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Ketamine attenuates the glutamatergic
neurotransmission in the ventral
posteromedial nucleus slices of rats
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Abstract

Background: Ketamine is a frequently used intravenous anesthetic, which can reversibly induce loss of consciousness
(LOC). Previous studies have demonstrated that thalamocortical system is critical for information transmission and
integration in the brain. The ventral posteromedial nucleus (VPM) is a critical component of thalamocortical
system. Glutamate is an important excitatory neurotransmitter in the brain and may be involved in ketamine-
induced LOC.

Methods: The study used whole-cell patch-clamp to observe the effect of ketamine (30 μM–1000 μM) on
glutamatergic neurotransmission in VPM slices.

Results: Ketamine significantly decreased the amplitude of glutamatergic spontaneous excitatory postsynaptic
currents (sEPSCs), but only higher concentration of ketamine (300 μM and 1000 μM) suppressed the frequency of
sEPSCs. Ketamine (100 μM–1000 μM) also decreased the amplitude of glutamatergic miniature excitatory postsynaptic
currents (mEPSCs), without altering the frequency.

Conclusions: In VPM neurons, ketamine attenuates the glutamatergic neurotransmission mainly through postsynaptic
mechanism and action potential may be involved in the process.
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Background
Previous studies have demonstrated that thalamocortical
system is critical for information transmission and integra-
tion in the brain [1, 2]. Our previous studies suggest that
thalamocortical system is also involved in general
anesthetics-induced loss of consciousness (LOC) [3–6].
The changes of glutamate transmission may play a critical
role in general anesthetics-induced LOC. Rath et al. found
that etomidate increases glutamatergic neurotransmission
by inhibiting glutamate uptake in glial cells cultivated
from the cortex of rats [7]. Our previous study found that
etomidate decreases glutamatergic neurotransmission in
thalamocortical neuronal network of rats [8].
Anaesthesia is used during surgery and other interven-

tions to control pain, anxiety and consciousness [9].

Ketamine is a widely used intravenous anesthetic clinical
settings and in emergencies, which can induce loss of con-
sciousness (LOC). In addition, ketamine is often used in
laboratory to anaesthetize animals. The glutamatergic re-
ceptor is an important target by which ketamine may
cause LOC and analgesia in surgery [10–12]. Our previous
study showed that ketamine inhibits the excitatory synap-
tic transmission of the neurons in the primary somatosen-
sory cortex [13]. However, the effect of ketamine on
glutamatergic neurotransmission in the ventral postero-
medial nucleus (VPM) is still unknown. The present study
used whole-cell patch-clamp to observe the effect of keta-
mine on glutamatergic neurotransmission in VPM.

Methods
All experimental and surgical procedures were approved
by Committees on Investigations Involving Animals in
Zunyi Medical College, China. The experimental protocols
were in accordance with the “Guide for the care and use
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of laboratory animals” in China (No. 14924, 2001) and
current international standards.

Materials
Ketamine was purchased from Gutian Pharma. Corp.
(Fujian, China). 6,7-dinitro-quinoxaline-2,3(1H,4H)-dion
(DNQX, a AMPA receptor antagonist), 2-Amino-5-
phosphonovalerate-pharmacology(APV, a NMDA recep-
tor antagonist),bicuculline (BIC,a blockade of GABAA

receptors), tetrodotoxin (TTX, a blockade of Na + chan-
nels) and strychnine (Str, a glycine receptors antagonist)
were purchased from Sigma-Aldrich. Recording pipettes
(tip diameter < 1 μM) were made from borosilicate glass
capillaries (Sutter Instruments, Novato, CA) using the P-
97 micropipette puller (Sutter Instruments, Novato, CA),
as previous described [14].

Slices
Thirty Sprague–Dawley rats were purchased from animal
center of the third military medical university (Chongqing,
China). Thalamocortical slices were prepared as described
previously [8] with a slight modification. Rats (7–15 days
old) were deeply anesthetized with isoflurane and decapi-
tated. After decapitated,the whole brain mass was isolated.
The brain was then submerged in an ice-cold (0 °C) artifi-
cial cerebrospinal fluid (ACSF) containing (mM) NaCl
126, KCl 2.5,CaC12 2,MgSO4·7H2O2, NaHCO3 25,NaH2-

PO4·2H2O 1.5,Glucose·H2O 10, (pH = 7.34–7.45 when
bubbled with 95% O2–5% CO2). Then a block tissue
containing VPM was detached from the brain using a
sharp blade. The tissue was again immersed in an ice-
cold ACSF and further sectioned with the HM 650 V
Vibroslicer (Thermos Instruments, US) to manufacture
brain slice with 250 μM thickness slices (Fig. 1b). Be-
fore whole-cell recording, the slices were incubated at
32 °C in ACSF for 1 h. ACSF was saturated with a mix-
ture of 95% O2 and 5% CO2.

Whole-cell recording
In whole-cell recording, VPM neurons were located by a
BX51WI microscope (Olympus, Japan) with an infrared
camera. The intracellular solution for recording EPSCs
contained (mM) 140CsCl, 2 Na2ATP, 10 EGTA, and 10
HEPES (pH 7.4). The membrane potential was held at
−65 mV. sEPSCs were recorded in the presence of 20 μM
bicuculline and 1 μM strychnine. While mEPSCs were re-
corded in the presence of 20 μM bicuculline,1 μM strych-
nine and 0.5 μM TTX. The sEPSCs and mEPSCs were
fltered at 3 kHz, digitized at 20 kHz with an HEKA EPC10
amplifier and Patch Master Software (HEKA InstrμMents,
Inc., Lambrecht, DE), as previous described [15].

Drug administration
In the present study, all drugs were perfused by a BPS-4
perfusion system (ALA, USA), as previous described [8].
Ketamine was dissolved into ACSF and the concentra-
tions of ketamine in were 30 μmol/L、100 μmol/
L、300 μmol/L、1000 μmol/L respectively. We started
to record the current after a 10 min duration of drug ap-
plication and the recording time lasted for 5 min.

Data analysis
All currents were detected and analyzed using Mini
Analysis 6 (Synaptosoft, Inc., Decatur, GA). For events
recording, noise analysis was conducted for each cell
and basal noise values during voltage-clamp recordings

Fig. 1 The position of VPM in the brain (a). A brain slice containing VPM
was prepared from rats (b). A typical neuron was recorded in VPM (c)
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were <10 pA. The template wasselected visually accord-
ing to the rise and decay phases of events, and the amp-
litude threshold was set to15 pA. The amplitude and
frequency of currents were normalized to their mean
value during the control period (5 min). The effects of
drugs were expressed as % change (mean ± SEM) from
pre-drug baseline, due to the large variability observed
from neuron to neuron. The cumulative probability plots
of the incidence of various inter-event intervals and
amplitude, recorded in control conditions and during
drug applications to the same neuro, as previous studies
reported [16, 17]. We firstly run a normality test and the
results show that the changes are normally distributed.
Therefore, we used repeated measures one-way ANO-
VAs with post-hoc Bonferroni’s correction to evaluate
discrepancies among groups, as previous study reported
[15]. P < 0.05 was considered statistically significant.

Results
In the present study, we recorded the target currents by
antagonists and also verified the currents using antago-
nists, as shown in Fig. 2a.

Effects of ketamine on sEPSCs of neurons in VPM nucleus
Figure 2a showed the typical currents of sEPSCs re-
corded in a VPM neuron. Ketamine (30 μM and
100 μM) did not significantly affect the frequency of
sEPSCs (P > 0.05, n = 8), only higher concentration of
ketamine (300 μM and 1000 μM) decreased the fre-
quency of sEPSCs (Fig. 2b, P< 0.05, n = 8). However,
ketamine (30 μM–1000 μM) decreased the amplitude, as
shown in Fig. 2b (P < 0.05, n = 8). Figure 2c showed the
cumulative probability plots of the incidence of various
inter-event intervals and amplitude.

Effects of ketamine on mEPSCs of neurons in VPM nucleus
mEPSCs were recorded in the presence of TTX (0.5 μM)
and bicuculline (BIC, 20 μM, Fig. 3a). Compared with
control group, ketamine had no significant effect on the
frequency (Fig. 3b, P>0.05, n = 8). However, ketamine
(100 μM–1000 μM) decreased the amplitude of mEPSCs
(Fig. 3b, P< 0.05, n = 8). The cumulative probability
plots of the incidence of various inter-event intervals
and amplitude were showed in Fig. 3c. After ketamine
(1000 μM) perfusion, we started to perfuse with ACSF.
The time of perfuse with ACSF was also 10 min and the
recording time lasted for 5 min. However, we found the
amplitude and frequency of sEPSCs did not recover to
the baseline (control) after wash out, as shown in
Additional file 1: Figure S1A and B. The amplitude of
mEPSCs did not recover to the level of control, but the
frequency recover to the recover to the level of control
(Additional file 1: Figure S1A and B).

Discussion
Previous studies have proved that inhibition of cortical
pyramidal neurons and neurotransmitter transmission are
likely to be involved in general anesthetics-induced LOC
[18, 19]. Many researchers believe that the anesthetic-
induced LOC is resulted from the interruption of the in-
formation integration between brain areas such as cortex,
brainstem and thalamus [20–22]. NMDA and GABA re-
ceptors have been identified as two important pharmaco-
logical targets of anesthetics in both vivo and vitro studies
[23]. Our previous study found that propofol inhibited
neural activities in VPM and delayed the ascending signal
transmission from VPM to primary somatosensory cortex
[3]. A recent study showed that etomidate attenuates the
glutamatergic neurotransmission in VPM [24]. However,

Fig. 2 The original currents of sEPSCs recorded in a neuron in VPM (a). Ketamine (30 μM–1000 μM) decreased the amplitude, but only higher
concentration of ketamine (300 μM and 1000 μM) suppressed the frequency of sEPSCs, ANOVA repeated measures, *P < 0.05, n = 8 (b). The
cumulative probability plots of the incidence of various inter-event intervals and amplitude from the cell in A, as previous study reported [16, 17] (c)
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etomidate increased glutamatergic neurotransmission by
inhibiting glutamate uptake in In glial cells cultivated from
the rat cortex [7]. It seems that the effects of anesthetics
on neurotransmission in different brain areas may be
different.
Ketamine is described as a dissociative anaesthetic and

its use is limited because of its psychotic side-effects
[25]. A recent study demonstrated that ketamine does
not significantly affect the spatial and recognition memory
or emotional reactivity of rats [9]. Ketamine can cause
LOC both in human and rodents, the underlying mecha-
nisms of ketamine on sensory information processing
within the thalamocortical pathway are not fully under-
stood. As we know, ketamine is a non-competitive inhibi-
tor of NMDA receptor. Therefore, ketamine-induced
LOC may be related with glutamatergic neurotransmis-
sion. The thalamocortical system has been proved as a
vital area in sensory perception and modulating con-
sciousness [2, 26]. Glutamatergic neurotransmission in
thalamocortical system may play an important role in
modulating sensory perception and consciousness.
Our results showed that ketamine (30 μM–1000 μM)

decreased the amplitude of sEPSCs and higher concentra-
tion of ketamine (300 μM and 1000 μM) decreased the
frequency of sEPSCs. Similarly, a previous study also
found that ketamine (10 μM) depressed the peak ampli-
tude of EPSC in cardiac vagal neurones in the nucleus am-
biguous [27]. Ketamine did not alter the frequency of
mEPSCs, but decreased the amplitude. The frequency of
mEPSCs is considered as a measure of the presynaptic ac-
tion and the amplitude is taken as a measure of the post-
synaptic effect [28]. Thus, our results indicated that
ketamine decreased the glutamatergic neurotransmission
in VPM mainly through postsynaptic mechanism. How-
ever, ketamine decreased the frequency and amplitude of

sEPSCs in the absence of TTX. TTX was used to block
impulse propagation among VPM neurons. It seems that
the impulse propagation is involved in ketamine-induced
suppression on glutamatergic neurotransmission in VPM.
Presynaptic release of glutamate modulates excitatory

neurotransmission through NMDA and AMPA recep-
tors [29]. Consistent with us, ketamine (10 μM) de-
creased the amplitude of evoked EPSC in trigeminal
sensory neurons [27]. Ketamine is a NMDAR activation
dependent channel blocker. Ketamine probably attenuate
glutamatergic neurotransmission through blocking the
postsynaptic NMDA receptors in VPM neurons. Com-
pared with the controls, the currents of sEPSCs and
mEPSCs did not did not fully recover to baseline. This
may be related to neurotoxicity of high concentration of
ketamine [30].

Conclusion
Ketamine attenuates glutamatergic neurotransmission
mainly through postsynaptic action and the impulse
propagation is involved in the process.

Additional file

Additional file 1: Figure S1. The frequency (A) and amplitude of
sEPSCs (B) did not recover to the level of control (P < 0.05, n = 8); the
frequency (A) of mEPSCs recovered to the the level of control (C), but the
amplitude did not recover to the baseline (D, P < 0.05, n = 8). (TIFF 1572 kb)
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ACSF: artificial cerebrospinal fluid; BIC: bicuculline; LOC: loss of consciousness;
mEPSCs: miniature excitatory postsynaptic currents; sEPSCs: spontaneous
excitatory postsynaptic currents; TTX: tetrodotoxin; VPM: ventral posteromedial
nucleus

Fig. 3 The original currents of mEPSCs recorded in a neuron in VPM (a). Ketamine decreased the amplitude, but did not alter the frequency of
mEPSCs, ANOVA repeated measures, *P < 0.05, n = 8 (b). The cumulative probability plots of the incidence of various inter-event intervals and
amplitude from the cell in A (c)
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