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 DISCLAIMER

This document was prepared as an account of work sponsored by the United States
Government. While this document is believed to contain correct information, neither the
United States Government nor any agency thereof, nor the Regents of the University of
California, nor any of their employees, makes any warranty, express or implied, or
assumes any legal responsibility for the accuracy, completeness, or usefulness of any
information, apparatus, product, or process disclosed, or represents that its use would not
infringe privately owned rights. Reference herein to any specific commercial product,
process, or service by its trade name, trademark, manufacturer, or otherwise, does not -
necessarily constitute or imply its endorsement, recommerndation, or favoring by the
United States Government or any agency thereof, or the Regents of the University of
California. The views and opinions of authors expressed herein do not necessarily state or
reflect those of the United States Government or any agency thereof or the Regents of the
University of California. ‘
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ABSTRACT - .

-Intrape:itonéal'injection‘of.a nai?e rat with a brain extract
* prepared from trained .donor rats (two) leads to ah. enhancement of
learnihg..‘The'enhancement is repfoduciblé and achieves statistical

significance with small groups of animals.
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~ Several recent reports have indicated that the injection of brain

derived fractions prepared from trained donors resulted in significant

behavioral changes in the injected animals (1,2,3,4,5). In particular,

the unreinforced performéﬁce in response tova specific stimulus following
the injection of ih.RNArééntaining exfract}(h) attracted widespread
interest; however; attempts to achieve comparable}results in_other
laboratories with the samé or‘similar methodology.have been unsuccessful
(6). In contrast to the inconsis%ent results with the extraction
procedures désigned to contain nucleic acidQlike.materials, thosev'
efforts (7,8) which in&élﬁed minimal or alternative prefractionation
procedures have continued to yield evidenéé,ih*support of the phenomenon
of interaniﬁél transfer of information (ITi) via brain extracts (9).
Qur initial goal was to obtain reproduéible data using automatic
festing procedures where the behavioral modification was quantitatively
Iarge enough to allow statistical significépce with small groups qf
animals. The initial experimental design wés 5ased on the report of
ﬁosenblatt, Farrow and Rhine (7) Whickxﬁatéd that operant conditioning
oflthe donor animals would lead to behavioral modification of the recipients
which was "task specific.” Their results were based on unreinforced
tests.” The purpose of fhis repPrt is to déécribe the results of experi-
ments in which the rats; fecipients, were tested without and Withvxe—
inforcement. The tests with reinforcement appear ito be a more

sensitive means of detecting behavioral mo&ification@) which are consistent

with ITI vis brain extracts.




.

Three types of donors were used for the preparation of a brain

extract and all injections were intraperitoneal. Two groups of donors
Noyes nutritive pellets,

were trained to bar- press for food rewardlln a two~bar Skinner Box. The

Skinner Box was a commerc1al model, Grason-Stadler E3125 B-100, with two

'modifications. The pellet dispenser was enclosed in a lucite and foamed-

plastic sound-deedening'heueing end the?éhambef light was moved to a
midline position on tﬂeawall opposite to the ,manipulenda. ‘One group
was trained to prees the left bar and one group-was trained to press
the right bar. The third greup of donors were'naive animals.

'The same protocol’for training and testing was followed for
experiments IV, VI M end VIII.‘ Experiment II, the first experiment in
which the learning rate of recipients was fested, is included since it
represents data with an additional stock-of rats, but.the training and

testing procedure was not ident ‘fcal with the other three. All rats,

.

“both donors and recipients, were first placed on a modified environ-

mental complexity,'EC, program (10) for.T days in an attempt to facilitate
the pretraining'of the donors and to assure a population of recipients
whose prior experience within and between experiments was as uniform

as possible. The trained donors were pretrained po barpress, on either
the riéht or the left bar, a minimum of 50 reinfofcements with food
reward, and then trained for 8 days, 20 minutes per day, on a fixed ratio
schedule which began a£ 1:1 (1 press pex pellet) and advanced eech day of ‘:"
training so that the final day was 8:1 (8 presses per pellet). vThe
training waSVCOmplete& 2 to 4 hours prior to decapitation and extraction,
The naive animals, after completion of the modified EC program, were‘fed

10 to 12 g of food per day, about the same as the total received by the

\ .
trained donors, but otherwise they did not receive special handling.
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Food deprivation for'training and teéting was schedulea to reduce
the animals to 85% of their starting weigﬁf. Animals were fed 3 g, 5 &,
énd then 8 g of food onldays 1, 2 and 3, respectively, after initiating
food deprivatipn;‘ Supplementary food, 8 g or more i1f necessaxry Of-a com-~
mercial maintenanée diet given at the end of the day, was used to
maintain the agimais at or above the 35% level during training and
testing. : ' | : v‘ .

The animals were sacrificed by decapitation and the brain removed.
The time for brain removal was approximatély one minute with the exception
of experiment VI M in which it was two minutes. The entire brain was
rémoved, including the olfactory lobes ang'the portion of thé brain stem
which was léft attached to the brain as a resulf of decapitation kﬁthe

o N Potter-~Elvehjem

guillotine. Immediately after removal the brain was placed in a/homogenizer
tube contaiﬁing 6.0 ml of ice-cold O.% NﬁCl-0.0lfM Tris, pH 7.5. After
the addition of é sécoﬁa brain, the two %fains were homogenizediu

f:i /With'the aid of a mechanically powered pestle

until there was cbmpleteﬁdispersion of the tissue as judged by a visual

'inspection of the layer of homogenate which passed between the white

Teflonvpestle and the wall of the glass hémogenizer tube. The cdmplete
dispersion takeS'approximately 40 seconds; The homogenate was poured

into an 11 ml polypropylene centrifuge tube. An additional,e.o ml of

0.9% NaC1-0.01 M Tris, pH 7.5, was added to the homogenizer tube, briefly
homogenized, and also pOuréd‘into the ceﬁfrifuge tube. The samples were
stored in c¢rushed ice(until a group of 8 was ready for centrifugation,

30 to 60 minutes. The gamples were centfifuged for 50“minutes at 8000 x g

in a Sorval centrifuge, head SSBM, at OO.'VThe gsupernatant fluid was

s e p

e o ey

T
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* testing was initiated the next morning.  All test sessions began with

-6-

poured off with‘no attempt to -avoid a minor contamination with the

pellet fraction. This supernatant fraction was used for injection, and

was designated as a-right,*left or naive extract based on the type of

.donor. Each reéipiént received the extract derived from the brains of -

two donors, each'?aiilseparately pfocessed..bThe voiume of the éupernatant

fraction was apprbximately.6 ml out of é»total'volume of 11 ml,_and it

contained gpproximatelf 65 mg of protein (11). No attempt has been made

to characterize the multiplé componentsipréseht‘in the extract} the

protein determinations were used oﬁly to evaluate the repfoduCibility.

of the homogenization and éentrifugation. . ._ | .F-C'
Potentlal rec1p1ents, after completlon of the‘modlfled EC program,

were placed on a food deprlvaulon bchedule h8 hours prior to 1n3ectlon

and assigned to & test chamber. They were glven two exposures to the

test chember prior to inJectlon, the flrnt exposure, approximately 2k

hours before inject¥on; was a group session,YB'rgts per chamber, for

15 minutes with ;O pellets in the cup, ana the‘second exposure, a few

hours prior to injectioﬁ, was an individual session, one rat per chamber,-

for 10 minutes with Svpellets in the cup. Af fheéena of the lO—minufe_

individual seséion, left and right presses wére noted.  This pré-

injection baerressing rate (without reinforcement) was used to select

a uniform group-of recipieﬁts. Injectiéns werevmadé in the evening and

5 pellets in the cup. - This avoided theﬁproblem of trying to reﬁove food P

odor and dust during the unreinforced tést sessions. On day 1 each rat

was tested for two 10-minute sessions without ieinforcement. The tests
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were separated by 5 hours, and the first_test'was started 12 to 1k
! , ,

hours after injectilon.. { Tn the afternoon of days 2, 3 and 4, each rat was
20 minute session; '
tested with reinforcement, a /  a press on either the left or the right

bar wogldcxnrate‘the @eilet dié?enser. The bars in a given box were
matéhed in termSSQf theiweight required, approximately ES‘g, to close

the microswitch. VThe left and right presées were recorded from e digital
counter and an event fecorder. Ali_experimentsrwere coded with ‘either

a double or a ﬁriple blind code. For‘experiments‘IV;and VIII the donor
animals were coded prior to sacrifice.v For experiments II and VI_M
the‘samples were codea immediately‘priof to injection.

..Graphs of bar—pressing versus time for the reinforced sessions,
learning curves; indicated that a cumuiativetotal of 10 reinforcehents .
on oﬁe bar was an adequate criterion of the time required.to learn,

TTLio. TTLio, unless dtherwise specified, began with the firét réinforced ;

press and terminated with the tenth on one bar. The results were evalu-

ated by the Mann-Whitney U test (12,13).

The data in Figureil include results from a typical experiment, L

experiment 1v, in which right, left and:naive éxtracts.were injected.

A histogram of the pre;injection bar~pr¢ssing is shown in Figure la.

The animals below 3 aha above 11 presseé per 10 minutes were rejected.

Since the recipieénts wefe injected with coded samples, it shouidvbe 'E
noted that ﬁhe unavoidsdble random assignment of samples for-injection
yielded closely;matéhea_grdups; the avefage préFiﬂjection bar-pressing

rate for the right,leff and naive injecfea animals was 4.7, 5.9 and 5.5.

A histogram of'post-idjection bar-pressing rate for the sum of the two

unreinforced tests is given in Figure 1b. Thé type of injecfion did

T T T T T

i
i
!
P
{
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stimulus to the right injected recipient and the TTL;o data summarized

-8-

!
not significantly influence the behavior of the recipients as Jjudged by
the unreinforced testiﬁg; With reinforcement, however, the combined

data for trained as'eompared to naive injections show an enhanced rate

of learning, Figure 1&[(? = 0.06). A closer examination of the individual
results shows thaf the right trained donor yields the extract which
significantly lowers the TTL#O(P = 0.01k). The injections from left
trained donors in this exﬁeriment were not siénificantly different from -
a naive injection (P = 0.3).

A TTLyo without correction for the time prior to the_first'press may
alsoc be used as a measﬁfemeﬁt of the enhancemeﬁt of learning, Figure 1d.
The enhancement by a righ&injection is significant, P = 0.0%36, but the
first press_wifh reinforee%ent results in a definite'soienoid neise,
even though the sound and vibraﬁion of thevpellet.dispenser has been
decreased by a sound-proofing housing. This solenoid-noise,:together : j
with.the delivery of the food pellet, is?e potential specific stimuiﬁs'
to the tesf'animal, and;,theiefore, the time fo learn following this
first, potentially specific stimulus should be e more selective means
of detecting an ehhaneEment of learning.i A cdméafison of uncofrec@ed

and corrected TTLio's for experiments IV -and VI M indicated that statistical

significance of the enhancement of learning by a right injection (P = 0.036:5

vs. P = 0.0lk, and P = 0.026 vs. P = 0.002, respectively) was improved
by correcting the TTLio for the time prior to the first press. This

suggests that the first reinforced press may be a meaningful specific

in Table 1, with the exception of experiment II, are based on a corrected

(Inscrt Table 1 here)

el S RS S TR

SRR e s
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The difference in learning enhancement of .a right as c¢ompared to
a lelt injection was not predicted, but it approached significance in
experiment IV and VI M-and was significent in experiments VIII and II

(P = 0,005 and 0.00k, respectively). Possible explanations for this

‘difference in left bar versus right bar ﬁraining include asymmetry of

the rat or asymmetry of the training chamber; for example, the access
door to the chamber is on the side adjacent to the right bar.
The reproducibility of the enhancehént of learning by'extracts from

right trained donors (15) is indicated in Table 1. The experiments

have involved changes in stock and sex of the rat:and_changes in personnel.

In termes of personnel, two roles were considered important: The removal

of the brain, VI M, and the individual responsible for the overall experi-

ments, VIII, including éoding, testing and compilation & the results. |

The individual responsigle for II, IV and VI M did not p;rticipate in VIIT.
The enhancemené phenoménon deécribed in this report is coné;étent

with ITI, but ‘the speéificity and fundamental significance of this

enhancement. of learniﬁg_by injection of brain'éxtracts derived from

- trained donors remains to be determined.fl6)

. William L. Byrne (17)

" . David Samiel (18)

Laboratory of Chemigalzﬁiodynamics, Departmentfbf Chemistry, and

Lawrence Radiation Laboratory (19), University of California, Berkeley,

California 94720.(
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 If P is less than O. 5 group A has a shorter TTLlQ than group B.

a
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Teble 1

.Enhancement of learning by fﬁjeétion of'brain.extracts as determined for the

time to learn, TTLio (14). P was determined by the Mann-Whitney U test. P
is the pfobability, one—tailéa test,'of observing a &alue'of U as large as the

observed value 1f groups A and B are dravn from the same population. U is a

: Suatlstlc which depends on the relative ranklng of the animals in groups A and B.‘

‘The,numbérs in
parenthases indicate the number of anfimals in each group.

Experiment IV

Group A- :f‘ Group B
Trained (17) | Naive (k) U= 17 P = 0.06
Right (8) Naive () U= 3 P = 0,01k
Left (9) Naive (&) J = 1k P = 0,27
Right (8) Left (9) U= 22 P = 0.09
Experiment VI M _ _
Trained (11) = Naive (5) E»U = 12.5 P = 0.05
Right (6) Neive (5) ‘U= 0 , P = 0,002
Left (5) Naive (5) U =125 P = 0.5
Right (6) - Left (5) j'U 6 P = 0.06
Experiment VIIT | |
Right (8) Naive (8) C U = 16.5 P = 0.06
Left (8) Naive (8) U 35.5 P=0.62
Right (8) Left (8) :-U' 8 P = 0.005
Experiment II | | v v
- Right (5) Naive (k) 0 P = 0.008
‘Left (5) Naive (L) . U P = 0.45
Right (5) Left (5) U » = 0,00}

e
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"FIGURE CAPTION

Figure 1.
(a) Pre-injection bar-pressing rate for potential recipients. In this

d )

experiment only, 8 potential recipients had a second pre-injection sessioa.

their average rate was used.

(b) Unreinforced barlpressing, average for two sessions, following injection;

(c) Time to learn, -TTL o, based on reinforced tests, with a correction for
the time prior to the firstjreinforced press.
() TTL,o for the same animals, without correction.

]

e prior to injection; o left injection; . dright injection;

A naive injection. . “
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Even though the animals reczive reinforcement on both bars, a typical

animal establishes and retzins 2 har preference soon after he learns

to bar-press., Since the trained donors were either left or right trained,

the early bar preference, at TTLlQ, aﬁd the final preferencaswére
recorded. The final preference criterion was 90% or more .o the same
bar in sequential test sessions, but the great majority of the animals
established a greater than 95% preference. Thg bar preference will he
the subject of a future communication} it did not show statistical

significance in the individual experiments. For the recipients who

developed a final bar preference the trend was in tlepredicted direction

“in experiments II, IV and VIII, but the trend was in the nonpredicted
direction in VI M. In experiment VI M the brain removal time was

approximately 2 minutes instead of the normal 1 minute.
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1%,  For experiment:iv the& ats were ﬁoltzm@%-femaies; ;50 g,~épproxima£ely
5 weeké?old. In eXﬁé%imént ﬁI”M and ?TIi the rats,ﬁere Holtzman males, . o '{
© 156 g, approx1mateiy 5 wee ls'ch. ‘Th lHéltzman rats arae g'Sprague—
Dawley derlvcd stock. In cxpcr:mwnt II the tralned donors and rec1plcnts
were Berkeley Sl males, 220 to BOO g, approxlmate*y 12 @eeks old, but |
the naive donors werevBuffalo males. ,fhe TTLio data usea to/calculéﬁe
the U ana P values igjfable 1 ére és'ésllowsz Exéerimént IV - right
injected 5, T, 7, 9,' 9, 10, 12 and 99, left injectea 6, 6, 8, 11,
22, %0, '5é, )58 and )52- naive iujected ll;-lh 32, and 558w
vaerlment VI M - rlght 1raected 3, 5, 6, 6, 7, and 8; left injccted .
5, 8, 34, 40 and >40 naive 1naccfgd 13, 15, 18, 22, and >60; \ |
Experiment VIII - right injected U, 8, 9, 10, 13, 13, 16 and 20;
left injected b, 20’,'21, 26, 37, »0, >17 ahd >57; . naive injected N
3, b, 18, 29, L6, >)+9, >h9 and »57; *Experiment II - right injected . :
6,9, 9, 12 and 13; ‘left injected 15 16, 26, 35 and ¥h5; maive .
an‘Cﬁed 1k, 21,?>h5 and 7&5 Pae TTLlo values with the exception of |
experlment 1T are cbrrectna for the tlme prlor to the first reinforced
press. The animals” %hlch did not reach the TTLlo criterion are listed i
as having TTLios gregter-than}the tesﬁing time which followed the
first‘reinforced press, but for the @a;culation of U all‘of the animalé
which did not learn‘ﬁére given the same ranking.
15. In retroépect;_it ié%interesﬁing to_n&%e.that ifvfhe'initial experiments
g . had been attempted with animals trained on bhe left bar only, the

extracts would not have shown an enhancement of learning. Current R
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experiments with a modified Siinner Box, & "mirrer imarme’ desimn,

r might modity thoe anbiooe oot

(¢

, indicate that the design of the chawb
potential of the brain extract prepared from a left or o rigzuh trila-

¢d donor. .
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This report was prepared as an account of Government:
sponsored work. Neither the United States, nor the Com-
mission, nor any person acting on behalf of the Commission:

A. Makes any warranty or representation, expressed or
implied, with respect to the accuracy, completeness,
or usefulness of the information contained in this
report, or that the use of any information, appa-
ratus, method, or process disclosed in this report
may not infringe privately owned rights; or

B. Assumes any liabilities with respect to the use of,
or for damages resulting from the use of any infor-
mation, apparatus, method, or process disclosed in
this report.

As used in the above, "person acting on behalf of the
Commission" includes any employee or contractor of the Com-
mission, or employee of such contractor, to the extent that
such employee or contractor of the Commission, or employee
of such contractor prepares, disseminates, or provides access
to, .any information pursuant to his employment or contract
with the Commission, or his employment with such contractor.








