the cochlea. If such a period occurs dur-
ing human auditory development, then
its onset would probably occur pre-
natally (/7). Sound levels in incubators
used for premature babies have been de-
scribed in detail (/8), but the con-
sequences of these noise exposures on
subsequent auditory development have
not been described. The question of pos-
sible damaging consequences of high-
level amplification from hearing aids in
young children is also of concern to
audiologists (/8). It will be important to
verify the existence of a critical period
for acoustic trauma in other species and
to determine whether the human audi-
tory system passes through such a devel-
opmental stage.
GREGORY R. Bock

JAMES C. SAUNDERS
Department of Otorhinolaryngology
and Human Communication,
University of Pennsylvania,
Philadelphia 19104
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Suprachiasmatic Nuclear Lesions Do Not Abolish Food-Shifted
Circadian Adrenal and Temperature Rhythmicity

Abstract. Daytime restriction of food and water availability in nocturnal animals
phase shifts the circadian periodicity of plasma corticosteroid concentrations and
body temperature. These shifted rhythms persist in animals with lesions of the supra-
chiasmatic nuclei who are arrhythmic under normal conditions. These findings sug-
gest the existence of an additional *‘clock’ that may be involved in the generation of

the rhythm.

It has been suggested (/) that the su-
prachiasmatic region of the rat brain is a
central pacemaker (or biological clock)
responsible for the generation of several
biological rhythms. Destruction of this
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region is associated with a loss of
rhythmicity of drinking behavior, lo-
comotor activity, sleep and wakefulness,
and adrenal cortical activity, as well as
with a loss of estrus cyclicity. We report-
ed previously (2) that there is a 12-hour
phase shift in the circadian periodicity of
plasma corticosteroid concentrations
and body temperature in rats maintained
under normal lighting conditions, but in
which access to food and water is re-
stricted to a 2-hour period (0930 to 1130).
The present studies were designed to de-
termine whether such phase shifting

Fig. 1. Circadian periodicity (over a 48-hour
period) of body temperature and plasma corti-
costeroid concentrations in adult female
Sprague-Dawley rats. (A) Rats (N = 4) given
unrestricted access to food and water and
sham lesions; periodicity studied 2 weeks af-
ter the lesions were made. (B) Rats (N = 4)
on restricted feeding schedule studied 2
weeks after sham lesions were made. (C) Rats
(N = 7) on restricted feeding schedule stud-
ied 2 weeks after SCN lesions were made. (D)
Rats (N = 5) on unrestricted feeding schedule
studied 2 weeks after SCN lesions were made.
(E) The same rats as in (D) studied 2 weeks
later when they had been changed to the re-
stricted feeding schedule. Vertical bars in-
dicate = standard error. Solid horizontal
black bars indicate darkness. Open horizontal
bars indicate time of daily access to food and
water in animals on restricted feeding sched-
ule. (B) and (C) show that SCN lesions do not
change the shifts in the circadian patterns of
body temperature and plasma corticosteroid
concentrations induced by the restricted feed-
ing schedule. The arrhythmic pattern in ani-
mals on the unrestricted schedule and with
SCN lesions (D) is shifted by restricted feed-
ing to a pattern (E) almost identical to that in
the animals shown in (B) and (C). Patterns of
body temperature and plasma corticosterone
concentrations obtained from individual ani-
mals in (A), (B), (C), and (E) were similar to
those depicted for the group.
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could still occur in animals in which the
suprachiasmatic nuclei (SCN) were de-
stroyed. We found that once phase shift-
ing of adrenal plasma corticosteroid lev-
els and body temperature had been pro-
duced by changing the time of food
presentation, such shifted circadian
rhythms persisted in animals with SCN
lesions. In addition, in animals rendered
arrhythmic by SCN lesions, limiting the
time of food presentation to 0930 to 1130
resulted in circadian patterns of plasma
corticosteroid levels and body temper-
ature that were almost identical to those
in animals with sham lesions maintained
on a restricted feeding schedule.

Adult, female Sprague-Dawley rats
(200 g) were housed in individual cages,
in a temperature and light controlled
room with a photoperiod of 12 hours
light and 12 hours darkness (light period
beginning at 0800). Food and water were
freely available. Studies were begun a
minimum of 2 weeks after the rats ar-
rived in the animal quarters. The circa-
dian periodicity of plasma corticosteroid
concentrations, body temperature, and
running activity were determined as de-
scribed (2). Vaginal smears were taken
daily throughout the study. The rats
were divided into two groups. In group
1, access to food and water was restrict-
ed to 2 hours (0930 to 1130) daily for 2
weeks, at which time a phase shift of
plasma corticosteroid concentrations
and body temperature was confirmed.
Sham (N = 4) or SCN (N = 12) lesions
were then placed (3), and circadian peri-
odicity was determined after another 2
weeks of food and water restriction. In
group 2, sham (N = 4) or SCN (N = 12)
lesions were placed, and the animals
were given unrestricted access to food
and water for 2 weeks, at which time pe-
riodicity studies were. performed. These
rats were then placed on the restricted
access regime and again studied for peri-
odicity after 2 weeks. At the conclusion
of the study the animals were killed and
their brains perfused with 10 percent for-
malin. Serial coronal sections (10 wm
thick) were made through the preoptic
area and hypothalamus of each animal,
and the sections were used to recon-
struct the extent of the lesion. Data were
used only from those animals in which
the SCN was totally destroyed ¢) and
who displayed persistent vaginal estrus.

The circadian patterns of plasma corti-
costeroid concentrations and body tem-
perature in the rats with sham lesions on
unrestricted (Fig. 1A) or restricted (Fig.
1B) feeding schedules were similar to
those reported for intact animals 2). In
rats with SCN lesions, phase-shifted
rhythms persisted in those animals main-

22 JULY 1977

tained on the restricted feeding schedule
(Fig. 1C). Rats with SCN lesions that
were given unrestricted access to food
and water showed an absence of
rhythmicity in plasma corticosteroid lev-
els and body temperature (Fig. 1D), but
rhythmicity was restored in these ani-
mals when they were subsequently
placed on the restricted feeding schedule
(Fig. 1E).

Body weights of the rats with sham
and SCN lesions maintained on the un-
restricted schedule were similar (mean
+ standard error, 358.0 = 12.8 g and
355.0 = 23.0 g, respectively), as were
food (23.0 = 3.6 g and 23.0 = 3.1 g, re-
spectively) and water intake (31.8 = 1.0
ml and 29.8 = 3.4 ml, respectively). Re-
stricted access to food in all instances
was associated with a 20 to 24 percent
weight loss, a 35 to 42 percent decrease
in food consumption, and a 43 to 50 per-
cent decrease in water consumption over
the time period studied, similar to our
previous findings (2). The normal pattern
of locomotor activity (90 percent occur-
ring nocturnally) observed in control ani-
mals and animals with sham lesions (2)
was absent in the animals on the restrict-
ed schedule: approximately 48 percent of
their locomotor activity occurred diur-
nally (2). Restricted access to food was
not associated with any significant
changes in total running time. Locomo-
tor periodicity was also absent in rats
with SCN lesions on the unrestricted
schedule, 43 percent of their locomotor
activity occurring diurnally. In the rats
with sham or SCN lesions, the total run-
ning time was not significantly different
when comparisons were made between
the animals on restricted or unrestricted
feeding schedules.

The rhythms we have studied are gen-
erally believed to be generated within the
central nervous system, environmental
light serving as the Zeitgeber for deter-
mining their phase. The SCN, which is
the terminus of a direct retinal hypotha-
lamic projection (5), has been suggested
as being the major locus responsible for
the light entrainment of these rhythms
(I). How this is accomplished is still un-
known. It has been suggested (6) that the
SCN may serve as a primary master
clock, a coupler of rhythms generated in
other central nervous system areas, or a
component of a multioscillator system.
Our previous observations (2) and those
of others (7) have indicated that the
rhythms under study, but not some other
rhythms [for example, of pineal seroto-
nin N-acetyl transferase activity (8) or
estrogen induced luteinizing hormone
and prolactin release (9)] may be en-
trained to a periodic environmental influ-

ence other than the light-dark cycle,
such as a shift in the time of food and
water availability. The present data in-
dicate that not only is the SCN area not
necessary for such entrainment, but that
the anatomical locus responsive to the
secondary (non-light) synchronizer can
generate a new circadian rhythmicity in a
previously arrhythmic animal with a le-
sion of the SCN. Moore and Traynor (8)
reported that the phase shift in hippo-
campal norepinephrine associated with
water deprivation is maintained in
blinded animals (unfortunately, these au-
thors gave no data for animals in which
hypothalamic deafferentation was per-
formed caudal to the optic chiasm). Fur-
ther studies are required to define the
central neural mechanisms responsible
for the synchronization and maintenance
of the phase shifted rhythms that occur
in animals given restricted access to food
and water.
DoroTHY T. KRIEGER
HERBERT HAUSER
Department of Medicine,
Mount Sinai School of Medicine,
New York 10029
Lewis C. KREY
Rockefeller University,
New York 10021
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