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ABSTRACT 

1. Preparing institution: University of ,~a~Jlond 

2. Title of report: Some Behavioral Correla.tea of Brain-Stimulation 
Reward: Part B 

3. Principal investigator: Stanley s. Pliskoff, Ph.D. 

4. 23 p~ea, 5 figures, 1 January 1964 

5. Contract number: DA-49-193-l-ID-2288 

6. SUJ)ported by: u. S .. Arrrq ~!edical Research and Development Command, 
Department of the Army, Hashington 25, D. c. 

Part A of the present re~ort vas concerned with~ detailed 

description of our brain-stimulation research vi th rats. Part B is 

concerned with our doe work, and the report discusses in detail several 

problems in r,eneralizing our technology from rats to dogs. Solutions 

to those probleJns are discussed. Briefly, the report d.eals w1 th: 

1. The maintenance of behavior through brain-stimulation rewe.rd 

in the dor.. 

2. The design and construction of experimental equipMent and 

electrode protective devices. 

3. The search for a positively revarding area in the dog's brain. 

4. The future course of our· research. 

Note: Copies or this report are filed with the Defense Documentation 

Center (DDC), Buildiln~ 5, Caireron Station, Alexandria, Virginia, 

and may be obtained from that ~ency by quelified investigators 

working under 3overnttent contract. 

ABSTRACT 

1. Preparin3 1natltutloa: UIl1ftriity or t'vyllll4 

2. 'HUe or "POrt: SolIe BtbaT1on.l Correlates or Bra1D~tlaulatlO11l 
Revard: Part B 

3. Pr1Dcl~ inYeltl«&tor: Stanley S. Pli.kotr, Ph.D • 

• , 23 P~" 5 f1Su:.I, 1 JlJluary 196~ 

5. Contract number: DA-49-193-HD-2286 

6. Supported by: U. S. Arrt!i ~!edlc:e.l Re.earch anlS Dtftl~t eo..nd. 
Ilep&rtl!Ient or the Antt I Hublagtco. 25. D. C. 

Part A or the present report v .. coaeem,d vi tb •. detailed 

cJeacriptiOll ot oW' bniD-IUnlatiOll relearch vitb rat.. Part II 11 

CClllt:erud nth our dC18 worit, and the report 41SCUI.I in 4et&11 In.ral 

flrobleal in seneralh.1n& our teclmolC187 hom rat. to dcp. SolutlC1D.. 

to tboee ~roble\'18 are dilcusld. Brlef11, the report deals vith: 

1. The mainteuaDce or behl.'fiOT tb~ braln-.tUnllaUOft revud. 

111 the dot. 

2. The delign and conltr1,X:tlon or experimental equiprtent and 

elect~e protectl~ deliCII. 

3. The learch tor a poelthely rewarding area 1n tbe dog'l brain. 

4. 'n1e future COUT,e or OUT rete_reh. 

low: Copie. of this report are tiled with the net,a .. Da~nt&tlCQ 

Center (roc), Build1ln(l' 5, CUerca ShUon, Ale:r.Ul.4rla, Vll'!1lUa, 

.lDd ., be obtained f'rcIIII that a,eac:y by qU&llt1ed 1llYe11t1«aton 

vortlug ulu)er ~nt c:oatnct. 
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Al'INUAL REPORT 

Part B 

I. Aims 

The research described in Part A of this report vas sur,porti ve 

vith respect to the accomplishment of our aims in Part B. We are 

concerned here vith the extension of our findings to the distance 

control of dog behavior. t"ore eenerally, ve are concerned with 

the examination of the limitations and practicality of such 

behavioral control. 

II. Some Problems 

A. Perhaps the most significant problem was related to the 

practical question of whether or not substantial behavioral 

output could be maintained through the use of brain stimu­

lation as a behavioral reward. Our work with rats indi­

cated that it is theoretically possible. ~.Jhether or not 

procedures developed with rats can be applied successfully 

with dogs is another question; our guess is that there 

should be no problem in that respect. We are now in the 

process of evaluating the generality of our rat-developed 

techniques, 

B. Problems arose regarding the anchoring of electrodes on the 

dog's skull. Our initial implants were quite unsuccesstul 

in that respect, and we experienced two failures to maintain 

the electrode on the skull for more than several days • The 

"beating" which the electrodes take in the dogs' living 

quarters, coupled vith the unavoidable difficulties of 
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Part B 

t. Ai .. 

The relurch dellcribed in Part A of this report Vat I~portln 

vith relpect to the aceompl1.lDent ot our a1mI in Part!. We are 

concerned bere with the Ixhnllon of our tin4i1181 to the di,tllDce 

control of dog behavior. nor. ten'rally, \Ie are concerned with 

tbe examination of the l1mitations &rid practicality of IUclI 

behavioral control. 

II. SOllIe Problens 

A. Perhaps the !'lost 11gnlt1cant probl. vu related to the 

lIractlcal quelt10n of vbetber or not .ub,turtla1 bebarioral 

output could be Il&intaJ.ned thrwgb the ute of bn.1n .tao-­

laUon as .. beb.vioral revue!. Our vork vi th rata 1ndt .. 

eated that it is theoretically poilible. !4hetber or not 

procedures developed with rate can be applied lucce •• fully 

with dogs is another que,tion; our gullS 1.1 that there 

ahould be no problem in that reapect. We are l).OV in the 

process of evaluating the generality of our rat-developed 

techniques. 

B. Problerlll aroae ree:ard1ns the anehorlns ot electrode. aD tbe 

dOS11l .kull. Our initial illplantl were tuite unlueeelSM 

In that respeet, and we uperieuced two failures to KintaiD 

the electrode CII the null for !lOre thaD ..... ral dql. '!'be 

~at1ng· ¥blcb the electrode. take in tbe doIat llviD« 

q\14rt.en, CO\IPled vith the UDII.YOl4ale difficult1 .. of 

- 1 -
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B. (cont'd) 

handling the dogs going into and out ot the experimentftl 

situation, served to work the electrodes loose, Our 

anchoring procedure we.s identical in eve~r respect to the 

technique employed with rats, and that may have been the 

problem, Seldom is electro~e failure experienced with a 

rat. We discussed some basic modifications in technique, 

but decided to make another attempt with the old proced~Jre. 

This time, however, the dog's skull wa.s roughed up with the 

drill in order to provide "grips" for the dental cement. 

Another failure occurred, but this time we did not lose 

the electrode for over a week, The next attempt was suc­

cessful, In addition to roughing UT\ the skull, we drilled 

a n.\.U'l!ber of small holes into, but not through, the skull 

and at an oblique angle with respect to the skull surface. 

The ce~ent was applied at a somewhat looser consistency than 

ordinarily and, therefore, seeped into the Many holes. 

Another coat of cement of normal consistency was then applied 

to the roountinc, We have experienced no failures since the 

new technique was attempted, 

C. Given that the electrode can be maintained securely in place 

with normal weer and tear, we experienced some problems with 

regard to cable connections to the electrode in the experi­

~ental situation. 

l • The cable leading to the experimental box need not be 

heavier than that ordinarily used in rat research. The 

- 2 -
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blll.dllns: the dop golcg into and O\lt ot the Itxpert.aentl.l. 

11 tuatl00 I le~d to vork the electrod .. loon. Our 

IlllC:hor1ng procedure vas i dentical in eftry r"peet to the 

technique e~lored wi ttl rat., and tbat MY han been the 

probleD. Seldol! 1s electrooe rdlure experienced vi th It 

rat. We discus.ad lOme buic modification. 111 technique, 

but decided to illite another attempt vith the old proeedure. 

'lb.!8 tirr.e. however, the dos'. skull "'" roughed up vi th the 

drill In order to proTide "fl:rlps" tor the dental cetltnt. 

Another tai1\,U'e occurred. but t h!. ti .. ve did I)Ot la-e 

the electrode for ~r It wet. 'rbe nut attapt vas .ue­

e.16M. In addition to roughing U!I the skull, we driUed 

It nlftber of lull boles into, but not tlu'OI.18h, t he Bkull 

Md at an oblique angle vith ".nect to the skull surface. 

'lb. cel".ent vas applied at a IOdYhat looser eon.iltencr than 

ordinArily and, therefore, a.eped into the ManY holel, 

Another coat of cement of normal conal,teney val then applied 

to th@ frountine. We heve @xpe:ritnced no failures since the 

n@w technlqu@ Val ettempted. 

C. Given that the el@ctrode can he ltainte,1ned 'eeunl, in place 

vith nol'flllll weer aDd tear, ve tXfJeriene.d .cae probleu with 

l'@gard to cable ccmneetionl to the electrode in the experl­

Mntal si tuatiOll. 

l' '!'be cable le&diD& to the experlaentel box need not be 

Marter than tbl.t ordinarily uaed in rat re:.ea.reb. The 
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l • ( ~ODt I tl) 

extension leading from the cable end to the dog vas 

originally or the SP~e durability as the connector 

ceble used for rats. The first such cable lasted for 

about fifteen minutes before the dog tore it apart. 

2. In addition, dogs tend to attack even the most durable 

cable attached to their head by swee~inB their forepav 

over the top or their head and hittin~ a3ainst the 

cable. Several such "swines" is sufficient to break 

the el~ctrode connection itself, regardless of how 

heavy or durable the cable is leading to the connector. 

The solution to both proble~~ took several weeks to work 

out. In fact, we occasionally still have a dog who can 

tear our cable &l)art. When that happens, ue rebuild it 

and attempt to make it impervious to further attack with 

additional shielding. On the whole, the solution has 

been quite satisfactory and will serve us well as a device 

for the protection of the electrodes in the field. The 

dog is equipped with a standard harness which fits snugly 

but not too tightly. The cable from the stimulator is 

fastened to the harness. A connector cable runs from the 

harness to a teminal strip at the back of a plastic 

heb.et worn by the dog. The helmet is securely fastened 

to the top of the dog's head by a set of chin stra!)s. It 

serves to nrotect the im~lanted electrode in addition to 

the relative~v delicate connection (under the helr'et) 

- l -
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extension badin! t'r<* the cable and to the ®« vu 

originally 01' the I~ dU.Tab1l1ty u the eoueetor 

eeble used for rat.. 'l'be tint lueh cable lutM for 

about tift.an minute. betore the dog tore it apart. 

2. In addition, dogs tend to attack eYen the IDI)I;t durable 

cable attached to their hud 'by .veelllns their forepaw 

over the top ot their head and hlttln~ an_inlt the 

cable. Several such "lIvipel" 11 sufficient to break 

the electrode connectioo itself', re'!ardleu 01' bOIl' 

heavy or durable the cable 11 leadinr, to the e<lDDector. 

The tlolutlOD to both probllN took annal veekl to von. 

out. In rut, we occulonallJ stUl ba'" II. q vbo can 

tear our cable ape.rt. When that b.~na. \Ie rebuild 1 t 

and attef!:pt to aab it lq1eniO\ll to turther attack with 

additional sh1eldill8. On the whole, the lolution hu 

been quite satisfactory and. will .erve UI vell u a d,Tic! 

tor the protection of the electrode. 1n the field. The 

dog 1s equipped with .. Itandard hamell vhich tits Inll8ly 

but not too t1Shtlr. The cable f'l'0I: the Itil!lUll.tor 11 

fastened to the harnell. A connector cable runs fro. the 

bl.mel. to a te~nal strip at the blck ot I. plaetic 

be.lJo!et YOm by the dos. 'nIe hel.aet it securely t .. tenec! 

to the top of the dog'l head by a let of chin Itrapl. It 

aerYes to nrotect the illPlutel! electrode in add1tiOl\ to 

tbe ~leth~ly delicate cOllDtct101\ hzder the bell"etl 



c. (cont'd) 

from the electrode to the inside of the terminal strip. 

Arter the helmet was desi~ned and constructed in our shon, 

we have never had ad~ tear e connector troll! the il'lplanted 

electrode. In addition, paw sveeps across the top of the 

head do no damage since the cable runs flat alonr, the back 

of the dor,'s neck to the harness. Figures 1 and 2 shou the 

helmet in place on en implanted Beagle. The saddle ar­

range~ent on the dor, is for the portable stimulator end 

po'\orer pack. rJote, also, the connector in the technician's 

hand (Figure 2). 

D. The dog has not been a popular organism in the behavioral 

laboratory, Our experience with the species indicates 

that size and the inconvenience in maintaining the species 

are not the only factors. Our work with the do~ dates 

primarily from our entry into the new laboratory building, 

the summer of 1963. The problems we have experienced with 

the species to date and our solutions, where possible, will 

now be discussed. 

1. The dog is e. rather social animal. I have reference 

not so much to the dogs' response to other dogs, but 

to man. Dependenc1e$ a.."ld prefer~mces a.re easily es­

tablished and ciu~ interfere with the experimental 

procedure and even the experimental atJl"Osphere in the 

laboratory. We have found it nee es s ar., to prohibit 

unnecessary interaction between the dogs and the 

- I _ 

c. (coot'd) 

frOID. the electrode to the inside of the ter1llill&l. ,trip. 

Arter the hflMt vas de.l~d and eoaltructed iD. our .boD, 

we han neftr bad a dO(l: tear a eoaneetor t'roa! the il'lpleted 

electrode. In add1t1oo, paY I"'!!pl aeroll the top of the 

head do no da:rll@:e alne. the cable run. nat .10113 the baek 

of the dOfl;' II neck to the harne... Flgurea 1 and 2 aboll the 

bebet In place 00 ell implanted Beagle. The 'addle ar­

rlllSer.ent on the dOC 11 tor the portablt stimulator and 

power pack. note, allo, the connector in the teebDlelan', 

hand (Figure 2). 

D. 'nit dog bas nat been .. popwar orglllllS1:1 111 the bearloral 

laboratory. Our .~r1ence with the qleet.ea indieate. 

that Ibe and the Ineooyenienee ttl ma1ntainl~ tbe _peelea 

are not t he only factors. Our work vith the dO('; dates 

prh'l&rl.ly fro:ll our entry into the De'll laboratory bui1dift6. 

the lUl!lller of 1963. The problemJ ve bave ezperieneed with 

the species to data and our ' olutions, vhere polilble, will 

nov be discussed. 

1. The dog 1. a. rather aodal animal. I haTe reference 

not 110 IlUch to thl dog_' reaponlle to other dC/R', but 

to 1Ian. Dependenciel! lUId 1)reter.met8 are eal111 U· 

hblhbed and can interfere vtth the .~rll!llltlhl 

procedure and evu tbe experiMntal atl"!OlpMre in tbI 

leboratory. We ha"n tOUftd it neeeuar,r to prohibit 

mneeenary Interaction betveen the do«t and the 



- 5 -

1. (cont'd) 

personnel. 

2. The breed that we bee an our work with is the Beagle. 

The ste~ob!.rlc atlas by Lim, Liu and Moft"itt was 

constructed. on_ ~he basis of l-longrel and Beagle data. 

In addition, Beao;les ,.,ere easy to obtain.. The breed, 

however, does not respond well to punishment. Our 
I • • 

experience was that the dog shows a tendency to treeze 

and to develop "ince.paci tating fear" when subjected 

· to even mild nunishment. . ~ 

We obtained the advice of T.>rofessional dog trainers re­

garding their training techniques. The results or that . . 

inquiry were revealin~. .Almost unanimous was the advice 

that punishment is a valuable technique in the control ot 

· dog behavior, and that the Beagle is a poor breed for 

punishment training. The Terrior family was recommended, 

particularly the ,ure Haired Terrier. We have purchased 

two of ther and have compared their experimental food­

rewA-rded performance with that of our ne"·:-:les. ;10 si: ple 

conclusion was possible, but our stron8 impression was 

that the Terriers, particularly the one named "Rocky", 

were not easily intimidated. By compe,rison, our Beagles 

are much !'\Ore easily intimidated. He are continuing to 

work with both species, however, since our initial work 

on electrode place~ent had been done with Beagles. 

• 5 • 

1. (cont'd) 

2. The breed that we ber,an our york vith 11 tba Be~le. 

The Iten!GtaJdC atiu by LIm, Liu Ulel UoN'itt vu 

constructed on, ~be bub of' Ik:a.arel lind B .. ,le data. 

In additioo, Be~lll wtre .uy to obtai~. '!'be b"ed, 

however. doel not "apond well to !)UnhhMnt. Our , . . 
experience Val that the doS shovs a ten4eney to tr ..... 

~d to deTelo; "lnc!.p&Cltatins: fear" when 8ubJected 

. to awn 1I11~ putlilhlleut. 

We obtained the ad:n.ce of ~ror ... lonal do! trainen :re-o: 

gard111f( their ~n.1nlD8 techniques • . 'ftIe results ot that 

inqui!'J' wen n'9'(!&ll~. .Alr.ost unaci80Ul vu the .arlee 

that punisbaent 11 a valuable hc:hnlq~ in tbe: control ~ 

dog behll.rior. and that the Be¥le 18 a ))OCr brHd tOf 

punhlutent training. 'nit Terrior r ami!.v vas recomnendec!, 

particularly the Wire Haired Terrier. We haye purch ... ~ 

two of thefT' and have cOilpared their experimental food .. 

rev!'Irded pertot"ll8llce with that of' our Tlf! °';o: les. :/0 n.t: pIe 

conclusion Vall pOlllbl., but our strons ll11prelilon vu 

that the Terrier., partlcularl1 the one nu.d "Roeky", 

..,.ere not euUy intiaSdated. By COIq)arllOll, our Bell8l .. 

I&.r! I'IUch ftOre ... Uy inUddated. lie are cOll!.t1nu1.lle: to 

vort. vitb both .pede., h(Wnu •• ince our initial vork 

on electrode plaoelleDt had been done vith Beaele •• 



Figure 1 A teat dog wearing t~e protective helmet and saddle for 

the distance stimulator. 

npre 1 A. te.t dog yuring t~e proiecth~ h.elret Uld .addl. tor 

the diltance .ti.ulator. 
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Figure 2 The test dog. The technician is holding the _connector 

(fastened to the .dog's harness) which receives the 

stimulator ·cable. 

rtl\l1"8 2 'the te.t dog. 'DIe tecbD1c:lIn 11 holdi'ftl: tllt eCJDZMtc:tor 

(rutened to the ,dog'. harMII) whleh reeel.,.1 tbl: 

Itinulator ·cable. 
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Figure :! 
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Figure 3 and Figure 4 The experimental cage. The paw-press lever . 
is on the rip:ht vi th a food bopper on the lett ·• The cable 

can be seen in the c~e in Figure 4. The cable suspension 

system can be _seen in Figure 3. 

.. 

. . 

, , 

. . 

, , 

, , 

rtKun 3 ud Fisure It Tbe Uperl_Dtal e~. 'nw lIaw-pre .. le_r 

is OD the rlp:ht vi th • rood hC!'ptT OD the ltn.', 'l'M cable 

CIn be lee:D 1n tM cate in F1sun ~. 1'be cable .".pinI1011 

':rlt.. can be leen ill Pigure , • 

, ' 

" 
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Figure 5 A dog working for brain-stimulation revard. 
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III. '!he Electrode Placement 

The control ot behavior through brain-stimulation reward 

supposes our ability to place an electrode in a revarding 

area of the brain. Data from the rat and monk-.y otter the 

best starting points in a search for the rewarding area (s) 

in question. Our first attempts,implenting several electrodes 

in each dog, were aimed at the sent um, posterior hypothalamus• . . 

the rep;ion or the re4 nucleus (a placement which provi.ded 

SOJ'l\e of our most succeBSful "hot" positive rats) vere rather 

discouraging. Substantiating a findinG at
0 

Walter Reed with 

one dog, those placements vere weakly positive. Typical 

perfcrmonce in a paw-press situation was characterized by a 

very low rate of pressing (each press producing stiY'!Ulation) 

interru~ted by rather long periods of no respondi~ •. ne­

sron~ng, when it occurred, was f'requen~ly executed with _the 
. . 

chin from a _prone position in the box. 

As state~ above, stimulation in the septum, posterior hypo­

thalamus and in the region of the red nucleus gave poor· be­

havio_ral results on every occasion. Two hypotheses I each 
0 

s~gesting a course of experimental action, were entertained, 

A. The electrodes employed in these do~s were the same as those 

used in the rat vi.th re~ard to all dimensions except length. 

• The wire ( iridium platinwn) is 10 mils in diameter vi th a 

2-11111 coating of insulation. Two such wires are twisted so 

as to form a bipol_ar pair, with tbe insulation removed only at 

the very tips of the wires. The electrical ti•ld produced by 

" 
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In. h' neetro&!: Placement 

'!'be eoatl'Ol of' beIl.nor throu6tt brd.a-.t1nllltiora nvv4 

'\CIPOHII our ability to plAee III electrode in a rt'ItU'dlne 

uea of' tbe brain. Data troll tbe rat and .u.'1 otter the 

belt .tartlae point. In • searc:h tor tbe revar4i~ area (.) 

in que.tlan. Our tlrlt .tt • .pt.,l~laotlD6 .... ra! tLtctro4el 
, , 

in tach ~I vere ai_d at the .epta, poIttrior ~h&l.aUl. 

tb. re~on ot tbe red nucleUl (a placellent whith prorl,W 

SOllIe ot our !!Olt IUCC:."fUl. "hot" poelthe rat.) vaH rather 

41.eour~n8. SubltctiaUas" tladiDG at' Walter Reed vtth 

one dog, those plac:elllerrt.. wen veul1 poIithe. 'f1pical 

pertorwmce In II paw-pre ... it_tim yu chuuterhe4 by • 

wry lCN rate ot preulq (eacb PHil produe1D« .tbw.atian) 

Inte~ed by rather lOng periods of 110 re.pca41D{t • . At-

, ' 
chin from a,prone poeitlon in the box. 

All st.te~ &b01'fl, .tb.ulatton in tbe "ptum, pMt.~lor J:ttpo-. 

thalUIUI and in the regirm of tbe fed nueleWl RI .. poor' be .. 

hane,ral r.,ult. on e't'ery occa.ioo. 'l'vo hyPotbe.el, eaeb 

.~.ti~ II course ot experimental &etian, vert entertained. 

A. '!he electrode. IIItplorad in thlU d~' Yen the ...... thOle 

\lied in the !'It vUb resardo to all dj,lIItnaicu e:leept lnsth • 

• 'l'be wire (lrid1wa platiD_) 11 10 mill in ahater with a 

.. to f'brw • bi'POl,u' p&1r, nth tbe int\llatlcm l"UOYed 0Dl7 at 

the: wry tip. of the vire.. '!'be electrical n.16 p~ bf 
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A. (cont'd) 

such a bipolar tip is considerable in size relative to 

the structures stimulated in the rat brain• ·but it is much . . 
smaller relative to the size of the structures stimulated 

in the dog brain. Perhaps our failures were due to inaur­

tient stimulation. An argument against this hypothesis 

can be strengthened on ~be basis · ot monkey data; rat­

sized electrodes are quite adequate to produce strong 

behavioral effects with stimulation ot tbe appropriate 

brain sitea in mo~eys. 

~ • . There is always tpe possibility that the accuracy of our 

implanting technique leaves somethin~ to be ·desired. 

Certainly there is en~h var~ability tn the.s~zes of our 

do~s to give pause for thoughton this possibility. We 

.decided, therefore, to pay closer attenti9n to the 

variable of.dog size and to reject dogs that deviated 

outrageously from the limits specified in the stereotaxic 

atlas. 

Ase an attempt to evaluate· the first hypothesis I we employed . . 
one of our dogs· imp_lanted with three electrodes: septum, 

· posteri~r hypothalamus and· red nucleus. Stimulation at each 

of those · placements alone gave unsatisfactory results. We 

stimulated across placements, i.e., an entire electrode 

( twisted pair of wires) was· used as a single pole and · . . . 
another electrode ~as used as the other pole. stimulation 
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A. {coot'4} 

IUcb .. bipolar tip 11 eou14.rable in ,11.. nat! ... to 

tbe .tructurn .UINlat.ed 1D the rat braiD. but it 11 ncb. 

.-.J.ler "latiT, to the ,ii, ot the It,ruetun •• t1lNl.aW 

in the dog brain. Perhap. CNr ta11ur .. Yere _ to iuur· 

ahed electrode. are qui" adequate to produce It!'CGI 

behaTioral eff.cta vith at1mulatloa ot the ~roprl.te 

"raiD sites in ~el'. 

J • . 'nIere is alvlOT' ~ poalb1l1ty that' the accuracy of our 

h:plutiOS technique leaTeIl .~h11'1f1: t o be 'detired. 

CerhinlJ there it eQOUl!b .arhblUt,. til. the .• i,uI of OW' 

dog. to gift paule tor tb0U8bton thla ~sibllity. We 

.decided, therefore, to pay Clour attentl911 to the 

nriable of ' dog lize and to n J.et cloRe that cSerlat.c! 

outrageously troe the Ihdt •• pedtied in the at.reotaxic 

atlu. 

Aao an attl!lllpt to eruuat. thl tint bypothesi., we employed 
, ' 

one ot our dogl ' itnp.lllloted with tbree ebetrod •• : .ept., 

. pOlltul.or hypothuuus and red DUc!'UI. SU-.u.aUoa at each 

of thoae -place.-atl alone gan Wl •• tl.~aetory rerut.. We 

.ts..u..te4 across plaemnts, 1.e •• laD oUn el_etrotte 

(tvhte4 pall' or vir .. ) vu uaed .. !l siQ&b JIOle and 

IoDOtber electrode vas uaed u tbe otber pole. St1lnalatlCID 



.. 
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III, The Electrode Placement (cont'd) 

across about 10 mm, ot tissue from the tip ot the posterior 

hypothalamus placement to the tip ot the red nucleua placement 

provided our first glimpse of satisfactory lever-pressing 
0 • 

performance, The dog pressed at a fairly high rate, with short 

breaks. The voltage required, however, vu in the neighborhood 

of about 80-90V, Our usual stirnulator, a 100 cps sine-wave · 

audio generator, had to be abandoned in favor of a variable 

transfonier device capable of ~elivering the required voltage 

with a 60 cps sine-wave, We next attempted, with the same 

dog; to stimulate across the red nucleus and septal electrodes, 

. Arter about 2000 "ta.st" responses, conwlsions developed of 

sufficient severity to kill the dor,, 

Consistent with the above observati'ons, we felt that the best 

placement might turn out to be somewhere between the posterior 

hypoth_alamus and. red nucleus, Another dog ( Einse, by n~e) 

we.s implanted· in accordance with that deduction, but no success 

was obtained. 

While considerlna the. details of tne next attempt in the 

posterior hypothalamus-red nucleus area, we implanted still 

&r1o~her dog in an area we had not explored previously, In 

order to produce a larger field at the electrode tip, we 

spread the tvo wires of the bipolar pair so that the tips of 

the two wires were about 2 to 3 mm, apart. With the plane .. 

-11 -

In. '!bt Electrode Place.-t (c:cmt'4) 

aero •• about 10 •• of till. f10ca the tip ot the Poaterlor 

prorl4ed our fint /1:11 •• of •• thtaetory 1" ..... pres.1Z11 

pert01'!llllce. '!be ~ prell,CI at a furl)' hip tate, with .bort 
. 

bre.kI. The 'WOltllt required, hove,..,. vu 111 the ne1s:bborbood 

ot about ~90V. Our Ulual .timulator •• 100 cpa I!ne-nTe . 

audio generator. had to be abmdooed 1n t.YOr of & ftriabl, 

trlZ1.toraer device capable of .delhering the nctuired YOlt&&e 

vith • 60 cpa line-v'ft. We Den attetrJ)ted, with thl ... 

4og~ to stl!S1late acrw. the !'td nucleUa and .ept&l .l.et~ •• 

. m.r about 2000 ",..,t" n.pon .... eonru.lou a.ftl0pe4 01 

.utf1der¢ 5e\'eritJ' to kill the dOjf. 

~nl1J:teat vith the abaft obur.,.U'0!\.8. ". felt that the be.t 

place~t idp;ht turn out to be .a.evbere b.tveen the peaterior 

b.yJ)oth,al8la1l and, red Que!eUl. Another dog (lin .. , by 11~) 

Val implanted'in acc:or4ance vltn tbat deduction, but no lucel •• 

VU obtaiDed. 

While eonliderit.!: 'the, 6eta1:U of the nut attempt 11:1 the 

poeterior hn>othalaaa-red nucleu ana, ve imple.nted .till 

lZ1~her dog in lin are. we had not exPlored preYlou17. In 

order to proc!uee • larger field at the eltetl'Od.e tip, WI 

apretd the tvo vir .. of tbe bipolar pair so that tb. tipe of 

the tva viree were a'bollt 2 to 3 _. apart. Witb. the plane 
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III, The Electrode Placement (cont'd) 

of the spread wires oriented in the anterior-posterior direction, 

th~ electrode was implanted in the region ot the •dial torebrain 

b\llldle, The. stereotaxic coordinates~ with reterence to instru-. 

ment ,zero as described by Li!ll, Liu, and Hoffitt, were. anterior­

posterior, 20; lateral, 2.5; vertical 7,0. The dog was by tar 

the most satisfactory preparation yet. He was named Eureka I. 

Sustained lever pressing could be obtained using 100 cps sine­

wave stimulation vithou,t excessive voltage levels. Our working 

voltage is about 12-15V, peak to peak. The dog was tested for 

several days with no deterioration in perfor.nance, A question 

arose: should we continue to work w1 th Eureka I or should we 

sacrifice him for histological analysis? \~e decided _on the 

latter course in order to obtain information as soon as possible· 

with regard to the exact location of the e_lectrode tip. His­

tology has just been completed on that dog, and .our judgement 

is that the electrode . tip :was in the median fore brain area, 

perhaps in· the Campi Foreli, At the same time I another dog 1 

Eureka II was imp.lanted with the same coordin~tes and electrode 

. configuration, That another success was obtained vas immedi­

ately apparent. The dog was easy t? trai~ with moderate 

levels or· stimulation. In addition, his lever-~ressing per­

formance was characterized by high, sustained rates ~1th very 

small pauses, Following a ~ause, the dog would return to work 

with no priming (Le,, 'tree stimulation). Priming was almost 
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III. 'lb.. Eleetro4e Pl&cnHIt (e<mt'd) 

the: electrode vu illplmted in tile naiOD of tbt .41&1 torebraia 

bundle. 'l'IMI • • tereot.u1e cooJ"d1D.te.~ witb fttereDce to lutl'lr . 

.. nt ·zero u 4ncribd bJ' Lill. I4u, aDd !!ott'itt. were IDt.rior-. . 
po_tedor, 20; lat.nl, 2.5i ftrtle&l1.0. 'lb.. q vu by tv 

the lIIO.t nt1ttaetory preparation :yet. He v .. nIMd Jurek. I. 

SUlh.1ned Iner prellins could be obtained Ulins 100 epa .i,. .. 
vaft .Uzu.l.tion vithou,t ne ••• 1ft · TOltagl 1.."lB. OUr vo"iCl 

lITeral dql vtth DO 6tterioratica in perfor.IUCl. 'Q.\l8IUoa 

arcl. : ,hOl1ld ve continue to work viti Eurek_ I or ab0ul.4 \fit 

laerltice hi. for hl.tolosle&l an&ly1i" ~. decided ,CD tbe 

latter course in ~r to obt'aiD lnf~tlCJtl U loon u po .. lble- . 

witb regard to the exact locatioa of the ' ,lectro4a tip. 8i1-

t ology haa Just been c()q)lete4 on that dos. and ,our J~_nt 

is that the electrode . tip :VU ID the _diaa forebrain area, 

perhl!ll in-the Cup! rcrell. ' At the I" time. another 4C18, 

Eureka II vu illp,lanted vlth the lame cool'd1n~tea aDd electro4e 

.eontigUretiOll. That another IUCcetS vu obtaiced vu 1_41 .. 

atel,,' apparent. The dog YU uay t~ tra1~ vitb moderate 

lnell of st1m.laticm. In addlt1en, his leQr"-'DrelllQ1 J)4:r-. . 

•• ll !)&USes. rol.l.ov1ng a pause, tbe dOl would retum to vort 

vith no ' pr1.a1ng it.e., 'me lt1mulatlCl1). Prla1t111: v .. lIllIoat 
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III. The Electrode Placement (cont'd) 

always necessary vith the less positive placements used prior 

to Eureka I. Eureka II was given an endurance test: be was 

kept in an experimental box tor a continuous eight hours, 

During that test, he emitted 50,000 lever preasee, each re­

warded with stimulation. That response rate compares very 

favorably with the best performances qbtainable with rats. 

Eureka II was then placed on fixed-ratio schedules in which 

th~ response reqqirement per stimulation vas raised over about 

one week of testing. 'l'he maxiinum obtained was about 6o to 1 t 

but tttat performance became difficult to maintain, although 

we later determined that stimulation after each response (a 

return to continuous reinforcement) continl.lad to maintain 

hir.,h rates of response. The latter observatibn indicated that 

the poor ~erformance developed at FR60 was not due to tissue 

destruction at the electrode tip, but rather to the schedule 

requirement. Eureka II is still alive and healthy and we are 

continuing to work with him. _W.e will attempt to produce 

better. schedule perf'ormance by emnloyine som.e of. our techniques 

developed wi.th rats. 

Eureka III has been implanted; the coordinates were the same 

as those used vi th Eureka I and II. We have had aome problems 

vith Eureka III in that the skin incision has not healed 

properly, The area around the ele~trode remains wet and 

shorting or the electrodes is a continuing problem vi th him. 

-]9-

n I. 'l'he !leetro4e naee-at ( toIIt I d) 

IlVqI oecetMrf vitb tbe 1 ... pMit1we ,~t. UH4 prior 

to Eureka I. ZurIta II Val gt .. n an eD4Ul"1Dee t"t: be Val 

kept in ~ experimental box for a contiD\aI)UI; .18bt houri. 

During that tett. be -.1 tted 50,000 I..,., pre ....... eb re· 

warded vith stlr.rulation. 'l!Iat naponle rate eoapares "1')" 

favorably with tlIe be.t pertonance. qbta1nabla Yith ratl. 

Eureka II vu tben plied OIl tixe&o-raUo lehe4ulAI ta which 

t~ I'U!Xllile req~lreaent per Itl~&tlCC1. Val rd.eeI owr abogt 

OM week of tl'tin.!. 'Ihe IlUiJIUII obtaiaed vas ebout 60 to I, 

but Utat pertomnacl bee .. dit'f1cult to NiDtain. altbOUSb 

wIater detel"ll1ned that at1J11illetlcn &!ter each l'ftpacaa (. 

return to e~hl\lOUB relntorenent) CODtbn.ad to lIl1ata1D. 

high ratH at reapenle. 'I'm: latter oblerfttibD indicated. tbat 

the poor !)ertol'llaZlee daYeloped at l'R6O vu not au. to tl .. 1.Ut 

cSeStructlCfl at tbe electrode tlp, but rather to thl IcheMe 

requiremnt. Eurek. II 11 'till alive and healthy cui we are 

continuing to vorll: with him, We ¥ill att_pt to produce 

better . schedule perfOrMnCI by eB'Dloylftt lome of, our techniquel 

de'ftloped vt.th rats. 

Eureka III haa been l~laDtedi tbe coordillate' ¥ere the ... 

aI thOle uted vith l:Ilftka I and II. l't ha", had leal probleM 

vitti Eu.."eka III in that the IUn InciaiOll haa not healed 

properly. The area around the d.e~trode Hma.1D. vet aDd 

.borting ot the electrode. is .. cOlltinuiDl p1"Ol»1 .. vitb hi •• 

" 
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III, The Electrode Placement (cont'd) 

In the absence of shorting his performance is very much like 

that of the first two dogs in his series, Ji'igure 3 is a photo 

of the dog test cage, The cable suspension system can be seen 

above the cage, Figure 4 shows the interior of the test cage, 

The paw-press panel is on the right, and the food hopper is on 

the lett, The cable can be seen as well as the helmet and 

huness assembly, Fi8UJ'e 5 is a photo of one of the test doge 

actually working. The fact that the presence of the photogra-

. pher did not distract the dog attests to the potency of brain­

stimulation reward, 

Our next task will be to obtain a reliable aversive placement 

in the dog. The control of behavior in the field, particularly 

the developnent of such control during training, will veey 

likely require some degree of punishment for unwanted behavior. 

The actual degree to which punishment is required, if at all, 

remains to be seen, Our feeling is that it would be better 

to determine the aversive placement now, while we are thinking 

about placecents, rather than to return to the placement problem 

later when we are primarily engaged in later aspects or the 

work. 

IV. The !)is tance Stimulator 

A crucial aspect of our work involves the use of a portable 

sticulator, capable of being carried by a dog, and triggered 

by a radio frequency signal, The design and construction of 
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III. '1'he nectrode Pae.-tt (cont'd) 

In the abeenee ot mortin« bb pertoNIDee 1a .. ry III1eb. lib 

that ot the f'i"t two top in bll .. rl... 1"1SUf": 3 11 • pboto 

of the dog tut tap. Tbe cable ,,.penIiOll .,..tem ean be ten 

,boTe the cage. J'1gun 4 thaw th~ interior of the t •• t tIP. 

"n111 pav"PHIlI panel 11 OIl the r1sht. and the food hopper it CD 

the lett. The cable CaD b, •• en U vlll ... the h,lat uul 

hun ... useabl1. P1t;W'e 5 11 a photo of one of the telt cIosa 

Ictuall1 vorkine:. Tbt tact that the prulnee of the pb~n­

pber did not dittrt.Ct the 40s att .. ta to the potQCf of braiD­

itaulat.lon revarcJ.. 

Our next taak will be to obtua • reliable ... raha placnnat 

in the <108. 'lb. coatrol of -o.barlor 10 the Nlld. pvtieW.ulJ 

the denlop1'll!nt of IUcb control dur1ng tninl~, vill '#err 

likell require sow desree of pun1s~nt tor unwanted beh,rior. 

The aetual desree to which punhlllllent is requirec1. it at all. 

1'8111lint to be .no. Our r.,11D8 11 that it YOU1d be better 

to determne the ,veniTe place_at nov f while ve are thlnk1nli: 

,bout placec.a\I, rather than to return to the place.tnt prObt.. 

later when we are pri.arily easase4 in later .. peet. or the 

vo ... 

tv. '%'be Di.tADce Stbmlator 

A crud,&l aapect of ov volt iDYO}"'" th. utI of a portable 

IUaUator t cap.ble or belas c:vried b:r a d~, ID4 tr1gerecl 

br .. n410 ~_ftC1 lip&!. 'ftl • .s .. isn Mld coaatrucUcm of 

\ 



IV. The Distance Stimulator 

that stimulator unit was assiened to the then Diamond Ordnance 

Fuse Laboratory, now the Harry Diamond Laboratory or HDL, The 

unit as designed vas capable or delivering 100 cps sine-vave 

stimulation at levels useful with a dog, The unit had two 

indepen.dent channels so that either or both of two electrodes 

could bei stimulated. Delivery date vas scheduled as 1 July 

1963. Contact between our laboratory and HDL was maintained by 

our electronics consultant, r~. Irwin Schpok. His f'aciliarity 

with our requirements and his ability to evaluate their progress 

was a ma\-1 or factor in obtaining the unit. A number of di ffi­

cul ties were experienced on the technical end-they were evalu­

ated and vhere necessary, design changes were made to expedite 

the ,-·ork. The unit vas delivered along with the transmitter 

about Octobe~ 1963. 

When Eureka II proved to be a dog capable of good perforlT'ance, 

it seemed natural to subject the HDL stimulator to an extensive, 

indoor test by placing the dog in the experimental box with the 

stimulator on his back and the transmitter so arranged as to 

fire the stimulator on a lever ~ress. In setting up the test, 

lt becair.e apparent to Mr. Schpok that the stimulator unit was 

not function1.ng properly. It has been returned to HDL for the 

appropriate modifications, and we are awaiting its returr1. 

We had prepared a ''backup" unit to cover just such a contingen­

cy. The unit consists of a model airplane, radio control 

i . 
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IV. The Distance Stilllllator 

that 'tll1Ul.ator lmit vu uaimed to the then DiUlClrld Ordunee 

Fuae Laboratory. nOW' the Barry Dlaacnd L&boratory or RDL. "nle 

unit aa d.el1gned vaa clpable or deUTlril\8 100 epa line-vaTe 

at111UlatlO1l at leTela u .. nu with. dos. The unit had tvo 

independent channel •• 0 that either or both ot two electrod •• 

eould ~ stil!!Ulated. DeliYery date vu .eheduled u 1 Jul1 

1963. Contact between ou.r laboratory lind HDt \ItI.I wntuDed br 

our electronics coalultlUlt, ~. Irvin Sehpok. Hia tuUiarity 

with our requireMDta IZld hit ability to 'Yaluate their Pr<l8l'H' 

vas a lI&jor factor in o'ttaUttll!; ttl. Wlit. A. number ot dim­

cultiea v@r'e experienced on the technical end-they vue .. 1l\P 

ated and Vbere necessary, design chanee:a were Mde to eXJ!ed.ite 

tbe l:ort. The unit vas delivered alocS vith the transmitter 

Ihout Oetobe~ 1963. 

When Eureka II PraYed to be a dO!; capable of good pertonance, 

it sealled natural to subJect the HDL stiDlulator to an extenlhe, 

indoor test by pladD£!! the 40@: in the experimental box vith the 

'timulator on hi, back and the tranemltter eo arranged at to 

tire the .timulator on a !eYer :orese. In e.tt1118 up the teet, 

It beeu::e apparent to lir. 8chpok that the etlaul&tor wit vas 

not f\metlodng properly. It hu bHD retUl'lled to HOL far the 

I.ppropriate lIOdlt1cations, ... 4 we are avalt1ng it, return. 

We bad prepared. "backup. \mIt to cover JWlt e1lth • contll16e­

ey. 'l'be ualt consllt. ot I. IlOCld a1~len. , ra4io control 



IV. 1be Distance Stimulator 

transmitter and receiver. The receiver is built into a small, 

portable ca!)acitor-discharge stimulator. The indoor test with 

Eureka II ui ll be conducted vi th our unit so that procedural 

details can be worked out prior to the return ot the HDL unit. 

If the HDL unit continues to be unreliable, some other ar­

rangement will have to be !!\&de in order to obtain a distance 

stimulator capable of meeting our requirements. t·~e do not 

anticipate that our home-made unit will have the durability or 

versatility for field work. 

V. The Next Steps 

As indicated above, our next step is to obtain a reliable 

aversive placement in the Beagle. In addition, ve a.re at­

tel!!J)ting to locate our positive r.>lacement in another breed, 

i.e., the Terrier. 

In general, ve are in a position to pursue several lines of 

research simultaneously. Up until the positive !)lacement 

was located, our work was restricted to a search for it, 

paralleled by our rat work regarding the maintenance of 

behavior. Now, however I we can proceed with detailed investi• 

gations into the properties ot brain-stimulation maintained 

behavior in the dog. In order to expand our work in that 

direction, we are cutting back on the amount or rat work in 

the laboratory. Some will continue in order to provide for 

the discovery ot nev information and the development of new 

- 22-

IV. 'nle Df..taDce Sti.a&tor 

trmlmtter cd reedftr. ft, "cthar 1. built into. -ti, 

portable c&!)aeltol' •• dllcbvp ,ts..ulato!'. Tbe indoor t .. t with 

Eureb It vill be conducted with our unit '0 that proe.cballl 

cSeta1l1 can be wru4 0\It prior to tbe retUl"ll ot tbe mx. .t. 
If thlt HDL unit cmtinue. to be unreliable, .eee other II'­

r&nglll:ent will haTe to be NdI 1D. order to obtain • di.tll1C • 

• thlll.ator capabl. ot IIIHtiDr; our require_nt.. V, 40 not 

anticipate that our h~M4I unit will h&Ye the durabiUtY' or 

.. rllltility for field yort. 

V. '!'be lint Steps 

AI indicated abaft, our out ,tep 1_ to obtain & rellabl. 

avenhe pluellel1t 1n the Be861e. In addition, ve art at_ 

tew!ptlng to locate our poelt1Te pl.aeuent In another breed, 

i,e., the Terrier. 

In Itell.ral, ve are in a post tlon to pursue .,vera! line. ot 

relearch dmultan.oualy. Up IIItll the pol1tive !l1aee.ent 

va located, our work 11M rettricttd to • search for it, 

parallel.d by our rat vort: "sardina the mainttncee or 

behaTior. !low, hovenr, we elll procee.d vi th cMt&iled InYuU .. 

S.t1on. into the properti •• or brain-.tl.ulatlOQ ~nta1ned 

bebanor in the dos. In order to ezpand OW' YOrk ill that 

cllrecticm, va aft eutt1~ bad em the UIOUDt or rat vorlr. in 

the laboratory. 80Bt rill cOIlUnut in order to prm'idlt tor 

the dheoYery or nev iJlronattOQ and tbe 4eftlCIpIIeDt or 1:1., 



V. The Next Steps (cont' cl) 

techniques. 

The q_uestions that ve vi 11 pw-eue in the near future ue: 

A. Are the techniques developed to maintain subat•tial 

pertormances with the rat adequate with the doflT Ve an 

nov at tacltiDR this queation vi th Eureka II. 

B. What are the coorclinatea ot a reliable aveni ve placelllllt 

in the dog? 

c. Since the control ot bebaTior can be resolved in large 

measu:e to the problem ot etimulua control, ve are 

undertakine; a aeries ot 1titmlua reneralization ancl 

discrimination studies, ransins from simple light on­

lir,ht otf deliGDB e1PPlOJiD8 brain1timulaticn reward 

8Ild/or punielment to 1110re complex matcbln~to-aample 

studies. 
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