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Page numbers followed by “f” refer to figures.

A1 (first auditory area), 349
A2 (second auditory area), 349, 351
A layers of the lateral geniculate nucleus,
50, 81f, 103f, 109, 130, 346, 395
abnormal crossing, 336
abnormal maps, 335, 336
abnormal visual response, 340
accommodation, 370
acetylcholine, 180-184, 191f, 192, 203,
204, 242, 301
action, 7, 25, 357, 360, 374, 381, 382
action potential, 68, 69, 137, 147, 149,
1501, 151f, 154, 158, 165, 173, 195
back propagation, 153, 219
activation curve, 162f, 163, 170f, 175f
activation gate, 149, 150f, 151f, 157f
afferents
auditory, 372
cerebellar, 3f, 83, 292, 392
cholinergic, 79, 109
corticothalamic, 16, 20f, 96, 99, 104,
1271, 249, 296, 308f, 330, 344f,
396
driver, 18, 77, 79, 91, 111, 192, 261,
295, 302, 3441, 362, 393, 399
functional characteristics, 403
GABA immunoreactive, 107
GABAergic, 17, 79, 117, 123, 199
GABAergic inhibitory, 400
glutamatergic, 71, 400
gustatory, 392
histaminergic, 79, 123, 248

layer 5 driver, 392
lemniscal, 86, 319
mamillary, 392
modulator, 79, 111, 293, 399
noradrenergic, 79, 109, 123
RL, 113, 114, 117
RS, 111, 115, 116
serotonergic, 79, 110, 204, 216, 243
somatosensory, 85, 302, 392
tectal, 255, 293
visual, 392
afterhyperpolarization, 151f, 152, 176
albino monkey, 340
albinos, 336
alignment of maps, 326
all-or-none recruitment, 296
“all-or-none” response, 164
amacrine cells, 67
AMPA, 181f, 185, 192
AMPA receptor, 185, 187f, 192, 195, 207
amygdala, 13, 27, 294
anesthesia, 346
anesthetics, 311
anesthetized animals, 100, 361
anterior dorsal nucleus. See thalamic nuclei,
anterior dorsal nucleus
anterior medial nucleus, 3f, 290f
anterior pretectal nucleus, 107, 301
anterior thalamic nuclei. See thalamic
nuclei, anterior thalamic nuclei
anterior ventral nucleus. See thalamic
nuclei, anterior ventral nucleus
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anterolateral pathway, 363, 364, 365f, 371
antidromic action potentials, 364
area. See cortical areas
arrhythmic bursting, 168, 224, 233
“association nuclei,” 292
astrocytes, 121, 205-208
astrocytic cytoplasm, 87, 88f, 89f, 118,
120, 122
astrocytic ensheathment, 120
astrocytic profiles, 89f
attention, 40, 61, 101, 232, 242, 248, 261,
310, 313
attentional focus, 40
attentional mechanisms, 12, 310
attentive state, 12
auditory afferents, 372
auditory area, 315, 376, 383
auditory cortex, 32, 83, 297
auditory inputs, 382
auditory nuclei, 105, 296
auditory pathways, 43, 320, 328, 331, 351,
364, 372
auditory relays, 292
auditory stimuli, 233, 363
auditory thalamic relays, 203
auditory thalamus, 83
autonomic centers, 366
awake animals, 176, 222, 303, 361, 401
axo-axonal contacts, 123
axon diameter, 33, 48, 50, 53, 75, 262
axon hillock, 68, 137, 141, 144, 148, 153,
176, 260
axonal branches, 19, 32, 59, 358f
axonal fills, 375
axoniform dendrites, 66, 68, 71
axoniform dendritic appendages, 74,
106
axoniform dendritic terminals, 65f, 125
axons
basket cell, 85
brainstem, 131f
branched/branching, 28, 31f, 32, 54, 55,
59, 60, 107, 273, 351, 362, 3651,
370, 375
cholinergic, 109, 126, 264
corticothalamic, 16, 71, 82f, 87, 91,
92-98, 122, 1271, 200, 292, 296,

298, 333, 3341, 353, 362, 375, 392,
396

corticothalamic type I/type II, 300

GABAergic, 108, 117, 123, 145, 255,
279f

histaminergic, 110, 204, 243, 255

inhibitory, 6, 11, 72

of interneuron, 66, 75, 104, 106, 117,
125, 131f, 197

layer 5 corticothalamic, 292, 296, 362,
363, 394

layer 6 corticothalamic, 94-96, 99, 110

noradrenergic, 110, 204, 216, 243, 255

reticulothalamic, 102

retinogeniculate, 78f, 91, 94, 96, 121,
155, 262, 273, 369

serotonergic, 110, 204, 216, 243, 255

thalamocortical, 125, 137, 226, 238,
285, 319, 353, 399

type L, 81f, 82f, 93, 127f, 295, 300, 314

type II, 78f, 295, 297, 300

back propagation, 153

barrel cortex, 184f, 187f

barreloid, 45

basal forebrain, 123, 133, 215, 352

basal ganglia, 278, 2791, 280

behaving rabbit preparation, 237

behavioral state, 12, 23, 61, 101, 233, 250,
261

binocular matching, 328, 329, 336

binocular vision, 321f, 322

binocular visual field, 323

biocytin, 43, 44f, 86, 297, 371

blobs, 57

blood vessels, 95, 111

BNOS, 125, 126, 132

bodily movement, 381

body surface, 17, 317

Boston cats, 338, 339f

brainstem, 18, 311, 352, 362, 365, 369,
372, 376, 385, 392

brainstem axon, 116, 131f, 243, 245

brainstem branches, 307, 362, 375, 385,
394

brainstem cholinergic afferents, 109

brainstem cholinergic pathways, 399



465 Index

brainstem connections, 354, 372

brainstem control, 242

brainstem modulatory inputs, 202

brainstem reticular nuclei, 376

branched/branching axons, 28, 31f, 32, 54,
55,59, 60, 107, 273, 351, 362,
3651, 370, 375

branched reticular axons, 105

branching corticothalamic axons, 375

branching driver afferents, 362

branching patterns, 41, 363, 366f,
371-373

broken arrow, 322, 326, 336, 338, 340

burst firing, 72, 155, 165, 167f, 168, 175,
185, 221, 224, 225f, 228f, 233,
236f, 237, 239, 243, 250

burst mode, 25, 155, 158, 1601, 168, 174,
194, 223, 225f, 227, 230f, 239,
241f, 274, 299, 301, 313, 400

burst response, 161f, 223, 239

bursting, 163, 167f, 174, 221, 232, 248,
275,276, 301, 314

bursts, synchronous, 215

bushy cells, 41, 42f, 44f, 45

Caz+
conductance, 222
channels, 153, 159, 171, 175, 188
dependent K* conductances, 165, 166,
172,176
entry, 68, 165, 172, 185, 188, 210
spike, 156, 157f, 164-169, 173, 188,
221, 231, 274
cable modeling, 139, 142f, 141-148, 177
cable properties, 140, 143, 147, 177
calbindin, 61, 398
calcium binding proteins, 23, 34, 61
Carnivora, 22
carnivores, 24, 48, 50, 51, 57, 63, 200,
326, 328, 353, 354
caudate nucleus, 3f, 73f, 290f
cell body size, 34, 50, 70
cell classification, 33, 38, 48
cell death, 333
cell size, 33, 39, 46, 70
center median nucleus. See thalamic nuclei,
center median nucleus

center/surround receptive field, 254, 258
central gray, 373
cerebellar afferents, 3, 83, 292
cerebellar mechanisms, 366
cerebellothalamic relay, 302, 363
cerebellum, 9, 14f, 15, 45, 85, 2791, 280,
292, 303, 323, 363, 372, 392
cerebral cortex, 1, 6, 10, 10f, 15, 21, 30,
48,52, 77,79, 120, 285, 295,
330, 355, 358f, 384f, 391, 397,
403
cerebral maps, 323
channels
Ca*, 153, 159, 171, 172, 175, 188
cl, 197
high threshold Ca*, 172, 188
K, 153, 155, 1571, 176, 183, 203,
210
L type Ca*, 171
N type Ca*, 171
Na*, 149, 150f, 151f, 152, 156, 157f,
158, 164, 172, 177
T, 155-158, 161, 163, 164, 172, 175,
188, 194, 196, 239, 283
T type Ca*, 159, 175, 176
voltage sensitive, 139, 153, 155
cholinergic axons, 108, 109, 126, 264
cholinergic effects, 213, 301
cholinergic inputs, 213, 284
chronological sequence of development,
386f
cingulate cortical areas, 376
cingulate cortex, 18, 21, 100, 349
CI” reversal potential, 197, 199
class V cells, 70
classical neuron, 137
classical physiology, 367
classical view of the thalamus, 1, 2f, 289
climbing fibers, 85
clinical evidence, 254, 324
cochlea, 17
collicular lamina, 380
colliculopulvinar pathway, 370
color, 282, 331, 347, 401
color opponent response properties, 57
comparative studies, 53
concept of a nucleus, 5, 398
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conductance, 139, 147, 150f, 151f, 154,
170f
Ca*" dependent, 176
Ca*" dependent K*, 165, 166, 172, 176
high threshold Ca*, 154, 171, 210
hyperpolarization activated cation, 166
K, 147, 149, 150, 151f, 153, 157f, 166,
1671, 169, 172, 176, 194, 222
K* “leak”, 148, 149, 163, 198, 201, 203,
204, 210, 212, 213, 216
low threshold Ca*', 154, 155, 166, 174,
194, 242, 243
membrane, 12, 40, 139, 140, 147-150,
154, 161, 177, 198
Na* conductance, 149, 155
persistent Na*, 172
synaptic, 241, 245, 246, 284
voltage dependent, 149, 154, 167f, 177,
179, 201, 217
voltage dependent Ca**, 179
voltage dependent K*, 1671, 169, 194
voltage dependent Na, 194
conduction velocity, 33, 38, 98, 153, 262
contrast gain control, 211
control of eye movements, 369
convergence, 39, 92, 99, 195, 256, 261,
267,272,273, 296, 335
copies of instructions, 365, 367, 387
copies of outputs, 292, 391
core, 61
corpus callosum, 331
correlated firing, 255, 276
cortex. See also cortical areas; cortical
layers
primary visual, 8, 59, 83, 96f, 318, 357
newly innervated, 83
cortical areas
area 17, 8, 54, 56, 60, 93, 98, 99, 101,
128, 200, 266f, 300, 305, 307, 324,
331, 334f, 3391, 345, 361, 372, 378,
387
area 18, 54, 60, 93, 95, 97, 100, 308f,
309, 3391, 343, 3441, 345, 362, 375,
378
area 19, 97, 100, 308, 343, 344f, 345,
378
area 20, 378

area 21, 378

area Al, 349

area A2, 349, 351

area MT, 60, 306, 3591, 401, 402

area PLLS, 378

area PMLS, 378

area S1, 349

area S2, 349, 351

area V1, 8, 59, 60, 306, 311, 323, 324,
3391, 349, 3591, 379, 401, 402

area V2, 60, 349, 351, 3591, 379

area V6, 360

auditory area, 315, 376, 383

cingulate area, 18, 21, 100, 349, 376

extrastriate area, 54, 307, 335

higher cortical area, 7, 83, 271, 282,
289, 304-306, 312f, 313, 329, 342,
351, 367, 378, 380, 387, 391

motor area, 8, 34, 84, 96, 100, 123, 235,
279f, 280, 357, 359, 372, 375, 383,
387

occipital area, 324, 325f

parietal area, 360, 382, 383

primary sensory area, 299, 361, 375,
383, 391, 394

primary visual area, 8, 59, 81, 96f, 3035,
315, 318, 357

retrosplenial area, 84, 303, 368f, 369

sensory area, 312f, 372, 383

somatosensory area, 54, 88, 193, 235,
237,271, 297, 299, 300, 306, 348,

385

striate area, 8, 254, 266f, 270, 272, 304,
324

suprasylvian area, 54, 55, 95, 309, 343,
345, 378

visual area, 8, 38, 59, 83, 94, 100, 242f,

293,297, 318, 327, 329, 333, 339,
357

cortical circuitry, 376, 383, 401

cortical column, 247, 283

cortical connections, 15, 55, 3391, 343,
347, 351, 357, 358f

cortical control, 245

cortical distribution of synaptic terminals,
52

cortical inactivation, 300
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cortical layers, 52, 57, 58, 61, 134, 399
layer 1, 52-55, 61, 62, 304, 309
layer 3, 52, 55, 57, 62
layer 4, 52, 54-57, 59, 235, 237, 247,
254, 266f, 270, 272, 273, 281,
284-286
layer 5, 101, 16, 77, 86, 90, 93, 94, 96,
97, 98, 100, 133, 1871, 191, 193,
218, 234, 255, 256, 261, 271, 2791,
280, 283, 286, 289, 294, 296-298,
304, 307-309, 342-347, 362, 367,
375, 376, 378, 380, 381, 384, 387,
392-395, 402
layer 6, 11f, 16, 19, 52, 54, 56, 57, 79,
90, 92-102, 104, 110, 126, 128,
183, 184f, 192, 200, 206, 212, 219,
234, 238, 239, 241f, 245-249, 253,
256, 263-271, 284, 295-297,
307-309, 344f, 345, 347, 376, 396
cortical lesions, 28, 29f, 30, 300, 324,
325f, 338, 370
cortical maps, 19, 318-320, 331, 345, 355
cortical processing, 58, 281, 310, 331, 360,
361, 376, 379, 399
corticocortical communication, 12, 25, 251,
286, 289, 292, 305, 314, 331, 359
corticocortical interconnections, 12
corticocortical link, 358f, 402
corticocortical pathway, 9, 282, 285,
303-306, 312f, 331, 3591, 378, 380,
381, 385, 395, 401
corticocortical processing, 311, 378
corticofugal cells, 307
corticogeniculate afferents, 255, 267, 268
corticogeniculate axon, 96-98, 132, 200,
241f, 243, 246, 255, 260, 264, 327,
333, 354
corticogeniculate input, 203, 245, 261,
262, 263, 283
corticogeniculate projections, 97
corticogeniculate synapse, 273
corticoreticular axons, 349
corticoreticular circuits, 352
corticoreticular pathway, 72
corticoreticulothalamic connections, 128
corticotectal axons, 297, 307, 376, 377f
corticotectal descending branches, 380

corticothalamic afferents, 16, 20f, 96, 99,
100, 101, 104, 127f, 133, 249, 296,
298, 306, 308f, 313, 330, 344f, 396
side branches, 99
corticothalamic axons, 16, 19, 71, 82f, 86,
87, 91, 92-98, 101, 122, 126, 200,
292,296, 298, 300, 333, 334f, 348,
3501, 362, 367, 375, 379, 392, 394,
396
heterogeneity, 98, 200
origin, 93, 296
corticothalamic connections, 19, 291f, 328
corticothalamic drivers, 86, 90, 98, 299,
315, 347, 375, 399
corticothalamic EPSP, 184f, 187f
corticothalamic inputs, 95, 202, 206, 241,
304, 352
corticothalamic modulators, 94, 97, 99, 347
corticothalamic pathways, 19, 22, 90, 97,
126, 317, 319, 328, 332, 335, 341,
353, 362, 363
corticothalamic synapses, 93, 200-202
corticothalamocortical link, 402
corticothalamocortical processing, 302
corticothalamocortical route, 313
cross correlograms, 264, 265, 266f, 267,
272,274, 276, 282
cuneate nucleus, 292, 299, 364
current clamp, 161, 164
current flow, 138, 144
currents
14, 169, 170f, 173, 259
Teas 176
I, 166, 168, 183, 185, 222, 259, 276
IK[Ca]’ 176
In,, 149, 150f, 151f, 152, 156
Iy, 222, 259
K, 151f, 152, 222
Na*, 149, 151f
curve, activation/ inactivation, 161, 162f,
163, 170f, 175
cytochrome oxidase, 57
cytoplasm, 139, 140, 141, 143, 183
astrocytic, 87, 88f, 89f, 118, 119, 120,
122
electrical properties, 141
glial, 87
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D-serine, 193, 207, 208
deactivation, 156
decision making, 360
deep cerebellar nuclei, 77, 90, 278, 302,
373
degeneration
retrograde, 28, 29f, 30, 31f, 32, 59, 324,
3251, 326, 338, 343
transneuronal, 30, 325f
de-inactivation, 153, 156, 162f, 165, 166,
169, 171, 194, 199, 217, 231, 301
dendrites, 68, 143, 153
distal, 124, 130, 131f, 138, 143, 145,
256
integrative properties, 130
presynaptic, 66, 69, 74, 115, 133
proximal, 45, 114, 119, 122, 124, 126,
131f, 137, 145, 146f, 208, 256, 373
reticular, 349
dendritic arbor, 27, 33, 34, 35f, 371, 39,
41, 43, 45, 48, 63, 68, 70, 98, 130,
138, 140, 142f, 143, 144, 147, 156,
159, 172, 176, 200, 334, 354
electronically compact, 141, 143, 147
electronically extensive, 143, 177
dendritic architecture, 39, 144
dendritic geometry, 141
dendritic terminals, 65f, 66, 125, 173, 197,
206, 281
dendrodendritic contacts, 144
dendrodendritic junctions, 123
dendrodendritic synapses, 123, 215
descending branches, 292, 297-299, 379,
380
desynchronized sleep, 222, 274
detectability, 228f, 229, 231, 247, 313
development of an individual, 383
developmental hierarchy, 383
developmental history, 58, 294
developmental origin, 11, 22, 72, 354
developmental program, 335
developmental timing, 51
diencephalon, 13, 14f, 15, 72, 353
direct corticocortical connections, 9, 281,
285, 332, 347, 378, 379, 392
direct corticocortical pathway, 286, 303,
305, 306, 378, 381, 395, 401

disrupted maps, 323, 336

disrupted representation, 323, 338

disrupting action, 276

distorting lenses, 360

divergence, 39, 99, 335

DNQX, 184f, 187f

dorsal raphé nucleus, 110, 191f, 192, 204,
216, 243, 244, 255

dorsal root axons, 364, 365f

dorsal root ganglion cell, 67

dorsal tegmental nucleus, 368f, 369

dorsal thalamus, 13, 14f, 15, 17, 20, 22,
27,71, 72, 74, 108, 117, 123, 214f,
216, 257, 349

drifting grating, 225f, 227, 228f, 231

driver, 6, 9, 16, 18, 25, 77, 81, 85, 95,
112, 125, 121, 122, 190, 193, 200,
208, 223, 234, 253, 255, 263, 266f,
268,269, 271,277,279, 281, 283,
289,294, 299, 302, 304, 310, 331,
346, 363, 376, 379, 381, 393, 395,
401, 403

driver/modulator distinction, 262, 268,
270,273

driver output, 282, 283, 401, 402

driver pathway, 6, 7, 23, 92, 125, 2791,
281, 304, 363, 395

driver terminal, 86, 106, 345, 370

driving synapse, 190

drowsiness, 168, 223, 275, 313

dynamic polarization, law of, 66

dynamic range, 163, 171, 211

EEG recording, 274

electrical coupling, 74

electron microscopic appearance, 41, 80,
85, 294, 295

electron microscopic counts, 130

electron microscopy, 297

epicritic pathways, 53

epilepsy, 74, 168

epileptic discharge, 12

epithalamus, 3f, 13, 14f, 15, 30

EPSP, 126, 137, 153, 154, 156, 158, 163,
168, 171, 175, 176, 179, 183, 184f,
185, 1871, 189, 192-195, 197, 198,
201-206, 210, 212, 2141, 217, 218,



469 Index

235,237, 243, 256, 259, 260, 265,
267,270, 273,274, 278, 280, 283
error signal, 302
evaluations of perception, 374
evolution of thalamocortical pathways, 314
evolutionary history, 8, 53
extracellular space, 118, 120, 138, 205,
206
extraglomerular synapses, 70, 92, 206
extrastriate cortical areas, 54, 307, 335
extrathalamic branches, 376
eye movements. See movement, of eye

F profiles, 104, 111

F terminals, 114, 117, 124, 125, 132

F1 profiles, 104, 112, 119, 126

F1 terminals, 104, 106, 117, 118, 125,
126, 145, 208, 215

F2 profiles, 104, 112, 117, 119, 126

F2 terminals, 65f, 106-108, 113-117, 125,
1311, 145, 147, 208-213, 215, 216

facial nerve nucleus, 372

fear, 386

feedback, 128, 129, 163, 164, 167, 238,
239, 246, 247, 249, 253, 291f, 347,
379

feedforward, 127, 128, 210, 241, 291f, 379

filamentous junctions, 114, 115

finger movements, 360, 374, 380

firing mode. See burst firing; tonic firing

first order circuits, 291f, 294, 314, 315,
316, 351, 352

first order nuclei, 3f, 4f, 15, 16, 55, 78, 93,
96, 104, 105, 133, 290f, 293, 298,
300, 302-304, 310, 317, 373

first order pathways, 282, 384

first order relays, 9, 10f, 63, 77, 84, 90,
125, 131-133, 190, 203, 234, 269,
271, 280, 292, 293-295, 301, 304,
311, 313, 315, 342, 346, 362, 363,
375, 381, 393-395, 397

Fourier techniques, 226, 227

fractured representations, 323

Franco-Prussian war, 324

frontal cortex, 55, 88, 310, 315, 342, 349

frontal eye fields, 378

functional analysis, 401

functional circuitry, 179, 240f

functional losses, 83, 85

functional organization, 58, 302, 310

functional polarity, law of, 67

functional role, 302, 303, 307, 310, 311,
331, 346, 367, 375, 397

functional separation, 320, 329

G protein, 181f, 182

GABA, 17, 28, 33, 63, 69, 72, 79, 102,
104, 106-108, 111, 112, 117,
123-125, 132, 145, 174, 180, 181f,
182, 183, 191f, 192, 196-200, 205,
206, 2091, 210, 211f, 213, 215, 216,
218, 244, 245, 253, 256, 262-264,
267, 277-280, 283, 292, 301, 348

GABA, IPSP, 198, 199

GABAg receptors, 182, 197-199, 218,
244

GABAergic afferents, 17, 79, 102, 108,
112, 117, 123, 125, 199

GABAergic axons, 17, 108, 117, 123, 145,
255, 279f

GABAergic circuits, 245, 264

GAD, 33, 63, 70, 107

gain control, 40, 127, 211, 246

gap junctions, 123, 207

gateway to the cortex, 1, 391

gating actions/functions, 38, 39, 304, 310,
313, 400

geniculate. See lateral geniculate nucleus;
thalamic nuclei, medial geniculate
nucleus

geniculate cells, 8, 50, 54, 57, 60, 97, 105,
128, 130, 195, 196, 224, 227, 231,
233,239, 243, 245-247, 249, 254,
255,272, 326, 338, 401

geniculate column, 343, 346

geniculate layers, 291, 50, 51, 57, 58, 96f,
97, 100, 105, 114, 246, 319, 325f,
326-330, 334, 336, 338, 3391, 340,
346, 398

geniculocortical pathways, 8, 56, 59, 60,
62,272, 318, 324, 333, 3391, 372

glia, 33, 87, 111, 120, 121, 180, 193,
205-207

gliosis, 28
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global pattern, 243
globus pallidus, 17, 107, 108, 123, 216,
292,397, 399
glomeruli
cerebellar, 121
thalamic, 45, 871, 88f, 89, 94, 104, 106,
110-112, 114, 115, 118-122, 126,
1311, 146f, 207, 2111, 306
glucose metabolism, 315
glutamate, 105, 121, 128, 180, 182, 183,
191f, 192-196, 200, 203, 204, 206,
207, 210, 238, 266f, 296
glutamate receptors, 182, 185, 192,
194-196, 200-202, 204, 207, 208,
210, 212, 218, 239, 245
glutamatergic driver afferents, 400
glutamatergic neurons, 33
glutamic acid decarboxylase, 33
glycine, 193, 207
Golgi method, 42f, 44f, 63, 64, 81f
Golgi preparations, 33, 41, 43, 44f, 52, 69,
72, 86, 322
gracile nucleus, 292, 299, 364
granule cells
of cerebellum, 120
of olfactory bulb, 67
grapelike appendages, 45, 46, 113, 119
growth associated protein (GAP43), 315,
384
gustatory afferents, 392

habenular nucleus, 3f, 290f
half wave rectification, 229
head
direction, 302, 303, 368, 369, 392
movements, 360, 369, 370, 375, 378,
380, 387
orientation, 84, 303, 369, 375, 380
position, 369, 370
hearing, 268, 393
heterogeneity
of corticothalamic axons, 98, 99, 200
of drivers, 90
of receptors, 182
of reticular cells, 75
hierarchical series, of corticocortical
connections, 357, 358f, 359f

hierarchy, cortical, 315, 378, 379, 381,
384f, 385, 394

high release probability, 260

high speed bullets, 324

high threshold Ca*" channels, 172, 188

high threshold Ca** conductance, 154, 171,
210

higher cortical areas, 7, 83, 282, 304, 305,
3121, 329, 351, 352, 367, 376, 378,
380, 383, 387, 391

higher order circuits, 9, 16, 17, 25, 291f,
294,295, 298, 299, 303, 313-316,
350, 352

higher order connections, 351

higher order cortical areas, 305, 314, 395

higher order nuclei, 10f, 93, 101, 293, 298,
300, 302, 304

higher order pathways, 59, 282, 306, 317,
384, 397

higher order relays, 9, 10, 16, 63, 77, 85,
87,90, 91, 97, 132, 133, 191, 203,
234, 255, 256, 271, 285, 289, 293,
294, 300, 301, 303-307, 309-311,
315, 317, 318, 342, 344, 346, 351,
362, 375, 381, 387, 393, 395, 397,
398, 403

“High-p” synapses, 189

hippocampal cortex, 1

hippocampal neurons, 203

hippocampus, 100, 185, 261, 292, 303,
369

histamine, 168, 180, 182, 183, 192, 204,
205, 217

histaminergic axons, 110, 204, 205, 243,
255

histaminergic inputs, 110, 217, 243, 248

histaminergic systems, 399

histaminergic terminals, 118, 260

homocysteic acid, 207

homologies, of cortical areas, 332

homonymous visual field loss, 326

horizontal meridian, 333, 334f, 349, 350f

horseradish peroxidase, 33, 37f, 43, 65f,
71, 78, 79¢, 80f, 86, 103f, 294,
297, 371

human cerebral cortex, 384f

hydraulic analogue, 138, 139
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hyperpolarization, 138, 149, 150f, 151f,

156, 1571, 158, 1621, 164, 166, 171,

176, 197, 199, 213, 235
hyperpolarization activated cation

conductance, 166
hypothalamic branch, 386

hypothalamus, 14f, 16, 110, 118, 123, 204,

205, 352, 364, 366f

I, 169, 170f, 173, 259

ICAN’ 176

L, 166, 168, 183, 185, 222, 259, 276, 222

In,, 149, 150f, 151f, 152, 156

impulse frequencies, 38

impulse to movement, 382

inactivation, 16, 128, 149, 150f, 151f, 152,
153, 155, 156, 157f, 158, 159, 161,

1621, 163, 165, 166, 169, 170f, 171,

173, 174, 1751, 176, 178, 194, 199,
217, 218, 231, 239, 242, 243, 293,
300, 301
inactivation curve, 161, 162f, 163, 170f,
175f
inactivation gate, 149, 150f, 151f, 152,
157f
indirect inhibition, 241
inferior colliculus, 17, 79, 107, 216, 294,
299, 364, 372
inferior olive, 25, 364, 366f, 373, 376
inhibition of action, 380
inhibitory axons, 6, 11, 72
inhibitory innervation, 72, 348
inhibitory inputs, 16, 17, 104, 168, 214f,
277,278, 280, 281, 284
inhibitory interactions, 351
inhibitory terminals, 104, 107
inhibitory transmitters, 111
initiation of action, 153, 380
input/output operations, 145
input/output relationships, 147, 165, 171,
258
inputs
corticogeniculate, 245, 261, 263
to distal dendrites, 131f
driver, 3, 9, 38, 83, 92, 132, 192, 200,
201, 204, 219, 254, 256, 262, 263,
264, 266f, 268, 269, 275, 276, 281,

282,284, 310, 346, 347, 363, 381,
392, 401
GABAergic, 79, 198, 199, 215, 216, 263,
277-279, 283, 301
layer 5, 93, 94, 97, 191, 271, 280, 343,
345, 347
modulator, 137, 218, 240f, 255, 259,
260, 263, 268, 270, 285
to proximal dendrites, 131f, 145, 208
reticular, 131, 198, 206, 260, 263, 276,
277
instructions for movement, 385
integrative functions, 38, 39, 91, 92, 394,
395, 402
integrative interaction, 294, 403
integrator, 13, 155, 299, 304
intermediate filaments, 114
internal projection screen, 320
interneurons, 6, 15-17, 22, 24, 27, 30, 33,
45-47, 49, 63, 641, 651, 66, 68-72,
74,75, 79, 85, 104-107, 108, 111,
112, 114, 115, 117-119, 122,
124-126, 131-133, 137, 142f,
143-147, 170, 173, 174, 177, 178,
180, 192, 196, 197, 204, 206, 208,
209f, 212-217, 243-246, 253, 256,
261, 264, 280, 281, 283, 291f, 354,
400, 401
afferents to, 125
axons, 67, 68, 75, 104, 106, 117, 118,
125, 197
axonless, 69, 147, 173
dendrites, 46, 47, 64, 66, 74, 75, 104,
106, 114, 115, 117, 119, 126, 131f,
144
dendritic shafts/stems, 110, 114, 1135,
212
in guinea pigs, 106, 196, 202
in hamsters, 106
interlaminar, 70, 71
numbers of, 63, 66, 106
in rodents, 22, 106
interspike interval, 186, 235, 236f, 237,
238, 265, 267
interstitial nucleus of Cajal, 373
intralaminar nuclei, 3f, 15, 28, 30, 32, 52,
55,61, 84, 107, 258, 290f, 294, 319
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intrathalamic connections, 304

intrinsic cell properties, 137

invertebrate neurons, 67

involuntary movement, 382

ion channels. See channels

ion transport, 120

ionotropic receptors, 180, 181f, 185, 186,
192, 194, 196, 200, 210, 212, 217,
218, 243, 256, 259, 260, 265, 267,
272,273, 284

glutamate, 183, 192, 194, 195, 196, 201,
208, 210, 218
nicotinic, 181f, 202, 213, 242

IPSP, 129, 138, 156, 179, 182, 183,
195-199, 210, 212, 2144, 218,
222,243, 256, 260, 262, 277,
280

isocortical column, 343, 345, 346

I, 156, 159, 160f, 161, 162f, 167f, 169,
170f, 173, 174, 175, 176, 195, 198,
202, 222, 231, 235, 259

K* channels, 151f, 152, 153, 155-157,
1571, 176, 183, 203, 210

K* ions, 121, 206

K* “leak” conductance, 148, 149, 163,
1671, 169, 197, 201, 202, 204, 209,
212, 213, 216

K* reversal potential, 198, 199

kainate, 182

kainate receptors, 192, 206, 207

kinesthesis, 9, 268

kinesthetic receptors, 375

kinetics, 149, 169, 171, 174, 176, 194

konio cells, 48, 50, 56, 62, 398

koniocellular layers/components/groups,
48-51, 54, 56, 57, 62, 781, 91, 114,
345,371, 372, 398

L type Ca’* channels, 171

labeled lines, 283, 284

laminar origin, in cortex, 296, 297, 379,
395

laminar segregation of relay cells, 48, 491,
51

laminar termination, in cortex, 53, 56f,
379

lateral dorsal nucleus. See thalamic nuclei,
lateral dorsal nucleus
lateral geniculate nucleus. See also thalamic
nuclei, lateral geniculate nucleus
abnormal maps, 335, 336
C layers, 47, 50, 60, 91, 97, 100, 110,
345, 346
geniculocortical afferents, 56f, 273, 281
geniculocortical axons, 56f, 60, 245,
335
geniculocortical pathways, 56, 59, 60,
62,272,318, 339
geniculocortical synapses, 235, 272, 273
geniculocortical terminations, 57
layers, 29f, 49f, 50, 51, 58, 96f, 97, 100,
105, 114, 246, 319, 325f, 326-330,
334, 336, 338, 3391, 340, 346
relay, 50, 92, 97, 2421, 271, 386, 395
relay cell, 49, 50, 71, 92, 97, 107, 128,
129, 141, 165, 223, 224, 226, 239,
241f, 242, 245, 247, 249, 254, 255,
258, 262, 264, 267, 270, 271, 273,
283, 284, 286, 395
lateral mamillary nucleus, 84, 303, 368f,
369
lateral posterior nucleus. See thalamic
nuclei, lateral posterior nucleus
law of dynamic polarization, 66
law of functional polarity, 67
layer 4, 52, 54-57, 61, 235, 237, 238, 247,
254,266, 270, 272, 273, 281, 284,
285
layer 5, 10f, 16, 77, 86, 90, 91, 93, 94,
96-98, 100, 133, 187f, 191-193,
218, 234, 255, 256, 261, 271, 2791,
280, 282, 283, 286, 292, 294,
296-298, 300, 304, 306-309, 313,
315, 342-345, 347, 362, 367, 375,
376, 378, 380, 381, 384, 387,
392-395, 402
afferents, 192, 271, 308f, 375
axons, 93, 94, 97, 362, 375, 376
cells, 100, 261, 282, 283, 297, 304, 306,
313, 347, 362, 375, 387
corticofugal axons, 380
corticothalamic axons, 292, 296, 362,
363, 392, 394
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corticothalamic cells, 283, 309, 315
corticothalamic pathway, 90, 363
corticothalamic terminals, 91, 345
driver afferents, 392
driver inputs, 347
layer 6, 11f, 16, 19, 52, 54, 56, 57, 79, 90,
92-101, 104, 110, 125, 126, 128,
133, 183, 184f, 192, 200, 206, 212,
218, 234, 235, 238, 239, 241f,
245-247, 249, 253, 256, 261, 263,
264, 266f, 267, 268, 270, 271, 284,
298, 296, 297, 300, 307-309, 313,
3441, 345, 347, 376, 396, 397,
401
afferents, 99, 212, 308f, 309
axons, 93, 94, 96, 98, 200, 261, 296,
309, 376
cells, 92, 100, 101, 238, 246, 247, 249,
297, 396, 401
corticothalamic axons, 94-96
corticothalamic terminals, 110, 308
feedback, 239, 247, 249
thalamocortical synapses, 235
“Leak” K* conductance. See conductance,
K* “leak”
learned skills, 385
learning, 185, 383, 385, 393
lemniscal axon, 385
lemniscal inputs, 192, 253, 394
lemniscal pathway, 53, 363, 366f
limbic cortex, 303
linearity, 165, 226, 227, 228f, 235, 239,
285
local sign, 7, 17, 18, 53, 55, 61, 62, 79,
105, 129, 242, 243, 246, 248, 331,
351, 352, 395
localization of function, 322
localized lesions, 32, 324, 325f
locus coeruleus, 110
low pass tuning, 232
low threshold Ca** conductance. See
conductance, low threshold Ca**
low threshold Ca** spike, 157f, 165-167,
169, 173, 174, 176, 188, 221, 231,
239
lower motor centers, 311, 380
LT terminals. See terminals, LT

M1 receptor, 214f, 301
M2 receptor, 203, 214f, 301
magnocellular layers/components/groups,
291, 491, 50, 56, 62, 63, 78f, 91,
114, 319, 345
magnocellular part of the medial geniculate
nucleus, 45, 294, 297
magnocellular projections, 56
mamillary afferents, 292
mamillary bodies, 9, 15, 18, 85, 90, 292,
363, 368, 369
mamillotegmental tract, 368f, 369, 375
mamillothalamic pathways, 328, 363, 367
mamillothalamic tract, 9, 77, 368f, 369,
375
mapped connections, 318, 353
maps
in the brain, 317 et seq
of cortical areas, 343
multiple, 330, 332
of sensory surfaces, 59
in thalamocortical pathways, 330
topographic, 17, 19, 25, 72, 319, 320
Marchi method, 1
matrix, 61
medial dorsal nucleus. See thalamic nuclei,
medial dorsal nucleus
medial geniculate cells, 233
medial geniculate nucleus. See thalamic
nuclei, medial geniculate nucleus
medial lemniscus, 191-193, 253, 296, 364,
385
melanin, 336
membrane conductance. See conductance,
membrane
membrane potential, 147, 148, 159, 1671,
168, 170f, 241, 260
membrane properties, 6, 24, 40, 68, 138,
143, 147, 149, 155, 169, 173, 221,
223, 398
memory, 185, 311, 312f, 357, 358f, 374
memory storage, 312f, 357, 358f, 374
metabotropic receptor. See receptor,
metabotropic
metabotropic responses, 259, 267
Meynert cells, 306
Mg** block, 190, 193, 203
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mGluR1, 181f, 184f
mGluRS, 184f, 211f
microtubule-associated protein, 68
microtubules, 68, 113
midbrain, 39, 49, 202, 264, 273, 303,
307, 363, 369-372, 378, 382, 385,
394
midline nuclei. See thalamic nuclei, midline
nuclei
Midwestern cats, 338, 339f
mind, 361
mirror reversal, 19, 20, 317, 332, 333,
335, 338, 340-342
mitochondria, 87, 113, 115-117
“mixed nuclei,” 293
MK-801, 184f, 187f
modulation, 38, 75, 205, 206, 260, 261,
264, 276, 284, 285, 309, 329, 330,
352, 396, 397
modulator, 6, 9, 16, 20, 24, 25, 32, 39, 53,
77,79, 84, 85, 92-95, 97-99, 108,
112, 125, 133, 137, 186, 192, 218,
240f, 253, 255, 256, 258-264,
266-274, 277-280, 283-286, 293,
294, 296, 298-300, 304-306, 309,
315, 331, 348, 355, 370, 376, 379,
381, 392, 395, 396, 399-401, 403
modulatory axons, 95, 330, 347
modulatory control, 302
modulatory gate, 298
modulatory inputs, 17, 40, 100, 132, 192,
195, 196, 202, 218, 240f, 242, 259,
267, 268, 280, 285, 330
modulatory pathways, 19, 101, 341, 342,
355, 397
monocular enucleation, 335, 341
mossy fiber synapses, 121
motion sensitivity, 401
motor
action, 376, 383, 387, 402
assembly, 361, 362
branches, 373, 382, 392, 393
brainstem centers, 367
centers, 7, 10f, 291f, 292, 295, 303, 307,
311, 312f, 357f, 358f, 359-364,
370, 376, 379, 380, 382, 383
commands, 25, 381

components, 374, 382
coordinates, 383
cortex, 34, 84, 96, 100, 123, 235, 279,
280, 372
innervation, 375
instructions, 7, 264, 282, 292, 306, 367,
369, 380, 383, 387, 393, 394, 402
output, 292, 310, 312f, 323, 358f, 360,
361, 363, 369, 370, 374, 378, 380,
386f
pathways, 14, 25, 122, 328, 363, 367,
375
relays, 233
response, 374, 383
systems, 385
task, 361
movement
control, 9, 77, 302
of eye, 21, 222, 275, 360, 366f, 369,
370, 374, 380, 382, 387, 394
of finger, 360, 374, 380
of head, 369, 375, 378, 380, 387
pinnal, 372
of wrist, 302
MPEP, 183, 184f
multiplex, 145, 177, 283
mutations, 335
myelin, 1, 68, 89f, 315, 383
myelinated axon, 111, 153
myelinization, 383, 384f

N type Ca** channels. See channels, N type
CaZ+

Na* channels. See channels, Na*

Na* conductance, 149

Na“ currents, 151f. See also currents, Na*

neocortex, 1, 2, 8, 15, 20, 21, 27, 28, 30,
63, 90, 183, 185, 261, 305, 314,
315

nerve cells, 8, 24, 27, 30, 54, 66, 67, 71,
75, 83, 112, 119, 121, 177, 302,
307, 320, 321, 361, 401

neuroanatomy, 361

neuromodulation, 261

neuron doctrine, 66

neuronal input resistance, 197, 198, 201,

284
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neuronal degeneration. See degeneration
Nissl method/Nissl stain, 1, 29, 32
nitric oxide, 109, 125, 191f
nitric oxide synthase, 70, 126
NMDA, 182, 193, 200, 208
nociceptive pathway, 40
node of Ranvier, 153
noradrenalin, 168, 180, 182, 183, 191f,
192, 204, 205, 216
noradrenergic afferents/axons/inputs, 79,
109, 118, 123, 204, 205, 216, 217,
243, 248, 255, 399
nucleus. See also thalamic nuclei
brainstem reticular nuclei, 376
concept of a nucleus, 398
cuneate, 292, 299, 364
deep cerebellar nuclei, 77, 90, 278, 302,
373
dorsal raphé nucleus, 110, 191f, 192,
204, 216, 243, 244, 246, 255
first order, 3f, 4f, 15, 16, 55, 78, 93, 96,
101, 104, 105, 133, 290f, 292, 293,
298, 300, 302, 303, 304, 310, 317,
373
gracile, 292, 299, 364
higher order, 10, 54, 78, 93, 101, 103,
285, 293, 294, 297, 298, 300, 302,
304
lateral mamillary, 84, 303, 368f, 369,
392
perigeniculate, 22, 70, 71, 103f, 106,
123, 126, 270, 334, 353, 354
pontine tegmental reticular, 375
posterior column, 312f, 363-366, 366f
reticular nuclei, of brain stem, 25, 364,
366, 372, 376
tegmental reticular, 369, 373
vestibular, 84, 369
numbers of
connections, 6, 305
nerve cells, 8, 66, 106
synapses, 132, 270, 300
numerical strengths of inputs, 253

occipital cortex, 324
occipital lobe, 324, 325f, 360
ocular dominance, 57, 319

ocular movements, 372

ocular separation of inputs, 51

off-center pathways, 57, 395

off-center system, 50

olfactory afferent, 1, 269

olfactory cortex, 1, 294

olfactory pathways, 323

on-center pathways, 58, 395

on-center system, 50

optic chiasm, 14f, 320, 321f, 322, 325f

optic tract, 49, 50, 193, 255, 261, 321f,
363

orientation selectivity, 319

owl, 322

pacemaker frequency, 224

pain, 9, 363

paired-pulse depression, 186, 187f, 189,
190, 193, 201, 235, 237, 238, 256,
260, 262, 263, 273, 296

paired-pulse effects, 186, 189, 190, 234,
235, 262, 263

paired-pulse facilitation, 184f, 186, 189,
190, 237, 262, 296

parabrachial axons, 213, 214f, 215, 243,
244,263, 264

parabrachial innervation, 240f

parabrachial input, 202, 203, 215, 218,
241, 242, 244, 245, 247, 248, 250,
275,277, 283

parabrachial neurons, 301

parabrachial region, 109f, 110, 118,
191f, 192, 213, 242, 256, 263, 264,
330

parabrachial terminals, 204, 213

parallel fibers, of cerebellum, 85

parallel pathways, 5, 7, 66, 294

parietal cortex, 360, 382, 383

partial decussation, 320, 322, 323

parvalbumin, 61, 398

parvocellular component/layers/groups,
29, 491, 50, 56, 60, 62, 114, 345,
371

parvocellular projections, 56, 78f, 91, 319,
345, 371, 372

passive cables, 139, 141, 143

passive leakage, 148
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pathways

anterolateral, 363, 364, 365, 366f, 371

brainstem cholinergic, 399

cerebellothalamic, 363, 394

colliculopulvinar, 370

corticocortical, 7, 9, 10, 12, 281, 282,
283, 285, 286, 291f, 303-306, 311,
312f, 313, 331, 332, 347, 357, 3591,
362, 378, 379, 381, 383, 384, 392,
395, 401, 403

corticoreticular, 72, 249, 328, 349, 352,
397

corticothalamic, 19, 22, 90, 97, 126,
317, 319, 328, 332, 333, 335, 341,
352, 354, 362, 363

diffuse global, 19

epicritic, 53

first order, 317, 382, 384

geniculocortical, 8, 56, 59, 60, 62, 272,
298, 318, 324, 333, 339f, 372

higher order, 59, 282, 306, 317, 384, 397

koniocellular, 49f, 51, 54, 91

layer 5, 90, 193, 363

lemniscal pathway, 53, 363, 366f

magnocellular, 56, 91, 319

mamillothalamic, 328, 363, 367

motor, 14, 25, 122, 323, 328, 363, 367,
375

off-center, 50, 57, 58, 395

olfactory, 323

on-center, 50, 57, 58, 395

parallel, 5, 7, 66, 294

parvocellular, 56, 91, 319, 372

posterior column, 363

protopathic, 53

retinogeniculate, 50, 91, 299, 3371, 342,
346

retinogeniculocortical, 298, 318

reticulothalamic, 72, 102, 129

second messenger, 182, 183, 185, 193,
198, 203, 210

sensory, 9, 12, 15, 24, 52, 53, 77, 83,
86, 90, 268, 284, 302, 318, 329,
367

somatosensory, 17, 38, 43, 59, 60, 96,
203, 299, 300, 311, 328, 331, 351,
364, 375

spinothalamic, 53
thalamocortical, 11, 17, 20, 22, 28, 32,
40, 52, 53, 54, 56, 59, 60, 62, 74,
79, 80, 98, 271, 282, 305, 306, 314,
317, 319, 323, 330, 332, 333, 335,
336, 338, 340, 341, 342, 343, 355,
381, 393, 394, 396
transthalamic corticocortical, 7, 9, 234,
312f, 347, 378-380, 384f, 395,
401
vestibular, 372, 373
visual pathways, 19, 51, 52, 56, 59, 96,
271, 300, 320, 321f, 329, 330, 333,
335, 336, 349, 355, 363, 369, 372,
382, 398, 400, 401
X, 38, 46, 47, 91, 92, 119, 294, 395
Y, 38, 46, 50, 58, 91, 92, 119, 294, 370,
395
W, 491, 51, 91
“What,” 311
“Where,” 311
pathways for action, 361
pattern recognition, 323
perception, 7, 12, 25, 26, 55, 248, 322,
357, 360, 361, 362, 367, 372, 374,
381, 382, 385, 387, 393, 402
perceptual process/processing, 7, 292, 312f,
357, 359, 360-362, 367, 374, 376,
382, 385, 387, 393, 401, 402
perceptual skills, 385
perceptual task, 361
periaqueductal gray, 368, 369, 372
perigeniculate cells, 22, 71
perigeniculate nucleus, 22, 70, 71, 103f,
105, 123, 126, 270, 334f, 353, 354
perikaryal size, 27, 41, 46, 61
peripheral receptors, 367, 381, 385
perireticular nucleus, 333, 353
persistent Na* conductance. See
conductance, persistent Na*
photoreceptor, 284
pinnal movements, 372
plasticity, 23, 186, 384
pons, 361, 368f, 369, 373, 375, 376
pontine tegmental reticular nucleus, 375
population histogram, 34
positive feedback, 163, 164
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posterior column nuclei, 311f, 364, 365,
366f
posterior column pathway, 363
posterior nucleus. See thalamic nuclei,
posterior nucleus
posterior medial nucleus. See thalamic
nuclei, posterior medial nucleus
posterior parietal cortex, 382
postnatal development, 315
postsynaptic potential amplitude, 260
postsynaptic receptor. See receptor,
postsynaptic
potentials
postsynaptic, 66, 86, 137, 138, 139, 141,
143, 144, 148, 154, 171, 177, 179,
182, 185, 186, 188-190, 199, 201,
217, 248, 259, 260
synaptic, 137
prefrontal cortex, 55, 282, 293
premotor innervation, 375
premotor branches, 373
presynaptic dendrites, 66, 69, 74, 115, 133
presynaptic GABAergic modulation, 206
presynaptic receptors, 205, 206
pretectal region, 216
pretectal X axons, 47
pretectum, 17, 47, 107, 118, 123, 190,
366f, 369, 370, 371, 385, 397, 399
prethalamic branches, 373, 374
primary driver, 305
primary sensory cortex. See cortical areas,
sensory
primary visual cortex. See cortical areas,
visual
primates, 9, 22, 24, 48, 50, 56, 57, 59,
61-63, 98, 110, 114, 289, 290f,
296, 311, 326-328, 335, 342
principal mamillary tract, 368
probability of transmitter release, 188, 262
projection
cholinergic, 109
corticogeniculate, 97
corticothalamic, 97, 238, 248, 376
diffuse, 18, 104
GABAergic, 216
mapped, 17, 19, 319, 323, 342, 348
proprioceptive inputs, 382

protopathic pathways, 53

pseudotriad, 116, 131f

psychophysical parallelism, 361

pulvinar nucleus. See thalamic nuclei,
pulvinar nucleus

pupillary control, 370

“Pure sensation,” 367

“Pure sensory” message/system, 369, 371,
383

“pure vision,” 367, 371

pyramidal cells, 45, 79, 90, 100, 153, 234,
295

quantitative analyses/studies, 43, 45, 46,
124, 130

radiate cells, 41, 42f, 42-47
receiver operating characteristic analysis,
230f
receptive field properties, 9, 16, 33, 34,
371, 38, 39, 48, 85, 93, 98, 101,
226, 254, 255,258,271, 282, 283,
293, 296, 299, 300, 305, 370, 393,
401, 402
receptive fields, 15, 18, 37, 39, 62, 97,
98, 128, 238, 239, 241f, 254, 255,
258, 264, 268, 270, 271, 282, 283,
300, 305, 321, 331, 340, 352,
354
receptor
AMPA, 182, 185, 1871, 192, 193, 195,
201, 207, 208, 210, 212, 218, 239,
245
GABA,, 181f, 182, 196, 197-199
GABA;, 182, 197, 198, 199, 218, 244
glutamate, 182, 183, 185, 192, 194-196,
200, 201, 204, 207
ionotropic, 180-186, 191f, 192, 194,
196, 200, 210, 212, 217-219, 243,
256, 259, 260, 265, 267, 272, 273,
284
glutamate, 182, 183, 185, 192,
194-196, 201, 208, 210, 218
nicotinic, 202
kainate, 192, 206, 207
M1, 214f, 301
M2, 203, 214f, 301
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receptor (cont.)
metabotropic, 166, 180, 181f, 182, 183,
185, 1911, 192, 193, 195, 196, 198,
200, 203, 205, 210, 216-218, 243,
248, 256, 259, 260, 265, 267, 272,
284, 296, 400
glutamate, 182, 183, 185, 194, 196,
200, 201, 202, 204, 207, 210, 212,
218, 239, 245
mGluR1, 181f, 183, 184f
mGluRS, 184f, 211f
muscarinic, 181f, 183, 203, 204, 213,
214f, 217, 243
NMDA, 185, 187f, 189, 190, 192, 193,
195, 203, 207, 208
postsynaptic, 40, 121, 122, 141, 179,
180, 190, 191f, 197, 208, 209f,
211, 212, 217, 259, 272, 292
presynaptic, 205, 206
type 1 metabotropic glutamate, 183, 201,
210
receptor organ, 374
receptor protein complexes, 181f
reciprocal mapping, 101
reciprocity, 97, 98
red nucleus, 373
reduplication of cortical areas, 314
refractory period, 152, 153, 165, 174,
231
reiteration of thalamocortical circuitry,
314
relay cells, 6, 9, 15, 17, 24, 25, 27, 28, 32,
33, 36f, 38-41, 43, 46, 48-51, 59,
61-64, 66, 71, 72, 77, 84, 85, 91,
92, 98-100, 104-107, 110, 111,
114, 115, 119, 122, 124-130, 132,
133, 137, 140-146, 148, 149, 154,
159, 160f, 163-165, 167-177, 179,
180, 185, 190-194, 196-206, 208,
210, 211, 213-218, 221- 224, 226,
228f, 232, 233-235, 239-249,
253-255, 258-260, 262, 264, 267,
269-271, 274-278, 280, 286, 294,
300-302, 304, 309, 311, 313, 342,
392, 395, 400, 401, 403
classification of, 28, 40
collaterals of, 126

identification of, 28
number of, 395
output of, 165
response mode of, 155, 168, 180, 194,
196, 198, 201, 202, 218, 274
reticular inputs to, 198
relay nucleus, 28, 66, 129, 285, 293, 303,
309, 351
release probability, 186, 260
REM sleep, 275, 277, 314
repolarization, 152, 156, 1671, 199, 222,
283
representations of the visual field, 331, 332,
343, 350f
response mode, 25, 154, 155, 168, 174,
176, 180, 194, 196, 198, 202, 203,
218, 221-223, 226, 227, 229, 231,
232, 234, 235, 237, 239, 240, 242,
243, 244-249, 274
response properties, 57, 83, 223, 224,
283, 293, 307, 310, 345, 346, 369,
401
response saturation, 171, 211, 212
resting membrane potential, 148, 151f,
157f
reticular cells, 21, 22, 24, 27, 70-72, 74,
75,104, 105, 107, 123, 124-129,
137, 143, 144, 167, 174-178, 180,
196, 197, 199, 204, 208, 212-217,
222,223, 241, 243, 245-247, 253,
261, 264, 270, 275, 276, 280, 348,
349, 351, 352, 396
displaced, 70
reticular circuitry, 242f
reticular connections, 12, 85, 349, 352,
397
reticular dendrites. See dendrites
reticular inputs, 131f, 198, 206, 263, 276,
277
reticular maps, 353
reticular nuclei, of brain stem, 25, 364,
366, 372, 376
reticular nucleus, of thalamus. See thalamic
nuclei, reticular nucleus
reticular slabs, 349, 351, 352
reticulogeniculate axons, 106, 326, 327,
330
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reticulothalamic axon, 102, 104

reticulothalamic pathway, 72, 102, 129

retina, 8, 17, 23, 34, 35f, 46, 83, 130, 166,
1911, 192, 196, 2091, 232, 273, 296,
321f, 325f, 325-327, 330, 335-340,
3591, 386

retinal afferents, 37f, 45, 49, 78f, 97, 130,
158, 192, 195, 203, 210, 253, 254,
255,258, 264, 267, 274, 280, 283,
325f, 354, 370

retinal axon, 70, 131f, 191, 193, 211, 218,
258, 260, 261, 264, 273, 336, 370

retinal ganglion cells, 34, 35f, 50, 231,
235f, 327, 346, 370, 371

retinal image, 372

retinal input, 41, 51, 70, 71, 146f, 192,
195, 208, 210, 215, 218, 253-2535,
260, 262-264, 266, 267, 271, 279,
281, 283, 284, 345, 375

retinal maps, 324, 330

retinogeniculate axons, 49, 78f, 91, 94, 96,
121, 155, 262, 273, 369

retinogeniculate circuitry, 211

retinogeniculate inputs, 51, 92, 245, 273,
328

retinogeniculate pathway, 50, 91, 291, 299,
337f, 341, 346

retinogeniculate synapse, 121, 130, 205,
208, 272

retinogeniculocortical, 298, 318

retrograde cell losses, 324

retrograde degeneration. See degeneration

retrograde labeling, 47, 347, 349, 370

retrograde markers, 341

retrosplenial cortex. See cortical areas,
retrosplenial area

reversal potential, 148, 161, 197-199

revulsion, 386

rhythmic bursting, 166, 167f, 168, 176,
221,222,223, 250, 275, 276, 314

synchronized, 222, 275, 277

rhythmic discharge patterns, 74

ribosomes, 68, 106

RL afferents, 117

RL axons, 108, 300

RL terminals. See terminals, RL

ROC analysis, 228f

ROC curves, 231f

role of action in perception, 361, 387
RS afferents, 112

RS axons, 300

RS terminals. See terminals, RS

sag current, 166

schizophrenia, 310

scotoma, 324, 326

“Searchlight hypothesis,” 232

second messenger, 181-183, 185, 193, 198,
201, 203, 210, 217

sensation, 360, 367, 381, 382

sense of touch, 360

sensorimotor contingencies, 362, 367, 393,
394

sensorimotor continuum, 378

sensory coordinates, 383

sensory cortex. See cortical areas, sensory
area

sensory inputs, 312f, 313, 318, 319, 323,
335, 374, 383, 385, 393

sensory maps, 341

sensory pathways, 9, 15, 24, 52, 53, 86,
90, 268, 284, 328, 329, 367

sensory physiology, 361

sensory relays, 6, 23, 61, 85, 28

sensory signals, 361, 362

sensory surfaces, 10, 17, 22, 59, 105, 318,
320, 323, 341, 395

maps of, 59, 105, 320

serotonergic axons, 110, 204, 216, 243,
244,255

serotonergic inputs, 216, 243, 248

serotonergic terminals, 118, 206

serotonin, 168, 180, 182, 183, 191f, 192,
204, 2085, 216, 217-218

Sholl circles, 34, 45

Sholl ring analysis, 36f

Siamese cats, 336-342

signal transmission, 265

signal-to-noise ratio, 25, 285

silent cells, 101

silent period, 155, 165, 190, 233, 237, 238

sine wave grating, 224f, 225f, 229, 307

skin receptors, 386

slabs. See reticular slabs
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sleep, 12, 17, 74, 167, 168, 199, 215,
222-224, 233, 249, 258, 274-276,
277,299, 314

desynchronized, 221, 274

REM, 222, 275, 277, 314

slow wave, 17, 168, 222, 223, 233, 274,
275,276,277, 314

sleep states, 199, 222, 299

slice preparations, 71, 91, 102, 121, 140,
1601, 221, 351

smell, 268, 269, 329

soma, 34, 36f, 137-139, 141, 142-147,
146f, 153, 159, 162f, 172, 175, 177,
178, 208, 212, 260

somatosensory afferents, 85, 292, 295, 302,
392

somatosensory cortex. See cortical areas,
somatosensory area

somatosensory nuclei, 296

somatosensory pathways, 17, 38, 43, 59,
60, 96, 203, 235, 237, 299, 300,
311, 328, 331, 351, 364, 375

somatosensory relays, 81, 131, 233, 249,
342, 400

somatosensory stimuli, 363

spatial orientation, 303

spinal branches, 385

spinal cord, 7, 282, 285, 311, 364, 365f,
366f, 373, 376, 392, 399

spinal neurons, 365f

spinothalamic pathways. See pathways,
spinothalamic

spontaneous activity, 140, 224, 225f, 229,
230f, 232, 233, 266f, 277, 278, 284,
285

ST terminals. See terminals, ST

startle response, 372

static images, 232

stellate cells, 43, 45

stimulus detectability. See detectability

striate cortex. See cortical areas, striate area

striatum, 13, 15, 20, 27, 28, 32, 55, 361,
399

subplate, 333

substantia nigra, 17, 107, 108, 123, 216,
292, 397

subthalamus, 14

superior colliculus, 25, 47, 83, 110, 190,
273,292, 306, 308f, 338, 361, 363,
364, 366, 369, 370-372, 375, 376
suprasylvian cortex. See cortical areas,
suprasylvian area
sustaining projections, 32
synapses, 11, 45, 65f, 67, 70, 89, 92, 93,
108, 113, 115, 117-123, 130-133,
139-142, 145, 175, 178, 179, 186,
188-190, 193, 195-197, 200-202,
204-208, 211f, 215, 234, 235, 237,
238, 256, 260, 261, 270, 272, 273,
277, 296, 301, 306, 348, 381
driving, 190
extraglomerular, 70, 92, 206
glomerular, 92, 121
mossy fiber, 121
nonglomerular, 120
numbers of. See numbers of, synapses
synaptic conductance, 246, 284. See also
conductance, synaptic
synaptic connections, 6, 45, 77, 86, 91,
111, 126, 134, 208, 209f, 253
synaptic development, 383
synaptic inputs, 25, 119, 124, 129, 131f,
137, 139, 144, 147, 148, 176,
177-179, 190, 194, 200, 205, 208,
209, 253
synaptic integration, 130, 144, 145, 154
synaptic junctions, 74, 77, 86, 88f, 89f, 113,
114, 118, 120, 121-123, 133, 302
asymmetrical, 113, 123
symmetrical, 113, 123
synaptic organization, 12, 295
synaptic plasticity, 186
synaptic properties, 17, 77, 91, 125, 130,
179, 193, 205, 238, 296
synaptic sites, 66, 92, 139, 141
synaptic symmetry, 104
synaptic terminals, 52, 106, 111, 112, 119,
145, 171, 172, 188, 205-207, 215,
270, 279, 306, 345
synaptic vesicles, 66, 94, 104, 106, 111,
112, 114, 122
synchronized, rhythmic bursting. See
rhythmic bursting
synchrony, 68, 221, 222, 249, 272
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T channels. See channels, T
T type Ca** channels. See channels, T type
CaZ+
tactile inputs, 393
tactile perception, 360
target acquisition, 232
taste, 15, 268, 269, 320, 329, 372, 373,
393, 400
afferents, 372
tectal afferents. See afferents, tectal
tectal branch, 380, 387
tectal inactivation, 107, 293
tectal inputs, 254, 343
tectopulvinar driver, 370
tectothalamic cells, 370
tectum, 366f, 385
tegmental reticular nucleus, 369, 373, 375
telencephalon, 14f, 15, 20, 21, 27, 353
temperature, 9, 363
temporal retina, 325f, 335, 338, 3391, 340
temporal summation, 188, 189, 195, 199,
218, 237, 259, 265, 278
terminal arbor, 18, 47, 52, 57, 66, 72, 80f,
85, 86, 94, 102f, 1091, 129, 244,
257,263
terminal types, 111, 113, 116f, 118
terminals
cholinergic, 94, 110
F terminals, 114, 117, 124, 125, 132,
331, 346
F1 terminals, 104, 106, 117, 118, 125,
126, 145, 208, 215
F2 terminals, 65f, 106-108, 113-1135,
117, 125, 131f, 145, 147, 208-213,
215, 216, 219
histaminergic, 118, 260
layer § corticothalamic. See layer §
layer 6 corticothalamic. See layer 6
lemniscal, 92
LT, 124
noradrenergic, 118
RL, 87, 88, 90, 91, 100, 112-115, 119,
121, 122, 125, 131-133, 269,
293-296, 298, 301
RS, 94, 100, 110, 112-118, 124-126,
132, 133, 145, 295, 296, 298
cholinergic, 115

serotonergic, 118, 206
spinothalamic, 92
ST, 124
tetrodotoxin, 161, 164, 127
thalamic circuitry, 3, 6, 58, 85, 133,
137, 158, 180, 221, 248, 249,
315
thalamic gate, 303, 313, 380
thalamic maps, 19, 318, 331, 332
thalamic nuclei, 2-5, 8-11, 13, 15-17,
19, 21, 23, 28, 30, 34, 43, 47, 51,
55, 56, 58, 59, 61, 63, 66, 72, 75,
81, 84, 90-92, 94, 95, 98-100,
104, 105-106, 109-112, 118, 119,
121, 122, 133, 141, 144, 154,
163, 190-192, 196, 202, 203,
216, 233, 234, 244, 245, 258,
269, 277, 280, 285, 2901, 295,
303, 311, 312, 315, 329, 335, 348,
349, 355, 361, 362, 367, 372,
396-400
anterior dorsal nucleus, 3f, 84, 290f,
303, 368f
anterior medial nucleus, 3f, 290f
anterior thalamic nuclei, 9, 84, 100, 292,
303, 311, 319, 349, 367
anterior ventral nucleus, 3f, 290f
“association nuclei,” 292
center median nucleus, 3f, 17, 100, 107,
290f, 294
habenular nucleus, 3f, 290f
intralaminar nuclei, 3f, 15, 28, 30, 32,
52,55, 61, 84, 107, 258, 290f, 294,
319, 351
lateral dorsal nucleus, 3f, 319, 290f
lateral geniculate nucleus, 3f, 8, 17, 23,
29, 38,47, 49, 54, 68, 791, 96f,
116f, 128, 141, 146f, 160f, 170f,
192, 223, 242, 244, 253, 264, 271,
290f, 292, 301, 308f, 325f, 326,
329, 3341, 335, 336, 3371, 344f,
3501, 354, 402
lateral posterior nucleus, 3f, 15, 54,
82f, 88, 90, 91, 94, 99, 100, 106,
175, 290f, 293, 297, 306, 307,
3081, 309, 318, 342, 343, 344f, 345,
347
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thalamic nuclei (cont.)

medial dorsal nucleus, 3f, 55, 68, 88,
100, 258, 269, 293, 296, 297, 310,
342, 349

medial geniculate nucleus, 3f, 8, 17, 29,
38, 45, 47, 68, 216, 223, 258, 290f,
292,298, 319, 372

magnocellular part, 294

midline nuclei, 3f, 28, 30, 55, 258, 290f

perigeniculate nucleus, 22, 70, 71, 103f,
105, 123, 126, 270, 334f, 353, 354

perireticular nucleus, 333, 353

posterior medial nucleus, 184f, 187f,
191, 192, 196, 218, 233, 271

posterior nucleus, 3f, 90, 290f, 297, 298,
300

pulvinar nucleus, 3f, 39, 46, 54, 60, 84,
86-88, 88f, 90, 94, 96, 100, 126,
131, 132, 159, 191, 244, 258, 270,
271, 285, 286, 290f, 293, 296, 297,
300, 301, 305-310, 318, 335,
342-345, 352, 357, 359f, 370, 394,
395, 402

reticular nucleus, 3f, 11f, 12, 14-17, 19,
20-22, 25, 27, 30, 70-75, 79, 85,
95, 101, 102, 104, 105, 107, 108,
112, 117, 122-126, 129, 144, 167,
174, 175, 191f, 192, 196, 199, 206,
207, 209f, 213-216, 221, 222, 232,
239, 2401, 244, 247, 257, 258, 263,
264, 269, 274-277, 290f, 2911, 295,
297, 298, 308f, 313, 314, 315,
317-319, 327-330, 333, 334f, 335,
348-355, 369, 396, 397, 400

sectors, 11f, 74, 122, 123, 348, 351,

354

ventral anterior nucleus, 3f, 9, 15, 17,
88, 159, 216, 2791, 290f

ventral lateral nucleus, 3f, 9, 15, 87, 119,
235, 279, 290f, 292

ventral lateral geniculate nucleus, 14, 21

ventral posterior medial nucleus, 3f,
190f, 233

ventral posterior nucleus, 3f, 9, 11, 43,
45, 46, 52, 54, 63, 64f, 68, 86, 87,
92, 97, 102f, 104, 105, 119, 131,
162f, 179f, 191-193, 195, 235, 237,

253,258, 269, 271, 279, 290f, 292,
298, 300, 319, 328, 333, 364

thalamic radiation, 319

thalamic relays, 10f, 13, 16, 17, 24, 25, 39,
60, 79, 81, 83, 84, 86, 92, 101, 107,
119, 125, 130, 134, 177, 192, 196,
203, 216, 218, 233, 234, 242, 247,
254, 258, 260, 264, 268, 269, 271,
273,275, 282, 285, 289, 300-302,
311, 312f, 314, 315, 318, 332, 347,
349, 351, 357, 358f, 362, 373, 374,
376, 381, 385, 392, 394, 397-400

thalamic reticular cells. See reticular cells

thalamocortical axons, 11, 39, 52-55, 59,
60, 62, 84, 122, 125, 137, 226, 238,
285, 304, 319, 353, 395, 399

thalamocortical connections, 23, 28, 291f,
312f, 348, 380

thalamocortical input, 2, 61, 238, 309, 381

thalamocortical pathways, 11, 17, 20, 22,
28, 32, 40, 52, 53, 54, 56, 59, 60,
62, 64,79, 80, 98, 271, 282, 305,
306, 314, 317, 319, 323, 330, 332,
333, 335, 336, 338, 340, 341-343,
355, 393, 396

thalamocortical synapses, 190, 234, 235,
237,281

thalamocortical transmission, 153, 223

“Theory of pure vision,” 360

tight junctions, 120

tonic firing, 158, 161, 165-168, 171, 172,
176, 194, 195, 203-205, 223,
225-229, 231, 233-235, 237-239,
242-244, 246-249, 274, 275, 304,
313

tonic mode, 25, 155, 158, 160f, 161, 168,
169, 171, 202, 203, 222, 224, 225f,
227,229-235, 239, 241-244,
248-250, 274, 277, 299, 302, 309,
310, 313, 314, 380

tonic response, 165, 174, 221, 223, 226,
247,274

topographic fidelity, 246

topographic maps. See maps, topographic

topographic matching, 328

topographic order, 7, 18, 20f, 321, 327,
335, 351
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topographically organized connection, 319
topography, 17, 18, 101, 105, 238, 241,
269, 329, 336, 348
touch, 212, 268, 332, 360, 363, 372, 374,
376, 393
transfer function, 281, 282, 283, 401
transmitter, 6, 12, 18, 23, 24, 27, 40, 68,
95,109-111, 118, 120, 121, 172,
179-183, 185, 186, 188-192, 195,
197, 200, 203, 205, 206, 210,
2111, 215, 258, 260, 262, 302, 354,
398
acetylcholine. See acetylcholine
diffusion, 121
GABA. See GABA
glutamate. See glutamate
glycine. See glycine
histamine. See histamine
inhibitory, 111
noradrenalin. See noradrenalin
release, 95, 172, 180, 181f, 186, 188,
189, 205, 206, 210, 215, 260, 261,
262
probability of, 188, 189, 261, 262
serotonin. See serotonin
uptake, 120
transneuronal degeneration. See
degeneration
triad, 45-47, 65f, 74, 106, 108, 114, 116,
118, 119, 122, 131f, 145, 206, 210,
211f, 212, 215, 281
triadic circuitry, 206, 211f
triadic junctions, 46, 74, 108, 114
triadic synaptic arrangement, 145, 210
transthalamic connections, 305, 379, 380
transthalamic corticocortical pathways, 7,
302, 312f, 378, 379, 380, 384, 395,
401
trophic interactions, 30
tuberomamillary nucleus, 110, 118, 191f,
192, 204, 205, 243, 255
tubular clusters, 119
type 1 metabotropic glutamate receptor. See
receptor, type 1 metabotropic
glutamate
type I axons. See axons, type |
type II axons. See axons, type II

V1. See cortical areas, area V1

V2. See cortical areas, area V2

V6. See cortical areas, area V6

ventral anterior nucleus. See thalamic
nuclei, ventral anterior nucleus

ventral lateral geniculate nucleus. See
thalamic nuclei, ventral lateral
geniculate nucleus

ventral lateral nucleus. See thalamic nuclei,
ventral lateral nucleus

ventral posterior medial nucleus. See
thalamic nuclei, ventral posterior
medial nucleus

ventral posterior nucleus. See thalamic
nuclei, ventral posterior nucleus

ventral thalamus, 13-15, 20, 21, 72

vertical meridian, 331, 333, 338, 340, 349,
350f

vesicle shape, 104, 113

vestibular afferents, 372

vestibular inputs, 303, 382

vestibular nuclei, 84, 269

vestibular pathways, 373

vestibular signals, 370

vestibulothalamic axons, 373

vibrissae, 45

vision, 51, 233, 247, 254, 268, 311, 321f,
322, 332, 354, 360, 361, 367, 371,
393

visual afferents, 292, 392

visual cortex. See cortical areas, visual area

visual experience, 374

visual field, 47, 51, 62, 105, 239, 241f,
246, 249, 321-327, 329-332, 336,
338, 3391, 340, 343, 349, 350f, 386

visual field losses, 324, 325f

visual field maps, 326, 327, 341, 343

visual field representation, 338, 343

visual information, 218, 232, 239, 249,
257, 3591, 360

visual pathways, 19, 51, 52, 56, 59, 96,
271, 300, 320, 321f, 329, 330, 333,
335, 336, 349, 355, 363, 369, 372,
375, 382, 398, 400

visual perception, 360, 372

visual pulvinar, 96. See also thalamic nuclei,
pulvinar nucleus
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visual relays, 39, 100, 301, 318, 352, 357

visual stimulus, 224f, 226, 227, 229,
231-233, 247, 284, 363

voltage activated gate, 149, 151f, 156

voltage clamp, 159, 162f, 163, 1701, 175

voltage dependent conductance, 149, 154,
167f, 179, 201, 217

voltage dependent membrane properties, 221

voltage sensitive ion channels, 139, 153

voltage spike, 155

voltage threshold, 152, 164, 277

“voluntary” exploration, 382

W axons, 57, 91, 262

W cells, 48, 50, 60, 62, 371

W component, 345

W ganglion cells, 346

W pathway. See pathways, W

“Wake up” call, 232, 234, 237, 313

wakeful state, 223

wakefulness, 199, 223, 224, 232, 274, 275,
301

“What” pathway, 311

“where” pathway, 311

whisker deflections, 176

whisking, 233

X arbors, in cortex, 57, 60

X axons, 47, 57, 80f, 262

X cells, 34, 37f, 41, 45, 47, 48, 50, 60, 71,
74, 92,107, 119, 131f, 236f, 246,
281, 330, 371

X ganglion cells, 346, 400

X pathways. See pathways, X

Y arbors, 57, 60

Y axons, 47, 57, 262

Y cells, 34, 351, 36f, 371, 41, 45-50, 60,
62, 71, 75, 92, 107, 119, 131f, 155,
236f, 246, 281, 330, 398, 400

Y ganglion cells, 346

Y pathways. See pathways, Y

zona incerta, 17, 107, 108, 216, 301, 397,
399



