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• The  effect  of propofol  was  studied  in cerebellar  parallel  fiber-Purkinje  cell  synapses.
• Propofol  impaired  cerebellar  long-term  synaptic  plastcitiy.
• Propofol  suppressed  mGluR1  activity  in  cerebellar  Purkinje  cells.
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a  b  s  t  r  a  c  t

Propofol  is  an  intravenously  administered  anesthetic  that  induces  �-aminobutyric  acid-mediated  inhi-
bition  in  the central  nervous  system.  It has  been  implicated  in  prolonged  movement  disorders.  Since
the  cerebellum  is important  for motor  coordination  and learning,  we  investigated  the  potential  effects
of propofol  on  cerebellar  circuitry.  Using  the whole-cell  patch-clamp  technique  in  Wister  rat  cerebellar
slices,  we  demonstrated  that  propofol  administration  impaired  long-term  depression  from  the  parallel
fiber (PF)  to  Purkinje  cell  (PC)  synapses  (PF–LTD).  Also,  propofol  reduced  metabotropic  glutamate  recep-
tor 1 (mGluR1)-mediated  and  group  I  mGluR  agonist-induced  slow  currents  in  PCs.  These  results  suggest
that  the  propofol-induced  PF–LTD  impairment  may  be related  to  an  alteration  in  mGluR1  signaling,  which
is  essential  to motor  learning.

© 2015 Elsevier  Ireland  Ltd.  All  rights  reserved.
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1. Introduction

Propofol (2,6-diisopropylphenol) is a widely used short-acting
intravenous anesthetic that enhances �-aminobutyric acid type
A (GABAA) receptors activity [23]. Previous studies by other
researchers have demonstrated that propofol may  also modulate
glutamate release and receptors in hippocampal and cortical synap-
tic transmission [19,22]. In addition, propofol produces a hypnotic
effect by suppressing neuronal activity, and an amnesic effect via
impaired hippocampal long-term potentiation and facilitated long-
term depression (LTD) [21]. Especially, propofol has other adverse
effects that cause prolonged movement disorders including dysto-
nia, myoclonus and ataxia [3,5,25,27]. However, the mechanisms
of these movement disorders have not been identified.
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Since the cerebellum is important for coordinating motor activ-
ities and the acquisition of novel motor skills, propofol-induced
movement disorders may  be a result of cerebellar dysfunction
[9,10]. Purkinje cells (PCs) are the sole output of the cerebellar
cortex and provide signals required for motor planning, execu-
tion, and coordination in their neuronal activity [12,24]. Granule
cell axons, known as parallel fibers (PFs), synapse onto PCs and
changes in the strength of PF–PC synapses can influence appropri-
ate motor outputs [12,20,24]. LTD at PF–PC synapse (PF–LTD) is one
of the mechanisms underlying motor learning in the cerebellum
[4,12,24]. Previous studies have identified PF–LTD impairments in
animal models with motor dysfunction [1,11,17]. Therefore, we
hypothesize that propofol may  affect PF–LTD, which consequently
could cause dysfunction of cerebellar circuits and motor tone dis-
orders. In essence, this study aims to clarify the actions of propofol
on PF–LTD in the cerebellar cortex using whole-cell patch-clamp
recordings.

2. Materials and methods

2.1. Cerebellar slice preparation

Experiments were performed on postnatal Wister rats aged
between 15 and 25 days. All animal procedures were carried out
in accordance with the regulations of the Institutional Animal Care
and Use Committee in Konyang University (Daejeon, Korea). The
rats were decapitated after being anesthetized with ether, and the
cerebella were rapidly removed and dissected in an ice-cold solu-
tion containing (in mM)  220 sucrose, 2.5 KCl, 1 Na2HPO4, 2.5 MgCl2,
0.5 CaCl2, 25 NaHCO3, and 20 d-glucose, bubbled with 95% O2
and 5% CO2. Parasagittal slices (200-�m thick) from the cerebellar
hemisphere were prepared using a VT-1000 M vibratome (Leica,
Germany). All experiments were performed at 30–32 ◦C (TC-324B;
Warner Instrument, USA) after initial 1-h incubation at 34 ◦C.

2.2. Whole cell patch-clamp recording

After incubation, the recording chamber was  continuously
perfused at a rate of 1.5 ml/min with oxygenated artificial cere-

brospinal fluid (aCSF) containing (in mM)  125 mM NaCl, 2.5
KCl, 2 CaCl2, 1 MgCl2, 1.25 NaH2PO4, 26 NaHCO3, and 25 d-
glucose bubbled with 95% O2 and 5% CO2. Picrotoxin (100 �M;
Sigma–Aldrich, USA) was  added to aCSF for all experiments. The
recordings were made from PCs in lobules IV–VI, which were
visually identified based on their location using a model BX50WI
upright microscope (Olympus, Japan) with Nomarski optics and
a 40 × water-immersion objective. Recording pipettes (GC150T-
7.5; Harvard Apparatus, Canada) were fabricated by pulling glass
capillaries on a model PP-830 microelectrode puller (Narishige
Scientific Instruments, Japan). Patch pipettes had resistances of
3–5 M�.  All experiments were performed in PCs voltage clamped
at −70 mV  in whole-cell configuration. The standard internal solu-
tion was a K-based solution containing (in mM)  140 K-gluconate,
10HEPES, 0.1 EGTA, 4 KCl, and 5 Mg-ATP (pH adjusted to 7.3 with
KOH). Experiments were performed using an EPC-10 amplifier;
stimulation and data acquisition were controlled using PatchMas-
ter software (HEKA Elektronik, Germany). Signals were filtered
at 3 kHz and digitized at 10 kHz. LTD was  studied by monitor-
ing PF-EPSCs every 15 s. After obtaining PF-EPSCs that were stable
for 10 min, a pairing stimulation was applied for LTD induction.
Pairing stimulation was accomplished by coupling stimulation of
the PFs in the molecular layer (two pulses separated by 60 ms,
delivered every second) with depolarization of the PC (to about
0 mV  for 120 ms); total protocol duration was  2 min  [17]. Record-
ings were discarded when input resistance values changed by
>20% or the holding current values exceeded −650 pA. Our control
data were recorded in the presence of dimethyl sulfoxide (DMSO;
Sigma–Aldrich, USA). Propofol (Sigma–Aldrich, USA) was dissolved
in DMSO to make a 250 mM stock solution, which was  diluted
into the external solution to the desired propofol concentration.
To record metabotropic glutamate receptor 1 (mGluR1) mediated
slow current, PF stimulation consisted of 10 pulses at 100 Hz in
the presence of the AMPA/kainate receptor blocker, NBQX (10 �M;
Tocris, USA). Focal puff application of the group I metabotropic glu-
tamate receptor agonist (RS)-3,5-dihydroxyphenylglycine (DHPG,
100 �M;  Tocris, USA) was achieved by pressure application (100 ms

Fig. 1. Propofol impairs long-term depression (LTD) at PF–PC synapses. (A) Superimposed traces of PF–EPSCs measured before and after pairing protocol (25 min). (B)
Averaged time course of normalized EPSC amplitude in 0.04% DMSO (open circles, n = 11), 50 �M propofol (closed circles, n = 12), and 100 �M propofol (open triangles, n = 9).
Data  were normalized to a baseline (−10 to 0 min) before LTD induction. LTD was observed in DMSO, whereas LTD was  altered in propofol (50, 100 �M).  The arrow denotes
pairing  protocol. (C) The paired-pulse ratio was  normalized and unchanged by pairing protocol. Data shown represent the mean ± SEM.



Download English Version:

https://daneshyari.com/en/article/6280288

Download Persian Version:

https://daneshyari.com/article/6280288

Daneshyari.com

https://daneshyari.com/en/article/6280288
https://daneshyari.com/article/6280288
https://daneshyari.com

