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Norepinephrine Biosynthesis Inhibition:

Effects on Memory in Mice

Abstract. Diethyldithiocarbamate,

a dopamine beta hydroxylase inhibitor,

decreases biosynthesis of norepinephrine in the brain. The effects of this inhibitor
coincide with alterations in memory as demonstrated in single-trial passive avoid-

ance in C57BL/6J mice.

Recent evidence suggests that nor-
epinephrine may play an important role
in memory. Roberts et al. (1) have
demonstrated that amnesia resulting
from administration of puromycin can
be reversed by a variety of drugs that
compete for adrenergic receptor sites.
Seiden and Peterson (2) have shown
that reserpine and «-methyl-p-tyrosine,
both of which decrease the concentra-
tion of amines in the brain, cause a
temporary failure to perform a well-

Table 1. The effect of DDC on [*C]lnor-
epinephrine (NE) biosynthesis from [**C]dopa
and on endogenous NE concentrations in the
brain of CS57BL/6J mice. The animals were
treated subcutaneously with 250 mg of DDC
per kilogram, and 1 hour after administration
of [“Cldopa (specific activity, 3.18 mc/mole;
5 uc per mouse, given intravenously) the ani-
mals were killed. In separate groups of
animals the concentrations of endogenous NE
(last column) were determined. The results
are the means from three experiments = the
standard error of the means. N.D., not de-
tectable (below 200 count/min).

Time inter- " NE
val after [“CINE . (nanograms
administra- (cougt/ min per gram
tion of DDC per brain) of tissue)
- Controls
(saline) 2800 += 150 385.0 = 11.5%
30 minutes 260.0 = 8.5
90 minutes N.D. 205.0 %= 6.0
415 hours N.D. 202.5+= 7.0
815 hours 1100 *= 100 2150+ 6.5

* There was no difference in brain NE between
control mice tested 1 minute after training and
those either injected with saline 30 minutes be-
fore training or those killed immediately after
removal from their home cages.
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learned conditioned avoidance response.
Our study demonstrates that inhibition
of norepinephrine synthesis in the brain
at the dopamine [-hydroxylase stage
is associated with early enhancement
and later impairment of memory for
a one-trial passive avoidance response
in the C57BL/6J strain of mice.
Diethyldithiocarbamate (DDC), a
dopamine B-hydroxylase inhibitor, de-
creases the synthesis and the brain
concentration of norepinephrine, while
the concentration of dopamine remains
unchanged or slightly increased (3).
Inhibition of the biosynthesis of nor-
epinephrine in the brain was measured
by two separate methods. In the first
procedure, the conversion of [*4C]dopa
to [**C]dopamine and [**Clnorepineph-
rine was analyzed in the brains of
control mice and those treated with
DDC (4). The second determination

assayed endogenous norepinephrine
concentrations fluorometrically in both
groups (5).

Adult male mice (70 to 100 days of
age) of the CS57BL/6J strain were
placed in the start compartment of a
two-chamber apparatus previously de-
scribed by Quartermain and McEwen
(6). After 15 seconds, the door to
an adjacent larger compartment was
opened with simultaneous activation of
a timer and a flashing white light at
the far end of the chamber. When the
mouse entered the second compart-
ment, the door was shut, and the

timer stopped. For the last 2 seconds
of a 20-second period after entry, a
scrambled foot shock (0.16 ma for 2
seconds) was automatically delivered
through the floor bars. Retention of
the avoidance response was tested by
replacing the mice in the start com-
partment and recording the latency to
reenter the second compartment. The
light flashed continuously during the
test period. Animals failing to enter
within 3 minutes were removed and
given a score of 180.0 seconds.

In our first experiment, different
groups of mice were injected subcu-
taneously with DDC [250 mg per
kilogram of body weight (0.3 ml);
N =10] or with saline (0.3 ml;
N =10) 30 minutes before the foot-
shock training trial and tested for re-
tention at 1 minute, 5 minutes, 1 hour,
6 hours, or 24 hours after the training
trial. Although this dose of DDC re-
duces spontaneous -activity by approx-
imately 30 percent (7), latencies to
enter the compartment on the train-
ing trial were consistently shorter for
the mice injected with DDC than
for the controls injected with saline.
Mean initial latency for all DDC in-
jected mice was 5.6 seconds and for
all saline injected mice 7.4 seconds,
indicating no impairment, due to the
drug, of motor ability to enter the
second chamber.

The results of the retention tests are
illustrated in Fig. 1. The saline in-
jected control groups of mice show an
increase in latency to reenter the com-
partment in which they had received
foot shock after the 1-minute and 5-
minute tests. The relatively poor short-
term memory in controls of this strain
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Fig. 1. Median latency to enter the large
compartment on the retention test as a
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function of the time interval between the

training trial and the retention test. In-
jections of DDC and saline were given 30
minutes before the training trial in all
groups.
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of mice in a similar test situation has
been noted (8). Latencies of the saline
injected groups tested 1 hour after
training are significantly (P = <.05)
(9) longer than both the 1-minute and
the 5-minute groups. When mice that
had been injected with DDC 30 min-
utes previously were tested 1 minute
after training, there was a significant
increase in latency (P = <.01), re-
flecting increased retention as com-
pared with saline controls, The DDC
group tested 5 minutes after training
had latencies significantly shorter than
the 1-minute group (P = <.05), in-
dicating that amnesia was rapidly de-
veloping. When tested 1 hour after
training, the DDC injected mice were
clearly amnesic, as were groups tested
at 6 and 24 hours. The latencies of
these three groups that received DDC
are all significantly (P = <.001) shorter
than their comparable controls that
received saline. These data indicate
that DDC injected mice show an ini-
tial enhancement of memory, followed
by the development of amnesia which
reaches a maximum 6 hours after
training and persists up to 24 hours.

In the second experiment, we ex-
amined the effect of injecting DDC
at various times before and after foot
shock, with subsequent testing for re-
tention at 24 hours. Four groups were
injected subcutaneously with DDC
(250 mg/kg; N=10) or with saline
(N=10) 30 minutes before, immedi-
ately after, 2 hours after, and 23.5
hours after training. Figure 2 shows
the results of this experiment. Signifi-
cant amnesia (compared with results
from saline controls) also occurs when
mice are injected immediately after
the training trial (P = <.01), but not
if the injection is delayed for 2 hours.
This indicates that retention defects
are not due to lack of initial registra-
tion of the stimuli. Amnesia is again
produced if DDC is given 30 minutes
before the retention test, 23.5 hours
after training (P = <.001). This Ilat-
ter effect appears to be a clear instance
of interference with retrieval and may
have a different basis from amnesia
observed when the drug is injected
immediately after training.

The biochemical results show that
DDC, in the dose administered, effec-
tively lowers the ['*C]norepinephrine
biosynthesis from [*C]dopa and that
the endogenous norepinephrine con-
centrations are significantly decreased
in the brains of the treated mice (Table
1). The most effective inhibition of
dopamine B-hydroxylase in the brain,
as measured by the conversion of
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Fig. 2. Median latency to enter the large
compartment on the retention test as a
function of the time interval between
injections of DDC and saline before and
after the training trial. All groups were
tested for retention 24 hours after train-
ing.

[1*C]dopa to [“C]norepinehprine, was
apparent 90 minutes and 4.5 hours
after administration of DDC, with par-
tial recovery at 8.5 hours. Endogenous
brain norepinehprine was decreased at
30 minutes after administration of
DDC, with a further decrease observed
at 1.5, 4.5, and 8.5 hours after DDC.

The enhancement of memory, tested
31 minutes after administration of
DDC in this strain of mice, is associ-
ated with a decrease in brain norepine-
phrine. Impairment of memory at later
time intervals also is associated with
a decrease in the concentration of
brain norepinephrine which is more
marked than that observed at 30 min-
utes. These results may reflect the
quantitative difference in concentra-
tion or early depletion of norepineph-
rine from storage pools with rapid
turnover. The data in this preliminary
report do not explain the apparent
dual effects of inhibition of norepine-
phrine biosynthesis, which need to be
investigated further. Inasmuch as DDC
inhibits other enzymes, such as alde-
hyde dehydrogenase, which result in
formation of phenolic alcohols, the
possibility remains that these results

on memory might be due to factors
other than decreased concentration of
norepinephrine in the brain. There is,
however, evidence that norepinephrine
is intimately involved in affective states
(10). Common experience attests to
an influence of emotion and arousal
on memory. Severe dietary restriction
of amino acids essential for the bio-
synthesis of catecholamines in man has
been associated with defects in mem-
ory (I1). The previously noted ani-
mal studies indicate that decrease of
brain amines interferes with memory.
Our results more directly suggest a
noradrenergic compound subserving
memory in mice.
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Language Production: Electroencephalographic
Localization in the Normal Human Brain

Abstract. Slow negative potentials, which are at a maximum over Brocd's area
in the left hemisphere, were recorded when normal subjects spontaneously pro-
duced polysyllabic words. Bilaterally symmetrical potentials were seen with anal-
ogous, nonspeech control gestures. These potentials began up to 1 second before
word or gesture articulation. These results are the first demonstration of localiza-
tion of language production in normal human brain.

In man’s cerebral cortex the foot of
the third frontal convolution in the left
hemisphere is called Broca’s area,
named after Paul Broca who first sug-

gested that it plays a major role in the
expression of speech (7). Current neuro-
logical theory on the organization of
language in the brain (2) is in basic
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