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o ilized (20~30 days), 1esions at various levals of f

. neurotoxin, 6= hydroxydoPamine (G-OHDA) and/or eleotralfiid'-
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Six experimente weie undertaken to determine the
' -
involvement of the: nigrostriatal dopamine (DA) pathway and.'
the dorsal noradrenergic (NA)ﬂpathway ;n medﬁating 1atera1~

hypothalamic (Lﬂr'eeLf~stimu1ation.. All subjecks were

implanted with bipolar eleptrodes in. the LH area and were‘ -

trained to' self-stimulate. Once this behavior hadlstab~r'~f

nigrostriatal DA’ system and the dqrsal NA syst were made

o
via intracerebrafjﬁnjections of the. catecholamlne (CA)

. 1esione., Testinq for self-stimulation waa resumed 24 hrsy,

attempted to further examine the role of the dorsal NA

after the 1esions and continued for a- pgpiod df’s days.f

1 At the conciusion of testing, the animais were sacrificed

and prepared for histological examinatibn. - R,

Destruction of several CA systeme by injections fn-:
of 6—OHDA (8u9/4u1) in the cells of origin (AQ) of the
nigrostriatalKDA system resulted in a strong suppression
of LH -elf-etimulation (p< 025).3 ;ggsffions of G-OHDA

(8ug/4ul} anterior to the cella of origin (AG) of: tpe ddrsal
1 :

‘1; NA eystem had little or no effect on LH selfestimulation

“f *(Experiment 2) G-OHDA (4uq/u1) and electrolytic lesions"
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of the dorsal NA bu dl in ¢ombination with efedtrolytic »:fﬁilf

1esions of 16 aleo failed to substantially affect'LH self-.t"”

stimulation (Experiménts 3 & 5) The fourth experiment
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'.x exci;ant?*ﬁirectlyJin A6. All three treatments resulte&
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syetem in nﬂ sel;-stimulation;by‘injectio' L'féﬁrbca#Qe

(a local aLesthetic). d—amphetamine and g{utamaté a neura

bbut these results were rendered questionable due to poseible j

-

+

non~specif1c effects and methodologiqal consideratlons.

The e}xth and final ex iment revealed that selfustimulation

T

Together, theae results suggeat that LH se1f~ 7“”

‘.

DA aystems alone ot in comblnation with the dorsal NA

I

sJatem but the doreal NA eystem iteelf doe ot seen/

necessary for mazntenance of LH self-stimulation.. Thua,

Ly

nbradrenergic theories of Belf-Btimulat1on (e.g. Steih &

.”'wise, 1971) must be reconsidered.'f;* . 'A.u'--ﬁ LT

is rapidly obtained from the region of AG when a eggg;five j,’

shaping procedure that maximizes behaviaral arousal is a{: _[.

stimulation xs mediated by the-nigrostriatal and. mesalimbic L

cin cdhsiderable suppressfon af LH self-stimuration (p oon
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Schematic diaprarr\ illustrating

placement of LH electrodeg in

S's (SN‘? 7. 25 & 28) of '-:
Experiment 11. lnjected with

s-omm (auq/4u1) in substantia et

nigra (SN) ’ (Taken frgm K :

I»{.

Pellegrino &, Cuahman,,:l.%?)....i.. i3 -+

-

Placemegt of canmplae in s‘ '

(SN 2, 9. 26 & 28) of Experi-

- : ment. 1 injected wzth G-OHDA

(aug/4ul) in SN!I#u.nc-.o‘.ob.cn. 15

Cell loss in Ay of S'a 26 c. 28

after G-OHDA ((BYG/ 4i1)’ injeot-.

ions in SN. _ Included for "'

{ N 4 . ‘ L ."‘.V' ) "(..‘ -'.-; . ’ /,-,_ '.
LIST oF PLATES.’ L e

o - L i
; wo T e T com BI.'J. on are the non-i cted ki
=" SO * p 8 jor nje -,
; J R AR A9 areas of the same S's (26 & PR oL
’ :' . . “‘.: 'n_ ‘ ’ ‘:'l ol . - : B 28) Magnificaﬁion x 850 - u\- ..o .0’ 16. . "-;'": .‘ N ' i ,. "j .““
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©' - @ ’Chapter:3:.| 1 Schematic *dlagram ﬂlustratin&
S { } IR, " placement of LH eleotrodee :Ln TR
ST : R f 8's (Lc 1,7, 11 & i-u of _ m o

" -‘ o ) Experiment 1 in:lected with ; I s
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'ﬁ -f . The historic diSCOVery of the self—stimulation ) -'« ,‘f'/}n
I R ' i phenomenon by - Olds and Milner/(l954) 1ed to a. proliferation ,§

of studies directed at uncovering the apparent anatomical.
basis of neural reinforcement. However, interest in this s

oé . S drea began to wane 1n £he, mid to late 1960'9. The-main; :

reason for this decline Was that over 4 decade of con—‘
I
centrated effort had failed almost totally 1n speCifying ‘
,
the anatomical 1oci of self—stimplation. 'Sbme researchers

T

argued for a reuard center in. the lateral hypothalamus R
ps .

(Olds, 1969), whlle others believed self-stimulation to be 'jf
N
diffusely organlzed in the brain. with nnrsingle reward

'5'}‘ center (Valenstein, 1968) | ’l ' Sl 'f ~-i Y
. o . : -
' L h Despite these difficulties, Stein and his co—_f_
' workers ﬁere provrdlng eV1dence from their pharmacolo&ical
. &

studies (Stein, 1964 1967b. Stein & Wise, 1969) for

noradrenergic (NA) involvement 1n selk stimulation. Stein .g‘
l:w 'J’ s - 'and Wise (Stein, 1967b‘ Sgein & Wise, 19F9) suggested.that

N rt was: the release of norepinephrine (NEQ irom pre- : .
PO o . 4..- '(“‘ -'

. RRETE ': synaptic terminals of the medial forebrain bundle (MFB)‘

;' ".'\;, o which produced the rewarding effeot underlying self-' _ :
o . <o Y 4 . . -

. , Y ERTRR v
stimulation. This thé&ry was based o the Obsepvatlon " '

that amphetamine and phenethylamine whose chemical TL B _f. {,o' o

p '{3 L structures are very similar to NE £acilitate lateral f;'”J

T e

:fr}gf"Q3fﬂ. hypothalamic (LH) self—stsmulationngtein, 1964) et

'z;cwr'.? P TR

T ,rnk-f"" —‘\a”if‘»ﬁr

AR o




e ot e armapis U e

‘fftreatment w1th amphetamine released NE cErom speoific
'forebrain areas such as the amygdala and hypothalamus,

. while aversiVe stimulation 1nhibited thlB release in a

'.ventional leSioning procedures such as electrocoagulation

. .,
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Further support for this theory was that rewarding elect—ﬁ e

rical stimulation of the MFB. as well as systemic pre-.

few animals (Stein & Wise, 1969ﬂ
These data were only suggestive since a. d#rect test

of thlS "noradrenergig hypothesis was not pOssible. Con-‘“_

tot
L]

‘or'Ppplication of local anesthetics did not discriminate

’ ;between catecholamines (CA) and other putative»neuro— -

'-ﬂ'transmitters.. Also, the locations of the Ch 1n the brain

_.to 1nterpret results from lesion or stimulation studies as

o support for on against a NA hypothesis. Two - developments ‘:.f

'h.degeneration of NA.and dOpaminergic axons and terminals.;f_i};

s

-

were only beginning to be mapped out (Dahlstrom & Fuxe, ;‘

'1964 _Anden’ et al., 1966) thus making it nearly impossible q'

: have permitted researchers to precisely evaluate the CA
: :'rbgulation of behav1or- (1) The mapping of the major CA f
'Vpathways in the brain by fluorescent histochemistry ‘ o
' (Ungerstedt, 1971a) ahd (2) The discovery that 6~Hydroxy—'

. dopamine (6-0HDA) can be deployed as a chemical lesioning

. h

" tool specifio to CA. -'..- R : f‘;;-'/-;hﬂ

-OHDA ﬂoes not cross the blood»brain barrier e f.l

. l

o (Unqerstedt, 1968) but when injected intraventricularly,

'..‘h N ) )

””="intracerehrally or intracisternally produces ca)plete Q S ::f

'.,5;.Dopaminergic cell bodies readily degenerate after treatment

Y




‘useful tool in anatomical and functional studiea.a

.‘dcpaminergic pathway in the hrain, containing 70-80% of

with 6-OHDA«while ‘WA’ cell bodies are; highly resistant to

Al

the toxic effects of 6—0HDA Serotonergic neurons are not ,ufi
= affected by G-OHDA._ These/results are based on histo-
‘chemical fluorescence studies (Ungerstedt, 1968, 1970.5 o
1971a, 1973- Hokfelt & Ungers?;dt, 1973, Uretsky & Iverson,'c'f
:1969, Evetts et -al., 1970), biochemical studies {Bloom, :
et al‘, 1969, Jacks et al., 1972, 'edreen & Chalers. 1972)'
'zand by electron microscopy (Bloom et al., 1969, Hokfelt

& Ungerstedt, 1973). mzhus, the greater specificity of

-g 6-0HDA over, conventional lesioning techniques makes it a

TN

" The fOur major ‘cA pathways have been mapped by

.Ungerstedt (19717) the nxgrostriatal and mesolimblc 1n5'
"dopamine (pa) pathways and the dorsal ‘and’ Ventral NA .
lpathways.".; _ - } ) ."". ~f: o '[~.
S . The' nigros;riatal DA pathway 'is’ the major Cde

A-'the total brain DA (Fuxe &.Andeng 1966). Its, oFigin is:.
;/the A9 cell group of Dahlstrom & Fuxe (1964) wthh is

ilocated in the zona compacta of the substantra nigra (SN)

This pathway ascends through the ventral tegmental area ¥

‘where 1t forms a large bundle of fibres which run thtough
’ .the LH area before terminating in the caudate putamen. , 3:}
'Q'These projections have been Verified hy silver Jtalning
t(Hedreen & Chalmers, 1972. Maler et al., 1973) and by
.electron microscopic autoradiography (Hattori et al., :-5'
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The mesolimbic DA pathway has been mueh lesa e
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“exteneively studied than the nrgrostrlatal pathway.j This

2 L :'h n;pathway originates from cell group Alo, just dorsolateral ,.f.'-:' q
., to the interpeduncular nucleus, runs rostrally 1n the MFB,
" . &

adjacent to the LH and terminates in the nucleus accumbens
' and’the tuberculum olfactorium.’. L 'j,_j i,u?

';' "_' o The dorsal NA pathway arises from the locus/coer—'
s . ﬂurlu_l.

uleus whlch corresponds to the AG cell[group. This pathway

-

grvea rlae to terminals in the hlppocampus{ septal ar

. , -7 cerebral and cerebellar COrtlces.. The dorsal noradrenergic z” Y

pathway is of consxderable in#erest since 1t is(/bie'tO'

S o "“' 1nfluence mgst Sf the brain in a: unique manner (Ungerstedt,
g e e 19713) ‘] - _ / ' o L .
The ventral NA pathway has a diffuse origin in the

1% f Cae .:: : lower brain stem, orrginating from cell gr0ups Al, AZ, AS L
:3ff. s - ." and A7 (Ungerstedt, 1971a)._ The axons ascend in the mid—.';_

reticular formatiOn enterrng rostraily in the: MFB and .

. & - '
‘ninnervate the hypothalamus, preoptic area and the ventral‘
fh§\'a /;ria terminalis.. More recent evidence (Olaon I Fuxe,.“"‘

- 31-’ ;7- 1972) suggests that the Ventral NA pathway can be separated

-, o
PV R
th TR ..,

into’ two distinct components, the subcoeruleus component .

‘;o ﬂ'.‘;" an the medulla oblongata component. The subcoefuleus 'fﬁ:-"",T{lﬂf

% B R component.arlses.from ventral AG,IA7 and NA cellp connecting
; :‘-i . 3-,;1 f these two groups and innervates malnly perlventricular
& . areas of the hypothalamus and preoptic area.; The medulla
} oL . oblangata projection originates in Al, A2 and posaible AS
.‘:i:: . -A"‘.' .‘ ) ." ) K - -3 . o e "
é Lo '}vjaﬂjﬁ‘; and innetvatea the basolateral hypothalamus, preoptic‘area‘"Hg
f;? “H“ ,‘ . ‘..:. ., - ‘, .'l’ M .'; N‘, . " .y . r'._ ,‘: ’ , ”_ o lr
-2& “ ,‘ -“~‘ [ '. ‘ ' L ’
ur . "-"_ . ‘f ' l.‘\ ',_,
- ’; ‘ h"'h, r l— v ,].' ‘_:; ¢ 5
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Ungerstedt (1971a, 1973) hae described loct - where

each of these pathways separates from the others to allow )

e AN 'spec:.fic destructlon by 6-OHDA. ,
L IR l N Ste:.n and Wise (1971) hav‘eJ\errted substanta.al
¥ . . ® :
Sl decreases 1n LH-MFB self—stimulatlon after intraventricular :

AN

: ,injectlons of-G-OHDA ] They attribute these decreases to .,'.

o destruction of NA terminals in the LH-MFB area. However,
| the four major CA path ays course‘ througrj or adjacent to

’the LH-MFB a:iea and subsequent studies (Crow, 19723., 1972b,
.Crow et al., 1972 Ph1111ps & Nblger, 1%3) have demon-

S I strated that self-stimulat n’ can be obtalned from the ’ /

o . L dorsal NA pathWay.. The ventral NA pathway at fr“'st was , -

-,"thought to support self-stimulatit:n (Arbnthnott et al., :
1971) but more recent evidence suggests the contrary ‘
(Clav:.er sr Routtenberg, 1973 Anlezark et al'—‘- 1973) .' Since

Ty .. -‘,‘/'_the 1ntraventricular route of administration is somewhat

h,.--h;_'}‘.,, non—specific in 1ts action, 'the decreases in LH self- ‘ ‘-‘ '- o

: _'stimulation observed by Stein & wise (19'71) may have o

. S
Pt

L support self-—stimulation.

‘h._lelucidate the involvement of thé nigrostratal DA pathway /

{.H self-stimulatibn r?aported by Steln and Wise (1971)

-and ventral striae te;minalis._ R .' S T

"""._nigrostriatal DA pathwax,,'the mesolinﬁic DA pathway and the . . :

',resulted from d.amage to one or several CA pathways which "‘

". o '-'.;- . *In v,iew of the difficulty in interpret:.ng Ste:.n & R

Coe L Wise 8 resulLs a seriea of expermxehts were conducted to L »

- '.‘._,f,'and the dorsal NA pathway in producing the decrements inu-a.-,-. ‘







i e i
‘ . Th‘é dem nstratzon that self stimulation could be
. . : obtained from A areas such as ‘A9 and Alo (Crow, 197{2a. ,
. 1972b) s\igges.’ d strol(—’ly tl‘fat self—-stimulat:.o was !
entirely NA ‘a proposed by Stein (Stem, 1964; Stefn ’
Ly e 1969, _9 0, 1e71). L k
: C‘ AdditiOnal support for the DA imrolventhent in sel -
s stimulation :1s provided from pl[xa}smacologlcal studxes.
5 o Taylor and nyder (1970) have shown that the 1evo ison‘ter
- | of ampheta ine i apprbximately ten times 1ess potent in o
ca * blockinq ‘\_Ptak :mto NA neurohs than the A=, isomer, \ G
‘ '4 " ‘ ) ' while bot :.somers are equipotent in blocking uptake 1nto e
;’ . 4,, . : . stxiatal vl'*. neurons. Farnebo (l971) has suggested! that . f
A the de--d.d l- isomers of Amphetamine may diff.er :lmthe:_r ’
’ : ( ) o ability to 1ncrease the release of NE from NA neurons but / ’,"
“I ! - havo si ~1J.au': actlon on release from DA neurons.,' Phillips | B .\
1 . . - i , & Fibl'er (1973) rep rted that: d-amphotam.me produced nearly RE
: .-~m‘ L .a ten— old :anrease m self—stimulation rates from elect—-=
d rodes ' :l.n the LH corf\pared to the increase produced by 1- s
amphe amirie. Most 1mpoxtant Was the obse:vation that seif-—

I'_."-. ‘ stim.lation rates from eIEctrodea in the A9 cell group oft"“

'.; 1y S T N o

then'~ N Wh:Lch iL almost entxrely dopammergic (Ungerstedt,’..lm,:f s

197 "a) were increased aa much by d-amphetamine as: by J.-
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o I ‘ The present exphriment was designed in order to AR
T . !.

..determa.ne if the decreases in LH self-stimulation observed ‘
by Stein and Wi\53 (1971) could have been .due to destruction -
f the nigrostriatal DA pathway. G-ws_;w waereiected for, .

1esion1ng thls pathway s:.nce intracerebral injections of

o , 6—OHDA in A9 are. known to produde a. select:.ve and complete
- '_ SR 3 degeneration of the ntgrostriatal sys.tem (Ungerstedt, 1971a.'

o Hokfelt & Ungerstedt, 1973) DRTU

ublects . . L ’ /
L Eight male, Sprague-DawleJ rats welghing /300-400 gm R

' at the tzme of surgery were used in the experiment. Sub;ects: ' , \

, ._‘4.'- : (S's) were housed Lndividually and had unlimited access to g

food. and water.:‘:f;' T T tah-z’f';: 'ﬁ:

I R e

lw .
Under sod:.um pentobarbital anesthesia (50 mg/kg,

- Fi P )o a bipolar, stamless steel electrode was implanted‘ y -.'| -
| I , -'.in the LH of each S The electtodes had a tip diameter of
o . .; .18 mm and were inaulated except at the tip crOSS-sectlon. L
& ; In addition, A each S was implanted with a 23 gauge Sta:l.nless “ { .
o} L ._‘:.1."2 steel cannula ipsilateral to the LH electrode. ihe cannulae - il
L .fwere a:.med at the zona compacta.fof the SN.' A. 00 gauge L : .
A . ) I " o insect Pin/\ent in the m:.ddle was 1nserted in the cannula “

-t prevent occlusion.- T {, Lo e B 2

T TR

All .unplantations were performed uaing standard
LT "stereotaxic procedures with the incisor bar set at 5 mmf c
abmre the in eraura“l line. The co-o;:d:lnate‘s for LH and SN,-;-

- ,-.were taken from the Penegrino and Cushman (1967) atlas
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ojdiffer by more

’ were injected with 4ul of the ascorbic acid vehicle

4solution._ Injectxons were per

1 el L ~“ :
v R i R .. -'
L o ot

-, '\ . L. ot Jeo " [ A a L . . X .
3 . . D Vot . . LINPE . . 9
- . L. .- s . . T - s
S . R . . «X:%'A P - ‘ BT N
\ 2 e . = X .
R - .|. . . v . . . B . . .

and were +0 4, +2 o. ~8 0 and -3. 5, +1. F -6. 6 respeCtively

1 .

"Each s was alyowed at least '3 days to recover frOm the

| i

N

operaﬁion before tentlng was inltlated.

Esgs_eéss_e; .~-‘-l~~

. Each was placed in, a Sklnnerfbox and trained to

f.lever-press. Each press liVered a .5 sec., 60 Hz. altern-

1

.w‘ating current pulse. Once shaplng was accomplished. éaéh

:, S was glven a dBIIY 15 min. session of bar-pressing durlng

o-e.

. whlch the total number of responses was recorded

L it
o !

L The response rates were consldered stable when on

..,;

- 4 consecutive days,” the highest or lowest test day d1d not _

P

"\.‘._ ‘.r: X i ,
'than 15% from the mean number of responses of‘f;

: TN
' the 4 day period and the: S 5. responsé rate dld.not show &
“‘continuous increase or decrease oYer these 4 days.. Stabilityrf

/was echieved after 20-30 days of’testing.

On the day follﬂﬁihg stabilxzation, 4 s's were

' 1Jjected in: SN Wlth 8ug/4ul of E—OHDA containing 1 0 mg/ml

-:;ascorbic acid dissolved in .9% sallne.' Four control S's ;‘1'

¥
"”ed under 1ight ether’f;

“-anesthesxa v;a a 30 gauge atainlels steel néedle inserted
':1n the cannula. The tép of the 1nject10n needle protruded
;;from the cannula by epproximately .2—.3 mm such that it :;’

' 'ﬁ‘would be just dorsal to the zona coﬂbacta and thus reduce

the non-specific demage resulting £rom fhe ;njection itself

'ffi;fto an’ area dorsal to the AQ cell group._ To further mﬁnlmize:f .

ﬁinon-speczfic damsge, all injectionsqﬂpre performed at the

i -
. ‘_7;.ﬁ1
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' pletion of the experiment the S's were deeply anesthetized

,W1th pentobarbital and perfused with Lo% sallne followed

“Results

_fbay 1 but even at the COnCIusion(of testing the response

»Jlevels were only‘approximately 60§ of their pre—injecFio,

N I TR SRR o
S et o e T e e Rl e €U e
T T T :
. ~ R
N . f T
= -5 .
- "10.
v .
. .

slbw rate of lui/min. ,The ini;ﬂtion needle was: left SRR

41nserted in the cannula for 1.0 min, per«each pl of solution

1n3ected in this experiment the.needle was left inserted

fo: 4 min. after the 1njection ' Thls prec;g;ion ensured

" that the solution WOuld be absorbed by the tissue rather

ot

'5ﬂthan drawn uﬂ.the cannula shaft. '7'1g;A.' .. '7

Twenty-four hours after the 1njections ‘testing was {"

;resumed " The totallhumber of" responses during dally 15. min.’

'sesslons Were recorded for a period of 4 days.' On com%

by 108 formalin. The brains’ were remOVed -and- stored 1n 10%
7.,forma11n for at least é days, after which 40u frozen

isections were cut and staiﬂad?w&th thlonin. ﬁ"-' : _}" ;'\lf

The post—injection response levels were expressed

?in terms of per cent of the mean nimber - of responses during

‘ fthe last two pre-injection SES810ﬁ/-/d were subjected to j"'

(../
a two-factor (Treatment X Days) analysis of dariance for

o o . o
-repeated measures (Winer, 1971} . _‘.{ P e

E shelf-stimulation in coinparison to the vehicle treated S
'controls (aee Fig.zl, F(l 6)=9 59, p< q25) ' Decreaqﬁs in:*,x'

Y
Qresponding for the 6—OHDA treated S's were greatest on

The G-OHDA S's showed a stron? suppreselon of LH 1,-'u

. SN
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A . . ¥ o
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. . e

v " v “
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Llevels.' F!@ure 1 shows that the decreases in the G-OHDA S"'u :
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MEAN SELF-STIMULATION RATE
(°/, of baseline before injection)

11.
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B / "
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40 |- ° it
7/
- ,’ — Control
o’ ——— 6-OHDA
20 - — — Stein & Wise (1971)
0 | 1 1 1 ]
1 2 3 4 5
DAYS
FIG. 1. Suppression of LH self-stimulation a_:er

injections of 6-OHDA (8ug/4ul) in SN.
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‘were COnsxderably greater than those teported by Stein and ¥
w18e ‘ef”’ o ‘-»_ L Q :

.,

Table 1 shows the response ratea for each S over JA__.lf"

) 'the 5 test days followi{ng treatment with S-OHDA or the
- vehicle solution. Aluo shown for each S iﬂ the stimulus tf,‘~f ;

-intens;ty used in teating. the mean numher of responses of

f”the last 2 sessions prior to i jections and. the 1eve1 of

. ,"‘response variability during t 4 conaecutive dayJ prior : s
-I. ‘ e - ] ‘ ' l.' .
‘ to the J.nject'ion. of the 4 G-OHDA treateﬁ”ﬁwﬂg* One S R ‘
; i(SN 2) showed nearly tot*l auppression of self—stimulation ."

_over. the 5 day tEBt -period.. 'rwo S' (SN 7. & BN - 26) had Lo
"f‘recovered substantxally by the last day of testing while ‘;;“]-Jz.q!
.;N the fourth s (SN 28) had returned to qre-treatmént 1eveis .‘;‘U‘I 'M

{ of responding by the Sth test day. These differences in Af”" ;ftff_!

'-'rjfv_ ' recovery presumably reflect different qegreea of - denervation i:,ﬂ

"auced by the - s-onm. R -
aﬁﬁﬁfﬁ} :f\ All LH electrodes were located on the edge of the l: *;‘:7iit
§ “1?f';}v:l i LH; ventral to the’ internal capsule and just dorsal to the S
% -.“?‘f”;:', optio tract at the leveﬁ of the Ventromedial nucleus (see‘:>i'f' 
, i i Plate 1) Of the 4.8's 1njected with e om:m, 2 had can—
% T . nulae jﬁst doraal gnd lateral to zona eompacta at its caudal »
% ; level, whiﬂe the other ‘2 s“s had cannulae qut dorsal to fﬂ?ﬁb
; ‘*} ;‘f;gfiff zona compacta at ita hroadest extension (Piate 2).J-In ;rif{:_ o
9 wi ? these last 2 S's a marked cell 1095 wdg’%bsetved from A9 h;}ll;gﬁf
’ﬁ‘;£;.ﬂ”€f;f when compared té the nonﬂinjected side (Plate 3).‘ It wEE /j._f?t‘¥
R ; frell loss was preSentlin the 'j§* ‘
o : S

"“-»-first 2 s s due to slightly imprdper*sectioning and poor



-------

=

:'.1~

Tahle 1 SO

.

)

‘ ‘“f;Response raﬁes for 1nd1vidual Bk 'S after 6—OHDA“18ug/4ul) 1nject10ns ln 'SN. on»test.days 1—5'

;k Subﬂect

Stlmulus

Intensity

Pre-znjectlon o
: Mean .~
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: The suhstantial decreases 1n LH self—stimulatiOn

- after injectlons of 6—OHDA in SN inltlally suggested that
'these decreases were due to damage of the nlgrcstrlatal DA

| pathway rather than NA systems as suggested by Steln and .

Wise (1971). However, recent evidence conoernrng the

‘ dlffuslon and spe01ficity of 6~0HDA (Sotelo et al., 1973-

Agid. et al., 1973° Hokfelt & Ungerstedt, 1973) 1ndicates

~

{that the 4p1 1nj7ctlons of 6- OHDA used in the present study,
, 51n addltion to destroylng the nigrostrlatal DA. pathway,

would also have affected the mesollmblc DA pathway and

p0951b1y the dorsal NA pathway Thus, the posslbllity that

_the mesolimblc ‘DA pathway and the dorsal NA pathway were _,3'

1nvolved ln producing these deoreases cannot be excluded

Phillips (1973) has reported 1itt1e or no change

,'1n hypothalamlc self-stamulatlon as measured in a’ shuttle-
box apparatus after 2u1 lngectlons of 6-OHDA in SN or Wlth

'hsmall electrolytic lesions of SN.‘ TheSe treatments did

N

L howeverJ disrupt object carrylng which was also e11c1ted

'fhy the hypothalamlc stlmulatlon.;:' :*f,:f‘:e i .‘J'~ff

P
G

;’ .
&

The dlscrepancy in results between the present

eXperiment and that of Phillips (1973) may be resolved 1n

terms of the different procedural and experimental manip-
AT

"32u1ations employed in these studles., Flrst of all, the
.jé,placemeht of. the LH electrodes Tn the present study (see
';Plate 1) is i an ‘area. traversed by ‘the nlgrostriatal and

_ _j_mesolimbic DA pathways (Ungerstedt, 1971a) Phlllips (1973)

LRI . LS -, L N “ . v \ ‘
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- A} * e o e - * : . . n -
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hypothalamic self-stlmulation after’ destruction of the L

d — N . R
N > '_‘ PO ut . ¢ N I K KA
. ,—;.-:-A—nu;—-—a—-: —— -t . - - A ———— . :. . . * - "T'
- L
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0o . ‘\
i ! ’ oo
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does not report the exabt 1ocation of his "hypothalamic

]

“.electrodes" but if they were located more medially than
those in the present study then they may have been primarily
'jactlvating NA fibres (Ungerstedt, 197la) A DA biased A
-electrode or a NA biased electrode placement may influence
'1n part any subsequent change in LH self-stimulation after”

fdestructlon of a partlcular CA pathWay(s)

Phillips' (1973) failure to observe any change 1n

'.nigrostriatal DA pathWay may also haVe been due to hls use:

I

. of shuttlebox crossing as- the dependent measure. Shuthle-i‘

"box crossxng may not be as. seneitive 1n reflecting changesf

’

r - .
in the "reward Value" bf electrical stlmulation as is. bar- g
-pressing g ", - A i ‘ . - } . :,‘ | .,,-‘l . .‘ : ] |

-:n;’ SRS Finally,, Phllllps (1973) 2pl m;;ectmns of 6- OHDA_,

N

Jould be primarily confined Fo the SN and may not have B

.:}_affected the Wésolimbic DA pathway and lt is unlikely that'f
‘;'his 6-OHDA. inJeCtiéﬁs or electrolytic lesxone would have
:}damaged the dorsal NA pathway The 4u1 inje tions of G—OHDA

'1!-1n this experiment however, would have affected both DA

\'pathways and possibly the dorbal NA pa hway v'”':J';?

",f,. Togetherr the results of the present experimeﬁt fh

Fand those of éhllllps (1973) squest that LH self—stimulatlon ;?

'may be dependent on as many as 3 CA pathways. the nigro- “} ,
. R A
Etriatal and mesolimbxc DA pathwaye and the- d&rsal NA ‘ ‘
fﬁpathway.g "Zl:'i‘“: "f1_ 1h3imj'7;5fgfve5: fff:j. *rf,'f: 3
i "_':_”‘\ ':; }'3; ;," ' oLt "“' -" R o '\i:-' . v:;-‘: lv:',.. -.;‘_:~. ‘ s .
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b o s+ - . THE DORSAL NA PATHWAY. - .0 . !
.: . Lo o '.‘ . o . , . .. Lo~ - . ) ’-‘". ', N . N e :jx N

4 The dorsal NA pathway has its origin in the ‘A6 cell

/- e qroup or LC of the dorsolateral pontlne tegmentum. Thlfs
o —_— _pathway turns medially after leaving‘»nc, ascends through the
- _midbraln and enters ‘the MFB where it joins the DA anc'l ventral

"NA pathWays. The dorsal NA pathway innervates the septum,

[stedt, 1.97'1a) . A complex funct:Lon is suggested for the
o dorsal NA ?athway since it‘ innervates "higher" !lcortical
“', . . , N v
' ' structures and s the only heuronal system in the bra:.n known
S e show callateral innervation\i;lll cbrtices (

1971a) ';jwifﬂ;;“

It 15 known that self—stimulation can be obtalned

r '.“from the LC (Crow. 1972&, Ritter & Stein, 1973). , Crow (1972b.
i., ‘ ) . # .

o - °1973) hafl suégested that this pathway together with the )
i 'nigrostx‘iatal and mesolimbic DA pathw.ays form the neural g
i SR bams for selfrstimulation ‘ l 4

af L { S ST I ‘eE.Kﬁeriméi;t 1:'-':‘-'..;,t.:,'§".'.';‘;:'.1':.--‘:,;'. S ERTEIN

::::? ." . '-.‘:.:,"7:;‘.,.”-,:"_.2.'_\ § B L r- ‘.;"!.»‘: !.-3"'.:” et l‘ '.“' . " '. K ! ;‘ -
‘ e . " Tpe preaent experiment is the first in a ser,xes of

H
'\.f:a 1

S8 C o B c v».nié.' ‘)41_"‘?4 L. ;
v SRR '.experlments designed to determine the invblvement pf the

doraal NA pathway 1n LH self—stimulatiem :

£

B -
[

T

hippocampus and. the cerebral and cerebellar cortj.ces (Unger-

gt
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All 7 S‘s were implanted with bipolar LH electrodes

+

. as. descri,bed in Chapter II Each S was also implanted with

‘a c-annul.n J.psilateral to the LH electrode i'n thé LC ( =7. 4,. ) _( .

+0. 5, -9 3 T

o

-" T ' L. I : .. g ’ .""‘ ’ - .
e e T e ey
~Proc, ure” IRERTS BT e (A T

As described in Chapter II. The 4 experimental S s

’were inJected with G—OHDA (8ug/4ul) in Lc and the 3 control

'S's received 4ul injections of the ascorbic acid vehicle.. L

""'Results-‘.- - ",‘ S e f

Analysis oé variance f.or repeated measurea showea

'no significant diff.erences in respéuse leVels between the
G-OHDA treated S's and the ascorba.c acid control S s (see
. ::FigO:;. J F(l 5)‘=l 24' p> 05). ‘\ ) “’A "“ ,. L .v ‘.; :’ .""

Two of the 6~0HDA treated s' 8 shOWed a slight

tendency (mean increasea of 11 8% and 18 ‘74%) towards'

__ ‘,
PR T E PR T o

: -increased responding ’. one S Bhowed libtle or no change“; s

,‘-while the final S exhibited det:reased responding (mean

',‘;decrease of 18 3%) a%ter the 6*-0HDA' *in;ections.:\'rablz

est

:';days, the pre-:l.njection mean and response variability over '

.r:"f'4 ¢onaecutive days prior to the :Ln:leetions. - B ,:' s RS

ﬂr, ),

rodes in the 4 gxper:i.mentaL s's. ~. Al L ,glfeEtfgd"

.,‘ leate 1 illustrates the plncement af the LH elect-—-"‘
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ventricular gréy substance. The fOurth S 8. cannula was
. located at the leVel of the do::sal tegmental nucleus at’

= the floor {of verm:.an lobule II (see Plate 2) . 'rhe s l

on the floor of vermlan lobule II showed a. slight increase

: .Discussxon Yo

',Precise ﬁlacement would be crucial fo‘r
'occur siﬁce the dorsal NA bundle forms a tight group of

- axons aft,er leaving AG (Ungerstedt, 197 ’

' ,'dorsal or, in the brachium conjunctivum (BC) and fbhe othex:

con51derab1y dorsal to the Bc on the edge of the peri- )

M J

havmg a cannula in anterior A6 and the ] with ita cannula_

LY

: 1n responding while the S having a cannula dorsal ‘to BC

“on the edge of the periventricular grey showed decreased

Ly

S |
) _responding after the 6-OHDA injectmns. :

g .
- [}

Without bxochemical assays, 1.t is dlfficult to . N L
| 'ascertain from standard his{tological data :Lf the 1njecq1’ons
'of 6-OHDA in LC produced any significant amoum:/ of degan* -

R erat:l.on since the cannula placements wem:—r&thet__v.a:igble.

.-r . " - ’ »t - -
oL - o o -
. , .o - .
e ' N . . ) ol .- ' 24‘- .
- - . .

P

u‘%"enél%tion to -

) Even if the

',since NA cell bodies are relatively res:.stan ' to G—QHDA

(Ungerstedt, 1971a, 1973). e ’

' . ..
\ _H.l.

. R s ] -
w'l‘he above eonsiderations do no allow a. resolut:x.on

of the involvanent of the dorsal NA pathway in LH aelf- "'L'_ .' ‘

stimulatitm. , e T ': ;
. . A S . B
.\ o - ) ‘ ‘. y ) L 4 N
L N ot c R d
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6~ OHDA diffused tLo AG no degeneration may .ave ta.ken place ‘ '\
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o Since G-OHDA lesions jliat anterior to AS produce[ i .“' ‘
‘less severe del;eneration th{m electrolytic lesions (Chu K- T
. . Bloom, 1974) the flndlng in Experiment l that S-OHDA :Ln- ‘\
: }ected anterior to e had no effect an’ LE, self—stim\Llation_- oo

. would be atrengthen%d if. similarily placed electrolytic

-.:hll.esions also failed “£0 alter LH aelf—stlmul i n., Damage
\;to the AG cell group or its projectx.ons could be confirmedg
without histoche;ucal fluorescence ox bioassay evaluation i
'~.' by makinq ‘the LC lesions via electrodes that supported -1 ,"‘ N
. -selﬂ-stimulation since the dorsal NAI syatem seems to\ be . » -

"_""'the only NA sybtem that supports this behavior (Clav1er &
B Routtenberg, 1974- German & Bowden, 1974) and at the lev‘el-',

:of\h\ LC, ,the dors,all NA. system 15 well separated from the'i |

G .:",DA aystems rwh:lch also support eelf-—stimulation [ (Ungerstedt,;_",‘f. .

"."1971e) Pr:.or to the electrolytic 1esions of Lc, it wab

A -"decided to inject 6-0HDA in the dox:sal NA bundle at the :
R leVel of - the medial Iongitudinal fasciculus (FLM) By - ‘

J _‘ lesioning the dorsal NA aystem atf two different levels, ‘ ' 2
: fthat is, the fibre bundle Jnd the célls of nr:.gin (AG) the :: ; N 4 %

“ i probabiiity of extenaive damage to the doreal NA aystem s i

L ‘WOuld be increased over a single ‘lesion of this system

. va, 7 . . ‘1
,w L v, Ll ERER o ‘

ST sibjécts

y'r."

Seven male, Sprague-nawley rats weighing 300-400

the time of surgery were used .m tlLis experime‘ t.




nes

)

o2

}'_Lc (=727, 40, 9,.-5 6). "

’gfor 5. days in, the usual manner. - - " l S N

"‘,._more days. The d.asta S ,v.n this group was lesione

" e L,

As described in Experiment 1. . All S s were. J.mplanted

I

9

in the LH with a. b1poiar electrode. . Ipszlateral to. the LH

| _'electrode, eacl} s was implanted with a cannula in the dorsal

"NA pathway (~ 4 4, +0.8, -6. 6) and a bipolar electrode in .

\

Twenty-—four hrs. after responding had stabilized,

3 S's were injected with 6-OHDA (4ug/ul) in the dorsal NA

f-'_pathway.- TWenty-—four hrs. after the injection testing was

" resumed and the total number of responses during daily,

5 e

} _15 min. sess :On,s/was recorded for both the LH and

"electr»odes. “fwenty -four hrs.' after completion of this 5.

‘day testing period these S's sustained electrolytic lesions
. of LC (2 5 fia. = 10 sec ) via the i:.C electrode. : Twent -four |

".'.hrs. after the le ion testing was resumed and continued

g

1
Three additional S's Were injected J.n the dorsal

H «
[ .

- NA bundle with l Oul of the ascorbic acid Vehicle and were.

1nLC-

injection of the Vehicle solution in- the dorsal NA bundle. E

As in preceding experiments, data except where not

. 2 i 1,
after completion of the 5 day testing pera.od fo owing the

TR
gt
- ,

were analyzed by a 'I‘wo Faetor (TxD) analys:.s of Var:.ance
e . L P ' P e "{ . !E .
e - L
RV I IS {

R Sl :
;-‘teséed for 5 days, then lesioned 1n LC and tested for 5 / .

‘Procedure T , LT
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Results _ R "“_‘ - ‘ 'g L [,
H'i Flgure 2. shows that ‘the 5—OHDA injectlons had ho- .

PR .

sxgniflcant effect on LH self-stxmulatmon when compared t
-fli o s . the vehlcle 1njected contrOIS (F(l 7) 1 24, p> 05). The

6-0HDA 1n3ect10ns also did not 31gn1f1cantly affect LC

selffstrmulatlon (F(l 2)= 18, p> 05) Included f5§ com— . _
[ Ty, Lo L :

parzson 1n Figure 2 are the results of electrolytic e . -

lesions on LH self-stzmulation.. A comparison of the bre—.

le51on mean response rate wzth the post-le31on response

, .

e

N fnu i . rate of these. §' s by means of a correlated t—test (Férguson,

O s D

1971) 1nd1cated no signlflcant differences (T(4) .52,
' ’ ' . /' ) ' , /" - '-.'. ", . L. . R -
[ SRR T !Table 2. presents ind;vrdual respbnse rates of the

T

o p> 05)

. DR Lﬁgself—strmulating S's. after treatment w1th 6—OHDA, sallne T

3, : - and electrolyt/g LC leslons._ Table 3 shows the effects of

S o 6 ‘OHDA and. saiine on ic self—stimulation,.v. B Ed:f -f}

;; .f'.é . Histologz e | = S .',",' ¢ "‘~ “ '

%H'?.,J :i'f ”'1 S The LH electrodes were located just lateral to, the ’/.
IR . 'LH: the~1eve1 of the VMH and extended 1n a rostral caudal

;ff‘. T 'f:'-udigiflbutlon of —0 2 m; - +0'2 ‘mm from the plane represented B .
A o A

A N TR ¢ ¥ Plate 3. The FLM cannulae were 1ocated later )1 to the

N * 5-;c=t'L” dorsal NA bundle at the mld-caudal leVel of the 1nter—'

B .
L\ *

R : pedunqular nucleus and in several qases Were tooﬂventral

extendlng 1nto the red nucleus (see Plates 4 & 5) The
) ..i' - C ‘r
T C lesions extended in a rostral caudal dlrectlon of

- approxlmately 16 mm - .8 mm, the most anterior le51on belng

( . . P ’,

- R - at the level of the dOrsal tegmental nucleus (DT) In .

@#v
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s ~ ) A.’*.,:. . “' . -_. >‘. . '. . _ ..'.. . ‘,:. | '.- _ .. : . Table 2 _ . ;‘4 ! ‘?

LH self-stlmulatlon rates after 6—0HD& (4ug/ul) 1n3ect10ns 1n~the dorsal
. el . ) . and electrolytlc lesions of LC . =
W ! \‘_ . I FP . o . . n.:f' . ’

. _.., R ) - R . . N - . ' SR . .
. .. ... StimuIus .. - Response - Pre-injection . . ¢ .. . . . Test"
'.'* Subject " Intensity 'Variability .°  Mean = ‘Treatment - '1 - 2. 3

T FIM 14  18a . <108 - 1006.5 - 6-OHDA - 1104 o 1ifo4.0- J165:0 '333:6l 1026.0 - ~
.o 48 1éwa .- .15% . . 79900~ C - . - 967.0 '870.0 /868.0 936.0° 1000.0-
21 V3spa.. .. 15, 286.5 | - . 309.0 '268.0/ 320.0.- 317.0  -372:0
-n,:?3f:';24"5 ={ff .195 “-..”f‘ 571.5 -t 859007 ~546‘, ~f’s%b;p 565.0 661 0 -
LU 267 28ua - L 5% - 1295.0 AP -&377)00”1425 0 136820 1390.0 1209,9
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T S - Y Y9 .380.0 415.0 465.0 50L.0 . -
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oy AT
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LC self-stunulat:.on after lnjections of 6~ OHDA (4ug/l-ll) in the dorsal NA bundle ::;_ T f

Response © Stimulus __Pre—mjectmn_
_Subject Var:.ablllty Intens:.ty " Mean . Treatment

ARy

FLML4 .fse" " .3ewa - 1322.3 . 6-OHDA ~ 981.0 - 1281.0 1212 0 1312.0 “1422.0

iswc row - - 40wa . . 379.5 6-OHDA- - 727.0 . 767:0 - 751, o}”gsqs,o;; 625.0°

R
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'Placement of FLM cannula ~,1n S 24 and* I.C .lesions 1n""

.88 236 24, Note. the: extensive damage to"the
rostral aspect of the AG cell__ group in s 24.‘"'
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.-reached the dorsal bundle to produce any significant de- e

P

' generation

., The G-OHDA injections in _the dorsal NA bundle ?iso
;dld not affect LH self-strmulation but ‘again the. questio
. arises as - to whether these injections actually'damaged the
dorsal bundle. Howevpr, electrolytic k&slons in or adjacent
" to Ab did not have any siqnificant effect on LH - self- s
‘stimulation and thus are in agreement with the resuits of
Experiment 1 in.: which 6~ OHDA injections anterior to AG were
without effect on LH selfnstimulation. P - :
. The failure to disrupt LH self-stimulatzon by L
6-?HDA injections anterior to AG (Experiment 1) or by

electrolytic lesions of. LC in the present experiment viq

’ electrodes that supported self-stlmulation (FLM 14. 15 and

l

23) strongly suggests that altho gh the dorsal NA system

supports self»stimulation it does not seem to play ‘an

: 1ntegra1 role in LH, self-stimulation.-.."'

. ‘Eiperiment"é{ﬁ’xv“{ '

< et

[ «

* . “r . " - - foa . e - R - . - . . v

The results of the previous experiments suggested

that the dorsal NA syetem dOes n6t~p1ay an important role V.

[
in LH’ self—stimulation, yet this system supports high rates

" of self-stimulation and seems to ‘be the.only NA system which

snpports this behdvxor (Clavier & Rotttenberg; German &

Bowdenf 1974). ;t thus seemed of interest to further assees'f

the role of the dorsal NA system in}LH self-stlmulation by }ll'

37,
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'lytlc leSLOn results of Experhments 1. and 2 by lnjectlng

o The temporary 1eshon method hae been used by others to 41 Sl

= d—amphetamlne (Walters et al., 1974) both:inhibit ‘the Lo L

_{spontaneous firing of ‘A6’ cells. InjectTons of d-amphetmmine

in LC would presumably alao inactivate the dorsal NA system ejg ‘i
‘:1temP°rarllyl Whicﬂ on the basis of results frcm 1es;ons o SR
' .of this eystem should not,affect LH self-stlmulation. Slnce 2{ ' X

‘;no treatment of thé dorsal NA system had produced a- deficit : . L "

Ftcltatlon of LC w;th a neurel excxtant such as glutamic ac1d? _~r

ii(xrnjevicr 1964) would result‘in an increaee in self--

! R A ¥ N .
M ..
N ‘ Ll '
1 o ST AT LT

‘;methods otheﬂ than permanent IESlonB of AG..'One'method cf
%,lnvestlgatlng,the frnction of;thls system is to inject various :
' fpsychoactive agents dlrectly in Lc : Any Fffects of a part- L ‘,,

'lcular drug are of course temporary, usually 1asting only o ‘ -1

L

a few mlnutesland since the ‘effects are reversible different :

'drugs may be injected 0ver ‘a perlod of days (Nakajlma, 1972)

-It ‘was decided to attempt to replicate the G-OHDA and electro-' .' s

procaine hydrochlorlge in LC. . Procalne (a local anesthetlc)

would create a temPorary>lesion by reduc1ng the transport

',of NA+ ions acrbss neuronal membranes and therefore preventi

.ﬂthe generat;on ?f nerve lmpulses (DeJOnL & Wagman, 1963)

fﬁlnvestigate thexneural substrates of self-etimulatlon‘

L \

(Madryga & Albert, 1971, Nakajima,‘1972 %Nakajlma &. Iwasaklp 'j:'

t

'_1973) , S | - "';‘a,e‘pu::. n-. ?». S Wf’

Iontophoret1c appllcatlon of d-amphetamine to LC

A(Hoffer et al,, 1973) and’the systemlc adminlstratlon OFf

1n LH aelf—stimulation, it was of 1nterest to see if ex—,f'”

0 P T RL R A

V.
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u,each S was glven a daily 20 min. session of bar»pre991ng. !‘

Three male, Sprague-Dawley rats Welghlﬂ? 300-400

gm at the time. of surgery were used in this experiment} \

r

All 3. S's were implahted with LH- electrodes and
1p511atera1 Lc cannulae as described previoualy '
o '

Procedure'

After shaplng for aelf-atlmulation was accémplished

The number ‘of responses were recorded for each mrnute of

\

-the test session.: When the’ total number of responses

f .
dur;ng 6 m;n. blocks (1-6, 8-13 & 14 19) of a'particular f

. test session drd not 51gnif1cantly dev1ate from a rectangular

-was[consldered stable (Naka]ima, 1972)

dlstributlon (x2<ll 07 df=5, p> 05) the S'a responae rate

\ o ‘on the

R plug was removel frOm the 4annnla and the in]ection needle

inserted‘ The 1nject10n needle had been previously inserted'

o in a short plece of 23ga PE tubing. prefllled with the

"jsolut¥on to" be 1n3ected. This tubing waJ An turn connected =

N

-to a'’ ong piece of 23ga PE tubing fillcd with distilled

'water \nd was attached to a microsyrlnge.’ The S was then
.';'leaced 1n the‘Sk1nner box and alloWed to self-stzmulate.‘.
'}_'The resﬁonse rate was recorded for each minute and durlng

'-3che 7th minute 1 Opl of solution was injected. The following

f'solutions were injected 1J LC procaﬂne hydrochloride (2%), o

:17'3 qlutamic acrd h4 4mg/m1), d-amphetamlne aulfaFe (20ug/ul)
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) fi{\ and 9% saline as a control Thus, each S recelved a single’f

’ ; ' lnjeCfID‘, ':;;h~selutlonl“one injection;ger_day—QVer‘the o

-4 day perlod follow1ng qesponse StﬂblllZ&thH.

, mhe number of responses during the post-ingection fiﬁ’:r !

8 13\“Ih..block was compared o the . pre-injection 16 min. -

block u51ng the following dhi-square test . (Nakajima 1972)
— '=1A-B;=/(A+B) o

»

Where A=tota1 numher :

~min, block,'_ | | ' o
~g'3 total number of responses durxng 8~ 13 u“':i‘f::,ull' )

, - : fi:A ;Zs':QZ‘ min., block o . RS
on ccmpletion of, the exPeriment s's were sacrificed by an5ki'i:¢'3 | g

o overdose of sodium pehtobarbital and prepared for h;sto- . :“

. logical examinatlon..ifg': }~' f'”,y{'l "f B ]:T - {"f”

'lResults ;j,;_.,:}gu-f - f"fﬁ,ﬂﬂ;-f o :
" ‘Table &' shows. that: 1 ol \q.njectm ne-
hydrochloride, glutamic acid ' R'd—amphetamine sulfate al :
strongly suppressLd LH ~!-
‘ ThelbehaV1 : '
'different for e‘ h:of the jrugs.. After‘ingectlon of procai e . K
all 3 S's s' wed c1rciing psilateral to the injected side, .

: minut, after the-xnjection of procaine. D—amphetamine ‘
7g~ prt uced quite different results than procaine.f Two s sgn‘:'f‘\‘fﬁf'

L e . . " .
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. . D-amphetamine - -.
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Glutamate - . '.{Jséline

RS V13 | 388
;;.f; . _-fJ.
L A3y 137

: A634 142
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8 13

_ *249

‘(64 2%)
74
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(54 0%) .
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- (94,28)

97.6% . ..
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: exhlblt any obvxous ?hange

"'at the age floor and‘

ay ol R - \
: | . , | L . {‘]4', |
< . ' 42,
_— . o ,Z,‘ N | E : e |
conslderable loss oflmotor coordlnatlon.l Aéii'did not -. ' ﬂi LJ4

in motor coordlnatlon but durlng

.9

everal mlnutes of thé post—ln]ectlon perxod began gnaw1ng .

var;ous protqu31ons from the Sklnner:

: \

/ box walls. The 1n3ectxons of glntamlc acxd totally sup-"
ptessed LH self—stimulatlon in dll 3 S's.' All S's dlsplayed o
. .. : . ‘some exc tation and agatation after the injections, ears '
- ,;’ were~ ba k flat aga:mst the head. A6 4 and A6x3 moved to ’ .. /“
i ) ) the left and then back to the- rlght in quzck, jerky mOVe- .
&l : o ments while AG 1 remained 1mmobile. o .-”H.‘. . o ..~t',@'
E f ' Hlstologx. ;f.' B ._:.‘f"';tlt-j _;”i‘.f l,_‘ IS '_"f"
L F ) ‘ e _ The LH. eleetrodes were located on the edge of the .
g : ﬂHIat the, 1eVel Lllustrated ln'Plate~7. The LC cannﬁlae '"' L
‘ IQ T (Plate 8) were all located at the level A6. AG 1 had his ;:‘u -
g . i - cannula med;al to A6" A6 3 s cannula was ;ust dorsal and L
‘ o - medial to AG while AG 4‘9 cannula was considerably dorsal 5
}if - to A6, Just above the roof of the Ivtn ve trlcle.‘ :-_~_;ﬂ"fl-";”':
L DlscussiOn ‘ '. . e " “,'_ . S : ‘ P ‘I N
, The findlng that procaine; d—amphetamxne.and }J
o glutamlc ac1é 1n3ect10ns in LC all strongly suppre sed LH -
i; . . self—stlmulatlon suggested that the suppresslon of neural -x'f.-‘f
3; ) activity (excludlng glutamate) by these drugs 19 not “’rfl..' )
E‘ L ana10gous to: the 1nact1vatlon of neural systems by ‘
A ”L;;é:*kjf‘f permanent 6~0HDA or electrq\gtic 1esions._.' K .
i' ] ' .' ' The changes ;n:self—stlmulatign induced by 1nject10ns. .
i L : fl/ﬁj of these drugs typically has a duration of 4 6 min. ‘The . ' ‘{
%; _ic:- " conclusxon frOm the effects of procaine and d~amphetamine
‘_‘_-,;_.f | N “"‘Z " | B L
%;. . W " : Y : - S |
Rl D o o oy e e PYETTP T ,v EXEE e -:; " "»—‘g:."':":?"-gxgﬂhﬁ’b-'\ I e S e i
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'fhlbltion of LC. - The" neural actlons of glutamxc ac;d,'

) glu amic acid has produced 1ncons;stent results on self-

. on self—stimulation would be that the dorsal Nﬁ system is
necessar for maintenance of LH self-stlmulatlon. However,
: '_Z-OHDA or electrolytlc 1e510ns of the dorsal]NA system .

do, not support thls Tonclu51on.'

s ‘. .
The suppression of LH self-stimulatlon after
g

nlnjectlons of glutamate may be due to a non-spec;flc in-

P

|,

,although frequently used .as a neural exthant are not well.
. S own’ (Salmoiraghi & Sletanis, }967) Glutamxc acid dbes’

' At always reault in excitation of cells, inhlbltlon of «A

sp ntaneous f1r1ng 15 often encountered (Salmolraghi &

s1 tanls, 1967‘ Gellar & Woodward, 1974) Slmllarly,

sti ulation.: Glutamic acid injected in the ventral tegmental

‘e

[
. area strongly suppreaaed LH self-stimulation 1n 3 animals
'whll not affecting self—Jtimulatlon in ‘2 other animals

ﬁ(Naka ima, 1972).: Slmilar dlscrepancies have been reported

)

-after 1n3ections of- glutamic acid in the anteriar OLfactory ﬂ

area ( akajima & Iwasaki, 1973) If glutam;c acid some—

:rhns,‘it’,ay be that procaine, amphetamine and glutamate _
'.iinjected: n. AG all suppressed spontaneous firing by slightly.,

z'different Warmacological actions., The failure to dxsrupt

"LH self-sti“ulation after electrolytlc -or G-OHDA 1e510n5

)




, 15 St f the. dorsal NA system suggested that inhibition of thie

w'ir' DA f"'ﬂ system by 1n3ections of procaine; d—amphetamine and glut- : ;f;- ,”:;

R Qamate ‘would also. have failed to alter LH selfwstimulation. L

'(f’ ';": o Thus, the suppressJomdof LH self—stimulation after :
TR : "": 1n3ections of these drugs. in LC must be due to factors other .

L. o than ,the J.nhib'it_ion ,of A6, -A-.‘l.Oul ihjeotion ,o.f: any solution :

‘;_.9 -“ _o has an approximate spread of 1.0 mn'(ﬁyers; l971) hesumin;

S | that the . 1njections pf procaine, d-amphetamine and glutamate

spread 1 0 mm from-the 1njection site then the neural tissue
‘ ‘_1.” ;“ : affected by these drugs would be- sxmilar to the tlssue ‘ T ?/
-35 ' ~' S aestroﬁed by the electrolytic lesions of Lc in Experrment"

2. ‘In addition £o affecting similar tissue as’ the electro~

1yt1c lesions, thesé solutions may have difosed into the

IVth ventricle s:.nce by examinmg Plate 6 J.t is apparent
that all 3 LC, cannulae were w1thin 1. 0 mm from the ventricle.“ _f-§:
Thus,(the suppresslon of IH self-etimulation by injections ‘ ;

: of procaine, d-amphetamine and glutam?te may be the result

""" of pharmacologicél actions distal to the 1ngection locus. _

It is not clear from this experiment what neural mechanisms

3} S o ; could have been altered by diffusion of these drugs through}

- the ventricular syetem. perhaps DA systems were being "_

;ﬁlf.li. 'ﬁ;i’-f: affected or the suppression may be dne to non—épegific 'L.}i t:CL:T
&,;h'_t;'f:,_' interference with derebral motor systems. WhateVer the ;;1;_:f;: |
ﬁ;,lﬁ "zif?fZZ" actual mechanism(s) underlying the disruption of LH self—: ;

| " i stimulation in the present study, it would seem that the 'ff

:ﬂ ;h,';,"4'7'~ electrolytic leeioning method rather than the temporary |

lesioning method is the more precise means of 1nVestigating :

-
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. the neafai'§Ubﬁ£fatés 6ftself-stimuiation:f R R .
/ CoL e Co L

'.'.U L Experimeht,4
‘ ' Perhaps thermost 1nterest1ng experiment designed
f;" ;" to teet the involvement of the dorsal NA pathway in LH self—_
e stimulation would be lesions of the pathway through elect-) L
rodes in the dorsal hundle that support self-stimulation.-
' This preparation could assess the effects of dorsal NA
.'bundle lesions on LH as well as LC self—stimulation..lIt
was of epecial interest to" see if the dorsal bundle’ le31ons
"hwould disrupt LC self—stimuiétion since 6 OHDA 1n3ecticns
~1n the dorsal bundle were: Without effect on- Lc self--- . f'“ f“"wiﬂ
stimulation (Experiment 2)., However, the 6= OHDA injections
seemed ‘to be slightly off target and may not have damaged
;?;:f “;.~'U'g-lgthe dorsal anbundle to any eignificant extent._..
f{m:-',. {?: . 8ib ects,fvu.f:;hn"'g; ; _;7I fr," ‘

. .

|'l
S

,,'. '

'iat the time of surgery were used in this experiment. :

. !p": . .
S Five male, Sprague-Dawley rats weighing 300~ 400 gm

ASurgerx 3‘ - ;,;: »r;_,}"" “1 o uj",
[j:_t : ﬁf"p":{ L] Each 8. was implanted as described preVioﬁsly with '

a bipolar electrode in LH and LCQa;é.an additional elect—l -
Urode aimed at the dorsal NA bundle at the level of the ::fﬁ
-'-FLM (-4.4, 40,8, 26.8)% 0l T e
':Prccedure"ﬁ'“;'-:;,'gﬁ:‘ .}f:."._ T “' S :f, i-gl-z }‘ -

‘;;;; Each s Wae shaped ae descrihed previously and after

) “

."5.;5 ' ‘_response stabilization electrolytic 1é51°ns (2 5ma~10 sec) -
. b _‘-‘ A ] .'r' _..'._ . . ", " ' ; -.I
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Lot b A S (- . N L, . L Lo e, . e S . 3
. . . s, PR ’ LN L. V. Ly M [
s E Lo, - . g . , .. Lo e . . Lol s B T ST T
7 B : AR A SR L 3 e S ,
: Sy e : ‘ . , . o L I A .
P b e . .o . RN L <, . I ‘.
. 1 o+ - . e : o
2 % A g o e R - -
L1, i i P LT SR .21 '
5 i

R"#N’;afgx%‘la,y;-xJ "‘1’!%@?'?% }'r’ﬁ ',}M* -ws 4,,'_\@; daM R “‘Z’Q’ "‘J.-t«*“

P 7
«* I3
\




LAl ot . . T ;e

: *e . - - ‘ - . P ' .o : ' s
4 R o . . ' - ' . ‘ P . I
.o . . T K - .. PR . .. . ' .

Were made via the FLM or. LC electrodes (fee Results){
”“oUpon completion of the experiment -the s' were sacrificed
Wlth an’ OVerdose of sodium pentobarb&tal (50mg/kg) and :: ‘ ) tlff

.'prepared for histologiCal examination.- No statistical

, analysis of the data ‘was pTrformed due to the small sample L ‘
*‘size.

. r o ' Of the 5 S ) implanted for this experiment all lS

electrodes supported self*stimulation. One S's LC elect—

'rode (DNBZ) would only support self—stimulatlon at- high

,'current 1nten81t1es (80 90ua) and thus testing on this

_electrode was discontinued Also, this S develoPed seizures'

‘upon stimulation of the LH so &rlesion Was made via the LC
:;:electrode to assess the effects on dorsal NA bundle self—'

l"stimulation._ | o '

g l ';*:f' The,dorsal NA bUndle lesions stron?ly suppressed

‘. LH. self—stimulation in S 8 DNB4 and DNBS. Subject DNB3

deveIOped convulsions upon LH stimulation on the first

;_post-lesion test day so ‘no quantitative effects of the

21 R 'lesiOn on tH self-stimulation are possible, except - to\'

.,mention that up?n terminatdrn of the seizure the S would l 1_,:”
. self-stimulate 50 it may be that the dorsal NA bundle les;on

. ‘ 'was wrthout effect.' The dorsal bundle lesions had no effect

%'”? e ni'. ton LC self-sbimulation in DNB3 and DNB4 whilé DNBS showed

'fan initial suppression of Lc se1f~stimu1ation on the first
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'The5ié’lcsion:in-DNBZ«had no-effect on dorsal NA'

bdndle selE-stimulation. The results of th1s experiment

.'are presented!in Table 5. o n'_,' ."f' Lo

The 1H, e?ectrodes Were located on the edge of the

.LH-MFB Qiea extending in a rostral—caudal plane of approx-

o imately +0. 5 mm’ as illustrated in Plate 9. Plates 10 and

) 11 show the location of. the dorsal NA bundle lesions in

: DNB 3, 4 and 5 and thelr Lc electrode placements. P ate 10

' shows the locatiqn of the LC lesyOn in DﬁBz and éhe FLM

g

electrode placement. The dorsal NA bdndle 18310n Ain DNBa } -
“Plate 10) was lateral and ventral to the dorsal bundle in o ‘w.,,
a region 51m11ar to the loci of the cannulae in Exp#rlment .
IE‘is 1nterest1ng to note that in th1s location nelther ‘
electrolytic or 6- OHDA lesions had any effect on LH or LC, IR

self—stimulation. The lesions in DNB4 and DNB5 clearly

encompassed the dorsal N bundle and terminated in the j;f ' 1"-1:‘ o
dorsomedial portlon of th medial 1emniscus. DNB2's FLM o i;- ;
electrode was located in the . viclnlty of the dorsal NA - d |

bundle ak the mid-anterlor level of A9 Tte Lc lesion in ©

this S whose LC electrode supported self-stxmulation at l:,

ﬂ only high-current intensities was anterior to LC and dorso- S
medlal to the Pcs. '/”*:'):'7 ' };::"'..I. o . ,}jﬁ‘j.'T"f i

¥ Discussion i:. o ;.‘ G ﬂ'if . ;‘#} o ”" Lo 'i
‘ Two S's (DNB4 3 DNB5) who élearly had. damage to the. ; : & -hé

: stimulation.. At the cOnclusion of testing DNB4's response

o

dorsal NA bundle exhibited a. strong suppression of LH lelf—

rate had recovered to 754 of the pre—lesion level whlle "H.':{n.x} '%
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Table 5

Effects of aorsal NA bundle 1e31ons on LH and LC self—stlmulatlon .

T

. _Subject

étiﬁﬁlué‘-
" Intensity

Pre—Les:Lon

Mean\

. Response .
Variability .

|

f#éétmentf

—_—

Test Days
3 .

4

- DNB2

- DNB3 "
* DNB4
DNB5S'

22ua (FLM)
40ua (LH)
2§ua
- 10pa

(i,
(LH) -

- 295.0-
362 5

j1090,oA_
©.1036.0-

'-.<io§
108
10%
. .." 5%\ 4’

FLM

‘LC Lesidn
FLM
©LFIM

Lesion
Lesion

Lesion

529 '358
_321&; =
424 - 466
- 14

177

293

581 
410

308

775
588"

- 830
808

279

- DNB4
' DNB5

" 20pa L(LC)
20ua (LC)
.. 16ua (LC).

. 558.5 .

 466.0
. 610.0

"',' .

~

<10%:
. lo% .-
L 1lo%.

FIM

FLM

FL4

Lesion. -
Lésion -
Lesion -

582
S11-
19

547
479
236

.665.

396

- 577

619.
337”
'58&

628
437

428 ¢

. DNB2'.
' .DNB3 . .

. ’1Dﬁ$4.h
:{;DNBS

-

—_—

" 22ua (FLM) -
 20ua (FLM)

”ZOpa'(FLM)

l&ua (FLM)m‘

295.0 - .

- 268.0°
111.0 . .
;107.5j

-

¥

" Mean response rate per 15 min, session for

doréal

N

'NA bundle self-stimulation.

-

#Aanimal . developed convulsxons after LH stimulatlon on: lst post—le31on test day.

rate 1ndicated is fo

—T

Response ©

05 .
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B _:anterJ.or to AIS (Experiment 1) ‘or electrolytic lesions 1n or

to the illustratlon J.n Plate 9 It may be" that these ‘elect~

i N
54, . 7
| N ]
/: ' - s ’ ‘\' c
- DNBS had recovered to’ 68% of the pre-lesion level. 'I'hese' X
P
results were aomewhat unexpected s:mce nelther 6-0HDA lesions L

adJacent to: 216 (Experiment 2) had’ any effect on.'LH self-

’ stimulation. ~ The - I.H placements in DNB4” and DNB,S were more :

anterior and niedial than other. LH placements in the prTzuous

3 experiments and . were located approximately 3- 5 mm anter:.or

rodes wére activatinq the dorsal NA pathway ‘to a- qreater G e D
extent than any of the LH electrodes 1n Experiments 1l and B ;f;
) 2. Such a conclusxon i conceivable slnce the do sal NA ”:

) , 'pathway is well separeted from the DA systems in the j

anterlor hypothalamus (Unqerstedt, 1971&). ‘ ' f

. Dorsal NA bundle leslons in DNB3, 4, &8 failed to !
""-.sigqlflcantly alter LC self-stimulation. ’Also, a lesxon h LS

Via an LC electrode in DNBZ that Bupported self-stimulation
: .Only at high current :.ntena:.t:.es (80—90ua) fa:l.led to affect .
"dorsal NA bundle self-stimulation. These results suggested -

,'that the LC stimtrratmg electrodes were not aetuTlly in A6

/

A

but perhaps in’ the PCS whlch -is adjacent to LC' and is known

o

ﬁ .
mwmm ).
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‘ [ 5: ’ et S .
- , ¥ - -'.‘ ‘: '55:‘.. » 'l
' ; S - . Experiment 5 - , o
- o . " One. 1nteresthg behavxoral characteristic of. self- ‘

B o stimulation from NA placements is that the shaping prOCess

. \L I." - ' ds. prolonged, t king much 'longer to obtain than se].,f-» I
.);\_ O IV stimulation frofi mixed CA areas . such as. the LH or DA areas,‘ .
F\ SRR 'j e. g. A9 (crow: et a1., 1972; Ritter & Stein, 1973 Micco,
‘ \\ Lo l974) If the acqumition of self-—stimulation behav.wr from - ’ ~’
r \ . pure NA electrode placements takes longér to obtain than c “
a \.\\',” C T from- other areas, then the acquisition time to obtain self- I 1‘ « 1
AN . . ’ X

\ R stimulation could sez;ve as’ a useful behavioral tool for

e mapping self-—etimulation ez.tee. : In v:.ew of the potential I oo

o _' \ J.mportance of shaping duration._the time required to obta:m ’ ' o ‘«j
( \ »? self—stimulation from all electrode sites (ch LH. and 401531 o .
B ‘ \\\ NA bundlle in’ tne previoua 4. experiments was‘carefully s
’ ‘recorded. V.. 0. " L s ] SR

’ et : g /.Sub]ects S o L B ; h ,

’ e o - " Nine Le, 14 LH aRd 4 dorsal NA bundle self- o .
y ' : .. " stimulatOrs from Experiments 1- 4 were used An this experiment. : ,
,;;,,/-wProcedu_fe. L . k E - ;,' S : L S
- :-'., . : _\Each S ‘wag’ placed in the sk;mner box with the R

stimulator set at. a low current intensitg (e gs 4ua) "Ag

3

soon as the S orlented tovvards the lever he received ”massed
priminq st:l.mulat%t&by rapidi depressing the lever up and '
| B - down from outside the testing}chamber.‘ At the same time o

the S was’ receiving the primiﬁg stimulations, the current

A e o intensity wasibeing rapidly increased Prlming was r.erm- oo
S . L. .A _f . 0 ‘. - L . ) L e N ‘._ . 1;. o . _v R

F’ . s ’ PRt B . v
:; >~ I) » .. ; . " 1
4 d‘ . ’ - . g .
; .- .

LT o T .ot

< T C T
Ao L ,‘ g 3 fode " - R
% v MR =
B2y ¢
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‘ 1nated lf the S oriented away from the Fever of displayed
'escape reactions.~ When a S began bar-pressing w1thout '

experimenter aSSistance he was aliowed to lever press for

‘ ,‘],,] -the remainder of the 15 min. ¢est se531on., If On the next
day a S failed to begin bar—pressing of . his an accord or
'S’ \ .
<after a. few priming stimulations, he was deemed not’to have

“

' "‘f._' o ‘acquired bar-presaing behavior and the s“aping process was

l?}'...' - .‘.remnitlated c R 'H‘" ST O .
SR L cee O T .
D S Results { :‘] Qﬁ. oL L : , "
[ ‘; Tl Table.VI shows that the LH 8's acquired bar—pre851ng

, X : after l 5 se331ons, the LC self-stimulatora after 1 3.
-‘ . L " ’ - .
" v ,sessions while the dorsal NA bundle s' s required 4 6 15 min.-
. . P l . (7

e _.“-'shaping sessiqns to acquire bar-pressing behaVior. Also

t,gi_ : - q;e ‘ok intereet!wae that the LC self*stimulators displayed ‘
- v : stimulus-bodnd grooming and qnawing.' By rapidly delivering
E2 S 5 or 6 prim ng stimuLatiqns some S's would begin licklng

..ﬁand chewing[their forelimbs and.pulling v1gorously on’ the

'fingers of he ?orepaws. The LC S's that displayed stimulus—
L)

i
|

. [
’ bound gnawjng upon stimulation would immediatﬁly begin v

:»-gnawing on the grid flooT of the Skinner box or various
.:*,.' ,_.other obJects placed-ln the chamber such as food pelleta,
l “":pens or ciqarette butts., Upon termination of the stimulation,‘ :
i ﬂjtﬁ T ff'ithe object being gnawed’ was 1mmediate1y released ' Bar- 'T,‘ :1{ -
‘ L _pressinJ waqualso characterized by thése gnzwing and chewing

_/«'behaviors.t Some. 8's would sit quite placid y w1th the

'lever qrasped in the teeth and rock it rapiﬂly up ‘and d/’/ﬂ

‘, . .
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also alsplayed stlmulus-bound grooming and gnawing. These
. I

*from the Pcs, Lc and mesencephalic

TMicca (1974) there also exists conslderable behavioral
f'eVAdence to suggest that the LC electréges in the present

’studles were actlvating similar neural étructures as those"’

U ——

&

) hav1or than is the case f F LH or SN self-stimulation idrow

et al p 1972 Ritter & Ste%n, 1973 Mlcco, 1974) ' It seems

a

present serles of experiments acquxred bar-pressing as _~f-‘5
rapldly as LH self-stimulator,. Dorsal NA bundle. self—

stimulators do vaulre bar-pre sing more slowly than LH S'Fi

"m0 it woula appear that some NA'aelf-stxmulation is char- ;h
,l'facterlzed by a prolonged shapln process. It should also

-;be noted that all the LC S's Who\¥Xhlbited self—stimulation

strmulue—bound behaviors have beeA\reported by Ball’ et al.,

 (1974) from cerebellar structures,tnd by Micco ’(1974)

ucleus of ‘the Trigemlnal

'complex. Thus, in additiJn to the a atomical slmilarity

' of electrode-placements 1n the prese t studies thh those

sampled by Crow et al. (1972) thter\end Stéin (1973) and .f“.”

mkntloned above.. 'V'v-,ﬁ' "'1-'; oo -

———

G
i o
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Acqulslt;on ‘of bar—pre551ng for LH, dorsal NA bundle and e self-stimulatlon.
acqulsltion time is expressed as the mean number of 15 min.
E . - .requlred to obtaln self-stlmulat1on

shaping sessions .~

TSubﬁedt:

.. Electrode
Placement .

L

Stxmulus Intens1ty
(for shaplng)

" Number of 15 min.
- .. to establlsh bar-pr9851ng L

shaplng sessions

DNBZZﬂ
._DNB3
. DNB4'
i~ . DNB5 -

.DNB3
"DNB4

FILM 17
. FLM- 18

AE 1
P A6:2
{A6:3
,"A6:4
" A6:5
_.DNB2--

.DNB3 -
- DNB4"
. DNB5
. FIM 20

C#, - -FIM 21 . .

. FLM 23

. OPIM 14
‘FIM .15

FIM 23

" FLM .24 .

- v
N . oA N
' WS / LA
t’-e.i‘m u.-an.t.r‘m..;.

»m w'»-‘(},«a e

Dorsal NA-bundle
Dorsal’ NA. bundle
Dorsal NA bundle

" Dorsal NA bundle

———

RERERREE

—~—

L 28pa

20pa

30ua
22ua

.*14ué
.- 36pa -
- 40ua

-44pa

- 60ua
. 47ua‘ '

leua

30pa

© L20ua’
24ua-

28ua

- 44pa
TT40pa -,
-34ua.

22ua

- 20npa .

".35pa
- 24ya

'24ua.f
20pa- .-

" 30ua

-~
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X ="1.28
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Steln (1973) do noti desoxfbe their )

.‘Ritter an
shapin§3procedure n sufflclent detall to\allow comparxson R
‘ . \ R

*?timulation through a

1eVels. The shapxng pr cedure used 1n the present studies

”,ragidlx increased during th massed priming. Thls pro-f'f:

IR A ~;' T cedure usually elicrts stfmu us-bound oral behaviors and

iit is %hen a simple matter t:iinltiate bar~pres51ng by R S
lﬁl‘. maklng the stimulation strlct y contingent on these behav1orsf= . c.

;'belng dlrected towards the Iev r.. There are several reasons R A

’

SR to account for the . sdccess of . t‘is shaping procedure 1n

- obtaining rapid acquisiti n of L Iself—stimulation. First

1

}";= ,of all, thére ls no apparent behavioral index 1nd1cat1ng " {”:

;' R ii'that a partlcular 1evel ok stimul ticn of Lt is reinforcingﬁ

< v

:/f7ft.if" POBlthE stlmulatlon in the LH-MFB\area or A9~A10 areas

typlcally ylﬁ}d excited explcratory\behaV1or as 1ndicated :

T
by forﬁard 1ocomotion and snifflng.‘\No such behaviors

,'J :}' occur with relnforcing LC stimulation‘ Thus, 1t 18 difficult

to ascertaln if a particular current intensity is above or

. ‘ . . .
- . [ . . . ¢ D . - . A . ! * s " L PR .
. 1. ‘ B B - - - . N * - + et . - oy M v Ll - - .
. A . ) . S . PR Lo N . . . . .
; o N BN e . e, . . R ' N , . | . et - . . PR .
; . - - . . - £y D [ .o PR . - ' 5 e R
R : - R PR . . ’ " . N - . s \
. a - P - . . R . . N . . I8 . ‘ M L . .
P . . e . . \ . N R r - a . —
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leow threshold. By gradually increaslng the current .

.

'intensity, shaping is prolonged since at the very least o
'the rapld increase in currenq intensﬁty will determxne lé

_the stlmulatlon is rewardlng or at a certain level becomes

lavers1Ve. Furthermore, Ball et al (1974) and Micco (1974)

l”ireport that the stlmulus-bound oral behaviors are only

eiicited in the presence of a sultable goal object. The

'leVer would seem to be such a goal object for these gnawxng, 'y:

TT———

robtained as LH self—stimulatzon when a sensltive shaping

.jfor producing optimal arousal levels.

' rodes must be highly aroused before they exhiblt self~ :T

:'chewing and 1icking behaVLors. Secondly, LC stlmulatlon'

. seems to induce a relaxed state (thter & Stein, 1973)‘\7‘-r n';f;'

i

It would seem somewhat counter 1ntuit1ve to deliver single ‘ ﬂ‘:ifJL

“or widely spaced prlming stlmulatlons for, lever diredted

movement when massed stimulations by manual manipulatlon et
> R

. -of the lever by the epperimenter seem - to be more. effective

It would seem that Lc self-stimulatﬁon is ‘as easmly

Zprocedure is used It may be that anlmals W1th NA elect-

'~stimulation. Routtenberg (1974 personal communlcation)

b
who does not shape his anlmals has noted that anlmals with

: LC electrodes will not initiate bar~pressing by themselves

f!but when given an injectlon of d-amphetamine hegin/lever~f}'
::presslng for Lc stimulation.. The flndlng that dorsal NA "‘
h;bundle self—stimulation is dlfficult to obtaln in comparison

"f} to LC self-stimulatlon suggests that the complex stimulus-'jUJfg ’{ﬁ

'f}bound oral behaviors associated W1th Lc self-stunuladion f“”ﬁ

»
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k. - 7.~ . . 7 - DISCUSSION.AND CONCLUSIONS - . ~ . .- [
: - o C - Since the discov’ery of self—stimulation by Olds &

S 'Milner 11954) theré has been an.- increasing amount of evidence
‘suggesting that- the CA's play an 1mportant role in mediating

this behav:Lor.. Self—stimulation rates are decreased by

- "drugs such as 6-0HDA which deplete brain CA (Breese et al. ‘/ |

'1971 Ste:m & Wise, 1971) Chlorpromazine, haloperidol, ,| . l

'phentolama.ne and pimOzide which block CA receptors also '..' '

- decrease- self-stlmulation rates (Stein. 1952' Llppa et al.\

;:1973 Wise et al., 1973; " Wise. et al., 1974) - Drugs such \

. as amphetamine which augment the release of CA increase
" self-—stimulation (Stein, 1964) as do monoamine Oxidase
o ‘_"mhibitors (Poschel, 1969) ' In a comprehens:We rev:.ew of
. .the rself-stimulation literature, Germin & Bowden (1974) |
L have concluded that self-stimulation may be obtained w;.th o _'
'/‘ St lperhaps one or two possible ex({:eptions only within the .

) ‘,'"boundaries of CA systems ‘as mapped by Ungerstedt (1971&)

: and the most - effective 188101’13 for disrupting self- -'" . ’;5.
-A_Stimulation are those affectmq CA systems.. More specific- o
.aily, self-stimulation .can; h}e elicite}i by activation of f-/‘::
.any one’ of 3}CA systems. (1) the nigrostriatal DA system SR
'(Huang & Routtenberg, 1971,' Crow, 1972a- Crow &, ArbutrJnott,
: 1972)7 (2) the mesolimbic DA system (Crow, 1972&) and (3) e

0 L the n{iorsal NA . system (Crow et: al., 1972 Ritter n Stem. s

.-_ R ¢ . o . R e
, f . .o '




nigrostriatal and. mesolimbic DA systems and the dorsal NA

"Stein & Wise, 1971; Wise et al 1973) must be reconSidered

"G—OHDA in SN fail to signifioantly alter LH self-stimulation
""“(Phillips.!1973)f The difference between :2.0ul and 1. oul

otk 2 dere wn me e e esrmeempre [ . T S R e e

' \6:3.-"-' ”

"1973)' The ventral NA system does not,seem.to support

"*self—stimulation (ClaVier & Routtenberg, 1974' Crow, 1974,'4

personal communication) “ - t\'} - \ ;k

A series of*&’experiments were undertaken in order A

et

to ascertain the role of the nigrostriatal DA system and

the dorsal NA- system in LH self-stimulation. The results;

. .of these experiments strougly suggest that LH se1f~

stimulation is mediated by several CA systems as indicated s

p——

i-by severe defic1ts in this behaVior after damage to the ‘

system. These dtudies also suggest that NE and DA, or pA
'alone are the crUcial neurotransmitters for LH selfh |
stimulation. Support for this argument is based on findings
-that‘lesions of the dorsal NA system, the- only NA system ’

known to support self—stimulation failed to haVe any

"substantial effeot on LH self-stimulation suggesting that

'currenttheories purportipglto demonstrate ar NA basis for'

'selfustimulation (Steln & Wise,. 1969 Wise & Stein, 1970,‘

‘ The substantial reductiont in, LH self—stlmulation ’ ik "
afﬁer .Oul injections of G-OHDA in the SN would appear to v
lresult from extensive damage to all 4 major CA systems. Y

Less severe damage to these systems by ‘2. Oul injections of

'injections of S—OHDA 1s that thefz Oul injections in: SN ,: o 7,5

45.‘1?weu1d spread & the ventral NA system and would possibly RS

T ,.',_ . el B ,.‘. o .. i “'. .
<t B RGN . - . . . . .

Y
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~affect the mesolimbic DA systemggpile 4 Ovl hnjections

would affect these systems as well’as the 7orsal NA system

/
(Agid ‘et al., 1973, Sotelo et al., 1973) , A second’ critical#

factor in producing deflcits in self—stimulation is the

’ extent of the CA depletion.' Reductlons of NE to 29% of

R T

ontrol levels after 200ug ‘of G«OHDA injected 1ntra- -

5.

ventricularily result in- only temporary decreases in LH
self-stlmulation (Stein & Wise, 1971) fWhen NE is selectively
depleted to 10% bf contrel levels, LH self~stimulation R
recovers’to pre-injection levels in approx;mately 7 days |
(Lippa et al., 1973). Phillips (1974, personal communication)
has shown that 250ug of 6—0HDA injected intraventricularily_l
reduoes whole bra1n NE and DA to 30 9% and 53 4% of controlj

valPes respectively and results in only a temporary re-

T ductioh in LH self stimulation returning to control levels

5 6 days ‘after the 1njection., Intraventricular inJections
of 6-OHDA (250ug) 1n combination With the monoamine OX1dase-‘

inhibitor pargyline reduced whole brain DA and NE»to 108

‘of control leﬁels -and resulted 1n a long lésting suppdession .

. of LH self-stimulation until the termination of ‘testing 34

days after the injections." ,-3 j /_u~ 'ETJ'ZT : :'7 ‘,,,":"-."a
} Since there is a tissue concentration of GTOHDA

for producing an optimal amount of degeneration of ‘CA

»'neurons (Sotelo et al., 1$73) it could be argued t at the‘

': 4 Oul injecéLons of G—OHDA in the present study by their 13;

sheer volume would diffuse to. other CA aystema 1n the

. proximityiof the nigrostriatal DA.system in a sufficient ‘5-'f'

'~,_ PRI o 4". ; ' . Ve s
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:the LH—MFB was t ought to be the center for self~st1mu1ation-'

”‘fthat all the CA path'ays which support self-stimulLtion

~

"'_destruction of a singlj CA pathway may notrbe sufficient .

‘mediating self—stimulation ( tein, 1964' Stein & Wise, 1969..;"'

.,Wise & Stein, 1970 Stein & w 'se, 19-,1. Wise et al. b973)

' :(Olds, 1969) It would seem that the reason for the LH-MFB 5)‘

..to disrupt LH self-stimu ation.

. However, these pharmacological 'tudies are subject tf the - -
".fcriticism that most of the drugs affecting self-stimulation
“ ﬁwere altering other putative neur
ﬂ}DA in addition to NE. For example, '
'ffamphetamine, which fsoilitates self* timulation (Stein, .,{ o l 5H,‘1.T
i11964), releases NE in vivo as does ele trical stimulation . L

» of the LH-MFB area (Stein & Wise, 1969) has been interpreted i

e "
O L

65.

' marked degeneration. It should not be too
' that extensrve depletion of brain .CA- and damage-

s

to several cA systems is required to produce deficits in

-~

LH self—sti lation. Traditionally,.self—stimulation has
been mOSt rel'ably obtained from the LH-MFB area.. Elect—

rodes here y1e d. the- highest rates of self-stimulationsand

area being such .an optimal site for self-stimuldtion is . - ':3'

converge through this area (Unqerstedt, 1971a) Thus,"

e ‘-—;‘;w{‘ 3 <, _,':: s s
g q’-ﬁg_ ORI

N
:._.‘\"0‘,~‘“’.
B A

F

There is a 1arge ody of evidence which has been

1nterpreted ag suggesting at. NE ie the neurotransmitter I

Pt et e R ey R

B <, .

'transmitters such as.

the observatiOn that

gy E e E:”«g}"i‘ A,
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as support for the hypothesxs of the NA mediation of

reward (Stein & Wlse, 1969 Wise & Stein, 1970) However;' -

amphetamlne is known ‘to release Da and serotonin as well

v;as NE (Fuxe & Ungerstedt, 1970) Electrlcal stimulatlon ¢

of an- area subserved by several monoamlne systems w111 —_—

) release all of these monoamines (Sheard & ZoloV1ck, 1971)

If Stein & Wlse (1969) had analyzed thelr pe fusates for
l

'-,seVeral monoamines, it is llkely that other onoaminee such

£}

as DA and.serotonin would'have.been detected.-‘lnhibition ‘

. of NE biosYntheeie by administretion‘of"disu firam has -’

Y
—

](1970) who found that disulfiram produces sle nd~‘ V

" been reported to produce deficlts in self—stl'ulatlon (Wlse

‘“& Steln, 1969) This study has been crit1c12 d by Roll’

T

drowslness and 1f animals treated with dlBulfl am are

.kept arcused byﬁhandllng, etc.qlehow no deficit in selfe

LI

' stimdlation;' Stein &'Wise 11971) reported decr ases in LH

self atlmulatlon after 1ntraventricular 1n3ectlons of

6= OHDA whlch reduceq braln NE to 208 of controls‘

lncreased braln DA to 168% of controls.' The incre se in RS SR

brain DA after 6-0HDA 13 at odds w;th every other study
s

employlng intraventrlcular injectlons of 6 OHDA, whlch

: report substantial reductions. of braln DA (Breese et g#.,' _
'1971; Iverson & Uretsky, 1970 Ureteky & Iverson, 1970,
. Philllps, 1974) Thus, the evidence that ﬂE solely medxates~'

,.self—stlmulation is questzonable yet NE must play some '

part in the mediation of self-stimulatlon slnce self~ :Z:C N

”Qstimulation can,be obtained from. the dorsal ‘NA system

A .'

e P . A
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(Crow, 1972 Crow et al.,'1972 Crow & Arburhnott, 1972-‘

Rittet & Stein, 1973)

CA; -'u,'.v . - o Considering the controVersy surrounding the role
of NE in- self-stlmulation, 5 experiments were conducted to
; o 4 . test the 1nvolvement of . the dorsal NA system in LH self—

stimulation.‘ These experiments generally suggest that LH ’ f{

self-stimulation is. not affected by destruction of the

"

- .
dorsal NA system and therefore NE cannot be the sole mediator

of self stimulation, S S

. o .i' S In the first experimentZi;dul of 6-OHDA was,injected

just anterior to A6, the~or1§in of the dorsal NA system

(Ungergtedt,.197la). These anECtlonB produced no apprec-‘

! ' . ?iable elterations in LH self—stimulatlon.; However, -OHDA:
S may not be the most appropriate lesioning tool for NA

neurons since the'cell bodies do not degenerate (Ungerstedt,.
197la; 1973) and G-DHDAIdoes not seem to produce as severe

N S neuronal reactions as electrolytic le51ons of this system

| (Chu & Bloom, 1974). The second’ experiment confirme the

results of - Experiment 1 by demonstratine-that both 1 Oul
.,.1njections of G—OHDA in the’ dorsal NA bunle at the 1 vel . .i‘,

VN
of the FLM and electrolytic leésions- of Lp via electrodes

which supported self-stimulation failed to ap re01ably
fi' f. ' aﬁfect LH self-stimulation. Several s's showed a slight
g . }‘ ' transitory 1ncrease in LH self stimulation after the LC .
| - 1esions. Histological examination of the lesion-sltes did ";tf
1;'i‘.l - f"':'j not seem markedly difqerent in the S's who increased LH ‘ o
4 o responding and the S's who - did not increaae their resanee '{fr

PR

Tz, :
e

G U




‘~LC les;ons but -again a flnding not easlly re

'~ may .be that there is an lnhxbiFory system in

solutions may have dlfqued 1nto the Ventricle as well as

‘ratesl Sznce thls increase 1n LH self—stlmulation wa& not

. a conslstent flnding, it wduld seem that these increases

"( S

.were merely fluctuatlons 1n reSponse rate unrelated to the o

i

LC IESLOD. HoweVer, Routtenberg (1974, rsonal communlc-‘

1

jatlon) has noted gsimila 1ncreas 5 ln BC r_spondlng after-

1cated It

’ -

system in LH self-stxmulatlon procalne, d*amphetamlne

glutamic acid were ingécted in LC On the basis of the \\

' lesion results from Experiments 1 and 2, 1t was predlcted

‘ that procaine and d—amphetamlne injected 1n LC would have

no effect on LH self-stlmulatlon whlle qutamate, a neural

3
exc1tant, mlght be expected to 1ncrease LH self— Fimulatlon

'All 3 drugs suppressed LH self-stimulation which suggested
that the 1. Oul injectlons of these drugs in LC were affecting

;systems not affectediby the electrolytlc 1esions of LC 1n

Experiment 2 or the -OHDA thections anterior to AG in

‘Experiment 1.’ The 7o cannulae in the 3 S's used in
- fExperlment 3 were all in, close proximity to the IVth

_ventricle, thus unlike electrolytic leslons, the Lnjected

. i
_ seeping up the'éannula shaft 1n the cerebellum. I the

procaxne, dqamphetamine and glutamate injections dlffused

68.
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into the ventricular system it

of LH self-stimulation was due to pharmacological actions
of - these drugs quite distal to LC perhaps affect%ng the
DA-systems.~ Another pOSSibility is’ that the suppression

" of ‘'LH responding was due to a #ompletely non—specific.

may be ‘that the suppre3310n

L.gf interference with sf%tems unrelated to self—stimulation.'

69,

‘ For example, the d—amphetamine trfated S's exhibited motor -

impairment after the 1n3ections, crouching low to the floor

of the testing chamber and movinq slowly abOut displaying

a

. extension -of the fore and hind limbs.

The S‘s 1n3ected

Iy
H
B

' Wlth glutamate showed marked)signs of aﬁitation and excit-'

flat on their heads.. Perhaps the\dosage of glutamate (4 4

mg/ml) wag, too high, resulting 1n exce551ve behaVioral

' ation, mov1ng quickly back and forth with their ears laid

stimulation With a subsequent disruption in self—stimulation

behaV1or. Support for this argument is, provifed by—Wise I

and Stein (1970) who have obserVed suhstanéial reductions (

in LH-MFB self-stimulation after high doses of ddamphetamine,

presumably as the result of excessive behaVioral etimulation.

The auppression of LH self—stimulation after inJections of

procaine in Lc 13 very difficult to reconcile since these a

l

‘ There are now a grQWing number of: reports 1llustrating

'f\\g\;i opposite effects on self stimulatibn with electnolytic

. ?5' versus procaine lesions. fValenstein and Campbell (1966)
| reportfno effect of leSions of the afferent fibre prOJections f~:

' to the anterior olfactory area (Ao) on AO self—stimulation

o

S——il

{j:j 813 showed no obVious igns of motor impairment or sedation.

o
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',ESteln & Wlse, 197?, Ge magga Bowden, 1974)

}‘:stimulat;on behaVLor (e.f

'“self—st%gulation behavior ( ntelman et al.,

et al, 1971)

suppressxon of Lw‘self-stimulatiOh follOW1ng inJections
of procaine 1n B,

and electrolytic eslons on self—stimulation suggests that

h‘procalne 18 exert_ng some subtle effect on self-stiﬁmlation'\

L

fbehav1or that elec rolytic lesions d$ not ‘or perheps there

are peculiarlties

‘a,

: les;ons that are no " common to the*electrolytlc le81oning o

paradlgm., The recov'xy of self-stimulation following

‘electrolytlc or, 6 OH
self stimulatlon is w 11 documentLd (Valenstein, 1966,\'.

‘;.n

Receptor

supersen31t1v1ty and/or axonal sprouting haVe been ° suggested

.-as posszble mechanlsms t_ account for recoVery of self-'

Stein & Wise,1197l 1972)

1972,

The fourthﬂex eriment xn this series

'ﬂil ustrates this phenomenon o refovery of function.

1esion./ In some cases the suppr ssion was nearly total

. - The discrepant rfsults between ﬁr0caine.

_f the testing paradiqm w1th temporary .

lesions of system thought to. medlate"'

Kaﬁzman.i"

,
T

':Dorsal NA bundie leslons disru ted LH and LC self-stimulation“-fi

‘.u,f&)’ (3

g T b 1}"55;/-”.
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. after 24phr. but recovered substantially or com&letely
. over a: period of 2—5 days._ These results raise some
important questions concerning the eValuation of a lesion s
L effect on” self-stimulation behaV1or,/hpw soon after a
:'T - le51on should testing for self-stimulation be resumed? ' .
h If def1c1ts in self-stimulationlare observed 1nitially ‘m yf{,.
but recover QVer time, are the deficits to be interpreted

)

- an indicating interference}with reward mechanisms per se

%

I';.or simply non-specific interference with systems unrelated

;,f. "ﬁ ; 5:i*: to self~stimulation? Perhaps the suppression of LH self-
/: ;' . ff ;: stimulation after infection of procaine 1n LC is somewhat

analogous to deficits in self-stimulation observed soon':'

(e, g 24 hr ) after electrolytic lesions. Although LH iif; S

g self-stimulation was not affected 24 hr. after electrolytic B

Lc lesions (Experiment 2) it may be that defiCits would :
\t

S o ':i have occurred had the S's been tested seVeral hours after

the lesion.' It is possible that the effects of temporPry ,

lesions,‘that is, 1esions introduced while an animal is vf,f“

3 r

'Q,. - self-stimulating should not be compared with the effects'

' of electrolytic lesions on self—stimulation 24 hr.;~ l or

t
N

N more weeks after the lesion.:';, _ - .

?f- :',fg : f:"'l;f'“. ThE'finding 4in Experiment 4 that LH self-stimulation

3“-57 | | t was disrupted in 2 S 8 (DNB4 & DNBS) following dorsal NA '”
bundle lesions via electrodes that supported self—stimulation f. fff
was somehhat surprising in view of the faot that LC lesions ,ﬁf“, i
(Experiment 2) failed “to produce any decrease in LH self— ;k'~:}l')

ﬂ?}fl o f sﬂimulation.; on close examination of the location of the _—

S e S, .
e et : -TF;‘-*?:.-»

‘f‘&,}’ VR

Lt . . L
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_“;Ko had anterior LH electrodes after lesions of the dorsal

— .

L this pathway.r, .}uﬂ. ,"' “;;:i :.lw:;)k\g_<x.i“

. Of considerable interest was'the £inding'‘that.. j"_|' TR

f:ﬁstimulation is readily obtained from both of these pro-

Lo~ [ A - o " / :«..-,.. e o l - ——

LH electrodeslin these S 8- (DNB4 & DNBS) 1f was found that

'the electrodes were loc ted ‘at the anterior level of the :~;/;// e

VMH, a region where the dorsal and ventral NA pathways

are somewhat separated from Ehe DA pathways, whereas/éaudal

-"to this region the NA and DA pathways intermingle to a

L

,.‘ugreater extent (Ungerstedt, l971a-'see/pagé/;;ﬂ Fig. M & N) % !.

A _Since thelstimulation levels of the/;ﬂ electrodes were | ' '
‘ relatively low (25ua and lopa for DNB4 ‘and’ DNBS, respect-'

' fively),'it is possible‘that the NA pathways rather than the o

DA pathways were primarily being activated Support for

" this argument has been repOrted by Stiglick (1974) who

found substantial decrease in LH self~st1mu1atﬁon ip 2 s's .

” ‘- . 3

p thway at the level of the BC.. These electrodes seemed “o
»

.7to be in a similar area to the Ly electrodes of DNBQ and

DNBS and woulg/ﬁggear7to have been activatinq the dorsal
NA pathway. It 15 not too surpri@ing then that the dorsal

,*NA bundle lesions disrupted LH selt;stimulation ‘since- the

,"[ LH electrodes appear to haVe beLn preferentially stimulating N

:ydorsal ﬁn bundle lesions had little or no,effect/on Lc L
"" self-stimulition. There are Zgnain fibre prbjéctiLans from 3 v .
:,?LC (1) One" ascends through the midbrain and joins the MFB.
| uand (2) ThL cerebellar projeetion which passes through the
.'PCS (Ungerstedt, 197la; Hoté,r et al., 197?) ) Self-{_. E

[
*. +

A ’:'3\' ) ‘ "*“i‘l‘"wﬁ‘l"'
2 g m Bl UE
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'Jections (Routtenberg & Malsbury, 1969, Huang & Routtenberg,

i’.Thus, lesions of the dorsal NA bundle would result in

"Zretrograde degeneration back to AG but would not affectr

and its cerebellar projection would remain intqct after a;
-h'the cerebellAr progection would be expected.
ja lesion of ths cerebellar projection of AG but nz;/hsl“'

1

itself should nct aﬁfect dorsal NA bUndle self-st

_ Such was the case with DNB2 who sustained a ﬂesion of the

: ‘1971a) there éxigt 2 functionally independent self- A:

'I_‘and the A6 cerebellar projection.

; ’ \.‘" t
e e e ' ;
- !

| -

- . | .
. <y . [
.. - Y , . . . xS : .
) . - ; “ . B * . Lt 73o Lt

I

.l

1971; Micco, 1974 Ball et al e 1974 Crow et al., 1972)

' It is known that NA cell bodies do not degenerate after

lesions of their aschnding axons (Ungerstedt, 1971a, 1973)

.-

;
. LC cells .oz the cerebellar pronection from LC. 1t seems - o
N P SO

that the e electrodés in DNBB 4 & S were inltﬁe- ere~ - ST

‘ t'bellar Projection of A6 rather than AG .proper. Since, A6 L

v

"dorsal NA bupdle 1e910n no effect on self stimulation from 5

Similarly,:

AR

ation.

1 cerebellar progection of AG that did not seem to encroach o :i[’ L

"upon A6 and did not affect dorsal NA bundle self stimulation.'-

Y
-

l"Together, these reshlts suggest that dJe to the unique,».; :;:'.j*'
'property of NA cell bodies not to exhibit degeneration1; |

“;after traqsectipn of their efferent axons (Ungerstedt, R

i, e

<t

stimulataon systems arising”from LC, the dorsal NA bundle 4

An experiment to test

o this hypothesis would be to lesiOn the dorsal NA bundle if-; ' ‘
’;-at the level of thé E&y and observe subsequent effects dn .
"ngC and cerebellar projecticn self~stimulation. On the basis .
of ideas expressed above, it would be predicted*that BC ‘y: oy
T e e R I
LT e L “2. ' ; ' r - ,3-.'
':*L..‘ ‘/,E: . ‘*‘:. ’ :L]-":' ~".:. - 31).
Nopwt % "W. . ﬂs&:.ﬁi ol -
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V:,‘self-stimulation wheh the LH electrodes seemed to be -
«J/’\

‘f.self-stimulation would be disrupted by a. dorsal NA bundle

'lesion while cerebellar self—stimulation would be unaffected;.

- :LH self-stimulation. Dorsal NA bundle lesions disrupted LH

‘_suppressed LH seyf-stimulation but these results were f ‘”':lﬁ

”,:depend upon the neural integrity of the DA systems{alone,1”3

'”;or in combination with the dorsal NA system but not the

'2'Summary and COncIUSionsl ;f ‘{t' 1i\i : ﬂi?' - -
_'/'g *:, Extensive damage to both DA and NA systems at the
.ilevel of the A9-Al0 cell groups resulted in a strong sup-

. _pression of ‘LH” self-stimulation. : —bHDA lesions of the : fli
| dorsal NA bundle, electrolytic 1esions of the cerebellar S
' pro;ection of AG alone and lesions which encompaned both ;;i
.ﬂthe cerebellar projection and AG prpper failed to affect ¥

-,

,',primarily activating fibers of* the dOrsal NAtbundle.

S render d questionable due to possible non-specific effects'

as well as - the theoretical validity of the temporary 1esion :

method £Or investigating the neural substrates of - self- :

:“stimulation. : 5.;.f - f:'"*’ ,,5:-,4“ . i::7uz'h"_

Lateral hypothalamio self-stimulation seema to '3';',\

g

;}dorsal NA system‘by itself..'Theories prOposinq aL exclusive o

fuhéfasis for self-stimulation 1e.g. Stein & Wise, 1971) T ;"
"/must ‘be reconsidered ' B =?, AR SRR

" Injections of procaihe, d~amphetamine and glutamate in LC “j;ifd E

[ R VI

fones 5 w TR
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