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Effects of Cerebral Stimulation on the 
Biosynthesis in vitro of Nucleotides 
and RNA in Brain 
IN view of the possibility that memory, such as that 
acquired in learning, is represented by some permanent 
change in the brain, and that the change is brought 
about as a result of chemical activity in the brain cell, 
we carried out experiments to observe whether various 
stimulating agents affect nucleotide and RNA bio
synthesis in isolated brain. We examined the effects of 
electrical stimulation, and of changes in the cation com
position of the incubation medium and of acetylcholine, 
on the rates of incorporation of labelled uri dine into 
llridine nucleotides and RNA in slices of rat brain cortex. 
The results are summarized horo. Full details will be 
published elsewhere. 

Slices of cerebral cortex (0·3-0,4 mm thick) from adult 
female rats were incubated at 37° C in Krebs-Ringer 
phosphate media containing 10 mM glucose in the presence 
of oxygen by the conventional Warburg manometric 
technique. Uridine-2- 14C (usually about 6 ILM) was added 
to the media after temperature equilibration; after 
mcubation for 30 min the slices were washed and homo
genized at 0° C in 5 per cent trichloracetic acid. The 
homogenate was centrifuged and the supernatant analysed 
chromatographically for phosphorylated and free uridine 
after removal of trichloracetic acid by ether. Mter 
removal of acid soluble radioactivity by washing and lipid 
removal by alcohol-ether extraction, the residue from the 
centrifuged homogenate was dissolved in 2 mI. of 0·2 N 
KOH and incubated at 37° C for 18 h. DNA and proteins 
were precipitated with perchloric acid and the radio
activity of the hydrolysed RNA in the supernatant was 
estimated in a liquid scintillation counter. Electrical 
stimulation of the slices of brain cortex was carried out 
by methods already described' . 

Application of electrical impulses had a marked 
diminishing effect on the rate of conversion of uridine into 
uridine poly phosphates and into RNA in slices of rat brain 
cortex 2•3 • The potent neurotoxin, tetrodotoxin (5 [LM), 
blocked the inhibitory effect of eleetrical impulses on 
cerebral RNA biosynthesis. Beoause the metabolic 
effects of electrical impulses in isolated brain were sup
pressed by the addition of small concentrations of tetrodo
toxin1-whieh acts by inhibiting sodium influx during 
electrical stimulation-it seemed possible that the sup
pressing action of electrical impulses on the formation of 
uridine polyphosphates and RNA was caused by the influx 
of sodium ions into the brain eell. This prediction was 
verified by our finding that inereasing the concentration of 
sodium ions in the bathing medium above an initial value 
of 128 mequiv/l. led to a diminution of the rate of 
incorporation of labelled uridine into both RNA and 
uridine polyphosphates. For example, an increase of the 
NaC] content of the medium from 128 mM to 178 mM 
diminished the rate of incorporation of uridine into 
uridine polyphosphates by 47 per cent and into RNA by 
56 per cent. The influx of uridine into the brain tissue, 
however, was not diminished. Ouabain (1 [LM), which 
suppresses t,he activity of the sodium pump, inhibited tho 
incorporation of uridine into RNA by 32 per cent. 

Increasing the concentration of KCI in the bathing 
medium from 5 mM to 15 mM led to an increase in the 
rate of incorporation of uridine into RNA by 54 per cent; 
further increase to 50 mM brought about a considerable 
fall in the rate of incorporation of uri dine into RNA. Two 
effects of potassium ions on RNA biosynthesis seemed to 
operate: (1) a stimulation dependent on the cell eontent 
of K +; (2) an inhibition caused by the fall in celllevel of ATP 
that occurs with relatively high concentrations of K + in 
the medium4 • 

Studies with dialysed brain extracts in the presence of 
added magnesium ions and ATP showed that con
centrations of sodium chloride of 100 mM or over led to 
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diminished rates of incorporation of uridine into uridine 
polyphosphate (though not into uridine monophosphate), 
the diminution amounting to over 39 per cent of the rate 
found in the absence of sodium ions. Potassium ions 
acted similarly to sodium ions in the brain extracts. The 
stimulating action of potassium chloride at 15 mM, on 
incorporation of uridine into RNA in brain slices, was not 
the result of an accelerating action of potassium ions on 
the formation of uridine polyphosphates but rather of an 
increased retention of potassium ions in the brain cell 
leading to an increased rate of formation of ATP (by their 
well known accelerating effect on the activity of pyruvate 
phosphokin9-se) or perhaps to a direct effect on RNA 
biosynthesis5 • 

In other experiments, acetylcholine (1 mM), in the 
presence of eserine, brought about an increased rate of 
incorporation of uridine into RNA in rat brain slices in the 
presence of potassium ions. The combination of 15 mM 
KCI and acetylcholine brought about a doubling of the 
rate of uridine incorporation into RNA found in the 
presence of a normal Ringer medium. Carbamyl-choline 
(in the absence of eserine) was as effective as acotylcholine 
(in the presence of eserine). The stimulant action of 
acetylcholine was diminished in the absence of sodium ions. 
Results of experiments on the kinetics of uridine incorpora
tion indicated that the effect of acetylcholine may be a 
result of its diminution or removal of the initial time lag i 

observed during the course of uridine incorporation into 
RNA. Acetylcholine did not affect the diminished rate of 
RNA biosynthesis brought about by electrical impulses. 

It seems therefore that the cerebral stimulating agents 
we have described promote changed rates of nucleotide 
and RNA biosynthesis in rat brain slices. The effects 
of these stimulating agents seem to stem largely from 
reactions at the brain cell membrane. 
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Artefact in the Measurement of the 
Molecular Weight of Pulse Labelled DNA 
TSUKADA et aU have recently reported that, after dena
turation, newly replicated DNA from regenerating rat 
liver cells apparently has a lower molecular weight than 
the main body of the chromosomal DNA. After pulse 
labelling with tritiated thymidine, they isolated the DNA 
by conventional methods, which extensively shear tho 
DNA, thereby reducing its chain length, and then meas
ured the molecular weight of the denatured DNA by 
sedimentation on an akaline sucrose gradient. 

We have obtained exactly the same results with a 
murine lymphoma cell (L5178Y) grown in tissue culture, 
and have shown that there is no need to invoke any special 
intermediate which is involved in DNA replication in 
order to explain the experimental results. The peak 
molecular weight of pulse labelled DNA will always be 
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