
other bronchial epithelial elements were 
eliminated or reduced by selecting 
peripheral areas of lung for homoge- 
nization. Electron micrographs of the 
pellet are shown in Fig. 2. The pellet 
was composed of "clouds" of plasma 
membrane and caveolae, many of which 
retain their characteristic morphology. 

The plasma membrane,caveolae 
fractions were incubated at 37?C 
with (8-L-[4IC]phenylalanine) -angioten- 
sin I in 2.0 ml of 50 mM tris- 
(hydroxymethyl) aminomethanelmaleate 
buffer, pH 7.4, containing 100 mM 
KC1, 5mM MgC12 and 100mM Na2- 
HPO4. (8-L-[14C]phenylalanine )-angio- 
tensin I (100 pc/u/mole) was added 
in concentrations ranging from 0.4 to 
4.0 u/c/ml. Each reaction mixture con- 
tained plasma membrane (370 to 500 
jtg of protein per milliliter), derived 
from .one-eighth to one-seventh of a 
lung. Reactions were .stopped after 0.25, 
5, 10, 15, 30, and 60 minutes of incuba- 
tion by heating in a boiling water bath. 
Radioactive reaction products were 
identified by a combination of gel 
chromatography and paper electro- 
phoresis (1, 2). 

At any of the concentrations of 
angiotensin I used, conversion to angio- 
tensin II was essentially complete (> 90 
percent) within 15 seconds. Identifica- 
tion of angiotensin II was confirmed by 
bioassays with the rat colon and with 
mean arterial blood pressure prepara- 
tions (11). The highest rate of conver- 
sion observed was 0.4 jumole per milli- 
gram of plasma membrane protein per 
minute. This rate is in excess of that 
likely to be required of lung in vivo, 
as angiotensin I probably occurs in con- 
centrations of less than 50 pg/ml 
( 0.04 pmole/ml) in mixed venous 
blood (7). Angiotensin II, once formed, 
was not degraded in incubations of up 
to 60 minutes. Lower homologs were 
not observed. The reason for the failure 
of membrane fractions to form lower 
homologs is not known. Possibly, the 
peptidase enzymes capable of degrad- 
ing angiotensin II are inhibited by the 
lead used for precipitation of inorganic 
phosphate. 

Our data show that radioactive angio- 
tensin I is metabolized during a single 
passage through the lungs. The volume 
of distribution of radioactivity does not 
exceed that of the intravascular space, 
and the mean transit time of radioac- 
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of converting angiotensin I to angio- 
tensin II at rates sufficiently rapid to 
account for the conversion of angio- 
tensin I to angiotensin II by intact lung. 
These points, taken together, are pre- 
sented as strong support of the hypoth- 
esis that circulating angiotensin I is 
metabolized by enzymes of the luminal 
surface of pulmonary endothelial cells. 
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Bats of the suborder Microchiroptera 
find their way about their environment 
and capture prey by echolocation (1). 
A number of species, often designated 
"CF" or "pure tone" bats, emit cries 
characterized by a long constant fre- 
quency (CF) component and brief be- 
ginning and terminal FM sweeps (1-6). 
It has been suggested that these two 
components have different functions, 
the FM sweeps being utilized for local- 
ization and ranging while the CF com- 
ponent is used for determining the rela- 
tive velocity of the bat and its target 
(4; 7-9). Many species emit only brief 
FM pulses and they shorten their pulses 
as they approach a target to prevent 
pulse-echo overlap. However, in CF 
bats the pulse duration is so long that 
pulse-echo overlap is inevitable (10). 
How these bats extract information or 
even perceive echoes during periods of 
overlap has been a subject of consider- 
able speculation (3-5; 7-9). 

In the course of developing a tech- 
nique for recording cochlear micro- 
phonic potentials from unanesthetized 
bats we obtained audiograms from nine 
Chilonycteris parnellii parnellii (Gray). 
These audiograms show the existence 
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of highly specialized physiological prop- 
erties in the cochlea. When coupled 
with detailed information on pulse de- 
sign they offer a clear explanation as 
to how CF bats can effectively perceive 
echoes during periods of pulse-echo 
overlap. 

Recording of cochlear microphonic 
potentials from unanesthetized animals 
was accomplished by intracranial im- 
plantation of tungsten electrodes near 
the cochlear aqueduct (11). With this 
technique high-amplitude potentials 
could be recorded with no interference 
to peripheral or central auditory struc- 
tures. Audiograms were recorded from 
both anesthetized and awake animals 
(12) for periods of up to 3 weeks. Dur- 
ing all experiments the bats were com- 
fortably restrained with their heads held 
rigidly by a clamp attached to a keel of 
plastic cemented to the skull. The head 
was suspended in a free-field away from 
any objects, the wings were held away 
from the body and ears, and all sur- 
faces behind the bats were lined with 
cotton to eliminate standing waves. The 
loudspeaker (13) was located 50 to 57 
cm from the bat's ear and its orientation 
in the horizontal plane was adjusted 

SCIENCE, VOL. 176 

of highly specialized physiological prop- 
erties in the cochlea. When coupled 
with detailed information on pulse de- 
sign they offer a clear explanation as 
to how CF bats can effectively perceive 
echoes during periods of pulse-echo 
overlap. 

Recording of cochlear microphonic 
potentials from unanesthetized animals 
was accomplished by intracranial im- 
plantation of tungsten electrodes near 
the cochlear aqueduct (11). With this 
technique high-amplitude potentials 
could be recorded with no interference 
to peripheral or central auditory struc- 
tures. Audiograms were recorded from 
both anesthetized and awake animals 
(12) for periods of up to 3 weeks. Dur- 
ing all experiments the bats were com- 
fortably restrained with their heads held 
rigidly by a clamp attached to a keel of 
plastic cemented to the skull. The head 
was suspended in a free-field away from 
any objects, the wings were held away 
from the body and ears, and all sur- 
faces behind the bats were lined with 
cotton to eliminate standing waves. The 
loudspeaker (13) was located 50 to 57 
cm from the bat's ear and its orientation 
in the horizontal plane was adjusted 

SCIENCE, VOL. 176 

Cochlear Microphonic Audiograms in the "Pure Tone" Bat 

Chilonycteris parnellii parnellii 

Abstract. Audiograms are sharply tuned to a frequency close to the second 
harmonic of the pulse. The tuning, which is much sharper than previously re- 
ported for any vertebrate receptor, provides a mechanism whereby the bat can 
efjectively perceive echoes even during periods of pulse-echo overlap. 
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until high amplitude potentials were 
elicited by 45- to 60-khz tone bursts. 
Small changes in the position of the 
loudspeaker did not have a significant 
effect on the shape of the audiogram, 
and ear movements were not a problem 
as long as the animal was resting com- 
fortably and loud sounds were not de- 
livered to the ears. 

All sound pressure level measure- 
ments were made with a calibrated /4 

inch condenser microphone (Bruel and 
Kjaer, model 4135) and sound level 
meter (Bruel and Kjaer, model 2604). 
Frequency measurements to within 10 

hz were made with a precision fre- 
quency meter (General Radio, type 153- 
A). All experiments were conducted in 
a large, sound-proof, temperature-con- 
trolled chamber (Ray Proof, model 
R8293). Body temperature measure- 
ments could not be made in awake 
animals, but the room temperature was 
carefully controlled and the tempera- 
ture of the ventral surface of the ani- 
mal was continuously monitored and 
maintained at 36? to 37?C. 

Cochlear microphonic thresholds 
were determined in two ways: (i) by re- 
cording the sound pressures at which 

responses to short tone bursts could 
no longer be distinguished above the 
noise level on the oscilloscope; (ii) by 
noting the intensity at which the re- 
sponse to a continuous tone first rose 
above the noise level of an RMS volt- 
meter (Bruel and Kjaer, model 2604). 
Both methods gave similar results. 

As shown in Fig. 1, the audiogram 
of C. parnellii is sharply tuned. In each 
of the bats studied the audiogram had 
a unique "best frequency" in the 60.8- 
to 63.0-khz range (Fig. 2). The thresh- 
old on either side of the best frequen- 
cy was found to increase very rapidly; 

Fig. 1 (left). Cochlear microphonic audio- 
gram from an awake bat. The threshold 
is expressed in decibels relative to the 
threshold at the best frequency (61.8 
khz). The inset shows the sharply tuned 
portion of the same audiogram in greater 
detail. 

Fig. 2 (bottom left). Cochlear micro- 
phonic audiograms from four awake bats. 
The threshold is expressed in decibels rela- 
tive to the threshold of the best frequency 
for each bat. The exact values for the best 
frequencies are shown in each audiogram. 

Fig. 3 (bottom right). Cochlear micro- 
phonic audiograms from one bat showing 
the depressive effect of 0.8 mg of sodium 
thiopental (0.08 mg per gram of body 
weight). The audiograms were determined 
on four successive days in the sequence 
shown. The bat was awake in A, B, and 
D but was anesthetized in C. 
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slopes of 150 db/khz were commonly 
encountered and in one animal the 
slope was 210 db/khz. The difference 
between the best frequency and adja- 
cent insensitive portions of the audio- 
metric curve ranged from 28 to 44 db 
on the low-frequency side and from 
27 to 54 db on the high-frequency side 
(14). 

Sharply tuned audiograms were en- 
countered only in awake bats. In three 
anesthetized animals there was some 
tuning, but it was significantly different 
from that seen in the same bat after 

recovery from the anesthesia (Fig. 3). 
The CF portion of the pulse was 

analyzed in several bats to determine 
the relation between the best frequency 
of the audiogram and the frequency of 
the CF pulse component (15). In all 
cases the frequency was significantly 
below the best frequency. The differ- 
ence between the two frequencies aver- 
aged about 1500 hz. 

The 1500-hz difference between the 
frequency of the CF component of the 
pulse and the best frequency of the 
bat's audiogram is equivalent to the 
amount of Doppler shift expected from 
the flight speed of C. parnellii (10). It 
appears that these bats, like the Rhi- 
nolophidae of Europe, emit a CF com- 
ponent to which their ears are relatively 
insensitive, but as long as there is any 
relative movement between a bat and 
its target the CF component of the echo 
can be Doppler shifted into a more 
sensitive portion of the hearing range 
(4, 8). In our most sharply tuned prep- 
arations the audiograms indicated that 
the cochlear receptor was up to 44 db 
more sensitive to Doppler-shifted echoes 
than to the frequencies of the emitted 
pulse. This, even without neural sharp- 
ening mechanisms (5, 16), could per- 
mit the system to function efficiently 
during periods of pulse-echo overlap. 

Previous experiments have shown that 
bats in general, and CF bats in particu- 
lar, have sharply tuned central auditory 
systems (5, 9, 16, 17). What is remark- 
able, however, is that the system is so 

exquisitely tuned as far peripherally as 
the receptor level. No cochlear micro- 
phonic audiogram in any vertebrate has 
yet been reported which even ap- 
proaches the degree of frequency speci- 
ficity in Chilonycteris. 

The finding that anesthesia profound- 
ly affects tuning at the receptor level 
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The finding that anesthesia profound- 
ly affects tuning at the receptor level 
was completely unexpected. Changes of 
this type have not been previously re- 

ported and are difficult to explain. How- 
ever, they require that future experi- 
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ments on the auditory system of CF 
bats, and perhaps other vertebrates, be 
carried out on unanesthetized, awake 
animals. 
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Malnutrition suffered early in the life 
of a child (1) or an experimental ani- 
mal (2) has been shown to result in 
long-term behavioral abnormalities. In 
animals, the most characteristic change 
in adult behavior is an increase in emo- 
tional responsiveness (3). Other kinds 
of manipulations introduced very early 
in the life of animals also have long- 
term consequences upon adult behavior. 
Stimulation produced by daily handling 
of the neonatal rat has been reported to 
decrease adult emotionality (4). More- 
over, early social or environmental iso- 
lation has been found to result in an in- 
crease in the emotional responsiveness 
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of ,animals (5). The purpose of the 
study reported here was to compare the 
effects and possible interactions of early 
malnutrition and environmental condi- 
tions on various aspects of adult be- 
havior in the rat. 

All experimental manipulations oc- 
curred within the first 7 weeks of life. 
A 2 X 3 factorial design was used com- 
bining two levels of nutrition and three 
environmental situations. The nutrition- 
al treatment was as follows. Pregnant 
rats gave birth within our laboratory. 
The pups were reduced to eight per dam. 
All males were retained, and females 
were discarded. The dams were then 
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Nutritional and Environmental Interactions in the 
Behavioral Development of the Rat: Long-Term Effects 

Abstract. The behavioral effects of early malnutrition and early environ- 
mental isolation were observed in male rats. Dietary and environmental manipu- 
lations occurred during the first 7 weeks of life, after which followed a 10-week 
recovery period. On the basis of several different responses, it was found that the 
behavioral effects of early malnutrition were exaggerated by the environmental iso- 
lation. In most cases, the behavioral effects of early malnutrition were complete- 
ly eliminated by supplying "additional stimulation" early in life. Two theoretical 
mechanisms are proposed to explain these findings. 
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