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;prﬁgress migh"be made 1n tﬁe detecttbn and rémediatian af certain “
learning and memory disabilities!: A-pnew technique vwhich has been
developed T Mse in this blochemleal quest is the "memory tramsfer"”
or "behavioral bicassay“ methodology, which Ys_ar extension of the
bilologlcal assays thch have played important roles in’ the discavery
and study of maggf blochemical systems (hormones, vitaminsJ neuro=- -
transmitters),.-The behavioral bloassay uses the behavior . qﬁjreeipi;

. ent animals _}o™ ‘detect whatever chemlcals are synthesized in the brains

'i—;-ﬂf donor animals during learning. The present research,attempts to

*jdeline;té the 1imits-to which the bloassay may prafitgbly be "extend~

" Ved’ by, studying 1tsébéhav$aral 'specificity. In four expériments, 1t ' .
was shown' that the’ behavioral biloassay effect is stimulus speeftic T

(conveys spegif»” infurmatlgn about the particular cues used in ‘donor
tgalﬁfgg), resF‘nSE specific (béhaviaralggutput coding’ 1s SPEEifié; :
: ¥Z the same responses the donors would have made), pro- -
(/ (progesses withifh the same task, 8.g., acquisition: and
transfer independently and speglfiéallyS' and task speci-
fie (bfainvextracts from donors-trained on one task fgcilltate Jearn= "\,
ing of racipiénts in different tasks as a fundtion of their simllarity
{0 the original.donor task), Strong support is provided for the
/position that the information conveyed via brain extracts.ls quité

critics: hgvefargued. Results indicate the apprnpriaténess of the
method for the:study of impgrtantzlaarning and memory phenomena,
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Intréduction gf !

A centrsl prablem in edue&tian nnngerns the btaeheiical b;sls

ar'nf_laarning ‘and memory. Ifyblochemlaal substratgs and mechanisms euuid
. be Adentified, progress might be made in the de a&%inn-and ramadiatian :
~of certgin learning and memory aiggbilitieaa- B

which increasingly suggests the” importance of ' blochemlcal and ngtghall
errors in mental retardation (e.gs, PKU). When' the faulty mechanisns

 are understood, the chemical deficlencies may be cofrgeted by dletary ot
‘or othen means;.and the retardation may be prevented, It is quite - .

11kely that certain learning disabilities .and ‘memory or ‘attention de--
ficlencies have metabollc bases, The research described herein hope- . .
fully will aid in a more repld understanding of not only normal but ah-;
normal biochemlcal substrates involved in ce;tain typg; ‘of learning and:
memory, If normal mechanisms are understood, fau ulty Blochemical praazsﬂ

' cesges miy be discovered, opening.the. paggihiiity of correcting meta-. .

quest for blochémical substr&tes’af 1earﬁ1ngfand memory 1s the so-called.

on

‘chemically specified.

‘represents an extension of the blological ‘assays which have played im-

- bollc defects and resulting in increases in learning and femory ability.

Ways might also be found to increase even normal. 1aa:ning and- memary

- funetions in blochemical ways, ' More specifically,:the research pragran

described herein delineates the: 1imits to which we:may- profitably ex-
tend blochemical theories of learning and memory by determining exactly
the 1imits of coding possibiliﬁies in ﬂhiah enviranmentgl events are

An exciting new teehﬂiqus ﬂhich has been develaped for use 1n the

"memory tranafer” or "behavioral bloassay" methodology. This methodology
portant roles in the discevery ‘and study af ma jor. blochemical syatems, vs
being used whenever a chemical process was. Euspacted But- the nature of
the substance involved was elther unknown or inaccessible to the chem- .
1cal or physical means of detection avallable at:the time, Biloassays

‘were useful in the discovery of the hormones, vitamins, &nd neurotrans-

mitters, Similarly,.bloassay techniques would be expected to be useful .
in the detectlon of chemicals and chemieal ayastems involved in attenticn,
learning, and memory.

Whereas the traditional biaassay techniqua empluys a physlalggical
indicant of the presence of a suspected chemical (edg., contraction of
a smooth muscle preparation), the behavioral bloassay procedure lnvolves

‘measurement of the overt behavior ‘of an intact 1iving organism, Here,

information eammunicatgd to donor animals results in the appearance of
new behavior, When the new pattern is consolidated, the brains of the

 trained animals are removed and an extract of ,these bralns is administer-
‘ed to nalve reciplent animals, If the braln extract contalns the infor-

mation in a chemical code, the reciplents should exhiblt behavior simil-
ar to that of the donors without ever having recelved the origlnal in-
farmatian in a direct, experiential way, It them bécomes possible to '
usg thls behavior as an assay to gulde the successive steps of i1dentifi--

- ca 1an, puriflaatian, and synthssis af the active auhﬁtance Qr Eubst&nces.

may be delineatad. Radinactively 1abeléd farms of thpsa chemlcals may

be traced through the nervous system and ‘tHelr loci and mechanisms of ac-
tion may be discovered, The ultimate outcome of guch reseagych would be
an understanding of the manner in-which information becomes caded,

. 8tored, and decaded and used in the brains of the donor animals,

- * v !
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ﬁhenamanan cancerns 1ts :eality. The behaviaral biaasaayixas firﬂt usad

A the study of “transfer of learning" in planarians by McConnell in - ,
' 1962, ‘In 1965, the phenomenon was successfully demonstratél at the mam-

- -mallan level (Fjefﬂinsifad Nissen, and Rfigaard-Petersen, 1965; Jacop-
. son, Babich, Bubash” akd Jacobson, 1965; Reinis, 1965; Ungar and Oceguera-
~ 'Navarro, 1965). Most.recently, the methodology has been extended fo :
" goldfish (Braud, 1970; Bryant, Santos, and Byrre, 1972; Fjerdin',ta&
19703 Ungar, Galvan, and Chapouthler, 1972; Zippel and Domagk; 1969). Al-
though the realjty status of -the phenomenon was at first quite question-
.able (as a result of fallures to replicate some of the earlier work), it -

" 'now seems-as though thé reliabllity and replicability of the phenomenon

is firmly established. At the time of the present writing (April, 1973),
~at least thirty-four indepgndént)laberatories are reporting pesitive re-

. sults, A number of neeessary conditions for a successful hehaviarsl blo-

'Sjal variables,

. assay have only recently been identified, It can now be shown that in.
- the early fallures to replicate, thesé essentlal conditions wepe not met,
Thus, the various negative results can be understood in terms of the ex-

r_'perimente:s feilure to follow the "recipe” necessary for a successful A

. experiment., The reclpe is complex because it lncludes not dnly hahaviar=

out physielogical and blochemlcal variables as well, T

Optimal values must be selected for each of the following parametersi
(a) appropriate selection of species and individuals within.species, (b)
assessment of pre-tralning pehavicral preferences and response bipses of
both donors and recipients, (c) cemplete specification of the or isms'
internal and external.environments, ¢a) adéquatz‘danqr training, ’) ap-

" propriate tima must elapse following the donor's last tralning session
before sgcriflcing. (f) proper blochemical extraction procedures, (=)
~proper dosage of brain extract must be injected Into recipients, and ( h)

- appropriate post-injection testing intervals must be used, It may be
shown that ip the early reports of negative results, the experiments fall-
ed to satisfy one or a number of the critical conditions fust mentioned
(eeg., donors were not trained long enough, brain extract\lggss were too
low, testing was done only once and too soon fallaﬂing injection, the
motivational state of the reciplents did not matth that of the donors,’

.etc.)s For detalls, -the reader is referred to flve excellent recent
summaries. (Adam 19?1; Byrne, 1970 Fgerdingstad 1971 Hoffman. 1971;

Ungar; 1970). | . g

g;gchemieal Specificify

N A second majcr questlcn about the behavioral hicassay ﬂoncerns its-
chemical "specificity. Ungar {1970b) suggests that different molecules
ive assoclated wilth the learning and memory of dlfferent‘tasks~ and that
these molecules are probably poly’ éptldes. Ungar reports that the ac-

" -tive materials extfacted from brailns of animals ledrning differenht tasks

" have different pfoperties in terms of. their dialyzability, partitioning

“4n grganic solvents, noleculatr size, sysgeptibility to enzymlc destruc-

- tion, ‘etcs Ungar and his colleagues are not in 'the process of identify-
.Ang the amino acids and the sequenceg of thegé—amlng ‘acids in the active
‘material from brains of rats and fish trained on different behavioral ~
tasks such as: morphine tolerance, sound habituation, black-Bdx avoldance,
blue-avoidance, greensavoldance, and learning of a new swimming sid1l by
fish. whose buayance has been altered, Ungar, Desiderio, and Parr (1972)

™
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T have glraady already idéntified the EEquence for the mclecule 1nvolved -

- in. tha black-box-aveidante task, and have syntHesized this ecule which .

' has ‘properties (both chemical and behavioral) identical to those of the .
" natural substance, Thls substance has bgen named “scataphobin ("fear ‘
. of the dark"), - Research 1s now in progress. in Ungar's lab which involves
‘, tésting altered forms of the molecule and tracing isctapieally labeled
forms of scotophobin through the neryous system, Biochemlcal-techniques
. have been developed which now allow the detection of small quantities of
scotophobin in the brains of individual. animals,. Very recently, a mole- .

" ecule assoclated with sound habituation has been isolated and now avalts |
synthesls, The biochemical speeifieity 1ssue wlll be Pesolved only when
-a-large number of behavior-linked molecules have been successfully syn-
thesized‘ tested in a wide vhrlety of situations other thah that in which .
the donors had been trained, and found to selectively affect certain be-
haviors but not others. Ungar and others are :apidly appraaching this
" goal, . o \

=

; . Behgviq;gl Specificity - L - ) ‘;&'

2 tKird general question coneerning the behavioral bioass&y phen-
- P amenan 1s its behavioral speciflcity. It 1s towards this’ question that o
;o the prezent work is directed., One "interpretation of the behavioral bio- .
assay 1is that the chemical changes observed are non-specific), 1.e., the
material synthesized in the course of 1earn£§§'ls the same, respective
B of the.information aéquired. On this view, the same chemical 1iX produc-
k;sﬁ;ﬁ : ed whenever-any learning 6ccurs, rega:dless of 1ts nature, and the chem-
; lcal ddes not encede any particulatr 1nformation. According to this in-
terpratatian, reciplents injected with brain extracts from trained donors
Would be expected to learn an any tasks more rapidly: nonspecific. léarnlng
and memory processes would be facilitated, This poss 1bility could not ! v
be ruled out in the early biaassay}designs in which reclgients were test- N
ed with reinforcement (i,e,, they were trained) on the very tasks learn- .
- -by the donors, At theilr very best, such experiments could demonstrate
‘ . only that learning might be facilitated; the results would have no bear- - . .
1ng on the problem of specific coding of information, _ ¢ :
An alternative hypothesis“is; that specific blochemical changes occur
Wwith different types of learning; the biochemical changes encode specific
acquired information in. some way. On this vliew, reciplents would evidence
appropriate performance only on the very same task on which the donors
Were tralned, and they_should show appropriate behavior even without re-'
inforcement (i.e., without training). To adequately test this specificity

) hypothesis, two experimefital conditions are necessarys (a) tfib reciplents
TR .must be tested without reinforcement, and (b) the recipients should be
- : tested on a variety of tasks differing in their simila®ty to the task

on which the donors had been trailned. Both of these condlitions must be
v Eatisff§37i?#the nonspecificity interpretation is to be-ruled out., Con-
_ ditlon (a) has been met in several experiments involving nonreinforced |
. . testing procedures (Braud, 19703 Fjerdingstad, 19703 Ungar, Galvan, and
Clark, 1968), Results 1ndicate that reciplent animals perform appropri-
P ately to the cues of the situation Wwithout benefit of direct training.
N However, one could still argue, in the abséice of condition (v), that’
+"trained brain" extracts might simply result in some sort of "sensitiza-
tian" of the recipientg tc a vafiety Df cues, Reclpients might over- or
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B Hés able to show that recipient

- ber,- the extant cross transfer stu

. ed by_the danurs. 1t might b& erraneausly concluded that specifig infarm-

- atlon had been transferred, To deal with this pcssibility. "oroas trans-
fEf":StudieS are neéﬁed in which teciplents are tested iﬂ Eituatianﬁ oth-

. er than that in which the donors were trained, - R §

_Very few cross transfers have been reported to date ™ Ungar (1967) -
Jtreated with brain extracts from donors
hahituated to sound showed habitugtion to the sound stimulus only; thelr
startle reactions to an gir-puff were still present, Conversely, mlice

"injected with material extracted from brains of’ alr-puff-habituated ratE -;;

showed habituation only to the air puff. Ungar (l??Qb) has obbailned in-

. tereating results in an experiment involving cra%s transfer between itwo,

passive avoldance. situations, One group of donor rats was tralned for
dark avoldance,while another group was trained for the avoldance of
step-down from a small platform to a wider grid-floored area,, Elgstric

" shock was.used in training both behaviors. . Reciplents of brain material

from dark-avolding donors exhibited "fear of the dark" but their step-
down latency was unchanged. s Conversely, mice gliven gxtracts of brailn -~
from donors trained to avold steppipg down had a markedly increased step-
down latency, but nﬂ avolddhce of jg dark, Thus, while very few in num-
es de—stmongly suggest specificity.
. In the present\four experiments, ghe specificity issue is investiga-
ted on a variety of dimensions and in a more systematic manner., First,
process specificity is investigated. Is the blochemical z%gnsfer effect

specific to different processes within the ‘same task, e.gz., are atquisi-
ticon and experimental extinction of some given response transferred in-
dependently and speecifically? .Second, response s ecificity is studied,
Will recipients make only the responses the donors have learned, or will
they exhlbit other hehaviors as. well?- Stated otherwlse, what sorts o ,f
response differentiation and response genéralizatinn will be shown by

of output cqding 4in molecular terms, Third, stimulus specificlty will

be conside . H%re, questions such as the foellowing dre answered: how
closely does recipient behaviar exhibit control by the actual stimull usg
ed in donor training? what degree of ‘stimulus generalization and dis-
erimination is shown in the, recipients' behavior? can very fine'dis-
ceriminations be shown within the same (visual) sensory modality Ql.en.
discrimination of very close wavelengths)? Finally, the, task specific

ty of the behavioral bloassay phenomemon is studied. . Do reciplents pdr-
form appropriately only on those tasks on which the™ ddnors had been train-
ed? What degree of discriminatlon and geﬂ?&gllzatio will be shown? -Do
reciplents show 1mprovement on\tasks very similar to the donors' train-
ing task and shcu ng 1mproveme;¥?cn very different tasks?

" the recipligts. Here, results are relevant to the degree of specificlty

Methods

Experiment 1: P%aeeés Specificit? of thé,Eehaviaral EiaaSan

In a-prévicuf ééﬂEf (Braud 1970), it was shown that extracts fram
brains of donors giﬁen acquisition training in a two-way active avoidance.

"task significantly increased the. prabability of avoidance responses in
nalve reciplents when the latter were given nonreinforced test trlals

fcllawlng injection, Similarly, extinction was facilitated in recipients
of extracts from brains of extingulshed donors, <?HQ possible eriticisms

'cf that study arej (a) perhaps the extracts, rather than pravlding some

4.
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sort of information for the reciplents, merely facllltated learning of

the appropriate tasks, and (b) perhaps elther the facllitation or. inform-
ation ‘provided 1is gggggg;renough to affect behavior on tasks other than

- "the ones on which the approprlate donors were trained, - The first argu- .
‘ ment may. be dismissed since reciplents were tested in the absence of any

. ‘reinforcementf{ thus learning, 1n any of the usual senses of this temm, . &
o was prevented, The experiment reported here bears on: the second crit)-
s - eclsm, Evidence is presented which suggests that brain extracts affect

o reei?ient performance selectivelys facllitating™the process cdrrespand- .
1ng ta that active in the dcncrs _but not facllitating an antaganistiu :

, Subiects. The subjécts‘gere 120 commﬂn Gamet goldfish 7¢5 = 10,0 N.
- : em, in _body Tengthi, obtained from Ozark Fisheries, Stoutland, Missourl, .
. ‘The fish were maintalned in the laboratory for seven days before the - .
LI -experiment began; maintenance conditions were identical to those des- e
crlbed by Braud 11970), Goldfish were chosen as experimental animals '
 because of theilr uﬂlque advantages in bahaviaral and blochemical résearch

(Braud 197ob), e o : . \
. ratus, -The tralntﬁg/testing apparatus was a clear plastic
™~ A aquatls Shuttle—box, equipped wlth completely aytomated stimulus present-
ation and fesponse recording devices; see Braud (1970) for a de tailed
fge‘ description of the apparatus, The bax was programmed so that a fish
o might terminate or avoid a pulsed 9 V de electric sheck by. swimming from
the light +6 the dark ccmpartment-, ; : .
Procadurs. A group of 24 dmna: fish was given 11 days of myoldance

acquisition tralning in the shuttle box., .On éaqp day, 20 training trilalg
. were administered,. A trilal consisted of a' 1225533. presentation of light
in the compartment occupled by the fish, then a 12%-sec, simultaneous
presentation of 1ight plus puised Shock then a 35-sec, perlod of darknesa
and no shock, ' Light- and shoc affaets were response-contingent, A o
.second group .of 24 donor fish w given 11 days of avoldance acqulsition
training followed by 7 days of extlnctlon tragning. 'Twénty extinction
trials were given dally, in a paradigm identical to. that used in acquisi-
_ . tlon tralning, but with shock omlt{eds A third group of 24 donor- fish
= - “was never exposed to the apparatus and served as a nalve control. - Donor
‘animals were sacrificed 20 hr, after their last session, theilr brains were
‘quickly -removed, and an RNA-pratein extract was prepared by the cold
phenol method, A detalled description -of these physiological and bio-
chemical phases 1s given by Braud (1970). The lyophilized extract was
. concentrated so that a single 40 ul injection would contain 1.5 brain
equivalents of materlal,
- Recipients of the three different extracts were tested under one
of two different conditions: acquisition testing or extinction testing,
l'or acquisitian testing, 24 reciplent fish were randomly assigned to
three groups of elght animals, The animals were injected. 1ntracrania11yf
(see Braud, 1970,.1970b) with 40 ul of either acquisition-traided, ex-
tinction-trained, ar controlxianog brain material-and were tested 24,
48, 72, and 96 hr. following™injection, Testing consisted of 20 daily
nonreinforced (nonshock) "acqulisition® test trials. Both injection and
testing were done blinﬁ., An "aVoldance" was_ahy response nccurring with=

=5

in the first 12} sec, oif light pfr"*ﬁntaticm; v .
l'or extinctlon testins, 4 recipicnt fish' were assisned randomly tg__
: . ; . P
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T . th:ea g:aups of eight animals. These groups ‘Were given three dgys of T
) level ﬂf apprnximgtely 65 % earrect &valdanees. Thls iﬁtermediate
- tralniﬁg level was chosen to allow cunsidarable roem for both improve-
T ment apd deprassiun of performance, As may be seen later in Flgure 2,

. the three groups did ngt-differ in acquisitforf rate, 'Twenty<four hre -~~~ .
after the last training sesslon,~thege reciplents were injected intra-
cranially with 40 ul of elther acquisttion-trained, extinection-trained,

... 'or control donor brain material and were tested 24 48, and 72 hr, fol- .
e lowing injectioh, .Testing consisted of 20 dally nan:einforced (nonshock)
"extinctlon" test trisfs, An avoldance response was as défiﬁed abgve,
N Again, both ingectiun and testing were dane blind.

bxgerimént 2t Respnnse Spéciflcityfbf the ‘Behavioral Eiaaasax

This second experlment is concerned with another aspect of the *~ .
specificity issues responsg specificity. The experiment was cnnduétéd\ T
at the same time as Experiment 1 and 1s presented in the same Jlgure;” . ’
hgwever. 1t will de dlscussed as a separate experiment in ordfér to facll--

- - - itate communicatlon, At issu® is the importance of the animal making R
3// ' a partlecular resPQnse during training, When confronted with the stimulus
conditions of Experiment 1, most donor animald learn quickly and well,
However, a small number of animals do not make the "correct" (hurdle—
= f4 crgsslug) response, but rather engage in some "Incorrect” ‘behavidr.such
- ds swimming away from the hirrdle and inko the lighted end ‘of -the compart-
~ment} Because of the brevity of the shock perlod; such incorrect behav-
ior /nonetheless will be reinforced by shock terminatlon and will be ac-
. ‘ quired superstitiously. Such "nonlearners” are usually discarded from
~ - an experiment, but this time they were accumilated and constituted a
o special donor group. It 1s important to note th§t these ~animals are not
unable to-learn (i.e,, they are not "brain-damaged" in some why); they
fsimPly learn something ‘other than the correct response, It can be shown P
that .even these animals are capable of learnlng the correct response: ’
1f the shock period is lengthened, the superstitiously acquired behavior
ﬁili he puhished cons istenily gnd Hill aventualiy be répléced by the

i . -

7 ting and avaiding shack The 1nt€resting thing abcut the nanaea;ner
! © ¢ group is that 1t serves As an effectivescontrol for a test of the im- o
portance of making a . particular response in a given environmental setting. Lo

Subjects. - Subjects were the same 60 fish used in the firsi phase
of Experiment 1, plus 20 additional fish, -Supplier and maintenance con- -
ditiong were 1dentical to ﬁhase repgrted above,
Apparatus, The apparatus was the game shuttlesbax described above,
. Procedure, Along with the a:quisitian ‘and extinction donors train-
~ed in Experiment 1, a group of 12 fish: were glven 11 days af«"aQQulsitian" f <
training in the ghuttIP -box, but these were” fish that did not learn the '
correct response, These nonlearners were. sacrificed 20 hr. after the
_last)session and an. RNA otein extract was prepazed from their whole
zgzd phenol method, ‘The resultant material was-

" brailns by means of the
concentrated so-that 40 u; contalned 1,5 braig\équivalentS.’ Haterlai )

'




Experimént 3: Stimulus Specifizlty Df the Behagjoral Eia&ssgz

B

Fay and MagKinna& (1969) hav% desgrlbeds§§§*chnique in which a

’fstimulus pglred Hith elegtric shack comes to Elicit a cnnditianad respir-

‘. visilon throughout’the visual spectrum (Iag&:, 1968) Thus, in.this. -~.

ing wavelength (CS

sensitive mavement t:ansducer and reearded via an amplifier and lﬂk— .
writing polygraph, Goldfish have been shown to Passa s excellent color

third experimgnt, -¢lassical conditloning techniqud ‘wére used 4o train
large goldfish to make a particular respiratory response (diminution or
cedsatlon of ongoing. mavements) to a stimulus consisting of a glven
wavelength of light, After recelving injections of brain extract from
.apyropriate &oqarss reciplent fish were tested with the aflginal train=

stimull or GSs) varying in similarity to the CS, A stimulus' specificity
hypothesis® would predict that the generalization functions generated by-

" the reciplents would mimlc those of their—respective dnnor graups.

Sub;ects. The subgects were 64 common goldiish,zé—? in, lang, ob=

f}ained from Ozark Fisheries., They were housed in filtered and aerated

;

\

‘aquaria and ﬁere given two daily feediﬂgs thraughout the experlment. )

' Aggggat . The apparatus was suitable for différéntial classical
respiratory cﬁnditicning of individual goldfish. The fish 1s restralned
between two contoured sponges mounted in a harness inside of a larger
water-filled cantainer-(a rectangular glass aquarium 30 x 20 x- 18 cma)e

P Apparatus Madel 352 mevément transducer. Gutput frcm the tgansducer ele-

ment goes- to a Harvard Model 355 bloamplifier, ‘and then to a.Model 350
electronic recording module to be recorded on a Harvard Model 485 chart

mover, Stimulus events (CS plus, CS minus,.and US). were recqrded by Har- .

vard Model 280 and Model 283 event markers and event/time markers,

Stimulus events were programmed by: a Lafayette Model 5500 prggzammer-- .

. . r - . B
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;‘ieré tested 24 48/‘72, and 96 hr. after injegticn. Testing canditians
. were 1dentical to thﬂse of the first phase of Experimant.l. Both ingeca.
tion ané tesg}ng Here dane blind. ER S -

as well as othemr wavelgngths (generalization test - -

timer, The conditional and generalizgticn stimull were flve wavelengths

. produced by incandescent lamps and ‘narrow band filters; 1ight intensity

was equated for the various hues, The wavelengths chnsengcor235pag§li
to the hues: red, orange, yellow, green, and blue, The uncondition

stimulus (US) was a 50-msec, duration dc electric: shagk pulsed at a rate

of one per sec,, Wwith-voltage adjusted for each fish so as to elieit a
conslstent cessation of respiration (unconditioned response or UR)
Shock electrodes ccngisted of wire mesh attached to the lgng sides. of the
aquarium, .

. Procedure, A pilot study was conducted first, in order to insure -
that the conditioning procedure was effective in “producing good stimulus

Tﬁner&liz&tionf;urv55, Ten fish were given 15 differential classical con-

ditloning trialiéper day for &&ven days in which one waveélength was con-
sistently palred with shock and the other wavelength was presentéd in an
unpaired fashion, WFor five subjects, the paired wavelength (Ccs plus) -Was

~red; for five subjects, the 7S plus was blue, The unpaired stimulus (CS

o
L
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minus) was blue for red—treined £1sh._and red for ‘blue-trained fish, -A
 training trial consisted of the following eventss 20 sec, -of darkness and .
. ~ no shocky a 10-sde., presentation of C5 minus; 15 see. of darkness end no .
N : ' eheekx a 10-sec. presentation of CS plus, the offlet of which overlapped S
a 5-sec. shock presentation. The.shock was pulsed at a rate of one - L
_ : puiee per sec, Twenty-four hr. aften the last training session, a’ _
J-e,-generelieetien testing session was glven consisting of four non-rein- .
forced presentations of each of+five wevelengthe‘ the two used An train-
"Ang plus three novel ones. (orange, yellow, and green), #Stimulus.dy¥ation
IR - vas ten seconds in each case, with an inter-stimulus interval of ‘60 Secd. - . .-
l ~AStimull were prei,nted in five “bloeke“; with four stimuli of the same ° s
- eelor preeented hinn each bleek ‘~Block order was ‘rhndomized through - ST
- use’of a table of random numbere. ‘As expeeted these pilot—flsh exhib=-
: ' 1ted typicalistimulus generalization behsjylor, responding most to CS plksy, --or
least to CSﬁminue “ahd to the interﬁediete 5 ’
to thelr similarity to CS plue and CS minue, L
In the experiment .proper, one group of ten goldfish Hee given ten
: days of -classical differential conditioning, as- deeeribed above, with
+ the red light as CS plus, A second group of ten fish récelved, idantical
training, but with the blue light as CS plus, Ten nalve control fish
remained- in their- home tanks and had no experiénce with the, eoqditiening
o ' stimuli. Generalization test trials were not given to these groups of .-
donor fishs Twenty hre following the last training session, all donor
fish were sacrificed, thelr brains remoyed and extracted bieehemieelly
“for RNA and protein. Three reclpient g%oupe of €lght naiye.fish each _ -
‘recelved intracranial injectionsd (50 ul of solution for eeeh fish, each i
" containing 1.25 brein equivalents of metefiel) of elther ' ‘red-trained”,

vel. etimuli iﬁiprepﬁrtien E

< . "blue-trained", of "control™ braln extract., The procedufes involved in=
7-= sacrificing, extreetion, and injection were- identical to those described
" by Ereuﬂ,(lg?o). Beginning 24 hr, after injeetion, and eOntinuing for " . 7

four days, all reclplents were glven 20 dally. generelieaﬁicn test trials-

. consisting of four nenreinforeed presentations of each of-the, five fest
stimuli (red, orange, yellow, green, and'blue lights), as described above,
L ﬁReepiretery activity during each stimulus event was recorded. Ingeetipn.d,
7 testing, and reading of thé polygraph records were all done in a "blind" - '

i - fashlon, in order to evoid experimenter biee. s T
& S -

R Experiment 4..Teek Speeifieity of the Beheviefel Bioassay 5
] ) o popular ergument egeinet the ePeeifieity hypetheeie of the behav-
iorel eeeeey 1s that the extracts do not convey specific information
in eomefeeded form-but rather facilitate learning in a very general, non-
s specific way. 'The. assumpbion 1s that reeipiente of experimental extracts -
. would learn any taskbetter.than reciplents of ‘gontrol extracts, - In this '
e final experiment,*an ‘attempt’ was made to determine whether Ieeipiente of . e
.'j'h-” \Uf“brain extracts frem donors tref%ed on Task:X“would Indeed learn Tasks Y '
K. T ~and Z eignifieently faster than reciplents of control extracts, The find-
. Ang that extract X facilitates learning of Task X-phut does not facilitate:
learning of ether tasks would provide strong evidence for a specificity
hypothesis, Also studied wds the ' question of whether any task-specific
etfeet mipht penereliee to very eimiler tasks, but neﬁkte dieeimiler ones,

)

euhleet The Buhiects were 132 common gold¥ish, "-4 in, long.
- The upplief’end malntenance corndiflons were as described in Experiments
“ . _ _
— } R
h? A [+ A
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Apparatus, = In this final expéggment, use was made of three dif-

ferent- trainiﬁg apparatuses, The first apparatus was the same shuttle .

box desc:ibed in Experiments 1 and 2, The only difference was that the
dangeraus cempartment was signalled by colored. light and the safe eam-_‘
partment by a different colored light Instead of whité 1ight and dagks
ness respectively, as. in Expériments 1 and 2, The second apparatus was
i eolored photobeam escape apparatus',. This conslsted of a rectangular
glass aguarlum 30 cm, long, 20 ¢m, wlde, and 18 cm. high, with wire mesh

‘shock electrodes attached to its sides, A red photobeam projects horlz-

ontally through the water near one end of the tank; a green.beam projects
.near the other end, Occlusion of the red photobeam by the fish actlvates <
‘a. photorelay and assaciateé equipment to terminate electric shock for a

-30=-sec, period, Dtherwise, shock is ﬁcntinually pulsed through the water
‘at the rate of one 50-msec, pulse per second, Thus, the fish may escape
. shock by swimming into the fe@ beam, whick is randomly switched from end

to’end of the tank to prevent learning oféf -position-habit, .The third

gpparatus was to be an appetitive lever-press apparatus in which the fish

may obtain food pressing a sensitive inertlal switch (Gibbs Manufact-
uring Corpmratlon{ centered in front-of a red background, ©Presses on a

- similar switch in front of a green backgraund are recorded but have no
. other effeet upon thefenvironment, These  manipulanda, along wlth a solen=

it

oddcontrolled food-del§very mechanlgm, are supported from the top of & ' .
30 x 20 X 18 cm. glass aquariun, esponses. were nec dorded by event mark- -
ers .as were described in Experiment 3. ‘ P

. ' )

" Procedure., A group of 35 donor-fish was given elght days of acqui-

éltian’trainiﬁg in the ghuttle box as . describedhin Experiménts 1 andgz,

wauld résult ln termination or avoidaﬁce of shack. A group of 35 qﬁntrgl "
f1sh were never exposed to the shuttle apparatus, All fish were sacrifi- b
ced 20° hr. followiﬁg the last tralning sesslon and the brains were ex- -
tracted for RNA and protein as described above, Thirty nalve reciplent ’
' fish were ingected with extracty (50 ul; 1,2 brain equivalents) from
"shuttlestrained" dcnars;rthirt reciplents régelvad control extract,
One third of each group was tested. on learning. ‘of the shuttle task (with —
reinfo cement); one- third of each group learned the “colored _phatobeam .
escape task" (with reinforcement); one third of each_ group of reciplents

was to learn the lever-press appetitive task (with food reinforcement).

An important feature of thls experiment was that during reciplent testlng,
appraaching & red light was assoclated wlﬁh the correct respénse. Aﬁthough
the dénors had learned to avold red during trainihg, the. reglplent test- i
ing parddigms were set up so thafuéppraaeh to red was correét: approach ,
the red campartment in the shuttle-box, approach the ‘red phatabeam in 4
the escape apparatua, and approach the red lever in the,appetitlve situa- . 2. _
tion, Such a negative transfer design was us ed- in order to attack the "~ "~ ¢
task specificlty hypothesis in still another way. - The nonspecificity [
hypothesis would predict tf¥at trained extracts would facilitate any type

of learning; 1t should not matter than the, test learning would be opposite

that learned by the denors, Thus, the reciplents of “tralned braln extract

should do better on all. tasks than the recipients Df’é@ntfgl extract., On.

the bther hand, the “pgflficity hypothesis would predict that performance

of "tralned brain" reciplents should be impeded, rather.than facilitated,

e T .
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relative to control raclpientJ. This intertference effect should be
especially great ori the shuttle test (the very task on #hith the donors
had been oppositely trained), less dramatic on the escape task (not the’
 same.ftask on which donors had been trained, but Sufflcleﬁfly similar to -
Y1el some 1nterference), and perhaps less dramatic still on the appetla
tiveytask (more 'dissimilar than the e cape task due to its appetitive,
rather than aversive, nature), In ali cases, tralning sessions were
limited to a single 10-milh, sessiop”per day for three days, heglnnlng
48 hr, after injection, f%
It turned out that the apthitlve task was inappr 1ate for use
in this sort of design. It had been expe:ted that theégish would learn -
the appetitive response rather quickly, whlle the é;&réct would still =
" be active and before extinction to the :olored lights ‘would have time to -
deVeiSﬁ This expectancy, was not confirmed, ‘Learning the leverapréss "%
. tagk was quitéaﬁifffbultggnd time consuming., In fact, 1t ‘was almost
, . impossible (under these sets of' parametfers) for the fish to learn the
I . appetitive response wilthout the introdjction of a careful shaping procedure, i
Since the shaping procedure had to he/taylored to the individual fish
" (thus a poor learner might learn just/as well as a good learner with
tappropriately more help from the ahaper), and $1nd& the entire pracedure _
consummed ‘50 muclhy time (dals of shaplng wére necessary, resulting in b P
the possibility /of dissipptfon of the transfer-effect as well as the
possibility of considerable extinction to the relevant cues),' it was
decided to abandon the appetitive component of this test., -A way out of
this -problem would have been to pre-shape and/or préetrain the fish so
that they had already learned the appetitive habit at the time of injec-
tion, But this would have eliminated the possibility of measuring the
effect . of, th extraet on the early .learning process 1tself, whilch, tafter
. _all, was what wve were really 1nterested in, Thus, 1t was declded that
j Wé‘ﬁubStitutE a 'simple color preference task for the inappropriate ap-
o - petive one, Thé photobeam apparatus was used, but thls time shock was
never adminlstereé. The experimenter simply reeordéd the apeunt of time -
. (out of a possible ten minutes) spent by each fish in the red half of .
b . the tanke This task was dissimilar from the other two tasks An that: = -
: (a) no aversive stimuli were introduced, and (b) making the "ecorrect"
! . .response (gtayimg in the red end of ‘the tank) did not."make anything -
happen". (esge, shock go off) as was the case in the other two tasks,

p 1 Lt . v

" Results o L
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::! o Experiment 1: Process Spécifiéity o ENy - - - i ‘

Performance of reciplents on the acquisition test may be seen Fig=
ure-1l, . The probabllity of an avoldance response during agcquisition-test-
s :~Ang was invreased by an injectlon of brain paterial from acquisition-

- B _ t¥rained donors,’ but not by brain material from extinction trailned or T

' contfol donors., Reciplents of atqulsitlon material were 1gﬂ1flcaﬂt1y
T superior to contral r@wirient; at the 24 hr, (Mann=whitney U =14, p =
< : «07372) and 48 hr,_(u =.7, D= 4,003 3) tes S Thede same acquisition re-
ciplents were supefior to thiﬂﬁtiﬁn recipients at the 24 hr. (U = 12,

p o= J019) And 48 hry {0 = 11, n= ,01) tests, The extinction reciplents

did nat dlitter ?iﬁnifiﬁinhiy Vfﬁﬁ‘ﬂéwhrnl recivlents at any of the four

tert pariads, . ) 07 )
) lerformance of -rectiolents on the exbineton test may be seen In bloure
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2 Hére.'the_extinétian process wa% facilitated by brgin niter

donors, bitinction prﬂceeded normally 1n rFéipients of confrc
The avoldance behavior of acquisition reclplents was signifficantly super-
lor to that of control reciplents at the 48 hr.’ (U = 13, p.025) and -
7?2 hry (U = 14, p = ,032) tests. The avoldance behavior pfj extinction
reciplents was signiflcantly inferlor to that of control /fdcipients at
the 24 hr, (U =7, p= ,003) and 48 hre ( U = 13, p = ,025 ) tests, Ac-
quisition reclplents differed significantly from extinctioh reciplents
at all three tests, S AN E
The findings of these two phases of Experiment 1 rgplicate and ex-

tend those reported by Braud (1970). Not only do acy yisition and ex-

tinctlon processes both "transfer" in some way to reci lents, but these
two processes fall to "cross transfer", Taken together, the results of
these two phases strongly suggest process speclflqity the acquisition

-extract facilitated acquisjtion but not extinction, while the extinction’

extract facilitated extinction but not acquisition. iThus, it is not the

" case that the extracts have very general facilitatj.?é properties-' o

'hxperimgpgrgx Besp@n@e %ggg;ficity

'The performan¢e of the reciplents. injected with honlearner material
may be seen 1n Flgure 1, The avoldance behavior of nonlearner reciplents
did not ‘differ from that of control reciplents, nor did it differ from
that of the extinctian rEElpientS at any of the four test sessions. :Non-
learner reciplent/performance was significantly inferior to that of ac-
quisition recipients at the 24 hr, (U =13, p = .025) and 48 hr, (U = 14,
P = +032) tests, Y

The results of this second experiment guggest respﬁnse speciflclty:

only the figh that learned to make the hurdle-crossing g response were ef-
fective donors. Extracts from brains of fish that ‘ex perienced the Same
stimulds events but did not make the appropriate réspcnSé were not effec-
tive, Besides &emonatratlng response speclflclty,’ the nonlearners con- .
stituted a good control, the likes of which 1s rarely. seen in behavia:al T
bloassay studles, A nalve cont:él is the crudest possible control and R
does not dllow an 1nvestigator to determine which of the many variables
to which; the experimental donor group 1s expased are really responsible

¥{;far ‘the - biochemical changes assessed,’ This experiment has shown that
learning of a

particular response is- lmportant. apart from any exposure )
to light, shéck, the apparatus, eth. (since all of these latter factors
are equated for the nonlearners and the leayners), 'Finally, the present

»results Suggest the possihle blachemical transfer of the gubstrate for

v z

Eiperiment 3: Stimulug Speglflcity v { o .
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: Rppregentat1VE records 11lustrating a. variety of" ungondltional and’

/ condi+1cnal resplratory reactions are presented in Figure 3. Panel (a)

illuutrateq regular periodle mouth movements as they occur in the absence
of exteroceptive stimulation., Fanel (b) depicts a UR {marked diminutié e

" of mouth movement amplitiude) elicited by'a US (electric shock), Panel

s

- (e) 1llustrates a UR to shock, the beginninss of a CR to CS plus, and.
*either an orienting reaction (DH) or gerneralized CR to CS minus; this .

AtECOrd is typical of patterns which occur early in training. In Panel S
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.. Figure 3, Representative p@lygraph traglngs cf respirata ry '
~act1vity in the goldfish.. Paﬂel (a) depicts base ling activity.
. UR 1is shown in‘ panel (b). URs; CRs, and -either orjenting
¢ eaztiﬂﬂs (OR8) or generalized CRs (FCRS) to CS'min CRs -to CS
" plus, and’ URs to USs gre shewn in Panel (¢).. Late™in training,‘
Crs are well established, while the raactians to GS “minus have
disappeared (Panel d). S .
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(d), which occuired 1ate in training, the CR to CS plus 1s now flrmly
) established, the reaction to CS miﬁua has disappea:ed and the Uh is
7 evident, The respiratory data wWere quantifiled by cgmputing a percent .
suppression score for each fish, for each trial, for each day of train- -
_Ing. Such a score was computed by flrst measuriﬂg the gmallest ampli-
‘tude mouth movement during the 10-sec, CS plus and CS minus intervals,
and also du:ing'a 1N-sec, basellne perlod immedldtely before the onset
of CS plus, . The percent suppresslon score was deflned as the smallest
‘. baseline amplitude minus the smallest CS amplitude, with that difference
divided by thé basellne amplitude and’ muitiplied by 100 percent- Separ- .
ate guppression séores were computed for C3 plus .and CS migtis, The
. ' . mean suppression Ecores for the two CSs, as functions of successive
f training days, are presented in Figure 4. .Panels (a) and (b), respectively,
represent the development of a differential ‘condltional response in the
. : red-tralned and blue <=trained pllot subjects, Clearly, the conditioniﬁg ,
. - technlque 1s. effective, Learning a CR to the red stimulus proceeds slight— ,
© ly faster than the learnlng of a simllar response t5 the.blue stimulus,
- * Flgure 5 pre%ents the results-of the éiscrimin&tion/generalizatian
- tests carried out one: day iollowing the.last day of . training. Fish train-
ed wlth red as their CS plus respond most to red, least™to blue, and at
intermediate graded levels to the novel (orange, yellow, gredn) stimuli
in prapqgtian to thelr similarity to the two training stimuli, The pat- -
~tern 1s reversed for:those fish trained with blue as thelr CS5 ‘plus, These
" fish respond most t6 blue, l?ast to red, and in a graded fashion to the
novel test atimuli, again as a functiam af theif similarity to the blue
cs plus- 8 “n
" In Figure 6 are %1nttpd the performance curves for the three regip-
lent groups, for the four test days, Blochemlcal transfer of classical
‘conditioning was. not effective in these preparatlons, Mouth movement-
suppresslon was not evident in regpanse to any of the «five test stimuli-
The red-trained, blue-trained, and control reciplent groups never dif- -
fered significantly from one another at any stimulus or at any test day.
Since classieal conditioning itself failled to transfer, no cgnclusions
may be drawn from these present data about the stimulus syecificity af
reactlons that-do transfer, o Kd -
The reason classical conditicning falled to transfer in ‘this experis-
ment is unclear. The donors certainly learned sufficiently well, It °
should be -noted, however, that we know very: 11t about the thimal ‘
p parameters (the proper reclpe) for classical, ) opposed to instrumental, .
8 tranafers, ‘To, my knowledge, no one has been able to chemlecally transfer
- direct classical conditiorilng to date, (The foregoing statement refers
) to vertebrate worki SFvéial planarlah studies have been done in whieh '
classilcal conditioning was guccesgfullv transferred, ) It. may well be that |
clasgical cahditianinﬁ transfers. might require an optimal recipe which o
differs from thefrecipe found to be effective for instrumental transfers. -
Modificatlion in variables such as degree of donor training, extract dos-
age, post-injection testing.interval, etc.,.-may Well fesﬁIt’ié ddequate
¢las: 1?&1 transféfgi Such a search for optimal Pparameters 1is, however, .
" clearly beDﬁd the-arnpﬁ of this granﬂ proposale. Some aiditianal inform=_ -
“ation on 'both classieal tranz*Pr and stimulus pﬂcifirity will be present- .

-
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~ ) formance .of flve. .flsh trained with red paired with shock and blug 31
" paired, gPamél ‘(b) shows the performance of five fish trained with) -
blue . paired with shock and red unpaired, Fifteen reinforced differen-
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TEST  STIMOLN

. 3 F‘igﬂré 5¢ Mean pér::ent suppressien Df resPiratian
o produced by the five test stimilyj» relative to basellne,

. One group of .five fisH was tralned iritg red; another group
i

(:af five was trained with blue, Test stimull include blue,

greem, yéllaw, Dra.nge and red lights,
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Mean perg¢ent suppreéssion of respiratlion produced
by the five test stimull), relative to baseline, - Nonrelnforced ,

tests were glven 24, 48/ 72, and 96 hr, after injection of recip-
tents with red-trained (dotted line), blue-trained (dashed line),
- or control (solild 1line) donor brain extracts.,




Experiment Lu Task Epecificity : o \

J  Braud (lQ70) ‘has shaun that extracts from brains of dgnars trained
on shuttle-box light-avoldance facilitate reciplent performance when the
latter were testad on a similar 11ght—avoidaﬁce task, Bryant, Santos,
and Byrne (1972)\and Beyant (1972) have shown “that brain extracts from
donors tralned on If%h,—avoidance facilitate light-avoidance 1§arnlng
i -but Ampede dark-evolddnce learning in reclplents, while darK,aVoldance v
) extracts facllitate dark-avoldance learnlng but impede lig ,-aveidance;'
The results of the first phase ‘of Experiment 4 suggest ‘that. tpaining
donara to sﬂim fram red ta green ta avaid and escape shnck résults in

récipients that received th@se donor extracts. In Figu:e 7 are prESPntéﬁ
the green.to red learning curves for reciblents of "tralned" and control
extracts (expressed as méan percent avoldances on each of the three test
days). Experimental reciplents (of oppositely trained donor brain ex=
~+ tr8at) are Inferlor to control reciplents at every test day, and are
11ficantly inferlor at the.72 hr, test (U = 18, p < ,01). These dif-
- S ferénges could not have been due to a general lowering of overall actl-
L vity or general debilitation of the experimental reclpients, since there
: was no slgnificant difference between experimental .and control reclplents
at’ any of the three test points in terms of a measure of general acti-
vity (number of hurdle-crossings in the absence of any stimulation, A,e.,
number of- inter-trial regponses)- Thus, -task specificity has been“Shown:
brain extracts facilitate learnlng of 1déntlgal or homelogous tasks, but
7 impair learning of "opposite" tasks,
i . Training donors to avoid red 1ﬁ the shuttle-box inhibits the ability
~of recipiénts to learn fo approach red in the same shuttle-box, Red-
© avoldance donor trainin¥ also appears to yield a braln extract which
inhiblts red-approach learning even when that learning occurs, not in
the original shuttle-box, -but in a similar "red photobeam escape apparatus”.
: P In Flgure 8 are pletted the learning curves. of experimental (red shuttle-
. - Box compartment avoldance tralned extract) and control reclplents, Here,
ipproach and occlusion of the red photobeam terminated electric shocek,
At the 72 hr, test, the experimental reciplents perform signiﬁicantly
~less well. than control recipients WUe=24, p=< .05)

Performance of ‘reciplents in the third phase ofYExperiment 4 4is shown
1n Figure 9. It can be seen that all fish display a preference (in terms
of total amount’of time spent in that area) for the green end of the a
compartment, This green-preference is greater -in experlmental regég:ents,

)

but not significantly So. Apparently, the similar? ty of the two dasks
v : ‘(ahuttlérbox learning vs. color preference in thé& absence of shock
- great enough to allow the green-approach trend to become significant,
: It may be concluded from the combined results of the various phases -
=0f Experiment 4 that tralned braln extracts do not facllitate learning
or performance indiscriminately, but only in situations idemtical or sim- *
1lar to the situation encountered by the donors during original trailning,

82 not

- . Conelusicns o
. In the four. experiments reported here, four different sorts of.
_ specificity were evaluated, Care was taken to prepare all extracts &t
the same time, using the same extractlion proc€dures, Since different . -
aliqucts of material from the.same extract sample were shown to be effec-

.
]

, 9, : _ C.
S : L .




v

W,

- - ;
B L }
!
B !
- R : / .
. “ .
F ,( s \
i
& . i T T .-
. - ’ P I
. | : -
w i ) - - g
.
!
o |
‘l
_ N

€ £

LI ]

MEAN ANDIDANCES (%)
"‘ (=]

|

I R R N S
/48 : 12 K 96 |
’ < HOURS AFTER INJECTION ~ ©

Figure 7. JInhibitilon of green to red\escape/avoidance learn- N
ing in the shuttle-box in recipffents of brain extracts from red to ° .
green trained donors, relative tp the learning curve of regépiéntz ’ o
of nalve control extract, Ten relnforced trilals are glven on each -
of the three test days. f
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Figure 8, Inhibitlon of red .photobeam accﬁusian behavior in
the shock-éscape apparatus at 72 and 96 hr, following injection of
experimegtal (E) reciplents with brain extract from donors trained -
to avoid red in the shuttle-box, relative to: performance of reclp-

' 1ents of nalve control (C) brain extract.
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in the.red 11luminated half of the'color preference apparatus by -
reclpients of extract from brains of danars trained to ayold red in
the 5huttlesng (E) ‘and re’cipients af ne.iva cantral Extra.ct (C)




i tAve or naneffectivy depending upon tha tasting;gonditiens (uhich ,
responae, .or task 1s. considered), it cannot beargued-that apparg ,
ficlty was-an artifact of diffa:entially effegtl exirgctién praﬂaduras
 for different extracts tested once and onlyonce 1n different situations,

. Evidence was’ pgesented in suppart of three. distinct types of speclfieity-;;:

It appears that ‘éxtracts prepared from brains in which one process (ac-
‘quisition vs. extinctian) is activE" "1it§te that same process in re- _
ciplents, but do not facilitate anta 5t%e processes, -Second, 1t Hasi-“

““shown that it was necessary for 't oﬁkﬁ}a make a specific response

—Yf-extracts—from-thelr-brains-were-to- »vé-effective in- increasinhg: ‘the
" probability of that response in ;ecipiént animals, Third, it was.shown
that the degreé to which brain extracts-from dﬁncrs +trained on Task A

pl

facilitated learning aﬁ.Tasks B, C, etc. in reciplents depended upéﬁjthe S

8imllarity of the tasks iﬂ?ﬂlV&dt antaganistic behaviors were impeded, o
while identical or similar behaviors were fdcllitated, Due to.the. fails )
ure of the classical conditioning task of Experiment-3-to transfer, na
“evaluation of stimulus spegificity could be made in'. that case. - .
: - . Fartunately, other experiments conducted in our:l&boratory during
".. the time period of this #rant (although not éir_’tﬂ “spons Dy

grant and,-hence, done independently) strongly su 5t stin
\In three experimEﬁts it was shown that. :ecipients réspcnded to an )
-array of stimuli in a manner that mimice"ﬁhe denors® response- paﬁ%E?n-
Gﬂldfish dnngrs ‘were trained tn appr@aﬂﬁ eithar an upright or an 1’ erted
never traingd. Heeiplents of upright trlangle trained brain themselves )
" apyroached the upright triangle during nonreinforced: test trials, Recip-
lents of invérted triangle trained brain extraect chose the inverted fri- -
angle, Recipients af nalve contrnl extract showed no preference for
. either triangle, ‘A report-of these findings 1s -now in press (Braud and
. Hoffman, 1973): In a second experiment (Braud and Braud, 1972), hooded
" rat reciplents of brain extract from trained donors chose.a circle size
approprilate to that whileh ‘would-have been. chosen by ‘the dnners: agaln,
nonreinforced test trials were used. ,In the third experiment (Braud,
Kuttner, Ginsburg, Wéody, ‘Hoffman, and-Laird, 1973), neonatal quail don-
- ors were imprinted to elther a red cylinder or a green cubej reaigiénts
preferréd followed, and emitted fewer distress calls in the presence of
“the object to which theilr respective donors had been imprinted, when the
reciplents were confronted with both stimuli during nonrelnforced test
triais. Thus, the case for stimuluS'spegifieity 1s quilte strong.
Recently, still another type-of process specificity (what might be
called "motivational" process specificity) has been successfully demon-
‘strated in our lab, In this study (Braud, Galvan, add Clark, 1973). .
brain extracts from donor rats given forward conditioning (to establish-
the“motivational state of. fear), backward éonditioning (to establish the
) mntlvatianal state of ‘relief or relaxatian), or no conditioning (gontrnl)
trials 1n a buszer;shoék ~paradigm were injected intraperitoneally into
three groups of naive Ieaipiént mice, The mice were tested for amount
of 1llcking suppression (an index of emaﬁionality) occurring in the pres-
ence of the buzzer., Licking behavior was facilitated in Backward éxtract
recipients but suppressed in Forward extract reciplents, relative to
"Controls, Thus, the antagonistic "fear" and "relief" procesdes trans-
ferred independently and specifically, This paradigm, by the way, invol-
ved an indirectly measured transfer of a classically conditioned effect,
Pavlovian ‘pairings were used in training the donors. No particular riés




= panse was msasured in the danars, as bad been done in the case of the ™ ~ ¥ A
: direct classical canditianing transfeg attempt of Experiment 3 reported Coal
. __above,, 'Another indirect’ classical copditioning transfer was recently

- com leteq;by Laird and Braud (1973).' Here, goldfish were shocked in the

preséneé of a blue 1ight}' T en 11ght) but never shocked in the ‘pre-

sengé of a green iight (or e, 11gh: Thé . paradigm was a differential -
.7 classlcal conditianing one, ,miﬂ:&r to ‘that” of F‘xperiment 3, but no
/ '/ .  -responses were measured during’ Ecn&itiuning itsglf . Récipiant.s were- : .

- 7 ’glven a brief reminder shock assoclated with the’ da:nq ,ﬁzopria.tg calar, e

ned to. avold green in )

LA thén half were trained to avold blue and half +t
. a shuttle-box, - Controls learned each-task equally Well; while blue- ;
4raineé reeipie%s—la&mﬁimavaid blue- significa.ntiy faster than they - . .

learned to avold green;. g:génetrained extract reciplents lémed green- »

s.vaidance faster- .l : ’

? '%',iﬁecamendgtiang o R

ments, makes a .very strong)case that the blochémical "memory transfer o -
experiments really involve’a transfer of specific infcrmti@th_ I
- -than . some general facilitating or inh%biting. factors as; EEE'E&L eritles ,
have suppgsed. Thus, ‘it 1 ;(Eéén as qulte. profitable that researchers - . = *Ej
. continue to explore these emory - tIa.nsfer“ or "behavioral bimsay" L s -
- experipents, espgcially in"%erms of “the specific biochemical changes * :
which occur In donor organisms as the attend to, learn, and remember.
" specific tasks, 1t would appear that the general paradigm has no geat
behavioral limitations, . Considerable efforts should be expended to
elucidate the molecular mechanisms of learning and memory (using the
. . behavioral bloassay strategy as well as gthe:-s)fi}sa tha.t narmally a.cting
... PTocesses be_ detected, abﬂormalities correcte ade !
the possible detecticm and remediation of attent.it:ﬁal perﬂéptua.l,
e 1earning, and memory dis orders in mam L ,

The present researchxmgether Hith uther recéntly ‘completed expéri-
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