in the EP response to the flicker. This EP
asymmetry is measured as an alternating
large and small area under the EP curve.
It is greater for the faster than for the
slower flicker frequencies and may
thereby enhance visual detection of high-
frequency flicker. This apparent en-
hancement mechanism is sensitive to as
little as 30-usec change in the flicker
asynchrony.
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Sieep-Wake Cycle as an

resembles sleep in normal subjects whose
rapid-eye-movement sleep are phase-ad-

vanced (shifted earlier) relative to their sleep schedules. If this analogy is relevant to
the pathophysiology of depressive illness, advancing the time of sleep and awak-

ening should temporarily compensate for

the abnormal timing of depressed patients’

circadian rhythms. Four of seven manic-depressive patients studied longitudinally
spontaneously advanced their times of awakening (activity onset) as they emerged
from the depressive phase of their illness. In a phase-shift experiment, a depressed
manic-depressive woman was twice brought out of depression for 2 weeks by advanc-
ing her sleep period so that she went to sleep and arose 6 hours earlier than usual.
The antidepressant effect of the procedure was temporary and similar in duration to
circadian desynchronization induced by jet lag in healthy subjects. This result sup-
ports the hypothesis that abnormalities of sleep patterns in some types of depression
are due to abnormal internal phase relationships of circadian rhythms.

The human circadian system has been
described (/-3) as consisting of multiple,
self-sustained oscillators that are mu-
tually coupled and that can be entrained
by the zeitgebers in the environment to
ensure temporal order within the orga-
nism. Aschoff has recently concluded
3): ‘It is still unknown whether there
are illnesses specific to changes in circa-
dian organization, and whether these dis-
turbances can be sufficiently character-
ized to enable their use as diagnostic cri-
teria. Although the hypothesis of de-
synchronized circadian rhythms in af-

fective illness [4, 5] underlies much psy-

chiatric theorizing, there is not yet a
sound experimental base to these theo-
ries’” (3, p. 1855). We describe a clinical
study that directly tests this hypothesis.

In patients with major depressive ill-
ness, disturbed sleep is a primary symp-
tom. The architecture of sleep and the
duration of sleep are regulated by pro-
cesses that undergo circadian fluctua-
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tions. When sleep is sampled during
short naps around the clock in normal
subjects, rapid-eye-movement (REM)
sleep exhibits a circadian rhythm, with a
maximum in midmorning and a minimum
in the late afternoon (6). Thus, REM
sleep normally predominates in the latter
" half of the sleep period. Extensive elec-
troencephalographic studies of the sleep-
wake cycle in depression indicate that in
depressed patients REM sleep occurs
earlier in the sleep period than it does in
controls (7). The sleep disturbance of de-
pression can be mimicked in some re-
spects—short REM latency (elapsed
time from sleep onset to REM sleep on-
set), short total sleep time, and increased
awakening at the end of the sleep peri-
od—by shifting the onset of normals’
sleep period from 10 p.m. to 10 a.m. (§).
Furthermore, experimental manipula-
tions of the circadian sleep-wake cycle in
healthy subjects have shown that it is
possible to change internal phase rela-
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tionships between different circadian
rhythms (7, 2, 9) and that these changes
may be associated with psychopathologi-
cal symptoms ranging from emotional
and psychosomatic disturbances (I, 10)
to depressive reactions, hostility, and
even suicide (/7).

Thus, it has been inferred that, in de-
pression, the circadian rhythm of REM
sleep may occur abnormally early, that
is, phase-advanced relative to the sleep
period (8, 12). Additional evidence from
biochemical and physiological measure-
ments supports the hypothesis that cer-
tain circadian rhythms of depressive pa-
tients are phase-advanced (13, 14).

If this inference is relevant to the etiol-
ogy of affective illness, advancing a de-
pressive patient’s sleep period by several
hours should alter the internal phase
relationship between the circadian sleep-
wake cycle and other circadian rhythms
(such as temperature or the probability
of REM sleep) so as to normalize both
sleep architecture and mood.

We now report some clinical observa-
tions and an experiment based on this
model. In seven manic-depressive pa-
tients (/5) we continuously monitored
the 24-hour rest-activity cycle with a
computer-based nontelemetered ambula-
tory monitor worn on the nondominant
wrist (16, 17). Plots of motor activity
data (Fig. 1) revealed that four patients
rapidly advanced their time of awak-
ening as they emerged from the depres-
sive phase of their illness (usually pa-
tients switched from depression into
mania or hypomania). Although each pa-
tient’s total sleep time was also markedly
reduced, the shortening of the sleep peri-
od was almost entirely due to the earlier
onset of awakening. In some cases pa-
tients reported that they were drowsy
early in the evening, but did not go to
bed until later because of hospital rou-
tine. If this earlier awakening represents
a sudden spontaneous phase advance of
the sleep-wake cycle relative to other
rhythms, it suggests that such a proce-
dure could be associated with improve-
ment in depression.

These observations encouraged us to
test the circadian rhythm phase-advance
hypothesis directly by advancing the
sleep period of one of the patients by
several hours during a depressive epi-
sode. The patient, a 57-year-old woman,
had a history of responses to tricyclic
antidepressants, monoamine oxidase in-
hibitors, electroconvulsive treatment,
and sleep deprivation therapy. We found
that a 6-hour phase advance of her sleep-
wake cycle was sufficient to normalize
sleep architecture and cause a rapid re-
mission of symptoms (characteristic of a
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response to sleep deprivation but not to
tricyclic drugs) that was relatively long-
lasting (characteristic of a response to
tricyclic drugs but not to sleep depriva-
tion).

The patient’s clinical state was eval-
uated daily by nurses’ ratings and mon-
itoring of continuous motor activity.
During part of the study, her sleep was
recorded electroencephalographically,
and sleep stages were scored conven-
tionally (18); while awake, oral temper-
ature was measured with an ovulation
thermometer every 2 hours. Starting dur-
ing a depressive episode, the patient’s
sleep-wake schedule was advanced 6
hours on four different occasions ap-
proximately 2 weeks apart (Fig. 2). Two
days after the first 6-hour shift (when the
sleep time was advanced from the con-
ventional 11 p.m. to 7 a.m. period to a
new 5 p.m. to 1 a.m. period), her depres-
sion remitted completely and was suc-
ceeded by a normal or slightly hypoman-
ic state; 2 weeks later she relapsed into
depression. A second 6-hour phase ad-
vance (sleep time from 11 a.m. to 7 p.m.)
produced a similar remission (/9).

According to our hypothesis, clinical
remission resulted from the sudden
change in internal phase relationships
between the sleep-wake cycle and other
circadian rhythms—a situation analo-
gous to the jet lag that accompanies east-
ward travel. As a corollary, clinical re-
lapse into depression resulted from the
reestablishment of pathological internal
phase relationships when all circadian
rhythms eventually became entrained to
the new schedule. On the basis of this
reasoning we thought that a second re-
lapse could be prevented by a third 6-
hour phase advance scheduled a few
days before the relapse was expected to
occur. Our attempt at prophylaxis, how-
ever, was unsuccessful. Furthermore, a
fourth 6-hour phase advance of the
sleep-wake schedule failed to terminate
the ensuing depression. Temperature
data suggest an explanation for these ex-
perimental results (Fig. 2). The patient’s
circadian temperature rhythm was suc-
cessfully advanced by the first and sec-
ond 6-hour schedule shifts, with con-
comitant improvement in depressive
symptoms. The temperature rhythm
failed to advance and instead delayed af-
ter the third and fourth shifts, and no im-
provement of mood was seen. Simulta-
neous advance of one rhythm (sleep-
wake) and delay of another (temper-
ature) in response to a schedule shift, an
example of reentrainment by partition
(20), presumably reestablished the phase
relationship between temperature and
sleep that existed prior to the experi-
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ment, when the patient was depressed.

Sleep recordings revealed that (i) sleep
architecture during depression was typi-
cal of endogenous depression with short
REM sleep latency and increased early
morning awakening, a high percentage of
early REM sleep (first REM sleep period
as a percentage of total sleep), and high

A Motor activity

0

i

Fig. 1. Longitudinal records of
motor activity in four manic-
depressive (bipolar-BP) pa-
tients during one or more
switches (horizontal lines) out
of depression (into hypomania
or mania). In two of the pa-
tients (A and C) the prior his-
tory, current course, or both B
included full clinical mania
(BP I); in the other two (B and
D) only hypomania had been
evidenced (BP II). Motor ac-
tivity was recorded with a
small electronic accelerometer
worn on the wrist. Movement
counts per 15-minute sampling
interval were recorded in sol-
id-state memory and later re-
trieved and aralyzed by com-
puter. Activity data are dis-
played here as actograms simi-
lar to those used in animal
circadian rhythm studies.
Each day’s data are plotted as
a histogram along a horizontal
line beginning at 7 a.m.; con-
secutive days’ data are plotted
in sequence beneath each oth-
er; the entire display is double-
plotted to facilitate visual in-
spection of changes in the rest-
activity cycle. Activity is high-
er (darker) in hypomania or
mania and lower (lighter) in
depression. These four pa-
tients (of seven studied) slept
less because of an advance in
the time of awakening as they
switched out of the depressed D
phase of their illness. The pro-
gressively earlier onset of ac-
tivity may represent a phase
advance (arrows) of the rest-
activity cycle (schematic rep-
resentation). Patient D was the
subject of the phase-shift ex-
periment (Fig. 2). Patient de-
scriptions: (A) male, 46 years
old; (B) female, 49 years old;
(C) female, 49 years old; and
(D) female, 57 years old.
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REM density (mean number of eye
movements per minute based on a scale
of zero to eight per minute of REM
sleep); (ii) after 6-hour phase advance of
the sleep-wake cycle but before remis-
sion, several indices approached normal
values; and (iii) after remission, further
normalization of sleep architecture oc-
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curred. Sleep characteristics in depres-
sion before the phase advance, depres-
sion after the phase advance, and remis-
sion, respectively, were (i) early morning
awakening: 55 *24, 16 £79, 6 =1
minutes; (i) REM sleep latency:
15.3 = 12, 20.5 = 10.3, 49.8 = 5.6 min-
utes; (iii) percentage of early REM sleep:
13.5 = 7,8.8 £3.9,10.3 = 2.5; and (iv)
REM density: 2.8 £ 0.2, 2.2 = 0.2,
1.3 = 0.2. The therapeutic effect of the
6-hour schedule advance could not be at-
tributed to acute sleep deprivation (total
sleep time was 335.5 = 1.7, 330 = 16,
and 359 * 11 minutes, respectively), nor
to chronic REM sleep deprivation (REM
sleep time was 105 = 10, 102.9 = 7.5,
and 110 = 6.5 minutes, respectively),
procedures known to act against depres-
sion (5,.21).

The patient’s motor activity, mon-
itored almost continuously for 1!/ years,
provided an objective measure of clinical
state changes as well as a long-term con-

Temperature rhythm Rest/activity cycle

text in which to view the phase-shift ex-
periment. The actogram (Fig. 2) shows
that while taking a placebo the patient
was depressed for more than 70 days. A
tricyclic antidepressant (desmethylimi-
pramine, 75 to 150 mg) precipitated rapid
cycles between hypomania and depres-
sion (/7), and tricyclic-induced switches
out of depression were associated with a
temporary advance in the time of morn-
ing awakening. The phase-shift experi-
ment mimicked these two effects of the
tricyclic antidepressant. Lithium carbon-
ate had no beneficial effect. Amelioration
of depression associated with sleep dep-
rivation for a night lasted only 1 day each
time (22).

In our patient, the analogy between
the effects of tricyclic antidepressants
and schedule shifts suggests that agents
or events that alter clinical state in af-
fective illness may act through their
ability to alter the timing of circadian
rhythms relative to the sleep-wake cycle.

Motor activity

Depression

1 2 3 4 5 54321 1234

In this context, the lithium ion, tricyclic
antidepressants, and estrogen, all of
which have profound effects on depres-
sive illness, also alter the basic time-
keeping function of the circadian clock
(23). Furthermore, the seasonal in-
cidence of mania and depression (24)
may also be related to circadian phase-
shifts induced by changes in the daily
photoperiod.

Three other depressed patients, all un-
responsive to tricyclic antidepressant
therapy, have subsequently been phase-
advanced. A 65-year-old man (unipolar)
partially improved after both sleep depri-
vation and phase advance. The symp-
toms of a 28-year-old woman with a prior
history of mania (bipolar I) completely
remitted after sleep deprivation and par-
tially improved after phase advance. A
49-year-old woman with a prior history
of hypomania (bipolar II) switched into
hypomania after sleep deprivation and
also after breaking off the phase-advance

Behavioral ratings

Fig. 2. Longitudinal record of
drug and sleep schedule, motor
.~ activity, and nurses’ behavioral

Mania
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I ratings during the phase-shift
! experiment and the year preced-
= ing it. The double-plotted rest-

activity actogram includes Fig.
1D. Total motor activity (counts
per 24 hours divided by 1000)
paralleled the clinical state [pe-
riods of depression (D) are char-
acterized by low activity]. Des-
methylimipramine induced rap-
id cycling between depression
and hypomania (H). Drug-in-
duced switches into hypomania
are associated with increased
motor activity as well as ad-
vances of its daily onset time
(+ Ay). Clinical remission in-
duced by 6-hour phase ad-
vances, reflected in increased
activity, mimics the drug effect.
The sleep schedule which was
normal ward routine (11 p.m. to
7 a.m.) for the first year, was in-
terrupted by five weekly depri-
vations of a single night’s sleep
(each inducing a day’s transient
remission), and then followed
by the experimental 6-hour
phase advances of the sleep
schedule. At this time, temper-
ature measurements were taken
every 2 hours during waking.
The times of day when the longi-
tudinally smoothed temperature
curve exceeded 97.8°F are in-
dicated by horizontal lines. The
temperature  maximum  ad-
vanced with the first two sleep
schedule advances (associated
with remission) but broke away
after the third phase advance
and slowed (associated with un-
remitting depression).

o

o
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experiment. Her response was equivocal
because the experiment was interrupted
and also because she had a history of
rapid cycles.
Conclusions drawn from responses of
a small number of patients to a phase-
shift experiment cannot be generalized.
Nevertheless, our results support the hy-
pothesis that disturbances in a central
circadian pacemaker are involved in the
pathophysiology of some types of de-
pression and raise the possibility of new
nonpharmacological treatment of the ill-
ness.
THOMAS A. WEHR
ANNA WIRZ-JUSTICE
FrReEDERICK K. GOODWIN
Clinical Psychobiology Branch,
National Institute of Mental Health,
Bethesda, Maryland 20205
WALLACE DUNCAN
J. CHRISTIAN GILLIN
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Functional Organization of Lateral Geniculate Cells

Following Removal of Visual Cortex in the Newborn Kitten

Abstract. When the visual cortex of a newborn kitten is removed, most neurons in
the dorsal lateral geniculate nucleus degenerate, but a small population of large cells
is spared. Electrophysiological recording revealed that detailed visual topography in
the nucleus is abnormal and that single cells have unusually large receptive fields.
These results suggest that optic axons deprived of their normal synaptic targets rear-
range their connections to converge on local surviving neurons.

The visual cortex of the cat receives a
direct input from the dorsal lateral genic-
ulate nucleus (LGN) of the thalamus. If
areas 17, 18, and 19 of the visual cortex
are removed in the adult cat, neurons in
the LGN that relay information from the
retina to the cortex undergo retrograde
degeneration (/). By contrast, if a similar
lesion is made in the newborn Kitten,
some of the neurons in the LGN survive
the operation and do not degenerate (2,
3). Figure 1A shows a frontal section
through the LGN of an adult cat in which
most of areas 17, 18, and 19 of the visual

cortex had been removed at birth. Al-
though almost all of the cells in the nu-
cleus have degenerated, large surviving
neurons can be seen. These spared cells
(Fig. 1B) are scattered throughout the
LGN and are especially prominent ven-
trally in the vicinity of the C layers ).
Since large surviving LGN neurons
are rarely seen after damage to areas 17,
18, and 19 in the adult, we wondered if
their presence in the cat operated on as
an infant might represent an example of
neuronal plasticity in which both struc-
ture and function are spared. We there-
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