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Goldreich, Daniel, Harold T. Kyriazi, and Daniel J. Simons. fields encompassing multiple neighboring vibrissae (Arm-
Functional independence of layer IV barrels in rodent somatosens@fyong-James et al. 1991; Fox 1994), whereas others have
cortex. J. Neurophysiol 82: 1311-1316, 1999. Layer IV of rodentproposed that interactions among neighboring whiskers reflect
primary somatosensory cortex is characterized by an array of whiskgje | - intrabarrel processing of multiwhisker thalamic inputs
related groups of neurons, known as “barrels.” Neurons within ea imons and Carvell 1989). In both visual and somatosensory

barrel respond best to a particular whisker on the contralateral face, i horizontal fi th ht t trib b
and, on deflection of adjacent whiskers, display relatively weak egortices, horizontal connections are thougnt to contribute sub-

citation followed by strong inhibition. A prominent hypothesis for thétantially to receptive field properties in nongranular layers.
processing of vibrissal information within layer 1V is that the multi- 10 What extent do neighboring local circuits function inde-
whisker receptive fields of barrel neurons reflect interconnectiopendently of one another? Because of its anatomic organiza-
among neighboring barrels. An alternative view is that the receptition, the somatosensory cortex of rodents is well suited for
field properties of barrel neurons are derived from operations perddressing this issue. A barrel consists of several thousand
formed on multiwhisker, thalamic inputs by local circuitry within eacksynaptically interconnected neurons, each of which receives
barrel, independently of neighboring barrels. Here we report thgde hulk of its afferent input from neurons in an homologous
adjacent whisker-evoked excitation and inhibition within a barrel a arreloid” within the ventral posteromedial (VPM) thalamic
unaffected by ablation of the corresponding adjacent barrel. In SUpfﬁicleus (Land and Simons 1985). Neurons within the barrel
€

granular neurons, on the other hand, excitatory responses to { th hout it iated col imall ited b
ablated barrel's associated whisker are substantially reduced. roughoutis associated column areé maximally excited by

conclude that the layer IV barrels function as an array of independéhPrincipal whisker (PW) but, depending on laminar location,
parallel processors, each of which individually transforms thalamiB€y respond also to neighboring whiskers to varying degrees
afferent input for subsequent processing by horizontally intercofArmstrong-James and Fox 1987; Simons 1978). Deflection of
nected circuits in other layers. two or more whiskers in rapid sequence reveals the presence of
surround inhibitory effects that are considerably stronger in
cortical than thalamic neurons (Brumberg et al. 1996; Simons
and Carvell 1989).

Previously, we proposed that inhibitory interactions among

Sensory areas of the cerebral cortex are characterizedngjghboring whiskers in the layer IV barrel reflect direct en-
collections of interconnected neurons having similar receptigagement of local circuitry by thalamic inputs (Simons and
fields. The extent to which these local circuits interact remaiarvell 1989). We hypothesized that inputs to a barrel from
poorly defined, even at the earliest stages of cortical processnprincipal whiskers arise directly from thalamic afferents,
ing. For example, some models of simple-cell orientation skecause neurons within thalamic barreloids, although driven
lectivity in cat visual cortex assume antagonistic interactiomgost strongly by the PW, also respond robustly to neighboring
between separate minicolumns serving the same retinal loeddskers (Nicolelis et al. 1993; Simons and Carvell 1989). The
tion but activated by stimuli having orthogonal orientationgbsence of a direct barrel-to-barrel pathway (Akhtar and Land
(Crook et al. 1997; Sillito et al. 1980). Other models bask989; Bernardo et al. 1990b; Hoeflinger et al. 1995) further
orientation selectivity on convergent thalamic input solelgupports the idea that barrels function independently of each
(Ferster 1987; Hubel and Wiesel 1962; Reid and Alonso 1998ther. Accordingly, destruction of a cortical barrel should have
or in conjunction with locally mediated, iso-orientation excilittle, if any, effect on the influence of its corresponding whis-
tation and/or inhibition (Ferster 1988; Troyer et al. 1998Ker in neighboring barrels (see Fig. 1). Here we demonstrate
Layer IV of rodent somatosensory cortex contains anatontixat adjacent whisker-evoked excitation and inhibition within a
cally identifiable collections of neurons, called barrels, théarrel are virtually unaffected by ablation of the adjacent
represent distinctly different peripheral locations, i.e., facidlarrel.
whiskers (Woolsey and Van der Loos 1970). Although differ-
ing from orientation minicolumns in this and other respects, trMaE THODS
degree to which barrels interact with each other remains sim-
ilarly controversial. Some investigators have suggested arhis study was conducted using adult female Sprague-Dawley rats
prominent role for horizontal connections in creating recepti@02-315 g; Hilltop). Surgery and anesthetic procedures were similar

to those previously described (Brumberg et al. 1996). Briefly, animals

The costs of publication of this article were defrayed in part by the payme¥¥ere anesthetized with halothaneX.5% in a 50-50 mixture of N
of page charges. The article must therefore be hereby magdatftisemerit and Q) and tracheotomized. Venous and arterial catheters were
in accordance with 18 U.S.C. Section 1734 solely to indicate this fact. ~ inserted for later drug delivery and blood pressure monitoring. The
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A B A video camera attached via a beam-splitter to a surgical micro-
scope was used to photograph the brain surface, using green light

illumination to enhance blood vessel contrast. A detailed map of the

Cortex @ . ' T A targeted region of the barrelfield was then made using fine-tipped,
glass/carbon fiber microelectrodes (see Kyriazi et al. 1996), with

Thalamus Q.’ ) special attention being paid to the barrel chosen for ablation. To ablate

a single barrel, an unused, high-impedance tungsten microelectrode
(Frederick Haer: medium tip, 0.010-in. shank diameter, 10—1Rd#
1 kHz) was inserted normal to the pial surface overlying the estimated
barrel center. To minimize dimpling of the brain surface and to
achieve reproducible penetration depths, the electrode was advanced
initially to a depth of 1,500um and then withdrawn to 1,05Qm.
Because preliminary experiments indicated that electrolytic lesions
made with these electrodes produced a conical abscess that spread
superficially, DC (30pA for 30 s, electrode negative) was passed
FiG. 1. Ablation of a cortical barrel can distinguish between 2 differeninitially at a depth of 1,05Qum followed by a second application at
circuits proposed to underlie adjacent whisker effects in barrel corteg, In 700 wm, which we routinely find to correspond to the layer IlI/IV
adjacent whisker (AW) inputs come directly or indirectly from the adjaceqjoundary_ Immediately thereafter spontaneous unit activity could be

cortical barrel, whereas i they originate from a number of possible, ecorded deep to the lesion but not at middle or superficial cortical
divergent subcortical projections (——-). Ablation of an adjacent bamel (depths

should eliminate AW effects i€ircuit A is correct, but should have no effect
if B is correct.

Brainstem

N.V. Ganglion

Subsequently, we examined the receptive field properties of units in
a barrel/column (test barrel) immediately adjacent to the ablated barrel
animal was placed in a stereotaxic frame, and a craniectomy was mégie Fig. 1). We intentionally selected units that gave vigorous exci-
in the skull overlying part of the whisker representation area of thgtory responses to the PW, because we assumed at the outset that
right primary somatosensory cortex. A small steel post was attactgeth units were unlikely to be in close proximity to damaged tissue
to the skull with dental acrylic to hold the animal’'s head during thébut seeresuLTy. Also, we assumed that suppression of such re-
experiment. An acrylic dam was placed around the craniectomy aspbnses by adjacent whisker (AW) stimulation would be a robust
was kept filled with saline. indicator of intact inhibitory mechanisms within the test barrel. Unit

The underlying cortex was roughly mapped by multiunit recordingecordings were obtained using double-barreled glass micropipettes,
made through the dura using tungsten microelectrodes (Fredergie barrel of which containe3 M NaCl and the other 10% wt/vol
Haer, Brunswick, ME; medium point, 3-5Mat 1 kHz), combined horseradish peroxidase (HRP) for marking selected recording sites
with manual stimulation of the whiskers on the contralateral face. TK8imons and Land 1987).
dura was then removed over the cortical region of intere€t.% X Electromechanical stimulators were used to deflect the test barrel's
1.0 mm). The animal was taken off halothane, sedated with fentaf\V and two AWSs (see Simons and Carvell 1989), one corresponding
(Sublimaze, Jannsen Pharmaceuticals; 5x40 kg * - h™%), immo- to the lesion-ablated barrel (AWand the other to an intact (normal)
bilized by pancuronium bromide~1.6 mg- kg~* - h™%), and artifi- barrel (AW,) on another side of the test barrel (see Figs. 2 and 4). The
cially respired with a humidified 50—50 mixture of,ldnd Q.. Arterial ~ excitatory influence of each AW was quantified as the average number
blood pressure, heart rate, and tracheal airway pressure were mohspikes/stimulus taken over eight angles of deflection. Each deflec-
tored by a program written in LabVIEW 4.0 (National Instrumentsjion angle was repeated 10-20 times. Spike counts were measured
running on a Power Macintosh 7100/66. Pupillary reflexes and eleliring the 5-25 ms following stimulus onset. To quantify inhibitory
troencephalogram also were monitored. Ophthalmic ointment wA¥V effects, the AW was deflected in each of eight directions followed
placed over the eyes to prevent corneal drying. 20 ms later by PW deflection at its maximally effective angle. A

FIG. 2. Photomicrographs of barrel lesions
from cytochrome oxidase—stained specimens.
Electrolytic lesions (large, white areas) were
made as described meTHODs. Test barrels are
indicated by asterisks. Barrels whose corre-
sponding whiskers were used as normal controls
(AW, are indicated by arrows. Scale bar is 500
uwm. Percentages of barrel destruction were esti-
mated to be as follows\, 75% loss of barrel C1;

B, 100% loss ofy; C, 100% loss of E3D, 70%
loss of C1.
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condition-test ratio (CTR) was calculated as the ratio of the averagdose apex extended well into layer V. From upper layer V
response to the PW when deflected after the AW to the responsetgough layers IV and lower layer lll, the lesion was shaped
PW deflection alone. Data from the responses evoked by the two A‘é&ﬂindrically. More superficially, the lesion also tapered coni-

were compared using two-tailed paired-santgtiests. For all trials in - 51y the [argest lesions extended almost to the pial surface.
which at least one spike occurred during the stimulus onset windo; !

the time of the first spike was measured at 0.1-ms resolution, and geesmns rarely extended into neighboring barrels but typically

mean and modal latencies across all trials and deflection angles wé Ived_the septum between _the lesion and the test barr_el.
determined. For modal latencies, spikes were placed in 0.5 ms binsP€ndrites of barrel neurons in rats have an average radius of

and the bin with the greatest number of spikes was taken as the motféd um, and neurons near the barrel side can have dendrites
No modal latencies were returned for units in which no bin containéfat extend into the septum and even into the neighboring
more than one spike. All data are expressed as meaB8® unless barrel (Simons and Woolsey 1984). We therefore classified the
indicated otherwise. recorded units into two groups: those in the cytochrome oxi-

~ In two control experiments, the nerves innervating a whisker foifase-rich barrel center at least 100 distant from the side of
licle were reversibly inactivated by infusion of @ of 4% lidocaine  the parrel nearest the lesion (hereafter denoted as “Barrel”) and
(Xylocaine, Astra USA). Under halothane anesthesia, a 30-gal{g]?33e within this 100um zone (“Near-lesion”). The latter

needle was inserted 2—3 mm into the hair follicle on the caudal side:; é%:ded some cells located in the barrel side and possibly in

the whisker (where the afferent fibers enter the capsule). PE-10 tu:}B . diatelv adi t t Th lati ’ f
connected the needle to a Hamilton syringe, and the entire asse immediately adjacent septum. 1he relative proportions o

was positioned such that the needle was suspended in the approxirH studied in experiments involving different lesion sizes
plane of the whisker. This minimized mechanical effects of thwere approximately equal (see Fig. 3). Because all lesions were
needle’s presence on the mystacial pad and permitted attachment @ktensive and because the number of units studied in each
stimulator to the whisker. experiment was relatively small, we pooled data across exper-
At the conclusion of each experiment, animals were administerednaents. All but 4 of 30 supragranular units were located above

lethal dose of pentobarbital sodium (Nembutal, Abbott Laboratoriegle barrel center; those 4 Near-lesion units were not included in
and perfused transcardially with phosphate-buffered saline followgge analyses.

by a solution of 2% paraformaldehyde and 1.5% glutaraldehyde. pgyigtimylus-time histograms of recordings taken from the

Brains were sectioned on a freezing microtome in the tangential pla ) . —
and alternate sections were stained for HRP or cytochrome oxid barrel of an E1 barrel-ablated animal are shown in Fig. 4.

and counterstained with thionin. Lesions consisted of a large abscess.. onset and offset of PW (E2) deflection elicit prominent
fringed by a region of cellular disruption in which Nissl-staine®XCitatory responses. A\V(E3) evokes a clear, but weaker,
neuronal cell bodies were clearly absent. We used the latter a§Xgitatory response and a pronounced suppression of the re-
conservative estimate of the extent of direct physical damage. ~ Sponse evoked by subsequent PW deflection. Most notably, the
AW, (E1) also evokes virtually identical excitatory and inhib-
itory effects, despite the near-total ablation of the E1 barrel. On
average, a Barrel unit's AW-evoked excitatory response was

Data are reported from 12 experiments in which we estimate20% that of its PW. Pooled Barrel results demonstrate that
from serial tangential sections that, on average, 90% of a bargfther AW -evoked excitation nor A\Neyoked inhibition
was destroyed. Figure 2 shows photomicrographs of barf4"® diminished by destruction of the AW's gssoma_ted barrel
fields from four experiments that illustrate the range of destru-'9- 5)- Furthermore, there were no significant differences
tion as well as the locations of the test barrels. The distributiGff!/een the AW and AV latencies, either mean (15:41.9
of lesion sizes, which ranged from 70-100% destruction, f§S: 13-9= 1.4 ms, meart SD,n = 27), or modal (14.2- 3.6
all experiments is plotted in Fig. 3. In the vertical dimensiof'S: 15-4% 3.3 ms,n = 21). The PW latencies (mean:12:9

damage extended downward, having a blunt conical shahé MS:N = 43, modal: 11.6+ 2.2 ms,n = 35) were
g g aifgnificantly shorter than those of either AW (&l values

<0.001).
Near-lesion units displayed statistically significantly less
; AW, -evoked excitation and inhibition compared with those
- n 0.8
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evoked by AW,. In addition, excitatory AVY responses were
42% smaller than those at locations more distant from the
lesion, and these effects were greater with larger lesighs=(
0.47,P < 0.001). PW-evoked excitatory responses in Near-
lesion units also were slightly~17%) but not significantly
y 0.4 smaller than those of Barrel units. Interestingly, AWvoked
] Lt ™ inhibition was stronger in Near-lesion than in Barrel units, and
-] m Lo.2 this, too, was correlated with lesion siZ*(= 47,P = 0.007).
{11 We also recorded from neurons in layers lI/11l superficial to
] the center of the test barrel (Fig. 5). Condition-test ratios
1 2 3 45 6 7 8 9 10 11 12 0.0 evoked by AW and AW were not significantly different from
Experiment Number each other. There was, however, a 54% reduct|o_n in the size of
the AW, -evoked excitatory response € 0.03, paired-test);
vt oo o socaepo b  opemeradmies T, cortelation wih lesion size was obsarved
;S)r:portion of the 103 recorded units. Note that unitg are distributed roughly One pos_3|bl_e expla_nat_|o_n_ for the ”Om.‘a' levels of AW
equally among the experiments; unit sampling was unbiased with respec€ié0ked excitation and inhibition observed in the Barrel record-
lesion size. ings is that AW effects were mediated by adjacent barrel
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E2 Alone

FIG. 4. Preservation of A\ excitatory and
inhibitory effects following near-total destruc-
tion of its corresponding barreA: peristimulus-
time histograms of activity recorded within the
E2 barrel,>100 um from the barrel edge by the
lesion, in response to deflection of the principal
whisker (PW) alonetop), or after deflection of
adjacent whisker E3nfiddle or E1 (otton).
Filled arrows, times of onset and offset of PW
deflection; open arrows, onset and offset of AW
deflection.B: micrographs of a 6@«m section
taken through layer IV of the barrelfield, shown
at different magnifications. Note that despite the
near-total (estimated to be 97%) destruction of
the E1 barrel in this animal, whisker E1 elicits
excitatory and inhibitory effects within the E2
barrel @, bottom tracg that are indistinguish-
able from the effects elicited by whisker E3,
whose barrel is intacty, middle tracg.

E3—+»E2

SR S S

it bt
E1—»E2

it it

remnants that may have survived the lesion and continuedvibich the peripheral nerves innervating the PW were revers-
communicate with the test barrel by means of direct, straighiply inactivated by injection of lidocaine into the follicle.
line connections across the interbarrel septum (see Fox 1994)mediately after injection, units in the test barrel were com-
We therefore performed one experiment in which 14 adddetely unresponsive to the PW and partially responsive to the
tional, smaller lesions (1.a, 10 s) were made in 7 penetraAW. Within 45 min after injection, AW-evoked excitation had
tions, at 1,050 and 70@m depths, in a line along the septakecovered to near-normal levels, whereas responses to the
region between the ablated adjacent barrel and the test barahesthetized) PW were absent entirely or reduced to below
This procedure resulted in extensive damage to both the @ levels for an additional 15—-60 min. We therefore consider
lated barrel and the intervening septum and eliminated aityunlikely that mechanical transmission across the mystacial
possibility of direct, straight-line barrel-to-barrel communicapad accounts for the bulk of the AWor AW, response in the
tion. Nevertheless, A\Wevoked excitation and inhibition re- test barrel.

mained at normal levels (Barrel, spikes/stimulus: AW
0.65 = 0.28, AW, = 0.69 = 0.30; condition-test ratio:
AW, =0.50 = 0.15, AW, = 0.56 = 0.15;n = 5).

Another possible explanation for the ineffectiveness of the The major finding of this study is the remarkable preserva-
lesion is that slight, unintended movements of the test barretisn in the center of the test barrel of AW-evoked excitatory
PW that occur on AW deflection directly activate the tesind inhibitory effects despite near-total ablation of the AW's
barrel. This may be of particular concern when the PW remaibarrel. We consider layer VI neurons deep to the lesion an
held by a stationary stimulator during AW deflection (Simonsnlikely source of the normal levels of A\evoked effects,
1985). To address this issue, we performed two experimentdbiecause at the minimum their apical dendrites were severely

damaged by the lesion, which extended well into layer V.
A Excitatory Effects AW B Inhibitory Effects Results support our hypothesis that thalamic afferents normally
aw, %0 provide direct excitatory AW input to a barrel (FigB)L These
thalamic inputs may originate from multiwhisker neurons in

- the homologous thalamic barreloid (Brumberg et al. 1996;
L Simons and Carvell 1989) and/or from neurons in adjacent,

w nonhomologous barreloids (Land et al. 1995; Land and Simons
1985). Further, AW-evoked inhibition is, on average, weaker

i pare N o in barreloid than barrel neurons. The observation of normal

(n=30)  Cosqy (=19 Lesion Ie_\/ﬁlshof_dAW,_-ﬁvoI;]ecf inhibition in the ';est balrre_l |s_conS|s'tA¢\e\;1vt

FIc. 5.  Magnitude of excitatoryA) and inhibitor effects of adjacent Wl.t t el ea that thalamic aCt.Ivaqun ofbarrel circuitry on :
whisker deflegtion in Barrel, Neayﬁlf)esion, and sugrgranular unitsJA\M stimulation eVOke_S surround ',nh'b't'on by a feed'fqrward' In-
AW, designate responses to deflection of the normal and lesion-ablaté@barrel mechanism, enhancing the response tuning of barrel
barrel's adjacent whiskers, respectively. The degree of inhibition evoked eurons (Brumberg et al. 1996; Kyriazi and Simons 1993;
the 2 whiskers is expressed as-1CTR (Condition Test Ratio), such that a Sjmons and Carvell 1989).

greater value indicates greater surround inhibition. Error bars indicate mean : " . laci
SE; *P < 0.05; **P < 0.001, in paired-test. Note that within the center of the We attribute th‘? ab.norma“tles Observed n _Near lesion cells
test barrel, the AW and AW, evoke statistically indistinguishable levels of tO altered synaptic circuitry resulting from direct damage to

excitation and inhibition. thalamic afferents and/or dendritic processes of test barrel

DISCUSSION
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neurons. Lesion by-products, e.g., elevated levels of extracebnditions where NMDA-dependent synaptic transmission
lular potassium or glutamate, may also have contributed neay be more prominent.

Near-lesion abnormalities. If excitatory by-products dispropor- Taken together with results of previous modeling studies
tionately affect inhibitory barrel neurons, which are normall{Kyriazi and Simons 1993; Pinto et al. 1996), the present
highly excitable, this could account for the somewnhat parado¥dings demonstrate that local, intrabarrel circuitry is suffi-
ical finding that AW(-evoked inhibition was greater in Near-Cient to account for the integration, both excitatory and inhib-
lesion than in Barrel units. In either case, the fact that receptilfgry, of multiwhisker information within individual layer IV
field abnormalities are observed in some neurons (Near-lesi@%‘)'rds- Although there are almost certainly some means for
but not in other, more distant ones (Barrel) residing inghme arrels to influence each other, directly or indirectly, interac-

barrel suggests that a barrel may contain several relativdfgns are likely to be modulatory, perhaps contributing to the

independent subnetworks (see Chmielowska et al. 1989 M rerall excitability of the barrel field during different behav-

. ioral states (see McCasland et al. 1997 for a discussion).
C_asl;md et al. 1992). The nature and sizes of such_poss atever role such interactions might play, available anatomic
circuits, and the degree to which they may or may not interag

. . d physiological evidence indicates that barrels function as an
remain to be determmgd. . . array of independent, parallel processors of afferent informa-
In contrast to results in layer IV, adjacent barrel lesion led {6, "Accordingly, barrel circuitry transforms multiple-whisker
a clear reduction in AW responses recorded in layers supefs s into predominantly single-whisker outputs, which are
ficial to the test barrel. We suggest that AW input normallyhen distributed to other layers of the cortical column, where
reaches supragranular layers via several pathways (see Bgiger and more complexly organized receptive fields are syn-

nardo et al. 1990a,b; Gottlieb and Keller 199F):an intraco- thesized via intercolumnar connections.

lumnar, vertical pathway originating within the test barrel

itself, 2) a pathway originating in the adjacent barrel, which we are especially grateful to R. Bruno for extensive participation in pre-
includes an additional horizontal, intercolumnar componeH’ﬂi”aW studies and to J. Brumberg for help with some of the experiments.

e This work was supported by National Institute of Neurological Disorders
within the supragranular layers, arg) recurrent collaterals _ . 'o o\ o crant NS-19950.

from infragranular neurons deep to the adjacent barrel. Theresent address of D. Goldreich: Dept. of Occupational Therapy, Duquesne
lesions eliminated the second and possibly the third of theseversity, Pittsburgh, PA 15282.
routes. Address reprint requests to D. J. Simons.

The present finding's in |aY_er IV differ mark_edly from_ thOS@eceived 2 February 1999: accepted in final form 13 May 1999.
of two previous studies, which used a similar experimental
paradigm but in urethan-anesthetized animals (ArmstrongeFeRENCES
James et al. 1991; Fox 1994). In those studies, barrel lesion N D L bW, Intrini i  rat Smi barrel cort
reduced excitatory A\responses in proportion to the exten‘?KHg’gR',\,ehrc;ggD Aats: 319 1080, necHons OTrat S barretcortex:
of the lesion, and modal latencies increased from 15.2 t0 243stroncdames, M., CALLAHAN, C. A., AND FRIEDMAN, M. A. Thalamo-
ms. Inhibitory interactions were not assessed. The authorsortical processing of vibrissal information in the rat. I. Intracortical origins
concluded that direct barrel-to-barrel connections normallyof surround but not centre-receptive fields of layer IV neurones in the rat S1
mediate AW responses (see Figd)1In the study of Arm- barrel field cortexJ. Comp. Neurol303: 193-210, 1991. '

. §5)ASTR0NGJAMES, M. anD Fox, K. Spatiotemporal convergence and diver-
strong-Jame_s et al'g the mean barrel destruction ,Was 5 Jence in the rat Sl “barrel” corteX. Comp. Neurol263: 265-281, 1987.
compared with 90% in the present study. Moreover, it appeaGustroncJames, M., WELKER, E., AND CALLAHAN , C. A. The contribution
that the present lesions extended deeper and more superficialty NMDA and non-NMDA receptors to fast and slow transmission of
(judging from Fig. 4 in Armstrong-James et al. 1991)_ Al- sensory information in the rat SI barrel cortdxNeuroscil3: 2149-2160,
thoth ArmStr_ong-James and C(_)"eagu_es_dld not Categ_orlzegg NAR-DO, K. L., McCasLAND, J. S.,AND WooLsey, T. A. Local axonal
barrel units with respect to their proximity to the lesion, as yajectories in mouse barrel corte&xp. Brain Res82: 247253, 1990a.
done here, it is clear from theireTHobs section that most of BernarDo, K. L., MCCASLAND, J. S., WOOLSEY, T. A., AND STROMINGER, R. N.
their data were obtained 100 um from the side of the barrel Local intra- and interlaminar connections in mouse barrel codeomp.
closest to the lesion. Thus differences in results cannot péleurol. 291: 231255, 19900, . . _—

lained by differences in the location of the recorded units OIFUMBERG,.J. C mNTO, D.,AND SIMONS, D. J. Spatial gradlgnts and inhibitory

exp a y ! ) . 'summation in the rat whisker barrel systeimNeurophysiol76: 130-140,
by differences in lesion size. 1996.

The most likely explanation for the discrepant findings iSHmiELOwska, J., G\RVELL, G. E.,AND Simons, D. J. Spatial organization of
that AW-evoked excitatory responses are qualitatively differ—tcft‘)ﬂixmg’ccgg?r')a’r\‘gSrf’(;t'z‘goghg';g‘gglgollegcégn systems in the rat Sml barrel
ent in the two eXpenmenta‘l preparat_lons. In terms of A ROOK, J.. M KISV;;-\RDY, Z. F.,/-.\ND EYSEL,’U. T. éABA-induced inactivation
response latency and magnitude, relative to PW responses, t!%@functionally characterized sites in cat striate cortex: Effects on orientation
present data are comparable to values obtained previously ituning and direction selectivityis. Neuroscil4: 141-158, 1997.
awake, undrugged rats (Simons et al. 1992). As discussedRsTeR D. Origin of orientation-selective EPSPs in simple cells of cat visual
that study, urethan anesthesia increases the magnitude I@ﬁﬂ‘tex'J' Neurosci7: 1780-1791, 1987. ~ =~
d tion of AW-evoked responses. possibly throuah involveERSTEB D. Spatially opponent excitation and inhibition in simple cells of the

ura p ' P y g cat visual cortexJ. Neurosci8: 1172-1180, 1988.
ment of N-methylp-aspartate (NMDA) receptors (See Arm-Fieervish, I. A., BINSHTOK, A. M., AND GUTNICK, M. J. Functionally distinct
strong-James et al. 1993). After exposure of tangential barreNMDA receptors mediate horizontal connectivity within layer 4 of mouse
i i i i iodi - _ barrel cortexNeuron21: 1055-1065, 1998.
field slices to bicuculline methiodide, NMDA-dependent par

oxysmal discharges can propagate across the barrel field (FT@EeKr'aTthbeafr%rlt'CCg:t:%mﬁ’\loenfrgtsgif T ?gggf%dfgpefg;: t synaptic plasticity in

derVi_Sh et al. 1998). Thus it appears that long latency, longarriies, 3. P.anb KELLER, A. Intrinsic circuitry and physiological properties
duration, barrel-dependent AW responses are expressed undefpyramidal neurons in rat barrel corte&xp. Brain Res115: 47—60, 1997.
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