘food intake ar'ld core temperature

of rats (n =77) over 3 hours following admlnlstratlon

into the ventromedial hypothalamus ‘of:

v
K

.—-0 levdrphanol (1.8 nmole)
H l--l levorphanol (5. 3 ﬁmole) “
@ O—-O dextrorphan (5.3 nmole) '-.

' 0O q\delne (5."3 nmole). " ,

e ot o ,
Vertical lines- represent S.E.M. Si-.gnifidant

dlf‘ference;’-(p <m0 05) from dextrorphrﬁ are :Lndlcated

-

~as ¥ and from cdﬁelne as ¥ .

’
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L.
e B . O—0 saline

FIGURE 7

Mean cumulative food intake and core” temperature
of rats (n = 7) over 3 hours following administration

into the ventromedial hypothalamus of:

_eh k3
.

g

—— @@ phencyclidine (5.3 nmole)

m,‘l—l ketocyclazocine (5.3 nmole) ?
»>>» . ﬁf z;‘_’" N .

>3 >

k23 o0 morphine (5.3 nmole)

- .Vertical lines represent S.E.M. Significant
differences (p < 0.01) from saline, phencyclidine,

and ketocyclazocine are indicated as * .
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each of one, two and three hours aﬁtér injection (Fig. 8).

-4

the ,third hour of the study). Although these animals

. assumed a natural sleep position immediatély following o

-

injection, they coquld be aroused. Morphine, as previously
noted (Segtion 4.1.1.), evoked an initial lengthy period
of behavioural depression which lasted-at least 30 minutes,

follpwed by a pfolonged period of food intake. Morphine

.
-

stimulated food intake to a level (2.8 * 0.7’'g) that was

significantly greater than that observed following ' b
. . . ‘ : ‘ e T e T
injectiorn of the other three agents. Moreover, éhi§~

morphine élqvgted core temperature compared with the other

-

substances.
. ]

’ ’ A
»
N .
¢

4.1.5. Effects of Quaternary.Opiates in the VMH on Feeding
and Temperature

ol

- ! ©

4.1.5.1. Morphine Methiodide Compared. to Morphine
Sulphate

i
° ¢

Rats treated with morphine. methiodide (21.2 nmole)

”

or mbrphine (5.3 nmole) ate similar quéntities of food at

This level of ingestion was significantly greatetr than

after saline adpinistration. The amount of food eaten

e -
,?:t_)’

after the léyer”dosé of morphine methiodide (10.6 nmole)
was not different from saline ér the other drug
injecEions. ‘The behaviour of ﬁorphipe MEthiodide-ﬁrggted
rats was notably différenf from morphine éulphate-tregted

W
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FIGURE 8 °

.
‘;‘ .

Mean cumulative ‘food intake and core tempera‘ture

.

of rats (n = 6) over 3 hours following ‘administration

into the ventroMedial hypothalamus of: —
\ .

A—A saline . ¢ .

&4 morphine- methlodlde (10. 6 nmole)

s
m o morphlne methlodlde (21 2 nmole)

. o—0 morphlne (5.3 nmole) L

[y .
b v

. Vertical .lines represent .S.E.M. Sign,ificant

-

'ciif-ferences (p < 0.05) from saline are indicated as ¥

-

* and from morphlne methiodide - (IO 6 and 21.2 nmdle) as __

-
."

¢ . ' i
. - . .

/(\\ .
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. ‘ . : . . . ’ o‘.
animals in that the quaternary“agent did nobt appear to

L
-

cause a prolonged depre551on 1n_a§§Az£EZv 'After treatmeht
”»

w1th either dose of the methlodlde the actlvaty of the

rats 1ncluded snlfflng, grooming, and - akeeplng for sh%ft

A=perpods'before beginning to feed-
- o ' ‘ T
. ¢ S .

e ¢ - «
‘-ﬁprphiﬁe elicitéé hyperthermia whicgh. was persistently

‘-
L

higher'than core tempereture after saline, and higﬁer
- .° . --

\

than tempeiatéres Gf'horphine‘methicdide-treated animals '
» at .the first:end second hour after injection. %;méerattres
‘ . 4 , :
. of morphine“methiddiﬁeétreated animals (21.2 nmole)-were
sxgnlflcantl; elevated over temperatures follow;nq

. -

morphine methlodlde (10.6. nmole) and sallne at one hour,

5

_’

but not two or threeohours, after administration.

° .
e r- f
. - -

- - - . - - . .
] ' . & M s

4.£45-2u Morphlne Méthlodlde Compared to Codelne
y . . Methlodlde ; L .

1) I <

; had v v ' d
Morphlne methiodide stlmuiated feedlnq whlch }S\icﬁ/ :

contlnued throughout the‘experlmental per;od,whlle

subsequent to coﬂerﬂllmeth;odlde 1ngectlon there was a- .
\.
small amount of - feedlng (0 3-% 0 lag) only - dur%ng the -

‘

flrst hour aftef 1njeq\&on {Flg 9) v ¢, The dlffereﬁges Ln

food xntake between treatments became sxgnzﬁlcant at the
‘.‘J . ?

seCOnd and third hours foiloW;ng 1n}e¢t10nm ‘Cadelne

methlodidd dld not. appear,to reduce the agtlyrty of the ‘

rats follow&ng 1n3ept1oﬂ they exhlblted the1r normal

B . . o v _{ . 3 .
- ' 9»,, . T . e T - RN 5 -
4 . ’ e P e S ' °

. e - :
R . Il a0, N
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patterns of'sniffiné;'exploratory-activity and

slgeping. o
Morphine methiodidé*elevated core temperatures

";: e A ‘ . 5“ e

significantly compared to codeine methiodide-one hour after

injection. lHowever, at two and three hours after morphlne
methiodide was glven, although anlmals were Stlll feedlng,

core temperatures were not srgn1§1cantly dlfferent from

éodeine methiodide.

-

LY

those after

-

' ) :
A) a ? .

Effects of Opioid Peptldes in the VMH dn Feedlng
and Temperature

4.1.6.1. D-Ala?, “D-Leu”-Enkephalin (DADLE)
;DADLE injection elicited a dose-dependent increase

. ' . s - .
in inGestion over saline. After a delay of 10 to 25

minutei{ eating began, and was mainly completed by one
- Y
hour after drug treatment During the initial pre—

feeding perlod there was often a phase of 1ncfeased

act1v1ty,and occasionally a brief phase of decrqased'

*

locomotion, which lasted about 10 minutes at tbe highest'j

dOSeS and was absent at the lowest. 'Againl morphine

Bl

. produced prr;onged depressxon in activity and then persis-

! L

tent feeding. = & .

-

. 1 .

.The peak of .the dose-response curve for feedlng

'plateaued at.1.4 nmole DADLE, s;nce hlgher doses (2.7 and




[

*—

"follows:

FIGURE ‘190 -

R
1

- ’

Mean cumylative food intake and core temperature

-
-

of rats (n = ~16) over 3 hours fgllowing administrdtion
1nto the ventromedial hypothalamus of saline,

morphinetor D—Alaz; D= Leus—enkephalln (DADLE) as

-~

// ) ' .
® 0 DADLE (1. 4 nmole) ‘ _
[ N | DADLE (2 7 nmole) : ,

“ A A DADLE (5.3 nmole)

v .. O O morphine (5.3 nmole)

- -

‘ L]

O O ;saline |,

. Vertical llnes represent S. E M Significant

differences (p < 0. 01) from saJine are 1ndicated as %

from DADLE (1.4 and ‘2. 7 nmole) as ’ , and. from a

¢ -

DADLE (5.3 nmole) as o L.
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FIGURE 11 S _ | coL
Mean cumulative food intake and core temperéture

- of rats (n = 11) over 3 hours followiné a‘dministjrationjp‘ . <

. into'the ventromediallhypotpalamus og_saline, -‘, |

morphine, ~or.D--Ala.Z, D-Leu® enke.pi'lalih' (DADLE) as
. © . follows; :. ‘ R ’
¢ § . 4 o " s .

. T . ¥-¥ DADLE (0.35 nmole) L T2

E ®—8 DADLE (0.70 nmole)
L 4

ke 00 morphine (5.3 nmole)

V—¥ saline
Vertical lines represent S.E.M. Significant
differences .(p < 0.05) from saline are indicated as ,
© ’ . - ) o ! . ‘ ' .
-, % , ‘from DADLE (0.35 nmole) as @ , and from DADLE ,
* ) - T .
L . (0.70 nmole as A . ' d - :
- X .
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5.3 nmole) dig not further enhance food 1ntake (Flg. 10).

‘The level of feeding produced in one hour was comparable

3’-"r

o
to the total three-hour food 1nteke following#morphine.

In a separate group of rats, ingestion following DADLE
! ¥

(0.7 nmole) was about one-half as great as with morphine,
while a lower*dqpe (0.35 nmole) had no effect (Fig. 11).
g ‘ . . :

The prolonged hYberthermia caused by morphine Wwas
in cont;est to the short lived elevatlon 1n temperature.
produced by the three highest doses of DADLE. The peptlde-'
induced hyperthermia was dose-related and appeared at the
first time of measurehent1 returning to sallne controi~
levele by the end of the second hour after. treatment.’

L]

Moreover, although the level of feeding with 1.4 and 2.7

[ 4
nmole was equiyélent to that induced by morphipe, the

temperatures recorded after one hour were SLgD}flcantly
lower. The hyperthermla elicited at the flrs!‘measurement

interval by the hlghest dose of DADLE (5.3 nmole) was

- comparable to that after morphlne 1n3ectlon. Neither of
L)

1] - ?‘
the two lower doses (0. 7 and 0.35 nmole) altered
o7 * ~
temperatures from values recorded in saline-treated rats.

~

. ‘ ‘ ,
4.1.6.2. B-Endorphin

The pattern of behaviocur following B-ehdorphin

: resembled that after morphlne, th?re was an initial

1nterva1 of decreased activity foLlowed by per31stent
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v FIGURE .12 .
et 3’ « [
“ . Mea.n cumulative food i#ntake and core temperature
. -_ ' L
‘ of rats (n = 6) over B hours - followmg admlm,,stratl/on
intpf ,the ventromedial, hypothalamus of: .
p . - ! ,' e ‘
At T . g—n R-endorphin (1. 4 nmole)
L m [ an | B-endorphln (2 7 nmole) T
e ‘ . O l'
- . . : . -0 morphme ('5.3 nmole) ‘
. O—O saline' -
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Vertlcal llpes represent S E.M. Sigﬁific@ht
differenpes (p- <’ 0.05)' from saline are indicated- as
- ¥, from B_--endoi:ph;i..nv (1.4 nmole) as A , and from
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‘feeding. The’Pnef two and three hour quantities of food
» .

bl

eaten after administrhtion of the pggtide (1.4, and 2.7

nmole) were equivalent -to thaf after morphine (5.3 nmole,

-

Fig. 12). At one hour post-injection, food intake for

- the peptide and narcotic were no different from saline, °

L]

but at two and three hours, intake was considerably
lower following saline than ‘after the drug treatments.

The lower doses @f B-endorphin tested .(0.35 and 0.70

- -

nmole) never evoked more feeding than did saline, and ‘

caused significantly less total three-hour consumption than
- , &

did morphine (5.3 nmole, Fig. 13).
B-Endorphin (1.4 and - 2.7 nmole) elevated rat core
. temperatures over~hose in saline control animals, but the
peptide-evoked hyperthermia di#l not appear ﬁo be dose-
-dependént.\ Morphine (5.3 nmole) also elevated temperatures
signi§i€§;;ly err’thbse recorded in saline-treated
animals, but one hou% after'injectioh the elevation yn
temperature elicited by morphine was significantly less
than thf after Bfendorphinx(l.4 and 2.7 nmole) apd three
B hours afte; injection, mécphine“and.B;endorpﬁin (1.4
ga?' nmole) produced significantly lower teﬁperatures than the
épf higher dose of B-endérphin (2.7 nmole). Core temperétures

. of rats following injection of the lower doses of B-

»

-

' i  endorphin (0.35 and O.fO)/ as well as after morphine,

ywere significantly higher than those after saline one hour

‘A ) . . s




FIGURE 13

Mean cumulative f%od intake and core temperature

of rats (n = 4) over 3 hours follpwing administration

-
—
into the ventromedial hypothalamus of:
« B ‘ ) n .. '
: . ' : o—0OR-endorphin (0.35 nmole)
) m B—88-endorphin (0.70 nmole)
; .°.] =@ morphine s(S\.3 n{nole')
O—O saline :
* ' .’ , .
Vertical lines represent .S..E.M. Significant
'Y ) ' o
‘differenges (p < 0.05) from gaiiﬁe are indicated as
% , from R-endorphin (0.35°nmole) as. ® , from B-
®ndorphin (0.70 nmole) as 4 , and from morphine as®.
: \ " , )
‘ ' - N
- o - N ¥
/ t C, . ‘
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after injection (Fig. 13). 'Two hours .after injection
. ] - - .
thg temperatﬁ@e-after morphine was still elevated over

that aftem'saline, but the B-endorphin-indaced temper‘
.atures had fal¥en, so that the response to the 0.70

nmole dose was no different from that after morphine ‘-

or saline, and the effect of the 0.35 nmole dose was no'.
different from that after saliﬁe and was significantly
lowe{ than morphlne. Three hours after 1nject10n, there

were no significant dlfferences in temperatures among the
'\ -

different groups.

. 4L -
4.1.7. Effec of Naloxone Hydrochloride on the Altera-
.tions in Feeding and Core Temperature Induced
by VMH Injection of Morvhine Sulphate, Morphine
Methiodide, DADLE and .8-Endorphin

"~ 4.1.7.1. Morphine Sulphate

L

Pretreatment with neloxone, given into the VMH,
depressed the small amount of feeding and the'hypertheréia
jsiéﬁifiqantly for the_initial heur foliowing morphine
'ihjection (Fig. 14). Both pafamete:s then rose to levels
'cemparabie to those’occurring.in rats after\abmpineﬁ.

N . L) .
saline and morphine injections. When naloxone was . .,

. ” / ~
administered before saline (three-hour intake -;‘0 t

0.3 g; core temperaﬁure - initial: 37.0 + 0.2° C, one hour:

37.1 £ 0.39 C, two hour: 37.6 * 0.2° C, three hour:

37.6 = 0.2°9C), there were no significant changes in

a2 )




, v
. FIGURE 14 . | ' -
Mean cumulative food intake and core temperature
. ' " [] ’ N
of rats (n = B) over 3 hours following administration
of morphine (5.3 nmole) which was preceded by:: .
N R ]
B—N saline
or S O—O naloxone (10.6 nmole) -
All injections were made into the ventromedial
- hypothalamtis. Vertical lines represent S.E.M.
) Signif@canf'differences fronl\éaline (p < 0.05) are
indicated as ¥ . ,
i
! *
* )
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A

_feeding and temperature from values recorded for sa;ine;-
: L , ~
alone (®hxee-hour intake - 0.8 * 0.4 g; core temperature -

initial: 37.0 + 0.10 C, one hour: 37.2 % 0.20 C, . twg,
hour: 37.9 + 0.4° C, three hour: 38.1 * 0.40 C). "

However, two of the five rats ate small amounts during

the hour after receiving saline, but none ate during this .
‘ R ‘ . f

interval when they received#aloxone.

P

a
H

when naloxone was delayed until. one hour after

L3

morphine (Figﬂ 15), its effects on feeding and temperature

woere no different from,measurements in rats receiving

saline. It should be néted that in Fig. 15, food intake.
{-V 1

¢ . . . . y
was measured cumulatively after injection of naloxone or

““saline. g ' ' ' e,

« &
Thé first hour éfter treatment, naloxone hyarschloride
(10 mg/kg),givgn'subéutaneously,was significantly more
effective in 16wering food intake induced by‘morphine
than was subgutaneous ;aline (Fig. 16). éumulativg
. feeding at two and three hours‘follpwing morphine |
administration was éignifiqantly 1o§er after both doses
éf ﬁaioxone (two and 10 mg/kg). than after the saline
cbntr61 treatmént, andthe‘reduction was dPse'rglatéd.
- For two hours, both.doéeé of'néloxone';gré’équally effdctive
in reduc;ng éhe morphine-related hyperphefmia in tﬂe réis}_
bué'thisAeffect was maintained for the entire three hou}s

only after the dose of 10 mg/kg.
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'FIGURE 15

-

» - Lt -

. Mean food intake and core temperatyre of rats:

(n = 9).ovép 3 hours folldwing morphine (5.3 nmole)

-

which was administered 1 hour prior to

B—8 saline .

] 0~0 naloxone (10.6 nmole),

N

-

All imjections were. made into-the ventrqmedialh
hypothalamus. The arrow indicates injebtion of

saline or naloxone and thé abscissa denotes {ime-

’

- from qhis injection. Food intake is cumulative from

the time of the saline and naloxone ihjections.

Vertical lines indicate S.E.M.

A
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FIGURE 16 ; .- ‘ .

‘Mean cumulative food intake and core temperature

of rats (m=.1Q) over- 3 hours after administration

" ' "into the ventromedial hypothalamtisrof morphine (5.3
, nmole) ;» which was preceded by .subcutaneous injection ° .
-, ‘ _ . [y
- Of ) ’ ' ‘ L
. . —a sallne *
' . N v 4
‘ ~ o L d .-O naloxone (2 mg/kg) ot S
or § o0 naloxone (10 mg/kg)
- - X
5 Vertical lines indicate S.E.M. Significant

differences from saline (p < 0,95) are indicated as
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4.1.7.2. Moréhine Mewhiodide

. c .
Intrahypothalamic naloxone did not alter food intake

fallowing morphine methiodide, but did result in a small,

but signifiéant, increase in temperature one hour after

injections were given (Fig. 17). .

' Whgg given sﬁbcutaneously, prior to:morphine
methiodide, naloxone (twe and 10 mg/kg) giggiﬁigant;y

reduced the cqpulative'food intake for Ahree hqufs'(Fig.

18). Du;ing‘phe third hour, the higher ddse of naloxone
maiﬁtained dlmost total'sﬁpéression qf food intake.
However, a rebound feeding qccurred during the third hour
aftér the lower dose of na%oxone WQS,giveq with horphine
méthiodidé, which was intense enéugh that the quantity
of peilets eaten (1.1 .2 O.Q'Q),was not s?gnificantlf
diff?réhtffrom fhé amount eaten after saline-and morphine
, were given go;alt,0.3 g). In'té;ms of totéi, tﬁiee—hohrL
.fodd:intake, na16x0ng (2 mg/kg) allowed sigﬁificantly\" .

‘more ingest;on-than nhloxone'(lo mg/kg), but s;gnificahtly

-
v

~°‘ less than_éalinet

. .
i ’ ) :
.. L

, One hour after parenteral injectioen, naloxone was
- able to;reduce core é:;;gzzsq?e’éignificantli. " e S
. . ’ - ' , .)‘ o

&




FIGURE 17 I ' o |

Mean cumulative food intake and core.temperature -
. h)

of rats (n = 5) over 3 hours followd?g administration

of morphine methiodidé (21.2 nmole),which was preceded
. +

by:

] v
L]

A—A saline . ' '

>>>
P> >

or ;3] a—aA naloxone (10.6 nmole)

‘All" injections were made into the ventromedial
hypothalamus. Vertical lines represent 'S.E. M.
Significant differénces from saline (p < 0.05) ara

. 4 (
. indicated as ¥

P ° ‘ { .
' . *, 4
. -
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FIGURE 18

Pl

-

. Mean cumulative food intake and core temperature

. ' & .
. 8f rats (n = 7) over 3 hours after aéminlstratlo_n

4

into the.ventromedial AhYP‘othal'amus of morphine

"o

methiodide (5.3 nmole), which %as preceded, by sub-

cutaneous injection of - ~
’ ' v

) - L ¢
o @ A—A saline . - -
7 E ®—@ naloxone (2. mg/kg) s !
Qr I-I na!.oxone (10 mg/kqg) . .

Vértical lines indicate S.E.M. S2gnificant

‘differences (p < 0.01) from naloxone (2 mg/kg) are -
indicated as ¥* and from naloxone (18 mg/kg) as ® .

- o .
.
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4.1.7.3. DADLE

5

Enkephalln—lnduced food c0nsumpt10n was ﬂot

51gn1f1cantly,altered when a ventromedlal 1ntrahyp§thalam1c

1nject10n of naloxone (10 6 rmole) was glven five mlnutes

before the peptide (5.3 nmo¥e) (Flg. 19). However, q;th
- L3
naloxone treatment but not saline, ‘three of the seven

animals continued to eat into ﬁﬁe second hour' of the
study. Naloxone had no effect on”enkephalin-induced

hyperthermia.

4.1.7.4. B-Endorphin

= . -

' Neither the feeding nor the elevation in temperature
, g N ;

following injection of ' B-endorphin (1.4 nmole) were reducéd
y . ‘ ..
_~by naloxone {10.6 nmole) given five minutes before

endorphin, just as naloxone did not refjuce these parameters

following DADLE injection (Fig. 20). |

-
.

4.1.8. Involvement of Noradrenerglc, Dopaminergic and
Serotonergic Neurons in Opioid-Influenced Feeding
and Temperature Changes ‘

4.1.8.1. Effects of P tolamlne HydrocHloride
. ©on Noradrehali Hydrochlorlde

. Norad;enaline—induced feeding (30 nmole) was signi-

ficantly reduced by the ca-adrenergic receptor antagohist

phentolamine (60 nmole) at both one and two hours after

85




FIGURE 19

“

L4

Mean cumulative food intake and core temperature

'

of rats (n = 7) over 3 hours following administration

of D-Alaz,D-Leu5-enkephglin (5.3 nmole) which was

- s -

\

preceded by:

.
- hY

. 9= saling

or - E iy na_loxone (10.6 nmole)
L .

All injections were made into the ventromedial

hypothalamus. Vertical lines represent S.E.M. .

-
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FIGURE 20
Mean cumulative food intake and core temperature
of rats (n = 4) over 3 hours following administration |,

of B-emdorphin (1.4 nmole)‘which‘was preceded by;

MA saline

N 4—4 naloxone (10.6 nmole)

All injections were made into the ventromedial

hypothalamus. Vertical lines represent S.E.M.
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injection (Fig. 21).- A smaller dose of phentolaming
(30 nmole) did not have ‘a ‘significant effect. The two-

. hour intake after saline treatment was 0.4 * 0.1 g.«

Core temperature varied -little following the first

trial day in which saline and noradrenaline were injected.
" On later trial days, however, the core temperatures two
hours after the sequential injections of phentolamin&

plus noradrenaline and of saline plus noradrenaline

»

were significantly elevated over temperatures obtained

following the initial saline plus noradrenhaline ‘treatment.

<

" When saline was injected independently, temperaturés were:
initial 36.9 * 0.1° C, one hour .37.1 * 0.20 C, two hour
37.0 £ 0.2° Cc. '~

rd
- -

v 4.1.8.2. Effects of Phentolamine Hydrochloride on
Morphine Sulphate

-

-

The.dose'of-phéntolamine (60 nmole) which deereased

noradrenaline-induced feeding (Section 4.1.7.1) was able

- to lower morphine-induced feeding when injected one hour
afﬁer (Fig. 22), but not five minutesvbefore, the injection
///b\\i‘ of morphine (Fig. 23). when given after morphine, °

phentolamine tended to reduce—feeding‘during the.initial

hour (p < 0.10) and significantly reduced the cuﬁulativé

»

two-hour intake,

-
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FIGURE 21 - - , )

‘

' Mean cumulative food intake and'corq temperature

of rats (n = 7} 0vVex 2 hours following administration

—_—

of noradrenaline (30 nﬁb;é)L preceded on conSecutiV%

-

drug administration trial days by«

7 | rﬂ
{/é OO0 salihe
@®—@ phentolamine (60 nmole)

and O—O saline

All injections were made into the ventromedial

hypothalamus. Vertical lines'reprgsent:S.E.M.f

rd

Significant differences (p < 0.05) from the initial '
saline + noradrenaline trial are indicated as ¥ and’

from the’later saline + noradrenaline trial as 2O
[4 .
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.-n .9 B 2, PR _ . 1
/. b " . ‘ ) . - ) , H . . ' u’ * .;.
. Although feeding was unaffected when phentolamine N

" .- was injected prior to.morphine,xboth~one and two hours C

after admlnlstratlon of morphine preceded by elther 4
v .

- \
‘*‘\k phentolamlne or the flna} sal}ne, core temperature was
i‘ -
S ' 51gn1flcantly elevated: over the initial sallne plus

- $
morphlne,reglme. When morphlne was lnjected an hour before‘

a . " , -
a-antagﬁnisteor sai;ne, the temperature measured two

-

hours after phéntolamine adhiﬁietratioﬁ was SignificantlQ

‘..
elevated over that at two hours after the second sallne

¥ treatment | IR R f L R}

Y A . 4.1.8.3. Morphlne Sulphate and Noradrenaline Hydro-}
- chloride .

~

Noradrenaline-induced feeding was, as desctibed
Mk . ,

previously, rapid in onsSet and completé by one hour aftqy

[RY - i
injection (Fig. 24).' Morphine-ifiduced feeding was slow
in onset, building gradually throuéh'the three-hour

measurement period. Although the rats ingested less food
v . - .
‘ the first two hours after injection’ of morphine than -

.

4after noradrenaline, the total food intake following
morphihe'inject}ou was,not,eignificantf§ less than total
intake followidg»noradrenaline injection. When‘morphine.
‘and noradrenaline were injected sequentially into the ‘same:

*  animal the usual perlod of 1nact1v1ty observed after -

.

morphlne treatment was' ellmlnated feedlng began‘shortly
& :

Al »

B N .
A ‘ . ’
-~
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FIGURE 22 - S

v b .

-

Mean cumulative food intake and core temperaﬁdre

of rats (n = 6). Administration of morphine was. o N

followed after 1 hour, on éonsecutivevdrug trial -

days by: SR e ‘ " X
Y‘ y ’ o T ' - .fa E

& Df saline . _ 'A

a . ,

®—® phéntolamine (60 nmols) . ‘o
and @‘O—O saline ' IR

Amount of food eaten was measured following, the

A »

- -

' saline or phentolamine injection. Recording of

temperature was begun just before morphine injection,

o -

with the arrow on the abscissy denoting administration

’

~of saline or phentolamine. Food intake and core

¢ +

temperaturte following phentoléminé alone (60 nmole)

° o
.
-

are” indicated by B—8 and -e] . all injectiens

<

were made into the ventromedial -hypothalamus. Vertical.

. 4
- -

lines represent S.E.M. Significant differences

-

* (p < 0.01) from the initial morphine + saline trial

) ’ - 4 Q‘ » ’
are jndjcated as ¢ ,and from . the later morphine +,

- -
ERN 4 M

“saline trial as'* .
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FIGURE 23 e V4

- Mean cumulative-food intake -and core temperature

of rats (n = 7) over 2 hours following administration
‘ J

of morphine (5.3 nmole) preceded ‘on consecutive

drug administration trial days by:

00 saline - ,‘

A phentolamlne (60 nmolée)

and 0o—-0 sallne

*

’

&

All in"jections were made into the ventromedial "
e hypothalamus. Vertical lines ﬁ%resent S.E.M.
Significant dlfferences (p < 0 01) from the-initial

~

saline + morphine trial are indicated as * .
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after injection and continued during the course of the

o*

experiment. One-hour food intake due to, the duél

injection of the opiate and- the catecholamine was
equivaleﬁﬁ to that induced by noradrenaline along and

~

greater ,than that induced by morphine alone;'two-hour aqg
total in:;ke were both greater thap that‘inﬁuced by either
morphine or noradrenaline given alohe., When the quantity
of food eatgnffblloﬁing the independent injeétions of
morphine and ﬂérédrenaline were summed, the total proved
to be equivalent at each hd@rly measurement té the con-

éumption following t quential injection of morphine

and noradrenalin ion of saline alone elicited a

three-hour total food. intaWe of 0.3 £+ 0.1 é. -

e
»

Morphine, when injected alone or when given in
“combination with nbraarenaline, produced the same degree
of hyperthermia, which was sifnificantly higher at one,

‘two ang three hours after irffection than ‘the temperature

'following noradredgline injection. Following saline

injection, temperatures remained stable (initial - 36.9 *

0.1° C; one hour - 36.9 + 0.1° C; two hour - 36.9 * °

-

P

0.1° C; three hour - 37.0 ¢ 0.1° C).

1

4.1.8,4. Effects of Phentolamine Hydrochloride on
DADLE

.
-

Phentolamine significantly reduc@d enkephalin-induced

e ¢/

39



FIGURE 24

Mean cumulative food intake and core temperature

' L}

of rats (n = 6) over 3 h;:ﬁrs followirjg administration

™

into the ventromedidg hypothalamus of: -~

noradrenaline (‘30 nmole)

o
: ‘ﬁ A&—4a morphine (5.3 nmole)
Oo—a

morphine (5.3 nmole) + noradren-

aline (30 nmole)

represents the sum of the food intake following
- .

the separate nora'drenaline and morphine injections.

S
Vertical lines represent S.E.M. Significant

differences (p < 0.05) from noradrenaline ére

indicated as ¥ , from morphime + noradrenaline as

® , and ‘from the sum_ of noradrenaline + morphine
aS ‘ - . - N .
. - : - & .
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feediné from that of the saline plus enkephalin controls

-

which preceded and followed it (Fig. 25). Thére was no

significant difference in amount of food eaten betweern
these controls, although on the secoqd contral treatment
day, a few animals ate a small amount during the secénd -
test hour. Whén saline alone was injected, the three-

hour intake was 0.4 + 0.2 g. : : ) .

Hyperthefmia Qas observed.on% hour after the initiad
saline plus DADLE injection,.but not at later times. .
When phentolamine accompanied DADLE, hyberthermia persisped
throughout the duration of the experiment. Following~the
final saline plus DADLE injectioné,temperatures remaiqed
élevated after the one~hour measurement; the two~ and
three~hour tempefatures recorded in the final phase.éf the
experimént were significantly higher than those observed '

;affer the first saline blus DADLE injections. Following.

injection of saline alone, temperatures ranged from an

initial 36.9 + 0.19 C, to 37.1 * 0.19C, measured three

hours later. ‘ " .
o ’ . 4.1.8.5. Effects of Prazosin Hydrochloride on
: Morphine Sulphate and Noradrenallne
Hydrochloride
. _— Prazosin (0.26 pmole) did not alter feeding or core

. temperaturq following morphiqs\i:?ectidﬁ (Pig. 26). Two-

-
a

L]




Mean cumulative food intake and core temperature

of rats (n = 9) over 3 hours following administration
of D-Alaz,D-LeuS-enkephalin (5.3 nmole), preceded on

consecutive drug administration trial days by:

& V—¥ saline

—a phentolamlne (60 nmole)

and \\\\ o0 sallne

All injections were made into the ventromedial
hyéothalamus.' vertical line; represent S.E.M.
Significant differences (p < 0.05) from the initial
, and from

saline + DADLE trial are indicated as ¥

the later saline + DADLE trial as @
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hour saline feeding was 0.6 * 0.3 g, with temperature
ranging from the initial 37.1 + 0.1° ¢, to 37.1 + 0.3° C.
As shown, cumulative .feeding following prazosin alone was
sméll (0.7 * 0.2 g) and the accompanying temperature was
slightly elevated.

?pe ability of the same dose of prazosin to decrease
noradrenaline§(30 nmole) feeding was tested. Prazosin
was unable to alter feeding following noradreﬁaline (Fig.
27). However, on the second occasion prazosin was given
with saiine and when prazosin plus noradrenaline were
given the core temperature two hours after treatment Qas

.

significantly higher than that measured two hours after

the initial saline plus noradrenaline treatment. Whe;
saline was injectea alone, feeding reached 0.3 # 0:2 g
©in two hours, and tempgratures remained‘quite,stable. e
(initial, temperature - 37.3 * 0.1°9 C, one hour - 37.1 #
0.2° ¢, two hours - 36.9 * 0.10 C). |

4.1.8.6. Effect of Yohimbine Hydrochloride Qn'Morphine
Sulphate |

-

’ " ‘ .
Yohimbine (9.1 nmole) caused a significant increase in

feeding when injected one hour-after morphine (5.3 nmole).
The effect was most evident during the first hour after
injection of the antagonist, when food intake was .more than

- . . -
double that after the two morphine plus saline controls

- - - - L
¢
. ! :
’

AINO I
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FIGURE 26 -

*

Mean cumulative food intake and core temperature

of rats (n ='8). Administration of morphine was .

followed after 1 hour, on comsecutive drug trial

days by:,

St k\& i;cr—-nb. saline *

<

@@ prazosin (0.26 pmole)

s g O—0O saline

Amount of food eaten _was measured following the

.

saline or prazosin injection. Recording of temperature
was beghnujust before morphine injection, with the

arrow on the abscissa denoting administration of

saline or prazosin. Food intake and core temperature

. following prazosin alone (0.26 pmole) are indicated

* o -

.
. e

> o

by kLa and -8 . All injections were made into

-
o

the. ventromedial hypothalamus. Vertical lines

represent:  S.E.M.
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. FIGURE 27 , . V .

L} EY

~ Mean cumulative food intake and cofe tempergture
of rats (n = 6) over 2 hours following'administration
of noradrenaline (30 nmole) ,' preceded on consecutive

s

drug administration trial days by:

. ‘ ‘, a—a saline
" || e~ prazosin (0.26 pmole)

@ O—0 saline

" Food intake and core temperature following

LY -

prazosin alone (0.26 pmole) are indicated by [} and

+ . : ~. .
B— . All injections were made into the ventromedial
hypothalamus. Vertical lines ‘represent S.E.M,

Signifjcant differences from the initial saline +

prazosin trial are indicated as .
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+

(Fig. 28). The an%mals' cumulative two—hour’food intake
following administration of morphine plus yohimbine only
'exceeded the food intake following the second morphine
plus saline control. Little feeding followed injection
of yohimbine alone (0.3 * 0.3 g), énd cumulative feeding
following saline administration in-thése animals was only

0.2 + 0.2 g.

There were no differences in core temperatures among

N\

the three groups. :When yohimbine was injected on-its own,

-

temperatures ranged from 37.1 * 0.1° C, to 38.0 * 0.4°C,

and following saline administration temperatures ranged

from 37.0 * 0.1°C, initially to 36.9 * 0.1° C.

4.1.8.7. Effects of Propranolol Hydrochloride,
5-HT, Methysergide Bimaleate, Dopamine
Hydrochlorlde, Haloperldol and Apomorphine
Hydrochloride

v
Most .0of the monoamine agonists and antagonists tested

Rad little effect on feeding activity. 1In contrast to the
hypophagic effect of the a-adrenergic antagonist phenté-

!
lamine, the B-adrenergic antagonist propanolol was

ineffegtive (Fig. 29) .- Neither 5-HT nor its antagonist,

methysergide, significantly affected morphine-induced

feeding, nor ‘induced feeding by themselves (Fig. 30 and 31).

Again, neither the dopamine—receptqr agonist apomorphine

nor its antagonist haloperidol had any significant effects

-—

"




FIGURE 28

Mean cumulative food intake and core temperature
of rats (n = 6). Administration of morphihe was

followed after 1 hour, ®n consecutive drug trial

days by: )
(O-—o saline K -
®—8& yohimbine (9.1 nmole)
and ] A—aA saline

L

Amount-: ‘f food éaten'was measured following the
saline 'or- yohimbine injection. Recording of temper-
ature was bequn just before morphine injection, with
fhe arrow on the abscissa denoting administfation .

of saline or yohimbine. Food intake and core

temperature .fo\llowing yohimbine alone (9.1 nmole)

are indicated \lé}( -] and &4 . All injections

were made into the ventromedial hypothalamus. Vertical
lines represent S.E.M. Significant differences

(p < 0.05) from the initial morphine + saline trial

are indi-cated as % and from the later morphine +

-

saline trial as L 2
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-

and significantly ‘elevated the two-hour food ake

-

\\ .
on spéntaneous féedggg-or that induced by morphine (Fig.

. . ’ )
32 and .33). However, ;gggﬁine\isielf tended 'to increase

. . ] T
feeding (p < 0.10) during the hour fdllowing injectiom; -
4 < 0.05, Fig. 34). 1In each study, the ¥nitial saline
plus morphine feeding was no diffé%ent from'that after
saline plus morphine treatment following the drug trial.

rd

As stated,ﬁthe amount of food ingested in the two hours

following injection of the test drugs by themselves (Fig.

»

29 to 34) was small and resembked the low quantities

ingested following saline control injections. /

”
.

Most of these monoamine agondsts and antagonists

injected after morphine did not influence the morphine-

provoked hfperthermia (Fig. 29 to 34). .Howevef, one hour
after propranolol injection (Fig. 29) the core temperature

was significantly higher than at the same interval
' 4 . » }
following saline., Also, two hours after injection of

- '
apomorphine, temperatures were significantly lower than ‘

+

after the saline controls (Fig. 32).

4.1.9. Effects on Feeding and Temperature of Morphiney
Sulphate Applied to Various Brain Sites

“ , . . ~ . .
The brain sites to which morphine or saline was

-
[

administered are depicted in Fig. 35.
‘ : 4

Morphine was generally effective when injected iﬁ%o

the hypothalamic sites selected, especially the more

[ - ’ .
- - g L4



FIGURE 29

P . @

Mean cumulative food intake and core temperature ¢ o,

fa)

; . of rats (n = 5). Administration of morphine was

followed after 1 hour, on consecutive drug trial

days, by: ' e

. .
5 . ’
(XJ A—A saline .

-~ . . ®—® propranolol (60, nmole)

and ] 0—D saline .

Amount of food eaten was measured following the

~

saline or propranolpl injection. Recording of tem- =«

-

perature was begun just before morphine injection,

. N L
with the arrow on the abscissa'denoting administration

of saline or g%opranolol. Food intake and core

N -
temperature fbl.'_l.owin‘g propranolol 'élone_ (60 nmole) e

30
o o o
.

are indicated by L.. and B—8 . All inject%ns ‘ .

were made into the ventromedial hypothalamus. Vertical
lines represent S.E.M. Significant differences
(p_< 0.05) from morphine + propranolol are indicated

- i -
as * .
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FIGURE 30

Mean cumulative food intake and core temperature

of rats (n = 5). Administration of morphine was
followed ‘after 1 hour, on consecutive dfug trial N
days, by: '

\% O—0 saline

0—® 5-hydroxytryptamine (5-HT)

3

(30 nmole)

and . ‘& saline «

Amount of food eaten was measured following the -

saline or 5-HT injectioh, Recording of temperature

Y

~was begun just before morphime injection, with the

arrow on the abscissa denoting'administration of

-

saline 6; 5-HT. Food intake and gore temperature

C
.
LR

following 5-HT alone (30 nmole)la indicated by bes

and =—8 . All injections were made into the ventro-

medial hypothalamus. AVertical lines represent S.E.M.




......
......

......
......

......
......

.......

TIME FROM INJEETION(hours)
TIME FROM INJECTION (hours)

NN N
3 8 8 § &
(Do) JUNLVHILNTL 350D




,

FIGURE 31 \

Mean cumulative food intake and core temperature

-

of rats (n = 5). Administration of morphine was

followed after 1 hour, on cofisecutive drug trial

—_

days, by:

. _ % O—0O saline

&—4A methysergide (28.3 nmole)

iV

and m O—O saline

-

Amount of food eaten was measured following
the saline or methysergide injection. Recording of
tenperature.was begun just before morphine injection,
with the arrow on the abscissa denoting administration
of saline or methysergide. Food intake and,cqre
temperature follow1ng methysergide alone (28.3 nmole)
are indicated by . and #—8 ., All injections were

made into the ventromedlal hypothalamus. Vertical

llnes represent S. E M.
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FIGURE 32

Mean cumulative food intake and core temperature
of rats (n = 7).‘ Administration of morphine was

followed after 1 hour, on.consecutive drug trial

-

days, by:

LER ]
>>>

22> Cf*ﬁ saline P r

oo apomorphlne (25 nmole)

and & o0 sallne :

Amount of food eaten wés measured following the

saline or apomorphine injection. Recording of temper-

ature was begun just before morphine injection, with“q_gé

. . = : :ﬁ'

the arrow on the abscissa denoting administration of
saline or apomorphine. Food intake andlcore temperatﬁrg
following apomorphine alone (25 nmole) are indicated

by and #—8 , All injections were made into the
ventromedial_hypothalé&us. Vertical lines reprgsent
S.E.M. Significant differences (p < 0.05) from

morphine + saline are indicated as ¢ .-

RN
"v.
.
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FIGURE 33

: . 2
Mean cumulative food inhtake and core temperature

c

of rats (n = 7). Administration of morphine was

2

folTowed after 1 hour, on consecutive drué trial

days, by:
O—0O saline
®—® haloperidol (8 nmole)
and - ;?%? A—A saline

" " Amount of food:eaten was measured following

the saline or haloperidoi injection. Recording of
temperaturngas begdn juét‘before morphine injection,
with the ar;ow.on éhe abscissa dénoting administration
of saline or haloperidol. Food intake and éore tem-

. perature following haloperidol alone (8 nmole) aré

Te e
v e d

. - - \
indicated by |-'4 and M—a ., All injections were made

" into the ventromedial hypothalamus. Vertical lines

represent S.E.M.
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. FIGURE 34 P

-

Mean cumulatiyé food intake and core temperature
of rats (n = 7). Administration of morphine was
followed after 1 hour, on consecutive drug trial

. days, by:

R ,
& O—0O saline
@—® dopamine (30 nmole)
', .
cand /A &—A saline

-

.amount of food eaten was measured following the
F

saline or dopamine’ injection. Recording of temperature

-

was begun just before mori)hipe injection, with the

arrow on the abscissa denotipg administration of saline
or dopamine. Food.intake, K and core temperature

. - Ly
following dopamine alone (30 nmole) are indicated by

and B—8 . All injections. were made into the

13
@ .

ventromedial hypothalamus. Vertic#l lines represent

S.E.M. Significarit differences (p < 0.05) from both
.morphine + saline injections are indicated ag, * .







R . 1
rostral loci (Fig. 36)i‘ In the*VMH,Hﬁorphinﬂ#produced,
as previously, prolonged feeding and hyperthermia. In ’ -
the paraventricular hypothalamus, a’similar pattern was

observed, although unlike the VMH, only total three-hour

food intake following morphine injection was significantly

greater than that after saline. At this site, the loco-

-

motor'depressionappeared%o have 'a longer duration (about
60 to 120 mlngges rather than 30 to’ 70 mlnutes as at the ‘.,
VMH) . Core temperature was 51gn1f1cant1y elevated one hour
after injection et the.VMH and paraventrlcular hypothala-

mus, and it remained elewated for the duration of the

study. ' oL,

-
a1 -

Morphine applied to the lateral hypothalamus elicited
o N

little locomotor depression. As in the paraventricular
hypothalamus, only the total three-hour food. intake was
increased\significantlé over control levels. .Opiate
introduction into the sites within the lateral’hypothale-
mus was followed by rising temperatures eshich appeared to .

. :
peak after two hours and returned to control levels

by three hours.r The posterjior h?pothalamus was the only

?

hypothalamic site tested where moﬁihine did not signifigcant-

ly influence food intake or core temperature (Fig. 36).

The extrahypothalamic sites td which morphine was

-

administered afforded varying:results (Fig. 36 and 37).



"sites:

FIGURE 35 .
. s ) -

Dia#rams of coronal ‘sections Qf rat brain exhibiting

sites where morphine was injected. The plane of the

section follows the atlas of Pellegrino et al. (1979),

- [

and the numbers give anterior-posterior positions in

relation to bregma. The letters indicate the following

’
[]

w : ventromedial hypothHalamus

. ~ .
! . b. : posterior hypothalamu;
p : paraventricular hypothalamus ‘
‘ ’ ~a : internal capsule -
W - u : latéral hypoéhaiémus 1 ‘ .
. :f;' Ah : 1ateral‘hypothalamds 26' ‘
uth45 x : fornix - °
‘ -y : amygdala ( ’
) * ¢ : caudate-putamen . L.
f. :,thalamus :
AT ) !
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fﬁe thalamus was the only site at yhich an injection of -,
morphine caused significantly méré'feeding over the R
tﬂree—hour period sthan a control injectiaon of saline.

" This was °preceded by a short interval of inactivity.
Intratiyplamic mOnglne elicited hypertherqla at one and

————*twﬁ’ﬁ’ﬁrs ‘after administration, but by thrEe hours, at
the time when feeding was elevated, it wa; no dlfferent
lffom the control temperature. Morphine did not ehha?ce
ingestion .or produce actiéity levels different from,

" saline treatment when administered to. the cauéété—pg}aﬁen,
fornix or amygdala. Adminigtration to thea}nterﬁhl : -
capsu}ezproguced a.tréné towards iﬁcreaéed food» intake
(p < O.lb from two- and fhree—Qphr.measureﬁents), precedeqb

. bf a depression in aétivity. Morphine elicited hyper-
therpia one and two:hours after injection'ihto the thélamus
and él two hours afte£ injection into the‘inéernal capsule,

. but had no thermqgeniq activity when épplied to the caudate-

.l e

putamen,wfornix or amygdala.

£
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5. Discussion

-

5.1. Opiates, Opioid Peptides and Naloxone iﬁ'the VMH : /
Feeding and Temperature Respcnses
When given subcutaneousiy to rets, morphine stimulates |
food intake. The diverse mechanisms that promote feeding
act1v1ty in comblnatlon with the many nrobable sites of
action of the drug, make 1t dlfflcult to deduce how the
drug-induced stimulus is trans formed into the response. To
further complicate the situation, the respénse shows .
eome tnusual characteristics., After subcutaneous
injection the'feeding behawvionr occurred after a beriod of

LY

depressed motor activity. With continuing administration

-
S

the fats became tolerant to the depressive actions of the
morphine, the latency to feeaing was reduced and the
feeding -activity was more pronouﬁced‘(Thornhill et al.,
1578a). It was hoped that injection of morphine into a

specifié hypothalamic'site would pfovide some indication

of the central component of this behaviouf.

»

In the 'VMH, morphine.produced reliable feedin§

following each dnjeétion.- The feeding was, moreover;t

dose-dependent over the range tested. The pattern of

this behaviour,was reminiscent of effects after sub-

cutaneous injection and quite éonsistent; there was a
133
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reliable feeding, like,morohine, a different pattern of

long, dose—depe?dent interval of greatly—ﬂecreased

4

activity follo&ed by a gradual 1ncrease in feedlng. As

4

the local anegthetlc, procalne, ald not dupllcate the
feeding or beﬁ\vioural effects of mbrphine, lt is probable
that the action of the opiate dla\ t arlse through a

- -

temporary lesion at the site. Moreover, a dose of

' morphine that stimulated feeding when ‘administered to the

VMH was ineffective when given subcutaneously. These

'experiments indicate that the observed effects are of

cent?*al origin. The sensitﬁvity of the VMH to the drug-
x .
induced behaviour suggests further that this may be a

central site involved in the feeding reeponse to opiates.

As has been demonstrated previously (Leibowitz,
1970), vigorous feeding'can be produced when noradrenaline
is injected into‘the VMH: in fact, at the same sites where

-

horphine was effective. Although noradrenaline produced

ingestive behaviour was associated with the monoamine.

Noradrenaline-induced feeding was rapid in onset and

, generally had ded by one hour after injection. This )
) temporal dissiZfI;?Ify in"drug-induced behaviour'euggested ' -

- ]

that differing mechanisms of action could be occurring, .

and this issue will be discussed in greater detail later.

L]
]

It is common practice in experiments with narcotic -

analgesics as with other agomdst drugs to attempt'to reverse




théir actions with appfopriate antagonists. . Accordingly,
an attempt was made to éuppress the feeding effect with
the opiate antagonist haloxone. Naloxone had no )
significant qffects of its own when admlnlstered to the
VMH. Peripheral injections of naloxone were able to
decrease ingestion when stiﬁulated by VMH'application

of B—end@igﬁinr(Grandison and Guidotti, 1977), intra- .
cerebroventricular administratiun of dynorphin (Morley and
Levine, ¥981) and’subcutaneous injection of morphine A ;r
{Thornhill et al., 1978a). 1In the present stud;, .
subcutaneous %ﬁjections of naloxone reducedlmorbhine—
stimulated feeding in the secong hour following ingestion,

the time when food consumption was well-established, and
reduced total food intaka. ﬁowever, resuits of stuﬁies
involving peripheral adﬁinis%ration'o; the antagonist must

be interpreted cautiously. It is. p0551ble that subcutaneous
naloxone may have caused nausea, since there 1s some ‘
suggestlon that it may induce conditioned uaste aversion

at higher doses, although at lower doses tiais does not .

appear to be the case (Frenk and Rdgers,,l979;'LoWy,

» . N ] '1':].

~Maickel and Yim, 1980; Ostrowski, Foley, Lind and Reid,

1980; Pilcher and Stolerman, '1975). Moreover,'as
mentibued above, there is a loss of specificity’of'site ‘e
of action. Thus, a peripheral injegtion of naloxone,

whichlia'highly lipid-soluble and would distribufe

'widely, could interact with both éentral and peripheral;




opiate receptors. ThlS type of 1n]ectlon, therefore,

L]

could antagonlze VMH- 1nduced.feedlng“througn an action at

opiate receptor sites other than those

in the VMH. For

-

example, King and his colleagqgues (King, Castellanos,

Kastin, Berzas, Mauk Olson and Olson,

1979) found that

1ntraper1toneal naloxone was able to rEduce food intake

NNy

in rats w;th bllateral le51ons of the VMH . ﬁoreover,

~al., 1979).

~

.nakoxone may have some non-specific effects (Sawynok et

A Y

The problem o{ site specificity was addressed

by placing naloxone’directly into the VMH, This is not

)

without its own inherent difficulties.

lipophilic substance, then it would be
5 _

bute to various central and-peripheral

o . o

happen after a subcutaneous injection,

1
N

As naloxone is a

'expected to distri-

sites just as would

although the time

course of distribution would differ. If centrallyrapplled

-
1

doses ware large enough then ‘effective concentratlons

ceuld be:present ag.these sites after diffusion. Various

SR P s ‘ - .
studies "have testéed the "ability of central injections of

naloxone to‘antagoni e conshmption'by rats. Doses of

100 to 2100 nmole- loxone-have decrease& food Intake

%

whlch had been elevated by morphine, - opioid peptides or

restrlcted feedlng schedules«when 1n3ected 1nto the

1
P

paraventrlcular area or lateral ventrlcles (Lélbow1tz and

Hor, 1980; Thornhlll Taylor, Marshall and Parent, 1982;

Ey

/
« . - o’

-

~» o "

- o ) S ~i* »;J”_

e
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Yim, Lowy, Holsapple and "Nichols, 1980). Some of these

14

doses would suppress feeding if given peribherally,
for qﬁantities as small as 0.3 to-O.S mg/kg have been
reporte& to reduce opiate-induced feeding (Hynes,
Gallagher and Yacos, 198i; McCarthy, Déttmar, Lynn and '
Sanger, 1981; Yim et al., 1980). Lower doses of nalogong
injected into the cerebral ventricles gave mixed results.
Jones and Richter (1981) were able to £edﬁbe féeding bw
administering 80 nmole'naroxone.and Thornhill etlél.'
{1982) decreased food intake in a poptidn of the rats

tested with 67 nmole naloxone, but in other hands, doses

from 2.7 to 270 nmole were ineffective (Hjneg et al.,

1981; 'Yim et al., 1980).

In the present study, an attémpt was made to limit
the amoﬁnf of naloxo;e injected into the VMH inlorder to
reduce the possible artifact arising from inhibiting
opiate reg¢eptors in other locations. At the same time,
it was imﬁortant to#give sufficieq£ naloxone td~an£agonize
the opiate-induced effects at this site. Naloxone is
kﬁown fp,have a greater binding affinity than morphine
for dpiate«receptors from in vitro studiés (fert and .
Snyder;*l§74)L and in in vivo studies, equimﬁlar and even
lower quangﬁtieS'of:naloxone given centrally to rats

were able;to.abolish morphines effects on drinking and «

'\ ‘exploratory behaviour (Chance and.Roéencrans, 1977; File

-
P
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and Rogeré, 1979). Moreover, the total hypothalamic
- -content of naloxone found'ls miputes after subcutanedus s

kY

injection 6f 10 mg/kg_naloxone was only 7.0 ¢+ 1.5 ng/mg .

* (0.019 + 0.654 nmole). This decreased over the next 120

minutes with a half-life of about 40 minutes (Tepperman,
P

Smith and Hirst, unpublished results). Bearing these

o '
factors in mindf the dose of naloxone chosen for the
L - ‘
present study was twice the dose of ‘the applied morphine.

This quantity oi.nal0xone was able to reduce only the small

.amount of feeding that occurred duriﬁé the first hour ' N

P

following morphine treatment, but was without effect on

the peak feedipg,during‘the second hour. Since th lack

@

of a potent effect 5y naloxone may have reflected a rapid
'dispersién of the antagonist from the site oé injection,

the activity of naloxone was also determined when injected

a

. one hour after morphine, when ingestion was well-established.

It was found to be ineffective.
.

<

The ability of subcutaneous nalokxone to reduce

1

@orpﬁine-indﬁéed feeding suggested the involvement of.

opiate recepiors. However, the more_direct intrahypotha-
. lamic injection of the.antagoniit%caused only a small

reduction‘in‘ingeét;on, which‘contrasts with the intef—

pretation of action on such receptors. Hence, it was

espential to complement this data with additional . £

information to support the view that an action on specific




-

L]

'VMH in the present study induced significantly more

' N " »

’

opiate receptors was responsible for the observed increase

in ingestion. A demonstration of stereospecificity of the
. A ] '

opiate receptors involved in ingestion was considered to

-

be an important step in this process.

The stereoisomeric pair,ﬁlevorphanol and dextrorphan,

have been utilized in various studies investigating the

A .

functions of the opiate receptor. The L{-~)isomer,
levorphanol, is a potent narcotic analgesic in man, while
K ¢

the D(+) stereoisomer, dextrorphan is inactive in this

-

regard. When these agents were injected subcutanecusly in,
rats, levorphanol caused much more fobd intake than
dextrorphan (Lowy, Starkey and Yim, 198l; Thornhill et al.,

1979). 1In a similar fashion, levorphanol injeéted into the

feeding than dextrorphan, demonstrating the requirement

for appropriate.stereochemistry.

v
4

Stereospecificity has been observed with narxcotic

antagonist pairé. Two benzomorphan compounds (My 1452

» -

and Mr 2266), known to act as opiate antagonists, reduced

quantities of food eaten by food-deptived rats, while their

'(+)—isémérs; non-ahtagonists (Mr 1453 and Mr 2267) had no

<« The lack of effect of codeine on feeding_beha&iour

e A

is further suﬁfbr% for the role of opiate receptors in ‘the

éffecﬁ ($anger, McCarthy and Metcalf, 1981). L

3

"
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VMH. Codeine is a weak ligand for opiake receptors (Pert
. - ; “
and Snyder, 1973). It can enhance feeding in rats after

peripheraliinjection, but these effects are probaﬁly

the result of hepatic biotransformation of the codeina
)

to morphine (Johannesson, Rogers, Fouts and Woods, 1965;
Johannesson and Schou, 1963; Thornhill, Hirst and Gowdey,

1978b) . ' A , ’ .

Levorphanol, as mentioned, is a more potent :analgesic

agent in man than ig morphine. It is also more efféctive
in suppyessing electrically-evoked twitches in the guinea
piggﬂleum; In both circumstances, levorphénol is about
seven times more po£ £ than morphi&e (Kosterilitz,
Waterfield and Berthj:>, 1974). 1In the present study,
however, levorphanol.induces a morphine-like pattern of

s

food intake, with a slow onset and prolonged duration,

1

but the amount of feeding elicited by %guimolar amounts of

the two narcotics was equivalent. This discrepancy may

reflect the more lipophilic nature of levorphanol, and a

more rapid diffusion than morphine from the administratiom

N

site into the surrounding tissue. The consequence of this

could be an apéafent reduction in potency of levorphanol

relative "to ﬁbrphiné. If this was not so then a different
subspecies of receptor might be cgnsidered to be involved

in feeding from that in analgesia.

N

-

-/
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;//There were- several features of the behaviour

assoc1ated with morphlne-and levorphanol 1nduced feeding
3 b El

which distinguished it from thevbehaylour fOllOWlng
injection of &hother feeding stimulus, noradrenaline,

(3

L4 9 . , :
into the same VMH site. One prominent feature was the

? (/—7$engthy interval between injectionm and onset &f food in-

3

namely, morphlne or D-Ala2-Mets-enkephallnan1de 1nto the

'Lomax (1966) found that in* a period of more than 24 hours,

L]
'

~
° ° .

tak whiéhrwaﬁ noted also following injection of B
engfggiinc%nto the YMH (Grandison and Guidotti, 1977; and
this study) . This nas been noted'subeequentfy foliowinq
the 1njectloneof oplates into other regions of the brain:

paraventricular hypothalamus (McLean and Hoegel, 1980)

and dynorpﬁﬁn into the lateral cerebral ventrié}es of rats N
(Merley and Levine, 198l1). The extended time‘period may

have been‘an'indication of the redistribution of the

oplates to other brain sites such as the lateral hypothala- .
musg or amygdala which have been lnpllcated in feeding
reguiatlon. Qlternatlvely, the time taken until ingestion
began may have been associatédugplely with, the sequence of . "¢

Nl

events which followeé the interaction of opiates at VMH

opiate receptors. There ‘is some-evidence that morphine
will ‘remain in a braln region to whlch it is admlqistered, f(

.

merphine (1 ul) did not migrate in a radius of ‘more than

. , . . <
one mm from its injection site in the anterior hypothala- &

‘ 5 . - . - .
mus,..although jits concentﬁa_tl}’n had decreased considerably.

¢
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. Since mbrphlne in the present study was injec¢ted in .

o
5~

. a volume of-0:5 uI, the‘radius of mig}ation may have been

that the feedlng observed follow1ng morphlne and levor-.

5 .

ph;nol 1n3ect10n§ was due, in fact, to binding with VMH

- opiate receptors, studies ehploying the quaternary opiate
agonlsts morphlne meth}odlde and codelne methiodide were
-

undertaken. Thelr charged catlonlc structures woulad be

1+ expected to deter- movement across lipiad menxbranes 8 For

< .

this reaspn, they shoyld be less likely to'migrate from
: oyld +es C

their site of admjnistration in the VMH than the other,

. na{eotlcs tested. It?was hoped that the-codefne-based

product *would be a control for the methiodide of morphlne,

- -

for, as mentioned, uﬂllke morphlne codeine 1tse1f has
ilttle if any 1nf1uence on feedlng after VMH appllcatlon,
b ' : '
. ._ﬁéeause these-quaternary compounds ang structura11§‘
distfncéjfroﬁ'horphine, preliminhryfln;vitro‘and in.fluo
- tests weré done.tq establish their relative poteno?is, as

. well as their comparatlve potency o morphlne.. In v1tro,
' morphlne methlodlde was not a highly actlve agohist. On

the stimulated gulnea plg 11eum, morphlne;methlodlde was'

Y

"

tw1tch helght. 'On a similar bloassay, Foster, Jenden and

E

Lomax (1967) found morphlne methlodlde to be q&éifenth
. ‘r, ;‘

e

~

as potent as the parent a1k3101d. Codelne methiodide,

however, was inactive- at the ileal receptors Buggestlng

% ¢ e 4

v

even ‘smaIle-r.'- However, 1n an attempt ta further establlsh

about one thirty-fifth as ef;ectlve as morpﬁlne 1n-reduc1ng




&

that thé%e receptors interact with the opiate liéanding

portions of the methiodide.

The effects of morphine sulphate, morphlne methiodide
7

and codelne methlodlde were also tested on rat blood

pressure. Curiously, morphln? caused a short-llved

decrease in blood pxressure only at the smallest dose
studied. The decrease may have been due.to an action of
. [ [ ' . '
morphine on the vasomotor centre, “bhut the Eeasgn that the

higher doses vere ineffective is unclear. The methiodides
caused short—lived,‘doseerelated declines in bloodopreSSuie.
This;w§§ not uﬁexpeoted Because, although their rquaternary

nature would probably prevent them from crossing, the blood-

4

brain barrier and directly affectlng blood pressure, thelr

lipophilic foundation and ‘quaternary cationic charge

make them putative ganglionic blockers. The fall in blood

— s o -

2

Yo

pressure could be due, therefore, to reductions in’

sympathetic tone. The similar actions of morbhine,
methiodide and codeine methfodide suggest that the’
methiodide portion of the molecule was active in this

conﬁbxt. As_ noted aboﬁe, a compound like codeine methio-
1

dlde ,was a necebséry control for the experlment thh

’

anorphine methlodlde for it could be that any obServed ‘

effegt oould arla@ through a central intersynaptic’ blocking‘”

action. 1In studles, morphine methrod;de, but not codelne

methiodide, was able to e11c1t feedlng when admlnlstered
) é
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. - other feeding-sensitive locations.

into the VMH, suggesting that the effect was due to binding

to the opiate receptors, not because of any interactions

of the methiodide portion of the molecule. Morphine

. proved to be only about four times more .efficient than

%

the quaternary compound at provoking food intake. This
may indicate a difference between'opiate receptors in the
guinea pig“ileumﬁand the rat hypothalamus, or alternatiye—
ly, the methiodide was reméining at the éitﬁ of injection,
TWyereas the morphine was disperéing,ffom EPiS locaﬁion

during the experimental period. o .

Feeding following injection of morphine mgthiddide

" was dose-dependent, delayed in onset and prolongéd after

o <

initiation. Since administration of the gquaternary opiate

-

did not reduce the lengthy interval before the onset of

-feeding from that observed following morphiﬁé injection,

the delay’ may not indicate mdvement of the opiate to

»

Morphine initially depressed motor activity in treated
rats prior to the beginning off feeding, = This was not

‘observed following injection of morphine methiodide or
. ' > )

levorphanol; the rats actively groomed and sniffed, as

>

well'as rested. “PDexiLgorphan and codeine methiodide, which
@id mot alter feeding, produced no evident behavioural -
changes. Thus, while the behavioﬂ}.associated witﬁ feeding

due to the opiate compounds was genefa;ly similar, doses

P

- . 4 ) ’

[ 4 -

-

©
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, caused a small but significant reduction in morphine-
. . . -

Ve

N | B

of morphine methiodide or levorphanol, which caused

.comparable food intake topmorphine, had less effect on

locomotion. There may‘then be some differences in the
hypothalamic influence on motor activity and feeding, but

dtherwstudies would be required. to deve;?patﬂgs further.

'] ]
4

The opiate antagonist, naloxone, was administered

- ) °

in the same doses that were used in conjunction with
Al

mbrphine—induqed feeding in order to determine if the
guaternary opiate had. a comparable sensitivity to the -
effects of the antagonist. Subcutaneopsly—injecééd

naloxone was found to decrease food infake significantly

< . . .
- at each measurement interval, which was similar to its

o~

action against morphine. - There was 1ift1e feeding during

the first two hours of measuremenb,,bﬁt by the third hour

the effect of the lower doée of naloxone on ﬁbrp@ipe )
methiodide-induced fééﬂfng appeared to ?e diminishdng,

This may have’been'because enough df\‘he.antagonist had

been eliminated from the body that its reduced‘concéﬁpratign'
was not as effécfive as at previous ;ihés. AEVén'so, the -
éamé dose of naloxone which, when irijected into the VMH,

~in@uced feeding, did not influence morphine-methiodide-

induced fobq;intake. The reason for thié'is not known.
. . ,

a

. As alluded to in the-introductioﬁ, the opiéte

receptor is not a single entity, but consisis of a variety
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“on the chronic spinal dog, postulated the existence'oi'

.~ * -

. of subspeoies. The coneept of multlple qplaté receptorS‘
orlglnated with Martin and his colleagues (Gllbert and

Martin, 1976; Martin et al., 1976) who, ffom studies’
: ‘ e

LIS

three distinct receptor populations, all produciné ) \

different phafmacological syndromes. These receptors . Vﬁ

weré labelled "u" for morphine and moréhine-like drugs; ¢

"x" for ant1noc1cept1ve agents with similar propertles

-

to ketocyclazocine and ethylketocyclaz001ne, and "g"
for SKF .10, 047 (N-allylnormetazoc1ne) Lord et al. (1977)
later postulated that the receptors to which opioid peptides

bind are separate agaln from the above-named receptors.

The new subclass of receptors was named "§8". 'Subsequent—_

/
e

ly, the .peptide B‘endorphin has been'shown to’bind.to an
additional receptor, sub-population named "¢" (Schﬁltz et

al., 1981).

This complex pictukre has been further confused by the

finding that many of the  commonly used opiates and opioid
peptides bind with varying affinities to several af these

receptor subtypés. ThlS has been verlfled in phy51olog1cal

studies Whlch test the ability- of agOnlsts to depreéi\the
electrically-evoked. contractions of tissues with high

content of a particular'opiate receptor (guinea pig ileum

for u receptors[ mouse vas deferens for § receptors and -

K}

rat vas deferens for ¢ receptors) and in binding assays
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‘done on brains or brain parts ofgvafious‘species. By

these means, morphine has been found to cross-react to

a small extent with k-sites (Kosterlitz, Paterson and

-

Robson; 1981). «k-Opiate agonists, such~aS'ethylketo—‘
cyqlazociné( were found to exhibit a high degree of
cr055—reactivity Qi£h u-bindi;g sites,wand a smaller
amount of affinity for §-binding 51tes (Gillan and
Kosterlltz,’1982), while the newly dlscovered OplOld
peptide, dynorphin, has been established as having
selectiéity for k-receptors; but can cross-react also
with p- and 5-rece§tors. The selegtivity of dyporphin
(1-13) and dynorphin (1-17) for the K:feceptor ﬁay only

be two to four-timgs_greater than for the y and ¢§ receptors
(Chavkin et al., 1982; Corbett; Paterson, McKnight,

Magnan aﬁd deférli;z, 82; Quirion and Pert, 1981). The
enkephalins,.which binﬁfios;fegeptqrs, can cross-react
with p-receptors. 1In fact, ﬁhysioiégical'aﬁd~bindihg
studles suggest that thgse naturally-occurrlng‘Peptides
maX be anywhere from two tlmes to 100 times selective

for thelr respective blnélng 51tes (Chang et al., 1979;

»

Chang and Cuat}ecasas, f§ﬁ9 Lord et al., 1977; Qulrlon

and Pert, 1981; schulz, Wuster, Krenss and Herz, 1980) .

Even D-Alazj D—Leu5 enkephalln.CDADLE), a long acting

~ A

opioid peptide’ whlch is more selective for é-receptors
1] A * .

than the natural peptides, does het bind exclusively to the

i

§-site, but interacts to a lesser Qegree with the u, site




“

(Gillan and Kosterlitz, 1982; Kosterlitz et alg, 1981;
Wuster %t al., 1979), and very slligh'tly with. k=-receptors
(Chavkin et al., 1982). B-Endorphin has high affinity
for the 6 -receptor, as well as the u- and €= reCeptors
(Lord et al., 1977; Schultz et al., 1981; Wuster et al.,

1979).

In the present work, the involvement of the receptor
types in the feeding response of'the MH was‘investigated
w1th the understandlng that the agonlsts used could have
overlapplng act1v1ty at several oplate receptors.
Phencyclldlne was used as a c—oplate’receptor ligand. =

In binding studies, this compound was displaced gquite

I A

"poteatly by the prototype ou-opiate receptorfligand, SKF

N .
» . B - N

10,047, but not by morphine; ketocyclazocine_or opioid
peptldes (Qulrlon, Hammer, Herkenham and Pert, 1981)
In dlscrlmlnatlve tests in rats, Qhencyclldlne produced
effects 1ndlst1ngulshable from SKF 10;047 (Holtzman,
1980). waeter; in the present study, jit was Withoutf

effect on feeding.

KetOcyclazocrne, the prototype, k-opiate agonist
analgesic did not !ncrease 51gn1f1cantly the amount of\u
food eaten when given dlrectly into the VMH" The feedlng

1

that did occur may have peen due to" ‘an, actlon at u-

receptors; This contrasts with effects observed when

s ¥

o .
- ) @
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Kk—opiate kiéands were given peripherally: ketocyclhzqcine

" and- ethylketocyclazocine given.subcutaneously to rats #}

~were both of équal or greater potency to morphine in. ‘ ) ? -
stlmulatlng food 1ntake (Morley, Lev1ne %race and Knlep, o
1982a; Sanger and McCarthy, 1981; Ylm, Lowy, Holsapple |
angd Nichols, 1980). Dynorphin, the endogenous K—llgand, . e

. stlmulated ingestion whén 1njected 1nto the.lateral . »’ ¢
cerebral ventricles of rats (Morley and Lev1ne, 1981?,"§zﬁf, L
although some portlon of - thlS response. mlght be due to ‘?- o
stlmulatlon of u- receptors.\\Nevertheless, these flndlnés .

suggest “that feedlng 1s a complex phenomenon 1nvolv;pg

s

opiate regeptorsii? o;he: brain or perlpheraa‘51tes. In
. . . M ﬁ - i g
the VMH, the results ,ind"wate "that u-, but %o}:' 0-'0r K-
receptors influence: ingestion.

Feeding is also eIicited‘upon administratioh of
opioid peptides. As mentioned préviousl?, B-enddrphin,’ ,
D;Alaz—@9t5—enkephalinamide and djnorpLin have all
stimulated‘fegdihgrafter beipg,inject%d'into the VMH,

paraventricular hypothélamds-and lateral ventricles,

respectively (Grandison and Guidotti, 1977; McLean and

<

Hoebel, 1980; Morléy and Levine, 1981). In another study, 4

~a very small>quantitj of B-endorphin (0.b6 nmole) was' able

. .. . &7
to stimulate ingestion of a liquid diet when injected into
. :

the ‘lateral cerebral ventricle of rats that were on a
o ‘

restricted feeding schedule (McKay, Képney, Edens, Williams

. \’.
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and Wocés,v1§81). Unlike rats in the present study aqg; '
theére

in the study by Grandison and Guidotti (1977), where
2 . .
was a lbng ‘delay uatil the beginning of indestion,.the

animals‘beﬁan"to«eat during the first half-hour after

1njection of the- S endorphln. Whether thlS reflects the

different 515e'6f administration, the use of a liquid
rather than solid diet’ or is related to the hungrier

: . . : | ‘
condition of the rats (rats in the other studies were not
i

, ' :
"fasted) cannot be* deducéd. The peptides met-enkephalin

and D-Ala %ma?—met—cnkephalinamide were, however, ineffect-
ive in this paradigm. In the present study, the .initial
décreaé@ﬂ§h<activity‘followed by persistént.feeding which

was observed after the higher doses of B-endorphin Were

‘tested, resembled the pattern”of‘?ehavioug following

morphine injection. Lower doses ot eﬁésrphin.wcre in-
‘éffeCtive. As B-endorphin has ?ffiqfty'fof the u-
‘receptqg as well as the 8- and c-opiate receptors (Wuster
et al;, 1579), the‘cihilarity of responsesvtoithose of
morphine shggest that its'u—agoniét properties méy pre-
.gominate for feeding activity. ' a '
DADLE is a long-acting structural anﬁlogue Q¥’Leu-'
chkephalin, being resistant to enzymatic dcgradaticn.
Achmentioned, its primary activity is at G-Opiate recep-

tors, although it has some affinity for u- receptors and ®

’

binds very slightly to K-receptors. This peptide 51gnif1- .

’ : s




S .“. . v_cantiy elevated ingestion, but unlike morphine or R-

. eédorphih, the enkephalin initially elicited a short

period of enhanceé ldcémotion, which was, on occasion

Q Jat higﬁe} doses, preceded briefly by depresséd“ﬁétor

e L qctiVity. The absence of péglohged depression in activity
.. ~ .was reminisce;t of behaviour following levorpha?ol and
mérphine-methiodide administration. Kosterlitz et ai.
.‘ . (1950) have repofted that levorphanol has some $-binding
activity. Thus, reduced locomotion"ma§ be felated to

x> ? -
u-receptor binding; its presence after DADLE administration

s "' thay then be dué to cross-reactivity of the higher doses .
0 | 6‘ with y-receptors. | | ) _ °
. ] | . g 'J:%;

The intense hyperphagia which followed enkephalin

C ' | injection generally énded after one hour. The time course
e ’ - of events resembled that by Tseng (1981), who monitored
T : | analgesia caused by intrathecal.administfation’of DADLE

. in rats. He found that inhibition of the tail flick

-

i ‘ ’ response started five to 10 minuteé afEEE injeétiqn and »

v a g

lasted about 30 minutes. While the duration of action
. . : a
was much shorter than that of morphine or B-endorphin,

et e . DADLE (1.4 nmole) stimulated as much feeding in one houf

; , ) * as morphiné (5.3 nmole) orﬂB—endongpin (14 nmol%f d%d.in
? . ' - ‘three hours. The dose of DADLE required to significantly
. - . ihcrease feedinélwas‘low enough that this proved to be the

most. potent substance tested.

-




=

. The present data demonstrates an overlap-of activities

of the u- and §-agonists. It is pqssiblé, then, that the
response to DADLE was through p-receptor binding activity
in this in vivo system. Nonetheless, the animals were
more‘sensitive to food‘intake provoked by the enkephalin‘.
and the time course of consumption was different, which-
could point to'an independent influenée on feeding. If
the activity of DADLE were due solely to u-receptor
binding, one @igﬂt expect the pattern to mimic that seen

with*morphine and R-endorphin.

The hypothalamic opioid.peétides may contribute to the
physiological regulation of feeding. Fasted rats have been
fougd to have diminished hypothalamic, Eut not piﬁuitary,
levels of éFendorphin, although other opi&ids were not
“measured (Gambert, Garthwaite, Pontzer and Hagen,t1980).

Kk—-Opiate receptors have béen postulated to. be important

in feeding regulation (Morley et al., 1982a) and"the amount

© of food eaten in one hour following intracerebroventricular

ihjection of the k-opioid peptide, dynorphin (Morley and
Levine,‘1981) was comparable to that following bADLE in the
pregent stqu, iet, with DADLE, the onset of feeding
followihg'injection was fasterf If dynorphin'specificity-
is as low as some studies indicate (Quirion and Pert, 1981)
some companent of the ingestion may be due to 6 or U=

receptor binding. ‘Even if this is not the case, the

-
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et al., 1977). Besides the different lqcf of injection,

. hypothermia is associated with doses of mdrphine that ‘were

-
(8]

-

sensitivity and rapidity of the resporse to DADLE cduld be

construed as an indication of the possible significance '

"

"of the activation of the § receptor in‘initiating feeding.

Feeding was not influenced when naloxone was given
into the VMH prior to B-endorphin or DADLE. While the

lack of actidn against other opiate ligands has been
T ' L !

discussed, it is known that naloxene has a low affinity

for § receptors (Kosterliti and Hughes, 1975; Lord et al.,.. Y e

TN
1977; Waterfield et al., 1979). * c , _

IS
~ -
P ‘

Temperature-sensitive sites- -in the brain respond to
b] .

morphine with either hypb— q;'hyperthermia.: Hyperthermia

*

exclusively has been identified, following morphine admin-

igtration into the VMH (in the present study) and the

-] Al

anterior hyposhalamus (Lin, 1982). Other locations in the

brain elicited hybothermia Snd/or hyperthermia; namely thsg .

2, e

pre-optic anterior hypothélamic regiqQn énd.the lateral

L]

ventricles (Cox et al., 1976; Ferri-et al., 1978; Trzcinka .

)

éoQSiderably lafger gﬁ%nrthose used here. 1In addition, in
the otﬁer cited étudfgg the animals were often restrained;
restraint is a confounding issue for it tends to hei;hten

hypothermia and attenuate hypertherﬁic ef#ectl’of

morphine (Blasig et al., 1979; Lotti et al., 1965; Martin

-




e

and Morrison, 1978).

e

[
-
.,

The thermogenic effects of noradrenaline are variable.

When diven into the anteriot hypothalamus, it has, in

4

previous studies,. been fgund to cause a rise, a fall, or

-

a.biphasic effect (Rvery, 1971; Lomax et al., 1969; Veale

and Wishaw, %976).- In the present work, noradmenaline

in the VMH caused a small rise in temperature, which
unlike that followin¥ morphine injection into the anterior
hypothalamus (Lin, 1982) or VyH:lwas not dose-related.

The temperature response to.morphine*methiodide was a

small yet signifycant, short-lived rise in tgmperature at
one hour after injection. 'Ihe hyperthermic effect of this

L

quaternary opiate was less than the temperature -at the

- -

same time following morphine injection. Codeine methiodide
"l * -
was without effect. Consideration‘was given to, the

pos#ibility that morphlne had a gneater effect becaUse it

-
was better able to diffuse to nelghbourlng, highly . -
temperature-sen31t1ve areas such ‘as the'POAH than the . _?

> R . . ] - « 4 ‘
less lipophilic morphine methiodide. prever, levorphanol,

/<\ 6
Wthh is more llpdphlllc thaﬁ morphlne, did not alter

tE~BEra;ure at all after 1n3ectlon 1nto‘ihe VMH . Sub—

cutaneous-1n3ect10n of levorphanol can produpe an elevatlon

© “

ln temperature (Tharnhlll et al., 1979f’bbut/thls may be
through an action at other sites. ' '/L. : i

. , .
- C Y
ol g, -

»,




‘The opioid pepPtides can akso alter temperature.

’DADLE, in doses from 1.4 to 5.3 nmole caused a transient
LI ‘
hyperthermia when injected into qpe VMH, but- the ‘lower s

doses tested did not. Intrathecaf injection of small
amounts of DADLE sufficient to cause analgesaa faiiéd to

[ Y .
alter core temperature of rats (Tseng, 1981) .™~~When given
\ .

intrace%eb;oventricularly, large doses of DADLE weye able -

to cause a slight ﬁ?ga;hérmia at 15 minutes "after injection,
which returned to normal 30 minutes'later,'but smaller

doses had no effect on temperature (Tseng, 1981; Tsengf‘

»

' Ostwald, Lo and Li, 1979).
Low doses of B- endorphin have been observed to produce

hyQ;;ZEZ?maa when given 1nto the hypothﬁlamus or 1ntré—

éba;\z (Holaday et al., 1977; Lin, 1982; Tseng, 1981;
Martin and Bacfnof 1979). 1In the present study, the

-

®
prolonged hyperthermla evo%7d.by the hlgher doses of g-

- endorphin was 31m11ar to that seen w1th morphlne, ‘'while

-

the lower doses caused a short—llved'hyperthenmla.

<L . . ®
o 4 4 9

Thé interrelatiomrship between feeding and temperature

following opiate administration mas examined. ‘It had been
. ) poo
established previously that repeatedudeily‘subcutaneous
injections of low doses of heroin or morphine. (Thormhill

B
¢ a -

et al., 1976, 1978a) caused increaSLng food intake and .

. ot

4
hyperthermia, both of which occurred progre351vely sooner

135

.‘\J

>

4

{.




AY . - . . .‘ @ ‘
a'fter administration. The:times of post—injection peak _

hyperthermia and peak feeding actiVitgrgggg‘Ebserved to e

»

co:LnCJ.de‘ suggesting a close relationship between the .

., q c

two events. When morphine was 1njected 1nto the VMﬂ‘ a. ﬁ
. .simi@r'?temperql rel‘ationsh.ip was ‘pre‘se‘nt, wn.th hyper- ’
:\;thermia.tegding tb appearfﬁefore feeding begen,‘ahg

continuing '-during\ irx;gestion. ‘There wevr'—e, however,;-seve.ral

P
-

1ndications “that the ofe"eding and ternperature responSes

effected‘ by opiates maY not be-integrally rela‘l:ed ISQSGS
of morphine and morphine - me.thiodide which produced ‘\
- equi'valent amounts of food 1nta.ke d‘.‘l.d ‘not produce unifo
changes- in temperature.. ‘ Follow:Lng .morphine rmeethiodide, \_\
2 thé temperature 1ncrease was,not on}y ‘smaller tha_nvthat N ‘
following morphine, tiut- ithw;as t‘fansient - and did-notM |

- - e
- -

.. last through the duratien Lof the ingestion period. Moreh RS

"

. "aver, a dose of levorphanol‘, which ericited food intake o -
sw

- P »

in a comparable manner .and guantity to that produced by

N - @

an equimolar dose o;f morphine, had no’ e.'ffect on temperature.

01'- the peptides,cB endor‘in, at the higl’;er dOSes tested, . ,

I‘ v -

3 - produced effects reminiscent of morphine,,‘there was. a'

-ﬁ!

» 'prolonged hyper«thermiar wﬁich corresponded’to the feeéirg

. per:.od.,; 'I!he lower d\seg,- however,—caused a brief rise 1n

N -
I o - KR

eemperature but no change :.ix food 1ntake( .The ,higher c e >

r;‘

" "
doses of DADLE also caused 1ncreased food :mtake with a " .

"-c Py , LI -
'y . . - N

cgrrespon in‘g ris_g in tempera;:ure, hut in this case, a
‘o' v ., .."". - . *:J ' . » “.. : JA,.V".,':» ‘.;; | o ’ l1‘.,- 'I" - . o

-
. " , ' N
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*+ possibility. that subclasses.ofjopiate receptors are

- ~

lower dose elicited food intake unaccompanied by a change

tin temperature. The differences between DA‘LE Wlth 1ts

L

predomlnantly 6—act1V1ty and B-endorphln, with up- act1v1tyare

>

apparent Stlmulatlon of § receptors appears to have more 1nf.lu-

14

* ence on feedlng wh:Lle temperature seems’ to be altered more-ef-

fectlveﬁ.j by ‘stimulationof receptors 1n the VMH.

4
dlffefences in effects on these parameters produced by

-’

Thenotab;e

~

su\h diverse Oplold.agents as morphlne methlodlde, morphlne,
“levorphanol, DADLE andCB-endoréh;n-leaves open the

invoMWed ‘in generation ofYiese responses.

* o “

Naloxone llnjected perlpherally, has been found to
rellably reduce temperatures elevated by 0plOldS such' as

subcutaneously or intracerebroventrlcularly admlnlstered
, ~ : .

qorphiné (Ferri et al., 1978; McGilliara, Tulunay and

Takemori, - 1976 Thornhlll et al., 1978a), met enkephalln,

1njected into the lateral cerebral ventrlcles (Ferr1 et

N -

al., 1913) and the enkephalin derivative, FK 33-824,"
admlnlstered subcutaneously (B1a51g et al., 1979).
' Naloxone, given subcutaneously, proved to be 51mr4ariy

effect;ve in reaucing morphlne-lndueed hyperthermla 1n

£
the present study

the hyperthermic effects of morphlne fgr three‘hdhrs,

’

LY

fwhlle the effect of the lower. dose had dlminished by thlS

v .
.,

*

Thé hlgher dose: of nalo‘pne antagonlzed

o -

<




time.. The temperature-response to B—ehdorphin appears to

be less influenced by naloxone; intraperitoneal injections

of naloxone did not alter the rise in temperature

5 -

. following intrathecal B-endorphin (Tseng,. 1981) and only

partielly-attenuated the hyperthermie.following injection

ofNB—endorphin into the pre-optic anterior hypothalamus

(Martin and Bacino-, 1979). In cdntrast, the‘increase in
temperature'evoked by'BEEnéorphin injected into the spinal

subarachnoid space could be prevented by treatment with

~

. . ) - - ™ -
intraperitoneally-&dministered naloxone (Martin and Bacjiho,

1979)~.

~
-

_Following intrahypothalamic appiication of nalox ne, -
there'was a reduction in morphine-induced hyperthermia
at the flrst hour after 1nject10n, but no dicrease 1n'

temperatures elevated by morphlne methlodlde, DADLE or

B 'pdorphlnr Lin (1982)‘was unabla to alter'the elevation

1n temperature produced byﬂnorphlne or B-endorphln ‘;

E - v
-’

injected into the anteribr hypothalamus-with naloﬁqne‘..

- -

admlnlstered 1nto the same hypothalamlc ‘location.

" Slmllarly, Tseng (1981) found that the 1ncrease 1n body

-

| not altered by naloxone given at that 51te.

4

temperature 1nduced by B-endorphin glven lntrathecally was

’
.
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5.2. Noradrenerglc Medlatlon of Oplate Induced Feedlng and
Changes in Temperature

3

although small amounts of various obiates and opioid .
P i -~ . . . .
substances were able to influence feeding, the delay in
. . ~

the response was unusual and gave.rise to speculationsr" .
‘on whether “feedin&" rééeptors wereedirectly stimulated'
or a change in levels of an intermediary substance was

induced which in éhrn stimulated feeding. As menttoned
- :

‘prev;ousiy, there was an extended iﬁterval‘fusually 30 to
« ’ a [

. 90. minutes) following injection of most u-agonists uhtil
feeding began. Even aftet 1nject10n of DADLE, where the-
delay was sllghtest, feeding was genérally later in onset

than after. injection of(%bradrenaline,~an ther potent

- o

%mulat*or of feeding behaviour. Further ore, although

pretreatment with an 1ntrahypothalam1c 1njeFtlon of

naloxone redﬁced food intake, naloxone admlnls;ered by the

i vz

same route an holir after morphine (the beginhing,of'the
feeding period) was®™ineffective.’ It has been shown that the

concentration of morphine is rapidly cleared by paesﬁhg

-

into the bloodstream after injedtion‘into'the brainy a ,

14

hlgh d6se of.” "C~morphine (50 ug) having fallen to minimal

‘-Levels by‘two hoﬁrs after being placed  into the anterior _

4 i
hypothalamus (Lomax;-1966)' In‘the-pIESent studies,

r

’feedlng often perslsted three hours after xnject1on. If

lﬂdQEd the effect was occurrlng in the absence of the



initiating drug,” there would be a mandatory requirement for

a eecondary system to'implement the effects.

.
.
L]

! v, . " . : : A :
* There is ev1dence that oplates may interact with
LR <

other substances to elicit thelr effects. Thus, central

5-HT and noradrenallne have been lmpllcated in the hypo-

thermla caused by mcrphlne {Burks and Bosenfeld, 1979), “

while B—endcrnhin-induced hyperthermia may inuolye pro-
staglandlns and SLHT (Martln and Bacino, 1979) 2Moreover,

r

the growth hormone-releaSLng actlon of morphlne appears
to requlre‘functlonal noradrenerglc, but not serotonergic

. OF dopamlnerglc neurons (Koenigq, Mayfleld Copplngs, McCann

%

'and Krulich, 1980) " . o . N

L}
+

Since the VMH is-sensitive to feeding stimulated by

noradrenaline, this c¢atechdlamine was eyaiuated as a
pos51ble medlator. A11 agents used in_these studies weref

Aglven dlrectly into the VMH to reduce tﬁe p0551b111ty of
TN S

non—spe01f1c actlons which might -affec 1ngestlon. A

- - .

dose of phentolamlne whlch reduced noradrenallne -induced

‘feedlng was. establlshed 1n1t1ally..'1hls¢dose of phento—‘
ullmlne‘dld not, however,'alter 1ngestion’when given just='
hefore morphine. Admlnlstratlon gf phentolamlne one hour

after morﬁhlne successfully attenuated lngestlon._ This was

the éonverse of the results dbtalned with the naloxone -

and morphlneuln]ectxons. The-phentolamlne—lnduced effect
. . . 5 .

. e N 3 »
d 4 . e, »

A

o



" | .
was pursued with DADLE as the stimulant for feeding.

-

‘While not'anticipated:uphentolamine pre-treatment reduced
DADLE-induced ingestion, which often began within minutes after

. S ‘ . ' ’ ' . N
injection'of the peptide. These experiments demonstrated T

’

that.the feeaing‘effect of these éiffering opioids are,
suppresSed by an a-sympathetic antagonist more effectiveff
than by an oplate antagonlst* IE is conceivable that
-actlvatlon of both u and 6 oplate recéptors trlgger the

release of noradrenallne, althouqh there may be a

~
-~ ’

d15$1m11ar1ty in the tlmlng of such release.- The resa™s:

. suggest that . the peptlde causes a faster output of nora— .

drenallne than may be 11kely after. morpglne. w S .
»

There is substgntial evidence thaw opioid substances -
interact with catechqiamiﬁes.in the brain. 6piates

appear to activate dopaminergic pathways (Biggio, Casu,

—
—

.

.Corda, DiBelio and Geqsa, 1978) There is also-evidenpe "?f;

. .
M Yo

that the OplOld peptlde dynorphin"may activate feediﬁg .
throush. dopamine, 81nce‘halope;1dol, giye% pe;iphetafly,

. inhibited thig effue\ct (Morley et al., 1_982b3 ;- although
they did not examine‘the.effects of dynorphin on the.“‘
,adrenergic‘syétem. Burks and Rosenfela (1979) postulated
that mqrbhine-inddced,hypothﬁr?ia may be due 'to activatiop
of the horaéfenergic/eyétem."ResﬁltS'froﬁ the7presént“
Wwork suggest that ?punds “may cause a riberatlon of

neuronal noradt/ﬂallne. If true,'thﬁe would be unexpected
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} o« - . .
in light of the body of literature which indicates that vaﬁg

LY

id ' -
morphine andJop101d peptides cause -a decrease in release

\

of. noradrenallne from nerve termlnals.’ This, has been shown
in the hypothalamus and frontal cortex of the rat, and o

in electrlcally ~-stimulated braln sllces.» Opiates also

- .

depress the flrxng rate of noradrenallne-contalnlng | LT

cell bodles in the locus coeruleus éKorf Bunney and
Aghajanlan, 1974; Montel, Starke and Weber, 1974;
. | Nakamura, fepper, Young; Ling and*Groves,” 1982; Taube,

Starke:and Bcrowsfi, 1977). 'Mofeover, the increases in-
""‘W ' . I - ! L

hypothalam noradrénalihe ilevels, in-rats, observed after

intracerebroventrlculag 1:nectlons of.B~endorph1n or mor-

s

phlne were attrlbuted to a decrease in catecholamlne

‘ release (McIntosh Vallans and Barfleld 1980) Whlle it ~« : -

PP v e y

may .be argued that inconsistancies between the literature

- v -

. and the presgnt data may be associated with wariations

. . .. _ Coa ' )
in  doses, routes of application and times of measurements,
L 9 ) E +

¢

" the suggestionﬂthat opiates enhance noradrenergic function

. : v should he.explored, for this would have broaderbimplications
: o L ® ‘ )
than solely affecting feeding behaviour and thermoregula-

-

tionﬁ_ The time éourse of noradrenaline liberation would

be the orltlcal 1Bsu£ for- fpod 1ntake following oplate
\ *

' admlnlstration may posslbly bé’due to a rebound phenomenon.
>

‘ Thus the 1n1t1a1 blndlng of oplates could cause a
R wo
e ‘ ' temporary * thlbitlon of noradrenal:.;xe release (perhaps even

. . . ’
L3 . - " St - . .
. e . . -0




» . L e )
. . _ <

contributing to the state of depressed activity). A :

. .o ) ' ’ N . '
rebound increase ih noradrenaline levels that stimulate -

: feeding could then occur during._an acu "withdrawal" ¢

. . L4 o
—— phase. ThlS hypotﬂ851s does have constraints for it

presupposes a much faster rate of reeovery or "withdrawal" -

- after DADLE than after morphine,.associeted with the

, ' . faster appearance of feeding activity. To determine
satisfactorily whether a direct or rebound mechanism

applies, studies of the tihe course of Opioid'influences
on the dynamlcs'of the VMH,noradrenerglc systems would s

°

be, as mentioned, well worth pursulng
»

-

5

Phentolamine, given alone, elevated.core temperature

. followihg administration to the:VMH. Althotigh in 'th'e""f
/o . ' s v - »
. ‘present studies application of noradreﬂgline to‘this_

”hypothalamic.site did not cause hypothermia, noradrendline

. . . . T
has been implicated ersewhere’és an endogenous agent

predlsposed to 1ower1ng body tenperature (Ave%y, 1971
Lomax et al., 1969). Hypothermla ellclted by hlgh doses

of morphlne was 1nh1b1ted by 1ntracerebroventrlcular

o . ! ¥

N adiinistration of phentolamine, leading tp the ppstulatipn3

////Z;?involvement of nd;adrenaliné,in oplate-induced

o~

depression in temperature (Burks and Rosenfeld,'1979) It

’

is worthy of note that these authors do' not mention what

" %

. ,occurred when phentolamine was given alone. ‘ﬁs noted

-

‘ ea111Er, phentolamine reduced.no:adrenaline—e11c1ted

- . ” ! 4

’ . . ‘ * ' .
4 . [ , - N . -
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.
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feeding, but by itself caused an elevation in body
temperature. When this dose of phéntolamine did not

reduce morphine—indubeg hyperthermia, and extended_ghe

-

~time course of the hyperthermia occurring after DADLE,
. .
this was attributed’to an interaction with the thermo-

genic actibn of the an%agonist. ,Hyperthermia.was still
prominent in the seconf control trial when noradrenaline,,’
- [

morphine or DﬁPLE was given with saline and no sympatho-

lytic was present. ., This induceable Ibng-lasting hyper:“

* “thermia resembled that achieved in the mid-tést trial,”

. . . r
" when phentolamine was given after the particular bpioid -

substamce, or before noradrenaline. This phentoiamine1 .
influenced effec; éqn;ot be explaihed on the basis of someé
'ingiscrimihate damaqj at the injecgion site, for DA?LE f
induced ;h equivalent amouﬂt‘of food intake both bei?re

EY

and after it had been given with the antagonist. !f could
be that phentolamine m&y have altered the,édscgptibiLity

of temperature-sensitive neuroﬁs in the VMH, but if so,
« ! ' - ® .
the underlying mechanism for this effect is not clear. Te
o . . .

- i

. The influence of noradrenaline on morphine-induced

' feeding and temperature was examined directly. _The désé

5 ' ’ . , J
of noradrenaline chosen for this purpose (30 nmole) was
suffidient to elicit the same amount of feeding as .

morphine (5;3 nmole) over the course of the three-hour:

measurement. When mgrphihe and noradrqnaline were

+
!

. .
. . - . * L]



L
5 .
4 : . -

‘., »*, injected~sequentially into the VMH, their.effect appeered
\ .
’_' <+ . to be additive, since the amount of food intake was

. ' oa o , . .
.equivalent to a summation of their separate effects.
Yy . . )

«
v N ¢ @ *

. . ? L . . ¢ . . . . - N
Feeding following the dual injection -was rapid in onset,
as oc&urred fblldwihg noradrena}ine_injéetion. " The feeding

' ' E " y . : .
v yas;pnolonged, hpowever, as normally seen’'with administra®

®

»~

tion of morphine. There was no sign of'taqhiphylaxis that
e N ‘ . ] . ‘ .L’ ° ” . \
L . . night. havé pfesented if the injected noradrenaline had -

'cause§=d presynapticyinhibition.of the noradrenaline °

Y

release postulated to.occur follpwiné‘morphiﬁe adminisgga-

e

N tion. It was noted also ‘that the locomotor depre551on

%

regularly obserVed after morphlne was not present.

foliow1ng the dual optate- catecholamlne 1n3ect10ns. 'Thls

‘observation enhances the earller presented con51derat10n 5

that a decrease 1n§noradrena11ne'release mlght be involved

. . B

: «g -in the behavioural depression. wNoradrenaline appeared to .
o . . ‘ fo * ‘

have no effect on morphiqé-inducedIhfpefthérmia.

L4

To further reflne the study of the influence of nor--
i ) . Y
- adrenallne on morphine-elicited feedlng, the effects of ,

v

v

v " more Spec1f1c a-adrenerglc antagonlsts, pra2031n and
v, . .
;”f_“ ‘ yohlmblne, were pursued - . -
i ,7, " . e . - - ,. - " '
- : - Pra2051n is reported to have predomlnantly post-

- 1

‘synaptic; Qg blocking qpt1v1ty (Cambrldge, Davey- and

Massingham, 1977; Dq;ey, Smith and Walker, 1977) and hence
b 3 e




was of interest -but it did not prove useful. mha_amount

used in the present study (0.1 ug) was the max;mum that

1".. K

t.s
would dissolve in the Iq\\est volume of sgilne ‘used in

these studies (1 ul). When morphine- 1pduced*feed1ng

»

remained unaltered the antagonlst act;vag&,of this dose

of pra2051n was -assessed by measq;eméﬂ{iof its ablllty
:‘

to 1nh1b1t noradrenallne 1nduced 4Eéalng. .The prazosin

proved to be 1neffect1ve agaln. Accordlngly, it was ‘l.'c

assumed that the dose used was too low to affect food

intake. | ' /’
. ¢

) This small oose ofvprazosin, nevertheless, seemed to

elevatelcore tempereture when administered by itself.

Further, when injectedesbefore noradrenaline, significant

hyperthermia resulted. Moreover, core temperature was ~

elevated following ,the Lnjectibns of saline plus norad-
T

. S
renallne assoc1ated with the second control trlal justs

as it was following the~sé§ond control 1nject.ons of saline
. Plus noradrenaline which followed the phentolamine plus ;: .
noradrenaline tfial ‘While this suggests that pra2051n,

as welﬂ\as phentolamlne, may haVe altered temperature—
sen51t1ve neurons in the wvicinity of the VMH, this effect

is 1nexplicable and there is no llterature that shows that o y

others have encountered th;s phenomenon.
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e , Yohimbine pﬁfférentialiy anﬁagonizg; pre-syhaptic

(a;)-adrenergic receptors {Daxey et al., 1977; Starke,
) @

Borowski and Endo, 1975), which nbrmallyvéllow norad-

renaline to regulate its own release. Blocking o,

receptors would cause much larger than normal quantities

. ]
R of noradrenaline to be released -following a particular
stimulus, and there would be increased stimulation,

therefore, of postsynaptic @) -receptors (Anden, Paukeens
» h ) {

and 8venson,”I982; Doxey et al., 1557). Yohimbine,

given parenterally, has been found to increés¢~food
consumption by rats (Greg%on and Stribling, 1983). This
might be dﬁe to an increase in the synaptic content of
noradrenaline in the hypothalémus. The intrahypothalamic

s dose (9.1 nmole) used”in the present study, however, did

I

. R .
not alter food intake on its own. When this dose of

\

yohimbine/Zji/;hjected.an hour after morphine, feeding

-

increased £onsiderably. This may be taken as further
evidence that morphine can cause release of noradrenaline.

Without an intact feedback mechaﬁism, the synaptic

- -

concentration, and hence the effect on feeding of -

? c‘noradrenaline, became greatly’amplified. Singer and his

colleagues (Singer et ai.}'1971) reported a small decrease

’ [

T in food intake in the rat following intrahgpothaiamic

- - )
injection of yohimbine. This latter study was designed to

.- - measur¢ reductions in food intake and the anifpals were only

,
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o

allowed to feed for two hours‘fach day. In addition,

doses of yohimbine were large and adml*lstered in such a

»

volume of sallne that ether brain regions were likely

Pd

affected (Myers, 1964). .The marked locomotor deprassion
" which was observéd could be coystrued as influeptiai,

rendering the animals unable to feed.

In the present study, yohimbine did not‘affect;core
a - -

temperature when administered an hour after morphine. Lin

(1982), however, -found that oretreatment in the anterior
® : : .

~

hypothalamus with a small amount of yohimbine, which
. . \ . . .
did not influence temperature by 'itsel¥, reduced the peak

of hyperthermia due to injection of morphine at that site.

Most other biogenic amines and'their antagonists which

. were tested in the VMH had little effect on feeding,

A 'Y
emphasizing that the hypexphagic actlons of morphlne_
1nvolve noradrenaline specxflcally. The work descrlbed

here supported the finding (Lexbothzd970) thatcr-and not
B—adrenerglc receptors-a involved in the.stlmulatlon of
feeding in the VMH, for :::}ranolol was ineffeot;ve againet
morphlne 1nduced feeding. Althohgh 5-HT has been

~
prevrously implicated in 1ngest10n (Goldman et al., 1971

Hoebel, 1977), nelther ik, nor its antagonlst, methyserglde,A
'lnfluenced feedlng evoked by morphlne given to thlS sxte

'Dopamine has a weak {(and oftenmdelayed) hyperghagxc effect




in the present study and'othervstudies (Booth 1968; °
Siangen and Miller, 1969). 1In the preseht study 1t 8

augmented food intake when given in conjunction with
[ . . o . - ) -

t

morphire. Apomorphine ‘and haloperidol, however, Had"no .
effect. It is possible,.'then, that the.doﬂﬁmine might D

simply have been acting as additional substrate’for

conversion to'noradreﬁallne in local noraétenenglc S

“‘neyrons. . L s v S - N -
< . - / . N -~

Most of the amines tested did not;chdﬁgé the e}evetion <.

4 5.

in core temperature ellclted by morphine. NeitherVS—HT

v

- "

.- nor* methysergide were:' effectlve here, although 5- -HT has
“ been proposed to be/lnvolved in both the hyperthermla due ;
to B~endorphin. and the hypothermia provoked by morphine .

“

(Burks and Rosenfeld, 1979; Martin and Bacino, 1979)%.

However, the B—antagonisv, propranolol, injeqted after
x v, v v,
morphlne, 51gn1f1cadtIY‘ralsed the already’ hlgh~core

*

temperature and also produced sen51t1v1t1 to the temper-"

s

ature effects of'a later 1n3ect10n of morphine. ™Weed

i,

~ to say, this flndlng does not assist any explanatlon ol

similar efﬁects shown 'by the a—antagonlsts,,phentola ine
,. ‘47

and pr12051nf’ I'n .a different 51te, thg_anterlor hyp

q-
thalamus, pretreatment with an lnjecthD ofaprOpranolol
b .1 "
depressed the small elevathn in tgmpérature ngqgwed
. L9 » *. ‘
‘followrﬁg morphlne 1dject1on (Lln, I982) Halogerldoi .

and dopamlne,-ggven 1nto the VMH in e‘present.study-diﬁ'







P

* after injection. Apomorphine, given inté’the same hypo-

which can be stimulated by opiates to produée.ingestiqp

-the hypothalamus’ were chosen for this tdy‘, as.well as

-

- )
- o

not alter the hyperthermia induced by morphine. Cox and

ENEN

collgagues (Cox.et al., 1978) TOund that.-haloperidol .  °
injected into the preoptic anterigr alamus did .

not alfer core temperature in rats, wﬁére dﬁp&ﬁine in

the same site caused a short-lived fall fn températu;e

that appeared to return to cqntrol temperature oneé hour

+

thalamic site (Cox et ai., 1978), caused a prolonged ‘ N

hypothermia, while in the présent study, morphine-

a

induced h§perthermia was significantly lowered at two

hours after the administration of apomorphine.

5.3. Feeding and Temperature. Responses in the Rat to
' Administration of Morphine into-Various Brain Sites

Opiate-induceq feeding has only been demonsgrated
centrally in two hypothalamic locations (the para&entri-
cular'ﬁypotﬁalamus and VMH), although several stuaiés'
Aave used non\SpéCific applications fo the lateral

R ]

cerebral ventricles. The extent of sités in the brain

LY

NN

. . : ‘ “,\\
has not been-particularly well-defined. Several sitgs in .-

/

several scattéred extrahypothalamic 18cX¥ions. The lével

of opiocid innervation in these locations. is known to vary.

’
L




" fThe abundénce of met- and ieu-énkeéﬁaliﬁ and B-
endorphin, ag well asd enkephaliﬁgrgic and endorphinergicw
~fibres and cell bodiés founa in éﬁe h?potpalamus, suggests
a neuronal role. The B—endorphiﬂ—containing cell bodies \
arige in the arcuate region and_fibreg are found through
the hypbfhalamus; especially close to the ventricle.
'Epkephalinéigic fibres have been seen in almost all
hypothaiamic nuclei, but are especially dense in the
periventricular area and ventromedial‘nucleus{ and are
more diffuse in the laterél!ﬁypothalamus (Adler, 1980;
.B;oom, Rpssier, Battenberg, Bayon, French, Henricksen,
Siggins, Desal, Browne, Ling and Guillemin, 1978; Dupont,
Lepine, Langelier, Merand, ﬁouleau, Vaﬁ@rf, Gros :and
‘Barden, 1980; Rossier, French, RiVier, izng, Guillemin
and‘Bloom, 1977) . Endorphinergi¢ fibres distribute
rogtrally to, the mid-line structufes of'the tﬁalamus;‘
whilé enkephalinerg%c fibres and cell bodies aré less
densé.in the éhalqmus“than in the/VMH (Bloom et al., 1978;
CQello, 1983). B-Endprphin—cont?ining fibres do not
extend'to.the caudate-putamen, but this region has a
| ' high concentration of enkephaliﬁs and a dense pépugétion
of redqptprs (Adler, 1980; Brann and Emson, 1980; Cueilo,
1983} Dupont et al., i?BO;-Simantov, Kuhar,: Pasternak and
Snyder, 1977;} The amygdala dontaihs both enkephaliﬁergic

and endorphinergic systems (Adler, 1980; Dupont et al.,
~ .



: o . R -
1980; ,Uhl et al., 1978). 1In the more ventral aspects of

the fornix} there is a small concentration of enkephalins

.~

(Cuello, 1983).

¥

Of‘the regions tested in the present study, the
hypothalamus appeared to respond most sen51t1vely to

morphine. As stated above, thlS reglon contalns

B

enkephalins and endorphlns, and is traversed by enkepha—

AN

linerg»c and endorphinergic neurons. The VMH, furthermore,
o - .

was the hypothalamic locus ‘where injection of morphine ¢« —

caused the .greatest 'increase ip ingestion.‘ There was <
not as rapid, or as ofeat an increase ip food intake
followi;g injection into the paraventricuiar hypothalamus.
However, the more intense locomotor depression that
morphine elicited at this site may have obscured some of
the feeding response. Morphine at both of these

hypothalamic sites caused a prolonged hyperthermic

response, with temperatures follow1ng paraventrlcular

‘1nject10n being, ﬂbrhaps, slightly hlgher than followxng

VMl injection., A significant increase in three-hour
feeding also occurred fOllOWlng admlnlstratlon pf morphine
into the lateral hypothalamus, wzth ‘the more medlal sites’

(LH2) being more effectlve than the lateral sites (LHl).

Administration of morphineé into the thalamus tcaused feeding’

'whigh was comparable to that after injection into the

lateral hypothalamus (LH1). Tﬁere was some separation
. . -

-



pf feeding and temperature effects due ,to. morphine at the
fateral hypothaland&fand thalamic sites; the initi;l
‘béiétejeliéited hyperthermia fell so that it was no
'différént from control temperatufes by the third'hour,
whi%e food intake became éignificantly greater éhag

control 1eve1§ during thé third hour. The on;y Earg of
th; ﬁypothalamus i#to which morphine was applied wi thofit
Asignificant'effects on feeding and/or temperature was the:
posterior hypothalamus. As'mentioned, this regipn ié well-
innervated with opioid ﬁeurons. Morphine-induced feeding
appeared to ;éptre around the VMH, and become weaker at -

the more lateral and ventral sites, while the éosterior

hypothalamic site tested was unreSponsiQe. Injectidns

’
-

into the more distal sites, including the .internal

éapsule, daﬁdage-putamen, amygdala and fornfx did not

cause incréésed feédind, even though the caudaté—putamen

and fhe_amygdala contain moderate to hi§h levels of opioid
L ' r

peptides.

«

The implied relationship between noradrenaline and
morphine would bé enhanced 'if there was overlap between

brain sites- that afforded feeding responses to these

drugs. While this was not developed directly, the e
' .o ' - ’ .

sensitivity of the various 16¢i tested with mprphine was
. compared to the data from the extensive study by Leibowitz

(1978) , who observed feeding folléwiné injections of

e



~ -,

"4

noradrenaline. She found ﬁxtrahypothalamié injeétioqé‘of

the mdngimine into the caudate-putamen and amygdalta

w

4

to be ineffective, while sites in the periventricular s

)

nucleus of the thalamus proved moderateiy responsive.

.

. The pésterior‘hypothalamus was unresponsive as well as

hypothalamic locations which were more thaﬁ 1.3 mm lateral

T

to the midline. In the present study, although all ) \
latérél;pyéothalamic sites to which'morphine was |
administered elicited fegdiééé_those closer to the mid-
line appeared more effective:‘ Food intqke was greater
followingoinjection of nora@renéline into the para-
véptricﬁlér hypétﬁalamué than the VMH, whereas the
,convefge was true for morphine-el%cited feeding. 1In

' general, stimulation of partIculgr brain regions by

-~
jmorphine or noradrenaline produced similar effects on

ingestion, proviqing supportiVe evidence for the
interrelation of these agents in feeding processes.

€
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“et. -+ 1., Morphine, administered into the ventromedial hypo-

-

thalamus (VMH), elicited feeding in a ddse-relateéed

manner. Injec n of the narcotic was always

+

' ' , followed by . latent period, characterized by a

decrea§; if activity, and then prolondged feeding.

N

2. Anoth;r potent stiﬁulafor of food intake} noradrena-
line, given into the VMH, caused,; aiffereﬁt_ﬁéﬁporal
pattern of ;ngégfive behaviou;;- Feeding began after
a very brief intérvaﬁ:end was caﬁpléted within‘aﬁ hour

Y

°

of injection. .
' i i R P | . or . : R
3. An attempt was made to reverse the effects of morphine,
' '

given into the VMH, with the opiatey;ytagonisﬁ,

naloxone. Given subcutaneously, naYoxone suppressed .

morphine-induced feeding‘qpr Ehé Full three hours of :
the study* ﬁretreatmént with naloxone instilled into
‘the VMH'reducéd only the feeding during the first ‘

hour after administration of ﬁo:ppine. When given

» . , o »
centrally an hour after morphine, the antagonist had

no effect.

. 4, T“E stereospecificity of the VMH epiate receptors-was
o : . : .
considered. The narcotic agonist, levorphanol, h

stimulated feeqing, while its non-narcotic stereoisomer,

M7y e




' codeine methiodide, were examined for their éffecfs

-

dextrorphan, did not. Feeding after levorphanol
injection, as with morphine, began after a long latent

period and had an extended duration. : .

- The inability of codeine to stimilate ingestion .

furthér.supported the role of opiate receptors in
feeding, for codeiﬁe itself 'is a weaK ligand at‘opiate_

receptors.

The'quatern;ry opiates, morphine methiédide and

on”feeding. In preliminary studies, their actions on

guinea pig ileum and rat blood .ptessure were compared
to morphine. When injected ‘into the VMH, the inability

of codeine methiodide to alter feeding resembled the

]

lack of effect of the tertiary alkaloid, codeine.’
Although morphine methiodide was less potent than
morphine, there das a parallel in. its temporal feéding

pattern: .Because the methiodides would be less likely
to migrate from the site ogninjéction~tﬁan the -
tertiary bases tested, théllong iﬁte?bal following i
narcqtic aéminiétfatioﬁ before ingestion may ﬁot"

&

- - « . » ’
indicate movement of the opiates to ether central

feeding-sensitive locations. |, .
, - "

Morphine meﬁhiodide—inbuced feeding was signifi- :

L3

éantly decreased by subcutaneously-administered

~

“
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Al

naloxone, but naloxone given into the VYMH was unable
to antagonize food intake. o

-

The involvement of various opiate receptor types in

.

the'féeding resporfse of the VMH was investigated, with

the. understanding that the agonists used could have .

.
-

" overlapping activities at several opiate receptor

subspé.lbs. Mbrphine (u-receptor agonist), keto-

.cyclaiocine (k-receptor agonist) and phencyclidine

-

(g-receptor agoﬂist) were tested, but oAly morphine °

.
&

influenced ingestion.when given at this site. , .-
N

8pioid peptides were found to elici£ feeding‘when ,
injecfed»into the VMHif D—Alaz,D—Leus-enkeanlin
(DADLE), a strucfural analogue of Leu-enkephalin;
with largely §-opiate receptor activity,‘ané B-

+ - . s
endorphin, a naturally-occurring peptide with u-, &-
and e-opiate receptor activity, were tested. . Injection

of DADLE eliciiedﬂq-shoft interval of ehhanceﬁo

v .

locomotion, occasionally preceded by depressed motor

L]
+ -

activity. This was' followed by intense hyperphagian'
w?ich.generally ended by one hour after injection.

]

After application of,B—enaorphfn,‘there'was a lqng.‘

4 . .

delay followed by prologged'féeding, similar pé“fhe

. ., "l/ '
behaviour observed following morphine. . .

s
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Naloxone, given into the Vﬂﬁ, did not: block the

effects of either peptide.

Core temperatures were influenced by VMH injections of

some opiates and opioid peptides: The changes did not

-

always correspond temporally to fluctuations in

ingestion, indicating that these effects may- not be
‘ ¢

/

integrally related. Intrahypothalamlc morphlne

'

1nﬁuced doge-dependent, prdionged hyperthermla, which

continued during the course of food intake. However,

. the rise in temperature elicited by morphine

methlodlde was brief enough that the majority of food
was 1ngested when the rats were normothermic. Further-
more, core temperature was not altered by a dose of -

levorphenol that induced the same amount of food
intake as did morphine. ~ = ' S
ol " . "5’ ’

.

fof‘the peptides tested, B¥endorphin produced ‘a

pattern of hyperthermia -and feeding reminiscent of

that cahsed'hy morphine, 'while at lower doses the

.

elevation infkemperature was not accompanitd by

fee@ino.(:SQPhQQSnduced a'brief fiserin‘temperature
) . i L

which coincided 1th food 1ntake, but at‘lower doses
food was consumed w1thout a change .in" tEmperature.

v

-
-
- ]

Naloxone, glven subcutaneously, reversed the :

F

-

thermogenlc actlons of morphine and morphlne methiodide.



s s

When a?miﬂistered into the VMH, naloxone attenuateg
mdrphine—induced hyperthermia but.had no effect ;n‘
temperatures. changed by morphine methiodideq B-
endorphin or DADLE:-
The question was addressed of whetﬁer oplate reéceptor
activation was directly able t; stimulate feeding,

or if this changed activity of another system which

in turn stimulated feeding. ,Noradrenaliné, an agent

which sensitively stimulated ingestion when injected
. ! : L4 &~

into the VMH, was found to be a likely mediatbr.df-

opiate influenced feeding in the VMH. The actions of

»

noradrenaline and morphine on food intake proved to -

‘bg additive. Moreovef, the a-adrenergic antagonist,

4

r

phentolamine, blocked noradrenaline- as well as

morphine- and DADLE-induced feeding. The interaction
of opiate ard noradrerrergic systgms could not be

extended to core temperature‘changes.“ Phentolamine

a

exerted a hyrmerthermic effect which reappeared even
when injections of noradrenaline, morphine or DADLE

were no longer given with the antagonist.

To ‘further refine this‘study, the effects of

. 3 3
more specific a-adrenergic antagonists were pursued.

Prazosin, an al—blocker, was ineffective because

insufficient dosage could be given. Yohimbine, an

179
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‘a,~antagonist, significahtly elevated food intake when

2
. ‘0
given in conjunction with morphinetover intake

€

following a morphine plus saline co-treatment.

This was probably due to Blockage of the noradrenergic

L, .- . : .
feedback mechanism, and hence an increase in synaptic
concentration of ‘the noradrenaline released by

morphine. Yohimbine did not alter temperature, but
prazosin exerted a hyperthermic action reminiscent of .

~
-

phentolamine.

Most other biogenic amines and'theig antagonists
which were tested in the VMH had little effect on
feeding{ emphasizing that . the hfperphagic actions of

morphine involve noradrenaline specifically.. The R-
H ! *

adfenergic antagonist, propranolol, or 5-HT or its,

antagonist, methysergide, did not change the amounts
X .

-

eaten. Dopamine augmented food intake when given with

morphine. Apomorphine and haloperidol, tﬁe dépamine_«
reéeptor'agonisf and antagonist, respectively, had no’

effect; this suggested that dopamine might have beén

»

acting as additional substrate for conversion to

noradrenaline in local noradrenergic neurons.

’
- - . * .

" Thelevation in temperature due to morphine
was not altered by most amines-tested. Somé‘changes

weré induced by proprap§lol and apomorphine.

'S
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\

-

«*

- 11. JFeeding and temperaturejieSponses of various -brain

3

sites to morphine were determined. The most vigorous

 feeding appeared t§ accur following injection of

morphine into the VMH and became weaker at more -

lateral, ventral and caudal locations. Even-some -

sites with high levels of opioidréonggining neurons

did not cause an incre‘é@ in feeding -after morphine .
- -y

i | . &g -

injection, _These feeding results were compared to

.

findings from a gtudy in the literatute determining

&

ingestion after noradrenaline injection into various

brain sites.
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Appendix 1

- a
- L)

Preparation of Morphine Methiodidg~and‘Codeine Methiodide

kR

. Sodium hydroxide was added to morphiﬁe suiphate %nd

codeine phosphate ;o~raisé the pH to 9. .The precipitated

morphine and codeine bases were filtered and dried in air. -

» .

£
The bases were then dissolved in methanol and diethyl

ether, and excess methyl.jiodide was added. After several

«

days at room temperature, morphine methiodide. and codeine

methiodide. were filtered and recrystallized from mefhanol/ *
" diethyl ether. HPLC analysis of the morphine methiodide

aid not reveal any detectable morphine levels.

e .
-
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Appendix II

{

.

A . ,
Potency of Morphine Methiodide, Codeine Methiodide and
Mo;phige-Sulphate on Guinea Pig Ileum

R Method

4

Much of this study was conducted by Mr. S. Tse. . K
14

\ ' ﬁ?le guinea pigs (about 300 g) were killed by a

- 'blow to the head. Seuments of ileum (about 2 cm in length)
were taken approximately ten cm from the iieoCaecai

junction and rinsed well with Tyrode's solution. These
L} ¢ '

were placed in an organ bath containing Tyrodﬁ}s solution”

»
-~

at 37° which was gassed with a 5% carbon dioxide - 95%
. N : \ . .
oxygen mixture. Both ends of the tissue were connected

to a Grass Stimulator (Model S4KR); one end'was'impaied

A ]

on a stainless steel hook and the other was attached by

- '
“ a stainless steel suture which was loose enough that it

did not affect tissue contractions. The sutured end was

also connected by a linen threEQ-to a Harvard apparatus

auxotonic smooth mﬂgclé transducer with applied tension
. ,‘ + .

. of approximately 500 mg. Contractions @erQ recorded on a

1

Rikadenki recorder (Model B-24). = S

[

The tissue was allowed to equilibrate for 30 minutes

+ and then stimulated with square wave pulses of 0.1 Herz

-
W,

3

.
*%



. frequency and 0.5 mseconds duration. Voltage was adjusted ’

to obtain maximal -contractions (approximately 60 V).

The stimulated tissue was allowed to equilibrate for an
additional 30 minutes, Drugs were added serially;\ﬁhen
the maximﬁm contraction for a particular dose was reached
the next dose was added. After each drug, the ileal
segment was Qashed ;wo to three times and allowed to

equilibrate for 30 minutés.

Results

The log dose;fesponse curves obtained for mérphine
methiodide and morphiné sulphéte are shown in Fig.n38.
Both agents.ﬁére able to reduce the height of electrically-
evoked twitches of the ileal segmént,{although they were
not equally effective.. Morphine sulphate reduced twitch
height'to 44% of the coﬁtrol, while morphine'methiodide
only decreased the cont{?ctioh to 61% of the control.
The relation between the dose é&hinistered and the percent
of inhibition of the twitch was linear for both morphiﬁe
sulphate (r = 0.83) and morphine methiodide (r = 0.90).
The statistically-dewjved, best straiéht lines through
the ﬁoints are shown in Fig: 38; the slopes of these lines

do not differ significantly. The quaternary morphine was

found to be approximately 35 times less potent than the -

N . s

-~
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tertiary morphine. Codeine methiodide, however, was

‘ineffective in reducing twitch height.
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' * FIGURE 38 | ‘ ~

.
3

~ The % inhibition of the twitch response of the

-

’ ‘ elrectrically-stimulated guinea pig ileum by various

€

bath concentrations of: - ;

. ' o morphiné sulphate -
. O ' morphine methiodide ~ -~ -

’ -
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- ’ Appendix III. ' ‘ s ) ¢

4 \ » N o

Potency of Morphi!e Methlodlde, Codelne Methiddide and
Morphine Sulphate on, Rat Blood Pressure A

. Method

P

.Four mele, SpragueQDaﬁley rats weighinéxabéut ;00 g‘ .
were qnaesthet}zed with pentobarbital. Tﬁeir’carotid
artery Qas eénﬁglateézw{th'ﬁoLyethylene t&biné (Intramedic

-
PE50) which was'connecteh to a pressure tTansducer
(Gould'Stratham Instrﬁmeets, Inc. P23ID) sd te::-riood
pressure ttacings ceuld be'reeorded on a Grass Medel 79D
EEG and Polygreph Recordlng System. The ~jugular vein was
also cannulated and used for drug admlnlstrat1|p, between
1nfusxons, the‘qannula qes ke;t patent with heparln{zed
saline (10 unitS/ml).’ The enimals remained anaesthetized
during the course of the study.  An additional doee of a
pafticulér drug was not glven untll blood pressure was
stable for at least flve minutes, and between dlfferent
drugs, animals were not infdsed for e‘ﬁinimum of 36' ' ‘
mihutes,ﬂ The'dosesrcf motphine methiodide administered
eranged from 0. 5 to 20, mg/kg, - for codelne methiodide £rom
10 to 20 mg/kg and for morphlne sulphate from 0.5 to- 4. 5

mg/kg. ) ' . , . o
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A decrease 1‘1’1° blood pressure wgé.:évident ith

'drhgs tested; the:higher doses of me hiodideé exerted the

greatest e!%ect: Both morphine methiodide and codeine

. . . “ ‘g'“
methiodide caused a dose-related fall in blood presgure,

the maximum drop observed being 45.0 * 3.5 and 36.3 * '

5.5 mm Hg, respectively. The duration-of the degrease .-.
N o "‘. v ¥

was also dose-related, the mean interval being no” more

- ¥
Ny

than 5.1 minutes. Morphine sulphate reduced, blood presgure

at the lowest dose tested, but the two "higher aoées had

no apparent activity.
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Table II ~Effgcts of Intravendus Administration of
Morphine Sulphate,’ Morphine Methivdide- and
Codeine Methiodide on Rat Blood Pressure

. . 2
- [N

*

. < . T .,
. Drug - ‘..~ Dose" Molar Ratio Maximum | Duration-
i . (mg/kg) . TCompared to Reduction ° of
-+ % . . Morphine Sulfate 1in BP Reguction
s . S (mm Hg) (min)
Morphine: 0.5 AT <L ,'g17-.5 + 8.5 - 1.3 + 0.9
Sulphate 1.5 ’ o 0. 0
’ 4.5 . . 0 0
. ._ « i
Morphine 0.5 »° . 0.89 0 3 : 0
Methiodide - 1.5 o »71.3 ¢ 1.3 0.1 £+ 0.1
4.5 1.3+ 1.3 2.3 0.3
10.0 » 26.3 £+ 8.5 3.3 + 1.2
20.0 , 45.0 + 3.5 3.9 £ 0.6
Codeine 10.0 ., 0.86 ., .22.5 * 6.3 " 2.8 * 0.3
Methiodide 20.0 : 36.3 £ 5.5 5.1 + 2.2
e
4 L]
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Appendix IV .

Procedure for Thionin Staining

3

At least 24 hours after the brain sections were'
placed on slides, they were stained with thionin, ‘ -

according to the folloﬁing procedure:

s - - ~
Immersion solution Time .Slides Immersed
1) absolute ethanol two minutes
2).95% ethanol ) two minutes -
3) 70% ethanol ° ’ twg’ minutes
4) distilled water rinss& .

5) thionin stain” : 15 minutes

6) distilled water <, . rinse .

7) 70% ethanol o two minutes

8) 95% ethanol > two minutes

9) 95% ethanol, - two minutes ~

10) isopropyl. alcohol rinse S '
11) xylene - o * three minutes

Thionin Stain

3

ot

The thionin stain contained 0.6% acetic acid (180 ml), °

.
’

0.8% sodium acetate anhydrous~(20 ml) and 1.0% thionin
. . N

(5 ml). These ingredieats were combined and filtered.

- \
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