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Summary of the major pathways for cholinergic innervation of the cortical mantle by the 
magnocellular basal complex (Saper, 1990).
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Maps of  rostro-caudal cholinergic neurons (stained with the antibodsy against choline acteyltransferase) in serial 40 
um coronal sections of the basal forebrain in human. Ch1-Ch4 nomenclature according to Mesulam. From Lehericy
et al. 1999



EMOTIONAL PROCESSING

Pathways linking cortical (A) and thalamic (B) sensory receptive areas to regions of the 
subcortical forebrain that are involved in the processing of emotional information and in 
the regulation of behavioraql and visceral responses associated with emotional arousal.  



A: The great limbic lobe of Broca (1878); B: Papez’s circuit (ca 1938); C: Yakovlev
(1948); D: MacLean (1949)

THE DEVELOPMENT OF THE LIMBIC SYSTEM CONCEPT



The limbic system 
consists of the limbic lobe 
and deep-lying structures. 
A: the limbic lobe consist 
of primitive cortical tissue 
that encircles the ‘upper 
brainstem’ as well as 
underlying cortical 
structures (hippocampus 
and amygdala)

B: interconnections 
between different 
component of the limbic 
system (from 
Nieuwenhyus, 1988).







Schematic drawing of a median sagittal section of the rat brain indicating 
pathways essential for emotional behavior. IC: inferior colliculus;  MG: medial 
geniculate body; AMY: amygdala; GC: central gray; LH: lateral hypothalamus; CS: 
conditional stimulus; RVL: rostral ventrolateral medulla (after Ledoux, 1987)



Neural circuitry mediating 
fear conditioning. Acoustic 
inputs are relayed through 
the peripheral shell regions of 
the inferior colliculus to the 
posterior intralaminar nucleus 
and the medial division of the 
medial geniculate body 
(MGB). These areas then 
projects to the lateral n. of the 
amygdala. Efferents from the 
central amygdala bifurcate 
with projections to the lateral 
hypothalamic regions 
controlling arterial-pressure 
conditioned responses and 
projections to the central gray 
(CG) controlling freezing 
conditioned responses.



The output from the 
central amygdaloid
nucleus also reaches the 
basal forebrain (BF) 
which projects widely to 
cortical areas. The 
cholinergic projections 
from the BF to cortex 
have been implicated in 
cortical arousal (LeDoux, 
1992; Kandell, 2000)



Connections between the central n. of amygdala and a variety of hypothalamic 
and brainstem areas that may be involved in different animal test of fear and 
anxiety (Davies, 1992).



SUBCORTICAL EFFERENTS FROM THE AMYGDALA



SUBCORTICAL AFFERENTS TO THE AMYGDALA



AMYGDALOID-PREFRONTAL
CONNECTIONS

Various routes through which the 
amygdaloid complex can 
influence the function of the 
frontal lobe. 1) the amygdala has 
direct reciprocal connections with 
various regions of the orbital and 
medial frontal lobe. 2) the 
amygdala projects to the 
mediodorsal nucleus of the 
thalamus (MD) which, in turn 
projects to the same region of the 
frontal lobe that receive a direct 
amygdaloid input. 3) many 
amygdaloid nuclei project to the 
n. accumbens (Acc) that in turn 
projects via the ventral pallidum
(VP) to the MD-prefrontal cortex.



AMYGDALO-HIPPOCAMPAL CONNECTIONS



CORTICAL INPUT TO THE AMYGDALA

Note: the projectios
originate in 
associational areas in 
the temporal (TE, 
TF,TH, TG) lateral 
prefrontal (area 46), 
orbitofrontal (area 
12), cingulate (areas, 
24, 32), insular (INS), 
perirhinal (35), 
subicular (SB)  
cortical areas. There 
are no primary 
sensory projections.



Medial Temporal Lobe. Amygdala and hippocampus









Intrinsic circuitry of the hippocampus
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