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Figure 1. Functional studies. A,
Sites of excitatory amino acid mi-
croinjections into the periaque-
ductal gray and behavioral reac-
tions thus elicited in the freely
moving rat. B, Periaqueductal
gray neurons showing condi-
tioned fear-related Fos expres-
sion. III, oculomotor nucleus;
EW, Edinger-Westphal nucleus;
MLF, medial longitudinal fascicu-
lus. Reprinted respectively from
Carrive (8) and Carrive et al. (18),
� 1993, 1997, with permission
of Elsevier Science.
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Figure 2. Orthogradely labeled
terminations from afferent struc-
tures to the periaqueductal gray.
Large dots in F and G represent
retrogradely labeled neuronal so-
mata. III, oculomotor nucleus; dl,
dorsolateral periaqueductal gray;
dm, dorsomedial periaqueductal
gray; EW, Edinger-Westphal
nucleus; l, lateral periaqueductal
gray; ND, nucleus of Dark-
schewitsch; PAG, periaqueduc-
tal gray; RL, rostral linear raphe
nucleus; vl, ventrolateral periaq-
ueductal gray. A, Reprinted from
Canteras and Swanson (34), with
permission. B, C, F and G, Re-
printed from Newman et al. (42)
with permission of S. Karger AG.
D and H, Reprinted from Floyd
et al. (43), and I, from Vertes
(46), ��2000, 1991, with permis-
sion of Wiley-Liss, Inc., a subsid-
iary of John Wiley & Sons, Inc.
E, Reprinted from Risold et al.
(41), ��1997, with permission of
Elsevier Science.
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Figure 3. Main connections between hy-
pothalamic behavioral defense nuclei
and periaqueductal gray (PAG). The
thickness of the arrows indicates the
relative density of the projections. AHN,
anterior hypothalamic nucleus; dlPAG,
dmPAG, lPAG and vlPAG, dorsolateral,
dorsomedial, lateral and ventrolateral
PAG subdivisions, respectively; PMd,
dorsal premammillary nucleus; VMH,
ventromedial hypothalamus.

Hypothalamus

AHN

VMH

PMd

dIPAG
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Figure 4. Periaqueductal gray neurons that project to other structures. III, oculomotor
nucleus; IV, trochlear nucleus; DR, dorsal raphe nucleus; EW, Edinger-Westphal nucleus;
mlf, medial longitudinal fasciculus; ND, nucleus of Darkschewitsch. A, Reprinted from
Risold et al. (41) and F, from Hermann et al. (51), � 1997, with permission of Elsevier
Science. B, Reprinted from Redgrave et al. (49), and E, from Mouton and Holstege (55), �
1988, 1994, with permission of Springer-Verlag. C, Reprinted from Marcinkiewicz et al. (44),
and D, from Rizvi et al. (35), ��1989, 1991, with permission of Wiley-Liss, Inc., a subsidiary
of John Wiley & Sons, Inc.
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Table 1. Main connections between central nervous system structures and periaque-
ductal gray.

Input to PAG Two-way input PAG output

dlPAG Sensory cortex Hypothalamus** CnF
Prefrontal cortex* Thalamus***
Cingulate cortex
Dorsal raphe

vlPAG Motor cortex Amygdala Caudal raphe
Prefrontal cortex* Dorsal raphe Ventral horn
Insular cortex Median raphe Thalamus***

CnF, cuneiform nucleus; PAG, periaqueductal gray; dlPAG, dorsolateral PAG; vlPAG,
ventrolateral PAG.
*Distinct regions project preferentially to the dlPAG and vlPAG.
**For a more detailed summary of the connections between hypothalamus and PAG,
see Figure 3.
***There is no consensus in the literature about the preferential PAG afferent do-
mains.
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