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DELANOY, R. L., D. L. TUCCI AND P. E. GOLD. Amphetamine effects on long term potentiation in dentate granule
cells. PHARMACOL BIOCHEM BEHAV 18(1) 137-139, 1983.—Long term potentiation (LTP) has received considerable
attention as a neurophysiological analog of memory. Amphetamine, as well as several other catecholamine agonists, can
enhance behaviorally-assessed memory storage in a variety of training situations. The present experiments tested the
effects of amphetamine on LTP produced by high frequency stimulation of the perforant path in rats. The results indicate
that amphetamine can enhance the development of LTP under some but not all testing procedures. Studies of the
neurobiological bases by which central and peripheral catecholamines modulate memory storage may be augmented by
examinations of catecholamine effects on a specific form of long-lasting change in brain function. Similarly, the ability to
manipulate LTP may prove to be an important aid in examinations of neurobiological correlates of this phenomenon.
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A VARIETY of evidence suggests that peripheral and cen-
tral adrenergic systems can modulate memory storage pro-
cessing. For example, peripheral posttraining injections of
epinephrine or norepinephrine can enhance or impair later
retention performance in an inverted-U dose-related manner
{12,13]. Furthermore, under many conditions, retention per-
formance appears to be well-correlated with posttraining re-
lease of peripheral epinephrine and norepinephrine and cen-
tral norepinephrine {10,11]. Thus, the neuronal mechanisms
underlying memory storage seem to be particularly sensitive
to adrenergic influences.

A major question centers on the neurobiological mech-
anisms by which catecholamines modulate memory. At-
tempts to address this problem might be simplified if a spe-
cific example of long-term neuronal change could be mod-
ulated by aminergic agents. Recently, several laboratories
have described long-lasting changes in monosynaptic evoked
responses following brief high-frequency stimulation of the
afferent pathway. This phenomenon, long-term potentiation
(LTP), has been studied extensively for both hippocampal
pyramidal cell and dentate granule cell responses to test
stimuli administered after high frequency stimulation of their
respective afferents (e.g., [2, 4, 6]). Because of the rapid ini-
tiation and relative permanence of these responses, LTP
may be a useful analog with which to study the neurobiologi-
cal mechanisms underlying memory {9,18].

In the present experiments, we examined the possibility
that potentiation was susceptible to modulation by the cate-
cholamine agonist, amphetamine. Amphetamine facilitates
acquisition and retention of a variety of learned responses (5,
7, 15, 16]; like other adrenergic agonists, this drug exhibits a
fairly broad inverted-U dose-response relationship with later
retention performance [15,16]. Modulation of LTP with am-
phetamine may therefore facilitate investigations of the

mechanisms by which catecholamines modulate memory.
By analogy, such findings would also strengthen the view that
the mechanisms of LTP are similar to those underlying
memory.

Male Sprague-Dawley rats (Zivic-Miller and Flow Lab-
oratories, 300-400 g) were housed individually and were
maintained on a 12 hr light-dark cycle (on: 0800-2000). The
experimental procedures were performed under Nembutal
anesthesia. A twisted bipolar stimulating electrode (250 um
stainless steel) was placed stereotaxically just dorsal to the
angular bundle (8.1 mm caudal, 4.4 mm lateral, 2.5 mm ven-
tral from brain surface; horizontal skull). A monopolar re-
cording electrode (250 wm) was positioned just above the
dentate gyrus granule cell layer (3.5 mm caudal, 2.0 mm
lateral, 2.5 mm ventral). Final electrode placements were
adjusted ventrally under physiological control to maximize
the evoked response amplitude to a test pulse (20 V. 100
usec, monophasic square wave, Grass SD-9 stimulator). The
evoked responses were amplified (Grass Wide Band AC
EEG preamplifier Model 7P5B and DC amplifier 7DAF) and
stored on an oscilloscope (Tektronix Model 5111); each
population spike measurement was based on a visual average
of 10 superimposed traces.

Prior to investigating possible amphetamine effects on
long-term potentiation, we examined the effects of am-
phetamine on the evoked response to test pulses. Two gen-
eral procedures were employed. Procedure C used constant
0.5 Hz test pulses (20 V) throughout the experiment. After
the optimal evoked response was achieved by adjusting elec-
trode placement, 0.5 Hz pulses were administered over a 10
min period. The preinjection measurements were taken at
the end of this phase. The animals then received an IP injec-
tion of d-amphetamine sulfate (0.3 or 1.0 mg/kg) or saline.
The 0.5 Hz test pulses were continued for another 15 min;
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FIG. 1. Oscilloscope tracing of the evoked response. Population
spike amplitude was measured from points A to B; potentiation was
expressed as percent change from baseline.

post-injection measurements were taken during the final 5
min of this interval.

Procedure I used intermittent period of test pulses (1
pulse every 30 sec) administered only during times of evoked
response measurements—i.e., the S min interval prior to in-
jection and at 15-20 min after injection (saline or am-
phetamine, 0.3 mg/kg; IP). Furthermore, the test voltage was
set for individual animals to 110% of the threshold voltage
necessary to elicit a maximal population spike amplitude.
With these procedures, test pulse intensities ranged from
16-33 V; these intensities did not differ across groups.

Population spike measurements were based on percent
change in amplitude (points A to B on Fig. 1) (Before-
After/Before x 100) from the preinjection values.

We also examined procedural and drug interactions with
long-term potentiation in these experiments. After complet-
ing the measurements above, animals received high-
frequency stimulation (20 V, 65 usec, 100 Hz for 1 sec in
Procedure C; test pulse voltage, 100 usec, 100 Hz for 1 sec in
Procedure 1). Population spike ampltiude was then measured
(3 or 10 min after the high-frequency train in Procedure C or
I, respectively) and the percent change from the value ob-
tained just prior to high-frequency stimulation was used as
the dependent variable.

As shown in Fig. 2, prior to potentiation, the percent
changes in population spike amplitude differed substantially
depending on the specific test procedure employed. Using
constant 0.5 Hz test pulses (Procedure C), the saline group
exhibited a small but significant decrease in population spike
amplitude (sign tests, p<<0.001). Conversely, using intermit-
tent 1 pulse/30 sec test probes (Procedure I), the amplitude of
the population spike increased significantly (sign test,
p<0.005). Notably, amphetamine injections resulted in sig-
nificant attenuation of both effects although the direction of
change was opposite in each case.

The results obtained by comparing the percent changes in
population spike amplitude before and after high frequency
stimulation are shown in Fig. 3. With both procedures, the
saline animals exhibited small but significant increases in
population spike amplitude after high frequency stimulation
(sign test, p’s<<0.01). Under Procedure C, no significant
differences were evident in the extent of the increase in the
population spike after injection of saline or amphetamine.
However, with Procedure I, the amphetamine-injected group
exhibited a significantly (p>0.001) larger increase in ampli-
tude. These results represent an interaction with the high-
frequency stimulation train. Control animals (N=10) which
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FIG. 2. Percent change (mean=s.e.m.) in population spike ampli-
tude following injection but prior to potentiating stimulation. Note
that the amplitude decreased with constant 0.5 Hz stimulation (Pro-
cedure C) but increased when the pulses were given intermittently
during 5 min test periods (Procedure I). Amphetamine injections
attenuated both of these effects.
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FIG. 3. Percent increase (mean=*s.e.m.) in population spike ampli-
tude after a high-frequency train. Amphetamine did not significantly
alter the extent of potentiation seen under Procedure C. However,
the drug significantly enhanced the extent of potentiation observed
with Procedure I. The control group on the far right received am-
phetamine but did not receive a high frequency stimulation train.
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did not receive the potentiating train showed no significant
change over this time interval. Thus, under Procedure I,
amphetamine significantly augmented the development of
the increase in population spike amplitude.

The results of this experiment indicate that population spike
amplitude is quite sensitive to the test stimulation schedule.
Continued 0.5 Hz stimulation resuits in attenuation of the
population spike amplitude; this response has been observed
previously [14,19]. In contrast, intermittent application of 1
pulse every 30 sec results in augmentation of the population
spike amplitude. Furthermore, both effects are absent in
animals pretreated with amphetamine, an unexpected result
for which we have no explanation.

Our findings also support the view that, with some proce-
dures (e.g., Procedure I) amphetamine can modulate long-
term potentiation. Thus, the present findings suggest that it
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may be possible to examine catecholamine modulation of a
specific form of neuronal plasticity in a manner analogous to
that used in experiments which study modulation of
behaviorally-assessed memory. However, these initial find-
ings also impose an important cautionary note regarding the
attention one must pay to the specific methods used to exam-
ine LTP and its modulation. The ability to modulate LTP will
be an important tool in examinations of the neural mech-
anisms underlying LTP. Currently, there is evidence for both
neurochemical and anatomical changes after LTP [1, 3, §,
17]. The interpretation of such correlational studies suffers
from an inability to manipulate LTP or the correlate. The
promise of a set of agents and procedures with which to
modulate LTP will enhance the strength of correlational
studies aimed at determining the neural bases of LTP.
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