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Background: Suicide is the most serious consequence of major depressive disorder (MDD). Although the anterior cingulate cortex
(ACC; Brodmann area [BA] 24) has been increasingly investigated for its role in the etiology of MDD, there is surprisingly very little infor-
mation about the possible implication of this brain region in suicide. We hypothesized that changes in BA24 cell densities occur in de-
pressed individuals who commit suicide, possibly reflecting an altered state of cortical plasticity that is thought to occur in depression.
Methods: We investigated cell densities and sizes in BA24 among suicide completers and matched sudden-death controls. We exam-
ined a 1-cm3 tissue block from BA24a of the supracallosal ACC in 26 human postmortem brain specimens (13 depressed individuals
who committed suicide and 13 controls). We assessed neuronal and glial cell densities as well as neuronal soma sizes in the upper and
lower cortical layers using optical fractionator and nucleator 3-dimensional stereological probes. Results: Glial densities, neuronal dens-
ities and soma sizes measured in BA24a did not differ significantly between controls and suicide completers. Secondary analyses
showed a significant and robust increase in glial cell densities in BA24a of alcohol-dependent depressed suicide completers compared
with depressed suicide completers who were not alcohol-dependent (38%) and, to a lesser extent, controls (30%). Limitations: Our
study, conducted with tissue samples from men only, made use of a nonspecific stain that does not distinguish between neuronal or glial
cell subtypes. Furthermore, the quantitative analysis concerned upper and lower cortical contours rather than individual cortical layers.
Conclusion: Our results indicate that in BA24, glial density, neuronal density and soma size are not affected in MDD and suicide. They
also suggest that alcohol dependence has an important influence on glial densities in this key limbic structure.

Research Paper

Alcohol dependence–related increase of glial cell 
density in the anterior cingulate cortex of 

suicide completers

Christa Hercher, MSc; Martin Parent, PhD; Cecilia Flores, PhD; Lilian Canetti; 
Gustavo Turecki, MD, PhD; Naguib Mechawar, PhD

Hercher, Flores, Turecki, Mechawar — Departments of Psychiatry & Neurology and Neurosurgery, McGill University, Douglas
Mental Health University Institute, Verdun; Hercher, Canetti, Turecki, Mechawar — McGill Group for Suicide Studies, McGill
University; Parent — Département de pathologie et biologie cellulaire, GRSNC, Faculté de Médecine, Université de Montréal,
Montréal, Que.

Correspondence to: Dr. N. Mechawar, McGill Group for Suicide Studies, Douglas Mental Health University Institute, McGill
University, Department of Psychiatry, 6875 LaSalle Blvd., Verdun QC  H4H 1R3; fax 514 888-4064; naguib.mechawar@mcgill.ca

J Psychiatry Neurosci 2009;34(4):281-8.

Submitted Sep. 9, 2008; Revised Dec. 28, 2008, Jan. 7, 2009; Accepted Jan. 8, 2009

© 2009 Canadian Medical Association

Introduction

Accounting for 10%–12% of annual deaths in North America
(World Health Organization; www.who.int), suicide repre-
sents a major public health concern and is commonly associ-
ated with psychopathology, most notably major depressive
disorder (MDD).1,2 It is increasingly clear that individuals
who die by suicide may have associated neurobiological
processes independent from those related to underlying psy-
chopathology such as MDD.3–7 As part of the recent research
efforts to understand the neurobiology of MDD, brain re-
gions implicated in emotional processing of cognitive experi-
ences have been scrutinized using various experimental ap-

proaches. One such region is the anterior cingulate cortex
(ACC; Brodmann area [BA] 24). Being “the seat of dynamic
vigilance by which environmental experiences are endowed
with an emotional consciousness,”8 the ACC acts as a bridge
between limbic structures and the frontal lobe, integrating
cognitive activity with affective experience. Dysfunctions
within this network have been described in depressed indi-
viduals showing impaired problem solving, maladaptive be-
havioural regulation and abnormal error monitoring.9 In vivo
macroscopic alterations in BA24 associated with depression
have also been reported in spectroscopic,10 structural11 and
functional studies.12–14 Considering the growing interest in the
investigation of ACC alterations in MDD, it is surprising that



very little attention has been paid to the implication of this
brain region in suicide.

There have been few microscopic studies focused on BA24
cell populations and, to our knowledge, no study has investi-
gated BA24 alterations associated with suicide. Whereas in-
itial reports indicated reductions in BA24 glial cell densities
and mean neuronal soma size in patients with MDD com-
pared with controls,15,16 subsequent studies found MDD-
related increases in neuronal densities17 and no differences in
neuronal densities and soma size.18 Despite discrepancies,
these studies suggest that individuals with MDD, some of
whom have died by suicide, present alterations in the ACC.
However, a more definitive description and a better under-
standing of such alterations has yet to emerge. Brodmann
area 24 cellular alterations in suicide may help explain mor-
phometric changes occurring in the hippocampus,19,20 amyg-
dala21,22 and prefrontal cortical regions,23–30 brain regions that
are all directly connected to the ACC and that have also been
implicated in MDD and suicide.

We conducted the present study to compare BA24 neur-
onal and glial cell populations in suicide completers and
matched sudden-death controls. To decrease variability as-
sociated with the underlying psychopathology of suicide,
we limited the study to suicide completers with a history of
MDD. Our working hypothesis was that changes in BA24
cell densities occur in depressed individuals who commit
suicide and that this could reflect an altered state of cortical
plasticity that is thought to occur in depression. To test this
hypothesis, we used an unbiased 3-dimensional (3-D) stereo-
logical counting approach to determine, from a series of
Nissl-stained BA24 sections, neuronal and glial cell densities
and average neuronal cell body dimensions. In addition, we
paid particular attention to alcohol dependence, a trait often
comorbid with MDD and suicide that has previously been
associated with a number of neurochemical,31,32 neuro-
cellular33–35 and behavioural36 adaptations. Therefore it was of
further interest to investigate the multifaceted association
among alcohol dependence, depression, suicide and the cel-
lular integrity of BA24.

Methods

Study sample

We obtained postmortem brain tissues from the Quebec Sui-
cide Brain Bank, which is part of the Quebec Brain Bank. The
sample comprised specimens obtained exclusively from men
aged 18–58 years. In each case, the Quebec Coroner’s Office
ascertained the cause of death and performed a toxicological
screening with body fluid or tissue samples to detect drug
and alcohol use at the time of death. Psychological autopsies
were performed for the entire sample as described previ-
ously,37 allowing us to have access to detailed information on
psychiatric and medical history and other relevant clinical
and sociodemographic data. Unfortunately, this did not al-
ways allow us to establish precisely the length of alcohol de-
pendence. In brief, a trained interviewer conducted the Struc-
tured Clinical Interview for DSM-IV Psychiatric Disorders

(SCID-I), nonpatient version,38 with one or more family mem-
bers of the deceased. A panel of clinicians reviewed SCID-I
assessments, case reports, coroner’s notes and medical rec-
ords to obtain consensus psychiatric diagnoses. The Douglas
Hospital Research Ethics Board approved our study, and we
obtained written informed consent from next-of-kin. 

The suicide group consisted of postmortem tissue samples
from men having died by suicide and who had a history of
MDD or depressive disorder not otherwise specified. With
the exception of alcohol-related disorders, these men had not
received diagnoses of any other major psychiatric conditions
and they had not taken medication for at least 3 months be-
fore death. The control group consisted of postmortem tissue
samples from men with no history of major psychiatric diag-
noses and who died suddenly (i.e., without agony) from
causes that had no direct influence on brain tissue. We
matched the groups for age, postmortem interval (PMI) and
storage time.

Tissue preparation

We removed tissue samples from the left hemispheres of the
brains, which had been flash-frozen upon arrival and kept at
–80°C at the Quebec Brain Bank. We identified an anterior
region within the ACC, immediately dorsal to the genu of the
corpus callosum (Fig. 1), based on previously defined macro-
scopic criteria.39,40 We chose the supracallosal BA24a for inves-
tigation because it is located ventral to BA24b and BA24c,
which have previously been reported  to have cytoarchitec-
tonic alterations in individuals with MDD.16,17 Data specif-
ically related to BA24a have been much less consistent,18

therefore it was of particular interest to focus on this region.
We removed 1-cm3 tissue blocks containing BA24 and the
genu of the corpus callosum  and immersed the specimens in
formalin overnight, embedded them in paraffin, cut them on
a microtome into serial 25 µm–thick sections and mounted
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Fig. 1: Sagittal view of Brodmann area 24a tissue block dissected
from above the genu of the corpus callosum.
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them on slides. We systematically and randomly sampled
sections, and stained between 3 and 7 sections per specimen
with cresyl violet (0.1%) according to standard methods. We
coded slides to remain blind to specimens and groups during
the analysis. One of us (C.H.) assessed all slides following a
consistent and systematic protocol.

Identification of cortical laminae

In each section, we identified and selected BA24a of the ACC
for analysis according to established microscopic criteria.40 In
addition, the genu of the corpus callosum served to orient and
specifically identify BA24a, which is located immediately dor-
sal to this white matter landmark. Under a magnification of × 5,
we delimited 2 areas within BA24a for quantification purposes:
an upper cortical contour consisting of layers I–III and a lower
cortical contour containing layers V (a and b) and VI. The div-
ision between these upper and lower cortical contours was
based on the upper limit of a prominent layer V, which dis-
plays a high density of medium to large neurons and character-
istic spindle pyramidal neurons located in layer Vb (Fig. 2).

Morphometric analyses

We used an unbiased stereological approach to estimate the
number of glial cells and neurons in the upper and lower cor-
tex of BA24a with a light microscope (DM 4000B; Leica) con-
nected to a stereology workstation (Stereo Investigator; MBF
Bioscience). We estimated cell densities using the optical frac-
tionator probe allowing for 3-D quantification of both neur-
onal and glial cells. This unbiased 3-D counting method esti-
mates the total number of objects in a unit of tissue volume
with an optical probe providing counts through the z axis
that are not distorted by differences in cell size, shape or ori-
entation.41 Among the primary advantages of using the op-
tical fractionator method is that cell counts are independent
of section thickness, as they are generated in a defined vol-
ume contained entirely within this thickness. The sampling
process began by randomly translating a grid formed by
400 µm × 350 µm squares over the section. At each intersec-
tion of the grid that fell into the region of interest, we exam-
ined a counting frame measuring 225 µm × 150 µm with a
40 × objective (NA 0.75), thus yielding a total of about 120–
180 counting frames per specimen on 7 sections. In the few
specimens from which fewer evenly spaced sections could be
obtained across the whole region, we introduced a correction
by altering grid size dimensions. This ensured that the tar-
geted cell count was met and a reliable coefficient of error
(CE) was achieved. Using the average of Gunderson (m = 1)
and the second estimated CE (Schmitz–Hof) yielded CEs
ranging from 0.02 to 0.05 for neurons and glia within each of
the defined contours. We identified neurons by the presence
of a cresyl violet–stained cytoplasm, a single nucleolus and a
large nonspherical outline. We identified glial cells by the ab-
sence of stained cytoplasm, the presence of a thicker nuclear
membrane and more heterogeneous chromatin within the
nucleus (Fig. 3). Consistent with the stereological rules of the
dissector probe,42 we counted only cells with a nucleus that
fell within the counting frame and that did not contact the
exclusion lines when they came into focus within a 9 µm–
thick optical dissector centred in the section thickness. To
avoid counting cells in nonrepresentative areas of the tissue,
we set top and bottom guard zones at 10% of the section
thickness. As a result, we counted an average of 1500 glia and
800 neurons per specimen. We expressed cell density as the
number of cells per cubic millimetre of tissue, using the total
number of cells calculated from the optical fractionator and
the volume estimated by Cavalieri’s method.43

To assess neuronal soma size, we applied the stereological
isotropic nucleator probe. This probe allows for the mean
neuronal area and volume to be estimated from the intersec-
tion with the cell boundaries of a set of 4 rays that emerge
from the nucleolus.42 For this reason, we applied the nucle-
ator only to neurons that displayed an identifiable nucleolus
and a complete and intact cell membrane. We did not assess
glial cell volumes, as their cytoplasm is unstained by cresyl
violet. Ideally, the nucleator probe should be used to estimate
neuronal morphometrics by sampling in tissues cut at ran-
dom orientations. Owing to technical limitations, we used
only sections cut in a coronal plane.

Fig. 2: Nissl-stained section cut from a paraffin-embedded block of
Brodmann area (BA) 24a. In this study, upper cortical layers consti-
tute layers I–III, whereas layers Va, Vb and VI constitute the lower
cortical layers. Division of upper and lower cortical layers is illus-
trated by the dashed line. Solid lines above layer I and below layer
VI indicate grey matter boundaries of BA24a. CC = corpus callo-
sum; WM = white matter. Scale bar 250 μm.



Statistical analysis

All data are expressed as means and standard errors of the
means (SEM). The objective of the statistical analysis was to
compare within upper and lower cortical areas 3 morphomet-
ric parameters (neuronal density, glial density and neuronal
soma size) between the depressed suicide completers and
sudden-death controls. We assumed normality after exam-
ining each morphometric parameter using Kolmogorov–
Smirnov tests. We compared group means using 3 separate
(one for each parameter) 2-way repeated-measures analyses of
variance (ANOVA), with one within- (upper, lower cortical
region) and one between-group (control, suicide) variable. We
set type I error at 0.05. We also compared depressed suicide
completers who were alcohol-dependent with suicide com-
pleters who were not alcohol-dependent and controls on the
cellular parameters. We performed 2-way repeated-measures
ANOVA on each morphometric parameter of interest with one
within- (upper, lower cortical region) and one between-group
(control, nonalcohol-dependent depressed suicides, alcohol-
dependent depressed suicides) variable followed by post-hoc
pairwise comparisons with Bonferroni correction. Two con-
trols had a diagnosis of alcohol dependence and we therefore
excluded them from these analyses. We also performed multi-
ple correlation analyses to examine the potential influence of
age, PMI and storage time on the dependent variables studied.
Since none of these factors was found to be a significant con-
founder, we did not include them in our analyses.

Results

Study sample

The suicide group consisted of postmortem tissue preparations
from 14 men: 13 who had MDD and 1 who had depressive dis-
order not otherwise specified. Of these, 6 met the criteria for
alcohol-dependence. The control group comprised specimens
from 14 men without psychiatric disorders who died sud-
denly. The groups did not differ in age (t24 = –0.140, p = 0.89),
PMI (t24 = –0.064, p = 0.95) or storage time (t24 = –1.389, p = 0.17).
Likewise, when we further subdivided the depressed suicide
group into those who were alcohol-dependent and those who
were not, none of the potential confounding variables reached
significance between groups: age (F2,21 = 2.013, p = 0.16), PMI
(F2,21 = 1.086, p = 0.36), storage time (F2,21 = 0.015, p = 0.99). The
tissue samples from 2 men (1 per group) yielded extreme cell
density values that were more than 2 standard deviations
above the group mean. We removed these specimens from our
analyses, thus bringing the number per group to 13. Addition-
ally, we measured section thickness at each sampling site,
yielding small, nonsignificant differences in the average
mounted thickness between the control and suicide groups
(16.74 μm, standard deviation [SD] 3.60 μm v. 14.85 μm, SD
5.09 μm, respectively). Demographics, and histological and
clinical information are summarized in Table 1.

Glial densities

We found no significant differences between the depressed
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Table 1: Summary of demographic, histological and clinical
information for 13 men with major depressive disorder who died by
suicide and 13 men with no psychiatric disorders who died suddenly
from whom we obtained brain specimens from the Quebec Suicide
Brain Bank

Group; mean (SD)*

Variable Control (n = 13) Suicide (n = 13)

Age, yr 38 (10) 38 (12)

Postmortem interval, h 29 (13) 29 (11)

Storage time, mo 102 (51) 107 (20)

Cause of death, no. • 8 cardiovascular
• 3 road accident
• 1 drug overdose
• 1 unknown

• 10 hanging
• 1 CO poisoning
• 1 firearm
• 1 jumping

Clinical information, no.

Depressive disorder — 8†
5‡

Alcohol abuse — 1†
1‡

Alcohol dependence 2 5†
1‡

Drug abuse — 1‡

Drug dependence — 1†
Smoker 1 1

CO = carbon monoxide; SD = standard deviation.
*Unless indicated otherwise.
†Present (at least one axis I disorder within the 6 months preceding death).
‡Lifetime (at least one axis I disorder in the past, excluding those with a present
diagnosis).

Fig. 3: Morphological features of Nissl-stained Brodmann area 24a
neurons (black block arrow), nucleolus (black arrow) and glial cells
(white block arrow); scale bar 25 μm.
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suicide and control groups with respect to BA24a glial cell
densities (F1,24 = 3.97, p = 0.06). There was a main effect of cor-
tical region (F1,24 = 5.61, p = 0.026) resulting in upper cortical
layers having an overall higher glial density than lower cor-
tical layers (161 702 cells/mm3 v. 151 499 cells/mm3). We ob-
served no interaction (F1,24 = 0.26, p = 0.62; Fig. 4A). Analyzing
the influence of alcohol dependence on glial cell densities
revealed a main effect of group (F2,21 = 7.30, p = 0.004). Post-
hoc pairwise comparisons using the Bonferroni correction
showed that specimens from alcohol-dependent depressed
suicide completers had higher BA24a glial cell densities than

those from suicide completers who were not alcohol-
dependent (p = 0.019) and controls (p = 0.004). There was no
significant difference in BA24a glial cell densities between
controls and depressed suicide completers who were not
alcohol-dependent (p = 1.00; Fig. 5A). There was also a main
effect of cortical region (F1,21 = 5.62, p = 0.027) with upper cor-
tical layers having a higher glial density than lower cortical

Fig. 4: Quantitative parameters measured in Brodmann area 24a of
controls (white circles) and suicide completers (black circles) show-
ing (A) glial densities, (B) neuronal densities and (C) neuronal
soma size. Mean bars are shown.
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Fig. 5: Quantitative parameters measured in Brodmann area 24a of
controls (white circles) and depressed suicide completers with† and
without alcohol dependence (black circles) showing (A) glial densities,
(B) neuronal densities and (C) neuronal soma size. Mean bars are
shown. Asterisks denote a main effect of group. Following Bonferroni
correction, alcohol-dependent depressed suicide completers had sig-
nificantly higher glial cell densities than depressed suicide completers
who were not alcohol-dependent (p = 0.019) and controls (p = 0.004).
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layers (170 180 cells/mm3 v. 158 938 cells/mm3). We ob-
served no interaction (F2,21 = 0.21, p = 0.81).

Neuronal densities

We observed no significant differences between controls and
depressed suicide completers with regards to neuronal dens-
ities in BA24a (F1,24 = 0.39, p = 0.54). There was no effect of cor-
tical region (F1,24 = 3.79, p = 0.06) or interaction (F1,24 = 0.28,
p = 0.61; Fig. 4B). When examining the effect of alcohol,
results of the 2-way repeated-measures ANOVA revealed a
significant interaction of group and cortical region for neur-
onal density (F2,21 = 4.11, p = 0.031). This was the result of the
alcohol-dependent depressed suicide completers having sig-
nificantly higher neuronal densities in their lower cortical
layers compared with their upper cortical layers (F1,21 = 14.03,
p = 0.001; 54 931 cells/mm3 v. 43 698 cells/mm3). There was
no effect of group (F2,21 = 0.27, p = 0.77; Fig. 5b).

Neuronal soma dimensions

As illustrated in Figure 4C, no significant differences
emerged from nucleator measurements between controls and
suicide completers (F1,24 = 1.29, p = 0.27). We observed a sig-
nificant main effect of cortical region (F1,24 = 146.77, p < 0.001),
with lower cotical layers having larger somal sizes than up-
per cortical layers (180 μm2 v. 146 μm2). Neuronal soma
dimensions in controls and suicide completers with or with-
out alcohol dependence were significantly different between
groups (F2,21 = 3.62, p = 0.045); however, following pairwise
comparisons, this effect became nonsignificant when compar-
ing alcohol-dependent suicide completers with suicide com-
pleters who were not alcohol-dependent (p = 0.09) and with
controls (p = 0.07). We observed no interaction (F2,21 = 0.98,
p = 0.39), but there was an effect of cortical region
(F1,21 = 132.26, p < 0.001), with lower cortical layers having sig-
nificantly larger somal sizes than upper cortical layers
(178 μm2 v. 145 μm2).

Discussion

In this investigation of BA24a, we found no significant differ-
ences in glial and neuronal densities or in neuronal soma size
between depressed suicide completers and matched sudden-
death controls. However, when taking into account alcohol
dependence, depressed suicide completers with this comor-
bidity had a robust increase in BA24a glial densities and a
trend toward a decrease in neuronal soma size compared
with suicide completers who were not alcohol-dependent
and controls.

The few anatomic studies that have been conducted on
BA24 in the context of mood disorders have focused on
slightly different subdivisions of this region. In particular, a
previous analysis found no evidence for morphological alter-
ations in a subgenual region of BA24, but further examina-
tion showed that specimens from individuals with familial
mood disorders had substantial reductions (20%) in glial cell
numbers.15 The other previous studies conducted on BA24

have mainly examined supracallosal regions. Similar to our
findings, Bouras and colleagues18 reported no significant
change in BA24a neuronal densities and soma sizes when
comparing large samples of specimens from individuals with
MDD and controls. These authors, however, did not analyze
glial densities and did not report how many of the individ-
uals with MDD from whom they obtained tissue samples
had died by suicide. Analyzing layers individually in BA24b,
a region dorsal to BA24a, Cotter and colleagues16 reported
that, compared with those from controls, postmortem tissues
from individuals with MDD (4 of whom died by suicide) dis-
played substantial decreases in glial cell density (22%) and
reductions in neuronal soma size that were limited to layer
VI. More recently, using a 2-dimensional approach in their
study of BA24c, an area directly dorsal to BA24b, Chana and
colleagues17 reported layer V decreases (9%) in neuronal
soma sizes and an accompanying increase (24%) in neuronal
density. In addition, these authors reported increases in neur-
onal soma size (30%) and glial nuclear size (10%–13%) in
supragranular layers I and II.

Discrepancies between reports could be due to the hetero-
geneity of the ACC, which displays important cytoarchi-
tectural differences throughout its anteroposterior and
dorsoventral extents.39,40 Specifically, one study showed im-
portant cellular differences between the subgenual and
supracallosal areas of BA24, with glial densities being about
25% lower in the former and neuronal densities higher in the
latter.40 Thus, differences between quantitative morphological
studies within supracallosal regions of BA24 may be owing,
at least in part, to differential sampling of this heterogeneous
structure. In the present study, we carefully delineated and
sampled the supracallosal BA24a of each specimen according
to well-established macroscopic and microscopic criteria.40

There is limited yet growing information in the current lit-
erature regarding cellular alterations in the brains of alcohol-
dependent individuals. The majority of cell morphological
investigations in such a study sample have been conducted
on the prefrontal cortex or the hippocampus. To our knowl-
edge, ours is the first study to have examined alcohol de-
pendence as a potential influence on BA24 cells. There is evi-
dence suggesting that specific neuronal subtypes in the
brainstem are affected in alcohol-dependent suicide com-
pleters. Notably, lower numbers of noradrenergic and sero-
tonergic neurons have been reported in such samples.32,34 In
the present investigation, BA24a neuronal cell densities were
not significantly altered between groups. These findings are
in agreement with previous reports suggesting that neuronal
loss is not a generalized phenomenon among alcoholics.44,45

However, and this is the most striking finding of the present
study, glial cell densities were significantly increased in
alcohol-dependent depressed suicide completers compared
with suicide completers who were not alcohol-dependent
(38%) and, to a lesser extent, with controls (30%).

Although reductions in glial densities within other cortical
regions have previously been observed in samples from
alcohol-dependent35,46 and depressed alcohol-dependent indi-
viduals,47 there is limited evidence describing increases in
glial densities associated with alcohol dependence.33,48 The
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authors of the latter studies proposed that such increases
could reflect glial cell proliferation in response to progressive
degeneration and death of cortical neurons. We did not
gather any evidence suggesting alterations in BA24a neuron
numbers, but our results could indeed reflect increased cor-
tical glial cell proliferation with alcohol dependence. How-
ever, caution should be taken when interpreting results
based solely on these earlier studies as cells were classified
into neurons or glia according to size. Furthermore, in these
previous studies, substantial increases (11%) in glial cell
densities were observed in a superior frontal region, while no
significant changes were found in the ACC of alcoholics.

Although cresyl violet staining did not allow the identifica-
tion of the glial cell type(s) responsible for the density in-
creases observed in alcohol-dependent depressed suicide
completers, it is tempting to speculate that this phenomenon
results from an immune response leading to microgliosis, as
recently observed in multiple brain regions of suicide com-
pleters, including the ACC, regardless of their psychiatric
conditions.49 As these authors point out, increases in micro-
glia could be the result of stress-related changes that are in-
dependent from suicidal behaviour. A similar mechanism
could be occurring in alcohol-dependent suicide completers
whereby a combination of immunomodulatory effects and
stress-related factors would contribute to the observed in-
creases in glial cell densitites. There is evidence suggesting
that alcoholics experience chronically increased levels of cor-
tisol, the main hormone mediating the stress response.31 Simi-
larly, a 2-fold increase in the microglial markers, ionized cal-
cium binding adaptor protein–1 and glucose transporter type
5, were recently observed within the ACC in postmortem tis-
sue of alcohol-dependent individuals compared with con-
trols.50 These authors also reported substantially higher levels
of monocyte chemoattractant protein-1, a key cytokine medi-
ating central nervous system inflammation and alcohol-
drinking behaviour, in the brains of alcoholics across several
limbic regions, including the hippocampus and amygdala.
Furthermore, recent studies have shown that low concentra-
tions of ethanol promote inflammatory processes involving
glial cells in the brain by upregulating certain responses to
inflammatory injury, such as the release of cytokines and the
activation of associated signalling pathways.51,52 Future com-
parisons of BA24a glial cells between sudden-death controls
with or without alcohol dependence but not other psycho-
pathologies should help determine whether the present
observations result from alcohol dependence alone.

Limitations

A few technical limitations need to be kept in mind when
interpreting our findings. First, cresyl violet does not distin-
guish between subtypes of neuronal or glial cells. This raises
the possibility that changes in specific cell subpopulations
might have gone unnoticed in our analyses. Likewise, the sig-
nificant increase in glial cell density measured in alcohol-
dependent depressed suicide completers could not be attrib-
uted to a specific glial subtype. Second, to gain confidence in
our analyses, we chose to delineate upper and lower cortical

contours instead of individual layers. Some previous studies
have suggested that statistically significant BA24 cell alter-
ations are, for the most part, layer-specific. Therefore, the
possibility remains that alterations occurring within particu-
lar layers between suicide completers and controls were
missed because of our delineation. Lastly, the sample com-
prised specimens exclusively from men, thus we were unable
to assess potential sex differences. Despite these limitations,
our data strongly suggest that MDD and suicide do not affect
glial and neuronal densities in BA24a. Furthermore, the re-
sults showing that glial cell densities across BA24a are
robustly and specifically increased in alcohol-dependent
depressed suicide completers suggest that alcohol depend-
ence alone, or the comorbidity of alcohol dependence with
MDD, has a profound influence on glial cells in this key lim-
bic structure. Interestingly, previous studies using a similar
approach in other brain regions have illustrated that in de-
pression, glial cell populations display the most robust
changes.22,23,27 Although we observed an increase in glial cell
density in alcohol-dependent depressed suicide completers,
it is important to mention that this sample size was fairly
small in our study (n = 6). Future work should include larger
samples to determine whether this robust effect is still pre-
sent. Apart from these confines, it is increasingly clear that
glial cells are major players in the altered brain plasticity
thought to occur in depression and associated comorbidities.
Future investigations are warranted to determine the glial
cell subtype(s) affected by these conditions in the ACC and
other relevant brain regions.
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