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The phenomenon of long-—term post—tetanic potentiation (LPTP) arising after one or two
tetanizations of a presynaptic formation was first described during the recording of focal
evoked potentials (EP) of the dentate fascia [10], and later of EP and cell discharges from
the pyramidal layers of the hippocampus [4]. Because of the long duration (several hours
or even days [12]) and certain other properties [2], this phenomenon is regarded as a simple
model of the formation of memory or a conditioned-reflex connection.

One possible mechanism of LPTP may be a long-term increase in the efficiency of medi-
ator action as a result of modifications to the sensitivity of the subsynaptic receptor
membrane. The testing of this possibility is interesting because a similar mechanism has
often been postulated to explain the formation of memory traces and of the conditioned re-
flex [6, 8, 11], and experimental data confirming the correctness of this suggestion have
been published [7, 15].

The object of this investigation was to test the hypothesis that LPTP of septohippo-
campal responses, described previously [4], is based on an increase in sensitivity to acetyl-
choline (ACh). Data identifying ACh as the transmitter in the corresponding pathway [1]
are sufficiently convincing. Sensitivity to this transmitter has been tested by measuring
changes in EP during microiontophoresis of ACh [5].

EXPERIMENTAL METHOD

Experiments on unanesthetized rabbits were carried out by the method described previously
[5]. Bipolar stimulating electrodes were inserted into the medial septal nucleus (AP = 1.5-
3.0; L = 0; H=5.0-8.5). Their more exatt localization was verified by the appearance of a
"population spike" — the fast negative component of EP, within the anterior segments of the
dorsal hippocampus (AP = 1.0; L = 2.0; H = 7.5-8.3) in response to paired (interval 10-30
msec) pulses of equal or different amplitude (current 0.05-1.5 mA, duration 0.3-0.5 msec).
Stimuli were applied in pairs separated by intervals of 2-5 sec. Multibarreled micropipets,
the recording barrel of which was filled with 2M NaCl solution, were used for recording and
for microiontophoretic injection of ACh. A 1M solution (pH 4.0) of acetylcholine chloride
was used for injection. From the mean (of 10-15 presentations) amplitudes (A) of the "popu-
lation spike"” A¢ and Ajch in the control (blocking current 16 nA) and against the background
of the action of ACh (current 20-80 nA)} respectively, relativesensitivity to ACh was calcu-
lated before and after tetanization: E = (Apch - Ac)/Ac. The amplitude of the 'population
spike" was measured by the method suggested by Alger and Teyler [9]. Tetanization (frequency
10-20 sec™', duration 5-10 sec) was applied through the same stimulating septal electrodes.
The value of LPTP was determined by the equation P = (A - Ao) /Ao, where Ao and A represent
amplitudes of the "population spike' before and after tetanization, respectively.
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Fig. 1. Decrease in sensitivity of septo-hippo-
campal responses to ACh after tetanization. A)
Focal responses arising in hippocampus to paired
septal stimulation before tetanization; B, C)
the same 19 and 79 min after septo-hippocampal
tetanization. In A-C: 1) control responses be-
fore ACh application; 2) responses after micro-
iontophoretic application of ACh; 3) the same
immediately after end of ACh application. D-F)
Changes in amplitude of population responses (to
second stimulus in pair) recorded in same experi-
ment before (D) and 19~64 min (E) and 70 min (F)
after tetanization. Height of unshaded columns
corresponds to mean amplitude (in mV) of popu-
lation spikes before ACh application, calculated
for 10-15 realizations. Shaded columns — the
same after ACh application. Vertical lines show
errors of means. Numbers along abscissa denote
tests with different strengths of stimulation:
1) 1.50, 2) 1.65, 3) 1.80, 4) 1.95 mA.
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EXPERIMENTAL RESULTS

The results of 12 experiments on six rabbits were analyzed. After 14 tetanizations, 60
testing stimuli of the same or different strengths were applied. An example of the increase
in amplitude of the "population spike' described previously [5], which appeared in this ex-
periment only in response to the second, stronger stimulus (Fig. 1A, 1), during microionto-—
phoretic application of ACh (Fig. 1A, 2), is shown in Fig. 1A, The increase in A continued
for several tens of seconds after the end of ACh application (Fig. 1A, 3). Comparison of the
population spikes in Fig. 1A, 1 and Fig. 1C, 1 shows that tetanization induces LPTP. Ionto-
phoresis of ACh against the background of LPTP also caused an increase in A, but the rela-
tive size of this increase was less than before tetanization. It will be clear from Fig. 2
that the first tetanization caused no significant changes in A (Fig. 2A and B), but neverthe-
less the value of E (Fig. 2C) was less than in the control. A second tetanization caused
LPTP recordable throughout the experiment. E was reduced even more after the second tetani-
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Fig. 2. Comparison of time course of LPTP and relative sensitivity of

septo~hippocampal responses to ACh.
scissa inA-C, time (in min); ordinate:
before (unshaded columns) and during (shaded columns) ACh application, in
B) relative value of potentiation, in C) relative sensitivity to ACh (see:

"Experimental Method").

I) 1st, II) 2nd tetanization.
in A) amplitude of population spike
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Fig. 3.

Example of post-tetanic increase in

sensitivity of septo-~hippocampal responses
to ACh. B, C) Hippocampal focal responses 2
and 31 min after tetanization; E, F) changes
in amplitude of population spikes 2-26 min
and 31-36 min after tetanization. Remainder
of legend as in Fig. 1.
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zation and remained lower than in the control throughout the experiment, i.e., there was
significant negative correlation between it and the degree of potentiation (coefficient of
correlation r =-0.44; P<0.05). To discover whether the change in E was connected with a
change (an increase during the development of LPTP) in A, in most experiments (11 of 12)
different strengths of stimulation were used and responses with comparable A before (Fig.
1D, 4) and after (Fig. 1lE, 1) tetanization were selected. As Fig. 1 shows, for responses
so close in amplitude, sensitivity to ACh was appreciably reduced after tetanization.

LPTP (duration not below 5 min) was observed in only seven of the 12 experiments an-
alyzed. 1In six of these experiments (seven tetanizations) E was reduced (on average from
0.46 + 0.05 to 0.17 £ 0.06). In three of these experiments E was briefly (1-2min) increased.
A considerable increase in sensitivity to ACh, judging from responses evoked by stimuli of
all intensities used, was observed in only one experiment (Fig. 3). Potentiation of E was
particularly well marked in the first tests during the first few minutes after tetanization
(Fig. 3E), after which E fell (Fig. 3F), to differ only a little from the control (Fig. 3D)
despite continuation of LPTP.

In five experiments tetanization led to prolonged (over 5 min) post-tetanic depression.
In two of them E was increased, and in three experiments it was reduced.

On average for all 47 tests with prolonged changes in A, a significant decrease (by
Wilcoxon's nonparametric criterion) in E was observed from 0.57 (control) to 0.40 (after tet-
anization). Weak (r = —0.41) but statistically significant (P < 0.01) negative correlation
was found between the value of LPTP and sensitivity to ACh. However, it must be emphasized
once again that both a definite decrease (Figs. 1 and 2) and an increase (Fig. 3) in E could
be observed in different experiments regardless of the sign of the post-tetanic changes.

On the whole the results do not confirm the hypothesis of the change in sensitivity to
ACh as the mechanism lying at the basis of LPTP of septo-hippocampal responses. The decrease
in sensitivity found in most experiments agrees with results obtained recently by Lynch et al.
[14], who described a decrease in sensitivity of area CA, neurons to glutamate during LPTP in
hippocampal slices. The decrease in sensitivity to mediators corresponds to the heterosyn-
aptic depression [13] and prolonged hyperpolarization [3] described in some cases during LPTP.
This long decrease in excitability and sensitivity to mediator, inhibiting responses to im—
pulses arriving along nontetanized pathways, can be regarded as the analog of differential
inhibition during conditioning.

‘In light of these results a more attractive hypothesis is that of a change in pre-
synaptic efficiency as the main mechanism of LPTP.
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