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ABSTRACT 

·Intraperitoneal injection· of. a naive rat with a brain extract 
' 

:prepared from trained .donor rats (two) leads to an. enhancement of 

learning. The enhancement is reproducible and achieves statistical 
I . 

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 performa:iice in response to a specific stimulus following 
~ ' . 

the injection of an RNA-containing extract (4) attracted widespread 
I 

interest; however, attempts to achie~e comparable results in other 

laboratories with the same or similar methodology have been unsuccessful 

(6). In contrast to the inconsistent results with the extraction 

procedures designed to contain nucleic acid-like materials, those 

efforts (7,8) which involved minimal or alternative prefractionation 

procedures have continued to yield evidence in support of the phenomenon 

of interanimal transferof information (ITI) via brain extracts (9)i. 

Our initial goal was to obtain reproducible data using automatic 

testing procedures where the behavioral modification was ~uantitatively 

large enough to allow statistical significance with small groups of 

animals. The initial experimental design was based on the report of 

Rosenblatt, Farrow and Rhine (7) which stated that operant conditioning 

of the donor animals would lead to behavioral modificat.ion of the recipients 

which was "task specific." Their results were based on unreinforced 

tests. The purpose of this report is to describe the results of experi-

ments in which the rats, recipients, were tested'without and with re-

inforcement. The tests with reinforcement appear 1to be a more 

sensitive means of detecting behavioral modification~) which are consistent 

with ITI via brain extracts. 
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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-pre·ss for food reward,jin a two-bar Skinner Box. The 

Skinner Box i-ras a conunercial model, Gras.cm-Stadler E3125 B-100, with two 

modifications. Tl:lte pellet dispenser was enclosed in a lucite and foamed­

plastic sound-deadening housing and the chamber light was moved to a 

midline position on the .. wall opposite to the manipulanda. One group 

was trained to press the left bar and one group was trained to press 

the right bar. The third group of donors were naive animals. 

The same protocol for training and testing was followed for 

experiments IV, VI M ~nd VIII. Experiment II, the first experiment in 

which the learning rate of recipients was tested, is included since it 

represents data.with an additional stock of rats, but the training and 

• testing procedure was not identical with the other three. All rats, 

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

mental complexity, EC, program (10) for 7 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 to b~press, on either 

the right or the left bar, a minimum of 50 reinforcements with food 

reward, and then trained for 8 days, 20 minutes per day, on a fixed ratio 

schedule which began at 1:1 (1 press per pellet) and advanced each da.y of 

training so that the final day was 8:1 (8 presses per pellet). The 

training vras completed 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 testing was scheduled to reduce 

the animals to 85% of their starting weight. Animals were fed 3 g, 5 g, 

and then 8 g of food on days 1, 2 and 3, respectively, after initiating 

food deprivation. Supplementary food, 8 g or more if necessary of a com-

mercial maintenance diet given at the end of the day~ was used to 
I 

maintain the animals at or above the 85';.6 leo>Tel during training and 

testing. 

The animals were sacrificed by decapitation ~nd the brain removed. 

The time for brain removal was approximately one minute with the exception 

of experiment VI M in which it was two minutes. The entire brain was 

removed, including the olfactory lobes and the portion of the brain stem 

which was left attached to the brain as a result of decapitation ~the 
Potter-Elvehjem 

guillotine. Immediat~ly after removal the brain was placed in a/homogenizer 

tube contai~ing 6.0 ml of ice-cold 0.9% NaCl-0.0~~ Tris, pH 7. 5. After 

the addj:tion of a second brain, the two brains were homogenized>. 

..... ----/with the aid of a mechanically powered pestle 

until there was complete dispersion of the tissue as judged by a visual 

inspection of the layer of homogenate which passed bety,reen the white 

Teflon pestle and the wall of the glass homogenizer tube. The complete 

dispersion takes approximately 40 seconds. The _homogenate was poured 

into an 11 ml polypropylene centrifuge tube. An additional 2.0 ml of 

0.9% NaCl-0.01 ~ Tris, pH 7.5, was added to the homogenizer tube, briefly 

homogenized, and also poured into the centrifuge tube. The samples were 

stored in crushed ice until. a group of 8 was ree4y for centrifugati.on, 

l~ 30 to 60 minutes. The samples were centrifuged for 30 minutes at 8000 x g 

in a Sorval centrifuge, head SS34, at 0°. The supernatant fluid was 

.. 
.• ·:-;:···:;-,. .··r .•.. ..--.-....~~"~··· 

'·' ... :• . ...... ..:; .. 

'· 
1 

, .. ·· 

I 
;-· ~ ... 

• 

I 
I 

' :. 
l' 
\ 

I 
: 
... 
'· ~ 
I 
l 
I 
! 

f 

~ 
!; 
t• 
~ 
i· 
il 

i 



... 

-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 recipient received the extract derived from the brains of 

two donors, each pair separately processed. The volume of the supernatant 
I 

fraction was approximately 6 ml out of a total volume of ll ml, and it 

contained approximately 65 mg of protein (11). No attempt has be~1 made 

to characterize the multiple components present in the extract; the 

protein determinations were used only to evaluate the reproducibility. 

of the homogenization and centrifugation. 

Potential recipients, after completion of the modified EC program, 
·, 

were placed on a food ·deprivation schedule 48 hours prior to injection 
I 

and assigned to a test chamber. They were given two exposures to the 

test chamber prior to· inj ectioJ;l; the first exposure, approximately 24 

hours before injection; was a group session, 3 r~ts per chamber, for 

15 minutes with ~0 pellets in the cup, and the second exposure, a fevr 

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

for 10 minutes with 5 pellets in the cup. At the en<:). of the 10-minute 

individual session, left and right presses were noted. This pre-

injection bar-pressing rate (without reinforcement) was used to select 

a uniform group of recipients. Injections were made in the evening and 

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

5 pellets in the cup. This avoided the problem of trying to re,move food 

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

was tested for two 10-minute seosions without reinforcement. The te:;t:; 

' ' : ~ ., ;,. ' .. ' ''·:'. 

'!\!'•"'¥ •/<''"' ·!"1',·. ~ ·.·''7-V·••k>, «o·iN"' -~::.13""-~':N;<·\. ,, .. 9%;:;p,,~,_,JI'4!;Kt,ki,h·~~Ji.'U,L;,I;t;;,;·;,<c:A.,q'l($A,,' fi.:oL', ;,~;,;~,~k 0!i'J\>{;;,,,p,M.!li .i.ot:.. ' · (!.'~· ... • - ¢,~4 '·. 
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were separated by 5 hours, and the first test was started 12 to 14 
f 

hours after injection. :In the afternoon of days 2, 3 and 4, each rat was 
20 minute session; 

tested with reinforcement, a 1 a Jlress on either the left or the ri1:rht 

bar would O:ferate the pellet di.spenser. The bars in a given box were 

matched in terms·9f the weight required, approximately 25 g, to close 

the microswitch. The left and right presses were recorded from a digital 

counter and an event recorder. Jlil experiments were coded with either 

a double or a triple blind code. For experiments IV and VIII the donor 

animals were coded prior to sacrifice. For experiments II and VI M 

the samples were coded immediately'rrior to injection. 

. Graphs of bar-pressing versus time for the reinforced sessions, 

learning curves, indicated that a cumulativetotal of 10 reinforcements 

on one bar was an adequate criterion of the time required to learn, 

TTLlo· TTLlo, unless otherwise specified, began with the first reinforced 

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 Figure 1 include results from a typical experiment, 

experiment IV, in which right, left and naive extracts were injected. 

A histogram of the pre-injection bar-pressing is shown in Figure la. 

The animals below 3 and above 11 presses per 10 minutes were rejected. 

Sin·ce the recipients were injected vri th coded samples, it should be 

noted that the unavoidable random assignment of samples for injection 

yielded closely-matched groups; the average pre-injection bar-pressing 

rate for the right,left and naive injected animals was 4.7, 5.9 and 5. 5. 

A histogram of 'post-'inj ec~ion bar-pressing rate for the swn of the two 

unreinforced tests is given in FiG;ure lb. The type of injection did 

~· 
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not significantly influence the behavior of the recipients as judged by 

the unreinforced testing. With reinforceJnent, however, the combined 

data for trained as compared to naive injections show an enhanced rate 

of learning, Figure lC. (P = 0. 06). A closer examination o:t: the individual 

results shows tha~ the right trained donor yields the extract which 

significantly lowers the TTL10(P"' 0.014). The injections from left 

trained donors in this experirnent were not significantly different from 

a naive injection (P = 0.3). 

A TTL10 without correction for the time prior to the first press may 

also be used as a measurement of the enhancement of learning, Figure ld. 
I 

The enhancement by a righfunjecUon is significant, P = 0.036, but the 
. ~ 

first press with reinforcement results in a definite solenoid noise, 

even though the sound and vibration of the pellet dispenser has been 

decreased by a sound-proofing housing. This solenoid-noise, together 

with. the delivery of the food pellet, is ·.a potential specific stimulus 

to the test animal, and, therefore, the time to learn following this 

first, potentially specific stimulus should be a more selective means 

of detecting an enhancement of learning. A comparlsOn of uncorrected 

and corrected TTL10 1 s for experiments IV. and VIM indicated that statistical 

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

vs. P = 0.014, and P = 0.026 vs. P"' 0.002, respectively) vras improved 

by correcting the TTL10 for the time prior to the first press. This 

suggests that the first reinforced press may be a meaningful specific 

stimulus to the ~ight injected recipient and the TTL10 data. summarized 

in Table 1, with the exceptio:: of experiment II1 are based on a corrected 

(Insert Table 1 here) · 

·~~. I 

.I 
t>c. 

I ~· 
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The difference in learning enhancement of a right as compared to 

a le:'t injection was not predicted, oL-e, ,it approached significance in 

exper1ment IV and VI M and was significant in experiments VIII and II 
. . 

(P = 0.005 and 0.004, :t-espectively). Possible explanations for this 

difference in left bar versus right bar training 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 enhancement 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 terms of personnel, two roles were considered important: The removal 

of the brain, VI M, and the individ1,1al. responsible for the overall experi-
i,' 

ments, VIII, including coding, testing atld compilation cf the results. 

The individual responsible for II, IV and VI M did not participate in~ VIII. 

The enhancement phenomenon described in this report is consistent 

with ITI, but the specificity and fundamental significance of this 

enhancement of learningby injection of brain extracts derived from 

trained donors remains to be determined . .\16) 

,· .. 

: .... 
.~. 

William L. Byrne (17) 

David Samuel (18) 

Laboratory of Chemical Biodynamics, Departmentof Chemistry, and 

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

C~lifornia 94720. 
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Table l 

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

time to leqrn, TTLlo (14). P was determined by the Mann-~~itney U test. P 

is the probability, one-tailed test, of observing a value ·of U as large as the 

.'"·' observed value if groups. A and B are dravm f:;.·om the same population. U is a 
I 

statistic which depends on the relative re:.n.\:ing of the animals in groups A and B. 

If Pis less than 0.5, group A has a shorter TTLlo than group B. The numbers in 

parentheses indicate the number of animals in each group. 

Experiment IV 
Group A· 

Trained (17) 

Right (8) 

Left (9) 

Right (8) 

Experiment VI M . 
Trained (11) · 

Right (6) 

Left (5) 

Right (6) 

Experiment VIII 

Experj_ment II 

Right (8) 

Left (8) 

Right (8) 

Right (5) 

·Left (5) 

Right (5) 

Group B 

Naive (4) 

Naive (4) 

Naive (4) 

Left (9) 

Naive (5) 

Naive ( 5) 

Naive (5) 

Left (5) 

Naive ( l3) 

Naive (8) 

Left (8) 

Naive (4) 

Naive (4) 

Left ( 5) 

u == 17 

u = 3 

u = 14 

u = 22 

U= 12.5 

u = 0 

U= 12.5 

. u = 6 

. u = 16.5 

u:;: 35.5 

. u == 8 

u == 0 

u == 9 

u = 0 

'· 
':• ., . . 

p = 0.06 

p = 0.014 

p :;: 0.27 

p = 0.09 

p - 0.05 . . 
p = 0.002 

p == 0. 5L~ 

P= 0.06 

p = 0.06 

p = 0.62 

p = 0.005 

p - 0.008 

p == 0.45 

p ::: 0. OOLJ. 

·~ I 

~· 
.\ 
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I 

I 
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I 

I. 
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I 
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I: 
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FIGURE Ct,PTION 

Figure L 

(a) Pre-injection bar-pressing ra.te for potential recipients. In this 

experiment only, 8 potential recipients h.ad·a seqond pre-injection session. 
.( 

th::ir average rate was used. 

(b) Unreinforc~d barl:pressing, average for two sessions, following injection; 

(c) Time to learn, TTL10, based on :reinforced tests, with a correct·ion for 

the time prior to the first reinforced :press. 

(d) TTL10 for the same animals; witi1out co2-:l:-ection. 

e :prior to injection; o 1eft injection; 0 right injection; 

A naive injection. 
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animal establishes and retaim: Et >ar preference soon after be learns 

' 
to bar-press. Since the traim;d donors were either left or ri:=ht trained" 

the earl.y bar preference, at TTLJ_;::;, and the final preferencE:B were 

recorded. The final preference criterion was 90% or more qi the same 

bar in sequential test se$sions, but the great majority of the animals 

established a greater than 95% preference. The bar preference will be 

the .:;ubject 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 tre predicted direct ion 

· in experiments II, IV and VIII, but the trend was in the nonpredic1~ed 

direction in VI M. In ex})erimcmt VI M the brain removal time was 

approximately 2 minutec J.nstead of the normal l minute. 
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.. 
For experiment tv the-~ats Here Holtzman females, 150 g, approximately 

5 vreeks- old. In ex:Pe±-iment VT H fend VIII the rats were Holtzman males, 

15tl g, approxi:nately 5 ,.,eel-~s olrl. Th~· Holtzman rats are a Sprac;u,?.-

Dmdey derived stock, In exper:i.m·.~nt it the trained donors and recipients·. 
: ' 

'tlere Berkeley q1 males, 220 to 300 g, ::approximately 12 weeks old, but 

the naive donors were Buffalo m.:1l•2s .. The TTL1 o data used to calculate 

the U and P values in Table 1 are as f.ollows·: Experiment IV·- right 

injected 5, 7, 7, 9, 9, 10, 12 an:l 29; left injected 6; 6, 8, 11, 

22, 30, 32, :>58 and ):52; naive Lljected 11, 14, 32, and >58; 

Experiment VI M - right ir:jected ), 5~ 6, 6, 7, and 8; left injected ' 

5, 8, 34, 40 and >40; naive injected 13, 15:, 18, 22, and >60; 

Experiment VIII - right injected 4, 8, 9, 10, 13, 13, 16 and 20; 

left injected 4, 20, 21, 26, 37, >0, ?17 and >57;. naive injected 

), .4-, 18, 29, 46, >49, >49 ~mel >57; Experiment II- rtght injected 

6, 9, 9, 12 and l3; left injccteJ. 15~ .16, 26, 35 and >45; naive 

inj ccted 14, 21, >4'5 and 74-5. 'l\1e TTL10 vcilues with the exception of 

experiment II are col'-rectcd. for the t'.ime prior to the first reinforced 
I 

press. The animals which cii.d not rea.ch the TTL10 .criterion are listed 

as having TTL1 os greater than the testing time which follO\ved the 

first r~inforced press, but for the c,alculation of' U all of the animals 

which did not learn were c;:Lven the same ranking. 

In retrospect, it is interesting to note that if the initial expe:rin1.ents 
,.· 

had been attempted <"With animals trairi:ed on the left bar. only, the 

extract-s would not have shown an enhancement·of learning. Current 
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experiments with a. mod:i.f':~,o:r~ Pkirmer Bo.xb a "min:or. imw':~" tk:.::i;~t:, 

potentlu.l of the brai.n <:::·:tract prepared :from a l<.ot't 0r u. ~ .... ; 1- -- '... : ' r1F.~l~ ... ~ .. _, ...... !..,-

ed donor. ., 
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This report was prepared as an account of Governmen~ 
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. 
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