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Precocious Cardiac Orienting in a Human Anencephalic Infant

Abstract. An anencephalic infant, 3 to 6 weeks old, responded to acoustic stimula-
tion with cardiac decelerations typical of the response pattern seen in normal, older
infants. Such precocity implies unexpected competence of lower brain structures and
suggests that, in the normal infant, feedback from immature higher centers may
sometimes interfere with rather than modulate the functioning of lower centers.

Slowing of heart rate following sen-
sory stimulation presumably reflects at-
tention or orienting to stimuli that carry
information (/, 2). The slowing response
is difficult to elicit during sleep (3) or
from human infants less than about 2
months of age, but it is easily evoked
from awake older infants (¢-6). It is one
of a number of qualitative changes in be-
havior which suggest that 2 months
marks the period at which cortical-sub-
cortical circuits become functional (5, 7).

Anencephalic infants would not,
therefore, be expected to show the car-
diac-orienting response. Although Brack-
bill (§) used the term ‘‘orienting re-
flex”’ to describe white noise-elicited
behavioral changes observed in a 3-
month-old anencephalic infant, the ob-
served behaviors included startles and
activity increases that are usually asso-
ciated with cardiac acceleration. Re-
cently, we studied a 4Y%-month-old
hydranencephalic infant and were sur-
prised to find that acoustic stimuli

Heart rate change (bpm)
1
IS
T

evoked reliable cardiac slowing of char-
acteristic latency, form, and duration
which was frequently accompanied by
behavioral quieting, eye widening, and
sucking cessation. We could not verify
morphological characteristics of the
brain but tentatively assumed that basal
ganglia and diencephalon might have de-
veloped at near-normal rates (9) and
were capable of organizing the age-ap-
propriate response.

Subsequently, we studied an anence-
phalic infant at ages 19, 20, 25, and 40
days. The infant died at 51 days, and au-
topsy showed a skull defect and a se-
verely hypoplastic brain, weighing only
39 g. (The brain of a normal newborn
weighs approximately 350 g.) Minute
cerebral hemispheres with poorly devel-
oped lobation could be identified; but the
diencephalon was absent, and cerebral
microscopic as well as gross structure
was so distorted as to preclude function.
Molecular and neuronal layers varied ir-
regularly in thickness, displaced gray

Fig. 1. Heart rate change for
19 seconds preceding and fol-
lowing the onset of acoustic
stimuli of varying intensity
14).

1
20 16 12 8 4
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matter was embedded in the white mat-
ter, and there were focal areas of calcifi-
cation. The midbrain was also severely
malformed; only lower levels of the
brain, including medulla, pons, and cere-
bellum, were grossly normal though un-
derdeveloped.

Like the hydranencephalic infant, this
infant also responded to acoustic stimu-
lation with cardiac slowing. Tactile, ol-
factory, and mock stimuli did not pro-
duce reliable heart rate change, and visu-
al stimuli were not tested. (Pupillary light
reflexes were absent.) Over four 2- to 3-
hour sessions, we presented 452 stimula-
tions of which 330 were sounds with a
30-msec rise time, an intensity between
75 and 109 db (referred to a sound pres-
sure of 20 micronewtons per square me-
ter), and a duration of five or more
seconds. The sounds included (i) contin-
uous, constant-frequency sine waves at
250, 1000, 1800, and 6000 hertz; (ii)
constant-frequency sine waves pulsed at
various on : off ratios; (iii) frequency-
modulated (FM) triangular waves sweep-
ing at different rates to produce warbles
or trills; (iv) trains of three-format, syn-
thetic speech syllables, [ba] and [ga] (6);
and (v) broadband white noise. The five
classes of sound stimuli were presented
in sets of varying numbers of trials, inter-
spersed among tactile and olfactory sets.
No successive sets were drawn from the
same class of stimuli, and the order of
sets was approximately balanced across
sessions. Within sets, intertrial intervals
averaged 36.4 seconds (standard devia-
tion, 9.5 seconds). The interval between
sets varied from 90 seconds to several
minutes.

Testing was carried out in a sound-at-
tenuated chamber with the infant reclin-
ing on a padded seat; stimulus-generat-
ing, calibrating, timing, and recording
equipment were located outside the
chamber (6). Chest electrodes detected
cardiac R waves whose interbeat inter-
vals were computer digitized and con-
verted to heart rate (in beats per minute)
for each second for 19 seconds preceding
and 19 seconds following stimulus onset.
Other activities recorded were respira-
tion (via a mercury strain-gauge, session
4), electromyographic response of or-
bicularis oculi (not reported here), and
sucking (which was too weak to provide
satisfactory records). Sounds were de-
livered either through a midline speaker
or through an earphone (modified Gra-
son-Stadler TDH-49) held in place by a
staff member. A pediatrician and a sec-
ond staff member remained in the cham-
ber to monitor the infant’s condition and
to rate behavior. Throughout, the infant

SCIENCE, VOL. 199, 20 JANUARY 1978



remained in a state that approximated
active sleep (10). The eyes were closed,
but eye movements and lid twitching
could be observed as well as small
movements of head and mouth. Occa-
sionally, gross body movement was ob-
served. During prestimulation periods,
respiration was irregular and averaged
40.2 cycles per minute, while the heart
rate was relatively stable and low, de-
clining over the four sessions from a
mean of 118.4 = 5.0 to 91.5 = 4.0 beats
per minute.

Despite the nonalert state, sound stim-
uli evoked heart-rate changes with form
and latency resembling the changes seen
in older awake infants (Fig. 1). The ap-
parent response at 75 db was not re-
liable, but higher-intensity stimuli elic-
ited changes during periods of 3 to 10
seconds that were significantly greater
than changes during corresponding peri-
ods before onset (¢ tests, P < .01). Or-
thogonal components of trend over 10
seconds, the measure usually used with
normal subjects (¢-6), also differed for
periods before and after the stimulus [F
ratios for linear, quadratic, and cubic
trends at 95 db and for linear and cubic
trends at 81 and 109 db ranged from
11.25 to 55.52 (P < .01)]. Marked res-
piratory slowing was also seen. Thoracic
respiration was apparently suspended
for an average of 9.4 seconds during 12
of 36 scoreable poststimulus periods and
for only 1 second during one prestimulus
period.

The intensity effect (Fig. 1) is con-
founded with differences in the type of
stimulus delivered at each intensity.
However, analysis of the ten stimuli de-
livered at all four intensities (/4) showed
a similar and reliable nonmonotonic
change (quadratic intensity by linear sec-
onds, F = 18.59, P < .01). In theory,
cardiac orienting is a nonmonotonic
function of intensity because slowing
should not increase with intensity
beyond a level at which stimuli are suffi-
ciently intense to elicit competing defen-
sive or startle reactions of cardiac accel-
eration (2, 11).

The anencephalic infant also respond-
ed like normal subjects to other stimu-
lus variations. White noise produces in
adults an initial acceleration lacking in
response to sine waves of equal sound
pressure level (I2), and it had a similar
accelerating effect on the response of our
subject. [For 109 db, sine wave versus
noise: ¢t = 8.57 at 4 seconds (P < .01),
quadratic seconds F' = 12.86 (P < .01).]
Speech and pulsed tones have been
especially effective in eliciting cardiac
deceleration in normal infants (6); these
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Fig. 2. Heart rate change in beats per minute
(bpm) for 15 seconds following the onset of

81-db stimuli: continuous sine wave (. . . ... ),
FM triangular tone (- - -), speech syllable
( ), and pulsed sine wave (- - - - - ).

stimuli also produced large decelerations
in the anencephalic infant (Fig. 2). [For
81 db, S-second speech versus continu-
ous tone: t = 7.95 and 7.18 at seconds
6 and 7 (P < .01), cubic seconds F =
10.09 (P < .01); for speech versus FM
tone: t = 7.59 and 7.89 at seconds 7 and
8 (P < .01), linear seconds F = 7.97 (P
< .01); for the first 5 seconds of 20-sec-
ond pulsed versus 5-second continuous
tone: t = 4.07, 4.81, and 5.31 at seconds
3 through 5 (P < .05); for 20-second
pulsed versus 5-second FM tone: ¢t = 5.62
and 5.97 at seconds 3 and 4 (P < .05).]
Because we presented more speech
than other stimuli, the speech response
would be reduced disproportionately if
repeated stimulation led to habituation.
The data suggest that this may have

2}

-2

Fig. 3. Heart rate change for
10 seconds following the onset
of 81-db stimulation on trial 1
G.... ), trial 6 (- - - - ), and the
first change trial (trial 7 or 9)
( ) of repeated stimulation
sets. (A) Speech syllable sets.
(B) Sets of continuous con-
stant-frequency sine-wave and
FM triangular tones.
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occurred. Most of the 81-db speech,
sine-wave, and FM sounds occurred in
sets of six or eight repetitions of one
stimulus followed by two repetitions in
which there was a change of speech syl-
lable (N = 11), of frequency (N = 5), or
of modulation rate (N = 4). Both speech
and nonspeech stimuli elicited less decel-
eration on trial 6 than on trial 1 or on the
first change trial (Fig. 3). Over all 20 sets,
habituation was significant (linear trials
by quadratic seconds, F =473, P <
.05); over all sets and for speech sets,
dishabituation was also significant (trial
6 versus change trial quadratic seconds,
F =772 and 5.15, respectively; P <
.05).

We have described a response pattern
typical of orienting behavior in normal
subjects who are awake and more than 2
months old. The fact that this behavior
occurred in a nonalert state in an anence-
phalic infant between 3 and 6 weeks of
age makes it clear that lower brain struc-
tures not only can support cardiac ori-
enting reflexes but can respond dif-
ferentially to variations in stimulus char-
acteristics. Recent animal studies have
also emphasized unexpected compe-
tencies of lower brain structures when
they dre released by decerebration from
descending influences (/3). Our findings
imply, in addition, that the traditional
view of higher brain structures modulat-
ing (making more precise) the activities
of lower centers may not be adequate to
describe relationships in the developing
brain. When higher brain structures are
immature, their descending influence
may interfere with or disrupt the activity
of lower centers. If anencephaly re-
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moved only modulating influences, we
should see behavior typical of an earlier
rather than of a later developmental
stage.
FrRANCES K. GRAHAM
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BARBARA D. STROCK
University of Wisconsin Hospitals
Madison, WI 53706
JAMES W. BROWN
San Diego State University
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Memory: Modification of Anisomycin-Induced Amnesia

by Stimulants and Depressants

Abstract. Mice were trained in a passive (foot shock) avoidance task. When ad-
ministered after training, the stimulants caffeine or nicotine blocked amnesia for the
task that had been produced by injections of the protein synthesis inhibitor ani-
somycin given prior to training. With foot shock at a higher intensity, anisomycin did
not produce amnesia by itself, but the administration of the depressants chloral hy-
drate or sodium phenobarbital after training did cause amnesia. Stimulants and de-
pressants did not have an appreciable influence on the overall degree of protein
synthesis inhibition produced by anisomycin. The results support the hypothesis that
arousal after training is an important factor in the conversion of short-term to long-

term memory.

. To test the hypothesis that arousal fa-
cilitates memory consolidation, we de-
termined whether excitant drugs could
counteract the amnesic effects caused by
inhibition of cerebral protein synthesis
and whether depressant drugs could en-
hance the amnesia. Amphetamine ad-

ministered after training can block the
amnesia induced when cycloheximide or
acetoxycycloheximide inhibit protein
synthesis (/). We tested the generality of
these findings by using the stimulants
nicotine and caffeine and by using ani-
somycin to inhibit protein synthesis. We
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also extended the scope of such experi-
ments by using depressants (chloral
hydrate and sodium phenobarbital).
Since the drugs producing arousal and
depression produced significant effects
on retention 7 days after training and
drug administration, we tested whether
the drugs affected the extent and dura-
tion of protein synthesis inhibition
caused by anisomycin.

The subjects, CD-1 male albino mice
60 to 80 days of age (Charles River),
were trained on a one-trial, step-through
passive avoidance task (2). In brief, the
avoidance apparatus consisted of a black
compartment (start) joined to a white
compartment (where shock was adminis-
tered) by a partition containing a mouse-
hole. Subjects were permitted to enter
the white compartment through the
mousehole where they received foot
shock (0.32 ma) until they returned to the
black compartment. The subjects were
trained in a black-to-white situation be-
cause we found that this produced a con-
siderably smaller variation in the time
(latency) taken by the mice to enter the
shock compartment than when subjects
were trained in the opposite direction;
typically, 80 percent of the mice enter in
2 seconds. To reduce and control the
variability of the latencies to enter and
escape the shock compartment, which
control the degree of learning (2), only
subjects with latencies of 1 to 3 seconds
in entering and 1 to 4 seconds in escaping
the shock compartment were used. On
the retention test given 1 week after
training, the mice were again placed into
the black compartment and the time each
mouse required to enter the white com-
partment was taken as a measure of
retention. A latency-to-enter the white
shock compartment on the test day of 20
seconds or less was defined as amnesia,
since this represented the longest entry
time for naive mice. Most trained non-
amnesic mice did not enter the white
compartment within 3 minutes. The per-
centage of mice entering within 20 sec-
onds was defined as ‘‘percentage am-
nesia.”’

Anisomycin was dissolved in an ap-
proximately equal molar amount of 3N
HCI, and the pH was finally adjusted to
6 to 7 with dilute HCl or NaOH as re-
quired. The final solution was 2.0 mg/ml
in 0.9 percent saline. Mice received the
first subcutaneous anisomycin injection
(20 mg/kg) 15 minutes prior to training,
the second 1.75 hours after training.
When a third injection was used it was
given 3.75 hours after training. Saline
was administered subcutaneously to oth-
er groups as a control for the stress of the
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