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To investigate propofol’s effects on ionic currents induced by y -aminobutyric acid (GABA) and glycine
as well as on those produced by the nicotinic acetylcholine- and glutamate-responsive channels, rat dorsal
raphe neurons were acutely dissociated and the nystatin-perforated patch-clamp technique under voltage-
clamp conditions was used to observe their responses to the administration of propofol. Propofol evoked
ion currents in a dose-dependent manner, and propofol (10~* M) was used to elicit ion currents through
the activation of GABA,, glycine, nicotinic acetylcholine and glutamate receptors. Propofol at a clinically
relevant concentration (107> M) potentiated GABA4-, glycine- and NMDA receptor-mediated currents. The
potentiating action of propofol on GABAa-, glycine- and NMDA receptor-mediated responses involved
neither opioid receptors nor G-proteins. Apparently, propofol modulates inhibitory and excitatory neuro-
transmitter-activated ion channels either by acting directly on the receptors or by potentiating the effects
of the neurotransmitters, and this modulation appears to be responsible for the majority of the anaesthetic

and/or adverse effects.
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INTRODUCTION

Propofol (2,6-diisopropylphenol) is an intravenous
anesthetic that is widely used in daily clinical practice
on surgical patients. Structurally, it is similar to -
tocopherol and acetylsalicylic acid. General anes-
thetics range from chemically inert gases to complex
steroidal agents. In view of this chemical diversity,
it is surprising that many general anesthetics used
clinically or as experimental agents share, at relevant
concentrations, the effect of potentiation of 7y -
aminobutyric acid (GABA)-mediated activation of the
GABAA, receptor (Franks & Lieb, 1994; Belelli et al,
1996).

GABA is the major inhibitory neurotransmitter in
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the central nervous system (CNS). GABA is released
from GABAergic neurons and binds to both GABAA
and GABAg receptors. The GABAA receptor is a
macromolecular protein that contains specific binding
sites, at least for GABA, picrotoxin, barbiturates,
benzodiazepines, and anesthetic steroids, and forms a
chloride ion-selective channel (Macdonald & Olsen,
1994). Substantial experimental evidences indicate
that GABA4 receptors are major targets of propofol,
being implicated in both the behavioral and the phar-
macological actions of this agent (Tanelian et al,
1993; Franks & Lieb, 1994). The actions of propofol
on GABA4 receptors are complex: propofol induces
the potentiation of GABA-mediated responses, directly
activates the receptors in the absence of GABA and
alters the pattern of receptor desensitization (Hales &
Lambert, 1991; Hara et al, 1993; Sanna et al, 1995).

Electrophysiologic studies have implicated voltage-
dependent Na™ channels as another possible molecular
site of action of propofol (Ratnakumari & Hemmings,



190 BJ Lee et al.

1997; Rehberg & Duch, 1999). Ratnakumari & Hem-
mings (1997) reported that inhibition of channel-
mediated Na™ influx, increase in intracellular [Na ']
and glutamate release occurred in synaptosomes at
concentrations of propofol achieved clinically, and these
results support the possibility of a role for neuronal
voltage-dependent Na' channels as a presynaptic
molecular target for general anesthetic effects. Addi-
tionally, there have been several reports about the
relationship between propofol and Ca’" currents (Wu
et al, 1997; Todorovic & Lingle, 1998). Propofol is
known to have direct dromotropic and chronotropic
effects on the cardiac conduction system, and these
changes have been attributed, at least in part, to the
drug’s direct dose-dependent suppression of the
cardiac sodium, calcium and transient outward potas-
sium currents (Wu et al, 1997). Antinociceptive ef-
fects of propofol have also been reported in humans
(Anker-Moller et al, 1991), and studies have shown
that positive modulation of the GABAA receptor in
the spinal cord can cause antinociception in vitro
(Edwards et al, 1990; Nadeson & Goodchild, 1997).

Although many suggestions have been made re-
garding the molecular action mechanism of propofol,
little is known about the modulatory actions of pro-
pofol on inhibitory neurotransmitter-activated neuronal
ion channels (GABA4- and glycine-stimulated channels)
and excitatory neurotransmitter-activated ion channels
(nicotinic aetylcholine- and glutamate-stimulated chan-
nels). Dorsal raphe nuclei are major sites of origin of
ascending pathways, which innervate the hippo-
campus, neocortex and striatum (Azmitia & Segal,
1978). In this study, modulatory action of propofol on
these ion currents in acutely dissociated dorsal raphe
neurons was investigated using the nystatin-perforated
patch-clamp technique under voltage-clamp conditions.

METHODS
Preparation of the dorsal raphe neuron

Dorsal raphe neurons were freshly dissociated
using a technique described previously (Kim et al,
1997; Han et al, 1999). In brief, 10- to 15-day-old
Sprague-Dawley rats of both sexes were decapitated
under anesthesia induced by Zoletil 50 (10 mg/kg i.m;
Vibac, Carros, France). The brains were removed and
transverse slices (400 xm thickness) were made with
a microslicer (DTK-1000, DSK, Tokyo, Japan). The

slices were preincubated in an incubation solution that
had been well-saturated with 95% O; and 5% CO,
at room temperature for 30 min. Then the slices were
treated with pronase (protease XIV, 1 mg/6 ml of the
oxygenated incubation solution) for 40~80 min at
32°C and subsequently with thermolysin (protease X,
1 mg/6 ml) for 10 ~20 min, also at same temperature.
Following the enzyme treatment, the slices were
immersed in enzyme-free incubation solution for 1
hour.

The dorsal raphe region was identified in slices in
60 mm culture dishes coated with silicone under a
binocular microscope (SZ-ST, Olympus, Tokyo, Japan),
and micropunched out from the slices with an
electrolytically polished injection needle. The micro-
punched dorsal raphe regions were mechanically
dissociated in a different dish with fire-polished fine
glass Pasteur pipettes in 35 mm plastic culture dishes
(3801, Falcon, Becton Dickinson, USA) filled with
the standard solution. The dissociation procedure was
performed under an inverted phase-contrast micro-
scope (CK-2, Olympus, Tokyo, Japan). Most of the
dissociated neurons adhered to the bottom of the dish
within 20 min.

Solutions

The ionic composition of the incubation solution
was (in mM): NaCl 124, KCl 5, KH;PO, 1.2, MgSO4
1.3, CaCl, 2.4, glucose 10 and NaHCO; 24. The pH
was adjusted to 7.4 by continuous bubbling with 95%
0O; and 5% CO,. The composition of the standard
external solution was (in mM): NaCl 150, KCl 5,
MgCl 1, CaCl; 2, glucose 10, and N-2-hydroxyethyl-
piperazine-N’-2-ethanesulphonic acid (HEPES) 10.
The pH was adjusted to 7.4 with tris-hydroxymethyl-
aminomethane (Tris-base). The composition of the
internal pipette solution for nystatin-perforated re-
cording was (in mM): KCl 150 and HEPES 10. The
pH was adjusted to 7.2 by adding Tris-base. A stock
solution containing 10 mg/ml nystatin was prepared
and added to the patch pipette solution to reach a final
concentration of 200 pg/ml.

Drugs

Propofol (2,6-diisopropylphenol), D-2-amino-5- phos-
phonopentanoic acid (D-AP5), 6-cyano-7-nitroquin-
oxaline-2,3-dione (CNQX) and kainate were obtained
from TOCRIS (Ballwin, MO, USA) and strychnine
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from RBI (Natick, MA, USA). Pronase, thermolysin,
nystatin, bicuculline, tubocurarine, GABA, glycine, ni-
cotine, glutamate, N-methyl-D-aspartic acid (NMDA),
@ -amino-3-hydroxy-5-methyl-4-isoxazolepropionic
acid (AMPA), naltrexone, N-ethylmaleimide (NEM)
and most of the other drugs used in this experiment
were purchased from Sigma Chemical Co. (St. Louis,
MO, USA).

Drugs were added to the standard solution to reach
the final concentrations indicated in the text and were
applied using a rapid application system termed the
“Y-tube method” as described previously (Kim et al,
1997; Han et al, 1999). Using this technique, the
standard solution surrounding a neuron could be
exchanged within 10~20 ms.

Electrical measurements

Electrical recordings were performed in the ny-
statin-perforated patch recording mode under voltage-
clamp conditions. Patch pipettes were prepared from
glass capillaries with an outer diameter of 1.5 mm
using a two-stage puller (PB-7, Narishige, Tokyo,
Japan). The resistance between the recording elec-
trode filled with the internal pipette solution and the
reference electrode was 6~8 M. After the forma-
tion of a stable perforated patch, the series resistance
ranged from 16 to 25 M Q.

Electrical stimulation, current recordings and filtta-
tion of currents (at 2.9 kHz) were made with an EPC-7
patch-clamp amplifier (List-Electronic, Darmstadt/
Eberstat, Germany). The current and voltage were
monitored using a pen recorder (Recti-Horiz-8K, NEC
San-ei, Tokyo, Japan). All experiments were pet-
formed at room temperature (22~24°C).

Statistical analysis
Data are presented as mean+ S.E.M., and Student’s
t-test was performed for statistical analysis using
SPSS (version 7.5) and p-values less than 0.05 were
considered to represent statistical significance.
RESULTS

Ion currents activated by propofol (Ipopofor)

Experiments were carried out in the nystatin-
perforated patch-clamp mode at a holding potential

(Vu) of —50 mV. Propofol was applied every 2 min
and the magnitude of the ion current elicited by
propofol at a concentration of 107* M was used as
the reference value. The inward current was recorded
at various concentrations of propofol. At a concentra-
tion of 3x107% M propofol did not evoke any ion
current (n=8). The magnitude of relative ion current
evoked by 107° M propofol was 0.05+0.00 (n=8)
times the reference value, and the relative ion currents
magnitudes of 0.19+0.01 (n=7), 1.60£0.04 (n=9)
and 1.82+0.08 (n=9) times the reference value were
elicited by propofol at concentration of 3 X 107° M,
3x107* M and 107> M respectively. Fig. 1 shows
the magnitude of the propofol-activated ion current
plotted as a function of propofol concentration.
Maximal current was produced by 107° M propofol
and calculated ECso was 810~ M.

Effects of antagonists on the propofol-activated ion
current

The effects of bicuculline (a GABA, receptor
antagonist), tubocurarine (a nicotinic acetylcholine re-
ceptor antagonist), strychnine (a glycine receptor anta-
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Fig. 1. Ion current elicited by propofol. Nystatin-per-
forated patch-clamp under voltage clamp condition (Vu=
—50 mV) was performed on acutely dissociated dorsal
raphe neurons. Propofol was applied every 2 min and the
resultant jon currents (Jpropofol) Were measured.
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gonist), D-APS5 (an NMDA sensitive glutamate recep-
tor antagonist) and CNQX (AMPA/kainate- sensitive
glutamate receptor antagonist) were examined.
Bicuculline (10> M) reduced the magnitude of the
jon current evoked by propofol at concentration of 10™*
M to about 65.17+1.63% (n=6, p<0.05) of the
reference value. The magnitude of the ion current
evoked by 10~ * M propofol was decreased to about
56.40+2.67% of the reference value by 10°° M
tubocurarine (n=6, p<0.05), about 45.47+2.75%
(n=6, p<0.05) by 107’ M strychnine, about 9.86+
2.08% by 10°* M D-AP5 (n=6, p<0.05) and about
11.78+2.39% by 10* M CNQX (n=6, p<0.05)(Fig.
2). In this experiment, it could be seen that the ion
cutrent induced by propofol was suppressed by sev-
eral types of ion channel antagonists, suggesting that
propofol at high concentrations (107" M in this ex-
periment) directly activate GABA4 receptors, nicotinic
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Fig. 2. Effects of different types of ion channel anta-
gonists (bicuculline: GABA4 receptor antagonist, strychnine:
glycine receptor antagonist, tubocurarine: nicotinic ace-
tylcholine receptor antagonist, D-AP5S: NMDA-sensitive
glutamate receptor antagonist, CNQX: non-NMDA-sensi-
tive glutamate receptor antagonist) on propofol-elicited
ion current. The ion current induced by propofol was
suppressed by these antagonists. *means p<0.05 com-
pared to control.

acetylcholine reeptor, glycine receptors and both the
NMDA -sensitive and the non-NMDA-sensitive sub-
types of glutamate receptors.

Modulation by propofol of neurotransmitter-activated
ion currents

Because 107> M propofol produces Httle direct
activation of most of the receptors tested, this par-
ticular concentration was used. Propofol at concen-
tration of 107> M was chosen to test the potentiation
of neurotransmitter-activated ion currents by the drug.

To investigate the modulatory action of propofol on
the GABA-induced current, the magnitude of ion
current elicited by 107> M GABA was used as the
reference value, and 10> M propofol was applied
simultaneously with GABA. Propofol potentiated the
GABA-elicited current, to about 160.30+8.84%
(n=6, p<0.05) of the reference value. Using similar
methods, propofol was observed to enhance the cur-
rent evoked by 107> M glycine to about 157.20%+
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Fig. 3. Modulation by propofol of neurotransmitter-in-
duced ion currents. Propofol potentiated GABA- and
glycine- induced chloride currents, while it exerted no
effect on nicotinic acetylcholine receptor-mediated current.
Propofol also enhanced the glutamate-elicited response,
albeit only slightly. *means p<0.05 compared to control.
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8.10% of the reference value (n=6, p<0.05). How-
ever, propofol exerted no effect on the nicotinic
acetylcholine receptor-mediated current elicited by 10~°
M nicotine (n=7, p>>0.05). The current activated by
107° M glutamate was potentiated by propofol to
about 110.59+3.40% (n=8, p<0.05) of the reference
value (Fig. 3).

Modulation by propofol of glutamate receptors sub-
types

In the previous section, it was shown that propofol
potentiated glutamate-induced current. In this experi-
ment, the involvement of the subtypes of glutamate
receptors in propofol-mediated potentiation of gluta-
mate-induced response was investigated. Application
of 107 M NMDA, 10> M AMPA and 10 ° M
kainate on dorsal raphe neurons itself elicited ion
currents. Concurrent application of 10™> M propofol
did not alter either AMPA- or kainate-induced ion
currents, but potentiated NMDA-elicited current to
about 115.67+10.00% (=8, p<0.05) of the ref-
erence value (Fig. 4).
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Fig. 4. Propofol potentiated NMDA-induced current but
not AMPA- and kainate-induced currents. *means p <
0.05 compared to control.

Effects of naltrexone on propofol-mediated potentia-
tion of GABA-, glycine- and NMDA-induced currents

To evaluate the involvement of opioid receptors in
propofol-mediated potentiation of GABA-, glycine-
and NMDA-induced currents in dorsal raphe neurons,
naltrexone, an opioid antagonist and a stable naloxone
analogue, was applied at a concentration of 107> M
concurrently with 107> M propofol. Propofol en-
hanced the GABA-elicited current to about 160.30+
8.84% of the reference value, and naltrexone applied
with propofol brought this figure to 159.35+8.84%.
This result showed that naltrexone exerts no effect on
propofol-mediated potentiation of GABA-elicited re-
sponse (n=6, p>>0.05). Propofol enhanced the gly-
cine-induced current to about 157.20+8.10% of the
reference value, and naltrexone administrated with
propofol brought this figure to about 157.30£9.10%,
showing that naltrexone exerts no effect on propofol-
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Fig. 5. Naltrexone’s effects on propofol-mediated poten-
tiation of GABA-, glycine- and NMDA-evoked responses.
Naltrexone, an opioid antagonist and a stable naloxone
analogue, did not alter propofol-mediated potentiation of
GABA-, glycine- and NMDA-induced currents.
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mediated potentiation of glycine-elicited response (n=
6, p>>0.05). Propofol augmented the NMDA-elicited
cutrent to about 158.02+4.05% of the reference
value and naltrexone applied with propofol brough
this figure to about 158.72+5.78% (n=6, p>0.05)
(Fig. 5).

Effects of N-ethylmaleimide (NEM) on propofol-medi-
ated potentiation of GABA-, glycine- and NMDA-
induced currents

In order to elucidate the involvement of GTP-
binding proteins (G-proteins) in propofol-mediated
potentiation of GABA-, glycine- and NMDA- induced
currents, we examined the effects of NEM on the
potentiation of GABA-, glycine and NMDA- evoked
responses.

It is known that NEM at a concentration of 50 xM
inhibits the agonist-activated currents mediated by
pertussis toxin (PTX)-sensitive G-proteins (Ueda et
al, 1990). The advantage of using NEM is that it
allows to examine PTX-sensitive G-protein-mediated
action before and after its inhibition within the same
recording. Propofol potentiated the GABA-induced
current to 144.96+9.04% of the reference value, and
after perfusion with the standard solution containing
NEM at a concentration of 5x 10> M for 2 min, the
potentiation by propofol of the GABA-elicited current
brought the figure to 147.20+7.76% (n=6, p>0.05).
Propofol was observed to potentiate the glycine-
induced current to 143.00£2.62% of the reference
figure. After perfusion with NEM at a concentration
of 5% 10> M for 2 min, the potentiation by propofol
of glycine brought this figure to 150.00£4.23% (n=6,
p>0.05). Propofol increased the NMDA-elicited cur-
rent to about 128.4512.52% of the reference value,
and after perfusion with NEM at a concentration of
5x107° M for 2 min, this figure was brought to
128.621+3.93% (n=6, p>0.05). These results showed
that the potentiating action of propofol on GABA-,
glycine- and NMDA-induced curtents does not in-
volve G-proteins (Fig. 6).

DISCUSSION

Currents were observed to be directly evoked by
propofol in a dose-dependent manner in acutely
dissociated rat dorsal raphe neurons at sufficiently
high concentrations (Fig. 1). The systemic blood con-
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Fig. 6. Effects of N-ethylmaleimide on propofol-mediated
potentiation of GABA-, glycine- and NMDA-mediated
responses. The potentiating actions of propofol on GABA-,
glycine- and NMDA-induced currents were not altered by
pretreatment with NEM, a sulfhydryl alkylating agent
which selectively inhibits PTX-sensitive G-proteins.

centration of propofol required to produce uncon-
sciousness in laboratory animals was reported to be
in the range of 1~4 ug/ml (5.6~22.4%107° M)
(Adam et al, 1980). The arterial plasma concentration
needed to induce loss of consciousness in humans
was reported to be around 3~4 pg/ml (16.8~22.4 X
107° M) (Vuyk et al, 1992). The inward current
evoked by propofol was suppressed by bicuculline,
strychnine and tubocurarine, which suggests that
propofol at high concentrations (10™* M in this study)
directly activates GABA,, glycine and nicotinic ace-
tylcholine receptors. The current evoked by propofol
was also suppressed by D-APS and CNQX, which
suggests that high concentrations of propofol directly
activates glutamate receptors of both the NMDA-
sensitive and the non-NMDA-sensitive subtypes (as
well)(Fig. 2). »

It has been reported that propofol-induced currents
are suppressed by bicuculline and strychnine, and that
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the direct activation of GABA, receptors occurs via
propofol’s interaction with the A-subunit (Hara et al,
1993; Sanna et al, 1995). The present study showed
that both inhibitory (GABA and glycine) and excita-
tory (nicotinic acetylcholoine and glutamate) neuro-
transmitter receptors are activated by high concentra-
tion (10°* M in this study) of propofol. GABAA
receptors are members of a ligand-gated ion channel
superfamily which also includes glycine, serotonin-3,
GABA p (GABA() and nicotinic acetylcholine recep-
tors. GABA4 receptors share significant amino acid
sequence homology with these receptors (Ortells &
Lunt, 1995; Rothlin et al, 1999). Glycine receptor
function is modulated positively by clinical concen-
trations of volatile anesthetics (Harrison et al, 1993;
Downie et al, 1996). Some general anesthetics have
potent effects on neuronal but not muscular nicotinic
acetylcholine receptors (Flood et al, 1997, Violet et
al, 1997). This observation could explain the suppres-
sion of propofol-induced ion currents by antagonists
of different types of ion channels.

The concentration of 10~ * M for propofol is higher
than that used clinically. Propofol-mediated activation
of excitatory neurotransmitter receptors - nicotinic
acetylcholine, NMDA-sensitive and non-NMDA-sen-
sitive subtypes of glutamate receptors - at such a high
concentration could explain the unintended actions of
propofol. Some excitatory side effects of propofol
have been observed during induction of anaesthesia
with various doses ranging from 1.5 to 3.0 mgfkg
body weight. Manifestations of excitatory effects have
been known to occur during maintenance of anes-
thesia, of which spontanecus movement was reported
to be the most common form, and this may be
explained by the fact that high concentrations of pro-
pofol activate excitatory neurofransmitter receptors
(Bansinath et al, 1995). I

The major mechanism of action of propofol is
potentiation of the effect of inhibitory neurotran-
mitters (Tanelian et al, 1993; Franks & Lieb, 1994;
Downie et al, 1996; Pistis et al, 1997; Bai et al,
1999). Many reports have shown that GABA, and
glycine receptors are positively modulated by propo-
fol at clinically relevant concentrations. The results of
the present study also show that clinically relevant
concentrations of propofol (107° M in this study)
potentiate GABA and glycine receptor-mediated currents
profoundly. As for excitatory neurotransmitter recep-
tors, however, propofol was shown to slightly poten-
tiate NMDA-sensitive glutamate receptors-mediated

responses, while nicotinic acetylcholine receptors
were unaffected (Fig. 3).

Nadeson & Goodchild (1997) showed that propofol
causes antinociception in rats via its actions on the
GABA and delta opioid receptors; these mechanisms
suggest the possibility of propofol potentiation of
opioid analgesia. However, in this experiment, nal-
trexone did not alter the propofol-mediated potenti-
ation of GABA- and glycine-induced responses,
suggesting that the propofol-mediated modulation
does not involve opioid receptors (Fig. 5).

Neurotransmitters acting throungh G-protein-coupled
receptors modify the electrical excitability of neurons.
Activation of these receptors can affect the voltage
dependence, speed of gating and probability of open-
ing of various ion channels, thus altering the com-
putational state and output of a neuron. The G-
proteins are heterotrimeric molecules with «@-, 8-
and 7 -subunits. The ¢ -subunit can be classified into
one of three families, depending on whether it is a
target for pertussis toxin, cholera toxin or neither. In
neurons, the most widespread modulatory signaling
pathway is characterized by its sensitivity to PTX,
which indicates that the relevant receptors are coupled
to G-proteins of the Gi family, such as Gi or Go
(Hille, 1994). NEM was used in this study to block
PTX-sensitive G-protein action in acutely dissociated
dorsal raphe neurons. NEM is a sulfthydryl alkylating
agent that can selectively inhibit PTX-sensitive G-
protein-mediated effects in central (Han et al, 1999;
Tang & Lovinger, 2000), peripheral (Shapiro et al,
1994) and invertebrate neurons (Fryer, 1992). In this
study, the potentiation of GABA- and glycine- in-
duced currents by propofol was not altered by NEM
pretreatment lasting 2 min. These data suggest that
the potentiating action of propofol on GABA- and
glycine-evoked currents in dorsal raphe neurons does
not involve G-proteins (Fig. 6).

In this study, the action of propofol on glutamate-
elicited responses in dorsal raphe neurons was shown
to differ from those described in reports. In cultured
murine hippocampal neurons, it has been shown using
the patch clamp technique that propofol inhibits the
NMDA-sensitive subtype of glutamate receptors,
probably, through allosteric modulation of channel
gating rather than through blocking of the open
channel (Orser et al, 1995). In Xenopus oocytes
propofol at clinical concentrations was shown to
mildly suppress NMDA receptor channel activity
(Yamakura et al, 1995). The experiments on rat dorsal
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raphe neurons presented in this study showed that
propofol potentiated the overall glutamate receptor
response by about 10.59%; propofol potentiated
NMDA receptor response by about 15.67%, while it
exerted no effect on AMPA- and kainate-induced
responses (Fig. 4). From these results, it can be
suggested that propofol-mediated potentiation of glu-
tamate-induced response is due to the modification of
NMDA receptors, and that the propofol-mediated
potentiation of NMDA-evoked currents dose not in-
volve opioid receptors (Fig. 5) or G-proteins (Fig. 6).
There are many controversies regarding propofol-
induced neurotoxicity. Some reports have suggested
that propofol prevents certain neuronal injuries (Hans
et al, 1994; Lee & Cheun, 1999). Contradictory
results have also been reported (Honegger & Matt-
hieu, 1996; Zhu et al, 1997). Zhu et al (1997)
investigated the effects of thiopental and propofol on
NMDA- and AMPA-induced neuronal damage; while
thiopental was shown to improve the recovery of
population spikes after the administration of NMDA
and AMPA, propofol worsened the recovery of po-
pulation spikes following NMDA-induced damage
and did not significantly alleviate AMPA-induced
neuronal damage, and consequently it was concluded
that propofol aggravates NMDA-induced neuronal
damage. The results of the present study suggest the
possibility that the potentiation of currents by pro-
pofol, which are elicited by NMDA-sensitive subtype
of glutamate receptors in dorsal raphe neurons is one
of mechanisms of propofol neurotoxicity.

In this study, the modulatory action of propofol on
ion channels activated by inhibitory and excitatory
neurotransmitters was examined, and it appears that
this action is mainly responsible for the anesthetic
action and/or adverse effects of propofol.
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