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MORRIS, P. E. AND J. M. BEATON. Facilitation o.l'tm opemmt task in the ratJ~dlowi~tg inje('tio~ ~./'whole brain extract. 
PHARMACOL BIOCHEM BEHAV 19(2) 241-244, 1983.--1t has been shown that the administration of trained donor 
brain extract to naive rats results in facilitation of performance on the same task. In lhe present study a group of food 
deprived rats was trained to press a lever for food on a continuous schedule of reinforcement until they reached criterion. 
The animtds were then sacrificed, their brains excised, homogenized and the small proteins (tn.w.<3500) extracted. A 
group of untrained rals was also sacrificed and their brains extracted. Three groups of rats were used as recipients, 
receiving either trained donor or untrained donor brain extract or saline. The ~mimals were tested individually for one-hour 
sessions at 18, 42 and 66 hours after the injection. The number of bar presses made by each rat was noted and the group 
mean plus or minus the standard deviation were calculated for each session. The results of a one-way analysis of variance 
showed that the group which received trained donor brain extract performed at a higher rate than either control group. 
These data suggest that some factor, (specific or non-specific), associated with the task has been transferred. 
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D U R I N G  the past  two decades  there  have  been  n u m e r o u s  
e x p e r i m e n t s  pe r fo rmed  examin ing  the b iochemica l  t rans-  
fer of  learned b e h a v i o r  in the  rat. Many  of  these  s tudies  
s t emmed  from U n g a r ' s  d i scovery  and isolation of  sco tophobin ,  
a small pept ide which  is formed in brain when  rats are t ra ined 
on a dark  avo idance  task.  Unga r  [ 15] found  tha t  w h e n  these  
rats  were  sacrif iced,  the i r  bra ins  exc i sed  and p roces sed  and  
the ex t rac t  f rom these  " t r a i n e d "  ra ts  was  in jected into na ive  
mice,  the rec ip ien ts  exh ib i t ed  the  same  d a r k - a v o i d a n c e  type  
behav io r .  U n g a r  a t t r ibu ted  this b e h a v i o r  to sco tophob in .  
The  isolat ion and  amino  acid sequenc ing  of  the  s co t ophob in  
pept ide  chain  soon fol lowed as did its syn thes i s .  The  syn- 
the t ic  mater ia l  was  s h o w n  by n u m e r o u s  labora tor ies  [5,10] to 
have  the same effect  upon  behav ior .  

E n c o u r a g e d  by the  resul ts  f rom the  s c o t o p h o b i n  exper i -  
men t s ,  many  inves t iga tors  set ou t  to s tudy o the r  " l e a r n i n g  
p r o t e i n s "  which  could  be fo rmed  when  var ious  tasks  are 
learned.  For  example ,  Bab ich  et a/ .[2] successfu l ly  t rans-  
fer red  a food cup  app roach  task  in na ive  rats  using bra in  
R N A  f rom t ra ined  d o n o r  rats.  Braud  and  Braud  [41 suc- 
cessful ly  t r ans fe r r ed  relat ional  learning using c rude  whole  
brain  h o m o g e n a t e ,  and  U n g a r  et al. [14] t r ans fe r r ed  sound  
hab i tua t ion .  H o w e v e r ,  r epor ted  a long wi th  these  posi t ive  
f indings were  also a great  n u m b e r  of  nega t ive  resul ts .  For  
example ,  G o r d o n  et al. [8] found  that  ex t r ac t ed  brain  R N A  
f rom t ra ined  d o n o r  rats  did not  have  any behav io ra l  effects  
upon  rec ipient  rats.  Also,  Gros s  and Carey  [9] r epor t ed  tha t  
they were  unab le  to repl icate  the Bab ich  et a/. [1] exper i -  

ment .  One  reason  for these  conf l ic t ing repor t s  may be t raced  
to the di f ferent  me thodo log ies  used by the  var ious  inves-  
t igators.  For  example ,  some inves t iga tors  have  repor ted  
posi t ive  t r ans fe r  using purif ied l iver  and  brain  RNA,  while 
o the r s  repor t  posi t ive  t r ans fe r  only w h e n  using crude  whole  
bra in  h o m o g e n a t e .  There  are many  o the r  poss ible  explana-  
t ions for such failures.  Th ree  of  the major  r easons  for a fail- 
ure to obse rve  a t r ans fe r  effect  may be (1) expe r imen ta l  
cr i ter ia  are lacking,  i.e., there  are too m a n y  procedura l  
d i f fe rences  b e t w e e n  s tudies ,  (2) the  task be ing  t rans fe r red  is 
inappropr ia te ,  and (3) the me thod  of  bra in  ex t rac t ion  dena-  
tures  the t r ans fe r  factor .  O t h e r  d i sc repanc ie s  which  are 
found  be tween  inves t iga to rs  are the n u m b e r  o f  t ra in ing days  
for  the  d o n o r  rats  (which  U n g a r  et a/.[ 15] have  s h o w n  to be a 
pe r t inen t  factor)  and the  a m o u n t  of  bra in  ex t rac t  adminis -  
tered.  

We have  previous ly  s h o w n  in a pilot s tudy [ 12] tha t  a food 
re inforced  bar  press ing  task  can be t r ans fe r r ed  using whole  
bra in  h o m o g e n a t e  in a 2:1 ratio,  i.e., two t ra ined  d o n o r  
bra ins  per  na ive  rat.  A simple bar  p ress  learning parad igm 
was c h o s e n  because  it had been  repor ted  that  tasks  which  
require  little effort ,  especia l ly  a posi t ive ,  re inforced  task,  is 
the  mos t  readily t r ans fe rab le  [13]. Also,  a schedule  of  posi- 
t ive r e in fo rcemen t  has  been  shown  to be a more  sens i t ive  
means  of  de tec t ing  t r ans fe r  b e h a v i o r  using whole  brain  
h o m o g e n a t e  ex t r ac t ions  [6]. It was  p roposed  in this p resen t  
s tudy to examine  the t r ans fe r  of  this  ba r  press ing  task in a 
larger  group o f  subjects .  

241 



242 M O R R I S  A N D  B E A T O N  

T A B L E  1 

THE MEAN NUMBER OF BAR PRESSES, PLUS OR MINUS THE 
STANDARD DEVIATION, MADE BY EACH GROUP OF RATS ON THE 

THREE TEST SESSIONS 

18 Hours 42 Hours 66 Hours 

Saline Group 2.3_+0.80 1.1_+ 0.67 43.9_+27.54 

Control-Brain 2.9 + 1.43 17.7+ 10 .97  80.4_+45.57 
Extract Group 

Trained-Brain 20.6+8.57 141.6+38.60 195.4_+43.46 
Extract Group 

METHOD 

Subjects 

Seventy  adult (120 day old) male Long-Evans  hooded  rats 
served as subjects.  For ty  rats served as donors ,  twenty as 
recipients  and ten as controls .  The rats were  housed individ- 
ually in a sound a t tenuated  room maintained at 27_+2°C with 
free access  to food (Purina Rat Chow)  and water .  For  four- 
teen days prior to the beginning of  training the rats were 
handled and weighed daily. All the rats were  then brought  to 
80% of  their  respect ive  free feeding weights and maintained 
be tween  80-85% of  their  weights.  

Apparatus 

Three  single lever  operant  chambers  connected  to 
BRS/Lehigh  Valley Programming Equipment  and digital re- 
sponse counters  were  used. The daily responses  made by 
each rat were  recorded.  The chambers  were  also connec ted  
to cumula t ive  recorders  and recordings were  made for all 
rats during all testing sessions.  The operan t  chambers  were  
situated in a dark and soundproof  testing chamber  illumi- 
nated only by a small light bulb located on the same wall as 
the lever .  Fans  were  run during all sessions to keep  the test- 
ing chambers  cool and to mask outside noises.  

7)-aining 

Twenty  donor  rats were  trained on a schedule  o f  continu- 
ous re inforcement  (CRF),  that is each response was rein- 
forced with a food pellet  weighing approximate ly  45 mg. For  
the first two days o f  training the rats were  magazine trained 
(i.e., taught to approach the food cup at the sound of  a click 
to rece ive  a reinforcer)  and subsequent ly  trained to press the 
lever  to de l iver  a pellet. By the third day o f  training all rats 
had started pressing the lever  and were  receiving reinforcers .  
The  session terminated after the rat rece ived  100 reinforcers.  

Fol lowing the third day o f  shaping, the rats were tested 
for four  subsequent  days.  This schedule al lowed each rat to 
reach the cr i ter ion of  100 bar-presses per day for five con- 
secut ive days.  Therefore ,  the level of  per formance  of  each 
rat was similar. On the last day of  training the rats were  
sacrificed by decapi ta t ion immedia te ly  after their  session 
and their  brains excised,  weighed,  and placed in 4°C distilled 
water .  These  rats const i tuted the trained donor  group. This 
trained donor  group was divided into three sub-groups de- 
pending upon the chamber  in which the rat had been trained. 
Twenty  control  donor  rats were  t reated and sacrificed 

T A B L E  2 

t-TEST VALUES OBTAINED IN THE POST-TEST COMPARISONS 

level of 
t value significance* 

18 hours post-injection 

Saline vs. control brain 1.344 N.S. 
Saline vs. trained brain 4.522 ~ 0.001 
Control brain vs. 3.565 ~0.01 

trained brain 

42 hours post-injection 

Saline vs. control brain 2.283 --0.05 
Saline vs. trained brain 13.246 40.001 
Control brain vs. 9.534 < 0.001 

trained brain 

66 hours post-injection 

Saline vs. control brain 0.470 N.S. 
Saline vs. trained brain 8.672 <0.001 
Control brain vs. 3.335 <0.01 

trained brain 

*With 18 degrees of freedom, two lailed test. 

exact ly  as the trained donors ,  except  that they rece ived  no 
training. 

Extractions 

The excised brains, in the 4°C distilled water ,  were 
homogenized  and sonicated for 1.5 minutes /30 sec 
homogenizat ion-sonicat ion/30 sec cool off, × 3). Six vol- 
umes o f  distilled water  were  used for every  gram of  tissue. 
During the homogeniza t ion-sonica t ion  step crushed ice was 
kept packed around the centrifuge tubes to retard tissue de- 
ter iorat ion and enzymat ic  action on the proteins.  This 
mixture  was then magnetical ly stirred for four  hours at 4°C, 
then centr i fuged at 17,000×g for two hours on a Sorvall RC 
2-B refrigerated centrifuge,  also at 4°C. The supernatant  was 
dialyzed (spectrapor  3 M.W. cu tof f  3500) against 12 ml of  
distilled water  for every  ml o f  supernatant  for twenty hours. 
After  dialysis the dialyzate was f rozen in a mixture of  dry ice 
and acetone.  The f rozen dialyzate was then lyophilized and 
the remaining powder  kept f rozen in a -70°C freezer  until 
needed.  This extract ion method differs from that of  Braud 
and Braud [4] in that we add sonication in the homogeniza-  
tion step and distilled water  was substi tuted for physiological 
saline solution to avoid administrat ion of  a hypertonic  solu- 
tion to the recipient  rats. In addition, a dialysis step was 
added to allow for an injection of  only low molecular  weight 
(<3500 a.m.u.)  proteins and peptides. Immediate ly  prior to 
injection distilled water  was added to the extracts  to allow 
each recipient  rat to receive  the equivalent  of  two donor  
brains in a vo lume of  2 ml and vor texed for 30 sec at 
maximum speed to allow for a homogeneous  injection. All 
injections were  administered intraperitoneally.  

Testing 

Prior to injection, the operant  chambers  were partially 
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TABLE 3 

THE MEAN NUMBER OF ACTIVITY COUNTS, PLUS OR MINUS THE STANDARD 
DEVIATION, FOR EACH GROUP OF RATS ON THE THREE TEST SESSIONS 

18 hours 42 hours 66 hours 

Saline group 1,105.2_+418.7 1,451.2+457.0 963.9_+535. I 

Control-brain 1,644.5+552.5 1,295.1 _+573.6 1,346.6+- 647.8 

extract group 

disassembled and thoroughly cleaned. This cleaning proce- 
dure assured that the recipient rats would not be attracted to 
the bar or food cup by residual pellet odor or particles, dur- 
ing testing. 

The remaining thirty food deprived rats were divided into 
three equal groups. Group I received the trained donor ex- 
tracts and Group II received the untrained donor extracts. 
Group III received an injection of 2 ml saline. Each group 
was tested at 18, 42 and 66 hours after injection. 

RESULTS 

The daily number of bar presses made by each rat was 
recorded and Table 1 shows the mean number, plus or minus 
the standard deviation, for each group on each of the three 
test sessions. It can be seen from this table that there was an 
increase in bar pressing by all groups over the three days. 
However,  the group of  rats which received the extract from 
the brains of trained rats have a much higher mean number of 
bar presses for all sessions. 

A one-way analysis of  variance was carried out on the 
data for each test time. Significant differences were found at 
all three testing sessions. At 18 hours, F(27,2)=3.99,p<0.005; 
at 42 hours, F(27,2)-10.98, p<0.001 and at 66 hours, 
F(27,2)=3.97, p<0.05. A series of t-tests was then carried 
out to examine the source of the significance. The results of 
these t-tests showed that the group of rats which received 
trained donor brain extract performed significantly better 
than either control group on all test sessions. The t values 
can be seen in Table 2. 

One interesting finding was the significant difference 
found between the saline and control brain extract groups at 
42 hours after injection. This was the only significant differ- 
ence found between these groups but we felt that it merited 
further investigation. 

To address this point forty rats were added to the study. 
Twenty of these rats were food deprived and sacrificed 
under the same conditions as the control group in the first 
study, and their brains were prepared for injection as in the 
original study. The other twenty rats were food deprived and 
maintained at 80% of their free-feeding weights for ten days. 
They were then randomly assigned to two groups, (1) saline 
injection, (2) control brain extract group. These rats were 
then placed in a BRS/LVE Open-Field Apparatus (Model 
PAC 001) for 15 minutes, 18, 42 and 66 hours after injection. 
The total number of  counts were recorded for each animal 
during each session. A two-way ANOVA for repeated meas- 
ures showed no significant differences between either group 
at any time after injection. Table 3 shows the mean plus 
or minus the standard deviation of the mean for these data. 
The large standard deviations may in part account for the 
lack of any significant difference between the treatments. 

DISCUSSION 

The present study was carried out to examine the behav- 
ioral effects of  small proteins and peptides extracted from 
the brains of trained rats on naive rats. The results showed 
that the brain extract from trained donor rats did facilitate 
learning in the operant chambers. These results support the 
theory that learning and memory are encoded in specific 
proteins or peptides which can be transferred between or- 
ganisms. However,  it cannot be concluded that the increase 
in performance is due totally to a specific behavior-inducing 
compound, because the increased performance may be due 
to some non-specific agent which is extracted and injected, 
or to a non-specific increase in activity. Because of  the sig- 
nificant increase in lever pressing by the control-brain 
extract group at 42 hours after injection, a brief experiment 
was carried out to determine whether or not this difference 
was due to an increase in general activity. Using an open- 
field test we found no significant differences between the 
saline and control-brain extract treatment. These data show 
that there was no increase in activity induced by the brain 
extract, indicating that the findings of  the first study cannot 
be attributed to behavioral activation. 

The effect in the main study may be due to a non-specific 
agent, for example, a more careful study of  scotophobin may 
show that it is an anxiety-inducing substance which causes 
the rat to " f r eeze"  when placed in the testing chamber, thus 
avoiding the black compartment and giving a positive score 
for the rat. This may be taken inadvertently as an indication 
of learning. On the other hand, anxiolytic agents may be 
found in the brains of rats trained on an appetitive task, 
which may reduce the stress placed on the rat in the new 
situation and thereby stimulate new behaviors. 

With respect to this hypothesis, there is an increasing 
amount of evidence that the brain contains a variety of en- 
dogenous compounds which are capable of producing behav- 
ioral effects, e.g., the opiate-like endorphins, the hallucino- 
gen N,N-dimethyltryptamine (DMT), adrenocorticotropic 
hormone (ACTH) and at least two separate classes of  endog- 
enous tranquilizers [2]. It may be that in a stressful situation, 
such as with the scotophobin studies, the brains of the donor 
subjects have increased levels of an agent which is capable of 
inducing stress in the recipients, thereby modifying their be- 
havior. The agent could very well be an endorphin-like sub- 
stance since it has been shown that endorphin levels increase 
in stressed animals [11]. The hallucinogen DMT has also 
been shown to be elevated four to twenty-fold in rats given 
repeated shocks [3]. Similarly, in this present study a 
tranquilizing-type agent may have been transferred which 
was specific for a bar-pressing task. DeWied et al. have 
shown that ACTH and peptides related to ACTH can in- 
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crease  the motivat ional  value of  env i ronmenta l  stimuli and 
this increases  the probabili ty of  s t imulus-specif ic  behavioral  
r e sponses  [71. 

CONCLUSION 

The p resen t  s tudy was carried out to examine  the effects  
o f  small pro te ins ,  ex t rac ted  from the brains of  rats trained to 

press  a lever  for food re inforcement ,  on the per formance  of  
untrained rats. The results  of  the data analysis showed that 
the rats which received the trained donor  ext rac ts  acquired 
and per fo rmed  the task significantly bet ter  than the control  
groups.  Therefore ,  it can be conc luded  that some form of  
t ransfer  factor  exists  for this learning paradigm. However ,  
this study cannot  answer  the ques t ion of  the specificity ver- 
sus the non-specif ic i ty  of  the t ransfer  factor.  
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