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ENTINGH, D. AND T. DAMSTRA-ENTINGH. Avoidance training and incorporation of 3H-uridine into RNA, UMP and 
UDP-sugars in mouse brain. PHARMAC. B1OCHEM. BEHAV. 2(5) 579-584, 1974.-  The incorporation of 3H-uridine 
into RNA and selected nucleotides of mouse brain during avoidance training was assayed using intracranial injections of 
precursor. The net incorporation of uridine into total brain RNA, as assayed by three methods, was not detectably affected 
by training. Training induced a decrease in the amount of radioactivity recovered from the brain as uridine mono- 
phosphate, while concomitantly increasing the amount of radioactivity in substances that chromatographed as uridine 
diphosphate sugars. The results suggest that changes in the cerebral metabolism of uridine observed during this form of 
avoidance training may reflect changes in the cellular uptake of uridine, or the metabolism of carbohydrate compounds, 
rather than increases in the rate of cerebral RNA synthesis. 
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VARIOUS forms of behavioral training have been reported 
to change the rates at which pyrimidine nucleosides 
(uridine and cytidine) are incorporated into cerebral RNA 
in rodents [ 1,2, 6, 7, 8, 11,22, 23].  Although these neuro- 
chemical changes have been interpreted as evidence for 
increased rates of RNA synthesis, changes in metabolism of 
the radioactive nucleotide precursor used in each experi- 
ment could account for such changes [ 14]. 

The idea that some of these RNA changes may be only 
indirectly related to RNA synthesis has recently been 
underscored by reports that the metabolism of pyrimidine 
nucleotides in brain is altered by influences such as anes- 
thesia and convulsions [ 5 ] and hypercapnia [3 ]. Moreover, 
active avoidance training was found to reduce the propor- 
t ion  of subcutaneously injected 3H-uridine that was 
recovered from mouse brain as uridine monophosphate 
(UMP) [ 12]. This neurochemical change was greater in the 
subcortical forebrain than in either the neocortex or in 
combined cerebellum and posterior brain stem. The absence 
of this change in the brains of mice that were yoked in 
stimuli to trained mice suggests that presentation of the 
stimuli associated with training is not sufficient to induce 
this chemical change. 

It was important to study this neurochemical effect of 
avoidance training when the precursor compound was 
injected directly into the brain. First, earlier experiments in 
which avoidance training was found to increase the radio- 
activity in RNA relative to radioactivity in UMP employed 
intracranial injections of precursor [1, 2, 7, 8, 22, 23].  
Second, at least one behaviorally-induced change in the 
metabolism of pyrimidine nucleotides in brain, an increased 
incorporation of cytidine into RNA during reversal learn- 
ing, was apparent after peripheral injections but not after 
intracranial injections of the precursor [ 16 ]. 

The present experiments also investigated whether the 
apparent loss of radioactivity from brain UMP could be 
related to alteration in the metabolism of other uridine 
nucleotides, particularly UTP, UDP and uridine diphos- 
phate sugars. 

METHOD 

Animals 

Male C57BL/6J mice (Jackson Laboratories) between 6 
and 8 weeks old were used. Mice were kept in the labora- 
tory for 2 weeks before use, housed 6 to a cage, with food 
and water available ad lib. 
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research support and suggestions. 
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Isotopes 

5-3H-uridine (specific activity 25 to 29 Ci/mmole, 1 uCi/ 
ul, in water, radiochemical purity greater than 95% by our 
tests) and 4 -I 4 C-uridine-5'-monophosphate (specific activity 
30 mCi/mole) were purchased from Amersham/Searle. 

Injections 

Each mouse was anesthetized by exposure to ether at 
room temperature for 25 sec and then the scalp was split at 
the midline. Five uCi of 3H-uridine was injected into both 
sides of the brain through a 27 ga needle inserted vertically 
2.5 mm deep at the point 0.5 mm anterior to the coronal 
suture and 1.0 mm lateral to the sagittal suture. These 
coordinates placed the needle tip in the lateral ventricles 
just posterior the the septal region. Methylene blue solution 
injected in this manner was rapidly distributed to all ven- 
tricular spaces in test mice. All mice injected in this way 
were actively walking about their cages within 5 min after 
the injection. 

Behavioral Procedure 

General plan. Quiet mice were injected, and held in 
individual cages with no food or water for 45 min before 
sacrifice. Trained mice were injected, placed in individual 
cages with no food or water for 28 rain, allowed to explore 
the training apparatus for 1 min, and then subjected to 
avoidance training for 15 min. They were sacrificed 1 min 
after training finished, resulting in a total isotope pulse of 
45 rain for all animals. 

Avoidance training. The apparatus and trial sequence 
were those used by Zemp et al. [23]. The training 
apparatus w a s a w o o d  box 18 cm x 1 8 c m x  1 8 c m w i t h a  
shock-grid floor and a removable Plexiglas lid. A 2.5 cm 
wide shelf ran completely around the inside wall, 8.5 cm 
above the floor. 

Each trained mouse received 40 training trials. At the 
start of each trial the conditional stimulus (CS), a 100 dB 
SPL buzzer and 100 W overhead lamp, was turned on for 3 
sec. If the mouse had not jumped to the shelf in 3 sec, the 
CS was turned off and footshock, 0.25 mA from a 
Lafayette A-615C shocker, was applied until  the mouse 
jumped onto the shelf. After a 12-16  sec intertrial interval, 
the mouse was removed from the shelf by its tail and placed 
on the grid floor, and 3 - 6  sec later, the next trial was 
begun. 

Biochemical Procedures 

Experiment  1. Six mice were trained and 6 served as 
quiet controls. Forty-five min after intracranial injections 
of 5 -3 H-uridine each mouse was decapitated and the brain, 
minus the olfactory bulbs, was removed. Each brain was 
h o m o g e n i z e d  in  5.0 ml of 1% hexadecyltrimethyl 
ammonium bromide (CTAB) which contained 0.100 uCi of 
14C.UM P for 10 strokes in a close-clearance Teflon/glass 
homogenizer turning at 800 rpm. 

Triplicate aliquots of 0.100 ml of homogenate were 
treated by the methods used in the previous study [12] to 
give samples of total homogenate 3H (less tritiated water 
driven off by drying) and 3H in CTAB-precipitated RNA. 
These samples were dissolved in 1.0 ml of Soluene-100 
(Packard Instrument Co.) and assayed for 3H and 14C in a 
Packard 3375 scintillation counter in 10 ml/sample of 

scintillation fluid consisting of 4 g/1 2,5-diphenyl-oxazole 
and  0.1 g/1 1,4-bis [2-(4 methyl-5-phenyloxazolyl)]- 
benzene in toluene. Counts were converted to disintegra- 
tions per min (dpm) using external standards. Soluble 
radioactivity was calculated as the difference between dpm 
and RNA dpm. 

The 3H in nucleotides was measured by a variation of 
the methods used previously [ 1, 2, 7, 8, 12, 22, 23 ]. Dupli- 
cate aliquots of 1.00 ml of homogenate were made 1 N in 
perchloric acid (PCA). Then 1 ml of 10% acid-washed 
charcoal was added to the supernatant, shaken thoroughly, 
and allowed to stand 10 min. The charcoal was pelleted and 
washed 3 times with 1 ml of 0.05 M sodium acetate buffer, 
pH 4.5. The nucleotides absorbed to the charcoal were 
eluted into 1 ml of 10% pyridine in 50% ethanol at 37°C 
for 2 hr. The eluates were separated from the charcoal by 
centrifugation, dried for 8 hr at 80°C and resuspended in 
100 ul of water. 

Aliquots (20 ul) of this nucleotide solution were spotted 
on thin layer polyethyleneimine-cellulose plastic plates 
(Brinkman, CEL 300 PEI/UV254), along with 5 ~g each of 
uridine, cytidine-5'-monophosphate (CMP), UMP, uridine- 
5'-diphosphate (UDP), uridine-5'-triphosphate (UTP), UDP- 
g lucose ,  and  UDP-galactose as marker compounds. 
Chromatograms were developed in IN acetic acid: 3M LiC1 
(9:1, v/v) for 12 cm, ascending [20]. The marker com- 
pounds have distinct Rf values in this system, except for 
UDP-glucose and UDP-galactose. The region marked by 
UMP was identified under ultraviolet light and cut from the 
dried chromatogram. UMP was eluted in 1 ml of 1N HC1, 
and assayed for radioactivity in the above scintillation fluid 
to which 33% by volume Triton X-100 (M & H Distribu- 
tors, Winston-Salem, N. C.) had been added. 

The 3H-radioactivity in UMP per 0.100 ml of brain 
homogenate was determined by measuring the dilution of 
14C-UMP in the original homogenate during the isolation 
g r o c e d u r e  and  chromatography, using the formula: 

H-UMP in 0.100 ml of homogenate = 3H in UMP spot × 
( laC in 0.100 ml of homogenate)/(14C in UMP spot). 

Experiment  2. Trained mice and quiet mice (8 per 
group) were given intracranial injections of 3H-uridine. 
After the appropriate behavioral treatment and elapsed 
time, each mouse was sacrificed by immersion in liquid 
Freon ( 155°C). The brain was chiseled out and pulverized 
under liquid nitrogen. The brain powder was placed in 5 ml 
of ice-cold 0.6 N PCA containing 0.100 uCi of 4-14C-UMP 
and homogenized as described above. 

The 3H incorporated from uridine into RNA in the 
brains of 5 of these trained and 5 of these quiet mice was 
measured by two different methods. The first method 
employed PCA as the precipitating agent for RNA. For 
determining total 3H, 3 samples of 100 ~1 of the brain 
homogenate was pipetted directly into a scintillation vial. 
For each of 3 RNA F samples, 100 ~zl of homogenate was 
pipetted into a test tube containing 1 ml of ice-cold 0.2 N 
PCA, vortexed, and then filtered through a 2.4 cm What- 
man GF/C glass filter disc. Each test tube was washed twice 
with 10 ml of cold 0.2 N PCA and these washings were 
filtered through the glass filter. RNA F and total homoge- 
nate samples were dried at room temperature for 18 hr and 
further treated and assayed for radioactivity as described 
for similar samples in Experiment 1. 

The second method for measuring 3H in RNA was 
adapted from the alkaline hydrolysis procedure of Munro 
and Fleck [18].  A 1.00 ml aliquot (two replicates) of each 
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brain homogenate was centrifuged at 1000 x g for 10 min 
at 4 °C. The pellet was washed twice with 1 ml of 0.2 N 
PCA, and the supernatants from the three centrifugations 
were combined and saved for nucleotide analysis, as 
described below. The pellet was dissolved in 2 ml 0.3 N 
NaOH and incubated at 37°C for 1 hr. After cooling to 
4°C, DNA and protein were precipitated from the samples 
by adding 2 ml of 0.6 N PCA. After standing for 20 rain in 
the cold, the samples were centrifuged at 1000 g for 10 
min, and the RNA hydrolysate fraction was decanted and 
saved. The pellet was washed twice with 2 ml of 0.2 N PCA, 
centrifuged each time, and the supernatants were added to 
the RNA hydrolysate fraction. Aliquots (0.4 ml) of the 
RNA hydrolysate fraction (RNAH) were added to 10 ml of 
Triton-containing scintillation fluid and assayed for radio- 
activity. 

Charcoal was added to the PCA supernatant, and the 
nucleotides and nucleosides were purified and chromato- 
graphed as described for Experiment 1. Each chromatogram 
was cut in its entirety into six pieces, each containing one 
of the spots marked by the nonradioactive carrier com- 
pounds uridine, CMP, UMP, UDP-Sugars, UDP and UTP. 
The spots were eluted in 1 N HCI and the eluate was 
assayed for radioactivity as described for Experiment 1. 
The 3 H in UMP per unit volume of homogenate was deter- 
mined by the isotope dilution procedure described in 
Experiment 1. This procedure allowed 3H-UMP to be 
compared to total 3H and 3H.RNA in the brain homo- 
genate. The relative proportion of the 3H in each of the 
nucleotide fractions was calculated as: (3H-dpm in spot)/ 
(total of 3 H-dpm in all six regions of the chromatogram). 

Significance levels of differences between means were 
determined by t-tests for populations with unequal vari- 
ances. 

RESULTS 

Exper imen t  1 

The 6 trained mice made a mean of 24 + 1 (SEM) avoid- 
ance responses during the 40 training trials. 

The radioactivity in UMP was combined with that in 
CMP in these results (Table l) because the chromatography 
plates did not consistently resolve these two compounds. 
The relatively large standard deviations associated with the 
means of the direct radioactivity measures (RNA, UMP + 
CMP, soluble) reflect variability in the injection procedure, 
and prevent any of the simple radioactivity differences 
from reaching statistical significance. 

As found previously, avoidance training did not alter the 
ratio of radioactivity in RNA to the radioactivity in soluble 
compounds. Training did, however, lower the amount of 
radioactivity in compounds that chromatographed as UMP 
plus CMP, relative to the soluble radioactivity, by 11%. This 
apparent loss of radioactivity from UMP plus CMP alge- 
braically elevated the calculated ratio of dpm in RNA to 
dpm in nucleotide monophosphates in trained mice. These 
results are similar to those seen using subcutaneous injec- 
tions of precursor [ 12]. 

Exper imen t  2 

The 8 trained mice made a mean of 19 + 4 (SEM) avoid- 
ance responses during the 40 training trials. 

The radioactivity recovered from the alkaline hydrolysis 
(RNAH, Table 2) was consistently about 35% greater than 

TABLE 1 

EFFECTS OF AVOIDANCE TRAINING ON INCORPORATION 
OF URIDINE INTO RNA AND NUCLEOTIDE POOLS IN BRAIN. 
RESULTS ARE MEAN :t S.D. FOR 6 MICE IN EACH GROUP. 

(dpm, PER 100 ~1 HOMOGENATE) 

Trained Quiet % Difference 

RNA dpm 12,400 14,000 - 11.4 
+-4,600 -+6,500 

UMP + CMP dpm 19,600 24,500 -20.0 
+- 7,400 +- 10,900 

Soluble dpm* 64,900 72,600 -10.6 
+-20,100 +-31,000 

RNA/(UMP + CMP) 0.631 0.568 +11.1~" 
-+0.056 +-0.045 

RNA/Soluble 0.233 0.235 - 0.9 
-+0.023 +-0.018 

(UMP + CMP)/Soluble 0.370 0.414 -10.6"~ 
+-0.043 -+0.013 

*Soluble dpm = Total dpm - RNA dpm. 
tp<0.05, one-tailed t-test. 

the radioactivity retained on the glass fiber filters (RNAF) , 
indicating that the filters do not retain all of the RNA. 

Avoidance training had no effect on the ratio of the 
radioactivity in RNA, determined by either method, to the 
radioactivity in the total homogenate. Training lowered the 
proportion of homogenate radioactivity that was recovered 
as UMP, in this case by 17% on the average. 

This experiment also assayed radioactivity in the major 
classes of uridine-containing compounds. The low tempera- 
ture methods did not protect the nucleotide triphosphates 
from hydrolysis. The data of Piccoli et al. [ 19] suggest that 
the ratio of net radioactivity for UTP to UMP in the resting 
state at 45 min after injection of 3 H-uridine is on the order 
of 5. The present methods resulted in a ratio of about 0.04 
(T~ible 3). The failure of this extraction method to preserve 
UTP was subsequently traced to hydrolysis during the 
purification steps of the nucleotide analysis. Control experi- 
ments showed that less than 5% of the radioactivity in 
samples of commercially prepared 5 -3H-UTP survived the 
purification steps to chromatograph as UTP, even when 
there was no brain tissue present in the initial 0.6N PCA 
solution. Thus, the radioactivity that is isolated as UMP 
using these procedures [1, 2, 7, 8, 12, 22, 23] is derived in 
large part from the degradation of UTP and UDP. 

A 20% decrease of radioactivity in UMP in the brains of 
the trained mice was apparent against the baseline of radio- 
activity in all nucleotides (Table 3). This was accompanied 
by a relative gain of about 60% of radioactivity that 
chromatographed as UDP-sugars. The proportion of radio- 
activity that chromatographed as uridine, UDP, UTP, and 
CMP were not significantly affected by training. 

Figure 1 indicated that there were no peaks of radio- 
activity in the chromatograms other than those that were 
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T A B L E 2  

EFFECTS OF AVOIDANCE TRAINING ON INCORPORATION 
OF URIDINE INTO RNA AND NUCLEOTIDE POOLS IN BRAIN. 
RESULTS ARE MEAN -+ S.D. FOR 5 MICE IN EACH GROUP. 

(dpm, PER 100/al OF HOMOGENATE) 

Trained Quiet % Difference 

RNA F dpm* 33,400 36,400 - 8.2 
-+12,100 ± l l ,100  

RNA H dpm* 45,300 49,500 - 8.5 
-+22,800 -+14,900 

Total dpm 166,800 179,100 6.9 
-+73,000 -+48,400 

UMP dpm 50,800 67,700 -25 .0  
+-17,700 ±17,600 

RNAH/RNA F 1.350 1.360 - 0.7 
-+0.176 -+0.130 

RNAF/UMP 0.653 0.534 +22.3 § 
• +0.025 -+0.048 

RNAH/UMP 0.884 0.726 +21.8 t- 
÷0.130 +-0.056 

RNAF/Total 0.204 0.202 + 1.0 
• +0.051 -+0.012 

RNAH/Total 0.273 0.274 - 0.4 
• +0.018 -+0.015 

UMP/Total 0.314 0.380 17.4 
_+0.032 -+0.031 

*RNA F samples were prepared by filtering PCA homogenates 
through glass fiber discs. RNA H samples were prepared by alkaline 
hydrolysis of the PCA-insoluble fraction of the homogenates. 

] 'p<0.05; :~p<0.01 ; §p<0.001 ; two-tailed t-tests. 

cut  ou t  for  sc in t i l la t ion  coun t ing .  The scanned  c h r o m a t o -  
grams also gave su bs t an t i a t i ng  evidence  for  a relat ive shif t  
o f  r ad ioac t iv i ty  f r o m  the  UMP region to the  UDP-sugar 
region of  the  c h r o m a t o g r a m s  f rom the  bra ins  of  t r a ined  
mice. 

DISCUSSION 

The  i den t i t y  of  the  c o m p o u n d s  t ha t  have been  
c h r o m a t o g r a p h e d  in these  e x p e r i m e n t s  is on ly  par t ia l ly  
specif ied at  this  t ime.  O the r  c o m p o u n d s  t ha t  are p resen t  in 
bra in  and  c h r o m a t o g r a p h  in to  the  var ious  regions in this  
sys tem (S.D. Davis, u n p u b l i s h e d )  are l isted in Table  3. The  
bra in  possesses e n z y m e s  t ha t  conver t  UTP to cy t id ine  
t r i p h o s p h a t e  [ 1 0 ] .  It is e s t ima ted  f rom the  values for  CMP 
and  UMP in Table  3 t h a t  cy t id ine  c o m p o u n d s  c o n t r i b u t e  
a b o u t  10% of  the  rad ioac t iv i ty  in the  UTP, UDP and  UDP- 
sugar  spots .  

The  presen t  resul ts  ind ica te  t ha t  avo idance  t ra in ing  
reduces  the  a m o u n t  o f  3 H-uridine t ha t  is i n c o r p o r a t e d  in to  
cerebral  c o m p o u n d s  t h a t  c h r o m a t o g r a p h  as UMP, while 
e levat ing the  a m o u n t  of  3H-ur id ine  in c o m p o u n d s  t ha t  

Ur CMP UMP 

Quiet 

UDPS UDP UTP 

FIG. 1. Radioactivity in uridine compounds isolated from the brain 
of one trained mouse and one quiet mouse. Chromatograms pre- 
pared as described in Method from the brains of two trained and 
two quiet mice from Experiment 2 were assayed for radioactivity in 
a Packard 7201 Radiochromatogram Scanner (Gain - 3 x 103, TC = 
3 sec, linear count scaling, 5 mm window, scanned at 2 cm/min). 
One set of chromatograms is shown. The second set also displayed 
the relative increase in the radioactivity in uridine-diphosphate 

sugars in the brain of the trained mouse that is apparent above. 

c h r o m a t o g r a p h  as UDP-sugars. Most of  the  rad ioac t iv i ty  
tha t  c h r o m a t o g r a p h e d  as UMP was p r o b a b l y  derived f rom 
degraded UTP and  UDP, but  it is possible tha t  some of  the  
rad ioac t iv i ty  in the  UMP was derived f rom UDP-sugars.  
A l t h o u g h  the  d i s t r i bu t ion  of  rad ioac t iv i ty  amongs t  the  
nuc leo t ides  given by the  data  in Table  3 is no t  an accura te  
p ic ture  of  physiological  states,  some firm conc lus ions  can 
be d rawn.  

Rad ioac t iv i ty  in UMP in the  brains  of  t ra ined  mice was 
decreased by a b o u t  the  same percen tage  m a g n i t u d e  when  
c o m p a r e d  to the  three  basel ines  of  soluble  rad ioac t iv i ty  
( - 1 7 % ) ,  RNA ( - 1 8 % ) ,  and rad ioac t iv i ty  in all c h r o m a t o -  
g raphed  nuc leo t ides  ( - 2 0 % ) .  Thus  any  of  these  th ree  
measures  fo rms  a s table  b a c k g r o u n d  against  which  t ra ining-  
i n d u c e d  changes  in the  d i s t r ibu t ion  of rad ioac t iv i ty  
amongs t  the  nuc leo t ides  may be analyzed.  This  relat ive 
s tab i l i ty  of  the  basel ine m e a s u r e m e n t s  enhances  the  likeli- 
h o o d  t ha t  the  changes  dep ic ted  in Table  3 represen t  a 
physiological  shi f t  of  rad ioac t ive  ur id ine  f rom the  UMP- 
UDP-UTP pool  to  the  UDP-sugar pool  in the  brains  of  
t r a ined  mice. 

These  data  c o n t r i b u t e  to ind ica t ions  tha t  cerebral  
py r imid ine  me tabo l i sm is a l tered by  various fo rms  of  s t imu- 
l a t ion  [ 3 , 5 ] .  Thus,  the  use of  rad ioac t ive  pyr imid ines  to  
measure  effects  of  s t imu la t i on  on  RNA synthes i s  is a 
c o m p l e x  ma t t e r .  As a m i n i m u m ,  repea ted  m e a s u r e m e n t s  of  
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TABLE 3 

EFFECTS OF AVOIDANCE TRAINING ON THE DISTRIBUTION OF [ 3H ] URIDINE INTO MOUSE BRAIN NUCLEO- 
TIDES. THE METHODS USED FOR FREEZING THE BRAINS AND ISOLATING THE NUCLEOTIDES ARE 

DESCRIBED IN THE TEXT. RESULTS ARE MEAN ± S.D. FOR 8 ANIMALS IN EACH GROUP 

Percentage of Nucleotide 
Rf value Primary Radioactive Radioactivity in Spot % Increase in 
of spot Compound in Spot Other Radioactive Brains of 

from center (Marker Compound) Compounds in Spot Quiet Trained Trained mice 

96 Uridine 

84 CMP 

68 UMP 

44 UDP-glucose and 
UDP-galactose 

24 UDP 

12 UTP 

TOTAL: 

Cytidine, Uracil 17.1 -+ 3.0 17.6 -+ 3.5 + 2.9 
Cytosine 

Unidentified Nucleotide 3.8 -+ 1.0 4.1 ± 1.4 + 7.9 
Sugars 

UDP-N-acetylglucosamine 51.9 ± 1.6 41.3 ± 3.7 -20.4* 

CDP 14.3 +- 2.6 23.2 ± 2.6 +62.2* 

CTP 10.5 ± 2.1 11.6 -+ 1.5 +10.5 

CTP, UDP-glucuronic 2.4 ± 1.3 2.8 +- 1.8 +16.7 
acid 

100.0 100.6 

*p<0.001, two-tailed t-test. 

the specific radioactivities of the precursor at various times 
within the period of interest must be made before infer- 
ences about rates of RNA synthesis can be drawn from such 
studies [17].  When studies of this sort rely on a single 
measurement of precursor radioactivity [ 1, 2, 6, 7, 8, 11, 
12, 16, 21, 22, 23],  changes of radioactivity in RNA 
indicate that the metabolic fate of uridine or cytidine is 
altered by stimulation, but give little concrete information 
about the metabolic step at which the change occurred. 

The present results can be compared most directly to 
studies of cerebral RNA metabolism made by Zemp, Adair, 
and Coleman and their associates [1, 2, 7, 8, 22, 23]. Those 
studies used the radioactivity in UMP, purified and 
chromatographed by methods nearly identical to those used 
here as the baseline correction factor for the uptake of 
radioactivity into brain cells. The present data lend addi- 
tional support to the view [ 12] that substantial portions of 
those earlier effects, particularly those reported for nuclear 
RNA [22,23],  can be accounted for on the basis of 
training-induced changes in radioactivity in UMP rather 
than by absolute increases in the incorporation of uridine 
into RNA. Because incorporation was measured at only one 
time point the present data are insufficient to determine 
whether or not changes in nucleotide metabolism account 
for the changes detected in the incorporation of uridine 
into polyribosome-associated RNA during avoidance train- 
ing [1, 2, 7, 21, 23]. 

The route by which precursor compounds are intro- 
duced into the brain is an important factor in the use of 
radiochemicals to study cerebral metabolism. For example, 
alterations in the matabolism of cytidine and/or RNA in rat 

brain during reversal learning are apparent after intravenous 
injections of 3H_cytidine, but not after intracranial injec- 
tions of  the same precursor [16]. The changes in radio- 
activity in UMP discussed here are apparent after either 
intracranial or subcutaneous [ 12] injections. Thus, it seems 
likely that these changes occurred within the cells of the 
analysed tissue, or in the uptake of precursor into those 
cells. Until otherwise demonstrated, changes that are detec- 
table after peripheral, but not after central, injections of 
precursor must be suspected to be related to changes in 
cerebral blood flow, or in the penetration of the blood- 
brain .barrier. 

The present results can be viewed as evidence of a 
stimulation-induced change in the metabolism of cerebral 
uridine-diphosphate sugars. The changed distribution of 
radioactivity in UDP-sugars could have resulted from 
changes in the rate of their synthesis, or degradation, or 
both. These compounds serve as cofactors in the synthesis 
of glycogen, glycoproteins, gangliosides and lipids [17].  
Thus it is striking that behavioral stimulation has been 
reported to alter the cerebral metabolism of both glyco- 
proteins [4,9] and gangliosides [15]. A failure to find 
effects of stimulation on glycoproteins has also been 
reported [ 13]. Further work is needed to determine if the 
chemical changes reported here are the products of inter- 
actions of nucleotides with glycosidic compounds. 

These biochemical changes may be related either to 
some fundamental aspect of avoidance learning or to 
stresses or forms of exercise peculiar to avoidance learning. 
The training paradigm induced effective avoidance respond- 
ing. Such training induces long-term memory storage, since 
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mice  o f  the  same strain,  age, sex, suppl ier ,  etc.  show good 
savings for  the  avo idance  response  w h e n  re tes ted  1, 2, 3 or  
9 days  a f te r  one  15-rain t ra in ing  session [1;  En t ingh ,  
u n p u b l i s h e d ] .  Yoked  mice (pa i red  in s t imul i  to  mice  t ha t  
were be ing  t ra ined ,  bu t  given no  shelf  to which  to make  
effect ive  avoidance  responses)  t e n d e d  no t  to  show de- 
creased i n c o r p o r a t i o n  of  3H-ur id ine  in to  UMP [12]  or 

inc reased  R N A / U M P  rad ioac t iv i ty  ra t ios  [ 1 , 12 ] .  This  
suggests t ha t  the  general  s t imu la to ry  effects  of  the  t ra in ing  
s i tua t ion  are n o t  suf f ic ien t  to  tr igger these  changes.  The  
ques t i on  of  w h e t h e r  par t i cu la r  stresses c o n t r i b u t e  to  these  
chemica l  changes  will r emain  open  un t i l  stress and  its 
ef fects  can be def ined  and  measured  m u c h  more  precisely 
t han  presen t  ideas and  t echn iques  al low [ 14] .  
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