DOI:10.13471/j.cnki.j.sun.yat-sen.univ(med.sci).2005.0069

26 5 ( ) Vol.26  No5
2005 9 JOURNAL OF SUN YAT-SEN UNIVERSITY(MEDICAL SCIENCES) Sep. 2005

NMDA

1,2, 1, 1, 1, 1
(1. , 510080; 2. :
PA19107, )
(DA) IN-  -D- (NMDA)
, DA
NMDA © DA 0 60 wmol/L , NMDA
(2.78+0.68) pA (5.42+1.26) pA; ,
(13.59+1.26 ) ms (36.19+1.17) ms; (19.73+1.46) ms (2.67+0.75) ms;
0.25:+0.09 0.56+0.25; DA 60 pmol/L 100 wmol/L , NMDA
(3.56+0.79) pA, (14.40+1.37) ms; (17.74+
1.79) ms, ; 0.56+0.25 0.17+0.08 DA
NMDA , : ,
, , NMDA ,
. R338.2 A - 1672-3554( 2005) 05-0515-05

Influence of Dopamine on NMDA Receptor Channel of Pyramidal
Neurons in Prefrontal Cortex in Rat
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Abstract: Objective To investigate the modulatory effects of dopamine (DA) on N-methyl-D-aspartate (NMDA)
receptor channels of the pyramidal neurons in prefrontal cortex in rat. Methods  Cell-attached configuration of
patch clamp was used to record single-channel currents of NMDA receptors. The effect of DA in different
concentration on the electricity of NMDA receptor channel was observed. Results ~ When the concentrations of DA
increased gradually from 0 to 60 pwmol/L, the amplitude of NMDA receptor channel currents was increased from
(2.78+0.68) pA to (5.42+1.26) pA; the short open-time-constant did not change significantly, the long open-time-
constant increased from (13.59+1.26) ms to (36.19+1.17) ms, and open probability of inward currents of NMDA
receptor channels increased from 0.25+0.09 to 0.56+0.25; and the long closing-time-constant decreased from (9.73+
1.46) ms to (2.67+0.75) ms. However, when the concentrations of DA increased from 60 pmol/L to 100 wmol/L, the
amplitude of NMDA receptor channel currents was decreased to (3.56+0.79) pA, long open-time-constant decreased
to (14.40£1.37) ms, long closing-time-constant restored to (17.74+1.79) ms, and the open probability of NMDA
receptor-channel decreased to 0.17+0.08. Conclusion DA could affect the activities of NMDA receptor channels,
but there was relationship of reverted U shape and the increases in concentrations of dopamine. At low concentra-
tions, DA enhanced the activation of NMDA receptor channels, but inhibited the activation of NMDA receptor chan-
nels at high concentrations.
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Fig.1 Typical NMDA receptor channel currents

V,=-40 mV A: The current was recorded with a patch from
control group. Three conductions can be seen from the currents, with
the lowest prevail. B: The currents were recorded from the neuron
modulated with 60 pmol/L DA, with the highest conduction prevail.
C: Multi-level openings are shown. The ratio of patches with multi-
level openings / patches recorded were: control 4/36, 20 wmol/L DA
2/15, 40 pmol/L DA 4/15, 60 pmol/L DA5/15, 80 pmol/L DA 4/
16, 100 pwmol/L DA4/15
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Fig.2 Typical NMDA receptor channel currents from
different  cells  modulated by  different
concentrations of dopamine V,=-40 mV. There
was no Mg* in the pipette solution. Openings was

shown as upward deflection
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A: Current Amplitude, * compared with control, 20 wmol/L DA,
t=4.56; P< 0.001, n=49; 40 pmol/L, t=8.09, P< 0.001, n=49; 60
pmol/L DA, t=8.79, P< 0.001, n= 49; 80 pmol/L DA, t=5.41,
P< 0.001, n= 50. B: Open probability, * compared with control, 20
wmol/L DA, t=3.14, P< 0.01, n=49; 40 pmol/L, t=4.35, P< 0.001,
n=49; 60 pmol/L DA, t=5.97, P< 0.001, n = 49
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Fig.4 Opening time constants of NMDA receptor
channels modulated by different concentrations of
DA
A: short time constant(ty), * compared with control, 80 wmol/
L, t=3.511, P < 0.01, n=50; 100 wmol/L, t=4.325, P< 0.001, n=49,
t-test. B: long time constant (1), * compared with control, 20
pmol/L, t=3.97, P< 0.01; 40 pmol/L, t=4.26, P< 0.001; 60 pwmol/L,
t=15.14, P< 0.001; n=49, t-test
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Fig.5 Closing time constants of NMDA receptor chan- '
nels modulated by different concentrations of DA (9ap)

A: short time constant(t.), * compared with control, 60 pumol/ ,

L, t=2.62, P < 0.01; n=49, t-test. B long time constant(ty), 20 1 DA 20 40 wmol/L

pmol/L, t=5.317, P < 0.001; 40 pmol/L, t=5.67, P< 0.001; 60 DA

pmol/L, t=9.31, P< 0.001; n=49, t-test
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1 NMDA
Table 1 Dynamic characteristics of burst openings of NMDA receptor channels
DA(umol /L) 0 20 40 60 80 100
D(ms) 23.12+16.34 43.1+20.6 " 65.8+18.2% 91.5+26.7Y 28.8£14.0 13.948.5
T0l(ms) 0.29+0.12 0.25+0.08 0.34+0.12 0.47+0.17" 0.32+0.14 0.28+0.11
102(ms) 3.45+0.37 4.82+0.43 19.63+2.74Y 14.89+2.96" 7.81+1.42Y 6.43+0.38"
tcl(ms) 0.38+0.24 0.35+0.09 0.32+0.06 0.28+0.07" 0.37+0.09 0.41+0.06
Tc2(ms) 2.23+0.21 2.17+0.25 1.97+0.18% 1.69+0.127 1.87+0.12% 2.02+0.17
P 0.21+0.10 0.44+0.08 " 0.55+0.11" 0.61+0.12" 0.47+0.08 % 0.37+0.09

1)Compared with control, P<0.01, t-test, n=49 for all, t-value were as following: D: Mean burst duration, 40 wmol/L, t=4.17, P< 0.001; 60
wmol/L, t=7.21, P< 0.001; P: Mean probability within burst, 20 wmol/L, t=2.89, P< 0.01, 40 pwmol/L, t=3.72, P< 0.001; 60 pwmol/L, t=5.15, P<
0.001; 80 pmol/L, t=3.28, P< 0.01. Duration of openings within burst T4 60 pmol/L, t=2.93, P< 0.01; T, 40 (mol/L, t=9.29, P< 0.001, 60 wmol/
L, t=7.52, P< 0.001; 80 pmol/L, t=5.15, P< 0.001, 100 pmol/L, t=3.86, P< 0.01. Duration of closing (gaps)within burst T4 60 pwmol/L, t=2.75,
P< 0.01 and T, 60 pwmol/L, t=2.96, P< 0.01
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