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In both normal and abnormal states, each of these transmitters for a 
presumptive general activating system must influence a variety of behaviors. 
Several studies have examined the effects of catecholamine depletion and 
pharmacological antagonism on cortical function in primates (Brozoski et 
al. 1979; Arnsten and Goldman-Rakic 1985b). From these studies it appears 
that limited lesions and pharmacological manipulations of these aminergic 
systems can produce profound impairments in carefully controlled behavioral 
paradigms. 

It would appear that a discrete molecular and cellular foundation has 
been established by the anatomic, cytochemical, and electrophysiologic 
studies of the past decade to begin to document the highly perceptive 
interpretations developed by Jasper and by Dell when the phenomena of 
general activation of the neocortex by electrophysiologic signs were first 
noted. Then, as now, what remains to be established is the degree to which 
such electroencephalographic or cellular evidence of an induced state of 
enhanced responsiveness to sensory stimuli represent epiphenomena of 
behavior or the actual mechanisms which can enhance or diminish the 
probability that a specifiable behavioral repertoire may be elicited or 
initiated. 

REFERENCES 

Aghajanian, G.K ., and van der Maelen, C.P. 1986. Specific systems of the reticular 
core: serotonin. In: Handbook of Physiology, vol. on Intrinsic Regulatory Systems 
in the Brain, ed. F.E. Bloom, pp. 237-256. Bethesda, MD : American Physiological 
Society. 

Arnsten, A.F. , and Goldman-Rakic, P.S. 1985a. Alpha-2 adrenergic mechanisms in 
prefrontal cortex association with cognitive decline in aged nonhuman primates. 
Science 230: 1273-1276. 

Arnsten, A.F., and Goldman-Rakic, P.S. 1985b. Catecholamines and cognitive 
decline in aged nonhuman primates. Ann. NY Acad. Sci. 444: 218-234. 

Aston-Jones, G.; Segal, M.; and Bloom, F.E. 1980. Brain aminergic axons exhibit 
marked variability in conduction velocity. Brain Res. 195: 215-222. 

Aston-Jones, G., and Bloom, F.E. 1981a. Activity of norepinephrine-containing 
locus coeruleus neurons in behaving rats anticipates fluctuations in the sleep­
waking cycle. J. Neurosci. 1: 876--886. 

Aston-Jones, G. , and Bloom, F. E. 198lb. Norepinephrine-containing locus coeruleus 
neurons in behaving rates exhibit pronounced responses to non-noxious environ­
mental stimuli. J. Neurosci. 1: 887-900. 

Aston-Jones, G. ; Foote, S.L. ; and Segal, M . 1985. Impulse conduction properties 
of noradrenergic locus coeruleus axons projecting to monkey cerebrocortex. 
Neurosci. 15: 765-777. 

Aston-Jones, G. ; Shaver, R.; and Dinan, T. 1985. Nucleus basalis neurons exhibit 
axonal branching with decreased impulse conduction velocity in rat cerebrocortex. 
Brain Res. 325: 271- 285. 

Bjorklund, A., and Lindvall , 0. 1986. Catecholaminergic brain stem regulatory 
systems. In: Handbook of Physiology, vol. on Intrinsic Regulatory Systems in 



The Role of General Activating Systems in Cortical Function 419 

the Brain , ed. F.E. Bloom , pp. 155-236. Bethesda , MD: American Physiological 
Society. 

Bloom , F.E . 1984a. General features of chemically identified neurons. In: Handbook 
of Chemical Neuroanatomy , eds. A. Bjorklund and T. Hokfelt , vol. 2, pp . 1- 22. 
The Netherlands: Elsevier/North-Holland Biomedical Press. 

Bloom, F .E. 1984b. The functional significance of neurotransmitter diversity. Am. 
J. Physiology , 246: C184-C194 . 

Brown , R.M .; Crane, A .M.; and Goldman , P.S . 1979. Regional distribution of 
monoamines in the cerebral cortex and subcortical structures of the rhesus 
monkey. Science 205: 929-932. 

Brown, R.M. , and Goldman , P.S. 1977. Catecholamines in neocortex of rhesus 
monkeys: regional distribution and ontogenetic development . Brain Res. 124: 
576-580. 

Brozoski , T.J.; Brown, R.M.; Rosvold, H.E. ; and Goldman, P.S. 1979. Cognitive 
deficit caused by regional depletion of dopamine in prefrontal cortex of rhesus 
monkey. Science 205: 929- 932. 

de Lima , A .D. ; Bloom, F.E. ; and Morrison, J.H. 1987. Serotonergic synapses in 
monkey primary visual cortex. Soc. Neurosci Abst., in press. 

de Lima, A.D. ; Montero, V.M .; and Singer, W. 1985. The cholinergic innervation 
of the visual thalamus: an EM immunocytochemical study. Exp. Brain Res. 59: 
206-212. 

de Lima , A .D. , and Singer, W. 1986. Cholinergic innervation of the cat striate 
cortex: a choline acetyltransferase immunocytochemical analysis. f. Camp. Neural. 
250: 324-338. 

Dutar , P.; Rasco!, 0. ; Jobert, A.; and Lamour, Y. 1986. Comparison of septa­
hippocampal with basalo-cortical projection neurons in the rat: an electrophysiolog­
ical approach. Neurosci. Lett. 63: 86-90. 

Ferron , A.; Siggins, G.R.; and Bloom , F.E. 1985. Vasoactive intestinal polypeptide 
acts synergistically with norepinephrine to depress spontaneous discharge rate in 
cerebral cortical neurons. Proc. Nat!. Acad. Sci. USA 82: 8810-8812 . 

Foote , S.L.; Bloom, F.E.; and Aston-Jones, G. 1983. The nucleus locus coeruleus: 
new evidence of anatomical and physiological specificity. Physiol. Rev. 63: 
844-914. 

Foote , S. L. , and Morrison, J. H. 1987. Extrathalamic modulation of cortical function. 
Ann. Rev. Neurosci. 10: 67- 95. 

Gatter , K.C., and Powell, T.P. 1977. The projection of the locus coeruleus upon 
the neocortex in the macaque monkey. Neurosci. 2: 441 - 445. 

Hobson, J .A. , and Steriade , M. 1986. Neuronal basis of behavioral state control. 
In: Handbook of Physiology , vol. on Intrinsic Regulatory Systems in the Brain , 
ed. F.E. Bloom , pp. 701-826. Bethesda , MD: American Physiological Society. 

Jacobs , B.L. ; Heym , J. ; and Steinfels , G.F. 1984. Physiological and behavioral 
analysis of raphe unit activity . In: Handbook of Psychopharmacology, eds. 
L.L. Iversen , S.D . Iversen , and S.H. Snyder, vol. 18, pp. 343-395. New York: 
Plenum. 

Jones , E.G. , and Hendry , S.H.C. 1986. Co-localization of GABA and neuropeptides 
in neocortical neurons. Trends Neurosci. 9: 71- 74. 

Lamour , Y.; Dutar , P. ; and Jobert, A. 1984. Cortical project ions of the nucleus of 
the diagonal band of Broca and of the substantia innominata in the rat: an 
anatomical study using the anterograde transport of a conjugate of wheat germ 
agglutinin and horseradish peroxidase. Neurosci. 12: 395- 408. 

Lamour, Y.; Dutar, P.; and Jobert , A. 1985. Cerebral neocortical neurons in the 
aged rat: spontaneous activity , properties of pyramidal tract neurons and effect 



420 F.E. Bloom 

of acetylcholine and cholinergic drugs. Neurosci. 16: 835-844. 
Lamour, Y.; Dutar, P.; Rasco!, 0.; and Jobert , A. 1986. Basal forebrain neurons 

projecting to the rat frontoparietal cortex: electrophysiological and pharmacological 
properties. Brain Res. 362: 122-131. 

Levitt , P. ; Rakic , P.; and Goldman-Rakic , P. 1984. Region-specific distribution of 
catecholamine afferents in primate cerebral cortex: a fluorescence histochemical 
analysis. J. Comp. Neural. 227: 23-26. 

Loughlin , S.E .; Foote, S.L. ; and Bloom, F .E. 1986. Efferent projections of nucleus 
locus coeruleus: topographic organization of cells of origin demonstrated by three­
dimensional reconstruction. Neurosci . 18: 291-306. 

Madison, D.V., and Nicoll, R .A. 1986a . Actions of noradrenaline recorded 
intracellularly in rat hippocampal CAl pyramidal neurones , in vitro . J. Physiol. 
372: 221-244. 

Madison , D .V. , and Nicoll , R.A. 1986b. Cyclic adenosine 3',5'-monophosphate 
mediates [3-receptor actions of noradrenaline in rat hippocampal pyramidal cells. 
J. Physiol. 372: 245- 259. 

Maffei, L.; Moruzzi , G. ; and Rizzolatti , G . 1965. Geniculate unit responses to sine­
wave photic stimulation during wakefulness and sleep. Science 149: 563-564. 

Magistretti, P.J . ; Morrison , J.H.; and Reisine , T.D. 1986. Transduction of neuronal 
signals. In: Discussion in Neurosciences , vol. 3, pp. 1- 190. 

Magistretti , P.J ., and Morrison, J.H. 1985. VIP neurons in the neocortex. TINS 8: 
7-8. 

Mancillas, J .R. ; Siggins, G.R.; and Bloom, F.E. 1986. Somatostatin-selectively 
enhances acetylcholine-induced excitations in rat hippocampus and cortex. Proc. 
Natl. Acad. Sci. U.S.A. 83: 7518-7521. 

Miller, J .D .; Farber , J.; Gatz , P. ; Roffwarg, H. ; and German, D .C. 1983. Activity 
of mesencephalic dopamine and non-dopamine neurons across stages of sleep 
and waking in the rat. Brain Res. 273: 133- 141. 

Molliver, M .E .; Grzanna , R. ; Lidov , G .H .W.; Morrison, J .H .; and Olschowka, 
J.A. 1982. Monoamine systems in the cerebral cortex. In Cytochemical Methods 
in Neuroanatomy, pp. 255-277. New York: Alan R . Liss, Inc. 

Morrison, J.H., and Foote, S.L. 1986. Noradrenergic and serotonergic innervation 
of cortical and thalamic visual structures in old and new world monkeys. J. Comp. 
Neural. 243: 117-138. 

Morrison, J.H.; Foote, S.L.; O'Connor , D .; and Bloom , F.E . 1982. Laminar , 
tangential, and regional organization of the noradrenergic innervation of monkey 
cortex: dopamine-[3-hydroxylase immunohistochemistry. Brain Res. Bull. 9: 
309-319. 

Parrino, L.F. , and Goldman-Rakic, P .S. 1982. Brainstem innervation of prefrontal 
and anterior cingulate cortex in the rhesus monkey revealed by retrograde 
transport of HRP. J. Comp. Neural. 205: 63-76. 

Schultz , W. 1986. Responses of midbrain dopamine neurons to behavioral trigger 
stimuli in the monkey . J. Neurophysiol. 56: 1439. 

Schultz, W . , and Ramo, R. 1987. Responses of nigrostriatal dopamine neurons 
to high-intensity somatosensory stimulation in the anesthetized monkey . J. 
Neurophysiol. 57: 201. 

Schwartz, J-C.; Garbarg, M.; and Pollard , H . 1986. Histaminergic transmission in 
the brain . In: Handbook of Physiology , vol. on Intrinsic Regulatory Systems in 
the Brain, ed . F.E . Bloom, pp. 257-316. Bethesda , MD : American Physiological 
Society. 

Siggins, G .R ., and Gruol, D .L. 1986. Mechanisms of transmitter action in the 
vertebrate central nervous system. In: Handbook of Physiology , vol. on Intrinsic 



The Role of General Activating Systems in Cortical Function 421 

Regulatory Systems in the Brain , ed. F.E. Bloom, pp. 1-114. Bethesda, MD: 
American Physiological Society. 

Stichel, C.C., and Singer , W. 1985 . Organization and morphological characteristics 
of choline acetyltransferase-containing fibers in the visual thalamus and striate 
cortex of the cat. Neurosci. Lett. 53: 155-160. 

Vincent, S.R .; Hokfelt , T .; Skirboll, L. ; and Wu, J.-Y. 1983. Hypothalamic -y­
aminobutyric acid neurons project to the neocortex. Science 220: 1309-1311. 

Waterhouse, B.D.; Moises , H .C.; and Woodward , D .J . 1980. Noradrenergic 
modulation of somatosensory cortical neuronal responses to iontophoretically 
applied putative neurotransmitters . Exp . Neural. 69: 30--49. 


