
trophic component of at least some 
forms of obesity may thus be due to an 
abnormality in the mechanisms which 
constitute adipocyte resistance to en- 
largement. Whether there is some neural 
or humoral mediation between adipocyte 
size and feeding behavior is not known, 
but some such association now seems 
likely. 
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Exposure to loud sound can produce 
permanent damage in human and animal 
cochleas (1, 2). Recent research on the 
phenomenon of priming for audiogenic 
seizures (3, 4) and on acoustic trauma in 
young guinea pigs (5) suggests that 
young mice from certain inbred strains 
and young guinea pigs are particularly 
susceptible to acoustic trauma. The data 
in these studies do not provide any evi- 
dence on the locus of the developmental 
changes presumed to underlie the ob- 
served changes in susceptibility. The ob- 
ject of this study was to examine suscep- 
tibility of the hamster ear to acoustic 
trauma as a function of age. The data 
show that (i) young hamsters pass 
through a critical period of susceptibility 
to noise trauma and (ii) the devel- 
opmental events underlying this phe- 
nomenon appear to occur in the cochlea. 

Hamsters (Mesocricetus auratus) 
were obtained from a commercial dealer 
(6) at specific ages or were bred in the 
laboratory. Animals were exposed to an 
octave-band noise (5 to 10 khz, 125 db re 
20 tAN/m2) for 2.5 minutes at one of the 
following ages: 11, 15, 19, 23, 27, 31, 40, 
48, 55, 62, or 75 days after birth. Five 
days after noise exposure, cochlear mi- 
crophonic (CM) responses were mea- 
sured in exposed animals and in control 
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animals of the same ages. The proce- 
dures used for noise exposure and CM 
recording have been described (4) and 
will be mentioned briefly here. 

Hamsters were anesthetized with ure- 
thane (1.5 mg per gram of body weight, 
injected intraperitoneally) and placed in 
a head holder after tracheal cannula- 
tion. The ear canal was excised at the 
level of the tympanic ring, and the au- 
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Fig. 1. Mean (+ S.E.) 1.0 ,/v threshold versus 
frequency for six 45-day-old control animals 
and nine 45-day-old animals exposed to noise 
at 40 days of age. 
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Fig. 1. Mean (+ S.E.) 1.0 ,/v threshold versus 
frequency for six 45-day-old control animals 
and nine 45-day-old animals exposed to noise 
at 40 days of age. 

ditory bulla was exposed. The tip of a 
sound speculum containing a calibrated 
probe tube was sealed over the tympanic 
ring, and a silver ball electrode was 
placed onto the round window through a 
fenestra in the bulla. The intensity of 
sournd (in decibel sound pressure level) 
necessary to produce a criterion CM re- 
sponse of 1.0 /v was determined at fre- 
quencies between 0.5 and 20.0 khz. All 
surgery and CM recording were con- 
ducted using appropriate double-blind 
procedures. 

Mean thresholds at each frequency 
were determined for control and noise- 
exposed animals in each age group. Ex- 
amples in one age group are presented in 

Fig. 1. These data typify the pattern of 
threshold loss seen in all age groups in 
which significant threshold losses were 
observed (7). The difference between 
means for control and noise-exposed ani- 
mals at a given frequency provided a 
measure of threshold loss at that fre- 
quency in a particular age group. These 
measures of threshold loss (in decibels) 
were averaged over all test frequencies 
(0.5,1,3,5,9,13.5, and 20 khz) in each age 
group. Threshold loss, measured 5 days 
after noise exposure, was dependent on 
developmental age (Fig. 2A). Although 
the amount of threshold loss within a giv- 
en age group depended on frequency, the 
general relationship between threshold 
loss and age at noise exposure was simi- 
lar at all frequencies tested (7). 

It seems unlikely that a critical period 
of susceptibility to acoustic trauma has 
any adaptive advantage for the young 
hamster. Rather, we interpret the exis- 
tence of the phenomenon as indicating 
that some developmental change is oc- 
curring between 27 and 55 days of age, a 
correlate of which is enhanced suscepti- 
bility to noise-induced CM deficit, a defi- 
cit that presumably reflects permanent 
damage to the organ of Corti (8). 

It might be expected that a given noise 
exposure would not be maximally ef- 
fective in producing cochlear damage be- 
fore about 20 days after birth. Structural 
development of the hamster ear has been 
studied by Stephens (9), who reported 
that the middle and inner ear appear ma- 
ture by light microscopy at about 30 days 
after birth. At 15 days, the malleoincudal 
joint has not yet ossified, and mesen- 
chyme continues to be abundant in the 
middle ear. Thus, there is no reason to 
expect the middle-ear transmission sys- 
tem fully to function before 20 days of 
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chyme continues to be abundant in the 
middle ear. Thus, there is no reason to 
expect the middle-ear transmission sys- 
tem fully to function before 20 days of 
age. However, given the apparent struc- 
tural maturation of the ear by 20 days, 
there is no obvious reason to predict that 
the effectiveness of noise exposure in in- 
ducing threshold loss should decrease 
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are unusually susceptible to acoustic trauma. This sensitive period occurs after ap- 
parent structural and functional maturation of the ear and appears to be dependent 
on unidentified developmental changes within the cochlea. 
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between 55 and 75 days of age. Several 
possible explanations can be considered. 

The simplest explanation might be that 
the resonant frequency of the hamster's 
ear canal changes during development. 
To determine the nature of this change, 
ear canal length was measured in six 45- 
day-old animals and in six 80-day-old an- 
imals. The mean lengths were 6.4 mm 
[standard error (S.E.) = 0.4 mm] and 
8.7 mm (S.E. = 0.5 mm), respectively, 
which would give rise to resonant fre- 
quencies of 13,656 and 10,075 hertz. 
Thus, the decline in noise effectiveness 
cannot be explained by a change in ear 
canal resonance relative to the frequency 
content of the damaging noise. 

A developmental change in the effi- 
ciency of the acoustic reflex (10) in atten- 
uating transmission through the middle 
ear after 55 days of age could reduce sus- 
ceptibility to noise trauma in older ani- 
mals. This possibility was evaluated by 
studying an additional ten animals as 
controls for possible middle-ear muscle 
effects during noise exposure (10). All 
animals in this group were deeply 
anesthetized with Nembutal (50 mg/kg, 
intraperitoneally) at 75 days of age. Five 
were exposed to the noise band as in the 
previous experiment, and five unexposed 
animals served as controls for possible 
anesthetic effects on threshold sensitivi- 
ty. 

The mean threshold loss (averaged 
across all test frequencies) was calcu- 
lated for the two anesthetized groups; 
the difference between these two values 
was 2.0 db. This difference may be com- 
pared with the mean threshold loss of 
- 0.4 db in the normal 75-day-old groups 
(Fig. 2A). An analysis of variance (11) 
over all thresholds in the four 75-day-old 
groups indicated that neither the noise 
effect nor the noise-anesthesia inter- 
action was significant [F (1, 12) = 2.4, 
P > .05, and F (1, 12) = 0.04, P > .05]. 
Thus, middle-ear muscle activity does 
not appear to determine the critical peri- 
od. 

Any developmental change in either 
the middle-ear cavity or ossicular chain 
that resulted in a decrease in the efficien- 
cy of sound transmission through the 
middle ear after 55 days of age could lead 
to the observed decrease in threshold 
loss. However, any such explanation 
would predict that CM threshold sensi- 
tivity in normal animals would decrease 
after day 55. The development of CM 
thresholds at 3, 9, and 20 khz in control 
animals is shown in Fig. 2B. The CM 
thresholds are relatively stable after 
about 31 days of age, and the sensitive 
period for acoustic trauma is not paral- 
leled by a period of unusually low thresh- 
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olds (12). We conclude, therefore, that 
the locus of the developmental process 
underlying the critical period for acous- 
tic trauma is the cochlea. Furthermore, 
the critical period occurs after the appar- 
ent maturation of the cochlea, as in- 
dicated by light microscopy (9) or by 
electrophysiological measures of func- 
tion (this study). It would therefore seem 
that further developmental changes oc- 
cur in the hamster cochlea for at least 40 
days after apparent structural maturation 
at 20 days of age; the nature of this de- 
velopmental change remains to be deter- 
mined. 

Short exposures to particularly intense 
sound produce immediately apparent 
cochlear damage which is presumably 
the result of mechanical disruption of the 
organ of Corti (13). Exposure to less in- 
tense sound can also permanently dam- 
age the organ of Corti, but the structural 
changes are not complete until about I 
month after exposure (14). The physi- 
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ological basis of these long-term changes 
is not fully understood. Proposed mecha- 
nisms include changes in the per- 
meability of the reticular lamina (15), 
metabolic exhaustion of hair cells (15), 
and disturbances in cochlear blood sup- 
ply (16). Developmental changes within 
the cochlea could conceivably affect any 
one of these hypothesized mechanisms, 
but further experiments are required to 
describe the specific patterns of cochlear 
damage produced by noise exposure dur- 
ing the critical period. 

The question of the differential sen- 
sitivity of young animals to acoustic 
trauma is of considerable practical im- 
portance in considering problems of 
hearing conservation in young children. 
Data from our study, together with CM 
data on mice (4) and histological data on 
guinea pigs (5), suggest that young ani- 
mals pass through a period of heightened 
susceptibility to acoustic trauma shortly 
after apparent structural maturation of 
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Fig. 2. (A). Mean (? S.E.) threshold loss (difference between mean threshold in control and noise- 
exposed groups) at 0.5 khz and 9 khz, and averaged over all test frequencies, as a function 
of age at noise exposure. Numbers of animals in successive control groups are 6, 6, 5, 5, 
11, 7, 6, 8, 6, 4, and 4; numbers in successive noise-exposed groups are 7, 6, 7, 8, 8, 
7, 9, 6, 5, and 6. (B) Mean (? S.E.) 1.0-,v thresholds in control groups. The time axis for 
(A) is age at noise exposure, and that for (B) is displaced by 5 days relative to the upper 
axis so that the curves are directly comparable. 
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the cochlea. If such a period occurs dur- 
ing human auditory development, then 
its onset would probably occur pre- 
natally (17). Sound levels in incubators 
used for premature babies have been de- 
scribed in detail (18), 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 (18). 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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the rhythm. 

It has been suggested (1) 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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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 
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