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A - ABSTRACT

The purpose of this thesis research was to characterize

the behavioral effects of bombesin (BN) after central

administration and to investigéte the neurocanatomical loci

and the role of dopaminergic sYsteﬁ(s) in the mediation of

the behavioral effects of BN. ’ -

In Phase 1 the time-course and dose-effect of BN
(0.0001-1.0 ug/5 ul) adminigtered intracerebroventriculariy-
(ICcV) weré characterized. Bombesin quite potently stimulated i
locomotion, floor activity and rearing in }ats. The duratién
of this response was dose-related. Also, the results
demonstrated that neuroleétics‘(fluphenazipe and

haloperidol, 0.1-2.5 mg/kq, intéfberitoneally (IP)) could

effectively antagonize the behavioral effects of BN.

In Phase 2 we demonstrated that fluphenazine only at
the dose of 0.1 mg/kg (IP) specifically blocked the
locomotor, floor activity and rearing effects of BN (1 ug),
without affecting baseline behavior. In addition, rats with
the dopaminergic.pathways lesioned with s—hydroxydopamihe
(250 ug/10 ul ICV), were administered BN (0.001-1.0 ug,
IcV). The behavioral response of dopaminergic lesioned rats

-

was significantly attenuated.

In Phase 3 we investigated the behavioral effects of BN

microinjected ICV or at selected rat brain sites endowed

with a high density of BN binding sites including the
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nucleus tractus solitarius {NTS), the hippocampus (CA4),
nucleus accumbens (NA), the fundus striati (FST), the ) :
Icéntral nucleus of the amygdala (CE), and the anterior
olfactory nucleus (AONi. Grooming ‘elements were monitore&'by
an observer wh}le, simultaneously, the frequencies of
locdmogion;_floor activity and rearing yere recorded by a Z-
80 ﬁicroprocessqr_contrg;led inffafed;beam grid 3y§pém over
60 min. Different behavioral responses to BN-(l ﬁg) were
most prénounced'site specifidélly at the NA and NTS. At the.

[

NA the locomotor stimulatory effect of BN was most
L ot . - {
prongrnced, but not grooming, whereas at the NTS grooming

'was most potently stimulated, but not locomotion. The effect
of BN ICV, where both locomotion and grooming were
stimulated, may have resulted from diffusion of’ BN to

yarious loci such as the NA-aﬁd NTS.

_ In Phase 4 the behavioral effects of BN (0.0001-1.0
ug/0.5ul) microinjected céntrally at the NTS, the NA and

‘ pefipherally (1~8 ué/kg; IP) were éhafacterized. The role of
dopaminergic system(s) in BN;inducqg behavioral effects was
also investiggted. The beﬁavioral effects monitored included
locomotor activities, groéming.and satiety} using two
parédigms, In the first paradigm (fhe paradigm in Phase 3)
locomotor activities aﬁé-grooming were monitored over™60
min. In Ehe’second paradigm groominq and eating Behav;Lrs
‘were moniéoréd simultaneously in 5- hr-food déﬁ;ived rats
trained to take part of their daily food intage ovefrap min.

The results of Phase 3 were replicated demonstratiﬁ% that

1
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BN~-induced locomotor stimulation in rats was specific to -
administratioR at the NA and grooming stimglatiogmwas- L
specific to the NTS. In addition results demopstrafed that
BN-inductioh of saﬁiety was specif%c to administration at
‘the NTS and not the NA. At the NA, BN-induced behavior(
appea;ed‘to be significantly mediated through the
dopaminergic system(s) wheréés, at the NTS, it did not
appear to be. The BN-induced grooming profile appeared to be
ﬁafadigm iﬂ&ependent although the baseline grooming profile
varied significantly accordiné\to paradigm. Intra NTS, a
dissociation of BN-induced grooming and reduction in eating
was evident on the basis of time-course and dose-effect. The
siﬁilarity‘of the time-course of BN-induced satiety intra
NTS and IP suggested that BN at NTS may mediate a
physiological satietylsignal. Since BN induced satiety 104 x
more potently and 20% more efficaciously intra NTS than IP,

the NTS may be a critical site for BN-induced satiety.
NF
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. occur on mobile cells of the iphune s

CHAPTER 1

INTRODUCTION | _ o

Peptides are Ubiquitous
-

i .
Peptides are chains of amino acids consisting of two ok

more amino acids thét are connected by a covalent peptide
bond between tﬂe carbokyl group of one amino acid and the
amino group of Bnother; the formation of each such
connection is accompanied by the loss of one molecule of
water (Luttinger et al, 1984). Recent improveﬁjhts in the. -
abilities-to isolate, characterize and synthesize'peptides,
and the recent discpvery'of new techniques for the
quantitation and localization of peptides and their
receptors have resulted in an exponential increase in-th%
number of known peptides (or neuropeptides) within the
central nervous system (CNS).
| A major conceptual shift in neuroscience has been

wrﬁught by the réaliZation!thaﬁ neuropeptides such as
bombesin (BN), whose number exceeds 50 are presently knowﬁ
to modulate brain function. Originiyly neuropeptides were
studied in the context of hormoneé; gut peptides or growth
factors (Pert et al, 1985; Halasz, 1985).

In addition to neuropeptide receptors occurring in the

brain, gut and neurocendocrine syst ide receptors

. Monocytes can

chemotax to numerous neuropeptides (Ruff et al, 1985a); such

———



as substance P, IRuff\et al, 1985c); and opioids, (Ruff et
al,_1985b) via procésses shown by structure-activity
ahalysis to be mediated by'distinct feceptors. These
neeeptors are indistinguishable from those found in the
brain (Pert et al, 1985; Moody ep al, 1987).7

o Peptides date back in origin to‘fhe unicellular
organism; opioid peptides (LeRoith et al, 1982) and insulin
have been identified in unicellular organisms (LeRoith et
al, 1980). Bacteria and ﬁrotozoa produce peptide hormones
that are bioactive and immunologically comparable to those
found in mammalian tissue such as insulin (LeRoith et al,
1980, 1981), réiaxin (Schwabe et al, 1983), somatostatin
(Hoskins, 1978), adrenocorticotrophic hormone (ACTH) and B~
endorphin (LeRoith et al, 1982), and a choriogonadotropin
(CG)-like factor similar to human CG B (Maruo et gl,'1979).
The conservation of peptide sequenées indicates that
specific regions of a peptide were recoé;ized by an equally
conserved region of the receptor which sustained their
intimate compatibility throughout evolution.

Probably, the specific peptide sequences that are
conserved’ throughout evolution were associated wiﬁh
biological activities such as growth and‘cellular
metabolism. These activities are essential for survival of
species as divergent as unicellular orgaqisms, amphibians
and mammals (Lazarué et al, 1985).

N Thus, perhaps in the beginning there was a genoma and

.
from that started the bioclogical "big bang" (Angelucci,

\



1985) . Evolution wéuld consist more En the multiplicity of
forms in which cells can aggregate to form orgénisms, rather
than in the progressive acquiring of new §pecialized \
cellular properties (Angelucci, 1985). Biochemistry wopld at
most, contribute to the upsurge of homologies in méssenger
‘molecules and their receptors, with full conservationfdf.
tra&bduction mechanisms such as cyclié nucleotides, calcium
ionijnd phosphoinositides (AngeludC}, 1985) . In regard to
the “peptide language" the messenger peptide would convey a | . \-
signal, the meaning of which is understood not for intrinsic
content, which would notlexist, but according to the logic
of the recipient. The méééage they éonvey would be
understood in relation to the specific bio-organizational
situation; thus, the peptide would appear as a general
promoter more than a specific activator of responses
(Angelucci, 1985).

Peptide horm ﬁes are derived from high molecular weight
polypeptide precursors, tefmed prohorﬁones (Griffiths and
McDegmott, 1984). The initial procéssing of the hormone from
the precursor appéars to be governed by the presence of
_paired dibasic amino acid residues as illustrated in the

*

ACTH/B-endorphin prohormone (Eipper and Mains, 1980). An
endopeptidase has recently been found whichkspecifically
cleaves these bonds (Julius et al, 198{1_Mizuno and Matsuo,
1984). other endo- and exopeptidases ma& act on both the
prohormqne and the liberated peptide in order éo produc; a

biocactive substance. In the case of the peptide ligand, the
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conserved region oftenﬂrepresents only a small portion of

the total mass, the femainder of which is frequently more T
va¥iable. For instancernly the C-terminal hapta portion of

BN, whose prohormone is a protein of 148 amino acids

(Spindel et al, 1984), contains the bioactive determinants
(Erspamer and Melchiorri, 1973). Thus, the biocactive c-
terminal heptaportion of BN and its receptor are highly
conserved across the species (presently investigated) from
insects (Veenstra and Yanaihara, 1984) to man (Moody ét al,

1987).

Peptide signal specificity resides in their receptors

“(distinct classes of recognition molecules), rather than the

close juxtaposition occurring at classical synapses (Pert et
al, 1985; Herggnham and McLean, 1986). This qismatch between
receptor and neurotransmitter localization is not unique to
peptides; it is evident for mﬁscarinic cholinergic”
receptors,.B-ad&energic receptdrs and Gamma-amiﬁobutyric
acid receptors just.to name a few (Kuhjr et al, 1986; ‘
Herkenhgm and McLean, 1986). One examp?é\g;_g/mismatch; as
illustrated in’Figures 1 and 2, is the high density of BN
receptors in regions of the hippocampus, frontal cortex and
stria%um b;t low density of BN-like peptides in these areas.
Furthermore, very few if any, neuronal cell bodies which
synthesize BN, or neuronal fibers and terminals have been
found in the above three areas (Moody et al, 1987; Moody and
Pert, 1979; Moody et al, 198lc; Roth et al, 1982; Panula et

al, 1982; 1984). Thus, there is a mismatch in the



gistribution of BN-like peptides, neurons and receptors iﬁ
some areas of the brain.

The movement of peptides to‘relatively diseant sites
within the central nervous system (CKS), is feasible since
20% of the'totaf'brain volume is taken-up by extracellulér
spaces and the fluid within them (Schmitt} 1984). Current

research on the relationship of the parénchymal

~extracellular fluid (ECF) to the cerebral spinal fluid (CSF) _

with which it is in continuity, suggests evidence of bulk
flow and active pumping mechanisms (0ldfield et al, 19857
Rennels et al, 1985). Furthermore, most degradative enzymes

that inactivate transmitters are either membrane-bound or

confined to the cell cytoplasm; the CSF and ECF are nearly

devoid of such enzymatic activity (Herkenham and McLean,
1986; Schmitt, 1984; McKelvy, 1983). Thus it is reasonable
to postulate that peptides released at a nucleus in one area
of the brain couid have an action in CNS structuré(s)
several micrometers away, within a few minutes of release.
The effects may continue over a long”period of time, since
B-endorphin and many other neuropept&des may be stable for
many hours ip the CSF (Sagar et al, 1984).

- A numﬁgr of brain loci, especially in limbic areas are
endowed with many types of neuropeptide receptors suggesting
a convergénce of information at these '"nodes" (Pert et al,
1985). One example of a nodal'area‘where cells have
receptors for several peptides is the "mediansoms" in the

—

median eminence (Fuxe et al, 1985). Neuropeptides and their
-

=1
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receptors may join the_braiﬁl glands, gut and immune'system

in a network of communication, within the entire organism.

Pert (1986) has hypothesized a system where these

neuropeptides are the keys to the biochemistry of emotion, | 7
that is that they provide the physiologic basis for the

emotions. Each neuropeptide may bias information proéessing

ﬁniqﬁely when occupying receptors at nodal points within the
organism. If so, then each neu;opeptide may evoké a unique

“toné“ or mood; According to this hypothesis, it would no

+

longer be necessary to divide the organism into brain and

body since neuropeptides transmit mood throughout the
organism as an ihtegrated whole. For instamce anglotensin,

micfoinjected in the brain causes drinking, probably altéfB

I

consciousness to make us feel thirsty and in co-ord

activated result in the conservation of water&rﬂprédvé '
this overall integra?ion of behavior seems consistent ith
survival (Pert, 19 ?S.

In line with this role of neuropeptides as the -
biochemical'basis for emotion, Pert and her.éolleagues, in
mapping-neuropeptide receptor locations haﬁ% noted that for
virtually all the senses for which we know the entry area,
the location is always a noéhl'point for neqropeptide
receptors such as the dorsal horn of theispinal cord and the
nucleus tractus solitarius (Pert et al,,i985; Pert, 1986).
Many neuropeptides (BN, substance P, neurotensin,

cho;ecystokinin,(somatostatin, avian pancreatic peptide,

5
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énkephalinvand neﬁropﬁf&ib'll, to name a few) are locatédﬂin

these areas gpere modulation of sensory traLémission does E .j \>
occur. Such areas include lamin;“iI and III of the dorsal

horn and the various nuclei of visCeraltand taste pathwa%§._“

from the periphery to sensory cortex (O,S;;ohue et al, 1984;

Fuxe et aI)'1§é3; Mant}h'and Hunt, 1984; Kalia et al¢ 1984;

r-./
Hokfelt et al, 1984). Pert (1986) has theorized that the

Cad

immaterial substrate mind is the energetic controllet of the

neurochemical network. .
" In summary, neuropgppZdes and their receptors are
. 2 '

eviéent in the Egain,“éht,-glands and the’imgggp systenm afd
may form a network of communigg;ion witqih the entire
organism. Furthermore, neurcpeptides ana their receptors are
uﬁiquitous and highly conserved throughout evolution from QFF

unicellular organisms tc man.

The Discovery of Nonmammalian Peptides —

Around 1940, the biogénic amine "explosion" produced a
gfowing interest.in biological}y active, naturally occurring
substances. In the isolated organ preparation inaugurated by
Magnus in Utrecht,.it ﬁas possible to test with high
specificity and sensitivity biologically active extracts of-
natural origin with reduced needs of the difficultLulow-
yield purification methods of that time (Melchiorri, 1985).
Eledoisin action was first noted by Erspamer during the

bioaésay of biogenic amines in extracts of posterior



salivary glands of the Mediterranean octopod Eledone -
Ll . \
moschata (1949). Finally, thirteen years later (1962),
elodoisin was recognized as a peptide and its primary
V’ -

w

structure established. The biological actiVity of elodoisin’

R
—

soon proved to be very similar to that descfibed by von
Euler and Gaddum for their substance P. Between 1962 anad
1969 Erspamer’s group tested 100 more eledoisin analogues
finding that the C terminal pentapepﬁid%zrepresented the
minimum amino acid sequence essential for the biological
activity of eledoisin. In the following 10 years Efspamer
and his colleagues traced, isolated and sequenced three
peptides of amphibian skin, physalaemin (196&), caerulein
(Anastasi‘EE/é;T\&967) and BN (Anastasi et al, 1971) and
several other peptides of the BN family (Table 1) such as
litorin §nd rgz;ténsin (Anastasi et al?\QEJS). The latter
two families of peptides led to the identification of the
amino acid sequences of two mammalian analogues,
cholecystoKinin and gastrin releasing peptide (GRP-27)
(McDonald et al, 1979).'g_BN-1ike peptide has been also
identified (Melchiorri, 1980), isolated and sequenced
(McDonald et al, 1980) in chicken proventriculus. More
recently two ten amino acid'peptides'of the BN family were
isolated from'the. spinal cord based on their ability to
stimulate rat uterus smooth muscle ?nd named neuromedin B
and C (Minaminolet al, 1983; 1984). However neuromedin C was
previously identified by Reeve et al, (1983) from the muscle

of the canine small intestine, and named GRP-10. In
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additionL other peptides have been identified in cockroaches
(proctolin, Brown aﬁébstﬁrratt, 1§75}—1ocusts (Stone et al,
1976) artrgpods, chicken pancféas (avariﬁn pancreatic
peptide, Kimmel et al, 1975) and 100 species'qﬁ_amphibia (6
new tachykinins, two bradykinin-like peptides and an
angiotensiﬂ-like peptide, and two new peptides dermorphiﬁ
and sauvagine) (Erspamer, 1981; Erspamer et al, 1981). This
is not an exhaustive list; discovery of peptides continues
in all organisms from unicellular organisms to man.

The BN f;mily of peptides can be divided into two or
possibly three or four subfamilies: the BN/alytesin
subfamily, the litorin/ranatensin subfamily, the
phyllolitorin subfamily and the rohdei-litorin subfamily
(Cei, 1985). One basis for the division of the BN family
into subfamilies involves differences.in fhe amino acid
éequences.at the bioactive " te;minal of these peptides.
Bombesin and alytesin, possess a very similar sequence of 14
amino acid residues, with the C terminal tripepﬁide His-Leu-
Met-NH, (Table 1). They have been found in the skin of the
Archaeobatrachian, Eurasiatic discoglossid genera Bombina
and Alytes (Erspamer et al, 1972). The peptides of the '
litorin/ranatensin subfamily, are chE;EEEg?}zedby the C
terminal tripeptide His-Phe-Met-NH,. They ﬁave een found in
the skin ofwseveral.sggcies of pelodryaéids, myobatrachids
as well as from American and Australasian ranids (Anastasi
et al, 1975). The candidate phylloclitorin subfamily, is

constityted by two members, phyllolitorin and (Leu B]
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phyllolitdfin,;characterized b& the unusual C terminal
tr;peptide Ser-Phe(Leu) -Met~NH, (Cei, 1985). This |
,Substitution of Ser for His is not a simple.single base
chanée in mRNA code, but implies a more complex amino acid
replacement, inveolving a two base change (Efspamer et al,
1985). The two phyllolitorin peptidés have been isolated
‘from tﬁe skin of the South Americah Phyllomedusa sauvagel.
The phyilolitorins_are not present in the skin of
Phyllomedusa rohdei, which contains a nonapeptide, rohdei-
litorin. Rohdei-litorin shares with neuromedin B the entire
c-terminal octapeptide and presents, again like neuromedin B

and ranatensin-C, a Thr residue substituted for/the usual

Val residue at position 5 from the C-terminus. This

%

Substitution involves a two base change in mRNA code

(Erspamer et al, 1985; Cei, 1985). T .
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Table 1. The BN Family of Peptides

BN pGlu-Gln-Arg-Leu-Gly-Asﬁ-bln-Trp—Ala-Val—
Gly-His-Leu—Mat—NHz
Litorin pGlu-Gln-Trp-Ala-Val-Gly-His~Phe-Met-NH,
Phyllolitorin pGlu-Leﬁ-Trp-Ala—Val-Gly-Ser—Leu—Het-NH2
Rohdei-litorin pGlu—Leu-'frp--Ala-Thr--Gly-—His—Phe—Met—-NH2
GRP-27 ‘Ala-Pro-Val-Ser-val-Gly-Gly-Gly-Thr~Val-Leu-
| Ala-Lys-Met-Tyr-Pro-Arg-Gly-Asn-His-Trp-Ala-

vVal-Gly-His-Leu-Met-NH,

Neuromedin C Gly-Asn-His-Trp-Ala-Val-Gly-His-Leu-Met-NH,

it

(GRP-10) _

e

Neuromedin B . . Gly-Asn—Leu-Trp—Ala—Thr-Gly—His—Phe-Het-NHz

~

AN

Initial studies on the-pharmacolbgical actions of BN.
_ ’
include: hypertensive action in the dog; potent stimulant

-

action on the rat utefus, the rat and guinea-pig colon and '
the’cat‘ileum; remarkable stimulant action on the gastric
secretion in the chicken and the dog; étimulant action on
the trénsport of C1™ ions from the éerosal to the mucosal
"side of the isolated gastric mucosa of amphibians;
hyperglycemic action in the rat and the dog: and increase in

-

immunoreactive insulin levels in the periﬁheral blood of the~

dog (Anastasi et al, 1971).

7
Since the initial discovery of BN, research on BN has %

been carried out in a very broad spectrum involving all
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fields of neuroscience. Studies indicated that frog skin
\ &

12

peptides such as BN are structurally similar to.endogenoué~ .

peptides pregent in the mammalian CNS and periphery
{McDonald etf al, 1979). The mammalian eéuivalent of BN,
gastrin releasing peptide (GRP;27), a heptacosa peptide was

isolated from porcine nonantral stomach tissue and purified

"by gel fil ration and high pressure liquid chromatography.

/It was pfamed for its dbility to stimulate gastrin secretion

from dﬁg stomach. Subsequently, two, ten amino acid
pepti@es, werebisolated from porcine spinal cord, named
neuromédin B and neuromedin C, and pharmacologically
verifiedlﬁy their ability to stimulate rat uterus smooﬁh
muscle preparations (Minamino et al, 1983, 1984). At the
same time, Reeve et al, (1983) isolated and sequenced three
canine BN-like peptides c&ntaining 27, 23, 10 aminc acid
residues from 826' g of intestinal muscle and tested for
stimulétion of contraction of canine gaspric antral smooth
muscle and for stimulation of gastric release from isolated,
perfuséd rat stomach. Canine BN-lize peptides represent

another example,oﬁmpammalian neurcpeptides existing in more

- than one biologically active molecular form. Neuromedin C

and canine GRP-10 are identical decapeptide” sequences, thus
these two names are interchangeable (Bunnett et al, 1985).
In addition to neuromedin B and C, Minamino et al, (1985)
have isolated a neuromedin B-30 and neuromedin B-32, from
porcine spinal cord, by utilizing bioassay for the effects

on the contractiblity on smooth-muscle preparations coupled

%

RN
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with high resolution high\éerformanée chromotography.
‘Recently, isolation and_high perforﬁénce liquid
‘ chrqg;tography analysis of bombesin-iike—peptide (BLI) in
boviﬁé adrenal medulla revealed the presence of four
molecular forms, éoeluting with_GRP—Z?, or neuromedin B, or
GRP-18-27 (LeMaire et al, 1986) . Biochemical studies of
émall cell lung cancer biopsy specimens indicated that GRP-
10 or neuromedin C was pfeéent there (ﬁood et al, 1981;
Erisman et al, 1982).

Furthermore, the gene for BN-like peptides. was recently
cloned from human bronchial carcinoid tumor fgﬁindel.et al,
1984). The cloning ﬁ;s made possible by the high level of
BN-like peptides detected in human bronchial carcinoid tumor
(2-40 pmol/g wet tissue) (Wood et al, 1981). Near the N-
terminal of the 148 amino acid precursor GRP-27 was
identified. Trypsin-like enzymes may metébolize the
precursor to peptides such as_GRP-27 or neurdmédin C, in
addition, these fragments wmust be metgbdﬂized by'post
transitional processing enzymes so that the C terminal is
amidated (Moody et al, 1987). The function and
characterization of the remaining amino acid residues of the
prohormone remain uﬂkgpwn.

Although the list of GRP and related fragments continues
to grow, the C-terminal of these peptides, -which is required
for biological activity is highly conserved. However the N——
terminal which is not essential for activity may differ by.

as much as 4, 5, or 9 amino acids for canine, human and
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chicken GRP (réspectively) in comparison.to porcine GRP
(Moody et al, 1987). o

Furthermore, in‘compariSOh-to all BN-like fragments, BN
appears, thus far, to bé‘qng-of most active fragments
(Broccardo et al, 1975; Rivier and Brpwn, 1978; Brown et al,
1977b; Marki et al, 1981; Girard et al, 1983; Girard et al,
1984; O,Donohue et al, 1984; Bunhett‘et al, 1985; Mayer et
al, 1986; Greeley et al, 1986; Moody et al, 1987). The
purity of commercial preparations of peptides varies
greatly, as can the rate of degradatioh; thus, ve:ification
of administered pep}ide dqse§ by amino acid-analysis and
radioimﬁunoassay mu;t be undertaken to determine relative
potencies of BN-like peptides. Without suchfmonitoring,
significant errors may be introduced by nonspecific losses
of basic pEptides.during stérage and handling (Mayer et al,
1982, 1986). The immediqte behavioral effects of BN, GRP-27
and neuromedin B é;e similar folféwing intrathecal ;
administration. However, the time coyrse of behavioral
activation followiﬁg BN administratiqn is much longer than
the mammalian analogues of BN. Therefore, this may cause an
error in the estimation of potency of the analogués if the

® ra

time course is not carefuliy controlled after drug

ad@ipistration. Furthermore, because of its particular

structure, BN is much more resistant to degradation than the
mammalian counterparts. Consequently few precautions need to
be considered in relation to experimental procedures as far

as administering several animals over 20 min with one (BN)
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drug solution. On the other hand GRP-27, GRP-10, or
neurbmedin“B, may be completely inactive by the time the
last animal is injected (0,Donchue et al, 1984; Bishop et
al, 1986). Mayer et al, (1986), using the forementioned
verification procedures demonstrated that three forms of
natural canine GRP, synthetic GRP-10, and synthetic porcine L
GRP-27 were similar in potency to synthetic amphibian BN on
stimulatibn of spontaneously occurring contrgcpions of

canine ¢ircular antral muscle,'in vitro. Due .to the
methodological difficulties, many researchers of structure
activity have reports in the literature, where they did not
use the above procedures. Thus théir resuits ﬁay require
further verification.

Generally, the data suggest that the 8, 10, 12, 13, and

14 positions of BN are essential for high receptor binding

",'/—--...__

and biological potency whereas the first six amino acids at
the N-terminal are not essential (Broccardo et al, 1975; "
Rivier gnd Brown, 1978; Brown et al, 1977b; Marki et alf
1981 ; Girard et al, 1983; Girard et al, 1984; Bunnett e£ al,
1985; Mayer et al, 1986;‘Greeley et al, 1986; Moody et al,
1987). Furthermore substitution of proline for glycine in
positioh il which disrupts the a-helix structure of «
proteins, reduced the potency of BN four orders of
magnitude, thus BN may have a secondary or tertiary

structure such that it is folded when it binds to its

receptors (Moody et al, 1987). . . -
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Distribution of BN-Like Peptides in the Brain

Bombesin-like peptides have been detected by
radioimmﬁnoassay and immunocytoch;mical techniges using
antisera which recognize the C-terminal of BN or gastrin
releasing peptide (GRP-27). The antisera cross react with
‘endogenous BN-like peptides present in the mammalian central
nervous system and periphery such as GRP-27 and neuromedin C
but not neuromedin B. The concentration of BN-like peptides
in vertebrate tissue range from 10 pmol/g wet weight in the
intestine to 1-8 pmol/g in the adrenal, brain, pituitary and
spinal cord (Moody et al, 1987). A N

Within the CNS, BLI is distributed unevénly in discrete
brain loci, with o}er 30-fold vgriation (Brown ét al, 1978:
Moody and Pert, 1979; Moondy et al, 198la). Bombesin-like
immunoreactivity has been detected in the brain of rats,
QOgs, and sheep (Walsh et al, 1579; Brown et al, 1978; Walsh
and Wong, 1979; Moody and Pert, 1979; Soveny and Hansky,
1980; Villarreal and Browﬁ;.1978; Soveny et al, 1984; Panula
et al, 1982, 1984). The endogenous localizaton in rat bra;p
is highest at the nucleus substantia gelatinosa trigemini
and nucleug tractus solitarius (5.9-4.7 fmol/ug protein) of
the medulla; moderately high concentrations of BLI exist in
the\inter-peduncular nucleus and central gray of the
midb?ain (2.41-1445 fmol/ug protein). In the diencephalon,
the ;fcuate nucleus (2.3 fmol/ug protein), as wefl-é; the

hypothalamus, generally, show md&eggtély high BLI (1.59-0.90,
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fmoi/ﬁé protein). In the telencephalon moderatél“ high BLI
is evident in the central and medial amygdaldidmnuCleus
(1.44-1.52 fmol/ué protein) apd the interstitial nucleus of
the stria terminalis, ventral (1.16 ﬁmbl/ug protein) .. Other

. areas such as the cingulate cortex, hippocampus, septum,
nucleus accumbens, olfactory tubercle and caudate nucleus
hav; low BLI (0.89-0.22 fmol/ug protein) (Moody et al
1981a). The distribution pattern 6f BLI in the rat CNS is ~ ~
illustrafed in Figure 1.

The regional distribution of BLI in the human brain
showed highest concentrations in hypothalamus, septal
nuclei, nucleus accumbens, globus pallidus, amygdala,
periaquéuctal grey, and substantid nigra. The medulla was
not reported on (thtei et al, 1984a)- In the human, rat ;nd
guinea-pig pituitary, high levels of BLI are present. In
human pituitary, highest densities were evident in the
anterior pituitary (4.6 pmol/g wet tissue) and the.sta;k
(8.1 pmol/g wet tissue) fMajor et al, 1983). Measureable
quantities of BLI have a}sa been reported in human

cerebrosp{nal fluid, (Yamada et al, 1981).
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Fiqure 1: The localization of BN-like immunoreactivity ¢

(BLI), in the rat brain (saggital view: adapted from Paxinos

o

and Watson, 1982).

Abbreviations: Figures 1-3, 9-14. ' ////)

10 dorsal motor nucleus of the vagus

12 hypoglossal nucleus 1\\\
3V third ventricle

4v fourth ventricle

A 8,9,10,12,15, dopamine cell bodies

aca anterior commissure, anterior

" Acb accumbens nucleus




Acc anterior cingulate cortex

_ACo anterior cortical amygdaloid-nucleus

AHi amygdalohippocampal area .
AOP anterior olfactory nucleus posterior._.
Amy aﬁygdala ‘

AP area postrema ' h\\\

Arc arcuate hyopthalamic nuéleud’

BL basolaterai amygdaloid nucleus

BLV basolateral amygdaloid nucleus, ventral

BM ?agomedial amygdaloid nucleus
L}

CA2 field CA2 of Ammon’s horn

CA3 field CA3 of Ammon’s hof%

CA4 field CA4 of Ammon’s horn

¢cc .corpus calleosum |

CC central canal -
Ce or CE central aﬁygdaloid nucleus
CG central grey

Cl claustrum

CM central median thalamic nucleus
Cop copula of the pyramis

CP& caudate putamen

cu cuneaté fasciculus

Cu cqneate nucleus

DA dorsal hypothalamic area

DG dentate gyrus

Dr dorsal raphe nucleus

E ependyma and subependymal layer

-19
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LC locus coeruleus ,,/

(r"\ .Ir\ . . . V
//) . _ . ' 20"

Ec entorhinal cortex

En endopiriform nucleus

f fornix

fmi férceps minor corpus caliosum
Fr frontal cortex \\' - "‘ | ' o
G gelatinosus nucleus thalamus

GP globus pallidus - | ‘ »

Gr gracile nucleus

Hb habenular gucleus
Hif hippocampal fis?ure p
ic internal capsule

IP interpedunclar nucleus

La lateral amygdaloid nucleus

Il

e

LH lateral hypothalamﬁs‘

lo lateral olfactory tréct

LS lateral septal area

LV lateral ventricle

MD mediodorsal thalamic nucleus

ME medial eminence

mfb median forebrain bundle -
0B olfactory bulb

opt optic tract

Pe periventriéglar~hypothaI%mic nucleus

PLCo posterolateral cdrtica} amygdaloid nucleus

PMCo poéteromedial cortical amygdaloid nucleus

S
PO primary olfactory cortex

¢
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py pyramidal tract ) )
Re reuniens thalamic'hucleus_

RF rhinal fissure |

SY suhlenticulgr substantia innominata
sm stria medularis'thalamuss o
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In the spinal cord of the rat, BLI is low, however, the
concentration is 8-fold greater in the dorsal than ventral
horns (Moody et al 1981c), suggestiné a functional role in
the transmission of sensory information. This sensory role
is further supported by the very high BLI in the nucleus
tractus solitarius, a visceral sensory nucleus, and the
substantia gelatinosa frigemini an area important\for pain

and temperature sensitivity (Carpenter, 1978, 1985; Moody et

al, 198la). Moreover, BLI has been located in rat primary

o
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sénsory ganglia cell quies (Panula et al, 1983; Fuxe et al,

1983) .

Histochemical localization of BLI in the rat brain
revegls cell bodies in the telencephalon restricted to stria
terminalis and lateral septal nucleus. In the giencephalon,
cell bodieé were abundant in the paraventricular nucleus.
Soma were present in’the anterior and medial parvocellular
part, only. These cells were ovoid with long varicose
processes. A low number of perikarya were located in the
medial optic nucleus and the suprachiasmatic nucleus. A
mégéhang:umber of cells were found in the anterior
hypothalamic nucleus and in the central gray. Abundant
perikarya were'aléo found in nucleus tractus solitarius and
the nucleus reticularis gigantocellularis (Chronwall et al,

[N

1985: Panula et al, 1982; Panula et al, 1984).

A high density of nerve fibers was found in the cegéral \ .
amygdaloid nucleus, the latefal amygdaloid nucleus, \\_,///
interstitial nucleus of the stria terminalis, and media} |
precptic and anterior hypothalamic nuclei. Occasionally,
axons were found in the septal area. The superchiasmatic
nucleus cpntg;n%d very high fiber density, especially in the
central E;fés. Occasipnal fibers were found in the thalamus.

Extend é fibers occupied the area bepweén the substantia
nigryd (or dorsally the ventral nucleus of the thalamus) and_ﬁ

medial lemniscus forming a chevron of high density BLI. The

nucleus tractus solitarius and nucleus reticularis

b
i
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gigantocellularis had low numbers ofrfibers (Chronwall et
al, 1985; Panula et al, 1982).

The existence of BLI in rat sensory ganglia and spinal
cord was confirmed using immunocytochemistry, gel filtration
chromatography and high performance liquid chromatography
combineé with radioimmunoassay (Panula et al, 1983:‘fuxe et
al, 1983). Bombesin-containing neuronal processes were
demonstrated in laminae I and II oﬁlthe dorsal horn of the

cat, rat, and mouse spinal cord by immunoc ochemistry and

radicimmunoassay. Bombesin-binding sites were~also localized

in superficial laminae of the dorsal horn (O’bonoh et al,
1984) . Pharmacological actions of BN injected into the
spinal cord indicative of sensory stimulation (biting and-
scratching) were demonstrated (O‘Donchue et al, 1984; Bishop
et al, 1986). ' 1

The subcellular distribution studies indicate that BN-
lik%lpeptides may be localized to synaptosomes in the
presynaptic nerve endings in clgse juxtaposition to
postsynaptic BN receptors and are released by depolarizing
stimuli in a ca't-dependent manner (Moody et al, 1980,
1981b) . Potassium (75 mM) stimulated a 3-fold increase in
the rate of release of BN-like peptides in a Ca++-dependent
manner from rat spinal cord slices; as well, veratridine
(100 uM) stimulated release of BN-like peptides in a catt-
dependent manner and this release is blocked by teéfodotoxin
(1 uM). Thus, BN-like peptides may function as

neuroregulators and/or neurotransmitters in the CNS.
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Distribution of BN-Like Peptides in the P;riphery
Bombésin—like immunoreactivity is present in mammals in
certain ganglia, the gastrointestinal tract, panéreaf, luﬁé,
female rat genito-urinary tract and adrenal medulla.
Schultzberg (1983) using immunocytochemical techniques
has demon;trated-BLI in prevertebral sympathetic ganglia of
the rat and guinea-pig in nerve fibers of the inferior
megenteric and caeliac~superior mesenteric ganglia. In
addition, BLI is present on a subpopulation ‘of sma%l ganglia
and fibers of the rat superior cervical ganglia"(Helen et
al, 1984b). Similarly, humanﬂbaravertebral sympathetic
ganglia show BLI (Helen et alf 1984a). '
Bombesin-like pepﬁides are found in gastrointestinal
tract of teleost fish (Langer et al, 1979; Van Noorden and
Falkmer, 1980), in various frog species (Lechago et al,
1978), in turkeys, pigeons, and chickens (Erspamer et al,
1979). Walsh et-al, (1979) reported that, in the rat, high
leﬁels were present in the fundus and colon (50 pmol/g wet
tissue) and moderate levels in the antrum, duodenum, ileum
'and jejunum (14-19 pmol/g wet tissue). Studies of
distribution and projection of neurons with BLI in the ¥
éuinea-pig small intestine suggest BN-like peptides may be
synthésized in intrinsic neurons present in myenteric plexus

/}Fosta-et al, 1981). These neurons project rostrally and
i

ﬁhervate the circular muscle as well as the celiac ganglia

\

-
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(Costa et al, 1981; Buffa et al, 1982). In human
gaétrointestinal tract, Price et al, (1984)-using
radioimmunoasséy for BN, have found highest levels of BLI in |
the fundus, antrum, pylorus and pancreas wiéh lower levels
in the duodenum, jejunum, terminal ileum and colon. Most
récentl}, Greeley et al, (1986) quantitated and
characterized the‘variants of BLI in the alinentary canaI-in
the mucosal and muséular layers of the rat, rabbit, hawk,
owl, dog, monkey and human. Throughoﬁﬁ the entire
gastrointestinal tract.of all species studied, BLI was
present. Gel chromatography showed that BLI corresponded to
GRP-27, BN or GRP-10. . .
In the pancreas of man, pig, calf, rat and guinea pig,
BLI is present in moderate density (Ghatei et al, 1984b5. In
“rHe rat, immunocytochemical studies demonstrated BLI in

F . - -
nerves in the exocrine pancreas, and small quantities in the

pancreatic islets as well (Jensen et al, 1978). 3
In female rat genito-urinary tract using

radioimmunoaséay, BLI has been detected, with highest -

concentration in the vagina, and modérate concentrations in

the uterus and bladder {Ghatei et al, 1985). The BLI nerve

fibres were localized bfﬂzhmunocytochemistry in the smooth

muscle layer, around blood vessels and in the submucosa of

the vagina and bladder. ’
More recently, radioimmuncassay of bovine adrenal

medulla indicated relatively high levels of BLI (27 pmol/g

tissue) (LeMaire et al, 1986).
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Bombesin-1ike peptldes are present in endocrine cells

“of rat, fetal 1ung but not in the adult lung (Wharton et al,

1978). In human fetuses and neonates BLI is present in the

respiratory tract and may play a role in therﬁifferentiation ‘

of the lung (Ghatei et al, 1983). Recently BLI has been
found in human and guinea pig alveolar macrophages of the
healthy lung (Wiedermann et al, 1986}).

High levels of BLI are present in small cell lung

cancer biopéy specimens (10-750 pmol/g wet tissue) (Moody et

al, 1981b; Wood et al, 1981:; Erisman, 1982).

Distribution of BN Receptors in the Brain

In the rat brain homogenate (10 mg wet tissue) recept?r”

binding studies indicated that iodinated tyrosine (125 I-
Tyr?) BN bound with high affinity (K4 = 4 nM) to a single
class of sites'in specific areas of the rat brain, spinal
cord and gut. This binding is reported to be specific,
saturable and reversible (Mooéy et a;, 1978; 19%7).
Bombesin-like peptideg may bind to a membrane protein of
subﬁnit mdfécular weight 78,000 daltons. The recéptor
density ranges from 2000-5000 per cell (Moody et al, 1987;

2

Moody.et al, 1985).

Radioreceptor aésays for BN, in the rat brain, shoy
that the highest concentrations of receptors appear to be
associated with limbic forebrain and midbrain structures

‘(Moody et al, 1979; Pert et al, 1980). Pert et al (1980)
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reported highest levels of BN binding in the amygdala (18 6
fmol/mg protein), hypothalamus (17. 8 fmol/mg protein),

frontal cortex, olfactory nuclei, and nucleus accumbens

(15.4 fmol/mg protein), dorsal hippocampus (13.6 fmol/mg
protein), periaqueductal gray (1l1:1 fmol/mg protein), and
corpus striatum (9.1 fmol/mg protein). The distribution .
pattern of these receptor densities is illustrated in Figure
2.

In more recent studies, highest grain densities for BN
binding sites (as determined by in vitro, light microscopic
autoradiography) were found, as above, in limbic areas,
namely: tne nucleus accumbens, olfactory bulb, olfactory
tubercle, medial and anterior cortical amygdaloid nuclei,
outer molecular layer of the dentate gyrus, and area CA4 of
the hippocampus and the subiculum, sﬁria terminalis, and the
paraventricular, periventricular and suprachiasmatic nuclei o
of the hypothalamus, and dorsomedial and rhombeid thalamus.

In addition hiéhest grain densities were found in the
nucleus tractns solitarius and the substantia gelatinosa.

Moderate grain densities are found in deep layeré\of the

parietal cortex;#deep layers of the neocortex, rhinal

cortex, caudate putamen, stria terminalis, locus ceruleus,
parabracpigl nuclens and facial nucleus other parts of the
hippocaﬁpusi and basomedial and central amygdaloid nucleus

(Wolf etfal, 1983; Wolf and Moody, 1985; Zarbin et al,

1985) .
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Figure 2: The localization of BN binding sifjes (BNR) in the -
rat brain (saggital view) ‘rdapted from Paxinog.and Watson,

(1982) . B
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‘ In addition, recepfors for BN-like peptides are pgesent

~ on pituitary cells of the rat (Westendorf and Schonbrunn,

1983) . The discrete regional distribution of binding

" suggests that endogenous BN-like peptides may function as

important- requlatory agents in certain brain loci.
Distribution of BN Receptors in the Periphery

Bombesin receptors in the gastrointestinal tract are

localized to the fundus, gastric antrum, ducdenum and ileum

" . of the rat (Moran et al, 1985). Bombesin binding was limited

td the neural plexus and was not found in the mucosal or
muscular layers. In thq:guinea;gig, receptors for BN are .
present in pancreatic acini (Jensen et al, 1978).
Additionally, BN has been fouﬂq to bind with specific
receptors on normal human pancreatic membranes (Scemama et
al, 1986). As well, BN binds wiEh ﬁigh affinity to small
cell lung cancer cells. Binding was :eversible, saturable
and specific (Moody et al, 1985). .

In all instances the C-terminal of BN/GRP is important
for high affinity binding‘of BN-like peptides to their
receptors. There is no evidence, at this time, for more than
one type of receptor for BN-like peptides (Moody et al,

1987).

‘—a_.}
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Effects of BN Administered Centrally

Central administration (ventricularily) of BN induces
many changes such as hyperglycemia, hypothermia in cold
exposed rats, alteration of pituitary secretions, decrease

in gastric secretion, increases in locomotion and grooming

in rats and suppression of feeding behavior.
Hyperglycemia .

Central injection of nanogram doses of BN in conscious
rats results in a 2-fold elevation of plasma glucose that is
independent of ambient temperature (Brown et al, 1977b).
This hyperglycemic effect is accompanied by a 10-fold
increase in plasma epinephrine (Walsh. 1982; Brown et al,
1979), an increase in plasma glucagon and a relative
decrease in plasma insulin. The hyperglycemic response to
central administration of BN is prevented by adrenalectomy.
These results are consistent with a primary effect of BN in
the brain that outflows to the adrenal gland, with
hyperglycemia resulting from increased secretion of adrenal
medullary epinephrine (Fisher and Brown, 1984; Brown et al,
1977b: Brown et al, 1979). Specifically, BN microinjecped in
the dorsal hypothalamus, in conscious dogs caﬁ;;d }ises in

blood sugar and a épecific rapid rise in plasma epinephrine

(Brown, 19é3). Lateral hypothalamic lesions or transections
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blocked the BN induced hyperglycemia in rats (Gunion et al,

— - ~

1984) . The hyperglycemic effect of BN was ‘ntagonized by
peripheral or central administration of somatostatin analogs
(Francesconi and Mager, 1981; Brown et'ai, 197%). This
central effect of BN does not appear to be due to activation
of adrenergic or cholinergic pathways (Brown, 1981b).
'Furthermore, Okubo et al (1985) demonstrated BN and GRP-

.

27 stimulated a dose-related rf}zase of epinephrine from
isolated rat adrenal gland. Aﬁhalf maximal éffect of BN wag
observed at 1.2 x 10°° M and a maximal «elease of
epinephrine at 1 x 10~® M. Bombesin also significantly

stimulated the release.qf norepinephrine at concentrations
above 1 x kp'7 M. Bombesin-induced cateﬁholamine releases )
were not inhibited by hexamethonium or atropine. In
additidn, BN had additive efﬁecf; on the nicotine-induced
epinephrine and norepinephrine release. More recently,
LeMaire et al,'(1986) have demonstrated véry'high levels of
BLI)in bovine adrenal medulla. These data strongly suggest
that BN-like peptide(s) play a physiological role as one of

the-;mportant reqgulators in catecholamine secretion in the

adrenal gland.
Poikilothermic Effects
Bombesin is one of the most potent substances known to

influence thermorequlation through a CNS site of action

{Brown etrai,"1977c). Bombesin-induced hypothermia in cold-



exposed rats is associéted with a reduction of metabolic
rate relative to the ambient temperature (Brown, 1982).
Bombesin_Ereated rats display no increases in oxygen
cohsumption‘rate when placed in a'colﬁ énvironment in
contrasé to controls, hence, regulatory heat production is
inhigited following BN administration and cold exposure
leads to hypothermig (Bf;;;,'1982). Bombesin may prevent
cold-induced elevations of oxygen consumption ﬁhrougp a CNS
aétion on cardiac function, since BN administered IcV
produggs dose-related suppressions of cold-induced _
glevations of heart rate and oxygen consumption (Fisher et
ai, 1985). The CNS-selective somatostatin analog OpTB-SS,
injected ICV, réversed the effects of BN on ﬁeaxt rate and
oxygen consumption during cold exposure, but atropire.methyl
nitrate administered intravenously did not (Fisher et al,
1985). The antagonism of ODT8-SS and TRH on BN-induced
hypothermic effects is physiological since ODT8-SS and TRH
are not BN-receptor antagonists (Moocdy et al, 1987). The
direct injection of BN into the anterior hypothalamic
preoptic area results in potent hypothermic effects in cold-
exposed rats suégesting that this is a gspecific site for ‘
this effect of BN (Pittman et al, 1980; Wunder et:‘al,1 1986).,
Tolerance has been shown to develop to the BN-induced
hypothermia when rats were infused with BN (0.18 ug/hr; ICV)
(Cowan et al, 1985). ‘ : -
In contrast, BN has little or no effect on body

temperature in rats maintained at thermoneutrality and
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elicits“hyperth%;mia in heat-stressed rats (Tache et al,

19890).

s

Pituitary Hormone Secretion
!

—
In male steroid-primed, urethane-anesthetized rats,

intracisternal injections of BN (5-10 ug) stimulated growth
hormone (GH) and proiactin release (Rivier et al, 1978).

" However, in conscioﬁs male,rats, BN (500 ng - lug) injected
ICV decreased basal GH levels and induced a long lasting *:
suppression of episodic.GH release as measured by serial |
blocd sampling; In conscious male rats, BN injected ICV or
.into the preoptic anterior hypothalamus induced a long
lasting inhibition of plasma prolactin levels (Tache et al,
1979b) . Moreover, BN administered intracisternally was able
to antagonize the rise in plasma prolactin levels induced by
dopaﬁine antagonists injected intracisternally or IP. This’
BN- antagonism of dopamine-antagonist-jnduced rise in
prolactin does not occur at the dopapine receptor (Collu et
al, 1983; Moody et al,‘1987).

Kentroti and McCann, (1985), report the injection o;_\k;
pbrcine GRP-27 (2 ug to 10'ng; ICV) in ovariectomized(female
rats resulted in a significant decrease in plasma GH levels,
lasting 90 min. The minimal effective-dose of GRP-27 was 10
ng (3.6 pmoi); however, the GH-releasing action of the human
pancreatic growth hormone-releasing factor (GRF)(intravendEg.

igjection'o.l u&/kg) was blocked by 5 ng (1.8 pmol) GRP-27.



v

Algb

, 'all GH pulses were agglishqd over the 90 min. However,
GRP-27 has a direot stimulatory effeét on GH releasa on
dispersed pituitary cells perfdsed with medium (Westendorf
and Schonbrunn, 1982, 1983; Kentroti aqd McCann, 1985).
Kentroti and Mccannl(lgés) suggest that'GRP{f27 may act on
periventricular structures to releasé somafostatin, which

reduces GH release. In agreement with this hypoﬁ&ssis, it
¥
‘has been demonstrated that the inhibitory effdtt of Icv

" administered GRP-27 on plasma GH 1evels was significantly

attenuated by administration of antisomatostatin serum
(Yasuhiro et al, 1984). Also, Abe et 51 (1981) found that in
anesthetized rats BN (0.2 ug. ICV) increased immunoreactive
somatostatin concentrations in hypothalamo-hypophyseal
portal blood, but not.in jugular blood. Thus, it appears
likely that the mechanism for this effect of GRP-27 to alter
GH secretion is via the pqtlventricular‘nucleus where GRP—27

(Roth et al, 1982) increasses "somatostatin release into

'.portal vessels where somatostatin passes down the pgital

vessels and blocks the release of GH from somatotrophs
(Kentroti and McCann, 19853. Further studies may reveal a
physiological role for this BN-like peptide in the release

of GH. N
Gastric Secretion

Bombesin or/GRP-27 (pmol range) injected into the

cerebrospinalffiuid inhibited basal gastric secretion and



significantly or completely suppressed acid secretion
stimulated by various secretagogues ogggurgical

interventions in rats (Tache et al, 1980), cats (Aronchick

et al, 1983) and dogs (Pappas et al, 1984). From these g
oy ~
studies it appears that the antisecretory effect of BN-like .

peptides delivered in the CSF can be obserwed 1rrespect1vely
of the animal preparation or type of gastric stimuli (Tache
and Gunion, 1985). Peptiée action is dose-dependént, long
lasting, and structurally specific. '
S;veral‘lines of evidence indicate that BN-induced
inhibition of gastric acid secretion is not only localized
in forebrain hypothalémic structures. Electrolytic lesions
;5% the lateral, ventromedial or the paraventriculay nucleus
Ar xnife cuts around the lateral hypothalamus did not modify
gastric response to intracisternal BN (Tache et'al, 1982;
Gunion'et al, 1984; Tache et al, 1984). Brainstem mechénisms
élone are sufficient to mediatéhfﬁis peptide action since
midbrain transection did not alter the dose-dependent
inhibitory effect of intracisternal_BN on gastric secretion
.(Gunion and Tache, 1984). Central action of BN to inhibit
stimulated gaétric secretion has not been shown to be.
revervzed by central catecholamine, serotonin,or opiate
receptor antagonists (Tache and Collu, 1982). Neurall
transmission from the brain to the stomach of the BN
inhibitorf effect ig not vagally or adrénomedullarily
mediated. However, transection of the spinal cord up to the ;7

7th cervical levels and blockade of az—adrenergic recepﬁors
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reversed the rise in gastric pH induced by intracisternal
BN, suggeétiﬁg a mediation in part through the sgppathetic
nervous system (Lesiege and Tache, 1983). However, |
chlorisondamine, a ganglionic ﬂiocking agent known (0.5
mg/ké g}veﬁ intravenously)_to completely block sympathetic
and parasympathetic outflow (Taylor, 1980; Fisher et al,
1982: Lenz et al, 1985), did not block inhibition of gastric
acid secretion induced by BN or GRP-27. This indicates that
this effect of BN and GRP-27 is not mediated by tﬁg
autbriomic nervous system (Lenz et al, 1986) .

Recent research-bn the structuré'activity of BN-like
peptides injected centrally to reduce gastric acid secretion

in rats demonstrated that GRP-27 is almost as potent as BN

whereas litorin is only 85% as potent as BN. Neuromedin B.

and C were inactive (buglietta et al, 1985). However, as in

other comparative studies, time course is an important
factor as well as purity of the drug, when carrying out

comparative studies. Since no mention of contxol for either

factor is évident in the methodology final conclusion on

structure activity must await more stringent control of both

time to degradation and purity of peptide.
Grooming
The most striking behavioral ac?iviﬁy induced by

nanogram doses of BN administered ICV or intrathecally is .

increased grooming-witﬁ a predominant scratching which

A
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continues for up to 2.5 hr. Similar effects have been
observed in mice, guinea pigs, rabbits and monkeys (Katz,
1980; Cowan et al, 1985). Tolerahce did not develop to the

'effects of BN on grooming (Gmerek and 00wap, 1982; Kulkosky
et al, 1982b; Van Wimersma et al, 1985a). Bombesin-induced
g;qggipgywas blocked by benzomorphan, diazepam or
haloperidol administration, but these drugs may act as
phyﬁﬁological,'not BN receptor antagonists (Crawley and
‘Moody, 1983; Van Wimersma Griedanus et al, 1985b; Moody et
al, 1987). Naloxone was reported by Gmerek and Cowan (1983)
not to block BN induced-groomipg at behaviorally non-
depressant doses, whereas+hx§n‘aimersma Greidanus et al
(1985b) report that naloxone does depress BN-induced

<groom1ng,-although at the doses used naloxone gid
significantly suppress the baseline total grooming score.

Bombesin induced grooming is qualitatively different
from that associated.with ACTH, the prototypic groom-
inducing agent (Gispen gt a1.1§55r Dunn et al, 1981; Katz,
1980) . The grooming behavior elicited by ACTH and other
lipotropin-derived peptides consists of yawning and
stretching followed by head to tail licking, and are all
naloxone reversible. Tolerance develops to ACTB—induced
grooming but not .to BN-induced“groomihg (Kulkosky et al,
1582b; Gmefek and Cowan,'1983). No cross tolefance between
BN and ACTH has been reported to develop.(ﬁan Wimersma
Griedanus, 1985a). The BN-induced behavior consists mostly

of facial grooming. In addition to normal facial washing, an
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atypical form of grooming consisting of extensive scratching
of the neck and upper body quadrant with the hind paws is
evident (Katz, 1980; Kulkosky et al, 1982a,b; Van Wimersma
Greidanué, 1985b). A recent QtudY'indicates that BN=-induced
grooming occurs through central but not intravenous
administration of éN. Furthermore, this CNS initiated
grooming is independent of the pituitary-adrenal axis

- -

(Gmerek and Cowan, 1983). )

ILocomotion

Central administration of BN (10 ng-l ug) increases
locomotor activities and exploration in a dose-aependent
fashion, over 60-90 m{n (Kulkosky et gl, 1982a,b; Gibbs et
al, 1982; Pert et al, 1980). Bémbesin-induced stimulation of
locomotor activity does not occur following peripheral
administration (Gibbs et al, 1982). |

Satiety

Peripheral or central administration (ICV) of BN,
induces reduction of eating, however, only the peripheral
administration of BN is accompanied by the normal satiety
seqﬁence of behavior: grooming and exploration occur for up
to 6 min after the meal followed by rest (Gibbs et al,
1979). The central administration of BN.results in feeding

inhibition accompanied by increased grooming and locomotion
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lasting 60-90 min, as well as‘inhibitiohs of water intake
(Kulkosky et al, 1982a,b; Gibbs et al, 1982). Thus, although
BN (ICV) produced large, dose-related inhibitions of food
intake with e threshold dose of 100 ng, the effect was not
behaviorally.specific. Injection of BN bilaterally into the
lateral hYpothalamus specifically reduced food intake and
aid not cause a disruption ef the characteristic sequence of
satiety related behaviors. Willis et al (1984) showed tha£
100 ng of BN.injected bilaterally at the ﬁaraventricular
nucleus of rats inhibited food intake, specifically as well.
However, in both studies reduction of food intake was small
'(20—25%). Thus the specific central site of BN-induced

satiety remains to be discovered.

Gastrointestinal Transport ,

Bombesin administered ICV (0.0003-0.1 ug/mouse),
intrathecal (0.003-0.3 ug/mouse) and IP (3-750 ug/mouse)
significantly delayed gastrointestinal transit in a dose
related fashion. Bombesin ICV was 13.5 times more potent
than BN intrathecally and 3406 times more potent than BN IP.
Colonic bead expulsion was significantly delayed in a
similar dose dependent way by BN ICV (0.0003-1.0 ug/mouse)
and intrathecal (0.003-1.0 ug/mouse) injection. Bombesin,
IP, at the doses tested (0.3-250 ué/mouse) was ineffective.
Bombesin, ICV, was 1.54 times‘more potent than BN

intrathecally in inhibition of colonic bead expuleion (Kolso
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et al, 1986a). Porreca et al, (1983) have demonsttatéd that
BN ICV delafs gastric emptying, inhibits smalllintestiﬁal
transit and transiently increases large bowel transit in
rats. Centrally administered BN 'acts at a supraspinal site
to produce inhibition of gastrointestinal transit (Koslo.et
al, 1986a). Hypophysectomy as well as adrenalectomy
eliminated the‘gastrointestinal transit effects of BN ICV
(Gmerek and Cowan, 1984) and intrathecal BN (Koslo et al,
1986b) in the rat. These studies emphasize the possible role
of the pituitary-adrenal axis in the maniféstation of

centrally administered BN-induced gastrointestinal transit.
Peripheral Effects of BN

Certain effects of centrally administered‘BN do not
occur when BN is administered peripherally, such as:
locomotion and grooming stimulation. Other central effects
of BN are the inverse of the peripheral effect such as
effects on gastric secretion, which are inhibited by.central
administration and stimulated by peripheral administration.
other actions of BN, such as induction of satiety occur

.after peripheral or central administration. Thus, the
separation of the effécts of centrally and peripherally
administered BN defies simple hypotheses, at presént.

As reviewed below, the peripheral effects of BN include
contraction of smooth muscle, regulation of gastric exocrine

- and endocrine function, and pancreatic exocrine and
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endocrine function. As well, peripheral BN may als%pact as a

growth factor, and may induce satidty.

Contraction of Smooth Muscle
) |

Initial studies on the pharmacological actions of BN
revealed the following: hypertensive action in the dog;
potent stimulant action on the rat uterus, the rat and
guinea-plg colon and the cat ileum (Anasta51 et al, 1971). -
In these tissues, contractile responses were not blocked by
cholinergic or catecholeﬁlnerglc antagonists. In contrast
the contractile response of guinea pig ileum was 'strongly
inhibited by atg?pine implying stimulation of a cholinergic
mechanism. In thesdog, intrarterial injections of GRP-27 or
BN inhibited ongoing contractile activity in the small
intestine of anesthetized dogs, however, pretreatment with
atropine increased the EDgy for BN inhibition of intestinal
contractions (Fox and McDonald, 1984). In addition to the
cholinergic involvement in BN-induced effects in pig.ileum
and dog intestine smooth muscle action,- somatostatmn has
been reported to inhibit BN-induced effects on mlgratlng
myoelectric complexes in the small intestine of the rat (Al-
Saffar, 1984). Furtpermore, substance P appears to mediate
the effect of BN at ehe feline lower ésophageal sphincter
(Reynolds et al, 1986). These studies on contractibility.
have for‘the most.barsvbeen carried out on tissue with

intrinsic innervation. With this appfoach it remains

*—\\\'
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uncertain whether the peptides act directly on the smboth
muscle cells or indirectly by affecting neurohal elaements in
the gut. One way to eliminate this uncerﬁainity is to use a
preparation of enzymatically dissoclated smaath muscle cells
thus obviating the possibility of neuronally mediated
effects (Lassignal et al, 1986). Smooth muscle cells freshly
dissociated from the stomach of Bufo marinus showed
contractions to BN, substance P, and cholecystokinin-
octapeptide, whereas vasoacfive intestinal peptide, secretin
and dopamine inhibited acetylcholine-Induced‘contractions.
Furthermore, ac;tylcﬁoline, BN, substance P, and
cholecysppkinin-ocgapeptide, were found in some instances to
act on the same cell, suggésting that receptors for these
agents exist on one and the same cell (Lassignal et al,
1986) . This, suggests that there may be a the direct action
of both neuropeptides and Eggtylcholine on muscle cell
contraction. Further experimentation of this type on mammals
including man is necessary to ascertain if smooth muscle
cells in other species have similar receptors.

In human, a 30 min infusion of 5-10 ng/Kg/min of BN
causes an incregse in lower esophageal sphincter pressure by
a non-gastrin/pancreatic polypeptide mediated mechanism
(Cofazziari et al, 1982), delay of solid meal gastric
emptying (Scarpignato et al, 1982), inhibition of basal
meqhanicél activity of the duodenum and jejunum (Corazziari
et al, 1974b), and stimulation of gallf?ladder contraction

‘and emptying (Corazziari et al, 1974a).



Bombesin has been found to inhibit gastric emptying in
unanesthetized rats after central administration (0.1—1.6 '
ug) whereas at a dose of 20 ug/kg IP, BN failed to alter
gastric emptying. This suggests that central BN receptors
are responsible for the observed iﬁhibition of gastric
emptying. Subdiaphragmatic vaéotomy completely abolished the
inhibition of gastric emptying.induced by central BN
" administration (Porreca and Burks, 1983). Burks éé al,
(1985), state,that sensory nerve endings in the gastric
mucosa and muscularis responding to stretch and chemical
stimuli project to the CNS over vagal and splgnchic afferent
pathways (Paintal, 1973). The vagal afferents terminate’
primarily on cells in the nucleus of the tractus solitarius
(Gwyn et al, 1979). Furthermore, they demonstrated that:the
peptide-induced, increase in gastric wall tension during the
contraction phase is accompanied by an increase in the
‘discharge frequency of béainstem neurons'per unit change in
wall tension. They have recorded brainstem neuronal
responses to neuropeptide-induced gqstric changes which are
vagally mediated and are thus abolished by vagotomy. Cell
bodies in fhe nucleus tractus solitarius project directly to
preganglionic cell groups of motor nuclei in the brain stem,
especially the dorsal motor nucleus of the vagus and the
nucleus ambiguus (Sawchénko, 1983). Unit activity recorded
from the dorsal motor nucleus of the vagus showed an.
increase in discharge frequency during sustained gastric

distension (Ewart and‘wingate, 1982). Moreover, retrograde
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transport pfﬁhorseradish peroxidase from the stomach to the
brain indicates that motor neurons projéct from the déisalg
motor nucleus of the vagus to the gastric Eorpus and antrum
(Scharoun et al, 1984). The nucleus ambiguus, projects
parasympathetic innervation to the stomach. Gamma-
aminobutyric acid (GABA) may function as a CNS
‘neurotransmitter in the QES}EUB ambiéuus, exerf%%g tonic
inhibitory influences on gastric motility since blockade of
the central GABA receptors results in stimulation (by
disinhibition) of both antral and pyloric contractions in
the stomach (Williford et al, 1981).

Thus, a sensory-CNS-motor loop between gut-brain-gut,
has been outlined, for gastric emptying, where brain-gut
peptides such as BN maf modulate sensory activitf in the
gut. Peptides may be neurcmodulators at the synapse of first
ordef\viggeral éfferent fibers, and may be neuromediators of
the neuron; which project to motor nuclei in the brain sten.
These motor neurons then project back to the stomach.
Further integration of information on the interrelationship
between systems such as the one just outlined for gastric
emptying, are essential for a better understanding of the

physiclogical role of brain-gut peptides.
Gastric Exocrine and Endocrine Secretions

The peripheral effects of BN on gastric function have

"been explored in the rat, where BN stimulated release of
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gastrin but not acid secretion, and in dogs and humans
-ZEE?B,_stimulation of gastrin release was associated with
stimulation of acid secretion (Walsh, 1982). In human, BN
infﬁsion caused an increase of gastric acid secretion which
was 50% lower than that induced bf maximal stimulation with
pentagastrin, and was in part, inhibited by atropine (Delle
Fave et al; 1985; Delle Fave et al; 1980) . Since the rise in
gastric acid secretion follows a prompt increase of gastrin
release, it is assumed that gastric secretion induced by BN
is gastrin mediated. In dogs, intravenous infusion of BN
produced potent stimulation of both gastrin release and
gastric acid secretion. The gastrin respoﬁse was abolished
by antrectomy (Bertaccini et al,r1974;‘Iﬁbicciatore et al,
1974), whereas vagotomy led to increased gastrin response
but unaltered acid response to BN (Hirschowitz and Gibseon,
1978). In humans, BN-induced gastrin release was
significantly lower after antrectomy, however the peak
gastrin responses to BN (5 ng/kg-l/min-1) infused over 30
min were significantl§ over baseline, éuggesting that BN
acts not only on antral G cells but on all gastrin cells in
the gastrointestihal tract.

Recent in vitro studies on vascularly perfﬁsed rat
Qtomach indicated that BN and acetylcholine are the main
intramural neural regulators of gastrin and somatostatin
secretion. Acetycholine acts predominantly to decrease
paracrine secretion of somatostatin, thus, eliminating the

continuous restraint of somatostatin on gastrin secretion
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. and enabling BN to exert its potent stimulatory effect on
gastrin secretion (Schubert et al,‘1985).'%hese results in
the rat may be applicablgrﬁo éimilar studies in the

vascularly perfused pig antrum (ﬁﬁlst et al, 1983) and on

isolated human antral glands (Richelsen et al,_1983).

Effects on Pancreatic Exocriné and Endocrine Secretion
; :

In humqps, BN stimulated the release of insulin,
glucagon (Bruzzone et al, 1983), and pancreatic
polypeptide(ae-uagistriﬁ et al, 1981). In isolated cell
cglture, the direct effegt of BN on isléf of Langerhans
ceils, insulin secretion has been confirmed (Swope and
Schonbrun, 1984). Bombesin induced secretion of glucagon
from-the endocrine pancreas but also from the L cells of the
intestine (Bruzzone, 1983).

In humans, BN stimulated secretion of pancreatic
enzymes and.caused‘increase of bicarbonate concentration in
duodenal juice. As well, BN augmented the blood
. concentration of amylase, lipase and trypsin en;{ies
originating in the pancreas (Delle Fave et al, 1985). The
mechanism of action of BN in stimulating exocrine secretion
in mammals appeared to’be species specific (Pearson et al,
1984; Jensen et al, 1978). With rat and.mouse pancreas BN
evoked membrane depolarization (Iwatsuki and Petersen, 1978)
resulting in’exocrine secretion. In the pig pancreas,

however, findings failed to show that BN was an important
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peptide neurotransmitter (Pearson et al; 1984) . The
mechgnisn of action of BN in stimulating pancreatic exocrine

secretion in humans remains to be clarified.
-Satiety

Péripherally administered BN and GRP-27 produced potent
dose-related and specific reductions of food intake at test
meais in rats (Gibbs, 1985). In addition, BN produced
satiet§ in genetiéally obese and lean mice (McLaughlin and
Balile, 1981), in baboons (Woods et al, 1983) and in humans .
(Muurﬁhainen et al, 1983), without any reported side
effects. |

The mechanism for this effect is unknown, but the
action of BN is not blocked by adrenalectomy (Gibbs et al,
1981), hypophysectomy (Stukey et al, 1982), complete
subdiaphragmatic vagotomy (Smith et al, 1981), celiaé
ganglionectomy (Gibbs, 1985), spinal cord section at the
level of the 6th thbracic vertebra (Stukey et al, 1982), and
area postrema or ventromedial hypothalamic lesions (Gibbs,
1985) . Recently Stuckey et al (1985’,'reported that a total
afferent disconhection of the gaétrointestinal tract from.
the brain blocked the inhibitory effect of BN on meal size.
They interpret this as suggesting that systemically-
administered BN may ijve a per ﬁﬁ;;al site of action when it

reduces food intake ‘a meal.
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ér:3¥h Factor

Bombesin-like peptides are present in endocrine cells

of the rat fetal but not adult lung (Wharton et al, 1978
Moody et al,'1984), as well, BN-like peptides are an order
of magnitude higher in humah fetal lung than adult lung
(Cutz et al, 1981, Track and Cutz, 1982). These BN-like
peptides were characterized and found to be GRP—Z?rand
neuroﬁedin o (ﬁoody et al, 1987). In human neonates with
acute respiratory distress syndrome there were lower levels
of BN-like péptides throughout all regions of the _ 8
respiratory tract compared to 24-28 week fetuses or full-
term infants. Thus, BN-like ﬁeptides may play a critical
role in the differéntiation of the lung.

In addition‘to its action on lung’maturation, BN has
been shown to induce hyperplasia and DNA synthesis in the
rat* pancreas (Sagor et al, 1982; Lhoste et al, 1985).'This
effect is not mediated indirectly by the release of
endogenous gastrin or cholecystokinin, but appears to pe
mediated by BN directly. Also,'BN inﬁreased the crypt cell
production rate and consequently increased gastrin secretion
in the small intestine of rats after intestinal resection
(Lehy et al, 1983).

As well as funétioning as a mitogen in normal tissue,
BN has also been shown to function as an autocrine growth

factor in small cell 1ung cancer cells derived from cells of

bronchial mucosa (Cuttitta et al, 1985). Biochemical studies

\ RN j’/
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indicated that the BN-like peptide(s) in these cancer cells
is GRP-27 and/or neuromedin C (Wood et al,1981; Erisman et

al, 1982).

. Summary

Bombesin appears to have majof functions in growth,
bedy mgtabolism, digestion, satiety, and respiration. It
appears #o fungtion in the limbic, endocrine, exocrine and
immune systems. Che might hy;;thesize, as was stated in the
introduction, that BN is a baSichrotein, whose gene
stfucture has been conserved throughout evolution and is
associated with bioclogical activities such as growth and
metabolism which are esseritial for survival of living
terminal of BN-like peptides is highly conserved and
necessary for biologicai activity and their is only one
class of BN receptors;for all biological effects analysed so
far (Moody et al, i987). Thus, as suggested by Angelucci
(19855,'the BN message is understoo&bnot for intrinsic
content, which does pot exist, but according to the logic of

the recipient structure.



- ' | 50

Interaction of Dopamine and BN Iﬂ the CNS
Little ig_known about the precise neuroanatomical loci

of the behavioral effects of BN or the neurochemical
substratum of its mediation. |

" Support for the content;on of dopaminergic involvement
arises from recent experimental results which demonstrate
that although BN is not capable of hbdiffing the binding
charabteriétics of [3H]-spiroperidol when injected "in vivo"
or §dded "in vitro" tolhypothalamic or striatal dopaminergic
receptors, BN administered intracisternally is able to
antagonize the rise in prolactin levels induqed‘by dopahine
receptor antagonists injected either intracisternally or
intraperitoneally (IP) (Collu et al, 1983). Thus the above
results suggest that-BN, centrally administered, does not
mediate its pharmacological effects at the dopamine
receptor, but may.mediate its effects through dopaminergic
neurons at terminal areas, either presynaptically or at the
synapse, by facilitating the release of dopamine. Bombesin
may have an action similar to that which amphetamine has on
~facilitating the releaée of dopamine sygpptically to ’
stimulate increased locomotor activity (Feigehbaum'et al,
1983). ' -

The similarity of behavioral and pharmacological effects

of dopamine and BN and the shared anatomical locus of

dopamine, dopamine terminals, and BN receptors further
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supports the possibility that BN may mediate its effects

through modulating the release of dopamine; The \\Ertég |

me ncephallc dopamlne pathways (AB A9, A10) are imp ted

iy the mediatlon of increased locomotor activity,

particularly at the termlnal area in the nucleus accqmbéns

(Kelly et al, 1975; Roberts et al, 1975; Pijnenburg and

VanRossum, 1973; Fink and Smith, 1980). At the nucleus

accumbens there is a very high concentration of BN |

feceptors, (Pegt et al; 1980), as well as, very highA £

fconcentrétion of dopamine within the area fich in dopamine

terminals (Versteeg et al, 1976; Lindﬁall et Bjorklund,

1978, 1983; Lindvall and SteQeni, 1978; Bjorklund and

Lindvall, 1986).. _
Dopamine and BN bqth suppress prolactin release.(Collu

et al, 1983). The locus of;this pharmacological action of

ddpamine has been identified.as the site of Al2, dopamine

reéeptors in the median eminence (Collu, 1981). Dopamine

receptors and very high levels of dopamine are present in

the median eminence (Lindvall and Bjorklund 1978, 1983;

Versteeg et al, 1976). Furtﬁermore, there are very high

levels of BN receptors in the hypothalamus (Pert,et al,

1980) .
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Lately, several researchers have poétulatéﬁ'that
afferent dopamine terminals in limbic structhreé (i.e.
amygdala and nucleus accumbens) may "“gate" thej?utput of
these structures (Chronister et al, 1981:_DeFr4nce et al,
1981; Mogenson and Yim, 1981; Robgrts et al, 1%82). It is.of
interest to note, as listed in_fable 2 and ill&strated in
Figures 2, and 3, that high density BN binding%sites occur

in limbic areas where there are dopaminergic términals,

namely: frontal cortex,'olfactgfy bulb, hucleué accuﬁbens,
olfactory tubercle, amygdala, dofsal‘hippocampﬁp, and |

" hypothalamus (Lindvall and Bjorklund, 1978, 19%3; Bjorklund
and Lindvall, 1986; Lindvall and Steveni, 1978{ Versteeg et
al, 1976; Pert et al, 1980; Wolf et al, 1983). }Consequently,
these béhavioral, pharmacolegical and anatomicél data

suggeét.that dopamine may mediate BN-induced effects within

limbic structures.
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Figure 3: Principle organization of the cerebral dopamine
cell bodies (o) and terminal regions (Y), in the rat brain

(saggital view; adapted from Paxinos and Watson, 1982).
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“.t.Table 2. Comparison of BN-like immunoreactivity (BLI),
BN-binding sites, dopamine (DA) tefminals, and DA in various

brain regions of the rat.

Site  BLI (f mol/ BN Binding origin of DA (pg/ug
‘ ug protein) (f mol/mg) DA cells protein)
(1) (2) (3) (4)
Frontal ¢ '
Cortex K 15.4 A9,10 1.04
Olfactory
 Bulb’ ? 15.4 A9,10,15 8.19
Nucleus ' - ‘
Accumbens 0.56 15.4 A8,9,10 87.17
Central
Amygdaloid
Nucleus 1.44 18.6 49,10 15.01
Dorsal
Hippocampus 0.22 ~  13.6 A9,10 0.36

(1) Moody et al, 1981a; (2) Pert et al, 1980; (3)
Lindvall and Bjorklund, 1983; (4) Versteeg et al, 1976.

1727 no measurement available for the structure.



OVERALL OBJECTIVES

PHASE 1. Preliminar? experiments were undertaken to
investigate the behavioral.éffects (locomotion, floor
activity and rearing) of BN when injected in the lateral
ventricle, which served to indicate the general effect of BN
" within 'the CNS. As well, preliminary experiméﬁts
investigated the effects of dopaminergic antagonists on

these BN-induced behaviors.

PHASE 2. These experiments investigated further whether
these BN-induced behavioral effects (locomotion, floor
.activity and rearing) were altered specificaily by the
dopaminergic antagonist flupenazine at dose(s) of antagonist
which did not effect baseline behavior. Addiéionaliy we
investigated whether these BN-induced behavioral effects
(locomotion, floor activity and rearing) were altered by a

specific lesion of dopamine neurons.

PHASE 3. After these initial studies, the objective of this
thesis research was to attempt to-delineate the
neuroénaﬁomical site(s) within the rat brain where BN (ICV)
may have induced behavioral its effects (locomotion, floor
acfivity, rearing and/or grooming elements). BN was
microinjected at six neuroanatomical site(s) éndowed with
high density of BN-binding within the rat brain and ICV, and. ﬁ

the behaviordi effects monitoréd,
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PHASE 4. The final phase experiments were. undertaken to
elucidate whethér some of the'ﬁehaviQral effects

- {locomotion, floor activity, rearing, grooming elements'
and/or satiety) of BN occur doncomitaﬁtly and site.
specifically. Two paradigms were used, namely, a "homeJ
pafadigm where locoﬁotor activities and grooming were
monitored and a "satiety" paradigm where eating and gfooming
behaviors were monitored. Grooming was monitored in two
different paradigms to investigate whether BN-induced _
_grooming was paradigm dependent. As well, the experimentéﬁ

investigated whether neurochemical differences exist in the

mechanisms subserving BN-induced behavioral effects with

particular emphasis on the possible modulation of BN-induced

behaviors through dppamiﬁjrgic neurotransmission.

. BRI
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CHAPTER 2
PHASE 1: BOMBESIN-INDUCED BEHAVIORAL CHANGES; ANTAGONISM BY

NEUROLEPTICS
Objectives Experiments 1.1-1.3

The specific objectives of this Phase were: 1) to
characterize the time-course and dose-effect of BN on thé
behavioral profile of rats, and 2) tolelucidate whether
neuroleptic drugs (dopamine receptor blockers) antagonize

the behavioral effects of BN.
Animals

Male Sprague-Dawley rats (St. Constant, Quebec) were
housed individually with free.access to food (Mastéé-
Laboraﬁory Chow) and water. The environment was maintained
at 24°9c, at 60% relative humidity and with 12 hr'of light (6

a.m. to 6 p.m.). !

Ventritular Cannulation

Rats under sodium pentobarbitol (50 mg/kg, IP)
anesthesia were stereotaxically implanted with stainless-
steel guide cannulae (plastic products Co., Roanoke,

Virginia) in the lateral ventricle, using coordinates
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derived from Peliegrino et al, 1959. The cannula assembly
was cemented with dental,aé}ylic to jeweler's screws placed‘
in the calvarium. Stainless-stéél obturators were in the
guide cannulae at all times except durinQ injections; The
incisions were closed and the animals allowed a minimum of 5
days postoperative recovery period prior to the commencement
of experiments. At the end of every experiment, cannulae
placements were verlfied using dye substitution followed by

standard histological procedures.
Behavioral Monitoring

Behavioral monitoring was conducted by modification of
_the procedure described byjyérali and Toth (1982). Each
behavioral observation chamber consisted of an inner clear
polycarbonate cage (43 x 23 x 15 cm; identical to the rat‘'s
home cage) and an outer frame housing an array of 9
strategically placed infrared lightbeams (IR beams).
array of 5 beams located on a plane 3.8 cm above the floor
transected the floor into six equal sections. Two of these
IR beams projected longitudinally, parallel to the floor,
and were spaced 7.65 cm from the respective side walls. The
other 3 (of the 5) IR beams projected transversely on the
same plane, and were spaced 11.4 cm apart. This arrangement
of IR beams genérated a grid with é points at which the
beams crossed (co-ordinates). Each time an animal moved from

one co-ordinate to an adjacent one, the ‘locomotion count?
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was increméntéd by 1. The actual distance traversed by an
animal was computed by multiplying the ‘locomotion count‘ by
th&iaverage distance between co-ordinates (13.7 cm). In
conﬁrast, the ‘Floor Activity‘ represented the total number
of times any of these 5 IR beams were interfupted, and
reflected the horizontal and lateral displacement of the
animal, at this plane. A curtain of 4 longitudinal IR beamns,
17.8 cm above and parallel to the floor (spaced 4.5 cm
apart), served to detect the rearing activity of each
animal. A custom designed Z-80 microprocessor based
controller performed most of the timing and scoring
functions. The system consisted of 12 chambers and each of
the IR b?aﬂ was.sampled once every second. Simultaneous
observations by human raters were ‘conducted from an adjacent

room, through a one-way mirror. o
Experiment 1.1

Twelve animals equipped with ventricular cannulae were
randomly divided into control (n=6) or treatment groups
(n=6). During the same time oﬁ every alternate day, animals
were distributed into individual experimental chambers and
allowed 1 hr acclimatization period. Immediately following
this, confrol rats were injected with saline (5 ul over 90
sec, ICV) whereas the treatment group (ascending series)
received the following doses of BN (0.001, 0.01, 0.1, or 1.0

ug BN/5 ul, ICV., over 90 sec). All animals were returned to
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their behavioral chambers and data collection initiated 15
nin later, for the_subsequgnt 23 hr. This procedure was
repeated every alternate day, with sequentially increasing

doses of BN, until all doses were tested.

Experiﬁent 1.2

The above experiment was repeated on a separate group
of animals except that these animals received BN in a
descending order (descending series); that is the treatment
group received the highest dose (1.0 ug) first and the-
lowest dose (3 .001 ug) last. This procedure was adopted to
investigate (and control for) the potential effects of the

sequence of BN administration, on the behavioral outcome.

Experiment 1.3

The objective of this experiment was to elucidate
whether neuroleptic drugs {fluphenazine and haloperidol)
could anfagonize the behavioral effects of BN.

Twenty-two rats were randomly divided into two groups:
control (n=11) and BN (n=11). According to the split-plot
factorial design, every alternate &ay, the control rats were
treated with fluphenazine (0.0, 0.1, 0.25, 0.5 of 1.0 mg/kg,
'i.p.) -followed 30 min. later by saline (5 ul, ICV). The BN
animals received fluphenazine (0.0, 0.1, 0.25, 0.5 or 1.0

mg/kg) followed 30 min. later by BN (lug/5ul, ICV). The
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above experimént was repeated in.a separate group.of 8
animals dsing a different neuroleptic: control rats (n=4)
received haloperidol (0.0, 0.1, 1.0 or 2.5 mg/Kg) followed
by saline; whereas the BN greup (n=4) received the same

neuroleptic treatment followed by BN (1 ug/5ul, ICV).
Results Experiments 1.1 and 1.2

Three way analysis of variance (repeated ovéf time and
dose), revealed no significant effect of sequence of BN
administfation, on locomotor, rearing or floor activity.
Thus, the data for each behavior from the ascending and
descending series were pooled, for each of the BN doses,‘and
analysed using two way analysis of varianée with repeated
measures (correction by the Greenhouse-G&isser procedure).
Post-hoc multiple comparisons-were done using the Tukey test
(Keppel, 1973). 5 ‘ /\“

. The interaction between the effects of timé !Eh dose
was significant F({1,11) = 4.9, p<0.05. This interaction was
ﬁainly attributable to the differential effects of the BN
doses on the duration of the locomotor respéﬁse.'Data
presented in Figure 4, demonstrate that BN at the lowest
dose (0.001 ug) induced a small but significant increase in
the distance traversed by the rats. This effectAwaé
detectable only during the fifét'haif hour following BN
administration. with.a higher dose (0.01 ug) the magnitude

of the locomotor response, but not its duration, was further



, - 62

increaéed..Furthéi'inc:easea in the BN dosage to 0.1 and 1.0
. ug, prdducéd a more proibnged locomotor stimulation that was
detectable for 60 and 90 min, respectively ‘

Slmilarly, BN produced dose- and time-related change;
in the floor activ1ty“F(1,11) = 17.4, p<0101. As can be seen
’in Figure 5, at doses of 0.001 or 0.01 ug BN, floor activity ,
which appears td refleﬁt ‘excessive‘ grooming }astéd for
about 30 min. With the 0.1 ug dose, ‘excessive® grboming
per51sted for about 90 min. And with the 1.0 ug dose, BN
effects on floor activity could be detected for up to 150
min. ' - ;

It is of iﬁterest to notgﬁghatlwith the O.} and 1.0 ug
doses, BN effeécts on floor activity were more prolonged than
those on locomotor activity.

Bombesin also increased the frequency of rearing
activity in the rats, in a time-dependent manner F(1,11) =
31.3, p<0.0l. As can be seen inh Figure 6, BN at a QQaehof
"0.001 ug significantly incrgased the number of times the
animals reared in the first 30 min. The magnitude of this
response was further enhaﬁced by the 0.01 ug dose. At doses
greater than 0.1 ug, the duration of rearing frequency was
extended, in a_dose;related manner. | /

{
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Figure 4: Time- and dose- related effects of BN (n loconiotor,
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Results Experiment 1.3

The objective of this expsriment was to elucidate
whether neurcleptic drugs could antagonize the behavioral
effects of BN. In the case of locomotor activity, two-way
analysis of variance with repeated measures (correction by
Greenhouse-Geisser procedure), revealed a significant group
(control or BN) x treatment (fluphenazine doses) interaction
F(1,20) =/8.2, p<0.01. The analysis of the simple.main

- e . s T T T e
effects, revealed that the interaction was mainly
attributable to the differential response of‘fhe control
(F(1,20) = 2.9, N.S.) vs BN (F(1,20) = 35.2, _‘p<0.001) groups
to the varieus treatment conditions. The data ep floor
activity were subjected to similar analysis. The
?nteraction effect between groups (control or BN) and
Ereatment (fluphenaz{ee doses) was significant (F(1,20) =
37.4, p<0.001). The analysis of the simple-main effects
revealed that as in the'case of locomotion, the interaction
was 1ar§ely attributable to the differential response of
control (F(l 20) = 2.5, N.S.) vs the BN (F(l 2b) = 10 ,.3
p<0. og*l,gfgups. Haloperidol data were subjected to simllar
analysee_followed by multiple post-hoc comparisons, using
. the Tuke§ test. The results are summarized .in Table 3,
below. Pretreatment of animals with either fluphenezine or

haloperldol markedly attenuated or completely blocked the

behavioral effects of BN (1.0 ug), dependlng upon the
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neuroleptic dose. As illustrated in Table 3, fluphenazine '

alone at a dose of 0.1 mg/kg, failed to signiflcantly alter

the locomotor or floor activity, although there was an

evident decrease in these behaviors. However, at that dose,

fluphenazine significantly suppressed the effects of 1 ug
BN, on locomotor and floor activity. Fluphenazine at higher
doses completely blocked the behavioral effects of BN.

However, fluphenazine at a dose of 0.25 mg/Kg or greater

67

also significantly suppressed the normal locomotor and floor

activity. Similarly, haloperidol at a dose of 0.1 mg/kg

e

biocked the behavioral effects of 1.0 ug BN, without
significantly altering the normal locomotor and floor
abtivity by itself. At higher doses (1.0 or 2.5 ng/kg),
however, although there was a complete blockade of BN
effects, the normal behavioral effects were also

significantly suppressed.
Discussion

The data from these experiments demonstrated that BN,

when administered intraventricularly, quite potently

stimulated locomotor, floor gactivity and rearing behaviors
\%’ g

) in rats. The duration of this response was dose-related and

was not influenced by the sequence of BN doses administered.
The behavioral effects were prompt in onset and could be
detected for up to 2.5 hr, depending upon the dosage of BN

(0.001 to 1.0 ug) used, and the behavioral parameter
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monitored. The effect of BN on floor activity was more
pronounced rélativéﬂfo its effect on locomotion or rearing,
and persisted for the longest period. Increased locomotion
elicited by BN has also been noted by other investigators in
mice (Katz and Roth, 1979), and rats (Brown et al, 1978;
Brown and Vale, 1980; Pert et al, 1980; Gmerek and Cowan,
1983; Kulkosky et al, i982a,.b).

Although BN has podérful behavioral effects, little is
known about the locus (or loci) of action, or the underlying
neural correlates of these effects. Since explo;ative
locomotor behavior in the rat is believed to be dependent in
part to the dopaminergic system(s), we were prompted tq
investigate whether BN mediated its motoric effects through
the dopaminergic system(s). Our results dempnstrated that
neuroleptics (fluphenazine or haloperidolj could effectively
antagonize the behavioral effects of BN. However, the
neurcleptic-induced suppression of ‘normal‘ behaviors was,
with the exception of the lowest doses, statistically
significant. It is of interest that this suppression could
partially be reversed by BN in the éase of lower doses of
fluphenazine (0.001 to 0.5 mg/Kg) but‘not with the high dose
of fluphenazine. This tr;nd was not épparent in the case of
haloperidel and the phenomenon can not be readily explained.
Nonetheless, there is enodgh evidence to indicage that BN
may be mediating its behavioral effects, at least in part,

through the dopaminergic system(s).
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While the significance-of the characteristic behavioral
syndrome induced by BN (or other ﬁeptides) is not yet fully
understood, it remains éossible that it reflects increased
arousal or stress response. This contention is attréctive
. because centrally administered BN also rés&lts in a dose-
dependent rise in plasma epiqpphrine {but not
norepinephrine, dopamine or corticosterone) (Brown et al,
1979; Brown and Vale, 1980). The selective rise in
epinephrine would indicate that this response is not merely
a non specific response to stress. Furthermore, it is
interesting to note that intra-cerebroventricular
administration of QN'has been reported to alter the response
“of rats to cold-restraint stress; BN abolished prolactin
rise, increased the hyperglycemic and hypothermic response,
and reduced the incidence of gastric lesions, associated
with cold-restraint stress (Tache et al, 1979). These data
suggest that BN-like peptides may have a physiological role
in stress response. In conclusion, our data demonstrate the
powerful dose- and time-related effects of BN on locomotor,
floor activity and reéring activity of rats. Furthermore,
our results indicate that BN may be mediating these effects,
at least in part, through the modulation of dopaminergic

systen(s) .
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Table 3. Effect of Neuroleptics (Fluphenazine and

Haloperidol) on BN-Induced Behavioral Changes

Group Locdmopion ' Floor Activity
4 (cm traversed) ” (# beams broken)
control 295 + 13 (100) 42 173 + 35 (100)
BNtl.d ug ICv) 819 + 139 (278)% 851 + 60 (492)*
Flu (0.1) 151 + 34 (51)+ 104 + 19 (60)+
“Flu (0.1) + BN 344 + 91(117)+ 328 ¢'59(190)+*
Flu (0.25) 80 + 18 (27)+* 67 + 15'(39)+
Flu (0.25)+ BN 124 + 26 (42)+ 112 + 24 (555+
Flu (0.5) 69 &+ 15 (23)+% 49 + 8 (28)+*
Flu (0.5) + BN 243 + 59 (82)+ 201 + 32 (116)+
Flu (1.0) 77 + 17 (26)+% T 40 + 10 (23)+*
Flu (1.0) + BN 89 + 21 (30)+* 77 + 15 (45)+*
‘Hal (0.1) 117 + 45 (40)+ 96 + 19 (55)+
Hal (0.1) + BN 62 + 16 (21)+* 94 + 25 (54)+
Hal (1.0) 45 + 3 (15)+* 26 + 8 (15)+%*
Hal (1.0) + BN - 43 + 8 (15)+% 23 + 4 (13)+%
Hal (2.5) 24 + 10 (8)+* 17 + 10 (10)+*
Hal (2.5) + BN 34 4+ 11 (12)+% 9 + 3 (5)+*

+ standard error of the mean

Each value represents the mean
(sem) of the behavior monitored over 90 min for each group.
Data are also expressed in percentages (in parentheses)
taking the values of controls as 100%. * significantly
‘different with respect to controls at p<0.05. +

significantly different with respect to BN group at p<6,05.

-
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CHAPTER 3

PHASE 2: ROLE OF DOPAMINERGIC SYSTEM(S) IN MEDIATION OF THE

BEHAVIORAL EFFECTS OF BOMBESIN

Since the Phase 1'Experiments appeared to support the
contention that centrally administered BN may mediate its
effects through modulation of dopaminergic
neurotransmission, additional experiments were undertaken to

further test this contention.

Objectives Experiments 2.1- 2.2.
4 BN
The objectives of the next set of experiments were (1)
to further delineate the doses at which fluphenazine
antagonizes the behavioral effects of BN, without
suppressing the normal behaviors, and (2) to determine if
lesioning dopamine neurons alters the behavioral response to

BN.
Experiment 2.1

This experiment was designed to delineate the dose
range over which fluphena21ne would selectively block the

/effeqté/of BN on locomotion, floor activity £h$ rearing.

1
l\l



Method

G;ntricular cannulation and behavioral monitoring were
carried out as described above for Experiment 1. Rats (n=7)
equipped with ventricular cannulae were subjected to the
following experimental conditions: 1) saline (IP) + saline
(Icv), 2) saline (IP) + BN (ICV), 3) fluphenazine (IP) +
saline (ICV), 4) fluphenazine (IP) + BN (ICV). The dose of
BN (i.o ug ICV) was held éonstant throughout all
experimental conditions whereas that of fluphenazine ( 0.01,
0.025, 0.1, 0.25 mg/kg) was varied randomly until all doses
were testé’. ?ollowing each treatment ahimals were
distribut;d into their experimental chambers and were given
15 minutes for acclimatization before initiation of data

collection. All experimental sessions commenced at 10:15

a.m. every day and were 90 min in duration.
Results

The data for each behavior, when subjected to one-way
analyéis of variance revealed a significant effect of
treatment conditions: locomotion (F (9,54) = 18.3, p <
0.05), floor activity (F (9,54) = 26.65, p < 0.05) and
rearing f;equency (F (9,54) = 8147, p < 0.05). Post hoc
comparisop of means, using least significant,differences

(L.S.D.) (Kirk, 1982), revealed that administration of

“—
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fluphenazine at a dosé of 0.1 mg/kg failed to significantly
alter the normal behavioral profile. However, at this dose,
fluphenazine significantly‘guppressed the effects of 1.0 ug
BN on .locomotor, floor, and rearing aétivity (see Figure 7).
At a higher dose (0.25 mg/Kg) fluphenazine éuppressed‘normal
(saline + saline) as well as BN-induced behaviors. ereas,
at lower doses (0.025, 0.01 mg/kg) it failed t? |
significantly alter either normal or BN-induced behaviors.
Thus only at 0.1 mg/kg was there a specific fluphenazine ’
antagonism of BN-indqud behavioral changes. As illustrated
in Figure 7, administration of BN compared with the control
condition (saline + saline) produced significané stimulatién
of locomotor, floor,..and rearing activity.

At every dose 6flfluphen5ziﬂe, the fluphenazine +
saline group was significantly different from the saline +
BN group in behavior; The fluphenazine + saline groups did '
not differ significantly from the controls (saline + salinef
in the behaviors méhitored except for floor activity (at
0.25 mg/kg dose). Thus fluphenazine suppressed normal

behavior only at doses of 0.25 mg/kg or greater.
J
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Figure 7. Dose-related effects of fluphenazine on saline-
and BN-induced effects on locomotion, floor activity and
rearing. The ordinate represents the magnitude of the
quantified behavioral response (mean for 90 min); the
abscissa represents the dose of fluphenazine administered
(ma/kg) - Thé profile of the saline (IP) + saline (ICV)
condition is represented by the open bars} the saline (IP) +
BN (ICV) condition is represented by the vertically stripped

".bars; the fluphenazine (IP) + saline (ICV) condition by
hatched 5ar, and the fluphenazine (I?) + BN condition by the
cross-hatched bars. Each value repreésents the mean + sem of
7‘animals. *Significantly different from the contgols at
p<0.05. +Significantly different from the saline-BN

condition at p<0.05.



Experiment 2.2

Since fluphenazine (a dopamine receptor blocker)

~ selectively blocked the behavioral effects of BN, a second
experiment was undertaken to inves£igate whether the
1esioninéfgéu§he ddpamine pathway(é) would have an effectvén

BN-induced locomotor, floor and rearing activity.

.Method
{

Adult male Sprague-Dawley rats'were housed and
cannulated as described under Experiment 1, above, and were
randomly assigned to sham-lesion (n=5) or 6-OHDA-lesion
(n=5) groups. Both groups were pretreated with pargyline (50
mg/kg, i.p.) and desipramine (25 mg/kg, i.p.} in order to
pharmacologically restrict the neurotoxic effects to_the
dopamine neurons (Breese and Traylor, 1971; Hedreen, 1980).
_'Thifty minutes laﬁer rats were injected with 6-OHDA (250
ug/10 ul in 9.1% ascorbic acid, ICV) or vehicle (10 ul),
-over 30 sec (Ungerstedt, 1971b). A 12 day recovery period
‘preceded further experimental manipulation. Behavioral
monitoring was conducted as described under Experiment I.

All animﬁ&é were injected (ICV, over 30 sec) either.
with saline (5 ul) or BN (0.001, 0.01, 0.1, or 1.0 uy in 5
ui), until all doses were tested. Since animals do not |

display tolerance to the behavioral effects of repeated

) o
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"administration of Bﬁ (Ruikdsk& et al, 1982b; Gmerek and
Cowan, 1983) and since no significant effect of order of BN
administration‘oq 1;comotion, floor activity or rearing was
found (Nerali'et ai, 1983), tﬁe ascending dqse sequence oé

3

the BN dose-effect study, all animals were ;jnjected with d-

.amphetamihe.(o.s mg/kg; IP) to bépaviorally verify the
success of the é—OHDA lesion (KeTly et al, 1975; Kelly and
Ivérsen, 1976; Jeste and Smith, 1980). On the subsequent day
all animalsﬁﬁffe injec§ed with apomorphine_(o.zs %g/kg:
s.c.) to tést whether the rats were capable of motoric

_ activatioﬁ fgliowing a direct stimulation of the dopamine-
;ecepﬁors‘fxelly et al, 1975; Fink and Smith, 1980; Zigmond

§ V & N . "} .
wFand Strieker . 1980). The behavioral data were collected as

e, -,
-

~described under Experiment 1. . /»’/
’ 3
~ 7 ﬁésuits SN o
‘]E . Two way analysis of variance showed a signlficant

i i

interaction of exper1menta1 condition (sham 1e51on vs 6-
OHDA-lesion) andﬁdose of BN, for each behavior: locomotion
(F (4,32) = 4.7, p < 0.01); floor activity (F.(4,32) = 4.7,
p < 0.01f and rearing actiﬁity,(F (4,32) =.7.55, p < 0.001).
The analysis of the simple main -effects revealed that with
-each behavior the lnteractlon was mainly attributable to the
differential response of the 6-0HDA-1esionedié?pnsignificant

effect) vs the sham-lesioned group (éignificant éfﬁgct) to

\

bQ\administ;gyion was selected. Following the completion of .

A ]

ey
ST
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lesioned rats.

BN.'In concordance with the earlier data (Merali et al,
1983), BN was found to‘stimulate the locomotor, floor and

. "‘. -\'- .-
rearing activity of the control (sham-lesioned) animals, in

_éﬁadSe-dependant manner (see Figure 8). However,-as

‘illustrated in Figure 8, BN at the doses 0.001, 0.0l and 0.1

ug, digiagt significantly. increase béLavior of the 6-OHDA-

1esioned'animalsl only at Ehe_highestﬁabse (1.0 ug BN), did
this peptide increase locomotor and floor activlﬁb response
of the 6-0HDA-lesioned anfhals. However,.the magnitude of

this BN-stimulation was significantly smaller in the

J—

‘1es1oned animals as compared to the sham-1e51oned group.

The direct dopamine agonist apomorphine (0.25 mg/kg)'

was administered to verify that the dopamine receptors were -

-

lstill functionally intact. Administration of apomorphine, as
reported in Téble 4, resulted in stimulation of locomotion,
floor act1v1ty and rearing activity, indicating that the

lesioned anlmals were not only capable of motoric’ response,
EPt that they were supersensitive to the behav1oéal effects
of apomorphine. It is of interest tHat Zigmond and Stricker

(1980), reported similar supersensitivity to apomorphine

only after greater than 80% dopanine loss in the 6-OHDA-

-
1

&

—
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Figure 8. Dose-related effects of BN on locomotion, floor

activity and rearing in control and 6-OHDA-lesioned animals.

on the ordinate—the-magnitude of the quantified response ?

(mean for 90 min); on the abscissa dose of BN administered

(ug) . The cpen baré represent the control values whereas the

hatched bars represent the 6~0HDA-lesioned rats. Each value -

represents the mean + sem of 5 animals. *Significantly

different from the saline condition (controls, 0.0ug BN) at’

R

p<0.05. +Significantly different from the 6-OHDA-lesioned

saline condition (0.0 ug BN) at p<0.05. #Significantly

different from the dose-matched control condition, at

 p<0.05, ’ \'
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Table 4. Effect of Dopamine Agonists (Apomorphine and D-
" amphetamine) on the Behavior of 6-OHDA- and Sham-Lesioned

Rats.
Drug Group Locomotion Floor activity Rearing

(cm traversed) (# beams broken) frequency
Apomorphine Sham 1263 + 225\’/ 580 + 41 39 + 11

(0.25 mg/kg)

Apomorphine  6-OHDA 6943 + 1693*% 1457 + 109*% 216 + 86
(0.25 mg/kg ’

L4 .
D-amphetamine Sham 3872 + 948 1296 + 171 275 + 50
(0.5 mg/kg) i ) .
D-amphetamine 60OHDA 301 + 141+%* 236 + 58% 9 + 3%
(0.5 mg/kg)

Each value represents the mean + sem of the behavior
monitored over 90 min., for each group (n=5).* Significant

differencke between sham~ and 6-OHDA-lesioned groups at

p<0~+05.



In order to determine if behagioral}yﬁrelevant amounts
of dopamine release could be stimulated syndbticaily in the
6~0OHDA~lesioned animals, d-amphetamine was a@ministeréd..As
expected; the lesioned animalé showed a signifieantly lower
./)lpvel‘of behavioral.response to dfamphetamine (O.S‘mg/kg)
than the sham-lesioned rats in all three behaviors fsee‘ |
Table 4Y.'These data are in céncordéﬁéé with those in the
literature implica;ing'aepletion of ﬁzéolimbicocqrtical
dopamine to -the decreased locomotor responsiveness to

amphetamine (Kelly et al, 1975; Kelly and Iversen, 1976;

Jeste and Smith, 1980).
Discussion v
ihe data from these.and previously reported experiments

(Merali et al, 1983) demonstrate that fluphenazine, a

dopamine receptor blocker, can selectively antagonize the

——

behavioral gffects of BN, indicating that dopamine
pathway(s) may be.involved in the'mgdiétion of the,
behavioral effects of BN. Recently, Gmerek and Cowan, (1983)
reported tpat ﬁN—induced grooming in rats was not matrkedly
affected by a behaviorally non-depressant dose of
haloperidol (0.5 mg/Kg). However, at a higher dose of
haloperidol {5 mg/kg), BN-induced grooming was_completelf
blocked. This discrep;npy with our data may be attributed to
the limited dose range of haloperidol and/or the difference

e

in behavioral monitoring, particularly the time-course

$



(Isaacson et al, 1983), ‘eﬁﬁ';ﬁﬁéﬁﬁ}z?mérek nd Cowan,

: : T e

(1983). It is of interest that Schﬁl;;qt al, (1984) hgve
succeeded in replicaﬁing our findiné thaﬁ-neuroleptics
(haloperidol) can attenuate BN-induced.increase in locomotor
activity without significantly altering basal activity. The
effects of BN on grooming are not siqnificantly affected by
morphine, naloxone, neurotensin (Gmerek and Cowan, 1583),
atropine or diphenhyd;amineI(Schulz et al, 1984).

The lesioning of the,dopamine neurons (by 6-OHDA) was
éécompanied by a significant reduction in behavibrai —_—
response to BN, furthér supporting the contention ﬁhat BN
may be.mediating its behavioraMeffects through the
. dopaminergic system. Indeed, fully intact dopamine
mésolimbicocortical pathways appear to be cr?tical-for the
increasgd_locomptor effects of amphetamine, andﬁalso for
novel exploratory behavior (Kelfy et al, 1975; Keliy and
’Iverseq, 1976; Fink and Smith, 1980; Jeste and Smith, 1980;
Zigmond’and Stricker, 1980). ih'our egperiments, BN and
amphetamine increased 1ocomotion-in a familiar environment )
in sham-lesioned, but, not in 6-OHDA-lesioned rats.
Furthermore, we found that in a familiar environment there
&as no difference between the locomotor activity of shams-
1esio§ed.and 6-OHDA-lesioned animals, under control
conditions (saline injectiéh). This observationﬂis in
concordanée with that of Jeste et-'al, 1980. It is of :D

interest to note that increased locomotor activity in

response to a novel situation, amphetamine administratiom,
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or BN adminﬁptration all require, in commfn, fully intact
dopamine pathway(s)
The involvement of the noradrenergic pathwa&s in the

mediation of locomotor and exploratory behavior has been

shown to be of little significance (Kelly et al, 1975; Kelly

and :Iversen, 1976; Fink and Smith, 1980; Jeste and Smith,
1980). In the lesion procedure u&ili;ed in ourwexperiments,
the noradrenergic patﬁwayé.are spared (Breese and Traylor,
1971; Hedreen, 1980; ‘Zigmond and. Stricker, IQBOLL_ggwever,
it remains to be directly tested whether or not BN modulates
éart of its behavioral effects through noradrenergic
pathways. ' ‘ .ot

Although centrally administered BN has potent
behavioral effects, little is known about the
neurocanatomical leccus (or loci) or the qnderlying néural
correlates_of the central effects of BN. The hypothalamus
has a high concentration of BN-like immunoreactivity as well
as BN binding sites (Moddy et al, 1981, Moody and Pert,
1979), and the lateral hypothalamus'is believed to mediate
the BN-induced reduétion in food intake (Stuckey and Gibbs,
1982). In the case of grooming an& locomotor effects, other
neuroanatomical structures have been implicated. In.
comparison to ICV administration, microinjection of BN into
the periaqueductal grey (PAG) requires much larger doses to
induce grooming (Gmerek and Cowan, 1983). Furthermore,
although intra-ventral tegmental "area (VTA) and ICV BN were

equipotent in increasing locomotor activity, administration

82



——— e K ¢

of BN into the nucleus accumbens was- considTrably more
effective (Schulz etgal 1984) fhese results are supporﬁed
by observations in.our laboratory. However it appears that
?diffefent neuroanatomycal st;uctures, rather than a single
c?itica; éite, may be involved in the mediation of the
various components of BN-induced behavioral changes.

Recent autoradiograhic studies indicate that Bﬁ
receptors are discretely distribute& in the rat brain and
that parts of the limbic system, particuiarly.the nucleus:
‘accumbens, olfactory tubercle, olfactory bulb, medial and
anterior amygdaloid nuclei and hippocampus are endowed wigh
high receptor densities' (Pert et al, 1990: Wolf et al, .
1955). Certain limbic structures {such as.the nucleus
accumbens) that have been 1mp1icated in the mediation of

ploratory and locomotor acfivit§ in the rat, are also rich
in dopaminergic nerve terminals. Since neuroleptic
‘pretreatment as well as 6-OHDA lesion markedly attenuated or
blocked the behaviorai effects of BN, it remains likely that
BN by interacting with its binding sites on or near the
terminal fields of mesolimbiéocoftical dopamine fibres, may
be modulating the dopaminergic neurotransmission and
consequently the animal’s Sehavior. This contention is
fuézgér sugggpted by the recent data of Widerlov et al
(1984) demonstrafing a dose~-dependent increase in
dihydroxyphenylaéetiq acid (DOPAC) and homovanilli cid"_
(HVA}, the principal dopamine metabolites, in several brain

areas following intracisternal iﬁjection of BN.

L]
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In conclusjon, BN may be a neurotransmitter 6r
neuromodulator involved in the mediation of behavioraf?
activation, interfacing with othér neuronal sysﬁems; ‘
particularly ‘dopamine systems, in the integratién of stress
responses (Tache et al, 13879; 3rown et al, 1979; Brown and

Vale, 1980; Brown, 1981b; Tache and Brown, 1982) .

L]
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CHAPTER 4
PHASE 3. THE NEUROANATOMICAL CORRELATES of the BEHAVIORAL
EFFECTS of BOMBESIN

Introduction’

In addition to the stimﬁlation of locoégtor, floor and
rearing activity studied thus far, BN ICV elicited a N
conspicuous a;teratioh in the grooming pattern; a syndrome
of-vastlj increased scratching (Katz, 1980; Kulkosky et al,
l982a; Gﬁerek and Cowan, 1983; Merali et al, 1983; Schulz et
al, 1984; Cowan et al, 1985). The BN-induced grooming
syndrome was distirict from the grooming pattern induced by
tﬁe prototypic -groom-inducing peptide ACTH. With ACTH the
length of individual bouts and not the proportion of time
spent per grooming elements was enhanced. Another difference
was their time-course; BN-induced grooming began
immediétely, whereas, ACTH-induced grooming did not occur
until 10-15 min following ICV administration (Merali et al,
1983; Spruijt and Gispen, 1983; Gmerek and Cowan, 1983;
1984; Isaacson, 1984; Cowan et al, 1985; Gispen and
Isaacson, 1981; 1986;). However bqtﬁ peptides‘require‘intact
dopamine pathway(s) for their behavioral e?preggion
(Isaacson, 1984; Merali et al, 1985). Thus, marked

pharmacological and behavioral differences exist between

these two groom-inducing peptides.
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Behavioral effects of BN can be elicited by central
(via the ventricular, intracisternal or intrathecal} but not
peripheral administration (Kulkosky, 1982a; b; Schulz eL al,
1984;‘Gmerek et al, 1983). -Furthermore BN~induced behavioral
- effects appear to be independent of. the pituitary-adrenﬁLs .

axis (Gmerek and Cowan; 1983). However, little is known

bl

about the:neuroanatoﬂiéal locus (ofnlocij or the
" neurochemical mechanisms subsefving these behaﬁioral
effedts. Recently, several studieé have attempted to . . .
delineate neuroanatomical loci of some of the biological
effects of BN. Bémbesin microinjected at the preoptic area
produces hypothermia (Pittman et al, 1980; Whnder et al,
1980) ; whersas at the dorsal hypothalamus, it produces a
specific and rapid rise in plasma epine%ﬁiine (Brown, 1?83).
When microinjedted into the lateral hypoéhalamus, BN appears
to reduce food intake (Stuckey and Gibbs, 1982; Gibbs, 1985)
and at the the paraventricular nucleus produces a marked
rise in éastric pH values and a decreasé in secretory volume
(Gunion et al, 1983). Recent results indicated that - -
administration of BN, either ICV or intra the ventral
tegﬁental area (VTA); equipotently stimulated the locomotor
-activity. However, BN infused intra NA wasﬁéonsiderably more
potent in inducing locomotor stimulation (Schulz et al,
1984). '
Although BN-induced behavior has been blocked by
haloperidol (Merali et al, 1983; Schulz et al, 1984)

benzomorphank(Gmerek and Cowan, 1984) and diazepam (Crawley

-
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and ﬁoody, 1983)° these drugs are not known to directly block
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the BN recepFors. Recently, a Substance P analogque,

spantide, has been demonstratedﬁtp be a competitive BN

” receptor antagonist (Jensen et/al, 1984; Yachnis et al,

1984 ; Folker7 et al, 1984). As well as inhibiting binding of
BN-like peptide to central receptors, spantide (ICV)
reversed the BN-induced hypothermia and grooming (Yachnis et
al, 1984). )

The major objective of the next set of experiments was -~
to examine the behav;oral effects of BN microinjected at |
five rat brain sites endéwed with a high density of BN
bindiﬁg sites, including thqulgbocampus (CA4), nucleus
accumbens (NA), fundus striati (FST), central nucleus of the
amygdala (CE)}, and the anterior olfactory nucleus (AON)(Pert
et al, 1980; Wolf et al, 1983; Zarbin et al, 1985). It was
hoped that this might identify the loci which were most
behaviorally responsivg to BN. Up to this time, no direct <;\
monitoring of grooming had been carried out. Since Bﬁxhad B
been reported to havg:a profound effect on the grooming
repertioire of the rat behavior meerek and Cowan, 1982,
1983:ﬁ§ulkosky et al, 1982 a,b), it was decidég to include
the mgni;orihg of grooming elements in all our‘subsequent
‘experiments’ }

Although the NA showed the most effiéacioué response to
* BN in regard to exploratory behavior stimplation, the

grooming pattern at none of the sites tested showed a

similar or as pronounced a response as that seen after BN
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injected ICV. Since it has been demonstrated that
intrathecally administered BN was slightly more potent in
simulating grooming than BN icv (Gmerek and Cowan, 1983), we
postulated that there may be a hind brain site responsible
'for BN—ihduced grooming. Thus, cne further brain site, .the
nucleus tractus solitarius (NTS), with high density BN
*réEEbtgrs as well as BN immunoreactiVity was 1nvest1gated .
(Zarbin et al, 1985, Moody et al, 1981)
) Furtherm?re, since BN changed the frequency of at least

one grooming element namely scratching, above what- appeared .
during‘the saline condition, 1t was decxded to monitor
:grooming according to its .individual components. Grodoming is
a common specxes characteristic movement pattern with
readily definable components (Bdlles, 1960, Fentress, 1973).
‘Constituting components are vibration, ‘face washing, body
. grooming, scratching, paw licking, head shake, body shake
and genital grooming;%Gispen and-Isaacson, 1981). In
contrast to BN, as mentioned‘above, ACTH enhances grooming
by prolonging bout duration ratner‘tnan changing any
particular component. Scratching with the hind paws is—‘
unpredictable in the grooming sequence (Spruijt and Gispen,
1983; Richmond and Sachs, 1980) .- However, the other grooming
elements appear to arise in a fixed organized patternvof
grooming pehavior with a cephalocaudal progressidn of acts
within bouts (Fentress, 197;; spruijt and Gispen, 1983;
Richmond and Sachs, 1980; Gispen and Isaacson, 1981T?1986)

Thégarooming bouts exhibited by rats in their home(cages are

C—
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of relatively short duration, the majority o§:episodes do -

not extend beyond one or two 15 sec sampling intervalé

| Although Gispen and Isaaeson and Spruijt have adopted the 15.

-';!% scoring interval, ‘which ‘is appropriate for compariﬂb

"'I~

“ACTH—induced groomlng to control conditions, we have adopted :

'a procedure similar to Gmerek and Cowan (1983) of- sampling

the grooming behavior. Eight rats were monitored at a'time.

p—

Fach rat was observed for 5 sec out of every 40 secf%or up_'_, .

to 90 min. This procedure is more appropriate for measuring
the increased scratchlng induced by BN, since the BN-induced
scratchlng appears to result in an abnormal.sequence where
scratching becomes the predominant grooming element and the
normal 15 to 30 .sec grooming bout is disrupteqafor up to 90
min. In addition, we chose the grooming elemeats which would
refiect the BN-inducearbehavior, nanely, facial scratching
and licking, body scratching and licking, as well as
sniffing. The behaviors are defined below.

Inltlally, the elements of thefgrooming behavior where
tabulated by hand. Shortly thereafter a customized data
logger was manufactured by our workshop techn1c1ans for
computer assisted scoring. Eight different events can be
recorded for up to 14 animals. The observer is prompted with
an audio tone and a digital digplay as to the current
subject. The sampling interval can be 'varied from 1 to 120
se66nds; The data recorded can be retained indefinitely in

-
memory, and can be transmitted to an IBM PC through a

Lo |
. \ . )
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parallel bus. A software program compiles thg data for the

desired time intervals, for subsequent statistical analysis.
Objectives Experiments 3.1-7

The overall objective of the next series of experiments
was toréttempt to identify the central locus (or loci)
involved in elicitation of the behavioral effects -(locomotor
activities and grooming elements) of BN. Hence, experiments
were undertaken to examine the behavioral effects of BN

microinjected at several rat brain sites endowed with a hi;é

density of BN binding sites, including the Nf§, C NA,

FST, CE and AON (Pert et al, 1980; Wolf et al,
. ™

et al, 1985). In addition for the sake of comgarison the

behavioral effects of BN microinjected ICV were examined.

Furthermore, the effect of spantide on BN-induced behavior

"was investigated at the NTS, CA4 and NA.

Animals
Ny N\

' _Adult male Sprague-Dawley rats (275-300g) (St. Constant,
Quebec) were housed individually with free access to food
&‘(Master lLaboratory Chow) and water. The environment was
maintained at 24°C, 60% relative humidity\and with 12 hr of
light (6 a.m. to 6 p.m.). L

J -

£~

———



Cannulation

Separate groups of rats under sodium pentobarbitol
(SOmg/ké, IP) anesthesia were steréotaxically implanted,
._y}th 24 gauge adjustable stainless-steel quide cannulae
. (Kinetrods, Ottawa, Canada) aimed at the NTS, A-P -13.3ﬁm,
. 1§tera1 +0.7mm, and depth —7.8mm; CA4, A;P'-3;3mm, lateral +
| 1.8mm, and depth ~-3.5mm; NA, A~P +2.2mm, lateral * 0.8mm,
and depth -6.7mm; FST, A-p-z.aﬁm, lateral + 4'.7mm,_ and

depth -7.2mm; CE, A-P -2.8, lateral + 4.7mm, and depth -

7.9mm; AON A-P +4.2mm, lateral + 2.2mm and depth =-5.5mm or
ICV (22 gauge; Plastic Products, Roanoke, VA), A-P -0.8mm,
lateral. -1.6mm, and depth -4.2mm (Paxinos and Watson, 1982) >
as illustrated in Figures 9-14.
Theuﬁﬁide cannulae were cemented with dental acrylic to
- 4 jewelers’ ‘screws placed in the calvarium. Stainless-steel

obturators were in the guide cannulae at, all times except

during injections. The animals were allowed a minimum of 5

“~— ' .o

postoperative recovery days prior to-commencemené of

experiments. At the termination of the éxperiments cannulae
i plécements were verified using cresyl violet dye

substitution followed by standard histological procedures. , \\.

i B
B! .
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Figure 9: Location of cannula implantation site in the
nucleus tractus soliarius of the rat (coronal view: A-P -

13.3, L 0.7, D-V 7.8 mm); (Paxinos and Watson, 1982).

~N
N

//



Figure 10: Location of cannula implantation site in the

dorsal hippocampus d}‘the rat (¢oronal view: A-P -3.3, L % .

1.8, D-V 3.5 mm; Paxinos and Watson, 1982).



Figure 11: Locatioq of cannula implantation

4

nucleus accumbens of the rat (coronal view:

1.8, D-V 6.7 mm; Paxinos and Watson, 1982).

¥

site in the

A-P 2.2, L +.
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Figure 12: Location of cannula implantation site in the
central amygdaloid nucleus of the rat (coronal view: A-P -
2.8, L + 4.7, D-V 7.9 mm) and fundus striati (A-P-2.8, L +

4.7, D=V 7.2 mm) (Paxinos and Watson, 1982).



Figure 13: Location of cannula implantation site in the

anterior olfactory nucleus of the rat (coronal view: A-P
L)

4.2, L+ 2.2, D-V 5.5 mm; Paxinos and Watson, 1982).
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. Figure 14: Location of cannula implantation site in the

lateral ventricle of the rat (coronal view: A-P -0.8, L 1.6,

D-V 4.2 mm; Paxinos and Watson, 1982).
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Behavioral ‘Monitoring

Monitoring of the locomotor, floor and réaring activity .
was conducted by the procedure described previously (Merali
et al 1983; 1985; see also bxperiment 1, Behavioral
Monitoring). Simultaneodé monitoring of the grooming
activity by_human raters was conducted from an adjacent
%oom, through a one-way mirror, using a modification of.the
procedures described by Gispen and Isaacson (1981) and
Gmerek and Cowan (1983). A maximum of 8 rats were monitored
at aﬁtime. Each rat was observed for one 5 sec interval out
of each 40 sec observation period recycled for 60 min. Thus,
every 5 sec the observer recor@q@ whether or not a given rat
displayed the following grooming elements: facial licking,
facial scratching, bod} iicking, body scratching and

sniffing as illustrated in Figures 15 and 16.
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Figure 15: The infrared monitoring. cages. The triangular
patches on the side of the cages are the infrared
transmitters, maﬁched on the opposite side of the cage by
the receivers. The rat'is housed in the center in a third
cage which sits suspended in the bottom cage which holds the
infrared monitors. The top box which is inverted and sits on
the tqp of the‘rat cage keeps the rat in, holds the water
bottle and has a wire mesh on thé‘top for free air
circulation. All three cage boxes are made of clear

//) polycarbonate. The cages are 4 per shelf, with 12 cages on
three shelves. They are in a sound proof enclosed cubicle 8
x 8 ft, with the matching sound proof monitoring cubicle
éireéEiy opposite, with a connecting one way viewing window

2 x 4 ft.
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Figure 16: Sheila hnston sitting at the one way window,
monitoring grooming, with the monitoring box in hand
pressing the 8 buttons according te which grooming behaviors
occur. Notice the auditory device in her ear cueing each 5
sec interval with a beep. The infrared monitoring cubicle is
directly opposite the room with the infrared monitoring
cages, which are shelved on the ﬁafallel wall opposite to

the window. )
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These behaviors were operationally defined as fol-lows‘:l
f#cial-licking, use of the forepaws either placed in the
mouth before or after passing in a wiping motion over Eﬁx
face/head region; facial scratching, ;se of the digits of
the hind ledé to scratch the head and neck region;: body'
licking, use of the mouth and forepaws in\a wiping/gliding
motion over the entire body excludiné the head region; body
scratching, scratching of any part of the body region below
the neck with the digits of the hind legs, sniffing:
vibration of the nostrils which is often accompanied by
either rearing or movement acrosé the floor (Gispen %EQ. ’
Iséacson, 1981; Gmerek and Cowan, 1983; Johnston et al,

1986) . All doses of BN are expressed in microgram per

animal.

Experiment 3.1 | .- ’
\_
P .

This experiment was designed to delineate the dose-
effect of BN, Qicroinjected at the‘NTS, on the behavioraer
profile of ratgbufurtherﬁore the possible antagonism of .BN-
induced behavioré by the Subgtance P analogue, spantide was
also tested.

Eight animals, equipped with guide cannulae
unilaterally implanted at the NTS, were randomly assigned to

individual behavioral chambers. After 1 hr acclimatization'

. animals were microinjected with one of the following doses



were administered at the rate of 0.5 ul/ 30 sec'using a-

.Harvard infusion pump. In addition the inj;btion cannulae

(30 gauge), which protruded past the guide cannulae by-0.05

mm were lefé'ih place for 30 sec, after the injection. Onr
the last injection day, 1 ug spantide + 0.5 ug BN was

microinjected. After treatment the animals were distributed

‘into their experimerital chambers and data collection began.

'All sessions commenced at 11:00 a.m. and were 60 min in

duration except the last injection day (BN + spantide)} when
data collection lasted for 30 min. The behavioral effects
were observed and quantitated as described under the

"

behavioral monitoring section.

Experiment 3.2

In Experiment 3.2, the protocol of Experiment 3.1, was
repeated on a separate group of animals (n=8), except thit
these rats were bilaterally implanted with guide cannulae at
the CA4. In addition, the doses per animal were: vehicle,
0.01, 0.1, 1.0 or 2.0 ug BN. On the last injection day, 2 ug

. 4 ) .
spantide + 170 ug BN was microinjected.

"Experiment 3.3

™

This experiment was designed to delineate the dose-

effect of BN, microinjected'at the NA, on the behavioral

102



profile of rats. Furthermore, the possible antagonism of BN-
induced behaviors by spantide, was also tested. The protocol
of Experiment 3.2 was followed on seven animals equipped.

s

with guide cannulae aimed at the NA.

Experiﬁents 3.4, 3.5, 3.6

In Experiment\g§4, 3.5, and 3.6, Experiment 3.;”
protocol was repeated on a sepafate group of rats except
that the guide cannulae were implanted bilaterally at the
FST (n=7), CE (n=7)f or AON (n=5); respectiveiy. However,
the behavioral effects of only a sing;e dose of BN (2.0 ug)

was tested.

Experiment 3.7

\

In Experiment(i;ilrats (n—B) were 1mplanted with g ide

cannulae aimed at th ight lateral ventrlclel Anlmals were
randomly assigned to individual experlmental ehambers. After
1 hr of acclimatization all rats were injected with saline
(control) or one of the-.-following doses of BN: 0.01, 0.1 or
1.0 ug. All injections were administered at the rate of 3
ul/ 35 sec u51ng a Harvard 1nfu510n p&&p In addition, the
injection cannulae (which protruded past the guide cannulae
by 0.5mm) dzre left in place for 30 sec, after the

injection. Foilowing treatment the animals were distributed

103
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into their behavioral chambers and data collettion began as f>

described under the behavioral monitoring section.

Results : .

.
e

Experiment 3.1

Analyses of the datz from the NTS revealed a

significant effect ofigg e of BN for floor,activity

. —
F(4,28)=8.6, %io.ooik'rearing F(4,28)=6tgihgfp.001: facf&l
scratching F(4,28)¥62.7, p<0.001; faciéi_licking
F(4,28)=27.2, p<0.001; body licking F&4,28)=4.8, p<0.01; and
sniffing F(4,28)=3.8, p<0.05;-significant differences &?;
occurred befﬁeen control condition and groups administered
BN at-a dose'of,o.os ug or greater, for floor aqtivi£y and
facial scratching (Least Significant Difference, Kirk,
1982) . For both facial and body licking, significant
differendes occurred at ddses of 0.5 ug BN or higher.
-Rearing and sniffing were sigﬁifiﬁantly alteréd onlf at
selective doses of BN, namely 0.5 and 0.05 ug, respectively.
Analysis of vériance revealed no significant difference
bgtween the group administered BN (0.5 ug) alone and the

group exposed to BN (0.5 ug) and spantide (1.0 ug)'

_concurrently, on any of the behaviors recorded.



Experiment 3.2 -,
‘/:f <

Analysis of the data froﬁ the CA4 revealed a v
significant effect of dose bijN for locomotion F(4,28)=2i&,
p<0.05; floor activity F(4,28)=9.4, p<0.001; facial
scratching F(4,28)=19.5, p<0.001; and facial licking
F(4,28)=4.38, p<0.01. Comparison of means indicated
significant differences betwéen the saline condition aﬁd
groups administered 1.0 ug BN and higher, for locomotion,
floor activity, facial scratching, and facial licking.

No figp{;;Eant difference was found between fhe 2 ug
spantide + 1 ug BN group and the 1 ug BN group, for any of

the recorded behaviors.
Experiment 3.3

One way analysis of variance (repeated over‘dose)
revealed a significant effect of dose of BN administered
intra NA on locomotion, F(5,30)=3.7, p<0.01; floor activity,
F(5,30)=2.5, p<0.05; rearing F(5,30)=4.0, p<0.0M; facial
spratching F(5,30)=5.4, p<0.001; facial licking F(5,30)=4.1,
p<:™01; and sniffing F(5,30)=7.9, P<0.001. No significant
effect of BN on eifher body licking or body scratching was
found. Comparison of means between the saline condition and
various BN doses revealed that stimulation of facial

scratching was evident already at the lowest dose used

105
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(0.001 ug), as wask\gppression of facial licking. However,
the stimulatory effects on other behaviors, nanely,
1oComotio;,ifloor activity, rearing and sniffing were.
significant only at 1.0 ug or greater. Facial licking
appeared to be suppressed by the 1.0 ug, but not the 2.0 ug
dose of BN.
Analysis of variance (repeated over dose) also revealed

that at the NA there was a significant effect of spantide (2
ug) when coadministered with BN (1.0 ug) as‘cbmpargd with BN
(1.0 ug) alone, on locomotion F(1,6)=47.2, p<0.001l; floor
activity F(l,6)=22.3, p<0.00l; rearing F(1,6)=15.9, p<0.01;
facial scratching F(1,6)=12.3, p<0.01; facial licking.
F(1,6)=12, p<0.01l; and sniffing F(1,6)=28.5, p<0.001l.
‘The stimulatory effects of BN on locomotion, floor activity,
rearing, facial scratching and sniffinq.were significantly

attenuated by spantide; whereas suppression of facial

licking was reversed by spantide.

Experiment 3.4

One way analysis of variance (EEBEEEE? over dose)

revealed a significant effect of dose of BN (2 fig)

administered intra FST on locomotion, f(1,6)=20.8, p<0.001;
floor activity,.F(l,6§;3B.l, p<0.001; rearing F(1,6)=41.1,
p<0.001; facial scratching F(1,6).=14.3, p<0.0l; facial
licking‘F(1,6)=6.0, p<0.05; body scratching F{1,6)=7.6,

p<0.05, body licking F(1,6)=12.8 p<0.01; and sniffing e
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F(l1,6)=46.6, p<00l. There was a general stimulation of all
grooming elements as well as exploratory activity by BN
microinjection at the FST. ‘ |

-

Experiment 3.5

Oﬁe way analysis of variance (repeated over dose)
revealed a sigﬂificant effect of dose of BN (2 ug)
administered intra CE on locomotion, F(1,6)=18.5, p<0.01;
floox activity,‘F(l,6)=23.1, p<0.001; rearing F(1,6)=15.8,
p<0.01; and sniffing F(1,6)=8.2, p<0.05. No significant

stimulation of any grooming element was evident at the CE.
Experiment 3.6 -

At the AON, one way analysis of variance revealed
. "
no significant effect of BN (2 ug) on any of the

behavioral parameters monitored.

Experiment 3.7 '—\\

\ ]
!

Analysis:of variance reveaiéﬁ a significant effect of
dose of BN adminiétered ICV, on lo;;motion F(3,18)=5.2,
p<0.61; floor -activity F(§,18)=8.8, p<0.001; rearing
F(3,18)=3.7, p<0.05; facial scratching F(3,18)=24.2,
p<0.001; and facial licking F(3,18)=20.5, p<0.001.

Comparison of means indicated that all doses of BN (1.0,
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0.1, or 0.01) were significantly effective in stimulating
locomotion, floor activity and rearing over 60 min. However,
both for facial scratching and facial licking significant

differences occurred only at doses of 0.1 ug BN or greater.
Discussion

Of all the central loci tested, the locomotor
stimulatory effect of BN was most pronounced when it was
microinjected intra NA, as illustrated in Figure 17. This
obsérvation is consistent with the fact that this nucleus is
involved in motor responses and that it is also endowed with
a very high density of BN binding sites. Although the AON is
also endowed with very high density of BN binding sites, |
local adﬁinistration of BN there failed to elicit
significant behavioral changes. Bombesin microinjected intra
CE resulted in a moderate increase in locomotor acti&ities
but not grooming activities, whereas, at the'FST all
activities monitored showed moderate stimulatibn, as
illustrated in Figures 17-19. At the CA4 there was a
moderate increase in locomotor activities and some grooming
elements (facial scratching and facial licking). The P

e

pehavioral pattern most conspicuous upon administration_pf’

P

/l
BN at the NTS was the increase in grooming activity, / | &

particularly the increase in facial scratching, facial

licking and body licking (Figures 18-19).
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Figure 17: Effects of BN locomotor activity of rats. On
the ordinate: distance traversed (cm) over 60 min; on the
abscissa: site of BN adminiétration: Icv
(iqtracérebroventricu1ar1y), NTS (nucleug tr;ctué_
solifarius), CA4 (hippocampus), NA fhucleus accumbens), ‘FST
(fundus striati%*%SE (central nucl us of the amygdala), AON
(anterior olfactory nucleus). The profile of vehicle treated
rats is represented by the open columns and those of BN-
treated groups are represented by the solid columns. Each
value represents the mean + sem of the animals in that group
(n = 5 to 8). *Significantly different with respect to the
appropriate control value at p<0.05. The animals in all

groups received 1 ug BN except the FST, CE and AON groups

which received 2°ug BN.
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Figure 18: Effects of BN on facial scratching of rats. On
the ordinate frequency of responses over 60 min; on the
abscissa: site of BN administration: ICV ~
(intracerebroventricular), NTS (nucleus tractus solitarius),
cA4 (hippocampus), NA (nucleus accumbens), FST (fundus
striati), CE (central nucleus of the aﬁygdala), AON
{anterior olfactory nucleusj. The profile of vehicle treated
’rats isVEepresented ﬁx»fhe open columns and those of BN-
treated groups are represented by the solid columns. Each
value represents the mean + sem of the animals in that group
(n = 5 to 8). *Significantly different with respect to the
appropriate control value at p<0.05. The animals in all

groups received 1 ug BN except the FST, CE and AON groupsd?ﬂ

which received 2 ug BN.
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Figure 19: Effects of BN tféatment.on facial licking. On the
ordinate: the frequency of responses over 60 min: on the
abscissa: site of BN administration: ICV
(intracerebroventricularly), NTS (nucleus tractus
solitarius, CA4 (hippocampus), NA (nucleus accumbens), -FST
(fundus striati), CE (central nucleus of the amygaala), AON
(anterior olfactory nucleus) .- The pkofile of vehicle t;g@ted
rats is represented by the open columns and those of BN-
treated groups are represented by the solid columns. Each
value represents the mean + sem of thé animals in the
respective groups (n = 5 to 8). *Significantly different .
with respect to the appropriate control value (open columns)
at p<0.05. The animals in all groups received 1 ug BN except

the FST, CE and AON groups which received 2 ug BN.



N

re _ 112

Wheqsas, at the NTS the grooming profile\of BN is quite

.similar to the g{g?miﬁg profile induced by BN ICV, the

locomotor activity is not sighificantly stimulated at the
NTS, in contrast to the locomotor effect of BN administered
ICV (Figures 17-19). The effects of BN administered ICV
included both components, namely, increased locomotor as
well as grooming activity, and may have resulted from the
diffusion of BN to various activerloci, such as the NA and
NTS. Not only does BN alter behavior in a site specific
manner, but the antagonism by spantide of BN-induced
behaviors appears to vary.in a site specific manner from
antagonism of all ‘behaviors at the NA to no ahtagonism of
any behavior at the CA4 and NTS. ,

Gmerek et al, (1983) have shown that intrathecally
administered BN was slightly more potent than BN ICV (A 54 =
0.004 ug vs 0.013 ug respectively) to elicit scratching. |
Consequently, it is feasible that a brain stem nucleus(i)
such as the NTS may be important in triggering the BN-
induced scratching response induced by intrathecal BN.
Another nucleus that may also be of importance in the above_
effect is the substantia gelatinosa of the spinal trigeminal
nucleus (O‘Donohue et al, 1984), sinée both nuclei appear to
be involved in the processing of primary sensorgﬂinput from
;pe neck and face (Carpenter, 1985) and since both the
nuclei contain BN;like impunoreactive peptides (Moody et al,
1981; Panula et al, 1982; Soveny et al, 1984) as well as BN

binding sites (Wolf et al, 1983; Zarbin et al, 1985).
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Recently, it has been reported that dorsal rhizotomy in the

~cat resulted in a marked decrease in BN immunoreactivity in

the dorsal horn indicating twat BN-like peptide(s) may be
contained in primary sensory afferents. Furthermore, itAwas
demonstrated that BN injected into the spinal cord caused a
biting and scratching response indicative of sensory —
stimalation and thus may be a neurotransmitter of primary
sensory afferents to the spinal cord (O‘Donohue et al,
1984). Similarly, it is possible, that BN may cause grooming
and scratching by stimulating second-order cranial sensory
neurons which may mimic the stimulation of the skin of the
face and neck regions (0‘Donohue et al, 1984). Furthermore,
the wide distribution of BN-like immunoreactivity (Moody et
al,'1981a;'Panu1§ et al, 1982; Soveny et al, 1984) as well
as BN receptors (Pert et al, 1980; Wolf et al, 1983; Zarbin
et al, 1985) in limbic and diencephalic nuclei, the cortical
layers V and VI, and the dorsal horn of the spinal cord
(Moody et al 1981c; O‘Donohue et al, 1984), suggest a role
for BN in sensory and motor behaviors of a non specific
(associative) nature.

Grooming in rodents has been éémpared to stress-indyced
displacement behaviors in humans, such as "nail-bitihg"
(Qolles, 1960). Since ICV administration of BN causes .
algération of body temperature (Brown et al, 1957a; Tache
and\ﬁréwn, 1982), another cause of grooming could be that
rats increase grooming rates for thermoregulatory purposes.

Ggoomiﬁg at different sites in the brain may have different
- / * )
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behavioral significancé, namely, stress reduction,
temperature control, body maiatenance, itching or satiety.
Certainly the different behavioral profiles at different
sites is compatible'with this suggestion.

At present two peptides known'to.inQuce satiety namely,
ﬁN and-cholecystokinin (CCK), also induce changes in
exploratory behavior (Crawley and Schwaber, 1983; Cfawley,
1985; Merali et al, 1983; Kulkosky et al 1982a: b; Gibbg,
1985; Cowan et al, 1985). The CCK-induced satiety syndroﬁe,
consisted of reductions in exploratag;_behaviors in rats and
mice, at doses of CCK which inhibited food consumption

N

(Crawley and Schwaber, 1983). Recentiy it has been reported
that radiofrequency’'lesions of the nucleus tractus o
solitarius abolished the effects of peripherally
administered CCK, on exploratory behaviors (Crawley and
Schwaber, 1983). Thus, the NTS may represent a critical
relay loop médiating the'behavid;al actions of CCK {(Crawley
and Schwaber, 1983). This caLdal and medial solitary nucleuJ
receives mainly.visceral afferent fipers from the vagus
nerve, along with some facial and glossopharyngeal fibers
(Carpenter, 1985). The NTS gives rise to ascending
projections directly to the hypothalamus, amygdala, NA, and
via a single relay, to visceral and taste cortices
(Chronister et al, 1981; Crawléy and Schwaber, 1983). Our
data demonstrated that microinjection of BN at the NTS did
not significantly alter the locomotor activity. In sharp

contrast, however, BN at the NA caused a profound
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"stimulation of locomotor activity. It is of interest to note
that CCK althoﬁ&h ineffecéive albne, has been reported to *
potentiate dopAmine-induced hyperlocomotion when injécted
intra NA (Crawley, 1985). Furthermore, at the NTS, BN
markedly stimulated grooming, whereas at the NA grooming
activity was enhanced‘only‘moderately. Since gro;ming
typically follows satiety (Gibbs, 1985), the increased
grooming following intra NTS administration, further
indicates that BN at the NTS may play a role in the satiety
related behavioral sequence. _

of particular interestiis the blockade of Bﬁ-induced
behavior by spantide, a competitive BN receptor antagonist
at the NA; but nét at the NTS. Yachnis et al (1984),‘have
reported that the ICg, value of spantide was 1 uM to inhibit
radiolabeled BN binding in the CNS. Furthermore, they report

—~ that spantide (2Hug; ICV), although ineffective alone,

reversed the BN-induced (1 ug: IC&$\pypothermia and
grooming. Our results indicated that spantide (2 ug intra
NA) blocked all the Bq-induced (1 ug intra NA) beh;xip al
changes. The failure of BN to block,BN-(intré NTS):induced
grooming suégest the possibility of different BN receptor
subtypes at the NTS as compared to the jﬁx\ |

These data indicate that some of the BN-binding sites
recently identified gutoradiqgggphically (Zarbin et al,
1985), may represent functionally important receptor sites,
and that the endogenous BN-like peptide(s) may subserve a

. physiological role in behaviors associated with exploration,
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_satiety and care of body surfaces. Finally, the differential
antagonism by spantide may implicate different receptor

" subtypes; some beinérblockéd and others not affected by

A

/

spantide.
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CHAPTER 5

i

PHASE 4. SPECIFIC NEUROANATOMICAL AND NEUROCHEMICAL

by

CORRELATES OF LOCOMOTIOQ( GROOMING AND SATIETY EFFECTS OF

1

BOMBESIN : E

Introduction

Of the brainfsites/tested in the above Experiments
(3;1—3.7) the nucleus accumbens, where 1o¢omotion was most
highiy stimulated, and the nucleus tractus scolitarius, where
grooming was most high stimulated, were selected for

! .
further investigatiOEJ&n the subsequent experiments.

/ -~

!

The Nucleus Accumbens

The nucleus accumﬁens (NA) is an important part of the
basal ganglia complex (Pycock aﬁd Phillipson, 1984;.
Together with the olfactory tubercle it has been classified
as part of "ventral striatuﬁ"'(Heimer and Wilson, 1975).
This structure can be seen as a differentiated part of the
striatum”wigp a similar, general cortico-strio-pallidal
organization like the dogéal striatum. The output from
- accumbens projects hgaQily to the ventral pallidum (Swanson
and Cowan, 1975; Conrad and Pfaff, 1976; Nauta et al, 1978;
Chronisgz;’;t al, 1981). The NA is a strucﬁure which
provides a route for information travelling from limbic

Q\ g | ,
.
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structures to motor structures and thus is of key interest
in understanding how motivation is translated into action
_ (Pycock -and Phillipson, 1984). Recent work, suggests that
the type of motor behavior subserved by the limbic forebrain
dopamine system, terminating iﬁ the NA (Kelly and Iversen,

—

1976), involves investigative  aspects of movement,

" particularly mechanisms undéf&ying the exploration of novel
as distinct from familiar environments (Finkhand Smith, -
1980; Merali et Q}, 1?85). However, the projection from the
ventral stfiatum'tolthe thalamus is hot.to-the motor relay
nuclei but to the mediodorsal thalamus and the lateral

/
habenula; furthermore, the' mediodorsal nucleus projects to

the prefrontal cortex and the lateral habenula to the
mesencephalic reticular Eﬁimation (Bjorklund and Lindvall,
1986) . The dorsal striatum, in contrast,/;;ojects to the
ventral lateral and ventral anterior thalamus, motor relay .
nuclei that project tq‘motor cortex.

The ventral striatum is also characterized by
projections to the medial hypothalamus as well as to the
par&brachial and central érey areas of the mesencephalon
(Nauta et al, 1978; Bjorklund and Lindvall, 198%6).
Significant cell populations of the ventromedial accumbens
are aligned with the bed nucleus of the stria terminalis
(BST) and the central amygdaloid nucleus (CE). These two
latter sttructures are continuous with each other through a
rather extensive area underneath the globus pallidus

referred to as the sublenticular substantia innominata (SI).

4
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This functional-anatomical system (de Olmos, 1972; Heimer,
1978), is characterized by prominent relations to the
lateral - hypothalamus, the pafaﬁenticular nucleus (Sawchenko
and Swanson, 1983), theﬁascending catecholamine iystems, the
parabrachial nucleus, and nucleus tractus solitarius, vagal
motor nucleus, and the ;ucleus ambiguus (Fallon and Moore,
1978; Krettek and Price, "1978; Lindvall and Bjorklund, 1978;
Schwaber et al, 1982; Heimer Alheid,& Zaborszky,-1985).
These proj ions of the sublenticular substantia innominata
and ;;;\ngzzbly associated ventromedial nucleus accumbens
to hypothalamic, and brainstem huclei suggest a basal
ganglia interface with endocrine, autonomic, and
visceral/gustatory sensory and motor nuclei. This suggests
the péssibility that BN related behaviors of locomotion,

grooming and satiety may be modulated by BN receptors at the

\

nucleus accumbens through the various efferent projections \\_,

of the NA reviewed above.

The Nucleus Tractus Solitarius
!

The nucleus tractus solitarius is a sensorylnucleus
lécated in the hind brain, receiving afferents from cranial
neurons V, VII, IX and X, namely the trigeminal, facial,
glossopharyngeal and vagus as illustrated in Figure 20
(Patton et al, 1976; Carpenter, 1985; Hamilton and Norgren,
1984) . The NTS appears to have two major functional \\\

divisions for ingestion - an anterior-lateral oral-gust#tory
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half, and a posterior—medial visceral afferent half
(Norgren, 1983a). Substantial behavioral evidence implicates
visceral afferent activity in the regulatidn of feeding
behavior (Norgren, 1983a,b; Crawley et al, 19837 Taylor et
al, 1985; Smith-et-al, -1985).

The NTS in the rat appears to have separate areas for
the distribution.of gustatory termiﬁations of cranial nerves
v, W&I, IX and X, which are distributed primarily to the

lateral division of the nucleus from its rostxal pole to the

obex, whereas the distribution of visceral afferen of the
cervical vagus are distributed in the caudal medial NST
(Hamilton and Norgren, 1984). In spite of this separation, a
large number of interneurons exist in the NTS suggesting
afferen;-interactions of the cranial nerves involved in
ingestion (Norgren, 1583a)(ie gustatory and visceral).
Substantial behavioral evidence implicétes visceral afferent
activity in the regulation of'iaeding behavior. One
mechanism often suggestéd for this.influence involves
visceral afferent activity interacting with oral or .
gustatory afferent activity within the solitarius as well as
in the other nuclei of the ascending gustatory pathway
(Noxrgren, 1983a,b). ‘

Support for a hind bkrain si%e, possibly the NTS for
expression of both grooming and satiation is derived from
the study of the decerebrate.raF. The decerebrate rat fails

to initiate food-seeking behavfor, or any spontaneous

behavior except grooming. Altﬁough decerebrate rats do not

-
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eat spontaneously, these rats, fed by gavage, display
satiation (Norgren and Grill, 1982). |
. Although grooming and satiety are evident in the
decerebrate rat, the integrated sequence of food seﬁ:ing
activity is missing, suggesting the importance of th
neurocnal connections betweeo the NTS and forebrain
structures in motiéited behavior (Norgren and Grill, 1982;
Norgren, 1983a,b).'The soructures of the forebrain
projecting to‘the NTS include the paraventricular nucleus of
- the hypothalamus (Sawchenko and Swanson, 1582), anq the
ventromedial accumbens, and the sublenticular substantia
innominata BST CE complex (Schwaber et al, 1982; Heimer et
al, 1985). The former structures have reciprocal projections
. from the NTS (Richardo and Koh, -1978; Bystrzycka and Nail,
1985) . Further efferent projections of NTS to forebrain
structures include third order gustatory neurons projecting
to the ventroposterior parvocellular nucleus of the thalamus
(Norgren and Leonard, 1973; Voshart and Van Der Kooy, 1981).
This thalamic gustatory relay nucleus connects in a
reciprocal fashion with a discrete area of .the insular
.cortex (Norgren and Wolf, 1975; Saper, 1982). In addition
some ascending fibers from the pontine taste area (which
receive secondary taste afferents from the rostral portion
of thé NTS) do not relay to the thalamus but project
directly to tﬁé gustatory neocortex (Lasiter and Glanzman,
J

83; Faull and Mehler, 1985).

\
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Figure 20: The sénsory inputs and qutputs of the nucleus
tractus solitarius (NTS). This illustration is an adaptation
of the illustrations of Keifer, k1985) and Norgren, (1983b).
Abbreviations: BST bed nucleus stria terminalis; CE central
nucleus of amygdala; CTA cortical taste area; CX cortex; LH
lateral hypothalamus; LRF lateral reticular formation; ML
medial leminscus; OB olfactory bulb; OFC olfactory cortex;
PBN parabrachial nucleus (pohs)} PVN paraventricular nuclégg
of the hypothalamus; si substantia innominata; st

subthalamic nucleus; TTA thalamic taste area; VII, IX, X,

cranial nerves.
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Thus, the NTS is r£¥ipkocally connected'to limbic areas
of the brain inciuding the pariaventricular nucleué, the CE,
the BST, substantia innominata and the NA, and indirectly
connected to the thalamus and the neocortex. These
énatomical connections suggest the possible involvement of
forebrain structures in behaviors'such as grooming,
initiated by injection of BN into the NTS (Johnston et -al,
1986) , and possibly satiety as investigated below.

However, other areas of the caudal brainstem, namely,
neurons in the trigeminal, facial, hypoglossal, and ambiguus
motor nuclei constitute the final common path to ingestive
behavior. Both anatomical and electrﬁphysiélogical evidence
indicate that many, perhaps most axons arising from solit?sy’
neurons d6 not ascend, but rather distribute locally into
subjacent reticular formation (Norgren, 1983b; Norgren,
1978; Saﬁchenko, 1983). Assuming that reticular neurons,
some of which project t6 the hindbrain motor nuclei, are .
involved in coordinating ingestiQe behavior, then these
neuronal systems seem to be a likely a site for interabtion
of gustatdty and visceral afferent information (Norgren,
1983a). Furthermore, the more cbmplex,llonger and more
variablé motor sequences that constitute ingestion are
e%¥ecuted normally by the chronically decerebrate rat, ;
indicating that many oral behaviors are sequenced by caudal
brainstem mechanisms. Comparative anatomy of the goldfish
(Carassius auratus) shows the vagal (gustatory) lobe with

sensory and motor components, with an overall viscerotopfcf”
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representation of the sensory and motor systems in registef
(Morita and Finger, 1985). Perhaps in the mammal, there is
also a comparative sensory motor interface in the hindbrain,
including the NTS and areas in the reticular formation,
trigeminal, facial, hypoglossal, and ambiguus motor nuclei.

An additional study suggests that there is a projection
from the NTS to preganglionic cell groups of motor nuclei in
the dorsal - motor nucleus of the vagus and nucleus ambiguus
(Sawchenko, 1983). Moreover, ﬁnit ;ctivity recorded from the
dorsal motor nucleus of the vagus from the stomach to the
brain indicate that motor neurons project from the dorsal
motor nucleus of the vagus to the gastric corpus and antrum
(Sharoun et al, 1984). Some.of the parasympathetic
innervation to the stomach alse arises from the nucleus
ambiguus. This visceral, sensory-motor innervation was
investigated in relation to géstric.emptying (Burks et al,l
1985) . However, this innervation may also be involved in
mediating the satiety effects of brian-gut peptides such as
BN, which have sensory—moto; components, _of ingestion and
gastrointestinal motility.

Of particular interest are the recent reports that BN,
may have a role in sensory processing (0/’Donohue et al,
1984; Paégzgﬁet al, 1983; Fuxe et al, 1983; Bishop et al,
1986).'F#r£hermore, BN is a gatiety inducing peptide (Gibbs
et al, 1579: Parrott and Baldwin, 1982; Kulkosky et al, 1982
a,b; Gibbs, 1985; Flynn, 1986; Kyrkouli et al, 1986). Recent

results indicate that BN induces satiety at lower doses when

LY
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administered into the 4th ventricle than IP, or ICV. -Thus,
BN may act at a hind brain site, possibif the visceral
gustatory sensory nucieus, the NTS to induce satiety (Gibbs,
1985; Ladenheim and Ritter, 1985; Flynn, 1986). Bombesin (10
ng) administered into the 4th ventricle produced satiety in
3 hr.food deprived rats; in this experimental paradigm
grooming did not occur until the dose of BN reached 50 ng
(Flynn, 1986). . ///

Thus it appears that there is support for a NTS site
operating in relation with forebrain structures, with brain
stem motor nuclei and/or with the gut afferents to mediate

grooming and/or ingestive behaviors.

Satiety \\*“_53

Studies in which thg blood of sated rats reduced the
food intake of hungry rats led to the concept of“circulating
satiety factors. No such hunger inducing factors have been”
found since the blood of hungry rats would not induce sated
rats to eat (Davis et al, 1969).(Cholecystokinin octapeptide
(CCK~-8) was‘the first peptide that was shown to reduce meal
size when administered IP before a meal (Gibbs et al, 1973).
Since then many different compounds have been fognd to
reduce meal size. Simply demonstrating that a particular
compound reduces meal size is not sufficient to label it a
satiety factor. Smith {1982) has outlined four criteria for

labelling a substance a satiety factor. First, Booth (1972)
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stipulated that a satiety treatment should act in the
terminal part of a meal, but not the initial.part of a meal:
Se;ond, several experiments have degcribéd a séquence of
behaviors that characterized spontaneous postprandial
satiety. Soon after feeding stops, a short period of
‘nonfeeding activities occurs, such as, grooming,.spiffing,
locomotion, and rearing, which is then followed by rest’
and/or sleep (Bolles, 1960; Antin et al, 1975; Gibbs’et al,
1579, Smith, 1982). When the sequenceé occurs, it is evidence
that satiety&@s present, but the absence of.the sequence is
not evidence that satiety is not present. The third
criterion, is the ability of a compound to induce satiety in
sham feeding rats (Davis and Campbell, 1973; Young et al,
1974; Antin et al, 1975), since sham fed rats, after 17 hour
of food deprivation, eat continuously and never display
satiety. The fourth event is éiat these compounds or
peptides are present in the gut and are released by food
stimuli (Bloom, 1978; Erspamer and Melchiorri, 1976), thus
making them candidates for mediating negative feedback
information, that is short~term (reduction in meal size)
- satiety signals. .
Bombesin (IP} has been shown to fulfill the four

criteria: reduction in eating at the terminal part of a
meal, occurrence of the post-prandial seguence of beha;iors,
induction of satiety in sham feeding rats (Gibbs et al,
1979; Gibbs et al, 1981; Kulkosky et al, 1981, 1982a, b) aﬁd
in addition the presence of BN in plasma after a meal

v
(. \
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.(Erspamer and Melchiorri, 1976). However the last resuit has
not been replicated (Bloom,' 1978). Bombesin-induced (IP)
satiety effects are specific since it has been shown not to
effect drinking or‘aq; other behavior (Gibbs et al, 1981).
The analysis of sapiety has been guided according to
Smith (1982) by the further search for the answer to fivé
important questions: 1) Where do food stimuli act to elicit
satiety? 2) What neuFal and/or endocrine mechanisms mediate
the effec%% 3) Where are the central nervous mechanisms that
process the physiological information contained in the
neuroendocrine effects of food stimuli? 4) What kind of
proceésing is performed by these central neural mechanisms?
and 5) How doithe central neural mechanisms produce the
changes in behavior that characterize postprandial satiety?
The next step, is the present search for the site of
~action of BN (IP) on satiety. Thus, presently, effort has
been directed at questions 1 and 2. Kulkosky et al (1982a)
rand Gibbs et al (1981) report BN ICV produced a dose-related
suppression of liquid food intake with a threshold dose of
0.1 ug, and the threshold for increased grooming of 0.01 ug.
However, BN ICV also inhibited drinking at 0.1 ug. Thus,
Gibbs et al (1979, 1981) found BN administered IP was at
least 3 times less potent than BN ICV at reducing eating but
the effects of BN ICV were unspecific. In addition, ICV BN
did not result in the expected post-prandial behavioral
Sequehce of grooming and exploration for approximately 6 min

followed by resting. Bombesin ICV resulted in increased
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grooming, predominantly scratching, for up to 90 min as well
as decreased resting. for 90 min. Thus the central
administration of BN elicited a totally different behavior;}
sequence than BN IP. . ’ _ L

Attempts to block BN (IP)-inducegﬂgatiety in rats by
the a variety of peripheral and central ablations have
failed. The lesions include adrenalectomy (Gibbs et al,
1981), hypophysectomy (Stuckey et al, 1982), subdiaphramatic
vagotomy (Smith et al, 1981), celiac ganglionectomy (Gibbs,
1985), spinal cord section at the level- of the sixth
thoracic vertebra (Stuckey et al, 1982), and lesions of thgﬁ_
area postrema and ventromedial hypothalamus (Gibbs, 1985;°
Geary et al, 1986). However, the neural disconnection (cord
section, dorsal rhizotomy and vagotomy) of the gut from the
brain blocks BN (IP)-induced reduction of food intake but BN
increased the postprandial intermeal interval under these
conditions. Thus, the effect of BN (IP) on meal size
requires visceral neural elements while the effect on
intermeal interval may be humorally mediated. The search for
the site of BN-induced satiety continues, it remains
controversial whether the site is peripheral or central. The
Smith and Gibbs camp appears to favor a peripherél site
(Stuckey,ét al, 1985), whereas, Woods et al (1986) suggest a
central site.

Central injection of BN locally into the lateral
. hypothalamus or the paraventriéﬁlar nucleus of the

hypothalamus has specific effects on satiety. Bombesin does
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not induce behavioral activation or effect drinking,
however, its effects on satiety are small (20-25%) (Stuckey
et al, 1982; Willis et al, 1964). The NTS, in reference to
the visceral and gustatéry input, as illustrated in Figure
20, seeﬁsvé very possible site for the mediation of BN
-induced satiety after either central or peripheral injection
of BN. The NTS may be the primary synapse of gut visceral
afferent information relative to satiety mediated through N.
bombinergic pathways. In addition, the'NfS may be the input
centre for information of satieﬁy from the the
'éaraventricular nucleus, the CE and/or other nuclei of the

CNS. )

Grooming has beeP implicated as part of the natural
behaﬁioral sequence associated with satiety. In the third
experiment we microinjected BN at the posterior-medial
visceral afferent half of the NTS and as stated above very
pronounced grooming resulted. Injection of BN at the
anterior NA resulted in pronounced locomotor activity. Thus,
the possible association among BN-induced satiety,
exploration and grooming was investigated in order to

further elucidate the possible physiological role(s) of BN -
: \

at the NA and NTS. —_——e
Neurochemical Bases of Behavioral Effects of BN

—- Our most active site for grooming, the caudal N7S, has
-

very high density of BN receptors (Zarbin et al, 1985) as
Ve

-4
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well as very high laveisthTBLI (Moody et al, 1981a)5
Furthermore BLI and BN receptors are present in the
parabrachial nuéleﬁs, the paraventricular nuéleus and the
amygdala. timbic-forebrain areas such as NA have a very high
densitfnzghﬁﬁ"feceptors but very little BLI. Neuronal cell
podies which synthesize BN-like peptides are present in the
stria terminalis and also in the anterior and medial
parvocellular paft of the paraventficular nuﬁleus (Roth et
al, 1982) areas which both reéeive‘inéuts from and projecE
to the NTS (HcKellaf and Loewy, 1981). Furthermore, the BN
cells of the paraveHE}icular nucleus are ovoid Qi;h long
varieose processes; it is possible that thése cells project
Fo the dorsal vagal nerve (ﬁoody et al, 1987). Bombeéih |
containing perikarya are also present in the NTS. There is
possibly a bombinergic pathway between the ﬁTS and the
paraventricular nucleus which may be involved in gustatory
functions.

Catecholamine assays demonstratle that the highest
norepinephrine content in brainstem is present in the NTS.
Dopamine neurons provide a very minor componenﬁ of brain

M

stem innervation (Levitt and Moore, 1979). However, thHe

caudal NTS is an area that projects to the anterior NA

(Chronister et al, 1981). The anterior NA, an area where

there is a very high density of BN receptors and also a very
high density of dopamine terminals, was our most active s#@h
for the exploratory behaviors. Interestingly, the behavioral

profiles at these two sites are somewhat complimentary with
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facial scratching and 1icking greatly increased at the NTS,
and only mildly stimulated at the NA, and body 1;9king
1n51gnificant at the NA and significantly sti@uf;ted at the
NTS, and locomotion, markedly stimulated at he NA and
insignificantly stimulated at the NTS, Singe a direct
anatomical connection between the NA and-NTS ex%gzs (at
1east in the rabbit no such test of/égﬁ retro&rade
't;ansport from the’anterior NA has been done on the rat),
there is a-ﬁossibility‘that BN microinjected at the NTS méy
have a modulatory effect on behaviors initiated from the NA.
This modulatibh'may«occur through either the existing direct
. pathway whose neurcotransmitter(s) is unknown, and/or through
modulation oﬁ dopamine neurotransmission.

_ Neuroanatomically, dopamine terminations are evident in
several areas along the viscderal.and gustatory affe:eﬁt
pathway ascending.from the NTS, includi;g the lateral
‘.barabrachial nucleus, the CE and the lateral hypothalamus‘
and ﬁuéleus of the stria terminalis (Pfaffmanh et al, 1977;
Lindvall and Bjorklund, 1983). Reciprocally, the NA, the
parabrachlal nucleus, the CE, and bed nucleus of the strI;-
terminalis project to mesencephalic dopamine neurons (Pycock
and Phillipson, 1984). These reciprocal connections suggest
a possible modulation of gustatory and visceral sensory
input and motor output by the dopaminergic mesencephalic
neurons as well 75,.the possible modﬁlation of dopanine

function by phé/visceral and gustagory afferent pathway. In

addition, the dopamine system{s) is implicated in the
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mediatiqn‘of peptide induced groomin&’(Isaacson, 1984).
Furthermore, BN caused an {hcrease in dopamine metabolites,
homovani%lic acid and42:4 dihydroxyphenylactic acid in the
hypothalamus, striatum and olfactory tubercle, areas
enricheq“}n BN binding sites (Wideflov et al, 1984). Thqs,-
we investigated the role of dopamine systems in the
mediation of the behavioral effects of BN miéroinjectéd at
the '‘NTS and the NA. I

| ﬁecently, a substance P analogue, spantide has been
shbwn to antagonize the behavioral effects of BN

administered ICV (Yachnis et al, 1984) and at the Na

) J(Johnston et al, 1986) but not at the NTS (Experipent 3.1,

above). Spantide has been demonstrated to be a competitive
BN receptor antagonist (Jensen et al, 1984; Yaehnis et al,
‘1934;'Folkers et al, 1984), consequently, the effects of
spantide on BN-induced bghaviors'were tested. Fihally
neuromedin B andvc, GRP 1-16 and neursgeptide Y were tested,
in order to compare the &ffects of BN to other peptide
fragments of the GRP fami}y and to_a_peptide from a
different family (Neuropeptide Y). Comparison of the.
behdvioral effects of BN to GRP 1-16, an inactive fragment
of GRP-27, tested-for specificity of BN-induced behavioral
effects, as did thé comparison of effects of BN to

. 3
neuropeptide Y, a peptide noted to have a different effect

‘on grooming and eating than BN (Gray and Morley, 1986).
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“obj ectives' PHASE 4

The overall objectives of the next set of experiments
Wefe to further elucidate the relationship(s) between ‘
locomotion, groomi;g and satiety effects of BN, and to
determine if differences existain'the mechanisms subserving
these effects. Specifically, experimEPts were proposed to
delineate: 1) the time-course and doég-effects 3} BN
administered at the NA, NTS or IP on locomotor activity,
gfooming and satiety, 2) whether some of these behaviors
occur concomitantly 3) whether neurochemical differences
exist in—the mechanisms subserving these effécts with
reference to dopaminergic neurotransmission and 4). whether
the BN-induced grooming profile differs across two uniqﬁe

paradigms.
Method
Experimental Techniques

In order to more fully understand the physiological
significance of BN-induced grooming, different elemeﬁts of &
grooming were monitored during feeding to sﬁtiety in one
paradigm the "satiety" paradigm. I?qthé other paradigm BN-
induced grooming was monitored in observation chambers by an
experimenter while locomotor activities were monitored by a

microprocessor controlled infrared beam grid system.
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The latter experimental paradigm, from here on, will be

called the "home" paradigm-since the cbservation chambers
Iwere identical to the hpme cage except that the top of tﬁe
cage was higher to‘allow'for rearing. As in the home cage,
food epd water were available ad libitum and the rats had
not been food deprived prior to experimentation.
Fur€fermore, tlhe animals were accllmatlzed to the infrared
‘beam monitoring cage each day for 90 min before
experimentation. Thus, it was a very familiar environment
for the rats, where they spent up to 4 hr a day. Monitoring
of grooming elements of 8 rats, each for 5 sec, resulted in
1 observatlon per rat every 40 sec, for the duration‘of the
experlment Simultanebus monitorimg-of groomlnq and
locomotor activities in the home paradigm began about 14-20
minutes after the injection of the first of the 8 rats.

In oontrast in the satlety paradigm eating parameters
of the 5 hr food-deprived rats (n = 10-12) were monitored
one at a time while, 51mu1taneously; grooming deta were
collected. Grooming was monitored continuously and scored
every 5 sec, for 20 min, starting immediately after the
injection. Consequently, the satiety paradigm yielded
additional information on the time course of grooming of
each rat. it also served to shed more light onrthe oossible
physiological or biological significance of BN-induced
grooming in the rat.

¢ As well, by comparing the grooming profiles of the two

paradigms the experiments addressed the question of whether
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the grooming profile was affected by'the paradigm conditions )

in which it occurred. Eight experiments were undertaken as

listed below.

- -

PHASE 4 Experimental Organization
Home paradigm....... NTS....Experiments...1l & 2
R R e, NA....% Experiments...3 & 4
Satiety paradigm....NTS....Experiments....5 & 6

tessecsssasnnans ++..NA.....Experiments....7 & 8

H

Animals '

All experimenté were conducted on adult male Sprague-
Dawley rats (275-300 g) _(St. Constance, Quebec) housed
individually with free access to food (Master Laboratory
Chow) and water (except in the satiety paradigm where
animals were food deprived between 8 am and 1 pm every day
as described below). The environment was maintained.at 249,
60% relative humidity, and with 12 hr of light (6 a.m. to 6
p.m.). Separate groups of rats under sodium pentobarbitol
(50 mg}kg, IP) anesthesia were stereotaxically implanted
with 24-gauge stainless-steel guide cannulae (Kinetrods,

Ottawa, Canada) aimed unilaterally, at the NTS (A-P -13.8
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mm, lateral 0.6 mm, depth 8.8 mm) (Crawley, 1985; Johnston
et al, 1986; Paxings and Watson, 1982) féé‘Experiments 4.1
and 4.5 or bilaterally, at the NA (AP +2.2 mm, lateral + 1.8
mm, DV 7.2 mm) (Johnston et al, 1986; Paxinos and Wétson,
1982) for Experiments 4.3 and 4.7. However, in the four
‘other experiments, (4.2, 4.4, 4.6, and 4.8) in order to save
time and money, two groups of rats (n = 8 and n = 12) were
simultaneously implanted with bilateral cannulae aimed at
the NA and a unilateral cannula at the NTS..Consequently,
the same triple implanted réts were used in Experiments 4.2
.and'4?zvfn = 8). Similarly the other group was employed for
Experiments 4.6 and 4.8 (n = 12). The triple implant
surgical procedure took 60 to 90 min, no additional
anaestheéia was heeded. Furthe;ﬁore, these rats recovered as,
quickly as rats with single site implants. The NTSlimplant
site was similar to that in Experiment 3.1 except that the
co-ordinates were changed to A-P 13.8 mm, lateral +0.6 mm,
and depth 8.8 mm (Paxinos and Watson, 1982). The depth was
increased to insure that placement in the NTS would continue
as the rats were used for a longer period of time (ie up to
approximately 6-8 weeks from surgery) since as the rat grew
and the skull thickened. Also, the site was moved 0.5 mm
posterior to increase the separation of the site from the
the fourth ventricle and at this lécation the NTS is more
ventral (A-P -13.3 to -13.8 mm). The NA site was similar to

that in Experiment 3.3 except that the depth was increased

by 0.5 mm in this experiment to insure that the injection

5

r—
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remained in the NA and not the ventral caudate-putamen, as
the skull thickened.

The guide cannulae were cemented with dental acrylic to
four jeweler’s screws placed in the calvarium.' Stainless-
steel obturators were in the guide cannulae at all times
except during injections. The animals were allowed a minimum
of 5 days postoperqtive recovery prior to commencement of
experiments.

The implant sites chosen avoided crossing the
ventricular system (Johnson and Epstein, 1975; Paxinos and
Watéonh 1982) in order to avoid flow of the injection up the

exterior quide cannula tract intc the ventricular system.

I

Injections

At least a full day elapsed between each treatment. All
doses are expressed as total dose per animal. All intra
brain injections were carried out with the aid of a Harvard
infusion pump, at the rate of 0.5 ul/30 sec. In addition,
the 30 gauge injection cannula (which protruded past the
guide cannula by 0.05 mm) was left in place for an
additional 30 sec after the injection. All drugs
microinjected at brain sites, were delivered in a volume of
0.5 ul in 0.9% saline vehicle in deionized distilled water
(Myers, 1974). Furthermore, the vehicle volume of 0.5 ul was
.used in accordance with previous experiments (Johnson and

Epstein, 1975; Stukey and Gibbs, 1982; Gmerek and Cowan,
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1983; Crawley, 1985, Johnston et al, 1986:lspruija.et al,
1986) . At the completion of testing, the implants of all
animals used in the experiments were verified by injecting

cresyl violet, followed by standard histological procedures.
\ ‘

t

Home Paradigm

Drug injections were carried out!at 10 am every day.
Beh&vioral monitoring began immediately after the eighth
(last) rat was injected. Grooming elements and locomotor
activities were monitored as described previously (Merali et

al, 1983; 1985; Johnston et al, 1986 and also in Experiments

——

3.1-7 above). Briefly locomotor activities were monitored by
a custom-designed Z-80 microprocessor-based controller which
sampled each of the 9 infrared beams (strategically placed
in each of 8 observation chambers) evefy second and
collected data over 60 min. Simultaneous monitoring of
grooming elements (facial scratching, facial lickiﬁg, body
scratching and body licking), sniffing and resting by a
human rater was conducted from an adjacent room through a
one way mirror. Eight rats were monitored serially, each for
5 sec, every 40 sec, for 60 min. Any of the behaviors that
occurred for a given rat during the 5 sec was recorded.

Data was collapsed over 60 min and one way analysis of
variance (dose—effect) calculaE?d. The Tukey test was used
for the comparison of means (p<0.05).

"
N

" Y
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The Satiety Paradigm

fen to twelve animals cannulated at the NTS and/or NA
(as described above) were given 5 days of mfcovery from
surgery. Thereafter they were food deprived from 8 am. to
1:00 pm. After 1:00 pm they were trained to obtain a portion’

of their daily food,intake (Wise and Raptis, 1985) as

follows: In test baies 20 meal segments, of ten, 45-mg -food
ﬂeliets each (DustlessVPrecision Pellets, Bio Serv inc,
Frenchtown, New Jersey), were presented .for 58 sec
intervals. Meal segments were introduced into a 20 x 27 x 31
cm‘test box, of clearrpolycarbonate, by an automatic
dispensing apparatus. Pellets were dispensed by an aluminum
food delivery platter (31 cm diameter) with sevénty-two food
cups (1 x 2.5 X 0.8 cm) moulded into it. The.platter }
extended 6 cm into theé test box and only one of the cups was
exposed, through a mask, EE—any given .time. The platters
were indexed one position every 60 sec, and a timer N
triggered rotation of the platter by a solenoid connected to
an electric motor. Solenoid noise was clearly audible but
not loud.\

Testing began after ‘approximately 15 training days,
that is, after the rats eating latency and duration times
and number of pellets eaten had stabilized. In each
experiment rats were divided randomly into 2 groups of 5-6
rats. EBach group received, alternately, a drug injection day

followed by a drug-free schedule maintenance'day. Thus, for
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instance, 10 days were required for completion of 5 drug
_injections. Oone group of rats, one rat at a time, was
1njécted and monit?red for eating and grooming behaviors,
for 26 min each. Simultaneously, the other yoked group was
run in an ideﬁtical feeding paradigm, but no drug was |
administered and no data was recorded. Between injections,
the peptide was kept on ice.. Feeding and grooming behaviors
were monitored immediately after the injection, for 20 min.

Latencies to make oral contact with the first pellet of
each meal segment and time to consume all 10 pellets in each
segment were recorded. Numbers of pellets left uneaten were
noted. In addition, the following eight behaviﬁrs were
recorded: facial scratching, facial licking, body
scratching, body licking, sniffing, chewing, rearing and
licking (Johnéton et al, 1986 and above in Experiments 3.1~
7). The satiety room where the experimenfs took place every
day, as well as the setup for collecting the data was
displayed in Figures 21 and 22.

The behaviors monitored have been operationally defined
above except for chewing, rearing and licking. Chewing was
scored when the rat moved his jaws in a motion inveolving the
possible mastication of food. Generally, in this experiment
the rat continued to chew after all the food was removed
from the food cup. Rearing was scored when the rat sfood on
his hind legs with his forelegs off. the floor in a non-
grooming stance and not in contact with the feeding

apparatus. Licking was defined as the protrusion of the



141

tongue out of the mouth an& in contact with any part of the
testing chamber. This excluded the licking when the rat was -
feeding or grooming..

The occurrence of each behavior was recorded every 5
sec, over the 20 min of food presentation. Thus, the
possible maximum score for any behavior was 240i Behavioral
data was collected and compiled on a hyperion computer.

Data was collapsed over 20 min for the Experiments (n =
10-12) and one way analysis of variance carried out. The
exception to this occurred for the two way analysis of
variance of time-course, and dose-effect of BN intra NTS and-.
IP on latency to eat, pellets left, faciai scraEching and
facial licking. The Tukey test was used for the comparison
of means; The level of significance used was p<0.05.

‘\\\_/,
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Figure 21: The satiety room: Only the rats in the satiety
éxperiments were housed in this room at all times on shelves
on the walls to the left and right. On the right side of the
table is a Harvard infusion pump where the rat was held to

———

be infused. On the pump were 50 ul Hamilton syringes; to

each was attached a short piece of 50 PE tubinghand the
1injection cannula. The peptide in the tubing was kept on ice
between injections. Notice the ice container next to the
.pump. After the injection the rat was placed immediately
into the clear polycarbonate box between the two timers and

the Hyperion computer. Monitoring of grooming was done with

software ;rogramming of 8 keys on the keyboard.
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Figure 22: Experimenter at work, monitoring satiety and
grooming simultaneously. Right hand on keyboard recording
grooming, left hand holding push button for the timer to

measure latency to eat and duration of ‘eating.

143
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Figures

Behaviors whiﬁh showed the most significant variability

.across drug conditions, sites and paradigms were graphed.

Graphs for the home paradigm (Figures 25-39) included
the behaviors: locomotion, facial scratching, facial
licking, sniffing and resting. Of the\¥hree behaviors

monitored by the infrared beam grids (locomoction, £loor

‘activity and rearing), locomotion varied the most from the

NTS to the NA injection site and thus was illustrated. Body
scratching and body licking, and yawning and stretching‘very
often were not significantlY'changed by these drug
treatments and thus were not graphed.

Graphs for the satiety paradigm included the behaviors:
latency to eat; pelleté ieft, facial scratching, facial
licking, and sniffing (Figures 44-60). Body sc%atchihg and
body licking, chewing, rearing and licking were not graphed
since, for the most part, they did not show significant
variation during these experiments. At the NTS BN increased

latency to eat to the maximum time of 58 sec often. This

extended latency to eat disrupted the duration of eating °

score since the two measures were in tandem, one following

the other over 58 sec, for each food presentation. Thus,

latency to eat was phed instead of duration of eating.
Except for 1ocom§tion which had no experimehtally

imposed maximum score, all graphs followed a 5 decrement

scale of the behavioral response the ordinate, where the

-
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highest score repreéented the.maximum frequency possible
(100%). Thus, the ordinate values represenﬁed 100, 80, 60,

40, 20 and 0% of the possible total fréquency, respectively.
In addition, té facilitate comparison of behaviorai aata
(where poésiq;e) the results from drug administration at ;he ’
NTS and NA as well as the IP injection were illustrated oh
the same graph. This ability to convert the scores on the
graphs to % facilitated the comparison of behavioral values
across doses, sites and paradigms. The values of these

* sem of oneway analysis

graphs were deriYed from the mean
of variance of the data (dose-effect).

With the pie charts (Figures 63-64), values for each
grooming element'qe;e expressed as a per cent of total .
. grooming score. The total grooming score was derived‘by
adding together the means (from one way analysis qf
variance) of the frequency of each of 4 grooming elements
for each drug condition.

The exception to the -use of means from oneway analysis
of variance involves the 4 graphs (satiety paradigm) from {/ ’
Vthe apalysis of time-course, and doée-effect of BN intra NTS
and IP on latency to eat, pellets left, facial scratching
-and facial licking. These graphs were:derived from the
interaction means of two way analysis of variance. The
ordinate scale value for each behavior was the maximum value
possible for 1 min for each behavior (ie 58 sec for latency,

#

10 pellets for pellets left, 12 responses for facial
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scratching and facial licking), thus these four behaviors

have a comparable scale (divided into 20 units).

Experiments 4.1 and 4. 2- ‘The Behavioral Effects of Peptide
and/or Drug Admlnlstration at the Nucleus Tractus Solitarius
and/pr Peripherally in the Home Paradigm.

» , '
Experiment 4.1

First, Experimeht 3.1, designed to elucidate the time-
and-dose-related behavioral effects of BN administered at
the NTS, was replicated. The doses of BN (Peninsula) tested
were.of 0.001, 0.01, 0.1%r 1.0 ug. In addition, rats were.
injected intra—NTS with d-amphetamine (0, 1, 5, or 10 ;g)
(Pijnenburg and Van Rossum, 1973). Following'the NTS
injections these rats Qere also injected (IP) with the
following: fluphénaéﬁne (Squibb) (0, 0.05, 0.1, or 0.5
mg/kg) (Merali et al, 1985); BN (0, 1, 2, 4, or 8 ug/kg)
(Kuikdsky et al, 1982a,b); and d—aﬁphetamiﬁe (0, 0.05, 0.1,
0.3, 0.5 mg/kg). A Latin square design for each drué

administration was used.

Experiment 4.2

*

A new set of 8 rats cannulated at the NTS, {triple

d#hplanted rats, also used in Experiment 4.4) were ;

1g§croihjected at the NTS with the following drugs:

[
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Neurébeptiée ¥ (Peninsula; poréine) (1 and 0.1 ug); GRP 1-16

(Peninsuia) (2ug) ; saline; BN (0.5 ug}} BN ( 0.5 ug)+ |

fluphenazine (10 ug); or fluphénazine (10 ug) (anzantiAahd

Uretsky, 1983), in a random order with a day between éach//
) injection. At the end of the experiment, BN (0.5 ugj +
épantide (1 ug), were micrpinjected, followed 1 week.latér
-by spantide (1 ué) alone.

Results: Experiments 4.1 and 4.2: The Behavioral Effects of

Peptide and/or Drug Administration at the Nucleus Tractus

Gagn

 Solitarius and/or Peripherally in the Home Paradigm.

The implants of all animals used in the experiments

were illustrated in Figures 23 and 24.



Results Experiment 4.1 ‘ \\\\Nhl

-

IOne.way an&lysis of variance'repeated over subjects,
revealed a signifiéént effect (pé0,0S) of dose of BN when
injected at the NTS on floor activity F (4,28) = 20.77;
rearing F (4,28) = 3.51; facial scratching F (4,28) = 48.25;
facial 1}cking F (4,28) = 60.68; body scfatching‘F (4;28) =
_é:l9? body licking F (4,28) = 6.10; sniffing F (4,28j7=
'3.59; and resting F (4,26) = 74.95. Comparison of means

revealed significant decreése in resting over the control

148

condition after 0.01 ug BN or higher gFigure 29). At a dose

of 0.01 ug and higher,'BN significantly increased floor
activity and facial-scratching (Figuré'zs). Facial licking
ﬁas significantly increased at a dose of 0.1 ug BN or
greater (Figure 27).'Body scfatching was increased at the
0.1 ug dose only. Locomotion (Figure 25), rearing,‘body
licking and sniffing (Figure 28) did not show a significaht
increase over the saline condition for any of the doses
tested. The means + sem for locomotion, facial scratching

and licking, sniffing and resting were illustrated in

Figures 25-29.
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Figurge 23: Verification of implantation sites after
Experiment 4.1. Location of cannula implantation tip in the
caudal nucleus tractus solitarius (NTS) of the rat (n=11)

. (coronal view: A-P -12.8 to -13.8 mm); (Paxinos and Watson,
1982). AbbreQiations: . site of injection; Cu cuneate
nucleus; Gr gracile nucleus; In intercalated nucleus of
medulla oblongata; 4V fourth ventricle; 12_nuc1eu§ of
hypoglossal nerve; 10 dorsal motor nucleus of the vagus; mlf
medial 1ongi£udinal fasciculus; MVe medial vestibular

-

nucleus.
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Figure 24: Verification of implantation sites after
Experiment 4.2. Location of cannula implantation tip in the
caudal nucleus tractus solitarius (NTS) of the rat (n=8)
(coronal view: D-V -13.3 to ~13.8 mm);(Pakinos and Watson,

1982). Abbreviations: see Figure 23.
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LOCOMOTOR ACTIVITY
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Figure 25: Effects of BN (intra NTS, NA, & IP) on locomotor
activity of rats in the home paradigm. On the ordinate:
‘distance traversed (cm) over 60 min; on the abscissa: site
of BN administration:.NTS (nucleus tractus solitarius), NA
(nucleus accumbens), IP (peripheral). The profile of vehicle
treated rats is represented by the open columns and those of
BN-treated groups are represented by the patterned columns.
"Each value represents the mean of the animals in that group
(n = 8) + sem. *Significhnﬁly different with respect to the

appropriate control value at p<0.05.



152

FACIAL SCRATCHING
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Figure 26. Effects of BN (intra NTS, NA, & IP) on facial
scratching of rats in the home paradigm. On the ordinate:
the magnitude of the quantified response ovef 60 min; on the
abscissa: site of BN administration: NTS (nucleus tractus
solitarius), NA (nucleus accumbens), IP (peripheral). The
profile of vehicle treated rats is represented by the open
columns and those of BN-~treated groups are represented by
the patterned columns. Each value represents:the mean of the
animals in that group (n = 8) * sem. *Significantly
different with respect to the appropriate control value at

p<0.05.
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- FACIAL LICKING
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Figure 27: Effects of BN (intra NTS, NA, & IP) on facial

licking of rats in the home paradigm. On the ordinate: the
magnitude of the quantified response over 60 min; on the

abscissa: site of BN administratién: NTS (nucleus tractus
solitarius), NA (nucleus accumbens), IP (peripheral). The
profile of vehicle treated rats is represented by the open
columns and those of BN-treated groups are represented by

the patterned columns. Each value represents the mean of the

1

animals in tﬁat group (n 8) + sem. *Significantly
different with réspect to the appropriate control value at

p<0.05.
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Figure 28: Effects of BN (intra NTS, NA, & IP) on sniffing
of rats in the home paradigm. On the ordinate: the magnitude

of the quantified response over 60 min; on the abscissa:

-
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site of BN administration: NTS (nucleus tractus solitarius),

NA (nucleus accumbens), IP (peripheral). The profile of
vehicle treated rats is represented by the open columns and
those of BN-treated groups are represented by the patterned
columns. Each value represents the mean of the animals in
that group (n = 8) # éem. *Significantly different with

respect to the appropriate control value at p<0.05.
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Figure 29: Effects of BNu(intra NTS, NA, & IP) on the
occurrence of resting of fats, in the home paradigm. On the
ordinate: the magnitude of the gquantified response over 60
min; on the abscissa: site of BN administrétion: NTS
(nucleus tractus solitarius), NA (nucleus accumbens), IP
(peripheral). The profile of vehicle treated rats is
repreéented by the open columns and those of BN-treated
groups are represented by the patterned columns. Each value
represents the mean of the animals in that group (n.= 8) +
sem. *Significantly different with respect to the

appropriate ‘control value at p<0.05.
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Results of Experiment 4.1 continued

Nei'ther d-amphetamine (1, 5, or 10 ug) nor fluphenazine
(1, 5, or 10 ug) had a significant effect on behaviors
monitored in the home paradigm, when micr01njected at the
NTS.

Although fluphenazine (0.05, 0.1 0.5 mg/kg) injected
peripherally had no significant effects on exploratory and
grooming béhaviors, d-amphetamine, injected peripherally
(0.05, 0.1, 0.3, 0.5 mg/kg) did change some of these

behaviors, One way analysis of variance revealed a

-

éignificant effect ,of d-amphetamine on locomotion F (3,21) =

16.58: floor activity F (3,21) = 30.01; rearing F (3,21) =

28.01; facial licking F (3,21) = 3.18; sniffing F (3,2})
29.01; and resting F (3,21) = 12.27. Comparison of means,
revealed a significant increase over the control dondition,
in floor activity, rearing, sniffing and resting with d-
amphetamine, at a dose of 0.3 mg/kg or greater; locomotion
was significantly increased at a dose of 0.5 mg/kg d-
amphetamine. Although facial licking showed an overall
significant decrease after d:amphetamine,'comparison of
means revealed no significant d%fference between means. The
means of the dose effect of-d-amphetamine for locomotion,

facial scratching and licking, sniffing and resting were

jillustrated in Figures 30-34, respectively.
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Figure 30: Effects of d-amphetamine (intra NTS, NA, & IP) on
locomotor activity of rats in the home paradigm. On' the
ordinate: distance traQersed (cm) over 60 min; on the
‘abscissa: site of d-amphetamine administration: NTS (nucleus
tractus solitarius), NA (nucleus accumbens), IP
(peripheral). The profile of vehicle treated rats is
represented by the open columns and those of d-amphetamine
treated groups are represented by the patterned columns.
Each value represents the mean of the animals in that group
(n = 8) + sem. *Significantly different with respect to the

appropriate control value at p<0.05.
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FACIAL SCRATCHING -
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Figure 31: Effects of d-amphetamine (intra NTS, NA, & IP) on

the frequency of facial scratching of rats in the home.f’“\,;
paradigm. On the ordinate: the magnitude of theJ&Ehhtified
response over 60 min; on the abscissa: site of d—amphefamine
administration: NTS (nucleus tractus solitarius), NA

(nucleus accumbens), IP (peripheralj. The profile of vehicle
freated rats is represented by the open columns and those of
d-amphetamine-treated groups are‘represented by the

patterned columns. Eéch value represents the mean of the
énimals in that group (n = 8) i sem. *Significantly

different with respect to the appropriate control value at

p<0.05, "
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Figure 32: Effects of d-amphetamine (intra NTS, NA, & IP) on

the frequency of facial licking of rats in the home

-

paradigm. On the ordinate: the magnitude of the quantified

response over 60 min; on the abscissa: site of d-amphetamine

administration: NTS (nucleus tractus solitarius), NA

(nucleus accumbens), IP (peripheral). The profile of vehicle

treated rats is represented by the open columns and those of

d-amphetamine-treated groups are represented by the

pattérned columns. Each value represents the mean of the

animals in ihat group (n

8) + sem. *Significantly e

different with respect to the appropriate control value at

p<0.05,
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Figure 33: Effecfs of d-amphetamine (intra NTS}ENK, & IP) on
& ¥

the-frequencj of sniffing of rats -in the home paradigm. On *

the ordinate: the magnitude of the quantified response over -

60 min; on the abscissa: site of d-amphetamine -

o

&

admlnistratmon. NTS (nucleus tractus fbl:;arlus), NA

profile of vehicle

tfee; rats is represented by the open cqlumns_and those of
d—ampheﬁamine-treated groups are represented by‘the'-

patterned columns. Each value represents the mean of the

. anlmals in thq;agroup (n = 8) + sem. *Significantly
; different with respect t& the appr?ﬁ}\éte control v@j at
_ . . : .7 . .
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Figure 34. Effects of d-amphetamine (intra NTS, NA, & IP) on
the occurrence of resting.of rats in the home paradigm. On
the ordinate: the magnitude of the quantified response over
60 min; on the abscissa: site of d-amphetamine |

. B ‘ :
administration: NTS (nucleus tractus solitarius), NA L

(nucleus accumbehs), IP (peripheral). The profile of vehicle

treated rats is fépresented by the open columns and those of
d-amphetamine-treated groups are represented by the

patterned-columns. Each value represents the mean ‘of the
; .

animals in that group (n = 8) + sem. *Significantly

 different with respect to the appropriateLéohtrol'value at

p<0.05. -
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Results Experiment 4.2

One ;)y anqusis of'variahce repeated over subjects,
revealed a significant effec£ of drug treatment (NPY, 1, 0.1
ug; GRﬁ 1-16, 3 ug; saline; or BN, 0.5 ug) when injected at
the. NTS, on 16:omotion F(3,21) = 4.61; floorlactivity

F(3,21) 4.96; rearing F(3,21) = 9.44; facilal scratching

F(3,21)

I

73.23; facial licking F(3,21) = 75.63; body
scratchinglétijzi)l= 2.64; body licking F(3,21) = 2;87; and
resting F(3,21) = 14.11. Comparison of means re&eaied a
significant increase in floor activity, rearing, facial
sératching, facial licking and sniffing for the BN condition
(0.5 ug) o&ér the control. Neither NPY (1 ug) nor GRP 2416'
(2" ug) had a signifiéant effect on any of the behavior
monitored in the home ﬁé?gdigm. |

One Qay analysis'of variance repeated over, subjects
revealed a significant effect of drug (saline; BN (0.5 ug);
fluphenazine (10 ug) or BN (0;5 ug) + fluphenazine (10 ug)
" when inf?cted at the RTs, for locomotion F(3,21) =;4.15;
floor activity_F(3,21) = 9.7?} rearing F(3’21)qf 12.15;,
facial scratching F(3,21) = 57.48; facial 1ick1ng F(3,21) =

~

36.98; body licking F(3,21) = 3.08; sniffing F(3,21) = 4.16;
and resting F(3,21) =.45.85. cémparison of means revealed |
" that there wés no significant difference betweén fhe BN
cbndiiion and th; BN + fluphenazine condition for—aﬁy~r~"—
" behavior tested. - Furthermore the, fluphenazine (10 ug)
cohgition did not result in a sigﬁificént éifferenbe over

O ‘
P —— ' ‘ ) ‘

* ]
S A
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the_;aline condition for any behavior tested. significant
dffects in stimulation .of behavior by BN and BN +

fluphenazine as compared to the saline eondition, wete

evident for floor activity, rearing, faeial scratching,

facial licking, and resttng. The means for the dose-effeet

of the BN and fluphenazine administered alone and together,

for locomotion, facial scratching and licking, sniffing and

resting were illustrated in Figures 35~39, respectively.

One t/yfanaly51s of variance repeated over subjects
revealed a significant effect of treatment (saline, BN (0.5
ug): BN (0.5 ug) + spantlde (1 ug): spant1de(1 ug)) when
injected at the NTS on iocomotion.F(B,zl) = 14.03; floor

activity F(3,21) = 21.88; rearing F(3,21)

n

16}§7; facial
scratching F(3,21) = 82.67; facial licking F(3,21) = 102.12;
body 1icking_F(3,21) = 6.81; anazrest;ng F(3,21) = 121.16.
Conparison of means revealed a significant difference
between BN alone and BN + spantide for locomotion and floor
activity only. Bombesin'+ spantide for locomotiom™and floor
activitf was not significantly differewt than the saline e
condition, hpwever BN alone for locomotion and” floor g
act{E;Jy/w/; significantly increased over the saline ‘
condlt;gn. In contrast, BN and BN + spantide were both
signifieantly increased over the saline condition for facial
scratching, facial licking.and decreased for reating. '
Spantide alonefwhen injected at the NTS was not different

~ from the saline conditjon for any behav1or monitored in the

home paradigm.

i e
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Figure 35: Effects of BN, fluphenazine and BN + fluphenézing
on locomotor activity of rats in the home paradigm. On the
ordinate: distance traversed (cm) over 60 min; on the
abscissa: site of BN administration: NTS (nucleus tractus
solitarius), NA (nucleus accumbens). The profile of vehicle
treated rats is represented by the open columns and those of
_BN-alone‘treated groups are represeﬁted by the_§o£}d
columns, and the fluphenazine alone, and fluphenazine + BN .
,with the patterned columns. Each value represents the mean
of the animals in that group (n = 8) + sem. *Significanély
different with respect to the appropriate control value at
p<0.05. +§ignificant1y different with respect to BN group at

p<0.05.
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Figure 36: Effects of BN, fluphenazine and BN + fluphenazine
on the frequency of facial scratching of rats.ih the home
paradigﬁ. On the ordinate: the frequency of respoﬁse over 60
min; on the abscissa: site of BN administration: NTS
(nucleus tractus solitarius), NA (nucleus accumbens). The
profile of vehicle treated rats is represented by the open
columns and those of BN-alone tréafed groups are reﬁresented
by the solid columns, and the fluphenazine alone, and
fluphenazine + BN with the patterned columns. Each value
represents- the mean of the animals in that group (n = 8) *
sem. *Significantly different with respect to the
appropriate conttoi value at p<0.05.u+significantly

different with respect to BN group at p<0.05.
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Figure 37ﬁ Effects of BN, fluphenazihe and BN + fluphenazine
on;the frequency of facial licking of rats in the home
paradigm. On the ordinate frequency of response over 60 min;
on the abscissa: site of BN administration: NTS (nucleué&
tractus solitarius), NA (nucleus accumbens). The profile. of
vehicle treated rats is represented by the open columns and
those of BN-alone treated groﬁps are represented by the
solfd columns, and the fluphenazine alone, and fluphenazine
+ BN with the patterned columns. Each value represents the
mean of thHe animals in that group (n = 8) % sem.
*Significantly different with respect to the appropriate

control value at p<0.05. +Significantly different with

respect to BN group at p<0.0S.



SNIFFING
3 6 oug £ BN 0ug
R BN 0.5ug E 3: s (NA)
iug + F 10ug (NA
B3 BN 0.5ug + F 10ug [NTS) EZ3 F 10ug (NA)

ao - F 10ug (NTS) . BXA BN fug + F 20ug (NA)

F 20ug (NA)

: *
72 -

54}

RESPONSES

Fgéé§§§#ﬁ |
-

1B

A

.

167

NTS NA
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Figure 38: Effects of BN, fluphenazine and BNI+ fluphenazine
on the frequency of sniffing of rats in the home paradigm.
On the ordinate: the frequency of.respoﬁse over 60 min; on
the abscissa: site of BN administration: NTS (nucleus
tractus. solitarius), NA (nucleus accumbens). The profile of
vehicle treated rats is representedjby the open columns and
those of BN-alone treated groups are represented by the
solid columns, and the fluphenazine alone, and fluphen;zine
+ BN with the patterned c¢olumns. Each value represents the
mean of the animals in that group (n = 8) + sem.
*Signif}cantly different with respect to the appropriate
control value at p<0.05. +Significantly different with

respect to BN group at;P<0.051
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Figure 39: Effects of BN, fluphenazine and BN + fluphenazine
on the occurrence of resting of rats in the home paradigm.

On the ordinate: the frequency of response over 60 min; on

the abscissa: site of BN administration: NTS (nucleus

tractus solitarius), NA (nucleus'accumbens). The profile Bf
vehicle treated rats is represented by the open columns - and
those of BN-alone treated groups are represented by the
solid columns, and the fluphenazine alone, and fluphenazine
+ BN with the patterned columhs. Each value represents the
mean of the‘animals in that group (n = 8) i‘sem. |
*Significantly different with respect to the appropriéte'
control value at p<0.05. +Significantly different with

respect to BN group at p<0.05.
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Experiments 4.3 and’ 4.4: The Behavioral Effects of Peptides
and/or Drug Administration at the Nucleus Accumbens and/or

Peripherally in the Home Paradigm.
Experiment 4.3

First, Experiﬁent 3.3, designed to elucidate the time-
*. and dose—reiated effects of BN-induced behavior when BN is
admihiétered at the NA, was replicated. Sixteen rats were
bilaterally canqulated, two groups, n=8 per group. Each
group was tegted on alternate days. For groﬁﬁ I, the doses
of BN tested were 0, 0.001, 0.01, 0.1 or 1.0 ug. In o
addition, group I rats were injecged, intra-NA with d-
amphétamine (0, 2, 10, or 20 ug) (Pijinenburg apd Van Rossum,
1973). éroup II was injected witﬁ fluphenazine (0, 2, 10, or
20 ug); followed by, BN (1 ug), BN (1 ug). + fluphenazine (2?
ug), Bﬁ (1 ug)+ fluphenazine (10 ug) or BN (1 ug) +
fluphenazine (20 ug). Following this, 8 ratg rahdqmly chosen
from group I and II were injected with haloperidol (0, 0.05,
0.1 or 0.5 mg/kg, IP). A Latin square design for drug

administration was used, except for the BN + fluphenazine

drués, which were administered in a random order.



- Experiment 4.4

\ ’

Another set of 8 rats, (the triple implants from
Experiment 4.2) were microinjected with the following drugs

at the NA: neuropeptide Y (1 and 0.1 ug): GRP 1-16 (2 ug),

170

saline, or BN (0.5 ug), in a random order. At the end of the

experiment, BN (0.5 ug) + spantide (2 ug) was microinjected,

followed 3 days later by spantide (2 ug) alone.

Results: Experiments 4l3 and 4.4: The Behavioral Effects of

Peptides and/or Drug Administration at the Nucleus Accumbens

and/or Peripherally in the Home Paradigm.:

The implants of all animals used in the experiments

were illustrated in Figures 40 and 41.
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Figure 40: Verification of iﬁplantationpsites after
Experiﬁent 4.3. Location of cannula implantation tip in the
nucleus accumbens (NA) of the rat (n = 16) (coronal view: A-
P 2.7 to 1.7 mm); {Paxinos and Watson, 1982). Abbreviations:
. site of injection: aca anterior commissure; Aéb nucleus
accumbens; CPu caudate p;tapen: fmi forceps minor of the

+

corpus callosum; LV lateral ventricle.



Figure 41: Verification of implantation sites after

Experiment 4.4. Location of cannula implantation tip in the

nucleus accumbens (NA) of the rat gp = 8) (coronal view: A-P
\

2.2 mm; Paxinos ‘and Watson, 1982). Abbréviations: see Figure

40. s
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*illustrated in Figures 30-34,.respective1y2‘ t

. 173

: !
Results Experiment 4.3

One way analysis of variance repeated over subjects

evealed a significant effect of dose of BN (0, 0.001f 0.01,

-~

0.1, 1.0 gg) when administered at the NA, on locomotion

F(4,27) 4.94; floor activity F(4,27) =:8.00; rearing

F{4,27) = 6.38; facial scratching—F(4,28) = 3.72; facial

licking F(4,28) = 2.81:'sniff{ng F(4,27) = 4.87; and resting

F(4,27) = 6g75' Comparison of means revealed a s¥gnificant

3

increase in ;ocomotion; floor acﬁivity, rearing, and
sniffing behaviors at a dose‘of 1 ug of BN over the saline
condition;‘réstingnwés significantly decreased at a dose of
1”ug BN over the saline condition. Doses lower th&ﬁ 1 ug BN
d;e not significéntiy alter home paré?igm beha¥iors. 3esu1ts
for locomotion, facial scratching, facial licking, sniffing
and résting were‘iliustrated-in Figures. 25-29, respectively.

One way ‘analysis of variance repeated over subjects

revealed a signifiqant effect of dose of d-amphetamine (O,

.2, 10, 20 ug) when administered at the NA, on ‘locomotion

F(4,28) = 9.63; floor activity F(4,28) = 14.37; rea;ing

F(4,28)

11.72; sniffing F(4,28) = 6.47; and resting

F(4,28) = 5.60. Comparison of means revealed 2 significant

. increase in locomotion, floor activity, rearing and sniffing

“~at a dose of 20 ug d-amphetamine‘only, with a simultaneous

decrease in resting. Results for loépmotion, facial

scratching, facial licking, sniffing and resé&ég vere

» .
. .
(\ s
¥ " .
. ..



Flupheqézine (0,'2, 10, or 20 ug) microinjected at the
NA did not have a significant effect on the home paradigm
beﬁaviors. However, one-way analysis of_varianee repeafed
ﬂgvef subjects revealed a significant effect of treatment
'( (éLl%ne: BN i ug; BN_l ng + Eluphengzine 20.ug} BN 1 ug +
fluphénazine 10 ug), when administefed at the NA on
locomotion F(5!21) = i6.31; floor activity F(3,21) = 15.58;

rearing F(3,21) = 6.84; facial scratching F(3,21) = 5.35;

-

body scratching F(3,21) = 3.91; sniffing F(3,21) = 12.65;
\‘\ .
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and resting F(3,21) = 10.67. When comparing the means of the .

BN, and BN +-fluphenazinghconditions to the saline
" condition, only the BN conditioné were significantly
different. Bombesin significantly increased locomotion,
-floor activity,‘rearing, and sniffing and significantly
decreased resting over the saline condition. Compar?son of
means revealed a significant decrease from the BNrcondition
to the BN_tSfluphenazine condition (both the 20 and 10 ug
fluphenazine + 1 ug BN conditions) for locomot én, floor
activity, rearing and sniffing. Heﬁever, therJ?was a
corresponding significant decrease‘in“resting over the BN,

condition for only thé BN 1 ug + fluphenazine 20 ug

condition. Results for locomotion, facial scratching, facial

licking, sniffing and resting were illustrated in Figures

]

35-39, respectively.
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Results Experiment 4.

b i

One way analysis of variance repeated over subfécts,
revealed a significant effect of drug (NPY, 1, 0.1 ug; GRP
1-16, 2 ug; saline; or BN, 0.5 ug) when injected at the NA
on locomotion F(3,21) = 15.71; floor activity F(3,21) =
24.43; rearing F(3,21) = 23.71; facial scratching F(3,21) =
8.05; body licking F(3,21) = 3.51; sniffing F(3,21) = 37.80;
and resting F(3,21) = 25.13. Comparison of means revealed a
significant increase in locomotion, floor activity, rearing,
and sniffing-for the BN cpndigion (0.5 ug) over the control,
.as well as a.corresponding dec}ease in resting for the BN
condition. Neuropeptide Y (1 ug) had no-significant effect
on any of the home‘papggigm behaviors moRitored. However,
GRP 1-16 (2 ug) increésed sniffing and decreased resting
over the saline condition. Surprisingly, there was no
difference between BN lug and GRP 1-16 2 ug forﬁsniffing and
resting behaviors. ‘ .

One Qay analysis of variance repeated o§er sﬁbjects '
‘reQealed a significant effect of drug (saline; 0.5 ug BN; -
0.5ug BN + 2 ug spantide; 2 ug spantide) when injected at
the NA on locomotion, F(3,21) = 14.20; floor activity
F(3,21) = 28.93; rearing F(3,21) = 23.95; sniffiﬂg F(3,21) =
51.58 and égéting F(3,21) = 29.55. Comparison of means
reveéled a significant difference between BN alone and BN +

spantide for sniffing only. The effects of BN + spantide and

BN alone, significantly increased locomotion, floor
LT : { 3
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activity, rearing,'and sniffing over the saline condition;
and decreased resting. Spantide alone, when injected at the
NA, was not different from the saline condition for any

-

behavior tested in the home paradigm.

Experiments 4.5 and 4.6: The Behavioral Effects of Peptides
and\or Drugs Administration at Nucleus Tractus Sclitarius

p——

and\or Peripherally in the Satiety Paradigm.

Experiment 4.5

2
¢

Ten aniﬁals cannulated at the NTS (as despfibed above
ie single implants) received BN (0, 0.0001, 0.001, 0.01, or
0.1 ug). Following this, the rats recéived BN (0, 1, 2, 4,
or 8 ug/kg; IP). In a third part of £he experiment; rats
were injected with fluphenazine (0, 0.05, 0.1 or 0.5 mg/kq;
IP), haloperidel (0, 0.05, 0.1, or 0.5 mg/kg; IP), or d-
amphetamine (0, 0.1, 0.3 or 0.5 mg/kg; IP). A Latin square

design for all drug égministration was used.

Experiment 4.6

§

Twely¥e animals cannulated.at the NTS (and the NA,
triple implants, also used in Experimené 4.8) received intra-
NTS, neuropeptide Y (1 ug); GRP 1-16 (2 g);;fluphenazine
(10 :?a: fluphenazine (10 ug) + BN (0.5 ug), BN (0.5 ug), or

saline (n=12), in a randomized sequence. In addition, the .
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N

- rats were divided into two groups (n=6) and eacb group was
randomly chosen to receive fluphenazineH(O.é'mg/kéﬁisP) + BN
(0.5 ug'intra NTS),-lo min'lgter:-flupheéazine‘(10 Gg, intra
NA) + BN (0.5 ug, intra NTS): neuromedin C (Peninsula) (0.35 -
ug), or néq;omedin B (Peﬁzhsula) (0.35 ug). finally, at the
end of the experiment one group was randomly chosen to
receive spantide, (1 ug; intra NTS), followed seven days
later, by spangide (1 ug) + BN (Q.s ug); coadﬁinistered at
the NTS.
\
Results: Experiments 4.5 and 4.6:-The Bdﬁavioral Effects of
Peptides and\or Drugs Adﬁinistration at Nucleus Tractus
Solitafius and\or Peripherally in the Satiety Paradigm.
y :

The implants of all animals used.in the experihents

were illustrated in Figures 42 and 43.
Results Experiment 4.5

One wéy analysis of variance repeated over dose
revealed a significant effect of BN intra NTS, on latency to
eat F(4,36) = 17.88; duration of eating F(4,36) = 9.23;
pellets left F(4,36) = 17.77; facial scratching F(4,36) =
12.73; faciai licking F(4,36) = 24.05; body licking F(4,36)
= 12.25;:sniffing F(4,36) = 7.73; and chewing, F(4,36) =
16.68. Comparison of means demonstrated a significant

increase over control conditions for latency to eat, and



number of pellets 1eft at a dqse of ‘0.01 ug and higher.
Duration of eating, sniffing';né“chewing ere signfficantly

decreased\over the contral condition at a|dose of 0.1 ug BN,

- only. On the other hand acial scratcning and licking, body

e e

licking, were smgnlficantly increased at the 0 1 ug dose.

Results for latency to eat, pellets left, facial scratching,

facial licking,’gpd sniffing were illustrated in Figures 44-
48, respectively. - . '

Two way analysis of variance repeated over time and
dose {(for time-course dose-effect, Figures 49-52)
demonstrated a significant interaction of time and dose of
BN (intra NTS) on latency to eat F(12,108) = 2.74; pellets
left F= (12,108) = 2.95; andﬁﬁnly a méin'effect on dose. of
BN for facial s&ratching F(12,108) = 12.73; and facial’
licking F(12,108) = 24.05. COmparisgn of interaction means
demonstrated a significant increase over control conditians
for latency to eat and pelleté left for BN (0.0001 ug and. N
greater) at 20 min after 1njectlon. At 15 and 10 min after
injection of BN there was a 51gn1flcant difference on BN at
dose of 0.01 and 0.1 ug; at 5 min after injection of BN only
the 0.1 ug dose demonstrated a significant inérease over
coﬁtrol conditions for 1étency to eat and pellets left as
illustrated in Figures 49 and 50. Comparison of interaction
means demonstrated a sigqificant ingrease over control
conditions for facial scratching at a dose of 0.01 ug BN at
10, 15 and 20 min and facial licking, at 15 min only. At a

dose of 0.1 ug BN both facial scratching and licking showed

»
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e,

a significant increase at all time periods as illustrated in’

LS

- Figufes 51 and 52 - -

One way analysis of variance repe ted over dose
demonstrated a significant effect of BN, (IP), on latency to
eat F(4,36) = 21.03; duration of eating F(4,36) = 4.54; -
peilets left F(4,36) = 21.34; chewing F(4,36) = 11.95: and
licking F(4,36) = 3.13. Comparison of means revealed a '
gignificant increase over tﬂe saiiﬁé‘conqition of iatency to
eat, and pellets left at a dose of 2 ug BN or higher.
Chewing was significantly decreased at a dose of 4 ug BN or
,hlgher Grooming scores in the satlety paradigm were not
51gn1f1cantly effected by peripherally administered BN.
Results for latency to eat, pellets left, facial scratching,
facial licking, and sniffing were illustrated in Figures 44-
48, respectively.

Two way analysis of variance repeated over time and
dose (for time-course dose-effect, Figures 49=52)\
demonstrated a significant interaction of fime and dose of
BN (IP) on latency to eat F(12,108) = 3.54; pellets left
F(12,108) = 4.34. Neither facial scratching nor facial
licking were sighificant on time, dose or interaction.
Comparison of interaction means demonstrated a sighificant
increase over control conditiqhs for latency to eat and
pellets left for BN (1.0 ug and greater) at 20 min.after
injection. At 15 min after injection of BN there was a

significant difference at a dose of 2.0 ug and greater; At

10 min after injection of BN there was a significant -



[

difference at a dose of 4.0 ug and greater as illustrated in

Figures 49 and 50.

One way analysis of variance repeated over dose of

fluphenazine (0, 0.05, 0.1, 0.5 mg/kg; IP) demonstrated no

significant effects of any dose of fluphenazine in

com@arison‘to the saline condition for any behavior measured

in the satiety paradigm.

180
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Figure 42: Verification of implantation sites after
Experiment 4.5. Location of cannula implantation tip in the
caudal nucleus tractus solitarius (NTS) of the rat (n = 10)
(coronal view: A-P -13.3 to -13.8 mm; Paxinos and Watson,
1982). Abbreviations: . site of injection; AP area postrema;
Cu cuneat;H;;cleus; Gr gracile nucléus: In intercalated
nucleus; 4V fourth ventricle; 12 nucleus of hypoglossal

nerve; 10 dorsal motor nucleus of the vagus; mlf medial

longitudinal fasciculus; MVe medial vestibular nucleus.
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Figure 43:.Verification.of implantation sites after
Experiment 4.6. Location of cannula implantation tip in the
caudal nucleus tractus solitarius (NTS) of the rat (n = 12)
coronal view:[A;P -12.8 to ~13.8 mm; Paxinos and Watson,

-

1982). Abbreviations: see Figure 42.
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Figure 44: Effects of BN on the latency to eat in the

- satiety paradigm. On the ordinate seconds 6f latencxvyo eat,
over 20 min; on the abscissa: site of BN administration: NTQ
(nucleus tractus solita;ius, NA (nucleus accumbéns), IP
(peripheral) .. The profile of vehicle treatgd rats is
represented by the open columns and those of BN treated
groups are represented by fhe patterned columns. Each vélue
represents the mean + sem of the animals in the respective
groups {(n = 10). *Significantly different with respect to

the approﬁ?iatg control value (open columns) at p<0.05.
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Figure 45: Effects of BN on the number of pellets left

uneaten, in the satiety paradigm. On the ordinate number of

pellets left, over 20 min; on the abscissa: site of BN
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administration: NTS (nﬁcleus tractus solitarius, NA (nuclei%s\-

accumbens), IP (peripheral). The profile/of vehicle. treated

rats is represented by the open columns and those of BN-

treated groups are represented by the patterned columns.

b

Each value represents the mean

respective groups (n

+ sem of the animals in the

10) . *Significantly different with

respect to the appropriate control value (open cclumns) at

p<0.05.
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Figure 46: Effects of BN on the frequency of facial
scratching, in the'satiety‘paradigm. On the ordinate the"
frequency of responses, over 20 min; on the abscissa: site
of BN admlnlstration. NTS (nucleus tractus soiltarlus, NA
(nucleus accumbens), IP (peripheral). The profile of vehicle
treated rats ie represented by the open columns and those of
BN-treated groups are represented, by the patterned columns.
Each value ;epreeents the mean + sem of the animals in the
respective groups (n = 10). *Significantly different with‘
respact to the appropriate control value:(open ¢olumns) at

p<0.05, _. | A - j

¢
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Figure 47: Effects of BN on the frequency of facial licking,

in the satiety paradigm. On the ordinate: the frequency of

responses, over 20 min; on the abscissa: site of BN

——

. administration: NTS (qpéleus tractus solitarius, NA (nucleus

accumbens), IP (peripheral). The profile of vehicle treated
rats is represented by the open'coiﬁhns and those of BN-
treated groups are represented by the patterned columns.

Each value represents the mean i sem of the animals in the .

respective groups (n = 10). *Significantly_different.with

respect to the'appropriaté'control value (open columns) at

p<0.05. ¢
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the satiety paradigm. On the ordinate: the frequency of

responses over 20 min; on the abscissa: site of BN

187

administration: NTS' (nucleus tractus solitarius, NA (nucleus:

accumbens), IP (peripheral). The profile of vehicle treated

rats is represented by the open columns and those of BN

A}

treated groups are represented by the patterned columns.

Each value represents the mean +

respective groups (n =

respect to the appropriate control valuwpen columns}) at

p<0.05.

J

gsem of the animals in the

10) . *Significantly different with

’
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Figure 49: Comparison of time;zand dose-related effects of

BN on latency to eat of rats, in the satiety paradigm, after

BN administered either at the NTS or IP. Tridimensional

figure: On the ordinate: the magnitude of the quantified

response (mean fQg 5 min.); on the horizontal abscissa: time
after BN administration (min); on the. oblique abscissa: dose -
of BN administered (ug). The profile of vehicle-treated

" controls is represented by the unshaded area anq those of
BN-treated groups are represented by the subsequent shaded
areas. ForLEéch session, n = 10. *Significantly different.

with respect to the appropriate control value at p<0.05.
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TIME AFTER BN ADMINISTRATION (min)

Figure '50: Comparison of time- and dose-related effects of
BN on number of pellets left uneaten of rats, in the satiety
paradigm, after BN administered either at the NTS or IP.
Tridimensional figure: On the ordinate: the magnitude of the
quantified response (mean for 5 min.); on the horizontal
abscissa: time after BN eaﬁinistration (min) ; on the oblique
abscissa° dose of BN administered (ug) The profile of
vehicle-treated controls is represented by the unshaded area
and those of BN-treated groups are represented by the
subsequent shaded areas. For each session, n = 10.
*Significantly differeﬁt with respect to the appropriate

control value at p<0.05.
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Figure 51: Comparison of time- and dose-related effects of

BN on the facial scratching of rats, in the satiety

paradigm, after BN administered either at the NTS or 1P.
Tridimensional figure: On the ordinate: the magnitude of the.
quantified response (mean for 5 min.); on the horizontal
abscissa: time after BN administration (min); on the obligque
abscissa: dose of BN administered (ug). The profile of .

vehicle-treated controls is represented by the unshaded area

and those of BN-treated groups are represented by the

_subsequent shaded areas. For each session, n = 10.

*Significantly different with respect to the appropriate

control value at p<0.05.
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i  SITE of BN-KDMINISTRATION
FACIAL . NTS 1P
LICKING '

12 responses

TIME AFTER BN ADMINISTRATION (miﬁTQ\\ : Lo

~ Figure 52: Comparison of time- and dose-related effects of
BN on the facigl licking of rats, in the satiety paradigm,
after BN administered either at the NTS or IP.
Tridimensional figure: On the ordinate: the magnitude of the
quahtified response (mean for 5 min.);'on the horizontal
abscissa: time after BN administration (min); on the oblique
abscissa: dose of BN administered (ug). The profile of
vehicle-treated controls is represented by the unshaded area
and those of BN-treated groups are represented by the
subsequent shaded areas. For each session, n = 10.
*Significantly different with respect to the appropriate

control value at p<0.05.
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Similar analysis of variance repeated over dose of d-
amphetamine’ (0.05, 0.1, 0.3, 0.5 mg/kg; IP) revealed a
significant increase in latency to eat F(3,24) = 6.86;

pellets left F(3,24) = 8.35; sniffing F(3,24) = 8.59; and

rearing F(3,24) 7.72; and.a‘signifiéant decrease in
chewing F({3,24) = 7.02. Comparison of means demonstrated a
significant difference between the saline condition and 0.5
ng/kg d—ampnetaﬁine for latency to eat, pellets left,
sniffing and rearing only.

Anal;sis of variance demonstrated a significant effect
of dose of haloperidol (0, 0.05, 0.1, 0.5 mg/kg, IP) on
latency to eat 363,27) = 54.13; duration of eating F(3,27) =

11.07; pellets left F(3,27) = 37.98; facial scratching

F(3,27) = 4.15; facial licking F(3,27) = 9.18; sniffing
F(3,27) = 10.24; chewing F(3,27) = 32.01; and licking,
F(3,27) = 8.72. Comparison of means revealed a significant

increase over the saline condition for the haloperidol at a
dose of 0.5 mg/kg for‘latency to eat and pellets left;
similarly, there was also a significant decrease in duration
of eating, facial scratching, facial licking, snif{&ng,
chewing and licking. The means for the dose effect of d-
amphetamine, fluphenazine and haloééridol (IP), for latency

to eat and pellets left uneaten, facial scratching and

licking, and sniffing, were illustrated in Figures 53-57.
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Figure 53: Effects of d-amphetamine, fluphenazine, or
‘haloperidol (IP) on the latency to eat, in the satiety
paradigm. On the dkinate seconds of latency to eat, over 20
min:‘on‘éﬁé abscissa: drug administered IP (peripherally):
AMPH (d-am‘phetamine) , FLU (fluphenazine), HALO
(haloperidol). The profile of vehicle-treated controls are
represented by the open coll_unns ‘and those of drug-treated
groups are represented by the patterned columns. Each value

+ sem, of the animals in the respective

represents the mean
groups (n = 12). *Significantly different with respect to

the appropriate control value (open columns) at p<0.05.
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Figure 54: Effects of d-amphetamine, fluphenazine, or
haloperidel (IP) on the numbér of pellets 1eft‘unéaten, in
the satiety paradigm. On the ordinate number of pellets
left, over 20 min; on the abscissa: dfug administered IP
(peripherally): AMPH (d-amphetamine), FLU (fluphenazine),
HALO (haloperidol). The profile of vehicle-treated controls
are represented by the open columns and those of drug-
treated gyoups are represented by the patterned colugns.

e — -

Each value represents the mean #

sem of the animals in the

respecwive groups (n = 12). *Significantly different with/_’,/”’

e
respect to the appropriate  control value (open columns) at
' e
/

p<0.05. :
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Figure 55: Effects of d-amphetamine, fluphenazine, or
haloperidol (IP) on the frequency of facial scratching, in =~
the satiety paradigm. On the ordinate the number of
responses, oOver 20 min; on the abscisSa:'drug-administéred
.IP (peripherally): AMPH (d-amphetamine), FLU (fluphenazine},
HALO (haloperidol). The profile of thicle—treated controls
are represented‘by the open columns and those of drug-
treated groups are represented,ﬁ& the-patterned columns.

Fach value represents the mean‘i sem of the animals in the
respective éroups (n = 12). *Significantly different with

respect to the appropriate control value (open columns) at

p<0.05.
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_Figure 56: Effects of d-amphetamine,'fluphenazine, or
haloperidol (IP) on the frequency of facial licking, in the
satiety paradigm. On the ordinate the mber of responses,
over 20 min; on the abscissa: drug adéj:j:tered IP
(peripherally): AMPH (d-amphetamine), FLU (fluphenazine),
HALO (haloperidol). The profile of vehicle-treated controls
are represented by the open columns and those of drug-
treated groups are represented by the patterned columns.
Each value-represents the mean + sem of the animals in the
respective groups (n = 12), *Significantly different with
respect to the appropriate control value (open columns) at

p<0.05.
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Figure 57: Effects of d-amphetamine, flupﬁenazine, or
haloperidol (IP)ron the frequency of sniffing, in the
satiety paradigm. On the ordinaterthe number of respoﬁseg,
over 20 min; on the abscissa: drug administered IP
(peripherally): AMPH (d-amphetamine), FLU.(fluphenazine),
HALO (halope:&\\}) The profile of vehicle-treated controls
are represented by the open columns and those of drug-
treated groups are repregented by the patterned columns.
Each value represents the mean + sem of the animals }n'the

respective groups (n = 12). *Significantly different with

respect to the appropriate control value (open cclumns) at

p<0.05.
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Results Experiment 4.6 -

One way analysis of variance repeated over peptideé
(neuropegéide Y, 1 ug; GRP 1-16, 2 ug; BN 0.5 ug or-
vehicle), revealed a significant effect of peptide for
latency to eat, F(3,33) = 54.2; duration of eating, F(3,33)
= 21.79; pellets left, F(3,33) = 66.71; faclal scratching
F(3,33) = 116.97; facial licking, F(3,33) = 137.54:; body
écratchiﬁé F(3,33) = 18.16; body licking F(3,33) = 13.34;
sniffing F(3,33) = 58.64; chewing F(3,33) = 102.58; and
rearing F(3,33) = 9.38. Comparison of means demonstrated a
significant effect of BN (0.5 ug) as compared to the saline
condition for all the behaviors that were mentioned just
above. Neither neuropeptide Y nor GRP 1-16 had a significant
effect on any behavior measured. -

One way analysis of variance repeated over drug and/or
peptide treatment (vehicle, BN 0.5 ug, fluphenazine 10 ug +
BN 0.5 ug or fluphenézine 10 ugj micxoinjected intra NTS
revealed a significant effect on 1at:>bxﬂ§g/9at, F(3,33) =
114.64: duratign of eating, F(3,33) = 25.85; pellgts left,

F(3,33) = 157.47; facial scratching F(3,33) = 58.83; facial

licking, F(3,33) = 86.39; body scratching, 13.83; body
licking, F(3,3§) = 7.14, sniffing, F(3,33) = 88.99, chewing,
F(3,33) = 175.70: and reariﬁg, F(3,33) = 16.33. Comparison
of means demonstrated a significant difféyence between the
control condition and BN for all the beﬁ;;iors listed just

above. As well fluphenazine + BN also demonstrated

—
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significant differences in the same behaviors with the
exception of body scratching and licking, which wége not
significantly changed. Flupheﬁgzine alone did not alter any |
behavior significantly as compared to the vehicle. When
comparing’the BN condition to ﬁhe fluphenazine + BN
condition, there were no significant differences using the
Tukey test, howéver using the Least Significant'Differences
test (Kirk, 1982); there was a significant decrease after
fluphenazine + BN, of facial scratching, and body scratchin;
and 1i¢king, however, the satiety scares remained unaltered.
ﬁoreover, whether fluphenazineawas injected intra NTS, NA
(10 ug) or peripherﬁlly the effects on BN (intra NTS)-
induced behaviors were similar. The means for the dose-
effect.of the BN and fluphenazine administered alone and
togefher, for facial scratching and licking, sniffing,
latency to eat and péilets left uneaten were illustrated in
Figures 58 and 59. Y

Overall fiuphenazine injected intra NTS, NA or IP, had
no effect on BN (intra NTS) -induced satiety however ;t -
appeared to partially suppress-ﬁN (intra NTS) -induced
grooming.

One wéy analysis of variance repeated over treatment
(vehicle, BN 0.5 ug, neuromedin C 0.35 ug) intra NTS,
revealed as expressed above a significant effect of BN on
the satiety and grooming scores. Comparison of means

demonstrated a significant decrease for chewing only, after

neuromedin C as compared to the vehicle condition (Tukey).
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However the LSD test reveéaled a significant increase in
latency to eat and pellets left, and a decrease in sniffing
as compared to the vehicle condition. Thus neuromedin C
(0.35-ug) appeared to have a slight effect on satiety but

' not grooming at the NTS.

One wa§ analysis of variance repeated over treatmént
(vehicle, BN 0.5 ug, neuromedin B 0.35 ug) intrq‘NTS,
revealed as expressed above, a éignificant effect of BN on
the s%tiety and d}ooming scores. Comparison of means
demonstrated a signif&cant decrease in duration of eating
and an increase ih facial scratching (Tukey) only, for
neuromedin B in relation to the vehicle condition. There was
_no significant effect of néuromediﬁ B on the other‘sat%?ty

behaviors (either Tukey or LSD) or the other grooming

behaviors.
One ;ay analysis'of variance repeated er traatment

(vehiblé, BN 0.5 ug, BN 0.5 ug + spantide 1 u&} or spantide

1 ug) intra NTS vealed a siénificant eﬁéect on latency to

eat, F(3,15) = 16.03; pellets left, F(a,lsb - 18.62; facial

scratching, F(3,15) = 64.05; facial licking, F(3,15) =

33.96; boay scratching F(3,15) '= 6.46; b?dy licking F(3,15)

= 13.68; sniffing F(3,15) = 12.24; chewing, F(3,15) = 16.31;

and licking F(3,15) = 4.05. Comparison of means revealed, as

reported above, significant effects,oleN on the satiety and

grooming scores in relation to the saline condition.. ' .

Spantide + BN induced siénificantly'dreater latency to eat,

and peliets left, and signifi;antly less ‘chewing, than the N
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saline condition. In compariéon to the BN condiﬁioﬁ;

spantide + BN, induced significantly less facial scratching

and iicking, and body;scratching énd licking than BN alone;
however, fhe<satiety scores were not significantly .
diffefeht. Sg?ptide alone, when compared to the vehicle
condition, significantly increased latency to eat, énd‘ .
pellets left, (Figure 60) bu; did not significantly effect :>

L3

grooning or the other behaviors.

»
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Figure 58: .Effects 6f BN, fluphenazine (;}}\9nd BN +
fluphenazﬁne (BN + F), on the latency to eat or on the
number of peIlets_ieft uneaten. On the ordinate: the
magnitude of fhe quantified response over 20 min; on the
abscissa: site of BN administration: NTS (nucleus tractus
solitarius). The profile of vehicle-treated controls are
represented by the open columns, those of BN-alone treated
groups by the solid columns; and the fiuphenazine aione and
fluphenazine + BN by the patterned columns. Each value
represents the meéﬁ.i,sem of the animals in the respective
groups. *Significantly different with respect to the vehicle,
control at p<0.05. +Significantly different from the BN

control condition at p<0.05.
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Figure 59: Effects of BN, fluphenazine (F), and BN +
fluphenazine (BN + F), on the frequency of facial
scratching, facial licking, and sniffing, in the satiety
paradigm. On the ordinate: the number of responses, over 20
min; on the abscissa: site of BN administration: NTS
(nucleus tractus solitarius). The pfofile of vehicle-treated
controls'are regresented by the open columns, those of BN- !
alone téeatgd groups by the solid columns, and the
fluphenazine alone and fluphenazine + BN by the patterned

columns. Each value fepresents the mean + sem of the animals

respect to the vehicle control at p<0.05. +Significantly

different from the BN control condition at p<6.05.
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Figure 60: Effects of BN,'spantide (S) » and BN + spantide,
(BN + S) on the 1aten¢y to eat or on the number of pellets
left uneaten. On the ordinate: seconds of latency to eat,
over 20 min; or number of pellets left uneagen over 20 min.
On the abscissa: site of BN administration: NTS (nucleus
tractus solitarius. The profile of vehicle-treated controls
are represented by the open c é, those of BN—-alone
treated groups by the solid c:::§:s, and the spantide alone
and spntide + BN by the patterned columns. Each value
represents the mean + sem of the animals in the respective
groups. *Significanﬁiy different with respect to the vehicle
control at p<0.05. +Significantly different from the BN

§
control condition at p<0.05.



Experiments 4.7 and 4.8: The Behavioral Effects of‘Peptide
and/or Drug Administration at the Nucleus Accumbens and/or

Peripherally, in the Satiety,Paradigm.
Experiment 4.7.

Eleven animals cannulated at the NA (bilateral

implants) received BN (0, 0.001, 0.01, 0.1, or 1.0 ug);

followed by fluphenazine.(0, 2, 10, or 20 ug). Each drug was

administered in a Latin square design.
Experiment 4.8

The twelve rats (the triple implants from Experiment

et

4.6) were microinjected at the NA with the following drugs:
Neuropeptide Y (2 ug);‘GRP 1-16 (4 ug); saline; or BN (0.5
ﬁg): in a random Brder. At the end of the experiment, the 6
triple implanted fats, not used for the injection of
spantide at the NTS (Experiment 4.6), were microinjected at

the NA with BN (0.5 ug) + spantide (2 ug), followed 3 days

later with spantide (2 ug) alone.
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Results Experiments 4.7 and 4.8 The Behavioral Effects of

4
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Peptide and/or Drug Administration at the Nucleus Accumbens

and/or Peripherally, in the Satiety Paradigm.

The implants of all animals used in the experiments

were i1llustrated in Figures 61 and 62.

_ Resulys Experiment 4.7

One way analysis of vPriance repeated over doses of BN
(o, 0.001, 0.01, 0.1, or f.o ug) revealed a significant
effect of BN adﬁinistered at the NA, on duration of eating,
F(4,40) ='2.85: sniffing, F(4,40) = 4.43; chewing, F(4,40)
2.54; and rearing F(4,40) = 7.89. Comparison of medns
demonstrated a significa effect of BN 1 ug on rearing
only. No otherﬁdose of BN had a significant effect as
caﬁéééedlﬁo the saline condition on any behavior monitored
iﬁ;the satiety paradigm. Results were illustrated for
1atency to eat, pellets left, fagial scratching, facial
licking-ghd snffing in Figures 44-48, respectively.

One way analysis of variance repeated over treatment
tvehicle, 2 ug, 10 ug, 20 ug fluphenazine) intra NA,
revealed no significant effect of fluphenazine on any

behavior monitored in the satiety paradigm.
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Results Experiment 4.8

One way analysis of variance repeated over treatment
(vehicle; neuropeptide ¥, 2 ug; GRP 1-16,- 4-ug: or BN. 0.5
ug) intra NA, revealed a significdh£ effect on latency to
eat,rF(3,33) = 4.21; duration of eating, F(3,33)/¥ 8.14;
pellets left F(3,33) = 4.83; body 1icking, F(3,33) = 3.0;
sniffing, F(3,33) = 8.62; chewing!_F(3,33).= 4.40; and
rearing, F(3,33) = 4.87. However comparison of means
revealed no significant differences between any peptide and
the vehicle condition on any behavior except sniffing after
neuropeptide Y. '

one way apalysis of variance repeated over treatment
(vehicle; BN, 0.5 ug; BN, 0.5 ug; + spantide, 2 ug; or
spantide, 2ug) intra NA, revealed a significant effect on
duration, F(3,15) = 6.36 and chewing, F(3,15) = 6.18.
 However, comparison of means—did not snow a ;ignificant
difference between any E;Eatment and the vehicle condition,
or between BN and BN + spantide on any behavior monitored in

the satiety paradigm.
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Figure 61: Verification éf implantation sites after
Experiment 4.7. Location of cannula implantation tip in the
nucleus accumbens (NA) of tﬁ;.}at (n = 11) (coronal view: A-
P 2.2 ﬁﬁ?—Paxinos and Watson, 1982{: Abbreviations: see

Figure 40.
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Figure 62: Verification of implantation sites after
Experiment 4.8. Location of cannula implantation tip in the
nucleus accumbens (NA) of the rat (n = 12) (coronal view: A-
P 2.2 mm; Paxinos and Watson, 1982). Abbreviat;ons: see

Figure 40.
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Discussion

In the following discussion the effects of the various
drug treatments on the behaviors grooming, locomotion,
satiety, sniffing, and résting were compared.

Bombesin injected at the NTS induced grooming most
notably facial scratching and licking at a dose.of 0.01 ug
or higher in the home paradigm (as‘illustrated ih Figures 26
apd 27), and at a dose of 0.1 ug and higher in the satiety
paradigm (Figures 46 and 47). The home pa;adigm results on
behavior replicated data from E;periment 3.1 (Figures 17-
19). In contrast, BN microinjected at the NA did not
stimulate grooming when the rat was tested in eithef
paradigm (Figures 26-27, 46-47). In an earlier experiment
(Experiment 3.3), ‘BN (1.0 ug) at the ﬁA‘had been shown to
increase facial scratching and decrease facial licking (LSD
comparison of means, Figures 18-19). Actually the values for
Experiment 3.3 and 4.3 were similar; reflecting a 15%
increase'in facial scratching over 60 min.(Figures 18 and
26) . Hoﬁever the trend of a decrease in faciél licking (LSD)
observed in Experiment 3.3 was not evident in Experiment
4.3. Thus, although the NA site of Experiment 3.3 borqered
on the ventral caudate putamen, whereas, the NA site far the
Phase 4 NA Experiments was at the middle of the NA (0.5 mm
f;fther ventral) (Figure 11 vs Figures 40-41, 61-62) the

results of the two experiments were very similar, both



showing minimal increasewin facial scratching and é maximal
increase in 1ocomo;ion_after BN (1 ug) infra NA.

Locomotion was monité%gslin thé home paradigm only and

"y
was significantly stimulated by BN at doses of 0.5 ug or
:greate;; microinjected at the NA (Figures 17 and 25). In
contfaat, although BN appeared to stimulate locomotor
‘_qctivity'whén microinjected at the NTS, it aid not reach a
statistically significant level. '
_.Satiety related behaviors including latency to eat and

pellets left uneaten showed a site specific responsé to BN
as illustrated in Figures 44 and 45. At the NTS these
behaviors were significantly increased at a dose of 0.0l ug.
6f BN and higher. However, BN microinjected at the NA did
not significantly change these behaviors, .

Sniffing gppeared to be altered.differently by BN, at
both sites and in both paradigms. In the home paradigq BN at
a, dose of 0.5 ug or higher, intra NA (but not intra NTS)
significantly stimulated sniffing (as illustrated in Figure
28) . However, in the satiety paradigm, BN, at the NA h;d no
significant effect on sniffing (Figure 48), whereas, at the
NTS BN significantly decreased sniffing at a dose of 0.1 ug
or higher.

The profile of behavior after injection of BN
peripherally, did qot resemble that seen after its
administration centrally at either the NA or the NTS. In the

home paradigm, systemic BN failed to affect locomotion or

grooming‘(Figures 25-29). In the satiety paradigm, BN, (IP),
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Asignif{cantly altered the satiety related behaviors, but not -

the grooming behaviors, as previously reported (Figures 44~
48) (Kulkosky %t al, 19s2a,b). . .
Restlng, measured in the home paradigm only, was most
significantly decreased by BN administered centrally, at tHh
NTS (0.001 ug and higher), but was also decreased at the NA
(1.0 ug) (Figure 29). Rasler (1984) has reported that
infusion of 1.0 ug BN produced electroencephographic
frequencies of normal waking patterns during grobmiﬂg
suggesting a possible physiologic function for BN in

grooming and the sleep-waking cycle. In contrast,

peripherally administered BN did not significantly alter

. resting behavior over the control value {Figure 29)

-

fKulkosky et al, 1982a).
An inactive fragment of GRP, GRP 1-16, administered
intra NA or NTS, did not significantly affect any behaviors,
in the satiety baradigm. In the home paradigm, GRP 1-16 (4
ug) microinjected at the NA, significantly increased
sniffing behavior and significantly decreased resting.
However, in the homg,paradigm, GRP 1-16 (2 ug) iqﬁ;a/LTS,
had no effect on the behaviors measured. Thus, the GRP 1-16
fragment appeared for the most part to be inactive,
demonstrating that BN induced behaviora chénges (except
sniffing and resting at the NA, in the home paradigm) were
specific to BN. |
Two‘other peptides related to BN, neuromedin ¢ (GRP. 10)

and neuromedin B were tested in the satiety paradigm, at the

e
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NTs;'Neuromédin C had mild effects on satiety scores
significant with the LSD but not the Tukey test, inc¢reasing
latency to eat and pellets lefé*ﬁneaten: however, the
grooming scores were relatively unaltered with either test.
In contrast, neuromedin B did not significantlf change
latency to eat or pellets lelt (either test), but
significantly decreased the e;£ing duration (Tukey) and
significantly increased facial scratching but not.facial
licking (Tukey & LSD). Thus, there was a partial overlap

between neuromedin C and BN on their effects on satiety at

the WTS, and a partial overlap of neuromedin—B and BN on'
duration of eating and facial scratchiﬁg, atmthe NTS. The
doses of BN, neuromedin B, and C were made molar eéuivalent
at 308.64 p moles (BN 0.5 ug). Thus BN appeared to have
greater potency than either neurocmedin B or C on any of the
overlapping significantly affected behaviors. However no
check on purity and potency of the peptides was made just
before injection, thus these results require replication
using these contro}“procedufes, since neuromedin B and C are
not as stable as BN (0’Donochue et al, 1984; Mayer et ai;
1986; Bishop et al, 1986).

One further peptide tested, neuropeptide Y is from a
completely different peptide family than BN. Neuropeptide Y
is a memb of a. family which includes peptide é& and
pancreatic pdlypeptide (Tatemoto, 1§82: fatemoto et al,
1982) . Injected ICV neuropeptide Y has been reported to

increase feeding in rats (Levine and Morley, 1984). In our
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[
experiments,linjézted at the NA, neuropeptide ¥ had no
significant effect on home paradigm behaviors. However, this
peptide intra NA significantly dgcreased sniffing in the
satiety pargdigm. This was in contrast to BN, which in this
circumstance had no significapt effect on sniffing.
NeurqpeptidelY injectei\éptra NTS .had no significant effect

3

ey i
on the behaviors monitored in either paradigm.
w &
Thus overall, in comparison to GRP 1-16, neuromedin B

and C, and neuropeptide Y, BN presented a unique and

specific behavioral profile.
!
Spantide, the BN ceptor ahtagonist, caused reduction

.in eating (Figure 60) { Consequent ; it could not be

\

considered a true antagonist of BN-iinduced effects since it

had biological effects /of its oﬁn.

yral effects were compared

In addition, BNFi%éuced behavi
to the effects of dopamine dgonist d-amphetamine and the
dopamine antagonists fluphg/azine and haloperidol since the
dopaminergic system(s)_w;;e implicated in the mediation of
grooming and satiety (Isaacson 1984; Leibowitz and Rossakis,
1979)

In the home parédigm, d-amphetamine microinjécted at .
the NA (20 ug), significantly stimulated locomotor
activities and sniffing, and decreased resting (Figures 30,
33 and 34), “as did d-ampgptamihe administered peripherally
(locomotién 0.5 mg/kg), (sniffing and resting 0.3.mg/kg and
higher). Thisrbehavioral profile strongly resembled that

observed _upon administration of BN at the NA (Figures 25,

\
. T_\ \3
\ Yo/

.\‘ : -
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28, and 29). In additi;n, BN and\d-amphetamine at the N3,
and d-amphetamine IP, did not significantly effect grooming
behaviors (Figures 26, 27 and 31, 32). On the other hand, &-
amphetamine miFroipjected‘at the NTS had no significant
effgct on any behhvior manitoredJ(Figures 30-34), whereas,
BN (intra NTS) strongly sti@ulated grooming and decreased:
resting (Figures 26, 27, 29). In review, in the home
paradigm, thé}e was a similar behavioral prsfile of BN intra
NA and d-amphetamine administered IP.and intra NA. However,
BN and d-amphet;miné when microinjected at the NTS, elicited
very different behavioral profiles, unique to that site.

In the satiety paradigm, d-amphetamine (0.5 ﬁg/kg) IP-
.induced a si§nificant increase in latency to eat and number
of pellets left uneatenqt?nd a significant increase in
sniffing byt no signifiéant effect on gr6oming behaviors
(Figures 53-57). Bombesin (2 ug/kg) IP induced satiet&
behavior but did not gtimulaﬁe.sniffing. Furthermore, in the
satiety paradigm, BN‘injeqted at either the NTS or the NA
had a very different behavioral profile than d-amphetamine
IP (Figures 44-48 vé 53—57). Thus, the behavioral profiles
of d-amphetamine (IP) and BN (IP, intra NTS or intra NA)
were different in the satiety paradigm.

. Haloperidol and flﬁphenazine, dopanine antagonists were
investigated for their effects on baseline behaviors in both
paradiqgs. Fluphenazine intra NTS (0-10 ug), intra NA (0;20
ug) or IP (0-0.5 mg/kg) had no significant effect on

behaviors monitored in either paradigm (Figures 35-39, 58-
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59) . Halopér;dol 1P, infthe home paradigm had no significant
effect on behaviors“monit&red. However, haloperidol IP (0.5
mg/kg) in the satiety pa;adigﬁ'significantly increased
latency to eat and pellets left and significantly decreased
dufation of eating, facial licking and sniffing® (Figures 53- °
57) . Thus haloperidol rappeared to have a suppressive effect
on feeding and grooming behaviors in the satiety paradigm.
At the dose of 0.5 mg/kg the rats showed rigid posture
suggesting extrapyramidal effects of the drug.

Sinc fluﬁhenazime at the doses tested had no
significant effect on baseline behaviors in either paradigm,
it was chosen to test for antagonism of BN—iﬁduced effects.
In the home paradigm, fluphenazine (10 ug) intra NA
significantly decreaéed the effects of BN (1 ug) intra NA,
on locomotor activities and sniffing and significantly .~
increased resting at the fluphenazine dose of 20 ug + 1 ug \\\—///
BN (Figures 35-39). Thus, in compliment to the similarity of
d-amphetaminé and BN-induced effects on behavior at the NA,
there was alsc an antagonism of BN induced effects by
fluphenazine, at the NA, in the home paradigm. These two
compliﬁenﬁary Fesplts with a dopaminergic agonigp and
.antagonist were consistent with the hypothesis that BN-
induced behavioral effects on locomotion, sniffing and
resting were mediatéé through dopaminergic systems at the
terminal area of the NA.

However, in the home pafadigm, at the NTS, the\\\

fluphenazine antagonism of BN-induced effects was not )i
i
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sigﬁificant with the iukey test, but, was sigpificant with
the LSD test. Fluphenazine (10 ug) adm}nistered at the NTS,
antagonized (LSD, only) BN-induced (0.5 ug intra NTS),
stimulationlof facial scratching and facial licking, but did

not antagonize BN-induced decrease in resting (Figures 36,

37, and 39). q’/
In the satiety paradigm, fluphenazine (10 ug), intra

NTS, intra NA and (0.5 mg/kg) IP significantly (LSD only)

decreased BN-induced (0.5 ug, intra NTS) ‘facial scratching

(Figure 59). Similarly, fluphenazine (0.5 mg ) IP
significaﬁtly (LSD only) reduced BN-induced (0.5 uy, intra
NTS) facial licking. Thus, in the satiety paradigm, a rather
consistent effect of fluphenazine (IP,.intra NTS or NAj, was

—to partially block BN-induced (NTS) grooming scores but not
the eating scores (Figures 58 and 59), In line with this, in
the home paradigm flﬁphenazine, also partially blocked BN
(intra NTS)-induced grooming, but did not effect the BN-
induced decrease in resting (Figures 36, 37 and 39). These
results‘taken in consideration with the lack of effect on
grooming of d-amphetamine at the NTS (home paradigm),
suggested that dopaminergic modulation of BN-induced
grooming, did not occur at the NTS, but rather further up in
the midbrain or poésibly the limbic striatal region.
Furthermore the role of dopaminergic transmission in BN-
induced grooming behavior appeared to be secondary to

initiation of the behavior by BN administered at the NTS.

However, dopaminergic neural transmission appeared to be of



pfiﬁary importance in the induction of increased-locomotor
activity since d-amphetamine IP or intra NA potently
stimulated locomotor activities. Moreover, dopaminergic
initiation of locomotion Appeared to be specific to the NA,
but, not the NTS (Figure 30).
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CHAPTER 6
GENERAL DISCUSSION

Initial studies of the thesis research characterized
the stimulation of central (ICV) effects of BN on locomoctor
activities and the antagonism of these effécts by dopamine
antagonists. Thereafter, by microinjecting BN into various
brain loci which had a high deﬁsity of BN binding sites, we
identified which of the high density binding sites resulted
in eliciting locomotion éﬁd/or grooming. Comparatively, the
NA and NTS proved to be the most responsive’sites (of those
tested) to locomotion and grooming respectively. Additional
experiments replicated the site specific effects of BN at

Vgr;he NA and NTS in regard to locomotion and grooming and in
addition concomitantly explored the site specific effects of
BN on satiety and grooming at the NTS and NA. As well, the
behavioral effects of peripherally administered BN were
characterized; they included satiéty only, .neither increases
in grooming nor locomotion were evident. Bombesin
microinjected at the NA-épecifically stimulated locomotion,
but did not significantly change grooming or feeding
behaviors, whereas at the NTS grooming was stimulated and
gating was reduced but locomotion was not significantly
changed. Moreovér through the use of dopamine agonists and
antagonists it was determinedﬂéﬁét BN-induced locomotion

appeared to be significantly mediated through dopaminergic
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system(s) but BN-induced grooming and satiety did not appear
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to be mediated through dopaminergic systems. In addition, it
was possible to disgociate géooming and satiéfy effects of
BN at the NTS on the basis of time-coﬁrse and dose-effect.

| Our results of BN injection at the NTS, demonstrated a
behavioral effect of BN which included increased grooming
and satiety and decreased rest but satiety occurred at a
dose of BN an order of magnitude lower than grooming (0.01
vs 0.1 ug; one way anova). Other studies have indicated that
bombesin_administered ICV reduced feeding and increased
grooming at the same order of magnitude (Kulkosky et al,
1982a). The increased potencfrof BN intra NTS for inducing
satiety over grooming suggested that perhaps BN at the NTS
may have a specific role in BN-induced satiety.! ' {ﬂ/

Further comparison of means after two way analysis of

variance (repeated over time and dose) revealed a very
similar time-course dose-effect profile for B? intra NTS ”#\\\\
(0.0001-0.1 ug) and BN IP (1-8 ug/kg) on latency to eat and
pellets left (Figures 49-50). This suggested’that BN at the
NTS may be critical for inducing satiety since reduction in
eating wg; most pronounced, at the terminal part of a meal.
Furthermore, at the NTS, satiety occurred at a.lower dose of
BN than changes in grooming thus suggesting the independence
of satiety from grooming at least at the lower doses &f BN
(0.0001 and 0.001 ug) (Figures 49-52). As well, BN appeared

to have its maximal effect on satiety at 20 min, whereas its

effects on facial scratching and licking were maximal (or
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almost maximal) at the first 5 min and continued rather

constantly throughout the 20 min. Thus, both time-course and

dose-effect were different for satiety and grooming after BN

administration at the NTS.

It would be u;eful to map the distribution of BN
autofadiographically (Johnson and- Epstein, 1975) after
injection of 0.5 ul administration at the NA and NTS in
order to identify more prec1se1y the site of BN-binding.
Johnson and Epstein (1975) did extensive injection of
angiotensin in the brain. They found that angiotensin had
maximal effect when injected ventricularly. Moreover if the
path of the cannula directea at varioua brain' sites crossed
‘the ventricle they found similar dose-effects to those of
‘ventricular injection. Thus they demonstrated
autoradiographically that this was due to the diffusion of
the injgction up the gquide to the ventricle. However they
found when they implanted in a brain structure without
crossing the ventricle their results were site specific.
Consequently the sites implanted at the NA and NTS in these
experiments were chosen in a path that avoided the
ventricles. Furthermore the volume chosen of 0.5 ul was
injected to insure that the peptide did inéaed reach the
brain tlsgue. Smaller injection volumes would increase the
chance that a small fragment of tissue might block the
injection completely, or that a tiny air bubble might
displace the injection volume. Moreover, the 0.5 ul volume-

has been employed in previous experiments at both the NTS



. verification that BN at
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and ﬁ; as weli as othef specific sités (Craﬁley, 1985;
Johnston et al, 1986; Gmerek and Cowan, 1983; Spruijt et ai,
1986; Stuckey Jﬁd Gibbs, 1982). Additionally, this volume is
an experimentally acceptable volume (Myers, 1974). Both the
NTS (Kalia and Sullivan, 1982) and the NA site (Chiknistef
et al, 1981) have dense cell distributiohs’ﬁhere diffusion
of dye remained in a small radius around the tip. However, -
it would be more relevant to demonstrate through
autoradiography the exact aispersion of peptide around the
site. Certainly if the dispersion was large and involved
more than the nucleus specified smaller volumes possibly in
_ the nl range could be considered. ‘
However the behavioral data showed general stimulation

of locomotion, grooming and sati%tzﬁggger BN ICV (&ohnston
et ai, 1986) and specific effects ofxau‘gﬁZeach behavior
after brain site injectjon. This was a clear havioral

. 3the NA and NTS did not appear to be
escaping‘iﬁto the ventricular system. Bombesin iﬁjected in
the 4th ventricle also resulted in satiety effects (0.01‘ﬁg)
at a léwer dose than grooming (0.05 ug) (Flynn, 1986). Thus,
both the 4th ventricle and the N&S demonstrated satiety at a
lower dose of BN than grooming. However, at the NTS sgite
behavioral response to BN (grooming at 0.01 ug and saﬁiety
at 0.0001 ug) administration was significant at lower doses
than intra the 4th ventricle. The behavioral effects of BN

at specific sites appeared to be distinct from the effects

of intraventricular BN.

AY
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Further testing of BN-induced satiety at the NTS, to
demonstrate whether it‘reduced sham-feeding in rats, and
whether it reduced drinking as well as eating would further
elucidate the nature of BN-induced (NTS) reduction in eatipg
{Kulkosky, 1985; Smith, 1982). It appeared that BN, did not
cross the blood-brain barrier since BN, when administered
intra NTS, but not when injected péripherally, induced
increased g;gqming. Kulkosky et al (1982b) also noted the
sepafation of effects of BN peripﬁerally and ICV since
grooming apdd réduction in drinking occurred after ICV
infection but not after peripheral injection of BN.
Présently the answer to the question of where peripﬁéfai BN

‘induééé satiety remains unknown. In relation to the
neurcanatomical pathways as illustfated in‘Figure 20 the
caudal medial NTS is the séngg;y visceral nucleus receiving
visceral afferents from the gut (Kalia and Sullivan, 1982;
Hamilton and Norgren, 1984). Consequently, the NTS must be a
candidaté for the critical site for BN (IP)-induced satiety
because the NTS is‘the brain site most effective in inducing

-ﬁﬁ reduction in eating (70% éfter 0.1 ug) with a threshold at

,‘tﬁe lowest dose thus far reported (0.0001 ug BN)'for either
a central or peripherai site. Moreover, the effect of BN at
the NTS, fulfilled at least two of the criteria for short
term satiety agents: BN induced reduction in eating in the
later part of the meal, not initially (0.0001-0.01 BN;
Figures 49-50) and it mediated its effects during the meal

over 20 min (Smith, 1982; Kulkosky, 1985). Thus, it would be

I
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interesting to investigate whether the iesion of this NTS
sitehblocks the satiety effects of BN IP or ICV.

In a recent study doﬁaminergic neurons were
unilaterally lesioned (75- 85% depletion) and BN receptor
autoradiography carried out to see whether loss of DA
neurons resulted in loss of BN-binding qites. The, results
indicated that the majority of binding sites for BN-like
peptides were not present on dopamine cont;ining neurons in
thé hucleus accumbens, caudate putameﬁ or olfactory
tubercle. In contrast the density of BN receptors decreased
by 20% in the CE where dopamine levels decreased by 60%
(Moody et al, 1987a). The signifiéance of this overlap in
the CE of DA terminal areas and BN receptors remains to be
interpreted in relation to the possible modulation of
grooming of locomotion since the CE did not seem to be a
critical site for the mediation of either BN-induced

.\heiévior. The CE has reciprocal projections ;o.brainstem
nuclei such as the NTS (Ottersen, 1981; Price, 1981); thus,
_perhapéACE dopamiﬁ;ﬁmodulates the grooming acEivity induced
by BN intra NTS. Since the CE does not project to the NA, it
seems unlikely that there is any effect of the CE, dopamine-
BN ovérlap on locomotion induced by BN intra NA. The
mechanism whefeby dopamine antagonisﬁs blocked BN-induced

, locomotion at the NA remains to be elucidated, as wéll as
the mechanism whereby BN induced locomotor activity at the

NA. From the results of Experiment 2.2, it has been shown

that BN-induced locomotor stimulation requires intact
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dopaminergic neurons. The small proportion of Bﬁ recgptors
on dopamine terminals may be functionally'important for .
elicitation of the BN effects. However, BN may act directly '
through BN receptors on neurons which also have dopamine
receptors and BN may be ﬁartly depen&eﬁt on dopamine neural
transmission (intfa neuronally) to mediate its effects on
locomotion. Thus, the antagonism by dopamine antagonists of
BN-inducéd locomotor stimulation may be physiological.

The role of the dopaminergic system(s) in satiety;
appeared to involve motor side effects such as the rigidity
E!induced by haloperidol. It was likely that d-amphetamine
effects on reduction in eating were motor side effects
especially when taken in relation to the above results in'
the satiety paradigm, where é-amphetamine (IP or intra NA)
increased sniffing. Increased sniffing was associated with
increased locomotor activities, but, ﬁ;s not associated with
the satiety effects of BN IP or intra NTS. The conclusion
tRat motor side effects were the cause of dopaminergic
akonist and antagonikt effects on the reduction in eating
hae been supported by a recent review of the lack of a role
of dopaminergic systems in satiety (White, 1986). In
addition, Fibiger and Phillips (1986) stated that it
appeared unlikely that the mesolimbic dopamine system was
involved critically in mediating the primary reinforcement
or hedonic properties of food, since 6-OHDA lesions of
either the VTA or the NA did not disrupt food intake in the

rat (Koob et al, 1978, 1981). Our results, in concurrence

J
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with Stricker and Zigmond (1986), suggested ;m
éatecholamine (dopamine) agonists and antagonists both
qecrease feeding. ,This inverted U—shapad curve appeared to
relate dopamine activity to the exﬁression of motivated
behavior# Thus, optimél levels of dopamine were necessary
for normal food intake and either decreases or increases
resulted in reduced feeding (Heffner et al, 1977).

There remains the possibility that dopamine may mediate
reduced food intake specifically. The most sensitive regiqn
for a reduction of feeding by dopamine was the perifornical
area (Leibowitz and Rossakis,l1979). In our results d-
amphetamine IP affected satiety mildly (20% inhibition at
0.5 mg/kg) reducing egéing possibly indirectly, by |
disinhibiting the aqimal or possibly actually causing a
difect satiety effect. However, there was no éhtagonism of
BN-induced (NTS) satiety by the dopamine receptor antagonist
fluphenazine whether it was administered IP, intra NTS or
NA. Thus, BN-induced (intra NTS) satiety did not appear to

: N .
be modulated t h dopaminergic neural transmission either

directly at the NTS, oX~indirectly at the’NA or along the
gustatory pathway.
The facial scratching significantly increased by BN
intra NTS occurred in either paradigm as illust;aged in the
two pie cﬁarts (Figures 63-64). The behavioral profile after
saline injection was different in the home paradigm as
compared to the satiety paradigm with facial licking

predominating in the satiety paradigm and body licking

i
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| predominatin%Lin the home paradigmﬂ After BN (intra NTS),

the Qfooming 8 monitored immediately for 20 min in the
satiety paradigm, or as monitored for 60 min starting at 20
min after injection as in the home paradigm resulted in a
grooming!profile of approximately 50% facial scratching and
30% f;;i;I“Ticking. These_resﬁlts were consistent across two
replications of the experiments.‘The‘independence of the BN-
induced ?rooming profile from thg home "and satiety paradigms
was further proof that BN-induced grooming did not appear to
be specific to the postprandial behavioral sequence. Thégs
dissociation wags further characterized by demonstrating that
BN-induced grooming was elicited in a similar fashion in
both the satiety and the home paradigm suggesting that BN-
induced grooming may be a ieflexive behavior which occurs
independent of the external situation and the internal state
of food deprivation or free ggeeding. i ‘

" Fluphenazine (10 ug NTS) appeared to partially shift the
grooﬁing profile to the control condition by reducing the
overall grooming score and proportiionately changing the

value of each grooming—element as illustrated in Figures 63

and 64. However, this effect was mild and not significant

- s S

with the Tukey test. The dopamine antagonist haloperidol has
been reported to suppress BN-induced grooming. Van Wimersma
Greidanus et al, (1985b) reportedﬁa general reduqtion in BN-
induced excessivé grooming (BN 30 ng + haloperidol 0.05

mg/kg subcutaneocus) without changing the composition offﬁ\‘

grooming behavior. However, their dose of hdidberiaai
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suppressed baseline total grooming, thus the effect of

haloperidol may‘be nonséZcific. Halaperidol administered in

Experiment 1.2 resulted in a suppression of bageline

behavior which BN (lug) could not reverse e é; at the lower

doses of haloperidol. Similarly in E#peri ent 4.5

sing a waxy
rigidity in posture. Haloperidol thus appeared to effect a
variety of.behaviors such as locomotion, gréziing and
-éatiéty possibly inhibiting all’movement nonspecifically.
Gmerek and Cowa# (1983) reported that haloperidol, morphine,
naloxone and neurotensin were unaﬁlé to affect BN-induced
grooming at behaviorally non depressant doses. In line with
these results; neurotensin and naloxone have ‘also been
reported to reduce BN-induced scratching (Van Wimersma
.Greidanus, 1985b). However, their doses of neurotensin (1
ug, ICV) and naloxone (1 ug, ICV) also reduced baseline
total grooming scores, thus neuroten;in and naloxone may act

nonspecifically to reduce grooming.
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Figure 63. Distribution of the grooming elements, facial
s;;atching, facial licking, body scratchihg and body
licking, in the home paradigm after administrdtion of
saline, BN (0.5 ug) or BN (0.5) ug +, fluphenazine (10 ug)’

intra NTS (n=8).ﬁThe values are the mean score for each :
element‘as compared to the total mean grooming score ;7

expressed as a per cent, for each drug treatment.
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Distribution of Grooming Elements
o (Satiety Paradigm)

E?cial
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BN O.
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Figure 64: Distribuﬁion of the grooming elements, facial

scratching, facial licking, body scratching and body .
licking, in the satiety paradigm after administration of é
saline, BN (0.5 ug) or BN (0.5) ug + Fluphenazine (10 ug)
intra NTS (n=12). The vélues are Uﬁb mean score for each

element as compared to the total mean grooming score

expressed as a per cent, for each drug treatment.
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Although naloxone results were negative, for Gmerek and
Cowan (1983; 1986) they found that a kappa (opiate) receptor
agonist antagonized BN ihduced'scratching. Tolerance

developed to the inhibition of BN-induced grooming by kappa

opioids, suggesting that although there was an opioid link
in this behavior it likely was physiological antagonism
rather than receptor antagonism (Gmerek and Cowan, 1986).
ﬁgf%her tolefance to afrepeated dose of BN (Kulkosky et al,
1982b; Gmerek and Cowan, 1983) or cross tolerance between BN
'and‘ACTH; or sometostatin (ODT8-SS) has been demonstrated
(Gmerek and Cowarn, 1983; Van Wimersma Greidanus et al,
1985a). Interestingly, one of these kappa agonists (U-
50,488H)'has also been reported to increase feeding duration
in partially pre-sated rats (Jackson and 000§er, 1986) .
Thus, there may be an association between effects of kappa
agonises on decreasing_BN-induéed grooming and increasing
eating, suggesting the possibility that kappa agonists may
also decrease the satiety induced by BN.

In addition, physiological antagonism of BN-induced
grooming has been reported with diazepam and
chlordlazepoxlde (Crawley and Moody, 1983; Moody et al,
1987) % ) .\

Several explanations for BN-induced inereased
scratching have been investigated. It was clearly a CNS
mediated effect since scratching did not occur after
peripheral injections (Kulkosky et al, 1982a, b).

Firthermore it was independent of the pituitary adrenal axis
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(Gmerek and Cowan, 1983). Scratching did not occur after BN
microinjectioﬁ at the lateral hypothalamus or fhe
paraventricular nucleus of the hypotﬁélamus (Stuckey and
Gibbs, 1982; Willis et ai, 1984). To date, the most
sensitive CNS site is the NTS where there was a dose-

' dependent increase in scratching, with 0.01 ug being the
threshold dose in the home paradigm (Figure 26) with a
frequency of approximately 35% of the total possible score.
At a dose of 1 ug BN-induced a frequency of scratching of
approximately 60% of the possible total score (Figure 18).
In addition BN intra NTS increased the frequency of facial
licking to approximately 25-30% of possible total score at
1.0 and 0.5 ug (Figures 19, 27, 37 and 59).2Pert et al
(1980) injected BN intra PAG and found BN resulted in
analgesia to hot plate suggesting a role in pain perceptibn
for Bﬁ, which is feasible since BLI and BN receptors are
present in the PAG (Pert et al, 1979, 1980). The possibility
that BN-induced scratching was mediated directly through the
PAG was ruled out (Gmerek and Cowan, 1983; Gmerek et al,
1983), since BN intra PAG (Ag, value 0.78 ug) has less
effect than BN ICV (0.013 ug) or intrathecally (0.004 ug) to
induce scratching. Furthermore Spruijt et al (1986), found
BN ICV to induce more scratching-behavior than BN intra PAG.
In addition lesioning the PAG did not significantly reduce
BN (ICV)'—induced grooming suggesting'that BN probably did
not mediate its effects on grooming through the dorsal PAG.

Thus it appeared that BN-induced grooming was not mediated
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directly through the PAG. However, ACTH-induced grooming
which resulted in a normal sequence of elements of grooming
with increased bouts of grooming appeared to be mediated
through the striato-nigro-céllicular pathway. One component
of this pathway is the striato-nigral GABAergic pathway.
Thus, ACTH-induced grooming was not mediated solely through
the substantia nigra. They found that the periaquaductal
gray appeared to play a primary role in ACTH-induced
grooming (Spriujt et al, 1986a,b) . BN-induced grooming is
ciearly distinguished from ACTH-induced grooming
neurochemically, neurocanatomically and behaviorally.
Bombesin has been found in dorsal root . ganglia
(0O‘Donchue et al, 1984, Panula et al, 1983; Fuxe et al,
1983) and in cranial sensory nuclei (Moody et al, 1981)
suggesting BN may mediate its effects on grooming by ‘
influencing sensory perception at primary and/or secondary
sensory neurocnal synapses (O'Donohue et al, 1984). Moreover,
the mammalian counterpart to BN, GRP~27 (injected
intrathecally), has also been reported to induce scratching,
with the major difference in the effect, between BN and GRP-
27 being temporal. Scratching was induced by GRP-27 in half
the mice for 14 min and by BN for 120 min {0'Donchue et al,
1984) . O’Donchue et al, (1984), postul&fe that BN, ICV, may
cause grooming and scratching by stimﬁlating second order
cranial sensory neurons which mimic a painful or irritatiﬁg
stimulatign of the skin of the face and neck region. Spinal

cord lamina I, II contain BLI, and BN-like-immunoreactive

\ .
\ o
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fibers. Bombesin binding sites were observed in laminae I-
III and perhaps IV of the dorsal horn from the'cervical to
the lumbar cord of cat, rat and mouse. Although the
bite/scratch actions of substance P, BN and GRP-27, appeared
similar initially, being directed to the abdominal region,
thé feéponse to BN and GRP-27-soon-generélized to other
parts of the body and came to resemble a vigorous grooming
behavior. Although cells in lamina I respond specifically to
noxious and thermal stimuli and contribute fibefs to the
contralateral spinothalémic tract, lamina II (substantia
gelatinosa) neurons appear'organized to exert influénces
upon larger cells in lamina III and IV (Carpenter, 1985),
possibly playing a modulatofy'role in transmission of
sensory information (Wall, 1978). Thus, BN, in the dorsal
horn of the spinal cord may cause increases in grooning,
mostly direcﬁed at the head, ears and neck by potently
modulating, pain and temperature and/or somatosensory
perception of these areas.

Bombesin appeared to activate a facial grooming reflex,
in the CNS, that was a closed sensory-motor circuit which
once activated was very strong and repetitive and not
environmentally dependent, either in relation to the satiety
or home paradigm 6r in relation to denuded condition or
anesthesia to the skin or irritation of the skin due to
persistent scratching (Gmerek and Cowan, 1983). Fentress
(1973: 1977) has observed that grooming proceeded

independently of its effects on the organism and implied the
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existence of a central neﬁous system generator for &
behavioral programs that can operate without the normal flow
of sensory iﬁformatioﬁ. |

| Intrathecal administration of BN inzfially elicited
body biting and scratching which quickly changed to facial
scrat&hing and licking (O’Donohue et al, 1984; Bishop et al,
1986). This facial grooming "reflex" appeared to be
triggered by primary sensory‘Spinal neurons and secondary
sensory neurons projecting to supraspinal sensory nuclei
such as the NTS and the spinal trigeéinal nucleus, sensory
nuclei of the face and neck. Saﬁerél researchers have
reported eliciting the scratch reflex with the same
components (ag\BN).of increasc::’facial scratching which
appeared to be directed at tne ear and just behind the ear
as well as facial licking (Koenigstein, 1948; Feldberg and
Fleischhauer, 1960; Domer and Feldberg, 1960). They elici;ed
the scratch reflex with substances injected intracisternally
(Koenigstein, 1948) or at the exposed dorsal surface of the
lower part of the medulla oblongata and at the upper
cerviggl_cord in several species of mammal (Feldberg and
Fleischh;uer, 1960) . The scratching movement suggested a
selective activation of the long descending propriospinal
neurons in the lateral column of the spinal cord which on '
stimulation of the skin (of the ear) mediate the scratching .
movements of the hind legs. The substances must act where

the sensory fibres from the skin impinge either directly or

through internunciéfﬁ on large descending propriospinal

g N
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neurons (Feldberg and Fleischhauer, 1966). Transection of
the medulla below the obex gteatly reduced scratching (Domer
and Feldberg, 1960). The results are in accord with the
assﬁﬁgtion that the drugs act at the afferent filaments of
these nerve roots (péssibly the trigemi;al, the vagus and
the upper cervical nerves)} (Koenigstein, 1948) which are

-

activated in the scratch reflex (Domer and Feldberyg, 1960).

Recent gfhdies comparing the.A 5o values of BN ICV or
intrathecal, to induce scratching, reported very similar
potencies (0.010 and 0.019 ug respectivelyj (Cowan et ;1,
1985) . Bombesin intra NTS appeared to fall within this range
thus it is questionable whether it is the most sensitive
site possible. However of the brain sites tested the NTS is
the most sensitive tested to date as compared to the CA4,
NA, CE, FST, AON, (Johnston et al, 1986) and PAG {Gmerek and
Cowan, 1983; Spriujt et al, 1986).

The involvement of the spinal trigeminal nucleus in
sensory transmission in the medulla (Carpenter, 1985) as
well as the presence of dense BN binding sites at this =
nucleus (Zarbin et al, 1985) suggest that it may be a
important site for BN-induced scratching. Therefore it would
be interesting.to investigate behaviors after BN
administration at the spinal trigeminal nucleus in the
medulla. Further experiments could also be undertaken in

order to identify more exactly the sensory neurons or

interneurons (involved in the scratch reflex) which project
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either directly or through internuncials on largé descending

-propriospinal neurons.

The motor area involved in this grooming reflex may be
the brain stem reticular formation (Norgren, 1983a). Recent
experiments in our laboratory with cholinergic antagonists
scopolamine and hemicholium that resulted in a decrease in
grooming suggested that the cholinergic system may play a
role in the mediation of grooming possibly in this area of
the brain stem since injections were in the third ventricle.

Moreover, the CNS effects of BN include a significant
decrease in resting which may involve the ascending
reticular activating system rather than the ascending
sensory pathways and/or pain and temperature pathway in the --~
brain stem (Carpenter, 1985). Thus, BN may modulate arousal
possibly through modu1§tion of the noradrenergic system.
Bombesin may effect adrenergic and/or noradrenergic neurons
at the NTS where heavy innervation‘is evident (Hokfelt et
al, 1984) at the location of.our microinjection of BN
(Paxinos and Watson -13.8 mm from bregma) in the lateral and
medial caudal NTS to elicit its satlety and groomlng
effects. Hokfelt et al, (1984) have demonstrated the co-
existence of adrenaline and neurotensin in the lateral
caudal NTS and noradrenaline and neurotensin in the medial
caudal NTS.'In addifion, the distribution of substance P,
enkephalin and somatostatin and neurophysin immunoreactive

nerve terminals and preterminal processes in the caudal part

of the NTS was examined by the indirect immunofluorescence
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method for immunocytocﬁemistry combiqu with
cytoarchifectural identification of nuclear subgroupg in the"
same tissue. The medial subnucleus (our medial caudal area),
the primary site for the termination of gastrointestinal
afferents, showed substance P immunoreactivity in moderate
amo&hts and weak immunoreactivity for the three other
peptides studied (Kalia et al, 1984). Altﬁougﬁtseveral
immunohistochemical studies have been carrieduﬁut on the
location of BN cell bodies, f;bers and terminal areas,
throughout the rat bfain (Panula, 1986), none have
concentrated on the suﬁéroups of the caudal NTS checking for
co—exiséence of 3N with other neuropeptides and -
noradrenali;e and/or adrenaline: Such a sﬁgdy would be most
helpful in understanding the neurocanatomical location of BN
in specific subnuclei since each area has been identified
with\giffgin neurophysiological functions such as
respiration, heart rate, gustatory information and so on
(Kalia et al, 1984; Hamilton and Norgren, 1984). In addition
—___co~existence of BN with other neuropeptides and/or
neurétransmitters such as adrenaline and noradrenaline, at
the NTS may result in neurochemical co-modulation by these

transmitters and BN. of behaviors such as grooming and

satiety which have been reported here.
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CONCLUSION !

In conclusion, locomotion grooming and satiety wére
inducéd by BN by different neurcanatomical and possiply
neurochemiéal_pathways. The stimulation of locomotion
occu;red site specifically at the ﬁA (not at the NTS)‘and
aRpeAred to be to a significant degfée depenéent on the
dopaminergic neuronal transmission‘both presynaptically (6-.
OHDA lesion, amphetamine) and postsynaptically
(fluphenazine). It is possible that the small portion of BN
receptors on dopamine terminals may modulate dopaminergic
trangmission. However, the relationship between dopamine and
BN in the transmission"of locomotin/@ay be physiological,
with both transmitters bindi;g to their o&n :eceptor on the
same neurons mediating locomotor activity in such a way that
BN requires dopamine neurotransmission (receptor binding) to
trigéer a stimulation of locomotion. Bombesin administered, -
intra NA, did not signifiCantly effect grooming or satiety
behaviors. ]

In contrast, both grooming and satiety were markedly

increase? by BN microinjected specifically ét the NTS. This

BN-induced grooming appeared to trigger a reflex pattern of
grooming that included facial scratching and facial licking
which éccurred independent of paradigm. In addition,

fluphenaziﬁe injected either intra NTS, NA or administered -

systemically (IP) did not significantly effect (intra NTS),

BN-induced satiety. Fluphenazine similarly administered



240

appeared to have a ma}ginal effect on reducing this BN-
induced grodming. Amphetamine picroinjected at the NTS did:
not effect either grooming or locomotion. Thus, BN-induced
grooming and satiety'appéared to be mediated
neuroanﬁtomicalli‘and neurochemically by differeﬁ£ .
mechanisms than locomotion.

Most interestingly, in the satiety paradigm, there was
-the dissociation of jtime-course and dose-effect of BN intra‘
NTS on the.gréoming behaviors and satiety behaviors. This
dissociation implies a different neurocanatomical substrate
for BN-induced groom;ng and satiety. Bombesin intra NTS and
IP demonstrated a similar time-course of effects on latency
to eat and pellets lé}t, suggesting ﬁhat BN iﬁira NTS may
mediaée a physiological satiety signal similar to that of BN
IP. The neurocanatomical connections of gut visceral
éfferents to the caudal medial NTS indicate that the NTS may
be the critical site yhere BN=-IP induces its satilety
effects. Furthermore, thé greater efficacy and—potency of BN
intra NTS than IP in reducing eating support this
hypothesis. Whether thé caudal medial NTS is a“critical site

where peripheral and centrally (ICV) administered BN induce

satiety remains to be tested.
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