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Co-activation of nAChR and mGIuR induces y
oscillation in rat medial septum diagonal band of
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Aim: To examine whether co-activation of nAChR and mGIuR1 induced y oscillation (20-60 Hz) in rat medial septum diagonal band of

Broca (MSDB) slices.

Methods: Rat brain sagittal slices containing the MSDB were prepared. Extracellular field potentials were recorded with glass
microelectrodes. The nAChR and mGIuR1 agonists were applied to the slices to induce network activity. Data analysis was performed

off-line using software Spike 2.

Results: Co-application of the nAChR agonist nicotine (1 ymol/L) and the mGluR1 agonist dihydroxyphenylglycine (DHPG, 25 pumol/L)
was able to induce y oscillation in MSDB slices. The intensity of NnAChR and mGIuR1 activation was critical for induction of network
oscillation at a low (B oscillation) or high frequency (y oscillation): co-application of low concentrations of the two agonists only
increased the power and frequency of oscillation within the range of 8, whereas y oscillation mostly appeared when high concentrations

of the two agonists were applied.

Conclusion: Activation of mGIluR1 and nAChR is able to program slow or fast network oscillation by altering the intensity of receptor
activation, which may provide a mechanism for modulation of learning and memory.
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Introduction

Hippocampal rhythmic activity!" in the 6 (4-12 Hz) and y (20~
60 Hz) frequency bands have received considerable interest
as they are presumed to play important roles in many brain
functions, such as spike-timing-dependent synaptic plasticity,
sensory information processing and memory processes’ .

It is well-established that the cholinergic and GABAergic
neurons located in the medial septum-diagonal band com-
plex (MSDB) project to the hippocampus and contribute to
the generation of the hippocampal 6 rthythm! * and memory
formation!”. Glutamatergic neurons in the MSDB!! provide
powerful excitatory inputs to cholinergic and GABAergic neu-
rons via activation of either metabotropic glutamate receptors
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(mGluRs) or ionotropic glutamate receptors®™ .

Activation of either mGIuR1 or kainite receptor induced y
oscillations in hippocampal slices!"” ™", but it only induced 6
oscillations in MSDB slices!"” ", suggesting that the local cir-
cuit of the neuronal network for the generation of rhythmic
activity between the hippocampus and the MSDB are differ-
ent.

Several lines of evidence indicate that nicotinic acetylcho-
line receptors (nAChRs) are highly expressed in the MSDB
and hippocampus™ ™. Nicotine induced 8 oscillations in the
MSDB and in the hippocampus!®"7), suggesting that nAChR
activation modulates septal-hippocampal function!.,

Network oscillation represents physiological information
processing and is altered in pathological process. Recent
studies indicate that patients with schizophrenia, a common
disease involving disordered information processing, showed
impairment in evoked y oscillations!"”. Cigarette smoking is



www.nature.com/aps
Wang YL et al

®

176

significantly more prevalent in individuals with schizophrenia
than in normal individuals, suggesting that nicotine may alle-
viate neurocognitive symptoms associated with this disorder.
In this study, we found that the activation of either nAChR
or mGluR1 alone only induced network oscillations in the 0
range with limited synchronization in MSDB slices, but co-
activation of mGluR1 and nAChR was able to induce highly
synchronized y oscillations. The induction of y oscillations in
the MSDB is likely to have an impact on the cognitive function

of the septal-hippocampal system'*” "\,

Materials and methods

Preparation of slices

All procedures were carried out in accordance with the UK
Animals (Scientific Procedures) Act 1986 and the associated
guidelines and with prior approval from the local ethical
committee of the University of Leeds, UK and the Medical
University of Xinxiang, Xinxiang, China. All efforts were
made to minimize animal suffering and to reduce the number
of animals used. Male Wistar rats (3 weeks old, n=50) were
anaesthetized by intraperitoneal injection of Sagatal (sodium
pentobarbitone, 100 mg/kg, Rhone Mérieux Ltd, Harlow, UK).
When all pedal reflexes were abolished, the animals were
perfused intracardially with chilled (5°C), oxygenated artifi-
cial cerebrospinal fluid (ACSF) in which the sodium chloride
had been replaced by iso-osmotic sucrose. This ACSF (305
mmol/L) contained the following (in mmol/L): 225 sucrose,
3 KCl, 1.25 NaH,PO,, 24 NaHCO;, 6 MgSO,, 0.5 CaCl,, and 10
glucose. For extracellular field recording, two sagittal slices
(450 pm) of rat brain, straddling the midline and containing
the MSDB were cut at 4-5°C in the sucrose ACSF using a Leica
VT1000S vibratome (Leica Microsystems UK, Milton Keynes,
UK).

Electrophysiological recording and data analysis
For the extracellular field potential recordings, two MSDB
slices were transferred to an interface recording chamber.
The slices were maintained at a temperature of 33°C, and
ACSF and humidified carbogen gas (95% O,-5% CO,) were
applied at the interface. The ACSF contained the following
(in mmol/L): 126 NaCl, 3 KCl, 1.25 NaH,PO,, 24 NaHCO;, 2
MgSQO,, 2 CaCl, and 10 glucose. The slices were allowed to
equilibrate in this medium for 1 h prior to recording. Both
channels of an Axoprobe 1A amplifier (Axon Instruments,
Union City, CA, USA) were employed for the extracellular
field recordings, which were conducted using glass microelec-
trodes containing ACSF (resistance 2-5 MQ). The data were
band-pass filtered online between 0.5 Hz and 2 kHz using the
Axoprobe amplifier and a Neurolog system NL106 AC/DC
amplifier (Digitimer Ltd, Welwyn Garden City, UK). The data
were digitized at a sample rate of 5-10 kHz using a CED 1401
plus ADC board (Digitimer Ltd). Electrical interference from
the main supply was eliminated from the extracellular record-
ings online with the use of 50-Hz noise eliminators (HumBug,
Digitimer Ltd, North Vancouver, Canada).

The data were analyzed off-line using software from Spike 2
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(CED, Cambridge, UK). Power spectra were generated to pro-
vide a quantitative measure of the frequency components in a
stretch of recording, where power, a quantitative measure of
the oscillation strength, was plotted against the respective fre-
quency. Power spectra were constructed for 30- to 60-s epochs
of extracellular field recordings using a fast Fourier transform
algorithm provided by Spike 2. The parameters used for mea-
suring the oscillatory activity in the slices were the peak fre-
quency (Hz) and the area power (uV?). In the current study,
the area power was equivalent to the computed area under the
power spectrum between the frequencies of 20 and 60 Hz.

Drugs used for electrophysiology

Dihydroxyphenylglycine (DHPG), nicotine, bicucul-
line methochloride(bicuculline), 2,3-dioxo-6-nitro-1,2,3,4-
tetrahydro-benzo[f] quinoxaline-7-sulfonamide (NBQX) and
D-(-)-2-amino-5-phosphonopentanoic acid (D-AP5) were
purchased from Tocris Cookson Ltd (Bristol, UK). All other
reagents were obtained either from Sigma-Aldrich ((St Louis,
CA, USA)) or VWR International (Lutterworth, UK). Stock
solutions were prepared in dd water at a concentration 10°-
fold higher than the working concentration, except for NBQX,
which was dissolved in dimethylsulfoxide and stored in
individual aliquots at -45°C. The working solutions were pre-
pared freshly on the day of the experiment.

Statistical analysis

All statistical tests were performed using SigmaStat software
(SPSS Inc, St Louis, CA, USA). The results are expressed as the
meanststandard error. Statistical significance for comparison
between the two groups was determined with Student’s f-test
or a rank sum test. Statistical comparisons for more than two
groups were made using either a one-way analysis of variance
(ANOVA) or an ANOVA on ranks or repeated measures (RM)
ANOVA. P<0.05was considered statistically significant.

Results

Pretreatment of MSDB slices with nicotine followed by DHPG
induced y oscillations

Bath application of nicotine (1 pmol/L) followed by DHPG (25
pmol/L) induced fast network oscillation in the y frequency
band (Figure 1). The oscillatory activity was not observed in
the control condition, but a slow oscillatory event (6 Hz) with
a relatively small power was observed after the application
of nicotine, and a fast oscillatory event (36 Hz) with a large
power was induced after the application of DHPG (Figure
1A, 1B). The autocorrelgrams showed that there was obvious
autocorrelation for nicotine- or nicotine plus DHPG-induced
oscillation, but there was no obvious correlation for the con-
trol (Figure 1C). On average, nicotine alone induced an oscil-
lation in the 0 frequency band (7.3£0.5 Hz, n=7). Compared
with the control (5.5+0.6 Hz), there was a statistically signifi-
cant difference (P<0.05). Nicotine plus DHPG induced a fast
network oscillation in the y frequency band (29.8+2.7 Hz, n=7).
Compared with the control and nicotine treatment alone, there
was a statistically significant difference (P<0.001) (Figure 1D).
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Figure 1. Pretreatment of MSDB slices with nicotine followed by DHPG induced network activity. (A) Field potential recordings (1-s epoch) of persistent
network oscillations before and after application of 1 umol/L nicotine and nicotine+25 pmol/L DHPG. No network oscillation was observed under
the control conditions; 1 umol/L nicotine induced slow oscillations and spiking activities. The spikes were trimmed to improve the display of the slow
network oscillation; 1 ymol/L nicotine+25 pmol/L DHPG induced fast network oscillation. Scale bars: 100 uV. (B) The power spectra corresponding
to the field potentials shown in A displayed no oscillation, 6 oscillation and y oscillation for the control, nicotine and nicotine+DHPG treatments,
respectively. (C) The autocorrelation graphs of the field potentials corresponding to A. Auto-correlation plots show no synchrony, synchrony for 6
oscillations and synchrony for y oscillations within a 1-s period for the control, nicotine and nicotine+DHPG treatments, respectively. (D) Bar graph
summarizes the changes in the peak frequency of oscillation for the control, nicotine and nicotine+DHPG application. (E) Bar graph summarizes the
changes in the peak power of oscillation for the control, nicotine and nicotine+DHPG treatments. °P<0.05, °P<0.01 vs control. °P<0.05, 'P<0.01 vs

nicotine alone.

The changes of power for the dominant oscillatory events
are shown in a bar graph (Figure 1E). The average peak
power was 2.4+0.6, 9.5£3.3, and 33.8+9.5 uV? for the control,
nicotine and nicotine+DHPG treatments, respectively (n=7
for all groups); there were statistically significant differences
between the control and nicotine groups (P<0.05), the control
and nicotine+DHPG groups (P<0.05) and the nicotine alone
and nicotine+DHPG groups (P<0.05).

We tested the effects of an a7 nAChR antagonist, methylly-
caconitine (MLA), and a non-a7 nAChR antagonist, DhBE, on
the y oscillation induced by nicotine+DHPG. In the presence
of MLA (Figure 2A), nicotine induced 0 oscillation in some
slices (Figure 2A1, 2A2), although no statistically significant
difference was found. Co-application of nicotine+DHPG
was able to induce a large 0 oscillation and minor oscillatory
events in the y frequency band (Figure 2A1, 2A2). The peak
frequencies were 1.9+0.7, 4.1+2.0, 4.841.9, and 5.3+2.3 Hz for
the control, MLA, MLA+nicotine and MLA+nicotine+DHPG
treatments, respectively. There was a statistically significant
difference between the control and the MLA+nicotine+DHPG
group (P<0.05, n=4). The peak powers were 9.0£7.6,
11.949.1, 13.5£7.0, and 29.7+18.4 uV? for the control, MLA,

MLA+nicotine, and MLA+nicotine+DHPG, respectively.
There was a statistically significant difference between the
control and the MLA+nicotine+DHPG group (P<0.05, n=4).

In the presence of DhBE, nicotine was not able to
induce obvious oscillatory activity, but co-application of
nicotine+DHPG induced 0 oscillation in some slices, although
no statistically significant difference existed among these
groups (n=6) (Figure 2B1, 2B2). The average peak frequencies
were 3.3+2.0, 4.6+2.0, 3.4+1.6, and 3.8+1.6 Hz for the control,
DhpE, DhPE+nicotine, and DhE+nicotine+DHPG treatments,
respectively. There were no statistically significant differ-
ences among these groups (P>0.05, n=6). The peak powers
were 7.5£3.4, 6.0+2.5, 6.3+1.5, and 11.0+4.7 uV? for the control,
DhpE, DhPE+nicotine, and DhBE+nicotine+DHPG treatments,
respectively. There were no statistically significant differences
among these groups (P>0.05, n=6).

In the condition of MLA+DhE, neither nicotine alone nor
nicotine+DHPG induced detectable oscillatory activity (Fig-
ure 2C1, 2C2). The average peak frequencies were 1.9%1.0,
1.9+0.0, 2.6+1.7, and 2.9+0.6 Hz for the control, MLA+DhpE,
MLA+DhBE+nicotine, and MLA+DhpE+nicotine+DHPG
treatments, respectively. There were no statistically sig-
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Figure 2. The effects of MLA, DhBE, and MLA+DhBE on the nicotine+DHPG-induced oscillatory activity. (A1) Field potential recordings (1-s epoch) of

persistent network oscillations in the presence and absence of MLA, MLA+nicotine, and MAL+nicotine+DHPG. Scale bars: 100 pV.
(B1) Field potential recordings (1-s epoch) of persistent network oscillations in the

spectrum corresponding to the filed potentials shown in A1l.

(A2) The power

presence and absence of DhBE, Dh3E+nicotine, and DhE+nicotine+DHPG. Scale bars: 100 uV. (B2) The power spectrum corresponding to the filed

potentials shown in B1.

(C1) Field potential recordings (1-s epoch) of persistent network oscillations in the presence and absence of MLA+DhE,

MLA+DhBE+nicotine, and MLA+DhBE+nicotine+DHPG. Scale bars: 100 pV. (C2) The power spectrum corresponding to the filed potentials shown in C1.

nificant differences among these groups (P>0.05, n=4). The
peak powers were 4.4+2.0, 15.6+13.1, 7.1+4.9, and 11.9+10.5
uV? for the control, MLA+DhBE, MLA+DhpE+nicotine, and
MLA+DhBE+nicotine+DHPG treatments, respectively. There
were no statistically significant differences among these
groups (P>0.05, n=4).

In some cases (n=2 of 5), nicotine (1 pmol/L) did not induce
detectable oscillatory activity, and further application of 25
pmol/L DHPG was still able to induced vy oscillations (Fig-
ure 3A, 3B), indicating that 0 oscillation is not a requirement
for the induction of y oscillation. The time course of the area
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power changes of the y oscillations (y power, which is the
area power for the oscillatory events of 20-60 Hz) is shown in
Figure 3C. Nicotine (1 pmol/L) did not alter the power in the
basal condition. Further application of DHPG dramatically
increased the area power, and this increase reached a plateau
(~300 pV?) at 50 min after DHPG application. To further
confirm that the oscillatory events were indeed biological sig-
nals, we applied the antagonists of the ionotropic glutamate
receptors AP5 and NBQX to MSDB slices and found that the
y power induced by DHPG plus nicotine was largely reduced
by these glutamate receptor antagonists, suggesting that y
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Figure 3. 6 oscillation is not a pre-requirement for the induction of fast
network oscillation. (A) Field potential recordings (1-s epoch) of persistent
network oscillations are shown before and after the application of nicotine
and nicotine+DHPG. No network oscillation was observed under control
conditions or with 1 umol/L nicotine application; robust y oscillation
was observed after application of 1 ymol/L nicotine+25 umol/L DHPG.
Scale bars: 100 pV. (B): The power spectrum corresponding to the filed
potentials shown in A. (C) Time course of the area power of y oscillations
induced by nicotine+DHPG before and after the application of AP5 and
NBQX. (D) Time course of the area power of y oscillations induced by
nicotine+DHPG before and after the application of Bicuculline.

oscillations are mediated by excitatory synaptic transmission
(Figure 3C).
y oscillation is mediated by the GABA , receptor. We further
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tested the effects of bicuculline, a GABA, receptor antago-
nist, on the y oscillation induced by nicotine+DHPG. Figure
3D shows that the nicotine+DHPG-induced vy oscillation was
largely reduced by 20 pmol/L bicuculline.

Pretreatment with DHPG followed by nicotine induced 6 and y
oscillations

A series of experiments were performed in which DHPG (25
pmol/L) was applied to MSDB slices first, followed by the
application of nicotine (1 pmol/L). A representative experi-
ment is shown in Figure 4. There was no oscillatory activity in
the control condition. DHPG induced small oscillatory events
without a clear dominant frequency (Figure 4Aa, 4Ab); addi-
tional application of nicotine induced large oscillatory activity
with a clear dominant frequency (35 Hz) in the y band (Figure
4AD).

In general, DHPG (25 pmol/L) induced a single event at the
0 frequency. In the case of multiple events, only the oscilla-
tory event at the highest power was chosen for the average.

As shown in Figure 4Ac, DHPG induced an oscillation in
the 0 frequency band (12.3+2.4 Hz, n=6). Compared with
the control (6.8£0.5 Hz, n=6), there was a significant increase
in the oscillatory frequency after DHPG (P<0.05). After a
steady state (20 min after DHPG addition) was reached, fur-
ther application of nicotine induced a fast network oscilla-
tion in the y frequency band (27.1£1.9 Hz, n=6). There were
statistically significant differences between the control and
DHPG+nicotine groups (P<0.001) and between the DHPG and
DHPG+nicotine groups (P<0.01). The changes of power for
the dominant oscillatory events are shown in a bar graph (Fig-
ure 4Ad). The average peak power was 2.9+1.3, 9.5£2.5, and
22.0£5.9 uV? for the control, DHPG and DHPG+nicotine treat-
ments, respectively (n=6 for all groups); there were statistically
significant differences between the control and the DHPG
group (P<0.05), the control and the DHPG+nicotine group
(P<0.05) and the DHPG alone group and the DHPG+nicotine
group (P<0.05).

To test whether a combination of a low dose of DHPG
(3 pmol/L) plus micromolar concentrations of nicotine would
be able to induce a fast network oscillation, we applied DHPG
(3 umol/L) first to MSDB slices. No obvious oscillatory activ-
ity was observed; however, further application of nicotine
(1 pmol/L) induced oscillatory activity in the y frequency
band (n=3 out of 5, Figure 4Ba, 4BD).

Low doses of DHPG and nicotine did not induce fast y oscillation,
but did induce 6 activity
Figure 5A and B show that a low concentration of DHPG (3
pmol/L) alone did not induce oscillatory activity. Further
application of a low concentration of nicotine (25 nmol/L)
induced no obvious fast oscillations, but slow oscillatory
activities in the 0 range (8.5 Hz) were observed as well as an
oscillation event in  range (15 Hz) (Figure 5B).

On average, 3 umol/L DHPG alone induced an oscillation
in the 0 frequency band (6.9+0.5 Hz, n=8, Figure 5C). Com-
pared with the control (5.5£0.4 Hz, n=8), there was a signifi-
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Figure 4. Pretreatment of MSDB slices with DHPG followed by nicotine induced network activity. (Aa) Field potential recordings (1-s epoch) of
persistent network oscillations are shown under control conditions (upper panel), after bath-applied DHPG (25 umol/L) (middle panel) and after
DHPG (25 pmol/L)+nicotine (1 pmol/L) application (lower panel). Ab: The power spectra showed no detectable oscillatory activity (black line) in the
control condition. Multiple small peaks of oscillatory events (4.9, 15, and 23 Hz) were observed after bath-applied DHPG (25 pmol/L) (blue line), and
a large peak (35 Hz) of oscillatory was observed after DHPG (25 pmol/L)+nicotine (1 umol/L) application (red line). (Ac) Bar graph summarized the
changes in the peak frequency of oscillation in the control conditions and after DHPG and DHPG+nicotine application. (Ad) Bar graph summarizing the
changes in the peak power of oscillation in the control and during DHPG and DHPG+nicotine application. (Ba) Field potential recordings (1-s epoch)
of persistent network oscillations are shown under control conditions (upper panel), after DHPG (3 umol/L) application (middle panel) and after DHPG
(3 umol/L)+nicotine (1 pmol/L) application (lower panel). (Bb) The corresponding power spectra demonstrate a dominant oscillatory activity in the y
frequency band (40 Hz) after application of DHPG+nicotine (red line). There was no apparent oscillatory activity under control conditions or after the
application of DHPG. "P<0.05, °P<0.01 vs control. °P<0.05, 'P<0.01 vs DHPG alone.

cant increase in the oscillatory frequency (P<0.01). When a
steady state (20 min following DHPG) was reached, further
application of nicotine (25 nmol/L) induced oscillation at a
higher frequency, but it was still within the 0 range (8.5+0.6
Hz, n=8). There were statistically significant differences in the
oscillatory frequency between the control and DHPG+nicotine
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groups (P<0.001) and the nicotine and DHPG+nicotine groups
(P<0.01). The average peak power was 2.8+0.7, 5.4+1.0, and
10.4+1.4 pV? for the control, DHPG, and DHPG+nicotine treat-
ments, respectively (n=8 for all the groups); there were statisti-
cally significant differences between the control and DHPG
groups (P<0.001), the control and DHPG+nicotine groups
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(P<0.001), DHPG alone and the DHPG+nicotine groups
(P<0.01).

Conversely, application of 25 nmol/L nicotine alone
induced a small 0 oscillation (8.7 Hz), and further applica-
tion of 3 umol/L DHPG increased occasionally the oscillatory
power and frequency (12 Hz) (Figure 6A, 6B).

On average, 25 nmol/L nicotine alone induced a 0 oscilla-
tion (6.9+0.8 Hz, n=5). Compared with the control (4.7+0.4
Hz, n=5), there was no statistically significant difference in
the oscillatory frequency. After a steady state (20 min fol-
lowing nicotine) was reached, further application of DHPG
(3 pmol/L) induced a 0 oscillation at a higher frequency
(9.9£1.5 Hz, n=5). There were statistically significant dif-
ferences between the control and nicotine+DHPG groups
(P<0.05) and between the nicotine and nicotine+DHPG groups
(P<0.05). The changes of power for the dominant oscillatory
activity are shown in a bar graph (Figure 6D). The average
peak power was 3.2+1.2, 8.4+1.1, and 12.0+1.1 uV? for the con-
trol, nicotine and nicotine + DHPG treatments, respectively
(n=5 for all groups). There were statistically significant differ-
ences between the control and nicotine groups (P<0.05) and
the control and the nicotine+DHPG groups (P<0.01); there
was no statistically significant difference between the nicotine
alone and the nicotine+DHPG groups in peak power (P>0.05).

Discussion

The present study extends our previous investigations
on the contribution of nAChR and mGluR1 to the control of 0
and y oscillations in the MSDB. Specifically, we demonstrated
that co-activation of mGIuR1 and nAChR can control the pat-
tern of network oscillation in MSDB through the combination

[15, 16, 22]

of various concentrations of two receptor agonists, DHPG and
nicotine.

Previous studies demonstrate that nAChR is expressed in
both glutamatergic and GABAergic neurons within the local
network circuit of MSDB™ *!, suggesting that activation of
these receptors may alter MSDB function.

DHPG (10 pmol/L) induced synchronous y oscillation in
hippocampus which are driven by the complex network of the
CA3 region (rich in recurrent collateral connection) involving
both excitatory and inhibitory synaptic transmission™. In this
study, DHPG (25 pmol/L) failed to induce y oscillation in the
MSDB, suggesting that the neuronal arrangement of the local
network circuits between the two structures is different.

Nicotine alone was not able to induce y oscillation in the
hippocampus at a concentration 1 pmol/L, although nicotine
increased the power of the evoked transient y oscillation!”),
The enhancement of evoked hippocampal y oscillations by
nicotine can be reduced by a7 nAChR antagonists, which is

Acta Pharmacologica Sinica
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Figure 6. Low concentrations of nicotine and DHPG induced no fast oscillations, but they induced slow oscillations.
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(A) Field potential recordings

(1-s epoch) of persistent network oscillations are shown under control conditions (upper panel) and after application of nicotine (25 nmol/L) (middle
panel) or nicotine (25 nmol/L)+DHPG (3 umol/L) (lower panel). (B) The power spectra showed no apparent peak of the filed potentials under control
conditions. Two small but clear peaks were observed in the 6 range with a dominant peak at 8.5 Hz after the application of nicotine (25 nmol/L) and
a large dominant peak at 12 Hz after the application of nicotine (25 nmol/L)+DHPG (3 pmol/L). (C) Bar graph summarizing the changes in the peak
frequency of oscillation in the control and during nicotine and nicotine+DHPG application. (D) Bar graph summarizing the changes in the peak power of
oscillation in the control and during nicotine and nicotine+DHPG application. "P<0.05, °P<0.01 vs control. ®P<0.05 vs nicotine alone.

in agreement with our observation in the hippocampus that
nicotine-induced 0 oscillations can be reduced by a7 nAChRs
antagonists“él. In the MSDB, nicotine-induced 6 oscillation
can be reduced by a4 but not a7 nAChR antagonists®!. Thus,
it appears that a7 nAChRs play a role in nicotine-mediated
enhancement of hippocampal-related functions and that non-
a’ nAChRs are involved in the modulation of MSDB-related
functions.

At a low concentration, neither nicotine (25 nmol/L) nor
DHPG (3 pmol/L) was able to induce fast y oscillation. Com-
bination of the two receptor agonists enhanced the oscillatory
power and frequency, but the frequency was limited to the 6
range (14 Hz), suggesting that the weak activation of nAChR
and mGluR1 is not able to induce fast network oscillation.

Although nicotine (1 umol/L) or DHPG (25 pmol/L) alone
was not able to induce fast network oscillation on its own, the
combination of these two agents induced y oscillation. Our
results indicate that in the presence of DhBE but not MLA,
nicotine+DHPG failed to induce y oscillation, suggesting that
a4f2 nAChR plays a more important role than a7 nAChR in
mediating the oscillatory activity of MSDB, which is in line
with our previous observation that a4p2 nAChR mediated
nicotine-induced 6 activity in the MSDBP. Our results further
demonstrated that the induced y oscillation is dependent on
excitatory and inhibitory neurotransmission based on the roles
of AMPA receptor and GABA, receptor blockers, which is in
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agreement with previous reports® .

Preview studies suggest that the induction of hippocampal
y and 0 oscillations relies on the firing pattern of inhibitory
neurons. Yy oscillation is associated with the activation of fast-
firing basket cell inhibitory interneurons™ *! that act on fast
GABA, receptors[3°'32], whereas, 0 oscillation involves slow
stellate cell inhibitory interneurons™ that act on slow GABA,
receptors™. Our results suggest that the y oscillation induced
by nicotine and DHPG may be involved in the activation of
the fast firing inhibitory interneuron in the MSDB.

In this study, we confirmed that nicotine can increase the
synchronization of network oscillation in MSDB slices. Our
result was supported by the analysis of computer modeling,
which showed that nicotine reduced the complexity of net-
work activity, suggesting that nicotine increase synchronized
neural firing®.

In vivo studies have demonstrated that nicotine increases
the auditory stimulus-evoked vy oscillations™). Smokers also
exhibited enlarged auditory stimulus-evoked y oscillations in
the cortex. These studies suggest that nicotine can enhance
cortical activation and sensory information processing™. y
oscillation induced in the MSDB in vitro may drive fast hip-
pocampal oscillation and have an impact on hippocampal-
dependent learning and memory. Given that y oscillations are
indices of sensory information processing that are altered or
disrupted in disorders such as Alzheimer’s disease and schizo-



]

phrenia!”, nicotine may be beneficial to individuals with these

diseases.
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