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Abstract
The hippocampus projects to the anterior thalamic nuclei both directly and indirectly via the
mammillary bodies, but little is known about the electrophysiological properties of these
convergent pathways. Here we demonstrate, for the first time, the presence of long-term plasticity
in anterior thalamic nuclei synapses in response to high- and low-frequency stimulation in
urethane-anaesthetized rats. We compared the synaptic changes evoked via the direct versus the
indirect hippocampal pathways to the anterior thalamus, and found that long-term potentiation
(LTP) of the thalamic field response is induced predominantly through the direct hippocampal
projections. Furthermore, we have estimated that that long-term depression (LTD) can be induced
only after stimulation of the indirect connections carried by the mammillothalamic tract.
Interestingly, basal synaptic transmission mediated by the mammillothalamic tract undergoes use-
dependent, BDNF-mediated potentiation, revealing a distinct form of plasticity specific to the
diencephalic region. Our data indicate that the thalamus does not passively relay incoming
information, but rather acts as a synaptic network, where the ability to integrate hippocampal and
mammillary body inputs is dynamically modified as a result of previous activity in the circuit. The
complementary properties of these two parallel pathways upon anterior thalamic activity reveal
that they do not have duplicate functions.
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Introduction
The hippocampus and anterior thalamic nuclei form key components of a neural circuit
linking medial temporal lobe and medial diencephalic regions required for episodic memory
(Aggleton and Brown, 1999; Warburton et al., 2001). Within this circuit, anterior ventral
and anterior medial thalamic nuclei both receive: i) direct inputs from the hippocampus
(subiculum) via the fornix, and ii) indirect hippocampal (subicular) inputs from the medial
mammillary bodies via the mammillothalamic tract (Meibach and Siegel, 1975; Aggleton et
al., 1986; Ishizuka, 2001). Although hippocampal projections to the mammillary bodies and
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anterior thalamic nuclei originate from the same regions of subiculum, they arise from
separate neuronal populations (Ishizuka, 2001). The importance of the mammillothalamic
tract for memory is emphasized by the repeated finding that damage to this tract is
characteristic of thalamic strokes, which induce amnesia (von Cramon et al., 1985; Van der
Werf et al., 2003). Current models of how the convergent inputs to the anterior thalamic
circuitry might support memory emphasize the flow of hippocampal information through
these pathways without explaining how these relays might transform or modulate this
information in a way vital for memory. Both synaptic and non-synaptic mechanisms of
neuronal plasticity underpin experience-dependent alterations in brain networks and
hypothetically at least, support long-term memory processes (Madison et al., 1991; Moser et
al., 1998). The present study, therefore, compared activity-dependent plasticity within the
anterior thalamic nuclei (Fig 1A, up-right inset), following stimulation of either the dorsal
fornix (Dfx, Fig 1B) or the mammillothalamic tract (MTT). Our first goal was to determine
whether LTP or LTD can be induced in the separate anterior thalamic nuclei inputs.

To examine basal mammillothalamic synaptic transmission, animals underwent implantation
of bipolar stimulating electrodes in MTT and a recording electrode in the ipsilateral anterior
ventral thalamic nucleus (Fig. 1A). Male 7- to 10-week-old Lister-Hooded rats (Harlan, UK)
were triple housed and maintained on 12 : 12 h light : dark cycles with food and water
provided ad libitum. Under urethane anesthesia (ethyl carbamate: 1.5 g/kg, i.p.), the animals
underwent insertion of a monopolar recording electrode (RNEX-300, David Kopf
Instruments Ltd.) in the anterior thalamic nuclei (Fig. 1C) and bipolar stimulating electrodes
in the mammillothalamic tract (MMT) (Fig 1D). For the recording electrode, a drill hole was
made in the cranium (1-mm in diameter), 1.1-1.3 mm posterior to bregma and 1.4–1.6 mm
lateral to the midline, dorsal to the anterior ventral thalamic nucleus (ATN) in the rat
(Kruger et al., 1995). A recording electrode was lowered 5.0 mm from the dural surface to
reach ATN. A second drill hole was made for a bipolar stimulating electrode with
coordinates targeting MTT (2.3 – 2.5 mm posterior to bregma, 0.8–1.0 mm lateral to
midline). Alternatively, for the experiments that monitored the direct hippocampo-thalamic
connection, the stimulation electrodes were positioned for Dfx coordinates (3.3–3.5 mm
posterior to bregma, 0.3–0.5 mm lateral to midline) (Fig. 1B). A stimulating electrode was
positioned in the MTT/Dfx ipsilateral to the hemisphere from which ATN recordings were
obtained. The depth was 5.0– 6.0 mm from the dural surface for MTT and 1.5 – 2.5 mm for
Dfx (Kruger et al., 1995). Final positions of the stimulating and recording electrodes were
then determined by maximizing the amplitude of the field potential recorded in the ATN in
response to electrical stimulation of MTT/Dfx. Monopolar recordings from ATN were made
relative to ground and reference screws inserted into the contralateral parietal and frontal
bones. Once verification of the location of the electrodes was complete, recordings were
allowed to stabilize for 10 min prior to experiment.

Signals were filtered between 0.1 Hz and 1 kHz, and then amplified (DAM-50 differential
amplifier; World Precision Instruments, Hertfordshire, UK). Recordings were digitized
online using a PC connected to a CED-1401 plus interface and analysed using Spike 2
software (CED, Cambridge, UK). Field potential (FP) slope and amplitude were used as a
measure of excitatory synaptic transmission in the ATN region. To obtain these
measurements, an evoked response was generated in Dfx or MTT by stimulating at low
frequency (0.025 Hz) with single biphasic square wave pulses of 0.1 msec duration per half
wave, generated by a constant current isolation unit. For each time point measured during
the experiments, five records of evoked responses were averaged. The FP slope was
measured as the intermediate 90% of the slope value between the first positive and the first
negative deflections of the FP. The FP amplitude represents the absolute difference between
the value of the first positive and the value of the first negative deflections of the FP (Fig 1A,
up-left inset). In addition, we measured the FP maximal slope through the five steepest
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points obtained on the negative deflection of the FP. The latency of the field potential was
measured in milliseconds from the first positive deflection to the maximal point of the
negative deflection. By means of input– output (IO) curve determination, the maximum FP
was found, and during experiments, all potentials used as baseline criteria were evoked at a
stimulus intensity that produced 40% of this maximum (100-400 μA). The baseline FP data
were obtained by averaging the response to stimulation of the MTT/Dfx, to obtain five
sweeps at 40 sec intervals, every 5 min over a period of 30 min. Electrophysiological data
were then expressed as the mean percentage of baseline FP ±standard error of the mean
(S.E.M.). Statistical significance was estimated by using factorial analysis of variance
(ANOVA). Using a factorial ANOVA, we estimated the effects of the stimulation protocol
and the effect of time on the field potential values compared to the baseline period,
composed of the first six time points. The probability level interpreted as statistically
significant was p < 0.05.

During baseline test-pulse stimulation, the MTT-evoked FP slope and amplitude gradually
increased their values within the first 30 min of the recordings. Consistently, for all the
animals in this group, the FP slope reached 130-160% of the first recorded value for each
experiment (Fig. 2A, n = 5). The same change was evident for the FP amplitude (data not
shown), although both parameters did not always share the same percentage increase when
compared to individual recordings. In comparison to MTT stimulation, Dfx baseline
recordings had a different profile. The average baseline for Dfx test-pulses did not show
long-term alteration of the FP slope (Fig. 2A, n = 4) and amplitude (data not shown). In this
case the ATN FP was evoked predominantly via the direct projections as the low amplitude
of the evoked response was not enough to induce a population spike response in MMB and
subsequent transsynaptic activation of ATN through MMB. The restricted nature of the
synaptic transmission is supported by the monosynaptic latency of the Dfx-evoked FP onset
(2-3 ms), which determines the slope measurement in our recordings (Fig 1A).

Our next experiment was designed to identify the trigger for mammillothalamic baseline
augmentation. One of the most common models of homosynaptic plasticity proposes the rate
of synaptic activation as a major factor in Hebbian modifications (Bienenstock et al., 1982).
Neuronal stimulation with a frequency of less than 0.1Hz is usually regarded as having no
effect on the plasticity of hippocampal and cortical synaptic transmission (Lisman, 1994).
We therefore used test pulses with a rate of 0.025Hz to evoke baseline neuronal responses
before the application of plasticity-inducing stimulation protocols. Recent findings,
however, show that thalamocortical responses in vivo recorded with a baseline frequency of
0.025Hz can undergo activity-dependent potentiation per se (Tsanov and Manahan-
Vaughan, 2007a). In order to distinguish the role of baseline test-pulse rate as a factor in the
observed phenomenon, we recorded mammillothalamic synaptic transmission with a
baseline frequency lower than 0.025Hz. The test-pulses for this group of animals were given
every 120 sec (0.008Hz), monitored for 3 hours (slow baseline) and then reset back to
0.025Hz for another 2.5 hours for the rest of the experiment. If the FP augmentation is
frequency-driven, then the increase of the thalamic response in this group would be expected
to be diminished or absent. Interestingly, the baseline synaptic transmission profile (Fig. 2A)
appeared to reach the same amplitude as in the 0.025Hz frequency group. The FP slope
increased during the first 10 time points, showing no significant difference from the 0.025Hz
frequency group, when the data are compared on equalized time scale (Fig. 2A, ANOVA,
F<1, p = 0.903, n = 5). A similar pattern was observed for FP amplitude (ANOVA, F<1 p =
0.810, n = 5, data not shown), where the potentiation dynamics were not time-related but
appeared to be dependent on the number of pulses delivered to MTT. Analyzing the data of
the first 10 time points with the original time scales for 0.008Hz (Fig 2A inset below-left)
and 0.025Hz baseline (Fig 2A inset below-right), we find a significant difference in the
pattern of FP augmentation (ANOVA, F(1, 9) = 4.02, p < 0.05, n = 5). This pattern can be
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presented also as different correlations between the slope values and time points for each
frequency (Pearson’s, r = 0.5185 for 0.008Hz and r = 0.7758 for 0.025Hz, Fig. 2B).

A challenging issue was to explore the mechanism responsible for the pulse-dependent
increase of the mammillothalamic responses. Two related pieces of evidence were
considered in our investigation: (1) anterior ventral thalamic nucleus possesses substantial
fiber/terminal BDNF-immunoreactivity (Conner et al., 1997; Snyder et al., 1997) and (2)
exogenous application of BDNF can induce a rapid and persistent enhancement of synaptic
transmission in hippocampal and cortical preparations (Kang and Schuman, 1995; Akaneya
et al., 1997). Application of BDNF induces a slow-onset, persistent strengthening of
synaptic transmission at hippocampal synapses in vivo (Messaoudi et al., 1998; Ying et al.,
2002). Thus, we reasoned that BDNF may be the factor driving the ATN response
augmentation. We tested this hypothesis with i.c.v. application of a human recombinant
TrkB-Fc chimera (T 8694; Sigma-Aldrich) (5 μg/μl), which blocks TrkB ligand signaling
(Shelton et al., 1995; Sharma et al., 2006). Stock solution was made as 250 μg/ml in 1x PBS
containing 0.1% BSA and stored at 4°C until used. TrkB-Fc or control protein (IgG, 5 μg/μl;
I4131-10MG; Sigma-Aldrich) was injected in a 5 μl volume over a 5 min period via a
Hamilton syringe in the lateral cerebral ventricle (i.c.v). The TrkB-Fc injection was carried
out immediately after the first FP recording and after 5 minutes (sufficient time for diffusion
from the lateral cerebral ventricle into the adjacent anterior thalamic nuclei to occur) the
baseline recording was continued. Under these conditions, we found a significant
impairment of the pulse-dependent augmentation of the ATN FP slope (Fig. 2D, ANOVA,
F(1, 49) = 4.45, p < 0.001, n = 4) and amplitude (ANOVA, F(1, 49) = 2.32, p < 0.01, n = 4,
data not shown), compared to the treated with control protein (IgG, 5 μg/μl) group. Our
results suggest a role for TrkB in this phenomenon in agreement with studies, demonstrating
that blockade of BDNF–TrkB interaction by TrkB-receptor antibodies (Kang et al., 1997) or
anti-BDNF antibodies (Chen et al., 1999) strongly reduces synaptic long-term potentiation
(Gartner et al., 2006).

The first question regarding synaptic plasticity in ATN was whether subsequent stimuli
would result in synaptic facilitation or depression. These effects were examined after the
baseline was stabilized and pairs of stimuli were delivered with interstimulus intervals of 20,
30, 40, 50, 100 and 250ms. The paired-pulse (PP) ratio (Fig. 3) represents the value of the
second potential (FP2) over the value of the first one (FP1) for the slope (black bars) and the
amplitude (white bars). The significance level was evaluated with post-hoc Student t-tests by
taking the average of four slope/amplitude values of FP1, for a given interval, and
normalizing the average of four values for FP2 with respect to this value. Significant
facilitation was present for 20, 30 and 40ms interstimulus intervals the FP2 amplitude of the
MTT-evoked responses (t-test, p < 0.05, n = 4) (Fig. 3A). Only the 30ms intervals revealed
significant facilitation for the MTT-evoked FP2 slope (t-test, p < 0.05), whereas the 20ms
interval evoked tendency of depression (Fig. 3A). Similarly, Dfx paired-pulses induced
facilitation for 20 and 30ms intervals for the FP2 amplitude (t-test, p < 0.05, n = 4) and
30ms interval for the FP2 slope (t-test, p < 0.05) (Fig. 3B). Our next step was the exploration
prolonged forms of plasticity in ATN.

To examine whether low-frequency stimulation (LFS) can induce plasticity of ATN field
responses, we used a stimulation protocol known to evoke LTD. Baseline responses were
collected for 30 min before the application of an LFS protocol consisting of 900 pulses at a
frequency of 1 Hz. The stimulus amplitude was the same as that used for previous
recordings. Stimulation of Dfx and MTT resulted in very different changes.

To address the manner in which the short-term component of LFS-induced plasticity
predicts the long-term profile in both pathways, we compared the FP alterations occurring
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immediately after the first pulses in the time course of the 1Hz stimulation. Separate
pathways have recently been shown to possess different types of short-term plasticity in the
same hippocampal region in vivo (Klausnitzer and Manahan-Vaughan, 2008). While mossy
fiber– CA3 synapses respond to 1Hz LFS with a potent facilitation, the commissural/
associational CA3 synapses are unaffected by the same stimulation protocol (Klausnitzer
and Manahan-Vaughan, 2008). In line with these findings, we compared short-term
alterations in ATN responses mediated by low frequency MTT and Dfx stimulation. The
transition from 0.025Hz to 1Hz resulted in immediate changes of the field potential for both
groups. The similarity was apparent by the instant depression of FP slope for MTT (Fig.
3C), as for Dfx input (Fig. 3D) with no significant difference between the values of both
groups (ANOVA, F(1, 105) = 1.032, p = 0.17, n = 5 for Dfx group and n = 6 for MTT).
However, MTT stimulation did not affect FP amplitude (Fig. 3C), while Dfx stimuli induced
a gradually developing decrease of the ATN response (Fig. 3D). Repeated measures of the
first 100 pulses of the amplitude values showed significant differences between both groups
(ANOVA, F(1, 105) = 3.109, p < 0.01, n = 5 for Dfx group and n = 6 for MTT group). LFS of
Dfx induced immediate depression of FP slope compared to baseline, which continued
through the 4 hr recording session for the occurrence of stable LTD (Fig. 3E, ANOVA,
F(1, 49) = 7.24, p < 0.001, n = 5). In the group of animals where the FP amplitude was
measured after MTT stimulation, the same LFS protocol failed to induce LTD (Fig. 3E, n =
7) in comparison to the non-stimulated group. Analysis comparing the post-stimulation
values for the LFS group to the last six time points of the baseline before the stimulation
protocol reveals potentiation of the evoked response (Fig. 3E, ANOVA, F(1, 49) = 5.15, p <
0.05, n = 7). In order to increase the precision of plasticity detection and to decrease the
effect of baseline pulse-dependent augmentation in MTT recordings, we timed the baseline
recording for 120 min, enough for the FP values to reach a stable plateau.

Large amplitude long-term synaptic modification known as LTP (Larson and Lynch, 1986;
Buzsáki et al., 1987) was the next target of our hippocampo-diencephalic investigation. High
frequency stimulation (HFS) consisted of 10 bursts, with each burst containing 10 pulses at
100 Hz, with an interburst interval of 10 sec. After 120 min of baseline recording, a HFS
was applied to the MTT in one group, and to Dfx in a second group. For the MTT-
stimulated group the post-stimulation recordings showed a prominent and long-lasting
increase of about 160% for FP slope (Fig. 3F, ANOVA, F(1, 49) = 4.02, p < 0.01, n = 5) and
for FP amplitude (ANOVA, F(1, 49) = 3.70, p < 0.01, n = 5, data not shown) compared to the
last 6 baseline time points. When the data were compared to the non-stimulated baseline
group, in which the pulse-dependent elevation of the FP parameters reached about 125% (fig
2A), the HFS-induced potentiation appeared as an additional level of synaptic strength
increase (FP amplitude: ANOVA, F(1, 49) = 4.16, p < 0.01, n = 5; FP slope: ANOVA, F(1, 49)
= 4.37, p < 0.01, n = 5). The Dfx-stimulated group demonstrated a restricted post-tetanic
plasticity. No detectable change in the FP amplitude occurred ANOVA, F(1, 49) = 1.22, p =
0.11, n = 7, data not shown) while a small but significant increase in the FP slope was
evident (Fig. 3F,G, ANOVA, F(1, 49) = 2.09, p < 0.05, n = 7). The dissociation between
these two parameters of the FP raises a question concerning the degree to which the different
components of LTP are involved (Bliss and Lomo, 1973). In order to present the HFS-
induced alterations of all FP parameters, we measured the maximal slope of the FP, as
defined by the steepest deviation of the pulse-evoked negative potential. Concurrently, we
analysed the latency of the FP negative peak measured in milliseconds from the FP positive
onset. HFS to Dfx evoked an increase of the maximal slope (Fig. 3H, ANOVA, F(1, 49) =
5.12, p < 0.01, n = 7) as well as a significant decrease of the FP latency (Fig. 3F, ANOVA,
F(1, 49) = 2.47, p < 0.05, n = 7). Both results suggest that the tetanic stimulation might affect
the excitability of the recorded neuronal population, a phenomenon described in
hippocampal recordings (Andersen et al., 1980).
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The present study reports, for the first time, that the anterior thalamic nuclei (ATN) are
capable of long-term synaptic modification of their responses. This finding corroborates the
idea that, far from being a passive receiver, the anterior thalamus plays an active role in
amplifying the convergence of hippocampal and mammillary body inputs (Vann and
Aggleton, 2004). Furthermore, we distinguished differing and specific short- and long-term
plasticity properties for the direct and the indirect pathways.

Spatial deficits after mammillary body damage are not as severe as those found after
hippocampectomy (Thompson, 1981), and are typically less severe than those associated
with anterior thalamic damage (Aggleton et al., 1995; Gaffan et al., 2001). The implication
is that both the direct subicular – anterior thalamic pathway and the mammillary body –
anterior thalamic pathway (which presumably involves indirect subicular influences) support
memory processes. The present study, therefore, set out to compare the electrophysiological
properties of the two major convergent routes upon the anterior thalamic nuclei (fornix
versus mammillothalamic tract). We found that the plasticity characteristics of both
pathways express a tendency to oppose each other. While HFS of mammillothalamic
pathway induces large-amplitude, stable LTP of FP slope and amplitude, the direct
hippocampo-thalamic field plasticity after HFS is expressed only with a small amplitude
increase of the intrinsic excitability, measured by FP slope. LFS to mammillothalamic tract
did not evoke depression of the ATN response, while the same low-frequency protocol to
the dorsal fornix was followed by a long-lasting and stable depression of both FP slope and
amplitude. These results favour the role of the MMB as an input that elevates the polarity of
ATN plasticity, which is concurrently lowered by the direct subicular-thalamic input. Inputs
from the MMB are also known to target inhibitory interneurons within the anterior thalamus
(Wang et al., 1999), suggesting that the activation of GABAergic synapses could affect the
shape of field response. Because the fiber density of MTT and Dfx might differ and this
could bias the FP representation of the degree of synaptic activation via each input, we
normalized the stimulus intensity for each pathway by recording with 40% of the maximum
FP amplitude that can be evoked by the afferents activation. This approach has allowed the
comparison of synaptic plasticity occurring in other structures with parallel inputs (Doyere
et al., 1997; Kosub et al., 2005).

Furthermore, we have detected a use-dependent plasticity of mammillothalamic synapses,
which is BDNF-dependent. The detected augmentation of baseline recordings was pulse-,
but not timing-, dependent. This finding is consistent with a recent observation in freely-
moving rats that sensory thalamocortical synaptic transmission undergoes potentiation
mediated by TrkB receptors (Tsanov and Manahan-Vaughan, 2007b). The long-term
response to 900 pulses delivered with rate of 1Hz suggests that MTT responses are not
obeying the common model of plasticity, but rather follow a frequency-dependent
activation. In addition to the opposing long-term synaptic effects of the hippocampo-
thalamic and mammillothalamic connections, these two pathways also differ in their short-
term plasticity properties. Several findings have demonstrated that different hippocampal
regions respond dissimilarly to the change of test-pulses frequency from baseline to 1Hz and
these responses reflect the type of plasticity that each region expresses (Salin et al., 1996;
Klausnitzer and Manahan-Vaughan, 2008). Pulses delivered with a frequency of 1 Hz
induce immediate frequency depression of FP slope and amplitude of the fornix impulses
that bypass the MMB. Interestingly, the same low-frequency stimulation fails to evoke
frequency decrease of mammillothalamic synaptic weights. Short-term synaptic plasticity, in
particular synaptic suppression, is an important component of the nonlinear temporal
dynamics that lead to enhancement of neuronal responses (Chance et al., 1998) and an
increase in the signal-to-noise ratio in neuronal processing (Abbott et al., 1997). We
conclude that the rapid depression plasticity in the hippocampo-diencephalic circuit is
mediated by the anatomically shortest pathway - via the direct fornix projections to
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thalamus. Our data support and extend previous findings that reveal synaptic plasticity as
one of the major properties underlying thalamic function in the adult brain (Rauschecker,
1998).
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Figure 1. Experimental design for plasticity-inducing recordings in anterior thalamic nuclei of
anesthetized animals.
(A) Illustration of the position of the bipolar stimulating electrodes in dorsal fornix (Dfx)
and mammillothalamic tract (MTT), and monopolar recording electrode in the ventral
anterior thalamic nucleus (ATN). The circuitry of hippocampo-diencephalic connections,
schematically represented in the upper right corner, reveals the parallel hippocampal
outputs. Stimulation of Dfx allows slope measurement of monosynaptic onset recording
from ATN, shown as the upper left inset, while the stimulation of MTT represents the
indirect pathway passing through the mammillary bodies (MB). (B) Coronal section
showing stimulating electrode tracks that reach Dfx. (C) Coronal section revealing the track
of recording electrode in ATN. The column on right shows field potentials recorded at
different depths in response to MTT stimulation. Each step, marked with the horizontal
lines, represents 400 μm. Horizontal bar: 5 msec, vertical bar 1 mV. (D) The stimulation
electrodes were alternatively positioned in MTT; the histological section shows stimulation
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electrode tracks reaching MTT. White arrows point to the targeted structures in (C) and (D)
(marked with dashed line) ipsilateral to the recording site; contralateral fiber tracts are also
noted. Smaller black arrows point to the location of electrode tips.
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Figure 2. MTT and Dfx express different basal synaptic transmission properties.
(A) Basal synaptic transmission of ATN after stimulation of MTT (white dots) and Dfx
(grey dots). Averaged values of FP slope reveal gradual augmentation in the group of
animals with MTT stimulation (n = 5) and no change throughout the 4 hour recording period
in the group with Dfx stimulation (n = 5). Even when the baseline frequency of MTT test-
pulses was reduced from 0.025Hz to 0.008Hz (black dots) (n = 5), no change in the profile
of the baseline occurred. The elevation was dependent on the number of the given pulses,
but not on the time from the start of the experiment. The lower x-axis represents the time
points of the ‘slow baseline’ with test-pulses induced with 0.008Hz frequency. First 180 min
of the 0.008Hz baseline are presented in the inset below left. The augmentation of the FP
has slower onset when compared to the initial 180 min of the standard baseline (inset below
right). Gray dashed line in the plots delineates 100% (baseline). (B) FP slope correlates
differently with the initial time points of MTT baseline, depending on the given frequency;

Tsanov et al. Page 12

Hippocampus. Author manuscript; available in PMC 2014 February 19.

 E
urope PM

C
 Funders A

uthor M
anuscripts

 E
urope PM

C
 Funders A

uthor M
anuscripts



black symbols – 0.008Hz, white symbols – 0.025Hz. (C) Analogs represent FPs evoked at
the points marked in the figures. Horizontal bar: 5 msec, vertical bar 1 mV. (D) The TrkB-
Fc chimera (5 μg/μl) blocks the onset of field potential augmentation when applied (i.c.v.)
after the first recording. A significant reduction of the FP slope is observed in TrkB-Fc-
treated animals (black dots; n = 4) in comparison to the control protein (IgG, 5 μg/μl) treated
group (white dots; n = 4).
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Figure 3. Synaptic depression and synaptic potentiation in ATN are input specific.
Paired pulses lead to facilitation for mammillothalamic (A) and dorsal fornix (B) stimuli.
Bars represent mean paired-pulse (PP) ratio of the second over the first response for slope
(black) and amplitude (white). On the right sides are shown examples of FP traces at
interstimulus intervals of 20ms – upper pairs, 30ms – middle pairs and 40ms – lower pairs.
(C) Analysis of the first 100 pulses of 1Hz stimulation in MTT-stimulated group (n = 6)
reveals instant suppression of the FP slope (white dots) compared with the baseline period
prior the start of LFS and no change of the FP amplitude (black dots). (D) The same analysis
for the Dfx-stimulated group (n = 5) demonstrates almost parallel suppression of both FP
slope (white dots) and amplitude (black dots) in the time course of 1Hz stimulation. Gray
dashed line in the plots delineates 100% (baseline). (E) 1Hz (900 pulses) stimulation of Dfx
induces LTD of the ATN FP slope in the cases with Dfx stimulation (white dots, n = 5). In
the group of animals with mammillothalamic recordings (black dots, n = 7), the same
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protocol failed to induce depression. (F) High-frequency stimulation (100 Hz) leads to
potent increase of the FP slope for the MTT implanted animals (black dots, n = 5). In
contrast, no change of the slope and significant but weak potentiation of the amplitude
followed the same stimulation protocol in Dfx implanted rats (white dots, n = 7). (G)
Analogs represent FPs evoked at the points marked in the figures. Horizontal bar: 5 msec,
vertical bar 1 mV. (H) Analyses of the maximal FP slope from the same data, measured by
the steepest value of the negative-going potential (white dots) and FP latency, measured by
the distance in ms between the initial positive deflection of the FP onset and the lowest point
of the current sink (black dots) in Dfx-stimulated group (n = 7). HFS to ATN afferents
results in an increase of the maximal slope and concurrent decrease of the field potential
latency.
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