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SUMMARY

We have investigated the hypothesis that high-abuse pharmacological

agents with ostensibly different  biochemical and behavioral effects have a

common influence on the central reward system as measured by intra-

cranial self-stimulation . We have investigated the effects of the optical

isomers of amphetamine on different central reward sites and have found

that differential behavioral effects can be obtained within the reward sys-

tem. Biphasic effects on self-stimulation are obtained upon repeated

morphine administration. These effects are site and dose-dependent.

Synergistic effects are obtained with cholinergic agents. Effects similar

to those of morphine were found with pentobarbital. These diverse

agents facilitated self-stimulation , though the time course , amount of

facilitation, and site of effect differed across pharmacological agents .

We investigated specific ity of response rate and refractoriness

within the central reward system using the monophasic cathodal/anodal

technique to differentiate between heretofore homogeneous self-st imulat ion

areas from which differential  drug effects are obtained by superimposing

the isomers of amphetamine on this technique. We are able to determine

directionality of fi ber pathways in the central  reward system(s).  Des-

truction of one part of the reward system was found to abolish or drasti-

cally reduce se l f -s t imula t ion behavior in another part , but d-amp hctaminc

reverses this process while I-amphetamine does not.
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FOREWORD

In conducting the research described in this report , the investi-

gator(s) adhered to the Guide for Laboratory Animal Facili t ies and

Care , as promulgated by the Committee on the Guide for Laboratory

Animal Resources , National Academy of Sciences , National Research

Council.
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GENERAL INTRODUCTION

Throug hout this contract, we have investigated the hypothesis that

high-abuse pharmacological agents with ostensibly different biochemical

and behavioral effects have a common influence on the central reward

system as measured by intracranial self-stimulation. We contend that

pharmacological agents with high-abuse liability alter the central reward

system in addition to exerting their specific behavioral effects; in con-

trast, non-abuse agents do not facilitate the central reward system.

Hence , such diverse agents of high abuse as stimulants, narcotic s and

bar biturates should alter self-stimulation in a facilitatory manner be-

cause their common basis of abuse is the activation of central reward

mechanisms.

Our studies thus far have comprised two major approaches: (1)

investigation of localization of sites of action within the central reward

systems of stimulants, narcotics and barbiturates; and (2) investigation

of those sites altered by high abuse potential drugs to elucidate the

nature of central reward mechanisms, to characterize their physiologi-

cal interactions, and to systematically manipulate one part of the re-

ward mechanism in order to affect another part. Specifically, the first

approach has investigated the effects of the optical isomers of ampheta-

mine on different central reward sites and has found that differential
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behavioral effects can be obtained within the reward system. The f i r s t

approach also included investigation of the effects of repeatcu morphine

administration across doses. These studies demonstrated bi phasic

(depressive followed by facili tatory) dose-dependent ef fec ts  on se l f -

stimulation from distinc t neuroanatomically distinct ioci. We report

the synergistic effects of morphine and cholinerg ic agonists/antagonists.

Finally, the f i rs t  approach investigated the effects of sodium pentobarbi- F

tal (Nembutal) on two neuroanatomical loc i over repeated administrations.

In all three cases , these diverse agents facilitated self-st imulation,

though the t ime-course, amount of facili tation, and activated loci

differed across pharmacological agents.

The second approach concerned three categories of experiments;

the first investigated specificity of response rate and refractoriness

within the central reward system of discrete  and dist inct  neuroanatomical

loci that are closely adjacent . We used the rnonop hasic cathodal/anodal

technique to differentiate between heretofore homogeneous self-stimulation

areas where differential  drug effects  could be obtained. We have estab-

lj shed that these dist inct  neuroanatonucal  loci whic h sustain self-

stimulation behavior are indeed a physiolog icall y in terre la ted system.

This was done - by using behavioral measures to estimate the magnitude

of neurophysiological interactions between in t rac ran ia l  self -  s t imulat ion

~ICSS) sites; moreover , we present preliminary data determining direc-

tionality (ascending or descending)  of the system. It was determined

U
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that this system is pharmacologically differentiable, that is , when a part

of the system which equipotently reacts to both isomers of amphetamine

interacts with a part of the system which reacts only to d-amphetarriine,

a large behavioral interaction occurs. When both interacting parts are

only d-an-ipheta rnine reactive , a small interaction occurs. Thus , dis-

crete localization of sites which arc differentially affected by drugs be-

have differently with respect to one another.

Finally, but certainly not least important , it was found that destruc-

tion of one part of the reward system will abolish or drastically reduc e

self-stimulation behavior in another part , but that d-amp hetamine, a

high-abuse agent , reverses this process while 1-amphetamine, a non-

abuse agent, does not.

During the contract period, we tested over 300 rats, filling 212

conditions , in various phases of these experiments;  rats were intro-

duced to these conditions after they had ac hieved stable baseline re-

sponding (a minimum of three days to a maximum of three months).

The following list enumerates ten series of experiments which were

run during the contract period.

I. Differential effects of morphine on self-stimulation over

hours , dosage and days.

II. Effects of cholincrgic agents on self-stimulation over hours

and days.

Li 
_ _  

_ _ _
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Ill. Interactive effects of cholinergic agents and morphine on

self- stjmulatior. ~vcr hours , dosage and days.

IV. Effects of morphine on rate-intensity functions.

V. Neuroanatornic differentiation of the d- and i-isomers of

amphetamine.

VI. Differential effects of d- and 1-amphetamine on the reinstate-

ment of ICSS following locus coeruleus lesions.

VU. Effects of pentobarbital on self-stimulation over hours and

days.

Viii. Behavioral evidence for neurophysiological interactions

between intracranial I? r ewardh loci .

IX. Neuroanatomjcal differentiation of self-stimulation sites:

specif icity, refractoriness, and directional interactions

of self-stimulation sites.

X. Preliminary testing of the effects of amp hetamine as

determined by a double-pulse (C-T) technique.

_ _ _ _  — —~~~~~~ ~~~~~~~~~~~~~ -~~- —
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SPECIFIC EXPERIMENTS

The f o l l u w i n g  Seven spec i f ic  exper iments  suppor ted  in part by

U. S. A r m y  Contract DADA 17-73-C-3072 arc attached :

1. D- and L-Amphetarninc Differentiall y Mediates Self-Stimulation

in Rat Dorsal Midbrain Area

2. Differential Effects of Unilateral Dorsal Hindbrain Lesions on

Hypothalamic Self-Stimulation in the Rat

3. Alteration of Escape from Rewarding Electrical Brain Stimulation

by D-Amphetaniine

4. Comparison of Behaviors Elicited by Electrical Brain Stimulation

in Dorsal Brain Stern and Hypothalamus of Rats

5. Behavioral Interactions among Rat Brainstem and Hypothalamic

Self—Stimulation Sites

6. Directionality of Neurophysiolog ic al Intcractio us between Br a in s t e m

and Hypotha lamic  Self—Stimulation Loci in Rats

7. lntrac ranial Self —Stimulation Site S p e c i f i c i t y :  Monopolar A c t i v a t i on

of Bipolar Electrodes.

- _ -~~~_ _ ._ -~ — - -- .—.-. ~~_— - - — - —_
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~~II IlIt .l Iii il, t i , I L I I L ’ i I L ’ l Ii i I  li’ i i i i i t i .tIs ti hti k’ t ’ IIt I I i’ u L l L ’ I I i  I t c ~4 j iii i _ l t I ~~ls L I I I It ’gIi i i ’ u h t i i l I l . s ) ’ I’~ t I i s ,II!’. Silt  It . t i t . t s  .1’ h i t ’
J&ipi t h h l i i l t ’ i ~ u t ,  t t ’ I  iiliii,tIs IItii i ii’ s 111J ~~~~~~~~~~ ~~~~~ ~~ iii,’ ‘‘I t I l t I l l t lSh th l  f l I t s  lt ’ t . t i l t ’ iil ht ’ I s ( t t i , i I  l ltI ~ h i , h i t s ’ ,i, ’ i s.tI , t t ’ i t t ’

i f ,l .Ili~h I . l i h l I ’ t h t ’ t , I Ih Ih lh i ’ , ‘ t i  PI t  ‘ , h h l , I I . , u i i i , - .iilil h ilt tel , ~ l itI ( i t t ’ IhI t ’ Lh iJ i  lihiI g i h l I t i i l I J j  I t s , , I I I I L S
tt I ( ’ S t J I i ( I 4  i i t g i . l  It 515 I L ’ S~~’ , ’ i t S L ’ t i l ~ ’ s ,titsl t t ’ t t i t~ i t h u
(IS ~ t uI li.ii.t il l ii Ii. SS I I  1 1 5  .1 i’ 5 t ~ ’ t i L l , ,  t i l t  it i’ i i i t , i  i t ,  ~,i Pu t P.11 I lit III
ii dI l I jb ( I t I . iu i i i i ~t ’ , ti htik’ s t t i ’ s I , i t i l i , i  tll ~u l l  IL ’ 51’ t h I l s s ’ I I t t ’ s , t l t ’

h u h  PPi,l, I ‘I ‘i , i  F ‘ , I , j IiCillI1ith~ e I ,h i , I I t s i t h  i’t i’ ,’t ii lsi ’ hh l ( ’ I s
St’t~~ij I hhhs . ’ s l lg, l I i I u ’ , l i i i  i’ l i l I l i t i l  (Ii,tt i t t i t t i u t  t o t  ,t i ts t  I 5 5 1 1 1 15 ‘ iii ’ tu tu ’ , i i i ’ i i i, . ‘

~~ ‘~ .it ’ LR l~~,t t i  II ’ S 1 ,11*  ( ‘ ‘~ c o o
I11ill ( lIIt t h u  ‘u.iI h i  i t  11 ,1 t I l l  t l,~ Ii , ‘ ,ii ’ s t i i ’ s ~t t i u~u~ui I It s’ s I i i  g I t’. i’ii’ i i i ,  ‘I It, I i , )  tt i i i  I 1 1 1111  ili ’ s t  II 1L ’ f lS t ’ l l , i i t t  k1~ I,C~~t Iiil t’ It~, ,‘ ,‘l t,i,~iii’,Iii, Ii i l i t t ih lu l , i th t  11111 l u l l _ I t  t I l t  I s ’ t ’ l i l s i i t , t i  i ’ i , ts t ’ si III .1 it,,’~’t s l i i t ’ , ’ I . u  S i ,  l l l s I i I I i h i t ’il t t h u  t l l h I ’ l , I I I h t ’ Lh
a reas SlI h i t h ihI t It ~~~ I ‘ . I (I, I t , , ,~

., , b I , is ,h , ’ ,’ ’, t i l t ’ It it hi .i s h , I h l h I . ’ ss s i u ’ t ’ l hhI I l t h I , t l  i i , ’ , i i , ’ ,!, ’ su i t ,  it tu , ts 0 111111 ,itIt ( 1  i i .u i . i , i i i ’ i i u ’ i g t ,  I’ u Ilt t I l h i ’ I’ ,’ h i t l ’hl t I  It 111,11 t I l ts lt’ t tsI ,iit,I i t ,  t (~. t’. ittt ’ sh i’ \ t t ’fll .111,1 . ‘ I t I ) ’ I L I I I t  i i l s i t I . i ts ’~ t t S I  t ’~ ’ l ,I I lilt ’ t ip ’
4St ’duIuth It )~ ~‘ l , h ht ’ , h u h , liii 11015,11 i t t ’ t  Li l t  L ’ t h l ’ I  I’ ll I ’ l lh iu I I t ’ In i t t  H , iuhiIul J i , ( I l L  I’ll’, t i , t ,Is ti .1’, l l l l hu ’ ut .11 , ,t  - ‘ , iIeJs ~,tI( u N it ) IS , I I . Il , . 1 1  S t t ’ t i i , l i t s u t u ’ t , t i  % ( l i t h t t ’ S I ~ I I •~~, t ltt ’ i u s ’l l , lu t t I i ’ ,i ILL  1,11 f l t i u i i ’ i , j i i i  il l h i l t ’ ,hh t ’ ,i i ii ( i t t ’ iiit’ilij lit’ l l s l h l g  t u t u  111,1* ,‘It ’t Itt ii ,Il~t ’ hI I’ u s i t ,  ii is  ,i , h i l t i ’ I l t I . i i i t , I i u ’ iuhhtgh h t l u l hhh , l i  I t s ,  I. h u t s . thu ’ s lg ih, t ht ’~I 1111,1 t * ’ h t t i . i i  ( ~tl l~ I .111th
Jt cIlt’. I~I,hhi,, u~ , I Ih u . l h l l , l h u ’ ,lihuI ; ‘ t i i t ~ ’ ,’ i , t ~ - tut i t - itu~k’~l (hi,ut to 55 1’) (itt ’ (15 (4 ~‘u t t i t  tht ~’ Il l, SOt  i’.ti .1 1 ‘ 111111 , s t ltltuIhI).h tu ’ .,

SIipupuuui Ii~ul 1st N1tIII 1 , 1 .111 1 So P.111 I S’t t l ~4 I I ’ t~ th 4 ’  S 5 i , t i t  t , ’ t l h t , t ,  i 5, , I)~~Il\ I ‘ ‘~~ t ’ i~l ~ ,‘ P,t u l s  h i t s iu ,I i’ t ’ h n u ll ’ IhIt ’ iu ’nlt ’t l
.11 IHi’ I .uti t ’ lhI 1s t  • Iioh’n t, ii ~ s suu * 1,111011 Iii 5 ’ , t l  ‘I ’4

‘St’,ish it ’ Ih hii l t  iu ’ ,h t l , ’ t l s  to I), S I I 1IIII,In , Ilu’pu,iilntu’nh ,u t  I’s s ’, Ii, ’ iu ’p ’ t  , hI, u t t t s  it. ,hl Rotuni s i t  I t ilt t ,uti i u ’ i , ‘I S in  ‘S o iL I 1$ St .111thAni~k’iuh,iiii -5.~’ , N.’ to ‘S • .u t , N’S I till II

rn-~~~~~~~~0



2 ELI.MAS ci a!.

wes’e 0.6 mm anterior to lambd a . I $ nini Iahs ’ ra l to (he each electrode s ilt ’ St h s ’s to- hus h esItil~iled a SI~’ l l h f i s  J f l tl)’
Sa&ltt.I suture , and ti lt nun front the tt )(1 oh the skull JItLI gh t ~at t ’r resp (hI ltt ’ enharice,,ienl under ,I ,hhih l lIis ’I ahi l Ihie as
anghe~ I 2 tutoard the Inid ’sagh(tat plane t i l t  Si’s s i t e s , I 0) ct inipared to I’aIIlIuheIJ 1111115 ’ to CII ’ r tuh i Ip t ’ t i i llh u I)r ug
to I ~ mm posterior to l.t,nhtla . 1.0 mm latera l to the (a I e g t t r ~ I, while sites toIii~h es iiih’ttt ’d near ts  t ’ ,t t t~ I
sagitta l su t ur e , and 7.0 ninI I rum the lop oh the skull hor response enhaiis C 1115 f f  U ndei t it i iti Isoins ’ r s  to eli ’ gutiuped
DNB sites. t u b  Drug (‘at t ’gul~ II I ,~~ Ii eIe~ t rside losus to as t letsrni ined

Ten days a lter recovery fr o m surger~ . eac h .inu,nal w as  without knuto ledge of its shrug (t’go~~
shaped to barpress in an oper ant 5o ndi t ton i ng s -h aIhIt ’ eI (se e
( l l~ fur d imensI o ns ) (In 4 s~~ i it i i t t i h l l s r e l f l h i h i t t ’hlit ’ I i t  kIS(iI is
schedule Kt ’ fl I t1~, C Inenh ’, sii iu ’, is t ,‘ ii ut 1St ) inse t trains ill

sinusoidal t t ~ h i  to .Itt~s passeuh bet ‘... eeii the bipolar ek~. 
In ev ery In,.tanc e l)rug (‘ a tegot I eL, II, ‘,hc~ III = 10)

trodes. (‘urrent t o t s  continuous ly niunut uired 1111 4 s t i l I e r en ’  
were  los,itu,ed to t hin t h e  ss ’f l t tu  lj ter ,i t  portions of the

(ta t Input sJIhiu tde I I ’. (hsCiII i lss ’Opt’ Ii~ ,bI’st ’ r s t i l g  t i l t ’ s(,lfage pt’ iiaq uedoiclal b~’J~ 
(J nt t ’rior h 0 1  j uiul at hiaseul  t e gh I len iu l l i

drop js tos s  a 1000 oh,,, 1 ‘ res is t or in st ’J’tt~S Wi t  H the p l ) 5 1-Ip Ill s- s t n  instant I)rug (‘atego r II s’Ies’tro,les In

animal, Antnials we re shaped t , t r  ,t rl i inihiturIl , , t  ic  ‘II were Iosalt,ed in the ,n,Li - s ent l .hI  Nu rt hu u l ls III this

SUCCeS,Site tI~ iI~ SessionS at .1 sJ r iC t  S 01 Current iri(t ’fls it ~~~~ 
pertaq u edu c ta l  and punt l i l t ’ ‘~~

‘ Is , ’ nt i is  u t a h areas . .tiisl in t he
Rats that did t , t t  sehf ’stir,iulj is- w ere disc~rdcd ‘s i t  ieiiiziiri- adj acent tegnlentunl t Si ’s ’ I Ib i s ’ l a t t e r  i n s t i i , h t ’tI plj ~~t’ i i i t t i h

ifl $ animals sel f -st lnlulated sIaut ~ i hrt lugbtu Ut a 40 nun .15 har rt )st r~I .1% t i l t ’ untent it,il f Ut ’ ts ’ ii’ s .tiitl j ’, I j i ,,‘j utlj l as
session w hich to as dis ided into l i s e  7 m m  periods se pj ra te d the p11111 inc t i ie d i~~l tongit t it h naP 1.1st it ult is at ti le let eI iii the
by I ni in tImeouts . L)a t a rum t i ts ’ I hr st 2 ito n of each ‘ m in dors.il t t’~nicn tal U lit It’ is  I I t g I I

period were disregarded to res luce ,ii n over s t te,1 s l’tie rahue I s l i s i t o  s CJs Ii animal’s I .i I lt ’ s t s oflse r jtes  l i i  peak

mean response rates user the Ij st 5 nun u t  t’,it’h 7 u h f  if l t ensit ies tinder tj line , lb I t htir shiol ,h I f l t e t l s i l  i t ’ s  under
period w er e recorded and ,,ons tttu ted Ume dependent 5.111115’ and drug conditions , and t~~P slhIlCrC ,ICC store betw een
variab le in all conditions. Criter ia hot determining a d- and l.jniphetj tnine II mg kg )  I’ gui e I slitito 5 (lie
rate.intensity function were t he hollowing, during the fir st mult ip l icative e l l is  Is on ra he -ut i t ens i t ’. CIII’  L ’ S t s htj tne d 11 ,1 111

mm period , t he stitnul,t t ion mf l ten s I t~ to js SUt t iche nt ly low both s I t e s  under d- or h’an ipheta mtns’ II tug - kb I as

so that the animal’ s mean response r a t e  over the last S mm co m pare d t t h  liii ’ s,il iit e ~ t ’ i i t h i t ion I his rat io  t t j s  ohtj ins ’d
of the period so as below in ,IrbItrarll~ def ined response ls~ .hsslgt lhr ig saline It ’ sp,l i tss’ rates a sj i t ie  ol one and duuig
t hreshold o about t O  responses per nun. The fi lth intensity ht ’ s t s imse r , I t s ’ ’, a ,itue pro~siu r (Ionjte to the ratio Isetso , iii
sustained sel f -s i  mutation behavior .it rj t es which ap- 

tlri t~ response rJ t e  •itttl s t u nt’ i es l t i i l i s t ’ r,itt ’ Ii e , hiiuil ti ts l ica ’
proac hcd or reached the anim al ’ s h~gh esi resp o nse r . i h t ’ s l is t ’  et t e s t s  I. Both I i~ 2 and I able I 511(1W I biat in 1)514
The second , third , and Iourlh intensities ~ieIdet l resplirise Sil t ’ s , response en hancement under d’,iriip lieta,,iine t o t s

rates t hat to crc between threshold and pe.ik inte ns il’, sig nit c l i i i  Is greater tha n response enh.incenient under
response ra Ft ’ s  Ra t e ’ t n t e n s i t ~ ’ I unit lu lls , .i~~s ’i .iged ,t se r ~ 

l- .uuii phehatiiine I uurme l. itt ’d sl i t  Is ’re ns’s’ 5s ( I rs ’ I tt”s t .1 ’’ 0) 041S I,
days. wer e de ic r in ineti for each j nim,i l WiiilC In MV s i t , ’ s t l e ts’ 55 ,15 Ut) slghil l  i s ’.inh slit te re nt  t ’

Alter stable rate - in lensut tt i nct thI ns we re established , bet ween resp onse entsance iiient under d is compared I u u

each animal entered the follow ing drug p.Irat ligmn w hich I’aiuphetj mine (co ris ’I,ilt ’~I slil t e rs ’ii5 t ’ st ore I test . ~“ 
(I 1)5 I

consisted of a seri es i t t  s is 3 dat sequences I ),i’, I ,ihlsI i t t  ~ rt herm s R , les poliss ’ enhian’:euiient unsler sl -auiip his ’t .ii ii m e

each 3 da~ sequence served as pre— and puss tdrug sjliits’ 
5•u .15 sigtiiIic~ ui t t~ greater hs ’i 1)513 s’t.iupared to 515 si ts ’ s

controls res rs ’cI is t’k On t hese sl,iS s , ,t iils s ,i l ins ’ siu llitiof Ii Sl .iiiil-Whiilfle~ I’ I t ’ s t  . ~
u - () 05)  0)11 h i s ’ ‘tI ller lUtist .

I kg. i p I w as inject cii 30 111111 he fort’ set f -s t  l i i i  u I  J (ion en han~’e ills ’ nt under I-.i iii pi le I .i ill li lt ’ 55 is 5 i Sth (Ii —

sessions On tht ’ sechirisi da~ ,‘l each 3 d.i~ sesluenet’. 
sj 1l t~~ greater hot MV s i l t ’ s  ~tuii ipared t s l  ‘IS It s i t s ’ s

animals were tnj eclesl 30 nun  hehore selh ’stii nul.,t ion ~~~~~ ~~~~~~~~ uit ’~ L~ Fest . p. 0) 1)5)

shons wit h eithc r ~h- or I— .iinpheta iit ine st it la te lSuiut Ii , Id I~~(iR 3 s l epi c ts hil t ’ iii u i l t ip l i ~~i I i s t ’ drug e t t s ’ 5 t plotted
& Fre nt-h - I nig ml,’ k e in salt itt ’ , II’) I’ .ich .inuni.il receiv ed 

.ig.1 i n~t dosage Nt ~te tlij t .11 I rug kg ~t t u st ’ s , t he ul .i i j  .i re

both d— and l ’ t s o i i l t ’ r s  in s l i ss ’ 5 ’ s s i t s ’ 3 uia, ~~~~~~~~~~ If .111 
t ’ hu ilp j rjuik’ lul t i i , t s t ’ ‘s t t t i ~~~tt Ill I ig. 2 . t hij t is , 1)511 silt ’ s

a— b—h’j ’a’t’ order whic h w j s  t’ounterhj l.ins - t’,h ,j s i t l s s  j i i imals 
shott s l i hterei i t i~l tesponshing i i i isis ’r ,I- m d  I’ ,iuiiptiet ,tiiiine

Thus, each a nimal rs ’ce used I S intesl ions 3 ,‘I t he uh~ 
‘5 Iidt MV s i l t ’ s show ir Iu.ill ~ equ al mesp t u nsl in g Jcross
t b t t s t - s

isomer , 3 of t his’ l’isotiier antI II oh s,iliiie. - ‘s It s t u h I t I s , t r i s ( t i l s

were nij ult ’ be tween  shru g t tJ% s I t ) ,i~ 1) .iflt l tired, iii’ sj lmne
da~ s Da~ Ii Data I ioimi pos ts hr i is ’ s.ilmne tl~ s I I).i% s 3 )  we re t ) tS( ’ ( ISSit iN

disregarded to e ’scl t iuh s ’ t l rs ig t ’ . i r r %t ’ v t ’r s ’t ’ f ec Is If one accepts the gencrj lii.tt uuti t h.i I flOI.Uthent- l t’ ic areas
Eight of the animals ~3 ‘t i ’s  - 1)513 ) wet s’ hush e d i i i  (lit ’ uu ’spstnd thiITers ’nIi.itt~ to ,h~ jj itl t ’ . i ihip’l is ’ t . i i i i i t i s ’ , tt iiilt ’

above procedure ui nder .i var met ~ oh iii LIg doss ’ ’, b r  d - ,mm~ doju .i ininei gi~’ s i t  Cs respontl eqila t l% to tI~ .111th I .1111 ~‘hei -
phetam ine p0~~~, 1) 5 , 1.0 . 2 1) hltg ~ h iiI kg Iii s ,t 0 f l t ’ . II’) h Il t1 . l i t l h I i s ’ . t hen I l ls ’ prt ’st’ilh is ’ s i i l t s  Ill l’s’ eJsiI ~ t ’’ s p t , t u i is ’d Ihe
l.aniphetaniiiie p 0 5 . I 0, 7,() hi t ’  i t t  kt’ in 5,IIu i is ’ . ll’I I Piese res u l t ’  obh~ iflesl t ro u t s t i u i i t i t .mu i t u i i  • ut  1)5 II silt ’ s would lie V

an inta l r.,’~’’ iut ’tl I S i i i~t ’~ l i t  il ls per tit~st’ if 1.1 t t tk ~,ii order .ts s t  urn p~ Ii Isle w-,l Ii i~~u’~’ iu lii ’s Ii is t ,ihlu ‘ l i lu ’ s , t ’ ith j ilti pit .ltIlI. hs uuIo’
de~ ’rih~J i (sos s’ gis’j I si Utl it’s m d  ms’.i t in g I Ii .11 t hi’ I 0 ‘ ,m nil i t s  ,ist s’iud mig

Af ter s’ t 1IIlt~It ’ !I0tl oh t ltt ’ t’~~perItiIt ’Il t - ,m i i i m ii . i ts wets’ Isrotes ’ th oh ls .It( il(l 1,ldIt ’ili ’ t i ’ l, I I I, ‘(1. 71 , Il , i i . i ’ > ~ Ihe
ovendoise d ‘51111 I’ t l ( ih t l ls ’sifl .iIfll ps ’ mh ui s t ’ t l w i t h  noriii.iI s,htine res ults l’romn ou t  M’s si t u ’ s . ‘sh owing hli,it ul - .Iiltl I ,miiiphs ’I
followed h~ I t)  , t’ormj lin Seri~I Ito/eli st ’ s u i ubml s  were  .11111th’ hj ve s ’ ur i t i . i l ts e’pui.il ~~‘ sp0iise t ’ l ihh, i i ls s ’ hIh’iII oil It S!s .
st ained to- it li lii~ sul I.ish blue .iiud s’res% I iolt’t I 15 1 , h l t t l  ,mis ’ sit iiil,i~ 10 mes u lt s ,uI.Ij,, iu’,h t t o ~~ Ills’ suii’st .i i,t .1 t i i g m a
electrode klu’i ,lu’ter mimte d by ilt it r(lss ’ uIPIt ’ s’ s ,i iii iii. i t itlfl i t t  I I N, I I - While I heir is t ,u i isiuft ’ 1.1 bIt’ t’t iult ’ Its C I li.u t I he
Ihe sect ions, %ubsta t thm,m it ig m , m s t  i,iI,i ills uhuI ~

h ott ins’ i~’ is s eli boil it’ s t l ,  , I he
Resp onse ra tes  tundet both I s u u i h l t ’ rs were compared for eviult’,,ce t ill c , i t  t ’ s lt ,l l.i mt l imls ’ ileIiitlhI.Il t ’ It ’IiII’It t 5 I f  Si’s ’ s i l t ’ s
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I lt~ I Lo~’at mon s t i  eke trode tip ’s I u r dorsa l norjd ru’ nt’ rgic bundle t i l t ’ s I si  is - Is ’s I .ind I iii mId-s u.n I r.il ps’riail Iis ’ tl ils ’ tJ  h/p t ’ ris s’f i t r  it ’ ll I,i i Si Is ’ ’(triangles) These s,’s i t , t i is pithhiru’%s ~ sb’tt (’( lsbr , I t t% t r t u i ib Flit’ ,sfltt’ilts r fllldt5ij tn at ihs’ Is”. el s t I IIiu’ ocu lt hnitmtor nus lt ’ h I iip~~s’l t I l l  Itt ilis ’ .iihtt ’ri,t r
pons at the ksel ~t i (he khcu S tue n t  h, us I tow er r igtl I I All  st ’~ Ii, ’ is s’scept I lie t too r g ilt 1111151 in Ibis’ hot ttlnl rtuss - i t t ’ adjis It’d I ruin It , ‘h i  i

~
’ ,iimd

KIippcI IlS !.

has oni~ re~ent l~ become clear invest igators t’mplo~ ing - ‘s - t O (do~santtns’rgie ’ cell group I t ) 5 ~,)1 - \ I ,t ls ’sbt s i  , recent
flourcsct’nt his tctc henttca t 1e5’hhiiques hat s ’ rs ’pt’ats’dlv  ~h s ’ - it ’pt t i l s  l I lt  i i is t i t ’j t s ’ that gitsu ip - 5 - I l , s - o ht l ptb s esi u t
tectcd s- a ts ’5’biss lam inergic cell hsodit’s ~nd is’ruiiin,IIs so th i n hopariiins ’rgt c neuron’. ( 3 1 , e \ t s ’flsls along Ibis’ ,1,t is , i l Ii)higItu’
the pcrlat luet l thctal  gr.i~ area I .10’. reports (~ i tless ’ribs’ tP a dmfla l i , Is s ls i i t i I ’ , Ii ,ti i i the s’j t it hj t  II’.pt ilhi,iI.iihius us ’  t b i t ’
catechtilaniins’rgt5 - area A — t O )  ttis’ates t in h its’ niist’s .igtht .it p~ Ti.It~hit ’st t i s ij I  gi,i’ . .irea , ts fj r c.iiisl,ii .iS t i l t ’ s t t b i s .iI r.i pb is ’
plane of t ab ntit ibraiii ss hus ’hi s’’t tt ’nds slu’i~ .ilt’ . to Ibis ’ st ’nt r a l  i i i is ls ’ t i s Ib is ’ pt ese nt  siiggs ’s t ii~ n rhi ,it S i ’s l(’SS Is iiit’sl i.utt ’sI
border s s t  the periaquiedu ’ral grj~ area , (‘a t s ’c hotj m it i ne cell h’. sls%p. i l i i i f is’rgls ’ iis’ l I IOt ls , P~ ssi hsI~ ,ii i s’S t e i i si t t i i  u l t  Il l s ’
hodmcs hats ’ aIs~ becn rs’pti rtt ’d so it h i m t this ’ ps ’ t i . i t l l l s ’ t h t i s ’ t j I  ‘5, - (0) tlt ’ .~’s .iittiiis’ igts ’ glust ip , t ’ . i  t i l t ’ l’t ’li.Itliis ’ s l t i s l , i I  ~t t I  I toil sib
gray anej ( sh’Ulolilotsir ,ifltb l-t l i i tg s ’ i -S% s’ ’slpbl.i t hlui c ls ’i  I “ sm s ’a ibis ’ - ‘ s - b I slop.lIIIitlt’ lg i s gmoiip rest s Ihs ’.it It s t i r  I bis ’ ~I - Ji l t 1
A~IO w as suhses~us’titt ’ . shsi55ms Its (st slsspamhnt’ rgt t - w i t h  I- ,iiii plmet .ui i i in e b’t ’II , i%iOh , I l s L I t ’ s ’ i i i i i g  piu is - s’tlii re - , i h l t t , l ik t ’
t e rn itn a l ’ .  in t i l t ’ riu~’Is’us ,is ’ s ’t l i l i i ’s ’ Ii’ . I I ,3’~! so 115 1 5’ s’t t tm , m l Ph ill ips ,iuitl h-i b igs - i ‘ s i i iss ’ ’srig.itucbts ~. i s  sl’.’ps’ntIt ’ mtt tilt th is’
lC’SS cflhans’Chtit ’ilt (s ir I’s’tti .iilipbis’t,itiiiiis’ i s t t i h i s ’ i s  hi ts Iit ’t’ti s .il i u h i t s  ot It o’s piou.’u ’ t tii it,’ I best ’ i s ’ s iil is I I I - 2 7 I,’~, t hit~res’entI~ rs’ps s r t s ’tb I IS ! Si it iss ’t~t ls’ r i t  i i i t s ’ s h i g . t t l s b t i  hi.ts st i l l -  pi’.’st ’tli s ( t ls t ’ .  I , I t s ’ t t i t ’ is ’ t t i is ’ ti lik’i,ii.k’ ht l 5(i t i is ’ t i l t l s ’ISiIi
firmed ( f i a t  t hs’ Si’s ’ a rs ’,i s’u’iil ,iilis l.i ) d i s l i i l s ’ h g l u h h h t l s  tih I 13, 14 . 3 8J t t h  t h e  t ’al isi i t’ .  oh d’ j u s t  l - , I i i i t t h i t ’ i.iiltillt ’
eatec htt’(,t IU Ifs’ c’.snt ,ui ni ng t’ s’I I botl it ’ S hit I lie ‘s r i  lit ’ slt it t .11 s~ m s ’e iii ng to ub sI I t l~~t h  is Ii Its ’ t to t’s’ ii nOt .1 ii remit ’ i g is ’ .111(1 tlsi P’
gray area as tar  .tnt erior j s  the OC(t(siuiltitsi h m’.uclt’i j t itt Is h_ l i .uilltt ls ’i gis’ ns’ih rs’.ns,
posterior as t lt s ’ sho rt _i l r~phie i i i islt ’iis , .hihu l (I’ ) t l t s thu l s ’h It to t ’ ii i ii%t 1st ’ t t ’ i h t , i t i t t ’ iii t ’ t ’hls ’ l l isbii hg t bl . i t  l( SN in h i t ’
eates ’ hs’.ta III tIlC s Oil t . i m t il rig Ii bert lilt erspt ’rst’sl so ills III this ’ 535’ .1 s’ .I Is iiis’th i,i t s’tl its sIt i P,I lii lil t ’ , i t  Ib is ’ U I’t ’ s ’ sl i ih Cs
tnedtj l loulghtuid Iml. il I.ist it lilils Is Iii pt ts ls ’ h it l i  Is t his ’ It ’ s t ’l oh hti i lulrh.Iiil to t’\ phtlrt ’ .i lts ’t ’hl . i t i t t ’ t ’ \ t b t , I i i . I t I t b i l s  I. l i l t  II’’
the (Ocu’. s t ~s~it i ls ~t is 1. 7 , 21,1., 7 1 . , .74, Ilu l Out ,t l i i ihi , i ls ’ MV t’t’i lt l1., Scro tolluli 55.15 tIlt ’ ot li~ k i tt i ts r i ti i h i i t i , I i h i i I Is ’ t ih l l i i t l  i i i
eles’trods’s sos’re los’.its ’tl W il hi hh t tIlt ’ts’ , m i s ’ ,is~ large ( i t i a t l (h t i t ’ s ‘.ti t l t t i i  the I’t’mI.It)tIs ’dt hct . i l . m i s ’ .t I’ll ilit is . i t

On t h e  t’ ,isis ol (he j I’t us c ~Lit.i . .i s’ .ih s ’s- bm s b l.itiiiiit ’rg mt ’ mntg ltt lit’ l h ’ . p b o t i t t ’ s l /e t l  iIi.i~ our i t ’ siil is  Sl u rs ’ ihls ’t l l. ibt ’ub Its ,Iil
hy pot hiesis Js’s’O(i ti ll il)Z I Or Si’s ’ ps r t .t qtu esiu us ’ I .ut tel I ~si u n  tita’ .1tlgtneni s’tl I t ’ t t ’ .i s s’ ill 55’ RI f t  lii Ill l I , l t% t ’s s t  , sue Ii .iri It ‘ l’~~t lIt ’-
lion hi,is j  (iriii auiatoti i icj l 15 .155’ hIow-s ’s’ s’r , lb Ii i’ .115(1 been s i ’ s W li( h l t l I . Ist ’  ses ’em, ih t h i t l i s it l l it ’ s I l i s t , it 11,15 lIt’m~’t t  silt’’.’, It
suggested ihat these ~s’ll s i lt .i) be .i tloi sal s’\ICmiSititl of t he that  rs’leass’ oI semo t o t l i i l  is g rt ’ .ilt ’ s t .11 he r  It tst lit ’IIuIencs-
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TABLE I

COMPAKISON OF MID-VENTRAl ,  PER1AQL PI/ I )U(’ IAI  S t t  F-ST I M UlA T IO N RATES liNt) DORSAl ,  NORA I)K I-NI-IU.IC
BUNDLE SELF-STIMUI.AIION RA TI -SFO R PI-Ak i N t I - N s m r Y  ANI)t I lRkSHOl t) t N h I - N S I I ’i tN h) i - K SA I INI A NI) t ) - Ok

L.A MPIhI/ FAMINE sut ,p lIAr Ii

Response Ratc
Difference Score

Response Rate D.antphetLmnhine
Peak Intensity Threshold Intens ity minus

Animal Electrode Site Saline Saline t)’ampheu.imine i-amp hetamine l-amphctantinel

Mid.Vent ral Animals
98C Oculumotor Nuclei 56.0 5,0 18.4 6.5 + 11. 9
30E Oculomotor Nuic lem 98.2 16,4 39.9 26.7 + 13.2
31E Dorsal Tegmcn(.t l 86.3 15 ,7 46.6 8.1 +38.5

Decussanon. Lmnearis
Pars Caud,mtis

32E Dorsal Raphe 195,6 27.0 18.0 31.8 — 13 ,8
43E Oculomotor Nuclei 2 2 2  5,8 39.3 21.6 + 17.7
93E Ponhine Medtal 297 5.3 65,2 52.8 + 12,4

Long ihudunal 1 ,15-
ciculus. Ventr a l
Tegmen(al Nucleus

3F Interstitial Nuclei 35.0 6,4 17,5 21 ,7 —4 ,2
19F Midline Grat 4 5 2  4.8 1.0 14 ,2

Between Dorsal
Tegment.t I Nuclei

43F Dorsal Raphe 55.5 1,9 5.2 39,0 33,8
Mean: 69.3 9.8 27,9 24.7 +3.2

Dorsal Noradrenergic Rundle Animals
9E Lateral to Ventral  14 ,7 6,5 36.9 15,9 +21.0

Tegmentab Nucleus
IJE Dorsal NorLudrener- 13 8 3.0 15.3 4.4 + 10.9

gic Bundte’Mcdial
to Mesencephalic V

l4 E Dorsal Nor’adrencr. 22. 1 1, 7 3,6 0,9 +2,7
gic Bundlc’Antenor
Locus Cøeruleuis

l8E Dorsal No radr ener . 110. 4 0.7 0,7 0.0 +0,7
gic Bundk’Anterior
Locus Cocruleus

33E Dorsal Nor;tdrcn er. 58.9 8.4 27.6 7.1 +20.5
gic Bund le’A nte rior
Locus Coeruitcuis

54E Ventral L ,uctIs 26.5 3,4 83.9 hOS +73,4
Csseniletis. l)tsrs,it
Noradrenergic
Bundle

74 E Dorsal [ sicus 42. 4 3,9 52.9 3.4
Coerulcuis

2W Dorsal Nts rad rcn~ r. 26.8 2.8 23.8 0,0 + 23.8
pc Bumnsltc

26F Anterior t ,oct ms 19 ,0 1,0 13 ,3 1.0 * 2 3
(left) c’oeni leti ’s
26F ,Anhcru’t I t ic ti’s 3 4 3  16  6 1.1 4.6 + 56, 5

pnght )Cuse ru lesms .h)t ui s ,1I
Nt’.r.idrc nergmu,
BsinuIt~Mcan: 1.6.9 3 3  3 1 9  4.8 .27 , 15

•I aCt 0 15 v’ ~0,t15
t I ,tct ~~

- ) , ’ V 1s’O,Oit.

hIuui~ ~~~~~~~ ~~~~ 
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I-

MEL)IA lION Oh- ’ L)ORS,A I MI I)13 K ,AIN SI II 51151 1. 1  -‘ I ION S

- O— -.O DNR U.. phsl. *s. (I MPSt~) i f f i a lOI 0-- 0 DNB d an’iph.tan,un. tTpweah ln~sn u

•-—• ONU L•autp h•tamI II NPk)i lNalOh .-.. DNB l-anWhstaniwi. Thit’sh Int..i h

~s—.,’ MID-VENTRAL D TIw~sh In( is i
~~

—O MIO-V~~r4T~ AL 0 4 1 ~
) IrO~~l • • MID -VENTRAL ~. 

t T hr~ sh lnt•i~u
S—us NID VENTRAL L (I MPk Is N= 9 30

1st 21

‘L “>
~~~14

I 13 /

~~ l 

~~ 12 I

I I-
~~~ 11 I

4 10 I

9

Ir1TErlSI1’~’ DOSI
III .7 l’rsiti,’ i t tt uhl,iI s’~slll pJritoufl ,uI I iii of ,I t sr I , lu t t l’!t,’ t , i t t t l t i , - ku  I 1t I I’i ,‘~‘,,i ii,’, 1 , u i t

~ ’ t  5 , 1  ,‘i ,I, ‘~~‘ ‘ u~t i ’ ,~ I t , I i t t t  .1 i~l ‘ 5 ii
ts ( bosd’. sio’t~ihu tll’Oil r u t s ’ ihlh ’ i ts i ts h u t , I t u u l ls  il l iii,’ ,tu u rs ,iI ttt ’ i .t sti i ’ t t  t il t t t t u ’ L u I u i5t I ~t i ‘s ~l . _’ 5 1 ‘~ 5. t , t ’ ~ \~~ I t S ’ i  l~~

, ,’i ’ ,’ui Its ’
ergis’ bundle t l )\ l I l , ,it i,i t i i t , I s, ’uO i ,it l’ s ’ i . t u t u l , ’ ,IiI, i i i  t’ u’ u lS t ’iliuIs h I l t  t t I rs ’ sll~~I,h u i i i , t i s u l s  Ill h, .1,515 ,11 i, I - u, S !‘~ it,Il, ‘\ lit .iui,b

inidhi,tuut .uui’a t Y i t S  I t i s is t ss ’ u i t i a l  I’,’li,litlIs’s buis 1,11 
~
‘‘ i 5 u i t I ~ I, (11,11 Ithi t lb’u,ilil ~~~ ~ S i ’ s)

raphe stuiiiul ,ittoul , boil t r t t i t t t t i . i I ,t bt t ’r 111gb t i u ’ , i i i u ’ i r s ’ % s t i t t l t i  .i ,lhill t l i sf , ,f th oll t h u  iiih~i s u hi t s  hI h i l t , ’ .til i Il, ’i lu ’ ,Ii iu i i l t ’ u , l s  i t s ’

lation s i t ,  ii js 111.11 ,‘ i i u ; s i u u’ . ,‘ul t i  t h i s - 
~ tes t ’ l i t ,‘ ‘ .p t’ t I I I r u ’ I l t s , ~ls’~ i s it,’ ,I - biu is s  u _ s u i  l’t I’ 5, i t s  lit ’ s ’ i  Is ’ , I ,~ti u i , s i  s i !  I,uphtu.’

1 17 1 ,  St’s’ot ith , it il,ts bs’u’ti lt’l’t’.l ls’uiI% si~~’~’t ’s f t ’,l t hi , I h s i l t  s I I i l l t l l , l t  lOll .11 ‘ 1  hlt s t i is  ,‘i I iiu ’i,’ .t i  t u’ i - .11 ~~hit, tu t i t U s ’
SCI’OIt’.flutl rt’Ii’.ist’ PtOt hti t  (‘5 ,li’ t i t ’ ,I’st’sl w I t  sb lilitil,i t i t ’ll I ‘‘I. ~,lI,’, hiu u l , t i t i i i i s ’ I,’s u ’ IS 11,01 i s ’ , u ’ S ,‘ lt ’tI h’ii t ss ’ i s ’ lu ’ i l i ir li ’~i’ls
30, 3 I .  1101 ills it’.uSt’s( t I l t ’s is lit lilt ’ pit’s,’ t \ I  u’\)’t ’illi)t’ltt s t t ’lU.llfl ,iu’ I’I’,’ ssu ui
Third , 5i .ut g tm be ’s II I bound I lu .ut .inipluu’ t . t t u i i t u e  it , i u ’ is, ’ s I i u s i t i  t ltt ’st’ I s  si l ls . ~I,ui ~ t tIs ’s , s ’Il, it t t l,’ ,I tb t. i t ul’ ’: s i !  I.ll’Iis ’
dorsal rJIihe ‘so I l  ‘uh t ii ut i l, iti t si t i l l s ’ s , so ittle ltl, ’i ~~IOi l i _ t .  i i i , ’ s i l t s t i u t t iu l . i t ioit is nob iiis ’ ,Ii .uI ,‘ ,I i’s s,’ I , ’i,’ii u i t  , ,‘ii I ,t i iu i it 1’
dcc re.i ’s es ‘se ll st i i i i l l l , l t  1,’11 I ,Ib, ’s I Ic t Out li l t li,it l~t I’ S iI, ’ i t i , ’ i i s  Il l Iii,’ .tit ’.i of itt ’ u’!,, i i t ’ u i s ’ s I’tib ui l is t l’s
tlt’t’ts ’.isi ’’, *t’II’sbtiiii i lj tt usui h . ih t ’s ~us ii the t i t s t  ,‘4 hit s I l t s  I’ u ’ s t  hs lu,ut i t i ’ si ,’ t ’ ,h iis u r , i u h t t ’ t r, ’ t 1’ ts  t i b t ’ i  s u u I  ‘ , i ss ,il ’ t . h i ss ) l~h s ’

~ 
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6 EL.L~MAN rt  a!

bably within the ventral division of the dorsal lstngllsl d luia l MV s i t s’s rhis is part tcub,i t h~ s t i  ik ing si ncr this ’ 1)511 ss’etr ls
fasc uctt_~us I DLF I We think lb is unlikely that  MargLilt ’s ’ t learh ,us rj t lreiit ’tg is Ibis ’ t t ut ’shi t iru t u t u  .iu st’ s is Is ’  so
ressthls were due to stlt itulat ion of the 1)1..)’ si l ls -c his t s o , u  sites, hotft rits ’sltj t~ sb su ’l,’ l s  i’~ t t t u l t ’ I s i iuu ’t itiiiilt ’ , sh ts i5 ~
electrode placr,ni’u its a re se ntra l to riuosh 1)1 I- Itht ’rs 1 1(1 1 s b l tb t ’feul t la l rs ’s~lsiu ithing to t h u  sa t ute ~‘ht.t i i t ia s ’ si ls l:is at ags ’iIts
Also, his results indicate u ut i l  that dorsal riphie s~l b - s t  1111 ( 1’ t itt ’ second psus s tts if t t ~ , i t t_ i t  t ts s it ’pins’pht t i lt ’ i’s I i l ’ . ~It , ’ .1 iii
Iat mo n us niediahed h~ a J hc ’s’holaluilult ’rglt tr . I i ls nuihts’r - hi’s jnsl ps ’ ihi j i is f less ’ ’s,5_i t~ b s ’ r  ihs ’ it ls’sl ia t t t l ru  si t  S t ’ s  5( 55 ,
e~ permlne nt did not slisi iriguistt het soet’ tt  rit rt .pit is ’phriuie or s’inils’b his’ rui lt’ sb out lit tilt’ t ’ rest ’ nf sl a r, i  lit our sipti lisuil , lbs
dopartiinc .is possible uihs’dI,it t h r s  }lsiss s’ss ’r , ill’s it’ ’si ilt 5 ptt ’su.’ih t t ha t _ i  i s  h’ t ’ sI s’~~pl.t iuis ’ sl I’’. pos tu lat ing that  St ’s 1( 55
toget her so tb s s i i l s  do pslst’ seri ous prt th ’ Is ’ ru is Is t i  _i ‘seri ’ - l’s tlletltj bs’ sh I’’, t iopait hins’ V, iis ’ t h is ’r sl i i h s ’ i  Ot t ’ a lt ’ u ’ i i t ’s I  ifl
tonergis’ h~ polht’ti’. t ’ t  ps’riauiuiedus ’ t _ i t  sel l su ii i t s i l_ it uij u’u Usis Coi l5 I t is is t i t  it ss’t’hll’s s l e o  tltsIil both ~~~~ ,iata ,itist th l t s ’ sC

It is aIss) possible that  R ~ .‘s in th us’ i i i i s l - S t ’ilt i a l  ar e_ i  is s i t  I’Ilillip’s Jil t t I iliugs ’i lh,ii h i t ’ iu C s i t u u i i i t t i i u t i _ i I  s t i h ’ s i  ij t t ’s si t

mediated either ‘stt ls ’ls ls~ fliiTt’Iihflt’p)lulrt t ’ s ur pa rt ia l ls I’s St ’s pt’r i, itt ut’ tliit ta t , sii hs i ,i t i l  a uiigt .i t u sh itus ’Is ’us as -

norepunep hrirue It norepirlephritls’ i~ ths ’ sti lt’ tuts’ sh ia hiu u g .- uiit t i ’s ’il’s 1( 55 in_ is s l t l t s i  t i s s u h t  th is ’ itt ’ i i t s u hu i i i t i s ’t.il s uit ’—
trans mItte r subst ince . tht ’ru m t i s  s t i t t l s  t i l t  tsi CS ht lJh i i  the s t r u t’ s sub  u S  psshbtJl.I ihit ~’ aiisl I ( lO SS
difterence in pharruacols igical response tst’ t so e s’n I)NB ,ittst
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1474, tirgaflu/ ,u lt s ’iu ,‘t hi l’t ’iti ,u I , t l fl is s u i t  ~ i l l i ~ , iI 1, lI ruin , I l s ’ i l s  ,1
II I llnu.uru , S t - K I Ss - k s ’riii ,t iiur K I Ils’tliu,ui , I I,l,(It ’r ,intl 55 u i ’ t ’ t / ’  f ’/ t i  t i , t /  /~\ I ,  .:t ul ‘.4: 2~ 11, I ‘11,1 1

S Stetner (‘ts iis p.lit ’soui ssi (‘t’~~u, lt’lc ~~~~~~~~ (‘os ~~~ ~~~ I~u ii i u Its h’,t l(,~ss Its , SI ,uui, l It SI I , , l u ~11 IL’ 1,’ i’u ’s ’ I. il’ hiI, ,iltis u ’h

st urn u lj t i , s ui Iii .J,’r’s,it b r , l t t i s t t ’ hr i  lil t Ii ‘ t I  !i,iL. It ihl i s s u i  b i t s  J 5,Iht, l1s t I , i it ihhlt  ut ul _i , ’t’It It ‘,‘Illls ’s , ’ ’ l s  ~ . 1 1 1 _ u  I t i l i t ’ lis ’u i i t ’uls ihi

tOni/ i ~ it i si ‘I I\i, i ,, i $8: SI 6 515 . I’)’’ til e i,l i h’u,uiu I I I t lIl,I ’ I I  ‘s i .5 , 1 , , : ’  ‘ i I , ’ii Khi, ’t uil’s ’iis ~
II I elton, Ii  t - S Sb l ul ls ’ s ,~nsh SI H ( ,ii l’t’ilIs’i i’bt ,ihtIlhi ,1 ~~, ‘ ‘ ‘ ‘ ‘  \ , ‘ , ‘~~‘i I ‘: 2’) 4 7 ,  1 , 1  4

Sbt s nsi,luiuii i s’ ’s ohlt , i i i : :ui ~ s ell h,’t htt ’s iii iii,’ si)uur rs’ t lui t ’i lku ’s I l ’ t l i t l i t ’ s , S I’ tu sh II ( I i! ’l ’ ’ u I ‘ ‘ ‘ I ’ ’  Hi l t  - u i ,  .01,1 ii0i,Isbr,’
brim ‘tot ,I — loaf I 39: IS I h is ’s , I’) ‘4 ut’ r 1 ’ Is s u i t s  il _ t i  t’s ,tl ‘ ‘ 5 1 1 1 5 5 ’ It ’ I h i t s i i s t ’ i t l s ’h t I , h i i l s ’ l s ’ l l l i u I  ,‘ l I u ’u Is

13 I e rro , R Sb - I I ‘si l Int’ intl K S Sh,I’ .ss s’il S s t ’ hui) ’ ,ii ls~’ii 
oh ,b i ll s 1 I .IhIt) ’ it i ’i.Illiitit ’ \ , -‘ , ‘u u I’’) ~~ ‘~~ ‘ ‘ ‘ , I’)’

of ’ the s’.iI’Js ’ it us’s ,‘I is, ’ t r i t ’ rc  t u l .llulp t lt ’ I . t u r u l i t t ’ , sht ’os s t’ ui’ r, uthi ,ut IS I’Ihitlips , S S ‘ , S SI ii ‘t i ,, ins1 I I  s I lI’Iu ’ u - i I u s ’s is t ’ h
and nieth’, tpli enms h,mts’ Ii’ tn huil’ t It Iii ,’ t l l 5 t ,lL t ’ tiI t t h i ,ilu ’ui s ,ilt ’ s i tu ’ I .Ihil( t b lu , ’h , i i i t t i ts ’ Ist ’ ii lt ’ i s  ,ut,, h Iis ’sulu tl s 1 5 l1 , 5 s uil ~~1I s ittuistl,t i is ’ut S

Jriuint’, unto rat ss’rs ’fir.tI ,u~ u ’ . , hi s ‘s’ i h i , i I_ i i i i i us  ,ihitt st ht , i i l i i l i  lTs ’ thh III,’ lii, 1, 115 1 , ,  il Iiul’ ,- h i ’ , un,l ,i , ’i s i 1  i i  ,b,’ i i ~ ‘ i ,  h’iuuislle ’
m d  in Ii’ ad rs’ne rutue 11,- i t t ’ s 01 r,i hihi I .i,ur u.l / /5:,.-’ ‘li lt - 5/ i  I/r.it,t Ru s - t 22 .  I ‘1 ‘

llt.’r . 181: 4i,)7 4 16 , l’~’ .7 79 l’tsss-hit’t , It I’ II .111,1 I 55 \Inis’iru,Iil 1 1 1 1 1 1 ,1 l i lt _ il l u s t  11,1 h I d

14 II.utri . I I ,iuuil K I II,il,h t ’’u,s,ir i t i i I P1.Ikt’ u ’t 111 , lIt ’ s b u t , !  ibis ’ tt u rs ’ -b ’ i  , t t u u ’ s st’It tI , t u tt ’ l i i ,  Il ls ’ ,!, 1111.111 siu i,l It ’ s u i  ill’I, ’t lilt ’

anhint’s ti~ Iltiuulilft ’tl.itt’s u’i r,i t ,oupIls s t u u ,t l u t tu  ,iuu,t , s’i t -i u i, ll i l a r a t h u t u ’ ,t l t l l s ’ i t  5 1,11,1 11 1 l i t  l i s t  I ’ l l _ h ,hi t u l iu u ,uu ih I’ lIu ’h _ i l i ult lt ’
Csit tC\ I i ts ’s is ot .htil l’but’iiiili uit’ ,uii ,Ilut u ’t iu ’ s S t  lh’t ’/ ’ ) l , tP’t I , I  /~ ll’lSui/ lu’, i ’ , : l  ? : 19 4i ’ I”’I
(‘u uliu(t’ 12: 669 6 ’S , i u h ’,I 1(1 l’,istlis’l, II I’ I t  , h S t u i t ,  Si II  I Si , t  t, ’ ,ihi 111*1 St t ’ , uI, ’ ,

IS kluss ’r, I I  111,1 I II,i r us ’ r ,i S uu~s’thu t i uh iu ’ r ‘ i ull’hl r u - u t s i.iuning ,‘l t l l lr_ isi , l l l i ,iI rets ,irul i t it ’i I’ su it I I,’’, s l i t  Is t , t l h i i i t s ’ liii t lus ’ h
cells and l’,I’t’rs iii h I ts ’ iis ’i’uhu lhs  5 5 sis ’ihi / ,‘si’UPu;/Ia f /l ,W , s,’/ s’S tili ’fls’t’ ~ i s,’ i ,’ r ,’ iuIt I  s iii lt i tu t t ,u i  s ,sls 1,1 , s,, “ t 5~
,%i’hlriu / 12: 4043 40,4 , % 5)53 I S I S  Is l I . t t l’ 4

_________  _______  
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31. Rt t t e t , S, and I 51cm Ss’It ’ulmnmulation s i  noraslte ,ier~it- s It 36 Stein , I Ss’II’sliuui utuiis un ,ul the lu ram n intl ilis ’ s’t’nuril t,huhhhilhi fl i
IIUUP I -‘56) in los us 5’s.ert’k’us tut liii J , 11111/’ /J/ii’&iu l/ at t it uu l iii ,l uut h lfti ’h,i t uu ifl i ’ I- i - tin I’pi u5 .12, 5 It, 84 ’ ), 1 964
Psvc*uui 86:  4 4 4  4 6 2 ,  197 1 37 Slew , I amid I’ I) St iss’ St-It s ltuuui t hii t s ’ uu stis lit hI i I,siCsh hI

32 kIt Icr , S ,iiid I Stein Sell ct irutuha lion iii the rist’ss’ns’cphalit’ flturc ’p iuls’p lI u t u e  jiusi sU 11t11s ’ sss’d hi b’ s u t  Ii lit sti s I t 5  lit, Pt ,uultirle
Ir aJ~~tsir sit the se ntrat nun ad ru’ in’ r~ulu’ bu nul ls’ Annu m k, t M I :  ,uid pht’ II isut iilh lilt’ - 1,/ u At , s ~Iu ‘•I Ps u- s It, u/liiarnuae I I :
145 157 , h9’4 281 191, 15 ) 7 4

33- ksuis, K -S and I) I ks’us I Its ’s Is sut le’sutuns si I Isitus silt’ uu he us 314 Illtnithu u - I I ,muu, h I I SI I s ’ I )s ’ls ,uihi ins’ and u t  ‘t s pins’’
on regklilah slisur ihutis iul u ’h diuiiaiuu ,ns’-ln’ta Ih~ Jts’s~ list’ is 1 1 5 1 1 5  phuint’ Uhsi,IkO ’ h5 h I  I ’ l iuh t  s 5 lt .u Is l  ‘s u it ’ s is ’ l i t hss ’h) lllfhib’itstR
in the r a t  brain Ib’wiuu /s’,- , 7 1 :  161 1 61,, t ’ ) 74  Ju uuii ’hls is ’ s uii I - amId d’auui l s l is ’ I i I l I iu Is ’ aruth itu tJt ishthls ’ k , r

34 Koutts’u~tut’r1~, A ,musd I SiiIslturi Ki,umns tcu iu pailussa~ s of (OP’ lt ’ iuOht 5 ht III utii lt,~1 / t,l,,’’l’I,,’ i S S I  ‘u i  I’) ’ I

rewa d J , , t t u l / u  / t f t ~~ 55 ’ l / S t ,  tI, ’s’ 65 12 It 1 15)6’) 1’) L h i l ci s l t ’sll , t “I s i t ’ ’ 1 , 5 1 ,  hiIi I ’ I ’illi s ul IIl , .t uu t ,unllii s’ p_ i l h t ssa%
35 Sn,der , S I t  , S I’ Iluuscris’e . I I  I ‘

~ an uanut uta intl I) ob the ru lu l , Ii ii I, I,,’ /‘/lu ‘ t I  s, ,itt,i .\: ,‘ ‘p I 5.67: I 45 , 197 I
(, reenber1t I Ii u)ts. u~u’ ~i 15 s 11,1,1 ~ti h i t is’I’s ,imi,l te ll tzt uphu Cilii
Su’ii”it ’e 184: 1 74 3  I I ”  I, 1 ” ) ’ 4
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I - I’ /1, 11 ; ht 5 ’ ~ 1, / I  Ill i h ’ I l’ l  I!’. I””
‘5 ’ ,  s I  ‘s’s 5 I l I l i l ,  h ‘l i l ~ - - I i : ’ : - ’ I t ’ I I IIt , t l l t  S i l  1,1, 1 uI.tuit 5 i 11111 ,’, ui I hue 51, 1 ‘C I  I t

Differenti al effects of unilateral dorsal hiri dhrain lesions on hypothalamic
se lf ’stimulat gon in the rat

II ) R t u h  I SHIll Ii ‘~t t  S I  S J I l l  SI SN , I 1 5 1 )5  5 SI S i t  I- S t  I . ‘s t  I \ 11(11 1 /5155 ,
l’t iL I 5, l h’ t ’ tll I I I  l((l ”5 ”~h b l I S t  I’h RI”s ,llisI “u Uht l ” I ( I \ 5’s S I t  ‘s I H

/ t , - - , ~~~~~~~~~~ I / ‘ t I ,  111 ,1, I i f ‘ ‘ ‘ ‘u u II, - H” ,’ u tllt/ 4 1 . 1  ( , 111 , 1 - Fu ll , , S I I ’ ‘J ” .1 / - , - id
/ i,~ ,’,,,, i I t I 5  Ii - ‘ ‘ / t  I , ~ ,‘, u ’ I , I Ut  ( , , ,l/ ~ , , , ‘I i’. I l i t  I l ,’ l t ’ ’  Ill , ‘1 S u I, I- ’’ - A , S , tu ) , i s ’  - S I /1 tI 11/

1 I

I S ~,,t,’ ’ ’ H,,j ‘ s I ’ Iu I l ihi , ‘1 1 , 1

In in ~‘iIu ’i’h i t  Iu sc.iliie the t’s’lI b,s~li~-~ ins t pat luss ,I’s s II) t h e  bt ’:t i ru i llS IllS t’sl ill the
nne sj ia l itsn u t i  Iillr,is’I,lIIi ,II su’) - S t l t l l Lh l , i l i s ill IRSS I  beh:h~, ui t I ,  sC% e t ’ h h  st udies Iuasu ’
lnlsl,’s t I L a I t ,’sl the i,’hit,’s,’ls ol s’ls’~’h r~t l~ I It , hi’~lIi1 li,’si , t r i s, till 1( 55 h’Cs I ’tsihlse F,i hCs ~ ~~~~~~~
i7 , ’I 1 Iii,’sc “t I ls I ls’s ‘ ,SL’ t L ’ pr t t r ru phes l  h~ t I ne stChlh,’r.t l Ii~~1lt5 iht’’s t ’ .  111.11 , ii hIui ,’re is ill has ~l, a
t,’ u,’u l h l ’ ,iI h lC i’ ,tsUs s’,s lt’hli u (  “.5 !  ‘ h’CS’u ,ht ’ si s’L’ilICI i,’’,”i,’ i lhi, il  i tt  ~ilI pu ts i h l t e t’eliii’ss r cemetil .
t hen t h e  t te shi ’ I ic i iusi l  u li s t j s ’lu .1 s’ t,’ul hi,’I s I iu l~~lsl rt’sIilL’u,’ u ir :ibsillsh 1( 551 ~~~~~~~ , St inie
e’,pe r utu leh lt s ’r’s li~ise Iesit’sI t h e  t,’hT’s’s’ l s it h ’ eIes’i r’ t t l~ hi t ,’ Iesio iu” plas’ed at liii,’ lllesil.tI l’t ti’i,’—
I’ur,lhul hLlhlslli,’ I \t I-Il ) l i ii 1k “.5 ells,’iIed i r , s t uu  t s h h ls ’r s i lt ’s lIlt’ t stl i~l l t t th t  Ihi,’ lui i ’ uhis’ s ’s ‘,—

hem I t  - ‘ I  Ot hers Il,I’sC l h i ss ~sh l e, IhesI t h e  1,’iiL’L’ is s t i Ies u , t i i ’ s  plat’esi at dihki’eiut I( ’SS st Ies

I I L ’ . \t I-H , hipp~st’at it pus . s lu t rsa l  ansi \ChlI r , t l  it,’ehl len h&lnl ,  lha la ruius ahisi septum) tin

\ l t H — I . i t s ’r:il h~ pi si haiamis ’ 1 ’ l ‘ l  ans i se pta l ‘ .~~ 1( 55 , .- \ l th t s ua h lhui ,’se siu s hi e’s h i as e
ils st been Ill t’s srn plet e ,ieree nieu’ut ,i~ t ,s t he ch est ’ s til t he es ut i r i s  s~hl 1(55 aIld the
‘.pet’ h iit’ Ist t,’i r tu ~ oRes ) , b~ ,t ns h large ul lt s s l  t r l s e s t lg a t h t r s  hase stal esi Ihai Iesi t th ls  d us lat i t
I’r t s i i ’ u an I( 55 site It a ss ’ t i t le Oh ’ nil ls s h uc—te r h l l  ehl’ecl sill l( SS behas I u ’I 

‘ . 1 , 1 I ,,’ I, Those
les ion’s that ‘ssere suceesslul in ~lt i en& tah tnc  1( 55 sse re b r  ilie lu t ist part bilalet’aI :tiisl
tile uu uaenulu s le ‘‘I lilt’ t’t l t,’e’l s~n I( ’SS slepended ss iu the s h e  ~ l t iuc lesi~ tu ahus t u t ~ Pros h h l i l—
1% Is’ h u e  1( 55 si te I

~ , hr , is ld it i s si u, nst specilic sIte (5,15 15 514151 s htch ss Ilet l lesi ss hued s ould
relu.ils I~ prs ss luee t’ t s tu u plete abssh i i i s t t u~ ’ . 1 - I , \ Irequchit t,’tthlt,’ltIstt i l i has been il _ l i  he
l( 55 \\ stehIl l’s Ilti~Iil’, i’CL l( ih)t ,l t% hlt, dillI,l’sC , ansI capable oh’ reetis er~ 

l i i  t ‘~~l and there’
lore , sma ll shi ss ’ rehe les ut ir is sIlt~UIsI be unuel l’ec i t se  in redus’ tt u g I( ’SS behas ts r front
s l is h, ihu i  s i lt ’s

5% C :1151 ttt lui,’rs hasi,’ reps’ rted 111,11 a nutuuber t ib Iuur ud b ra i t u  s i tes  stulilsi rt 1( 55
behas lu l l ” l , ~~~~~~~~~~~~ these, the locus csse t ’LlkltI’, I (‘ ) and the ‘su b—cs ’eu’u leu’~
Ii a se bee ii des ru beth as II uele I con ta 111111 g no rad relte rg it’ N I I lIt’ U ruins I Is ,h I prusleet
aseensl lt ug hih~ rs hhroughssul t h e  ‘si ’,i it i 1 i, I t , , l, S . ~~~~~~~ uhuelushn ng a re as  :tssss’u:i tcd S’ u i hh
1 k 55 ‘ l ~~, Ii’, Ill : u t h s h t t t t iii , th ese lut rudbt’ain sht ’ uelu res ‘usere ae t i se I~ u t i s s ilsed h I  the

* SsI t I l  s’ S s  i,t ts init’ii i’ s’s h i l s’s ls  101’ I s ’ I ’ i  lul ls st iusl i lsl h’~’ si,’uhi

_ _ _ _ _ _ _ _  _ _ _ _ _ _ _ _  - _ _ _ _ _ _ _ _ _ _ _ _  
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mediation s It  1(55 at the a nte r l t l r  site ’s thua t  recel’.e t hctr :isceri dlri)! proje t’t iii ns . t hen
t h e  dt’sIrut,’hlc ili I t )  the hindhrani nuclei sh uwl d delrhuuentall~ ailed ICSS at these
:Ihu tL’ r it  ui su it’s - 1 s t  t t ’s t  the ahst ’s c h~ pstthe ’ .is, 5% C’ in’s t,’ ~i ig:mted the effects of unI lateral
sl tsrs :t t pon’s lt’’s isit ls on hs~p~it halahlulc 1( 55 o u r  al l a lsi n l ical— ht ,’hla ’s oral approach S’s

— ee.i red iii C’s alu:mlt’ the r,ihc t i  dorsal teuu rnL’uuta l p5511 th rue s t ruc tu res, it ’ .  I. ( - tn hvpt i—
Ihlahaililt,’ 1( 55 heha’, or ,

Male albino Sprague l)a’s ’s le~ ra t ’ s  1 3~~II 500 gi ‘s ’sere at iesthuc ti ied s’s it h a sodium
pe nts iha rhtts ul  and t,’hlsu ral h~ drate csi nuhinat sill :tiid Ifl lphah)ti.’d. ‘u’u ith the use of a
s teresi tat,ic hustru huieni - ‘s ’ u i t h hi polar s ta uhu l e s s  ‘steel elect rodes ((1,24 iii nu S’s ldth bets’s CChl

the tip s I t h at ‘sse rc esinup lehels iuusu)ated escepi al the cross section of lheir tips , Thus
procedure st imulate ’s  mit re dIsL’It’ iL’ area ’S t han do coi isent iot ia l  nll)nopohar techni—
qut’s~

- 1 . Ill a ll ra t s , the e lectrt ides ‘t~ ’ t e  aime d ups i Iate ra l l~ at t he LC atid hi~ pot halai ’nic
areas , leti das s a l t e r  sUri,!er~ - t he rats ‘ss ere trained h u t  press a bar for electrical ‘st t m ula- - ‘

tIslil at both the h~~psh th al:tnuic aild i (  ‘i t t’s , StIm ulalilin cohisisted of tra ins of ’ 0,25
set’ dur a t i on,  (ill Ii, sine ‘ss;I ’ses administered on a cssnt lnuou’s reini’orceme nt schedule.
I nteh ls i t v  5% as tilanipulated to opt i tul/e tra iul Ing, The rat ’s ’ e lectrodes ‘sse re isolated
I’rom grst ut i d and st irnulatt t in ‘s~ a .  cs’iiii nuousl~ tiionits ired on a different ial input
cat hode ra~ lisL’lllOsclipe. 1 1 1 (15 )5% lflLi tills. hi~ potbialaniic ra(e—i n1ensi t ~ funct ions sserc
obtained, as described h~ FlIman et aI ,~

Subject ’s ‘s ’sc r u,’ tested h’rslhul their hypothalam ic s ite at a ilitnitnum u i
’ 6 different

lf l t C t l s i t ICs . chs iscn to encompa ss the range oh ’ inten s iti es utse r ‘s’s hich tile subject s ssould
re liably self-stimulate , ThIs procedure ‘ss:Is cmp bo~-c d before and after lesioning Ill

order i t i  u’s, i luait’ t he ebiecls, if ann . of ’ the lesion at :in~ point t i t  the rate— iil tensi t ~.
lunchiti ns , I nitiall~ , dat lv tr i a ls ‘s’uere conducted until subjects stabi l uied, Ra t e—tn ic nsu t ~ ‘ 

-

functions collected s s ’ s e r  the ne’st 4 dass ‘s ’se re considered a’s pre—lesi o n hasehihle. l—’ollo’s’u—
ing t his , subjects were anest heti/ed and unilaicrab ic ’ s i s l n ’ s  ‘sSere placed under the
pontine electrode. The lesions ste re produced by pas’sin~ 2 5 mA anodal radio-
frequen cy hR F) current through the electrode ti p to an indifferent cathode for a dura-
tion of 30 ‘sec. The fact that ICSS could not he elicited again from the LC electrodes
t (uIloS%ing the leslohl  seryed as a prehiminar~ conlirmation that at least the area direct)~
under the LC’ electrode had been destroyed,

[:~ llos’s ing the L(.’ lesion, the S’s ~-ere tested for 14 days (post- les ion baseline),
If the S’s ‘sh t ’s’u cd hypothalamic IC’SS decrements Or t’acil itations thc~’ were at thus time
‘shelved’ I’or approx imately one month and then run again for a 4-day rceo ’sery
baseline I rcco ’ .cr\ -check baseline). Thts procedure was repeated at least one more time.

If the lesion did not affect hypothalamic ICSS ‘s’s ithin the I 4-day post-lesion baseline.
t he S’~ ‘s ’se rc retes ioned at the pont ine site at a higher ‘so ltage and retested b’or 14 das ’s ,

If no effects resulted from the lesion, the anima l ‘ss as then sacrificed. In any c’ .ent, all
S~ not affected h~ the lesion ‘s ’ser c tested for at least 1-4 Ll~~ s after (he lesion. Tills deci-
sion ‘usa ’s based on t he b’aci that t he time course of possible fiber degeneration or neuro-
humora l transmitter depletion is a maximum of 12 da~’s 1’ ~~, Those animals v, ith
ICSS alterations following the lesiohi were repeatedl y tested 2 3 niotiths after the
lesion , thus allowing ample time for rcco ’sery to occur.

After completion of the ICSS paradigm. the an imals were injected with ati
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I ‘ - _ ‘ h~I ‘I l l ,: ,  ‘I ,Iphi’, ill Pt’uii uue s t i l l  st’C I I t ’ u ls  s hut’,t l i l t _ i  li lt ’ s~’s te u1l ‘1 l t ’ s issn fl 11111,’ t I ,  I

~s sct t i lu ’i i ’s h.i’, l”t’s’ui s unul . i ts t i ,uI ! ’ , sIc sti t t~u’,’ In RI ‘s’st .iL’lit,iilIl IL It ss i’i~~ it i  I u t rs’t i us ’ld II ii IhI s 1,11

‘,t ,ls ,Iu . u s t i ’ s , t h l ’  re s lsu ’ s’esl t i l t _ I Iu,’ S l l t i l .

su ’se r d s is e  II ss i d l t lhuu  pent t iharb ulut l  :t uud pei’I uses l ‘ s I t  :111 Ihu t l ’:iu,’:IrdRhI,’ uuc es hie ‘s’s i t lu II 5) ’ ’ ,

huor iuu: m l ‘s:mh in c s o)  Ut i t s ll liii Is i s’s ed h~ 11 1 1 ’ ,, II ‘rmal in st i l uul t in,  Ihic brauns ‘s ’s ei ’c t hen i t,’—

ins i ’ s t_’sI irtihil the t,’raili:t ,ins l kept 11 10 Il t l ’nua l in  s ir il least 3 sI r,.., I- ruu,en u’ t t rs i iu ,tI

sCs’ tI t t h l ’ s, 41) lull) hhiuck ‘sse re ‘s taIned ‘s ’s ith I us ,u, h l a s h  blue ,IiSh cresy I ‘s itile t ,a t ,’esir~h ing t&t

t h e  t uuethsi d u t i ’ k l l iser  atud R.lrrer.t~ ‘ , - l hue ‘- l i m ed brain set’h I u luIs S’ st ,’ r e  e\a h ’nihlc d unus hc r
ihic huuud ro ’scop5’. -l hue c let _ ’i ro le l i t_ - i i ’ s ,ihl s h s i /C I ’! k’s iu ins ‘s ’s crc c ’s ,i lu:utcd by t o o  uudgc’s
‘s’s hs~ ‘s ’sc re 115t h lo i re  tI t h ue 1k 55 r e s u l t s  t _ t ’I Ie s (s Indinlr i t s  the brau iu st,’ t’ i It~~n’s . 1(55

pi,ieenue uuis ‘s ’sere cI~is s i I ie d ill hcr iu l ’ -  ~I t h e hic’ ,I, i,htu , I t t i mlt’al s i t e s  under t h e  t ip of ’ the
1(55 electrode a’s described ri (‘r ,t ie ie s , .Insl ~~ u s illm, ’ ahut ,1 kl qipe l s ’’i a t lases , and
com pared to 1 I Iu d ’ sa I I  and Rtu ~rkl i i iusl ’ s ‘ . ansI I, uueer s t t ,~di ’ s~ i sb esu’ r i pu i s t nu  of t h e  hult i hlO —

aminergic hluL’lci :tnd p:Ihlu’s’s ,i~ s . I he c \ h e u u I  of Ihic Iesi , i rus u i uu s ler  the ps intihie s’ lec irt t de ’s

‘s’s cre assessed in h’ : r i l l— t u l  the pert ’~’nh,i rs’ dcsirut ’t l ohl ,‘i the Ill’s olt,cd ‘s t ruc tures  :1’s
desc ribed Ill iucurs t aui ats im ica l  iui:ips m -~~ ‘ auud sin t h e  basi s  oI’ de’sc ripti ohl’s and t ’hse r’s a—
t ions made in huslohluorescencc s l u t _ l i t ,’ ’.’ 1. 1 1 , 1 5 ,,’,’

\ s  c’s a luated by’ the udees , t h e  l c s is i t i s  Llhlil at t’r,Ill\ des t royed 5)() 100 ’’ ,, of t u e
I ( ri all 14 S’s uhudlu dct, h itt the results (I mc ,  I I ,  In :tddit i s iru . 30 ~~~ ‘ 

of the area t,’o n—
t a t t u i t u g  tIle asce ndutug lihers stetulhll iIig from Ihu e t ,( ’, a’s described by the hui st s i i lus i rest ,’ —
ernce st t ish ics t 

‘s ’s : ls  des urs ived b~ ihe lest tin - i ’ s ‘s ’scIl a’s 2 !)  100’’ ,, ol’ the nuclei
sib ’ t h e  huic’~eh1de phlIhllt. ’ “ s located at t h e  le ’sel of tIle I ( ‘

. I ll t hs s s e ‘s ’ s .  (N 3 1 ‘s ’s itl u rust ic
e”s te ns u’ s C dcst r t tc t  lOll, 41) 100 ”,, si l t  luedorsal te g nuuc nta l huudlet hs O t I s  :hblCs ’ted h’s t h e  lesion. 

,,__u,_.~~~1_,u -,_,,,_ -- ~~ ~ - - - ..
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The bu y potbualainic I(.’SS electrodes ‘suere located in 4 dus iinct t iypsithia lamuc
areas:  5 of the electrode s term inated along the NI Ft3 at various les e ls of t h e  hypo—
tbuaf a rui us ( Fig. A ) : It _ s i t  sillier ICSS e lecu rsi dcs ‘ss ere located in the perih’orn ical area :
3 tit her ele’ ,’trutd’: t i ps impinge d upon the crus L’erebr l-iriter rual capsule (Fig, 211). and
4 ‘s ’sere un t he Ford field t-1~. t,to rsal ho the hypothalamus I Fig. 2C’ L

I( SS hehus ior in these 4 groups ‘s ’s as differentiall y affected by the unilateral
lesion. In those S~ ‘s ’s l i h  electrodes in the crus cerehri-intcrnal capsule area (N 3) or
the Ford held H,’ I N -0. t he lesion resulted in either csui uup let e abolition of ICSS or
a si gnih icuuit reduction oh response raie’s 1/- tesh , P - - 0,05), accotupan ied by tin in-
crease (if t he ICSS thresholt,t ( Fit’ , 3A) , Tile a’serage ICSS reduct ion of the crus
cerehru—i niern ttb capsule group, across till intensitIes durIng the 14- da ’s’ posh—le s ion
base line. s ’ s t i’s 69 9 1 tu

tu of pre-le sus in rates. The Ford field H~ group a’s a ‘s’s hole a’s-er- - -

aged a 29 - 80” ,, reduciit”i in tc’SS response rates following the lesion , These ICSS de-
crements SSL’ l d  t t iiserve d up h it 3 months tiller the lesion, In addition , t he increase of
current during post- lesion runs did hit_i t eI t ” s at e response rates to pre-les ion le ’ scl~
( Fig, 3A ) . Subsequent to pontine lesis ins . rats ‘s ’s ith electrodes in the perifornical area
(N 2) and 3 of the ~ Ss ‘s’s th ICSS electrodes impinging alo ng the Nit- B did iuot
s hti ’s’s any drastic or sustained long—term chahiges in either ICSS response rates or
ICSS thresholds , These alte rations did nt_ it approach statist ical sign uhict inee. In lad ,
t he ICSS response rates of the remaIning 2 Ss a uth 51 1- H litca luted electrodes acre
i’act litated folloaing the lesion, This e lesa hion of response r:1Ie’s (up it i  2 t) ’7 “ , s it ’ pre-
lesion e selsI  remained o ’ser a period of up to 2 months ul’ter t he lesion ii Ig 1113) ,

The unilateral les ions did not result in aeight tosses in an~ of t he 5’. nsir acre
t here any behavioral delicits observed. Thus , t he obtained results did not appeth r to he
art ib ’actu t t l nor due to non—specific side effects .

As pre’s it t t ,usl y described, all lesion’s destroyed 511 11$ ! ’ u’ I t he I ( - H,taeve r ,
t he e\l ent of adventitious damage incurred on adjacent areas ‘s t t r i ed ac r o ss  Ss . S d .
the extent of the lesions of structures oulsield the LC’ does not stgnth ica nt l~ corre late
with the magnitude of the effect on t lypothalamic ICSS (Pcarso n Prstef uct NIs’ iuient
corre lation l, Small pont ine lesions that ‘s ’s ere limited primaril~ to t he LC, wit h tuiinimal
impingemen t on adjacent ‘s i t es , differential ly affected hypot halamic ICSS, The same
pattern of dihierential effects ‘s ’sa s oh’ser ’scd in those ease ’s where the damage caused by
t he lesion suffused into adjacent areas . Thus , the effect of the lesion on heha’s ior. be it
a drastic reduction sir facilitation of ICSS (i .e.. reduction in crus cerebri-internal
capsule and Ford field II,’ ICSS: facil i tation or no effect on MF11 ICSS). seemed to be
determined by ihe placement of the ICSS ‘~lectrode in the Ii’s pohhalamus and not by
the spread of the lesion outside t h e  LC.

Though the interpretation is partiall y limited by t he fact that alt lesions are not
e ’st icl l v t he same , it seem’s to us that a likel y candidate for the rote of ICSS mediator
in some hypothalamic areas is the nucleus LC. We canhiot discount the possibility
t hat other adjacent areas are involved in this mediation or that , more likel y, areas

‘s ’ s ithin the LC complex that send distinct ascending path ’s ’s ay s, as descr ibed by i

number of histofl uorescence studies . may assume different roles in the mediation of
Ic’SS. We are however , impressed by the finding that similar lesions result in effects
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~, t t ) t  sI s’is’s ’ i t u t ,bs’ tuiil iili LIs ’s I’ll St I It Ii S’s i t t ’IIl i t i is  ‘ .115’ 5 5 _ I ’ .  I_ I s  h i t _ l i t _ u I I t t l i u s i t  liii Is’su u ’ui I’s ’s’ I It ’
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Iss’s’ I Ii: 1 S i  ( : It ) ’  ‘I ,i~
,s I u t ’ ,l,’ is iii t in s ’ iui l s ’u iu , t l  ‘s . i i ’ s it ls’ . l ’ s ‘s ’s i’i u tun i  t I tu s  sl it ’ ‘ss .is ,sl’ us i ish us’sl Is ’s
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I i~~ I It ‘~S t h u  i i l l s ’ ilsu i\ h u t s  II I ’ l l ’ s , ’ I i t s , ’ i l l s l’ s ’I, ’,t ’ ,i t ’ t I  ,llht ’ I )t s~ l i iltI t , ’ lu l l ’ t I ’ s  l ilt ’ 11111 ,  115 1115
I t t  ) u I , t 15  ,‘l )‘lu ’ I~’’,s, ’ u u It .u ’ ss ’ l i t t s ’ I - I l l _ I ’ s ’  t ’i 1 1 ,1—I 1 5 5 1 1 5 ii l’ ,u- ’, l t t ~’ , u lu ~I I ,l ,i l s t s , t ’ h t ’ I s  ~1u, ’,I~ I _ I ’ ll’

t I l t ’ 11 55t ’t’ts.iiis ’t Is ”.it u l I  S B ‘s ’s i l s ut l i  I ~~~ I t s ’ I , I I I  Is” I I , ’ II I II It ‘5 ’ s I i ,’h i l  S i t  II 1St ’,’ I sm S I

Iht , it  ,iti hi s’ si u l b t _ ’ t s ’ t t l u . i i s ’ si t t u  ts ’i i t t ’ s  t ’ I  s l Is I l i u ~ I Ii ’s It ,’ l h i , i l . t l t I l s  II. 55 silt ’s NI.uuu i i  ~i\ It lt l ut ,’’ s
( I  (s ’ st , I’ LI (11,11)

I ~t ’spi ts ’ I lls ’ I . t t l t t i s ’ ,‘I ot lt s ’I I t i ’ s s ’s i l ,’,i I, ’i 5 h u ~ 511, 155 lott e ls ’h III si t ’ s i s ’ t l i s ’ t t ls  l i t

It 55 b e f I t ’ s  i,~ i is .1 t s ’st i ll of .1 u f I s t . t t t t  ls ’ s ls ’ h t  ‘ 1. 1 t I _  , t l ti s stu d ’s li.ts sh ls s ’ s ’ s  in that It is ,

L - ‘  - ~~~~~~~~~~~~~~~~~~~~~~~~~
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I I l sls ’s’ sl ~~~~~~ Is ’ Ih is u t l l is s’ lt h u i l ’ t s ’ t  i l l  l s ’~lut. t l t ’l l ’, s i t  .ilt s t f l t t t t i i s  s I t  It. “s ”s h’~’ hi .us t i

I iii l l l s ’ l  l i t t ’ t , ’ 5’, 11511  s , ’ i I i ~ 5. i I  s ’ ,f Is ’ .ill I S is ’S It ’ll ’s s l t is l i s ’s , t h u s ’ l~u s’ss ’ t t l Is ’ s l s ’ i i s  .11 s ’ ,t li,i tu ’ lui

us . ih l ’s i i i t i s ’ s l is t .t I I t  1 1 1 1 111 t s ’ s l s ’ t l It 55 s i t s ’ s , st i t , i I ls , ’i  . t uu ~l t t u i t l .t ls ’i.i l I lIs t s ’ i t ’ i s ’, s ’ l t l

i s ’ s l l l t s  I l l s ’ s  IsIs ’ s ’ s  Is i s i l t s’ s ’I t I i . l i \  Is ’ th is ’ s _ t i  l i e u s I ’ l l ,  l I I s l s ’ t l s  I l l _ i l  .iIl s s’ i i t i . t l i~’ ’ s ’ s .t i~l ‘s

i s ’sl l l i lsl.t i I t , t l t t l l l s s ’ , t t i s l ,, ,llt .lIs ls ’ t ’i i s ’ s ‘ ‘‘sS ’ I ‘s ‘ I t 1 I l i t ’s Is u u i t i t  Is h l i l s ’t l IllS t ’ s il iii

Ilte s ui t ’ Is ’i ill It 5” , is ’s llis t ls ’ils t t t l ss ’ l s s ’sh ll~
5 1s t “ uils u i u h h l s  , u115 ’ i tI lt ’ It ’si s ’ It

I lls ’ i t _ s Il ls 1 1 , 11 ’ s , l I hs I  , i h t t , I l l l s t l i s  i i i  It. ~‘s”, t l h .i I i~ -~ t u l t  1 1 ( 1 1 1 1  t l t s~ ls ’ s t s t t t s  ih it t i h l s , i ts ’
s t i  li’s’ t l I i s ’s s % t i l u i l l  iii,’ sls ’i s ,i l t s ’ d l i I s ’ i i l l l I I I  s I t  l f i~ 

It ’ l l ’ s . Ilt t s s l i s l ’ s  t h e  I I. - .t ’ s Ilt s ’ .iit’.I i ts ’-

tt ,’ ’,’s , l i  ‘, fs ’i Ills’ ill ,t I I I Is ’ l I , l i i s s ’ ,‘i II. ~s 5 ls s’ i I , l ’s I t l i  ill ‘s t I l l s ’ li~ t l t ’ l l i . i I . i I l t i s ’ sI t s ’ s I ~‘ ts ’ l l I l t _ Ist
II ‘ s I l l s  ~~‘i~ ’ h s t  I iii ls ’ i ui _ i l  t . i h l s l l ls ’ )  I , t~~i ’ s 1 ’~ s~’l’s Ibi s ’ s l i f l s ’ i s ’ t I t l . t l ,‘ I i t _ ’ , Is ,ilss t l l I t I i s , i i s ’ t l t , t t
ts t l . i t t ’i .iI t i l t _ e l  i l ’ s  s’ l t l tt s s .t i i ls ’ s t i  lit h I l t .’ Is ilt ’t l i t _ s  s ’ s s , l l  ‘s f, t l Ills’ t t l . l t l i t s ’ l l .t l ls  s ’ 5 11 It Ys’s

Ii s l i h i  ,il I Ii’s ls t ’t 11,11.1 h i l t s its ’s h t t ’ il u ‘s’s b it t, lii his S fis’Ii,i’s ts ’i ‘s Il l Is s’ s i l t  I l,?,h ~\ i l  It , 15 5’i i t t  1 lilt .11
,us ’.il .utt l thi , il tIlts 511 , ’ il i , l’, s’\s ’ t i lsI .1 ’s .111 l l l l h t l s t l s t i  I, I 115 ’ , L’l ’ s s’ih Ills’ I _ it. 1 1 1 1 s 1 1 ’ s  s i t s ’ s is s I ll

155 ,1 ‘55 t u i l s ’ ls ’s lt i l l,’ l ’ s  , t l us ts s ’ .115 ,15 Ii t ’ l i i  ‘s’s hii 5 bu It SN a u ’ s  is ’s lllss ’sl. I t.’ , I old 115151 II~’
111,1  s I l l s  s ’ l s ’l’i I l it t s ’h Ii,il ‘ s , t l ss L l l s’ , I1,i ’st ’ l~s’s’ it ,is ’’ss i lied is I s’s s ’ t ’ s hill, , lss s ’ i t s l h i i l , ’  I th s s’i  s

11, 1111 t l s ’h s _ l t u u t l t s ’ u I s  iiit~- Ici ui t t t s ~ s u i l ss l . l t u t u , I  111111.1 5 1.1 t l t s ’ l l u L ’ l s i’s hl  t. i l , ih litItIsIls I i i

It is It t ls s l l u is ’ It ’ s’ l t t s ’i t .t i t l  Ills’ 11, 1 11, 111 111.11 st I l t I s ’ It NY’s si ts ’ s ‘s s l l h l l t t  th i s ’ . 1 1 5 , 1  u i  Ills’
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ALTERATION OF ESCAPE FROM REWARDING ELECTICAL
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Rats were trained both to barpress for and escape from locus coerulcus , midbrain periaqueduc tal gray and hypo-
thahamic stimulation, Rate-intensity funct ions for intracranial self-stimulation (IcSS) and behavior and latency-
intensity functions for escape behav ior wer e obtained for each electrode site in each animal , Following baseline.
d-amphctamine was administered and responding was compared with the saline condition for both rate-inlenSity
and latency-intensity functions, ICSS response rates were enhanced by d-amphetamine at all loc i, particularly at
threshold intensities , while escape responding was hipliasically affected by d-amphetamine at all toci, D-atnp het-
amine increased escape latencies at intensIties which, under saline, elicited short escape latencies. while deci’easing
escape latenc ies at intensi tie s which, under saline, elicited long escape latencies, A significant correspondence was
noted between intensities which, under the infl uence oh’ d-amph etaminc , both elicited longer escape Iatcncies and
higher ICSS respon se rates , suggesting that in both ICSS and escape paradigms, animals were titrating the duration
of the stimulus train. No site-spe cifi c effects of d-amphclansi ne upon escape behavior were noted,

Numerous investigators have reported that animals which elicited both ICSS and escape behavior,
will work both to receil,e electrical brain stimulation were the locus coeruleus (LC), midbrain periaque-
(ESB) and to escape from ESB delivered 1it similar ductal grey (MPG) and a variety of hypothalamic
parameters in the same animal to the same neuro- sites.
anatomical site (Bowie and Miller, 1958 : Cooper
and Taylor, 1967 ; Liebman, Mayer and Liebeskind,
1973; Steiner, Beer and Schaeffer, 1969: Steiner , METHOD
Bod nar, Ackerm ann and Ellman , 1973; Ellman,
Ackermann , Bodnar , Jackler and Steiner , 1975; Eight male albino Holtzman Sprague -Daw k~ rats ,

Beer and Steiner , 1965 ; Steiner and D’Am ato , (375—500 gm) were anesthetized with Equithes in
1964), D-amphe tamine , a pharmacological agent (Jensen; 1 mI/kg). placed in a Kopf stereotaxic
with potent influences ott catecholaminergic trans- instrument and implanted with LSvo pairs of stainless
mission (Stein and \V isc , 1969) has been shown ~ 

steel bipolar electrodes (Plastic Products) svhich
lower intracranial self-stimulation (ICSS) thresholds were 0.25 nun at their widest extent and completely
and to increase ICSS response rates (Miller, 1957; insulated except at their tips. In four animals, one

Stein, 1964 ; Steiner and Stokely, 1973). However, pair of bipolar electrodes was aimed at the hypo-
there have been few studies (Korublith and HOCLX’sI, ihalamus, while the other was aimed at the MPG,

1974) investigating the etlects of d-amphetarnine The rema ining four animals had electrodes aimed

- ‘ u~~n escape behavior elicited by passive electrical at the hypothalamus and the IC. \Vith the incisor
stimulation of ICSS sites. The present study ~y~- bar at — 5 mm, coordinates were 4 .2—4 .4 mm

tematically investigated the ellects of d-atuphet- posterior to bregnia , 1,5 turn lateral to the sagittal
amine upon both TCSS behavior and escape heha- suture, and 8.7 mm from the cop of the skull for
vior elicited front the sante site, The sites tested, hypothalamic sites , 1,5—2. 0 nun posterior to lambda,

1.0 mm lateral to the sagittal suture, and 7,0 mm
from the top of the skull for the LC; ’.tnd 0,6 mm
anterior to lambda, 1.3 mm lat cral to Ihe sagittal
suture, and 6,8 mm fron t the cop of the skull and

t Supported by U.S. Army Contract No, DADA 17-13-
C-3072. angled 12~’ toward the midsagittal plane for the

ft Send reprint requests to Dr. S. S. Steiner, Dept. of MPG.
PaychoLo~~, Harris Hall, City College of N,Y., 138 St and Ten days after recovery from surgery, each
Amsterdam Ave. , New York , N.Y. I003t. animal was sha ped to barpress in an operant con-
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dilioning chamber (see Ellman it a!., 1975 for tion was automatically reanitiated and the procedure
dimensions) on a continuous reinforcement sche- nepeated successively until a block of let i trials was
dule. Reinforcements consisted of’ 250 msec trains run. The animals were trained to make a treadle-
of sinusoidal 60 Hz stases passed between the press response to terminate stiniulatiut i ; all other
bipolar electrodes. Current was continuously moni- responses were acti v ely inhibited by the experi-
tored by obsers-ing the voltage drop across a l(XX)- menter. All eight animals learned the .ippropriate ‘1

ohm I ~ resistor in sertes with the animal on a treadle-press response for both sites in c.tch animal.
differential input cathode ray oscilloscope 1,Ilewktt- The animals were then tested at rcl.tci vcly high
Packard). Animals were shaped for a minimum oh’ and low intensities (5 210 £ji l to lind ranges of
15 successive daily sessions at a variety oh’ CLtrren t escape latencies. For each site , si x It itcilsit ies pre-
intensitics in each site;animals which sehf-stirnulated sented in descending order were chosett to deter-
in both Sites continued in testing. mine a latency intensity (LI) function. At high

Rate intensity (RI) functions were derived in the intensities , ani mals often had to oserconie statnulus-
following manner: each day, each animal was induced motor involventenc in order to make the
allowed to self-stimulate throughout a 42-m m appropriate response ; this constituted the first
session which was divided into s~x 7-nu n periods stimulus intensity for the paradigm. Thus intensity I

’ 

-‘

separated by one-nun timeouts. Data collected also had to sustain at least threshold responding in
during the first 2 ntin of each 7-mint period were the self-stimulation paradigm. The next three lower
disregarded; the mean response rate over the last intensities chosen were those front w hich the animal
5 mm was recorded and constituted the dependent could escape reliably, that is, intensities which
variable. During the first 7-mm period, st imulation consistentl y elicited escape behavior but did not
intensity was sullic ictitl y low so that the animal’s eto ke any obvious involuntary mosement. The
mean response rate over the last 5 mitt of t h e  period 111th ittte ns ity was one which evoked variable
was below an arbitrarily delined threshold oh’ about response-latencies across days, whereas the sixth
ten responses per m m .  The fift h intensity sustained intensity was deliberatel y chosen to be below the
ICSS behavior at rates which approached or threshold for eliciting escape responses.
reached the aniuwat’s highest response sates . The The within-day escape procedure consisted of SO
second, third, and l’ourt h intensities yielded FCSS trials : the firs t 10 and the last 11) trials were control
response rates. During the last 7-ruin period of’ tr ials run at zero intensity. Between the first and
each session, respond ing yielded no stimulation lust blocks of trials the six chosen intensities were
(extinction). Baselitte RI functions over us e  days tested , 10 trials per intensttv . For each site in each
were taken for both electrode sites in each animal, animal, baseline II functions were taken over S
The RI functions of ’ each animal’s two  electrode days. Half of the anintals had the posterior electrode
sites were then interdi gitated ; ic. ,  del iserv of the placement tested first , followed by the h~pothaLutuic
current was alternated between the two sites in an site , while the other halt’ had the hypothalamic site
ABBAABBAABBA sequence, beginning w ith the tested first.
posterior (LC o~ NI PCI) electrode site. l’he purpose At’ter stable RI and LI functions were established
of this procedure was to insure that both electrode for both its sites , eac h animal entered two drug
sites would be tested equally at approx imate ly t he paradigms : the hirst tcst ~d the etI’ects oh’ d-ainphet-
same time and under similar conditions. amine upon RI functions, and t he second tested

Animals were then traitued to escape from passise the drug’s effect upon II functions. Drug effects
electrical brain stimulat iotu itt ant operant chambe r were tested itt 3-day sequences. Days I and 3 oh’
similar in size to the RI chantbe r w i th the folloss itug each 3-day sequence scrs ed as pre- and postdrug
exception : in place of a retractable lever . a larger saline controls respectively . On those da~ s . only
treadle was permanently inserted ot t the opposite saline solution t,l ml- ki~. 1PI ss .55 injected 30 nuin
wall. The onset of a stream of electrical trains (61) before the testing sessions . On the seco nd ~lay of’
cycles/sec sine, 500 msec duration, 500 msec inter- each 3 day sequence, .ininu.ils were injected 30 m m
train interval) delivered through one of the animal’ s before the testing sessio tu w i th d- .ituphetanune su l-
two electrode sites ntarkcd the beginning of the fate (Sntith . Kline and French: I tug ml ‘ kg in
first trial. Stimulation continued until either the rat s,iline, lP). RI functions we re tested in three 3-day
depressed the treadle or 101 trains had been de- sequences and LI t’unct ions st-crc tested itt his-c 3-
livered. Either contingency constituted a single day sequences. All conlpartsotus st-crc made between
trial. After a IS-sec intertrial interval, t he stimula- drug days (Day 2) and predrug saline days (l)a) I)

- — -— —- — - 5- . . - ’-— ,~~ —~~~ —— ‘ —~~~~ 
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Data from post drug saline days (Day 3) were dis- phicauve effec t oh’ d-arnphetaniine over saline base.
regarded to exclude any drug carryover etfi~vts . line for each category. At intensities which sup’

After completion sst ’ t he experiment , eac h annual ported escape batetucies of 1) It) see under saline,
was injected with an oserdose of Fqtiith~’si n and lat enci es are signiih icatttl~ increased under d-
perfused with 0.9 ~~~ normal saline solution , followed anuphetaitrine (t’t~st, p 0,115), At itttC it s it les which
by a 10% forntalin solution. Fruien serial sect iot is supported csc.ipe httertci ~ s oh II) 21) sec or 20-30
were then cut , mounted, and stained w ith lu~ot last sec under s.tline, latencies are neither increased nor
blue and cresyl sio let. Electrode locus was deter. decreased under d-arnp hetamine u’test , p .0.0 5)’
mined by microscopic examination of Ihe sections At Intens ities which Supported escape Litencies of

30—44) see or 40 51) see or ahosi’ 50 sec u l ide r saline,
latencies arc signilIc.tntl y decreased undcr d’

RESULTS amphetamine ((‘test , ,,~ 0.05). The l.itter mnten-
sities were below I(’SS thres hold Intensit ies. At zero

AU 8 animals both escaped and self-stimulat ed from intensity, there w a s no significant dilkrcnce (1-tes t ,
both electrode sites . All hypothalamic placentents p -, 1) 05) in escape behav ior betwee n the saline and
were located at or near either the f’ornix or medial d-atnphetamine conditions: therefore , the effects
forebrain bundle, w ith the exceptio n of one animal
whose electrode placentent vs-as in the glohus pal- —
lidus. All LC implants were located in t he dorsal
noradrenerg ic bundle. Ml’G phicentenis sse re loca-
ted at the dorsal longitudinal fasiculus, the oculo- ~motor nucleus, or the nucleus Darkschesv isch.

“a
Rifunc :ioims

t In all 16 electrode sites of the S animals in this
experiment, there was a significant ittcrease in ICSS ,. - - .

response rate under d-amphetamittc as compared ~U
to saline baseline at all current intensities (1-tests , ~p�0.0S). All sites were equally sens itive to the ~ ___________________________- — .

S.facilitatory effects of d-arnphetamine. In order ‘ .  •.3• 1$

MEAN RfSPONSF / MINUTE
~-aphically to represetut the data across sites , across
subjects, saline ICSS response rates ss t.’re grouped Fl(It~Rl I Proportional eotnp.sri~o~ oi l tug of d-~imphet’
into 6 categories: 0- 10 responses ’ min: 10-20 re- ‘amIne kg ot hod’, Wetght upon r.tte- ltttetusI ts luncuons In

LI., ’ , NIPU ~nd tispothalamie sliCs , S,i l tnc b,tsehaiic is itt lUO ”•-sponses/min; 20 30 res pot ise s— mim t ; 30- 40 responses
/nsin; 40— 50 responses mill and 50 or more re.
sponses/min. For each c.itegorv , ihe mean respotist-
rates of d-amphetamine were calculated and cx- —
pressed as a multiple of the me.in response rates
under saline at the same site and at the same
intensity. Figure I show s that d-antphetatnitte
enhances responding at all groups, most notably at
the threshold (0—10 responses/ntin) group

I..

Lifunctions
The effects of d-amphetantine on escape responding ii

were studied in a sinuihar manner since there were
U S

no differences across sites in the etfects of d- .‘~~
“

~
‘ 

•.~~~~ IS’S. • U - ~~S ‘

amphetamine on LI funtctions . Mean escape l.iten- MEAN ESCAPE LATENCY (SEC -)
ciesundersa)ine vs ere also grouped into ft categories : FIGURF ~ I’roportttsn’al connp.IrI~tsn of I mg of d- .itnqs het-
0—1 0 see; 10-20 sec; 20— 30 see ; 30—4k) see ; 40 50 tint- kg cit b~t ly weig ht upots h’aienct’intt’nsit~ fUnct Ion s Ifl

~
__ and 50 or more sec. Figure 2 displays the multi LC, MPr; and hyjxsth.iLanuc sate s , SaLi ne b.iw’iant’ is Jr

— ~~~~~~~~~~~~~~~ 
. ~I
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~ en in esca pe latency categories of 30 sec or ntore Two striking results were seen in the escape func-
cannot be attributed to non-specihic increases in tions under d-ainphetannine as compared to saline
locomotor activity under d-amphctamine. baseline, First , t here was a signihicanit correspon-

To summarize, (h-amphetamine increased escape deuce between intensities whic h under the influence
laiencies at intensities which, under saline, elicited of d-aniphetant ine both elic Ited longer escape
short (0— b see) escape latencics , In contrast , d- latenc ies and higher ICSS response rates , At first
amphetamine decreases escape latencies at inten- glance, it may seem t hat lC’SS and escape are
sh ies which , under sa line, elicited long (30-SO ‘ divergent classes oh’ responses , but a’~ this study
sec) latencies. On the other hand, for 1( SS behas tor , dentonstrates , isot h responses act in a similar
d—amphetamine had its greatest facili tatorv effect ntanncr under d-amphet tmi ne In short , t he att intal
at threshold (0— 10 responses-nu n). In all sites , tak es more stimulation .it coutnuon intensities. ‘Fhis - 

-

there was an overlap in the irt tensit ies which , under result could he exp la ined by nit ration studies
saline, elicited both short escape responding atid (Steiner . a t  a!., I9( 9 : Keesey . 19tI2 , 19t 4; Steiner
low ICSS response rates At these ose rlapping and D’,’~iiiato , 1964 ) in which selection of preferred
intensities, d—antphetamine increased both escape parameters oh’ stitnul ation was demonstrated by
latency and ICSS response rates (I’i~her Exact Test . systentatic variation 01’ paranteters and preference
p�O.OOi). En other wo rds , the very s.Ime intensities determined by va rious response contingencies itt-

which under the influence of d-ant phetantine eli- eluding operant harpressing and escape behavior .
cited longer escape latencies , supported l(’SS re- the consistency cit the results betwee n these tss ci

sponse rates wh tich were signif icantly enhanced classes of responses sugge sts th.it the attimal is not
under d.amp hetant ine escaping from the stintu lation per se, but merely

“titrat ing” t he amount of stt m ulat ian by the only
means possible in the escape resp1~nse cont ingency,

DISCUSSION that is , terminating the stimulation by an appro-
priate response.

All sites in all animals demonstrated differential. The second signtticaitt result was the shorter
yet consistent ICSS and escape behaviors under latency to escape urtder d-amphetamine for m ien-
baseline and drug conditions : this consistency in s it ies that vs-c rc vs-elI below ICSS thresholds. These
responding withi rt a given cond ition has been shorter escape latencies under d- .imphctainine
reported prev iously (Uoss -er and Miller , l95~ - might be explained h~ data ( Fihiger , F’ihiger an d
Steiner el al., 1969; Steiner and [) ‘Atnh ito . I%4 ; Its . 1973 : Taylor and Siiyder. I ‘I’d) indicafing tha n
Steiner e a!., 1973: Fllman el a!., 1975 Fhus, ans d-amp hetamine increases tionspecific locontotor
effect seen can be attributed to the drug and itot to activity. How ever , t he fact th.it ,i~ iCI intett si ty ,
any non-specific artif ,ict such as a disruplion in there w as  no dif)~renee in escape l,tten~ ies between
behavior due to the initial ttosel t~ of the drug the d-arnphctaniine antd saline condIt ions s hows
condition. As described previously , t here seems to that d-antphetaniine did not cause a nonspecihie
be a lack of specific it~ bet vseen si tes in both escape increase in the operant ~tre.tJle’press~ r.ite. Ste iner
and ICSS behavior. .‘\ll s l t C s  itt this study responded aiid D’Amato ( l9(s4 ) reported similar results for
similarly for RE h’unct ions under d—at iip hetant ine as non—pharntacological ntanipiiLition of .i nivgdaloid
compared to saline , that is, ECSS r.ites sserc higher stimulati ot i-iniduced esc.Ipe : anitnt.ils es* ..iped faster
under d—a rnphetanttne ,it intens ities vs hich st i 1t -  for loss intensities sv Inch did not sust .iin ICSS, t hait
ported threshold or Just abov e threshold rates under at higher tntensirtc ~ vs hich did sust. tiit lI..SS beha-
saline. This agrees vs ith prev iOUs hinditit ’~ for these vior. Possihlc cspLin.it ions of these res ults arc thi ,t t
loci (Steiner artd I)’.-~ntato . 1 964 : Ritter and Stein . s h—am p heta nt ine increases the sens it  I t  it\  cit an .iv cr-
1973; Steiner and Stoke R . 1973 ; Phillips and Filti- si t e and , or iii inhibitory s~ s t t ’t ii The cluctd. itiont
gel, 1973; Phillips , llrcioke at id Fihiger , l97c ; [Il’ of these possible inechn.t nisnns is bevasnd the scope
man e a!,, 1975; Ehlntan , Ac Lernt.trtn . lh,dnar. of this study. but meri ts further ex.lminaticiti
Jackler and Steiner , 197ft). AII sites in this study
produced similar LI functions in the baseline con- . I
dition as described prev iously ~,ElIm.in i t  ci!. , 1975), ,SufliUta r b

This study failed to hind .tnty sy’sten tati c ~hih)crences I.C, MPG attd hvpoth.tl.inuc si tCs reacted simtl.trly
in escape latencies under d—arnphet~iniine that could in baseline and drug conditions itt both LCSS and
be attributed to neuroattatomnical locus, escape paradigm s: no distinctions m t  functions

________________________ — - —~ ~~
-
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could be attributed to electrode locus. A signihIc. ittt Korublith, C , and hloc hei, H . t ’~’i . I ITcets uS

correspondence st .is not ed tsciw eetv intensiti es drugs on foOd iii t~ki-. ~~~ii-s i i iiiui.tticiii ansi tt iiu utat ion-

which, under t he inhluenee cit t h- .intphetamiite , bot h ~5tMtc~~l’1~~’C, prcsciiccd~~t the , tu i i ,i ~~I the I .ssleni

elicited longer escape l,ttencies arid higher I( ~S t it-bm.i i . J M - Masc i - Ii 3 , ~ isd I icbskiii,i J (‘ ,, i97),
response rates , suggesting that in bs ilh I(’SS and Scli-sti ii iulattsm ~~i in ihe inid-i ’ Ialii ~ c I l I I  ii ~~IC s  illatler
escape paradigms , animals were mi m r am i n g  the siur.t. s’t ttit~ il l  !ii-/i,Ji~~itOJ IL, ,,’ . s s i  - ~~ ~ N tii( ~
t ion of the stimLil us train ~ t h ow in let is i t lCs , csc.ipe Slilki , \ 1 - i’i’ — , t , t ~~~i i i i iC I l i5  oIl i I l o t i% ,i iIoIi studies
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ABSTRACT

ACKERMA NN , R. F ., S. J. ELLMAN , R. J. BODNAR , F. JAC KLER and S. S.

STEINER. Behav ioral interactions among rat brainstem and hypothalamic

sel f-stimulation sites. PHYSIOL. BEHAV . Rats, w it h electrodes in

hypothalamus , and one of: locus coeruleus , periaqued ’ictal gray, su b-

stantia nigra or contralatera l hypothalamus , were tested for intra —

cran ial self-stimulation (ICSS). If both of an animal s two electrode

sites supported ICSS, simultaneous stimulation response rates, elicited

at near-threshol d intensities , were si gnif i cantl y greater than the sum
0’

of the rates elicited by single-site stimulation at the same intensities,

indicating neurophysiological interaction between the ICSS sites.

If onl y one s it e su ppor ted ICSS , no interaction took place. The mag-

n itude of interaction between ICSS sites was estimated by comparing

the curren t intens i ty necessar y to su pport ICSS res pondin g under s i ng le

stimula tion conditions to that under simultaneous stimulation conditions.

Obtained interaction estimates were site-dependent; if both s’,F an

animal ’s ICSS sites were sensitive to d- , but not 1-amphetamine,

simu l taneous stimulation threshold reductions were relatively small.

If one site was sensi tive only to d-amphetarni ne , but the other sensi-

tive to both isomers, simu l taneous stimulation threshold reductions

were s ig nif i cantly larger . These results su ggest the existence of two

interac ting ICSS systems.
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Studies of interact ion among simu ltaneously st im ulated i n t r a—

cran ia l  se l f -s t imu la t ion  ( I C S S )  sites have been few , and largely re-

str ic ted to studio! ; of inhibitory effects of stimulation at one site

upon Ii’SS e l i c i ted  frolu another s i te  (04 , 25,  33 ) .  Despite their ob-

Vious theoretic a l illlpOrta nCe, studies of interaction between simul tane—

ously stimulated ICSS si tes have been rare, perhaps because of d i f f i-

cu l t i es  in interpreting their results (39) .  Such d i f f i cu l t ies  notwit li-

stand i rig , Al hi no and Lucas (1)  reported that when the ventral teglllentum

and septum were st imulated nearly simultaneously, II,’SS response rates

we re  greater than the sum of response rates when either the teqltlen tum

or septum was stimulated alone. From these data . they deduced that

there was a physiolog ical interaction between septa l and teqme ntal

ICSS s i tes . Subsequent ICSS studies demonstrated in ter ac t ions between :

(1) contralatera l hypothalamic areas (14, 37)~ (0 )  amyqdala and hypo-

tha lamus ( 3 5 ) ;  (3) posterior hippoc amp us and hypothalamus ( 1 6 ) ;  and

( 4 )  locus coeruleus and hypothalamus (10). Anatomical evidence (03)

indicates that f ibers of forebrain l’imbic structures have rec iprocal

connections among thelliselves and with such Ill idbr ain nuclei as the dorsal

and ventral tegmental nuclei, the ventral tegmental area of Ts a i ,  arid

ventra l port ions of the periaqueducta l gray. Histof luorescence and

pharmacologica l  studies have s hown that ascending catecholaminerqic

f i hers Innervate these forebrain 1 imbi c structures (9 , 00 , Ot~ , .10)

S u b s e q u e n t  studies have demonstrated tha t ca techolami lie-containing

ponti 110 and midbrain struc’t IIres support I CSS ; these s t ruc tur es  include

the 1 ocus coerul ens ( LC ) (8, 10. 10. 30) . the dorsal rioradrerie,’qi c

_____________________________________
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bundle (0M B) (10. 27 ) ,  t he v e n t r a l rio radl ’erles ’q ic bundle ( 3 1 ) ,  the

p er i aque~tuc ta 1 noradrenerq I c bundle (5. 0? )  . the nn d— ventral per i —

~quedu c ta 1 gray (MV ) ( 11 , 1”) ) , a rid t he subs tan t I s.l fl ~ l’sI (SN) (7 , .1?)

The present study , comprising two exper iments ,  was an attempt

to cha rac ten :e interact i oris between hypothal ann c ( HY P)  and tegmenta 1

se l f—s t  ilnul a t  ion s i t es .  In Exp er im ent  1 , dor s a l m id bra in and  pou t  I no

II,’SS si tes were surveyed for i ntel ’act ion wi th hypothalamic ICSS Si tes .

In Experiment 2 , an es t I ma to of t I le magn i tude of in terac t ions was ob —

ta I ned . 1 I nial ly . the da ta t’ rom Experiment 0 were ari a l,yzed toqet her

w i th  previously published d— arid 1-amphetamine ICSS data ( 10. 11. 0 7.

00) in an attempt to determine if the magni tudes of i nter ’act ions between

Si tes corresponds w i t h  their sens i ti vi t it’s to the amphetami no i -5oi Iers

X C I  I~I ME ,NJ_ 1

Experiment 1 invest i gated interact ions between the t o l l o w i nq

combin ations of e lec t rode s i t es : (a)  I C , ” IIY I ’  (or I1NU ‘ I I Y C )  ; (h’ ) M V / H Y P ;

(c)  SN/ HYP ; (d) FIY P/c ontr a latera l HY P; arid (e)  Li ’,’SN. Inte ract ions

between electode sites were measured in terms of increased t -espo nse

l’a t es when si tes were 5 t 1lI11I1.,I ted s imu 1 t a nieo us 1 y c’onipa red to the S 11111

of the response Y’ si t es when either s it e of ’ a pair was St I mu 1 s ltO d  ,ul One

Method

A. Su b ,iec t s  and Surgi ca l Procedure

Twe n s ix ma 1 e Sprague— Paw 1 ey (Ho 1 tzma n ) a 1 hi no ~‘a t s (3 75— HOO q

were an esthet ized w i t h  Equi thes in (Jensen ; 1 ml 1kg’) , placed in a Fs - o pt

st eneota .x i c iris trumen t and iI’lpl an ted w i th c it  her two o ~‘ three hi pol 5ir

e lect  nodes (P las t i c  Products).  I ach bipolar e lect  rode w as ti rade of

two intertwined s trands o f c t  a iii less s te e l  w ire (0 . 3 n~i di 5inte t e r ’
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complete ly insulated except at the tips , which were 0.05 -0 .10 iiii apart.

After surgery , an i m a l s  were housed indiv idual ly and had access to food

and water ad libitun i .

Electrode i m p l a n t s , comprising two bipolar electrodes , were a i med

at the following site combinations: (a) LC and HYP; (b) SN arid HYP;

(c) MV and HYP; (d) left and right HYP; (e) SN and [C. Impants comprising

three bipolar electrodes were aimed at the following site combinations:

(a)  LC. MV and HYP; (b) LC, SN and HYP; and (c)  LC, left HYP and right HYP.

Wi th  the incisor bal’ always set at -5 mm, HYP coordinates were

4.2 -4 . 4  ri~ui posterior to breqnua , 1.5 11111 lateral to the saqittal suture ,

and 0 .7 nm front the top of the skul l ,  LC coordinates were 1.5-2.0 nm

posterior ’ to l ambda , 1.0 ll~iI lateral to the saqittal suture , and 7.0 nm

from the top of  the skull. SN coordinates were 2.0 nm anterior to

lambda , 2.0 liii la t e r il to the sagitta l suture , and 0.2 nm from the top

of the skull . MV coor’,li nates were 0.6 nm anteri or to l ambda . 1 .5 nm

latera l to the sagittal suture , and 7.5 nm from the top of the skull

and angled at 1? toward the m id-saqittal plan e. In ani I~1als implanted

with 3 bipol ar electrodes . LC and HYP electrodes were ipsilater al to

each other. while the SN electrodes were contralateral to the other

two. MV electrodes entered the brain contralate ral to HYP and LC

electrodes , but their tips were located nea r the m id -sa q itta l plane.

B. Apparatus and Prel iminary Test ing

Ten days after ’ surgery , each anima l was shaped to lever-press in

an operant conditioning chamber (20 ‘ 20 23 c m ) .  cons t ruc ted  of

Plexiglas and stainles s steel. A 2 4.5 cm retractable level’ (Sc ien t i f i c

Prototype) was located 4 cnn above the grid f loor  on one wal l  of the

______ — ~~~~~~ 
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chamber. A force of 0.2 N was sufficient to depress the lever and

constituted a response. Electromechanical and sol id-state switching

circuitry in an ad ,~~t,.en~ room monitored animals ’ behavior , recorded

minute -by-minute response rates , and control led contingencies of re-

inforcement. Reinforcements consisted of 250 msec trains of sinusoidal

60 Hz waves delivered on a continuous reinforcement schedule , and passed

through either one or both of an animal’ s two bipolar electrodes , de-

pending upon the experimental condition . Current intensity was held

constant within trials and varied between trials according to the demands

of the experiment. In addition , wave form and stimulus intensity were

continuously monitored by observing on a differential input oscilloscope

(Hewlett-Packard ) the voltage drop across a 1 ,000 ohm resistor in series

with the animal. Current fluctuations were maintained within one percent

by placing a 100,000 ohm resistor in series with the animal .

Animals were shaped for a minimum of 15 successive daily sessions

at a variety of current intensities (5-200 uA) in each electrode site.

Animals which did self-stimulate from at least one of their electrode

sites were continued in testing on the following schedule in order to

determine rate-intensity functions for each site. Rate-intensity

functions were determined in daily 48-mm sessions which were divided

into six 7-mm periods; changes in current intensity occurred during

1-mm . timeouts between successive 7-mm . periods. Data from the first

2 m m .  of each 7-m m . period were disregarded . The mean response rates

over the last 5 m m .  of each 7-mm . period were recorded and constituted

the dependent variable in all conditions. Current intensities utilized

in determining rate-intensity functions were chosen in accordance with

the follow i ng criteria: the first i ntensity was sufficiently low so

‘ ~~~~~~~~~ ‘- ——-s’-——— ’ -- - ’ - ’ ” ’ ’ ’ -—— ~~~- — - - - ‘ - - — - 5- ” ’
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that the animal ’ s mean response rate over the last 5 w i n , of the period

was below an arbitrarily defined response threshold (usually 10 responses

per mm ). The fifth intensity sustained self -st imulation behavior

at rates which approached or reached highest response rates. The second .

t h i r d , and fourth intensit ies e l ic i ted response rates which were between

threshold and peak intensit y response rates. Responses during the

final 7 -m m period resulted in no st imulat ion (ext inc t ion) .  Rate-

intensity functions , averaged over’ 5 days. were determined for each

electrode si te in each animal.

C. Histology

After completion of the ex periment , animals were over’dosed w i th

Equithesin (2 ml) and perfused w i th  norma l sal ine fol lowe d by 10’ -

formalin. Serial frozen sections were cut at 40 microns th ickness.

stained wi th luxol fast  blue and cresy l  v io let  (17) ,  5i nid elect rode

locus was determined by comparison w i th  the Koniq and kl ippe l r’at

brain at las (18).

Procedur e

An i mals delnonstrating ICSS behavior - in at least two electr’ode

s i tes  were terlned double presser’s; animals demonstrating ICSS behavio r’

in only one electrode s i te were controls. After deter miri5r t ion of a

rate-intensity function for each electrode site , the double pr’essers

began the follow i ng protocol , represented in Table 1 for a typical

animal.

INSERT TABLE 1 ABOUT HERE 

--~~~~-~~~~~~~~~~~~~~~~ - - -‘-- -
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Every day , each double presser lever-pressed durin g a 70-mini .

session which was divided into ten 7-mm . periods . As before , data

from the last 5 m m .  of each 7—w in , period were recorded .

During the first, third , fifth , and seventh 7-m ini . periods ,

responses resulted in no st imulat ion (ex t i nc t i on ) ;  the purpose of these

interspersed extinction periods was to n-educe any cont rast ef fects

between successive stimulation periods. During Period 2. responses

resulted in delivery of subthr’eshold s t imu la t i on  to one e lec t r-ode s i t e

(sm ile stimulation). During Period 4 , responses resulted in de l iver y

of subthreshold stimulation to the other- electrode site (sinqle stimu-

lat ion). During Period b. responses r ’esulted in simultaneous del ivery

of suhthresho ld stimulation to both sites (simultaneous stimulation) 
S -

at the same intensi t ies as in Period s .‘ and 3. Durinici Period 8. responses

r e s u l t e d  i n  delivery of subthres hold stimulation to the electrode site

which had elicited the higher response rate d u r i n g the ear’ liel ’ sin~jle

stimulation periods. This condition was includeQ to insure that the

res ponse ra te el i c it ed under the s imu1 t~neous stimulation conditio n

was due to interaction between the two sites and not due to any spon-

taneous increase in responding by one site alone . During Periods ‘1

and 10. responses resulted in delivery of a stimulation init ensity

which elicited pea k response rates for- each respective electrode site.

Peak res ponse rates for each s i t e  were moni tored  in  order to d isc ern

any shifts in rate-intensity functions, and a l s o  to  maintain behavior

in the face of the many extinction periods comprised by this paradigm .

This procedure was repeated daily over’ five days for each an imal.

INSERT TABLE 2 ABOUT HE }-~F
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The procedure wa ’- nod i fled t’o 1’ contro l an I nra I S bet a II so t hey did

not sd f—stimulate for any curl -out in it en si tv at one of their- electr ode

s i t e s . Table 2 presents the protocol t’o,’ a t yp ica l  control anima l

Eac h contr-o l ~inu iina l was tested in a 56 — m m .  session div ided into eight

7 — w i n ,  periods . During Periods 1 , 3 ,  and 5, responses resul ted in no

st imulat io n (ex t i  nct ion). During Pe r— i ods 2 and t~ . n .esponises resul ted

in del i ver’y of st imul at ion to the a nim ima l ‘ s em ily It’SS s i t e  at an intensity

which e l ic i ted 1(1— 2 5 responses per w in. (sin ~le stin iul ation ’) . During

Per’ iod 4 ,  responses resul ted i ni simu lt an eous st imulat ion  comp~’i si rig :

1) the same intensity as in Period ,‘ to  the Ii,’SS s i te ,  and (.~‘) one of

a variety o t’ cur-rent in tens i t ies  (5—200 uA ’) to the s i te  w h i c h did not

suppo)- t I CS S . [1u n i n g  Period I~~~ responses res n i t  ed I Ii del i ver~ of the

sa m e st imulat io n in te ns i t y  to the non— Ii ’SS s i te  as in Period 4 ; th is

insured that this non i—t CSS site still did not support ICSS fo l lowi ng

the simu ltaneous s t imulat ion condi t ion.  During Per iod 8. r’es ponise~

resul ted in delivery to the I C S S  s i t e  of the st in iulat io ni intei s ty

which e l ic i ted peak response rates. This pi-ocedure was repeated over’

approximately 40 days for each control animal;  the current ‘m l iten ’tsi ty 
5

’

del ivered to the non— Ii ’SS site was changed from day to day.

Results

Twenty—six an ima l s completed Experiment 1; In 25 an inma l s one pa ir

of el or t n-ode s i t e s  was tested and in erie anim al two di ffer-ent elect I’ode

si te comb i nations were t es ted . In ,‘ ,~ of the ? ‘
~ e lectrode s i t e  conihina—

ions, both electrode sites supported Ii ’SS , In the renia iniinq S e lect  rode

s i te  combinations , only one of the two electrodes s u p p o r t e d  ICSS. Table

3 sum imuiar i:es the dat a cell ected in Ex periment 1

_ _ _  -~~~~~~~~~~~ “ - - -‘-
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The data tar each site combin ation were anal~ :ed separately;  for

each of the 22 double presser’ comb in at i o ns ,  the response ra te  un der

s,i l ~ t~_n_e,_o~n_s stim ul ation was si gn if icantly higher’ (correlated di ffe,’emice

score t-tests . p .05) than the sum of’ the n-espo use ra tes of the two

single st imulat ion c o nd i t i o n s .  These r’esul ts wer-e true regal ’dless of

the locus of the two I CSS e lec t rodes (Table 3 ) .  By contrast,  for cacti

of the f ive control combinations . there was rio signi f icant di fference

(corre l ated di ffel’ence score t—te s t s . p .05) between the simultaneous

stimul ation condi t ion and the sin qle stim u lat ion co nid i t ion of the IC SS

s i te rega r’dless of the intensity dcl ive r ’ed to the mio m i -l~ SS site; i f

one of the electrode sit e s was neutral . then simu l taneous stim ul at i on

of both s i tes  did not resul t i ni n’esponse rate enhamicemiient. The co ntn ’ol

group inc 1 uded both tegmen t a 1 amid HY P non — I CSS p1 a ceuler i t s • inc 1 ud i rig

one near’ the HYP (Rat 43[ , one near ’ the MV (Rat $F . one near t h e  SN

(Rat 79F), amid two near the LC (Rats 211 arid ?3E ’ ) .

INSERT FIGURE 1 ABOUT HE I~I

Figure 1 i l lust n’ates the di f ferent ia l  e f f ec ts  of simultaneous

stimulation in a double presser (74E as compared to a control an iliia l

( 7 9 F )  . Rat 74E. showmi on the left • sel f—stimul at ed from both e lec t r od e

s i tes ,  whi le Rat 7~ t ,  shown on the ri ght, self—stimulated from the HYP

but not from the tegmentum . Rat 4 [ . the double presser , shows clear

enhancement in response rate in the simultaneous stimulation condition

as compared to the response rates elicit ed in the sin y l e stimulation
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conditions. It is equally clear that no matter which current initensity

was employed at the noni— fl’SS site . the contro l animal, 7°F . did not

show enhancement in response rate during the simultaneous stimulation

condition.

EX PERIMENT 2

Exper-imiient 1 demironstrated tha t numerous tegmental ICSS sites

interact with HYP ICSS sites at suhthreshold intensities to suppon -t

suprath recho l  d level ~ at I ~‘Ss It could he argued that response rates

under- simult aneous st imulat ion are not ani adequate measure of the

magnitude of interaction between two R’SS sites because seven’al studies

( 3 ) , 4 0)  have demonstrated that stimulation e l i c i t ing  low respomise

rates is. undem- some circumstances , chosen by rats over stimulatiom i

eliciting higher response rates. Also , differ-cut 1CSS sites within

the same animal can have disparate peak response rates, making it

difficult to compare : (a) across sites wi thin a given animal , and or

(b) across animals at the same sites . Therefore , a differ-ent measure

of the rewarding proper-ties of the inl tel ’actio n . independent of n-espouse

rate , was necessary. The measure chosen was the reduction , und er

simu l taneous stimulation, in the curn’ent intensit y required to support

the threshold response n’ate (10 responses ‘mi n.

Procedure

Seve n teen double presse r-s were continued fl’olii xperiment 1 into

Experiment 2. The suhthreshold intensi t ies which would support simultaneous

stimu lat ion interactions were determined for each site. Then a modified

psychophysica l method of limi ts was employed to determine stimulation

in tensity thresholds under the simu l tanien us s t i m u l a t i o n  condit ion ; 
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Table 4 illustrates this protocol in a representative animal . Wi th

one exceptio n (7E) current intensity was held at a constant, suhthresho ld ,

intensity at the HYP (constant site) and systematically var’ i ed at the

tegmenta l site (varied site). At the initial current intensities

s imu l t aneous  stimulation resulted in s uprathr-esho ld response rates

(—1 0 responses/win.). Then. curr’ent intensity at the varied site was

n-educed over successive days in steps of 1.4 ;iA per day until simultaneous

stimulation failed to support suprathreshold response rates . When this

occurred , the same varied site intensity was repeated on the following
Ii

day. If simultaneous st imulat ion suppo n-ted suprathresho ld response

rates on the second day . the schedule of daily 1.4 ~A decrement s was

resumed on the following day until simultaneous stim ulatio li ultimatel y

failed to suppon- t suprathresho ld t-espond irm q on two successive days.

This modification of the method of l imi ts  insured that a random fai lure

to respond on any given day would not confound the threshold determination.

Upon an animal’ s fai lure to r-espond at suprath reshol d rates under- the

s imu l t aneous  stimulation condition on two successive days, the procedure

was reversed and curn’ent intensity at the varied site was increased

over success ive days in steps of 1.4 1A per day until sup n-ath n-esho ld

response rates were once again attained on two suc cessive days in  the

s imul taneou s st imulat io n condi t ion . and then increased fu r ’then ’ unt i l

su p ra threshol d res ponse ra tes were a tt a ined on two success i ve days at

the var ied s i te in the s i n~je st imulat ion condit ion. For- each va ,- ied

site, two alternating descending and ascending sequences of im it en sities

were run , and an overall varied s i te s in~j ie stimu lation threshold and

simu ltaneous stim nulation threshold were determ ined for each pai n of

-‘ ~~~~—‘~~~~~~~ ‘. p’~~~’- ~~~~~~~~~~~~~~~~~~~~ 
-
~~~ 
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sites. The magnitude of the difference between a varied site ’ s sin q ie

st imulat ion threshold intensity ami d s imul taneous st imulat ion thre shold

i n te n s i t y  was considered a measure of the interact ion between the two

e lect r ode si t e~~.

INSERT TA B LLS 4 AND 5 ABOUT HERE

s i t s

In 15 of 17 animals ,  the int eraction between one p a i r  of elect rode

s i t e s  was tes ted arid i ni one animal two di ffe n-ent el ectrode s i te combi h a -

t ions wer e tested. The magnitude of the di ffe rence between each var - i ed

s i te ’ s s i n ~ le  s t i m u l a t i o n  and s im ul taneous s t imu la t i on  thresholds ranged

between l.t ~ and lt~,5 ~~~~~~ For every electrode s i te  combination , the

threshold intensity in the varied site was sionific ant l y l ower’ (si gn

test ,  p .05) in the S ii ~iu~ taneouS st iriiulation condit ion than in the

si r~je stimulation condition . Table 5 summari zes the data collected

in Exper’iment 2.

INSERT FIG URES 2 AND 3 ABOUT HERE

Fig ures 2 and 3 show the differences between the varied sites ’

sin~~e stimulation and simultaneous stim ulation threshold intensities

across successive threshold determinations. Figure 2a indicates the

differ’ences aver’ successive threshold determinat ions for a m epresentat ive

anima l in the LC,-HYP group; il l this qn-oup varied site threshold re-

ductions ranged between 1.6 and 8.5 ~A. Figure 3a displa ys sim ii ilar

data for a representative anima l in th~ ~en-iaqu eductal gray’HYP group:

L - - 
- 
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threshold n-eductions in this group ranged between 3.4 and 14 .4 , A.

Figure 3b shows a representative anima l for  the SN/HYP group for whiJ~

reductions in varied s i te  thresholds n-anged between 3.2 and lh. 5 A.

Figure 2b s hows a r ep r e sen t a t i v e  anima l for  the IYP/cont r-alatera l HYP

group for which reductions in var ied s i te  thr -esho lds ranged between

1.6 and 12 .4 ~A.

A~~j~~ is

Based on pharmacological data , three differ -ent catecholamine-

j  

mediation hypotheses have been offer-ed to account for ICSS: (1) ICSS

is ied i ated pri mar- i ly by non’ep i r ephn ’i ne (2. 30. 31 * 34); (2) I CSS i s

mediated primarily by dopamine (4 , 21); (3 ’i ICSS is mediated by both

norepinephrine and dopaunine with either - t n-ansm itte r sufficient (1 1 , 27, 20).

Snyder- and his colleagues (6. 36) have suggested that behavioral

ef fects  e l ic i ted by d-arnphetamine or- 1-amphetamine carl be employed to

di f ferent iate between norepinephrine mediat ion or dopamine mediation

of par’ticular behaviors. Follow i ng them , Phillips and ri h ige n ’ (28)

have suggested that norepinephririe -rich and dopamine-rich ICSS sites

can be di f ferent iated on the basis of their- re lat ive sensitivity to

1-am phetamine. They found that nor epine phr ’ine -rich sites are insensitive

to 1-amphetamine while very sensitive to d-amphet amine ; by contrast ,

at dopamine- n-ich sites the two amirphet amiiine isomers are nearl y e q u i p o t e n t

because these s i tes  are niore sensi t ive to 1-amphetamine and less sensitive

to d-amphetamine as compared to no repinephr ine -rich sites. Of the ICSS

sites tested in the present study , the fol lowing were known from prev i ous

studies to be sensi t ive to d-a mphetamine. but not to l-ainphetaniine ( d

sites): (a) the LC (DNE~) (10, 11 . 27); (b) an ar’ea adj acent to the

-

~ 

- ‘-—~~~~- - - - ---~~~
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ventra l tegmental nucleus (10); (c) the dorsal longitudinal fasciculus

(DLF) (A ck er -ma nm i et al . , in preparation); (d) the medial forebrain

bundle and perifor’nica l ar-ea (10, 28); and (e) the crus cerebri/nigro-

str - ia ta l  t ract (Farber et al. , in preparation ). Of the ICSS sites

tested in the present stu dy , the following were known from previous

studies to be sensi t ive to both d-ampheta mine and 1—amphetamine (“1

s i t e s ) :  (a)  the MV ( 11) and (b) SN , pars compacta (28) .  Ther -efore ,

on the basis of each electrode Si te ’ s known sens i t i v i t y  to d- and 1-

amphetamine, electrode pa i r- s were grouped i n t o  the following thr-ee

categories: Group A , comprising pairs in which both electr-odes impinged

on “d” loci . Group B, in which one electrode impinged on a d locus

and the other electrode oi an ‘1” locus : and Group C, consisting of

only one electrode pair in which one electrode impinged on a ‘ d ’  locus

and the other electrode on a locus which has not been tested with d-

and 1-am phetamine.

The ten electrode pair - s in Group A included all six LC (DNB)/HYP

pairs , three of the four HYP/c ontralatera l HYP pairs (Table SA ; Fig.  2 a ,b).

and one of the periaqueductal gray area/HYP pairs (Rat 40[) (Table 5A;

Fig. 2c) which sorted into Group A because its periaqueductal electrode

was located in the later-al periaqueducta l area from which response

enhancements under d- . but not 1-amphetamine were obtained . Group A

electrode pairs had a mean threshold reduction of -1.5 ~,A with a range

of 1.6 to 8.5 ~A. The veracity of the assigned drug designation was

confirmed by actually testing three of the ten animals in this group

under the d- and 1-amphetamine screening procedure (11); these three

anima ls had electrode sites whi ch were inclusive of all of the loci in

Grou p A.
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Group B comprised seven electr ’ode pain’s. One electrode of each

Group B pair was in the lateral hypothalamus, a “d” site , and the second

elec tro de was i n one of two “1” sites , either the MV (ii = 3) or the

SN (ni 3) (Tabl e 58; Fig. 3a,h). A third “1” site in Group B was a

single HYP electrode (Table 5B; Fi g. 3c Rat 68F) located in the anterior

nucleus of the hypothalamus, which , unlike all other HYP s i tes tested

in this laboratory , was equally sensitive to d- and l-arimpheta uiine.

This result is perhaps accounted for- by recent histo fluor’escent evidence

that a dopaminerqic incertohypotha lamic fiber systenni tn-averses the

anterior nucleus of the hypothalamus (3 ). Group B s i te combinations

had a rican threshold reduction under- simultaneous stimulation of 12.8 ~A

with a range of 9.1 to 16.5 n A .  The veracity of the assigned drug

designation was confirmed by actua lly testing three of the seven an imals

in this group under the d- and 1-amphetami ne screening procedure (1 1) ;

these three animals had electrode sites which were inclusive of all of

the loci in Group B.

There is a significant difference (Mann-Whitney U Test, p .05)

between the threshold reductions of Group A sites and Group B sites;

in fact, there is no overlap in the two groups ’ values.

Group C comprised a single site combination in which one of t h e

two electrode sites was the SN, par-s n’eticulata , which has thus far

no t been tested under- d- and 1-amphetamine. The threshold reduction

for the HYP/SN, pars reticulata site combination is considerably less

t han  the other HYP/SN site combinations (lable hC). This site combinatio n

was excluded from Group B because the SN. pars r - e t i c u l a t a :  (a )  is not

dopaminergic (38) and (h) differs fromii the pars conipacta imi its projec t ions

(29).

-——-—-

~ 
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D i scuss i on

These r-esu lts indicate that teqirienta l ICSS sites interact with

HYP ICSS s i tes and interact amirong themselves . Furthermore , such i nt e r ’ -

action s are syste iniatic ; that is, each s i te com iibination has a character-

is t ic  threshold r’eduction under simultaneous stimulation which remains

stable over several threshold deter m inations which require manly weeks

to ob ta i n .  This consistency is quite remarkable when one considers

the d i f f i cu l ty  of the discri minations required by the present experi-

mental par-adig ni in which increments or decrenients in current intensity

are small (1.4 1A)  and are made over days . Threshold reductions were

consistent not only w i th in  pairs of s i tes wi th in  particular animals,

but also across similar- site coni rb inations in different animals. For-

exaniple , LC /HY P s i te combinations show consistent ly small threshold

reductions (1 .6  to 8.5 11A) , wh i l e  SN, par s  compacta/HYP site comnhina-

tions show consistently larger’ threshold reductions (9.1 to 16.5 1 A ) .

When both of two e lectr -ode loc i are reactive to d- . but not 1-

ampheta in i no * smal 1 threshold n-educti ons occur under simultaneous st imu-

la t ion.  However , when one of the two electrode loci is equipotemitl y

react ive to d- and 1 -amphet ai rnine, lar’qe threshold reductions occur ’

under simultaneous stimulation. These results imply that physiological

interactions between sites which are dissimilar in their- reactivit y

to d- and l-ampheta rniine are greater than physiological interactions

between sites which are similar in their r’eactivity to d- and 1-amphetamine.

These results cannot have been caused by passive curn’ent spread between

electrodes because: (1) the magnitude of the threshold reduction under

simultaneous stimulation was independent of the proximity of the two

si tes; i.e.. the smallest threshold n’eductions wer e obtained fronii both

_ _  — 
k - I - - - .-
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the least distant (HYP/ HYP) and the most distant (LC/HYP) electrode

site combinations; (2) the magnitude of the threshold reduction under

simultaneous st imu lation was independent of the total amount of administered

current , i.e., the total current del ivered to Groups A and B was not

sign ificantly different (Mann-Whitney U Test, p > .05); (3) control

animals failed to demonstrate interactions under simultaneous stimula-

tion with an ICSS site regardless of the proximi ty of the electrodes

and regardless of the intensity delivered to the non-ICSS site; and

(4) intensity increments (1.4 pA ) had a much greater effect in increasing

responding under the simultaneous stimulation condition than did the

same increments under the single stimulation conditions; this result

is the opposite of what would be predicted by a current-spread hypothesis.

Coyle and Snyder (6) reported that both amphetamine isomers increase

reuptake by dopaminergic synaptosomes equally well while d-amphetamine H

increases reuptake significantly better than 1-amphetamine in non-

dopaminergic synaptosomes . Based on this finding, they suggested that

behaviors could be characterized as being dopamine-mediated or norepine-

phrine -mediated , depending on the relative ability of the d- or 1-

isomers to facilitate them. Taylor and Snyder (36) found that d-amphetamine

was ten times as effective as 1-amphetamine in increasing locomotor

behavior , while d-amphetamine was only twice as potent as 1-amphetamine

in inducing compulsive gnawing behavior. Thus, they asserted that

locomotor activity is norepinephrine-mediated , while compulsive gnawing

is doparnine-mediated. However , Coyle and Snyder ’ s (6) original finding

that noradrener gic and dopaminergic endings are differentially sensitive

to d- and 1-amphetamine has subsequently been contradicted (13, 15 );

d-amphe taniine is only severa l times more effective than 1 -amphetamine 

~~~------—-—~~~~~~~ - ----~~~~~~~~~~ -~~~~~~~~~ --- ----- - -



17

in blocking release amid reuptake of norepinephn- i mie , arid the isome r’s

show the same djffer ’entia l sensitivity for both nor-adrener gic and

dopaminergic neurons. Nevertheless , Taylor and Snyder’ s (36) behavioral

data are still unchallenged . The effect of d— and 1-amphetamine on

ICSS behavior - depends on the locus of the electrode. ICSS elicited

from norepi nn ephrine-rich areas (LC. later- al hypothalamus) is very

sensi t ive to d-amphetamine but almost refr acto r-y to 1-amphetami ne.

On the  o the r  hand , ICSS elicited fromm r dopamine-rich aneas (SN , nucleus

accumbens) is nearly equally sensitive to d- and 1-amphetamine. There-

fore , it seems that the d— and 1—amphetamine isomers ca mi be employed

to dif ferentiate betwee mi nor’epi nephrine-rich and dopa mine-rich areas ,

even though the mechanism for such di f ferent iat ion mnust a t  pre se n t

he considered un known .

That large simu l taneous sti rm iulation threshold reduction i s are

obta i ned f rom combinations of sites displaying dissimilar’ reactions

to d- and 1-amphetamine (MV/HYP, SN/HYP) suggests that larger threshold

n’eductionis are due to activation and interaction of two disti n ct systems .

one d-ampheta mine sensitive, 1-amphetamine insensitive (“d” sensitive) ,

the other - sensi t ive to both isomers (“ 1” sensitive). That small threshold

reductions are obtained when both electrodes of a site comn ihin ation have

similar reactions to d— anid l-anmphetamine (LC/HYP , DLF /HYP, HYP/HYP)

suggests that small threshold r-eductions are due to activation and inter-

act ion of struct ur’es wi th in the same ( in this case , the “d” ) systemii .

p Thus , we suggest that when either MV/ HY P or SN/ HYP s i t e  car ih in a—

t ions are s t i  mu 1 a ted si mu 1 ta neou sly,  two sys temnis • one “d’ se m i s i t  i ye

and therefore possibly noradrener-qic, and one “1” sensitive and theretore 

-- -~~- -~~~~~~~~~~ — - ~~_- ——--- - - - 
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possibly dopaminergic, are activated ; one system potentiates the

effect  of the other. Simu ltaneous act ivat ion of the two sys tems i n-

creases their mutual potent iation , thus resulting in large response

enhancements .

In sumary, the simultaneous stimulation technique further demon-

strates differentiation of ICSS functioning and l ends independent support

to two hypotheses : (a) that at least two neuroche mically coded ICSS

systems exist and interact with each other, and (b) tha t the d- and

1-amphetamine screening procedure can differentiate among ICSS sites.

I
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FIGUR E LEGENDS

Figure 1

Number of ICSS responses per minute as a function of

tegmental current intensity and stimulation cond ition for two

animals : (1) Rat 74E, a double presser and (2) Rat 79F, a

control animal. ICSS rates elicited by stimulating the non—

ICSS site alone were always less than 10 responses per minute.

Figure 2

Current intensity at the varied site as a function of stimu—

lation c ondition and threshold determination for three animals

in which both electrodes were sensitive to d— , but not

1—amphetamine. In the first and third threshold determinations

current intensity was gradually reduced , while in the second

and fourth threshold determinations current intensity was

gradually increased.

Figure 3
Current intensity at the varied site as a function of

- 
I stimulation condition and threshold determination for three

animals with electrode site pairs in which one ~ i te  was

sensitive to d— , but not 1-amphetamine , while the other site

was equally sensitive to both isomers. In the first and third

— threshold determinations current intensli ty was ~‘, r adu a l l y

reduced , while in the second and fourth thi - i,’sho ld  de terminations

current intensity was gradually increased.
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R L P R INT E O  F R O M  N E L i R O S C I E N C E  A B S T R A C T S
S O C I E T Y  FOR NE U R OSC I E N C  E , 5T H  A N N UA L  M E E T I NG
NEW Y O R K  C I T Y  I 9 7 5 ,  P R I N T E D  IN TH E u s A ,  ATTACHMENT 6

DIRECTIONAL I TY OF NEUROPHYSIOLOCICAL INTERACT IONS 8rrw’E~ N BRAINcT Fw AN~
HYPOTOIALAJIIC SELF—STIMULATION LOCI TN RATS . Richard J. Bodnar 5,
Steve n J. Fllman , Robert F. Acker mann ’ , Fdward R, C, reenb ls t t * , So lomon S .
Steiner~ (Dept . Psych. • CUNY , New York , N . Y . 10031) and Edgar F. Coons
(Dept. Psych., New York Univ , New York . Y),

Fi lman et .1. (JCP P 88:816 , 1975) using sinusoidal st i m ulat ion found
that locus coer uleus (LC) and hypothalamic (NY?) intracranial s e l f -
s timulatio n (ICSS) response rates are enhanced when the two si tes are
stim ulated simult aneousl y at threshold intensit ies as con pared to  the
of response ra tes  e l i c i ted  by each s ) t e  &l one at the same in tens i t ies ,
suggest ing neurop hvsiolc ’gl ca l int e rac t ion between the two s i tes .  Farber
Ct al. (Science , in pres s) de mo nstrated that LC les ion s reduce or
abolish ICSS in NY? si tes w ith nigr o— and neo—st r ia ta l  influences , but
do not a f f ec t  medial forebrain bundle ICSS. Unger leide r and Coons
(Science 169:785 , 1970) using Deutsch’ s (JCPP 58:1 . 1964) C—I tec hnique
found that with bilateral NY? stimulati on IC(condit ion ing) pulse in the
left H?? , I ( t e s t )  pulse in the righ t NY? or ‘,tce ve rsa] , a neuro p hvs io—
logical interaction occurs suc l that refractorines s is eliminated. In
orde r to determine the neuro phys to logi cal relationship between b ra in—
ste m and H?? ICSS s i tes , twelve rats were stereot axical lv implanted wi t ’-
one electrode aimed at the NY? and a second at either the LC or pen-
aqu eductal midbrain central gray (P14CC.) . Each rat was trained to
bar—press for monop hasic s q uare—wave electr ical  stimulati on : a vo l r aee
was cho sen which would optimally support ICSS rates at C—I intervals
out s ide the refractory period , but yield operant level resoondinp when
the I pulse was omitted. To deter mine refractoriness fo r each s i te ,
nine C—T interval s , ranging from 0 to 5 . 0  ma cc . ,  were randoml y pre-
sented in each of nine days ; refractory period duration for each si t e
ranged between 0.5 and L5 mace . The C and I pulses were th en split
between the two sites at their respective voltages ; nine d ays of
C—NY? , T—LC/PMC C and nine days of C—LC/PMCC, T—HYP , alternated in an
abbe manner , were randonly tested over the nine C—I interval s each day.
In nin e of t we lve animals stimulated in this manner , individual sit e

C - re f ractoriness was eliminated. The remaining three animals did not
sel f-sti mulate at one electrod e site and when either the C or I pulse

C - was delivered to their neutral sites , these animals pressed at only
operant levels , as though they were receiving pul.es only in their
tcs s s ite s . Of the nine animals in whi ch refractoriness was eliminated ,
four animals had si gnificantly higher response rates for the C—LC/P!-’CC.,
T—HYP combination than for the C—NY? , T—LC/P )4CC combination , sugg esting
that the interaction between LC /PP~ C and NY? is predominantl y an
ascending excitatory influence of the LC/PMC C upon the NY?, In the
other five animals in which refractoriness was eliminated , res pon s e
rates were similar for both combinations. Hows vs r , the C—NY? , T—LC /PMCC
co~ s1nation generated sli g htly higher rateS , auggesting a weak descending
excitator y influence of MY? upon LC/PMCC These results are d iscussed
with respect to the neuroanatomical placemant of electr odes.
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INTRA CRANIAL SELF -STIMULAT ION SIT E SPECIFICIT Y :

MONOPO LAR ACTIVATI ON OF BIPOLAR ELECTRODES

By

Solomon S. Steiner , Richard 3. Bodnar , Robert F. Ackermann ,

W. T. Nelson and Steven 3. El lm an

Department of Psychology , City Colleg e of New York

Paper presented at the 84th Annual Conventi on of the Amer i canPsychological Associa t ion , September 1976, Washi ngton , D. C. ,and currently being prepared as a manuscript for publication. 
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P. 1

Intracranial se l f—s t imu la t i on  ( ICSS)  behavior has been demonstrated

to be a reliable and consistent ph t ’noinenon el ic i ted from many sub—

cortical brain loci ; howev ei- , the substrate(s) of ICSS behavior have

been a source of conti nual debate fo,- several rea sons.  F i i s t ,  ICSS

is usually elicited onl y by activation of man y reward— relevant neurons

and only by electrodes with larLl e cross-sectional areas, often greater

than the diameter of the sp e c i f ied  reward-r e levant s i te (33). Second ,

it is often difficult to estimate the amount of tissue which is directl y

activated by the stimulation and the extent of the current srread.

Third , response —i - ate is ~‘‘ten used as an ICSS criterion and is subject

to across -ani ma l cei li n , ; effe~ t~~. Fourth. the bipolar s t imu l a t ion  methods

u s u a l l y emp loyed ~ake it d i t ’ i cu lt to identi fy the appropriate structure ,

part icular ly in i nc-ta-i ces n wh i c h  oppos inq theor ies suggest di ffe ,-ent .

yet adjacent , neuroanatoni ica l structures as the substrate for 1CSS ( 2 3 ) .

Several theories have alternatively suggested that ICSS is mediated

by 1) catecholamines in general (12). ‘) norepin cp n rine in part icular

(28) , 3) dopamine in part icular (3 )  , or 4) the e\trapv raI~1idal system

and prefrontal cortical si tes (25, 2t~) .  Hence, according to al te rnate

interpretat ions, I CSS behavior el i c i t e d  from th e dorsal pontine teur1en t u~

has been attributed to the activation of either the noradrenergic

locus coerul eus (6, 9, 10, 13. 21 , 4 .  29 or the  brachium conjunct ivum

an d mesencepha lic V (4’ 25), since negative results were c l a i m e d  for

ICSS from locus coeruleus electrod es (2. 2 7 ) .

Another area of dispute in I[SS behavior is the mesencepha lon in

which ICSS has been reported in both lateral and midventral areas of

the periaqueductal gray by some invest iqat o i - s  (1 ,  5, 10, 19) .  In 

—-———~~~ 
- .-~~~~~~~~~~ - -



p. 2.

contrast ,  other reports impl icated only midventral central gray ICSS ,

while claiming that the rest of the area is aversive (17). Both

4 
catecholar niner gic and extrapyra m idal theories predicted substantia

ni gra ICSS (1, 6, 15, 22, 25). hut only an extrapy ramida~ ICSS hypothesis

implicated the red nucleus in ICSS behavior.

The present study attempted to delimi t the rewa rding loci in

lorsal pont ine, mesencephal ic  and hypothalamic ICSS s i tes and to over-

come the problems c i ted above. To accomplish this, a monopola r stimu-

lation technique (31 ) was used in which either pole of a bipolar e1~ ctrode

could act as the cathode, which allowed comparison of ICSS response

rates e l ic i ted from each pale of the same bipolar electrode in the same

animal. Any differences in response rate between the two poles would

then be used in conjunction with histological verification to specify

further the sources of ICSS reward .

Method.

Forty-six male , albino Holtzman Sprague-Dawley rats , weighing

between 350 and 500 grams , were anesthet ized wi th  Chloropent (2 ml/ kg ,

Fort Dodge) and stereotaxically implanted with two bipolar electrodes

(Plastic Products MS 303) aimed at two of the following sites : locus

coeruleus , midbrain periaqueductal gray , substantia niqra and hypothalamus.

Each bipolar electrode was insul ated except at the tips , aligned in

a medial-lateral direction perpendicular to the mid-sa gittal plane ,

and each tip was separated from the other by 0.3 rn. Two s ta in less

steel cort ical screws were attached to the skull and connected to a

third electrode by uninsulated wires ;  these screws served as anodal

indifferents as wel l  as anchors to hold a cap of dental acryl ic to

th~ skull.
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p. 3.

With the incisor bar set at five mm . below the interaural line,

the locus coeruleus electrode coordinates were: a) 1.5 - 2.0 m.

posterior to the l ambda suture , b) 1.0 mm . lateral to a line extrapolated

from the sagittal suture , and c) 7.0 mm. from the top of the skull.

Periaqueductal midbrain central gray coordinates were: a) 0.6 mm.

anterior to the l ambda suture, b) 1.5 mm . lateral to the sagittal

suture , c) 7.5 mm . from the top of the skull , and d) inserted at a

12 degree angle to the mid-sagittal plane. Substantia nigra coordinates

were: a) 2.0 mn . anterior to the l ambda suture, b) 2.0 mm . lateral

to the sagittal suture, and c) 8.2 mm . from the top of the skull.

Hypothalami c coordinates were: a) 4.2 - 4.4 mm . posterior to the

bregma suture, b) 1.5 mm . lateral to the sagittal suture, and c) 8.7 mm .

from the top of the skull.

After ten days recovery, each animal was tested for ICSS behavior

from each site. Each animal was placed in a Plexiglas and stainless

steel operant conditioning chamber (20 cm. x 20 cm. x22 cm.). A 4 cm.

by 2 cm. retractable lever was located 4 cm. above the grid floor on

one wall of the chamber; a force of 0.2 Newtons was sufficient to

depress the lever and this constituted a response. Electromechanical

and solid-state switching circuitry , located in an adjacent room,

monitored the animal ’s response rate, recorded minute-by-minute response

rates on a data tape, controlled the amount of time the lever was • .

available, and controlled contingencies of reinforcement.

Reinforcements were negative-going pulses of electrical stimulation

delivered to the animal ’s elec trode site from a stimulator constructed

from Digi-bit solid-state logic circuitry , which allowed the experimenter

L~.
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to manipulate independently interpulse intervals and pulse durations .

All parameters of stimulation were preset before the stimulation period

by monitoring on a cathode ray oscilloscope across a 10,000-ohm precision

resistor which substituted for the animal , thus giving a ratio between

• the ampl itude of that resistor and the actual resistance of the animal .

For each elec trode site, each animal was shaped to lever-press

on a continuous reinforcement schedule for a maximum of 15 daily

sessions at a variety of current intensities, interpulse intervals and

train durations. Each pole was tested as a cathode, and both bipolar

(the second pole of the electrode acting as an anode) and monopolar

(the cortical screw acting as the anode) stimulation was utilized .

If, after 15 daily sessions, the rat did not self-stimulate, the second

site was tested in the same manner. If the rat did not self-stimulate

from either electrode site , it was eliminated from the study.

An animal could press for the following electrical stimulation

parameters. Pulse duration was set at 0.1 msec. and the interpulse

interval was set at 5 msec. (200 pulses/sec.) unless the animal exhibited

motor artifacts which interfered with its lever pressing. In such

cases, the interpulse intervals were lengthened in order to eliminate

these artifacts. The train duration was set at 700 msec ., a value

comparable to those of previous studi es whi ch used response rate as

a measure (8, 14). Current intensities ranged from 150 - 700 1A.

The current intensity was varied in 50 microampere steps until the

lowest intensity was found which would elicit peak responding from

one of the poles of the bipolar electrode. When this intensity was

set, the anima l was tested for specificity of response rate in the

following manner. H
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Over three days for each electrode site, each anima l was tested

for six 7-mm . periods at the stimulus parameters described above.

Data collected from the first two minutes of each 7-mm . period were

discarded to control for any carry-over effects from the previous period .

Response rates over the last five minutes of the 7-mm . period were

averaged , recorded , and constituted the dependent variable. During

three of the six 7-mm . periods , the latera l pole of the bipolar

electrode served as cathode, the medial pole of the bipolar electrode

served as cathode during the other three periods. The order in which

each pole served as cathode was alternated in an a-b-b-a-a-b manner

over the six periods each day and counterbalanced over the three-day

• testing session .

P~ft e~’ determination of response rate from each poie of the bipolar
electrode for the first site was made , the same procedure was repeated

for the second electrode to determine If it also supported ICSS. Data

for each electrode site were analyzed separately; t-tests determined

if there were a significant difference between the response rates

elicited from the medial and latera l poles when each served as the

cdthode .

After’ complet ion of the experiment, each rat was injected with

an overdose of Chloropent and intracard ially perfused with ~~~~ norma l

saline solution, followed by lo lormalin solution . Frozen serial

sections (40 ~~~~ were sta i ned with luxo l fast blue for fibers , and

cressyl violet for cell bodies (15). Microsco pIc examination of each

electrode site with precise localization of each pole of the bipolar

electrode was done by comparing the stained sections with avai labl e

rat atlases (16, 34). All electrode calls were made by two independent
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raters. One rater knew the data of each anima l , while the second rater

was blind with respect to the data . The Independent rating had a 0.98

correlation with one another ; In cases in which the raters were In

slight disagreement, the call was remade by the rater who was bl i nd

to the data .

Results.

Sixty -six electrode placements In 46 animals were tested for ICSS

responding , with each electrode tip serving as cathode.

Hypothalamic placements were compared in three ways : 1) medial

forebrain bundle (MFB) vs. perifornlcal area, 2) latera l aspect of

the MFB vs. MFB , and 3) periforn lcal area vs. dorsomedial hypotha l amic
harea.

First slide.

In seven of 14 anImals , the tip In the medial forebrain bundle

exhibited response rates which were significantly greater than the tip

in the periforn i cal area (alpha less than .05). In the remaining P

seven animals, electrode tips In the medial forebrain bundle elicited

higher rates than those from tips In the perifornical area in five of

• seven instances , although these differences did not attain significance.

Perifornical ICSS rates were never significant ly greater than MFB ICSS

rates in any anima l tested.

Second slide.

In six of eleven animals, the tip in the MFB exhibited response

rates which were significantly greater than those from the tip lateral

to It, whereas In no case was the reverse true. These latera l areas

border on the hypothalamic aspects of the crus cerebri and internal

capsule.

—-4
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Third slide.

In three of eight animals, the tip in th~ periforn ical area ex-

hibited response rates which were significantly greater than those

from tips either dorsal or medial to the periforn ical area . In the

remaining animals, four of five animals produced higher response rates

when stimulating from the periforni cal area than when stimulating from

an area dorsal or medial to it , although these differences did not

attain significance. In no case did dorsal or media l placements elicit

significantly higher response rates than those from perifornical place-

ments. These medial areas include the dorsomedial , ventromedial , pen-

ventricular , and anterior hypothalamic nuclei.

Locus coeruleus placements were compared in two ways : medial

aspect of the locus coeruletic vs. locus coeruleus area, and lateral

aspect of the IC vs. IC area .

Fourth !!!4 fifth slides .

In nine of thirteen animals , the tip either impin ging upon or

closer to the locus coeruleus or dorsal noradrenergic bundle elicited

response rates which were significantly greater than those from the tip

medial to it. Of the remaining four animals, three had higher response

rates for the tip in the locus coeruleus than for the tip medial to

It, although these differences did not attain significance. No animals

in this study elicited significantly higher rates for stimul,ation

del i vered to areas medial to the locus coeruleus as compared t~o,_ the

locu s coeruleus Itself.

Sixth and seventh slides.

In three cases, the tip impinging upon or closer to the locus

coeruleus elicited ICSS responding , while the tip medial to it did
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not eli cit any ICSS responding at any set of parameters

In three of five animals , the tip either impinging upon or closer

to the locus coeruleus or dorsal noradrenergic bundle elicited response

rates which were significantly greater than those from the tip latera l

to it. In one case in which ICSS rates were significant ly greater

for the medial tip closer to the locus coeruleus , the latera l tip

did not sustain ICSS behavior.

Periaqueducta l midbrain centra l gray placements were compa red

on the basis of one tip ’s impinging upon midline structure s while the

other tip was lateral to midline structures .

• Ei~hth and ninth slides .

In ten of twelve animals , the tip impingi ng upon midline central

gray structures elicited response rates which were siqnif 1c~int1y qreater

than those from the tip lateral to It. In all instances , the electrode

tip impinging upon midline centra l gray structures yi el ded higher

response rates than the tip latera l to it. In three cases , the tip

impinging upon midline centra l gray structures elicited ICSS respondinq

while the tip latera l to it did not elicit ICSS responding for any

set of parameters.

Tenth and eleventh sl ides.

In one instance, both electrode tips straddled the midline; in

• this instance, the response rates were equipotent. These midline

• structures inc l uded the oculoniotor/Edinqer-Westpha l nuclei , the medial

longitudina l fasciculus , nucleus linearis, and the dorsal and ventral

tegmental decussations. Most of these sites correlate with mesencephali~
A-b of Dahlstrom & Fuxe (7), and are considered to he dopaminergic (~.‘l.
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Substan t ia n ig ra placements were compared on the basis of impinging

upon or proximity to the pars co~pacta of the substantia nigra . In

all three cases, electrode tips located in or close to the p~p~ compacta

elicited response rates which were significantly greater than rates

el i c i ted by elec trode tips ventra l or medial to the ~~~ comlacta.

Twelfth and thirteenth slides .

In one case , both tips were in the red nucleus, an extrapyramidal

structure, and neither tip supported ICSS.

Discuss ion .

In 42 of 66 placements tested , response rates elicited under one

tip serving as cathode were significantly greater than response rates

elicited by the other tip serving as cathode 0.3 nm . away . This fact

suggests very strongly that the areas supporting the ICSS phenomenon

are very discrete, and small changes in electrode placement produce

significant changes in ICSS behavior.

Hypothalamic ICSS, particularly medial forebrain bundle ICSS ,

has been most widely studied by researchers (see l~ for review). In

most studies , hypothalamic ICSS has been thought of ~is uniform . However ,

recent lesion (11) and pharmacological (30) studies have demonstrated

d ifferent influences on various aspects of hypothalamic ICSS. This

study provides strong evidence tha t hypotha l amic ICSS can be differenti-

ated on the basis of response rate. Since the hypothalamus has been

extensively mapped , comparisons of the present and previous studies ’

results are a means of val idating this particular procedure . German

A Bowden (12) reviewed over 500 hypothalamic placements described in

over 30 separate studies and reported the same response differentiations
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as noted in the present study . Therefore , this procedure should be

an accurate indicator of differences In responding for brain loc i

where controversy exists as to the source of ICSS from a given area .

Th is study provides direct evidence for involvement of the locus

coeruleus and dorsal noradrenergic bundle in ICSS behavior. Severa l

laboratories (6. 9. 10, 21, 24) report that ICSS behavior can be elicited

from the locus coeruleus and dorsal noradrenergic bundle electrode

sites. On the other hand, other studies (2, 25, 27) report that no

ICSS behavior could be elicited from locus coeruleus cell bodies .

In this study , 18 pont ine placements supported ICSS behavior; in all

cases , one or both of the electrode tips was located in the region of

the locus coeruleus . On the bas i s of our fi ndi ngs that prox im ity

to the locus coeru leus p roduces higher ICSS response rates , i t is ap-

parent that ICSS is elicited from only a discrete dorsal pontine area ,

and that this area overlaps the locus coeruleus.

Periaqueductal placements exhibited the same deqree of response

specificity wIth respect to electrode tip location . These data cor-

rela te well with reports of both IiSS and non- ICSS behavior reported

previousl y (t’, 1 0, 17). Most of these sites correlate with mesencepha lic

a-l0 of Dahistrom A Fuxe . ‘), and are considered to be dopaminer gic (3d).

Substantia nigra placements also demonstrate differentiation

between electrode tips in close correlation with previous studies

(6. .‘~~~) .

This technique seems to overt one four crit icisms . ir ’.t , curren t

spread cannot be used as a critici sm because the electrode tips and

hence cathodal sources are 0.3 nih . apart and any difference between

—- 
______________
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the two tips should necessarily be attributed to activity beneath the

tip , since each tip has an equipotent chance of spreading current to

equivalent-sized areas. Under a current-spread hypothesis, electrode

tips in such proximity should exhibit similar response rates , whereas

in fact, 75’. of the placements tested elicited significantly different

response rates from their electrode tips .

A second criticism was the use of response rate as a measure,

where ceiling effects in some animals might confound the results.

Most mapping studies (12, 20) in the past have used a separate-groups

design; that is, only one electrode site was tested in each animal.

• Therefore, if particular animals had idiosyncratic response limitations ,

• then response rate would not be affected by locus of stimulation , but

rather by some peculiarity of the animal . In this study , comparisons

• are made within a particular electrode locus within a particular animal .

• Thus. any between-anima l differences are controlled .

• A third possible criticism is differences in tissue conductivity

under each electrode tip , as measured by differences in resistance

level . As described in the methods section , the amplitude of the

current intensity delivered to the anima l is pre-set by comparing the

animal’ s resistance level to a 10,000-ohm resistor for each electrode

tip. Large differences in resistance between electrode tips would be

mirrored in large differences in the ratios established across the

resistor. In every case, there was no difference between the resistance - .

levels of the two tips , even though there may have been a significant

difference in response rate.

A fourth possible criticism is the use of bipolar stimulation

• methods. Ranck (23) provides some discussion of the problems inherent



p. 12.

in such a technique , the most prominent of which is the problem of

anodal surround . A fiber is depolarized near a cathode by outward

current, and hyperpolarized on either side by inward current (“anodal

surround”). If the hyperpol arization is large enough , an action p0-

tent ia l ini ti ated under the cat hode may not be ab le to propagate through

the region of hyperpolarization. We have circumvented this problem

by aligning the electrode tips in a medial-lateral axis to take ad-

• vantage of the fact that the neura l substrates of ICSS traverse in an

ascending-descending axis , rather than in a medial-lateral one. We

have also employed a monopo lar stimulation arrangement ,with the anodal P

in different anterior and distant from the electrode tips .

In conclus ion , ICSS seems to be a discrete phenomenon , delimited

by and corresponding closely to catecholaniinergic systems .

_  J
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