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Objective: Few studies have examined

pathological changes in serotonergic neu-

rons in depression, particularly in elderly

patients and in elderly patients in which

depression occurs in dementia. The au-

thors hypothesized that greater neuro-

fibrillary pathology and fewer serotonergic

neurons would be found in the dorsal

raphe nuclei in depressed elderly subjects,

compared with nondepressed elderly sub-

jects, and in Alzheimer’s disease patients

with depression, compared to Alzheimer’s

disease patients without depression.

Method: In a postmortem study, immuno-

cytochemistry and two-dimensional image

analysis were used to measure neuronal

density and neuritic pathology in seroton-

ergic neurons in the dorsal raphe nuclei of

elderly subjects with primary major depres-

sion (N=14), elderly Alzheimer’s disease

patients with (N=8) and without (N=7) co-

morbid depression, and nondepressed el-

derly comparison subjects (N=10).

Results: No differences in neuritic pa-
thology or neuronal density were found
between the subjects with primary major
depression and the nondepressed com-
parison subjects. The Alzheimer’s disease
subjects showed markedly fewer seroton-
ergic neurons and associated higher levels
of neuritic pathology, compared with the
subjects with primary depression and the
nondepressed comparison subjects, but
the Alzheimer’s disease subjects with
comorbid major depression did not differ
from the Alzheimer’s disease subjects
without depression on these measures.

Conclusions: The study found no evi-
dence of a loss of serotonergic neurons or
of neuritic pathology in the dorsal raphe
nuclei in older people with depression,
with or without comorbid Alzheimer’s dis-
ease. These findings suggest that if sero-
tonergic dysfunction occurs in older de-
pressed subjects, it is not due to neuronal
loss in the brainstem. Pathophysiological
changes may lie elsewhere, such as in the
frontal-subcortical circuits.

(Am J Psychiatry 2004; 161:1096–1102)

Depression and dementia are the two most common
psychiatric disorders in elderly patients, and Alzheimer’s
disease is the most common cause of dementia in this
group. Depression occurs together with Alzheimer’s dis-
ease in about 20% of Alzheimer’s disease patients (1) and
is associated with more rapid cognitive decline (2) and a
higher mortality rate (3) than are found in Alzheimer’s dis-
ease patients without depression. Depression that is co-
morbid with Alzheimer’s disease shows a poor response to
treatment (4).

In addition, depression in older people shows a limited
response to current treatment regimes. Even with treat-
ment, good outcome at 1 year is found in only about 60%
of elderly subjects with depression (5). The poor prognosis
of depression in older people with and without Alzhei-
mer’s disease may be due to the limited knowledge about
its etiology and pathogenesis.

It is well established that abnormalities in serotonergic
neurotransmission are central to the pathophysiology of
depression in younger adults, but whether any underlying
pathological changes are associated with these abnormal-

ities is less clear (6). Reports from postmortem studies of
serotonin 5-HT1A and 5-HT2A receptors in depression

have varied, and these studies have included small num-
bers of subjects and a high proportion of suicide victims,

who may not adequately represent the wider population
of persons with major depression (7). Some postmortem

studies measuring the serotonin 5-HT transporter in de-

pression have reported deficits in the occipital cortex and
hippocampus (8) and in the frontal cortex (9), and a single

photon emission computed tomography study using
[123I]β-CIT has demonstrated a lower concentration of 5-

HT transporter in the brainstem in depressed patients,

compared with healthy subjects (10). However, other re-
searchers have reported no such differences (11). A few

neuropathological studies of the locus ceruleus in depres-
sion have shown neuronal deficits (12, 13), and one report

has described a neuronal deficit in the ventral subnuclei of
the dorsal raphe nucleus in younger adults with depres-

sion (14). However, to our knowledge, no studies of the

raphe nuclei in late-life depression have been conducted
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to determine whether similar effects occur in the brain-
stem somata of the serotonergic neurons.

Neuropathology studies of the raphe system in Alzhei-
mer’s disease have demonstrated a marked general neuro-
nal deficit and an excess of neuritic pathology (15). Other
reports, using staining for tryptophan hydroxylase, have
shown a large deficit of serotonergic neurons in both the
dorsal and median raphe nuclei (16). Although these stud-
ies demonstrated dysfunction in the serotonergic system
in Alzheimer’s disease, they did not distinguish Alzhei-
mer’s disease subjects with and without comorbid depres-
sion. Neurochemical studies have had more mixed results.
One study found marked deficits in 5-HT2 receptors in the
frontal, temporal, and cingulate cortices of Alzheimer’s
disease patients but only moderate deficits or no differ-
ences in 5-HT1 receptors (17). Studies of the 5-HT trans-
porter have shown no differences (17) or a deficit in both
the frontal and temporal cortices (18) in patients with Alz-
heimer’s disease. These varied findings may merely reflect
an underlying heterogeneity in the population of Alzhei-
mer’s disease subjects, but they might also represent real
differences in the proportion of depressed and nonde-
pressed Alzheimer’s disease subjects in the study samples.
Direct comparisons of such subgroups are needed to de-
termine whether serotonergic neurons in depressed Alz-
heimer’s disease subjects have a higher burden of patho-
logical change.

We conducted a postmortem neuropathological study to
examine the dorsal raphe nuclei in late-life major depres-
sion and in Alzheimer’s disease with and without comorbid
major depression. We hypothesized that there would be an
excess of neurofibrillary pathology and fewer serotonergic
neurons in the dorsal raphe nuclei in depressed subjects,
compared with nondepressed subjects, and in Alzheimer’s
disease subjects with comorbid depression, compared to
those without comorbid depression.

Method

Clinical Assessment

Tissue samples were obtained from the Newcastle (U.K.) Brain
Tissue Bank. All subjects were age 60 or older at the time of death.
Full approval for this postmortem study was granted by the New-
castle and North Tyneside local research ethics committee, and
consent for postmortem examination was obtained from each
subject’s next of kin. Alzheimer’s disease subjects had been pro-
spectively assessed in a longitudinal study of dementia and had
met the criteria of the National Institute of Neurological and Com-
municative Disorders and Stroke and the Alzheimer’s Disease and
Related Disorders Association for probable Alzheimer’s disease
(19) and had an Mini-Mental State Examination (MMSE) (20) score
of >7 at initial assessment. A postmortem diagnosis of definite
Alzheimer’s disease was made by using the criteria of the Consor-
tium to Establish a Registry for Alzheimer’s Disease (21). The Alz-
heimer’s disease subjects had had annual research assessments,
including assessment with the cognitive section of the Cambridge
Mental Disorders of the Elderly Examination (22), and had been
assessed every 6 months with the MMSE and the Cornell Scale for
Depression in Dementia (23). Subjects who had scored >10 on the

Cornell Scale for Depression in Dementia were assessed by a re-
search psychiatrist to determine whether they met the DSM-III-R
criteria for major depression or the DSM-IV criteria for major de-
pressive disorder (ignoring the exclusion criterion of organic cau-
sation). Nondepressed Alzheimer’s disease subjects did not meet
the DSM criteria for depression at any time point and had Cornell
scale scores of <10. Depressed subjects had suffered at least one
well-documented episode of DSM-III-R major depression or
DSM-IV major depressive disorder, as determined by the treating
clinician and by two independent research psychiatrists who re-
viewed the subjects’ case notes. Subjects were excluded if they
had ever met the DSM-IV criteria for dementia, schizophrenia, or
another severe mental illness. Subjects with cognitive impair-
ment during depressive episodes were not excluded, provided the
impairment was regarded clinically as secondary to the de-
pressed mood and the postmortem examination of the brain
showed no neuropathological evidence of changes consistent
with dementia. We obtained information from the case notes on
the subjects’ history of treatment with antidepressant medication
and ECT. The comparison subjects had never had a depressive
episode, showed no evidence of a dementing illness, and had
been capable of independent living. Postmortem assessment of
the comparison subjects also showed no evidence of known
causes of dementia.

Tissue Preparation and Identification of Subnuclei

After the postmortem examination, the brainstem was fixed in
a 10% buffered formalin solution and embedded in paraffin. The
dorsal raphe nucleus was sampled at the level of the trochlear nu-
cleus, and three sections were taken for analysis from each sub-
ject. Three series of sections, each consisting of a 6×10-µm sec-
tion, a 2×20-µm section, and a 3×30-µm section, were cut. From
each series, the seventh (20-µm) section was marked with Nissl
stain to assist in identification of landmarks, and the adjacent
sixth (10-µm) section was used for immunocytochemistry. Slides
were coded so that all analyses could be carried out by evaluators
who were blind to the subject’s diagnosis.

The dorsal raphe nucleus and its subnuclei were identified by
using a standard brainstem atlas (24) and the cytoarchitectural
study of the dorsal raphe nucleus by Baker et al. (25). The overall
distribution of both Nissl-stained neurons and neurons that were
immunoreactive to tryptophan hydroxylase (in tissue from com-
parison subjects and depressed subjects) corresponded well with
these descriptions. The dorsal raphe nucleus was located in the
central gray matter ventral to the cerebral aqueduct and fourth
ventricle, with most of the nucleus dorsal to the medial longitudi-
nal fasciculi. As previously described (25), the organization and
arrangement of the individual subnuclei of the dorsal raphe nu-
cleus at this level formed a fountain shape comprising a medial
portion and two lateral wings extending along either side of the
midline. Within the medial portion, two subnuclei were clearly
visible. The interfascicular subnucleus was located between the
medial longitudinal fasciculi, and the ventral subnucleus was im-
mediately dorsal to the interfascicular subnucleus. Demarcation
of these two subnuclei was aided by the apparent morphology of
the interfascicular subnucleus neurons, which included a pre-
ponderance of elongated fusiform neurons that were aligned par-
allel with the midline. Within the lateral wings of the dorsal raphe
nucleus, another two subnuclei were clearly visible: the ventrolat-
eral subnucleus, which was located dorsolateral to the trochlear
nucleus, and the dorsal subnucleus, which was immediately dor-
sal to the ventrolateral subnucleus and just ventral to the floor of
the cerebral aqueduct. The ventrolateral subnucleus was easily
identified because its densely packed neurons formed two prom-
inent clusters on either side of the midline. The ventral border of
the ventrolateral subnucleus was clearly separated from the tro-
chlear nucleus by a narrow cell-free strip. In comparison, the neu-



1098 Am J Psychiatry 161:6, June 2004

DEPRESSION AND ALZHEIMER’S DISEASE

http://ajp.psychiatryonline.org

rons of the dorsal subnucleus were more scattered and occupied
the largest volume of these subnuclei. The dorsal subnucleus was
bilaterally organized but joined in the midline. Although neurons
of the dorsal subnucleus merged with those of the ventrolateral
subnucleus, the two subnuclei were clearly demarcated by their
differing densities of neurons that were immunoreactive to tryp-
tophan hydroxylase. As in previous studies (25), the dorsal sub-
nucleus exhibited the lowest density of neurons, while the vent-
rolateral subnucleus had the highest density of neurons. These
findings were evident in each of the three diagnostic groups (the
comparison, depression, and Alzheimer’s disease groups).

Immunocytochemistry

Serotonergic cells were identified by staining for tryptophan
hydroxylase, which is found only in serotonergic neurons (26).
The extent of neurofibrillary pathology was quantified by staining
for the microtubule-associated tau protein, the key component of
neurofibrillary tangles in Alzheimer’s disease (27). Tissue sections
were stained by using standard immunocytochemistry. After de-
waxing in xylene and rehydration through graded alcohols, the
sections were microwaved at 450 W for three 5-minute bursts in a
0.01M citrate buffer solution (pH 6) to optimize antigen retrieval
(28). Endogenous peroxidase activity in the tissue was neutralized
by washing the sections in a 3% solution of H2O2 in methanol for
15 minutes. After blocking with an appropriate serum, sections
were incubated overnight at 4°C in a moist chamber with a mon-
oclonal antibody to tryptophan hydroxylase (mouse IgG3 diluted
to a ratio of 1:500) (Sigma-Aldrich Ltd., Dorset, U.K.). After the
sections were washed, they were incubated for 30 minutes with
an appropriate secondary antibody, then for 30 minutes with avi-
din-biotinylated horseradish peroxidase complex (serum, sec-
ondary antibody, and ABC complex from the “Elite” Vectastain
ABC kit, PK-6101) (Vector Laboratories, Peterborough, U.K.). The
tissue sections were then placed for 5 minutes in a 10mM phos-
phate buffered saline solution (pH 7.2) in which the proportion of
diaminobenzidine was 0.025% and the proportion of H2O2 was
0.066%. The sections were given three washes in a phosphate-
buffered saline solution between all incubation steps except be-
tween application of the serum and application of the primary
antibody. After the development of the diaminobenzidine, the
sections were washed in tap water for 10 minutes, and the proce-
dure was repeated with a second monoclonal antibody to tau
(mouse IgG1 diluted to a ratio of 1:4000) (Sigma-Aldrich Ltd.). The
microwave retrieval was not repeated. The chromagen used was
Vector Immuno Purple (Vector Laboratories), which produced an
intense purple precipitate. The rater distinguished the brown-
stained cells containing tryptophan hydroxylase easily from the

purple-stained cells containing the tau protein, a method more
reliable than any automated procedure. After they were washed
with tap water, the sections were mounted in synthetic resin.

Analysis of Raphe Pathology

The 10-µm sections were visualized by using a Hitachi light mi-
croscope (Hitachi Denshi, Leeds, U.K.), and images were cap-
tured by using a JVC charge-coupled device (CCD) color camera
(model TK-1070E) (JVC Professional, London). The areas of inter-
est (the subdivisions of the dorsal raphe nucleus) were carefully
identified, as described earlier, and demarcated under low power
(×4 objective). All cells with positive staining for tryptophan hy-
droxylase and all cells with positive staining for tau in the demar-
cated areas were then counted under higher magnification (×25
objective). Thus, all cells with positive staining for tryptophan hy-
droxylase (the serotonergic cells) and all cells with positive stain-
ing for tau (cells with neuritic pathology) in each of the three sec-
tions of the dorsal raphe nucleus in each subject were counted.
The mean number of serotonergic neurons counted per subject
was 318. A mean count per unit area was obtained for both cell
types, and the proportion of tau-positive serotonergic cells in
each of the three sections was also calculated. Reliability testing
of the image analysis was performed by using the data for five
randomly chosen subjects, who were assessed on three separate
occasions. The procedure had high intrarater reliability (coeffi-
cient of variation): 1.6% for evaluation of serotonergic cell density
(cells/mm2), 1.6% for evaluation of tau-positive cell density
(cells/mm2), and 2.1% for the evaluation of proportion of tau-
positive cells.

Statistical Analysis

All statistical analyses were performed by using the SPSS soft-
ware program, version 9.0 (SPSS, Chicago). The Shapiro-Wilk test
of normality and Levene’s test of homogeneity of variances were
performed to determine the normality of the data and the equiv-
alence of variances, respectively. Square root transformations
were performed if necessary, and comparisons were made by us-
ing analysis of variance (ANOVA), which was followed by post hoc
unpaired t tests or chi-square tests, as appropriate. The effects of
possible confounders were explored by using ANOVA and Pear-
son’s product-moment correlation.

Results

Fourteen subjects with primary depression, 15 subjects
with Alzheimer’s disease, and 10 comparison subjects who

TABLE 1. Sex, Age, and Measures of Pathology in the Dorsal Raphe Nuclei in Deceased Elderly Nondepressed, Non-
demented Comparison Subjects, Subjects With Major Depression, and Subjects With Alzheimer’s Disease

Characteristic

Comparison 
Subjects 
(N=10)

Subjects With Major 
Depression 

(N=14)

Subjects With 
Alzheimer’s Disease 

(N=15) Analysis
N % N % N % χ2 df p

Sex 1.19 2 0.55
Male 4 40 4 29 3 20
Female 6 60 10 71 12 80

Mean SD Mean SD Mean SD F df p

Age (years) 77.5 6.7 71.0 8.6 83.1 5.8 10.55 2, 36 <0.001
Postmortem interval (hours) 34.1 17.6 39.6 19.9 42.7 23.4 0.52 2, 36 0.60
Duration of tissue fixation (months) 46.0 48.5 46.9 58.2 7.1 8.4 3.90 2, 36 <0.03
Serotonergic cell density (cells/mm2) 56.47 8.50 58.84 13.07 31.11 18.38 7.44 4, 38 <0.001
Tau-positive cell density (cells/mm2) 0.77 0.57 0.62 0.75 6.94 3.80 21.19 4, 38 <0.001
Proportion of tau-positive cells 0.01 0.01 0.01 0.02 0.21 0.09 33.35 4, 38 <0.001
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met the inclusion criteria were identified. Their charac-
teristics are summarized in Table 1. Twelve of the 14 de-
pressed subjects and eight of the 10 comparison subjects
had been included in our previous studies of the frontal
subcortical circuits in depression (brain tissue was not
available for the remaining subjects in all areas) (29, 30).
No significant differences in sex or postmortem interval
were found between the three groups, but the groups dif-
fered in age and duration of tissue fixation. The depressed
subjects were significantly younger than the Alzheimer’s
disease subjects, whereas tissue from the Alzheimer’s dis-
ease subjects had a significantly shorter mean duration of
fixation, compared to tissue from both the comparison
subjects and the depressed subjects. Consequently, age
and duration of tissue fixation were used as covariates in
the analyses.

Findings for the Total Dorsal Raphe Nucleus

The three groups differed in serotonergic cell density,
tau-positive cell density, and the proportion of tau-positive
cells (Table 1). Post hoc testing revealed that the Alzhei-
mer’s disease subjects had a significantly lower mean sero-
tonergic cell density—about 45% lower—than the com-
parison subjects and the depressed subjects. In contrast,
the Alzheimer’s disease subjects had significantly higher
(about ninefold higher) mean tau-positive cell density and
a significantly higher proportion of tau-positive cells,
relative to the comparison subjects and the depressed
subjects. Tau-positive cell density was highly negatively
correlated with serotonergic cell density (r=–0.57, df=37,
p<0.001). Post hoc testing revealed no significant differ-
ences in tau-positive cell density between the comparison
group and the depressed group.

We carefully examined possible confounding effects on
these findings. Age was correlated with serotonergic cell
density (r=–0.39, df=37, p<0.02) and with tau-positive cell
density (r=0.38, df=37, p<0.02), and tau-positive cell den-

sity was correlated with duration of tissue fixation (r=–0.34,
df=37, p<0.04), but both age and duration of fixation were
included as covariates in the analyses reported earlier. No
correlations were found between postmortem interval and
either serotonergic cell density or tau-positive cell density
(r<0.14, df=37, p>0.38). Within the depressed group there
was no correlation of either serotonergic cell density or
tau-positive cell density with age at onset of depression
(r<0.05, df=11, p>0.80) or any differences in serotonergic
cell density or tau-positive cell density between those with
an early onset of depression (before age 60 years, N=5) and
those with a late onset (N=9) (F<1.70, df=11, p>0.23). We
also examined the effects of a history of treatment with
psychotropic medication (tricyclic antidepressants, selec-
tive serotonin reuptake inhibitors, antipsychotic drugs,
and benzodiazepines) and ECT on the findings, but we
found no evidence of any effect of treatment on either tau-
positive cell density (F<1.79, df=1, 12, p>0.21) or serotoner-
gic cell density (F<0.26, df=1, 12, p>0.85).

Findings for the Dorsal Raphe Nucleus Subnuclei

Each of the four subnuclei examined showed a similar
pattern to that found for the whole dorsal raphe nucleus.
These data are presented in Table 2.

Dorsal subnucleus. The three groups differed signifi-
cantly in mean serotonergic cell density, mean tau-positive
cell density, and mean proportion of tau-positive cells in
the dorsal subnucleus. Post hoc testing revealed that the
Alzheimer’s disease subjects had a significantly lower mean
serotonergic cell density, a significantly higher mean tau-
positive cell density, and a significantly greater mean pro-
portion of tau-positive cells in the dorsal subnucleus,
relative to the comparison subjects and the depressed
subjects. Post hoc testing also revealed no significant dif-
ferences in these measures between the comparison group
and the depressed group.

TABLE 2. Measures of Pathology in the Subnuclei of the Dorsal Raphe Nuclei in Deceased Elderly Nondepressed, Non-
demented Comparison Subjects, Subjects With Major Depression, and Subjects With Alzheimer’s Disease

Comparison Subjects 
(N=10)

Subjects With 
Major Depression 

(N=14)

Subjects With 
Alzheimer’s Disease 

(N=15) Analysis

Subnucleus and Measure Mean SD Mean SD Mean SD F df p
Dorsal subnucleus

Serotonergic cell density (cells/mm2) 41.30 6.28 43.82 11.54 22.95 14.67 12.54 2, 35 <0.001
Tau-positive cell density (cells/mm2) 0.61 0.46 0.36 0.48 4.98 2.95 40.89 2, 35 <0.001
Proportion of tau-positive cells 0.02 0.01 0.01 0.01 0.21 0.09 66.45 2, 35 <0.001

Ventral subnucleus
Serotonergic cell density (cells/mm2) 58.88 14.16 76.46 27.93 34.70 16.98 13.53 2, 34 <0.001
Tau-positive cell density (cells/mm2) 0.77 0.70 0.59 1.54 8.48 4.34 43.09 2, 34 <0.001
Proportion of tau-positive cells 0.01 0.01 0.01 0.02 0.22 0.11 55.56 2, 34 <0.001

Ventrolateral subnucleus
Serotonergic cell density (cells/mm2) 111.56 22.43 131.55 30.36 60.08 44.30 14.79 2, 33 <0.001
Tau-positive cell density (cells/mm2) 1.27 1.26 1.70 2.62 13.21 10.93 16.97 2, 33 <0.001
Proportion of tau-positive cells 0.01 0.01 0.02 0.02 0.29 0.27 25.85 2, 33 <0.001

Interfascicular nucleus
Serotonergic cell density (cells/mm2) 70.85 8.80 77.45 13.52 45.04 21.65 11.75 2, 27 <0.001
Tau-positive cell density (cells/mm2) 0.62 0.88 1.45 2.31 11.67 8.13 23.36 2, 27 <0.001
Proportion of tau-positive cells 0.01 0.01 0.02 0.03 0.25 0.15 33.09 2, 27 <0.001
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Ventral subnucleus. The three groups differed sig-
nificantly in mean serotonergic cell density, mean tau-pos-
itive cell density, and mean proportion of tau-positive cells
in the ventral subnucleus. Post hoc testing revealed that
the Alzheimer’s disease subjects had a significantly lower
mean serotonergic cell density, a significantly higher mean
tau-positive cell density, and a significantly greater mean
proportion of tau-positive cells in the ventral subnucleus,
relative to the comparison subjects and the depressed sub-
jects. Post hoc testing again revealed no significant differ-
ences in these measures between the comparison group
and the depressed group.

Ventrolateral subnucleus. The three groups differed
significantly in mean serotonergic cell density, mean tau-
positive cell density, and mean proportion of tau-positive
cells in the ventrolateral subnucleus. Post hoc testing re-
vealed that the Alzheimer’s disease subjects had a signifi-
cantly lower mean serotonergic cell density, a higher mean
tau-positive cell density, and a greater mean proportion of
tau-positive cells in the ventrolateral subnucleus, relative
to the comparison subjects and the depressed subjects.
Post hoc testing revealed no significant differences in
these measures between the comparison group and the
depressed group.

Interfascicular nucleus. The three groups differed sig-
nificantly in mean serotonergic cell density, mean tau-
positive cell density, and mean proportion of tau-positive
cells in the interfascicular nucleus. Post hoc testing re-
vealed that the Alzheimer’s disease subjects had a signifi-
cantly lower mean serotonergic cell density, a significantly
higher mean tau-positive cell density, and a significantly
greater mean proportion of tau-positive cells in the inter-
fascicular nucleus, relative to the comparison subjects
and the depressed subjects. Post hoc testing revealed no
significant differences in these measures between the
comparison group and the depressed group.

Findings for the Alzheimer’s Disease Group

The 15 Alzheimer’s disease subjects consisted of eight
subjects who had comorbid depression and seven sub-
jects with no depression (Table 3). Analysis revealed no
significant differences between the two groups in sex,
postmortem interval, or duration of tissue fixation. How-
ever, the groups differed significantly in age; the subjects
with Alzheimer’s disease and comorbid depression were
significantly younger. Because of this difference, age was
used as a covariate in the analyses of data for the Alzhei-
mer’s disease groups.

Compared to the Alzheimer’s disease subjects without
depression, the Alzheimer’s disease subjects with comor-
bid depression had a 34% lower mean serotonergic cell
density, a 1.4-fold higher mean tau-positive cell density,
and a 1.6-fold higher mean proportion of tau-positive cells
in the total dorsal raphe nucleus. The difference for the
mean proportion of tau-positive cells just reached signifi-
cance (t=2.16, df=13, p=0.05). However, in analyses with
age as a covariate, this difference was not significant (Ta-
ble 3). The results for each of the four subnuclei were sim-
ilar to each other (data not shown) and similar to the re-
sults for the total dorsal raphe nucleus.

Discussion

To our knowledge, this study is the first examination of
neuropathology in the raphe nuclei in elderly subjects with
major depression and the first to investigate pathological
changes within the raphe nuclei in Alzheimer’s disease
subjects with and without depression. Contrary to our hy-
pothesis, the depressed subjects showed no differences in
raphe pathology (neuronal deficits and accumulation of
neurofibrillary tangles) relative to the comparison sub-
jects. Similarly, within the Alzheimer’s disease group, there
were no differences in raphe pathology between the sub-
jects with depression and those without depression.

TABLE 3. Sex, Age, and Measures of Pathology in the Dorsal Raphe Nuclei in Deceased Elderly Subjects With Alzheimer’s
Disease With and Without Comorbid Depression

Subjects With Alzheimer’s Disease

Characteristic
With Comorbid Depression 

(N=8)
Without Comorbid Depres-

sion (N=7) Analysis
N % N % χ2 df p

Sex 0.60 1 0.44
Male 1 13 2 29
Female 7 87 5 71

Mean SD Mean SD t df p

Age (years) 80.0 4.8 86.7 4.8 2.69 13 <0.02
Postmortem interval (hours) 43.6 19.7 41.7 28.7 0.15 13 0.88
Duration of tissue fixation (months) 10.5 10.5 3.3 2.0 1.78 13 0.10

Mean SD Mean SD F df p

Serotonergic cell density (cells/mm2) 25.00 13.76 38.09 21.46 0.95 2, 14 0.41
Tau-positive cell density (cells/mm2) 8.05 4.41 5.66 2.72 1.02 2, 14 0.39
Proportion of tau-positive cells 0.25 0.08 0.16 0.08 2.48 2, 14 0.13



Am J Psychiatry 161:6, June 2004 1101

HENDRICKSEN, THOMAS, FERRIER, ET AL.

http://ajp.psychiatryonline.org

The absence of any significant pathology in the dorsal
raphe nucleus associated with depression in this study is
surprising, given the reported neurochemical abnormali-
ties in the serotonergic system in depression and the re-
cent report of Baumann and colleagues (14), who con-
ducted a morphometric postmortem study of the dorsal
raphe nucleus in depression and found a significant 31%
deficit in the number of neurons, although they did not
specifically examine serotonergic neurons. It may be im-
portant that their subjects had a mean age of 50 years,
compared with the mean age of 71 years in this study. The
contrasting findings provide further evidence that the
pathophysiology of depression in later life may be differ-
ent from that of depression in younger adults. We previ-
ously reported higher levels of expression of cell adhesion
molecules in the dorsolateral prefrontal cortex in late-life
depression (30) and found an associated higher density of
glia in the gray matter (31). These findings contrast with
postmortem findings of deficits in glia and in neuronal size
and density in the dorsolateral prefrontal cortex in younger
adults (32). The higher concentration of glia in the older
subjects appears to be due to cerebrovascular disease and
ischemia, as we found higher concentrations in atheroma-
tous disease (33) and hypoxia-ischemia in the white matter
lesions in our subjects (34). In younger adults it has been
proposed that the glial changes may be associated with el-
evated levels of corticosteroids in depressive illness, which
could lead to a loss of trophic support for neurons (35). If
this hypothesis is correct, the findings of Baumann and
colleagues for younger adults suggest that this mechanism
might affect the dorsal raphe nucleus as well as the pre-
frontal cortex. In contrast, in late-life depression, cere-
brovascular disease might lead to tissue ischemia and as-
sociated gliosis in the prefrontal cortex, especially in the
dorsolateral prefrontal cortex, but the brainstem may not
be affected. If these differences are real, they may have im-
portant implications for treatment.

As expected, the Alzheimer’s disease subjects had sig-
nificantly greater raphe pathology (neuronal deficit and
accumulation of neurofibrillary tangles) than the age-
matched comparison subjects or elderly depressed sub-
jects. The finding of a marked deficit of serotonergic neu-
rons in the dorsal raphe nucleus in Alzheimer’s disease is
consistent with previous reports, and the magnitude of the
deficit (about 45%) is also similar (16, 36). In this study we
also showed that neuritic pathology is highly negatively
correlated with this deficit of serotonergic cells, suggesting
that this Alzheimer’s disease pathology leads to the loss of
serotonergic neurons. Halliday and colleagues (37) re-
ported a similar finding in their study of serotonergic neu-
rons in the median raphe nuclei. However, we did not find
that the Alzheimer’s disease subjects with depression had
a significant additional deficit of these neurons, after we
controlled for the subjects’ age. This finding suggests ei-
ther that the pathophysiology underlying depression in
Alzheimer’s disease is distinct from the pathophysiology

that causes the cognitive decline leading to the dementia
or that the Alzheimer’s disease process precipitates de-
pression as a result of its effects on other brain areas, such
as the prefrontal cortex. Further studies are needed to in-
vestigate these possibilities, but the evidence for primary
depressive illness in older people suggests that cerebro-
vascular pathology affecting the frontal-subcortical cir-
cuitry may be an important factor in depression in people
with dementia.

Because this study was based on case notes, we were not
able to examine fully all of the possible confounding fac-
tors, but it does not appear that our findings are related to
basic demographic, histological, or treatment variables.
The study benefited from detailed clinical assessments of
the subjects, which increased our confidence in the diag-
noses, and the relatively large number of subjects for a post-
mortem investigation. While replication of the findings in
older depressed subjects is important, we are confident
that our negative findings are robust. Thus, it appears that
the pathological causes and anatomical substrates of de-
pression in later life lie outside the dorsal raphe nucleus.
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