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Decreased Vasopressin Gene Expression in the Biological Clock of Alzheimer Disease Patients

With and Without Depression
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Abstract. Circadian rhythm disturbances are frequently present in Alzheimer disease (AD). In the present study, we inves-

tigated the expression of vasopressin (AVP) mRNA in the human suprachiasmatic nucleus (SCN). The in situ hybridization

procedure on formalin-fixed paraffin-embedded material was improved to such a degree that we could, for the first time,

visualize AVP mRNA expressing neurons in the human SCN and carry out quantitative measurements. The total amount of

AVP mRNA expressed as masked silver grains in the SCN was 3 times lower in AD patients (n � 14; 2,135 � 597 �m2)

than in age- and time-of-death-matched controls (n � 11; 6,667 � 1466 �m2) (p � 0.003). No significant difference was

found in the amount of AVP mRNA between AD patients with depression (n � 7) and without depression (n � 7) (2,985 �

1103 �m2 and 1,285 � 298 �m2, respectively; p � 0.38). In addition, the human SCN AVP mRNA expressing neurons

showed a marked day-night difference in controls under 80 years of age. The amount of AVP mRNA was more than 3 times

higher during the daytime (9,028 � 1709 �m2, n � 7) than at night (2,536 � 740 �m2, n � 4; p � 0.02), whereas no clear

diurnal rhythm of AVP mRNA in the SCN was observed in AD patients. There was no relationship between the amount of

AVP mRNA in the SCN and age at onset of dementia, duration of AD and the neuropathological changes in the cerebral

cortex. These findings suggest that the neurobiological basis of the circadian rhythm disturbances that are responsible for

behavioral rhythm disorders is located in the SCN. It also explains the beneficial effects of light therapy on nightly restlessness

in AD patients.
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INTRODUCTION

Sleep disruption, nightly restlessness, sundowning, and

other circadian rhythm disturbances are frequently seen

in Alzheimer disease (AD) patients (1–4). In fact, noc-

turnal restlessness is the main cause of hospitalization of

these patients (5). The neurobiological basis of these be-

havioral disorders is thought to be a degenerative change

in the suprachiasmatic nucleus (SCN), the clock of the

brain, which generates and coordinates circadian

rhythms, such as the sleep-wake cycle, and hormonal

rhythms (6–7). Furthermore, it has been hypothesized

that circadian rhythm disturbances may contribute to

mental decline and depressive mood in AD (8). Exposure

of aged rats to bright light appeared not only to reverse

age-related alterations in circadian sleep-wake rhythm

disturbance (9), but also to prevent the age-related de-

crease in the number of vasopressin (AVP) immunore-

active neurons in the SCN (10). In AD the number of
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AVP immunoreactive neurons in the SCN is strongly di-

minished (11–12) and following exposure to extra

amounts of bright light, circadian rhythm disorders ap-

peared to be improved in AD (3, 13). These findings

support the idea that degenerative changes in the SCN

may be the biological basis of circadian disturbances in

aging and AD, and that they can be reversed by stimu-

lation of the SCN by light. The aim of the present study

was to establish whether the degenerative changes in the

SCN of AD patients are indeed accompanied by de-

creased AVP gene expression of the clock. In addition,

we determined whether there was a relationship between

the amount of AVP mRNA in the SCN and the presence

or absence of depression in AD patients.

MATERIALS AND METHODS

Subjects

Demented patients were studied in the framework of a lon-

gitudinal study of depressive symptoms in AD patients in 8

nursing homes. After their death, brain autopsy was performed

on patients and controls as part of the program of the Nether-

lands Brain Bank. Written informed consent for brain autopsy,

the use of the tissue, and medical records for research purposes

was obtained before subjects entered the study. Brains of 14

AD patients were collected and matched with 11 controls for

age, sex, and clock time of death (Table 1). The diagnosis of

AD and control subjects was neuropathologically confirmed

(Dr. W. Kamphorst, Free University, Amsterdam). On the basis

of the psychiatric evaluation, the AD patients were divided into

a group with a major depressive episode (n � 7), and a group

without depression (n � 7). In order to match for the diurnal

variations in the AVP neuron population, subjects were grouped

D
o
w

n
lo

a
d
e
d
 fro

m
 h

ttp
s
://a

c
a
d
e
m

ic
.o

u
p
.c

o
m

/jn
e
n
/a

rtic
le

/5
9
/4

/3
1
4
/2

6
0
9
9
1
3
 b

y
 U

.S
. D

e
p
a
rtm

e
n
t o

f J
u
s
tic

e
 u

s
e
r o

n
 1

6
 A

u
g
u
s
t 2

0
2
2



315VASOPRESSIN mRNA IN BIOLOGICAL CLOCK OF AD PATIENTS

J Neuropathol Exp Neurol, Vol 59, April, 2000

TABLE 1
Brain Material

NBB Sex Age (years) BW (grams) PMD (hours) Time of death Cause of death and clinical data

Control

92042
95092
97027

96057
95054
95093
94076
94074
95016
96078
96132

m
f
f

f
f
m
m
f
f
f
f

61
63
65

69
72
78
78
85
86
87
94

2,220
1,216

nd

1,074
1,067
1,440
1,442

925
1,168
1,315
1,118

13.50
06.25
07.17

08.30
09.16
07.00
08.25
05.11
13.30
08.00
06.10

21.15
17.01
01.45

14.00
13.50
04.00
12.15
12.45
08.30
01.45
14.05

Esophagus carcinoma
Mamma carcinoma
Mamma carcinoma, respiratory

insufficiency
Myocardial infarction
Cardiac failure, asthma
Heart failure, fever
Cardiac arrhythmia
Pneumonia
Decompensatio cordis
Cardiac failure, hypertension
Sepsis

Depressed AD

93008
93026
96029
93050
94110
92083
95038

f
m
f
f
f
m
f

69
76
78
80
82
82
85

1,032
1,055
1,110
1,030

961
1,317
1,043

04.00
04.15
04.15
02.25
05.00
04.41
01.58

18.15
01.30
14.00
18.15
15.30
13.00
13.55

Pneumonia, dehydration
Anemia
Hypertension, dehydration
Epilepsy, cardiac failure
Dehydration, cachexia
Diabetes 1, pneumonia
Dehydration, pneumonia

Nondepressed AD

92099
93087
96068
93040
93030
92091
94071

f
m
f
m
f
f
f

66
81
82
83
87
94
96

1,219
1,088
1,065
1,315
1,132

882
949

05.50
04.26
03.26
03.41
03.00
03.38
05.01

05.45
12.10
00.05
19.30
15.15
13.55
07.15

Pneumonia
Fever of unknown origin
General physical deterioration
Cardiac failure, pneumonia
Pneumonia
Dehydration
Diabetes 1

AD: Alzheimer disease; BW: Brain weight; PMD: postmortem decay; f: female; m: male; NBB: Netherlands Brain Bank
number.

into 2 periods based on the clock time of death: 10:00 AM to

10:00 PM, and 10:00 PM to 10:00 AM, since these periods are

known to be associated with differences in the degree of phys-

iological and behavioral circadian rhythmicity, as well as in the

number of SCN neurons expressing AVP (14–16).

Clinical Evaluation

Possible and probable AD was diagnosed according to the

NINCDS-ADRDA (17) and DSM-III-R criteria (18). Severity

of clinical dementia in the early stages of AD was determined

by the Mini Mental State Examination (MMSE) (19). At 6-

month intervals, the Global Deterioration Scale (GDS) (20) and

Functional Assessment Staging (FAST) (21) were performed.

Immediately postmortem, 1 additional GDS was scored based

upon observations on the severity of dementia in the last 2

weeks of life. Mean interval between the last clinical measure-

ment and death was 3.3 � 0.7 months. DSM-III-R criteria were

used to diagnose a major depressive episode. The severity of

the depressive symptoms was determined at 6-month intervals

by the Hamilton Depression Rating Scale (22) and the Cornell

Scale for the Assessment of Depression in Dementia (23). Pa-

tients in the depressed AD group suffered from a major de-

pressive episode according to DSM-III-R at death, and had been

severely depressed for at least 3 months. All nondepressed AD

patients were free of mood disorders throughout the AD pro-

cess, and did not have a history of depression. Furthermore,

depressed and nondepressed AD patients were matched for the

severity of clinical dementia, as measured by the last FAST

before death (ranging from stage 6c to 7f) and by the GDS at

death (p � 0.7). MMSE scores during the last measurement

were too low to be of discriminative value. The 2 AD groups

were also comparable as far as the type of psychiatric comor-

bidity and medication used were concerned (Table 2).

Neuropathological Evaluation

After a standard fixation time of 4 weeks, a neuropathologist

(WK) confirmed the diagnosis of AD on the basis of the pres-

ence of many neuritic plaques, neurofibrillary tangles, neuropil

threads, and dystrophic neurites in Bodian- and Congo red-

stained sections from the hippocampus and cortex (frontal area

10 or 11; temporal area 22 or the temporal pole; parietal area

7 or 40; occipital area 17 and 18). To exclude Parkinson chang-

es, the substantia nigra was also examined (24). All AD patients

fulfilled the CERAD criteria for AD (25). In addition, the neu-

ropathologist (WK) performed a semiquantitative estimation of

the severity of AD changes according to the classification of

Braak (26). On the basis of the location of the AD pathology,

a score of 0–VI was assigned to the patients (26). The AD
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patients had a score of V–VI and the controls had a score of

0–II. Moreover, a more differentiated semiquantitative sum

score of neurofibrillary tangles, neuritic plaques, and disruption

of the neuropil was performed in a Bodian staining of the fron-

tal, temporal, parietal, and occipital cortex. In brief, in each area

all AD changes were separately scored as 0 � absent, 1 �

present but less than moderate, 2 � moderate (i.e. 2 to 3 neu-

rofibrillary tangles, 2 to 3 neuritic plaques, or 30%–60% of the

normal network replaced by neuropil threads per 0.4 mm2 area),

and 3 � more than moderate (27–28). The sum scores of the

controls were 3 � 0.9 (mean � SEM), and those of the Al-

zheimer patients were 25 � 2 and did not overlap.

Measurement of AVP mRNA in SCN

In situ hybridization was performed on every fiftieth 6-�m

section of the SCN. The AVP probe (hvp3) consisted of an

oligomer of 48 nucleotides complementary to bases 411–458

of the preprovasopressin precursor (29). The specificity of the

probes has been described previously (30). The probe was 3�-

end labeled using terminal deoxynucleotidyltransferase (Boeh-

ringer Mannheim) and [�-35S] dATP, as described earlier. Tissue

pretreatments were performed mainly as previously described

(31) except for some improvements in the deproteination and

delipidation steps. Deproteination was performed in Proteinase-

K for 15 min instead of 30 min. Delipidation was done in 0.1%

Triton X-100 in PBS for 10 min and sections were washed in

PBS without dehydration before hybridization. These steps im-

proved the signal to noise ratio.Each section was incubated with

68 �l hybridization solution containing an approximate 1 � 106

cpm labeled probe. After overnight incubation at 42�C, the sec-

tions were rinsed in 1 � SSC for 30 min at 50�C, 2 � 30 min

0.1 � SSC at 50�C, and 2 � 30 min 0.1 � SSC at room tem-

perature. Sections were dehydrated at room temperature in 300-

mM ammonium acetate (pH 5.5)/ethanol 100% at volume ratios

1:1, 3:7, 1:9, and 0:1. In order to check the autoradiographic

signal, sections were exposed to 	-max hyperfilm(Amersham,

UK) for 2 days. Subsequently, slides were dipped in photo-

graphic emulsion (NTB2 Kodak USA) and exposed for 17 days.

Slides were developed for 2 min in Dektol Developer (Sigma)

at 15�C, briefly rinsed in aquadest at 15�C, and fixed in Kodak

fixer (Sigma) for 14 min. Sections were washed to remove the

fixative and counter-stained with thionin.

Quantitative Analysis of AVP mRNA

For quantitative analysis of the in situ signal of the AVP

mRNA in the SCN, an IBAS-KAT image analysis system was

connected to a Bosch TYK9B TV camera equipped with a chal-

nycon tube mounted on a Zeiss microscope. The microscope

was equipped with planapo objects and a scanning stage. The

main principle and procedure of the IBAS measurement have

been extensively described before. Briefly, the area of the SCN

was manually outlined at low magnification (2.5� objective)

and a grid of fields was superimposed. From this grid, 50% of

the fields indicated in red rectangles were randomly selected

and stored (Fig. 1A). Then, at high magnification (40� objec-

tive), each field was retrieved at high resolution on the image

analysis monitor (Fig. 1B). A mask was superimposed on the

silver grains in their images. After removing the blue filter, the

profiles identified as cells by means of thionin staining were

manually outlined. The total mask area covering the silver

grains in these profiles was calculated under program control,

from which the silver grains of the background were subtracted.

Every fiftieth section through the entire SCN was measured and

stored in the IBAS. Finally, the total number of profiles ex-

pressing AVP mRNA in the SCN and the total mask area of

the silver grains in the profiles were calculated as an estimate

of total amount of AVP mRNA in the SCN. At the time of

measurement the observer was ‘‘blind’’ to the group and the

time of death of subjects.

Statistical Analysis

Differences in amount of AVP mRNA in the SCN or total

number of AVP mRNA expressing cell profiles between the

groups were tested using the Mann-Whitney U test. To deter-

mine the effects of both clock time and age on the amount of

AVP mRNA in the SCN morphology, data were analyzed using

a 2-factor analysis of variance (ANOVA). Correlation of brain

weight, postmortem interval, pathological changes, Cornell

scores, and impairment of cognitive function versus amount of

AVP mRNA were analyzed by Spearman correlation coeffi-

cients in AD patients. A significance level of 5% was used in

all statistical tests (2-tailed). Throughout this paper, values are

expressed as mean � standard error of the mean (SEM).

RESULTS

Decreased AVP mRNA in AD

The in situ hybridization procedure on formalin-fixed

paraffin-embedded material was improved to such a de-

gree that we could show and quantify, for the first time,

AVP mRNA expressing cell profiles in the human SCN

(Fig. 2A). A clearly decreased amount of AVP mRNA

was found in the SCN of AD patients (Fig. 2B, C). The

total masked area of silver grains in cells, being an esti-

mate of total amount of AVP mRNA in the SCN, was

reduced by 68% in AD patients (2,135 � 597 �m2) as

compared with controls (6,667 � 1,466 �m2) (p �

0.003). There was also a 60% decrease in the total num-

ber of profiles that expressed AVP mRNA in AD com-

pared with those in controls (9,633 � 1,611 and 23,227

� 3,471 respectively, p � 0.0005). No significant differ-

ence was found in the amount of AVP mRNA between

AD patients with depression (n � 7) and without de-

pression (n � 7) (2,985 � 1,103 �m2 and 1,285 � 298

�m2, respectively; p � 0.38), or in the total number of

AVP mRNA expressing profiles (11,360 � 2,764 and

7,906 � 1,616, respectively; p � 0.46). Therefore the AD

patients with and without depression were put into one

group for further analysis.

Diurnal Variations

Two-way analysis of variance revealed that age and

time of death had an interaction effect on the amount of

AVP mRNA in the SCN of control subjects (p � 0.004).

The human SCN AVP mRNA expressing neurons

showed a marked day-night difference in controls (Fig.

D
o
w

n
lo

a
d
e
d
 fro

m
 h

ttp
s
://a

c
a
d
e
m

ic
.o

u
p
.c

o
m

/jn
e
n
/a

rtic
le

/5
9
/4

/3
1
4
/2

6
0
9
9
1
3
 b

y
 U

.S
. D

e
p
a
rtm

e
n
t o

f J
u
s
tic

e
 u

s
e
r o

n
 1

6
 A

u
g
u
s
t 2

0
2
2



318 LIU ET AL

J Neuropathol Exp Neurol, Vol 59, April, 2000

Fig. 1. Quantitative analysis of the in situ signal of AVP mRNA in the SCN. A: The area of the SCN was manually outlined
at low magnification and a grid of fields was superimposed. From this grid 50% of the fields indicated by red rectangles were
randomly selected and stored. III: third ventricle. OC: optic chiasm. SON: supraoptic nucleus. B: At high magnification each
field was retrieved at high resolution on the image analysis monitor.

→

Fig. 2. Thionin-counterstained emulsion autoradiograms in frontal sections (6 �m) of the human suprachiasmatic nucleus
(SCN) at high magnification. Note the black silver deposits that show the presence of vasopressin (AVP) mRNA in SCN neurons.
There are also thionin-stained AVP mRNA negative cells present in the SCN. A: Control subject. B: AD patients with depression.
C: AD without depression. Note there were less AVP mRNA expressing neurons in AD patients, while no difference was seen
between the AD patients with and without depression. Scale bar � 100 �m.

3). The amount of AVP mRNA expressed as masked sil-

ver grains was more than 3 times higher during the day-

time (9,028 � 1,709 �m2, n � 7) than at night (2,536 �

740 �m2, n � 4; p � 0.02). However, such a day-night

difference in SCN AVP mRNA was only found in control

subjects younger than 80 years. There were no obvious

daily fluctuations in AVP mRNA in 4 controls over 80

years of age. In controls who died during the day period

(10:00 AM to 10:00 PM), the amount of AVP mRNA

was 4 times higher (9,028 � 1,709 �m2, n � 7) than in

AD patients (1,971 � 773 �m2, n � 10; p � 0.001).

There was a significant difference in the total number of

profiles expressing AVP mRNA between controls and

AD patients (27,937 � 4,536, n � 7; 8,538 � 1569, n

� 10 respectively; p � 0.0004) during daytime. In the

SCN, no such difference was observed between controls

and AD patients during the night period.

Decreased AVP mRNA During Aging

In controls, a significant decrease in the amount of

AVP mRNA was found with aging. The total number of

profiles that expressed AVP mRNA in the SCN in sub-

jects over 80 years of age (n � 4, 14,020 � 1,400) was

considerably lower than those in 60- to 80-year-old con-

trols (n � 7, 28,488 � 4,278, p � 0.03). Controls over

80 years of age (n � 4) generally had an amount of AVP

mRNA (2,859 � 712 �m2) which was 3 times lower than

that in controls from 60 to 80 years of age (n � 7, 8,844

� 1,821 �m2). However, this difference failed to reach

statistical significance (p � 0.16), apparently due to the
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Fig. 3. Day-night fluctuation in AVP mRNA of the SCN (expressed as masked area of silver grains) in controls and AD
patients. Note that at any moment of the day, the values for AD patients are lower than those for controls. �: Controls younger
than 80 years: �: Controls older than 80 years: �: AD patients younger than 80 years: �: AD patients older than 80 years.

2 subjects who died in the night period and who had the

lowest amounts of AVP mRNA.

AVP mRNA in Relation to the State of AD

No significant correlation was found between age at

onset of dementia and amount of AVP mRNA or total

number of AVP mRNA expressing profiles (r � 
0.42,

p � 0.136; r � 0.32, p � 0.25, respectively). In addition,

no correlation was observed between duration of AD and

amount of AVP mRNA or total number of AVP mRNA

expressing profiles(r � 
0.23, p � 0.43; r � 0.32, p �

0.27, respectively). We could not find any relationship

between the amount of AVP mRNA and cognitive im-

pairment (FAST) (r � 0.21, p � 0.47), or with neuro-

pathological changes in the cerebral cortex (r � 0.35, p

� 0.22).

DISCUSSION

The suprachiasmatic nucleus (SCN) is considered to

be the circadian pacemaker of the mammalian brain that

coordinates hormonal and behavioral circadian rhythms

(32). The SCN is affected in Alzheimer disease (AD),

according to the typical cytoskeletal alterations that have

been found in this structure (12, 33–34). Our previous

studies showed that the numbers of AVP and vasoactive

intestinal polypeptide immunoreactive neurons in the

SCN decrease during aging and even more so in AD (11,

35). In the present study, we investigated the expression

of AVP mRNA level in the human SCN. The in situ

hybridization procedure on formalin-fixed paraffin-em-

bedded material was improved to such a degree that we

could, for the first time, visualize AVP mRNA expressing

neurons in the human SCN and carry out quantitative

measurements. A clear decrease of AVP mRNA was in-

deed found in the SCN of the AD patients. The total

amount of AVP mRNA in the SCN, expressed as masked

silver grains, was 3 times lower in AD patients than in

age- and time-of-death-matched controls. Moreover, we

found that the total number of profiles that expressed

AVP mRNA in SCN in AD patients was only 40% of

that of controls. It should be noted here that a loss of

neurons expressing AVP-mRNA does not necessarily

mean that the neurons have died; they could still be pre-

sent but inactive and no longer express AVP mRNA. Ac-

tivation of the SCN by bright light therapy in AD patients

improves circadian rhythmicity (3). Our experiments in

aged rats (9, 10) argue in favor of the idea that these
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SCN cells are still present and can be reactivated by light

stimulation.

The decreased AVP mRNA levels in the SCN in AD

patients corresponds well with previous reports showing

a major reduction in the number of AVP immunoreactive

neurons in the SCN (11–12). Since the SCN is the clock

of the brain, the time of death should be considered as a

possible confounding factor. We excluded this possibility

by matching AD patients with control subjects who had

died around the same time (Table 1). Moreover, the re-

duction in AVP mRNA level found in AD patients was

present during the day, whereas no clear diurnal rhythm

of AVP mRNA expressing neurons in the SCN was ob-

served in AD patients. It is interesting to note that the

day-night fluctuations in the amount of AVP mRNA and

in the total number of profiles in the SCN were only

observed in controls under 80 years of age. No diurnal

fluctuations in AVP mRNA were observed in controls

over 80 years. This finding also agrees with the disap-

pearance of circadian rhythmicity in some AVP immu-

noreactive neurons in the SCN of elderly people (14).

The low amount of AVP mRNA is also reflected by a

decreased number of AVP neurons in the SCN in subjects

older than 80 years (11). Recently, a significant decrease

of cerebrospinal fluid melatonin was found in the control

subjects who were older than 80 years (36). We propose

that degenerative changes in the SCN and a decrease in

melatonin synthesis may underlie the common sleep dis-

turbances among elderly people. In contrast to what was

seen in the controls, no significant diurnal variations in

any of the SCN parameters were observed in the AD

group. Indeed, several studies showed the presence of

circadian rhythm disturbances in aging and AD (3, 4, 14,

36).

The present study shows that these behavioral distur-

bances most probably have their basis in a decreased ac-

tivity of the SCN in this disorder. AVP is one of the major

neuropeptides in the SCN and is involved in the syn-

chronization of the circadian rhythm of a light/dark cycle

to the light entrainable oscillator (37). In addition, AVP

may amplify the rhythm in this nucleus (38). On the basis

of the observations in human and rat, one may expect

that stimulation of the circadian system may have im-

portant therapeutic consequences for AD patients and el-

derly people. Indeed, exposure to bright light was found

to have a positive effect on both the phase and amplitude

of the circadian pacemaker (39–40). Appropriately timed

exposure to bright light may thus be used in the treatment

of circadian rhythm-related behavioral disturbances such

as sleep disorders in AD patients and elderly people (41).

There was no relationship between the amount of AVP

mRNA in the SCN and age at onset of dementia, duration

of AD and the severity of cognitive impairment (Table

2). However, it has to be mentioned that even when using

the FAST, as in the present study, it may be difficult to

clinically distinguish levels of dementia severity in the

final stages of AD (21). In addition to Braak’s scores

(25), a neuropathological estimate of the severity of AD

was used (40–41) (Table 2). However, neither method

revealed a relationship between the amount of AVP

mRNA in the SCN and severity of AD pathology.

Depression is a common symptom in AD patients (27–

28). Depression and dementia have a number of symp-

toms in common (42). In order to control for symptom

overlap between dementia and depression we used the

Cornell scale, which was specifically developed for the

assessment of depression in all stages of dementia (23).

In both AD and depression a relationship between the

pathology of the SCN and dysfunction of biological

rhythms may be present (43). Recently, we found a sig-

nificantly lower amount of AVP mRNA in the SCN in

depression (unpublished observation). Based on these

findings, we considered the possibility that depressed AD

patients might have the lowest amount of AVP mRNA,

which turned out not to be the case. However, the amount

of AVP mRNA or the total number of profiles with AVP

mRNA in the SCN of AD patients with depression was

not different from AD without depression. The reason

could be that the AVP mRNA values in AD patients with-

out depression were already extremely low. In conclu-

sion, we found that, independent of the presence or ab-

sence of depression, AD patients showed a strongly

decreased production of AVP in the SCN, which may be

the biological basis of diurnal behavioral disorders and

the beneficial effect of light therapy.

ACKNOWLEDGMENTS

We are grateful to the Netherlands Brain Bank (coordinator Dr. R.

Ravid) for the brain material, to B. Fisser and W.T.P.Verweij for tech-

nical help, and Dr. C.W. Pool for his IBAS image analysis programs.

This project was financially supported by the Royal Netherlands Acad-

emy of Sciences (CCWOCC 99CDPO18) and Platform Alternatieven

voor Proefdieren (PAD) 96–07.

REFERENCES

1. Prinz W, Meinecke C, Hielscher M. Effect of stimulus degradation

on category searches. Acta Psychol 1987;64:187–206

2. Mirmiran M, et al. Circadian rhythms and the suprachiasmatic nu-

cleus in prenatal development, aging and Alzheimer’s disease. Prog

Brain Res 1992;93:151–62

3. Van Someren E J, Kessler DF, Mirmiran M, Swaab DF. Indirect

bright light improves circadian rest-activity rhythm disturbances in

demented patients. Biol Psychiatry 1997;41:955–63

4. Van Someren EJW, Hagebeuk EE, Lijzenga C, et al. Circadian rest-

activity rhythm disturbances in Alzheimer’s disease. Biol Psychia-

try 1996;40:259–70

5. Pollak CP, Perlick D. Sleep problems and institutionalization of the

elderly. J Geriatr Psychiatry. Neurol. 1991;4:204–10

6. Meijer JH, Rietveld WJ. Neurophysiology of the suprachiasmatic

circadian pacemaker in rodents. Physiol Rev 1989;69:671–707

7. Swaab DF, Van Someren EJW, Zhou JN, Hofman MA. Biological

rhythms in the human live cycle and their relationship to functional

changes in the suprachiasmatic nucleus. In: Buijs RM, Kalsbeek A,

D
o
w

n
lo

a
d
e
d
 fro

m
 h

ttp
s
://a

c
a
d
e
m

ic
.o

u
p
.c

o
m

/jn
e
n
/a

rtic
le

/5
9
/4

/3
1
4
/2

6
0
9
9
1
3
 b

y
 U

.S
. D

e
p
a
rtm

e
n
t o

f J
u
s
tic

e
 u

s
e
r o

n
 1

6
 A

u
g
u
s
t 2

0
2
2



322 LIU ET AL

J Neuropathol Exp Neurol, Vol 59, April, 2000

Romijn HJ, Pennartz CMA, Mirmiran M, eds. Hypothalamic inte-

gration of circadian rhythms, progress in brain research, Vol 111.

Amsterdam: Elsevier, 1996:349–68

8. Moe KE, Vitiello MV, Larsen LH, Prinz PN. Sleep/wake patterns

in Alzheimer’s disease: Relationship with cognition and function. J

Sleep Res 1995;4:15–20

9. Witting W, Mirmiran M, Bos NP, Swaab DF. Effect of light intensity

on diurnal sleep-wake distribution in young and old rats. Brain Res

Bull 1993;30:157–62

10. Lucassen PJ, Hofman MA Swaab DF. Increased light intensity pre-

vents the age-related loss of vasopressin-expressing neurons in the

rat suprachiasmatic nucleus. Brain Res 1995;693:261–66

11. Swaab DF, Fliers E, Partiman TS. The suprachiasmatic nucleus

of the human brain in relation to sex, age and senile dementia. Brain

Res 1985;342:37–44

12. Stopa EG, Volicer L, Kuo-Leblanc V, et al. Pathologic evaluation

of the human suprachiasmatic nucleus in severe dementia. J Neu-

ropathol Exp Neurol 1999;58:29–39

13. Okawa M, Mishima K, Hishikawa Y, Hozumi S, Hori H, Takahashi

K. Circadian rhythm disorders in sleep-waking and body tempera-

ture in elderly patients with dementia and their treatment. Sleep

1991;14:478–85

14. Hofman MA, Swaab DF. Alterations in circadian rhythmicity of the

vasopressin-producing neurons of the human suprachiasmatic nu-

cleus (SCN) with aging. Brain Res 1994;651:134–42

15. Lerchl A, Partsch CJ. Reliable analysis of individual human mel-

atonin profiles by complex cosinor analysis. J Pineal Res 1994;16:

85–90

16. Arendt J. Mammalian pineal rhythms. Pineal Res Rev 1985;3:

161–213

17. Mckhann G, Drachman D, Folstein M, Katzman R, Price D, Stadlan

EM. Clinical diagnosis of Alzheimer’s disease: Report of NINCDS-

ADRDA work group under the auspices of Department of Health

and Human Services Task Force on Alzheimer’s disease. Neurol-

ogy. 1984;34:939–44

18. American Psychiatric Association (APA), Diagnostic and statistical

manual of mental disorders. Third revised edition (DSM-III-R).

Washington DC: American Psychiatric Association, 1987

19. Folstein MF, Folstein SE, McHugh PR. ’Mini-mental state’: A prac-

tical method for grading the mental state of patients for the clini-

cian. J Psychiatr Res 1975;12:189–98

20. Reisberg B, Ferris SH, De Leon MJ, Crook T. Global Deterioration

Scale (GDS). Psychopharmacol Bull 1988;24:661–63

21. Reisberg B. Functional assessment staging (FAST). Psychophar-

macol Bull 1988;24:653–59

22. Hamilton M. Development of a rating scales for primary depressive

illness. Br J Soc Clin Psychol 1967;6:278–96

23. Alexopoulos GS, Abrams RC, Young RC, Shamoian CA. Cornell

scale for depression in dementia. Biol Psychiatry 1988;23:271–84

24. Van de Nes JAP, Kamphorst W, Ravid R, Swaab DF. Comparison

of beta-protein/A4 deposits and Alz-50-stained cytoskeletal changes

in the hypothalamus and adjoining areas of Alzheimer’s disease

patients: Amorphic plaques and cytoskeletal changes occur inde-

pendently. Acta Neuropathol. 1998;96:129–38

25. Mirra SS, Heyman A, McKeel D, et al. The Consortium to Establish

a Registry for Alzheimer’s Disease (CERAD). Part II. Standardi-

zation of the neuropathologic assessment of Alzheimer’s disease.

Neurology 1991;41:479–86

26. Braak H, Braak E. Neuropathological staging of Alzheimer-related

changes. Acta Neuropathol. 1991;82:239–59

27. Hoogendijk WJ, Sommer IE, Pool CW, et al. Lack of association

between depression and loss of neurons in the locus coeruleus in

Alzheimer disease. Arch Gen Psychiatry 1999;56:45–51

28. Hoogendijk WJ, Feenstra MG, Botterblom MH, et al. Increased

activity of surviving locus ceruleus neurons in Alzheimer’s disease.

Ann Neurol 1999;45:82–91

29. Mohr E, Hillers M, Ivell R, Haulica ID, Richter D. Expression of

the vasopressin and oxytocin genes in human hypothalami. FEBS

Lett 1985;193:12–16

30. Mengod G, Charli JL, Palacios JM. The use of in situ hybridization

histochemistry for the study of neuropeptides gene expression in

the human brain. Cell Mol Neurobiol 1990;10:113–26

31. Guldenaar SE, Veldkamp B, Bakker O, Wiersinga WM, Swaab DF,

Fliers E. Thyrotropin-releasing hormone gene expression in the hu-

man hypothalamus. Brain Res 1996;743:93–101

32. Rusak B. Neural mechanisms for entertainment and generation of

mammalian circadian rhythms. Fed Proc 1979;38:2589–95

33. Swaab DF, Grundke-Iqbal I, Iqbal K, Kremer HP, Ravid R, van de

Nes JA. Tau and ubiquitin in the human hypothalamus in aging and

Alzheimer’s disease. Brain Res 1992;590:239–49

34. Van de Nes JAP, Kamphorst W, Ravid R Swaab DF. The distribution

of Alz-50 immunoreactivity in the hypothalamus and adjoining ar-

eas of Alzheimer’s disease patients. Brain 1993;116:103–15

35. Zhou JN, Hofman MA, Swaab DF. VIP neurons in the human SCN

in relation to sex, age, and Alzheimer’s disease. Neurobiol Aging

1995;16:571–76

36. Liu RY, Zhou JN, Van Heerikhuize J, Hofman MA, Swaab DF.

Decreased melatonin levels in postmortem cerebrospinal fluid in

relation to aging, Alzheimer’s disease and ApoE-∈ 4/4 genotype. J

Clin Endocrinol Metab 1999:84:323–27

37. Inouye SI, Shibata S. Neurochemical organization of circadian

rhythm in the suprachiasmatic nucleus. Neuroscience Res 1994;20:

109–30

38. Ingram CD, Snowball RK, Mihai R. Circadian rhythm of neuronal

activity in suprachiasmatic nucleus slices from the vasopressin-de-

ficient Brattleboro rat. Neuroscience 1996;75:635–41

39. Czeisler CA, Dumont M, Duffy JF, et al. Association of sleep-wake

habits in older people with changes in output of circadian pace-

maker. Lancet 1992;340;933–36

40. Czeisler CA, Kronauer RE, Allan JS, et al. Bright light induction

of strong (type 2) resetting of the human circadian pacemaker. Sci-

ence. 1989;244:1328–33

41. Campbell SS, Dawson D. Bright light treatment of sleep distur-

bance in older subjects. Sleep Res 1991;20:448

42. Burke WJ, Rubin EH, Morris JC, Berg L. Symptoms of ‘‘depres-

sion’’ in dementia of the Alzheimer type. Alzheimer Dis Assoc

Disord 1988;2:356–62

43. Wirz-Justice A. Biological rhythms in disorders. In: Bloom FE,

Kupfer DJ, eds. Psychopharmacology: The fourth generation of

progress. New York: Raven Press, 1995:999–1019

Received August 17, 1999

Revision received January 12, 2000

Accepted January 13, 2000

D
o
w

n
lo

a
d
e
d
 fro

m
 h

ttp
s
://a

c
a
d
e
m

ic
.o

u
p
.c

o
m

/jn
e
n
/a

rtic
le

/5
9
/4

/3
1
4
/2

6
0
9
9
1
3
 b

y
 U

.S
. D

e
p
a
rtm

e
n
t o

f J
u
s
tic

e
 u

s
e
r o

n
 1

6
 A

u
g
u
s
t 2

0
2
2


