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This thesis is concerned with the functiona l 

organizat ion of motor pa tterns as indicated by electrical stimulation 

of the rat brain stem. The thesis also examines the relationship 

betvteen the evoked behavior and the re1·1arding effects produced by 

stimulation of the same sites. The re.sul ts shov1ed that stimula.tion 

of the midbrain, diencephalon and striatum elicited a variety of 

behavior pa tterns including components of grooming and digging 

behavior as well as walking, running, exploratory behavior, escape 

and vocalization which have been demonstrated previously in other 

species . The ma j ority of sites that yielded evoked behavior were 

neutral in self-stimulation tests in the sense that they supported 

neither self-s timulution nor es cape behavior . 
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I:WrRODUCTION 

As early as 1853, Sechenov (1965) expressed t he 

vi ew that 11all external manifes t ations of t he fv.nc tionins 

of the brain can be reduced t o muscul ar movement. " 

I n t he s ame v e:Ln t Sherri.nz;ton (1933) s-cat es : 

" I may seem to stress t he preoccupation of t he 
brain with muscle . Can we stress too much 
t hat preoc cupation when a ny path v1e t race i n 
t he t>ra.in l eads d:i.rectly or i ndirectl y to 
muscl e ? The brain seems a t horoughfar-e f or 
nerve action passing on its way t o t he Jotor 
a ni mal. I t he.s been r erttarked t hat life 's 
aim is an. act not a thought. " ( p .lO ) 

I n res ponse to \'/ha t he vieiied as an i ncreasing 

t r end t o the study of t he s ensor y s i de of brai n f unction , 

Sperr y (1964 ) asserted that "the pr i mary f unction ( of t he 

br a i n ) i s essentially t he t r ansformi ng of s ens or y patt erns 

i nto pa tterns of mot or coordination. " 

1 
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To each of these authors, an analysis of motor activity 

was central to an understanding of the physiological basis of 

behaviour. 

Theor:tes of Hotor Organization 

The theory of the reflex was one of the earliest 

mechanistic explanations of animal and hwnan behaviour . Rene 

Descartes is usually given credit for the essential idea of the 

reflex (Boring, 1950 ), but it was not until the time of Harshall 

Hall~ by way of his studies of the spinal cord , that the reflex 

concept became established in biology (Fearing, 1964·). I1odern 

conceptions of the reflex are based l argely on t he v1ork of 

Sherri ngton (1906 ) \'<'ho defined a reflexive response as one 

dependent on the opera tion of a r eflex arc . Anatomically, 

he described the r efl ex arc as consist ing "of at least three 

separable structures , -a~ effector organ , e.g., gland c ells or 

muscle cells ; a conduct ing nervous path or conduc tor l eading to 

tha t organ ; and an initiating organ or ~)?tor". Early 

authors contrasted reflexive acts with voluntary behaviour Hhich 

\'<'as asswned to be intrinsically different f rom r eflexive ·behaviour 

and dependent on the activity of a special agent , t he psyche . 
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Ho\vever, the reflex arc gradually began to be used by some 

theorists as an explanation for all behaviour. Workers such 

a s Bekhterev (1932 ) and Pavlov (1960 ) were very explicit i n 

their belief t hat all behaviour could be explained in terms 

of refl ex acti on c Bekhterev (1932), using quasi -neurological 

diagrams , illustrated how complex activities such as human 

speech depended on cerebral reflex arcs or t ranscortical 

r efl exes. Pavlov (1960, p.lO) assumed that long sequences of 

moto r activity were cha in reflexes in \~hich each component 

r esponse acted as the stimulus for t he next r esponse i n the chain . 

Theories that al l behaviour is essentially r eflex i n 

nature never gained general acceptance and have been criticised by 

a number of authol.~s (Hebb , 19Lr9; Lashley , 1951; Pr i bram , 1960; 

Skinner , 1938). The criticisms of reflex t heory t ake several 

forms : (a ) Since no stimul us is known for many movements , the 

f undamental postulate of reflex action i s an assumption. 

( b) Since the stimulus should ah~ays have i mmediate effects , how 

can the theories explain cases where a singl e stimul us l eads to 

a r esponse only after a l ong del ay? ( c ) Wi th chain r eflexes , 

how i s it possible fo r t he same stimulus to initiate t wo different 

r esponses , as in a double alternation experiment? More generally, 



how can any one movement be part of more t han one cha i n? 

In a ddition , experiment a l s t udies of the role of peripheral f eed­

back i n movement have shO\m t ha t many actions can be perfo rmed 

i n a more or l ess normal f ashion a f ter widespread des t r uction 

of s ensor y i nput . Von Holst (cited in Tin bergen , 1951 ) 

has shown t hat t el eos t f ish 11 i n which all dorsal roots exc ept 

the t wo i nrtervat i ng the pec toral fin were s everedtt showed 

complet e swi mming movement s . Gray and Lissm<.-m ( 19LtO) have found 

tha t t he toad i s capa ble of coor dinat ed locomot ion with afferent 

i nput f r om only one linib , t he dorsal roots of t he other three 

limos 'be i ng cut. Doty and Bosma ( 1956) demonst rat ed that even 

\vi th remova l of some of the muscles i nvolved in the swallm·J:Lng 

r eflex , the order and temporal sequence of the contractions of 

the remaining muscles was normal. 

As an alterna t i ve to expla i ni ng all behaviour in t erms 

of reflex action , some theor i sts mai nt ain tha t some behaviours 

are r eflexive \·lhile others a r e no t . Skinner (1938 ), for example , 

supposes tha t cont r ol of movement s is of two types : ( 1 ) r espondent 

or reflex \-/he re the r esponse i s dependent on ant ecedent stimuli 

a nd, (2) operant or volunt a ry v:here the occurrence of the r esponse 

is controlled by subs equent stimuli. A somev1ha t ana logous 

distinction bet vteen reflexive and volu.nt ary a cts is made i n 
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neurology. Neurological findings suggest th~t reflex and 

volm1tary movements probably dep~nd on different machani~ms. 

For exampl e , some brain damaged pa t iem,s are able to l augh in 

r esponse to sensory stimuli, or engage in involuntary lick­

i ng , but are not able to grimace or l ick us i ng t he same 

muscles when asked to 5 even though they understand what i s 

wanted of them ( Taylor , 1958). 

Another type of classification of motor activities 

has been suegested by Hess (Koella, 1962 ). He distinguished 

betvteen 11e1·eisma tic 11 and "telekinetic " motor activity. 

"Ereismatic" movements include all motor acti vity iwolved in 

support and preparation for the second type of motor activity. 

"Telokinetic" movements i nclude all directed and skillful 

movements. Taking j umping in t he cat as an exampl e , raising the 

head and flexing the hind l imbs re the "ereismatic" components 

and the action of j umping i tsel f i s t he "telekinet ic" component 

of t he response. 

Any complex s equence of acts i s generally asswned to be 

dependent on t he operu.tion of mechanisms i n t he forebrain, but 

no generall y accepted theory of their organization exists. Hov1ever j 
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Hughlings Jackson (Taylor;, 1958) S' ggested one of the fvndamental 

organi zing principles i n the cen~ral nervous system. He 

believed tha t motor organization occurred in at l east three 

different l evels r elated i n a hierarchica l f ashion. At the 

lowest or bulbo-spinal l evel simple r efl exes were represented. 

A second or middl e l evel, t he motor cortex , re-represented 

the lower l evel with a more compl ex organization tha t made 

possibl e the occurrence of complex motor sequences . The 

highest l evel, localized in the f rontal lobes , was the final 

representation of the most compl ex and "finest " movements. 

At each l evel the el ements of a lower l evel are combined to 

form a l arger functio nal unity . Activity in the lower elements 

is governed by the higher l evel s and if t he higher l evel is 

destroyed , the lower elements may appear l ess excitable~ more 

excitabl e , or simply disorganized. This general t ype of concept 

has fo und wide acc eptance in neurology. Considerabl e experimental 

evidence also supports this i dea. For exampl e , a ca t v1ith a 

high spinal t ransec tion i s unable to stand or walk , although 

nearly all the el ementary movements such as t he positive s upport ­

ing r eaction , l eg flexion and contral ateral extension are present 

(Denny--Brown, 1960 ; Gardner , 1963 ). With transection of t he 
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·brain stem rostral to Deiter 's nucleus the circuitry necessary 

fo r reflex standing i s present. I f the brain is transacted at 

a still higher l evel , j ust rostral to t he red nucleus and 

posterior portion of t he hypotha lamus , spontaneous \·Jalking 

occurs in cats (Hinsey and Ranson , 1928). In a similar vein, 

thalamic cats (section j ust rostra l to the thalamus and 

hypothalamus ) possess patterns of reflex biting, chewing and 

s wallowing but do not eat spontaneously. If the section is 

made j ust rostral to t he s t riatum ( destroying all cortex ) 

spont aneous eating v1ill occur and the animal s do not require t he 

t ube f eeding necessary for a thalamic ea t' s sur vival. 

An important recent illustration of Jackson ' s principles 

is provided by a study by \'foods ( 1964 ) . Woods decerebrated rats 

at the l evel of t he superior coll iculi with clear separation of 

t he posterior hypothalamus and mesencephalon . An nisland" of 

hypothal amic t issue was l eft intac t to maintain normal water 

and mi neral balance . Normal temperat ure was maintained bJ• 

artificial heating. \'fithin a week followi ng the operation 

a dr op or t wo of water anyv1here on the body i nitia t ed a vigorous 

bout of grooming. This involves sittinG Ul) , washing the f a ce 

and licki ng t he fur . After b 1o or t hree weeks the groomi ng 

was good enough t hat manual care of cle~ning by t~e experiment er 

was no l onger necessary . 'I'he basic motor components of f eeding , 
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chewing, l i cking and s wallowing were i nit i ated by contact of 

the lips \'lith a solid obj ect or drinking spout. Hm1ever, the 

r ats never engaged in spontaneous feeding behaviour and t hey 

had to be f ed by stomach tube. They were spontaneously active 

and r esponded appropriately to noxious stimuli by struggling , 

pushing with forepaws and voca lizing. 1'hus; many of the motor 

patterns seen in normal rat behaviour are dependent on levels 

of the neura.xis no higher than t he midbrain . However , these 

fundamental 11 bits " of behaviour are no longer fully integrat ed 

into adaptive pa tterns when the fo rebrain i s des t r oyed. 

Inherent in j acksonian neurology i s the pr ind plc of the 

d-ependence of lo\<Ier mechanisms on influences from higher l eve ls. 

It has of t en been supposed that the highest l evel of control is 

the neocortex . This vie\-i s eems to have been sugges ted primarily 

by the f act tha t man, presumed to have a "higher" type of mind 

than other animal s , has a very Hell developed neocortex . That 

the cortex r epresent s the highest l evel of motor function is not 

a proven fact and r ecently Penfield (1954 ; Penfield and Roberts , 

1959 ) proposed a theory of motor organi zation in v1hich the dience­

phalon , midbrain and pons (hi gher brain stem ) are regarded a s the 

"highes t level of integration" . According to Penfield, t his 

"centrencephalic integrating system" initiates the nem~al activity 
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that produces voluntary behaviour. The role of the motor 

cortex is one of transmittin~ or transmut i ng the patterned activity 

originating in the cent1·encep .. a l:ic system to the volunt ary motor 

path ;~ays. Compl ex inna te mechanisms such as those responsible 

for chev ings 13\·Tallowing, vocaliz.ation and running are located in 

the midbrain and be low <md may be activated by the motor cortex. 

With the exception of the relocation of t he highest level of 

integration to the higher brain stem, thi.s theory conforms closely 

to Jackson's original formulations. 

The theory that the motor system consists of a hier­

archical organization of action patterns is also con~istent with 

the results of studies utilizing localized electrical stimulation 

of the brain in freely moving animals. Such work appears to 

demonstrate an anatomical basis for the centers controlling 

various motor patterns. The first systematic studies of thio sort 

\vere undertaken by H. R. Hess (Hess, 1957; Gloor , 1954). He 

fo und tha t stimulation of the cat diencephalon and midbrain 

elicited complex autonomic and somatic motor activity (changes in 

blood pressure , rage, locomotion etc. ) tha t vias in many cases 

highly integrated and \·Jell coordina t ed . Subsequently others 

have elaborated these findings in the cat (Hunter and Jasper , 

1949; Skultety, 1962) and ext~nded them to the chicken 
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(von Holst and von Saint Paul, 1962, 1963 ), rabbit (\'lhite and 

Himwich, 1957) and monkey (Delgado, 1952, 1964, 1965). 

Fernandez de Holina and Hunsperger (1962) using the 

combined techniques of stimulation and coagulation demonstrated 

the hierarchical nature of the subcortical system governing 

defensive behaviour in the cat. They showed that a defensive 

pattern consisting mainly of growli~g and growling- hissing could 

be evoked by stimulation of the amygdala~ hypotha lamus and central 

grey matter of the midbrain. Lesions in the hypothalamus or 

midbrain ipsilateral to a stimulating electrode in the amygdaloid 

nucleus abolished defensive behaviour elicited at that site. 

However , even bilateral coagulation of the a.mygdala did not 

affect the pattern obtained from the hypothalamus and midbrain. 

"The hissing pattern obtained from the hypotha l amus is only 

suppressed by a bilateral coagulation in the midbrain field" 

(Fernandez de Molina and Ht:nsperger , p.208). They concluded 

that the amygdala, hypothalamus , and central grey matter of the 

midbrain were of "progressively increasing importance " in 

defensive behaviour. It i s presumed that the basic behaviour 

pa tterns exist largely in the midbrain but that higher mechanisms 

can coordinate or modify their activity. "The brain stem 
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mechanisms represc:mt executive mechanisms modifiable from various 

places" ( Bard and Macht, 1958). 

These findings led Delgado ( 196~· ) to propose a "theory 

of the frae;mental orgarlization of behaviour " stating that " behavioral 

performance may be considered as a pa ttern of motor fragments 

organized in time and space , with each fragment having anatomical 

and functional r eality i nside the brain, \·Jhich can be t r iggered 

by electrical or physiologica l stimulation" (Delgado , 1965 ) . 

An interes ting postulate of this theory i s that the same behavior 

f ragment can for m part of a number of different behavioral sequences. 

For example, Bolwig ( 196Lt- ) found that all the manipulative 

abilities of a captive baboon were based on a very small r epertoire 

of arm and hand movements. Delgado ( 1964 ) further i llustrates 

t ha t essentially the sarne behavior fragment can be part of one 

o f several behavior patterns. Licking, f or ex~~ple , may be 

part of alimentary reactions , body cleaning, maternal and sexua l 

behavior. 

The finding of Kem1edy, Evoy and Hanawalt ( 1966 ) tha t a 

single cell can trigge~ a complex stereotyped motor pattern 

i nvolving one hundred or more efferent units i s suggestive of 

how mul tiple use of a given fragment could occur. They f ound 

t hat stimulation of a single interneuron produced flexion of 
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several abdominal segments i n the crayfish. In Delgado's frrune-

work , a particular behavior fragment could be triggered by t he 

action of a singl e cell located in the anatomical representation 

of a l arger behavior pattern . This i mplies that the highes t 

"centers" would only need a f e\J cells to elicit and control a 

relatively compl ex but s t ereotyped behavior pattern that could 

be called i nto ac t ion much as a subroutine i s used in a computer 

program . Del gado also postulates t hat different fragments of 

behavi or "may have a functiona l affinity and form a sequence. " 

The fragments of behavior may also be linked by l earning and t he 

lin ~ages a r e reinforced by usage. 

Ethology is a third broad area of r esearch which has 

emphasized the hierarchical na ture of the motor system. 

Tinbergen (1951 ) has proposed tha t motor organization consists 

of succesive l eve l s of motor centers ranging from the organization 

of an entire ins tinct down t o t erminal component s ( f ixed ac tion 

pat t erns ) consist i ng of individual, or of a small group, of muscle 

contractions . An i mportan t f eature of t'li s theory is that the 

various l evel s are continually primed and r equire only the proper 

releasing stimuli for a given behavior to occur . As an illustration , 

the r eproductive behavior of the ma l e three-spined stickleba ck is 

at the l evel of a ma j or instinct where an i nstinct i s defined 
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11as a hierarchica lly organized nervous mechanism which is 

susceptible to certa in priming, releasing and directing impulses 

of internal as vJell as external origin, and which responds to 

these impulses by coordinated movements that contribute to the 

maintenance of the individua l and the species. 11 The second 

level organizes the activities of fighting, nest building, 

mating, and care of offspr ing in separate centers. The third 

level is the level of the conswnmatory act. For fighting this 

includes the centers organizing chasing , biting, and threatening 

motor pa tterns. Still lower levels comprise the fixed action 

pattern such as specific fin movements and individual mu.scle 

movements . 

Covar:lation Betv:een E:voked l\1otor Activity and Reinforcement 

Experi mental psychology has developed the view that much 

of the spontaneous behavior of animals is operant behavior. That 

is, the occurrence of a movement at a given time is determined by 

a history of reHards and punishments which followed that move-

ment in the past. The process by which a particular response 

is strengthened in this way is referred to as 11reij1forcement. 11 

Traditionally, there has been little contact between this line of 

work and other biological studies of motor performance in animals. 



However, recent developments suggest that neurological studies 

of motor performance mc:ty provide a clue to the physiological 

na ture of reinforcement. 

According to Tinbergen (1951 ) reinforcement consists 

essentially of the performance of a consummatory motor pattern. 

The performance of these simple responses "satisfies " the animal 

by using up the neural activity responsil)le for t heir activation. 

To illustrate, a rat learns to run a maze because the run is 

followed by the release of the reservoir of activity in the 

motor centers responsible for eating behavior. Taste and post­

ine;estional f actors are presumed irrelevant . As it stands, 

this idea is clearly incorrect. Hiller and Kessen (1952) have 

shown that r einforce ment occurs with direc t injection of food 

into the stomach . Chambers (1956) showed a reinforcing effect 

o f intravenous in j ection of glucose . However , in such studies 

it is possible that the effects of food in the stomach or glucose 

i n the blood could produce low-level activation of the motor 

system. Sheffield et al. (1951) and Premack (1959, 1962) have 

also proposed response theories of reinforcement. 

I deas of this sort have been related to neurophysiologica l 

studies by Glickman and Schiff (1966 ). These authors propose 
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t hat 11 in the inta ct animal , motor c ontrol involves the sequential 

f acilitation of motor s e quences a l ready prefS?rmed in t he brain 

stem and conduct ed ca udally through the extrapyramida l rather 

t han t h e corticos pina l path\·:ays. 11 These preforme d motor 

sequences i nclude simpl e h ead turning , l ocomotion , and compl ex 

approa ch or VTithdrawal be11avior sue'-! as eating or fli ght a nd 

escape . A ma j or f eature o f this t '-! eory is the identification 

o f approac'-1 and withdrawal behavior wit11 posi t ive and negative 

r einforcement r espectively. Facilitat ion of t'te motor activity 

i n t'-le pa t'!-}v1ays involve d i n these behaviors is considered t'l-)e 

s ufficient condition for reinforc ement. I t s'tould be pointed 

out that facil i t a tion of neural activity i.n t 'tese pa thwa ys can 

occur without an overt r esponse . Ho\vever , the neural activity 

a nd t '-l e occurren.ce of a response ¥tould normal ly be rela t e d and t 'l-te 

degree of r einforcement uould be posit i ve ly c or r e l a t ed v1ith t he 

vigor of an overt r esponse . Th i s would appear to be a poss i bility 

i n t'le Hille r and Kessen (1952 ) s t udy v/here t'~-te l earning was best 

when t '-1e c onsummat ory responses were actua lly made . 

Ac cording to t '-1ese views t'lcere sl,_oulcl be a consis tent relat ion­

ship beh1een reinfo r c ement and a pproac'-1 and wi t '-ldrawal behavior 
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(classification of Schnier lav ·1959) evoked by electrical 

stimulation of the brain. Specifically, elicitation of approach 

behaviors should be positively reinforcing and elicitation of 

withdrawal behaviol'S should be negatively reinforcing. The 

theory , then , predicts that self-stimulation bel>..cJ.vior occurs 

because of direct activation of or facilatation of motor activity 

directing various behavior patterns. 

T\iO basic experimental designs have been used to study 

the covariation of evoked behavior and reinforcement. The first 

design relates evoked behavior and seJ.f-stimu.lation of the s ame 

site. The second type of study examines the reinforcing effects 

of performance of the evoked response. 

The covariation between evoked effects and self-stimulation 

is best demonstrated in the hypotha lamic control of eating. 

Margules and Olds (1962 ) and Hoebel and Tei te lbaum (1962 ) have 

shown tha t both fe eding and self-stimulation obta ined from the 

same hypothalamic sites are sensitive to artificial and phys iologica l 

manipula tions of hunger . Thes e authors concluded that the 

rewa rding effects produced by electrical stimulation are similar 

to the effects produced by eating. Herberg (1963 ) observed 

seminal ejaculation ( but without penile erection or other sign 

o f sexua l arousa l ) in rats following self-stimulation in the 
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ventromedial hypothal amus . Admini strati on of androgen enhanced 

self-stimulation rates. Plutchik , HcFarl and , and Robinson (1966 ) 

found that certain types of self-sti mul ation of the diencephalon 

and septum \·tere clearly related to the type of evoked behavior 

( lip- licking, food and object intake , penile erections ) obtai ned 

by stimula.tion. 

Three experiments have sho~m tha t the performance of 

behavior evoked by electrical stimulation of the brain is 

pos itively reinforcing. In behavioral tests , Roberts and 

Kiess (1964 ) evoked attack behavior in cats by stimulation of 

t he lateral hypothal amus . They found tha t during stimulation 

t hese cats would l earn to run a Y-maze to obtain a r a t \'/hich 

could be attacked and killed. No attempt 11as made to eat the 

dead rat. Attack did not occur in the absence of stimulation . 

Roberts and Carey (1965 ) evoked gnawing ivithout h'l.mger effects 

by stimula ting the rat hypotha l amus. These r a ts l earned a 

Y-maze and a ·bla ck-white dis crimination to obtain a piece of 

wood suitab l e f or gnawing. Caggiul a and Hoebel (1966 ) , i n t he 

only study t ha t used t he tHo t ypes of experimental desi gns , 

fo und a point in the posterior hypot halamus where self-stimulat ion 

Has i ncreased i n r a t e follo1ving t esterone administration, constant 

stimul ation evoked copula t ion with r ecept ive f emales , and t he 
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rats would press a bar during constant stimulation to obtain 

access to a female rat. ~lhile it is not certain that these two 

sets of experiments involve the same type of mechanism, Glickman 

and Schiff ' s theory \'/Ould predict tha t each condition v10uld 

result in facilitation of activity in the motor systems organ­

izing t he response sequences and conseq1.1.ently would be reinforcing. 

It should be noted that they regard "the conventional primary 

r einforcing agents as stimuli Hhich, during proper drive states, 

possess unusual ability to control such motor path f acili t at ion" 

(Glickman and Schiff, p .34 ) . 

Although several studies (Bro\vn and Cohen, 1959; Delgado, 

Roberts and Hill er, 1951+) have shown escape or avoidance learn­

ing with brain stimulation, none have analysed or related evoked 

escape behavior v1ith self-stimulation. There is, however, a 

crude overl ap between certain "fear" sites (Ursin and Kaada, 1960) 

and sites eliciting escape self stimul ation (1-lurtz and Olds, 1963 ) 

in the amygdal a. All but one of the studies demonstra ting 

a covari ation of evoked and reinforcing effects have stimulated 

only r egions in the hypothalamus. In addition, the evoked 

effects were very complex approach kinds of behavior . It is 

still not established whether or not covariations vlill appear with 

any regularity with extra-hypotha lamic sites and/or simple 

motor behavior such as head movements or locomotion . Some 
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points that yield evoked behavior may be neutral in the sense that 

they will support neither self-stimulation nor es~ape behavior. 

Penfield (1954 ) and Delgado (1952, 1964) have indicated that 

stimulation does not always have a "concomitant emotional 

component". 

~ses of the Research 

The purposes of the present research v1ere two- fold. 

The functional orgru1iza tion of behavior patterns in the rat 

hypotha l amus has received considerable attention from many 

workers as indicated in the Introduction (see also Brobeck~ 

1960). The same can also be said of the study of 11 hyrothalamic 

substrates of r eward" ( Olds , 1962 ). Since there is little 

information on the functional organization of behavior pa tterns 

outs ide the hypotha.lamus , an exploration of the brain stem , 

particularly extra- hypothalamic sites , using electrical stimulation 

was undertaken. The first experiment i nvestigated evoked 

behavior with reference to t hat peculiar to the rat and to 

comparative data on behavior similar t o that evoked in the chickeni 

cat and monkey . The second experiment examines the relation-

ship between evoked behavior and self-s timulation also with 

particular emphasis on extra- hypothalamic structures . 
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METHOD 

Subjects 

The subjects v1ere 50 male hooded r ats weighing from 

200 to 425 grams~ 

~ical and His.!:9.1,9~Procedu~ 

Using a stereotaxic t ec!mique , from one to five, 

usuc..lly two , bipolar steel electrodes were implanted Hhile t ho 

subject was anesthetized with Nembutal. Atropine sulpha te 

was inj ected intramuscularly at the start of the operation to 

inhibit mucous secretion in t he respiratory pa thHay. The 

electrodes were embedded in a mound of dental cement moulded 

over stainless steel screws mounted in t he skull. At the 

conclusion of the operation , penicillin was administered intra-

muscularly. At l east t wo weeks were allowed for recovery . 

Over periods of up to eight months , the sub j ects did not show 

any side effects attributable to the operation or presence of 

20 
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the electrodes. A total of 110 points in the striatum, diencephalon , 

midbrain and a fe.·J point s in the hippocampal formation \vere explored. 

At the conclus ion of the experi men ts, the subjects were 

perfused vti th lW~ formalin solution while under deep ba r -biturate 

anesthesia. The brain was removed and stored i n formalin fo r at 

least one Heek . Frozen sections of the brain were cut at a 

thickness of 40 microns. Every second or third section through 

t he electrode trac t VIas kept . The ma jor ity of sections were 

sta i ned with cresyl violet . A few Here s t ained with thionin. 

The loca tion of the stimul a ting tips of the electrodes was verified 

i ndependent ly on t Ho o0casions without knowl edge of the behavioral 

or self-stimulation effects of specific electrodes. 

Electrodes and Stimul a tion Parameters 

The electrodes were made from t wis ted Nich_rome wire 

0.010 i n. in diameter and were completely i nsul a t ed except 

for the cross-sectional area of the tips . The t ips were s eparat ed 

from 0.5 to 1.0 mm . The el ectrodes were cons t ructed by soldering 

male Amphenol connectors (17- 766- 02) to the ends of a four inch 

l ength of Nichrome v;ire v1 i th the i nsul a tion :..·emoved for about 

3 mm . a t each end. Placing the connectors side by side , the wire 
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was twisted from the center. Dental cement was moulded around 

the base of the connectors fo rming a rigid assembly for mounting 

in the stereotaxic instrwnent. Each electrode vras checked with 

a voltmeter and a saline sol ution to make certain there were no 

breaks in the ins ulation. If any leaks were found the electrode 

was coated with epoxylite and baked in an oven. 

v1as repeated if necessary. 

This process 

The stimula tor was a Grass 1-'lodel S4 set for biphasic 

square wave pulses of 0.1 msec. duration. Frequencies of 5, 

20, and 200 pulses per second were used. At each frequency 

voltages of 1.5, 3, 5, 7, and 9 volts were used. Occasionally 

other voltages were also used. Leads to the animal were 

attached to the male conrlGctors by means of Amphenol f emale 

connectors (17- 763- 02 ) . 

~~ 

The behavior testing platform measured 20 x 30 in. 

and had a wall 4 in. high arotmd the perime ter. The floor 

was covered with sawdust. A plywood insert was used to 

cover the sawdust in some tests. 

situation is shown in Figure 1. 

The behavior testing 



FIGURE 1 

Experimental arrangement for behavior testing. 



Procedure 

The sub j ect 1'1as placed on the test pla tform for 

10 minutes before stimulation was started. Each site was 

stimulated at least twice at ea ch frequency (5, 20~ 200 ) 

and voltage (1.5 , 3~ 5, and 9) combination tha t evoked 

behaviour . Pulse trains \,Jere of 15 or 30 s ec. durations. 

There was an interval of at least one min. between pulse 

t r a ins. Hany animals were re-tested on l a ter occasions , 

some after intervals of several weeks. On occasion , stimuli 

s uch as other rats , food, paper strips, and obsta cles were 

presented dur ing a test. Detailed written records were made 

of the evoked behavior and in some cases motion pictures were 

t aken. 

RESULTS 

Observ3.tion of behavior evoked by electrica l stimulation 

of the brain is f aci l itated by a sound knowl edge of behavior in 

t he normal animal. Some of t he following descriptions of 

evoked behavior are support ed by descriptions and obs erva tions 

made on rat behavior as i t occurs under normal physiological 

conditi ons . Comparison and contr as t of evoked and normal 



behavior also gives a clearer picture of the degree to which 

electrica l stimulation does or does not evoke behavior lil<;.e 

tha t occuring normally. 

Electrica l stimul a tion of the brain stem produced 

motor res ponses of some sort in all but one of the 110 loci 
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t ested. The site not yielding a motor r esponse when stimul ated 

was infec t ed at the t ime of perfusion and it was not possible to 

identify the neural tissue i n t he r egion of t he tips. Although 

i nfection may have been the reason for the l ack of an effect, 

a few other sit es showing evidence of i nfection , but to a l esser 

degree , did not exhibit any apparent differences i n their evoked 

effects. Since experirnental animals usually survi ved for long 

periods , it is pro babl e tt>.at t he infec tions developed after 

behavioral test ing was complet e . Because there were no di ffer-

enc es i n the thresholds and general characteristics of the 

behavior evoked by stimulation of these sites , t hey are included 

i n t he histological compos ites. 

The r esults vJill be pres en ted prime.rily in terms of 

functiona l or behaviora l categori es . Each of the responses 

to be r eported was evoked s everal times from a given animal. 

Re-t es ting on subsequent days and weeks sho\·!ed tha t t he evoked 
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response remained stable over time , as has been noted by others 

( Delgado, 1964). Hov;ever , slight cha."lges in stimulus intensity 

required to evoke a response and in details of the response 

were evident in some animals re-tested after several weeks. 

Cir<?J.ing 

Electrical stimulation of wide areas of the striatum, 

diencephalon and midbrain produced a class of responses which 

were called circling. In the majority of subjects circling 

consisted of vlalking or running in a circle to the side opposite 

t he brain electrode (contraversive circling). Some subjects 

we-re found tha t cir cled toward the side of stimulation ( ipsiversive 

circling ). The directional component of circling behavior will 

be discussed below. 

Circling behavior ranged from exploratory-like behavior 

at one extreme to forced plodding, quite unlike na tura l walking 

a t the other extreme . In between these two extremes , a virtually 

continuous r ange of intermediate forms was observed. It was 

possit)le, h01vever , to t ake a fe vl ·bas ic features of circling 

behavior , form categories on the basis of those features , and 

still cover the class quite \vell. The categories of circling 

behavior used \vere: exploratory, simple, intermittent, and 

backwards circling. 
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With changes in stimulation parameters, stimulation 

of a given neural site frequently evoked more than one ca tegory 

o f behavior . I n t he appendix , several i nstances of this can 

be s een in A and B summary tables. For this reason , the 

categories are not differentiated i n the composite diagrams of 

the el ectrode sites . Usually, however , i ncreasing the intensi ty 

of stimulation i n the s t eps used r esulted in a gradua l develop­

ment of the r esponse without a grea t change i n the fo rm of t he 

response . J'or example, the latency of the appearance of the 

r esponse coul d shorten , duration l engthen , or speed of circling 

could i ncrease with i ncreases in s timulus intensity. 

The exploratory-lil~e circling was a res ponse in which 

t he animal walked around the t es t platform sniffing, r earing, 

looking around , peering over the edge ·of the t est pla tfo rm , and 

approaching objects placed on the t est pla tform. A common 

pa ttern consisted of forward \val king with frequent 11 bursts 11 

or peaks of exploratory activity. One particula rly good example 

'tlas observed in a r a t tha t wal ked the l ength of a side o f the 

test pla tform , peer ed over the edge , wal ked on to t he next 

corner, peered over the edge , and so on , as long as stimulation 

1rms continued . These exploratory circling r esponses were 
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determi ned in part by externa l sti muli as indicated by the 

approach to obj ects presented in t he test fi eld and by peaks 

of activity occurring i n t he corners of the platform. 

The responses comprising t he simple circling category 

consisted of cont inuous , well- coordina t ed walking or running in 

circles. These sub j ects did not approach obj ec ts placed in the 

t es t field. The circles were generally l arge with diameters 

from 1.5 ft. to the limits of the test platform. This response 

was in most respects very difficult to distinguish from normal 

locomotion. 

The dis tinguishing f eature of the third category of 

r esponses was t hat circling occurred in an intermittent or step-

11.fise manner Hi th pauses up to s everal seconds bet~tJeen movements . 

\vhile t he rat was pausi ng , a static pos ition \·as maint ained \·r ith 

curvature of t he trunk and with the head turned in the direction 

of the circling . The circles were generally small and usually 

t he hind l egs \1ere located a s a pivot or center around which 

the animal turned . Mos t of t he turning was brought about ·by 

the front legs and by t runk curvature . The hind l egs follovred 

turning VIith a. short delay giving the appearance of being a 

postura l adjus t ment . Animal s f a lling in this group Here les s 
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able to avoid obstacles placed in their pa ths and t urning was 

either delayed or prevented if the side to which they were 

turning was close to the walls of the t est platform. 

The circling responses in the above three categories 

were basically forward l ocomotion with t urning in one dir ection 

only. 'l'he four th category consists of back1vard locomotion v1ith 

pronounced cir cb_ g. The response cons isted of r apid back\·mrd 

running i n circles away from the side being stimula t ed, that is, 

in the contraversive direction . Flexion of the neck and trunk 

similar to tha t some times observed when r ats are shocked on the 

feet (on a grid ) or on the s nout was characteristic of this 

r esponse. Urina tion, defecation, and vocalization were oft en 

associa t ed with backv1ard circling. This ba ckward circling is 

clearly rela t ed to t he escape behavior discussed belo\v. 

The l arge maj ority of circ l ing responses were in the 

contraversive direction. However , stimula tion of about twenty 

sites evoked turning or circling in the i ps i versive direction. 

Several of the el ectrode placements from which ipsiversive 

circling \'las obtained \'/ere ventral placement s near t he midline . 

The rest were ventral pla cemen ts l oca t ed more l aterally . Four 

of these were located i n the region of t he medial lemniscus and 

subst~~tia nigra . No dorsal l ateral or dorsa l medial placements 

yielded ips iversive ci rcling . 
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Host responses tended to fatigue, t hat is, to die out 

or decrease in strength, both as a function of train duration and 

rate of train repetition. All the circ ling responses were 

"for ced" in the sense t hat they were highly stimulus dependent . 

That is, c i r cling started shortly after stimulus onset and ceased 

virtually simultaneous ly with stimulus offset. 

The neural sites fro m which for\·lard circling was evoked 

are illustrated in Figures 2* and 3. 

which backward circling was evoked . 

Figure Lt. shov1s si t ee fro m 

Table A of the appendix summarizes circling behavior 

and the ana tomical sites associated with each evoked effect. There 

does not appear to be any simple relation beh1een the categories 

and ana tomical locus tha t would a llow o.natomical generalizations 

to be made. 

A variety of postural reactions , proba bly both primary 

and secondary effects of stimulation, and turning phenomena . 

involving rotation of the head and trunk , extension or flexion 

of the neck and limbs, and unusual limb positions often Here 

associated with circling behavior . These f eatures have been 

included tmder the headi ng "superimpositions" in Table A of the 

appendix. 

• abbreviations for all brain diagrams are on the follo\dng page 
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Circling did not occur at a fr eqnency of 5 pps i n 

the rD.nge of Yoltages tested . :Each category of the circling 

behavior \iaS obtained \dth f requencies of 20 and 200 pps. 

The voltage required to evoke · circling response at a fre-

quency of 200 pps was approxima tely fl..alf that r equired at a 

frequency of 20 pps. There v;as no substantial difference in 

t hresholds for the four categories as is sho\411 in Table 1. 

Diagrams after Konig and Klippel (1963). Anterior--posterior l evels 
i n mm . with reference to i nt eraural line are given above each diagram ~ 

A = Anterior 
p = Posterior 

A = amygdal a FF = Forers Fields H1 and H2 

BCI = brachium of i nferior FL = f asiculus l ongitudinalis 
colliculus 

l''PT = fibrae pont:i.s t raversae 
cc = crus cerebri 

FR - fasiculus retroflexus 
CI = inferior colliculus 

FT = fasiculus mammillo-
CP = caudate putamen nucleus tegmen~.oalis 

cs = superior cerebellar G = medial geniculate body 
pend.uncles 

GP = glo bus pallid us 
DG = dentate gyrus 

H = hypotha lamus 
F = fornix 
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HI = hippocampal formation R = reuniens nucleus 

HV = ventral hippoce.mpa l RF = l ateral r eticular formation 
conunissure 

RH = r homboid nuc l eus 
IC = internal capsule 

RU :.: red nuc leus 
IP = interpeduncul .r nucleus 

s = septum 
L = lateral nucleus 

sc = superior collicult'.s 
LL = later al lemniscus 

SM = stria medull<u~is 
LP = lateral posterior 

nucleus SN = substantia nigra 

H = medial thalamus T = mammillothalamic t ract 

HB = mammillary body TS = t ractus tectospi.n?.lis 

MFB = medial forebrain v = ventral nucleus 
bundle 

VM = ventromedi al nuc le~s 

ML -- medial l enmiscu.s 
ZI = zona :i.ncerta 

p = posterior nucleus 

P.F' = parafasicular nucleus 

I t is possible to relate a number of r esponses in a 

class of escape-like behavior. The domina..Tlt components of 

escape behavior vtere running , jumping, and vocalization. 

One i mportant difference bebteen escape running and the r unning 

of circling was that the escape running was not direction 

specific, that is, the rat could rlm in any direction. 

Freezing and attempts to l eave the platform often occurred 



A 7.9 A 4.9 A 3.2 

FIGURE 2 

Composite frontal diagrams showing sites from which stimulation evoked forward 
circling. Anterior placements. Sites are indicated by triangles. Abbreviations 
for all diagrams are given on page 



A 2.0 A 1.3 p 0.1 

FIGURE 3 

Composite frontal diagrams showing sites from which stimulation evoked forward circling. 

Posterior placements. 



A 2.0 A 1.6 A 1.0 

FIGURE 4 

Composite frontal diagrams showing sites from which stimulation evoked backing. ~ 



TABLE I 

Average Voltages for Appearance of First Circling Responses 

Category Exploratory Simple Intermittent Backvrards 

N 4 8 28 35 16 18 8 9 

Frequency 20 200 20 200 20 200 20 200 

Mean 3.8 3.0 7.0 

Range 5-10 1.5-9 3-15 1.5-7 3-10 1.5-7 3-9 1.5-7 
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when st i mul at i on ceased unless , of course , t he rat had already 

escaped by a j ump off the platform. Other responses indicative 

of aversive stimulation such as vTidening of the palpe·bral fi s s ure , 

urination and defecation usually occurred . 

A stimulation a f tereffec t, l asting several seconds 

much like a "running fi t 11 occurred in some animal s which j wnped 

off the t es t platform. In a "rv . .nning fit" the animals ran rapidly 

around on the floor banging i nto table l egs and walls only to 

stop abrupt ly after several seconds and r emain crouched i n a 

corner . This running had an additional characteristic typical 

of seizures. The attack could not be re-elicited for a con-

siderable period of time , oft en for several hours. 

Backwards running in cir cles al"'o i s related to es cape 

behavior in t ha t t he a·bove indices of aversiveness, i ncluding 

vocalization, but not j umping , are associated with this response . 

Five ani mal s exhibited both ·backward and forward move-

ments dm~ing the same stimul ation train. This appeared to be 

an inter action i'lith evoked running and evoked ba cking alternately 

gaining domi nance . Higher i ntensities of stimtuation evoked a 

strong escape r~sponse from three of the sub j ects and backing from 

the other two of these five sub j ects. Here it appears that 

one re sponse gained dominance entirely over the other . Four 
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of the sites f rom which this effect was evoked were very caudal 

in the brain stem in the l ateral r eticul ar formation at the l evel 

of the pons . 'l'he electrode in the fifth rat was in the periaque­

ducta l grey and nucleus iuterst itialinadja.cent to the l a teral 

reticular formation. 

Jumping occurred frequent ly and was always associated 

\'lith behavior suggesting aversive stimulation. The j umping 

response was often very explosive and v1as not directed toward 

a particular l anding area. Since animals were tested on an 

eleva t ed platform, the possibility tha t jumpi ng was in part due to 

the elevation cannot be overlooked. One subject who jumped 

from the platform did not exhibit jumping \vhen t ested on a l arge 

open area of floor. However, there wer e animals who exhibited 

escape behavior but did not j wnp off the pla tform . 

Vocalization was evoked only as a component of esca pe 

reac tions . Vocalization ranged fro m barely audible "peeping" 

to loud continuous squealing. It varied both with anatomical 

loca tion of the stimulating tips and intensity of stimulation. 

Voca lization also occurred as an aftereffect of stimulation 

eliciting escape behavior. 

'!'able B of the appendix summarizes escape behavior , 

Escape be:b...a.v:i.or was evoked by stimulation of structures throughout 
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the midbrain including the superior colliculus, medial geniculate 

body, latera l reticular formation, red nucleus , medial lemniscus , 

and subst~Dtia nigra. Figure 5 is a composite of the neural 

sites from which stimulation elicited escape behavior. 

Grooming__ ~~eha vi or 

Stimulation of severa l brain stem areas elicited 

components of grooming or self- care behavior. Two of the 

evoked behaviors, grooming of the back, and face washing are 

part of the normal, stereotyped grooming behavior of the rat 

which includes grooming of the fur by licking and brushing the 

fur with the front paws, face washing, and scratching with a 

hind leg. Normally, each of these components Hill oc cur in a 

sequence of grooming. The third self-care-behavior is the 

"shaking response 11 which consists of a series of rapid side to 

side movements of the head and trunk plus (proba bly) l ateral 

movements of the skin. 

Stimulation of the superior colliculus and pretectal 

area produced grooming of the back in four subjects. In the 

normal animal, the basic posture for grooming of the back is 

with trunk erect, support fro m the hind legs, and turning of the 

head and shoulders to the side being groomed. From this position, 



A 2.0 A 1.6 A 1.0 

FIGURE 5 

Composite frontal diagrams showing sites from which stimulation evoked escape behavior. 

~ 
0 
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the rat licks and brushes the fur of t he back for several seconds. 

The evoked response was virtual ly the same in all four subjects. 

J av1 movements and phasic head and l imb movements occurred directed 

toward the region of the back opposite the side of stimulation. 

I ni tially, the foreleg on the side being groomed v1as extended 

while the paw of the other l eg grasped the fur of the extended 

l eg as can be seen in Figure 6. Next, both forelegs usually 

brushed the fur of the back while t he r a t made che\•ling and 

l icking movements. The evoked response differed from the normal 

in that the grooming was directed to only the upper part of t he 

·ba ck and the phasic movements v1ere not as rapid or of as long 

duration as in t he normal response . An interesting feature 

of t his response was t hat if the animal was i n the act of face 

washing and the stimulation v1as turned on , there was a more or 

l ess perfect trans ition to grooming of the back. This was in 

contrast to stimul ation applied while other behavior was occm~ring. 

Usually v1hen stimul ation was applied the animal had difficulty 

asswning the adequate posture on i ts hind l egs and often lost 

its balance . At l evel s of stimulation belmv those which evoked 

grooming, head turning and circling to the s ide opposite t he 

stimulating el ectrode were obtained . Figure 7 shov1s t he 

superior colliculus-pretec t al area f rom vth.i..ch grooming was evoked. 
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FIGURE ?: Photomicrograph of a frontal section showing the 
superior colliculus - pretectal area from which 
grooming of the back was evoked (top). 

FIGURE 8: Photomicrograph of a frontal section showing a similar 
locus from which grooming was not evoked (bottom). 
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Figure 8 shovJS a similar locus from which grooming was not evoked. 

Components of the above grooming response were evoked 

by stimulation of different areas in three othex· animals. These 

areas vwre the caudate/ putamen nucleus, the region of the amygdale. 

and cerebral peduncle, ru1d the lateral reticular formation. 

The basic pos tu1·e viith trunk erect, support from the hind legs 

and contraversive turning of the head and shoulders was present 

in each of t hese animals during stimulation. However, the 

direct head and limb movements were l acking in these responses. 

A second class of evoked grooming r esponse was face 

washing. In the four animals from \vhich this response vras obtained 

there was not as high a degree of organiza tion or precision of 

movement as was observed in some of the animals who groomed their 

backs" The face wa.shing response consisted of rapid bilateral, 

r epetitive , but not synchronous , movements of the front l egs vlith 

the paws near the mouth. Chewing and licking movements accompani ed 

the foreleg response and the animals supported themselves on 

their hind legs. The p3.ws were not placed i n the mouth or 

actually licked except by one an i mal. This exceptiona l animal 

put one paw briefly in i ts mouth a f ew times during stimulation~ 

\</hen examined after stimulation t he pm-1 Has wet with saliva. 

An unusua l feature of this animal ' s response was that before 

making t he response the animal woul d sometimes pick up saHdust 



in its mm!th or gnaw on the wood of the test platform. This 

r at did not eat \vhen given access to foo d duri ng and after 

stimul ation indica t ing tha t the chewing 'vias not food motivated. 

The el ectrodes producing f ace washing Here l ocated (in different 

ani ma.ls ) in the posterior hypothal amus , the pretectal group of 

nuclei, subs t antia nigra, and t he l a teral reticula r fo rmation 

bordering the periaqueductal grey o.t the l evel of the inferior 

coll:LcuJ.us . 

A t hird class of groomi ng response vihich was obtained , 

has ·been called shaki ng . Although shaking responses have not 

been studied previously and are not \~ell-lmo\,m , they appear to 

occur very f requent ly dur i ng normal behavior . The r esponse cru1 

be produced phys iologically by spr i nkl ing \,Iater or sawdust on 

the head and back of a r a t. The r esponse consists of r apid 

cyclic movements of the head or entire body from side to side . 

Shaking of the head alone occurs more oft en than shaking of t he 

entire body in t he normal animal. I n contrast , the s haking 

evoked by electrical stimulat ion was predominantly shaking 

of the entire body. 

The variabl es r esponsible for eliciting shaking are 

not fully known , but under some conditions it occ urs at a high 

r a t e . In normal r a ts t he r esponse removes dust fr ori1 the fur 
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after digging or nest building. However , the r esponse also 

occurs spontaneously. In a naive female and a male , shaking 

occurred at the rate of 50 and 74 per hour respectively 

( observed for a one half hour period ). It is possible that 

the rate could be related to other behavior or to endocrinological 

changes. Observations of a post-partum fe male indicated tha t 

shaking occurs at a very high rate even when the f emale was not 

nest building. The r ate of 128 per hour, mainly head shaking? 

was the 'same with or vdthout the presence of the pups in tests 

conducted one week after birth of the pups. Five weeks after the 

birth of the pups, shaking in this female occurred at the rate 

of 66 r esponses per hour. The above observations are summarized 

in Table II. 

Shaking evoked by electrical stimulation of the brain 

differs from physiological shaking in two quantitative respects. 

The evoked shaking almost ahmys involved the entire body rather 

t han mainly the head only as was the case in the normal response. 

The evoked shaking was also much more vigorous. Once initiated 

by an electrical stimulus , shaking responses Hould continue inter­

mittently for as long as eight minutes in some cases . The 

shaking re sponses elicited by stimulation of the brain occurred 

during stimulation but 1·1ere most often an aftereffect occurring 
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TABLE II 

Shaking Response per Hour in Normal Ra t s 

Post-Partum Femal e Naive Femal e Naive Hale 

1 week 5 weeks 

Pups present 128 

Pups absent 128 66 50 
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first at stimulus offset . 11 Bursts 11 of shaking become l ess and 

less frequent as a function of time from stimulus offset, but 

the character of individual 11 bursts 11 did not change . 

Frame by frame analysis of 8mm film exposed a t 16 frames 

per second shO\ved tha t the evoked shaking response had a duration 

of less than half a second . The shaking occurred at a rate of 

about five cycles per second where one cycle was defined as 

movement of the body to the right , back to the starting position, 

mov ement to the left and finally ba ck to the starting position. 

There were no pauses in these movements. 

Tests with one animal showed t hat even with fr equent 

stimulation , the response could be evoked reliably and repeatedly. 

Stimulation for t en seconds every minute for 30 minutes on two 

successive days evol~ed body shaking following 907~ of stimulus 

applications on day one and 80% of the applications on day t\-m. 

In half hour pretest periods , shaking occurred 12 and 14 times 

respectively but these '<!ere virtua lly all head shaking responses . 

In the test periods the head shakj_ng tended not to occur. The 

intensity of electrical stimulation used in thes e t ests was j ust 

above threshold for the appearance of the r esponse and most 

stimulations at higher i ntensities are follo wed by a series of 

shaking r esponses . 
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Anatomically, shaking was evoked by stimulation of 

limbic system structures including the hippocampus, dentate 

gyrus , subiculum , fornix, septal nuclei, diagonal tract of Broca, 

and the pyriform cortex . The ten sites from which shaking was 

evoked are shO\vn in Figure 9. 

Expl~~atorx~~~~or 

Exploratory behavior has been discussed above in 

relation to circling behavior. The exploratory behavior evoked 

by stimulation of the brain stem consisted of rearing, increased 

general activity, sniffing, approach to objects placed in t he 

test field, and visual searching. The specific sequence of 

response elements was vari ab l e and readily responsive to environ-

mental stimuli. Circling bias was always present but could be 

overcome to the degree that o bj ects presented on either side during 

a test Here approached without difficulty. \vi th increased 

intensity of stimulation, the exploratory behavior became more 

"agitated" and circling tendencies became more pronounced. 

One response component of exploratory behavior under 

greater stimulus control was rearing , shown in Figure 10. This 

response occur r ed only in association with exploratory behavior 

but was not inevitably associated with it. The rearing r esponse 

was observed in only 6 of 16 rats that exhibited exploration. 
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Composite frontal diagrams showing sites from which stimulation evoked shaking. 

A 1. 6 

\JI 
0 



FIGURE 10 

Photograph of the rearing component of evoked exploratory behavior 
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Rearing consisted of standing erect on the hind legs and hold-

ing the forel egs slightly flexed in front. The t runk and neck 

were no tic eably extended with the snout held high in the air. 

Sniffing frequently occurred. Rearing occurred at stimulus 

onset with a l atency cif one second but was of short duration 

(l-2 sec.) and did not occur again during that stimulus t rain. 

Walking and sniffing occurred during the remainder of the 

stimulus t rain . With intervals of about one minute between 

stimulus trains r earing always occurred at the onset of each 

new train. At higher intensit i es of stimulation, the responses 

took on a more forc ed appearance , trunk and hind leg extension 

were exaggerated , and the erect position v1as held for several 

seconds . 

Rearing vJas elicited by stimulation of the subthalamus 

and dorsa l hypotha l amus . Structures in the region of the tips 

included the reuniens , gelatinosus , and periventricular nuclei, 

and the zona incerta , medial forebrain bundle, and the f asiculus 

retroflexus (Figure 11 ) . 

Digging was evoked in t wo ani mals . Normal digging 

consists of three re sponse pa tt er ns : alternating movements 

of the front legs '"hich push sawdust under t he belly, thrusting 
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FIGURE 11 

Composite frontal diagrams showing sites from which stimulation evoked rearing. ~ 



movements of the hind legs \vhich move s awdust from under the 

belly to a point behind the rat , and alternating forward pushing 

movements of the fro nt legs (Eibl-Eibesfeldt, 1961) . The 

digging behavior evoked in t he two animals consisted only of 

t he f i rst component of digging described . Figures 12 and 13 

sh0\·1 t he start of the evoked digging respons e and the maximum 

backward movemen t of the fore l egs in the evoked r esponse 

r espectively. The res ponse in t he first case cons isted of 

nearly continuous digging in the s awdust , while moving forward , 

f or the duration of the stimulus . The maximum train dura tion 

applied was seven minutes . The f irst digging occurred 15 to 30 

s econds after stimulus onset. If stimulation was continued the 

r a t always stepped over the small pile of sawdust ae;cumula ted 

by t he digging, walked several steps f orward , and bega n dige;ing 

a new hole . If t he sti mulation was termina t ed j ust when a pile 

of sawdus t from digging was under t he rat ' s belly, the second 

component of digging , t he hind l eg t hrust, some t imes oc curred . 

This r at wa l ked around or over obstacl es duri ng 

stimul a t i on and did not r espond sel ectivel y t o paper strips , 

young pups , or other rats . When tested on a plain board 

f l oor no digging c:>t a ll occurred but if small obj ec t s , s uch as 



FIGURE 12 

Beginning of digging movement produced by stimulation 
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FIGURE 13 

Maximum backward movement of the front legs in the evoked digging response. The 

shallow depression (shadow) in the sawdust is the result of the evoked digging. 
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food pellets, were placed on t he floor the rat approached them , 

pushed them baclt;:\·Jard v.rith its front pa\vs , and continued t he 

explorator y behavior v;hich was dominant i n t he absence of digging . 

The ani mal always turned in a contraversive dir ec tion near the 

edge of the t es t platform . 

The second e.nima l in which digging was evoked 

exhibited a somewhat different and l ess striking pc'1. t tern of 

behav ior. After a few seconds of stimulation, r apid , ba ckward, 

alternating , diggi ng movements \•lith the front p av1s occurred. 

This vJas followed by a short burs t of running and j umping such as 

was s een in escape beh~vior. Digging did not occur again in a 

given pulse train after the i ni tia l response. At lowe r intensities 

of stimulation, exploratory behavior occurred , Electrodes in both 

rats were loca ted in the area of the reuniens nucl eus , zona 

incerta and the dorsal hypothalamus as shown in Figure ll~. 

Seizure Activiti 

The final class of evoked behavior to be dis cussed 

did not have a count er par t in normal behavior. Seizure activity 

was evoked by stimulation of eleven sites . The seizures were 
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Frontal diagram of the sites from which stimulation evoked digging. 
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surprisingly uniform responses even though th~y were evoked from 

several different areas . The main charac t eristics of seizures 

were a gradual development and building up of motor activity , 

motor aft er eff ects, and an after effect lasting up to several 

hours during which it \•Jas not usually possible to evoke another 

full seizure. 

The initia l stages of a seizure consisted of head 

nodding and phasic movements of the front l~nbs . As these 

movements became more vigorous , the trunk was r aised and chewing 

and facial movements developed . The head and trunk v10ul d conti nue 

to eleva te until the animal lost its balance and f ell over on its 

back or side. The animal would then right itself. If the 

stimulation wa s kept on after this res ponse, seizure activity of 

less strength which was different from the origina l patter n 

someti mes occurred . \•/hen stimulation was termi nated , the animal 

assumed a sitting position during Hhich an after effect of head 

nodding occurred . 

Hany of the motor components of the seizure such as 

head nodding , chewing , and foreleg movements could be evoked 

from the same sites at parameters other than those which produced 
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the seizures . Seizures were more likely to be evoked by 

stimulation of the cauda te-putamen nucleus , s eptal nuclei, 

and globus pallidus than by stimulation of more caudal structures 

(Figure 15). Seizures were evoked by stimulation of 7 of 15 

striatal sites , 3 of 19 dienc ephalic sites, and l of 76 

midbrain sites. The midbrain site was in the medial gemiculate 

body and adjacent to the denta te gyrus and therefore the seizure 

may have resulted from stimulation of this gyrus rather than t he 

brain stern . The threshold stimulation parame t ers were similar 

in all three areas . 

Summary of Beh~vior Testing 

The behavior testing shov1ed tha t stimulation of Hide 

areas of the brain stem can evoke a variety of the components 

of normal behavior of the rat. Generally, the evoked behavior 

was in the form of a l arge pattern that could be reliably evoked 

on every s timul us applica tion. There was some var i ability in 

the detail s of the performanc e of the respons e from stimulus 

to stimulus due to environmenta l factors such as was the case 

in for\·Ja rd and backvmrd locomo tion, escape behavior, and 
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Composite frontal diagrams of sites from which stimulation evoked seizures 
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exploratory behavior . Many responses such as vocalization, 

grooming of the back, shaking, rearing , and digging , could be 

identified as components of a l arger pattern of behavior. 

The fina l expression of the evoked behavior was a 

synthesis of the interaction of the effects of the electrical 

stimulus vJi th the ongoing behavior and the environment. None-

theless , the electrical stimulus was compeling enough tha t 

differences in the ongoing behavior · or changes in the environment 

did not result in significant changes in the ma j ority of the 

evoked behaviors. Two interesting exceptions were grooming 

of the back and digging . There was a more or less perfect 

transition to grooming of the ba ck, the evoked effect , if the 

anima l was face washing , but grooming of t he back was elicited 

with difficulty ( i.e. , some time was required, 5 sec.) if the rat 

was engaged in some other activity when the stimulus viaS applied. 

Digging behavior did not occur if environmental support in the 

form of a surface suitable for digging was not present. 

Not all the r esponses had counterpar t s in normal 

behavior . Among these abnormal r esponses were unusua l head 

and limb positions and seizures. 

~· ' 



CHAPTER THREE 

EXPERIMENT Ti10: Self- s t i mula tion Test s 

METHOD 

The s ubj ects were 25 ma l e hooded r ats s el ected f r om 

the ·behavior t esting experiment . 

Surgical and Histological_?~~ 

This procedure was the s ame as i n Experiment l. 

Stimulation Parameter s 

The stimula tor was a Gr a s s Hodel S4 set f or bipha sic 

squar e •.;ave pul ses of a .1 millisecond duration. Frequenc i es 

of 5, 20 and 200 pul ses per second were us ed . Voltages from 

1.5 to 9 were used. 

63 
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Self-stimulation t ests were conducted in a simple 

Skinner box or in a two compar"'"ment shuttle--box. The Skinner 

box measured 10 x 12 x 9 i n . and was equipped \·Jith a plexi-

glass door and roof and a wire mesh floor . The walls vi ere grey. 

The bar , 3.5 in. from t he floo r , was 2.0 x 0.75 i n. and required 

40 gms . to operate it. After preliminary tests the Skinner ·box 

was modified to produce higher operant r a tes of bar pressing. 

A hood was built to cover a 40 vratt light bulb moun ted behind the 

bar assembly. A 2.25 x 3.75 in. piece of paper-board vJas 

atta ched to the bar . The modified bar required 28 gms. of 

presstlre to operate it. The light behind the be..r pr ovided the 

only sour ce of light . 

Other self-stimulation tests were carried out in an 

appc;tratus similar to tha t of Valenstein and Hyers (1964 ) . 

Basically a shuttlebox measuring 8 x 21.5 in. with a t ent­

like roof 12 in. high i n the center , it was divided i nto two 

identical compartment s by a 1.0 in. hurdle. The front was 

made of plexigl ass and the walls \.,rere black plastic. The floors 

of both comp3.rtment were pivoted at the center of the box and the 

ends were supported by springs outside the box. A subj ect's 
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weight on either side of the hurdle operated micros\·Ji tches with 

output to Grason Stadler programming equipment and an event 

marker. 

Procedure 

T1r1enty-five subjects from the ·behavior testing 

experiment were selected for the self-stimulation experiments. 

The parameters selected for self-stimula tion tests were ones that 

evoked clear , easily recogniza ble ·behavior in the behavior t ests. 

The stimulus frequency and voltage were selected individually 

for each subject. 

In the first experiment, three subjects v1ere tested 

in a well-lighted room for self-stimulation in the Skinner box 

.,lith the small bar. Daily sessions of one-half hour duration 

"''ere given in the Skinner box. Operant levels of bar press ing 

(i.e. without stimula tion ) were recorded for t\-Jo or three 

sessions . Then , shaping of bar press ing for electrical 

stimulation of the brain was attempted for two or three sessions . 

If bar pressing was established on the first day , shaping \-las 

discontinued. An external control oper ated by the experimenter 

was used to provide reinforcements during shaping . Tr ain duration 
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of each reinfor cement vias 0. 50 sec. 

Us ing the procedure described by Val enstein and 

Hyers ( 196L~), 22 subj ects were tested i n the shuttl ebox . At the 

beginning of a t est a subject, with stimulating l eads attached, 

was placed in the box with fr ee access to Doth compartments. 

A test cons isted of 21 one-minute periods. In the first minute 

of the t est, brain stimulation 1:1as not available on either side . 

On succeeding minutes, a random sequence assured that during 

the remaining 20 periods , the probability of either side being 

positive was equal. The only cues as to which side v:as positive 

were the brain stimul ation and the clicking of a counter dur ing 

stimulation . Testing was conducted in a dark room v:i th the 

only source of light being a l+O wat t light bulb outside the center 

of the shuttl~box and below the l evel of the floor of the box . 

Brain stimulation vias delivered for 0.25 s ec . every sec. i n most 

cases Cin some cases 0 . 5 sec . every sec. ) while t he subject vTas 

in the positive ( s timula tion ) compartment. The experimenter vias 

in the te s t room during t esting to ensure t hat the l eads remained 

secure. Te s ts were conducted daily for fiv e days or until the 

shuttlebox behavior remained r el atively stable for three days. 
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Six sub j ects f rom t he shuttlebox experi ment Here 

tested subse quently fo r sel f-s timul a tion i n the modified Skinner 

box . Tes t ing Has conducted in a dar k r oom v;ith a L~o \vat t bul·b moun t ed 

behind t he bar assembly. Sess i ons wer e ha lf an hour long . 

Oper ant l evel s of bar pressi ng were recorded for t wo s essions . 

On s ubsequent days , brai n s timul ati on v1as delivered for each bar 

press for b-10 s essions a nd s haping was attempted for t wo fur ther 

sessions. Brain s timula t i on was delivered in 0.5 s ec. tra ins 

for ea ch bar pr ess . 

RESULTS 

Of the 25 sites tested~ electrica l stimul a tion of 

one site was pos itively r e i nfor cing , stimula tion of five sites 

was nega tively r ei nforcing , a nd s timula tion of t he other 19 

sites was without a r einforcing effect. 

The first s elf- stimul a tion experiment involved three 

subj ects. Stimula tion of the subtha l amus and the dorsal pos terior 

hypotha l amus of Ra t A2 evoked digging and explora tory behavior 

at a fr equency of 20 and a voltage of 7 (F 20 V ?) and rea ring 

and explora tory beha vior at F 200 V 2. Stimula tion of this site 

in 0.5 s ec. pulse t rai ns at both f r equenci es was positively 

reinforcing , as shO\m in Figure 16. 
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FIGURE 16 

Bar presses per half hour session of Rat A2 with two sets of stimulation 

parameters. 
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The other two subjects in this experiment could not 

be shaped to bar press for stimulation and their operant levels 

of responding were so loH that it \vas not possible to determine 

whether or not the stimulation was neutral or not in its reinforcing 

effect. The stimulation each of these subjects received in the 

Skinner box produced brief motor effects like those observed in 

the behavior testing. Stimulation of Rat A7 at F 5 V9 during 

behavior testing evoked face v1ashing and chewing movements with 

turning to one side, and stimulation of Rat AlO evoked rearing, 

rapid walking, and escape behavior at F20 V9 during behavior 

testing. Table III presents the raw data of this experiment 

and Table IV summarizes the r esults . 

Since the above experiment did not yield information 

that allowed differentiation of negative and neutral stimulation 

effects, a procedure developed by Valenstein and Myers (1964 ) 

for tes ting reinforcing effects of electrical stimulation of the 

brain was used. The apparatus was a two compartment box in 

which the animal received brain stimulation 50% of the time if 

it did not orient toward or away from the electrical stimulation. 

There may have been a slight bias in the apparatus since five 

normal animals tested in the apparatus spent an average of 47% 
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TABLE III 

Ra\>1 data of self-stimulation experiment one . Bar presses 
per ha lf-hour and stimulation parame ters 

DAY RAT 

Rat A2 Rat A7 Rat AlO 

Operant 
Responding 

1 4 4 4 

2 0 2 1 

3 0 1 

Self-
stimul a tion 

1 74·~ F20 V7 O* F5 V9 1* F20 V9 

2 200 F20 V7 0 * F5 V9 O* F20 V9 

3 181 F20 V7 

4 131 F20 V7 

5 551 F200 V2 

6 412 F200 V2 

7 274 F200 V2 

8 532 F200 V2 

9 357 F200 V2 

* Shaping Session 

. . . ~ 



RAT 

Rat A2 

Rat A7 

Rat AlO 

TABLE IV 

Summary of Self-Stimulation Experiment One 

BEHAVIOR 

Evoked 

digging, exploration 
rearing, exploration 

face v1ashing end 
chewing movements, 
turning 

rearing, exploration, 
rapid walking, escape 

Self-Stimulation 

positive 
positive 

neutral or 
negative 

neutral or 
negative 

SITE 

n. reuniens, n. 
gelatinosus, dorsal 
.osterior hypothalamus 

lateral reticular 
formation bordering 
t he periaqueductal grey 
at the level of the 
inferior colliculus 

n . reuniens, zona 
incerta, dorsal 
hypothalamus, 
mam.'Tiilot he.lam:.c 
tract 
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of their time in the positive compartment . 

Twenty-two su-bjects v1ere t ested in this apparatus . 

The results are summarized in Table V and Figure 17. The motor 

effects evoked by stimulation of these animals during ·behavior 

testing were quite varied. Stimulation during behavior 

testing evoked shaking in 2 subj ects , rearing and exploratory 

behavior in 3, circling in 4, turning to left or right of head 

and trunk in 3, components of grooming in 3, backwards walking 

in 2, escape responses in 3, and forHard extens ion of the trunk 

without hind leg movement and walking in 1 subject. Again it 

was noted that brief motor effects were produced during the self-

stimulation testing each time a stimulus was delivered. Stimulation 

of 17 of the sites \·tas Hithout r einforcing effect and stimula.tion 

of 5 sites Has negatively reinforcing . Four of these 5 showed 

escape during ·behavior testing; the 5th showed forwa:cd trunk 

extension and walking . None of the 22 ·.animals behaved in a manner 

consistent with positive reinforcement. 

To demons trate that the above procedure gives results 

comparable to t hose obtained with a ·bar pressing task, six subjects 

from the a·bove experiment v1ere tested in the Skinner ·box modified 



MI 
C5 

El5 

E21 

E24 

E20 

E6 

EJ.8 
El2 

ElO 

El6 

E5 
El3 

TABLE V 

Summery of the Results of Self-stimulation 

Evoked 

Shaking 
Shaking 

Behavior 

rearing, exploration 

rearing, looking 

rearing, exploration 

alerting, looking, running 

alerting, circling to right 

circling to right 
circling to left 

circling right 

Experiment 1\ro 

Self-stimulation 

neutral 
neutral 

neutral 

neutral 

neutral 

neutral 

neutral 

neutral 
neutral 

neutral 

turns to left, trunk raised neutral 

turns to left, head near ·back neutral 
chewing, pm·r movements, neutral 
turns to right 

Parameter 

F20 V5 
F20 V9 

F20 V7 

F200 Vl.5 

F20 V7 

F20 V9 

F20 V9 

F200 Vl.5 
F200 Vl.5 

F20 V7 

F20 V7 

F200 V2 
F20 V7 

lateral septum, diagonal tract 
septal nuclei 

mrulli~illothalamic and mawmillo­
t 8gmental tracts, supramammilla~y 

decussation, medial forebrain bundle. 
mammillotegmental and retroflexus 
tracts, supramarrmillary decussation. 
mammillotegmental and retroflexus 
tracts, tegmental decussation. 

lateral reticular formation, 
tectospinal tract. 
lateral reticular formation, 
superior cerebellar peduncle. 
globus pallidus, internal capsule. 
Forel's Field H1 , zona incerta, 
medial lemmiscus . 
lateral recticular formation, 
tectospinal tract. 

medial forebrain bundle, pyru orm 
cortex , preoptic nucleus. 
l ateral reticular formation. 
lateral reticular formation, 
substantia nigra. "· 

- - - - - ~...; ·- -
continued 



Rat 

E7 
El7 
E9 

- - - - -
M4 

El9 

E3 

El4 

E2 

El 

Behavior 

Evoked 

components of grooming back 
components of grooming ·back 
components of grooming back 

- - - - - - - - -
backwards circling, forward 

movements 
backwards walking 

stretching, trunk rais ed, 
circling to right 

running , jumping, freezing 

running, jumping, escape 

Self- stimulation 

neutral 
neutral 
neutral 

- - - - - -
neutral 

negative 

negative 

negative 

negative 

vocalization, ju.mping, escape negative 

Parameter 

F200 V3 
F20 V9 
F20 V9 

-- - - -
F20 V7 

F200 Vl. 5 

F200 V5 

F200 Vl.5 

F200 V3 

F20 V? 

Site 

caudate putamen nucleus 
cerebral peduncle, amygdala 
medial lemniscus, zona incerta 

Yentral a.nd ventromedial nuclei 
of th..r:1lam s . 
periaqueductal grey. 

medial lemniscus, transverse pons 

ventral tegmental decussation, 
interpreduncular nucleu.s. 
Forel's Field H1 , posterior 
hypothalamus. 
periaqueductal grey. 
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FIGURE 17 

Self-stimulation behavior of 22 rats t ested in 

shuttlebox shO\·ling per cent of time spent on 

positive (brain stimulation) platform. 

*These r ats \'Tere also tested for self-stimul-

ation in a Skinner box . 
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from the first experiment. The modifications intr oduced to 

enhance the operant l evels of r espondi ng raised the rate per 

half hour from an average of 2.1 ( N=3 ) to an average rate of 

18.0 (N=6). 

Two of the six subjects selected oriented a\'iay from 

the stimulation in the shuttlebox experiment and four were near 

chance expectancy of 50?6. Two of these latter four subjects 

exhibited evoked behavior of rearing and exploratory behavior . 

It had been expected tha t these tv10 subjects woulcl .shoi¥ positive 

self-stimulation behavior in the shuttlebox since exploratory 

beha vior often occurs v1ith stimulation of rewarding sites (Roberts 

and Kiess, 1964). Testing the animals in the Skinner box provided 

an additional check on the shuttlebox measure since their shuttle-

·box b ehavior was contrary to expectation . Table VI shows 

that none of the animals self-stimulated even VJith tvro sessions 

of attempted shaping. Thus, t hese results are cons istent vnth 

t hose obtained using the shuttlebox. 

§.l!.mmar_;y; of Self-Stimulation Experiment~ 

In summary , f or t he ma j ority of the evoked behaviors 

of this research , there \-las no positive or negative effect 

associated with stimulation of t he same si t es under t he condit ions 



TABLE VI 

Ra\.,r data of self-stimulation experiment three . 

Bar presses in half-hour sessions in Skinner box. 

Bar Pressing 
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Oper ant Self-stimul a t i on Shaping 

Rat Session 1 2 3 l~ 5 

E21 41 9 87 19 5 

E24 10 7 12 17 8 

El2 3 2 5 1 1 

E5 6 1 0 0 3 

El9 6 1 3 8 1 

E3 57 23 22 9 6 

. ~: . 

6 

2 

13 

0 

0 

1 

6 
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of the self~stimulation experiments. Specific motor effects and 

general locomotory patterns were not associated Hith r ewardi ng 

effects . However , nega tively rev1arding effects were obtained 

from animals showing escape during behavior t esti ng . 



CHAPTER FOUR 

DISCUSSION 

Electrica l stimulation of the rat br ain stem produc ed 

a variety of behavior patt erns including components of groom-

ing and digging behavior as well as walking , running , exploratory 

behavior , es ca pe and vocalization \-lhich ha ve been demonstrated 

previous ly in other species . 

Even though consider a ble stress has been placed on the 

motor f unctions of the brain, it i s r emarka ble that stimulat i on 

evoked some sort of motor response from all sites except one 

exhibiting infection produced damage . A similar result was 

obtained by Lilly (1958) who stimul ated the cerebral cortex of 

unanesthetized monkeys . I n a monkey with 610 electrodes 

implanted on the surface of one hemisphere he f ailed to find even 

one electrode that did not evoke a mo tor response. It would 

be t empting to sugges t tha t there are no sites in the brain from 

which motor activity cannot be evoked . However , several studies 

J . , 
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have demonstra ted inhibition of motor behavior from brain stem 

stimula tion (Hodes , Peacock and Heath, 1951; Hunter and ,Jasper, 

1949; Sheer , 1961). A number of reasons suggest why there 

was such a dominance of excitatory effects . Because of the 

relatively l arge size of the electrodes compared with the size of 

the rat brain, the tips of the electrodes often entered two or 

more structures one of which could have be en "silent" or even 

inhibitory in its effect if it had been stimulated singly. In 

addition, in a small brain such as the rat has, the spread of 

current to other structures is a l ways a possibility . The 

results (see Table A of the Appendix) indicate a substantial 

incidence of mixed effects, some combina tions of which do not 

have their counterpart in normal behavior. An example of this 

is forvmrd locomotion with a marked tilt of the head to one side. 

Such an effect is probably due to stimulation of neural pa th 1ays 

which are not normally active simultaneously. Finally, if e. 

particula r electrical stimulus did not result in an evoked effect, 

no tests were conducted to establish whether or not an inhibitory 

res ponse, such as arrest, vias present. 

Host of the r esults confirm the comparative findings 

in other species and suggest some interesting parallels. The 

shaking response evoked by stimulation of the rat limbic system 



is most likely of similar origin as the intensive body scratching 

and grooming i n cats and shaking and grooming i n rats following 

hippocampal stimulation (MacLean , 1957 ) . MacLean (1957 ) has 

suggested 11 t hat a neural system involving t he hippocampus , 

cingulat e gyrus, and septum is i mplicated in t he pleasure and 

grooming reactions 11 that he observed follovring stimula tion . 

In a study analys ing the dh ' ectiona l component of the 

ci r cling r esponse i n rats, Skultety (1962 ) observed forward 

circling and one case of ba ckward cir cling . On the basis of 

his r esults , he postul ated a l a t eral t egmental area fro m which 

contraversive turni ng can be elicited and a ventromedi a l teg­

ment a l a rea from which ips iversive responses can be elicited. 

This differentiation of areas has some support from this study 

and suggests tha t the neural organization of locomotion may be 

similar in the ca t and r a t. Contraversive cir cling in the rat 

\vas obtained from the dorsal l a t eral tegmentum and ipsivers ive 

r esponses were obta ined from ventra l medial areas . However , some 

contraversive circling r esponses were obt a ined by stimulation of 

ventral medial areas in the rat. Sinc e both the Skultety study 

and the present research exami ned rela tively fe w points, it is 

possible that the generalization made by Skultety i s too broad . 
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The present findings are relevant to Delgado's (1964 ) 

conception tha t electrica l stimula tion acts as a trigger of 

physiological mechanisms havi ng "anatomica l and functional r eality 

inside of the brain." Evidence that the stimulation activates 

pa thl"mys involved in normal behavior is found in the results 

sho\·Jing interac tions betvleen the evoked behavior and either ongoing 

behavior or environmental factor s . The cleares t example of and 

interaction bet\veen an evoked behavior and ongoing behavior was 

found with the evoked grooming . Here it was observed tha t the 

ongoing component (face-washing ) facilita ted the performance of 

the evoked component ( grooming of the back). 

The most striking example of interaction with environ-

ment in the present research wa s seen in the evoked digging . In 

the two subjects observed , a suitable environment , mos t likely some 

yielding surface s uch as sawdus t or dirt, was required before the 

animal performed the response . In the absence of the suitable 

environment , explora tory behavior occurred. Simila r int er -

actions have been report ed by other authors (Levison and Flynnt 

1965; Roberts and Carey, 1965 ; von Holst and von Saint Paul, 1963). 

These interactions are indications of the impor t ance of providing 

a vari ety of environmental stimuli in a test for evoked behavior. 
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It is known tha t both ongoing behavior and the external environ­

ment can interact with evoked behavior and the r esults of Olds 

(1958) and Herberg (1963) indicate that the internal environment 

can also influence the expression of evoked behaviors . ·· ; It is 

possible t hat both shaking, which appears to be more frequent in 

post partum f emale r ats, and digging might be affected by 

internal factors. How these and other motor patterns might be 

affected is a ques tion tha t could be answered by further research. 

Although postural ad justments must have been frequent, 

it is not clear whether they were primary or secondary effects 

of stimulation . Abnorma l postures were infrequent and in several 

cases of phasic turning it appeared that the hind l egs \'Jere 

involved only after a certain point in turning had been reached. 

Considered with the longer latency of the hind leg response, this 

suggested a secondary postural compensation . Delgado (1952) 

has provided direct evidence on the question of postural adjust-

ment. He found that postural adaptation upon stimulation varied 

with the position of the animal at stimulus onset. 

The results appear to support t\.1o other of Delga do's 

U964) postulates. He theorized that fragments of behavior are 

organized into more complex pa tterns of behavior. Several of the 
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behaviors evoked in this experiment appear to be components 

or fragments of larger behavior pa tterns. For example, the 

evoked grooming of the back and shaking are only component 

parts of the total groominG behavior of the r a t. The evoked 

digging was only one component of the three components that 

normally occur in digging behavior. In addition, the finding 

of Fernandez de Holina and Hunsperger (1962 ) tha t l esions 

abolished defensive behavior but not the concommitant turning 

phenomena indicates that the two components of beha vior have 

independent anatomical organization. 

Some of the results also support the suggestion that 

behavioral fragments may have a functiona l affinity for one 

another and a tendency to fo rm linkages . In the results, both 

escape and exploratory behavior are described as clusters of 

symptoms . v/i th escape behavior, running , jumping, vocalization 

and autonomic effects all t end to occur in association with one 

another. Neither jumping or voca lizat ion occurred in the absence 

of th e strong affective response associated with escape behavior. 

Exploratory behavior also exhibited this sort of clus tering . 

Rearing was not seen at any time during stimulation of any site 

exc ept at the onset of stimulation evoking exploratory behavior . 



This is suggestive tha t control of this el ement of exploratory 

behavior was in some r espects different from the control over 

the r emainder of the pattern. This is consistent with the 

co ncept of a fragmental organization of behavior . However , it 

is a l so possible t hat the other components of exploratory behavior 

i nhibited the rearing. The results provide a piece of evidence 

t hat an evoked behavior could inhibit the occurrence of another 

behavior component ( in this example a pat tern of behavior not 

evoked by stimulation ) . I n the evoked digging, the response 

usually resulted in a pile of s aHdust being accumula t ed under the 

rat' s belly . 

stimulation . 

The rat always stepped over this pile during 

Occasionally, however, if stimulation was terminated 

when this pile of s awdust was under the rat ' s belly, the normal 

compl ement ary response , the hind l eg thrust clearing the pile 

awa y, occurred . 

The question always arises as to whe t her these evoked 

behaviors are primarily the resul t of stimul a tion of sensory or 

motor pathvmys. There does not seem to be any rule whereby one 

can separ a t e the t wo components of a re sponse evoked in this wa y 

and "to the bes t of our knowledge ther e i s only a gradua l merging 

and transformation of the one into the other , with nothing to 

suggest where perc eption might end and motor process begin" 



(Sperry, 1964 ) . Undoubtedly there are many sensory and motor 

effects t aking place in the brain in the period between onset 

of stimulation and appearance of and during the r esponse . The 

usual i mplica tion of a question such as tha t posed i s tha t the 

electrica l stimulus i s merely activating sensory path\vays and 

that most of the motor organiz.ation is a r esult of control 

exerted by the stimulus . This assumption may often be unfounded. 

In the present study , the grooming responses are obtained by 

stimula tion f ar from classical spinocortical pathways and 

stimula tion i n or near the medial lemniscus (8 electrodes ) 

did not evoke grooming . Simil a rly, many escape sites were not 

in the primary sensory tracts and not all sites near these areas 

yielded escape behavior. HO\vever, escape behavior was evoked 

by stimulation of areas receiving input fro m pain pathways termin­

ating in the r e ticular formation and tectwn ( Crosby, Humphrey , and 

Lauer, 1962 ) . 

The question of t he nature of the escape response i s 

very i nteresting. I t i s well established tha t escape behavior 

consists of a clus t er of symptoms but the present investigation 

also sho\ved tha t t wo distinct categories of escape behavior 

could be evoked . These were backwards escape and escape tha t 

generally resulted in forward l ocomo tion . A f ew sub j ects 
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exhibited a combination of these two directions of response. 

In theSe cases , both backward and for\vclrd locomotion occurred 

during the same stimulus t rain . At higher intensities of 

stimul ation one or the other of the responses became dominant . 

The question t hat is not answered at all conclusively for escape 

behavior i s what determines the nature or direction of the escape 

r esponse . The l arge overlap of areas fro m which escape of each 

type was evoked does not allo'd a generalization with respec t to 

anatomical r egions . There are at l east three plausible explan-

ations for these two kinds of escape behavior. (1 ) There may 

be a direct triggeri ng of a specific escape behavior. ( 2 ) There 

may be a topographic representation of cutaneous pain sensation 

and the "perceived" direction or body surface f rom Hhich noxious 

stimulation arises could determine the direc tion of the es cape 

response . (3) There may be unlocalized "painful" stimula tion 

and the animals may be predisposed to es cape in a given way, 

perhaps as a r esult of individua l experience . The first 

possibility i s in keeping with t he general theme of this thesi s 

that t he separate motor components (o f the escape re sponse ) 

have independent fragment a l organization. Skultety ' s (1962 ) 

report t hat the ca t exhibit i ng backHard circling did not display 
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"any evidence of discomfort during the periods of stimulation" 

is consistent \vith this type of interpretation. It should be 

noted tl~t the escape behavior elicited from the r eticular 

formation and pret ectal areas are r egions which Olds e.nd Peretz 

(1960 ) found to be negative 

stimula tion tests . 

reinforcement sites in self-

The ques tion of ana.tomica l localization has not received 

much att ention in this discuss ion . The concept of levels of 

organiza tion as phrased by Jackson ( 'raylor , 1958) was very spec ific 

with re spect to localization of f unction. Penfield (1954 ) 

a l so was f airly specific in assigning l evel s of organization 

to anatomical regions . Even though there is a crude hierarchical 

arrangement of function fro m spinal cord to cortex there is no 

real evidenc e for specific hierarchica l anatomical or ganization 

of motor pat t erns of the type we have been considering . On 

t he other hand , t his research and tha t of others ·ha s demons trated 

considerable f unctional organiza t i on but at the same time these 

s t imulation studies have not demonstra ted a hierarchical organ­

i zation of specific motor pa tterns in t he brain stem. Neither 

Tinbergen (1951) or Delgado (1964 ) speculate about the basic 

anat omical localization of function . Von Holst and von Saint 

Paul (1963) argue s t rongly agains t premature at t empts at local ization. 



93 

The r esults shm·l tha t there is specificity of f unc tion in 

circumscribed areas of t he brain but the great degree of 

overl ap of evoked effects and mixed effects argue agains t 

any suegestion of small centers of localization. Anatomica l 

organi zation of motor pa tterns is mos t likely along the lines 

suggested by Lashley (1931 ). The bes t t ha t can be said is 

tha t brain stem structures contain neural circuit s incorpora ting 

simple movements or fragment s of behavior Hhich can be co-

ordinated into more compl ex adaptive JX:1.tterns . 

Self-Stimul ation - -
The results of t.he self-stimulation experi ments shO\•led 

tha t for the majority of sites t ested a rewarding effect was 

not assoc i a ted with stimul a tion of the same sites from which 

motor behavior was evoked. Four of the five negative rein-

forc ement sites yielded escape behavior during behavior tes ting. 

The singl e positive site was in the subthalamus and dorsa l 

hypotha l amus at the midline. The associated evoked behavior for 

this site was digging and explor atory behavior. It i s i mportant 

to note tha t for many of the sites tested, a brief motor effect 

was evoked even though the stimulation tra in did not exceed 0.5 

sec. during self-stimula tion . An unexpected result was tha t 



the animals showi ng evoked exploratory behavior did not s elf­

stimul a te. This is especia lly surprising since it is known 

that opportunity to explore i s reinforcing (Butler, 1953; 

Hontgomery, 1954) and explorat ory behavior evoked from the 

hypotha l amus is often associa t ed v1ith pos itively r einforcing 

brain stimula tion (Roberts and Kiess , 1964). It seems 

possible tha t since the tips were in more than one structm·e, 

a nega tive effect from one r egion could cm1cel out a positive 

effect fro m another region. Also, Deutsch et al. (1962 ) 

found tha t the threshold for reward effects was slightly 

higher than for behavioral effects at the same site . 

While Glickman and Schiff ' s theory predicts subs tantially 

more reinforcing effects, the results of these experiments were 

not entirely tmexpected. Several studies of evoked behavior 

contain comments on the affective responses of their subjects 

during stimulation evoking motor behavior (Delgado, 1959; 

Penfield, 1954 ; Skultety, 1962). They point out tha t repeated 

stimulation of an area that resulted in a motor effect did not 

dis turb their subjects. Also, studies considering only self-

stimulation have fouhd a l ack of positively r einforcing effects 

from midbrain areas tested in t his study ( Olds and Peretz, 1960 ). 
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Two points appear to be of major significance in the 

interpretation of these results. First, the behavior evoked 

from most of the sites t ested was relatively simple when compared 

with complex behavior such as eating, agression, or sexual 

activity. Secondly, the majority of the sites were located in 

midbrain regions. These results taken together with the studies 

reviewed in the I ntroduction with respect to covariation of 

evoked behavior and reinforcement suggest interesting generalizations. 

A relationship is suggested such tha t behaviors evoked by 

stimulation of the hypothalamus tend to be complex and positively 

reinforcing. Behaviors elicited from the midbrain tend to ·be 

simple and neutral unless the evokod behavior is escape behavior. 

The ma jority of the hypothalamic behaviors have clear motivational 

aspects and exhibit greater responsiveness to the environment. 

The Glickman and Schiff hypothesis appears to encompass the results 

obtained from experiments in which the hypothalrnus was stimulated, 

but it is not consistent v1ith the results of the present study 

regarding the covariation of evoked behavior and rewarding effects 

from stimulation of extra-hypothalamic sites. 



Sununary 

Bipolar electrodes were implanted in 110 points in 

the midbrain, dienc ephalon and striatu.!Jl as \vell as a few points 

in the hippocwnpal forma tion in 50 rats. After at least two 

weeks , stimulation of each site was carried out and the evoked 

behavior was recorded in a written protocol and in some cases 

8 mm moving pictures \vere t aken of the evoked behaviors 

(Experiment One ) . 

In a second series of experiments, 25 rats from 

experiment one \</ere selected on the basis of the evoked behe.vior 

elicited by stimulation. Using parameters evoking reliable 

behavior patterns during behavior t es ting, these rats were 

t ested for self-stimula tion at the same sites (Experiment Two). 

The ma j or findings and conclusions were as follows : 

(1) Electrical stimulation evoked a behavioral effect 

fro m all but one of the 110 sites t ested . 

(2) Generally , the evoked behavior was i n the form of 

a consistent pattern tha t could be reliably evoked on every 

stimulus application. 



(3) Hany evo (ed r esponses such as vocalization, 

groomi ng of the bac h:, shaking, rearing , etnd digging could be 

identified as components of a l arger pattern of normal r a t 

behavior. 
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(4) For the majority of the evoked behaviors tested , 

tb~re was no positive or nega tive effect associated with stimulation 

of the same sites under the conditions of the self-stimula tion 

experiments . 

(5) Negatively reward:Lng effects were obtained from 

animals showing escape during behavior testing. 

(6) The results of behavior testing suppor t the idea 

that the electrical stimulation triggers phys iological mechanisms 

having 11anatomical and functional reality inside of t he brain" 

( Delga.do, 196Lt ). 

(?) The results of the self-stimula tion experiment suggest 

that the relationship bet\veen evoked behavior and rewarding 

effects is different with respect to extra-hypothalamic sites as 

compared with hypothalmic sites. 
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TABLE A 

Summary of Circling Behavior and Anatomical Sites* 

Rat Elec Ex Sl IN BA s ** SITE 

91 31 X n. caudate putamen , corpus callosum 

91 32 x_ n. caudate putame11 

1-11 66 X l ateral septum, diagonal tract 

72 27 X corpus callosv.m , n. caudate putamen 

A2 35 X X n. caudat e putamen 

El6 96 X. pyriform cortex , n. preoptic us, medial forebrain 
bundle 

El7 98 X medial forebrain bundl e , n. preopticus 

62 24 X n. caudate putamen , internal capsule 

A8 49 X X i nternal capsule , globus pallidus 

El8 100 X X globus pallidus, internal capsule 

51 19 X mammillothalamic tract, n. ventralis posterioris 

52 21 X mammillothal amic t ract, n. reuniens, n. 
ventralis posterioris 

El6 97 X X n. medialis lateralis , n. ventralis dorsalis 

91 34 X dentate gyrus, n. lateralis thalami 

11 8 X n. ventralis dorsalis 

31 ll~ X X n. ventralis dorsalis, n. medialis lateralis 

Cl2 65 X X X n. reuniens, zona incerta, dorsal hypothalamus 

6 3 X X n. ventralis, mall1millothalamic tract, zona 
incerta 



Rat 

A5 

A2 

A7 

E2 

El2 

E3 

5 

El8 

y 

52 

52 

A2 

11 

Bi 

51 

El9 

Bi 

Nl 

Nl 

Elec 

4o 

36 

46 

75 

88 

76 

2 

101 

5 

22 

23 

38 

9 

7 

20 

102 

6 

57 

58 

Ex Sl IN 

X X X 

X 

X X 

X 

X 

X 

X 

X 

X X 

X 

X 

X 

X X 

X 

BA 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X X 

X 

X 
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SITE 

Forel's H1 , zona i ncerta , n . ventral is , 

n. vent ralis medialis 

n. r euniens , n. gelatinosus , dorsal 
hypothal amus 

dentate gyrus , hippocampus , pret ectal area 

For el 's n
1

, post erior hypothalamus 

medial l emniscus , zona i ncerta , Forel' s H1 

medi al forebrain bundle , s upramammillary 
decussat i on 

pret ectal area , n. pos terioris t halami 

medial geni cul a te body , l ateral r eticul ar 
format i on 

pretect al area 

n. posterioris t hal ami 
reticular f orma tion 

pret ectal area , 

lateral reti cular fo rma t ion , pre t ecta l area 

pr etec t a l area, superior colliculus 

superior colliculus , pret ec t al area 

pretec t al area , superior colli cul us 

pr etectal area , s uperior colliculus 

peria.queducta l grey, n. interstitialis 
latera l r eticular forma t i on 

periaqueductal grey, lateral reticular 
formation,posterior commissure 

lateral reticular formation 

lateral reticular fo rmation 



Rat 

21 

Ml 

N8 

El 

32 

32 

N4 

El2 

N4 

4 

E2l 

N8 

91 

E6 

A7 

AlO 

ElO 

u 

Elec 

12 

68 

63 

72 

16 

17 

62 

89 

61 

l 

107 

64 

33 

55 

86 

4 

Ex Sl IN 

X 

X X 

X 

X 

X 

X 

X 

X 

X X 

X 

X 

X 

X X 

X 

BA 

X 

X 

X 

X 

X 

X 
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s *~ SITE 

pretec tal area, superior colliculus 

X pretectalarea, superior colliculus , 
lateral reticular formation 

X 

X 

X 

X 

X 

X 

X 

lateral reticular formation, n. red, 
medial l emniscus 

medial lemniscus , substantia nigra 

subiculum, dentate gyrus, medial 
geniculate body 

super ior colliculus 

superior collicul us 

medial genic~ate body, lateral reticular 
formation 

lateral reticular formation, media l 
geniculate body 

medial geniculate body, lateral reticular 
formation 

lateral reticular formation , medial 
geniculate body 

substantia nigra, cerebral peduncle 

substantia nigra, reticular formation, 
cerebral peduncle 

substantia nigra, cerebral peduncle 

n. red, l a teral reticular formation 

n. red, n. interpeducular, tegment a l 
decussation 

n. interpeduncular, medial lemniscus 

periaqueductal grey , n. interstitialis 



Rat 

A2 

El9 

72 

A8 

E9 

E6 

E3 

A7 

El3 

ElO 

E24 

El4 

El5 

M4 

• 

Elec 

39 

103 

29 

52 

85 

81 

77 

48 

91 

87 

109 

93 

95 

71 

Ex 

X 

Sl IN BA 

X 

X 

X 

X 

X 

X 

X 

X X 

X 

X 

X 

X X 

X X 
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.. ~· 

s *"' SITE 

X 

X 

X 

X 

X 

X 

X 

X 

superior colliculus , brachium inferior 
colliculus 

periaqueductal grey 

brachii of superior and inferior colliculi 

i nferior colliculus 

lateral reticular formation, lateral 
l emniscus 

superior cerebellar peduncle, n. medianus 
r aphes 

medial lemniscv~, cerebral peduncle , 
fibrae pontis traversae 

i nferior colliculus, periaqueductal grey 

s uperior cerebellar peduncle, 
periaqueductal grey 

lateral reticular formation, t ectospinal 
t ract 

n. medianus r aphes , t ectospinal tract 

--- a very caudal electr ode 

l ateral reticular formation 

f asiculus longitudinalis medialis, 
n. tegmenti ventralis 

sites arranged i n an anterior to posterior order 

•• EX = Exploratory , Sl = Simple , IN = Intermittent, BA - Backward 

S = Superimpos itions 
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TABLE B 

Summary of Escape Behavior and Anatomical Sites * 

Rat Elec RUN J UHP BACKH voc ~·$ SITE 

Cl2 65 X X n. r euniens , zona incerta, 
dorsal hypothalmus 

11 8 X X n. ventralis dorsalis thalami 

91 34 X n. l ateral is thal ami , dentate gyrus 

A2 37 X X n. l ateralis , n . lateralis posterioris 
t halami 

A8 50 X X precta.l area, brachium superior 
colliculus 

A7 46 X dentate gyrus , hippocampus , pr etectal 
area 

E2 75 X X Forel ' s H1 , posterior hypothal amu.s 

62 25 X X dentate gyrus 

5 2 X X pretectal area, n . posterioris thalami 

El8 101 X X X medial geniculate body , l ateral 
ret i cular formation (FOR) 

M4 70 X X s uperior colliculus 

52 22 X X pretecta l area , n . posterioris t halami , 
FOR 

52 23 x_ X pret ectal area , n . posterioris t halami , 
FOR 

51 20 X pretectal area , medial geniculate body, 
FOR 

Nl 58 X lateral r eticular f ormation 

El9 102 X periaqueductal grey , n . inters titialis, 
FOR 
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Rat Elec RUN JUMP BACK\>/ VOC II)~~ SITE 

41 18 X X superior colliculus , pretectal area , 
FOR 

Hl 68 X X X X s uperior colliculus , pretectal area, 
FOR 

N8 63 X FOR, n. red, medial lemniscus 

32 17 X X s uperior colliculus 

N4 62 X X s uperior colliculus 

32 16 X X s ubiculum , dentate gyrus, 
s uperior coll iculus , medial 
geniculate body 

4 1 X X media l geniculate body, FOR , dentate 
gyrus 

E12 89 X X X X medial geniculate body , FOR 

N4 61 X X. FOR, medial geniculate body 

A7 47 X n. red , FOR 

E21 107 X X FOR, media l geniculate body, 
brachium inferior colliculus 

91 33 X X X s ubstantia nigra, cerebr a l peduncle , 
FOR 

El 3 90 X X s ubstantia nigra , FOR, medial 
genicul ate body. 

A5 42 X s ubstanti a nigra , FOR , medial 
l emniscus 

El 4 92 Y. X n. i nterpeduncular , vent ral t egmental 
decussation 

62 26 X X medial geniculat e body, dentate 
gyrus 

A2 39 X superior collicul UB , brachium 
i nferior coll i culus 
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Rat Elec RUN JUNP BACKW VOC .:..;, SITE 

El 73 X X X periaqueductal grey, f asiculus 
l ongitudinalis 

72 29 X brachii of superior and i nferior 
colliculi 

A5 43 X superior collicul us , brachium inferi or 
colliculus 

N2 60 X X. X X. FOR, brachium i nferior colliculus, 
superior colliculus 

N2 59 X X FOR, brachium i nferi or colliculus 

El9 103 x .. periaqueductal grey fasiculus longitu-
dinalis 

A8 52 X X inferior colliculL~ , brachium i nferior 
colliculus 

E9 85 X X FOR, lateral l emniscus 

El5 95 X X X X lateral reticular formation 

M4 71 X fasiculus longitudinalis medialis , n. 
tegmenti ventralis 

E20 105 X X FOR, tectospinal tract 

RUN = Running, JUHP = Jumping, BACK\</ = Backing 

VOC = Vocalization 
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