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' Margeret Elaine ﬁamilton, Ph.D.
Concordia University, 1988

Opioids in the ventral tegmental area are intrinsically rewerdiné.
It was of interest to examine the eoility of opioid microinjections intp

this region to elicit a natural reward such as feeding. The effeéts‘of

morphine and the endogenous opiqid pepfide fragment dynonphin1;13’on

-

ingestive behavior werelcompared among seyerai brain regions aSSOciated""

4
‘e

with a variety of opioid-mediated'effeots. ‘Feeding and other beﬁaviors

were observed and recorded for'e:peripd~of 15 minutes folldwingﬂopioid

-administration into ‘the ventral tegmental area, the nucleus accumbens,

the paraventricular nucleus of the hypothalamqs, the substantie nigra -

-~

pars reticulata, 6r the periaqueductal gray area of freely moving, food"

satiated rats. Morphine and dynorphin{_13 edch elioitéd dose-dependent

{

feeding within a*short time following microinjection into the~ventre1'

_ tegmental area or the nucleus accumbens. Moreover, a 50 Ooo-fold

4

difference in potency was observed between the two ligands in their

~ability to produce feeding. Whereas the EDSO for morphine to, elicit

feeding was in the 1cw narniomolar range, the ED50 for dynorph1n1 -13 Was
in the low femtomolar range. This difference islconsistent nith the
relative binding affinities of morphine and dynorphin1_13 at kappa
receptors. Highest feeding scores arose from injeotion of dynorphin1 13
into the ventral tegmental area; thisneffect was naloxone-rewersible,‘:
confirming that it was opioid-mediated. 1In tne paraventrioular nucleus, _'f
and‘the substantia nigra, dynorphin,_sq but'not'morpnine'produced ._44¢.

]
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reeding. Feeding did not -oceur. in pespgnse to mionoinjections of eieher

drug 1nto the periaqueductal gray.

> 7 ‘

1igands on the 1n1t1ation and maintenance’ of reeding depended on brain

’Dirrerential effects of tgr two

N

site.. In the ventral tegmental arba both opioids increagbd mean ‘Teeding'

bout dnrations,.whereas 1n the nuoleus acoumbens dynorph1n1 13 1noneased

-

the number or feeding bouts.

Drinking behavior was typically

7

preprandial and was. not dose-related at any brain site.

Grooming was

enhanced only ‘in response to dynorphin1_ 13 in the substantia nigram\

. These findings are discussed in terms of a possible dissociation of the

¢

uroleS'of digfenent oploid recgptor suptypes in naturally rewarding

,behavior.. Methodological considerations in the evaluation of behavioral

, responses to 1ntraéécebra1 drug microinjections -are also addressep.“
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L 4 R CENERAL INTHODOCELON
\ ST _ LNT |
. Opioids have been implicated in analgesia and sedgtdon (i:ffe .

2 .

» ‘Mé@tin; 1§80; Pert & Yaksh, 1975), locdmo@gg activity (Joyce & Iverseh,

- ' .
1979; Peﬁ;, DeWald, Liao, & Sivit, 1979), phermoregulation (Eikelboom &

v

Stewéﬁt, 1979; Vezina & Stewart, 19?5), sympajhetic nervous system ‘\!,:

. functioning'(Kiritsy-ﬂey, Appel, Bobbitt, & Van Loon, 1986; Randich &

L gallahan,'1987), and behaviors motivated by pewarding stimuli, inEluQing

14

v ( N
feeding‘(see review by Stewart, de Wit, & Eikelboom, 1984) and
., responding for elgctrical+brain stimulation (Broekkamp, Phillips, &

Cools, 1979). Discrete populations of central éndogenous'opioids oceur
» . \ .
P -  throughout the brain (for a brief review, see Khatchaturian, Lewis,
. S - *

"*\\\ Schafer, & Watsﬂg, 1985). The behavioral functions of some/of these

oploid systems have been anatomically dissociated (Bozarth & Wise, 1984;
0

e
.
1

Broekkamp, Vag den Bogaard, Heyneh, Rops, Cools, & Van Rossum, 1976;
< ’ Jenck, Grattom, & Wise, 1986), but further research is required to
H ; ] :

\\‘w-deidentify all _the central sites where.oﬁioids contribute to different

L e yOr TP

e

behaviors.

,
w *

» The influence of apioids on feeding behav;or has been well

documented (Brown & Holtzman, 1979% Cooper, 1980; Sanger, 1983; Sanger,
) : 3 - ) ' -
- McCarthy, § Metcalfe,aj981; Woods & Liebowitz, 1985). Althmugh central
opioid systems have been shown-to play an important role in_opioid-

ot _ - mediated feeding, reld vely few laboratories have attemptegﬂtq identify

‘thé specific brain areas’ that may participate in opioid regulation of

s
-~
* <
[

ingestive behavior.> Early findings that lesions of discrete

\'. ‘ 5 .
- hypothadamic nuclei Qgﬁﬁuced dramatic alterations in feeding behavior

‘(Anﬁﬁd & Brobeck, 1951; Hetherington & Ranéon, 1942) led to a research. v:.
% “w - . ‘

: focus ot hypothalamic regioné by most investigators interested in the
b - 2 ~ ..
‘ central mgchanisms of feeding (GraQFison & Guidotti, 19773 Grossman,

» L . . . - a

1 , ‘
.
3 . . —
.
» v . - '
.
R ) . “

. >
o —
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1960; Hoebel & Teitelbaum, 19623 Leibowitz, 1975, 1978; Luiten, ter
&

Homdt, & Steffens, 1987; McLean & Hoebel, 1983; Roberts, 1969;
Tepperman, ®Hirst, & Gowdey,- 1981a, 1981b; Valenstein, Cox, & Kakolewski,
1970; Wise, 1974). ) )

Feeding is a complex behavior that involves a nunber of
sequentialiy organizesgresponses (Roberts, 1969). Several motor
behaviors including locomotor approach to_food, sniffing, tongue

<

protrusion and 1icking, biting, gnawing, mastication, and swallowing are

-,
synchronized to produce feeding. This implies a complex integration of
&
both sensory and motor systens-that is believed to take place within the .

central nervous system (Mogenson, 1982; Mogenson & Wu, 1982; Neill &

ar “
" Justice, 1981). As a complex behavior requiring approach to and
interaction with environmental stimuli, feeding is generally considered
to be representative of naturaily motivated behavior (Miller, 1957;
Mogenson, 1982; R6bents,‘1969;\Valenstein, 1971; Wise, 197”);' A
philosophical review of motivational conétruots, which include reward,

is beyond the scope of this presentation. The potential involvement of

central reward processes in feeding behavior is relevant, however. e

k)

<

Strong empirical support of a’role for central reward systems ip
feeding behavior arises from findings that rats work for‘electrical
brain stimulation from the same eleotrodes in ateral hypothalamus
that elicit feeding during experimenter-deli ered‘stihulation (Carr & ‘
Simon, 1983a; Jenck, Gratton, & &ise, 1987a; Jenck, Quirion, & Wise,
1987b; Margules & Olds, 1962; Roberts, T980;'wise, ]97Ai. Both brain
‘stimulation reward and feeding produced by lateral hypothalamic
stimulation arises from the activation of fibers of passage (Bielajew &

v

Shizgal, 1982;, Mogenson & Wu, 1982; Roberts, 1980; Yeomans, 1982), ‘

~

suggesting that the release of reuagq—relevant neurochemicals by the

LAY
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stimulation oceurs'at sites in the brain distal to the stimulation.
Considerable evidence suggests that endogenous opioids may be among
those substrates (Broekkamp et al., 19765 1979; Carr & Simon, 1983a,
- .
198§b, 1984 ¢ Jenck, Gratton, & Wise, 1§86, 1987a; Jenck et al., 1987b).
The endogenous opioid peptide fbagment, dy?orphin A1_13, has bgég
shown to producé feeding following inje;tion into the cerebral
ventricles of food §atiated‘rats (Morley & Levine, 1981; Walker, Katz, &
Akil, 19803. D&norphin1_13 binds with higﬁ affinity at kappa opioid
receptors (Chavkin, James, & G&ldstein, 1982){_whereas morphine binds

primarily at mu receptors but has some affinity at delta and kappa

receptéfs as well (Magnan, Paterson, Tavani, & Kosterlitz, 1982).

Although no direct association between dynorphin and reward processes

has been established, kappa receptors have been found in several taste

'

k:
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%
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and feeding areas of the brain (Lynch, Watt, Krall, & Paden, 1985), as
P

well as in brain regions identified with opiq;gbggward (Mansour,
- ™

ks &

Khachaturian, Lewis, Akil, & Watson, 1987

The present investigation was undertiaken to examine the role of

- oploid reward systems in the elicitation, of.feeding. It was of interest

R N S G NG Y AR AT R

to assess the comparative abilities of dynorghin A1_13 and morphine to

produce feeding from reward-relevant braip areas, A comparison of

feeding behavior elicited by opioids at these sites to behavioral

effects M !hose brain regions associated with other opioid-mediated

. ¢ \b—.
functions was expected to further elucidate the regional behavigpal
functions of 6pioids. ﬁ/ '
J Involvement of Central Opioids in Reward }

Opioids are known to be rewarding. Drugs of this class are self-
administered peripherally by humans (Jaffe, 1980; Schuster & Thomﬁson,

1969), and both intracranially (Bozarth, 1983) and systemically (Balster .

. f 1 .
- . .

-
» , .
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. iptravehous infusions of heroin (Britt & Wise, 1983). Compensatory

.

N
. "‘c‘n‘t‘&ﬁ

& Lukas, 1985) by non-human animals. Rats readily learn to lever press

‘for microinjections of morphine into cerebral ventricles (Amit} Brown,. &

Sklar, 1976; Belluzzi & Stein, 1977) and the ventral tegmental area

(Bozarth & Wise, 1981; Van Ree & De Wied, 1980). Other investigators

. haQe reported intrgcranial self-administration of opioids into the

nucleus accumbens (Goeders, Lane, & Smith, 1984) and the ;géeral7 .

hypothalamus -(0lds, 1979, 1982); however these fin&iﬁgs have not been

consistently- observed (Bozarth & Wiée,'1982). In contrast to ventral

tegmental area rats, other experimentally naive anim;ls failed to

acquire the leverwbress response for morphine microinjections into ;he

periaqueductal gray area (Bozarth & Wise, 1982, 1984) This region was

shown to mediate central opioid dependence and withdrawal (Bozarth, &

Wise, 1984; Wei, 1981), considered by some researchers to underlie

opioid ggdictioﬂ (Dole, 19721. The anatomical distinction between the

funétions of opioids in tﬁgse two regions was an important demonstration

tha% opioids in different brain regions are not necessarily involved in -

the same behaviors. - ‘
‘Morphing administered iﬁto the ventral tegmental area also pfodueed

a conditioned place preference in rats (Bozarth & Wise, i982; Phillips &

LePiane, 1980), and facilitated reSpondiné for rewar&ing electrical

brain stimalation (BPoekkamp et ai., 1976, 1972). The ability of

morphine in the ventral tegmental area to produce place preference was

showp to be confiﬁed to a discrete area within this region (Bozarth,

1987). In addi;ion,1microinjections of phe hydrophiiic opioid ’ . -

antagonist, diallyl-nor-morphinium bromide, into the ventral tegmental

area.of rats produced a dose¢-dependent increase in responding for °

H

increases’ in responding for~intravenous drug following antagonist

£
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administ¢ation are presumed to reflect an attempt by the animal t&
overcome the reéLction in reward produced:by the antagonist (Yokel &
Wise, 1975,519]6). Similar injections into the striatum or nucleus
accumbens failé@ to affect responding (Britt & Wise, 1983), further
supporting the notion that opioid rewara is not generalized throughout
the brain and opioid receptors in the ventral tegmental ére; ;re
critical for this phenomenon. In the absence of evidence to the
contrary, it is presumed that pharmacological maﬁipulations mimic
neurochemical conditions that occur naturally.té produce the behaviors
elicited by the experimental treatment. lTherefore; it may be,presumed
that reward is a naturally occurring phenomenon. Anatomically distinct
localization of opioid reward suggests ihat specific opioia receptor
fields and endogenous opioids at these sites may be involved in the
éediation of naturally rewarding bepavior.,
Anatomy, Biochemistry, and Pharmacology of Central Opioids

In addition to the well-documented opiocid-elicited anaigesia, the
effecgs of opium and later of opium-derived alkaloids such as morphine
on mood may have engendered their use for oGer 2,000 years (see review
by Jaffe & Martin, 1980). Despite this lengthy history, the
stereospecific binding of opioid alka}oids to discrete opiate receptor
populations in brain and spinal cord was identified less'than 15 years
ago (Kuhar, Pert, & Snyd;r, 1973; Pert & Snyder, 1973a, b; Simon,
Hiller, & Edelman, 1973; Terenius, 1973). The findings of these
investigators.led in turn to the isolation §f thé endogenous opioid
peptides (Cox, Opheim, Teschemaéher, & Goldstein,‘1975; Goldstein, 1976;
Hughes, 1975;‘%ughes; Smith, Kosterlitz, Fothergill, Morgan, & Morrig,
1975; Lord, Waterfield, Hughes, & Kosterlitz, 1977; Teschemacher,

Opheim, Cox, & Goldstein, 1975), and were accompanied by the proposal
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and identificition of putative.eﬁdogénous opipid.recepgorp (Cﬁavkih,& I
Goldstein, 19§1a, b§ James, Chavkin, & Goldstein, 1982a, b; Duka,
Schubert, Wu.ster", Stoiber, & Herz, 1981; Lord et al., 1577; Mansour, |
Lewis, Khachaturian, Akil, & Watsoﬁ, 1986; Martin, 1967; MartiQi éades,
Thompson, Huppler, & Gilbeft, 1§7é)2 o / |
Anatomy ' '

" Peptide Distributions. - | . ; P |

Consigenable“over;ap exists in’the distribution in brain of the -

naturally occﬁrring oploid peptides;hﬁowever rag;anal differencés'in the -
_presence‘df specific endogenous opipid pepéide;éontaining-céli'bodies }g%g' )
and terminal regions have been reliably observed, and several discrete }
peptide-containing systems have been demarcated (Fallon, Leslie & Cone,—
1985 Larsson, Childers & Snyder, 1979; Vincent Hokfelt, Christensson,
& Terenius, 1982a, b; Watson, Khachaturian, Akil, Coy, & Goldstein,
1982)._ The central distribution of dynorphin A (Goldstein, Tachibana,
' Lowney, Hunkapiller, & Hood, 1979) was of particﬁlar inﬁerest in vigw of
its potent feeding-eliciting propgrties following ‘ '
intracerebroventricular administration (Morley & Levine, 1981, Walker,
Katz, & Akil, 1980)

Immunoreactive dynorphin-containing terminals have been.detected in

several rat bpain regions, including the substantia'nigra -.pars

-

reticuléta, thé‘periaqueductal gray region, the nucleus of fpp solitgry
tract, the fledian eminence and posterior lobe of the pit;itary, all -
trigeminal sensory nuclei, the magnoéellular nuclei of the hypothaladua,

the lateral, centna;?;nd cortical amygdalo;d nuclei, the dentate gyrus 2F'
of tﬁe.hippocampus, and most regions-containing dopamine terminals

"inciudlng the. striatum, globus pallidus, ventral pallidum and nucleﬁs

accumbens, as well as a diffuse'corlicg} qe?wqu (Vincent et al., . 'a;
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striatum, the central amygdaloid nucleus, the stria terminalis, the:

?1982b) These investigators postulated that dynorphin in the nucleus of

the solitary tract may play a role in regulating afferents from baro-
and chemo-receptors terminating in this area, suggesting an involvement
of endogenous dynorpnin in taste mechanisms. A similar suggestion was
offered by Lynch Watt, Krall & Paden (1985) following a kappa receptor
binding investigation. Dynorphin-containing penikarya were found mainly
in- the magnocellular and pervocellular nuclei of the hypothalamus, the
\
periaqueductal gray, and the central amygdaloid nucleus (Vincent et al.,
1982b; Watson et al., 1982)

Enkephalin-containing terminals ;hare most negions with dynorphin,
with the notable exception ‘of the substantia nigra - pars reticulata.

Dense enkephalinergic innervatign was detected in the substantia nigra -

pars compacta, just horeal to. the bans reticulata, however (Watson et

" al., 1982). Beta-éndorphin-containing cells appear to be confined to

two main. regions, the arcuate nucleus of the hypothalamus and the

nucleus of the solitary.tract. Fibers and terminals extend to .most

|

.regdons where the 6then-endogenou§'opioids are found, including the

él' N : &
paraventricular nucleus and other hypothalamic nuclei, the

4

. perianueductel gray, the striatum,'the substantia nigra - pars compacta,

and the ventral tegmental area (Bloom, Battenberg, Rossier, Ling, &
Guillemin, 1978, see summary by Khachaturian, Lewis, Schafen, & Watson,
1985) This distribution was fourd to be diatinct from reported
enkephalin dietributions, however (Larsson, Childers, & Snyder, 1979).
- Another. important finding by Vincent‘and cblleagues .was the
presenee of a dynorphin-containing’pathway originating in the striatum (’
and terminating in the substantie nigra - pars reticulata (Vincent et '

al., 1982a). Subsequently, using a combined immunofluorescence and
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retrograde tracing(}echnique, Fallon et al,' (1985) detected dynorphin B-
contalning pathwa s extending both from the striatum to the substantia
nigra -~ pars reticulata and from the hypothalamus and central amygdaloLd
nucleus to tbé/ventral teémental area and to more caudal structures.
This inves {;ation was the first to detect any dynorphin in the ventral
tegmentallarea. The reasons for this may be two-folé. First, the
véntr tegmental area is not anatomically well-defined.  Except for
iny;étigations specifically involving dopamine cell bodies 'in this
hééion it frequently is included, undifferentiatéd ‘as part of the
/"midbrain" or "mesencephalon" category. Second, these measurements are
qualitative rather than quantitative, showing relative and not absolute
intensities. The intepse dynorphin-immunoreactive staining in the .
adjacent substantia ﬁigra‘- pars reticulata may have detracted from the
much fainter reactivity in the ventral tegmental area. A similar
situatlon applies ‘for this region in the identification of dynorphin-
appropriate receptors. N

Receptor Distributions and Pbtentiél Cofresponding Natural ﬂigands.

Both dynorphins A and B are reported to be extremely potent
(Goldstein et al., 1979), with high affinity for the kappa-opioid .
receptor (Chavkin & Goldstein, 1981a, 1981b; Chavkin, James, &

’

Goldstein, 1982; James, Chdvkin, & Goxdétein, 1982a, 1982b; Jaﬁes,

<

Fischli; & Goldstein, 1984), and lower affinities for mu and delta

receptors (James & Goldstein, 1984). The distribution of kappa
- . . . ,
ﬁeceptorg appears to be consistent with the reported distribution of

dynorphih-coﬁtaining terminals, including the nucleué accumbens,

n \ :
substantia nigra - pars reticulata, periaqueductal gray, and most

hypothalamic areas (Cone, Weber, Barchas, & Goldstein, 1983}.Lynch,

’
‘

ﬁatt,'Krall, & Paden, 1985; Mansour et al., 1986, Quirion, Weiss, &

9

>
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e Pert, 1983;). Kappa receptors have also recently been detected in the

. 0 , ’
‘ventral tegmenﬁgﬁ area (Mansour, Khachaturian, Lewis, Akil, & Watson,

1987). The precise location of kappa receptors (i. e., on cell bodies,

4

. dendrites, axons or terminals of postsynaptic neurons) and the

.

'biochemical identification‘qf neurons recetving dynorphin input remain

to be determined.

The prototypic opioid morphine binds primarily to mu: receptors but

“its relative binding affinities at delta and kappa receptors suggest

that morphine cannot be called mu-specific (James & Goldctein, 1984

’ﬂ'Lord“et‘al., 1977). Because the majority of behavioral opioid research

N

'has been conducted using morphine,  findings with this compound represent

a standard against which the effects of other opioids are. compared. An

: This 1leads to diffipulty in making inferences concerning the endogenous

,opioids that mdy naturally mediate behaviors observed following noforphine
administration. . Some assumptions about such natural peptide functions
uay be derived by integrating the information from comparative binding

and physiological assays of'differepp endogenous opioids with receptor

. ,and peptide dlstributions, and by comparing these with the findinga of

similar procedures using morppine.' Similarities.on these measures

betweenqggrphine and- naturally occurring opioids may suggest poasible

morphine-like behavibral Functions for specific endogenous opioids.
Met- add leu-enkephalin bind with highest affinity to delta .

receptors. Both peptides have been reported to demonstrate ‘some binding

at mu receptdrs as well, however. Met-enkephalin was found to have iow

to moderatefaffibity at mu receptors, whereas leu-enkephalin was

¢

‘observed to be more selective for delta sifes. An extremely low binding

affinity was evident for both the enkephalins at kappa receptors

)

. endogenous opioid selective for the mu receptor has not been determdned. '




ulittle or no kappa binding by this ligand has been reported. In
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(Kosterlitz, Patersonj & Robson, 1981; Waterfield, Leslie, Lord, Ling, &
Kosterlitz, 1979). Beta-endorphin was reported to bindlwith equal

preference to m& and delta receptors (Hewlett & Barchas, 1983), and

~

/
addition, minimal binding of the enkephalins and beta-endorphin at -kappa
receptors further supports .the suggestion that dynorphin is the
endogenous/ligand for this receptor (James, Chavkin, & Goldstein,

198'35)._ r
/ Mu receptors ;re localized in several brain regions, including the

ventral tegmental afea, thg nucleus accumbé;s, the substantia nigra -

pars qompacta, the periaqueductal gray,/ggd the striatum (Mansour et

al., 1987). Delta receptors were deteé%ed in the nucleus accumbens,
substantia nigra - parsvretiqplata, and striatum, but not in the veﬁtral
tegmeﬂtal area, periaqueducézl gray, or substantia nigra - Rars
compacta. The naloxone-reversible behavioral (Leibowitz & Hor, 1982)
and physiological (Kiritsy-Roy et al., 1987) responsés to micfoinjéction
of mu and delta a;dnists in the paraventricular nucleus of the
hypothalamus suggest that these receptors exist in that region.
Interestingly however, neither mu nor  delta receptors were detected!in
the paraventricular nucleus. In an earlier report (Mansour et ai.,

1986)° these investigators pointed out -that results achieved by: their

computer<enhanced imaginé tec¢hnique werelqualitative and. not

¢

‘quantitative. It is possible that the technique was not sensitive to a

low density of mu or delta’ receptors in this region, . ‘
Similar to kappa receptors, morphological localization of mu and

delta'receptors has not been fully examined. Mu receptors in the

ventral' tegmental area were found on interneurons (Dilts & Kalivas,

*

1987) aFd a large proﬁ%rtion of the binding by enkephalins in the

10 o .
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nucleus accumbens (Pollard, Llorens, Bonnet, Costentin, & Seﬁwartz,

1977a) and striath (Pﬂllard,'Llorens-Cortes, & Schwartz, 1977b) may

Fd

occur on dopamine terminals. ]

Biochemistry and Pharmacology

The prodynorphin precursor contains alpha-neo-eﬁdorphin and beta- }
neo-endorphin, as well as dynorphin-32 (consisting of both dynorphin A,
a 17-amino acid residue chain with a leu-~enkephalin sequence at its
amine (N-) terminus, and‘Dynorphin B, a 13—residue chain that is linked
to the carboxyl (COOH) term;nus of dynorphin A by a Lys-Arg sequence)
and dyno;phin B-29, which includes dynorphin B an; 1é further residues
(James et al., 1984). Of concern to the present investigation,is
dynorphin A, for which behavioral effects have been the most exténsively
documented. :‘. . \

The fuii dynorphin A sequence was not initially identified, and tﬁe
original work with this peptide was conducted using the (1~13) sequence
(Chavkin & Goldstein, 1981a, 1981b; Chavkin, James, & Goldstein, 1982;
James, Ch;vkin,\g Goldstein, 1982). The octapeptide dynorphin Ay_g was
reported to be.extensively represented in brain (Weber, Evaﬁs, &
Barchas, 1982) and to exhibit a preference for the kappa receptor
(Corbett,‘Paters;n, McKnight, Magnan, & Kosterlitz, 198é). James et al.
(1982b) found, however, ghat'both the arg-7 and lys-11 residues were
important’for the ;electivfty and potency of dynor'phin1_13 at this
réceptor. Shorter fragments were also observéd to bé ﬁxtremeiy
vulnerable Qé‘degradation Py.peptidaseé. Unlike dynorphin,_e Qf}1-9’
however, the potency and duration‘of action of the longer sequencé was : .
Pot enhanced by peptidase inhibi@ors’(Corbgti @t al., 1982; James et
al., 1982b) suggesting that inactivation by ﬁgptidases may not be the .

primary mechanism of dynorphin degradation. Moreover, the addition of

11
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an,smide group to the COOH terﬁinug‘or‘dynorph1n1_13 considerably
prolonged the integrity of the unbound ligand without aéfecting potency
(Leslie & Gbldstein, 1982). This is the form ih which commercially
available dynorphin is now:' offered. Dynorphin1_13 was also reported to
have an extremelywiow dissociation rate aﬁd a long duration of action
and to be protected from enzyme attack while bound (Leslie & Goldstein,
1982) . Furthermore, no difference iﬁgéfther binding selectivity or

. .
pharmacological potency was observed;gggyeen'dynorphin1_13 and the full

dynorphin1_17 sequerice (Corbett et al., 1982).

- Concern has been expressed about the apparent biologic activit; of
a metabolite of dynorphin A. bleavage at the NH-terminal removes the
tyrosine residue from the first:pogition of'the peptide seduencé,
yielding des-Tyr-djnofphin (Herman & Goldstein, 1985). It has been
proposed that in vivo,}dégradation=of dynorphin A to des-Tyr-dynorphin
is effected by a nonspecific; -non-peptidase enzyme (Young, Walker,
Houghten, & Akil, 1987). Des-Tyr-dynorphin was shown to mimic the
éffecté of dynorphin A on spinal analgesia, hippocampal unit activity,
and motor function including paéalysis, gné these effects were not|
naloxone-reversible sﬁggesting that they occurred tgrough a non-oploid
mechanism (Herman & Goldstein, 1985; Stevens & Yaksh, 1986; Walker,
Moises, Coy, Baldrighi, & AkiT, 1982). Subsequent examination of tissue
in the spinal cord preparation revealed cell damage (Caudle & Isaac,
1986 ;- Stevens, Weinger, & Yaks@, 1987). In support of‘Qﬁ oéioid-
mediated physiological role for dynorphin A, the highlykselect;ye'kappa
agonist, U50,488H (Lahfi, VonVoigtiander, & Basruhn, 1982) mimicked the
efféct; of dynorpﬁin1_13 on DAGO inhibjition of electrically stimulated
C-fibe~ responses in the spinal cord (Dickenson & Knsx, 1987). The

reported non-opiold responses and cell damage followed intrathecal or

12

)
1
N B N L

e I I Ut AR i L A
P Bl L 4
.




R R,
#ﬂe‘ e UL
.

BRCti

. ;’#
b _(,"
i

intracerebroventricular administration of extremely high doses (20°to

100 nanomoles) dynorphin A and up to 30 nmoles of des-Tyr-dynorphin.

Whether behaviors elicited by lower doses of dynorphin A are opioid or
]

non-opioid in nature remains to be determined.

Opioid Antagonist Inhibition of Ingestive Behavior

Food Deprivation ) ¢ . .

The finding that naloxone sdbpreséed food and water ingestion in .

food or water deprived animals (Holtzman, 1974, 1975, 1979) led to the

suggestion that enddgenous opioids may be important in mediating natural o

’

ingestive behavior. Food and sometimes water deprivation representé the
classical approach to examining the ability of opioid aégigonists to

attenuate feeding aﬁd drinking (Brown & Holtzman, 1979; Holtzman, 1974,

1975; Lowy & Yim, 1981; Sanger, McCarthy, & Metcalfe, 1981; Stapleton,

Ostrowski, Merriman, Lind, & Reid, 1979). - .
” ‘U

Rodents are qainlynnocturnél feeders (Armstrong, 1980), and most
exgprimeg@s are conducted during daylight hours, whép these animals
typically eat.Qery little. In the laboratory, spont;neous daytime
feeding is frequently produced’ by deﬁriving animals of food for usually
4 to 24 hours before testing. Mild, 12-hour deprivation was shown to
prodyce daytime food intakekthap was indistinguishable from nocturnal
ingestion, and naloxone inhibited feeding identically id rats in"both
éonditions (Jalowiec, Panksepp, Zolowick, Najam, & Herman, 198%). ‘Ih
contrast, these investigators ogserved that the reduction By naloxope of
food consumption was far leés pronounced 4in nondeprived rats during the
daytimea when control level feeding was extremely low. Indegq, the
effect did not appear for at 1easg 4 hours fo}lowing drug

»

administration, compared to significant decreases in intake by the first

-

measyrement, aé 30 minutes, in the other’conditionst These findings -

a
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supported the suggestiqg that endogenous opioids probably play a natural -
. ¥
role in feeding behavior following a period of fasting. ) )

Various adaptat}ons of %if original deprivation/opioid antagonist ~
technique have revealed further interesting charadteristics of the
possible rolele opioids in feeding. For instance, a cross-species
analysis demonstrated that naloxone and the anorectic Egents

%
fenfluramine and diethylproprion were each effective in reducing feeding )

(I

in mildly deprived rats, rabbits, and cats. The decrease in intake by

naloxone was less marked than that produced by the bther two drugs;
% "oy
however no additional behavioral effects were noted, whereas at the

\

effective anorectic doses of both fenfluramine and diethylproprio; gross

behavioral alterations 6ccurred that undbubtedly interfered with feeding
(McCarthy, Dettmar, Lynn, & Sanger, 1981). T :
Naloxone attenuation of feeding behavior has been demonstrated in

rats (JaloWiec et gl.,_1981), mice (Kavaliers & Hirst, 1985; Tannenbaum

& Pivorun, 1984), and several other species, ineludﬂgg’zats (Foster, s
* Morrison, Dean, Hil}, & Frenk, 1981), sheep (Baile, Keim, Della-Fera, &

McLaughlin, 1981), SQuirrel monkeys (Herman & Hbltéman, 1984 Locke,‘

Brown, &rﬁoltzﬁan, 1@82), pwgeons (Deviche & WOhlané, 1984), and Y \‘ ’

invertebrates (Kavaliers, Hirst, & Teskey, 198&) This effect

'apparently does not extend ”J golden hamsters, however. It has been

suggeéted thqt this animal's apparent lack of an opiate;dependent
;i _ feeding syste; may be related to its naturel tendency to hibernate (Lowy ]
® & Yim, 1982, 1983); however other hibernating species show appg@priate

3 ' ingestive responses te opioid manipulations (Kava%ieré & Hirqt, 1986;
Tannenbaum & Pivorun, 1984). The differences observed inntge golden ) -
hamsterﬁgay instead ref;eet itsriiek of circadian variations'in

¢

. o ingeetive behavior and its fgilﬁre to increase intake following food:

w2 \
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Jdeprivation (Borer, Rowlanh, Mirow, Borer, & Kelch, 1979; Silverman &
. ‘ ’ \
Zucker, 1976; Zudker & Stephan, 1973), that in other species appear to

) inbolve~endogenous opiolds. The golden, hamster appears to be atypical.”

o
LD

t@he otherwise cross=species concordance of the effects of opioid

manipulations on feeding suggests that studies using‘rats brobablx ‘

~

generalize overall to most other species, including humans.
e )

The reduction in food intake by naloxone mady arise from alterations
in,feeding patterns. In 6-hour food depriveddgats, both the rate and
duration of  feeding. were reducedxby naloxone, and first and final

LY

feeding bouts were terminated earlier than controls. Each of these"-

factors contributed to a net reduction in total intake. Interestingly,.

however, the latency to initiate the first eating bout was also reduced
by naloxone, and the number of bauts was not.significan}ly affected

(Kirkham & Blundell, 1984)., Similar effects were observed.in an operant

paradigm. In rats trained to bar-press for fopd, the first meal size *

*"*'4nd duration and first postmeal intervals,cbut not meal frequency, were

q .
reduced by naloxone (Mcﬁgfghlin & Baile, 1984): ‘In contnast, naloxone -
} . : N , v

and naltrexone failed to réduc® intake in schedule-fed rats. Operant

4

. 'S
responding . for food in deprived rats was also unaffected, although

spontaneous feeding by these rats was attenuated by opioid antagonists
|

[
(Sanger & McCarthy, 1982a, 1982b). ®imilarly, in a timed food

A

. presentation paradigmh;aloxone failed to reduce the latency to initiate

"eat;ng on an; trial by food deprived rats, but total fqod intake for the
eession.wae decreased (Wise & Raptis, 1986). It appears that
conditioned behaviors as@oeiated with the initiation of feeding may be
less responsi\L‘to opioid inhibition. The frequency of approaches to
food was unaffected by antagonist treatment in all cases. With the

———

exception of Sanger and McCarthy's (1982) observations, total food

. . AY 15 ® . N




intake was consistently reduced. This suggests that opioid an%agonists

either act on satiety mechanisms or interact with subjeotive responses

_.to properties of the food such as palatability.

2

Palatability and Satiety ‘ '

The attenuation of food intake by naloxone in food deprived réts )
shggests that endogenous opioids are naturally involved in eating
following a period of fasting. The aLility of Bpioid éntagonists to -
reduce feeding under conditidns other than féod deprivation may provide
information.as to the possible physiologiéZI mechanisms involvéd in -
feeding behavior. The majority of feediﬁg-eliciting treatments are
naloxone-sensitive. Opioid antagonists reduced feeding produced by tail
pinch (Lowy, Maickel, & Yim, 1980; ﬁorley-& Levine, 1980; Rowland &
Antelman, 1976) or cold swim stress (Vaswani, Tejwéni, & Mousa, 1983),
2-deoxy-d-glucose (Bodnar, Kelly, Brupus, & Glusman, 1978; Lowy, | ~
Starkey, & Yim, 1981; Sewell & Jawaharlal,\1980),.electrical stimulation
of- the lateral hypotha}amus (Carr & Simon, 1983a; 1983b; Jenck et al.,
19&6; 1987), and présentétion of highly palatable foods (Cooper,

Jackson, Morgan, & Carter, 1985b).~ Insulin-elicited hyperphagia was

‘réported to be naloxone-sensitive by some researchers (Levine & Morley,

‘

1981; Rowland & Bartness, 1982) but not by others (Lowy et al., 1980,
1981).

. The effect of op;oid antagonists Pn intake of highl? palatable
foods has received considerable attention. In the context that such,
food is considered to be rewarding (Dum, Gramsch, & Herz, 1985; Morgan,
197&; Rogers & Blundell, 1§80) research in this area is of interest to -
the present investigation. Naloxéne has been observed té be maximally
effective in paradigﬁs where apparené palatability is an independe&f 4

variable (Ag?elbaum & Mandenoff, 1981; LeMagnen, Marfaing-Jéllat,

L
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Miceli, & Devos, 1980; Levine, Murray, Kneip, Grace, & Morley, 1982; Wu,™~

Lind, Stapleton, & Reid, 1981). In fact, naloxone was shown to exertv

the greatest sﬁppreéaion of intake at saccharin concentrations for which
rags pad demonstrated highest preference (Cooper & Turkish, j983; Lynch
& Libby, 1983; Turkish & Coéper, 1983), Vigorous feeding responses were
réporﬁga'among.non-deprivea animals presented with powdered lab chow
mixed with sweetened condensed milk. Naloxone reduced feeding in a
dose-dependent manner’' (Cooper et al., 1985b). Naloxone attenuation of
sweetened milk consumption was also consistent among different strains-
of rats (Cooper, Barber, & Barbour-McMullen, 1985a).

% The inhibitory inflﬁence of opioid antagonists on ingestion has
been interpreted as reflgcting a sétiety mechanism (Cooper, 19803 Wise &
Raptis, 1986). Eating of novel food w;s more easily disrupted by
naloxone than ingestion of famili;r food (File, 1980). It was suggested

’

that emqtional factors may enhance sensitivity to naloxone (see review

R4

by.Coopér, 1983b). Findings of other investigations have indicated that -

opioid antagonism may produce a reductibn in the reward properties of
food (Cooper, 1983a, 1983b; ﬁ?enk & Rogers, 1979; Jalowiéc et al., 1981;
Siviy, Calcagnetti, & Reid, 1982). It has been suggested that fat-
contain;fg‘foods tend to be the most palatable (Romsos, Gosnell, Morley,

& Levin 1987)&'and that opioid modulation of food intake may be

LA e wre
specifically related to palatabllity (Morley, Mitchell, & Levine, 1986).
In support of this, rats fed on high fat diets ate more than rats given
standard, high carbohydrate, or high protein diets (Vaswani et al.,

1983). Rats eating food with high fat content also ate mdre than the

other groubs following food deprivation or cold swim stress, and showed

the highest sensitivity to naloxone (Vaswani et al., 1983).

Studies of naloxone treatment in both obeqélanq normal humans have

/
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revealed thae although food‘intake ﬁas significantly decreased, the
subjects' perception of satiety was unaltered (Cohen, Cohen, & Pickar,
1985, Thompson, Welie, & Lilavivicet, 1983, Trenchard & Silverstone,
1983). Moreover, although naloxone reduced intake during binge eating
among buli@ic patients‘the putative satiety agent, cholecystokinin (CCK)
was ineffective (Morley et al., 1986). Administration of the mixed
' 6eioid,(kappa) agonist/(mu) antagonist, butorphanol, increased food
intake among normal subjects without affecting their perception of
hunger (Morley et al., 1985a5. This finding is further evidence in
‘favoqr of kappa-mediated feeding that ie independent of satiety. Taken

together, these;results provide correlatiye support for a possible

relationship between opioid-mediated:feeding and natural reward .

e . s -
» .

processes. .

1

Drinkigk
' Although feeding and érinking are both appbopriatelf'categorized as
ingestive behaviors, these activities show diffefeﬁtial responses to
'opioid manipulation. wﬁereas investigetions of antagonist inﬁibition of
eating support a strong role for endogenous opioids in the.ﬁedta;ion of
feeding behavior, the sensitivity of drinking to this treatment appeare\\'
Vto bellimieed, For instance, naloxone and naltrexone gecreased water.‘
consumption in waéer-de‘lived rats, with a maximum obtainable reduction
of approximately 50% (Brown, Blank,l& Heltzman, 1980;-Maicge%, Braude,‘&
uabik, 1977; Stapleton et al., 1379). . ‘£

Similar to findings with fodé latency to 1nitiate drinking
following deprivation was not affected by naloxone, but behavior slowed‘
compzred to controls after an initial period of fluid intake (Siviy et

' \

al., 1982). Sensitivity of drinking to opioid antagonism appears to

depend on ihe conditions eliciting the behavior. The response to
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naloxone of &rinking,eliciﬁed‘by the hypovolemic ageﬁts salbutamol and
pol&ethylene glycol was simiiar to depri;atién;induced drinking
(Rowland, 1982; ﬁéllace et al., 1984). 1In contrast, drinking induced by
adminisération of hypertonic saline (Brown et al., 1980; Brown &
Holtzman, 1981b; Rowland, 1982; Wallace, Willis, & Singer, 1984) or
angiotensin (Brown & Holtzman, 1981b; Rowland, 1982) was inhibited in a
more pronounced fashion by naloxone. Similar to studies with food,
schedule-induced polydipsia (drinking that accdmpanies the intake of °
small portions of intermittently‘delivered food in food-deprived rats) -
was réported to be entirely resistant to naloxone (Brown & Holtzman,
1981b; Wallace et al., 1?84). It éppears that although endogenous
opioids may participate in the mediation of drinking behavior, this

role is limited and other, non-opioid mechanisms may be primarily

responsible for the regulation of drinking behavior.
Opioid Agonist Enhancement of Ingestive Behavior

_ Systemic injections of morphine in food-satiated rats were observed

DAk i e Sl S

to increase both feeding and drinking in a dose-dependent manner. A

delayéd onset of feeding at 10 mg/kg, i.p., most likely reflected an

initial sedative effect of the drug. No delays were appaéent at loweﬁ

doses, and prolonged feeding followed the initiation of eating at the

P e s

high dose. -Drinking was clearly postprandial and increases were
proportional to the increases in food cbnspmption (Sanger, 1983{ Sanger -

& McCarthy, 1981). In contrasi, foad intakenb§ food-deprived animals

e e g e R R

was decreased by morphine in a dose-dependent man;er (Sanger & McCarthy,’
1980). The evidence frgm opioid antagonist studieg in food-deprived
animals suggests that endogenous opioids probably contribute importantly
%o feeding following deprivation. A decrease in.feeding by morphfne

following food deprivation suggests first, that a further-facilitation

-
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by opioid agoniéts of an apparently opioid-mediated performance that may
be already near‘maximum is perhaps unlikely and second, that food
_deprivationY;ay alter the sensitivity of animals to other effects of
exogenously administered opioids, such as sedation (see Sanger, 1983).
It is also apparent that examination of the abil@ty of opioid agonists
to increase feeding is more revealing under conditiqns when spontaneous
feeding is typically low. Congequentlf, most investigations of opigid
agonist-elfoited feeding are conducted during the light portion of thg
light/dark cycle with réts that have not been food-deprived (e.g.,
Cooper‘et al., 1985b; Jalowiec et;al., 1981). |
Central Opioid Mediation of Feeding Behavior " :
'Enqogenous_opioids occur .b::ien‘trally and ;;eripherally. Morphine
and other opioid agohists administered systemicaliy reliably elicit
feéding in non-deprived rats. The sites of opioid action in producing
feeding are not revealed by this technique, however.l Comparison of
effects of systemically administered naloxone on ingestion td those of
" its quaternary analog, which does not readily enter the central nervousf
'system, indicated that opioid regulation of feeding (Jones & R;chter,
1981) and drinking (Brown & Holtzman, 1981a) occurs Egptra;ly.
Intracerebroventricular administration of the endogenous opioid
peptides beta-endorphin (McKay, Kenney, Edens, Williams, & Woods, 1981)
a;d dynorphin1_13 (Morley & Levine, 1981;‘Walker, Katz, & Akil, 1980)
were reported to produce marked elevations in food intake in food-
satiated rats. fhese investigations supported an involvement of central
opioid systems, but they'were unablg to identify those braiﬁ regions
that may participate in opioid mediation of feeding.
The[classical findings thaﬁ hypothalamic lesions, depending on

their location within this structure, dramatically iricreased or
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decreased feeding behavior (Anand & Brobeck, 1951; Hetherington &

Ranson, 1942) led to considerable research and the traditiondl :
| ~

acceptance of the hypothalamﬁs as the "feeding center" of the brain (see .

>

reviews by Hoebel & Teitelbaum, i962; Wise, 1974). Most investigations
of feeding by site-specific centrally administered opioids and other
déugs naturally have focussed attention on this region (e.g., Grandisoﬁ
& Guidotti, 1977; Liebo;itz & Hor, 1982;’Mcpean & Hoebel, 1983;
Tepperman & Hirste 1982; Tepperman, Hirst, & Gowdey, 1981; Thornhill &
Saunders, 1984; Woods & Liebowitz, 1985).

Beta-endorphin, levo;phanol, or morphine, microinjected into the
v;ntromedial nucleus of the hypothalamus (VMH), were reportea by some
investigators (Grandison & Guidotti, 1977; Tepperman & Hirst, 7982) but

)
not by others (Gosnell, Morley, & Levine, 1986; Woods & Leibowitz, 1985)
to stimulate feeding behavior in non-deprived rats. Go§nell et al.
(1986) did ob§erve dose-dependent‘feeding following dynorphin injection
into this region, however. Feeding occurred following microinjection of
beta-endorphin (Woods & Leibowitz, 1985), D-Aiaz, Mets-enkephalih (DA}A§’
McLean & Hoebel, 1983), dynorphinﬂ_13 (Gosnell et al., 1986), or

morphine (Leibowitz & Hor, 1982) into the paraventricular nucleus of the

hypothalamus. Animals were consistently reported to be sedated

" following opioid administration, however, and feeding was reported by

all investigators not to commence for at least 30 minutes to 1 hopr
after injection. This issue will be addressed in the following sectio;
on 1onéLdur$tion paradignms. |

Few inve;tigators have addressed the potential contribution of
opigids in other brain regions tp feeding behavior. Electrolytic

lesions of either the globus pallidus or caudate resulted in reduced

responsiveness to the daytime feeding-enhancing properties of
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ithe putative kappa agonist ketocyclazogine. The inhibitory effects of

naloxone on nocturnal food intake were unaffected by tﬂe lesions,
however (Gosnell, Morley, & Levine, 1984). It was suggested that the‘
lesions had reduced animals' sensitivity to the‘orexigenic effects of
kétocyclazocine. The higher doses used of this drug produced sedation
in both lesioned animals and Qham-lgsioned controls, who recovered more
rapidly. A further examination of the data indicates that the lesions
Qay have removed part of the natural competition with the sedative
effects of ketocyclazociné. This explanation would be more consistent
with the naloxone data in the same invéstigation. Other studies have
determiped that the central-amygdaloid nucleus m?y be ipv?lved in
central opioid-mediaéed feeding (Gosnell, 1988) but that the medial
hippocampus is not (Gosnell, Morley, Levine, Kneip,‘Frick, & Elde,
1984). Only recently have investigations begun of the potential role of
brain regions associated with opioid reward-in eliciting feedingﬁ(e.g.,
Mucha & Iversen, 1986).
| Opioid-Mediated Behavior and Long-Duration Paradigms
Feeding studies traditionally invdlve measurement of the weight of

.

food consumed over the course of up to several hours following

" treatment. This procedure provides useful information concerning the

time ‘course of a drug or other condiiion,(e.g., stress), particularly
when drug adminis;;atiop is systemic or intracerebroventricular.
Problems may arise with this technique, however, when the objective is
to identify the specific brain sites where drug aétion may be
responsible for the behavioral outcome. Reé;rdless of the potentially
differegt pharmacokinetic characteristics of different compounds, the

longer the duration of a test session following a specifically targetted

intracerebral injection, the greater the probability will be that the

e
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drug wil; diffuse to other prain regions where it may havé bioloéic
agﬁivity. In addition, close proximi?y of aﬁ gkjeption'site to a
ventricle further increases the likelihood of diffusion to distal brain
areas. ' ‘ . o '«f"’<

Opioid peptides, includingfdynorphin, are extremely vulnerable po
hydrolysis by peptidases (see Goldstein, {bsu). Co-administration of
pep;idaseiinhibitors such as thiorphan in a "cocktail" mixture may delay
the breakdown 6f the injected p;ptide. This treatment does not prolong
'the action of dynorphin (Corbett et al., 1982), but it will‘inhibit ghe
degradation of all endogeqous opioid pepé!des at the injection site.
Depending on whether neuronal activity of peptide-containing terminals
in that region is clonit or phasic peptidase inhibitors may also enhance
‘the synaptic availébility of all local endogenous op;oids, possibl&
obscuring the specific effect of'the injected peptide.

One approach toAéhis problem is to use hfkh concentrations of the
injected peptide to ensure s;fficient undégraded ligand. —When extremely
high doses of a ligand are used, however, the natural functidn of the
ligand in the brain region of interest is obscured. This leads to
several problebiAinrthe interpretation of the findings. First, most
opioid 1igaﬁ&s bind to all opioid receptor subtypes with varying ~{
selectivity (see reviews by Goldstein, 1984; Paterson, Robson, &
Kosterlitz, 1964). Local injection of a high concentration of a ligand
markedly enhances the probability of its binding to and perhaps
activating other opioid systems as well as the sysgém of interest.

Thus, the same difficulty occurs as Qhen peptidase inhibitors are used.

)
Second, this procedure may also initially produce unintended effects

L)

(For instance, severe locomotor debilitation was observed following

i

nanomolar doses of intracerebroventricular dynorphin1,13 or the
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selective mu agbhist Tyr—D-Ala-Gl&—Mpéhe—Nﬁ(CH2)2: DAGO; see Gosnell,

Levine, & Morley, 1986.) that may either completely mask or delay the

_onset of the behavior of interest for up to several hours. The question

then arises as to whether subsequent behavior was elipited directly by
rem3ining drug or if the initial drug-induced suppression has been
followed by a gebound behavioral recovery. Also unresolved is the

possibility of diffusion of the drug over time to anotafr brain site:

"that may be responsible for the behavior observed.

Both drug diffusioh and rebo&Qg recovery are plausible alternative
explanations for the findings of investigations of ;he effects on
feeding of béta-endorphin (Liebowitz & Hor, 1982) or morphine (W6ods &
Liebowitz, 1985) microinjected into the paraventricular gucleus of the
hypothalamus. This structure surrounds a ventricle. Considerable
diffusion'éhrough VEnéFicular fluid could precede the protracted first
}atency to initiate feeding (between 30 ;inutes to 1 hour for beta-
én;orphin and 1 hour for morphine). In addition, morphine injecgpd-into
the paraventricular nucleus haéibeen observed to“elicit sympathetic

effects that mimic the peripheral response to stress (Kiritsy-Roy,

Appel, Bobbitt, & Van Loon, 1986; Randich & Callahan, 1986). Opioid

mediation of stressor-provoked feeding has received empirical support K\**

.

(Antelman & Rowland, 1981; Bertiere, Mame Sy,'Baigts, Mandenoff, &
Apfelbaum, 1984; Lowy, Maickel, & Yim, 19803 Morley & Levine, 1980a,.
1980b) . ) | v l

Animals permitted to choose their own levels of opioid stimulation
rarely self-administer high cumulative amounts of drug but seem to
maintgin rela:ively constant drug levels throughout a test session. For

instance, the response patterns of rats lever pressing for ventral

. v
tegmental area infusions of morphine demonstrated that after an initial
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"loading" of drug to an accumulated total of about 6 nmoles, regular "
-'delf-administration intervals were quite consistent over time at
approximately 7.5 nmoles/hour (Bozarth & Wise, 1981; M. Bozarth, °
perqpnal communication, 1987).. This also appears to be true when other
rewapdiné stimuli are available in addition to opiolds. A similar
regular intake pattern was observed among réts permitted concurrent
access to intravenous heroin and lateral hypothalamic electrical brain
stimulation reward (BSR: Bozarth, Gerber & Wise, 1980)..7 The current
threshold fob-BSR wa8 dramatically reduced. In addition, increases in
the doses of heroin per infusion produced concomitant increases in
responding for BSR and decreases in responding for drug self-
ad@ihistration. A further 10-fold increase in the heroin dose resulted
in a notable increase in the interval between infusions. Concurrently,
’ delays<between drug self-administration and increases in responding for
.BSR'Bécaﬁe apparent, although a regular temporal relationship was
.

evident between responses for drug and electrical stimulation (Bozarth

q etval., 1980). .
N

Taken together, opioid self-administration findings indicate that
although the_rewardingﬁimpact of opioids is clear, drug levels above a
certain amount may not add significantly more reward. Furthermore,
the oﬁtimal rewarding ievel of'épioids may occur at doses much lower

than those frequentl;\aﬁﬁfg;ed in studies of opioid-mediated behavior

4%

when the drug is experimenter-délivered. This is consistent with
Chavkin & Goldstein's (1984) suggestion that only 10% of functional
opioid receptors need be occupied to achieve a maximal behavioral
effect, Mored§er, it appears at least for opioidé that the maximum
desired effect may be of relatively, brief duration. The levels of drug

chosen by animals during self-administration might serve as an
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s .indication of the optimal dose for experimenter-delivered drug in -

2

behavioral analysis.

Depending on the behavior of interest énd the rate bf degradation
ofta given ligand, the classic paradigms may not be sufftﬁgently , ~
sensitive to detect the effects of a particular drug. If the action of
a ligand on receptors in a specific brain region gontributgs directly to
a behavior, tﬁe dose-related, effect should be observabie within a ~
relatigely brief time following microinjection into that region.
Considering also the vulnerability of opioid ligands to rapid Eydrolysis ,
by peptidases and the time-related probabiiity of drug diffusion to
other brain regions, either a different approach tq drug admiﬁistrétion
or ‘an alternative behavioral measurement to the classical approaches may

~

be required. Low-level constant infusion of drug is a'poténtial option;

—~

poweVer two major difficulties are also presented. First, the problem
of drug diffusion over time still reméins, and constant infusion may
result in an accumulation of drug Soth at the injection site and at
distal regions. Second, this technique presenés methodological
difficulties that have been neither systematically addressed nor ‘
refined, and injection volume rate and accumulation m;; be unreliable:
Finally, in order to choose appropriate injection parameters it would be
imperative to consider the different kinetic p;;perties of each opioid
ligand, mdét of which are not yet fully deéermined. N
The foregoing suggests that in anatomitally 7pecific studies’of\éh
effects of opioids on feeding the most preferable alternative to high
dose/long duration paradigms where food is weighed appears to be\ﬁhe
administration of low dose of Arug and a different measurement of

feed;ng behavior. In recent investigations, a correspondence has been

found between food intake and the duration of feeding behavior (Jackson
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& Cooper, 1986; Kirkham & Blundell, 1984; Sanger, 1983). Direct,

- ’ .
-~ constant behavioral, observation for a short period following' f
7 . .

//// microinjection of a low drug concentration provides a reliable index of
3 feeding and other behavionff’;nd minimizes the problems of

' interpretation associated with overdosing and with diffusion and
degradal{on of the injected drug. In addition, it may be possible to "_
detect behavioral effects of the drug that are likely to be overlooked
in other procedures. \‘

Summary
Opioids have been étrongly implicated in centrally mediated feeding
behavior. This is supported by findings-that oﬁfoid antagonists inhibit
épontaneous feeding under conditions such as food deprivation, that"
typically enh;nce consumption, suggesting that endogenous opioids may

- play a natural role in the regulation bfﬁfﬁaﬁfi;take: Conversely,

feeding can be eiicited in food-sgtiated animals by obioid agqhists

admin*gtered either systemically or centrally. Furthermore, .

hypothalamic pools of éndogenous op;oids are,released during feeding,
P .
(Dum, Gramsch, & Herz, 1983), certain morphine-sensitive neurons are

activated during operant responding for food (Nakano, Oomura, Lenard,
Nishimo, Aou, Yamamoto, & Aoyagi, 1986), and alterations in basal levels

of opioid peptides in some brain regions havé been correlated with

periods of food deprivation (Gambert et al.;, 1980; Vaswari & Tej%&ni,

f 1983). ‘Given the prolonged latency to onset of feeding following opioid
injection into some hypothalamic areas and the,observation that the
treatments frequently produced sedatidn or even catalepsy, however, the
nature of the regional influence.qf opioids on conéumptiéh remains
unclear. |

Alterations in the patterns of feeding behavior have been observed
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, regions.

@ .

in animél studies following the administration of opioid agonists'or

2 o

"antégonists, in such a manner as to sfiggest that the reward vaﬁye of the

food may have been qualitatively modified by the treatment. Similarly,

-

‘obese humans treated with naloxone were fopnd to reduce food intake

without any changes in their reported perceptions of satiefﬁ. In
addition, the consumption of highly palatable substances, dempnstrated
to be rewarding, was antagonized by naloxone. These findings, among

other evidence, led to the,sbeculation that’bpioid reward systems may

?r‘tiéipate in feeding behavior.

&

Opioids microinjected into the ventral tegmental area are °
rewarding, and some evidence indicates tgaf activation of opioid
receg}ors in the nu?l%us accumbens may also.be rewarding. Nucleus
accumbens involvement in opioid reward processes may be less robust than
the.ventral tegmentai‘area, however. It was ;fiinterest tq compare the
’effects of opioidcmicroinjealions into these areas with opioid-me&iated
feeding in the paraventricular hypothalamus, where opioids are known to
elicit‘delayed Eating. Comparison with possible feeding eliciped from
tﬂe opioid-rich substantia nigra, associated with braid stimulation
reward but where opicid reward has not been examined was also desirable.
The pefiaqueductal gray region, linked with opioid-induced analgesia,
golerance, and inhibition of stimulation-induced feeding was expected to
rep;esent a negative site for opioid-elicited feeding{ It was‘

anticipated that these investigétions would facilitate the empirical

evaluation of the impact of central gpioild reward systems in feeding

.relative to feeding elicited from opioids in other selected brain

\

8
Discrete populations of endogenous opioids are extensively

distributed throughout the brain. Opioid reward ha§ been established by
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enkephalin analogue, DALA (D-Alaz-Met-enkephalin. Pert, Pert, Chang, &
Fong,* 1978). Robust feeding behavior has consistently been observed

following either peripheral or intracerebroventricular injection of the
> .

" .
putative endogenous kappa receptor agonist, dynorphin, or of any of

~

several synghetic'kappa-agonistic drugs The role of kappalagonis@s in
reward @as not been established; however kappa receptbrs have been q“ﬁx

detected in all areas traditionally associated with taste and feeding,

and recently kappa as w as mu binding was discovered idythe ventral -

tegmental area’ ‘

’

In contrast to the well-documented behavioral effects of morphine,
. : - ) a
the effects of the putative endogenous mu- and delta~-agonists have been . .

]
- -

less extensively studied and therefore are less conclusive. Morphine is

known to bind preferentially to mu receptors, but it is also an agonist
at delta and, at much higher concentrgtigns, at kappa rec%pﬁors. - Not
unimportantly, morphine Qas the prototypé for eclassifying the endogenous
ligands' as opioid or not, and it also traditionally serves as phe - -
standard agaihsf which the effects of other opioid agonists areé
compared. For these reasoos{ it was'decided to use this coopound as the
stapdaro forhtﬂe present investigation..h . °

. & number of problems g;e associated with long duration paradigis,
in which food intake is measured in grams conSumeo over t{pe, that may
hinder the interpretabi%ity é} the data obtained. Ooservations of

L

sedation and locomdfor or behavioral disruption following site-specific
drug aninistration suggest a possibﬁﬁgtx of overdose. Protracted

latenciee to the onset of eating further introduce the question as. to !

¥

whether the actavation of regivbnal opioid receptors by residual drug 'is

responsible for feeding, or if drug diffusion to other brain areas may »

t
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Have elicited the delayed behavieral reagongé.‘.If épioid receptdrs at
the ;iée of,i;jectipn inﬂged pgnt;cipate';n feeding, éhe behayior should
be aﬁparent witQiﬁ a réfativély short time foliowfng drug o |
a&ministration. A{correspondence between time spent eating and_total
consumption has beeh reli;bly ogservéd, suggesting thét the former mdy
be a valid measure of feeding in an observ;tion paradigm. fhe d&ses of

. s
drugs selected for intracerebral microinjection should include a wide

range of doncentr;}ions, and should refiect 1) some relétionhip, at
least at the midpoint of the range, to phe typical hourly’éelf-
administered 'dose of morphine, and 2) recognition of differentQmoleculgﬁ
w;ights and an adjustment for differences in the reported

°

pharmacological potencies between drugs being compared.

The present investigatién was intended to explore the ability of
micrg}njeotions of morphine or dynorphin1_13‘into selécted brain regions
‘tg elicit feeding within a short period of time following drug
administration. The observed behavioral responses were expected to‘

réflect any direct relationship between activation of opiloid receptoré

at the targetted.site and feeding behavior.

“
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GENERAL METHOD - _

. B Subi;cts: Experimentglly naive, méle, Long=Evans rats (Charles Rive?,
Wi;mington, MA), weighing 355 to 430 g at time of surgery were
acclimatized to the‘colony room for at least one week prior to sﬁrgery.
‘Animals ‘were individually hodsed in stainless steel cages having open
mesh fﬁonts and floors. Free access to standard laboratory rat chow and
tap water w;s perﬁitted at all p;mes. The bolony room was éliﬁgte-
controlled wiéh a 12-hour light/dark cycle (lights on at 7:00 a.m. ahd'

. "__: off at 7:00 p.m.). In additionoto the food in the food.ho;per, a few
fresh pellets were scattered daily on the floor of each rat's home cage
to'reduce potential novelty effects associated with simi}gp food ~
availability in ;he\experimental apparatus, described below.
éurgerz: Rats were anesthetized with sodium pentobarbital (65'mg/kg,
i.p:) aqd were given atropine sulfate, (0.3 mg/kg, s.c.) and Penicilliy
G (30,000 I.U., i.m.5 as soén as the anesthetic had taken'effect.
Animals were secubeqiin a K?pf stereotaxic apparatus and a ‘22-gausg\‘hw

stainless steel guide cannula (Plastic Products Co., Roanoke, VA) wds

permanently implanted in M ventral tegmental area with the tip 0.5 mm

above the targetted injeqpion site. The upper incisor bar was fixed at
5.0 mm above the interaural line, and the stereotaxic co-ordinates used
(Pellegrino, Pell%‘:ino, & éushman, 1979) were as folloﬁs. For .
Experimen?s 1 ana 2 the cqﬁnulae wire placed 3.8 mm posterior to-bregma, ( ®

3

0.6 mm lateral to the midline, and 7.9 mm ventral to dura, For
4

Expériment 3 the cannulag were angled 20° laterally; and co-ordinates . 3

were adjusted to 3.8 mm posterior to bregma, 3.6 mn lateral to the T,

hidline, and 8.2 nm ventral to dura. At the end of surgery a 28-gauge
‘-stainless steel obturator, .previously matched and cut flush with the

- guide cannula tip, was inserted into phe guide cannula. Animals were .

. ‘ 3




handled daily during the week following surgery and were habituated to
;he observation chamber and to the presence of the experimenter f;r
approximateiy 10-minute periecds on at 1eas§ two sgparate days prior to
testing. ‘ '

Aggggatus: "An electrolytic qicroinfusion transducer system (EMIT:
Bozarth & Wise, 1980), with a constant current of 150 uA, DC, for 28
seconds, del&vered 0.5 pnl sol&tion through a 28-gauge stainless steel
injector that extended 0.5 mm béyond the egnnula tip. The behavioral
observation chamber, measuring 26 x 37 x 38 cm, was constructed of wood
with one side ﬁgexiglas; The floor of the chamber was covered with
standard lab chow pelléts wéighing approxiﬁ;tely 4} to 5 g each (Prolab:
Agway Inc., Syracuse, NY). During the 15 minutes immediately following
drug injection, numerically coded ongoing behavior was recorded by
digital entry to a microcomputer. An in-house program automaticéily‘*,,e
timed, compiled, and tabulated the results at the end of each
observation beriod. All testing was conducted Quring the light portioq
of the light/dark cycle.

Drugs: Morphine sulfate (Department of Health & Welfare, Canada) and
dynorphin1_13 (Sigma Chemical Co., St. Louis, MO) vere each dissolved ip
Ringe;'s solution. Naloxone hydrochloride (Experiment 3) was dissolved
in 0.9% saline. )

Higtologx: Rats were deeply anesthetized with chloral hydrate and were
perfused intracardially with 0.9% saline and then with 10% formalinf
Brains were.stored in 10% formalin for éinleasﬁ 24 hours, blocked, and
sliced on a coronal plane at’-25°C in 40 um sections. Slices were
positioned on gelatin-coated slides, then stained with Cresyl violet,

and were viewed at 10x magnifigﬁtign for verification of cannula

L 3
placements.
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EXPERIH?NT 1
The first step in ?his investigation was to examine the ability of
microinjections of opioids into the ventral tegmental area to elicit ‘
feeding in fo;d satiated rats within a short time~follbwing drug ’

administration. Morphine in this region fB rewar&ing. Endogenous

dynorphin has been found in the ventral tegmental area, and it praduces
feeding wpgp it is injected in;bEZhe cerebrai ventricles. A possible
roie for ventral tegmental dynorphin in feeding has not been-previously
established. ' Because morﬁbine and the opioid pgptide fragment
dxnorphin1_13 bind primag;ly to different opioid receptor subtypes, it
was of interest to compare the effects of these two ligands on feeding
behavior. ' '

° Method

Twelve rats with unilateral guide cannulae aimed at the ventral

teémental area as déscribed in the General Method served as subjects.

- Each rat wa: connected to the injection apparatus and was placed iﬁ the
observation x for a S-minute habituation period. The stainless steel

1obturator was cleaned with 70% éthanol and ii;oweq to air-dry ﬁntil fhe' €
end of the session. Microinjectioh of ei er-monphine sulfate (0,11, 3

10 or 30 nmoles) or dynomphin; ;5 (0, 0.003, 0.03, 0.3, 1, 3 or 30
pmoles) was performed in the freeiy moving animal by activating the
electrical. current for 28.seconds. Fee@ing, grooning, contacting or
moving food, activity, inactivity, sn;ffing, and pauses between
behaviors were observed and were reéarded on mic#ooomputer as'they
occurred during the 15 minutes immediately following injection. i
Criteria for feeding were as described by Roberts (1980): " ... biéing

off morsels from pellets that were often held in the forepaws, followed

by mastication and swallowing." All three of these elements were

c o
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required for a behavior to qualify as eating. ’S;mple snout or oral
contact with food was scored'as "food contact." Transporting a food
pellet from one part of the chamber to another wes scored as "moving
food.™

The {njector'remained in place until the end of the test session,
so that the rat remained undistprbed both during and following drué
administrations: At\the termination of the test period, the rat was

disconnected from the injection apparatus, and the stainless steel

o

“obturator was replaced in the guide cannula. The injector was then

checked for drug flow. The flow test involved turning on the current
and watching for the_appearaece of a fluid bubble at the tip of the
injection caneula. .If tissue dr other or%?nic debris in the cannula\had
interfered with drug delivery, the drug flow was either sluggish and
delayed, or it was blocked and no fluid bubble appeared at all. If this
occurred the data for the session were omitted and the animal was
retested at the same dose on another day. The only other circdmﬁtance

leading to retesting a rat at any drug dose was’the occurrence of an

s

¥

unusual event such as a sudden noise that caused the rat t?\:ifeze
during the session. Drug hosesqweré/delivered in random order’ to
minimize possible behavioral conditioning effects (see Vezina & Stewart,

~

1984). Animals received all doses of either morphine or dynorphin1_13

.beferé being retested with Ringer's solution and then switched to the

‘alternate drug. The Ringer's test that preceded the dose regimen of

elther drug was used as the rgﬁ's baseline measure for that drug. The

intef’;l between injections was typically 2 days.
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Figure 1. Total f‘eeding' durations for rats recei\;ing unilateral .
microinjections of morphine into the ventral tegmental area. Dose order
was random and the intertest interval was at least 48 hours. Vertical

bars represent the standard error of the mean for each drug dose.

Rest;lts and Dispussio}l
One-way analysis *of; variance (ANOVA: Kirk, 1982; Winer, 1971)"t‘or~ o
— repeated measures of the total feeding duration sco;‘es for .each drug
- revea;ed that both morphine [F(4,44) = 12.93, p < 0.001; see Figure 15,

\c\d dynorphing_;3 ~[_F_‘(5,50) ;&8:39‘, p < 0.001; see Figure 2] elicited
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Figure 2. Total feeding durations for animals receiving unilateral
microinjections of dynor'phzln1_1 into the ventral tegmental area. Dose
order was randof’ and the intertwerval was at least 48 hours.
Vertical bars represent the-standard error of the mean for each drug
dose. . - , ‘ )
' ” B
eating among non-dep;‘ived rats within 15 minutes following injection \d
in*to the ventral tegmental area. Multiple t-tests were used to
determine s{gnifieant changes from vehicle control injections. For this
procedure, to hold the the ¢-level constant across the series of t-
, .
tests, the nominal «-leyel was divided by the. number.of &parisons
(Fisher, 1935; Lindman, 1974). As illustﬁEted in Figure and 2, the
effects of both drugs were dosé-dependent. , \
v N xR
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PERCENT ANIMALS EATING
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Figure 3. Quantal dose-response for morphine and dynorphin1_13} showing
the percentage of,énimals eating at _each dose of either drug.

Calculated ED o's were: morphine,' 2 /hmoles; dynor'phin1_1 , 40 fmoles.
This represengs a potency differe‘f f 50,000-fold between the two
drugs. .

ihe percentage of animals ®eating > 20 seconds following each dose

.of morphine and dynor'phin1_13 followed parallel linear progressions for .

each drug (See Figure 3). A comparison of the éDSO values (Litchfield &
WLicoxon, 1949; Tallarida & Murray, 1981) derived from the quantal dose-
response analysis’revealed that dynorph;n1_13 wa%rS0,000 times more
potent than morphine in eliciting eating when ingecteé inpo the venéral 4
tegmedﬁal a;ga. Whereas the ED50 for morphine was 2 nmoles, fhe EDSO

for dynorphin1_13 was 40 fmoles.
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The highest QOse of dynorphin1_13 (30 pmoles) produced what
appeared to be a pronounced sedation in the first seven animals tested.
Mean total feeding durations decreased from 172.9 £37.0 seconds to 49.9
+30.2 seconds, and the percentage of animals eating was reduced from
100% to 28.6%. This dose Was discontinued for the rema1:§ng animals and
was not iﬁc%gped in the analysis.

Miéroinjections of morphine or dynorphin1_13 into the ventfai
tegmental area were effective in eliciting dose-dependent feeding in

. \
food satiated rats within 15 minutes following drug administration. The
short latency to onset (typically 5 to 10 minutes after injedtions) is
in marked contrast to oﬁher studiey reporting that fegding begins an
hour or mo}e after opioid injecﬁ ns into other‘brain regions
(Tepperman, Hirst, & Gowdey, 1981a; Woods & Liebowitz, 1985). The ”
oc;urrénce of dose~dependent feeding soon after the central injections
suggests that the behavioral re;ponse was produced by a local drug
action and was not the result of drug diffusion to some distal brain
site. 1In addition,“it was demonstrated that opiloids microinjected into

the ventral tegmental area of food satiated rats during the daytime
A

-

elicited feeding of the same food that comprised the animals' normal
daily diet. Hjghly palatable subst;nces were not required to induce
approach to and' consumption of the food. This experimental method
av&ided food-associated novelty (Barnett, 1956%’and pafgiability factors
(Cooper, 198“ 1983’b) that may influence baseline consumption and may
also interact or interfere with the drug effect. -

Previous work has impli;ated kappa recepfors in the modulation of °
feeding behavior. Both intracerebroventricular administration of

dynorphin1;13 (Katz, 1980; Levine, Morley, Gosnell, Billingjon, &

Bartness, 1985; Morley & Levine, 1981; Morley, Levine, Grace, & Kneip,
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1982) and systemic injection of the kgppa-preferring synthetic ligand,
U50,488H (Jackson & Cooper, 1986), produced eating in food-satiated
rats. Dynorphin1_13 is an extremely potent opioid peptide with strong
actions on kappa receptors (Chavkin, James, & Goldstein, 1982; Corbett,
Paterson, McKnight, Magnan, & Kosterlitz, 1982; Schulz, Wuster, & Herz,
1982), although it also binds at mu and delta réceptors (Goldstein &
James, 1984). The present finding that this peptide.is 50,000 times
more potent than morphine in eliciting feeding is consistent with the
apparent relative binding affinity of these two compounds at kappa
receptors (James & Goldstein, 1984). The large potency difference is

also ih agreement with the proposed role of kappa receptors in.the

Y
A

modulation of feeding behavior.
EXPERIMENT 2

Experiment 1 demonstrated that microinjection Sf opioids into the .
ventral tegmental area was sufficient toMproduce eating in satiated rats
and that standard léb'Ehow was adequately palatable for the effect to be
observed. A number of other studies have shown a concordance between
observed eating duration and weight of food consumed (Jackson & Coopeg,
1986; Kirkham & Blundell, 1984; Sanger, 1983), suggesting that the
former is a reliable measure\of feeding. High doses of enkephalin
analogues, however, have been reported to produce "morphine-like
behaviors," including stereotypic gnawing of the cage bars and forgpaws,
following microinjection into the ventral tegmental area (Joyc;, Koob, -
Stfecker, Iversen, & Bloom, 1981). Although stereotyg}c behavior was
not observed at any drug dose used in Experiment 1, it was important to
confirm empirically that the apparent feeding behavior in the
observatdon paradigm had reflected actual consumption of the food and

not merely a gnawing response. Experiment 2 was intended as a test of

39
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the validity of the ggéervation approach; a full dose regimen of
morphine wad chosen to examine this issué. The more traditional
technique, measuring the weight of food consumed during a longer period
of time than that employed in the observation paradigm, was used for
this investigation.
Method

Five of the rats used in Experiment 1 received, in random order and
typically at 2-day intervéls, 0.3, 1, 3; 10 and 30 nmoles morphine in
the ventral tegmental area with the microinjection technique described
in Experiment 1. The injector remained in place for 180 seconds
following administration to allow absorption of the drug into the target

tissue. Rats were then disconnected f}om the injection unit, obturators

A ]
were replaced in the guide cannulae, and the animals were placed in

separate wooden chambers (26 x 37 x 38 cm) with stainless steel grid -

floors and equippgd with water bottles. Pre-weighed dishes of standa;d
lab chow pe}lets were removed and reweighed at one hour intervals for 3
hours. Care was taken at each of these times to—collect and ineclude in
the weighing ahy food crumbs that had fallen through the grid flooring.
The pre-~ énd post-test differences in food weigﬁts represented the

amount eaten. Occasional water spillagé on removal from the chambers at

. the end of the 3 hours prevented an accurate measurement of drinking.

Results and Discussion
One-way ‘analysis of variance for repeated measures revealed a -
signifiéant dose-dependent effect of morphipe in increasing food‘intake
[E(4,16) = 7.02, p < 0.01; see Figure 4]. Comparison with the eating by
three un;ngected animals (mean = 2:8!:0.5 33, also from ﬁxperiment 1 and
testeé at the same time as morphine'animals, indicated a significgnt;'
difference in consumption by group [F(1,6) = 11.23, 2 < 0.05], and fér
\ 40
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. Figure 4. Total food consumed (grams) during 3 hours following
unilateral microinjections of morphine into the ventral tegmental area.
Vertical bars represent the standard error of the mean for each dose,

group by dose [F(3,18) = 4.49, p < 0.05]. -
These findings were consistent with the observation that the apparent

feeding in response to opioid injection in the first experiment had

reflected actual eating and not a nonspecific oral behavibr. In

addition, tﬁe.;alidity of ﬁﬁ;‘grief-duration obéer&atfon ﬁééﬁnique in ’

examining‘the immediate influence of central opioid microinjections was

supported by the similar fihdings of the more conventional approach.

o
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‘of 30 pmoles aynorphin . Eating in response to this dose might be
1-13 mE .

J§XPERIMENT 3.

In Experiment ?; the highest dose of dypqrphin1_13'(i.e., 30
pmoles) was diéeonﬂinued due to an apparént sedative effect of the drug
at this dose. When the guide cannﬁla directed toward the ventral.
tegmental area is placed on ; verticgl plane as in the‘first experiment,
it pasées through the ;eriaqueducta% gray reg}on. Opioids in that

region have been associated with sedation (Pert, DeWald, Liao, & Sivit,

1979; Tissot, 1980), catatonia (Thorn-Gray, Levitt, Hill, & Ward, 1981),

. analgesia (Jenck, Schmitt & Karli, 1983; Pert, DeWald, Liao, & Sivit,

1979; Pert & Yaksh, 1975; Sharpe, Garnett, & Cicero, 197h), and
physiological dependence (Bozar;h & Wise, 1984; Wei, 1981). It is

possible that the apparent sedation produdéed by 30 pmoles dynorph1n1_13

e ' : B - .
was a consequence of diffusion of the drug up the cannula shaft to the -

periaqueductal gray. If guide cannulae are- 1mplanted in the ventral
tegmental area on a sufficiently wide lateral angle, the eannula shafts
v €

do not pass through the periaqueductal gray. Indeed, this surgical

_ procedure avoided naloxone-precipitated opioid withdrawal symptoms that

were anatomically.localizéﬁ to the‘periéquedugtal gray (Bozarth & Wise,
1984), If the sedation obs;rved'in the first ekpeﬁiment was due to
dorsal diffusion up the aannula exterior resulting in activation of
oplioid réceptors in the periaqueductal gra}, then angling the cannula to

¢

avoid that area should Ikewise eliminate the pronounced sedative effect
<m
further enhanced beyond that observed at the next lower dose. In

addition, the possibility of nonspecific physico-chemical effécté of the
. .

.~ injections as an eXplanation for the observed effects was examined by

opioid dntagonist administration together with the lowest dose of’

dynorphin1_13 that produced feeding in 100% of the rats. Finally, it

°
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was of interest to assess the effects of injections of dynorph1n1_13

Ll

into ;he ventral tegmental area on drinking éeﬁi@igr. It was possible
‘that water availability during the §é§§;on ma& be required io Lontribute
to an increase in grooming by this ligandr Although both déiqﬁipg and
groomiﬁg‘were reported to‘be enhanced by central opioid microinjection
(Aloyo, Spruijﬁ; Zwiers, & Gispen, 1983; Morley & Levine, 1981; Walker /

et al., 19&0),lna significant effect on grooming by either morphine or

&
&

'dynorphin1_13 was observed in Experiflent 1.
- : . Method
Nine male, Long-Evans ‘rats were implanted unilaterally with

‘ stainless.steel guide cannulae ‘aimed, on a 20° angle, at thé'ventral

v

tegmental area (see General Method). Procedures and apparatus were
I'4

—

identical to those employed in Egﬁerimenth1, except that a water bottle

t

 was attached to the exterior of the observation chamber ¥ith the spout
extending into the chamber. Dynorphin1_13 (0, O:OOB, 0:03, 0'1\,0'3’ 1,

"3 and 30 pmoles) microinjections were del!vered in random dose order,
’ - ﬁ
,and the interval between tests was typically 2 days. In order to

eliminate the possibility of nonspeclfic effects of the central
A
injection as an explanation for the observed results, following this -
( .
regimen,animais received naloxone injection (1.0 or 3.0 mg/kg,.i}pdn
<

3 déyé apart) 10 minutes prior to véntral tegmeptal area

-

administration of 0.3 pmoles dynorphin1_13, the lowest dose that had

4

produced eating in 100% of the rats. Behavior was monitored and

.
PA

recorded as described earlier. - ‘ YA

Results and Discussion

/

Consistent with the findings of Experiment 1, one-way analysis,of

_ variance for repeated measures showed a significant‘dosé—dependent s'

effect for dynorpﬁin1_13 in producing feeddng [F(7,56) = 7.93, p < -,
. ,“
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0.007; see Figure 5]: Eating scores were higher at all doses than in

;Experiment 1. In response to 30 pmoles dynorphin1_13, however, feeding

decreased from the maximum duration scores observed at 3 pmoles (from
266.9 t 49.7 seconds to 165.1% 24,4 seconds): The apbarent\sedation and
reduction in feeding also occurred in the first experiment among réts
that had receivedn30 pmoles dynorphin1_13. This findiné‘guggestS'that
it is unlikely that the sedative influence of this dose was attributable
to direct dorsal diffusion of the drug to the periaqueductai gray.
Perhaps the"bst p;rsimonious explanation is that the apparent sedation
;ay have arisen from recruitment, within the ventral tegmental area, of‘
a separate opioid receptor subtype popul§tion for which dyngrphin1_t3//é
has a loweq affinity than it Wmsy for those receptors involved in the
feeding résponse. Unfortunately, curreqt knowledge renders this

argument untenable.. The only opioid receptor population, apart from

kappa, identified to date in the ventral tegmental area is mu (Mansour

. et al., 1987). Morphine, a primarily mu receptor agonist, did not

produce sedation in this study. Moreover, mu actiyation in the ventral
tegmental area has,b;en found to enhance the‘release Qr dopamine ;n the
nucleus accumeﬁs (Latimer, Duffy, & Kalivas, 1?87), which préduées
locomotor actibity (Ke;lei, Stinus, & Iversen, 1980) and therefore is
inconsistent®with sedation. Chavkin & Goldstein (1984) have suggested
Ehat only 10% of functional opioid receptors may need to be dcéupied to
achieve max;mu; effect, It is'possible that a much higher proﬁortion of
drug-occupied receptors may lead to an interference with the behavior,
in this case, eating. It must =%so behéonsidered that a dos; of
dynorphin1-13 as low as 30 pmoles may#a s‘uf‘t‘icient to produce non-
opioid effects as dgscribed by Stevens, Weinger, and Yaksh (1987). This

issue requires further invéstigation before a clear explanation can be

)
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- —Figure 5 Total feeding and drinking durations following -
mlcroingectlons of dynorphin,_ 13 into the ventral tegmental area. '

. Unilateral cannulae were angled 20° to avoid the periaqueductal gray.
Vertical bars represent the standard error of the mean for- each dose of
dynorph1n1_13 . \

-

-

determined.~ In terms of .other behaviors, dynorphin1_13 had no
. .
signif‘ipafxt effect on either drinking [F(7,56) = 2.12, p > 0.0SJ; or
grooming [F(7,56) = 1.11, p_ > 0.05]. Neither of these behaviors wa/s/
sequenti;ily Essociated with feeding. ‘ ' /
Néioxone reduced total eating duration 'in a dose'-dependent fashion-

[F(2 16) = 9.95, p < 0. 01, see Figure 6]. In additlon, the percentageg

of rats eatlng > 20 seconds at 0, 1 and 3 mg/kg naloxone with 0.3 pmoles~
e
‘ . u5,
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Figure 6. Effect of naloxone on total feeding durations. Naloxone HC1
wag administered i.p., 10 min prior to unilateral VTA microinjection of
%gi pmoles dynorphin1_ . Tests with naloxone were separated by at

st 3 days. Vertical bars represent the standard error of the mean
fo ‘

each treatment., .
dynorphin1_13 were 100%, 78ﬂgénd 33%, respectively. These data.
demoﬁstrated that’tﬁe enhancément of feed;ng by dynorphin1_13
sadministration into the ventrallzzgmehtal area could be attenuated by a
- pgripherally administered opiloid antagonist. The iipophllieity of
naloxone renders this drug unsuitable for site-speci&ic central
quaté}nary analogue, although Prererable, is not readily available.

‘ Naloxone binds preferentially to mu receptors, but it also binds at:

delta and kappa receptors (see James & Goldstein, 1984). Unfortunately,
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a specific kappa antagonist is n;t yet‘availab1e° the Ki for binding at
mu receptors by the putative kappa antagonist, Mr—2266, is only about
twice that at kappa receptors (Paterson et al., 198“) The possibility
remains that the enhancement of feeding behavior by opioids

microinjected into the‘ventral,tegmentaliarea may require the integrity

of other, perhaps distal, spontaneocusly active opioid gystems that would-

be affected by peripheral naloxone treatment but not necessarily by
dynorphin1_13,administered into the ventqu\?egmental area. This
possibility has not been examinéd, however. It is likely, in the
‘absénce of evidence to the contrary, that the inhibition by naloxone of
dynorphin1_13-elicitéd feeding in the‘present‘experiment is attributable
to antagonist action at kappa receptoés in the ventral tegmental area.
‘ EXPERIMENT N |

The first three\experiments demonstrated tha£ the yentral tegméntal
area is an important site for opioid-elicited feeding. Although dose-
dependent feeding was produced by both morphiné and dynorphin1_13, the
latter was 50,000 times more potent than morphine. Other brain regions,
including specific hypothalamic nuclei (Woods & Liebowitz,‘1985),‘the'
globus pallidus, central amygdala, and striatum (Gosnell, Morley, &

Levine, 1984, 1986) and the nucleus accumbens (Mucha & Iversen, 1986),

- have also beén demonstrated to support oploid-mediated feeding. Among

these ‘and other central areas, a number of specific sites were of
barticular interest. X

The paraventricular nucleus of the hypothalamus has been identified
as a region involved in both norepinephrine- an§ opioid-mediatfdbggeding

(Liebowitz & Hor, 1982; Stanley, Lanthier, & Liebowitz, 1984; Woods &

Leibowitz, 1985). This nucleus is adjacent to the lateral hypothalamic

~

_area, where electrical stimulation produces feeding (see Wise, 1974)

”
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.Walker et al., 1980). It was possible that one or more of the ot%gr

oot @ b 2Lt S I NG ARNNPRE (e s AT
. v v FERLR e

and where dynorphin-containing cell bodies have been localized (Vincent
et éi., 1982b). In addition, kappa receptor binding has been reported
in this region (Lynch et al., 1985). ‘

Intracranial opioid self-administration into the nucleus accumbens
has been reported (Goedgrs, Lane, & Smith, 1984; Olds, 1982). 1In
addit;pn, the dopamine link between the ventral'tegmegtal area and this
region made the nucleus accumbens an interesting area to observe.

Both the Substantia nigra - pars reticulata and éhe periaqueductal
gray.contain dynorphin terminals (Vincent et al., 1982a, 1982b3, and v
both regions arefproximal to the ventral tegmental area. In.addityon,
injections of morphine into the periaqueductal gray were reported to 4i, ' g
inhibit fquing produced;py electrical stimulation of the 1ater;1 ?

hypothalamus (Jenck et al., 1986). These areas were included in the

present study as being not only interesting in themselves, but they also ’

‘served as lateral and dorsal controls, respectivg}y, for potential

diffusion of drug fragiindection sites in the ventral téEmental area
(see Boza?th, 1983). ‘

In addition to the primary feeding data, observations of other
behaviors were continued during this study. Opioids in the ventral

tegmental a}ea failed to produce increases in drinking or grooming, in

contrast to othen studies using intracerebroventricular opio;g

~ -

injections (Aloyojet al., 1983; Katz; 1980; Morley & Levine, 1981;

brain regions examined in the preséﬁﬁ investigation would yield
. ) o«

differences on thgse measures in response to morphine or dynorphin1_13.
- Method - -
The observqpioh chamber was the same as used in Experiments 1 and

3. Water was available in addilion to food duriﬁg testing, as in /
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Experiment 3. Surgeries, post-surgical care and pre- and post-surgical
handling and habituation to the apparatus were as describéd in the
General Method section, ’ °

Rats were implanted with unilateral guide’ cannulae aimed at one of

“o

the following brain regions: ventral tegmental area, nucleus accumbens,
paraventricular nucleus of the hypothalamus,~sub§tantia nigra - pars
reticulata, or periaqueductal gray. The surgical qo—ordinates for

.cannula placements in each of the five brain areas are shown iq Table 1.

a /

-

TABLE 1

Surgical co~ordinates for guide cannulae.

Brain Area Angle* ' A/ P Lateral _ Ventral
NTA ’ 20° | - 3.8 ;:60\" - 8.23
acc 5° -+ 3.4 2.14 - 6.83

PVN ¢ + 0.8 0.40 - 7.60
SNR . "o - 3.8 2.1=-2.5 = 8.3=-7.9

PAG 0" - 3.8 ., 0.60

e

5.30 ZZ/}

®The cannulae directed toward the VTA and ACC were angled to avoid théas

PAG and ventricles, respectively.

The upper incisor bar was set at +5 mm (DeGroot position: Pellegrino et
al., 1979) and co-ordinates are expressed in millimeters. Anterior-
posterior co-ordinates were measured from bregma, lateral from the
midsagittal suture, and ventral from dura. Cannulae were implanted
unilaterally. !

Abbreviations: VTA, ventral tegmental area; ACC, nucleus accumbens;
PVYN, paraventricular nucleus of the hypothalamus; SNR, substantia nigra
- pars reticulata; PAG, periaqueductal, gray. \

Actual cannula placements are illustrated in Figure 7. For testing,
rats in each group were subdivided into two groups and received either‘
morphine or dynorpﬁip1_13 in random dose order. When testing at all
doses of the f%rst drug was completed, afiimals were tested twice with

ug n
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Figure 7. Schematic representation of cannula placements. Co-ordinates
for each brain site appear in Table 1. Abbreviations: Upper panel --
'ACC, . aucleus accumbens; .CPU, caudate-putamen. Middle panel -- LH,
lateral hypothalamic area; PVN, paraventricular nucleus of the
hypothslamus; VMH, ventromedial nucleys of the hypothalamus. Lower
panel -- IP, interpeduncular nucleus; PAG, periaqueductal gray; SNC,
substantia nigra - pars compacta; SNR, substantia nigra - pars
reticulata; VTA, ventral teggental area.
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thicle and were switched to the alternate drug. R;ts were tgenltested
with the full dose regimen, again in,randqm dose order, of the seco?d.
drﬁg. The per%aqueductal gray placement was of particular concern
because of its involvement in physiological dependence (Bozarth & Wiée,
1984; Wei, 1981). For this reason, dose order was planned for these
rats so that a high dose was always followed 2 or 3 days later by"a low
dose. This procedure was intended to m;nimize the pdssibility that
animals might eat ;s a consequence of drug-induced relief from potential
withdrawal effects, rather than in response to a direct influence of

» periaqueductal gray opioid mechanisms on feeding behavior.

"Results and Discussion

Feeding
Total Feedirig Duration

Mean total feeding duration scores by cannuig)placement for
morphine and dynorphin1_13 age illustrated in Figures 8 qnd 9,
respectively. - Consistent with the findings of Experiments 1 to 3, °
ﬁicroinjectﬂons oflgggghine [F(4,32) = 8.99, p < 0.001] or dynorphin1_13

[F(5,40) = 12.99, p < 0.001] into the ventral tegmental area produced

dose-dependent feeding. A comparison of éhe peak responses elicited by
morphipe (30 nmoles) and by dynorphin1_13 (0.3 pmoled) at this site

- * revealed that dynorphin1_13 produced significantly higher maximum
feeding duration scores than morphine in the same animals [meqns and
S.E.M.'s = 205.5%26.3 seconds vs. 129.5 $2l&.!4 seconds, t(8) = 2.47, p <
0.05]. These results also replicated the finding in Experiment 1 of an
approximately Sd,OOO-fold potency difference between morphine and
dynorphin1_13 in the ventral tegmental a;%a.

The nucleus accumbens was the only other brain site at which both

morphine [F(4,28) = 3.68, p < 0.025] and dynorphing_q3 [F(5,40) = 6.91,

*
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Figure 8. Total féeding durations following unilateral microinjections
of morphine into different brain regions. (a = p<0.05; b = p<0.01
relative to vehicle mean by placement). Vertical bars represent the
standard error of the mean at each drug dose. . -
Abbreviations: VTA, ventral tegmental area; ACC, nucleus accumbens;
PVN, paraventricular nucleus of the hypothalamus; SNR, substantia nigra,
pars reticulata; PAG, periaqueductal gray.

p < 0.001] elicited feeding. In contrast to the effects observed 1? the
ventral tegmental area, there was no significant difference in the
nucleus accumbens between the two drugs in produping feeding at their
peak eifective doses [10 nmoles morphine, meanif 96.0 t27\5 seconds vs.

0.1 pmoles dynorphing_;3, mean = 103.5 %.28.2 seconds; t(7) = 0.19, p > ¢

0.05]. Total feeding durations for morphine in the ventral tegmental
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"?Figure 9. Total feeding durations following unilateral microinjections
-of dynorphin1_13 into different brain regions. (a = p<0.05, b =
Pp<0.01, relative 'to control mean by group; Dugnett's test for .
comparisonqbwith a control mean). (¢ = p<0.05, d = p<0.01 relative to

the same dose in the paraventricular nucleus and substantia nigra, pars
reticulata; e = p<0.01 relative to all other placements at the same
dose; Dunn's procedure for comparisons among means). Vertical bars -
represent the standard error of the mean for each group at each dose.
Testing at a higher dose of dynorphin1_13 in the substantia nigra, pars
reticulata resulted in sedation. g

Abbreviations; VT4, ventral tegmental area; ACCy nucleus accumbens;
PVN, paraventricular nucleus of the hypothalamus; SNR, substantia nigra
- pars reticulata; PAG, periaqueductal gray.

area and nucieus accumbens were not significantly different [F(1,15) =
2.15, p > 0.05) and the shapes of the dose-response curves were similar;

however mean total feeding scores following-morphigg in theanucleus

“ L]
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accumbens were consistently below those for the ventral tegmental area
(see Figure 8).

Dynorphin1_13 proguced a significant difference in feeding between. =

———

the ventral tegmental area and nucleus accumbens [F(1,16) ‘= 15.85, p <
0.005] and by dose [F(5,80) = 18.40, p < 0.001]. A significant site x
dose interaction was also evident ;2(5,80) = 4;29;‘2,< O.QPS]. This
ref}/cg the differences in peak effects, defined here as the maximum
mea\n total feeding durations for each group, &nd thelr corresponding

doses for dynorphin1_13 at the two brain sites (véntral tegmental area:

2

TABLE 2
. .
Peak Feeding Responses (Total Duration) *®
DRUG -
. - i
Brain Morphine \ Dynorphin(1-13)
Regiori Dose Tot. Seec,” - ' Dose Tot. Sec.
\\‘
VTA 30 nmoles 129.5—(24.4) 0.3 pmoles 205.5 (26.3)
ACC 10 nmoles 96.0 (27.5) 01 pmoles 103.5 (28.2)
PVN - n.s. - - ) 0.3 pmoles 72.2 (17.6)
SNR n.s. - 3.0 pmoles 75.7;(,23.14)
PAG n.s. - ’ n.s ) -

« v

Feeding responses varied among cannula placements 1& terms of both
maximum total durations and by the drug doses that ‘produced maximum
feeding. Numbers shown represént the means ¢S.E.M.'s). n.s. = no
significant feeding. '

Abbreviations: VTA, ventral tegmental area; ACC, nucleus,accumbens; PVN,
paraventricular nucleus of the hypothalamus; SNR, substantia nigra, pars
reticulata;- PAG, periaqueductal gray. )

\

mean = 205.5 ¥26.3 seconds at 0.3 pmoles; nucleus accumbéys: mean =

» = \»
103.5 %28.2 seconds at 0.1 pmoles; significance determined by Dunn's-

»
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procedﬁre; see Figure 8). Peak mean total feeding durations and their
corresponding doses by drug and brain region appear in Table 2.

In the paraVentricular nucleus, morphine failed to ellcit feeaing
within the 15 minute observation period [F(4,28) = 0. 63, p > 0. 05],
however, dynorphin1 13 produced a small but signi{icant increase in
feeding [F(4,36) = 5.13, 2.< 0.001]. Similarly, morphine in the
substantia nigra was ineffective in producing feeding [F(4,36) = 1.60, p
> 0.05], but dynorphin1_13‘éiicited dose-dependent eating [2(5;45) =
3.40, p < 9.025] that was significant only at 3;0 pmoles. The dose-~

response function suggested that at this dose of dynorphin1_§3 in the

‘substantia nigra the feeding response was increasing. Animals were

subsequently tegted at 30 pmoles dynorphin1_13 to determine whether
higher doses than'those effective in the other regions examined might be
required to elicit a robust feeding response.: A marked sedation ensued,
however, ipndicating bﬁat the maximum obtainable response from the
substantia nigra had probably occurred at 3 pmo}es. Consistent with the
findings of Jenck et al. (1986), neither morphine [F(4,24) = 0.63, p >
0.05] nor d;norphin1_13 [(F(4,24) = 0.82, p > 0.05]) injected into the

. : -
periaqueductal gray had any effect on feeding behavior.

Vi

Two-way analyses of variance for total feeding scores among

placements were performed only for those brain sites where the one-wéy

, analysis of variance indicdated that the drug had produced a significant

effect on feeg;ng. Two-way analysis of variance of feeding durations
elicited by dyn?rphin1_13 in the ventral 3egmental area, nucle;s
accumbens, paraventricular nucleus, énq;éubstantia nigra revealed
significant main effects for placements [F(3;34) = 16.86, p < 0.001] and
dynorphin,_,3 doses [F(4,136) = 24.54, p < 0.001]. In addition, a

~

significant placement by dose interaction was shown [F(12,136) = 4.62, p
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< 0.001). This éﬁggested that firsi dynorphiﬁ1 13 did not produce

equal feéding durations among placements, and g\bend the feeding dose~

. response functlons for dynor'phin1 13 were different among brain sites.

Dunn's multiple comparison procedure (Kirk, 1982) showed that

dynorphin1_13 in the ventral tegmental area produced significantly

- higher total feeding Jﬁration scores than at all other ;%ﬁgements at 0.3

i -

and 3.0 pmoles. Both the ventral tegmental area and nucLeuE accumbehg
feeding scores were higher than those of the paraventricular nucleus and
substantia nigra at 0.1 pmoles dynorphin1_13. Scores fer- the

6araventricu1ar nucleus and substénﬁié‘nigra were similar to oné

andfher, except that the peak response in the paraventriéular“nucleus

occurred at 0.3 pmoles dynor-phin1_13 and dropped' at the ﬁigher dose,
whereas ma{}mum feeding for dynorphin1_13 in the substantia nigra was
6bserved at 3.0 pmoles (see Figure 9).

Percentage of Animals Eating

* The percentagé of animals eating in each group was computed for
each dose of morphine and d&norphia1_13. A total feeékng t%de of 30
seconds or longer within a single,session was arbitrarily chosen as the
cutoff point for a rat to qualify ?s an eater at any’drug dose. This
served to eliminate the few low eating scores occurring under the

"

vehicle control condition.//lpe criterion was sufficiently 1gk to permit
inéluding the ;pwér écores arising from 6pioid‘microinjectio;g into

B (I N . .
those brain areas)from which the feeding response was significant but

leas robust than from the ventral tegmental area and qucleus accumbens.

. The quantal dose-responﬁg oompérisons_bet@een morphine and dynorphin1_13

©

for each brain region are illustrated in Figures 10 and 11. Comparisoh‘

L~

of these data with those depicted- in Figures 8 and 9 suggests that the

dose-related increase in number of animals responding contributes

2
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. Figurd 10. Quantal dose-response effect for feeding followipg
: unilateral micr01n3ections of morphine or dynorphin1 1 nto the
. . tegmental area or theé nucleus accumbens. Rate feeding fg¥ a midipum of
‘ 30 seconds during a 15-minute session were considered "e ers." The
. same dgse range for each drig was effective in producing/feeding in both
; brain ?egioﬁs, and a comparable potency difference between morphine and.
dynorphin,_j, was represented at both sites. . The apparent para;}el . i ;'

1

%‘; . linear funotlons are consistent with the principle that the effeét of
Y , both drugs on feeding arose from activation of the same receptor i
¢ .- population. ‘Filled circles = dynorphing_ 13} open.circles = morphine. .
Tt N “ \ LS v . ¥
"y, L— 4 ’ : ‘
)/ Z f substantially‘to the magnitude of tq; overall dose-dependent response. e

Figure 10 ﬂémonstrétes the relative potencies between mbﬁphine and /

pr B
D - a
‘u.‘ ] i N -y P 4
. . N -

- dynonphin1_13 in the ventral tegmental area and nucleus accumbens,'prain

o T regidns where both drugs were effective! in eliciting feeding. The

. :.l . N ‘,A" ~ 'i’ . s \ ° . i B N . ' . ‘ ‘ p
S ' apparent parallelness of the linear functions for the ventral tegmental . | / .
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Figure 11. Quantal dose-response effect following unilateral
microinjections of morphing or dynorphin, 4 into the paraventricular . ,
nucleus of the hypothalamus or substantia nigra - pars reticulata. Rats
feeQEng for a minimum total of 30 seconds during the 15-minute session .
were considered "eaters". Only dynorphin1 elicited significant dose-~ .
dependent feeding at either site, and at eacg of these brain regions
dynorphing_4 failed .to produce feedfng among 100% of the animals. a

Filled c;?cles dyﬂB?phéaT:13{ open circles = morphine.

o ! . ) . ' 3
'(FeIQman’& Quenzer, 198“; Tallarida & Mﬁrray,'kQB{). 'Figufe 1 | M ~
illastrates $he dose-related increases in ;he percentage of arimalg

. . . \

eating'féll wing qynorphin1;1§ mi%roinjectiops intosthe Paﬁ;ventricular

nucleuéﬂané sub;tantia nigra, in contras£ p; observations . .

. with morphine,. which failed to brodnce feeding at these sites.

As might be expécted, part of the %ignifiéant’total feeding
duration scores was attributable to K- dose-dependent 1nQ(ease in the
»”
number of animals Pating in response to. morphine or dynor'phm1 -13°

Furtherfbtatistical anagzgis was conducted on the data for each group
. -~ ’ o ' N ’

»



where the analysis of varlance of total feeding duration was

significaAt. Simple linear regression analysis was performed by cannula

placement group on the relationship between 1) the percentage of rats

feeding at\Enph dose of either dynorbhin1_13 or’morphine and 2) the mean

total feeding duration at the cofresbonding dose. The test for

sig;ificance in linear regression(yielded an F-statistic showing'that in

each case where eithe{ drug had produceé : signif}cant feeding effect,

the coﬁrelations betweén total feeding and thevpercentages of rats

eating at each dose were also significant. Morphine in both the ventral

t;gmental area [r = 0.9894, F(1,3) = 139.8, 2?( 0.005] and nucleus . -

accumbens [r = 0.8956, F(1,3) = 12.16, p < 0.05] produced.signifiéant

correlations on these measures, as did &ynorghin1_13 in the ventral
- tegmental area [r = 0.9718, F(1,4) = 67.99, p < 0.605), the nucleus

accumbens [r = 0.8532, Eﬂégu) = 10.70,p < 0.05], the paraventricular
nucleus [r = 0.9744, 5(1,4) =Y75.09, p < 0.001j, and the\suBBtantia

- .
nigra [pr = 0.9405, F(1,4) = 30.67, p < 0.01]. These findings suggested

5
L]

_that dose-dependent incrgases dn the percentages of rats eating had
jcontributed importantly to the statistical éignifieance of the overall

feeding measure for each brain site. The contribution of other factors, ,

- A

such as dose-related changes in the duration of eating within single
’ > . ‘

'féqggpg boutg and alterations in the number of feeding béuts within a

¢

‘session, required furthep analy;is.

9

. Frequency and Duration of Feeding Bouts \ ' &
During a single test session, r;ﬂ% frequently eat more than once. ‘.

The total feeding duration score for each rat at any drug dose reflécts
. -’
the cumulgkive time that the rat ate during the session, and this timg«’

can be reflected by the number of feeding. bouts mult%plied by the mean

of the individual bout durations. The computer program used in tqQ
\ ‘ v
[ 4
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présent investigation yielded_;he number of feeding bouts and mean bout

1

’

dura;ions per‘*session as well as the total feéding durations. These o
measures were of interest in Experiment U bécause different::> effects
of morphine and dynorﬁhin1_13 on different components of total feeding .
behavior could be coﬁpared among brain regions. Jackson and Cooper
(1986) suégested that the increase in total feeding gbserved following
parenteral administration of putative kappa agonists is due to an
increase in the number of feeding bouts within‘the test session rather
than a prolongation of indiv}dual bout -durations. In the presept
study, central opioid microﬂ‘?ectiéns eliéited'different responses on
these measures depending on the brain site.‘ This became evident when
the data for "eatepg" only were analyzéd.

One of the basic assumptions of analysis of variance (ANOVA) for
repeated measures is that there are equal cell siz:g within a group.
The earlier analysgs therefore included the data for all animals whether
they had respondédlor not. This sequirement of ANOVA limited the power
of these tests to detect possible dose-related effects of the drugs on
specific behaviors that may have contributed differentially go the totél
feeding scores. The close correlations between the percentages of rats
eaéing and total feeding durations suggested that the observed dose-
dependent increases in feeding may have been related entirely to the
proportion of animals éating at each dose within a group.’ It was of'
interest to examine the data for both the fpequencies and the mean
durations of feediné bouts to determine whether, among animals that ate,
these measures were aléo affected'by central opioid microinjection.

First, one-way ANOVAs were performed on the feeding bout freduency

data for each drug/placement group where total feeding had previously

been found significant. This yielded statistically significant effects

60
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on bout frequency measures fo} morphine in both the v;ntral tegmental

area and the nucieus accumbens, consistent with findings for both

overall feeding and percentage of rats éating. The bout frequency

ANOVAs were also significant for dynorphin1_13 in the ventral tegmental

area and the nucleus accumbens, but not in the paraventricular nucleus

or the sub;tantia nigra (see Table 3). Dynorph1n1_13 in the latter two

brain areas produced significant effects ap feeding accordiﬁg to the‘ 2

oégrall ANOVA, and the percentages of animals eating in tﬁése groups,

although low compa;ed to the other sites, were highly correla with

total feeding. If the increases in mean total feeding scores depén ed

entirely on incréases in the number of ;nimals eating in the group, it

wpuld be expected that éhe ANOVAs on all other measures, such as bout

frequency, similarly would show statistical significance. These

findings suggest that further statisticgl evalﬁation may be appropriate
-

to- determine whether feeding behavioral patterns may haYi been
influenced by the treatments.. . K H
One-way ANOV@s showed that morphine in the ventral tegmentai area,
but not in the nucleus accumbens, also significantly affected’feeding
bout durations. Dynorphin1_13 also Qroduced a significant dose-~
dependent increase in bout durations when injected intO\the ventral -
tegmental area, the nucleus accumbens,‘agd the paraventric¢ular nhcleus, ’
but not in the substantia nigra (see Table 3). These statistical
findings‘suggest that following morphidﬁ\igigftion into the ventfal
tegmental area rats ate morg often and for longer'periods of time as the
dose was increased, but in the nucleu$ accumbens moﬁpbine affected only
the number of feeding bouts. Note, ﬁbwever, that at most only 75% of

the nucleus accumbens rats ate in response to morphine. Alsc according

to the ANOVAs, both the frequency and duration of bouts for dynorphin1_
v . \
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13 in the 'ventral tegmental area an? in the nucleus accumbens were dose- -
dependent. The ANOVAs also indicate that in the paraventricular nucleus
“only bout duration was important, and 12 the substantia nigra neither
measure was significant. This suggests that in the substantia nigra
only the dose-dependent increase in the proportion of animals eating was
1mportan£ in establishing an effect of dynorph1n1_13 on feeding
behavior. If we consiéer that the maximum percent of feeders with
cannulae in the’substantia nigra was only 60%2ﬁfyrther statistical
analysis is desirabl
Unfortunately, as e;plained earlier it was necessary to include the
data for all animals, whether or not they ate, in the above analyses.
‘A dose-relagéd analysis of the data from responders only may not be
per?grmed using ANOVA procedures due to the edual cell size assumption. -
Means calculated for each treatpent level therefore are reduced at lower

\ .
doses by including low and zero scores. This approach is appropriate

for the-assessment of the effect of a treatment on a group, but it

"~ provides no information as to the ways in which this effect is achieved.

For instance, when the data include a number of zero scores at lower
treatment levels and few if any zero scores at higher levels, this
effect alone may mask a significaﬁt influence of differeqp‘treatmenf
levels on the magnitude of the response. ing%g; present experiment,

" when opioid administration Eroduced significant feeding the number of
;;;ers.was dose-related, and at the lower drug doses several zero'scores
occurred. From the QNOVAS it is impossible to deduce whether different

_doses of a drug had produced significant differences in patterns of
feedings behavior. If bout’frequencies‘and durations were relatively,

constant then the drug effect must have relied entirely upon the ability

of the drug to elicit the initiation of.feeding. It was important to
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extrgct and analyze the data for "eaters" only to de%ermine whether

opioids in any‘or gnfabrain‘regions examined may have altered feeding
patterns as sugéested by Jackson and Cooper (1986). ’

o The effects of morphine and dynorph1n1_13 on feeding bout frequency
and mean bout duration within test sessions weré';valuated by linear

regression analysis,‘using only those scopesufrbm animals cgtegorized as

. "eatens."’ Each of these measures was correlated independeritly with the

animal's total feeding durations only when the first ANOVA had indicated
a éignificant dose-dependent drug effect on total feeding duration. For

K

mpqu;:e, thére was no significant relationship between number of bouts
(/ °

and total feeding duration either in the ventral tegmental area or the
nucleus accumbens. For dynorphin1_13, however, the number of bouts was

significantly relatgd to total feéding for placements in the nucleus

. accumbens and the substantia nigra but not in the ventnél tegmental area

or the paraventricular nucleus (see Table 3).

In direct contrast to the bout frequency analyses, signifiéant
relaéion;hips were foundlbetweenhmean bout duration and total feeding
duration for morphine in both t-é ventral tegmental area and the nucleys
accumbens.. For dynorph;n1_13{ the bout duration relationships were also
opposite to those for bout frequency. Mean bout duration was o
significantly correlated with .total feeding for dynorphin1_13 in the

ventral tegmenﬁal area and the paraventricular nucleus, but not in the

nucleus accumbens or the substantia nigra (see Table 3).

~
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TABLE 3

.o ‘ Co-pqrison of Statistics for Feeding Behavior Patterns
. Bout Bout
Frequency Duration
E/r ) . E/r P

»

Vs Hoéphine\l _
1.1. ANOVA'(E) 4
VTA ' . 5.10 <.005
Acc © 3,03 <.05
1.2. Correlation (r)
VIA : 0.067 - >.05

ACC T 10,118 .08,

2. Dynorphin1_13 ‘ -7
2.1. ANOVA (F)

-

vIA : 4.60  <.005

ACC +3.80  <.01
PVN 1.21 >.05
SN - - 2.09 4 ->.05

2.2. Correlation (r)

VA 0.208 .05
acc 0.639  <.001
. PW  _  -0.309 05
SNR 0.539 <05

°

il

3.32.
* 2-“9

0.598
0.854

8.73

5.45

5.03

2.26

0.520

©0.272

0.708
0.245

<.025

>.05

<.001

€.001

<.001
<.001

<.005

>.05

<.001

>.05

<.005

>.05

Note: The analyses were performed only if the Analysis of Variance for
the overall main effect -- the total feeding duration -- was
statistically significant. Correlations were performed between each of
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. the measures indicated above and the total feeding.durations for
"eaters" only. Animals that ate for at least 30 seconds during the test
-session were classified as "eaters."
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The ANOVAs included the data from all animals. This priadedure ~

indicated significant drug effects on bout frequency for all treatments
except dynbrphin1_13 in the paraventricuiar nucleus-and the substantia
nigra (See Table 3). When the scores of non-responders were removed for
the regression analysis, it was clear that the dose-~dependent increases
in the nymber of animals eating had contributed importantly to the
significant ANOVA f;ndings on bout frequency for all groups éxcept
dynorphin1_13 in the nucleus accumbens, and that it had masked a
significant effect on this measure in the substantia nigra. /Thg maximum
percentage of responders in this latter group was only 60%, yet total
feeding was significant and dose-dependent. For this group it is
possiblg that the relatively low number of eaters may have masked a
Significant effect of dynorphin1_13_on feeding'bout frequency.

For the mean feeding bout durétion measure, the regression anaiysis
indicated that for nucleus accumbens animals the ANOVAs had shown false
positive significance f9r dynorphin1?13 and false negative results for
morphine. Increases in feeding bout durations were dose-related for

/7
and forS;;n\gpth1_13 in the ventral tegmental area amnd the
D)

morphine im%both the ventral tegmental area and the nucleus accumbens,
“paraventricular nucleus.

The regression findings sugg?sted that for placements in the
nucleus accumbens, the proportign of animals responding had beenlﬁ
determining influence in the ANOVA ?indings for b? t frequency and
duration following morphine injection, and for bggg;%ﬁration following
administration of‘dyhorphin1:}3. Similarly, for animals‘:ith cannulae
in the substantia nigra, the lower percentage_gf:é:aters" led to ANOVA

statistics that.masked a significant bout frequency factor, revealed by

LY
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the subsequent corg%lational analysis. Given that the purpose of these

analyses was to detect the contribupionoof individual elements in the
feeding response patterns to the overall findings, such additional
analyées of the data are important. 1N
The relétive contributions of each component of the feeding
behavior measures ére more readily apparent_in Figures 12 to 14. Mean
bout duration scores are showﬁ in the main body of eaqh figure wibﬁ the
number of "eaters" at each dose in parentheses., The mean numbgr of
feeding bouts appears in the inset. Separate values are shown for -
eaters only and for all animals. : These numbers illustrate the -
contribution'éf percent of responders to the mean total feeding scores
shown in Figures 8 and 9 as 'well as the influence of low or zero scores
on the group means for the behavioral data presented._ For instance, the
data presehted in Figures 12 and 13 show that when all scores (filled
circles) are considered for number of bouts among ventral tegmental area
rats, the greater incidence of zero scores‘at lower doses of either drug
reduces the means for bout frequency at those doses. If the‘same data
- .
for eaters only are examined; howeQer, it is clear that the effect was
not dose-dependent on this meagure, and that a dose-depenQent increase
in number of énimals eating lea to a statistically significant ANOVA
finding for bout frequency. On examiﬁing bout duration data for the
ventral tegmental area, it is clear that the magnithdé of the bout L
duration values associated with dynorphin1_13 compared to those for
morphine constitutg the important factor determining the significant
differeince between drugs at this placement. All animals in this group
ate at the higher doses of both drugs, thus cancelling out the
percentage of eaters as a factor in the comparison. In contrast, the

N

bout frequencéy for nucleus-accumbens animals declined somewhat among
. - ¥

'
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feeding bouts (inset) following unilateral microinjections of
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eaters with?inereasing QOses of morphine, and the proportion of eaters
failed to reach 100% at any dose. The dynorphin1_13 data for thi;'
placement are somewhat more complex. The magnitude of the pgak response
for total feeding duration in the nucleus accumbens group was clearly
determined by the bout frequency factor among eaters, although only two
thirds of the rats ate\at that dose. At the next higher dose, although
100% of the animals ate and the mean bout durations increased, the mean Y,
" number of feeding bouts declined sharply. For each rat the total ,
feeding 806F2F33¥ends on a multiplicative relakionship between number'of
bouts‘and me;n bout durations. Coqsequently a very smail reduction in
freqﬁency could dramatically affect the total score, even if durations
should incﬁgase slightly, as seen at 0.3 pmoles dynorphin1_13 for the
nucleus accumbens group. In this case the reduction in hout frequency
was more than 5 rom the next lower dose. On examining the raw data
it was apparent thdt this reduction was due almost entirely to a
marked decrease in the frequency of feeding bouts by rats that had
- also eaten at 0.1 pmoles. A slight increase in bout duration and a
-/larger increase'in the‘ﬁumber of eaters together at 0.3 pmoles
dynorphin1_13'Were insufficient to neutralize the change in total
fee?ing durations.
Figu}e'1u shows bou@ frequency and bout duration data for the

paraventricular nucleus and substantia nigra, resbectlvely. At both

b L4

these sites, it is clear that fhe nugber‘ofﬁanimals eating was important
in detenmininé the peak résponse,uand that highest mean bout duration

. for paraventricular nucleus animals and highest bout freéuency for |
substantia nigra animals corresponded to the doses of dynorphin1_13 that

had produced the greatest total feeding from these sites.
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feeding bouts (inset) follo

dynorphin1_13 into the paraventrigular nucleus of the hypothalamus (top)

or the substantia nigra - pars rdticulata (bottom).

as "eaters.® Vertical bars re
each group at each dose.
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. Of all placements tested, ‘the ventral tegmen\al area,p{oduoed the .
most robust feeding in response to both morphine and dynorphin1 13. The

®
v nucleus accumbens was next highes@ The behavioral observations suggest

!

te

that *the pr0portion of animals responding contributed significantly to

these: findings. In a,dditton, both drugs in<the ventral tegmental area !

¢

. produced adose-depende/pf feeding Tesponse by inoreasing ‘feeding bout

_?(' \’ duration rather -than the number of feeding bouts. In the nucleus ,
L D
( accumbens bo(ut durations wére inoreaseﬁ by morphine and bout frequencies ' .

M v

were 1ncreased by dynorphinj 13° ~This is consistent th observations
"

by’ Jaoksom& Cooper (1986) following systemic administration of mu and

; < /4
4 kappa agonists. #edingufollowing dynorphin1 13 in the nucleus °

umben.s was significantly 1ess ‘robust than in the ventral tegme tal ’

q 1
/k p &r é however. I is difficult to discern whether, following sys emio

¢ -

- drug adminis@.ration, the, ef‘feot on bout frequency of a putative \gappa
“’:fago;nrst iin the nucleu‘s accumbeﬁ_s might pr_ed_ominater. e C e '

\ . . . ! N ¢ . k]
- ta, \r{ Drinkix_:_g~ T s '-’T' o -.f*:*v
gt ',‘ i R - - & - &
r ‘ Ty, prinking was not significantly aff‘eoted by either drug at any of

I ! '. - the placehents examined during the 15 !ninutes f‘ollowing microinjection.

' - ' q. 8 <
) & . dne-way anaL:,'=*°' of var.ﬂancev»{or repeated measures yielded the

‘ A}

s
' SR
rv ‘ :} : e 7 statistics shovm in Table 4, I@ ?'(eless, groups that ate more also v o )

\ «
: .t tended to,drink more as shown by the correlatﬁ between these measures’
' ¢ (' \ . § " . ) .
A / ('for both monphine [ O 9962, F(1 3) = 391,74, p "¢ OaOO1J and "

AR, dyn‘orphin1‘_13 [r = 0 9583, E§1,3) = 33.72, g/< 0. 025, see Figure 15].
N AT ! 1 s - ’ N
e ] One possible explahation for this apparent discongruity in findings is ‘
SR
. Ay “ . by / ) ‘
& * L%«c - that the, groups of ‘rats that ate, also appeared to explore and ;  J
- " ¢ » LY " ] ' c

. ) investigate the chamber more extensively than those groups not eating, .

C . a ) ! - y ,
‘ these animal“ be more 1ikely to discover the wate spbut. This %\
) ./

i ’ " - \ 1 A

did not appear to be related to ocom%or activity per se. For .e
. ‘ ~ . s T, ( »o
[N ) ‘ ) 1 T
o . j : ‘ y v : .\R 0
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Statistical Results for Drinking Duration Scores

Y

g;ace-eni' ©df - F B P i
. Morphine ' \
) VTASS 4,32 \‘/0.57 > 0.05 "
i Act -, 4,28 “ . 2.50 >°o.05‘ .
? PUN . . 4,28 0.41 > 0.05
. SR 36, . - .31 . ® > 0.05
PAG - L o T : 11‘.93 o > 0.05 ,
. .ngorphin' : .‘( ) , . ;
NTA . - 5,40 | .69 . N b.05 AN ‘
ACC 5,40 113" : > 0.05.
"PUN 5,45 / 1.68 - > o.os/
o SNR - 5,85 238 “ s 0.05
. ) . e > :
P"‘W ‘u-,fz:&_' ~e -~ 1.64 | - . > 0.08

[ . %

:L;ngtance sy Sybstantia nigra animals in 'particular‘ demonstrated high
o~ o

3

levels of activity 'in response to morphine yet failed to eat or drink T

*

- significantly. 'Data from longer-duration baradigms have indicated that

A

4

it up to 3 hours may elapse between dose~dependent feeding and drinking

(Sanger, 1983). In the shert observation period used in the present

13

X ‘ study, bpstprandial dﬁinking was not obsérvég. In fact, nearly all T
dginkipg took’ place prior to eating, and rats seldom ank following
féeding.‘ Although dﬁinking and g}ooming were frequently observed in ]

alternating sequences; the two behaviors were not apparently '’

1nterdgpenﬁent and each also occurred alone. . N

1
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Figure 15. Mean total feeding and drinking following unilateral
microinjections of morphine or dynorphin(1-13) into the ventral:
_tegmental area, nucleus accumbens, paraventricular nucleus of the
hypothalamus, substantia nigra - pars reticyiata, or periaqueductal
gray. Data shown are collapsed across doses: drinking was not dose- .
dependent fog either drug at any placement examinéd. The data have been
arranged to Jemonstrate the apparent linear relationship between besal
feeding and total d?inking by drug/placement group. Open bars = mean’
total feeding; diagonal stripes = totad drinking.

Abbyeviations: b, dynorphin1*13; M, morphine; P, perigqugductal

‘gray; H, paraventricular’ nucleus of the hypothalamus; S, substantia
nigra - pars reticulata; A, nucleus accumbens; V, vehtrai:tegmental‘

area. - b ' T | Y
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Figure 16. Total grooming behavior (percentage of vehicle baseline)
~ following uailaite,ral microinjections of dynorphin,_45 into the ventral
. tegmental® area, nucleus accumbens, paraventricular nucleus, substantia
\ nigra - pars reticulata, or periaqueductal gray. Vertical bars
) represent the standard error of the mean for each placement at each
dose. . ¢ ' '

y 1

Grooming | ; r
N On'ly dynorph:i.n1_13 inv thfe substantia nigra produced a signifiéapt
increase in total gf'ooming’ beha‘v‘ior [E(é,MS) = 3.02, p < ‘0'.02‘_5; ‘see
Figure \‘16].' Grooming follow’;ng' morphine in the paraventricular nucleus f
° . Jjust missed statistical S_ignlf‘icﬂance [E(M,.ZS) = 2.71, p = 0.05; see
-: Figure 1'{,].‘_ .This appeared t‘,o' arise. from an initial dose-~dependent
‘decre:\se followed by a a‘ retur;: to baselir;e grooming levels at the ' .

) highest morphine dose. Tl’.s probably a reflection both the . ) /

. »
suppression and general disorganization of behavior thgg was obsgrved
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/‘\\folldwing morphine injection into the paraventricular nucleus.
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Figure 17. Total grooming behavior (percent of vehicle baseline)
following unilateral microinjections of morphine into the ventral .
tegmental area, nucleus accumbéns, paraventriculanr nucleus of the )
hypothalamus, substdntia nigra - pars reticulata, or periaqueduétal

gray. Vertical bars represent the standard error of the mean for each

placement at each dose. é;

Regardless of cannula placéments, animals consistently groomed more

under dynorphin than morphine [ (1) = 16.026, p < 0.005]; however
Phing_q3 .

the effect of dynorphin1_13‘op grooming was significant and dose- ~

dependent only in the subStantia nigra.

.
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Other Behaviors

A number of behaviors that were observed during.the test sessions’ o
were not quantified. In both the ventral tegmental area and substantia
nigra morphine produced high levels of activity that appeared to be

expressed as contralateral circliﬁé. This was particularly apparent at’

w

the two higher doses of morphine in substantia nigra rats. Circling by

[

these animals was quite tight and was c9nfined mainly to one quadrant'of

the test chémber. In addition, notes‘made during the test sessions

indicate that substantia nigra animals responded to ﬁigher doses of

morphdne with jerky, rapid movements. Morphine in the paraventricﬁlar : 2 iy
nucleus élso produced behavioral disturbances. At intermediate morphine
doses, general behayior was suppressed. The animals appeared to be

alert, however, and the effecﬁ.could not be described as sedative. At

A

ey
30 nmoles morphine, parav§§tricular nucleus animals exhibited a I

discontinuous, stop-start/pattern of activity in{Shich behaviors such as

A d
grooming or forward locomotion were repeatedly initiated but were not

completed. Rats with placements in the nucleus accumbens were generally
)
active during the sessions inqresponse to both drugs. Frequently, at

approximately 20 minutes after the sessions were over, however, nucleus

»

accumbens animals appeared to be profoundly sedated folloﬁiné high

S

doses. This was most noticeable followihg sessions when morphine was

used. Periaqueductal gray raﬂ% were generally less active than the
»
other groups, but pronounced sedation was not evident at any dgse of

either drug. -

~

The pretest habituation period that preceded drug delivery for each
2
session was originally intended to minimize handling and novelty

effects. For other reasonsﬂthis was an especially important procedure

for nucleus accumbens and substantia nigra animals. The mechdnica;

,'\ '
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disturbance produced by lowering the injection cannula elicited

L
pronounced contralateral cirecling iq_both groups. Circling bg

substantia n&gra rats was noticeably confined to a small area of the

chamber. The turning pattern of nucleudaccumbens rats was wider and
tended:to follow the perimeter of tﬁe chamber. The S5-minute habituation
period provided sufficient time for this effect to subside completely.

An interesting observation was the appaéent selectivity of food
that ve;tral tegmental animals displayedtin response to ;;norpﬁin1_13
but not to morphine. When.injected with dynorphin1;13, ventral

tegmental area rats tended to select a single pellet, frequentiy digging

‘among the food to optain it. The rat seemed always to return to eat

only from that pellet regardless of the number of feedin® bouts during
the gession. In addition, when feeding‘consisted of more than one bout“
the iﬁitial bout duratiéns during these sessions were typically
extremely brief and preceded a single, long feeding bout that was not

followed by further eating. With the exception of this group, all

" eaters (including the same ventral tegmental area rats when they

received morphine)} showing multiple feeding bout® ate from a number of
different pellets in the test c%?mber, and bouts within a session lasted

for approximately equivalent time periods.
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GENERAL DISCHSSION
Unilateral microinjections of dynorphin1_13 or morphine into the

ventral tegmental area consistently elicited dose-depe;dent feeding in

food satiated rats. This was represented by linear increaseé inntotal

feeding durations, mean feeding bout durétions, and the percentage of ‘
~animals eating at each dosé. Feeding in gesponse,to‘dynorphin1_13 in

the ventral tegmental are% was more robust than to morphine and to

either dynorphin1_13 or morphine in any other brain region examined. A

ﬁajor role is implicated for naturally occurring dynorphin in the

ventra} tegmental area in opioid-mediated feeding behavior.

, Dynorph 1-13 in\the ventral tegmental area was 50,000 times more
eI™iting feeding. The EDgg's -- the doses af
required to produce eating in 50% of the ?nimals -- were 40
femtomoles for dynor'phin1_13 and 2 nanomoles for morphine. This
difference in po ncx‘is compatible with the relative bindiné-affinitiesl

of dynorphin1_13 and morphine at kappa receptcors (James & Goldstein,
’

1984). -

. A dose of at 30 piccmoles dynorphin1_13 in the ventral tegmental
/

. e ;
Qrea or the substantia nigra induced an apparent sedation. Cannulae in
[ 4

the ventral tegmental area were angled in an attempt to avoid possible
diffusion of drug to the periaqueductal gray, located immediately‘'dorsal

to the ventral tegmental area and strongly associated with sedation and

4
analgesia. This procedure failed to eliminate the sedative effect,

however, suggesting that the attenuation of feeding behavior in these

animals at higher dynorphin1_q3 levels may be mediated within the

target site.

Neither drinkiﬁg nor grooming behavior showed a dose-dependent

response to microinjections of either morphine or\d;;;;BHTHT:33'in the ‘
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microinjected into the nucleus accumbens of -satiated rats. Dose

ventral tegmental area. Although these animals exhibited drinking for

. longer periods than rats in any other placement group, tﬁis is believed

to reflect factors that were not quantified in the present Study.
BBth dynorphin1_13 and morphine also produced dose-dependent

feeding, butlnot drinking or grodming, when either ligand was

requirements for both drugs in the nucleus accumbens to elicit feeding
were in the same range as in the ventral tegmental area. The potency
ratio between the effective doses of dynorphin1_13 and morphine in
producing feeding was consistent with the ventral tegmental area
findings. Similar'to results in ventral tegmental area rats, the
quénfal,doseéresponse functions for dynor'phin1_13 and mcrphine in the
nucleu§ accumbens were apparently parallel. The reductions in the
percentagg of f;eders at the highest dose of each dgug inithe nucleus
accumbens also appeared to be parallel. These observations are
consistent witp the proposal that feeding behavior elicited by both
drugs in this region wés probably mediated by the same receptor tybe.

Differences emerged in a cross-comﬁarison of the relative
magnitudes of feediné duration résppnses between drugs and brain
regions. Dynorphin1_i3-elicited feeding was markedly greagér in ventral
teémental area rats in comparison to nucleus accumbens animals. Feeding
produced by morphine in gLe nucleus accumbens, however, was not
significantly differeﬁt from that og;erved following\morphing in the
vent;al'teémental area or dynorphin1_13 in the nucleus accumbens. 1

In the nucleus accumbens, dynorphin1_}3 and morphine also
differentially influenced the patterns of feeding behavior. Among rats

classified at each dose as "eaters," morphine in the nucleus accumbens

increased the mean durations but not the frequency of feeding bouts,

79 R v_. o



the expression of the behavior of interest. 1In the ventral tegmental

whereas dynorphin1_13 ;n this region‘iﬁcﬁéésed th; frequency but not the
mean'dqpations of feeding bouts. In cont;ast to ventral tegmental area
rats, morphine failed to el&sit feeding among 100% of nucleus accumbens
animals at any dose: In Epe,same rats however; 0.1 pmoles dynPrphin1_13
produced 100%.feeders,

D}norphin1_13 but not morphine elicited dose—dépendent feeding
among ratg»with cannulae in the paraventricular nucleus or the
substantia nigra. The maximum percentages of "eaters" in each of these
groups was 70% and 60%, respectively. 1In substantia nigra rats
dynorphin1_{3 also produced dose-dependent grooming, consistent with
findings in other laboratories following intracerebroventricular
injection of this peptide (Katz, 1980; Morley & Levine, 1981; Walker‘et
al., 1980). Morphine in the péraventricular«nucleus produced behavioral
disruption. Drinking behavior was-not elicited by opioid injection into

apy brain site examined. Neither drug in the periaqueductal gray area

elicited feeding.

Opioid Receptors and Behavior
Taken together, the findings of this investigation suggest that
~ C
feeding Behavior following opioid microinjection into the ventra¥
tegmental area, the nucleus accumbens, thé paraventricular nuclegs of
tyebhypothalamus, and the substantia nigra - pars reticulata is probably
mediaéed by an opioid agonist action at kappa receptors. Simultaneous

activatiop of mu and possibly delta receptors at the same brain site, as

would be expected with mérphine, may produce effects that compete with

area and the nucleus accumbéns the behavioral effect of morphine on non-
. v !
kappa reckptors appears to be‘fssentgglly compatible with feeding.

Conceivably the extent of behavioral interference by a ligand active at

P | | 60 ‘ S e
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more than one recepto; type at any given injection site in tissue
depends upon three major factors. The compatibility éf behaviors
affected, the pharmacological potencies of the ligand at each receptor
type, and the relative importancer of the different opioid systems that.
are ;ctivated at the injection site in eliciting different behaviors
e;ch contributes to the net behavioral expression. K
The possibility of competing behavio;s mediated by different .
opioids at a single brain site was‘even more strongly apparent'among
anim%}s with cannulae in the substant{a nigra and the.paraygntricular
nucleus. Feeding responses occurred only in response to dyno}pn1n1_13, ¢
and responses were of significantly briefer total durations than among \\‘ -
ventral tegmental area rats. Fewer than 100% of substantia nigra or
paraventricular .nucleus animals qualified as feeders at any dose of
dynorphin1_13; 'In the substantia nigra dynorphin1_13 produced a "
significant increase in grooming. ﬁgrphine in this region also
increased grooming, buﬁ an apparent dose-related effect at the t;o lower S
déses was not observed at higher doses. These rats showed markedly
enhanced locomotor activity in response to morphine but not to

dynorphin1_13. Presumably this behavior interfered with grooming at 10 .
y

and 30 nmoles morphine. It ié almost certainhthat the observed feeding
and grooming on one hand, and locomotioﬁ on the other, were mediated by
different opioid reéeptgrs. Moreover, it appears that if both or all
opioid receptor types in the substanQia Aigra - pars reticulata are | ‘ ;.
activated at the same time, @otor hctivity,‘which was enhanced by mu
and/or delya.but not kappa activation, predominates. The true , -
behavioral significance of the 'high concentr;tionﬁ of endogenous
dynorphin in~th;s regicdn reméins undetermined.- A major role for this

system in feeding behavior is unlikely. . ’ .;
) . :
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As demonstrated in Experiment l, dynorphin1_13 but not morphine
el;ci@ed a small dose-dependent feeding response amdng paraventricular
nucleus rats. In contrast, morphine in the paraventricular nucleus
produced what appeared to be erratic, disorganized, and disconiinuous
behavior. Aqtivities such as grooming and forward locomotion were
typically initiated but were not completed. The;e effects may have been
associated with the involvement of opiolds in the paraventricula;,'
nucleus in the stress response (Kiritsy-Roy et al., 1987; Luiten, ter
Horst; & Steffen, 1987; Randich & Callahan, 1987), which appears to be
independent of dynorphiq fn this regi?nz‘ Although endogenous dynorphin
in the paraventricular nucleus,may contribute to feeding behavior, the
) weay response to dynorphin1_13 microinjection suggests that this effect

4

is relatively unimportant when compared to areas such as the ventral

A .

tegﬁental area, When mu receptqrs are,activaéed in the paravengricular )
nucleus and the subsﬁaﬁtia nigra -~ pa;s reticulata, ;he immediate
behavioral effect is not compatible with feeding as mu-mediated behavior
appears to be in the ventral :egmeytal area and nucleus accumbens.

The substantia nigra and parqventﬁﬂcuiér nucleus each show both
dense kappa receptor binding and intense dynorphin £Bﬁﬁﬁ35§:orescence
(Cone et al., 1983; Lynch et al., 1985; Mansour et al., 1986; Vincent et
al., 1982a, 198?b). The paradigm employed in the present investigation
was not sensitive Fo tpe principal behaviors that may be_med;ated by
tﬁege dynérphin systems, despite the constant observation inhérent in

.the ggsgs. It is possible that endogenous dynorphin in pé?h thés?
regions serves a ?odulatory funétion that may be’detected only byiusing
"additional strmacélogical manipulations in concert Qitp dynorppin

microinjection. Alternatively, envirphmental stimuli other than those

present during fhe feeding tests, may be required for the robust

4



P dTMEAL T M | RREEREIRITA
. {

w -

expression of behaviors mediated by dyno}phin'in the substantia nigra

or paraventricular nucleus of the hypothalamus. .

4

Hypothalamic Mu/Delta Agonists and Feeding

Thg endogenous opioid peptide bet;:;;:;;zgzﬁ actﬁ/;; mu and delta
recéptdrs,.and it is found in hypothalamic nuclei; In the pr7ben£
study, morphine microinjected into the.paraventriculaf nuc1e9§ produced -
béhavioral effects that were inconsistent with feeding. The observation
'that beta-endorphig levels in the hypothalamus were reduceq as a
function of either food deprivation (Gambert, Garthwaite,/Pontzer, &
ﬁégen, 803 Vas:;ni & Tejwani, 1986) or stress (Millan,/Przewlocki,M
Jer%icz, Gramsch, Hollt,\R Herz, 1981) "led to the assumgéion that beta-

endorphin utilization in this region eontribute§ to deprivation- and

stress-elicited enhancemen: of feedihg: In further support of thié
notion was the‘finding that among non-deprived rats given highly
palatable food, hypothalamic bools of beta-endorph;q~3§;e mobifiied
Quring'feeding (Dum, Gramsch, & Herz, 1983). ‘It was sugges&eé that

. hypé;hélamic beta-ehdorphin facilitates féedipg by enhancing thé reward
value of the fdéd.d These latté; data would have been more convincing
had.thg contro} rats eaten,@gg ordinary lab ghow that was presented to
them, and if a difference in beta-engorpgin levels had then béen found.

The control rats failed to eat at all however, leavihg unchallenged the

possibility that beta-endorphin release may occur during all feeding

independené of the strength of reward associated with the food. If this
is tfue, another function for.hypothalamic beta~endorphin in féeding is
implied. The efﬂcc£ of ﬁorphine in the paraventricular nucleus in the
present study suggests that beta-endorphin in this region probably does _
not prodyce feeding, and that data purporting to support such feeding

may have been misinterpreted.
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Genetically obese (fa/fa) Zucker rats show elevated pitu;tary
levels of beta-endorphin relative to their lean littermates; this~was
believed ts contribute to the hyperphagia typical of the fa/fa strain
(Margui;s, Moisset, Lewis, Shibuya, & Pert, 1978). Administration of
Eeta-endorphin and other putétive,mu-agonists in@o the paraventricular

. . » o

nucleus was reported to produce feeding.in food-satiated rats (Leibowitz

& Hor, 1982; McLeéh\ENHoebel, 1983; Woods & Leibowitz,‘*QBS). Lesions

by 6-hydrnxydop§mine of dopamine-containing neurons in the ventral
tegment;} drea Pesulted in elevated levels. of both hypothalamic and.'
pitui&ary beta-endorphi) in lean Zucker rats, but food inpake and body
weight were not affected (Deutch & Mar‘b’c_in, 1983).QI£ was suggestgd that
beta-endorphihrlevéls in these regions are probably regulated by o N
mesolimbic AOpaminé, but khat increases in these levels do~not . o 4
, \ dontripu&g tq’elevations in feeding (Deutch & Martin, 1983). The |
authors speculated that mesenéephalib d:pamine may function permisé&vely
in beta-endorphin release in r:spbnse to environmental stimuli. Under @
tﬁis hypothesis, the elevated concentrations of this ligand folloﬁing
dopamine lesigns would reflect~an.aecumulati6n of peptide~due to
) agte:uated reléasﬁ'rather than enhéncgd release and synthesis as appears
to mave been ;ssdmed by othgriinvéstigators. o . X ' -
These results couﬁled Qith fin&iﬁ;s of an extenaed'latency to o
initiate feeding following hypothélami; adﬁinié%iation of putative mu
agonists (Grandison & Guidottii 1977;;Leibowit% & Hor, 1982; McLean &
=< Hoebel, *1983; Tepperman, Hirst, & Gowdey, 1581a) suggest thd§; . %%;5 . | L

. hypothalamic beta-endorphin may bégulatezreeding by an inhibitory and

e
o

not a’'permissive function. This may explain the failure.of morphine in .
the present investigation to elicit feeding from the paraventricular

nucleus. If mu or d%lta agonists iphibit’feeding then it is possiblg
} ’L: .
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~ ta5{2the genetically obese Zucker rat is relatively L?sensitive'to the ‘
regional inhibitory effect of beta-endorphin. Rats with 6~ : ‘
hydroxydopamine lesions may develop a supersensitive response to

‘%

remaining beta-endorphin release, so that total food intake rem&ins

. P

unchanged. At the same time; genétically obese animals and the rats

made obese by dietary manipulations were reported to be more sensitive
; i

%
than their liap conspecifics to the feeding-attenuating effects of

'opioid antagon;;tsﬁéCoope? et al. 1985b; Margules et al., 1978).. In vi;w 0
of these observations and the findingg-of the present investigation, it
. is suggeste& that a comparatively less efficient ingestive regulatory
+ system combined with perhaps normal %gfivf‘y of endogenous opjoids such
‘ as dynorphin in other brain‘regibnsiﬁrobably contributes iﬁportantly to
the hyperph%gia characteristic of obese rats.

o

4ypothalamic Mu-Agonists and Stress-Induced Feedigg

Bbth hypothalamic ﬂdrépinephrine (Anisman & Sklar, 1979) and beta-
endorphin (Milianiet al.,- 1981). are released during stress. Enhanced

©

norepinephrine relbas;?in the paraventricular nucf;us leads to a
eombined hyperglycemnia and hyperinsulinemia, repor;edly indicative of
adrenal epinephrine relégse and consistent with the autonomic response
to stress (Luiten et al., 1987). In unstressed, freely moving animals,

o C . the mu obioid agonist Tyr-D-Ala-MePhe-Gly-0l1l (DAGO: Kosterlitz &

~ , . Paterson, 1980) in the paravegtricular nucleus~elicits a number of -

Q‘Q% autoéomic responséé, including tacﬁycardia, ghat are typical of a ’

e sygpagpetic fesponse to stress. Strangely.hqwev%r, at the highest dose
the effect on cardiac rate was reverséd. Among stréssed animals, DAG@
microinje-ted into the paraventricglar nucleus was found to7attenuate . .

, ) ) \

thé increase in heart rate, and locally administered naloxone

exacerbated stress-induced increases.in plasma epinephrine content. The

o
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" time ‘tourse of the recovery of peripheral measures to baseline levels

‘ after DAGO injection into the paraventricular nuoieus &(Kir;tsy-ﬂoy et
Ll n .
i . al., 1985) is consistent with the latency to feed following
~ , . ,
—— administration of morphine or beta-endorphin into this region (Leibowitz

AN

& gor! 1982; Woods ; Leibowitz, 1985). Apparently the increase in
paraventricular nucleus norepinephrine in response to stress may be
- modulated locally by beta-endorphin, Under non-stressfgl conditions
hen norepinephrine releaéé is not markedly e€nhanced however, beta-

endorphin administration seems to be capable of eliciting some of the
' . - 1

autofiomic effects typical of a stress response.

3

A bossible beta-endorphin~-norepinephrine interaction in the

pargventricular nucleus haé’hqpn proposed in relation to the influence

LA el
of this structure'on feeding. A long delay typicall follows opioid v
h‘ N
injection before feeding is initiated (90 minutes for hirie, Woods & ; >

Leibowitz, 1985; 45 minutes for DALA, McLean & Hoebel, 1983; > 60
minufes for B-endorphin, Leibowitz & Hor, 1982). In response to local
norepinephrine administration however, feeding began 1 to 2 minutes
-~ after {gjection (Leibowitz & Hor, 1982), suggesting that norepihephrine
in the paraventricular nucleus may be directly involved in feeding. i
Naloxone blocked beta-endorphin- but not norepinephrine-produced eating.
} In contrast, the alpha—édrengrgic antagonist, phentolamine, blocked both
{ beta-endorphin- aqé norepinephrine-elicited feeding ?Leibowitz & Hor,
1982; Teppérman et al., 1981). 1In tﬁe former study, beta-endorphin-
éliéited féeding apparently“took place during the second hour  of testing
and did not persist befﬁnd this period. However,‘if noreﬁinéphrine was
e injected within 5 minutes- after beta-endorphin 'the effect on fe:aing was

additive. Presumably the norepinephrine treatment bypassed the delay of -

feeding seen with beta-endorphin alone, so that eating a;so'occﬁrred
\ .

-
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during the first hour. If norepinephrine was injected 2 hours after
beta-endorphin the effect on feeding during the second 2-hour period wgs‘

not additive (Leibowitz & Hor, 1982). The authors suggested that beta-

& v

endorphin and norepinephrine in the paraventricular nucleus may be .
related, but that the effects on feeding of these neurochemical systems . \j)

appear to be independent. An alternative interpretation is that% '

norepinephrine alone in the-paraventricUlar nucleus produces feeéing and

a

beta-endorphin suppresses porepinephrine release. When this influence
‘subsides following high dose administfation of beta-éndofphin,
norepinephrine may be released in a rebound fashion, producing feeding.
‘A similar effect was observed in the ventromedial nucleus of the
hypothalamus (Tepperman et al., 1981a), and norepinébhrine modulation of

feeding at the level of the ventromedial nucleus of the hypothalamus was

proposed by the investigators.

!

Effergnts from the paraventricular nucleus project to most
l .

hypothalamic areas, and to sympathetic and parasympathetic nueclei, as
well as to the median eminence and midbrain aneas including the
periaqueductal gray, ventral tegmental area, and several raphe and

\ \,‘ .
parabrachial nuclei. Luiten et al. (1987) suggeste e longer
efferents rather than the 1ntrahypothalamic connections are responsible

for the effect of paravent}icular nucleus mechanisms on feeding. Both
\

the autonomic §tress'bespodse and the effect of paraventricular nucleus

-

' .efferents on pituitary endocrine systems were proposed to participate in

paraventr&cular nucleus-associated féeding. The influence of opioids in
. 7 ’

the paraventricular nucleus on feeding may be functionally separate from

the er'fects on this behavior of opioids in the ventral tegmental area or
the nucleus accumbens. :

Animals~eat in response to bhgr@gcological manipulations in

I - v 87
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h&pothqlamie argaé such as the paraventricular -nucleus. Food
‘deprivation is conéidered st;essful, ?nd prodyces some of the .
neurochemical alterations concomitant with stress. Possibly
hypdthalamic mechanisms regulate feeding by mediating st;ess-related
peurochemical conditions including those associated with food o

’ ‘_ﬁéﬁrivatioﬁ, whereas thg rewarding»gfgifsgémical aspec%s of feeding may
occur at other levels inqluding the vegtral\tegmental area and nucleus’
accumbens. | "

Methodological Considerations in CNS Studies of Behavior

N Gradual beta-endorphin release dufing feeding may act not to

. facildtate ingestion as suggesteq by Dum et al. (1983), but rather to

attenuate feeding over t}me. A 28% decregse in 3H-etorphine binding in -
hypothalamus followihg'zo minutes of eaping an apparently highly .
p;latable chocolate-covered candy was believed to represent .bound

¢ 2ndogenous beta-endorphin that had been releaged during eating. The .
correspohding reduction of éndoéénous gypothalamic beta-endorphin leveis
was.reported to be appﬁoximately!fo to” 12 femtomoles per mg of tissue
(Dum et al:, 1983). The dose of beta-endorphin used in the
paraventricular nucleus to pro@uce feeding in rats was 1 Amole

(Leibowitz & Hor, 1982). If we assume that the injected drug may have

directly reached 10 mg tissue in the paraventricular nucleus (total ex-

cortical brain weight in the a?ult gat isjapproximately 335 mg: Will,

Rosenzwelg, Bennett, Hebert, & Morimoto, .577)’ this represents a factor

6} 84300 to 10,000 times the endogenously released peptide. In addition,.

‘ . it should be no}ed that the release of end;éenous beta-endorphin took

\ i place over a period of 20 minutes during feeding (Dum et al.; 1983)
whereas the period of drug delivery, although’ﬁat‘reported (Leibowitz &

Hor, 1982), can be presumed to have been typical of most intracranial

4
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drug' studies at‘apprbximately 30 to 60 seconds. ‘It would be expected'
that if one of the primary functions of” beta-endorphin in the
paraventricular nucleus 18 the inhibition of norepinephrine, -the effect

NPT

.-on spontaneous noradrenergie activity of an acute inJection of beta-

¢
\ .

endorphin would be- quite abrupt. Moreover,(given the quantitative

- differences between endogenous release and exogenous administration plus )

‘the reported extremely high potEncy'and.slow dissociation rate‘of bound

~beta-endorphin (Akil, Hewlett, Barchas, & Li,:19§6), a concentration of

1 nmole could reasonably be considered excessive. Finally, the long s
latency to feeding and the antagonism of eventual beta-endorphin— ’

~ elicited eating\by phentolamine suggest that_this behavioral response
cannot be direotly attributed(to'the aetion;of mu-agdnistic.opioids in

,the paraventrioular‘nueleus. Instead, the abrupt suppression of

spontaneous nbrepinephrine neurotransmission by betaJendorphin-may be

L -
¢

followed by a rebound release of norepinephrine that is responsible for

the observed feeding behavior. ' . ~ ‘ ‘ ‘ ‘ l
Tepperman and Hirst-(1982) concluded that the effect of : morphine in

vhe ventromedial hucleus of the hypothalamus on ‘feeding was mediated by

-mu receptors. This was‘by virtue of a comparison of single, equimolar

‘ doses of ‘the putative mu agonists levorphanol and morphine, the putative L

:‘kappa agonist ketocyclazocine, and phencyclidine.which binds to kappa

and'the proposed sigma reoeptors.“ Overlooked was'the fact that
ketocyclazooine ahd its analog ethylketocjclazocine bind to kappa
reoeptors with nearly as high affinity as dynorphin and with about 2,500
”times higher affinity than morphine (see Goldstein, 1984). Although
binding affinity alone canhot be used as an index of pharmabological
potency of a ligand (Goldstein & Japes, 1984), it can in the absence of

[ ‘e
other information provide an indication of the range of doses that may

I3 . L
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be likely to produce a behavioral effect. The ketocyclazocine-treated o

animals iq Tepperman and Hirft's (1982) study exhibited behavioral . ' ot
'depreséiop and sleeping at the single 5;3 nmoles ébse./ Rats receiving ‘
' morphine also showed behavioral depression but'réeoverea afﬁer)30 to‘60
minutes. Lower drug concentrations apparentlx were not congiQered.
Eveﬁ in gpudies where a Broaa range of drug_doses has been employed for
intracerebral injection, however (Leibowitz & Hor;'1982),-in the |
effective dose range fgeding occur}ed only after long delays during
which locomotor behavior was depressed. This suggests that feeding ~
cou}d not be directly attributed to drug activation of opioid receptors
" aé the injection £aréet‘site. The prévious éection on stress-induced
ffeeding attgmpted to explain why this behavior'may have followed the
‘administration of high doses of mu and delta agonists. On th; other
hand, Tepperman and Hirst (1982) maylhave missed a possiblg képpa
B agoﬂist-ﬁediated enhancement of feéding by using equimolar doses of all
- drugs Qna-thérefore overdosing the animals.
'A particularly dramatic demonstration of the potentially misleading

»
effepts of overddsing was the induction of motor dysfunétion, including

hindlimb paréi&sié, following intrathecal administration of 3 to 20

nmoles'dydgpphin'in rats (Stevéns, Weinger, & Yaksh, 1987; Stevens &

' ) Yaksh, 1986). Tﬁe apparent anélgei}a fprmerly attr{buted to kappa

T~ mechanisma in the spinal cord was observed only at the doses that
impaired motor function. This effect was not opioid-mediated, as

" demonstrated by similar\rpsponses‘to 30 nmoles des-Tyr-dynorphin and the
failure of‘ab'ﬁé 100 nméles of the kappa agonist U50,488H t? induce a

comparéble inhibition of‘motor function. Morphometric analysis revealed

3

damage to ventral horn interneurons (Caudle & Isaac, 1986; "Stevens et

-

al., 1987). The dynorphin doses used by these authors were at least

' . 90
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10,000 to 200, 000 times higher:than.the peak- doses producing feeding in /
‘ M - T - . /

“the present investigation. Recall that geeding in .the present study wa

\

.attenuated when,the highest .dose of’ dynorphin1 13 was increased by a
factor of 10. Klthough Stevens and colleagues may be correct in /(’
assumhpg that dynorphin in the spinal'cord does not mediate analges a,
it is inappropriate to assume that the. function of endogenods dyn rphip
in the spinal cord is to produce motor dysfunction, or that it s'no ;
purpose. First of all, as demonstrated by Stevens and colleag es, the
doses used were excessive and prcduced non-opioid'mediated de ilitation .

and cell damage. Clearly, the antinociception paradigm was /not . .

sensitive to the effects.of intrathecally delivered dynorp in. In

addition, this mode of administration may produce compet tive effects,

particularly if a ligand or its metabolites are biolog call&{active at V
more than one site.- A further illustration of these’ ssertions can be“
derived from the observation by Gosnell Levine, an Morley (1986) that .
intracerebroventricular administration of nanomol concentrations\of

opioid ligands including dynorphin eventually el cited feeding, but

death of one rat within an hour of injecti The femtomolar doses used'
t B . \‘ :‘
in the current evaluation effectively pr ed feeding that was not .

masked ty unidentified, perhaps nonspé fic effects that may‘have

" oceurred at only slightly higher doseé - "

-

0 .
‘The present study found that d norphin1 13 but not morphine . "

a short time-following microinj ctipn. This demonstrated first that ',
the behavxoral effects of kappé vs. mu and perhaps delta agonists in

these brain'negions are prahably incompatible and second, that mu and
;‘.‘ “' ’ / 91 “\ .' n,
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delta agonists in this region may not be directly involved in the
enhancement of feeding. These results further support the proposition
that long duration paradigms, coupled with high concenératione of

ligands injected directly into brain tissue, may lead to misoonceptions

about the processes contributing to the ultimate behavioral findings.

It is proposed that as techniques in behavioral pharmacology become

more sophisticated and specific (for example; the analysis of the

\

effects on'behavior,of pharmacological\manipulations limited to a

-

narrowly circumsecribed target area in brain tissue), the parameters of

. the' behavioral tests must also change. New considerations are required,

including an understanding of the ligand binding and pharmacological
profiles that contribute to determining the appropriate dose range and

oharacteristic duration of- action in nervous tissue for each drug used.

.Preferably widedeSe ranges, expresséd in molar concentrations for

'1nterligandtccmparison purposes, should be included. Single-dose

studies'of'figands and eduimolan dose appnoaches to ligand comparisons

v

are inappropriate for the generation of meaningful behavioral data !

following intracranial mieroinjection of ligands.
In all probability the nature of behavioral paradigms will also

require reevaluation. Specifically, it is recommended that examination

}“.

" of the behavioral effects of drug microinjection intc brain tissue focus

on the short term effects of ‘the treatment. A behavior that emerges

only an houp or longer following injection into a specific brain‘region

1
.

"is less likely to represent a direct response to the drug. It'is

further’ suggested that’ contemporary intracranial injection studies,

"

’properly conducted, will challenge some ‘and verify other findings of

earlier investigations carried out- using behavioral measures that are

appropriate mainly wnen drug administ}ation is systemic. From'this
N . i . . ? : , Yy
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‘' perspective, it appears that the observattons.in Experiments 1 aﬁd )

(i.e., that morphine in the vehtral tegmen;él'areé elicited dose-

- dependent feeding within 15'minﬁtes of injéction) validated the findings

. —gf Ekperiment 2 (i.e.} tpat porphine in the ventral tegmental area

-
i

produced a dose-dependent’ increase in the quantity"ot food consumed),

and not the reverse.

Opioid Reward and Feeding Behavior

-

The Dopamine Connection

t

The apparent enhancement of locométor activity produced by morphine
in the.vent}al tégmental area or substantia nigra was consisteﬁt with
the findings of other 1aboratorie$ (ﬁroekkamp et al., 1979; Joyce &1
Iversen, 1979; Kalivas, Taylor,.& Miller, 1985; Kelley, Stinus, &
Iversen, 1980; Vezina, Kalivas, & Stewart, 1987; seerreview by Iwamoto &
Way, 1979). This behavior was typical“of increased QOpaminergie‘
neurotransmission in either the nucleus accumbens (Brudzynski &
Mogenson, 1985; Castall, Domeney, & Naylor, 1§8H; Pijnenburg & Van
Rossum, 1973; Pijpengpég et al., 1976) or striatum (Helmeste, 1983;
Kelley, Seviour, & Iversen, 1975; Pert & Sivit, 1976), respe;tively.

The well-documented modulation of central dopamine systems by

opioids reflects and supports an opioid/dopamine interaction in the

expression of locomotor behavior. A similar implication that megolimbic
opioid/dopamingﬁigteractions may contribyte substantially to the
function of central(reward processes (Bozarth, 1987b;_DiChiéré,

'Imperato, & Mulas, 1987;‘Wise & Bozarth, 1984, 1987), and potentially to
naturally rewarding behavior suc¢h as’feeding, is an important
consideration from the perspective of thé present investigation.

Putative kappa and mu agonists have different effects on dopamine

transmission and metabolism, however. Observations in the present study

N
)
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are in agreement with the proposal that opioid— %icited feeding appears

" to be mediated primarily through kappa receptors. Potentially different

yet compatible roles may be implicated for mesolimbic dopamine and _

dynorphin in naturally rewdrding behavior. ‘ \

Physiological Effects of Opioids on Dopamine Systems

The neurochemical effects of opioids on nigrostriatal dopamine

function have been the most widely studied. In most but not all

respects the fdndingé of these investigations may serve as a model for
opioid modulation of &éntral tegmental area--nucleus accﬂmbdns dopanine
neurons. Systémic (Wood, Sanschagrin, Richard, & Thakur, 1983; Wood,
Stotland, Richard, & Rackham, 1980), idtrastriatal, and intranigral
(Wood & ﬁichard, 1982) morphine administration produced increases in
striatal dopamine'metabolism as measured by levels of the major dopémine
meétabolites 3,N—dihyd}okybhenylacetic acid and homovanillic acid, but.
not in neostriatal dopamine release as determined by levels of 3-
methoxytyrdmine (see Westerink,.g978; Wood, Kim, & Mafien! 19873 Wood,
Nair, & Bozarth, 1982). 1In addition, intranigral'morphine reduced

¥
levels of 3-methoxytyramine, suggesting an inhibition of spontaneous

nigrostriatal dopamine release (Wood & Richard, 1982). Co-ordinates for
these injections (Konig & Klippel, 1963) indicated that morphine may

have acted directly on dopamine cell bodies in the substantia nigra -

pars compacta (Lindvall & Bjorklund, 1978). In contrast, the locomotor

activity observed following morphine microinjection into the substantia
nigra - pars reticulata in the present investigation, attributed to
striatal dopamine release (Pert & Sivit, 1976) may have resulted fron

net 'disinhibition of dopamine neurons in the compacta by opiold action

at inhibitory interneurons in the reticulata. Different peptidé

distributions (Watson et al., 1982) and opioid receptor binding profiles

1
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(Mansour et al., 1987) iﬂ‘thesq two reg}dng support this possibility. %,
The effects of systemic opioid; oﬂ~nigrohtfiata1.dopamine céll fir}né }
‘probably take place at several levels. These couldiinclude a
fgcilitator;m?hfluence in the substantia nigra pars yeticulata, an

a

iﬁhibitory influence in the substgptia nigra pars compacta, énd possibly
a ﬁsdulatory 1nf1uencelat presynapti;“QOpamine terminals (Murrin, Coyle,
b& Kuhar, 1980; Pollard et al., 1977b; Pollard, Llorens, Schwartz, Gros,
& Dray? 1978) and even at postSynaptic‘siteS‘(Antkiéwicz-Miqhaluk,
Havemann, Vetulani, Wellstei', & Kuschinsky, 19843 Murrin et al., 1980).

Recent evidence indicates that the effect of systemic morplLine on
R . ~

-

mesocortical doaPmine pﬁojections is similar to that on,nigrostriatgl
dopamine function (Kim, Iyengar, & Wood, 1986). '

In partial conﬁrast to its éffeots on’striatal and cortical
SOpamine, systemic.morphine administrati&h increased not only the
metabolism but also the relea;e of ddpamin? in the nucleus accumbens
(Westerink, 1978; Wood, '1982, 1983). ‘Similarly, morphine or DAGO
injections into the vgnfrai tegmental area. were reported tg.increase
dopamine release in the nucleus accumbens (Kalivas, 1985; Kalivas &
Richardson-Carlson, 1986; Latimer, Duffy, & Kalivas, 1987), consistent
with the effects of this treatment on locomotor activity (Kalivas,
Widerlov, Stanley, Breese, & Prange, 1983). ,Mu receptors in the ventral
tegmental area were found to be located primarily on interneurons (Dilts
& Kalivas, 1987). Given the enhancement by morphine and enkephalin
analoéues of dopamin; function and dopamine-associaped behavior, it gan
be presumed that these interneurons are inhibitory and that mu and delta
opioid.agonisis in the ventral tegmental area produce a net

disinhibition of DA neurons in this region.

The significance of the foregoing to this discussion is that this
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body of evidence is consistent with the concept of dopaminergic

modulation of locomotor behavior and of opioid effects on dopamine

. function. Studies of the ventral tegmental area--nucleus accumbens

- dopamine projection in particular have also yielded convincing evidence

in favour of its. critical participation in central reward processes.

.The ability of opioids to activate this system strongly implicates an

opioid-ﬁopamine interaction at the level of the ventral tegmental area

\

and the ensuing enhancement of dopamine release in.the nucleus accumbens

in both opioid and dopamine-mediated reward and in feeding.

L

Opioids, Dopamine, and Reward. §

~ 3
A relatioﬁship between opioid-related feeding and reward Lasg

further supported by findings that food deprivatipn increased responding

\ .
for %ateral hypothalamic rewarding stimulation in a mannev/aependent on

"the period of deprivation (Carey, Goodall, & Lorens, 1975). Naloxone

not only reversed the reduction in frequencj thresholds for lateral

hypothalamic stimulation by food deprivation, but it further increased
&

thresholds compared to both normal and food deprived rats ‘(Carr & Simon,
1983a). In addition, intra-agcumbens -amphetamine was reported to elicit
feeding in food-satiated rats (Evans & Vaccarino, 1986).

Electrical stimulation of the lateral hyﬁathalamus produces feeding
\ R .
in some rats. All rats responsive to stimulation-induced feeding will
h \
also perform operant responses for brain stimulation reward (BSR);

Pl

however not all BSR rats feed in response to lateral hypothalamic

[y

stimulation (Roberts, 1980). Ventral tegmental area--nucleus accumbens

dopamine has long been considered a common substrate for both phenomena.
&

BSR of lateral hypothalamic fibers produced a reduction in dopamine
content in the nucleus accumbens (Bozarth, 1987b), suggesting enhanced

dopamine utilization. Administered alone, systemic morphine or
I . .
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An important réle for nucleus accumbags dopamine in both‘lateral
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amphetamine each reduced stimulation thresholds for BSR. Administered . . .
éoncurrently these drugs produced an additive effed in decreasing
thresholds (Hubner, Bain, & Kornetsky, 1987) suggesting an opioid- {k

— o i

dopamine interaction in BSR. Systemic naloxone reversed the reduction -
i g

in stimulation threshold by amphetamine (Esposito, Perry, & Kornetsky,

1980). Morphine in the ventral tegmental area reduced the stimulation
N , 9

]

threshold for both rewarding lateral hypothalamie stimulation alone

W

(Broekkamp et al., 19763 1979; Jenck, Gratton, & Wise, 1987a), and
stimulation-induced feeding (Jenck Quirion, & Wise, 1987b), whereas
systemic opioid antagonists inqreased thresholds for stimulation-induced
feeding (Carr & Simon, 1983b, 1984) or BSR (West & Wise, 1986).

A reduction in stimulation threshold implies that directly or

%4

indirectly, the treatment has enhanced the excitability of either the

fibers being stimulated or of neurons receiving input from thyse fibers.
\

hypothalamic stimulation-induced feeding and BSR can be perceived from T .
the potentiation of these behaviors B¥<$hose treatments gﬁdt qarectlyﬁb—

enhance either'vegtral tegmenta} area opioid systems or dopamine, and by

the increase in dopamine utilization.in the nucleus accumbens during %

BSR. Localization of the dopamine contribution in the nucleus accumbens

-

was further confirmed by ipsilateral but not géntralateral spiroperidol

inhibition in the Hﬁcleus accumbens of lateral hypothalamic stimulation-

' . N w .
induced feeding. Moreover, stimulation of the same electrodes produced

)

alterations in the spontaneous difscharge rates 6f dopamine neurons in

o

the ventral tegmental area (Mogenson & Wy, 1982). From these data, it
is tempting to speculate that lateral hypothalamic stimulation

contributes to an increase in the ex01tability of ventral tegmental

.

area--nucleus accumbens dopamine neurons. It should be recognized,
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/however,'that treatments such. as amphetamine that incrémse tnf synaptio ‘

Q
ava&lability “of dopamine result in a reduction, not an increase, in

dopamine neuronal excitability- (Gr‘oves, Fehster, Tepper- Nakamura, &

\
-Young, 19813 Skirboll, Grace, & Bunney, 1979; sWang, 1981). Clearly, the‘gy:

contribution of the qssolimbic dopamine systenm to 1ateral hypothalamic

stimulation-inéueed f;eeding and BSR lis critical. 1Its precise role

remains to bg¢ determined, nowever. __S'imilarly, the distinect roles of '
= Opioias in tne ventral tegfnental area in these processes reqnix"e f‘urther

- elucidatioh. . s

Muv and Kappa Agonists in Dopamine-Mediated Behavior and Feeding.

A

In studig using isolated receptor populations, dynor;phin was shown
4

to bind to‘mu receptors with an affinity app‘r‘oximatelj emuivalent to

—~ that of morphine (James & Goldstein, 1984), It was pointed ouﬁ,

4

however, tha‘t although bindlng af‘f‘imty may contribute to the

_\.,\ pharmacological potency of a ligand, this alone does not predict the

potency of the ligand!s biological .activity at the receptor (Goldstein &
James, 1’9834). éimilar}y, in vivo selectivity may Vary "among tissues.
"Given t«neSe co‘nsiderations, it was important to attend to the

3 -

RS poes:biltty that the~effects of qynor'phin1_13 on feeding #my have
resulted from.a highly potenﬂ"action at mu receptors resﬁting in
#nhanced nucleus accumbens dopamine release, particular'lz,: in the ventral
.tegmental area where d’ynorphin1_13-e1icited feeding was greatest.
Neurpchemical and'behavioral evidence, however, suggests that kappa and
not mu receptor's wﬁresponsible for the elicitation of feeding
b@havior by both d;no%phin, and morphine..

As discussed pr‘eviously, morphine and enkephalin analogues acting
- |

at my and perhaps delta receptors produce increases in ventral tegmental

» - ‘ .
area--ﬁuc&ehs accumbens dopamine metabolism and release. Studies using
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nigroétriatal and mesolimbic dopamipe neurons may bg altered by (///'

! -, ; , L
\ . ; ’
the benzomorphan c;ass of drugs, including ketocyclazocine,
ethylketogyeclazocine, aﬁd bremazocine, all putative kappa agonists,
found that these drugs failed to affect dopamine function in the nucleus
accumbens or strié&unkwhgn given alone. When administered concurrently
with mo;phine the benzomorphans inhibited the {acilitatory influence of
morphine on striatal and nucleus accuﬁbéns dopamine fgnctiop (Wood,
1982, 1983; Wood & Richard, 1982; Wood et al., 19&3). Similarly,
dynorphin1_13 or the.képpa selective agonist U50,488H aeéministered élone
had no effect on dopqpine function. ‘In-coﬁtrast to the benzomorphans
however, tﬁese ;igands failed to antagonize the morphine enhancemgnt of .
&opamine fWood,lKim, Cosi, & Iyengar, 1987; Wood & Richard, 1982; Wood

-

et alﬁﬁi1983). Similap antagonism of mufand delta-mediated dopémiﬁe

‘ ~
electrophysig}ogical activity by the benzomorphans but not by U50,488H

~ .

was observed by bunﬁiddie,'Johnson, ahd.Proctgr (1987). These findings
;uggest that the inhibition of morphine-enhgnced dopamine function by
the benzomorphans occurs through thei; direct antagonism of 'mu receptors‘
énd not by kappa modulation of mu éctivity on the same cells. Indeed,
endoéenous striatonigral dynorphin levels were found to be mediéfed’
directly by dopamine aétivity in the striatum, not the reverse (Nylander

i

& 4erenius, 1987). The absence of any fect. on dopamine by the

v
i

benzomorphans alone suggests that the sponfaneous activity of
-~ 3
endogenéus endorphineréic or enkephalinergic mechanisms only under
specific conditions, such as the presencé of an environmental stimulus.
Otherwise ventral tegmental area enkephalinergic activity appears to be
determined-tofa'great extent by circadian.variations (Glimcﬁer, Giovino,

: A .
ﬂargolin, & Hoebel, 1984).r- Furthermore, kappa-mediated neuronal

‘activity appears to be indepen’ant of the effects of mu receptors or of

.“ -
9 v

..
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Jentral tegmental dopaminergic mechanisms. ) ./

A Bridge Over Troubled Neurochemicals. e

The foregoing raises the problem of reconciling the burée%ring

evidence in faQour of ‘mesolimbic dopamine involvement in feeding

behavior with the less extensive yet consistently encountered evidence

from sevéral different sourées, including the present study, of kappa

s agonist-elicited feediﬁ;. Clearly mu and possibly delta activation in
the ventral tegmental areé'increases dopamine neurotransmission in the
nucleus accumbens. This effect,'to the extent that dopamine is
released, is consistent with feeding. Indeed; low doses of amphetamine

microinjected into the nucleus acouﬁbens elicit feeding (Evans &

.Vaccarino, 1986). On the other hand, enhanced synaptic availability of

dOpamine'beyond a certain critical limit produces locomotion to an

extent that can interfere with feeding (Evan3, & Vaccarino, 1987;

Salisbury & Wolgin, 1985). One pot¢ntial resolution to the question of

ventral tegmental area kappa invplv ent in feed;ng_is thaf kaﬁpa
activation in this region may act only pn a small, discrete subset of
\ dopamine neurons projecting to the nugleus accumbens. Considering this
as a possibility, if a neurochemical assaylineludEd the entiré structure
' of thgg nucleus accumbens, any dynorphin-produced alterations would be
) ‘ ‘ma;;;d ana the treatment would appegr to have no sighificagt effect. ‘\?
Dopamine in the nucleﬁé accumbens erquently has beeh associated

/}dth behavioral response initiation, particularly with respect to goal-

directéd behavior (Brudzynski & Mogenson, 1985; Jones & Mogénson, 1980;

S ,

Kelley & Domesick, 1982; Koob, Riley, Smith’, & Robbins, 1978; Neill &
. Justice, 1981). This system may be important in mediating approaches to
: - -
-~ and initiation of interactions with -- appetitive stimuli such as
C; food as well as the injtiation of escape responses when app}opriate
. ﬁ?igg. . L‘-_ | ‘
100
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(Brﬁdzynski & Mogenson, 1985). Mogenson's model implies that
environment-appropriate responses in kenéral may be‘a primary function
of the nucleus accumbens. Examination of behavioral alberations
provoked bg,dopamine antagonists or by pharmacologiéél lesions of
dopamineqsystems have helped to eluecidate thig role.

Deutch and Maftid (1983) observed that 6-hydroxydopamine lesions of
ventral tegmental area neurons produced no alterations in totidl food
intake or bod& weight. 'Nolﬁime course data were reporteg on these
measures however. Moreover, the rats were confined to their hbme,cages
and ns behavioral task was involved. Contrary to these findings,'a
timéq open field task revealed both locomotor deficits and hyperphagia
aﬁong rats following 6-hydroxydopamine lesions of dopamine neurons in
the pppleus accumbeﬁs. By 6 weeks post-lesion the locomotor
de?i&it@tion had recovered, but the hyperphagia during the test
ﬁersisted. The hyperphagia was attributed to a reduction in‘ ‘

respoasiveﬁéss to the environment, measured as decreases in behavioral -
cﬁaﬂges during the test, and reflected by a persistence in feeding
behavior (Evenden & Carli, -1983). Phillips and colleagues found that

. pimozide produced a dose-related impairmént of rats' typical
anQicipatovy behaviors to a conditioned stimulus that preceded ghe onset

of food delivery.ﬁ Deficits included extended 'latencies and reduced

".frequencies of approaches to the food. The duration of contact with the
A

"

food &elivery area was’increased by pimozide however, and total food
intake was identical to that'of controls (Blackburn, Phillips, &
Fibiger, 1987). An examination of the effects on food intake of central
microinjections of opioid agonists i; these paradigmsewould be

interesting. ) oy

Morphine probébly activates both mu and kappa recepﬁors, and may

¢
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act simultaneously on both dopaminergic and non-dopaminergicImechanisms
in thergentral tegmental area. Few studies to date have examined the
effects of the relatively selective mu agonist, DAGO, on behaviors other:
than locomotion. Q separation of mu~ and kappa-mediated feeding-ﬁéléted
behaviors has been achieved, howgver, by comparing the effects ;f
morphine and U50,488H. In food-satiated deer mice, systpﬁic morphing
administration increased both hoarding and food intake, whereas USO,N88H
incrgased feeding and reduced hoatding. In contrast, morphine-elicited
hoarding was reduced in food-deprived animals relative to both morph\ne-
treated freely feeding mice and controls. Among food deprived mice

U50, 488H further\increased the difference between time spent feeding and
time spent hoarding that was observed in freely fqeéing animals treated
with the kappa agonist (Kavaliers & Hirst, 1986). Feeding apparently
was competitive with hoarding during the time period of the test; and
feeding predominated in both food-deprived and U50,488H-treated animals.

These findihgs support the possibility that endogenous dynorphin release

plays a role jin enhanéing ingestive behavior following a-period of

.fasting. The increase in hoarding behavior produced by morphine is

probably related to morphine-elicited increases in mesoli@bic dopamine
release.\ A relatlonship of this dopamine system to hoarding arises in
pa;t from the observation that lesions of the venEral tegmental.area
producéd a disappearance of'hgarding as well as a disorganization of
feeding behavior (Stinus, Gaffori, Simon, & LeMoal, 1979).

A further dissociation of mu- and kappa-mediated behavioral effects
at the level of the ventral tegmental area arose from the finding thé§
morphine, the selective delta agonist, D-ﬁenz, D—PenS-énkephalin (DPDPE:
Mosberg, Hurst, Hruby, et al., 1983), and U50,488H all reduced frequency

thresholds for lateral hypothalamic stimulation-induced feeding (Jenck’
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“may contribute to the rewarding'effects of brain stimulation{'

,stimulation-induced feeding is derived from findings phat

— R e

et al., 1987b), but that only morphine and DPDPE reduced thresholds for

lateral hypothalamie BSR (Jenck et al., 1987a). This suggests that all’
three opioid receptor subtypes in the, ventral. tegmental area may be
involved in feeding evoked by stimulation of descending lateral’
hypothalamic fibers,'but that only mu end delta receptors in this region
. , x
Compatible withiésga difference are ihe'fihdings off Roperts (19&0) that
animals that fed in response to late}al hypothalamic stimuletion showed
differénces in.neuronal activity p§ much higher density of:[1uc]2-

deoxyglucose fluorescence in descendingéfibers to the ventral tegmental

‘area, lateral tegmedtum, and barabrechial nucleus, than animals that

were self-stimulators only. Several neurochemical substances, including

v

dynorphin (Fallon, Leslie, & Cone, 1985), may be a part of this’

projection. One prediction from these data couid be that mesolimbiec.

dopamine may be affected equally in both groups of animals but that
ventral tegmental.area dynorphin activity may be enhanced only among

~

feeders. .Further support for an involvement of endogenéus dynerphin in
intracerebroventricular injection of antibodies specific for dynopﬁhin
completely blocked stimulat;on-ihduced feed%ng in rats (Carr, Bak,
Gioannini, & Simon, 1987). Given the potentiation by U50,488H in the
ventral tegmentai area on stimulation-induced feeding, it would be
interesting to examine whether dynorphin entibodies microinjected into
this region could attenuate or completely inhibit the effect of t?e

stimulation.

-

It appears that in the spimulation-induced feeding paradigm, both
the integrity of the nucleus accumbens dopamine system and the presence

of endogenous dynorphin, the natural iigand for the kappa receptor, are
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‘necessary for feeding to occur. Recent evidence suggests that the

&ffects of dfnoﬁphin in the ventral tegmental area may extend to

interactiohs with a variety of appetitive stimuli. For instance, two‘

’ independent laboratories'have confirmed that at the same doses that

produce feeding, microinjection of dyqorphin1 13 into the ventral
ppgmental area enhances measures of sexual behavior in rats (personal

communications from J. Mitchell, Concordia University, Montreal, May,

" 1987, and L. Band, SUNY at Buffalo, September, 1987). Perhaps kappa

receptérs in the veﬂ£rél tegmental area participate in modulating a
positive subjgctﬁve response to sensory input from environmental
stiﬁuli. ' These exogehous stimuli probably do not participate in BSR,
and it appears that. mechanisms independent of mesclimbic dopamine may be
recruited by dopamine-mediated interaction with the stimuli.

The fipdings of the present investigation are consistent with

neurochemical observations that dynorphin1_13 neither enhances nor

}ﬁmpairs dopamine function. Feeding was elicited by dynorphin1_13 from

all brain sites examined except the periaqueductal gray, whereas

. locomotor behavior was not affected by dynorph1n1_13 at any placement

during behavioral. testing., This is in agreement with other findings of

' repeated unsuccessful attempts to elicit locomotor activity by dynoﬁphin

microinjecﬁion inﬁo the ventral tegmental area (P. Kalivas, Washington
State University, personal communicatioh; February 1, 1988), and a W
failure of this treatment to produce contralateral rotation (pilot data
collected in this laboratory): In contrast, morphine in either the
ventral tegmental area or substantia nigra - pars reticulata produced
elevations in locomotor activity, consistent with both increased
dopamine release and observations that morphine in the ventral tegmental

RY

area elicits contralateral rotation (Holmes, Bozarth, & Wise, 1983;
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‘/fn Experiment N the highest doses of morphine or dynorphin, 13 in

. ' ‘th nucleus aceumbens produced ‘behavioral’ sedation in some animdls |
ollowing feeding and: near the end of the test session. "This is K '
consistent with observations by Havemann and Kuschihsky'(1985), and may

. ;
// . Dbe related to the occurrence on aceumbens dopamine terminals of at least

e 50% of opioid receptors in this region- (Pollard et al., 1977a) In Co C

/. addition, an important role for the nucleus accumbens in opioid ’
// modulation of striatal dopamine neurotransmission and forward locomotion
. w! . ‘
/// ‘ has also been identified. .In rats with unilateral electrolytic 1esions

/' e of the striatum, opioids injected into the nncfess accumbens were more

effective than neuroleptics in reversing systemi apomorphine-elicited

oontralateral turning\and atereotypy (Polgar, hate, Till,\t Szekely,
1987). This suggests a“reéuiation of striatal dopamineréic neuronal
activity by the nuoleus accumbens. An opposite influence of opioids and
dopamine in the nucleus ?ccumbens is‘aiao implicated in striatal

" dopamine modulation of forward locomotion. Whether the opioid effect
oocurred‘at nucleus accumbens dopamine'terminals or on non-dopaminergic
pnooesses in the nucleus accumhens‘was not examined. Interestingly, the
ED50 fot nucleua accumbens morphine to produce this effeotd(Polgar et ‘
al., 1987) was within the dose range that elicited feeding in the

present study.

A Matter of Taste

‘ More than 20 .years ago, Mendelson (]966) suggested that food
deprivation in rats "makes food taste better." Food deprivation
potentiates brain stimulation reward and stimulation-induced feeding,
and this effect is reversible by'naloxone. “This implica&es endogenous

. oploids agsociated with feeding in a possible enhancement of the

-
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responsivity of central reward systems to reinforcing events.
ObServations that foqod deprivation alsc enhances responding for both
cocaine and opioid intravendus self-administration (Carroll & Boe, 1982,

" 1984; Carroli France, & Meisoh 1981) lend further-support to this

possibility. "In addition, several investigators have suggested that

opioids increase the reward'valuehof food (Carr’ & Simon, 1983a; LeMagnen

et al., 1980; Lynch & Libbey, 1983; Morley et al., 1986). In obese

'humans, naloxone reduced-food intake without altering perceptions of

satieté, Unanticipitated persistence of. this effect for up to a week
beyond—the'period of drug treatment led the investigators to suggest
that naloxone may haye produced a‘form of conditioned taste aversion -
(Spie;el, Stunkard Shrager, O'Brien, Morrison, & Stellar, 1987).
Campbell, Capaldi, and Myers (1987) observed that food deprivation in
rats produced a conditioned taste preference for novel flavors that were -
paired with feeding following deprivation. A central mediation of both

E

tasté“aversion‘bv naloxone and taste preference by endogenous opioids

A .

‘activated under conditions of food deprivation is supported by

observations that peripheral actions of opioid agonists may mediate some

of~thieir aversive or suppressive effects (Carr & Simon, 1983a; Bechara,
Zito, & Van der Kooy, 1987). Furthermore, peripheral kappa receptors
may participate in this process (Bechara & Van der Kooy, 1987). In

contrast, considerable evidence including the data from the present

" investigation suggests that kappa receptors in a number of brain areas

may be primarily involved in mediating opioid-elicited feeding behavior.

This may occur in part through taste mechanisms'(Lynch et al., 1985).
The present investigation did not specifically examine the effects,

of opioids on palatability. Notably, however, opioids injected into the

ventral tegmental area at the same coordinates that produce the most
\

%
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robust opioid-indgced conditioned place preference (Bozarth},1987b) and
intracranial morﬁhine self-administr;tion (Bozarth & Wise, 1981) also
_produced gﬁe greatest feedingr In addition, dynorphin -- the endogenous ’
ligand that demonstrates highest affinity for the kappa receptor

(Chiqkin & Goldstein, 19815, 1981b) =~ préﬁuced the most robust feeding
response, characterized by dose-related increases in feeding bout

<

durations. The prolonged inéestion periods may have reflected an

enhancement of rewarding properties of the food. Opioids in the nugleus
accumbens have also been.reported‘to‘be rewarding, and this region also
supported morphine- and dynorphin1_13-elicited feeding. Responses were
weaker and less consistent than in the ventral tegmental area, however.

oh

If the argument that increased feeding durations may be representative
. .

of opioid-enhanced reward value of the food is accepted, it appears that

opioid action in the nucleus accumbens may be less important in this

* respect than in the ventral tegmental area.

It has been suggested that opioids in the nucleus,accumbens are .
more important for opioid reward than in the ventral tegmental area.
These conclusions were based'on the relative ability'of a hydrophilic
opioid antagonist microinjected into either the ventral tegmental area

or the nucleus accumbens to produce increases in intravenous heroin

_ self-administration in rats (Vaccarino, Bloom, & Koob, 1985). Cannula

placements'in the nucdleus accumbens were essentialiy compatible with
those used in the present study. Ventral tegmental area placements were
‘both dorsal and lateral to those shown to produce morphine self-
administration, conditioned place preference, enhancement of BSR, and
Jféeding, however[ The authors reported that a higher dose of antagonist
;as reqﬁired in the ventral tegmental area tpan ;n the nucleus accumbens

tojincrease rates of heroin self-administration.’ This was interpreted
.
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as representative of the relative importance of the two Wrain rggions in
oploid reJa;d. In fact,'the differente in dose requirement was small,
and the effect of the opiloid antagonist on response rate for heroin was
actually slightly more robust in the veptral tegmental area than in the
nucleus accumbens (Vaccarino et al., 1985). Combined with the

difference in ventral tegmental area cannula placements, these findings

do not Justify the conclusions proposed. The results of the present

study are consistent with other findings’inlthis laboratory, that
opioids in the‘ventral tegmental area ﬁlay an. important role in reward-
related behavior.
fhe‘finding that in both the ventral tegmental area and nucleus
-
accumbens dynorphin1_13 was 50,000 times more potent thgn morphine in
producing feeding is consistent with the proposals by ofﬁer

investigators that kappa receptors are primarily responsible for.central

opioid-elicited feeding. Furthermore, the association of kappa-mediated
' systems with palatability is' compatible with the present suggestion that
dynqrphin1lf3 and morphine may have produced feeding in the ventral
tegmental area by means of a‘kappa opioid reward substrate that is
distinet in function féom mu-mediated activity of dopamine neurons in
this region:
Concluaioés /
Thg effects of opioids in the central nervous system on, behavior
aré ﬁomplex and frequently opposite.in nature, deépending on bofh the
o/ siéé and subtype of the receptdrs activated. At different brain sites,
opioids produce sedation and analgesia, locomotor,enhgncement or
suppression, sympathetic responses to stressors, and reward. feeding is
considered to b; a naturally rewarding behavior, and endogenous opioids

have been shown to play an important role in the regulation of feeding.

-
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Opioid involvement in feeding appears to occur at a number of
different levels in the brain. Data from several investigations
including the present study suggest that the enhancement of feeding by

opioids occurs primarily throqu kappa receptor activation. The
t ke '

o 0 ,

endogeﬁous kappa ligand dynorgﬁ§§2;13 was 50,000 times more potent than
morphine in both the veﬁtral éé;mental area and'nucleus accumbgné in
eliciting feeding. 1In addition, feeding responses to dynorpﬁin1_13
microinjections into the ventral tegmental area were greater than to
either ligand at any site examined, furthér supporting the probability
of an important role for kappa receptors:in feeding. Both neurochemi cal
and bghaviorai evidencé indicateshthat in ihtact preparations’ where
different opioid receptor t&ﬁés may coexist, the re}ative éelectivity of
dynorphin1_13 for its preferred kappa receptor site may be even greater
than that suggested by binding studiés. In contrast, the relative
preference oftmorphine for.mu(receptors may be the same or perhaps
slightly lower than in vitro binding indications-predict.

The differential effects of morphine and dynorphin1_13 in the
paraventricular nucleus aéd the substantia nigra demonstrated that the

A

coexistence of different opioid receptor subtypeé in the same brain

region does not necessarily predict comﬁiementary functions for these
substrates. Mu receptor éptivatidn by morphine in the ventral tegmental
area may play a complementary role with kappa-elicited feeding, however..

1 AN .
Enhancement of mesolimbic dopamine function by mu and perhaps delta

opioid receptors in the ventral tbgmental area may also contribute to
feeding behavior by intensifying the animal's interactions with the

»
enviroament. The integrity of the mesolimbic dopamine system appears to

o

be importaﬂt in mediating environment-appropriate behaviors, whereas

the function of eggbgenous dynorphin in the ventral tégmental area may .
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serve to maintain behavior by enhancing the positive subjective response °
A\ >Pons

to sensory input from interaction with the stimulus.

The majority of previous investigations of central opioid-elicited
.feeding have involved intraaerébpovenéricular admipistratién of ligands,
or thé microinjection‘of oploids intp hypothalamic ‘nuclei traditionally
associated with the central conprol of feeding 5ehavior. Most é\
frequently‘employed‘were hig& doses of drug that él}cited feeéing only
after extended time periods following injection. Tﬁese delays either
were ignored or wére attributed to sedation and motor suppression.
Potential behavioral effects of opioid agonist diffusion to other brain
regions or possible‘rebound release of e;dogenous nehrotransmitters
inhibited by tpe treatment were not considered. Tﬁe present -
investigation deménstrated that in studies using 1ntracrani§1 insections
of Iigands, neither high dose; of drug nor long duraéion pgragigms are

{ .
necessary to detect measurable behavioral responses. In fact

conventional procedures may even be inappropriate, producing results

that are subject to ;isinterpretatioF; To reiterate, if a ligand at the
target injection site is involved in th€ behavior of interest, "this
effect SQOuld be apparent within a relatively short time following
injection. If the delay to behavioral expression is'30 to 90 minutes,

the behavior may not be attributed directly to ligand-receptor

_interaction at the target site, and the substrate responsible for the

treatment is probably remote from the injection in terms of function or

Fl

distance, or both. . "
) g
Hypothalamic mechanisms and dopamine projections to the nucleus

accﬁmbens may be involved in the initiation and perhaps the termination

of feeding. The maintenance of feeding behavior apparently does not

relf solely on these substrates, however, %nd involves senéory feedback
\ .
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from the food, including ‘ste. This_ may 11f1ude the recruitment of
kappa opioid mechanisms in the ventral tegmental area and of both
dopaminergic and non-dopaminergic processes in the nucleus accumbens.

It is proposed that in the naturally bepaving organ;sm both dﬁpamidé and

different classes of opioids play complementary roles in the expression

\
of goal-ciirected behavior. :
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