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; The - Effect of Central bopamine‘céil Body Lesions
On.Stimolatioheinduced Feeding

Anlmals were 1mplanted w1th a stlmulatlng electrode

»

1n the perifornical area of the LIIA and an 1p§ilateral

\ ~

‘le51on1ng electrode almed at elther the zona compacta of-
the“substantla nlgra (A—9), the ventral tegmental area of
'Tsal (A—9 5)., or the dorsal aspect of the 1nterpeduncular

. nucleus (A—lO) Anlmals that ate whan stlmulated at the
Hypothalamlc site were tested daily untLl Eeedlng
_thresholds wEre Stable and then 1esloned ‘ Posteiesion
testlng began 24 'hours later and was contlnued for prclods
up to four weeks, Anlmals w1th,ventral tEgmental les¢ons
.whlch presumably damaged flters both from the nlgrowtrlatal
system cell bodies (A-9) ~and the mesollmblc .and mesocortlcal
system cell bodles (A 10) ;ad markeolj elevated thresholds.

“Anlmals w1th extensxve damage exélualvely to A-9 cell

bodles showed no’ dlsruptlon of stlmulatlon lnduced feedlng

'whlle anlmals w1th A—lO ccll Body damage that spared ﬁhe =

:A—9 cell bodles did stW'dleruptlon Whrle these data .
”cannot rule outﬁthe hxpotheSLS that damagei Lo the nlgro—'«
"1

‘str1ata1 DA 3ystem is the crltlcal factor caus sing ‘the

o

'aphagla seen 1n the clas51cal "laterdl Hypothalamlc syndrOme"

- .

'they ‘do’ suggest it shq’ld%be re-examlned.
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gcontalned two centers i 1Ved w1th lngestlve behav1or -

‘a center located in the lateral hypothalamus thought to
.actlvate feedlng and a center located ln the ventromedlalf.

) X s o '
~ hypothalamus thought to 1nh1b1t feeding. By the late

1960 s, “it became ev1dent that the, concept of the lateral -

; hypothalamus/ﬁhﬂA ‘as a feedlng "center" (Anand & Brobeck,
! LY

:1951a) ‘was ‘no, longer tenable Arfhough mt had been shown,
that electrical (Miller, 1957; Margules & olds,-1962) , or -
‘chemlcal (Gressman, 1960, 1962; Miller, 1965; Leibowitz,

1970) stlmulatlon of the LHA would induce v1gorous eatlng‘

in sated anrmals, and that bllaterak le51ons 1n thlS area

'vwould result in severe and long lastlng aphagia ‘and

+

ad1p51a (Anand &~Brobeck l9Slb Teltelbaum & Stellar,'

=%
, 1954), eatlnq can alSO be 1nfluenced by stlmulatlon or

+

{ﬂlesxons of a number of extra- hypothalamlc 51tes Feedlng

]

responses in the rat can be 1nduced by stlmulatlon of, the *

cerebellum (Ball M&cco, 5 Berntson, 1974) and. by . stl&ulatlon_

of the perlaqueductal gray (Clav1er, 1974) whlle rebqund .
feedlng has been observed followrng stamulatlon of“the |
hlppocampus (Mllgram, 1969) and th% septum (Altmaﬁ’& A\
Wishart, 1971) Stlmulatlon of the rostral fastlglal

- oA
nucleus of the cerebellum (Rel;, Doba, & Nathar, l973),

) -
4

ventral tegmental area, the ventro—lataral boundary of the -
central gray (Wyrw1cka & Doty, 1966), and the medulla
(Bérntson & Hughes, 1974)Ihas been shown to .induce feedrng

in the cat, Roblnson and Mlshkln (1968) lnduced feedlng

v ‘-

. -
C ——— i g g




Complementlng these-data, ‘Morgane (1961a) had shown

rat produced aphagla and -adipsfa, and Parker and Feldmén

_ablations can dlsrupt feedlng <%duced by electrlcal C

. boundarles of thls area. Taken

'?br;dget (Morgane, 1969)- over,whlch pass the fibers of
'Widespread‘heural circuits'which-subserve‘orjare crucial

'-to ingestive behav1or.

Vi . . s . e Ca e
' .
. .~

in the monkey by stlmulatlon of the pre~opt1c reglon, the

;,substantla 1nnom1nata, dorsal and~po§&erlor hypothalamus,

.

medral hypothalanUS, mldllne thalamus, central gray,

~‘anter10r 1nternal cap%ule, putamen, and strla termlnalls.,

’

earller that bllateral le51ons of the globl pallldl in. the

(1967) had found 3’51mllar deficit w1th le51ons 1n the

"mesencephallc retlculaﬂﬁfqrmatlon at the level of the red

nucleus. Rice and Campbell {1973) showed that neocortlca1

Q‘n""

stimulation of-the LHA. Booth (1967) found that,iwhlle .

chemighl stlmulatlon of the LHA could 1nduce eatlng, the

best 51tes for e11c1t1ng feedlng ar, located outsrde the

%ogether, these data N

'Lndacate that, rather than belng a feedlng "center"q the

~

LHA 1s a- "901nt of convergence"'(Ehrllch 1964) or a

-
.o

- v . L3
o

ﬁErly work ln chemical stlmulatlon focussed on -

A3

noreplnephrlne (NE) as the 1mportant&nEurotransmltter ;

-.

R 1nvolved 1n feedlnq ' Grossman (l9€g 1962) dellvered NE

"through 1ndWelllng cannulas dlreCtly to the LHA.of sated

rats. With a latency of flve to elght mlnutes, the anlmals
\ - T

began eatlng.. The~average conaumptlon of dry food was '

*approx1mately 4.3 grams...BOoth (1967) found NE to be o

pe

A

.\ . . -

. 3 .
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effective 1n eliciting eating not only whénViﬁjected into

“the LHA but also when. 1njected 1nto other hypothalamlc ‘

< .SLteS. Margules, LEWlS, Draqov1tch, and Margules (1972)

¥ also 1nduced feedlng in the rat w1th NE. They related the

£

‘effectlveness of NE to’ the CLE’adlan rhvthm and contended

A
[

Ehat NE's stlmulant effeqt upon eating wds seen in the-'

. /
. llght but not in the dark cycle.~ Mlller, Gottesman, and

Emery (1964) showed that as,Iittle as..8’ pg of NE in the
-

hypothalamus could e11c1t feedlng, althoﬁqh thelr optlmal
/

v S
. _ dose "was 21. 8 ng. Repent studles have examlned the 52

.ot A ) ,~ N o .-
) ' ’ ‘ effects,of more_phy51ologlca1 doses of NE. Lelbow1tz -

4 ’ ..
'(1974) -showed that as little as 33 ng\of NE in the .

O pafaventricularvnucleus canlelicit“feeding ' Ritter and -

T § .. Epsteln {3974) found that an even smaller dose (15

plcomoles) of VE can 1ncrease meal size by lBO%. Rittérj.'

. L

v Wise, and St 1n‘(1975) showed thatvlntraventrlculafT

iﬁdections of‘clonodiﬁe, (a horadrenerglc receptor

7

stlmﬂiﬁnt) are as much as 100 %éges more effectlve than NE

¥ toe ’
'E y . .itself 1n evoklng feedlng MoreoVer, the feedlng response
\ ]
ellctted by NE and clonodlne can be blocked by the<¥—

» \

b . S 'adrenerglc {eceptor blocker phentolamlne (Slangen & Miller;,

- — ; 1969; Lelbow1tz,(£;%0) Inhlbltlon of NE reuptake by -

/ desmethyllm;pramlne or rldocalne ¢an pdtentlate the NE-,

S | | p . 1nduced ebting effect (Slangen & Miller; 1969)

E | _" \.:7'. L Neurotransmltters other toaq NE do not seem to be ‘h"
f ‘ dlrectly effectlve in. ellc1t1ng feedlng Slangen and |
| s ; . Mliler (1969) were onaole to induce eatlng with an lnqu%Sn

>

'v. . N ] . . o L “
) .




of serotonin *+ They did, 'however, find a moderate thougH

-
-
. .
* >
. .
-
e — s
=

delayed 'fegding response to dopamlne (DA), this delaged -
&

4 )
reactlon Was felt to represent the tlme required for. thg oo

conversion of DA'to»NE. thter, Wlse, and" Steln (1975)

B oo

_ found that 1ntraventr1¢ulaﬁ/1nfu31ons of DA or a DA

receptor -stimulant - (apomorphlne) ,did not facxlltate li \ 4 e |
eatang \fEatlng his been reported after cholinerglc o :

’

:\ stlmulatlon (Flsh r & Coury, 1962 Myers,-l964; Blanchard

.
o o

»}‘ . V‘ A & Blanchard,‘l966A$Coury, 1967;.Myers &-Sharpe, 1968;

Smith, Klng, & Hoebel 1970), but this appears to be

’ oa rebound effect due to ACH receptor Stlmulatlon (Wlse,
. , . -
N C < 1972) Thﬁs, ‘the chemlcal stlmulatlon llterature has

' p01ﬂted to a noradrenerglc medlatlon of feeding. Slnce
-

g it was, known that maJor VE fiber systems pass!through the
'_LHA,ln the medlal forebraxn bundle (MFB) (Ungerstedt,
o v '1971; Llndvall ‘s BjBrklund 1974), it was not unreasonable
1to suppose that le51ons of the LHA dlsrupted feedlng : et
because they’ damaged NE flbers whlch medlate feedlng
oy ')//k"'_ Recent ev1denCe, however, doeSsnot support this, 1nter-'

pretatlon. Notlng that Dé;flbers progect witH\NE fibers

\through Jthe LHA and that the le51ons of the LHA which

‘¢
e e
:
4

dlsrupt feedLng would almost certalnly have 1nterrupted

both flber pathways, Ungerstedt (1971) ne—examlned the .

-

[ SR S A

view that NE is.the major neurotransmltter in the control of
y ' feeding.’ He found evidence for the alternatlve\hypothes;s
) "thatﬂlt is 'DA. and not NE fibers ‘in the LHA that are 5: '

i a
crucxal for feedlng He argued that the aphagia and )
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+ - similar to that seen in the classical "lateral hypothalamlc . } )
‘ . ;

..nlgrostrlatal rather than to the mesolmﬂu@l\ pathway S R

" of electrolytlc and chemlcal (6~ hydroxydopamlne) 1e31ons

' and th‘at 1nt{/rupted najor ascendmg'NE f;.ber-s produeed

‘no more than one day of hYpophagla and hypodlpsxa,

. developed whetner the lesé,ons were almed at. the cell bOdleS
of the nlgrostrlatal pathway located in the aona compacta

_of the substantla nlgra (A 9), at the aggreqéted DA flber Lo

- ;'flbers “for . feedmg Seems to exp]»a;m a number of obser—

- - 4 W

adipsia produced u\interrupt'ion of these DA fibexs'ls
8]

.

syndrome" descrlbed by T.ltelbaum and Epsteln (1962) and

Epsteln (1971) and he proposed that damage to the S . = .

7 - . . :
causes the syndrome of aphagia and adipsia, CoL ] ¢

< . : . LT

N Ungerstedt (1971) advenced th.'LS alternatJ.Ve

hypothe.,ls to explaln data whlch emerged from hls studles ‘

-

of s:.tes along the DA .and NB pathwaYS. He showed that

bllateral 1esmons that were caudal to the DA cefl groups

despn.te almost complete dlsappearance of NE termisdals :Ln e

the forebraln . In cpntrast, a prolonged aphagla .and
e .

ad1p51a, as well .as’ an 1nabil:.ty to mamtaln exploratory

behav1or and CurlOSJ.tY, were assoc1ated with bllateral
S ' . a -
leSJ.ons of the DA flber systems Aph.agla and’ ad:l.pma . -

N [ ~r .

\

*

bundle' in the ventral tegmental ai_ea of"l‘sa.l,t or at the ..

' v [ . . .
LHA wher%'t'his bundle passes in its projection to the

1nternal capsule. a R T, “' )
. ' -

UngerstedtgdconclUSion that‘the-'DA, and not.-fthe NE

fJ.bers, th"ht pr‘oJect through the LHA aré the crltlcal -

[0




. .« . . L . . .
R : vatlons that have appeared in the llterature ‘Morgane
fo ; ' v e
. 7 © . " (1961b) - ‘showed that stlmulatlon of the far- 1ateral

"
. L4
‘e i

hypothalamus ellClted ba51c feedlng responses frén seted

o -

N ) > ! o
o ' - -

N Y aeymmetrlcal lesions and 1dent1f1ed a. rostral "critlcal

’
- Al

o <

vt . prolongeﬂ aphagla and adipsiars Thls area 1ncluded the .
. ’ ventro- med1a1 quarter of the 1nterhal capsule, 'a far—

L ¢ lateral portion of tne hypothalamus, and the meglal aspect

ax et

L / offtheaglobus pallldus.. All .these loci are traversed by ~

N DA f;bers (Ungerstedt, lghl; Lindv&Ll & Bjorklund, 1974).\

. The work of Plbert Storllen,\Wood and Ehman-(lQ?O) .

O : ', - also supports the notlon that the trajectory of flbers
cvuc1al fqr feeding is through the MFB -and toward the .

1nternal capsule They~found that hhife cuts or'procaine.

4 ¢ N

& ‘ 7‘ln3ectlons at varlous polnts 19gthe LHA the 1nternal

-

‘>.; Vo ) capsule, or the gl us palladus caused aphagla apd adlpsia;m

. ~ All these reports have- 5hsoc1ated hypothalamlc and .
\ o
extrahypothalamlc 1901 w1th\feed1ng and all ‘these loci '

« .

4

i

&

£
? :“ ; lle alonyg the trajectory of -DA flbers which ascend

¥ . N " \ »

I N ‘ 0

e N through ‘the LHA tcwards the 1nteqpal capsule. . ; |
.' It 15 known that: flber p%t;yays other than thoge of
".l S NE- flbefrs @Krelg, 1932 Nauta, 1958; Shu( & Lexus, 1967,
‘ ' Uhgerstedt 1971) overlap w1th the DA pathway interrupted
- . . N

‘L by Ungerstedt s lesions and it may be argued.that lt is
: ' Ve \

o - ,rats. It is in the’ far lateral portion. oﬁ the LHA that
“"m',- . . DA fibers pass'(Ungerstedt,d;g%li Lindvall & Bjorkluqd,
o ‘ ] o . )
: - 1974) . Gold (1967) compared- unilateral Ao bllaterally ’)p/i

B &{‘ . “forebrain area" that, if damaged would result in a Q.
N~ . i

S

S I ol A e cSonnte -

-
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' damage to these non%ca@eoholamine fibers which produces

.amlnooutyrlc acid (GABA) , glutamlc acig,

7 BT
' y,

)

aphagia and adipsia. There is, however, evidence involving

-'the'neurotoxin 6-hydroxydopamine (G;CHDA)iwhich indicates.

S N

| that it 1s specific djmege to CA systems that causes

e
aphagla and ad1p51d' It has been shown that 6~ ~OHDA

can be used to selectlvely damage Ca neuron§~and spare
otheg systems (Ungerstedt 1968; Breese g Traylor, 1970;

Uretsky & Iversen, 1970, Jacks, deChamplaln, ;Cordeau,

1972; HOkfelt & Ungerstedt 1973) ' This finding must be

)

.accepted‘with some degree.of'caution,'however, since it
weR ] ) , .

has"been,notedlthat a nuﬁber of factors, including the
route of admlnlstratlon and the concentratlons employed
affect the select1v1ty of 6 QHDA's actlon, and the aqent

.can cause conSLderable non spec1f1c$
RN
Langeller, Roaerge, Boucher, & Klts;kls,~1972- Butcher &
’ '\ .
Hodge, l973, Sotelo, Javoy, Agld &,Glow1nskn .l973;( .oo"

damage (Po%rler,

Agld Javoy, Glow1nsk1, Bouvet, & Sotelo, 1973) Mindful

3
of these problens Jacks et al. (1972) and otrlcker and
[1] v/-n.‘ . .
Zlgmond (l974) were, able to restrlct damage to Ca neurons

\ -

.; by careful lntraventrlcular 1nfu51on of 6- OHDA. Anlmals

] ] : S

* eo treated bec me aphaglo and ad1p51c. Jacks et al.

(1971) reported exten51ve bloassay data whlch showed that

. the levels of serotonin (SHT), acetylchollne (ACH), '

. S i~
1 ine," glyCLne,

‘e

aspartlc ac1d taurlne, alanlne, td&eonln ,'and serine

"ere not 51gnif1éantly lowered by the 6 OHDA infu51on.

Only NE an DA levels were altere d these were .

£
T P bt = 4 St O K s Sttt b 90
A Py N
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‘reauced'tleeveis as low .as'13% and 16% of normal

respectivély On the basis of these data, it seems safe

»

to conclude that damage to ca systems results in aphagla

and ad1p51a and’ that‘Ungerstedt s 1ntracerebral vy

lnjectlons of 6-0OHDA achieved thelr effects because of

-

(L=

CA débletlon and not because of the smalL degree of non-
specific damage vhich occurs at the tlp of the cannula

v,

when 1nject1ng lnto tissue. .In- sum, it would appear that

”?

it 1s a CA system whlch is crltlcally 1mpllcated in the

neural control of feedlng

Ungerstedt s (1971) 1e51on data lndlcated that, of

3’

the two catecholamlnesd it is DA rather. than NE that ls-',

y -

. 1hvolved_1n'feed1ng.*ln support of this view, manlpulatlons

desioned to protect'noradrenergic neurons from 6-OHDA

by~preuenting the neurotoxin's uptakevinto.these éells,l
-

and, at the same time, potentlatlng the neurotoxln S- effec;
%

' upon Di)neurOns by 1nhib1t1ng monoamlne ox1dase, 1nd1cate

-

that DA is more cruc1ally knvolved in feeding than lS NE.

.

For example, "Stricker ‘and Zlgmond (1974)«pretreated '.‘5.

14

anlmals Wlth desmethyllnlpramlne (DMI) whlch blocks uptake

\

into -NE, but no DA, EQrmlnals (Horn, Coyle, & Snyder; )
7

1971) and w1th pargyllne, a monoamlne oxmdase 1nhxb1tor,

w

and then 1n3ected 6 OHD Knto the ventrlcles. The anlmals

s
became severely-aphaglc and‘ad1p51c :and, ’like/"lateral

s .

‘ hypothalamlc" anlmals, Would have dlgl’had they not heen

supported by lhtragastrlc 1ntubatlon %arller.flndlngS'

by Flblger, Lonsbury, Cooper, and Lytle'(l972f;'Fibiger,-

I . v
o { : . * .
SN . .
. . . - S
. ' . . .

. - . ’ . . .
. Tat .
.~ I I . T S T S T T T T LY
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‘ le, and McGeer (1973) are’ conSLStent w1th these results.

i

- "]:
i
Thelr pretreatment prOgram 1ncluded only the use of a |

monoamine OX1dase 1nh1b1tor (tranylcypromlne) and no spec1a1 , R

prov151on for the protection ofaNE was made. They showed Lo . A

. that DA, rather than NE deplétlon is nECessary if a@ - s

- syﬁdrome" desoribediﬁy Teitel aum and_Epstein (1962)

‘.

\

palatable foods and later, regaining the ablllty to

. regulate nutrltlonal needs 'on dry food..

: or, “set*point" ‘that . that malntalned by unles10ned anlmals

/ ..
SLgnlflcant feading deflClt is to occur. Thére seems,.

- ~

thus, to be good ev1dence favourlng Ungerstedt s suggestlon

that'DA, not NME, )1bers are. lmportant 1n the ‘control-of

feedlng R i} t' ‘o , TR

Unqerstedt further suggested that the. aphagla and 2
adipsia- conseouent upon DA depletlon are 31m11ar to ‘

what is Seen~;n the classical "lateral‘hypothalamlc

and by Lpsteln (1971) ThlS syndrome 1nvolves an aphagla

and.ad1p51a so severe that the anlmal may dle before
spontaneous feedlng and drlnklng are resumed.

by tube—reedlng,,these anlmals can recdver and. do- so

If supported
in a flxed sequence, flrst, eatxng only wet and very

Certaln deficits

per51st however. uelght 1s maintalned at a lower 1eve1 ' “.
N .

\ Y
(Powley & Keesey, 1970) _The “lateralxhypothalamlc s oo

-

anlmal does not recover the ability to. regulateréter 1ntake L
and does not respond to hydratlonal chaIlenges (Epsteln

& Teltelbaum, '1964); it drinks only to ‘wash down- dry food |
[
In addltlon, it doas ‘not

1 [ . ®

(Klssileff & Epsteln, 1969)
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""lateral hgpothalamlc“'anlmal but others have expanded ' o R

~

.

glucoprlvatlon, both malntalned the;r body welghts at
’ \

#qlucopravatl 1t_§oe§ not- 1ncrease 1tsmfood 1ntake

Teitelbaum, 1967). - ) S

Lrecovery sequence,.21gmond and'Strlcker‘(l972)L F%brger;‘“ L,
.deficits which persist-in recOVered'"laterai hypothalamic" S .

¢types of anlnals showed lack of response to short term

increase thelr water. lntake follow1ng 1n3ect10ns of . & . R

7hyperton1c sallne, and both showed ev1dence of sensoEy

. respond, as;does*ﬁhe*normal aniﬁal 'to short-term

%,

Tt g o

o

follow1ng 1n1ect10ns of 2- deoxy—D—glucose (Epsteln & °f~~§ e .

Ungerstedt (1971) reported that most of his DA~ o
depleted anlmals became completely abhaglc and adipsic - f': '
and died 1f}not supported by gastrlc 1ntubat10n. ¥He ¢ ,;ﬁﬁ'\¥‘~?x
made no mote subtle comparlsons of his ang.ma,ls to *he

v . 4
-4 1 . : R
the comparlson. Zlqmond and Strlcker (L973) found that, ' o

1f malntalned by tube- feedlng, even .a severely DA-

aepleted aanal COuld recover, moreove;, lt would\follow
the same sequence of recovery that Teltelbagy and Epsteln ."‘ =
(1962) descrlbed for their lateral hypothalamlcallx

damaged anlmals.u In addltlon to the . 51m11ar1ty of the _" a A){'

f . -

Phiélips,'and Ciouston (1973)-, and Marshall,\RiChardson, and

Teitelbaum (1974) Showed.that seéeralléf,the regdlatory - L

anlmals also per51st in DA—depleted anlmals. Thus, both' )
N oL

lower "Set~p01nts" than daid controls, both failed to drlnk

unless food was. prese t (prandlal drlnklng), both falled to

- '.:‘ %

2

neglect by falllng to orlent to smell and touch stim 11. b
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Marshall et al - (1974)" neted two very slgn'flcant T

R T
‘ dlfferences FLrst, the aphaglc rats with nlgrostrlatal

A}

~damage ate a small quantlty of food if suff1c1ently

; . .. - . N . ) . . ) < e ki .
S - finicky "and accepted a quinine-adulterated diet more
: ‘ : N e !

% | readily than -did @he LHA animals. Neverthéless,‘there is
good support for ’nqerstedt s’ second prop051tlon that, .
in most respects, the bA- depleted anlmal resembles the

‘.“lateral hypothalamlc" anlnal 5'

i

e, Unqerstedt argued that, of the: ‘two DA pathways it 1s

\tbe.nlgrostrlatalnrather than . the mesollmblc system whlch

v -~

&
supports 1ngest1Ve behavxor. He showed that an,

electrolytlc le51on or .an 1njectlon ot 6 OHDA placed in

- the” mesollmblc bundle just rostral to Aits separatlon from

© of hypophagla and hypodlp51a, desp1te v1rtuallyjcomplete‘;
\ and permanent dlsappearance of the DA terminals in.the‘

N . a. .
¢ . ¢ !

nUCleus accumbens and in the olfacfory tubercle. ‘:

N

i .g Part1¢1patlon Df the mesollmblc system in'the support of

A}
L v

T u .

o other hand, ~an. Lnjectlon of 6 8 ug of 6—OHDA in a 3- 4 nl
'w_' volume into thg substantla nlgﬁa 1a- 9) \the orlqln of the

nlgrostrlatal pathway, " caused a severe ahd 1ong lastlng

1

¢

Ungerstedt ] study, is that the 6-0HDA probably damaged
“other DA systems. Gon51deraﬁlon oflthe close,anatomlcal

disposition of the;pA(systems'(Ungerstedt) 1971) shows

cactivated (tail plnch) and,.second, they were less - g

. c h “the nigrostrlatal pathway resulted in only one: or two days

feedlng would seem, therefore to be ruled out On the ._~

-aphagla-and adlpsma A crltlcal problem w1th thls part of‘




" tcell group
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‘ . ‘ ‘ ' ‘. lw =% <
»\why thls could ke‘*so.’ The cell bo&aes of the\mesoll

and lie only to 1 5 mm away from the zona compacta of

the substan ia nigra(A 9) where the cell bodles of the, ‘ ‘:‘

N ‘v

nigrostrigkal system are located Flbers from the é%S‘

~ (A—9 and A-lO) ascend together through the
"eventral teﬂmental area of Tsa!fand through the LHA ,-The.
mesollmblc pathway seems to take ‘a somewhat sore medlal
pOSltlon, whlle the nlgrostrlatal pathway takes a more . .
,lateral p051t10nw Dlyergence of the :two systems occurs '
only at the tlp of the internal capsule.‘ At thlS p01nt;
.the nlgrostrlatal fibers enter the capsule -and fﬁread
'laterally through the globus pallldus to termlnate in the

'caudate nucleus.‘-The mesollmblc flbers donnot enter the

.”capsule ‘but contane rostrally, sendlng ene branch to the

\
'nucleus accumbens and the dorsal part of the nucleus' _ \

1nterst1tlalls strla termlnalls, and séndlng a’ second

T

. branch to the olfactory tubercle. ’In addltion, flbers
passmng Wlth the‘mesollmblc system have recently been. shown

to 1nnervate the lateral septum (Blndvall 1975) and

. ..‘Q LY
neocortex (Llndvall & BjorkIUnd. 1974) R S

_; Ungerstedt (1971) dlrected hls bllateral cell body
) le51ons enly to the A-9 and not the. A-10 group. " Only

6 OHDA and: nop’/dectrolytlc les10ns were made. The prob&em '
with these lesions.is that. the Lnfu91on of.the neurotoglh .
was of'such‘yolume (3-4 nl) that leakage to, and : )
ftonsequent damage of the nearby A-10 cell group cbuid have‘-b

i : _ . kﬂt.;: : PRI

- 1
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occurred All Ungérstedt s other DA leSLOns were almed
at. the aggregated DA flber bundle or at the mesollmbac AR T

[

pathway h The effects of damage to flbers arising from ‘
‘A— hereforev were p0851bly confounded W1th the effects
gz;:age ‘to nearby’ flbers“arlslng from A—lQ. . ‘ o
The criticism that systems arising from A-9 and A—lo ;$

were both affected by Ungerstedt s 1es&ons can also be E ', T ) 1
made of the 1e51ons of Flblger et al. (1972 1973) -and of . : ;

-

Marshall et al. (1974) These 1nvest1qators also _ : AR
attriouted feeding‘defic1ts to nlgrostrlatal damage e '
}oroduced by intracerébral fnfusions of 6;OHDA;' As in . oo
'Ungerstedt s studles, the volume of the 1nfusxons was large ) i »
enough to have spread to both the A—9 and the A 10 celd” ‘ s
groups@?“ztgmond and Stricker (1972) assumed that ;.- :
nlgros%rlatal damage was the 1mportant factor in thelr‘
studles, gven. though they 1nfusegd§ OHDA v1a the l__:,

1ntraventr’cular route, and would most certalnly have .

damaged all of the DA systems. No preVLOusly reported T

A
i il X

I

leslon has‘been,cléarly restricted to one or other‘of the ‘

. two DA dell body groups and ‘therefore, the, results -of R

A

' damaqe to oné -DA system have probably beenjconfounded thh

'undetermlned damage to the other.

[

. . . P
.

"¢ , A further problem for Ungerstedt s hypothe51s is that '“.LF"
'2.not all. anlmals w1th substantla nigra cell body le31ons o

*become aphaglc and.adlps;c. In Ungerstedt's'study only 16
- \out of 30 anlmals glven this le51on showed the def1c1t.

. . . 5\
Zlgmond and Strlcker (1973) and -Creese and Ivezsen (1975)
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1

also reported that some of thelr anlmals w1th 6- OHDA )
te .

x i g

o le31ons of. the substantla nlgra dld not become aphaglc >, o .3

and adlpsic even though a 90% depletlon of strlatal DA

' J

and a 70% aepletlon of: hypothalamlc NE was, aqhxeved.
Creese and Iversen thought that the nlgrostrratal pathway

) 15 not hoMogenous and that thelr 1e51ons must have spared R ; )

" o i " some critical flbcrs in 1t. An alternatlue explanatlon‘
T T is that their lesions spared the nearby A-10 system, or

some crucxal part of it, and that 1t is these flbers,

. rather than the nlgrostrlatal pathway, that are lnvolved

S ' X N
. ? A 1n ingestive behavrors.~ .

i

e L,

v 9,

’

The 1mportance of these cr1t1C1smstecomes ev1dent

—_— 0 -

e ~ when one conslders th?/gihdspgs of recent mapplng etudlee ) i
which show that DA flbers other thanathose af the mesolimbic '
. ,system arlse from the area of the A-lO cell group.f Thlerry, -

S Stinus,- Blanc, and’ Glow1n§k1 (1973) and Berger, Ta551n,

Bland, Mayne, and Thlerry (1974) have demonstrated the

' . S
v 4 a

exrstence of DA—contaln}gg\tsrmlnals in the- rat cortex.

The DA contalned 1n these termlnals acts as a nef}otransmltter B

-

- in 1ts owh rxght and does not exist merely as a precursor

. of NE (Blaﬁc, Glow1nsk1, Stlnus, & Thierry, 1973; Tassrn,
'Thlerr;, Blanc, & Glow1nsk1, 1974) d A .

. '; ' ﬂ' S stng the glyoxyllc acrd fluorescence method,
-Llndvall Bjorklund Moore, and Stenev1 (l974)~alsp ‘saw DA

* ‘terminals in the deep layers of the frontal cortex and

v E . .
t. s

oL ldentlfled other DA termlnals 1w\the anterlor c1ngulate
. - =]

cortex, the ventral part of the entorhlnal'cortex,'and 1n”“ . -'Hj\y

¢ "
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'glyoxyllc acid fluorescence method, i
. system. w1th cell bodles in A—lO%and

"septal nucleus. In view of these:f1

‘has deSLgnated A:9 5. N o .

At I T R N e ah T o e 2 e
. L. -
\ A ' . [
\ * ’ . . .
. \ ° © . . * -~
- e .
. \
. LIS ‘ . .
o N . . .

the trans1tlon zone between neocortex ang pirlform cortex

a&ong the rh1na1 'fissure. The cell bodles of the flbers
N

,ascendlng to the frontal cortex were found to be located ‘

in the A—lO areé. Llndvall (1975),

\the same .
1

; ntﬂf ed another DA

;‘( M I
'ngs, 'a re- assessment

-

-

e H

of the 1nd1v1dual contrlbutlons of t e’ various DA.
» - -~ ‘.‘

systems seems’ to be 1mportant. L O a L .

o LR

The purpose of the present study wasxto assess the‘

.

‘effect upon feedlng of smdll dlscrete, electrolytlc

le51ons whlch would be restrlcted as much as p0551ole €6'

' l

'
qraﬁb of cell bOdleS and flbers in ehe ventral tegmental

area of Tsai whlch Ungerstedt (personal communlcatlon)

T
!
!
. .o .. !
. ., | . ' \
« | - M
b
|
‘
.
1
:

mlnals in: the lateral

‘o

~'the A=9 or’ to the A—lO cell bodles or to the is;ermedlate" '

A

. - o
PRy - SRR Y
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A major drfflculty in any study involving aphagla

" | T,

.and adrpsra is the malntenance of a)healthy animal &fter
R :

) .
,:bllateral 1esrons. A unllateral lesion would in somie -

'measure, av01d thlS problem. Gold (1966) showed that -

“‘anlmals wrth unllateral 1esrons of the LHA do develop the

classrcal “lateral hypothalamlc syndrome" but on a more .’

r&strlcted scale; thibduratlon of the aphagla and ad1p31a

%3

s reduced to a few ddygi -Three obsﬂrvations in the
/

literature suggest another way in whlch a unllateral
i—ﬁ!

preparatlon mrght be used Flret unllateral stlmulatlon

of the LHA is suff101ent to rinduce feedlng (Miller, i§57

i

Margules & Olds, 1962). Second the effects of CA

R de#letlon are seen not only on nagural feedlng but dj

stmmulatmon 1nduced eatlng (Phllllps & Flblger, l97§x

i

Thlrd the ascendlng DA pat;;;§s are 1argely uncrossed wuﬁ}
(Ungerste t,. 1971 Llndvall &‘Bjorklund,“l974) 1 1f DA-\‘
ceil,pcdlee were 1esroned 1p51lateral and caudal to that

.:point in t LHA where electrical'stimulatien indu . -
feeq;ng, then sbme conclusrons could be d;awn aboJ:ftg;

effects of a DA 1e510n on stlmulatlon-lnduced eatlng In

a recent,revxew.of<the-literature, Wise (1974) concluded
¥

that in many important respécts stlmulgtzghvlnduqed

behavior 1s like that aroused by nefmal hunger There is

justlflcatlon,.then, for extendlng tc natural feedlng any
1nferences made conceré?ng the effects of DA cell bod}
flesions on’ stimulation—induced feeding.J '

L Subjects.were male aibino rats of the Sprague-Dav{ley_u

s

54
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. ) . - . " . ‘ | i ‘. "A.-'
: straln (BlO Breedlng, Ottawa) They weighed 250-350 grams ;

at the tlme ‘of’ surgery The anlmals‘were iﬁdiVidually I ‘ ‘L;a

. housed and had free access to Purlna Lab Chow pellets and

_ i
,‘water throughout the term of the. e\perlment. T ' e

'All anlmals were . 1mplanted under barblturaterchloral

hydrate<anaesthe51a wrthrg blpolar stainless 2teel
e X
stlmulatlng electrode,. kaln. dlameter, 1nsulated ‘except
’/

at the Cross- sectlon of the electrode tip. An 1ndi¥ferent e 4

electrode was wrapped around one of the stalnfé%s steel o L

screws Wthh anchored the dental cement assembly to tﬂe' "
skully Stereotax1cﬁcoord1nates were: .8 fh posterlor tQ o . #}.

Bregma, 1.5 mm lateral to the midline, and 8. S-mm ventral - S Y

- f'

to the skull, surface ‘with the incisor bar 3 2 mm. above R

:ﬁhe 1nteraural'llne. In addition to the stlmulatlng ' -
\ .

:electrode,“eachlaninal'was 1mplanted with a(le51on1ng R .
o . ,. ’ ’ M d e, . ‘ ' ot .
»eIectrode made of . Ol‘in. stainless ste€l wire which was

'.lnsulated with varnlsh (FormVar, Canadlan General
1

_Electrlc) except at the cross-sectlon of the electrode tip. .oy

This le51onrng electrode was almed)at one f'three areas’
o - TN o 3

1psllateral to the stlmulatlng electrode' the zona' C
v . ' o
compacta of the substantla nlgra (a-9: 3 6 mm posterlor '

‘ - to- Bregma, 2. l mmilateral to the mrdllne, and 8.2 mm from the

Al

"skull surface), the ventral tegmental area of Tsal (A-9.5: e ~ -

3.6 mm pqﬁterlor to Bregma, 1.5 mm lateral to the mldllne,
“..and 8 7 mm ventral to the skull surface), or dorsal to .the - * “
- . oA

‘1nterpenduncular nucleus (A-10:" ‘4. O-mm posterlor to Bregma,

v . L
<skull surfaoe); In each case, 'the 1n isor bar was, set
L . . -

5 rm. lateral ta . the mldlrne, and 9. Oé;pttentral to the"




according to the method of Krieg'(1932) at 3.2 mm above .

the interaural line? The notation for the major "DA

: groups was that oﬁ Dahlstrom and Fuxe (1965), A-9,5 was
. ~ " - ..
used to desrgnate the bA cells 1ntermed1ate to A-9 and ‘ .

% \

]

'A*lo, in the ventral tegmental area of Tsal.

-Aftér .one week of retovery from surgery, all anlmals
} were screened for ev1dence of stimulation- 1nduced eatlng

Animals that‘shoWed this behavior were retained in the

‘edperiment and two measures Of the strength of the ' N
o L. . Vo ) g
stimulation-induced behavior were, taken. The first meaéﬁrﬁ

kD)

was ‘a daily eating threshold stated in terms of current

1nten51ty ‘Wise (1968) lndlcated that, after 1nit1al ¥
tralnlng in the- etlmulatlon 1nduced .feeding srtuatlon,

. Q.
eatlng threshold remalned,very stable ovex tlme although f

-
lt was sensrtlﬁe to changes in experlmental condltlons. \

\‘ ” T
Threshold was determlned accordlng to the method deﬁcrlbed

by Wise (1968) and Soper and Wlse (1971) “The second e

measure was the number of trials outwof ten in which the;

o . a .

animal ate when the current was'flied at'ZO% above the ’

dally threshold ' Fixed current trlals nave been used by

3 § -

Valensteln, Cox, and Kakolewskl (1969) and by Dhllllpo and .

Flblger (1973). Subjects were tested 1n S}wooden box

.

measurlng 36 x 25 x 38 cm which had .a.wire meeh £loor - and '

a plex1glass observatlon w1ndow along one of the long .

SldeS. Food pellets were lrberally scattered .over tﬁe\\\

floor. ‘The room was. dlmly llghtedqbut no SOeCJal azrange-_
ments were made to attenuate noase Qtlmulatlon was
delnvered by a 60 Hz. ;ne~wave stlmulator on a twenty—

\ C e o s : ) R {
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-second "on" ‘twenty-second "off" schedule. The animals,
were tested at about the same hour on successive days.

The eating threshold w%? COnsidered to'have stabilized when
q .

the varlatlon over 5 consecutlve days Was no more\than
- L 4

na and was not con51stently in -one dlrectlon.- »

-

- 1.
Pllot work. had: suggested that les&ons at A&lO but

not at A—9,.produce a substantiﬂl attenuation of lever

. . . . . \ " 3

pressdng forﬁelectrlcal brain stimulation reward. Therefore,

the A-10 ani als ..hat showed‘stimulation—induced eatingJ ’
. L e

‘were also tested for ev1dence of self- stlmulatlon. These

]

anlmals were shaped to lever- press in a box measurlng 'y
34 x 26 x 37 cm, whlch had a 10 % 10. 5 X 37 cm alcove

progectlng from one wall'in which “the lever was mounted

[,

7.5 cm from the floor. . Bach lever -press dellvered a. 5 N

‘sec pulse of 60 Hz. srq;—wave 1ntracran1al stlmulatlon. ..

Animals were tested dally for 5 mln, after a prellmlnary
5 min, “warm-up" perlod untll the varlatlon 1n the number

‘

of relnforcements earned was n0-more than lO% over: 5

nd was not conSLStently 1n one direction.

o

consecutlve days

N v Rty

The soore was the.number of relnforcements‘obtalned in 5
min. A later squad°of(animals,was.tested for 15 min but

’ with the. same warm-up period. ' They, too, were requlred to-

v

meet the same stabilization requlrements but, in these

'[.cases, the score was ‘the’ number of relnforcements obtaiged

kS L

_in 15- mlnutes. N . -'Q'
® .

,when an animal' s eatlng threshold and self- stlmulatlon,':

<

rates both met the stablllzatlon crlterla, it was

3
t

le51oned electrolytlcally with a Grass D.C. Constant
. :

*

e e it Foden S oy
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preéléSion tests using the' same current levels. All |

E&en the testing period was.extende% up to four weeks. Lo~

. prepaneq for detetmlnatlon of the lesion ste and plﬁ\emeat

'"rapldly removed from the(qkulls. The approprlate frontal

L 20
J v .
Cuyrent lesion maker, at 1 ma for 10 sec.  Threshold testing
. ". . A
was resumed 24 hours after'lésioning and’the-two measures
of stimulationqinduced eating'were again obtained; Post-
lesion flxed cprrent trials WEre conducted at the hlghest
level requ1red to e11c1t eatlngndurlng the five pre-

lesion days of testing‘at stabilized,threshold. Testing'b

for self-stimulatidén was also resumed 24 hours after

lesi?ning and was conducted in- the same manne¥ as in the - - B}
' v [N

animals were tested for.at least sixicays at}ér lesioning. .

If no” return to the pre-lksion eating thresholq was seen

or if there was noé recovery ofsself-stimulation rates

“ 2

- ‘ i A R A
Upon completicn of testing, all &nimals were

'

-

accordlng to the Falck Hillarp method (Falck 1962

‘Falck Hlllarp, Thleme, & Torp, 1962) ‘The animals

were kllled by .cervical fracture-and’ the brains were . |

\’sectlon was removed trlmmeo, and é%xckly frozen flrst 1n\*~

.

A
lquld propane then 1n llqu1d nltrogen. Sectlons vere

A

freeze~dr1ed for 3 days, then reacted w1th paraformalcehyde

-

. vapour at 80 C for 75 mln (relatlve humldltn 708%) .

Voe o : g )
The. sections were vacuumuembedded in paraffln, sllced at "

L 3
10 a, placed on uncoated slides, and 1nspected under the
3 - . .7 .
iuorescence microscope.

-
-

. Because this experlment was . part of a larger serles
»

r

‘of studles which requlred-that the 1mplantat'ons be on the

s \

'.‘"ﬁ

kil

N g S
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- llne)f a mapplng of the A—9 and A-10 cell’ bodles as. seen

"of a 1e31on. No 51gn1flcant effects ‘Were observed 1n !nese

.'censtrUCted on Ungerstedt S‘(1971) map. GraphS‘of the : ',‘

| o . e
v . 3 - . . . ) .
\ , R . . v
I3 . - . ( . H
. N . = ' ' v f. N N
\ . >, . . B e
. . .- . .. , Lo . .

OMYITW L W FEy TS mm - .

°

21"

plane of deGroot (1nc150rﬂbar 5 mm above the- 1nteraura1' »

\ - \

from thls angle was necegsary, 51nce Ungerstedt S maps were

[N

based on the Konig and Klippel : atlas (1963) and repfésented

e

lthe_A—9 and_Afla cell bodies in only three frontal Sections Co *ﬁ'

taken with a level skull. A more'detailed mapping of the’
cell body distribftioh was obtained by- locating the DA

! € ! ) . i
cell bodies in a series of sections from unlesioned brains . ° D

. < . 0

and reconstructlng them upen maps prepared by Pellegrlno ,‘

and Cushman,(1967), extendlng from 2 4 to —4 Z mm ) - ..'$

posterior to Bregma at 20 u 1ntervals. These maps are
esented ;;.Append1x~1u they, serve as the reference against 3
whieh‘¥esion extehtqand locus were assessed::\ '
| _RESULTS < '\' S S

A total of 25 animals met the stablllzatlon cmlterla L k

'

and were les;oned Four animals -lost thelr ékuLl asseMblles .

~

LI

‘before testlng was cqmpleted'and thelr data were nh{

q

_con51dered for thlS study. Three other animals had lesions [ .

iy * ~

.whlch were off target and -another. dldrnot show aﬁy ev1dencev‘

-
\

'anlmals and these datafwere not analyzed further.

-

The locus ‘and extent of ‘each an1ma1 s - IESlon was re—

-

¢

day by day pre- and’ post le51on eatlng threshe%ds an& ; l s
the selfhstlmulatlon rates were drawn besxde«each re-

constructlon~to,show.the relationghip between amountjof'




<

~

(

B
1

,are shown 1n Flgure 1.

‘.

. cell body damage|and behavioral.effects. These data are.

1A-10, 2A-10, 13A-10, 16A-10, 35A%10.f 40A<10, 43-10, and

- a moderate loss of A-9 cell bodles, lt wa{fcla551f1ed W1th‘

I e T R T Tt L e TS, * oy [ T SN
22 " R
presented in‘figures"1~3. Animals;34A-9, 60A-9, 54A~9.5/

45A-10 compléted the test proorah-after the more detailed ‘ )' o

‘maps of the DA cell bodies based on the Pellegrlno and T

. .
-

Cushman (1967) atlas were prepared. These anlmals le51ons~

were recoﬁstructed Qn these maps as. well as on Ungerstedt s

,maps. The detail d reconstructlons are preSented in -

- e e, ‘\ ’ ’
Appendix 2. N : ~

Four animals (Nos. 4A-9. 5, 11a-9.5, 123-9. 5, and 54A- ~—

L - . .
9 5) had le51ons of the ventral tegmental area of Tsau>where \
the ﬁl?ers from the A—9 and A—lO cell groups aggregate..

It sh&ulq be noted that, although ‘No. 54A -9. 5 sustalned

" the A-9:5 group because the anterlor portnon of the les;on_ o " L

[ .
‘was ﬂedlal to the zona compaqta, this resulted in j \\_,

Y c0n51derable encroachment on the mlxed DA flber bundle. o - v

The reconstr0ctlons and behav10ral data from theselsn;mals

.o
\ . . , e .
~ . - .
. . R . s
. H

hd ' w

Each of these anlmals had elevated thresholds follow1ng

the’ lesron.; In the case oF Noi~ 4A~9 5, the current was .

’ralsed Ep aQuble the "level that had lnduced eatlng prlor to

'the 1esmon but no tv1dence of eatlng was observed for flve

' From this p01nt .on, hoWever, the threcfﬁIﬁ\lncreased .

,days after leSLOnLng.' On the 51xth day,\and for another

nlne days, eatmng was seen at current devels ‘near basellne.

<, n

Animal, No. 12A—9 5 had -a convdﬂsmon on post- lesxon day 3

-
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i lesion.

/ Anlmal 52A—9 s lesron was ventral and No. 60A-9's was‘

‘during a series of fixéd—current trials and testing was - . . Ty

. diséontinﬁed However, the data that were obtalned

N

-

-v1rtually all\of these DA cell bodies. No change in .

1

_ be suspected.. Both these animals showed some elevation .

L
0

~-lesiohn effects. Anlmal 1A-10 Was never agaln observed to ‘

».that had 1nduceh cating prro?‘to the 1e51on After two days,

eat. even ,whén tne current wasvralsed to dodble the 1eve1

!
lndlcated a §Ghstant1al elevation of threshold follow1ng i {
>t

e BRI I
v .D. * -" ' ‘ ’. .
~ ‘give.animals\(Nos.'27A~9, 34A-9,. 50A-9, 52A-9, 60A-9)
sustained lesions~e§ the A—9 cell group. .The datafrom

these anlmals are(presented ln Figure 2. Anrmal“i7A-9's

le51on was very small and” spared‘about\SO% of the A-9 cell
A

bodles. ‘No' threshold change was seen. ' Anlmals 34A-9

\

and 50A—9 sustalned ‘lesions whlch ‘were clearly restrlcted

-

to the area’ of the A-9 cell bbdles ‘and which- ellmlnated

i
h

threshold Ievel was observed in elther of these anlmals.
anterlor and medlal to the central cluster Qf.A-9 cell o

bodles 'so that encroachment upon the -DA’ flber bundle mlght .

of“threshold' o “; .

Variable 3ffects were seen -in the elght ‘animals S ' -}
1ncluded in the A-10- le51 ‘ croup (Nos lA:lO 2A—10,
lBA—lO,'lGArlO, 35A-10, 40A~10, 43A—10, 45K~ lO) These
.'datd,’ along with self- stlmulatlon data, are presented 1n T.

Elggre 3.: Two anlmals (Nos. 1a-10 and 43A-10), showed 'strong .

-

,anlmal A lO began eatlnq 1n response to stlmulatlon but at

a L . . . g
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an lncreaSed current level From thls o) 1nt on, the :
. .

thresnold gradually decreased to pre le31on ﬁevels. N

Self- stlmulatlon rates were markedly red ced in both

-

animals and ‘1ittle oé ne recovery was seen over the next , -

.
vl

'20 day . Disruption of stlmulatlon -induced. feedlng was -

éeen.ln two more amnimals (Nos. 35A-10 and 45A-10). .- f\\.

Threshold evels were 1ncreased over pre le31on leVels

,whﬁle selfdstimulation rates were decreased In another
1nstance ( 0. 2A-10) thj anlmal s performance became erratlc

.‘Before le!uonlng, the threshold had beeb very stable,

after Leslonlng it varied considerably from day to day.r
) : ~

Two more animals (Nos. lBA—lO a@& 16 AFlO) showed gradually

r151ng thresholds and, in the case of NQ. 13A-10, gradually

1owered rates of s@lg:st{%ulatlon. Anlmal 16A-10 did not

Tom

self—stlmulate. No effect -was seen in No. 40A 10; "in- fagt,,
the‘threshold was somewift-lower follow1ng'the le51on. :f
41' In several anlmals changes in se1£ stlmulatloh
scores tended to. be correlated w1th changes in eatlng ' _' \

. threshold. Thus, a rise in threshold tended to be ‘

accompanled by a drop 1n self stlmulatlon ratesv if there

was recovery of the one, there was often recovery of .
. the other. ‘ c L o ~

Figuré 4 shows the median sCores for fixedecurrent

Y
, trlals over the flVe day pren1e51on stablllzatlon perlcd and’

‘over 51x days of post le51cn testlng. The resultﬁ of the-

; .
flxed current trlals paralleled the threshold c?ange effects.

3

That lS to say,'the greatest decllne in score®was seen w1thv
A-9 5 le51ons, ‘the least with A—9 13510ns, and a decllne

lntermedlate to . these two extremes was produced hy A—lp lesrons.




O

FEEDING SCORES
fNo'..of Pos:}ivé Responses |

\

&

)

(No. of p051tlve responses out of 10) for pre- and post—

o

@ lesn.on condltlons accordlng to leslon locus.

(IS

qeenr P r e 3 Yooanrd k) SRS e LIS 1
N . *
‘.'\ a
. 37
- ) ) ~
i
Co
\ ~ §
“ ’ w
- i \
. .
. N -
.
o
. -
. rd
.
- .
. . -
- ot '
T
! o
B ,
% ‘
: o ;
oael
* XX 3
el
i‘ % ‘ r-1 son
PRE’ POST . PRE  POST
A?(n:.’)) A9.5({n.4) A101(n<B) ;
- .
X \ L
4 '
N
N e
- N . '
E‘J.gure 4. Medlan f}.xed—Current feedlng scores



4

-l
A

.
SRV

W gtk

R s R a2 T

(LIS T
P

. . . . . . N
BRI 0 g e mpwea g s iy o

8
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\ DIS’CUSSION W

'First ‘animals Wlth le51ons in the ventral tegmentaI

area {A-9.5) that probably;damaged fibers of hoth the

R

',mesolimbic‘and mesocortical sfstems, as we}‘ as those of
.'the nlgrostrlatal system, showed a greater dlsruptlon of
f'stlmulatlon 1nduced feedzng than diad anlmals w1th le51ons'
) conflned to cell bodies (A-10) of the meSOleblc and

'mesocortxcal systems or to cell bodles.(A 9) of the n1gro~

!

strlatal system. Second anrmals with exten51ve dadﬁge

-

restrlcted to the cell bodies of théknlgrostrlatal system

‘showed no dlsruptlon whatsoever of stlmulatlon 1nd&ued

.

feeding; thresholds Were not ralsed, nor were flxed—

rurrent tklal scores 1ower, after le510n1ng ‘Thlrd

-

~several anlmals w1th damage to the mesollmblc and meso—'

cortlcal cell b041es ard no apparent damage to the nlgro—‘

‘striatalicell bodies and pro;ect;ons'falled to eat in

I > ‘ .

" . response to stimulation unless the.current was raised-

Qy

beyoné pre*lesion threshold levels. Fikea-current.trieL?

scores "in theSe anlmals were reduced

Thlee 1nterpretaLlons of thesefflndlngs merlt

specitic motor'déffbik.rather than:damage to DA systems -
4

o

con51deret10h.. First, overall phy51cal debllltatlon ¢<;~M/( ‘A

.could have caused or. contrlbutod to the observed lncreases

1n threshold and cecr ases in flxed current trlal scores.

Thls p0551bllitv does POt sean llxely "If simply the
1nsu1t of belng lCSJOned caused the observed disruptlons,

i'then'alt of "the animels;should have shpwn charges 1h }; ~




. . e : Y. [N L.
B stimulation—induced eating;'clea@@y} a ndmber'of‘them‘did not.

o Several animals lost a llttle welght after lesronlng,

 but: qUICle regained” tth loss and galned welght normally‘.;
. .. . . '\.
."\ ' ‘ thereafter. Some anlmals developed a deCLded contractlon
of the neck muscles on the right 31de and this mlght have

- -

1nterfered with the motor requ1rements of holdlng bnto thp

~ ' ."*‘

ST pellet and nlbbilng , These animals "weke'. seen, however, to’
, B ¥ - 'f

———

v ' qulckly learn compensatlng technlques for coordlnatlng

these moyements and appeared to have no dlfﬁzCultles becausezl

o

of thlS asymmetry More@ver, the threshold measure used

in thls study tends not to penallze an anlﬂal for clum51ness.
N

Factors extr1n51c ‘to the effects of the DA system leSLOns,

.

~ L N therefore, do’ not appear to account for, the dlsruptlons SN

of stlmulatlon lnduCed feedlng that were- observed Slnce r

\
6= OHDA causes the: 'same ‘thing, it would Seem that the DA

Lo system damage was, ‘responsible.

!

.l

c L ~\‘ L X second p0551b111ty is. that damage to- the n£§r0~ S -
-'strlatal system is the cru01al factor'lnvolved in aphagia;
from this position it would be argued that ‘the anlmals )

w1th nlgrOStrlatal damage in the present study were not

>

dlsrupted srmply because ‘the lesron failed to damage a

|

*suff1c1ent portlon\of the A-9 cell bodles. It has been

‘,empha51zed by both Zlgmond and Strlcker (1973) and Marshall

.t

- 'et al (1974) that the strlatum must be depleted of at

* > .
.least 90% of its normal DA content if aphagla 15 to be seen,

«
.

. Wlthoub bloassay data, it is not known whether the

e g e eyt A W YA L N as sy o
L

*two anlmals in the present study (34A-9 and 50Ar9) w1th well—‘

a4

R Ry

\ ) restrlcted A-9 lesions’ dld, in fact, sustain this crucral

3 . . R : “ . . o

v

»




. mesocortlcal systems, rather than damage to the nlgro—

-

w1th lesiaons at A-1l0 showed olsruptlon,of stlmulatlon—
; 1nduced feeding must be werghed'agalnst‘thls, Both Zlgmohd

“and Stricker (1973) and'Creese and Iversen. (1975) noted

40

Voo T

.Ievel~of depletion. - The precise‘bouhdaries of. the ventral

A

aspeét of the nigrostriatal system are not known,.thus
the possiblllty cannot be ruled out that in these two

anlmals .some of the ventral‘A—9 cell bodies were spared
such a re51dual could, perhaps, have been sufficient to

c‘

malntdln stlmulatlon—lnduced feedlng/ Thls~v1ew would have"

l been quite persuasive if. all of the A—lO leSlOnS had been -

/

". ineffective. however, the- flndlng that half the anlmals:

L

N

"that a substantlal number of their anlmals dld not develop

aphagla even when there was:a. 90% depletlon of strlatal DA.

-+

”

Thus, it could be argued that it is not ‘that a certaln . =

. .Y
-

quantlty of striatal BA must be lost, but that certaln R

* crucial pathways must be.damaged 1f aphagla is to be seen.

Strlatal DA depletlon may be ‘é correlate but not’ a cause -+

of aphagla\ TKus, it rs not! clear- that nlgrostrlatal ;
B

damage lS the crltlcal factor in causrng aphagla, and the

questlon is not resolved by the present data. .\

-

. e
A thlrd p0551b111ty 1s‘that damage to the mesolimbic or

&
A}

strlatil system, causés aphagla.: Thls fltS nlcely w1th -the .
flndlng that four of the elght anlmals wrth damage to the
cell bodles at A-lO.dld show clear=-cut disruptions of
stlmulatlon lnduced feedlng on one or both of the measures

\
used in thlS study Eatlng in three more an mals was

dlsrupted but nbdbt to the same degree or in quite the same’ '

. e Lo e
N " . o . L , “* ' \,-
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.way ‘as in these four animals. One animal was not affected."

”I

) . ' \ ) N
‘With this much variabilit} in the data, it'is aifficult

to make a strong assertlon that. mesollmblc and meso—

cortlcal damage is more effectlve than nlgrostrlatal

~damage in ‘causing aphagla

The present data, taken alone, favours such a Y/F

but further work is needed if the 1ssue is to be resolved

Lhe majqr obstacle to alresolutLOn for thlS questlon ls that,
‘even w1th the help of fluorescence'hlstochemlstry, the

bounéary between A-9 and A-10 cell bodies‘cannot be precisely

drawn. * Thus,'with the present design, it'cgnnot

uneouivocally be esoertained that an A-10 lesion that”
©

drsrupted eatlng Spared all of the A—9 ceIl bodles or, more

Lmoorfant stJll that an unsuccessful A- 9 lesion damaaed
even the last 10% of the A-9 cell bodles It was'for this’
reason that testlng wds d15cont1nued w1th so few cases. (
If work w1th the current paradlgh is to be contlnued
bloassay data 1s a Cruc1al nece551ty. The effectlveness

4

of a-given le51on could then ‘be conflrmed, not only by -

K

observ1ng cell body damage, but by. comparlng the amount of

DA depletron ln the strlatum w1th the amount of DA depletlonz

-
in the areas of termrnatlon ip the forebrain of the meso-
' - _’ .y A} s

limbic and mesocortical fibers. P. Setler (personal
“ ) . o ¢ . i

tomrunication)‘has‘indicated that'pre—treatment with an

i.p. lnjectlon oﬁ L- ﬁopa and RO4-4602 rncreases o

fluorescence of the A- 9, but not that of®A- -10, cell bodles.

This® mlght be used' to further reflne the\capabllrty of the .

Ealck—uilquogtechnique for determinetion of _lesion locus

3
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and extent. ;
¢

Oi\additional'interest is the finding'fhat lesions ofs .

the cell bOdles at A—lO not only dlsrupt stlmulatlon—»
1nduced feedlng but also decrease self—stlmulatlon Tates.
Moreover; the tlme—course of recovery of these functions

tends to be correlated. g That is to say, as threshold'

‘levels return to pre* le51on levels, self—stlmulatlon rates

' also return to normal Thls bears oh an issue whlch has

_ recelved a. good deal of 1nterest in the llterature Since

" unitary neural meohanlsm underlylng drlve and relnforcement.

the demonstratlon by Margules and Olds (19%2) and Hoebel

'and Teitelbaum (1962) that feedlng responses and self-

SLLmulatlon behav1ohr can be 1nduced by . electrlcal stlmu-

o

latron through the same electrode 1mplanted by the LHA,
\

there has been much dlscu551on as to whether drive and

relnforqement are subserved by a srngle neural mechanism
Kblds] 1962; Caggiula.& Hoebel, }966 Deutsch & Deutsch,
1966; Mogensen & Stevenson, 1966; Gllckman & Schif 1967-
*Mllner 1970; Galllstel & Beagley, 1971 Phllllps &I
Fibiger, 1973) 1974) . The present frndlng that sgin ation-

-

induced" thresholds .and self stlmubatlon rates tend to

3 recover at the Same time flts besé}w1th theorles of a

i

-

This is in confllct w1th conclu510ns of. Phillips and

Fibigerl(l973[ L974). They foUnd‘that,_rather than'being

«<orrelated, recovery bf"stimulation-induced feeding and
-} . v ° - * R .
self-stimulation were dissociated; in their hands, .self- .

stimulation recovered over time while stimulation—iﬁddced-

feeding did-not. Theré are two possihle;explanations for-

A .
- .~

~ N . . »



43

« o, . " . -

:* . the dlfferenpe between the flndlngs of the preSent study
L and those ‘of .the Phllllps and Flblger study ‘Flrst,..

Phllllps and Fibiger 1nfused 6—OHDA~1nto the Qentricles
\ 5 : . .- ' R f' et

- W . ~,and thus caused biiateral damage of both DA and NA*

\
1

syétems Unllateral electrolyt;c lesions of DA cell

Eaar A

~

. bodles were made in the present study. The bllateral

Lt o

- dep. ‘tion. of braln DA, or’ the concomlttant depletlon of

t.account for the long«term abollcron ‘of ‘stimulation-
- ! Y '

. o induced feeding.ohserved by Phillips and Fibigerp’
o Alternatively, methodoloqlcal con51deratlons mlght erplaln
‘the- dlscreoancy between the results of the two studles. j- o
. " The flxed—current trlal score in thls and ln the Phllllps
| 1 and Fiblger studles is very sensitive to ‘small changes in
feedlng capabllltles.' The threshold.measure‘ls«sen51:;ve }
.°:V_ X ;,over a, W1der range of ¢change. It was'obserVed in‘the

A

'npresent study that thresholds: in several anlmals (Nos. ZA— "‘;,.

)

4

~10 £40A—10 43A—k$.~45A—10) were at or near pre—le51on

lcvels 21 days after le510n1ng but flxed current trlal

~ sce ' ET low. “Thus, if flxed4current trlal scores
L . | o - .
' 35 alone had been co 31dered thls study mlght also have

sugqeqted a dlssoc1atlon between st1mu1at10n~1nduced

*
/

~} CE N
fecdwng and self stlmulatlon A broader pérspectlve of ‘an.’

»

anlmal s perrormance after lesronlng nay be prov1ded when

ooth mothods of scorlng are USed and,a choice of measures
[

of . analogous Sen51t1v1ty for stlmulatlon~1nduced eat;ngﬂ .
‘and se‘frstimulation'may be required if correlation of . - =

e -I
L A roL e
. g . )

“.

A

Y ) recovery is to be seen

To,snmmarr/J,(tne present data cannot rule out the .
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~

notlon that nlgrostrlatal DA damage is the cruc1al factor

cau31ng the aphagla seen in the lateral hypothalamlq

’

and related syndromes.' The data do suggest,’ howevér, that

. ~

damage to mesollmblc or mesocortlcal DA systems -or to both

o

may. in- and of itself prpduce aphagia. Further werk on

this questidn‘wodld seem &arranﬁed and the'present approach
\

would seem qseful 1f 1t is comblned W1th reglonal forebraln_

_assays of\resmua1 DA in the lealoned anlmals. v
. ¥
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