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Differential Distribution of Corticotropin-
Releasing Hormone Immunoreactive Axons
in Monoaminergic Nuclei of the

Human Brainstem
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Corticotropin-releasing hormone (CRH) has been
implicated in a variety of physiological and behavioral
responses to stress, as well as in the pathophysiology of
certain psychiatric disorders. Although studies in rodents
support a neuromodulatory influence of CRH on
monoamine neurotransmission in a number of brain
regions, little information is available to support a similar
role for CRH in the human brain. The present study used
immunocytochemistry to characterize the anatomical
organization of CRH-immunoreactive axons in the human
brainstem. Substantial regional differences in the density
and distribution of CRH-immunoreactive axons were found
in the dopamine-, noradrenaline- and serotonin-containing
cell body regions of the human brainstem. Dense networks
of CRH-immunoreactive axons were found in the medial
subnuclei of the ventral mesencephalon and in the
dorsolateral region of the locus coeruleus. Moderate

densities of CRH-positive fibers were located in the median
and dorsal raphe, whereas lower numbers of CRH-labeled
axons appeared in the substantia nigra pars compacta. In
addition, differences in CRH innervation density were
observed within each region. For example, the dorsal tier of
the substantia nigra contained a greater density of CRH-
labeled axons than the ventral tier. In all monoamine-
containing nuclei, CRH-labeled axons exhibited numerous
beaded varicosities and fine intervaricose segments. The
differential distribution of CRH-containing axons across
these human brainstem nuclei suggests that the influence of
CRH on monoamine function may be neurotransmitter-
specific. [Neuropsychopharmacology 17:326-341,
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Corticotropin-releasing factor or hormone (CRH), a 41-
amino acid peptide originally isolated from bovine hy-
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pothalamus, is involved in mediating and coordinating
a variety of physiological, immunological, and behav-
ioral responses associated with stress and other arousal-
producing stimuli (for reviews, see Owens and Nemer-
off 1991; De Souza 1995). CRH, the primary chemical
regulator mediating the stress-induced activation of the
hypothalamic-pituitary-adrenal (HPA) axis, stimulates
the secretion of adrenocorticotropin hormone from the
anterior pituitary (Rivier and Vale 1983; Ono et al.
1985). Although the hormonal role of CRH is clearly
established, a substantial body of evidence has accumu-
lated supporting a neurotransmitter or neuromodula-
tory role for this peptide in a variety of extrahypotha-
lamic brain regions (for review, see Owens and Nemeroff
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1991). For example, immunocytochemical studies in a
variety of species have revealed a widespread distribu-
tion of CRH-containing neurons and axons in a number
of brain regions including the cerebral cortex, nucleus
accumbens, ventral pallidum, amygdala, cerebellum,
brainstem, and spinal cord (Fischman and Moldow 1982;
Merchenthaler et al. 1982; Cummings et al. 1983; Swan-
son et al. 1983; Foote and Cha 1988; Lewis et al. 1989;
Pammer et al. 1990; Austin et al. 1995). Similarly, recep-
tor autoradiography studies have shown that the distri-
bution of CRH receptors generally corresponds with
that of CRH fibers (De Souza et al. 1985; Millan et al.
1986; De Souza 1987).

These anatomical findings suggest that CRH may in-
fluence the activity of specific neural systems. For ex-
ample, CRH-immunoreactive axons are located in the
locus coeruleus, and the physiological effects of CRH
on noradrenergic neurons in this nucleus have been
well documented in both electrophysiological and bio-
chemical studies. Acute intracerebroventricular (ICV)
administration or direct application of CRH on locus
coeruleus neurons increases the spontaneous discharge
rate of these neurons, and this effect is blocked by cen-
tral or local injection of the CRH antagonist, a-helical
CRF,_4; (Valentino et al. 1983; Valentino and Foote 1987,
1988). Valentino and colleagues also reported that the
electrophysiological effects of CRH on locus coeruleus
neurons are mimicked by hemodynamic stress, and
that these effects can be prevented by ICV pretreatment
with a-helical CRF, but not by dexamethasone pretreat-
ment (Valentino and Wehby 1988; Valentino et al. 1991).
These findings suggest that the stimulatory effects of
hypotensive stress on locus coeruleus neurons may be
mediated, at least in part, by the release of CRH from
terminals within the locus coeruleus, which then acts
postsynaptically to increase locus coeruleus neuronal
firing (Valentino et al. 1991). Supporting these electro-
physiological findings, the ICV administration of CRH
increases norepinephrine (NE) metabolism in several
terminal field regions of the locus coeruleus (Dunn and
Berridge 1987; Emoto et al. 1993), and recent microdial-
ysis studies found that ICV or direct injection of CRH
into the locus coeruleus stimulated NE release in the
prefrontal or parietal cortex (Lavicky and Dunn 1993;
Smagin et al. 1995; Schulz and Lehnert 1996). Further-
more, Melia and Duman (1991) reported that the in-
crease in tyrosine hydroxylase (TH) protein levels in the
locus coeruleus following intermittent footshock stress
was antagonized by intra-locus coeruleus pretreatment
with a-helical CRF. These investigators also found that
rats administered CRH ICV twice daily for 5 days had
elevated TH protein levels in the locus coeruleus. Given
the supporting evidence of a stimulatory role of CRH
on rat locus coeruleus neurons combined with the ana-
tomical observations of dense CRH-containing axons in
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the human locus coeruleus (Pammer et al. 1990; Austin
et al. 1995), it is conceivable that CRH in the human lo-
cus coeruleus may serve a similar function. These ob-
servations raise the question of whether CRH may also
influence the function of other monoamine-containing
nuclei in the human brainstem.

In addition to CRH and norepinephrine, both dopa-
mine and serotonin also play a role in stress responses
(for review, see Stanford 1993). Furthermore, each of
these neurotransmitter systems has been implicated in
the pathogenesis of a number of mental disorders. Un-
derstanding the anatomical basis for an interaction be-
tween CRH and these specific monoamine systems may
provide insights into the pathophysiology of certain
psychiatric disorders that are affected by stress. Conse-
quently, in the present study, we used immunocy-
tochemical techniques to characterize the anatomical
organization of CRH-immunoreactive axons in the ma-
jor monoamine-containing cell groups of the human
pons and midbrain.

METHODS AND MATERIALS
Tissue Collection

Five human brainstems were collected in the course of
routine autopsies. Neuropathological changes were ex-
cluded by macroscopic and microscopic examination of
the brain. All subjects had negative toxicology screens
for psychoactive or neurotoxic drugs and none of the
subjects had a known history of neurologic or psychiat-
ric disorders as determined by structured interviews
with relatives. The demographics for each subject are
presented in Table 1. Informed consent was obtained
from surviving relatives, and all procedures were con-
ducted in accordance with the Biomedical Institutional
Review Board of the University of Pittsburgh.

Upon removal of the brain from the cranium, the
brainstem was separated by a transverse cut rostral to the
superior colliculi and the cerebellum was removed. The
brainstem was then cut into coronal slabs of tissue con-
sisting of the caudal pons, pons/midbrain, and rostral
midbrain. The blocks of tissue were immersed in cold 4%

Table 1. Demographics of Human Subjects

Case Sex Age (years) PMI (h) Cause of Death
1 M 45 6.3 Aortic aneurysm
2 M 74 17.5 Accident

3 M 22 8.9 Homicide

4 M 25 53 Accident

5 M 45 7.0 ASCVD

ASCVD = atherosclerotic cardiovascular disease.
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paraformaldehyde in phosphate buffer for 48 h and then
washed with increasing concentrations of sucrose.

Immunocytochemistry

Brainstem tissue blocks were frozen and sectioned
transversely (40 pm) using a cryostat. The tissue sec-
tions were stored in cryoprotectant (30% ethylene gly-
col, 30% glycerol in 0.02 mol-L phosphate buffer) at
—20°C until processed. Sections were rinsed thoroughly
in 0.01 mol-L phosphate-buffered saline (PBS, pH 7.6).
Endogenous peroxidase was removed by bleaching in
1.0% H,0, for 15 min. Non-specific binding was blocked
by 1:20 normal goat and normal human serum in PBS
with 0.3% Triton X-100. Tissue sections were incubated
at 4°C for 48 h with primary antiserum to CRH (rabbit
anti-CRF (human, rat), Pennisula Lab., Belmont, CA) di-
luted 1:20,000 in PBS containing 0.3% Triton X-100,
3.0% goat serum, and 0.05% bovine serum albumin. As
reported previously, the CRH antiserum was pread-
sorbed to natural melanin before the immunocytochem-
ical procedure to eliminate the cross-reactivity to the
melanin-concentrating hormone precursor (Austin et al.
1995). Sections were then processed using the avidin-
biotin peroxidase method. After rinsing in PBS, sections
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were incubated (60 min, 21°C on shaker) with biotin-
labeled goat anti-rabbit IgG (1:200, Elite Rabbit Vectastain
Kit, Vector Labs) and then with avidin and biotin-
peroxidase (1:100, 60 min). The chromogen used for vi-
sualization of the bound peroxidase was 3’3’ diami-
nobenzidine (0.001 g/ml in 0.1 mol-L sodium acetate).
For some sections, the reaction was further intensified
by the addition of 2.75% nickel ammonium sulfate or
silver nitrate (Pucak et al. 1996).

The specificity of the CRH antiserum was determined
by using several methods as previously described (Lewis
et al. 1989). The primary antiserum was incubated at 4°C
overnight with 10 nmol/ml of the following peptides:
CRF (rat/human, Pennisula Labs), alpha-melanocyte-
stimulating hormone (a-MSH, Calbiochem) or porcine
peptide histidine-isoleucine (PHI, Sigma). Adjacent tis-
sue sections were processed as described above with
either the blocked or unblocked CRH antiserum. Prein-
cubation of the CRH antiserum with rat/human CRH
completely eliminated CRH-immunoreactivity (IR) in the
human pons and midbrain. Preincubation with a-MSH or
PHI produced no detectable change in the CRH staining
pattern compared to unblocked antiserum. Also, replac-
ing the primary antiserum with normal rabbit serum re-
sulted in the complete absence of immunoreactivity.

Figure 1. Darkfield photomicrograph illus-
trating the distribution of CRH immunore-
activity in the human pons. Note the very
dense CRH fiber plexi in the dorsal tegmen-
tal nucleus (DTg) and paramedian raphe
(PMR). CRH fibers are also present in the
dorsolateral locus coeruleus; note that the
locus coeruleus neurons (arrows) appear
white as a result of the appearance of neu-
romelanin pigment under darkfield illumi-
nation. 4v = fourth ventricle; MPB = medial
parabrachial nucleus; mif = medial longitu-
dinal fasciculus; PNO = oral pontine
nucleus; CG = central gray; dorsal raphe =
caudal part (open arrow); median raphe
(asterisk). Calibration bar = 1.5 mm.






