
that very well may be related to intra- 
neuronal communication. Once located 
and tentatively identified these struc- 
tures presumably can be isolated in 
ultrasections and examined with a 
transmission electron microscope. The 
scanning electron microscope in con- 
junction with the transmission micro- 
scope thus may become an extremely 
efficient tool in mapping the nervous 
system (9). This seems significant to 
us, since the lack of efficient mapping 
techniques is undoubtedly one of the 
greatest obstacles in neuroscience to- 
day. 
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Puromycin: Effect on Memory of Mice 
When Injected with Various Cations 

Abstract. Puromycin dihydrochloride neutralized with bases of potassium, 
lithium, calcium, or magnesium fails to block expression of memory of maze 

learning in mice, unlike puromycin neutralized with NaOH. This failure may be 
due to cationic binding at anionic membrane sites with a resultant exclusion of 
sufficient peptidyl-puromycin to make it ineffective in blocking memory. 
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Memory of maze learning in mice is 
blocked by puromycin dihydrochloride 
neutralized with NaOH and injected 
intracerebrally one or more days after 
the training experience (1); small intra- 
cerebral injections of saline made at 
least up to 2 months later remove the 
block and restore memory (2). Thus it 
is apparent that these injections of puro- 
mycin interfere with retrieval without 
substantially altering the process which 
maintains the basic memory trace. 
Several observations support our work- 
ing hypothesis that this reversible sup- 
pression of the expression of memory 
is due to the interaction of peptidyl- 
puromycin with neuronal membranes, 
particularly synaptic membranes (3). 
Our report is a first step in testing the 
possibility that certain cations, through 
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binding at anionic membrane sites, 
might interfere with the postulated in- 
teraction of peptidyl-puromycin and 
thus modify the effects of puromycin 
on memory. We have been concerned 
with expression of memory as affected 
by intracerebral injections of puromycin 
neutralized with a base of potassium, 
lithium, calcium, or magnesium and a 
comparison of the effects of these in- 
jections with those obtained with puro- 
mycin neutralized with NaOH. 

The behavioral procedures have been 
described (1). Male and female Swiss 
Webster mice (5 to 10 months old) from 
our closed colony were used. The mice 
were trained in a Y maze with a grid 
floor through which intermittent shock, 
usually 40 volts, could be applied. The 
animal was placed in the stem of the 
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Y maze. To avoid shock the mouse had 
to move into the correct arm within 5 
seconds. If it entered the incorrect arm, 
it received shock until it moved to the 
correct arm. Mice with position prefer- 
ences were trained to the opposite arm. 
Training was continued in one session 
of 10 to 20 minutes (usually about 15 
trials) with an intertrial interval of a 
minute to a criterion of nine out of 
ten correct responses. Total errors were 
the sum of incorrect choices and of 
latencies greater than 5 seconds. The 
same procedure was used in tests for 
retention of memory of the training ex- 
perience. These retention tests were 
given 5 to 10 days after intracerebral 
injection of the puromycin solutions, 
the longer intervals having been used 
for mice that recovered slowly from the 
effects of the injections. A final test of 
retention of relearning was given 2 
weeks after the first retention test. 
Memory is evaluated in the retention 
tests in terms of the percentage savings 
of trials and errors. These percentages 
are calculated by subtracting the num- 
ber of trials or errors to criterion in 
the retention tests from the number to 
criterion in training, dividing by the 
number in training, and multiplying by 
100. Savings of 100 percent indicate 
perfect memory; zero savings, complete 
loss of memory. 

In previous experiments with puro- 
mycin (Nutritional Biochemicals) we 
have neutralized the solution of the di- 
hydrochloride to pH 6 with 1 equiva- 
lent of NaOH. In the present experi- 
ments, in addition to NaOH, we have 
used KOH, Li2CO3, Ca(OH)2, or MgO 
for neutralization. 

The injection technique has been de- 
scribed (1). All injections were bilateral 
and each had a volume of 12 ,jl. Bi- 
temporal injections were used in mice 
treated 1 day after first learning (recent 
memory). For mice weighing 28 to 32 
g each injection site received 90 /tg of 
puromycin; for mice weighing 34 to 
42 g and 43 to 48 g, each injection 
site received 120 and 150 ,tg, respec- 
tively. Combined bitemporal, biventric- 
ular, and bifrontal injections were used 
in the series of mice that were treated 
9 days after first learning (longer-term 
memory). Each injection site received 
30 fpg of puromycin regardless of ani- 
mal weight. The bitemporal injections 
with 120 jtg of puromycin per injection 
contained a total of approximately 380 

Y maze. To avoid shock the mouse had 
to move into the correct arm within 5 
seconds. If it entered the incorrect arm, 
it received shock until it moved to the 
correct arm. Mice with position prefer- 
ences were trained to the opposite arm. 
Training was continued in one session 
of 10 to 20 minutes (usually about 15 
trials) with an intertrial interval of a 
minute to a criterion of nine out of 
ten correct responses. Total errors were 
the sum of incorrect choices and of 
latencies greater than 5 seconds. The 
same procedure was used in tests for 
retention of memory of the training ex- 
perience. These retention tests were 
given 5 to 10 days after intracerebral 
injection of the puromycin solutions, 
the longer intervals having been used 
for mice that recovered slowly from the 
effects of the injections. A final test of 
retention of relearning was given 2 
weeks after the first retention test. 
Memory is evaluated in the retention 
tests in terms of the percentage savings 
of trials and errors. These percentages 
are calculated by subtracting the num- 
ber of trials or errors to criterion in 
the retention tests from the number to 
criterion in training, dividing by the 
number in training, and multiplying by 
100. Savings of 100 percent indicate 
perfect memory; zero savings, complete 
loss of memory. 

In previous experiments with puro- 
mycin (Nutritional Biochemicals) we 
have neutralized the solution of the di- 
hydrochloride to pH 6 with 1 equiva- 
lent of NaOH. In the present experi- 
ments, in addition to NaOH, we have 
used KOH, Li2CO3, Ca(OH)2, or MgO 
for neutralization. 

The injection technique has been de- 
scribed (1). All injections were bilateral 
and each had a volume of 12 ,jl. Bi- 
temporal injections were used in mice 
treated 1 day after first learning (recent 
memory). For mice weighing 28 to 32 
g each injection site received 90 /tg of 
puromycin; for mice weighing 34 to 
42 g and 43 to 48 g, each injection 
site received 120 and 150 ,tg, respec- 
tively. Combined bitemporal, biventric- 
ular, and bifrontal injections were used 
in the series of mice that were treated 
9 days after first learning (longer-term 
memory). Each injection site received 
30 fpg of puromycin regardless of ani- 
mal weight. The bitemporal injections 
with 120 jtg of puromycin per injection 
contained a total of approximately 380 
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150 jtg of puromycin per injection had 
proportionate amounts of cation. The 
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bifrontal injections contained a total of 
290 nmole of K+. 

Except for Na+, the amounts of 
cations injected intracerebrally were 
substantial compared to those calcu- 
lated to be present in the extracellular 
fluid of the cerebral hemispheres. In 
these calculations we have used- the 
average weight of 300 mg for the cere- 
bral hemispheres and 10 percent of the 
volume of the cerebral hemispheres as 
the extracellular fluid volume; for the 
concentrations of cations we used those 
in cerebrospinal fluid (4). On this basis, 
in the bitemporal series the ratios of 
the amounts of K+, Ca2+, or Mg2+ in- 
jected to the amount present in cerebral 
extracellular fluid was between 4 and 5. 
The ratio of Na+ was 0.09, and the ratio 
for K+ in the six combined injections 
was 3. 

We have consistently found that bi- 
temporal injection of puromycin di- 
hydrochloride neutralized with NaOH 
in the amounts used here and the in- 
jection at six sites of 30 p,g in each site 
cause loss of recent and longer-term 
memory, respectively. Nevertheless, be- 
cause of the nature of our results, the 
effectiveness in blocking expression of 
memory of our puromycin dihydro- 
chloride neutralized with NaOH has 
been checked throughout the experi- 
ments. Some of the mice treated in this 
way also served as controls for other 
experiments (5) that were performed 
concurrently with ours. 

There was substantial variation in the 
reactions of the mice to injections of 
puromycin containing the different cat- 
ions. Mice which receive Na+ usually 
lose their excitability and give reliable 
maze performance 5 days after treat- 
ment; this interval between treatment 
and retention testing was used in the 
Na+ series. The group of mice which 
received Mg2+ approached most closely 
those with Na+; they were in satisfac- 
tory condition for retention testing 7 
days after treatment. The effects of 
injections of puromycin together with 
K4, Li+, or Ca2+ were more drastic. 
Mice which had these injections were 
highly excitable 1 day after treatment, 
usually required 10 days to recover 
sufficiently for reliable testing, and in 
some cases showed further improvement 
14 days later when tested for retention 
of relearning. The numbers of mice 
which failed to recover sufficiently for 
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Table 1. Effect on memory of intracerebral 
injections of puromycin dihydrochloride neu- 
tralized with the indicated bases. All injec- 
tions were bitemporal and were made 1 day 
after training except for "KOH" in which 
combined bitemporal, biventricular, and bi- 
frontal injections were made 9 days after 
training. Mice too excitable for testing are 
indicated by not testable. For the mice with 
retention of memory, the percentage of sav- 
ings of trials and errors (mean ? S.D.) were, 
respectively: 89 ? 13 and 91 ? 12; for those 

(No.) o 
Base 

Re- Im- testable 
tained paired Lost (No.) 

NaOH 0 1 33 3 
KOH 9 4 1 5 
"KOH" 5 0 0 4 
Li2CO3 6 3 0 1 
Ca(OH), 10 4 0 1 
MgO 13 3 0 2 
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NaOH in blocking memory. Consistent 
with our previous experience it caused 
loss of memory, with savings of trials 
and errors closely approaching zero 
with a single exception. The number 
of mice which were tested on their 
retention in the other 5 groups totaled 
58. Of these, 43 retained memory with 
means savings of trials and errors of 
about 90 percent, and all but one of 
the remaining 15 had savings of triials 
and errors at about 50 percent. There 
was no significant difference (t-test) in 
savings among the K+, Li+, Ca2+, and 
Mg2+ groups in which bitemporal in- 
jections were made 1 day after training. 
The savings for trials and errors (mean 
+ S.E.) were, respectively: for the K+ 
group, 75 ? 5.9 and 79 ? 5.8; for Li+, 
78 ? 7.0 and 74 ? 7.3; for Ca2+, 75 ? 
6.5 and 78 ?- 5.3; and for Mg2+, 79 ? 
6.0 and 86 -+ 4.6. Much the same results 
were obtained 9 days after training with 
combined bitemporal, biventricular, and 
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The development of learning tasks 
for the human infant, in which his be- 
havior is made experimentally effective 
for producing changes in the exterocep- 
tive environment, may provide impor- 
tant tools for studying the ontogeny of 
exploratory behavior over the first 
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bifrontal injections containing these ions. 
As an example, Table 1 shows the re- 
sults of such injections of puromycin 
neutralized with KOH. All but two of 
the testable mice of Table 1 on second 
retention testing had high savings of 
trials and errors consistent with reten- 
tion of memory; the two exceptions 
showed moderate impairment. 

It is premature to attempt an ex- 
planation of these results. They appear 
consistent with the possibility that K+, 
Li+, Ca2+, and Mg2+ protect memory by 
binding to the anionic sites of neuronal 
membranes with the resultant exclusion 
of sufficient peptidyl-puromycin to make 
it ineffective in blocking memory. If 
this mechanism is in fact involved, it 
must be supposed, because of the high 
concentration of intracellular K+, that 
relevant anionic sites are unavailable to 
intracellular K+. The experimental 
situation is, however, complex and de- 
mands more direct evidence of exclu- 
sion of peptidyl-puromycin from neuro- 
nal membranes by the ions we have 
used. 

J. B. FLEXNER 
L. B. FLEXNER 

Department of Anatomy and 
Institute of Neurological Sciences, 
University of Pennsylvania, 
Philadelphia 19104 
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weeks and months of human life. In 
experiments with infants from 3 weeks 
to 1 year of age we began to explore the 
feasibility of using the sucking response 
as a conditioned operant to assess the 
infant's response to visual feedback as 
a reinforcing event. Sucking is a re- 
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Visual Reinforcement of Nonnutritive Sucking in Human Infants 

Abstract. High-amplitude sucking was studied as a conditioned operant re- 
sponse reinforced by visual feedback in 4- and 12-month infants. Typical re- 
sponse acquisition and extinction effects were obtained. With the 12-month 
infants the conditioned sucking rates were influenced by amounts of redundancy 
in the visual reinforcers. 
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