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Abstract

Activation of the medial septum (MS) enhances the synchronized firing of pyramidal cells in the hippocampus. At least two distinct mechanisi
might be recruited in this process: GABAergic inhibition of hippocampal inhibitory interneurons and cholinergic enhancement of pyramidal ce
excitability. In the present study, a field potential recording in urethane anaesthetised rats was used to show that MS preconditioning with b
high-frequency burst stimulation markedly enhanced Schaffer collateral/commissural (SC/C) synaptically evoked population spikes in the C
area without significant alteration in the initial slope of SC/C field excitatory postsynaptic potentials (fEPSPs). An early pli2&an(s) of
the facilitation of neuronal discharge was inhibited by intracerebroventricular (i.c.v.) injection of the gA®Aptor antagonist CGP 52432
(200 nmol/5ul). In contrast, the muscarinic cholinoceptor antagonist scopolamine (20 naiplfthibited a later phase~150-300 ms) of the
population spike facilitation. These findings support an important role for both cholinergic and GABAergic mediated septal drive in the tuning «
signal conversion within the hippocampus as well as in securing the cortical feedback from the hippocampus.
© 2005 Elsevier Ireland Ltd. All rights reserved.
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Activation of the medial septum (MS) facilitates the populationfrom adult rats pharmacologically identified the inhibitory
discharges of hippocampal principal cells. Both cholinergic angostsynaptic currents (IPSCs) in GABAergic interneurons in
GABAergic mechanism$4,18] have been invoked to explain the area CA3 conditioned by stimulation of septo-hippocampal
this effect, although in vivo evidence that clearly distinguishesafferents. This finding suggested a new mechanism of septal
between them is lacking. Krnjevic et §l.6,18] demonstrated ascending modulation of neuronal activity in the hippocampus,
that the cholinergic component of the septo-hippocampalhrough the postsynaptic inhibition of GABAergic interneurons,
pathway has a disinhibitory effect on fimbrial/commissuralas predicted by anatomical studies (¢14)]).
response, which might be explained by the presynaptic Previous reports of MS priming of hippocampal firing
cholinergic inhibition of GABA release in the CA1 area. This in vivo examined changes in fimbrial/commissural-evoked
forecast was supported by combined immunocytochemical angtsponseg17,26] The present study assessed the effect of
electron microscopy studies, which indicate that presynaptiseptal preconditioning on the Schaffer collateral/commissural
muscarinic receptors are present on many GABA-containingSC/C) induced population discharge of CA1 pyramidal cells.
terminals in area CA1 (e.g25]). By reducing GABA release, It was found that MS preconditioning markedly facilitated the
muscarinic heteroreceptors in this location might mediate th@opulation discharge of CA1 pyramidal neurons evoked by
sepal disinhibition of the pyramidal neurons. More recentlythe stimulation of the SC/C pathway in the stratum radiatum
Toth et al. [30] using combined septo-hippocampal sliceswithout significant changes in the fEPSP initial slope. Similar
to the facilitation of fimbrial/commissural respongéds,26],
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of MS-conditioned enhancement of synchronized dischargshows representative traces of PS/fEPSPs recording in the CA1
showed that whilst scopolamine greatly depressed the latestratum pyramidale without and with septal preconditioning bar-
phase, the effect of CGP 52432 was more evident in the earlyage. At a stimulation intensity that evoked an approximately
rapid-onset phase of septo-hippocampal facilitation. 30% maximum SC/C PSA, the population spike was markedly
Experiments were performed on adult male Wistar rateenhanced by MS barrage preconditioning. The extent of PSA
weighing 250-350g (Bio Resources Unit, Trinity College, enhancement depended on the time-interval between the septal
Dublin) under license from the Department of Health and Chil-preconditioning train and the SC/C shock, with the highest facil-
dren, Ireland. The method of implantation of the stimulationitation at intervals of approximately 75-120 ms 169+ 6%
electrodes in the medial septum and in the stratum radiatum af maximum enhancement at 105 ms post-MS preconditioning
the CAL region under urethane (1.5 g/kg, i.p.) anaesthesia wasterval, n=6, P<0.05 paired:-test, compared to the uncon-
similar to that described previoud#4]. A recording electrode ditioned SC/C population spike), which gradually diminished
was lowered into the stratum pyramidale (P2.8—-L3.4) to registo a quarter of its peak facilitation by 3@012 ms and with
ter the fEPSP/population spikes in response to test pulse SChhly residual facilitation persisting at 400 mB8%0.05 paired
stimulation. Body temperature was maintained at@7After  ¢test, compared to the unconditioned SC/C population spike)
the recording session, a direct current (15 mA, 30-45 s duratior(JFig. 1C). Despite the fact that the facilitation of the synchro-
was injected through the electrodes and their location was sulmized discharge of pyramidal cells in the CA1 area was optimal
sequently verified in 30@m sections of the brain. A schematic inlocation where septal burst conditioning evoked the finest slow
diagram inFig. 1A illustrates the approximate sites of the stim- waveform, there was no apparent correlation between the septal
ulating and recording electrodes within the septo-hippocampakaveform amplitude and its potency to facilitate the population
area. The intensity of the SC/C test pulse stimulus was adjustatischarge of CA1 pyramidal cells. Indeed, robust facilitation of
to evoke either a fEPSP (at half the threshold for a populationthe SC/C PSA was observed occasionally after single-pulse MS
spike generation), or a population spike about one-third of maxpreconditioning, the intensity far below that of the threshold for
imum in amplitude. The fEPSP initial slope and populationsgeneration of a noticeable septal slow field potential in the CA1
spike amplitude were measured before and after septal briefrea. Remarkably, there was no detectable effect of MS burst pre-
conditioning by a high-frequency train (seven pulses at 0.2 msonditioning on the initial slope of the SC/C fEPSPs measured
duration and intensity of 6—8 mA, which corresponded to twicein the somatic layer of the CAl area (e.g.08% and 10H- 2%
the threshold to evoke a detectable septal slow field potentiat 75 and 200 ms post-MS preconditioning=6, P>0.05
in stratum pyramidale) at a frequency of 150 Hz (inter-impulsepaired r-test, compared to the unconditioned SC/C fEPSPs;
interval ~7.5ms). PSA was quantified as 1/2 of the sum of theFig. 1D).
amplitudes of the falling and rising phases of the spike. Theinter- Next, the involvement of muscarinic cholinoceptor and
val between the first pulse of the MS preconditioning barragessABAg receptor in the septal facilitation of pyramidal cell
and test pulse stimulus delivered to the SC/C pathway (“post-MPopulation discharge in area CA1l was tested. Both types of
preconditioning interval”) was varied between 50 and 500 ms. Ineceptors are expressed abundantly in the CAl §2ekd]
experiments involving the local administration of salineu(ls ~ and are involved in modulation of neuronal excitability in this
CGP 52432 (200 nmol/al) [6] and scopolamine (20 nmol{8) location[7,23]. Previously, MS preconditioning was found to
[5] a custom-made cannula was lowered into the lateral ventricl&acilitate the fimbrial/commissural population spike in the CAl
(P0.8-L1.4) and fixed by dental cement on the skull. The infuareain vivo in a scopolamine-sensitive manner, although even at
sion of drugs was performed slowly over a 2-min period. Thehigh doses, scopolamine did not fully block the septal facilita-
changes in the PSA and fEPSPs initial slope were expressed tign [17]. More recently, single-pulse conditioning stimulation
the percentage of stable baseline recording for at least 10 miof septo-hippocampal fibres in combined slices in vitro has been
(£S.E.M.). Signals were filtered above 3kHz and digitized atreported to occasionally induce a slow GABAnediated IPSC
sampling rate of 20 kHz. Student’s paired and unpairtasts  within the inhibitory interneurons in the hippocampal CA3 area
were used for statistical analysis aRe/alues <0.05 were con- [30]. Along with anatomical studies exposing targeted innerva-
sidered as statistically significant. tions of the hippocampal inhibitory interneurons by GABAergic
Short high-frequency MS preconditioning facilitated the syn-afferents arising from M$10,13] inhibition of hippocampal
chronized discharge of pyramidal cells evoked by SC/C stimulaGABAergic cells conditioned by the stimulation of ascending
tion in a manner similar to the well-documented septal enhanceseptal afferent$30] provides a rational for the scopolamine-
ment of the fimbrial/commissural responses in the CA1 areaesistant facilitation of synchronized firing of CA1 pyramidal
[17]. The enhancement of PSA was most evident at the nearells [17]. To test the possible contribution of GABAand
threshold range of the SC/C test pulse stimulation although enuscarinic cholinoceptors in septal facilitation of synchronized
clear increase of PSA was also observed at the higher intensitfiring of CA1 pyramidal neurons driven by SC/C input stim-
The facilitation of SC/C PSA was regularly accompanied by aulation, the effect of MS preconditioning on SC/C population
slow up to 100 ms positive waveform generation in the CA1 stradischarge was measured under control conditions and after the
tum pyramidale in response to the septal high-frequency trairpcal (i.c.v.) administration of the GAB# receptor antagonist
which was often followed by the rebound in opposite polarity. CGP 52432 (200 nmol/al), and the non-selective muscarinic
This slow septal response was relatively consistent from site toholinoceptor antagonist scopolamine (20 nmpls Fig. 2
site and in general did not exceed 0.5 mV in amplitlg. 1B summarizes the time profile measurements of SC/C PS facili-



Download English Version:

https://daneshyari.com/en/article/4350970

Download Persian Version:

https://daneshyari.com/article/4350970

Daneshyari.com


https://daneshyari.com/en/article/4350970
https://daneshyari.com/article/4350970
https://daneshyari.com

