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Abstract
The rat basolateral nucleus of the amygdala continues to develop connectivity with the frontal
cortex through the periadolescent period and even into young adulthood. Although neuronal loss
in the prefrontal cortex has been found during the periadolescent period, prior literature has not
examined whether neuron number in the basolateral amygdala is stable through this period. In
addition, aging of the rat basolateral nucleus is accompanied by significant increases in the
dendritic tree of its principal neurons, but whether this occurs in the context of neuronal death has
not been previously explored. In the present study, a stereological examination of neuron and glia
numbers in the rat basolateral amygdalar nucleus was undertaken in male and female hooded rats
at one of four ages across the lifespan. Our findings indicate (1) a significant decrease in the
number of neurons and glia in the basolateral nucleus between adolescence and adulthood, and (2)
the number of glia, as well as the volume of the basolateral nucleus, increase between adulthood
and old age, while neuron number remains stable. These findings provide an important cellular
context for interpretation of the neurochemical and other alterations documented in developmental
and age-related literature on the rat basolateral amygdala, and underline the substantial
development of this brain area during adolescence, as well as its comparative preservation during
aging.
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Introduction
Traditional views that neuroanatomical development is largely organized in the perinatal
period have been updated in light of the overwhelming evidence that the periadolescent
period is accompanied by major alterations in brain organization in humans (Swaab et al.,
1995; Giedd et al., 1999; Sowell et al., 1999, 2002; De Bellis et al., 2001; Giedd, 2004) and
other animals (Andersen et al., 1997, 2000; Spear, 2000; Nunez et al., 2002; Cunningham et
al., 2002, 2007; Koshibu et al., 2004). This late wave of developmental events may follow
sex-specific patterns (Giedd, 2004), including the first appearance of sex differences in
neuron number, in many reproductive and ‘cognitive’ brain areas (Swaab et al., 1995;
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Chung et al., 2002; Markham et al., 2007). Some of these dimorphisms have been directly
linked to the appearance of pubertal hormones (reviewed in Sisk and Zehr, 2005); in rat
visual cortex, for example, the adult sex difference in neuron number is abolished by
removal of the ovaries prior to puberty onset (Nunez et al., 2002).

The amygdala is one of the brain regions noted to undergo late developmental changes in
both humans and other animals. In rats, the adolescent period stretches roughly from
postnatal day 28 (P28) to P42 (Spear, 2000). Anatomical development has been reported
during adolescence in different subnuclei of the rodent amygdala (Zehr et al., 2006;
Cunningham et al., 2007), including the basolateral nucleus (Cunningham et al., 2002,
2007), which is noted for its cortical-like cytology and patterns of connectivity (Carlsen and
Heimer, 1988). Late developmental changes observed in the basolateral nucleus (BLN) of
the rat include increasing cholinergic innervation, indexed by acetylcholinesterase activity in
BLN neuropil, which does not reach adult levels until P60 (Berdel et al., 1996), and
progressive innervation by the posterior portion of the BLN to the medial prefrontal cortex
(mPFC) through P65 (Cunningham et al., 2002). In mice, whole amygdalar volume
increases by more than 50% between P30 (peripubertal) and P90, while overall brain
volume only increases by 7% (Koshibu et al., 2004). A similar pattern is seen in humans:
amygdalar volume increases between childhood and adulthood (Giedd et al., 1996,1997;
Merke et al., 2003), while cerebral volume significantly decreases (Schumann et al., 2004;
Lenroot and Giedd, 2006). Perhaps related to these developmental changes is the increased
vulnerability to a number of psychopathologies during the adolescent period, including
schizophrenia and depressive illness, which feature prominent affective problems (Spear,
2000; Rutter et al., 2003; Adriani and Laviola, 2004). These and other psychopathologies,
including autism and post-traumatic stress disorder, have been linked to abnormalities in
amygdalar-prefrontal function (Drevets, 1999; Grady and Keightley, 2002). Prior work from
this laboratory reported significant decreases in neuron number in the ventral mPFC
between adolescence and adulthood (Markham et al., 2007). One question addressed by the
current study is whether the BLN, which does not establish adult levels of projections to the
mPFC until early adulthood (Cunningham et al., 2002), is concomitantly undergoing
changes in the number of neurons late in development.

Sex differences and effects of gonadal steroid hormones have been reported in anatomical
measures of parts of the amygdala, including sexually dimorphic neuron number in several
subnuclei associated with the vomeronasal system (Morris et al., 2008; Cooke et al., 2007;
Guillamón and Segovia, 1997). The BLN, which has been the subject of far fewer studies
that examined sex differences, is known to exhibit dimorphisms in spine density (Rubinow
et al., 2007) and in the number of GABAergic neurons (Stefanova, 1998), but it is not
known whether there are sex differences in neuron number overall. The BLN could develop
dimorphisms following puberty as it contains steroid hormone receptors, although their
expression is comparatively low in relation to other amygdalar subnuclei (Laflamme et al.,
1998). In humans, functional imaging studies demonstrate striking sex differences in
amygdalar hemispheric activation during tasks likely to involve the BLN (Cahill, 2003);
however, to our knowledge sex differences in BLN anatomy have not previously been
examined by hemisphere. Thus the present study examined volume, neuron and glia number
in both hemispheres to determine whether there are sex by hemisphere interactions in these
measures.

Most anatomical studies of the aging human amygdala are volumetric, and have provided
mixed evidence including relative amygdalar preservation (Good et al., 2001; Jernigan et al.,
2001; Grieve et al., 2005) and volumetric decreases (Coffey et al., 1992; Murphy et al.,
1996; Mu et al., 1999; Walhovd et al., 2005). In rodents, we recently reported age-related
increases in the dendritic tree of principal neurons in the rat BLN (Rubinow et al., 2007).
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Age-related changes in measures of catecholaminergic innervation and CRF-binding protein
have also been reported in the basolateral amygdala of mice and rats respectively (Pisarska
et al., 2000; von Bohlen und Halbach and Unsicker, 2002). However, it is not clear whether
these alterations occur in the context of neuronal loss. Therefore, the present experiment was
designed to provide a systematic study of age-related, as well as late-developmental,
changes in volume and number of neurons in the BLN of rats of both sexes. Neuron and glia
number were stereologically quantified in the basolateral nucleus in male and female rats
sacrificed at one of four time points, corresponding to (1) pre-weaning/pre-puberty, (2) peri-
puberty, (3) adulthood, and (4) old age.

Methods
Subjects

Subjects were Long-Evans rats, descended from stock originally obtained from Simonsen
Laboratories (Gilroy, CA). There were 8 groups: males and females sacrificed at day 20
(preweaning/prepubertal; n = 8 males, 7 females), day 35 (peripubertal; 8 males, 7 females),
day 90 (young adulthood; 8 males, 8 females), and old age (19-22 months; 6 males, 6
females). The rats were bred in the animal colony of the Psychology Department and
weaned at day 25. They were housed with littermates in same-sex pairs, and maintained on a
12:12 light/dark cycle, with free access to rat chow and water. Aged rats were retired
breeders. All the rats were handled weekly, to minimize stress effects of handling at
sacrifice. All procedures were approved by the University of Illinois Institutional Animal
Care and Use Committee. Cortical tissue from a subset of these subjects was utilized in two
previous studies (Markham et al., 2007; Yates et al., 2008).

Histology
The rats were deeply anaesthetized with sodium pentobarbital and transcardially perfused
with Ringer’s solution and 4% paraformaldehyde in phosphate-buffered saline for one week,
at which time the brains were weighed and coded to avoid experimenter bias. The brains
were then stored in 30% sucrose in fixative (4% paraformaldehyde) for 2-3 days.

The tissue was frozen and 60 μm thick coronal sections were taken on a sliding microtome.
Small punches were made in the left hemisphere of all subjects so that hemispheric
differences could be assessed. Every fourth section was mounted and stained with methylene
blue/azure II for examination of BLN volume and neuron number. For a subset of animals,
distributed across all groups, every fifth section was mounted and stained.

Quantification
The number of neurons and glia in the BLN were stereologically calculated in two steps as
performed in previous studies from our laboratory (Reid and Juraska, 1992; Nunez et al.,
2002; Markham et al., 2007). The BLN was parcellated and traced at 31.25X from each
mounted section through the basolateral amygdala, using a camera lucida attachment to a
light microscope. Parcellations were made throughout the rostrocaudal extent of the BLN
according to cytoarchitectonic criteria differentiating the BLN from the dorsally situated
lateral nucleus and from surrounding tissue (de Olmos et al., 2004). Rostral-to-caudal, the
BLN shape and size changes markedly. The BLN first appears as a mass of large neurons
medially adjacent to the external capsule and immediately caudal to the interstitial nucleus
of the posterior limb of the anterior commissure. The rostral BLN is easily differentiated
from the dorsally situated lateral nucleus of the amygdala, which is characterized by smaller,
more densely packed neurons (Figure 1a). More caudally, the smaller neurons of the
posterior or parvicellular BLN appear along the lateral boundary of the BLN, while the
anterior or magnocellular BLN abuts the parvicellular BLN medially until it disappears
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entirely (Krettek and Price, 1978) (Figure 1b). To obtain volume, serial tracings of all
mounted sections were scanned into a computer and the ImageJ software program was used
to calculate the areas of all sections. Post-processing thickness was measured for each
subject under high magnification during density measurements. Areas were multiplied by
the distance between sections, determined from post-processing thickness and interval
between mounted sections, to determine volume.

Neuronal and glia densities were determined using the optical disector, an unbiased
stereological technique (Sterio, 1984). The StereoInvestigator (v.7.53.1, MicroBrightField
Bioscience) program was used to systematically randomly sample the tissue to obtain
neuron and glia counts. A counting frame of 35 × 35 μm, height 15 μm, containing the
appropriate inclusion and exclusion lines, was used to sample cells. A step size of 185 μm
(x,y) was used on all sections. Four to seven randomly determined coronal sections from
both hemispheres were used for quantification, with 100-300 neurons (average 170) counted
in the BLN of each subject.

An upper guard zone of 2.5 μm was applied to prevent biased counts due to cellular
irregularities at the cutting site (Mouton, 2002). Cells were counted only if their tops first
came into focus within the 15 μm height of the counting frame. Glia and neurons were
distinguished on the basis of several features: neurons can be distinguished by the clear
presence of the nucleolus and by dendritic and axonal processes, both absent in glial cells;
under Methylene Blue/Azure II staining, neurons and glia stain notably different shades of
blue; and neurons tend to be much larger than glia, particularly in a magnocellular region
such as the BLN. Figure 2 shows a high-magnification photo of BLN cells under the 63x oil
objective used for cell counts. Figures 1 and 2 were taken in grayscale with an Optronincs
MicroFire Progressive Scan CCD camera on a Zeiss AxioImager A1 light microscope and
were not manipulated except for the addition of text markers. The validity of cell size as one
of the distinguishing criteria was verified by areal measures of neurons and glia sampled in
four subjects per age group using the Isotropic Nucleator (see Figure 3 and Results, below).

Density was calculated as the number of cells of each type counted over the volume of the
total counting frames per subject. Tissue height used in calculating reference volume was
measured at every fourth sampling site. Neuron and glia numbers were calculated by
multiplying density by reference volume for each subject (Mouton, 2002).

Statistical Calculations
Coefficient of error (CE) was calculated for neurons and glia in all groups according to
Howard and Reed (1998). CEs were less than 0.10 for all subjects, with average CE of .079
for neurons and .056 for glia (Table 1).

Separate analyses were run for the development groups (days 20, 35 and 90) and the aged
comparison (day 90 and 19-22 months) for two reasons. One is that litter of origin was not
available for the aged group, and more importantly, potential statistical differences between
the developmental and aged groups are not meaningful. Group differences in neuron
number, volume, and number of glia were analyzed with mixed ANOVAs using hemisphere
as a repeated measure and age, sex and litter (development groups) as independent factors.
Post-hoc comparisons were made with 2-way ANOVAs in the developmental groups to
compare any effects of age while keeping litter in the analysis.
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Results
(1) Neuron and glial areal measurements

Areal measurements of neuronal and glial size, sampled in two males and two females per
age group in order to verify the perceptible size differences used as one of several criteria to
distinguish between the two cell types, were analyzed. Neuronal and glial areas were
markedly different (P<.000001), and the differences were constant across sex and age group
(Figure 3).

(2) Development
Volume—The volume of the BLN significantly changed with age (P=0.018). Post-hoc
comparisons revealed a significant volumetric increase between day 20 and day 35
(P=0.029) but no change between days 35 and 90 (Figure 4a). Sex did not influence the
volume of the BLN or interact with age. There were no hemispheric differences in volume
and no interactions between hemisphere and sex or age.

Neuron Number—Neuron number significantly changed with age ( P=0.010) (Figure 4b).
Post-hoc comparison of neuron number between days 35 and 90 showed a decrease of 13%
(P=0.007). Neuron number was unchanged between days 20 and 35. There were no effects
of sex nor an interaction between sex and age on neuron number. There were no
hemispheric differences in neuron number and no interactions between hemisphere and sex
or age.

Number of Glia—The number of glia significantly changed with age (P=0.010). Glia
number decreased by 13% (P=0.007) between days 35 and 90, but was unchanged between
days 20 and 35 (Figure 4c). There was no effect of sex nor an interaction between sex and
age on the number of glia. There were no hemispheric differences in glia number or
interactions of hemisphere with sex or age.

(3) Aging
Volume—BLN volume significantly increased by 15% with age (P=0.002; Figure 5a). Sex
did not influence volume or interact with age. There were no hemispheric differences or
interactions of hemisphere with sex or age.

Neuron Number—Neither age nor sex significantly influenced neuron number, and there
was no interaction (Figure 5b). There were no hemispheric differences or interactions of
hemisphere with sex or age.

Number of Glia—The number of glia increased significantly by 18% with age (P=0.013;
Figure 5c). There was no effect of sex on glia number and no interaction of sex with age.
There were no hemispheric differences or interactions of hemisphere with sex or age.

Discussion
This is the first stereological study to examine whether neuron and glia numbers in the rat
basolateral nucleus change across adolescence or between adulthood and old age. Evidence
of neuron loss was found in the BLN of both sexes post-puberty, between days 35 and 90.
Glia number also decreased at this time. In contrast, neuron number was stable into old age
and glia number was higher in the aged.
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Development
Neuron number decreased by 13% in the BLN between days 35 and 90. Previous findings
from this laboratory indicate that neuron number decreases overall during the same period in
the ventral (prelimbic and infralimbic; PL and IL) medial prefrontal cortex, although the
changes were larger in females than in males (Markham et al., 2007). The PL and IL are
specific projection targets of the posterior division of the BLN (Krettek and Price, 1977),
and the projections from the posterior BLN to the IL increase through day 65 or later in rats
(Cunningham et al., 2002). Taken together, these findings add the basic measure of neuron
number to other evidence that the BLN and prefrontal cortex may be interrelated in their late
development. GABAergic neurons of the mPFC represent a major target of new BLN
efferents (Cunningham et al., 2007), as they are in adulthood (Gabbott et al., 2006). The
current study did not address the phenotype of neurons lost between adolescence and
adulthood. Future studies distinguishing principal neurons, which are glutamatergic and
represent the projection neurons of the BLN (McDonald et al., 2004), from interneurons are
needed to delineate whether either cell type is particularly vulnerable, and if the latter,
interneuron phenotype may be distinguished.

Glial cell number also decreased by 13% between days 35 and 90. We did not distinguish
among glial cell subtypes in this first analysis of BLN cell numbers across the lifespan of
male and female rats. Thus astrocytes, oligodendrocytes, as well as microglia are expected
to be represented in the glia numbers quantified, although the latter would be expected to
make the smallest contribution (Grady et al., 03; Hamidi et al., 04). Astrocytes, and subsets
of oligodendrocytes, contribute to synaptic functioning (He and Sun, 2007; van Landeghem
et al., 2007), suggesting the co-occurring loss of neurons and glia might reflect concomitant
synapse losses; a loss of oligodendrocytes might also reflect loss of myelination in local and/
or projecting fibers, although further speculation on the functional significance of glial cell
loss between adolescence and adulthood will require future work distinguishing among glial
cell subtypes.

The late development of both the BLN and mPFC has significant implications for emotional
aspects of cognitive development (Drevets, 1999; Likhtik et al., 2005). For example, human
studies indicate a greater amygdalar response to emotional stimuli in adolescents versus
adults, who show a greater frontal cortical response (Killgore et al., 2001; Monk et al.,
2003), suggesting greater prefrontal control over emotional response in adulthood (Monk et
al., 2003). Furthermore, the late establishment of BLN-mPFC circuitry is thought to
contribute to the adolescent vulnerability to the onset of affective and psychotic disorders
(Cunningham et al., 2007). The late development of the BLN, seen here in neuronal
decreases following puberty, and in other studies of connectivity with the mPFC
(Cunningham et al., 2002), altered expression of GABAergic neuron populations (Berdel
and Morys, 2000), and increasing cholinergic innervation through day 60 (Berdel et al.,
1996) may have implications for the development of cognitive abilities which rely on
amygdala function (Rubinow et al., unpublished data).

One difference between the neuron losses late in development in the mPFC and the BLN is
that in the former, neuron losses occur in context of volumetric decreases (Markham et al.,
2007). However in the case of the BLN, volume does not decrease concomitantly, and
number of glia cells is decreasing. A dissociation between volume and cell numbers has also
been seen in the posterodorsal portion of the medial amygdala (Cooke et al., 2007; Morris et
al., 2008). Thus, it appears that the neuropil and/or soma size may be increasing. One
previous study examining neuronal soma of the rat BLN found no significant changes in
soma size beyond postnatal day 14 (Berdel et al., 1997), and a second study reported
decreases in size of BLN somata between days 20 and 40 (Escobar and Salas, 1993). While
it is not known whether dendritic material in the rat increases between days 20 and 90, our
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previous finding that dendritic material increases in the BLN in old age (Rubinow et al.,
2007) indicates that adulthood represents a period of plasticity for BLN neuropil. Future
studies examining dendritic material in the BLN between puberty and adulthood will be
important in addressing the question of the basis for volumetric stasis in the context of
significant losses in number of neurons during this period.

The developmental trajectory of volumetric changes in both the BLN and the mPFC
(Markham et al., 2007) follows the direction seen in humans: frontal cortical volume
decreases (Giedd, 2004), and amygdalar volume increases (Giedd et al., 1996, 1997; Merke
et al., 2003; Schumann et al., 2004) in adolescence. While it is not known whether these
volumetric changes in the human brain are accompanied by decreases in neuron number as
they are in the rat, it is noteworthy that in rats the same neuronal changes are associated with
opposite volumetric changes in the BLN versus the mPFC. This dissociation underlines the
importance of caution in interpreting volumetric data in the absence of information on
underlying cellular alterations.

Sex differences
No sex differences were found in the volume or number of neurons in the BLN, and sex did
not interact with hemisphere. This is in contrast with much of the amygdala which is known
to exhibit sexual dimorphisms and anatomical changes in response to manipulations of
gonadal steroids. The large majority of studies in this area have focused on the
reproductively important nuclei closely associated with the vomeronasal system. Sex
differences have been reported in the bed nucleus of the accessory olfactory tract, medial
amygdala (MeA), posteromedial cortical nucleus, and parts of the bed nucleus of the stria
terminalis (for reviews see Madeira and Lieberman, 1995; Guillamón and Segovia, 1997),
and male rats have greater numbers of neurons in subdivisions of all of these nuclei
(Guillamón and Segovia, 1997; Vinader-Caerols et al., 2000; Morris et al., 2008). Much
research in this area has focused on the posterodorsal division of the MeA (MeApd), which
contains the highest amygdalar concentrations of estrogen receptor-alpha and -beta
(Laflamme et al., 1998) and high concentrations of androgen receptors (Gréco et al., 1996).
The MeApd is significantly larger in male rats than in females (Hines et al., 1992), and
exhibits sexual dimorphisms in neurochemistry (de Vries and Miller, 1998), opioid receptor
immunoreactivity (Wilson et al., 2002), dendritic morphology (Rasia-Filho et al., 1999,
2004; Cooke et al., 2007), and numbers of excitatory synapses per neuron (Cooke and
Woolley, 2005). In addition, males have more MeApd neurons and glia than females
(Morris et al., 2008), and neuron number dimorphism is present before puberty (Cooke et
al., 2007). However, these sex differences are altered in some respects between pre-puberty
and adulthood, for example in aspects of MeApd laterality (Cooke et al., 2007; Morris et al.,
2008).

The basolateral amygdala differs from these areas in several respects. The cytology and
connectivity of the BLN are cortical-like (Carlsen and Heimer, 1988), and it is not part of
the vomeronasal amygdala. Nevertheless, neuron loss in the BLN occurred sometime
between puberty and adulthood, suggesting the possibility of a role for gonadal hormones in
both sexes. Low levels of estrogen receptor-alpha and -beta have been detected in the BLN
(Laflamme et al., 1998), and estrogen has been linked to developmental CNS apoptosis. For
example, removal of the ovaries at day 20 eliminates the adult sex difference in neuron
number in the visual cortex, suggesting that pubertal estrogen may have an important role in
organization of the female visual cortex (Nunez et al., 2002). A direct examination of
gonadectomy effects on neuron number in the rat BLN is needed to determine what role if
any is played by pubertal hormones in the late wave of neuronal loss observed here.
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Aging
Both volume and the number of glia cells were found to increase between adulthood and old
age, while neuron number was unchanged. A contributing factor to volumetric increases is
likely to be the increase in dendritic material documented in the BLN between adulthood
and old age (Rubinow et al., 2007). Increases in the number of glia cells may reflect an
increase in the number of synapses, as astrocytes form concurrently with synapses and are
believed to function in support of synapse maintenance (He and Sun, 2007). Spine density is
stable while dendritic material increases with age (Rubinow et al., 2007), so that spine
number and perhaps excitatory synapses are increased in the aged BLN, potentially creating
the need for a greater number of glia associated with synapses.

Two caveats apply. First, litter information was not available for the aged rats. However,
significant effects on volume and glia numbers were observed in spite of variability due to
litter differences. Second, the aged animals were retired breeders, while the younger groups
were sexually inexperienced. This points to a difficulty in aging studies of laboratory rats, in
that efforts to create parallel experiences between aged and younger rats can be at odds with
natural models of aging. It could be argued that it would not be natural for rats to live so
long without breeding experience (or in cages with little variety). Sexually experienced
young adults, on the other hand, would undergo the behavioral and hormonal aspects of
breeding much closer to the time of sacrifice than would the aged rats which could be
reflected in temporary neural changes. While the aged rats differed from the younger groups
in terms of breeding experience, this caveat is mitigated by the fact that increases in volume
and number of glia in the BLN were seen in aged rats of both sexes, who undergo quite
different hormonal and behavioral experiences during breeding.

The finding that neuron number is maintained and that there are increases both in the
volume of the aged BLN and in the number of glia cells underlines the differences between
aging processes in the BLN what is known about aging in other cognitive brain areas. In
rats, the number of neurons of the primary visual cortex, as well as its volume, undergoes
marked decreases with age, and there are also neuron and volume losses in the mPFC,
although these alterations are comparatively minor (Yates et al., 2008). The rat BLN
exhibits age-related dendritic growth (Rubinow et al., 2007), while decreases in dendritic
material have been observed in the mPFC (Markham and Juraska, 2002) and in area CA1 of
the hippocampus (Markham et al., 2005). In humans, aging is associated with notable
shrinkage of the prefrontal cortex and the hippocampus (Convit et al., 2001; Raz et al., 2007;
Xu et al., 2007). In contrast, findings of age-related human amygdala shrinkage are mixed at
best, with a variety of reports using a range of methodologies, some describing shrinkage
(Murphy et al., 1996; Mu et al., 1999; Walhovd et al., 2005) and others reporting
preservation of amygdalar volume in old age (Good et al., 2001; Jernigan et al., 2001;
Grieve et al., 2005).

A similar contrast exists between cognitive function in the aged basolateral amygdala (BLA)
compared to the aged hippocampus and prefrontal cortex. In humans, prefrontal (Resnick et
al., 2007) and hippocampal (Driscoll and Sutherland, 2005) function are widely recognized
for vulnerability to age-related decline. However, the literature on amygdala function in
human aging is much more equivocal, with evidence for preservation (Denburg et al., 2003;
Mather et al., 2004) and, particularly when negative or fearful stimuli are used, impairment
(Iidaka et al., 2002; Fischer et al., 2005). The same pattern is true of studies of cognitive
aging in the rat, with performance of PFC- and hippocampus-mediated tasks considered
most vulnerable to aging (reviewed in Della-Maggiore et al., 2002; Burke and Barnes,
2006), but several reports of preserved performance in BLA-dependent tasks (Stoehr and
Wenk, 1995; Oler and Markus, 1998; Doyere et al., 2000). Nevertheless, both
morphological and physiological alterations have been described in the aged rodent BLA
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(Almaguer et al., 2002; von Bohlen und Halbach and Unsicker, 2002, 2003; Rubinow et al.,
2007), suggesting that the BLA certainly ages on a number of measures.

The present data underline the importance of the adolescent period in basolateral amygdala
development. Future studies are needed to explore the significant neuronal loss observed
between the peri-pubertal period and adulthood, particularly to address questions of
neuronal phenotype and gonadal steroid sensitivity. BLA plasticity in cell numbers and
neuronal morphology (Rubinow et al., 2007) appears to be salient in adolescence and
between adulthood and old age.
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Figure 1.
(a) Rostral-level photograph of the basolateral nucleus (BLN). The large neurons of the
rostral BLN are readily distinguished from the small, densely packed neurons of the dorsally
adjacent lateral nucleus in Nissl (methylene blue/azureII) sections. (b) The BLN at mid-
level. The magnocellular division is still visible along the medial boundary (thick arrow).
Thin arrows: external capsule. LA, lateral nucleus of the amygdala. Scale bars = 200 μm.
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Figure 2.
A high magnification photo of cells of the basolateral nucleus stained with methylene blue/
azureII. Arrow indicates a glial cell. Asterisks are placed directly below examples of
neuronal nucleoli. Scale bar = 16 μm.
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Figure 3.
Average neuronal and glial cell areas across groups. The data are shown collapsed across
sex. Error bars are +/- standard errors of the mean.
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Figure 4.
(a) The volume of the basolateral nucleus increased significantly between days 20 and 35.
Both neuron number (b) and glia number (c) significantly decreased between days 35 and
90. Error bars are +/- standard errors of the mean. *P<0.03.
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Figure 5.
(a) The volume of the basolateral nucleus increased significantly between day 90 and 19-22
months. (b) Neuron number was unchanged. (c) Glia number increased significantly
between day 90 and 19-22 months. Day 90 groups are the same as in Figure 4. Error bars are
+/- standard errors of the mean. *P<0.02.
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Table 1

Average coefficient of error (CE) for neuron and glia counts by age group1

Neuron CE (M,F) Glia CE (M,F)

day 20 0.071 (0.073, 0.070) 0.052 (0.050,0.054)

day 35 0.084 (0.088, 0.078) 0.054 (0.057,0.050)

day 90 0.081 (0.082, 0.081) 0.060 (0.062,0.058)

19-22 months 0.080 (0.075, 0.085) 0.059 (0.053,0.065)

1
Breakdown by sex is given in parentheses.

J Comp Neurol. Author manuscript; available in PMC 2010 February 20.


