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Abstract
Although it is well established that there are alterations in type 2A serotonin receptors (5-HT2ARs)
in the basolateral nuclear complex of the amygdala (BLC) in several neuropsychiatric disorders, very
little is known about the neuronal localization of these receptors in this brain region. Single-labeling
and dual-labeling immunohistochemical techniques were utilized in the rat to address this question.
Three different 5-HT2AR antibodies were used, each producing distinct but overlapping patterns of
immunostaining. Two of three 5-HT2AR antibodies mainly stained pyramidal projection neurons in
the BLC. The third antibody only stained pyramidal cells in the dorsolateral subdivision of the lateral
amygdalar nucleus. With one of the antibodies, the most intensely stained neurons were a population
of large nonpyramidal neurons whose morphology and distribution closely resembled those shown
in previous studies to project to the mediodorsal thalamic nucleus (MD). This was confirmed in the
present study using a technique that combined 5-HT2AR immunohistochemistry with fluorogold
retrograde tract-tracing. Two of three 5-HT2AR antibodies stained large numbers of parvalbumin-
containing interneurons in the BLC. One of these two antibodies also stained a subpopulation of
somatostatin-containing neurons. None of the 5-HT2AR antibodies stained significant numbers of
the other two main interneuronal subpopulations, the large cholecystokinin-positive neurons or the
small interneurons that exhibit extensive colocalization of calretinin and cholecystokinin. Since each
of the three antibodies was raised against a distinct immunizing antigen, they may recognize different
conformations of 5-HT2AR in different neuronal domains. The expression of 5-HT2ARs in pyramidal
cells and parvalbumin-positive interneurons in the BLC is consistent with the results of previous
electrophysiological studies, and suggests that serotonin may produce excitation of several neuronal
populations in the BLC via type 2A serotonin receptors.
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Introduction
In vivo microdialysis studies indicate that there is increased serotonin (5-HT) release in the
amygdala during behavioral arousal and stress (Kawahara et al., 1993;Rueter and Jacobs,
1996). Variations in human serotonin transporter and tryptophan hydroxylase genes, which
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presumably result in altered extracellular serotonin levels, are associated with increased
activation of the amygdala by emotional stimuli, as well as the generation of anxiety and
depression (Canli et al., 2005;Hariri and Holmes, 2006). There is substantial evidence from
experiments in animals and humans that activation of type 2 5-HT receptors (5-HT2Rs),
including type 2A receptors (5-HT2ARs), in the basolateral nuclear complex of the amygdala
(BLC) produce alterations in anxiety (Zangrossi and Graeff, 1994;Graeff et al.,
1996;Maissonnette et al., 2000;Schiller et al., 2003). It is also known that there is an increase
in 5-HT2R binding in the amygdala in unmedicated depressives that commit suicide (Hrdina
et al., 1993), and that atypical antipsychotic drugs bind to 5-HT2Rs in the human amygdala
(Andorn et al., 2003). These data suggest that knowledge of the anatomy, physiology, and
pharmacology of 5-HT2ARs in the BLC may contribute to a better understanding of the etiology
and treatment of several neuropsychiatric disorders, including anxiety, depression, and
schizophrenia.

5-HT2ARs are typical G-protein coupled receptors consisting of an extracellular N-terminal
segment, 7 transmembrane segments, and an intracellular C-terminal segment (Roth 1998).
Activation of 5-HT2ARs produces a depolarization due to a decrease in potassium
conductances. In addition, there is evidence that 5-HT2ARs are positively coupled to
phospholipase C (Aghajanian, 1995;Barnes and Sharp, 1999). Receptor binding
autoradiography using the preferential 5-HT2AR antagonist ketanserin has shown light to
moderate receptor levels in most nuclei of the amygdala, but higher densities of receptor
binding in the cortical nucleus and dorsolateral subdivision of the lateral nucleus (Pazos et al.,
1985). Likewise, in situ hydridization studies indicate that most nuclei of the amygdala have
moderate levels of 5-HT2ARmRNA, but higher levels were seen in the cortical nucleus and
dorsolateral subdivision of the lateral nucleus (Wright et al., 1995).

There have been no detailed studies of 5-HT2AR staining in the amygdala using
immunohistochemical techniques, and the studies that did provide brief comments on the
amygdala were contradictory. Thus, one study reported that 5-HT2AR-positive (5-HT2AR+)
neurons in the amygdala were mainly confined to the BLC and cortical nucleus, and all were
intensely-stained nonpyramidal interneurons (Morilak et al., 1993). Two other studies, both
using the same monoclonal antibody, reported that most amygdalar nuclei had numerous
immunostained neurons and processes, suggesting that mainly principal neurons were stained
(Cornea-Hebért et al., 1999;Xu and Pandey, 2000). Because of the potential importance of the
BLC as a site of action of antipsychotic and antidepressant drugs that target 5-HT2ARs, it is
critical to gain a better understanding of the neuronal localization of these receptors in this
brain region.

Previous studies have shown that there are two major cell classes in the BLC, pyramidal
neurons and nonpyramidal neurons. Although these cells do not exhibit a laminar organization,
their morphology, synaptology, electrophysiology, and pharmacology are remarkably similar
to their counterparts in the cerebral cortex (Carlsen and Heimer, 1988;McDonald,
1992;Washburn and Moises, 1992;Rainnie et al., 1993;Paré et al., 2003). Thus, pyramidal
neurons in the BLC are projection neurons with spiny dendrites that utilize glutamate as an
excitatory neurotransmitter, whereas most nonpyramidal neurons are spine-sparse interneurons
that utilize GABA as an inhibitory neurotransmitter. Recent dual-labeling
immunohistochemical studies suggest that the BLC contains at least four distinct
subpopulations of GABAergic interneurons that can be distinguished on the basis of their
content of calcium-binding proteins and peptides. These subpopulations are: (1) parvalbumin
+/calbindin+ neurons, (2) somatostatin+/calbindin+ neurons, (3) large multipolar
cholecystokinin+ neurons that are often calbindin+ and (4) small bipolar and bitufted
interneurons that exhibit extensive colocalization of calretinin, cholecystokinin, and vasoactive
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intestinal peptide (McDonald and Betette, 2001;McDonald and Mascagni, 2001,
2002,Mascagni and McDonald, 2003;Kemppainen and Pitkänen, 2000).

Since different subpopulations of BLC neurons exhibit specific connections (McDonald et al.,
2005;Muller et al., 2003,2005,2006,2007), understanding the effects of serotonergic
neurotransmission on information processing by the BLC will require knowledge of the
expression of 5-HT2AR, and other serotonin receptors, by distinct cell types. In the present
study single- and double-labeling immunohistochemical techniques were used to address this
question. Because previous studies have shown considerable variability in 5-HT2AR staining
with different antibodies, three different 5-HT2AR antibodies were used in the present study.

EXPERIMENTAL PROCEDURES
Tissue Preparation

A total of 28 male Sprague-Dawley rats (250-350g; Harlan, Indianapolis, IN) were used in this
study. All experiments were carried out in accordance with the National Institutes of Health
Guide for the Care and Use of Laboratory Animals and were approved by the Institutional
Animal Use and Care Committee (IACUC) of the University of South Carolina. All efforts
were made to minimize animal suffering and to use the minimum number of animals necessary
to produce reliable scientific data.

Rats were anesthetized with chloral hydrate (350 mg/kg) or sodium pentobarbital (50 mg/kg)
and perfused intracardially with phosphate buffered saline (PBS; pH 7.4) containing 0.5%
sodium nitrite (50 ml) followed by 4.0% paraformaldehyde in 0.1 M phosphate buffer at pH
7.4 (500 ml). Fifteen of these rats received bilateral injections of colchicine (100 g total; Sigma
Chemical Co., St. Louis, MO) into the lateral cerebral ventricles one day before perfusion (see
below for details). Following perfusion, brains were removed and postfixed for 3.5 hours in
4.0% paraformaldehyde.

Brains were sectioned on a vibratome at a thickness of 50 m in the coronal plane. Sections
were processed for immunohistochemistry in wells of tissue culture plates. All antibodies were
diluted in 0.1M PBS containing Triton X-100 (0.3-0.5%) and 1% normal goat serum.

Immunoperoxidase experiments
Localization of 5-HT2AR was performed in 15 rats using the avidin-biotin immunoperoxidase
(ABC) technique. Three primary antibodies to the 5-HT2AR were used: (1) a rabbit polyclonal
antibody raised against amino acids 22-41 of the N-terminus of the receptor (1:100; Oncogene/
Calbiochem #PC176L) was used in 7 rats (3 colchicine-injected, 4 non-colchicine-injected),
(2) a mouse monoclonal antibody raised against a recombinant fusion protein of glutathione
S-transferase and a peptide containing amino acids 1-76 of the human 5-HT2AR (i.e., the entire
extracellular N-terminal domain) (1:100; BD Pharmingen #556326) wasused in 5 rats (3
colchicine-injected, 2 non-colchicine-injected), and (3) a rabbit polyclonal antibody raised
against amino acids 22-41 of the N-terminus of the receptor conjugated to keyhole limpet
hemocyanin using glutaraldehyde (1:4000; Ab51, generously donated by Dr.Bryan Roth,
University of North Carolina School of Medicine) was used in 3 rats (2 colchicine-injected, 1
non-colchicine-injected).

In experiments using the rabbit polyclonal antibodies, sections were incubated in primary
antibody overnight at 4° C and then processed for the avidin-biotin immunoperoxidase
technique using a Vectastain rabbit ABC kit (Vector Laboratories, Burlingame, CA). In
experiments using the mouse monoclonal antibody, sections were incubated in primary
antibody overnight at 4° C and then processed for the avidin-biotin immunoperoxidase
technique using a biotinylated goat anti-mouse secondary antibody (1:500; Jackson
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ImmunoResearch Laboratories, West Grove PA) and a Standard Vectastain ABC kit. Nickel-
enhanced DAB (3, 3’-diaminobenzidine-4HCl, Sigma Chemical Co., St. Louis, MO) was used
as a chromogen to generate a black reaction product for all antibodies (Hancock, 1986).

Following the immunohistochemical procedures, sections were mounted on gelatinized slides,
dried overnight, dehydrated in ethanol, cleared in xylene, and coverslipped in Permount (Fisher
Scientific, Pittsburgh, PA). In some animals adjacent sections were counterstained with cresyl
violet to identify nuclear borders. Sections were analyzed using an Olympus BHA and Nikon
Eclipse E600 microscopes. Digital light micrographs were taken with a QImaging
MicroPublisher 5.0 CCD camera (QImaging Corp., Burnaby, British Columbia). Brightness
and contrast were adjusted using Photoshop 6.0 software.

Dual-labeling immunofluorescence experiments
Previous double-labeling studies have demonstrated that the rat BLC contains at least four
distinct subpopulations of GABAergic interneurons: 1) parvalbumin+/calbindin+ neurons, 2)
somatostatin+/calbindin+ neurons, 3) large multipolar CCK+ neurons that are often calbindin
+, and 4) small bipolar and bitufted interneurons that exhibit extensive colocalization of
vasoactive intestinal peptide, calretinin, and cholecystokinin (McDonald and Betette,
2001;Kemppainen and Pitkänen, 2000;McDonald and Mascagni, 2001,2002;Mascagni and
McDonald, 2003). Dual localization of 5-HT2AR with specific protein/peptide interneuronal
markers (parvalbumin [PV], somatostatin [SOM], calretinin [CR], or cholecystokinin [CCK])
was investigated in 10 rats to determine if 5-HT2ARs were expressed by specific interneuronal
subpopulations.

Sections were incubated in a cocktail of two primary antibodies (one of the 5-HT2AR antibodies
and one of the interneuronal marker antibodies) overnight at 4° C. In each case one of the
primary antibodies was a rabbit polyclonal and the other was a mouse or rat monoclonal. The
Oncogene/Calbiochem rabbit polyclonal and BD Pharmingen mouse monoclonal 5-HT2AR
antibodies were used at a dilution of 1:50, whereas the Ab51 rabbit polyclonal antibody was
used at 1:2000. The following interneuronal marker antibodies were used in conjunction with
the rabbit 5-HT2AR antibodies: mouse anti-PV (1:2000, Sigma Chemical Co., St. Louis, MO),
rat anti-SOM (1:400; Chemicon International, Temecula, CA), mouse anti-CR (1:3000,
Chemicon), and mouse anti-CCK (1:500, antibody 9303 generously donated by Dr. John H.
Walsh, UCLA). The following interneuronal marker antibodies were used in conjunction with
the mouse 5-HT2AR antibody: rabbit anti-PV (1:2000; generously donated by Dr. Kenneth
Baimbridge, University of British Columbia), rabbit anti-CR (1:1000; Chemicon), and rabbit
anti-SOM (1:4000; Peninsula Laboratories, San Carlos, CA). Four rats were used in the studies
using the Oncogene/Calbiochem rabbit polyclonal antibody (all non-colchicine injected).
Three rats were used in the studies using the BD Pharmingen mouse monoclonal antibody (all
colchicine-injected). Three rats were used in the studies using the Ab51 rabbit polyclonal
antibody (2 colchicine-injected, 1 non-colchicine injected). In all cases, 3-4 parallel series of
sections at 250 m intervals were stained for each of the interneuronal markers.

After incubation in the primary antibody cocktail, sections were rinsed in 3 changes of PBS
(10 min each), and then incubated in a cocktail of species-appropriate Alexa-568 and Alexa-488
labeled secondary antibodies (1:400; Molecular Probes, Eugene, OR) for 3 hrs at room
temperature. All secondary antibodies were highly cross-adsorbed by the manufacturer to
ensure specificity for primary antibodies raised in particular species. Sections were then rinsed
in 3 changes of PBS (10 min each) and mounted on glass slides using Vectashield mounting
medium (Vector Laboratories, Burlingame, CA).

Sections were examined with a Bio-Rad MRC-1024 confocal laser scanning system equipped
with an argon-krypton laser attached to a Nikon Eclipse E800M microscope. Fluorescence of

McDonald and Mascagni Page 4

Neuroscience. Author manuscript; available in PMC 2007 August 8.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



Alexa 488 (green) and Alexa 568 (red) dyes was analyzed using filter configurations for
sequential excitation/imaging via 488 nm and 568 nm channels. Digital images were adjusted
for brightness and contrast using Photoshop 6.0 software. In each of the confocal
immunofluorescence cases some control sections were processed with one of the two primary
antibodies omitted. In all cases only the color of the corresponding secondary fluorescent
antibody was observed, and only on the appropriate channel. These results indicated that the
secondary antibodies were specific for rabbit or mouse IgGs and that there was no “crosstalk”
between the red and green channels (Wouterlood et al., 1998).

The rat BLC consists of three main nuclei: (1) lateral nucleus, (2) basolateral nucleus, and (3)
basomedial nucleus (Paxinos and Watson, 1997). Each nucleus can be divided into two or more
subdivisions. We focused our quantitative immunofluorescence studies on two distinct
subdivisions in the basolateral and lateral nuclei of the BLC: (1) the anterior subdivision of the
basolateral nucleus (BLa) and (2) the ventromedial subdivision of the lateral nucleus (Lvm)
(Paxinos and Watson, 1997), to determine if the phenotypic organization of 5-HT receptor-
expressing neurons might differ in different regions of the BLC. The BLa was chosen for
quantitative analysis since it was the focus of a recent whole cell patch-clamp
electrophysiological study that demonstrated 5-HT2R-mediated responses in amygdalar
interneurons (Rainnie, 1999), and because it is the focus of our ongoing electron microscopic
analysis of the serotoninergic innervation of BLC neurons (Muller et al., 2005). The Lvm was
sampled because it is the most prominent of the three subdivisions of the lateral nucleus.
Qualitative observations of other nuclear subdivisions within the BLC revealed that the types
of receptor/marker colocalization seen in the BLa and Lvm was observed throughout the BLC,
but the exact extent of colocalization was not quantitated in these nuclei, and probably varies.

Analysis of dual-labeling immunofluorescence preparations revealed that several
subpopulations of nonpyramidal interneurons were labeled with the Oncogene/Calbiochem 5-
HT2AR antibody, and that many PV+ interneurons were labeled with the BD Pharmingen 5-
HT2AR antibody. To determine the percentage of each interneuronal subpopulation labeled by
the Oncogene/Calbiochem antibody, and the percentage of PV+ interneurons labeled by the
BD Pharmingen antibody, cell counts of single-labeled and double-labeled neurons in the BLa
and Lvm were conducted in these preparations. Bilateral counts were pooled from 2-3 animals
for each colocalization combination studied (approximately 5-6 sections for each subdivision
in each animal for each marker). At 200X magnification, cell counts were made from the image
of a 400 m X 400 m field displayed for merged (red/green) channels on the computer screen
(double-labeled cells appear yellow). Images of the non-merged red and green channels were
also displayed. Depending on the size of the nuclear subdivision at different levels of the
amygdala, counts were made from either one such field positioned in the center of the
subdivision (and involving about 80-90% of its cross-sectional area), or two adjacent non-
overlapping fields. Only somata of nonpyramidal neurons were counted. Although some
pyramidal cells contain low levels of CR, they were easily distinguished from the intensely-
stained nonpyramidal neurons at the antibody dilutions used in this study (McDonald and
Mascagni, 2001). Since dendrites of BLC nonpyramidal neurons are less than 3 m wide, it was
not difficult to distinguish somata from dendrites.

Sequential two–color immunoperoxidase dual-labeling experiment
A sequential two–color immunoperoxidase dual-labeling technique was used to study possible
colocalization of BD Pharmingen monoclonal 5-HT2AR immunoreactivity with PV and CR
immunoreactivity in one colchicine-injected rat. 5-HT2AR+ structures were stained black using
nickel-enhanced DAB as described above. Sections were then blocked using an Avidin/Biotin
Blocking kit (Vector Laboratories), incubated in either rabbit anti-PV antibody (1:2000; see
above) or rabbit anti-CR antibody (1:1000; see above), and then processed for the avidin-biotin
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immunoperoxidase technique using a rabbit Vectastain ABC kit (Vector Laboratories). Non-
enhanced DAB was used as a chromogen to generate a brown reaction product.

Retrograde tract-tracing experiments
With the BD Pharmingen monoclonal 5-HT2AR antibody, but not the polyclonal antibodies,
there was a subpopulation of intensely-stained nonpyramidal neurons whose morphology and
distribution closely resembled that of a neuronal subpopulation that projects to the mediodorsal
thalamic nucleus (MD; McDonald, 1987). To determine if these 5-HT2AR+ cells were MD-
projecting neurons, a technique combining 5-HT2AR immunohistochemistry with fluorogold
(FG) retrograde tract tracing was performed in two rats. Rats were anesthetized with sodium
pentobarbital (50 mg/kg) and positioned in a stereotaxic head holder (Stoelting Company,
Wood Dale, Illinois). The dorsal surface of the skull was exposed and bilateral holes over the
intended injection sites were made with a dental drill. Bilateral pressure injections of 2% FG
(hydroxystilbamidine, Invitrogen, Grand Island, NY) in saline (0.2 l) were made into the
mediodorsal thalamic nucleus using a 1.0 l Hamilton microsyringe equipped with a 30 gauge
needle, using coordinates obtained from an atlas of the rat brain (AP: -2.8 mm from bregma,
L: ±0.5 mm, H: 6.0 mm ventral to bregma; Paxinos and Watson, 1997). The needle was left in
place for 10 min after each injection to prevent spread of injectate along the needle track. After
a 5 day survival, rats were anesthetized with sodium pentobarbital (50 mg/kg) and received
bilateral injections of colchicine (100 g total; Sigma Chemical Co., St. Louis, MO) into the
lateral cerebral ventricles. One day later rats were perfused with 4.0% paraformaldehyde as
described above. Following perfusion, brains were removed and postfixed for 3.5 hours in
4.0% paraformaldehyde. Brains were sectioned on a vibratome at a thickness of 50 m in the
coronal plane and processed for immunohistochemistry.

Sections were incubated in a cocktail of the BD Pharmingen mouse monoclonal 5-HT2AR
antibody (1:25) and a guinea pig polyclonal antibody to FG (1:3000; kindly donated by Dr.
Lothar Jennes, University of Kentucky) overnight at 4° C. After incubation in the primary
antibody cocktail, sections were rinsed in 3 changes of PBS (10 min each), and then incubated
in a cocktail of goat anti-mouse Alexa-568 and goat-anti-guinea pig Alexa-488 labeled
secondary antibodies (1:400; Molecular Probes, Eugene, OR) for 3 hrs at room temperature.
Sections were then rinsed in 3 changes of PBS (10 min each) and mounted on glass slides using
Vectashield mounting medium (Vector Laboratories, Burlingame, CA). Sections were
examined with a Bio-Rad MRC-1024 confocal laser scanning system equipped with an argon-
krypton laser attached to a Nikon Eclipse E800M microscope. Fluorescence of Alexa 488
(green) and Alexa 568 (red) dyes was analyzed using filter configurations for sequential
excitation/imaging via 488 nm and 568 nm channels. Digital images were adjusted for
brightness and contrast using Photoshop 6.0 software.

Antibody Specificity
The monoclonal antibody to 5-HT2AR (clone G186-117; BD Pharmingen # 556326) was raised
against a recombinant fusion protein of glutathione S-transferase and a peptide containing
amino acids 1-76 of the human 5-HT2AR receptor (Wu et al., 1998), although a recent report
indicates that the targeted epitope is comprised of a sequence between amino acids 64-71
(Cornea-Hébert et al., 2002). The specificity of the antibody was determined in Western blot
analyses; it labeled a single band of 55 kDa. Staining was completely eliminated by
preadsorption of the antibody with the GST-5HT2AR fusion protein (200 g protein/100g
antibody), but not with GST-5HT2BR or GST-5HT2CR fusion proteins (Wu et al., 1998).

The Oncogene/Calbiochem polyclonal antibody to 5-HT2AR (#PC176L) is an affinity purified
antibody raised in rabbit by repeated immunization with a synthetic peptide corresponding to
amino acids 22-41 of the receptor. The specificity of the antibody was determined in Western
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blot analyses conducted by the manufacturer; it labeled a single band of approximately 53 kDa.
In studies conducted by the manufacturer, tissue staining in the amygdala, cortex, and
hippocampus was completely eliminated by preadsorption of the antiserum with the
immunizing peptide at a concentration of 5 g/ml.

The other rabbit polyclonal antibody (Ab51) was raised against amino acids 22-41 of the
receptor conjugated to keyhole limpet hemocyanin using glutaraldehyde (generously donated
by Dr. Bryan Roth, University of North Carolina School of Medicine). This antibody has been
characterized in previous studies (Roth et al., 1995;Berry et al., 1996). Staining was greatly
attenuated by co-incubation of the antibody with 1 M of the synthetic peptide antigen. In the
cortex and striatum, this antibody produces staining that is very similar to that produced by the
BD Pharmingen monoclonal antibody, and another antibody raised against the carboxy
terminus of 5-HT2AR (Willins et al., 19997;Bubser et al., 2001). The finding that neither the
polyclonal nor monoclonal antibodies used in this study stain the choroid plexus (personal
observations of AJM) suggests that neither of these antibodies recognizes 5-HT2CRs (Pazos
et al., 1985;Wright et al., 1995).

The interneuronal marker antibodies used in this investigation have been characterized and
used extensively in previous studies of the cerebral cortex and basolateral amygdala (Conde
et al., 1994;Kawaguchi and Kubota, 1996; Sloviter et al., 2001; McDonald and Betette,
2001;McDonald and Mascagni, 2001,2002, 2004; Mascagni and McDonald, 2003). Each
antibody produced the characteristic pattern of labeling for each of the interneuronal
subpopulations seen in previous studies.

RESULTS
The pattern of immunostaining obtained in the amygdala with the three 5-HT2AR antibodies
was different (Figs. 1-7), and each will be described separately.

5-HT2AR Localization: Staining obtained with the Oncogene/Calbiochem polyclonal 5-
HT2AR antibody

Immunoperoxidase preparations revealed that there was a moderate density of 5-HT2AR+
neurons in all nuclei of the BLC (Fig. 1). There was a lower density of immunostained neurons
in most of the other amygdalar nuclei, especially in the caudal portions of the central nucleus
where very few immunostained cells were seen (Fig. 1). All of the 5-HT2AR+ neurons in the
BLC appeared to be nonpyramidal interneurons (Figs. 3A, B). The somata of these neurons
were 14-20 m long and 10-12 m wide in the basolateral nucleus, and tended to be slightly
smaller in the lateral nucleus. These cells had 2-4 aspiny dendrites that branched sparingly and
could sometimes be followed for over 300 m from the soma. Although most of the staining
was intracellular, the immunolabeling in some dendritic segments was concentrated along the
plasma membrane. There was very dense neuropilar staining of the dorsolateral subdivision of
the lateral nucleus (Ldl; Figs. 1, 3A, 4), but little or no neuropilar staining in the basolateral
nucleus or ventromedial subdivision of the lateral nucleus (Figs. 1, 3). The immunolabeled
processes in the neuropil of Ldl appeared to be lightly-stained dendrites, but their structure was
difficult to resolve. The pattern of immunostaining in colchicine-injected rats was identical to
that seen in non-colchicine-injected rats.

Dual-labeling confocal immunofluorescence studies were conducted to determine which
interneuronal subpopulations were 5-HT2AR+ (Fig. 5). These investigations revealed that
roughly two-thirds to three-quarters (depending on the nucleus) of the 5-HT2AR+ neurons in
the BLC were PV+, whereas most of the remaining 5-HT2AR+ neurons were SOM+ (Table
1). These 5-HT2AR+ neurons constituted about two-thirds to three-quarters of the PV+ neurons
in the BLC (depending on the nucleus), and about one-third of the SOM+ population. The
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SOM+ neurons typically exhibited lower levels of 5-HT2AR immunoreactivity than the PV+
neurons. A very small percentage of CR+ neurons exhibited 5-HT2AR immunoreactivity
(Figure 5E, Table 1), and no CCK+ neurons were 5-HT2AR+.

5-HT2AR Localization: Staining obtained with the BD Pharmingen monoclonal 5-HT2AR
antibody

The staining pattern obtained with the BD Pharmingen monoclonal 5-HT2AR antibody in the
BLC was quite different from that seen with the Oncogene/Calbiochem polyclonal 5-HT2AR
antibody. Initial immunoperoxidase experiments were performed on sections from non-
colchicine-injected brains. These preparations were characterized by numerous moderately-
stained dendrites and some lightly-stained pyramidal cell somata that appeared to give rise to
most of the immunostained dendrites. As in a previous study using this antibody (Luttgen et
al., 2004), it was found that injection of colchicine 24 hours prior to sacrifice enhanced staining
in these structures; subsequent experiments used only colchicine-injected rats (Figs. 2,3C, 3D).
Immunostained somata were 14-20 m long and 12-14 m wide in the basolateral nucleus, and
were slightly smaller in the lateral nucleus. In addition, there was a small number of
morphologically-heterogeneous nonpyramidal cells in the BLC that were more intensely–
stained than the pyramidal cells (Figs. 2,3D). These intensely–stained nonpyramidal cells had
polygonal, irregular or elongated somata (14-28 m long and 8-12 m wide) and 2-4 dendrites
that branched sparingly. Although some of these nonpyramidal cells were found within the
BLa and the posterior subdivision of the basolateral nucleus (BLp), most were located near the
external and internuclear borders of the BLC. Thus, these 5-HT2AR+ nonpyramidal cells were
mainly located: (1) along the external border of the BLC (especially in the external capsule
and intermediate capsule separating the BLC from the central nucleus and caudatoputamen),
(2) along the BLa/BLp border, and (3) along the border separating the lateral and basolateral
nuclei. The morphology and distribution of these intensely–stained 5-HT2AR+nonpyramidal
cells closely resembled that of the BLC neurons that project to the mediodorsal thalamic
nucleus (MD; McDonald, 1987), and they were, indeed, selectively labeled by injections of
fluorogold into the MD (see below).

In both pyramidal cells and the intensely-labeled nonpyramidal cells (and in both colchicine-
injected and non-colchicine-injected rats) most of the staining was intracellular, but the
immunolabeling in some dendritic segments was concentrated along the plasma membrane.
The predominant principal cell staining seen in the BLC was also seen in all of the other
amygdalar nuclei (e.g., the central nucleus, Fig. 2), with the notable exception of the
intercalated nuclei, where none of the small principal neurons were stained.

Dual-labeling confocal immunofluorescence studies (n = 3 colchicine-injected brains) and two-
color immunoperoxidase studies (n = 1 colchicine-injected brain) were conducted to determine
if any of the three main interneuronal subpopulations in the BLC (i.e, PV+, CR+ and SOM+
interneurons) were stained with the monoclonal 5-HT2AR antibody. Only an occasional SOM
+ or CR+ neuron exhibited 5-HT2AR immunoreactivity. However, in both the two-color
immunoperoxidase and dual-labeling immunofluorescence preparations (Fig. 6A, B) there
were numerous PV+ neurons with light to moderate 5-HT2AR immunoreactivity. Cell counts
pooled from two dual-labeling immunofluorescence preparations revealed that 64.5% (69/107)
of PV+ neurons in the BLa, and 34.9% (37/106) of PV+ neurons in the Lvm, were 5-HT2AR
+. In contrast, none of the intensely-labeled (i.e., MD-projecting, see below) 5-HT2AR+
nonpyramidal cells were PV+, CR+ or SOM+ (Fig 6A, arrow).

As in previous studies (McDonald, 1987), fluorogold injections (FG) into the mediodorsal
thalamic nucleus (MD) resulted in the retrograde labeling of a population of relatively large
nonpyramidal cells located in the anterior and posterior subdivisions of the basolateral nucleus,
as well as along the borders of these nuclei. Virtually all of these retrogradely labeled neurons
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had high levels of 5-HT2AR immunoreactivity (Fig. 6C) and clearly corresponded to the
intensely–stained 5-HT2AR+nonpyramidal cells seen in immunoperoxidase preparations.

5-HT2AR Localization: Staining obtained with the Ab51 polyclonal 5-HT2AR antibody
As in the cortex and striatum (Willins et al., 1997;Bubser et al., 2001) the staining obtained
with the Ab51 polyclonal 5-HT2AR antibody in the BLC in immunoperoxidase preparations
was similar to that obtained with the BD Pharmingen monoclonal antibody. Thus, pyramidal
cells and their processes appeared to be the main 5-HT2AR+ structures, although some glial
cell nuclei were also stained. The staining of the perikarya of these cells appeared to be slightly
enhanced in colchicine-injected animals (Fig. 7). Unlike the monoclonal antibody, however,
antibody Ab51 did not produce robust staining of the population of large nonpyramidal cells
that project to the mediodorsal thalamic nucleus. Although most of the staining was
intracellular, the immunolabeling in some dendritic segments was concentrated along the
plasma membrane.

Dual-labeling confocal immunofluorescence studies were conducted in two colchicine-
injected brains and one non-colchicine-injected brain to determine whether PV+, CR+, CCK
+, or SOM + interneuronal subpopulations were stained with the Ab51 antibody. Only
occasional cells in each of these four subpopulations exhibited immunoreactivity; the staining
in these neurons was very light and barely above background levels.

DISCUSSION
Although there is evidence that the monoclonal and polyclonal antibodies used in this study
are specific for 5-HT2AR (see above), their staining patterns in the BLC were different. The
Oncogene/Calbiochem polyclonal antibody (OC antibody) mainly stained nonpyramidal
interneurons that expressed PV or SOM, although numerous dendrite-like processes were
stained in the Ldl. The density of the latter processes indicates that they probably arise from
pyramidal cells, the principal neurons of the BLC. In contrast, the BD Pharmingen monoclonal
antibody (BD antibody) appeared to stain all of the pyramidal cells in the BLC. In addition,
the BD antibody stained a specific subpopulation of large nonpyramidal cells that project to
the mediodorsal thalamus, but that do not express interneuronal marker peptides/proteins.
There was also light to moderate staining of PV+ interneurons by the BD antibody. The third
antibody, the Ab51 polyclonal antibody, mainly stained pyramidal cells.

Staining differences exhibited by the 5-HT2AR antibodies
All three primary antibodies were raised against sequences of amino acids in the N-terminal
portion of 5-HT2AR that are specific to this receptor, and not shared by 5-HT2BR or 5-
HT2CR (Julius et al., 1988). However, the immunizing antigen for each antibody was distinct
(see Experimental Procedures). Presumably differences in the nature and presentation of the
immunizing antigen affect the epitope recognition site of the antibodies, and the subsequent
immunohistochemical staining (Boersma et al., 1993). The conjugation of synthetic peptides
to protein carriers may create three-dimensional conformations of peptides that mimic those
seen in fixed neural tissue, but may also lead to the disappearance of particular antigenic
determinants. It is possible, therefore, that these differences in the preparation of the antigen
might result in epitopes with distinct molecular configurations, which could produce antibodies
that recognize distinct conformations of the 5-HT2A receptor protein located in different
neuronal domains, similar to the situation with different 5-HT3R antibodies (Morales et al.,
1998;Miquel et al. 2002). It is also possible that these antibodies might recognize different
post-translational modifications of the receptor proteins, as has been shown for different 5-
HT1AR antibodies (Anthony and Azmitia, 1997). It is of interest is this regard that biochemical
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studies indicate that the BD antibody may recognize an immaturely glycosylated form of the
5-HT2AR which is not associated with the surface membrane (Nocjar et al., 2002).

The staining of BLC pyramidal cells by both the BD and Ab51 antibodies is consistent with
the similar staining pattern of these two antibodies in the cortex and striatum (Willins et al.,
1997;Bubser et al., 2001). Since the immunizing antigens were different for each antibody, the
fact that they both stain pyramidal cells suggests that BLC pyramidal cells may express 5-
HT2ARs. It is not clear why the OC antibody only stains pyramidal cells in the Ldl.

The staining of PV+ interneurons by both the BD and OC antibodies suggests that these
interneurons express 5-HT2ARs. It is also of interest that a 5-HT2AR antibody raised against
the 22-41 amino acid sequence of the receptor conjugated to keyhole limpet hemocyanin using
an N-terminal cysteine only stained interneurons in the forebrain, including the BLC (Garlow
et al. 1993;Morilak et al, 1993); the laminar distribution of these interneurons in the
hippocampus (i.e., in the pyramidal layer and stratum oriens) suggests that they were PV+ and
SOM+ interneurons (Freund and Buzsaki, 1996), similar to the findings with the OC antibody
in the BLC in the present study.

The BD antibody and the Ab51 antibody have been used in several studies of the neocortex
and produced a very similar staining pattern (Willins et al., 1997;Bubser et al., 2001). Since
there have been numerous electrophysiological studies and receptor binding autoradiographic
studies of neocortical 5-HT2ARs, it is of interest to correlate the staining of these two antibodies,
as well as the less widely used OC antibody, with the results of these studies. Comparison of
the staining produced by the BD and OC antibodies in the cortex (Fig. 8) suggests that the
staining produced by the latter may be more closely related to receptors that are capable of
ligand-binding. Thus, although there is electrophysiological evidence that the apical dendrites,
but not the perikarya, of layer V pyramidal cells exhibit postsynaptic 5-HT2AR responses
(Aghajanian and Marek, 1997), the BD antibody (Fig. 8A), as well as the Ab51 antibody,
stained both of these compartments. In contrast, only the apical dendrites of layer V pyramidal
cells were stained with the OC antibody (Fig. 8B). In addition, the pattern of 5-HT2AR receptor
binding autoradiographic studies in the BLC and neocortex closely matches that of the staining
with the OC antibody, but not the BD antibody. Thus, 5-HT2A receptor binding
autoradiography demonstrates a dense band in the neocortex that has been ascribed to layer IV
and/or the superficial portion of layer V (Pazos et al., 1985;Blue et al., 1988); this band is seen
with the OC antibody (Fig. 8B), and with another 5-HT2AR antibody (Hamada et al., 1998),
but not with the BD antibody (Fig. 8A) or the Ab51 antibody. Likewise, the dorsolateral
subdivision of the lateral amygdalar nucleus exhibits especially dense 5-HT2A receptor binding
(Pazos et al., 1985) that matches the dense immunostaining seen with OC antibody, but not
with the BD or Ab51 antibodies.

Colchicine, which inhibits axonal and dendritic transport by disrupting microtubules, enhanced
the staining of pyramidal cell somata in preparations stained with the BD and Ab51 antibodies,
but had no observable effect on OC antibody staining. However, since the somata and dendrites
of the nonpyramidal cells stained with the OC antibody were very intensely stained in non-
colchicine-injected brains, increases in staining with colchicine would be less likely to be
noticed.

5-HT2AR expression in pyramidal cells of the BLC
The pattern of immunostaining obtained with the BD and Ab51 antibodies suggests that
virtually all pyramidal cells in the BLC express 5-HT2ARs that are mainly associated with
dendrites. In contrast, staining of presumptive pyramidal cell dendrites was confined to the
dorsolateral subdivision of the lateral nucleus (Ldl) with the OC antibody. The latter staining
closely correlates with 5-HT2R receptor binding autoradiography (Pazos et al., 1985) and in
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situ hydridization studies for 5-HT2AR mRNA (Wright et al., 1995) which demonstrate dense
labeling in the Ldl, and lighter labeling in other portions of the BLC. Although these results
suggest that Ldl pyramidal cell dendrites exhibit 5-HT2ARs, an electrophysiological study
which focused on Ldl found no significant increases in pyramidal cell firing by
iontophoretically applied 5-HT, only decreases in pyramidal cell firing due to activation of
serotonergic receptors on GABAergic interneurons (Stutzmann and LeDoux, 1999). It is
possible that the strong inhibition of pyramidal cells by 5-HT-activated interneurons (see
below) countered the 5-HT2AR- mediated excitation of pyramidal cell dendrites.

The failure of the OC antiserum to stain pyramidal cells in other BLC nuclei could indicate
that the 5-HT2AR epitope targeted by this antibody is masked in those cells.
Electrophysiological evidence on this issue is equivocal. Rainnie (1999) found no evidence for
5-HT2R-mediated pyramidal cell depolarization in his whole-cell patch clamp studies of the
BLa. In contrast, Stein et al. (2000) noted an increase in presumptive pyramidal cell firing in
the BLC using in vivo extracellular unit recording with microiontophoretic application of DOI,
a 2A/2C agonist, and Chen et al. (2003)reported that 5-HT2R-activation enhances NMDA
receptor-mediated synaptic plasticity in presumptive pyramidal cells in the BLC.

In addition to moderately labeling pyramidal cells, the BD antibody produced robust staining
of 5-HT2AR+ nonpyramidal cells in the basolateral nucleus that were retrogradely labeled by
fluorogold injections into the mediodorsal thalamic nucleus, the main thalamic nucleus
targeting the prefrontal cortex (PFC). The intense staining of these cells suggests that they
express very high levels of 5-HT2ARs. In addition to this indirect projection to the PFC, the
basolateral nucleus of the amygdala also provides a direct topographically-organized
projection to this cortical region via its pyramidal cells (McDonald, 1987). Thus, it appears
that the activity of BLC neurons providing both direct and indirect projections to the PFC may
be modulated by 5-HT2ARs.

5-HT2AR expression in GABAergic interneurons of the BLC
The OC antibody demonstrated that two of the four main subpopulations of GABAergic
interneurons identified in previous studies on the basis of their content of peptides and calcium-
binding proteins express 5-HT2ARs. The majority of 5-HT2AR+ interneurons were PV+, and
most of the remaining 5-HT2AR+ interneurons were SOM+. There was also significant staining
of PV+ interneurons by the BD antibody. This staining of PV+ neurons by both antibodies
correlates with the finding that PV+ interneurons are postsynaptic targets of 5-HT+ axon
terminals in the BLC (Muller et al., 2005), although the receptors associated with these 5-HT
+ terminals have not been determined. None of the antibodies stained significant numbers of
large CCK+ interneurons (Type L CCK+ neurons; Mascagni and McDonald, 2003) or the small
CR/CCK interneuronal subpopulation. Since both PV+ and SOM+ interneurons innervate BLC
pyramidal cells (Muller et al., 2006,2007), 5-HT2AR-mediated excitation of these GABAergic
interneuronal subpopulations would be expected to result in indirect inhibition of pyramidal
cells. This is consistent with electrophysiological studies which have demonstrated that the
inhibition of BLC pyramidal cells by 5-HT or 5-HT2 agonists is blocked by GABA antagonists
(Stutzmann and LeDoux, 1999;Stein et al., 2000), although some of the pyramidal cell
inhibition produced by 5-HT is probably mediated in part by excitation of 5-HT3AR+
interneurons (Morales et al., 1998;Stein et al., 2000; Mascagni and McDonald, 2007).

Similarly, using whole-cell patch clamp techniques, Rainnie (1999) demonstrated that 5-HT
or 5-HT2 agonists, but not 5-HT1A or 5-HT1B agonists, directly depolarized about 75% of the
interneurons recorded from the BLa. Since the remaining 25% were unresponsive, these data
suggest that only a subpopulation of BLa interneurons express 5-HT2 receptors, consistent with
our results. Also in agreement with our findings that PV+ neurons were the main 5-HT2AR+
interneuronal subpopulation stained with both the OC and BD antibodies, the 5-HT2-
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responsive interneurons in Rainnie’s study typically exhibited a distinctive burst-firing
discharge, which has subsequently been shown to characterize a subpopulation of PV+
interneurons in the BLa (Rainnie et al., 2006). Rainnie (1999) also provided evidence that the
5-HT2R-mediated activation of these interneurons subsequently produces a GABAA-mediated
inhibition of BLa pyramidal neurons.

PV+ neurons constitute the largest subpopulation of GABAergic interneurons in the BLC
(McDonald and Mascagni, 2001). These PV+ interneurons, which are tightly interconnected
by both chemical synapses and gap junctions, appear to constitute an interneuronal network
that may generate fast rhythmic oscillations during emotional arousal (Paré and Collins,
2000;Paré et al., 2002;Muller et al., 2005). Collectively, this PV+ interneuronal network
provides a massive inhibitory innervation of both the perisomatic and distal dendritic
compartments of BLC pyramidal cells (Muller et al., 2006). Anatomical evidence indicates
that individual PV+ basket cells may innervate more than 100 surrounding pyramidal cells,
and that the axons of approximately 10-20 PV+ basket cells may converge onto each pyramidal
cell body (Muller et al. 2006;Rainnie et al., 2006). The extensive divergence and convergence
of the axons of PV+ basket cells (and also chandelier cells) innervating the perisomatic domains
of neighboring pyramidal cells could entrain the firing of these cells.

Thus, it would be expected that the 5-HT2AR-mediated activation of the PV+ interneuronal
network suggested by the present study would not simply inhibit BLC projection neurons, but
would modulate synchronized rhythmic oscillations in the BLC. This is consistent with
electrophysiological studies which demonstrated that 5-HT2R-mediated excitation of
interneurons that exhibited rhythmic burst-firing discharges characteristic of PV+ neurons
increased the frequency of rhythmic IPSPs observed in pyramidal neurons (Rainnie,
1999;Rainnie et al., 2006). Since network rhythms are critical for synaptic plasticity associated
with the formation of emotional memories (Paré et al, 2002;Pape and Stork, 2003), it is not
surprising that selective serotonin reuptake inhibitors alter fear conditioning (Inoue et al.,
2004;Burghardt et al., 2004;Izumi et al., 2006).
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Abbreviations
5-HT  

serotonin

5-HT2R  
serotonin type 2 receptor

5-HT2AR  
serotonin type 2A receptor

BD antibody 
BD Pharmingen 5-HT2AR antibody

BLa  
anterior subdivision of the basolateral amygdalar nucleus

BLp  
posterior subdivision of the basolateral amygdalar nucleus

BLC  
basolateral nuclear complex of the amygdala

CCK  
cholecystokinin

CL  
lateral subdivision of the central nucleus

CR  
calretinin

ec  
external capsule

GABA  
gamma aminobutyric acid

Ldl  
dorsolateral subdivision of the lateral amygdalar nucleus

Lvm  
ventromedial subdivision of the lateral amygdalar nucleus

MD  
mediodorsal thalamic nucleus

OC antibody 
Oncogene/Calbiochem 5-HT2AR antibody
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PV  
parvalbumin

SOM  
somatostatin
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Fig 1.
Digital photomicrograph of 5-HT2AR immunoreactivity in the rat amygdala demonstrated with
the Oncogene/Calbiochem polyclonal antibody (bregma -2.6 level of Paxinos and Watson,
1997). Note staining of numerous nonpyramidal neurons in the anterior and posterior
subdivisions of the basolateral nucleus (BLa and BLp) and the ventromedial subdivision of the
lateral nucleus (Lvm). There are similar neurons in the dorsolateral subdivision of the lateral
nucleus (Ldl; see Fig. 4), but these are obscured at this low magnification by the dense
neuropilar staining. There is also light staining of glial cell nuclei that is mainly evident in the
lateral subdivision of the central nucleus (CL) and the caudatoputamen (CP). Scale bar = 100
m.

McDonald and Mascagni Page 18

Neuroscience. Author manuscript; available in PMC 2007 August 8.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



Fig 2.
Digital photomicrograph of 5-HT2AR immunoreactivity in the rat amygdala demonstrated with
the BD Pharmingen monoclonal antibody (bregma -3.0 level of Paxinos and Watson, 1997).
Note staining of numerous pyramidal neurons in all portions of the BLC (BLa, BLp, Lvm, and
Ldl), and a small number of intensely-stained nonpyramidal neurons in the BLp (one of which
is indicated by an arrow; see Fig 3D for a higher power view). There is also staining of principal
neurons in the lateral subdivision of the central nucleus (CL) and the caudatoputamen (CP).
Scale bar = 100 m.
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Fig 3.
Higher power micrographs of 5-HT2AR staining obtained with the Oncogene/Calbiochem
polyclonal antibody (A, B) and the BD Pharmingen monoclonal antibody (C, D). A) Oncogene/
Calbiochem polyclonal 5-HT2AR immunoreactivity in the ventromedial (Lvm) and
dorsolateral (Ldl) subdivisions of the lateral nucleus. All immunostained neurons appear to be
nonpyramidal. These cells are most obvious in the Lvm. ec, external capsule. B) Oncogene/
Calbiochem polyclonal 5-HT2AR immunoreactivity in the basolateral nucleus. All
immunostained neurons appear to be nonpyramidal. C) BD Pharmingen monoclonal 5-
HT2AR immunoreactivity in the ventromedial (Lvm) and dorsolateral (Ldl) subdivisions of
the lateral nucleus in a colchicine-injected animal (in the same area of the lateral nucleus
depicted in A). All immunostained neurons appear to be pyramidal cells. D) BD Pharmingen
monoclonal 5-HT2AR immunoreactivity in the basolateral nucleus in a colchicine-injected
animal. All immunostained neurons appear to be pyramidal cells, with the exception of a few
intensely-stained nonpyramidal cells (arrows indicate two examples). Scale bar = 50 m for A-
D.
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Fig 4.
5-HT2AR immunoreactivity in the dorsolateral subdivision of the lateral nucleus (Oncogene/
Calbiochem polyclonal antibody). This is the same section as Fig. 1. Arrows indicate
immunoreactive perikarya. Scale bar = 20 m.
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Fig 5.
Dual localization of 5-HT2AR immunoreactivity (Oncogene/Calbiochem polyclonal antibody)
and interneuronal marker immunoreactivity in the BLa using immunofluorescence confocal
laser scanning microscopy. A1-A3) Dual localization of 5-HT2AR and PV in the BLa. A1) 5-
HT2AR+ neurons (green). A2) PV+ neurons (red) in the same field. A3) Merging of the red
and green channels indicates that there is extensive colocalization of 5-HT2AR and PV
immunoreactivity (yellow), but there are also neurons that are single-labeled for 5-HT2AR
(green) or PV (red). B) Higher power merged image of 5-HT2AR (green) and PV (red) in the
BLa. In addition to five PV+ neurons with variable amounts of 5-HT2AR immunoreactivity
(yellow), there is also a single-labeled PV+ neuron (red arrow) and a single-labeled 5-HT2AR
+ neuron (green arrow). C, D) Dual localization of 5-HT2AR (green) and SOM (red) in the
BLa. Double-labeled 5-HT2AR/SOM+ neurons (yellow) and single-labeled 5-HT2AR neurons
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(green) are observed in these two fields. E) Dual localization of 5-HT2AR (green) and CR (red)
in the BLa. Arrow indicates one of two double-labeled neurons found in the BLa (see Table
1). F) Dual localization of 5-HT2AR (green) and CCK (red) in the BLa. No colocalization of
5-HT2AR with CCK was observed in either large Type L CCK neurons (arrows) or small Type
S CCK neurons (smaller red cells). All scale bars = 25 m.
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Fig 6.
Dual localization of 5-HT2AR immunoreactivity (BD Pharmingen monoclonal antibody) and
neuronal markers in the BLa using immunofluorescence confocal laser scanning microscopy.
A, B) Dual localization of 5-HT2AR (green) with PV (red). Colocalization is indicated by
yellow. Note light to moderate 5-HT2AR immunoreactivity in some of the PV+ neurons. Arrow
in A indicates one of the large intensely-stained 5-HT2AR+ nonpyramidal cells that are labeled
by injections of fluorogold into the mediodorsal thalamic nucleus (see C1-C3); none of these
cells expressed the interneuronal markers PV, SOM or CR. C1-C3) Dual localization of 5-
HT2AR (red) and fluorogold (FG; green), with injections of FG into the mediodorsal thalamic
nucleus. Note that a large intensely-stained 5-HT2AR+ nonpyramidal cell (lower part of field)
is retrogradely labeled by fluorogold. All scale bars = 25 m.
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Fig 7.
Digital photomicrograph of 5-HT2AR immunoreactivity in the basolateral nucleus using the
Ab51 polyclonal antibody. Note staining of many presumptive pyramidal cell somata (arrows)
and dendrites. The neuropil contains a very large number of small-caliber structures that appear
to be distal dendrites of the immunostained somata. Scale bar = 50 m.
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Fig 8.
Digital photomicrographs of 5-HT2AR immunoreactivity in the primary somatosensory cortex
of the rat obtained with the BD Pharmingen monoclonal (A) and Oncogene/Calbiochem
polyclonal antibodies (B). The borders of layer V were determined using an adjacent
Nisslstained section. A) Note that the monoclonal antibody stains the somata and basal
dendrites of layer V pyramidal cells, as well as the apical dendrites of these cells that extend
through the superficial layers of the cortex to the pial surface. B) The polyclonal antibody stains
the apical dendrites of these cells in the superficial layers, but not the somata and basal
dendrites. This antibody also stains a band of neuropil in the superficial part of layer V (Layer
Va). Scale bar = 100 m.
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