
Contents lists available at ScienceDirect

Toxicology in Vitro

journal homepage: www.elsevier.com/locate/toxinvit

Inhibitory actions of general anesthetics on hippocampal CA1 neurons
modified by activation of amygdala circuitry are demonstrated on the novel
amygdala-hippocampal slice preparation

Koki Hirota⁎, Rika Sasaki, Mitsuaki Yamazaki
Department of Anesthesiology, Graduate School of Medicine and Pharmaceutical Science for Research, University of Toyama, Toyama, Japan

A R T I C L E I N F O

Keywords:
General anesthetic
Propofol
Thiopental
Sevoflurane
Desflurane
Amygdala-hippocampal slice
Synaptic transmission

A B S T R A C T

In order to examine effects of general anesthetics on hippocampal synaptic transmission in the absence and
presence of amygdala circuitry activation, we have developed a unique amygdala-hippocampal slice preparation
in which projections between amygdala and hippocampal CA1 are conserved. Stimulating electrodes were
placed in radiatum stratum (Rad) to stimulate CA1, and in amygdala-hippocampal area (AH) to simulate
amygdala inputs to hippocampus. Two sets of extracellular recording microelectrodes were positioned in cell
bodies and dendrites of CA1 to record population spikes (PSs) and excitatory post-synaptic potentials (EPSPs),
respectively. Intravenous anesthetics did not elicit consistent effects on PS and EPSP following a test stimulus on
Rad. A pre-pulse of AH in addition to a test-pulse on Rad produced significant reduction of PS amplitude without
a change in EPSP. Pre-treatment with tetanus-pulse on AH reversed the anesthetic-induced reduction of PS. The
results suggest that inhibitory actions of general anesthetics in CA1 can be modified by activation of amygdala,
suggesting that preoperative anxiety and fear could modify anesthetic actions. The modification was more
prominent in the presence of intravenous anesthetics than with volatile agents.

1. Introduction

In order to investigate cellular mechanisims of actions of general
anesthetics in the central nervous systems, our laboratory has been
investigating the effects of general anesthetics on excitatory and in-
hibitory synaptic transmission in hippocampal slices in vitro (Hirota
and Roth, 1997a; Wakasugi et al., 1999). We have reported that volatile
anesthetics can affect both excitatory and inhibitory synaptic trans-
mission, that intravenous anesthetics mainly enhance the inhibitory
pathways via GABAergic mechanisms, and that actions of general an-
esthetics are agent-specific (Hirota et al., 1998).

It is of interest that actions of general anesthetics can be modified by
various physiologic conditions: changes in frequency of signal inputs
(Hirota et al., 2010), extracellular magnesium ion concentration (Sasaki
et al., 2002), reduction in oxygen content in perfusate (Sasaki et al.,
2005) and dementia (Sasaki et al., 2011). In addition, we found that
actions of general anesthetics are pathway-specific (Hirota and Roth,
1997b): The inhibitory effects of sevoflurane were different between
the CA3 to CA1 pyramidal neurons and the perforant path to dentate
gyrus neurons in hippocampus.

The objective of the present study is to test the hypothesis that the
emotional center of the brain (i.e. amygdala) could modify anesthetic
potency in a relatively small neural network model in vitro, since ef-
fects of general anesthetics on amygdala-mediated modification is
poorly understood. For this purpose, we developed a unique amygdala-
hippocampal slice preparations in which projections between amygdala
circuitry and hippocampal CA1 are satisfactorily conserved.

Although It has been reported that anesthetic-induced loss of con-
sciousness is a result of temporal fragmentation of lateral frontoparietal
neural networks (Hudetz and Mashour, 2016), there is no ideal meth-
odology to evaluate depth of anesthesia or hypnotic effects of general
anesthetics, since physiological basis of consciousness has not been
determined (Miller, 2005). Greenfield and Collins (2005) proposed that
the transient, three-dimensional large-scale neuronal “assemblies”
throughout the brain can generate different degree of consciousness.
During the series of optical imaging in hippocampal slices experiments,
Greenfield's results demonstrated that anesthetics, but not analgesics,
prolong the enhancement of recurrent inhibition, implying that anes-
thetics reduce the spatial spread of neural activities, disturb neuronal
assembly formations, and produce loss of awareness in the presence of
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general anesthetics (Collins et al., 2007).
The amygdala sends widespread projections to the cerebral cortex

(McDonald, 1998), prefrontal cortex, hypothalamus (Reppucci and
Petrovich, 2016), thalamus (Zikopoulos and Barbas, 2012), brain stem
(Phelps and LeDoux, 2005) as well as hippocampus (Pitkanen et al.,
2000; Yang and Wang, 2017). Therefore, we regarded the amygdala-
hippocampal slice preparations as a small neuronal network model
based on the “assemblies” opinion, and investigated interactions be-
tween activation of amygdala circuitry and actions of general anes-
thetics.

2. Materials and methods

Ethics approval was obtained from the Animal Research Committee
of the University of Toyama, Japan (A2012MED-34) under direction of
the ARRIVE (Animal Research: Reporting of In Vivo Experiments)
guideline. Male Wistar rats were housed individually, raised in an air-
conditioned room (20 °C) under a 12/12-h light/dark cycle, with free
access to food and water.

2.1. Amygdala-hippocampal slice preparation

Rats (approximately 4months) were deeply anesthetized with se-
voflurane and then decapitated. Because of the lower blood/gas parti-
tion coefficient of sevoflurane (0.63), the anesthesia for decapitation
should not interfere with the baseline electrophysiological recordings.
The brain was rapidly removed (Fig. 1A), and 400 μm transverse slices
were prepared by cutting the hemispheres vertically to the long axis
4.56–4.80mm posterior to bregma at an angle of 40–45 degrees
(Paxinos and Watson, 2007) in cold, oxygenated artificial cerebrospinal
fluid (ACSF) using a Rotorslicer DTY-7700 (DSK, Osaka, Japan). This
method ensured that the amygdala-hippocampal connections were
successfully maintained in the slices (see Fig. 1B). Slices were then
carefully removed with spatulas under a stereomicroscope (Fig. 1C) and

placed on a nylon mesh screen at the interface of ACSF liquid (90mL/h)
and humidified 95%O2/5%CO2 gas (1 L/min) phases in a recording
chamber. In order to accelerate the rate of drug equilibration and to
obtain stable recordings of field potentials, we modified the liquid/gas
interface brain slice chamber to a minimal perfusate volume (0.8mL).
Slices were slowly warmed to 37 °C and then allowed to equilibrate for
120–180min without electrical stimulation.

2.2. Electrophysiological technique and stimulus protocol

Glass microelectrodes for extracellular recordings were constructed
with a P-97 micropipette puller (Sutter Instrument, Novato, CA), and
the tip resistances were 3–5MΩ when filled with ACSF. Two sets of
recording microelectrodes were positioned in the region of the cell
bodies and dendrites of the CA1 pyramidal neurons to record popula-
tion spikes (PSs) and field excitatory post-synaptic potentials (EPSPs),
respectively. A bipolar stimulating electrode (tungsten steel, coated
with epoxy resin, Unique Medical, Tokyo, Japan) was placed in the
region of the stratum radiatum (Rad) to stimulate the input to CA1
neurons, and a second stimulating electrode was located in the amyg-
dala-hippocampal area (AH) to simulate the amygdala inputs to the
hippocampus (Fig. 2). PS amplitudes were determined from peak po-
sitive to peak negative of the waveform. EPSP slopes were calculated by
fitting digitized data points between onset and peak negativity to a
linear function (dV/dt).

Square-wave stimuli (5–10 V, 50 μs), generated with a SEN-3301
stimulator (Nihon Kohden, Tokyo, Japan), were delivered to both
pathways (Rad and AH) simultaneously. The minimal stimulus intensity
that elicited the maximal amplitude (maximal stimulus) was normally
used. Stimulus frequency was fixed at 0.1 Hz, since the input frequency
can modify anesthetic actions (Hirota et al., 2010). Field potentials
were amplified with a MEZ-8301 amplifier (Nihon Kohden, Tokyo,
Japan) and filtered 1 Hz–10 kHz. Analog-digital conversions of data
were made at a rate of 100 kHz using a Powerlab (AD Instruments, New
South Wales, Australia). The results were stored on the hard drive of a
Macintosh computer (Apple, Cupertino, CA), and PS amplitudes and
EPSP slopes were analyzed using Scope software (AD Instruments, New
South Wales, Australia).

As shown in Table, we employed three types of stimuli (test-pulse,
pre-pulse, and tetanus-pulse) to elicit field potentials of CA1 pyramidal
neurons and to activate amygdala circuitry. Stimuli were combined as
Protocol I-III to study effects of general anesthetics on hippocampal
CA1 neurons in the absence and presence of amygdala circuitry.

2.3. Histology

At the completion of each experiment, the slice preparation was
stained with 0.2% cresyl violet. The stained slice image was digitally
superimposed onto the corresponding photo of the living slice (see
Fig. 2 inset). Although the staining procedure was not conventional
method, it could retrospectively confirm that the microelectrodes had
been accurately placed in the intended regions of the hippocampal CA1
region and amygdala-hippocampal area.

2.4. Drug application and data acquisition

The PS amplitude of the CA1 neurons of all the preparations used in
the present study were > 5mV in response to stimuli of Rad or AH.
The control variability was<5% during the initial data acquisition
period, indicating that neural viability was properly maintained. Slices
were discarded if the recordings indicated that the neural pathways
were disconnected. Recovery responses were recorded for at least
30min after washout of anesthetic-equilibrated ACSF from the
chamber.

Sevoflurane and desflurane were applied as vapors in the pre-
warmed carrier gas (95%O2/5%CO2) above the slices using calibrated

Fig. 1. Drawings of the novel amygdala-hippocampal slice preparation. A:
Transverse slices (400 μm) were prepared by cutting the hemispheres vertically
at an angle of 40–45 degree to the long axis 4.56–4.80mm posterior to bregma.
B: The amygdala-hippocampal connections were successfully maintained in the
slices. C: Slice preparation showing the neuronal pathways of the hippocampus
in relation to the amygdala.

K. Hirota, et al. Toxicology in Vitro 60 (2019) 173–179

174



commercial vaporizers (Tec 3 and Tec 6 plus, Omeda, West Yorkshire,
UK). Concentrations, expressed as volume percent (vol%) refer to the
dial settings on the vaporizer. Concentrations of sevoflurane and des-
flurane in the perfusate of the recording chamber were determined
using a portable volatile gas analyzer (OSP, Saitama, Japan): a linear
relationship (6.5× 10−4 mol/L, 1.7× 10−4 mol/L per 1.0 vol%) ex-
isted up to 5.0 vol% and 15.0 vol%, respectively. Stock solutions of
propofol (10−1 mol/L) were prepared in pure dimethyl sulfoxide
(DMSO) and then diluted in ACSF prior to perfusion into the chamber.
The final concentration of DMSO (0.3%) used in the experiments did
not affect the field potentials.

Since it has been reported that the time course of the onset of an-
esthetic action is dependent on the depth from the surface of the brain
slices, and that it took 60min to reach steady state of actions (Benkwitz
et al., 2007), electrodes were placed close to the surface of the slice
(< 50 μm) utilizing the hydraulically-operated three-dimensional mi-
cromanipulators (MHW-110, Narishige, Tokyo, Japan), and the anes-
thetics were applied 60min prior to each recording.

The composition of the ACSF was (mmol/L): NaCl 124, KCl 5, CaCl2
2, NaH2PO4, 1.25, MgSO4 2, NaHCO3 26, D-(−)-2-amino-5-phospho-
nopentanoic acid (AP5) 0.1, and prglucose 10, prepared with purified
water. The ACSF was precooled (8–10 °C) and kept saturated with 95%
O2/5%CO2 gas mixture before use (pH 7.1–7.3). Since tetanus-pulse can
be anticipated to produce long-term synaptic plasticity (e.g. long-term

potentiation or depression) due to the N-methyl-D-aspartate (NMDA)
receptor modulation, the AP5 (NMDA receptor antagonist) was ad-
ministered in the perfusate.

Sevoflurane and desflurane were purchased from Maruishi
Pharmaceutical Co (Osaka, Japan) and Baxter (Tokyo, Japan).
Thiopental and propofol (2,6-diisopropyl phenol) were purchased from
Tanabe Pharmaceutical Co (Osaka, Japan) and Aldrich (Tokyo, Japan).
All other chemicals used were purchased from Sigma (St. Louis, MO).

2.5. Statistical analysis

Statistical differences were tested by repeated-measures analysis of
variance (ANOVA) and differences between paired sets of data were
compared by the Bonferroni/Dunn test. A P value of< 0.05 was con-
sidered significantly different. The concentration-response curve was
fitted to the Hill equation: Y=Kn/(Cn+Kn) x100, where Y represents
EPSP slope or PS amplitude (% of control), K is EC50 value, C is anes-
thetic concentration, and n is the Hill coefficient. Statistical analysis
and curve fitting were performed using Prism software.

(GraphPad, San Diego, CA).

3. Results

Two amygdala-hippocampal slices were dissected from a whole

Table 1
Stimulus and experimental protocol.

Stimulus type Meanings

Test-pulse Single stimulus on Rad (50 μs) Elicit hippocampal PS and EPSP
Pre-pulse Single stimulus on AH (50 μs) Ordinary activation of amygdala circuitry
Tetanus-pulse Tetanus stimuli on AH (200 Hz, 5 s) Maximum activation of amygdala circuitry

Stimulus sequence Purpose
Protocol I A test-pulse on Rad Elicit hippocampal PS and EPSP in the absence of interference from amygdala circuitry
Protocol II A pre-pulse on AH Elicit hippocampal PS and EPSP in the presence of amygdala circuitry (ordinary enhancement)

[10ms interval]
A test-pulse on Rad

Protocol III A tetanus-pulse on AH Elicit hippocampal PS and EPSP in the presence of amygdala circuitry (maximum enhancement)
[10 s interval]
A pre-pulse on AH
[10ms interval]
A test-pulse on Rad

Rad: radiatum stratum of hippocampus, AH: amygdala-hippocampal area, PS: population spike, EPSP: excitatory post-synaptic potential.

Fig. 2. Two sets of recording microelectrodes were
positioned in the region of cell bodies and dendrites
of the CA1 pyramidal neurons to record population
spikes (PSs) and field excitatory post-synaptic po-
tentials (EPSPs), respectively. A stimulus electrode
(A) was placed in the region of the radiatum stratum
(Rad) to stimulate the input to CA1 neurons, and a
second electrode (B) was located in the amygdala-
hippocampal area (AH). Inset: At the completion of
each experiment, the slices were stained with cresyl
violet, and digitally superimposed onto corre-
sponding living slice photos. (For interpretation of
the references to colour in this figure legend, the
reader is referred to the web version of this article.)
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brain, and 20 slices were prepared from 10 Wistar rats for the present
study. Representative recordings of PSs and EPSPs in area CA1 of the
amygdala-hippocampal slices in the absence and presence of propofol
(10−4 mol/L) and sevoflurane (5.0 vol%) are shown in Fig. 3. In ACSF,
configurations of field potentials remained unchanged between Pro-
tocol I - III (Fig. 3A), indicating that a single pre-pulse or tetanus-pulse
on AH had a minimal or negligible effect on PS amplitude and EPSP
slope of the Rad inputs to CA1 pyramidal neurons in the absence of
general anesthetics.

Propofol did not produce a consistent effect on PS and EPSP fol-
lowing a test stimulus on Rad (Fig. 3B, Protocol I). A pre-pulse on AH in
addition to a test-pulse on Rad produced a significant reduction of the
PS amplitude without a change in the EPSP (Fig. 3B, Protocol II), in-
dicating that the reduction was due to the neural modulation via AH
pathway. Pre-treatment with tetanus-pulse on AH (Fig. 3B, Protocol III)
reversed the propofol-induced reduction of PS in Protocol II.

In contrast, sevoflurane decreased both PS amplitude and EPSP
slope to a similar degree following the response to a test stimulus on
Rad (Fig. 3C, Protocol I), indicating that the decrease was due to neural
modulation via Rad pathway. A pre-pulse on AH plus test-pulse on Rad
produced additional reduction in PS amplitude with a minimal change
in EPSP slope (Fig. 3C, Protocol II), suggesting the involvement of
neural circuitry via AH pathways. Pre-treatment with tetanus-pulse on
AH (Fig. 3C, Protocol III) partially restored the sevoflurane-induced

reduction of PS in Protocol II. The effects of the general anesthetics on
field potentials were reversible following washout with ACSF.

The concentration-response relationships of intravenous agents
(propofol, thiopental) and the volatile anesthetics (sevoflurane, des-
flurane) as per Protocol I - III are shown in Fig. 4. The intravenous
anesthetics had minimal or negligible effects on PS and EPSP with
Protocol I, whereas a pre-pulse plus test-pulse on Rad (Protocol II)
produced marked reduction of PS amplitude in a concentration-de-
pendent manner. EC50s of propofol and thiopental were 5.0×10−5

mol/L and 5.3×10−5 mol/L, respectively. Hill coefficients of propofol
and thiopental were 0.8 and 1.7, respectively. Pre-treatment with te-
tanus-pulse (Protocol III) prevented the anesthetic-induced depression
of PS amplitude. Protocol I - III experimental conditions had no effect
on EPSP slopes in the presence of the intravenous anesthetics. The re-
sults suggest that the inhibitory actions of intravenous anesthetics in
the hippocampal CA1 can be modulated by the activation of amygdala
circuitry.

In the presence of the volatile anesthetics (sevoflurane, desflurane),
the influence of the amygdala circuitry on hippocampal PS amplitude
was not as prominent as observed in the presence of the intravenous
anesthetics. EC50s [Hill coefficients] of Protocol I, II, and III in the
presence of sevoflurane were 3.2 vol% [2.2], 2.3 vol% [2.1] and 3.2 vol
% [2.1], respectively. EC50s [Hill coefficients] of Protocol I, II, and III in
the presence of desflurane were 8.2 vol% [3.0], 6.2 vol% [2.9] and

Fig. 3. Representative recordings of PSs and EPSPs in area CA1 of the amygdala-hippocampal slice preparations in the absence and presence of propofol (10−4 mol/
L) and sevoflurane (5.0 vol%). Anesthetics were applied to perfusate 60min prior to recording. See Table 1 for details regarding Protocol I - III.
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8.4 vol% [2.9], respectively.

4. Discussion

In the present study, we have demonstrated for the first time the
inhibitory actions of general anesthetics on hippocampal CA1 neurons
were modified by activation of amygdala circuitry using the novel
amygdala-hippocampal brain slice in vitro preparation, which was in-
dependently developed in our laboratory. It has been reported that the
slice preparations, including hippocampal formation, amygdaloid nu-
cleus, perirhinal cortex and entothinal cortex can be obtained by cut-
ting the hemispheres horizontally at the level of the rhinal sulcus
(Kajiwara et al., 2003). Our preliminary electrophysiological experi-
ments revealed that reciprocal connections between amygdala and
hippocampal CA1 were occasionally impaired in these horizontally
prepared 400 μm-slices. In the current study, we created appropriate
slices by cutting the hemispheres vertically at an angle of 40–45 degree

to the long axis of the hippocampus 4.56–4.80mm posterior to bregma
(Fig. 1). Since this angle was parallel to the fibers of the alveus hip-
pocampi, the projections from amygdala-hippocampal area to hippo-
campal CA1 were successfully preserved (Fig. 2).

Fig. 5 represents three schematics of possible mechanisms that may
explain the modulation of hippocampal PS amplitude by the amygdala
circuitry in the presence of intravenous anesthetics. Our previous stu-
dies have demonstrated that intravenous anesthetics act on mainly on
inhibitory synaptic transmission due to enhancement of GABA release
in presynaptic terminals of inhibitory interneurons (Hirota et al., 2010).
A test-pulse on Rad can elicit an EPSP on the dendrites and a PS on the
soma of CA1 pyramidal neurons via a glutamate-mediated excitatory
synaptic transmission (Protocol I). Since recurrent inhibition via an
inhibitory interneuron does not take place due to synaptic delay, in-
travenous anesthetics will not have an effect on EPSP and PS (Fig. 5A).
Considering that the basolateral amygdala (BLA) has glutamatergic
projections to the hippocampal CA1 area to innervate GABAergic

Fig. 4. Concentration-response relationships of PSs and EPSPs in area CA1 of the amygdala-hippocampal slices in the presence of of intravenous (propofol, thio-
pental) and volatile (sevoflurane, desflurane) anesthetics utilizing Protocol I - III. Symbols represent % of control (mean ± SD, n=5). Anesthetics were applied to
perfusate cumulatively (60min interval) on each slice preparation. The EC50s of each anesthetic are indicated in the text.
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neurons (Ammassari-Teule et al., 1991; Pitkanen et al., 2000; Hadad-
Ophir et al., 2014), an application of pre-pulse on AH can activate in-
hibitory interneurons (Protocol II). This would result in GABA release
from presynaptic terminals of inhibitory interneurons and depression of
PS without a change in EPSP (Fig. 5B). Pre-treatment with a tetanus-
pulse would temporally deplete GABA stores at pre-synaptic terminals
of inhibitory interneurons (Protocol III), thus the inhibitory actions of
propofol would be completely prevented (Fig. 5C). Since the EPSPs
remained unchanged, and the NMDA receptors are selectively antag-
onized with AP5 during the experiments, involvements of glutamatergjc
synaptic plasticity (e.g. long-term potentiation or depression) are un-
likely. Therefore, GABAergic mechanisms could play a major roles in
the amygdala circuitry mediated modulation of hippocampal PS in the
presence of intravenous anesthetics.

It has been reported that the BLA circuitry could be causally in-
volved in anxiety in the mammalian central nervous system (Tye et al.,
2011). Ikegaya et al. (1995) demonstrated that high-frequency stimu-
lation of amygdala in rats enhances the formation of long-term po-
tentiation (LTP) in hippocampus. Kajiwara et al. (2003), using optical
imaging technique with a voltage-sensitive dye, found amygdala input
promotes spread of excitatory neural activity in hippoampal curcuit. It

should be noted that amygdala-mediated effects were more enhanced in
the presence of anesthetics than in control conditions (ACSF) (see
Fig. 3). Maranets and Kain (1999) indicated that increased anxiety
before surgery was associated with increased intraoperative anesthetic
requirements, suggesting that anesthetic potency could be modified
with emotional status in the central nervous system. The present results
raise the possibility that anesthetics could play a promotion role in the
amygdala circuitry mediated modulation and that preoperative anxiety
and/or fear could modify the anesthetic potency in clinical anesthesia.

Several limitations concerning the design of the present study must
be addressed. First, the novel amygdala-hippocampal preparations was
used to demonstrate the interaction between anesthetic actions on sy-
naptic transmission within the hippocampus and amygdala circuitry.
The hippocampus plays a basic role in the consolidation of information
from short-term memory to long-term memory (McGaugh, 2002), and
hippocampal functions are responsible for anesthetic-induced ante-
rograde/retrograde amnesia, not for anesthetic-induced loss of con-
sciousness. It has been reported that anesthetic-induced loss of con-
sciousness is a result of temporal fragmentation of lateral frontoparietal
neural networks (Hudetz and Mashour, 2016). Since the amygdala
transmits widespread projections to the cerebral cortex in addition to

Fig. 5. The three schematics shown present possible mechanisms that may explain the effects of amygdala activation on hippocamapl PS amplitudes in the presence
of intravenous anesthetics. See text for details.
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limbic systems (Pitkanen et al., 2000), further studies would be re-
quired to determine the amygdala modulation of anesthetic actions in
the frontoparietal cortex.

Second, the amygdala nuclei in situ were not stimulated to activate
of amygdala function. Since the amygdala is structurally different from
the lamellar organization of the hippocampus (Andersen et al., 2000),
neural connections in the amygdala nucleus could not be preserved in a
400-μm thick slice. Therefore, a stimulus electrode was placed in the
amygdala-hippocampal area (AH), one of the efferent projections from
BLA, to activate the amygdala circuitry. Third, we did not directly
identify the type of neurotransmitters participating in the amygdala
mediated modulation of general anesthetic actions in the present study.
However, in the current study, glutamatergic-synaptic plasticity was
inhibited with the application of the NMDA antagonist, and previous
studies have demonstrated that general anesthetics enhance the GA-
BAergic inhibitory synaptic transmission in the hippocampus (Hirota
et al., 1998). Considered together, it strongly suggests that GABAergic-
mechanisms would be involved in the amygdala-mediated modulation
of anesthetic actions in hippocampal CA1, as shown in Fig. 5.

Fourth, it has been reported that diffusion of intravenous anes-
thetics into brain slices take time (Benkwitz 2007). In order to accel-
erate the rate of drug equilibration and to obtain stable recordings of
field potentials, we removed the extraneous tissue to reduce the pre-
paration as small as possible (Fig. 2B, C). The two-step dissection
method, however, might prolong the dissection time, deteriorate neural
circuitry around amygdala and hippocampus, and interfere with the
present results. Further improvements in dissection methods and drug
equilibrium system would be required.

Fifth, the potassium concentration in ACSF (5mM) used in the
present study was higher than physiological cerebrospinal fluid.
Previous our experiments revealed that dissection process (denervation,
cooling, rewarming, etc) might modify the excitability of neuron and
synaptic transmission, and that physiological potassium concentration
(3.5 mM), somehow, increased frequency of spontaneous depolariza-
tion (propagating wave of cell membrane depolarization in neural
tissue, Leao, 1994) in our model (Sasaki et al., 2005). Stable synaptic
potentials were acquired in potassium concentration of 5mM in the
present study.

In conclusion, we have demonstrated that the activation of amyg-
dala circuitry can modulate hippocampal synaptic transmission in the
presence of general anesthetics. The modulation was more prominent in
the presence of intravenous anesthetics than in the presence of volatile
anesthetics.
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