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Unfortunately, this research method suffers from severa

unavoidable shortcomings that make it differ significantly
from the in vivo preparation.

- First, the ionic and pharmacological environments are Al A2 1

standardized and do not include most of the neurochemical ) . C !

substances present in vivo (ACh, DA, NE, 5HT...). The Control TTX Point-conductance M odel QUI escent Point-conductance Cl amp Control Onc uSIOnb

ionic environment is quickly washed out by the continuous

1‘st1h of A.C.S.(F:., and local increa:gdeﬁreestle g;k?, ions |20 mv

such as K+ or Ca2+ is not permitted. These local changes T .

in ion concentrations may E:ve significant computatia%al 20mv | 20mv e $wm iz drs Oomb.ma“on qf 2 BT EETD
roles in vivo (reversal potentials, ion availability...). As a 200ms technique and the use of a simple point-conductance model
consequence, the resting membrane potential in vitro is 200me oo of synaptic background activity could be used in vitro to
lower than in vivo (by about 15mV) and the input 65 MV 65 mV mimic important properties of neurons recorded in vivo.
resistance in vitro is significantly increased (4 to 5 fold). somy - 80mV -55mv, 70mV These propertiesinclude:

- Second, because of the damage induced by the dicing e - — >

procedure, the synaptic activity is greatly impoverished, 20001 WWMWWWM - Spontaneous firing.

and spontaneous spiking activity is greatly reduced. In
vitro, in cortex, spontaneous activity is non-existent

whereas it amounts to 1-10 Hz in vivo (anaesthetized), and B 1 BZ
membrane potential fluctuations are small in vitro (<1mV)

- An elevated resting membrane potential (5 to 15 mV
compared toin vitro).

while they can belarge (>10 mV) in vivo. 5my | 20mv o . .
e 10mv - e - e, ns - A 4to 5 fold decrease in input resistance (compared to in

In order to diminish these shortcomings, and to mimic in _— N ; T0me U 50 ms \\’J vitro value).

vivo activity better, we use the dynamic clamp technique 50ms

(Sharp et a., 1993; Manor et a., 1998) to inject a ’ ’

compensatory. voltage dependent current that will endow C1 C2 - Large membrane potential fluctuations (10 to 15 mV).

the cell with several properties that are observed in vivo:

We also showed in vitro and in computo that cells placed in

Namely, a more depolarized resting membrane potential, a K= S o7 o 1500 .S 18000 o015 . N .
4fold decrease of input resistance, large synaptic-like < 5 g 2 F $,=3.96 mV g 06 N these conditions were able to detect transient changes in
membrane potentid  fluctuations (~10 mV) and 23 Z os 5 1 sy=4mv 2. 12000 s,= 0.0001 mV = ML 5 $,=056mV synaptic input correlations, as short as 5 ms, and that this
spontaneous spiking. This compensatory current is based g g o g % = o4 detection relied on an ‘optima’ level of background noise.
on a point-conductance model of synaptic activity in which = £ oz g 3 w0 £ o 2. In vivo assessment remains to be done.
amp!ltuldeedand Ig/r_mlhruny are explicitly formulated and E E & & E §
at tly. = 2 :
manipul ated explicitly o e @ R o w0 G0 © “0 T w e e @ Tww e w w We believe this technique can be a useful addition to most
Membrane potentia Membrane potentia Membrane potentia Membrane potentia Membrane potential Membrane potential in vitro studies of neura activity and synaptic properties
' ! ! ’ ’ . ! . . because it brings the in vitro preparation closer to thein
MethOClb Membrane properties of aneocortical neuron in cat parieta cortex (area 5-7) Membrane properties of the point-conductance model. Membrane properties of the point-conductance clamp. Vivo conditiong preper
P during a phase of desynchronized EEG activity (ketamine-xylazine A.dTi .mr:a course gfactce merzbrar)e.pot(emi)al d#ri ng b%ckgrofond actia\&ity (Alg A. Inltraoeitljyllar rzeoor)dingdqf a p;fronthal r(1:orte?< Iayerdv pyramidald e?ezl in
anesthesia). Figure modified from (Destexhe and Pare, 1999). and without any background activity (A2). The membrane fluctuated aroun control condition (AZ2), and injected with the point-conductance model (A1,
plesiieeyeres e st e L A. Intracdluiar recording is shown before (Al) and after (A2) S5y in theaiveces, adround Sy ntheduiesost e G005 16, G=008 16, $~0.024 njns, $=0.06 nims). The poirt.
from 2 - 4 weeks old Sprague-Dawley ras. Ras were anesthetized with metofane . : oy S . Average of lyperpolarizating pulses (-0. in the quiescen conductance clamp depolarized the y about 15mV, and introdu
3 €I IR GG T G L microperfusion of TTX, abolishing all spontaneous acfivity. ) and active state (B1) when the point conductance model was introduced membrane potential fluctuations (amplitude about 10 mV).
350 mm thick slices using standard Whole cell p p was B. Average of 50 hyperpolarizing pulses (-0.1 nA) to estimate the input _ _ _ ne? _ & i izeti
under visual control at room In some synaptic tr resistance, during active periods (B1) and after TTX (B2). TTX abolished (Ge=0.0121 n8B, Gi=0.0573 nB, s~=0.006 n5/ms, 5;=0.0132 n5"/ms) B. Average response of a different cell to @200 pA hyperpolarization pulse
‘cl\llftromsi\koidd :iz E-s-mngi‘-gl'\xoqjllgo:omvda;:d ;cégucf.?;.ipn:/éh gz d:MB)‘Sg . 3 g € pel X _ ) C. Histograms of Vm values for atotal of 5000 msin the quiescent (C2) in control (B2) and in point-conductance clamp (B1) conditions (7 trials,
A e (T most membrane potential (Vm) fluctuations, increased the Ri, by about 5- and active (C1) cases. The light pink histograms show the same simulation actions potentials have been truncated). The input resistance has been
applied. Data were acquired in current clamp mode using an Axoclamp 2A amplifier fold, and hyperpolarized the cell by about 15 mV. in the presence of aDC current of -0.2 nA. A significant deflection of the decreased by 4.2 fold.
O T (e TSR C. Distribution of membrane potential before (C1) and after TTX (C2). Vmin the quiescent case but not in the active case showsthat the R;, was C. Distribution of membrane potential before (C2) and after (C1) the
5/6 and were characterized by high firing rates, no adaptation and prominent fast spike TTX abolished most membrane potential (Vm) fluctuations, increased the greatly reduced when synaptic background activity was introduced. activation of the point-conductance clamp. The standard deviation of the
re-polarization. A total of © pyramidal cells and 5 intereurons wereused in this study. Ri, by about 5-fold, and hyperpolarized the cell by about 15 mV. membrane fluctuations has been increased to about 4 mV.
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Data were acquired using a dual computer setup. The first computer was used for = 18
standard data acquisition and stimul ation. Programs were written using Labview 6.1, and A L A 16
data were acquired with a PCI-16-E1 data acquisition board (National Instrument). Data <& 14
acquisition rate was either 10 or 20 kHz. The second computer was dedi cated to dynamic § § Destexhe A, Pare D (1999) Impact of network activity on the
clamp. Programs were written using a Labview RT 5.1 front-end, and a language C back- 52 12 integrative properties of neocortical pyramidal neurons in
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Datawere andyzed offline using MATLAB (The Mathworks). Results are given as mean ir % e i E o :ﬁﬂ:ﬂulenlgorsntggalf;:;‘uﬁgoéiggglﬁr;{s }:eR;y;gréﬁ
+ standard deviation 08 F’\W % 0 5 10 15 20 2 3 B N 4 (Bower J, ed), pp 459-464. New Y ork: Plenum Press.
Point- conductance model > 06 E 40 —_— Pulse Width(ms) Sharp AA, O'Neil MB, Abbott LF, Marder E (1993) Dynamic
- conductance ° 5 3 400ms B X § . . clamp: computer-generated conductances in real neurons. J
A point-conductance model was generated by approximating the total synaptic current 041 S »n Effect of varying _th5|er|gt_h of thEtrm_Sent change in correlation. Neurophysiol 69:992-995.
due to background activity, I , by asum of two conductances: 02l ; 001 The average fraction of spike detected is plotted relative to the mean of the Uhlenbeck GE, Ornstein LS (1930) -. Physical Reviews 36:823.
L =a. - E)r eV - ) o Z o, peristimulus time histogram for different pulse widths. The red curve was
an = 0ol <)t i o ™ o @ w w 0 200 40 60 80 1000 00s] Y obtained for lower sigmas (s¢=0.03 n8%ms, s,=0.075 n&/ms) than for the
where ge(t) and gi(t) are time dependent excitatory and inhibitory conductances fme (s2c) ISI(ms) @ 'g blue curve (s=0.04, s,;=0.1) in the same cell (G~G;=0.05 n8). In this
respectively; E<=0 mV and E;=-75 mV are their respective reversal potentials ® oo = analysis, histograms were computed with a 10 mstime bin.
Both gdt) and g(t) were described by a one-variable stochastic processes similar to the 16 , i
Ornstei n-Uhl enbeck process (Uhlenbeck and Ornstein, 1930): § 60 0.01+
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where G, =0.012 n§ and G; =0.057 n are average conductances, t,=2.7 msand t; =10.5 0 50 100 150 200 250 300 0 05 1 15 E 2 8 0.1
ms are time congtants, De= 6.598 10° nS/ms and Di=8.305 10° nS/ms are noise Time (sec) ISI(s) 0034 5 A k 1 d
“diffusion” coefficients, and C(t) isa Gaussian white noise of unit standard deviation. @ 8 “ 005 = C nOW e gments
. . . 2 i o ® -
The advantage of the Ornstein-Uhlenbeck process is that the distribution of the stochastic Coefficient of Variati Or':égr the pol nt'conrggme model (A, Ge:0-05 I’TS, & o2 g 20
variables (ge and gi here), and its spectral characteristics, are known analytically (see G=0.06 I’TS, s.=0.013 /ms s.=0.026 /ms) and for the int- 2 0 H . . .
detalsin (Gillespie, 1996)) i € > ) po 001 E | 0 We wish to thank Denis Pare for kindly
The varianceis given by: conductance clamp (B) obtained from apyramidal cell. The |eft panels show e 0 002 004 006 008 01 . . .
si=pt,i2 the evolution of CV in time, the right panels show the exponential o Time G Sews) providing the in vivo data presented here
Where| Sandstorsiihere yihe powersectiallcenslylis gverlhy distribution of Sis. Detection of correlaion changesin the modd. Effects of a 20 ms transient change in carrelation. Ezch trial condisted in ten Effect of variation of the correlation parameters for transient changes of and Kevin Franks for his photographlc art.
R Spike discharges (A) resulting from achangein seand si (shown in B and 20 ms increases of the excitatory correlation s. (red aowsin A, B and C), fixed length (20 ms) and fixed period (400 ms). Each point represents the Supported by H.H.M.I, N.I.H and C.N.R.S.
s()=—24 C respectively). The model detected this change in the fluctuation level, keeping the ratio s¢/s; constant (0.4). The increase was two-fold (base value COS measure computed as Nyg/Ngijes, Where Nig is the number of IS1 of
1eeit, ) dthough there was no major effect on the voltage. The same behavior was 0.06 ne/ms). dTh? oel!rhde{ecled “}9 rq)emlveff zm Oglaﬂsmé Elha”ggscl\‘; length equal to the period of theinput (+ 20 ms), and Nge s the total
a'so present in the detailed biophysical model following changesin excitatory correlations. The average firing rate of the cell was 6 Hz an number of spikes across all trials. The number of trias per point varied from
The Gaussian nature of the Ornstein-Uhlenbeck process, and its spectrum in 1f, correlation (see companion posters). was 1.37. 6011 Thsja' ke stant at 0.4. Not tl’?ﬁ p imal detecti
approximately match the behavior of the conductances underlying background activity in A. Sampletrace (pyramidal cell). Notethat the average membrane potential 0 11. Therdio Sdsi was ept con 0.4. Note Optlm on . )
the detailed biophysical model. Using this procedure we have fit the point-conductance o ! 0 was achieved for arestricted level of synaptic background activity. See also Contact information: fellous@sa k.edu
model to the background activity generated by a detailed biophysical model (see details isunchanged bylhe"aﬂseﬂ correlation change. the Rudolph and Destexhe poster. d H-9.
in companion posters, Destexhe and Rudol ph, panel H-6) B. Rastergram of 91 trials. P P » pan g

C. Peristimulus time histogram computed with bins of 40 ms.




