Pathologic Evaluation of the Human Suprachiasmatic Nucleus in Severe Dementia
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Abstract. Sleep disruption and other circadian rhythm disturbances ave frequently seen in dementin patients, In this study,
we examined the suprachiasmatic nucleus (SCN), the putative site of the hypothalamic cireadian pacemaker, to determine the
nature and degree of pathologic changes caused by severe dementia. Neuropathologic examination indicated that among 30
patients with a clinica! history of severe dementia, 22 had Braak and Braak stage V-V1 Alzheimer disease, 3 had combined
Alzheimer and Parkinson disease, 3 had Pick discase and 2 had severe hippocampal sclerosis. Comparisons were made with
a contral group composcd of 13 age-matched patients with no clinical or pathological evidence of dementia or other CNS
disorders. To determine the pathologic involvement within the SCN, human hypothalami were stained with: Nissl, Bielchowsky
silver, thioflavin 8 and specific antibedies dicected against vasopressin (VP), neurotensin {(NT), neurapeptide Y (NPY), va-
soactive intestinal peplide (VIP), beta-amyloid (B/A4) and glial fibrillary acidic protein (GFAP). Pathologic damage was
primarily limited to neuronal loss and neurofibrillary tangle formation. Only rare diffuse plaques were noted. The pathologic
changes within the SCN were less severe than in the other brain regions. Morphometric analysis was accomplished using a
stercological approach to sample the average total number of positively stained neurons and astrocytes in 10 different 0. lmm?
microscopic fields in the dorsal subdivision of the SCN. Patients with Alzheimer disease exhibited a significant decrease in
vasopressin (9.75 vs 16.7, p < 0.001) and nevrotensin (6.82 vs 9.63, p < 0.002) neurons, as well us a corresponding increase
in the GFAP-stained astrocyte/Nissl-stained neuron ratio (0.54 vs 0.10, p < 0.00%). These swdies provide evidence that hoth
vasopressin and neurotensin neurons are lost in Alzheimer disease, and that the astrocyte/neuron ratio is a reliuble indicator
of discasc-relaled pathology within the SCN. Taken collectively, our daia support the hypothesis that damage 1o the SCN may
be an underlying anatomical substrate for the clinically observed changes in circadian rhythmicity that have been observed
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INTRODUCTION

Alzheimer Disease (AD) is commonly associated with
changes in normal patterns of behavior in addition to de-
cline in cognitive function. Hyperactivity and disorders
of the sleep-wake cycle occur in many AD patients. Some
exhibit severe restlessness characterized by nearly con-
stant walking and an inability to remain sitting if unre-
strained (1). Other AD patients develop **sundowning,”
a syndrome occurring in the late afternoon or early even-
ing that is clinically indistingunishable in its cognitive and
behavioral manifestations from delirium (2). Fluctuations
in the level of cognitive functioning may occur during
the day or from one day to the next in AD patients in
the absence of discernible cause {1).

Changes in the circadian rhythm of core-body temper-
ature have been found with normal aging, including re-
duced rhythm amplitude, a phase advance in the timing
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of the nocturnal temperature minimum, and a shortened
intrinsic period {3-6). The handful of published studies
of the temperature cycle in AD patients are not consistent
with regard to amplitude and phase, but suggest that the
normal temperature rthythm may be influenced by the dis-
ease (7-11).

An extensive body of experimental evidence indicates
that the suprachiasmatic nucleus (SCN) in the anterior
hypothalamus is the site of the principal circadian oscil-
lator in mammals (12, 13). Clinical observations in hu-
mans also support the hypothalamic regulation of circa-
dian functions. Von Economo noted that the lesions of
the anterior hypathalamus seen in encephalitis lethargica
were associated with disruption of the circadian sleep cy-
cle (14), and patients with hypothalamic tumors have
been reported to have body temperature and sleep-wake
disturbances (15, 16).

Studies of the SCN in humans, however, have been
relatively few in number, and some early investigators
even questioned the existence of the SCN in human hy-
pothalamus (17, 18). Most recent human studies support
the presence of a suprachiasmatic nucleus that is struc-
turally organized in a manner similar to other mammals
(19-25). Some structural differences between the human
SCN and the SCN of other species have been reported,
including a large neurotensin-containing neuronal sub-
population and neuropeptide Y—containing neuronal cell
bodies (22, 23, 26). Like the SCN in other mammals, the
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human SCN has been shown to have specific receptors
for melatonin, supporting the existence of a pineal feed-
back loop (27). A human retinohypothalamic tract (RHT)
has also been identified, further suggesting that human
circadian organization resembles other mammals (28~30),

Despite general agreement that an SCN is present in
human hypothalamus, descriptions of the boundaries of
the SCN have varied depending on the staining tech-
nique(s) employed. For example, the boundaries of the
SCN observed with classical Nissl staining differ from
those defined by immunohistochemical staining of the 3
predominant cell types, the vasopressin (VP), vasoactive
intestinal peptide (VIP), and neurotensin (NT) containing
neuronal subpopulations (20, 22). Delineation of the
boundaries of the SCN in humans may also be compli-
cated by other factors such as variation in the cell density
of the human pre-optic region and inter-patient variation
in brain size and shape. Morphometric studies of the SCN
based on the distribution of the VP-containing neuronal
sub-population have indicated that the size and shape of
the nucleus may vary with gender, aging, sexual prefer-
ence, season, time of day, and various disease states {21,
31-38). Changes in the size and shape of the VIP-con-
taining neuronal subpopulation appear to differ from
those observed for the VP-containing neurons (39-41).

In the present study, we focus on defining the specific
nenropathologic changes within the SCN that result from
severe dementia. In order to improve our ability to detect
subtle pathologic alterations, we have purposely limited
our study to patients with advanced disease. Finally, a
novel stereological approach aimed at sampling the path-
ologic alterations occurring within the dersal subdivision
of the SCN has been devised.

MATERIALS AND METHODS
Subjects

All dementia brains (n = 30) were obtained at autopsy from
male inpatients on the Dementia Study Unit at the Bedford VA
Haspital (mean postmortem interval = 15 hours (h); mean age
* standard deviation = 72 * 8). These patients all met
NINCDS-ADRDA criteria for probable AD (42) and had severe
cognitive impairment that prevented them from being tested
with any formal scale of cognitive functioning. They were un-
able to communicate verbally, to assist with aclivities of daily
living, or to ambulate. They remained in bed, with all of their
needs regularly attended to by nursing staff. All dementia pa-
tients expired as a result of complications related to their chron-
ic disease (pneumonia, aspiration, cachexia, etc.}). The mean
duration of dementia was approximately 10 years.

Control brains (n = 13) were obtained from aged male hos-
pital patients with no prior history of dementia or affective ill-
ness and no pathologic evidence of AD or other degenerative
brain diseases (mean postmortem interval = 12 h; menn age *
standard deviation = 63 * 12), The causes of death included:
myocardial infarction (4), congestive heart failure (3}, colon
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cancer (1), lung cancer (2), renal failure (1), pnaumonia (1),
and adulr respiratory distress syndrome (1).

Neuropathalogic Examination

All brains were subjected to a standardized neuropathologic
examination. Brains were fixed for at least 4 weeks in 10%
neutral buffered formalin to standardize shrinkage during fixa-
tion. Following gross examination and coronal sectioning, the
hypothalamus was dissected from the specimen for special stud-
ies of the suprachiasmatic nucleus. Fourteen brain areas were
routinely sampled in our protocol. These representative areas
were carefully selected on the basis of their suitability for di-
agnosing AD, as well as the other currently classified neuro-
depenerative diseases. The diagnosis of AD was made in ac-
cordance with widely accepted NIA criteria (43) as well as the
Braak and Braak neuropathological staging of Alzheimer-relai-
ed change (44). The diagnosis of Pick disease was based on the
presence of severe frontal and temporal lobe atrophy with neu-
ronal loss, gliosis, and Pick bodies within the hippocampus and
neocortex. The diagnosis of Parkinson disease required evi-
dence of gliosis, pigment incontinence, and multiple Lewy bod-
ies in the substantia nigra and locus coeruleus. Hippocampal
sclerosis was diagnosed in patients who demonstrated extensive
neuronal loss and gliosis within the hippocampus, but had no
evidence of an underlying degenerative disease. Both of these
patients also had evidence of arteriolar sclerosis.

SCN Studies

The pathologic effects of Alzheimer disease on the entire
human SCN were examined in AD (n = 3) and conirol {n =
3) hypothalami. For these studies, hypothalami were immedi-
ately immersed in 4% paraformaldehyde at the time of autopsy
and subsequently cryoprotected in 0.1 M sodium phosphate
buffer containing 30% sucrose. Serial cryostat sections through
the anterior hypothalamus were made at 40 microns and alter-
nately stained with Nissl, thioflavin S, Bielschowsky, and an-
tibodies directed against B/A4, VB, NT, NPY, and VIR

For quantitative morphometric analyses, which focused spe-
cifically on the dorsal subdivision of the human SCN, routinely
processed formalin fixed paraffin embedded hypothalami from
AD (n = 27) and control (n = 10) parients were serially sec-
tioned at 8 microns in the coronal plane. Previous studies have
indicated that the dorsal subdivision has the greatest overall
diameter and cell density, and is ensily recognized between the
lateral border of the supracptic recess of the third ventricle and
the supraoptic nucleus (20, 22-23). This dorsal subdivision is
predominantly compesed of ¥P and NT neurons. Unlike other
SCN peptides (e.g. VIP), which require specialized fixation for
optimal detection, the vasopressin and neurotensin neurons are
easily identified by immunohistochemistry performed on rou-
tinely processed formalin-fixed, paraffin-embedded brain tissue.

The stereclogical methods utilized in our studies were designed
in accordance with the principles described by Weibel for random
tissue sampling of a homogeneous 3-dimensional structure (45).
The dorsal subdivision of the SCN was identified by examining
every 5th 8 micron Niss) stained coronal section through the entire
rostral-caudal extent of the nucleus. The center of the dorsal sub-
division was then determined on the basis of cell density and
overall nuclear diameter A 200 micron region on either side of
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A 200 micron region on either side of the center of the dorszl subdivision of the
SCM was sampled. Five series of sections on cach side of the center were
alternately stained with Missl, Bielchowsky silver staln [Biels), glial fibrillary
ucidic protein [GFAF) - Nlssl, vasopressin |VP} and neurotensin [NT). A single
0.1 mm sguare microsceple field wae then counted on each slide within the
SCN in the area of maximum cell density.

rostral - center = caudal

200 1s0 120 80 40 G 40 80 120 160 20

(T

VP vP P Lis YF VP VP Yr VP v
GFAP/| [GEAP)| |GFAR)| |GEAPH |GFAP)| |GFAPY] |GFAT/| \GFAPR]| IGEAPH 1GFAF
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Biels  |Biels Blels  |Blcls  |Ricls iels  JBich Biels  JRiels Blels
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Fig. 1. Diagrammatic representation of the methodology
used to sample the dorsal subdivisicn of the SCN.

the center of this dorsal region was sampled by staining 5 series
of sections with Nissl, Bielchowsky silver, anti-GFAP antibody/
Nissl, anti-VF antibedy, and anti-NT antibody (Fig. 1), A single
0.1 mm? field in the area of greatest cell density was then selected
on each section for analysis (Fig. 2). A homogenecus distribution
of both neurctensin and vasopressin neurons was consistently ev-
ident on all sections used for our study.

Morphometric Analyses

Morphometric analyses were performed with MIH Image
(version 1.51). Slides were viewed with an Olympus micro-
scope and the 10 random 0.1mm? fields within the dorsal SCN
were digitized and analyzed with a Macintosh Ilci computer.
Image files were then archived to 40M removable hard disks
(Syquest format, PLI turbo 40 drive) for permanent storage.

Immunocytochemistry

All of the immunocytochemical procedures were performed
using the avidin-biolin complex (ABC) technique on either 40
micron free floating or 8 micron slide mounted sections in ac-
cordance with the manufacturer’s specifications {Vector Elite,
Burlingame, Calif.). The specific antibodies used in our studies

Fig. 2.
recess (SOR) and medial to the supraoptic nucleus (SON) (25X). The 0.1 mm? field typically sampled is illustraled overlying the
SCN.

The dorsal subdivision of the suprachiasmatic nucleus can be sean adjacent to the lateral border of the supraoptic

J Nenropaihol Exp Neurol, Vol 58, Januwary, 1999
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TABLE |
Antibodies Used in the Present Study
Immunized Description Dilution

Substance Abbreviation species of antibody in TBS Source
B-amyloid B/A4 Mouse Monoclonal 1:1,000 Bochringer
Arginine-vasopressin VP Rabbit Polyclonal 1:500 Incstar
Glial fibrillary acidic protein GFAP Rabbit Polyclonal 1:500 DAKO
Neuropeptide Y NPY Rabbit Polyclonal 1:500 Peninsula
Neurotensin NT Rabbit Polyclonal 1:500 Incstar
Vagoactive intestinal peptide VIP Rabbit Polyclonal 1:500 Incstar

Fig. 3. One of the most prominent efferent fiber projections arising from the human SCN consists of this plexus of VIP
immunoreactive fibers coursing toward the sub-paraveniricular zone of the PVN (40X),

are summarized in Table 1. Sections were mounted on Fisher
Code-On Plus slides to ensure tissue adherence. Immunoreac-
tive cells were identified on the basis of their brown granular
reaction product.

SCN Glia/Neuron Ratio

Glial proliferation occurs in response to neuronal loss. To
determine the degree of ncuronal loss within the SCN, the rel-
ative ratio of reactive astrocytes lo neurons was assessed. Ran-
dom GFAP/Nissl-stained sections chosen from the dorsal sub-
division of the SCN were photographed at 400X and digitized
far image analysis. Cells were identified by their respective as-
trocytic or neurcnal staining patterns and counted to determine
the ratio of reactive astrocytes to neurons. Only cells with com-
plete cytoplasmic borders and a clearly visible nucleus were

4 Mewrapathol Exp Newred, Vol 34, Jonuary, (999

recarded. [n each case, the counts obtained from 10 fields were
averaged.

SCN Vasopressin and Neurotensin Neurons

To assess the degree of VP and NT neuronal loss within the
SCN, 10 random fields in the dorsal SCM were photopraphed
at 400X magnification, digitized for image analysis, and count-
ed to determine the number of VP and NT neurons per 0. lmm?
microscopic field, a measurement of cell density.

RESULTS
Neuropathalogic Examination

Out of the 30 dementia cases in our study, 22 fulfilled
the ctiteria for advanced Alzheimer disease (Braak and
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Fig. 4.

Braak stage V-VI). 3 dementia patients were found to
have both advanced AD and concurrent Parkinson dis-
ease. 3 were found to have Pick disease, and 2 were
found to have severe hippocampal sclerosis as well as
artericlar sclerosis. One of the patients with hippocampal
sclerosis had multiple lacunes in the basal ganglia that
extended into the neighboring hypothalamus, but did not
involve the SCN.

Pathologie Findings within the SCN

In normal-aged controls, the size and shape of the nu-
cleus varied with the specific staining technique(s) em-
ployed. In general, the Nissl-stained nucleus was smaller
than the immunocytochemically-defined nucleus. The
dorsal subdivision of the SCN was consistently recog-
nized as the area of greatest cellularity and nuclear di-
ameter, located medial to the supraoptic nucleus and ad-
jacent to the lateral border of the supraoptic recess of the
third ventricle. In all cases, the dorsal subdivision was
found 1o contain abundant VP and NT neurons. A spher-
ical shaped cluster of VIP neurons was located ventral to
the VP and NT neurcns. These VIP neurons were best
seen on 40 micron 4% paraformaldehyde fixed sections.
No other VIP neurons were evident within the preoptic
area. A prominent VIP-containing fiber projection was
seen coursing dorsally toward the sub-paraventricular

NPY immunoreactive neuronal cell bodies within the human SCN (400x).

zone of the PVN (Fig. 3). A similar efferent VIP fiber
projection has been previously described in the rodent
(46). Scattered NPY neurons and processes were evident,
particularly within the ventral SCN (Fig. 4). As previ-
ously reported by others, the presence of NPY neuronal
cell badies is a unique feature of the human SCN (22—
23).

Comparisons between AD and aged control .SCN
showed no evidence of complete neuronal loss of any of
the 3 major peptide subdivisions or NPY neurons. There
was, however, unequivocal evidence of reactive gliosis
characterized by the appearance of hypertrophic gemis-
tocytes (Fig. 5a, b). Gliosis of this nature is characteris-
tically associated with neuronal cell loss. Sections stained
with the Bielchowsky silver stain revealed scattered neu-
ronal neurofibrillary tangles with a frequency that ranged
from 0-3/section (Fig. 6). Anti-B/A4, thioflavin § stains
and Bielchowsky silver stains for diffuse and mature nen-
ritic plaques were generally unremarkable within the
SCN except for rare diffuse type plagues (0-5/SCN).
This finding was somewhat surprising, since abundant
diffuse type plaques were more readily apparent in the
adjacent hypothalamus and basal ganglia (Fig. 6). The
plaques observed appeared to be similar to the hypotha-
lamic plaques previously described by others in advanced

4 Neuropathol Exp Nearol, Vel 38, Jumary, 1999
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Fig. 5. High power photomicrographs of the dorsal SCN stained with anti-GFAP antibody to highlight astrocytes and coun-
terstained with Nissl to demonstrate neurons (40{0X). A typical control case is shown in a. A case of end-stage Alzheimer Disease
is shown in b, Numerous hypertrophic GFAP positive gemislocytic astrocytes are clearly seen in Alzheimer Disease and are
notably absent in the age matched conirol patient.

I Newrapathol Exp Neural, Vol 58, Jamuary, 15999
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Fig. 6. Composile montage reconstructed from multiple 100X microscopic fields demonstrating the pathologic findings in a
representative case of advanced of Alzheimer Disease. Senile plaques were routinely noted within the basal ganglia (lower inset)
together with abundant neurofibrillary tangles in the basal forebrain (not shown). Within the hypothalamus, rare neurofibrillary
tangles were noted in the SCN (upper inset). These averaged approximaltely 0-3/section, In general, senile plaques were extremely
rare (0—-S/SCN), even in our cohort of cases with advanced disease. Only diffuse-type plaques were noted within the SCN.

Alzheimer disease (47). No mature neuritic plaques were
observed within the SCN.

Morphometric Analyses

Comprehensive morphometric analyses of the SCN are
difficult to perform because of a variety of factors in-
cluding: inter-subject variability in brain size and shape,
poor demarcation of the caudal SCN boundaries, and po-
tential variation in SCN size due to changing physiclog-
ical and seasonal parameters. In view of these factors, we
chose a stereological approach aimed at sampling the dor-
sal subdivision of the SCN. This region is composed pri-
marily of vasopressin and neurotensin neurons (Fig. 7},

and is large and easily identified by an experienced ob-
server. Great care was taken to insure the homogeneity
of the area sampled in each case studied.

A summary of the data obtained from our morpho-
meiric and neuropathological analyses is shown in Table
2. These data indicate a significant increase in the astro-
cyle/neuron ratio and a corresponding decrease in the
number of both vasopressin and neurctensin neurons/
0.1lmm? in patients with pathological evidence of Alz-
heimer disease, as well as those with both Alzheimer dis-
ease and Parkinson disease. They also support the con-
clusion that a similar trend toward SCN degeneration can
be seen in patients with Pick disease, which has not been

4 Newraputito! Exp Newrol, Vol 58, Jounery, 1999
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Fig. 7.

Neurotensin neurons in the dorsal subdivision of the SCN {10X). The distribution of both neurctensin and vasopressin

neurons was fairly homogeneous throughout the dorsal SCN. There was no significant difference in the overall distribution of
vasopressin or neurotensin neurcns in patients with Alzheimer disease and aged controls. The SCN boundaries are indicated in

black. (OC = optic chiasm).

previously studied. Of special interest are the 2 patients
who presented clinically with dementia, but who were
subsequently found to have evidence of hippocampal
sclerosis. One of these patients had hypertensive changes
with multiple lacunar infarcts and a corresponding in-
creased astrocyte/neuron ratio within the SCN. The other
had underlying hyperiensive changes, but ne evidence of
lacunar pathology, and a normal SCN astrocyte/nsuron
ratio. No senile plaques or neurofibrillary tangles were
found in either of these 2 cases.

DISCUSSION

Pathologic alterations in the human hypothalamus have
been noted in patients with Alzheimer Disease (47-51),
although few studies have focused specifically on the
SCN (21). Our findings indicate that pathologic alteration
within the SCN of AD dementia patients is primarily
characterized by neuronal loss and neurofibrillary tangle
formation. In view of the disease severity throughout the
brain (Braak and Braak stage V-VI), the damage ob-
served within the SCN was generally less severe than that
seen in other brain regions. Taken collectively, our data
support the hypothesis that damage to the SCN may be

J Neurapathal Exp Nenrod, Val 58, Janvary, 1999

an underlying anatomical sobstrate for the clinically ob-
served changes in circadian rhythmicity that have been
observed in many dementia patients, regardless of the
underlying pathologic process.

A previous morphometric study of the SCN in aged
control and AD patients demonstrated significant decreas-
es in total SCN cell numbers and in the total number of
vasopressin-containing neurons in healthy elderly, which
were even more pronounced in Alzheimer Disease pa-
tients (21). Vasopressin and total SCN cell densities were
not found to be significantly reduced, although both of
these parameters were lowest in the dementia patients.
Studies of the human SCN in Alzheimer disease by other
investigators, however, have concluded that there was no
evidence of significant neuronal loss or alteration of nor-
mal SCN anatomy (24, 52).

In contrast to previous studies, the present investiga-
tion was specifically limited to patients who fulfilled both
clinical and pathological criteria (Braak and Braak stage
V-VI) for advanced dementia. Our findings support the
conclusion that there is neuronal loss within the SCN of
advanced AD patients, and indicate that this neuronal loss

202 14dy 60 U0 3senb Aq £896092/62/1/8G/2121ME/usul/woo dno-olwepeoe//:sdiy woij papeojumoq



THE HUMAN SCN IN SEVERE DEMENTIA 37

will be reflected by a significant decrease in vasopressin
neuronal cell density.

One possible explanation for the reported inconsisten-
cies is that the SCN is not significantly affected until the
advanced stages of dementia. It would therefore be pos-
sible to have a group of patients who readily fulfill the
minimum pathologic criteria for the diagnosis of Alzhei-
mer disease, but who do not manifest significant changes
within the SCN relative to age matched controls.

Another potential variable could be the different tech-
niques utilized for the morphometric analyses as well as
those used to define the anatomical boundaries of the
SCN. Previous studies have focused on neuronal cell
counts or cell densities. It is quite possible that the loss
of specific neuropeptide markers does not always corre-
spond to the loss of neurcns. With longstanding, slowly
progressive degeneration, neuronal Joss is also often dif-
ficult to detect because of collapse and remodeling of the
parenchyma with attendant reestablishment of normal
neuronal densities. Studies have shown that in some brain
areas in Alzheimer patients, cortical thickness actually
increases during the disease (53). In view of this possi-
bility, the gliosis that accompanies neuronal degeneration
may be a more sensitive indicator of cell loss than neu-
ronal cell counts or densities. Qur data indicate that ad-
vanced Alzheimer disease is associated with an increase
in gliosis within the SCN.

The apparent discrepancies in pathologic data may
also explain the variability in conclusions reached dur-
ing clinical studies of circadian parameters, such as tem-
perature rhythm, in dementia patients. For example, nor-
mal temperature rhythmicity may persist in early
dementia patients with only mild damage to the SCN,
but may become altered during later stages of the dis-
ease (11). This hypothesis is supported by the obser-
vation in the rodent mode! that the circadian temperature
rhythm persists to varying degrees with only partial le-
sions of the SCN (54).

Given the widespread severity of brain damage in pa-
tients with advanced dementia, it is quite likely that de-
generation elsewhere in the central nervous system may

cause or significantly contribute to the alteration of cir-
cadian rhythmicity in Alzheimer disease. For example,
widespread axonal degeneration in the optic nerves of
AD patients has been reported with an associated loss of
ganglion cells in the retina (55). As previously noted, a
retinohypothalamic tract within the optic nerve has been
demonstrated in human postmortem tissue (28-30) that
may provide the anatomic substrate for the finding that
bright light is a potent entraining stimulus for human cir-
cadian rhythms (56). It is presently unknown to what ex-
tent damage to the RHT or other afferent visual pathway,
the geniculohypothalamic tract (GHT), may contribute to
the alteration of human circadian rhythmicity in Alzhei-
mer disease. Another possible factor in AD patients that
could interfere with normal circadian rhythmicity is loss
of cholinergic function (57). Studies in experimental an-
imals indicate that cholinergic agonists can mimic the
effects of light on the entrainment of circadian wheel-
running activity and pineal gland activity {58, 59).

The absence of either diffuse or mature neuritic
plaques within the SCN of patients with severe dementia
was an unexpected finding, especially in view of their
abundance in the adjacent hypothalamus and basal gan-
glia. The reason for this apparent resistance to plaque
formation is unclear, although other regions of the brain,
such as the cerebellum, show resistance to plaque for-
mation. The few diffuse plaques cbserved were similar
in appearance to those described previously in the hy-
pothalamus (47). These hypothalamic plaques were found
to differ in their molecular and cellular composition from
the mature neuritic plaques present in the hippocampus
and neocortex, suggesting a fundamental difference in
their pathogenesis.

In summary, our data indicate that the SCN is clearly
affected by the pathologic alterations seen in Alzhei-
met disease and other forms of dementia, but appears
to be less severely affected than other brain regions.
Additional studies are necessary to correlate clinical
symptomatology with brain pathology before firm con-
clusions regarding the role of the SCN in the patho-
genesis of the circadian abnormalities that occur in Al-
zheimer disease can be decided.

TABLE 2
SCN Pathology by Diagnosis in 27 Dementia Patients

Astrocytef Vasopressin Neurotensin

Neuron ratio/ p value MNeurons/ p value Nuerons/ p value
Diagnosis n 0.1 mm? v. control 0.1 mm? v. control 0.lmm® v. cantrol
AD 19 054 + (.49 0.009 9.75 = 2.36 <0.001 6.82 + 2.16 0.002
AD and PD 3 062 * 0.24 <0.001 B.30 = 1.05 0.09 6.37 £ 0.56 0.011
Pick disease 3 0.48 * 0.25 0.002 B.O7 £ 3.32 0.05 6.75 £ 1.49 0.037
HS* 2 0.05, 0.67 — 12, 6.7 — 7.8, 57 —
Controls 10 0.10 = 0.10 16.7 £ 7.55 0.63 £ 1.77

Data expressed as mean * standard deviation. Statistical analyses were accomplished by the Student ¢ test.
* HS = hippocampal sclerosis, numbers are individual values. X1, X2.
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