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SMITH, J. E., G. T. HEISTAD AND T. THOMPSON. Uptake of  3H-uridine into brain and incorporation into brain 
RNA of  rats exposed to various training tasks - a biochemical analysis. PHARMAC. BIOCHEM. BEHAV. 3(3) 
447-454, 1975. - Operant schedules were used to isolate component parts of a training task and rates of 
incorporation of S H-uridine into the brain and brain RNA were determined. Rats that developed a discrimination in 
responding to a visual stimulus absorbed more radioactivity into the brain and incorporated a higher percentage of this 
radioactivity into total and cytoplasmic RNA than littermates exposed to the visual stimulus only. Of the component 
parts of the training task, the discrimination accounted for the greatest increase in absorption of radioactivity and 
incorporation of it into RNA. The schedule change had the second largest effect and the stimulus change the least. 
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IN the last decade, a great deal of research has focussed on 
the molecular events of information processing and storage 
by the central nervous system. One major area of research 
has been the demonstration of neurochemical changes in 
proteins [ 17,24], RNA [ 37] and DNA [ 34] during training. 

Neurochemical changes have been demonstrated with 
both positive (presentation of a reinforcing stimulus) and 
negative (removal or avoidance of an aversive stimulus) 
training procedures. With a shock avoidance training proce- 
dure, RNA changes in whole brain [4, 28, 38],  brain areas 
[22, 31, 32, 39],  and specific RNA species [1, 2, 10, 11] 
and protein changes in whole brain [16] and in brain areas 
[6] have been demonstrated. Several training tasks have 
been used to study neurochemical changes with positive 
procedures: wire climbing maintained by food reinforce- 
ment [13] ,  change of handedness in rats retrieving food 
from a narrow tube [21],  Y-maze running maintained by 
water reinforcement [8,23],  key pecking by pigeons [7] ,  
and imprinting chicks to a flashing light [5].  RNA changes 
in whole brain [13],  brain areas [8, 19, 23],  and specific 
RNA species [ 19] and protein changes in whole brain [7] ,  
brain areas [5,20] and specific protein species [21] have 
been demonstrated in animals trained in these tasks. In 

many of these studies, the total difference observed be- 
tween comparison groups has been attributed to the hy- 
pothesized central process responsible for the observed 
changes in response probabilities (learning), when there 
have been stimulus and environmental differences between 
the comparison groups. 

Neurochemical changes in the form of increased protein 
and RNA synthesis have been demonstrated in animals 
receiving visual [37],  electrical [27] ,  olfactory [33],  and 
motor [3,18] stimulation. These stimuli are concurrent 
with most training tasks. The purpose of this study was to 
use operant training procedures to isolate and measure the 
effects of some of the component parts of a training task 
on the rate of uptake and distribution of 3 H-uridine-5 into 
the brains and brain RNA of rats exposed to various por- 
tions of a training task. RNA changes were investigated to 
maximize the probability of detecting biochemical changes, 
since changes in RNA are one of the first responses ob- 
served when the genome is stimulated. Therefore, if changes 
in the brain that involve enzyme induction, structural 
changes, or nearly any known physiological or biochemical 
response occur, then induction and a resulting increase in 
RNA synthesis is likely. Such changes have not been dem- 

t This research was funded by USPHS Training Grant 5-TI-MH-8565-05.  
2Current address: Institute of Psychiatric Research, Indiana University School of Medicine, 1100 W. Michigan, Indianapolis, Indiana 

46202. 

447 



448 SMITH, HEISTAD AND THOMPSON 

onstrated to occur as a direct result of the specific central 
process responsible for the observed changes in response 
probabilities. 

METHOD 

Behavioral 

Animals. Thirty-six male Fischer F-344 strain 9 0 - 1 2 0  
day old rats (Hilltop Labs, Chatsworth, CA) were used in 9 
groups of 4 littermates. The experiments were begun with 9 
animals in each of 4 treatment conditions. Because of loss 
of some fractions during the experimental manipulations, 
there are less than 9 per group in some of the comparisons 
(Tables 1 and 2). The animals were maintained at 80% of 
their free-feeding weight with free access to water in group 
cages (4 littermates to each cage) in a temperature and 
humidity controlled environment with the room illumi- 
nated continually. 

Procedure. In each group of littermates, the 4 rats were 
trained to lever press on a fixed ratio 20 (FR 20) schedule 
of food reinforcement (45 mg Noyes pellets) until  stable 
baselines (-+5 responses per min) were obtained. A fixed- 
ratio 20 schedule of reinforcement is one in which a 
response is reinforced upon completion of 20 responses 
counted from the preceding reinforcement [14]. The FR 
20 baseline training procedure was used to control for ex- 
perience in the training environment (the number of rein- 
forcements obtained, number of responses emitted, and 
number of training sessions administered were held con- 
stant within each experimental group [litter]). The re- 
sponse rates of the animals were also similar. Littermates 
from a highly inbred strain were used to minimize genetic 
differences that might effect the background level in neuro- 
chemical pathways being studied. 

After stable baselines were obtained (approximately 35 
sessions), the four littermates were lightly anesthetized with 
ether and injected with 50 ~c of 3H-uridine-5 (specific 
activity 28 C/mM) in 50 ul of saline into each cerebral 
hemisphere approximately 4 mm lateral to the superior 
sagital suture, 2 mm anterior to the posterior lateral suture, 
and 3 mm below the skin with a 27 g needle using the 
method of Campagnoi [9]. A total of 3.57 nanomoles of 
uridine was administered which is less than 0.6 percent of 
the free UTP pool in the brain [26].  One hour after admin- 
istration of the 3 H-uridine, the animals were exposed with 
random assignment to one of the following training condi- 
tions for 60 min: 

(a) A multiple 2 minute FR 20 2 minute extinction 
condition (MULT). The multiple schedule consisted of two 
alternating schedules of reinforcement: FR 20 and extinc- 
tion (EXT-reinforcement  is withheld) with a different 
stimulus present during each. In this condition the light 
that had been present during FR 20 training (session light) 
alternated between being lit for 2 min during which the FR 
20 component was in effect and being extinguished for 2 
min during which the extinction component was in effect 
and food was withheld. The stimulus change was a cue for 
the portion of the schedule that was present. As a result the 
animal in this condition developed a discrimination and 
responded at a high rate when the light was on and the FR 
20 component was in effect and responded very little when 
the light was out and the extinction component was in 
effect. 

(b) A mixed FR 20 EXT with a random interpolated 

stimulus change (MIX). In the MIX condition, reinforce- 
ment was programmed by the same two schedules (FR 20 
and EXT) alternating at random with no stimuli correlated 
with the onset of either. In this condition the session light 
was randomly lit and not lit 50 percent of the time during 
each schedule component. This animal received the same 
quantity of schedule change (30 min FR 20 and 30 min 
EXT) and stimulus change (30 min of light and 30 min of 
no light) as the MULT animal, but the stimulus change was 
not correlated with the schedule change. The animal ex- 
posed to this condition had no cue to which protion of the 
schedule was present and, therefore, did not develop a dis- 
crimination and responded at a high rate during both com- 
ponents (FR 20 and EXT). 

(c) FR 20 stimulus change (FR 20 Stimulus). In this 
condition the session light was lit 2 min and extinguished 2 
min in the same alternating sequence as in the MULT condi- 
tion, however there was no schedule change. The stimulus 
had no consequence and thus was novel. 

(d) FR 20. This animal was exposed to no change from 
the original training procedure and served as comparison for 
the effects of the baseline training condition. 

These four training conditions were used to separate and 
measure the neurochemical effects of the component parts 
of the total training task (MULT minus FR 20). In each 
litter the effect of the stimulus change was estimated by 
comparing the FR 20 stimulus animal with the FR 20 ani- 
mal. The effect of the contingency change (schedule change 
plus the discrimination in responding) was estimated by 
comparing the MULT animal with the FR 20 stimulus 
animal since both were exposed to the same stimulus 
change. The effect of the discrimination was estimated by 
comparing the MULT with the MIX animal since both were 
exposed to the same amount of physical stimulus and 
schedule change. 

The differences in the pattern of responding to the 
stimulus and training conditions were quantified by com- 
puting response rate ratios (RRR) for the animals. Fifteen 
RRR's were computed for 4 min intervals of the 60 min 
training session as follows: (1) MULT RRR equals 

responses during 2 min light which in this condition 
responses during 2 min no-light 
equals responses during 2 min FR 20 

responses during 2 min EXT. (2) MIX RRR equals 

responses during 2 min light 
responses during 2 min no-light for the stimulus. (3) MIX 

RRR equals responses during 2 min FR 20 
responses during 2 min EXT for the 

responses 
contingency. (4) FR 20 Stimulus RRR equals responses 
during 2 rain light 
during 2 min no-light. (5) FR 20 RRR equals responsesreSp°nses 

during 2 min 
2 min. during previous 

Immediately after the 60 min training condition, the 
animals were sacrificed by immersion in Freon 12 cooled in 
liquid nitrogen (-155 ° C). Stainless steel tubes (12 x 2½ in.) 
were used both for transporting devices during training, and 
as freezing tubes that could be easily lowered into a Dewar 
flask of Freon 12. In this manner stress effects of the sacri- 
fice procedure were minimized. The brains were removed 
without being allowed to warm in a vise partially sub- 
merged in liquid nitrogen with chisels that were cooled in 
liquid nitrogen. The cerebellum and olfactory bulbs were 
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discarded and the brains stored in liquid nitrogen (-197°C) 
until  extraction and analysis. A modification of a previous- 
ly reported procedure [29,30] was used for the isolation of 
cell fractions and the extraction of cytoplasmic and nuclear 
RNA. 

Biochemical 

Isolation o f  cellular fractions. The brains were pulverized 
in a pulverizer cooled in liquid nitrogen (-197°C), and 
homogenized with a Dounce homogenizer on ice in a 
hypotonic buffer, RSB-PVS-DEP (0.01 M Tris-HC1, 0.01 M 
NaC1, 0.01 M EDTA, 0.0015 M MgC12 • 6H20, 0.01% poly- 
vinyl sulfate (PVS), 0.05% diethyl procarbonate (DEP), pH 
7.4). (All manipulations prior to the phenol stage were 
carried out at 4°C). The homogenate was placed in a 35 ml 
disposable plastic syringe and passed through two Swinney 
adapters (13 mm dia.) in tandem, each containing five 100 
mesh stainless steel screens and then through three Swinney 
adapters in tandem, each containing eleven 170 mesh stain- 
less steel screens to obtain a high degree of cell breakage. At 
this point a 0.1 ml aliquot was taken for determination of 
total radioactivity in the homogenate. The nuclei were 
separated from the cytoplasmic fraction by centrifugation 
at 1600 x g for 5 min. The supernatant solution (cyto- 
plasmic fraction) was decanted into a tube containing 2 
volumes of 95 percent ethanol. The nuclei were then 
washed by resuspension in 4 ml of RSB-PVS-DEP and re- 
deposited by centrifugation and the supernatant combined 
with the cytoplasmic fraction. This washing of the nuclei 
was repeated twice more, each time combining the super- 
natant with the cytoplasmic fraction. The nuclear pellet 
was resuspended in 4 ml of RSB-PVS-DEP, 0.6 ml of the 
following mixture was added (one part of a 10 percent w/v 
solution of the ionic detergent sodium deoxycholate in 
water and two parts of 10 percent v/v solution of the non- 
i o n i c  detergent  Tween 40, polyoxyethylene sorbital 
monopalmitate, in water) and the mixture shaken for 10 
sec. Immedaitely, 10 ml of RSB-PVS-DEP was added, the 
nuclei deposited by centrifugation, and the supernate added 
to the cytoplasmic fraction. 

Digestion o f  the nuclei. The nuclei were resuspended in 
2 ml of a high salt buffer, HSB (0.5 M NaC1, 0.05 M MgC12 
• 6H20, 0.1 M Tris-HC1, pH 7.4), 200 t~g of electro- 
phoretically purified DNase was added and the mixture 
stirred vigorously at 37°C for 1 min. Immedaitely the mix- 
ture was brought to 0.05 percent DEP and 0.01 percent 
PVS concentration, 0.4 ml of a 0.5M E D T A - p H  7.4 buffer 
and 0.1 ml of a 25 percent SDS solution were added and 
the mixture mixed for 2 rain. Immediately, 3 ml of a 88 
percent freshly redistilled phenol solution was added and 
mixed for 1 minute. 

Treatment o f  cytoplasmic fraction. The cytoplasmic 
fraction was centrifuged at 5000 x g for 10 min. The super- 
hate was decanted and the pellet resuspended in 3 ml of 
resuspension buffer (0.01 M Tris, 0.01 M NaC1, 0.001 M 
EDTA, 0.01 percent PVS, 0.05 percent DEP, pH 7.4), 0.1 
ml of 25 percent SDS and 0.6 ml of 0.5 M EDTA pH 7.4 
was added and the mixture stirred at 30°C for 1 min. Im- 
mediately, 3 ml of 88 percent phenol was added and the 
solution mixed for 1 min. 

Extraction of  the RNA. The nuclear and cytoplasmic 
fractions were heated to 65°C for 2 min with continual 
stirring and then mixed for 1 min with a vortex mixer; 3 ml 
of chloroform-1 percent isoamyl alcohol were added and 

the mixture again heated to 65°C for 2 min with continual 
stirring. The solution was mixed 1 min with a vortex mixer, 
the phases separated by centrifugatiQn at 2000 rpm for 2 
min at room temperature in a clinical centrifuge, and the 
organic layer (bottom) removed and discarded. Three more 
extractions were performed with chloroform-1 percent 
isoamyl alcohol alone at room temperature. The final 
purified aqueous phase (upper) was removed and 0.5 ml of 
5X RSB buffer (2.5 M NaC1, 0.25 M MgC12 • 6H20, 0.5 M 
Tris-HC 1, pH 7.4) was added along with two volumes of 95 
percent ethanol. The RNA was allowed to precipitate over- 
night at -20 ° C. The RNA was collected by centrifugation at 
27,000 x g for 10 min at 4°C. The supernate was decanted 
and the RNA dissolved in 0.2 ml of sample buffer (80 
percent 0.12 M Tris-HC1, 0.06 M sodium acetate, 0.006 M 
EDTA, pH 7.4; and 20 percent glycerol). 

Quantification of  RNA and Determination of  Radio- 
activity. The RNA concentration was determined with a 
modified micro-orcinol procedure [25]. Aliquots of the 
homogenate and RNA solutions were counted for radio- 
activity in a Beckman LS-200 liquid scintillation counter 
using a TLA (Beckman) 70 percent t o luene -30  percent 
absolute methanol scintillation cocktail and the efficiency 
of counting determined from a quench curve corrected by 
automatic external standardization (A. E. S.). 

RESULTS 

Behavioral 

The cumulative records for one group of littermates on 
the FR 20 training schedule the day before sacrifice and the 
day of the 60 min treatment procedure are shown in Fig. 1. 
The patterns of responding to the stimulus change is differ- 
ent in the MULT condition from the MIX and FR 20 stim- 
ulus conditions. This is evident in Fig. 2 which is a plot of 
the response rate ratios. As the session progresses, the stim- 
ulus develops control of lever pressing behavior in the 
animal exposed to the MULT schedule as is shown by the 
large RRRs. The stimulus develops no control over lever 
pressing behavior in the animals in the MIX and FR 20 
stimulus conditions which is demonstrated by the RRR's of 
1.0 for these animals. 

A paired t-analysis of the RRRs for the 9 groups of 
littermates shows that the RRRs for the MULT animals 
differ significantly from the MIX and the FR 20 stimulus 
animals in the last 8 minutes of the 60 minute contingency 
exposure (MULT vs. MIX: paired t = 3.16, df = 2, p = 0.05; 
MULT vs. FR 20 Stimulus: paired t = 3.79, df = 2, p = 
0.03). Log transformations were used to normalize the data 
and one tailed t-tests were performed since apriori predic- 
tions of direction were possible. The pattern of responding 
of the MULT group is different than the pattern of re- 
sponding of the MIX and FR 20 stimulus groups; the stimu- 
lus developed control over the MULT aminals lever pressing 
behavior. 

Biochemical 

DPM per mg o f  brain tissue in the homogenate. The level 
of radioactivity in the homogenate of the trained animals is 
shown in Fig. 3A and Table 1. The amount  of radioactivity 
in the homogenate is related to the complexity of the train- 
ing task. The MULT animals were exposed to a stimulus 
change, a schedule change, and developed a discrimination 
in responding, and thus showed the highest level of uptake 
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FIG. 1. Cumulative records o f  lever pressing behavior the day before (left) and the  day o f  exposure (right) to 
the 60 min training session for one group of l i t te rmates .  
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FIG. 2. Response rate ratios for the 60 minute  training session for the group of l i t t e rmates  from Fig. 1. (L + 
- s t imulus light on;  L" = s t imulus light off; + S r = with food = FR  20, and - S  r = with no food = EXT). 
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FIG. 3. DPM in brain tissue and brain RNA of trained littermates (bars represent standard error of the 
mean). (A) DPM per mg brain tissue in the homogenate (n = 8). (B) DPM per #g of total RNA per gram of 

tissue (n = 9). (C) DPM per #g of nuclear RNA (n = 6). (D) DPM per #g of cytoplasmic RNA (n = 6). 

TABLE 1 

R A D I O A C T I V I T Y  IN H O M O G E N A T E ,  T O T A L ,  N U C L E A R ,  A N D  C Y T O P L A S M I C  R N A  O F  T R A I N E D  L I T T E R M A T E S  

DPM per mg Tissue DPM per ~g DPM per/~g DPM per gg 
in Homogenate Total RNA Nuclear RNA Cytoplasmic RNA 

MULT 647 -+ 188 191 -+ 70 288 -+ 196 138 -+ 66 

MIX 481 _+ 119 137 -+ 54 192 +- 127 128-+ 83 

FR 20 Stimulus 387 -+ 115 105 -+ 49 203 -+ 147 81 +- 49 

F R 2 0  306-+ 48 92-+45 46_+ 14 23-+ 4 

Sample Size N = 8 N = 9 N = 6 N = 6 

Values represent means + SEM. 

o f  radioact iv i ty  in to  the  brain.  The MIX group was exposed  
to only  the  s t imulus  and schedule  change and did no t  de- 
velop a d iscr iminat ion  in responding ,  and thus  show ed  the  
second  highest  level o f  uptake .  The F R  20 s t imulus  group  
received the  s t imulus  change only  and showed  the  th i rd  
highest  up take .  The F R  20 group was exposed  to  no  change 
f rom baseline t raining and showed  the  lowest  up take .  Anal- 

ysis o f  the effects  o f  the c o m p o n e n t  par ts  o f  the  t raining 
task on the  level o f  radioact iv i ty  in the  h o m o g e n a t e  showed  
tha t  exposure  to the  con t ingency  change p ro d u ced  a signifi- 

3 cant  change in the  up take  o f  H-uridine in to  the  brain (p = 
0.05) (Table 2). 

The to ta l  ne t  mean increase in DPM per  mg o f  tissue in 
the  h o m o g e n a t e  as a result  o f  the  tota l  t raining task (MULT 
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T A B L E  2 

PAIRED t AND p VALUES FOR THE EFFECTS OF THE COMPONENT PARTS OF THE TRAINING TASK ON THE 
RADIOACTIVITY ABSORBED INTO THE BRAIN AND INCORPORATED INTO TOTAL, NUCLEAR, AND CYTOPLASMIC RNA 

DPM per mg Tissue DPM per gg Percent Total Radioactivity DPM per gg DPM per #g 
in Homogenate Total RNA Incorporated into RNA Nuclear RNA Cytoplasmic RNA 

Stimulus t = 0.55 t = 0.018 t = 0.72 t = 1.14 t = 1.25 

(FR 20 Stimulus vs FR 20) p = 0.30 p = 0.43 p = 0.24 p = 0.15 p = 0.14 

Contingency t = 1.92 t = 2.08 t = 2.66 t = 1.70 t = 2.10 

(MULT vs FR 20 Stimulus) p = 0.05* p = 0.04* p = 0.01" p = 0.08 p = 0.05* 

Discrimination t = 1.05 t = 1.47 t = 2.28 t = 0.33 t = 0.33 

(MULT vs MIX) p = 0.17 p = 0.09 p = 0.03* p = 0.12 p = 0.38 

Sample Size N = 8 N = 9 N = 8 N = 6 N = 6 

One-tailed t tests were performed since previous data [1, 2, 5, 6, 8, 10, 11, 22, 23, 36, 38, 39] allowed an apriori prediction of the 
direction of change. 

*p values statistically significant 

minus  F R  20) was separa ted  in to  the  a m o u n t  t h a t  each  
c o m p o n e n t  par t  (d i sc r imina t ion ,  schedule  change,  and  s t im- 
ulus change)  c o n t r i b u t e d  as fol lows:  (1)  s t imulus  change  
equals  F R  20 s t imulus  minus  F R  20. (2)  d i sc r imina t ion  
equals  MULT minus  MIX. (3)  Schedule  Change  equals  
MULT minus  F R  20 S t imulus  minus  Discr imina t ion .  

A percen tage  o f  the  t o t a l  increase  ( M U L T  minus  F R  20)  
was c o m p u t e d  for  each c o m p o n e n t  by  dividing by  the  t o t a l  
increase.  By c o m p u t i n g  the  c o n t r i b u t i o n  of  the  c o m p o n e n t  
parts  to  the  to ta l  t r a in ing  task as ou t l i ned  above ,  i t  was 
found  t ha t  the  d i sc r imina t ion  a c c o u n t e d  for  49 pe r cen t  
(166  DPM/mg) ,  the  schedule  change 28 pe rcen t  (94  
D P M / m g ) ,  and  the  s t imulus  change 23 percen t  (81 
DPM/mg)  of  the  to ta l  ne t  increase  (341 DPM/mg)  in DPM 
per  mg o f  t issue in the  h o m o g e n a t e .  

DPM per t~g o f  total RNA. The  specif ic  act ivi t ies  of  t o t a l  
RNA for  the  t r a ined  animals  is s h o w n  in Fig. 3B. The  
MULT and  the  MIX groups  have more  highly label led  RNA 
than  the  o t h e r  two  groups  (Table  1). The  MULT and  the  
MIX groups  are t he  on ly  groups  t h a t  have b e e n  exposed  to  
a schedule  change  (EXT)  f rom basel ine  t ra in ing  ( F R  20). 

Analys is  o f  the  ef fec ts  o f  the  c o m p o n e n t  par t s  o f  the  
t ra in ing  task on  the  specific ac t iv i ty  o f  to t a l  R N A showed  
t h a t  the  animals  exposed  to the  MULT i nco r po r a t e  more  
label  i n to  bra in  RN A  t h a n  an imals  exposed  to  the  s t imulus  
on ly  (p = 0 .04)  (Tab le  2). 

Of  the  to ta l  ne t  m e a n  increase  in DPM per  ~g o f  RNA 
(99  DPM/t~g) the  d i sc r imina t ion  accoun t s  for  55 pe rcen t  
(55 DPM/t~g), t he  schedule  change  33 pe rcen t  (32 DPM/t~g) 
and  the  s t imulus  change  12 pe rcen t  (12  DPM/t~g). 

Percent o f  total radioactivity incorporated into RNA. 
The  MULT group  i n c o r p o r a t e d  2 pe rcen t  of  the  avai lable 
rad ioac t iv i ty  in to  R N A  while the  o the r  groups  i n c o r p o r a t e d  
less (MIX 0.9 percen t ,  F R  20 S t imulus  1.0 percen t ,  F R  20 

1.4 pe rcen t ) .  The  largest ef fects  are the  c o n t i n g e n c y  change  
(p = 0 .01)  and  the  d i sc r imina t ion  (p = 0.03) .  The  observed  
changes  in specific act ivi ty  of  R N A  f rom the  bra ins  o f  the  
t r a ined  an imals  c a n n o t  s imply  be a t t r i b u t e d  to  d i f fe rences  
in t he  avai labi l i ty  of  radioac t ive  precursor .  The  behav iora l  
m a n i p u l a t i o n s  appea r  to  ef fec t  the  ra te  of  i n c o r p o r a t i o n  of  
3 H-ur idine  in to  RNA. 

DPM per t~g o f  nuclear RNA. A large b o d y  of  da ta  indi-  
cates  t ha t  r i bosoma l  and  messenger  RNA are syn thes ized  in 
the  nuc leus  and  t r a n s p o r t e d  to  the  cy top l a sm [ 1 2 ] .  A 
species o f  R N A  called he t e rogeneous  nuc lea r  R N A  (Hn  
RNA)  (because  o f  i ts  he t e rogeneous  s ed imen t ing  charac te r -  
istics), has  been  charac te r i zed  [ 30 ] .  Hn R N A  is syn thes ized  
and  f o u n d  in the  nuc leus  and  is t h o u g h  to have some regula- 
to r  func t ion .  All o f  these  R N A  species ( t ransfer ,  r ibosomal ,  
messenger ,  and  h e t e r o g e n o u s  nuc lear )  have d i f fe ren t  func-  
t ions  t h a t  may  vary  wi th  changes  in physio logica l  states.  
Changes  in the  ra te  of  i n c o r p o r a t i o n  o f  rad ioac t iv i ty  i n to  
nuclear  and  cy top lasmic  RNA may  ind ica te  changes  in 
these  d i f fe ren t  RNAs.  

The  MULT group  has more  rad ioac t iv i ty  in the  nuc lea r  
R N A  f rac t ion  t h a n  the  o t h e r  groups  (Fig. 3C and  Table  1). 
The  MIX and  F R  20 S t imulus  groups  have very  s imilar  
levels while  the  F R  20 group has  the  least. Analysis  o f  the  
effects  o f  the  c o m p o n e n t  par t s  of  the  t r a in ing  task on  the  
specific act ivi ty  of  nuc lear  RNA showed  t h a t  the re  is no  
s ignif icant  change in the  ra te  o f  i n c o r p o r a t i o n  o f  radio-  
act ivi ty  as a resul t  of  the  t ra in ing  tasks (Table  2). 

DPM per ug o f  Cytoplasmic RNA. The MULT and t he  
MIX groups  i nco rpo ra t e  more  rad ioac t iv i ty  i n to  cy to-  
plasmic RNA t h a n  the  F R  20 S t imulus  or  the  F R  20 groups  
(see Fig. 3D and  Table  1). Analysis  of  the  ef fec ts  o f  the  
c o m p o n e n t  par ts  of  t he  t ra in ing  tasks on  the  specif ic  activ- 
i ty o f  cy top la smic  R N A  showed  t h a t  an imals  exposed  to  a 
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contingency change with a correlated stimulus (MULT) in- 
corporate more radioactivity into cytoplasmic RNA than 
animals exposed to the stimulus change alone (FR 20 Stim- 
ulus) (p = 0.05) (Table 2). 

DISCUSSION • 

A training task has several components,  some of which 
are (a) a stimulus component ,  (b) a motor  component,  and 
(c) a central component  that relates to the probability of  
that behavior occurring again. A rat that learns to jump to a 
ledge to avoid shock emits a motor response to a stimulus 
in the environment. The motor  response and the stimulus 
components of  the training task are linked together some- 
how so that the probability of  that response occurring again 
to that stimulus increases. In a training situation there are 
physical stimuli in the environment (visual, auditory, tac- 
tile, olfactory, and visceral) that impinge upon the behaving 
organism. These stimuli alone may cause neurochemical 
changes [35].  In a training task, a motor  response is usually 
required of  the behaving organism which may alone cause 
neurochemical changes [18].  It has been postulated and 
widely accepted that the learning process involves central 
phenomena other than the stimulus and motor  components 
of a training task [15].  In training tasks that have been 
used to study neurochemical correlates of  behavior, the dif- 
ferences between trained groups and comparison groups 
have been attributed to the specific effect of  learning when 
actually it is the sum of  all the non-specific effects (stimu- 
lus and motor  components) and the specific effects (learn- 
ing). Increases in the rate of  RNA synthesis have never been 
demonstrated for these specific factors separate from the 
non-specific factors. 

This study used operant techniques to separate and mea- 
sure the magnitude of  effect some of these non-specific 
factors in a training task have on the rate of  incorporation 
of  3 H-uridine into brain RNA of rats exposed to different 
amounts of  the training task. The training procedure al- 
lowed the measurement of  the component  parts of  the 
training task. Each animal within each experimental group 
(litter) entered the 60 minute training session with equiva- 
lent genetic, environmental, and training backgrounds so 

that observed changes could be attributed to the 60 minute 
training session. The animals exposed to the FR 20 baseline 
schedule received no change from baseline training and 
therefore the incorporated radioactivity should represent 
the motor  and baseline training effects. The FR 20 group 
consistently ranks fourth in most measures of the rate of 
incorporation of  3 H-uridine into brain RNA. The animals in 
the FR 20 Stimulus condition were exposed to only the 
stimulus change from the baseline training procedure. The 
difference in the incorporation of radioactivity between the 
FR 20 and the FR 20 Stimulus groups should represent the 
effects of  the stimulus change alone. The animals in the 
MIX condition were exposed to the same amount of  total 
stimulus change (30 minutes light and 30 minutes no light) 
and total contingency change (30 minutes FR 20 and 30 
minutes Extinction) as the animals exposed to the MULT 
schedule. The only difference between these two groups 
was the stimulus, which in the MULT condition was corre- 
lated with the schedule change (FR 20-Extinction) but was 
not in the MIX condition. The MIX animals had no cue as 
to which portion of  the schedule was in effect and there- 
fore did not develop a discrimination in responding like the 
MULT animals. To the MULT animals the stimulus change 
was a cue as to which portion of the schedule was in effect. 
As a result, the animals in this condition responded at a 
high rate during FR 20 and did not respond (or responded 
at a low rate) during the EXT component.  The MULT 
group consistentl)~ ranks first in all measures of  the rate of  
incorporation of  °H-uridine into brain RNA. 

The design of  this experiment has allowed the measure- 
ment of  the contribution of some of the component parts 
of  the training task to the observed increase in the incorpor- 
ation of  radioactivity into the brain and brain RNA. The 
results indicate that the component  parts of  a training task 
have neurochemical consequences and that observed differ- 
ences between groups represent the sum total of  stimula- 
tion, motor,  and learning differences. The distribution of  
3 H-uridine into nuclear and cytoplasmic RNA species and 
into brain areas using the techniques of  polyacrylamide gel 
electrophoresis and high resolution autoradiography have 
been studied in animals trained with the same methods set 
forth above. 
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