
ly discriminate chemical stimuli with 
information contained in spike trains 
shorter than 1 second, such as those fol- 
lowing individual flicks. Repetitive flick- 
ing could therefore provide multiple 
points for discriminating gradual odor 
changes. The increased flicking rates ac- 
companying initial detection of a novel 
odorant would further the lobster's tem- 
poral resolution of its odor environment. 

Olfaction usually affects behavior at a 
great enough distance from the source of 
an odor that the initial onset and sub- 
sequent changes in odor concentration 
are likely to be gradual and haphazard 
rather than continuously incrementing, 
like the changes studied here. Flicking in 
near-threshold, gradually changing stim- 
ulus conditions elicits phasic bursts of 
spikes in otherwise silent receptors (Fig. 
1, first several flicks of the upper trace). 
The resulting ability to better detect 
near-threshold changes in stimulus con- 
centration may account for the sponta- 
neity of flicking in the unstimulated ani- 
mal. 

The finding that flicking temporally en- 
hances the detection of, and emphasizes 
any change in, the lobster's chemical mi- 
lieu is in harmony with the hypothesis 
(23) that chemical cues are the weakest 
of the stimulus modalities in the tempor- 
al and spatial domain. We propose that 
flicking represents a physiological mech- 
anism in the lobster to compensate for 
the inherent temporal weakness of olfac- 
tory stimuli. Since all organisms must 
deal with this characteristic of olfactory 
stimuli, it is likely that the responses of 
primary chemoreceptors in the diverse 
organisms exhibiting phasic stimulus-re- 
ceptor interaction (such as sniffing and 
tongue flicking) are similarly modulated 
in time. 
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It has usually been assumed that neo- 
natal rats are not able to feed in any way 
other than by suckling from the mother. 
Spontaneous eating and drinking has on- 
ly been observed in rat pups starting at 
about 15 days of age (1), the beginning of 
the weaning period (2). The infant rat is 
notoriously resistant to being hand-fed 
or coaxed to suckle from an artificial 
nipple (3). The ability to recognize and 
ingest food has not appeared to mature 
until late in development and has often 
been presumed to arise from the suckling 
behaviors of infancy. I report here that 
even neonatal rats can feed indepen- 
dently of the mother, and that such feed- 
ing is accompanied by considerable be- 
havioral activation. Both the feeding and 
the activation depend on temperature 
and deprivation conditions. 

The altricial status of the newborn rat 
makes it, in general, an ideal subject for 
studies of neural and behavioral develop- 
ment (4). In this study of the develop- 
ment of the feeding system in rats, 3-day- 
old rat pups were placed near a large 
puddle of milk in a clear plastic observa- 
tion container (5). The container was 
housed inside a moist incubator main- 
tained at 33? + 1?C. Pups were tested af- 
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ter 1/2, 7, or 22 hours of food deprivation 
(N = 5) (6). Food deprivation is a prima- 
ry determinant of adult ingestive behav- 
ior but has little effect on the suckling be- 
havior of young pups (7, 8). 

The pups ingested the diet. They 
probed the floor with their snouts and 
mouthed the milk. Moreover, they in- 
creased their intake with longer periods 
of deprivation. Pups deprived for 1/2, 7, 
or 22 hours consumed, respectively, 1.5, 
3.0, and 5.3 percent of their body weight 
in a 1/2-hour test (9). The pups also ex- 
hibited a marked behavioral activation in 
conjunction with ingestion of the diet. 

In order to study the pups' ingestion 
more closely a procedure was developed 
that allowed the experimenter to pro- 
gram a pup's exposure to food and then 
observe its behavior in a structured situ- 
ation (10). A fine polyethylene cannula 
was installed under the tip of the tongue 
in the front of the pup's mouth (11). This 
intraoral cannula could be implanted rap- 
idly, without trauma, and did not seem to 
interfere with mouthing and swallowing. 
Pups quickly habituated to its presence 
(12). When diet was infused through the 
cannula a pup could eat by licking and 
swallowing. Or, if the pup did not active- 
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Feeding and Behavioral Activation in Infant Rats 

Abstract. Three-day-old rats that were separated from their mothers and deprived 
offood were found to be capable offeeding either from small puddles of milk or when 
milk was infused into the front of their mouths. Such feeding was accompanied by a 
dramatic increase in behavioral activity and only occurred in a warm environment. 
These data demonstrate that neural systems for ingestive behavior are present at 
birth and suggest the existence of feeding-related arousal or motivational systems. 
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ly ingest, the diet spilled out of the front 
of its mouth. 

Pups were again tested after 1/2, 7, or 
22 hours of food deprivation (6). One- 
half hour before the test began, the can- 
nulas were implanted. Immediately be- 
fore the tests, the pups' bladders were 
voided by anogenital stroking with a soft 
brush, and the pups were weighed to the 
nearest 0.005 g. Each pup was then 
placed in a clear plastic observation con- 
tainer in a warm, moist incubator, and its 
cannula was attached to a lead from a 
syringe containing the diet. The syringe 
was driven by an infusion pump. The 
pups were permitted a 2-minute adapta- 
tion period. Then, every 2 minutes for 
the next 10 minutes they received a 10- 
second pulse of milk delivered through 
their intraoral cannula (13). The pups re- 
sponded by licking and swallowing the 
diet or by allowing it to spill out. Every 
30 seconds throughout the test, each 
pup's activity was rated and various be- 
haviors were scored on a checklist (14). 
At the end of the test, the pups were re- 
weighed and milk intake (weight gain) 
was expressed as a percentage of the to- 
tal amount of infused diet. 

When injections were made into the 
front of their mouths, the pups con- 
sumed the diet and increased their food 
intake as deprivation was increased (15) 
(Fig. la). Pups deprived for 22 hours 
consumed 78 percent of the infused diet 
or about 2 percent of their body weight. 
During the test, the pups made mouthing 
movements which consisted of frequent 
jaw opening and closing and tongue pro- 
trusion. They also probed and mouthed 
the surface in front of them. This behav- 
ior, which resembles feeding of the adult 
rat in that increased deprivation stimu- 
lates increased consummatory activity 
and food intake (16), differs from the stere- 
otypic extensor reflex that pups utilize 
during suckling (8) and thus distinguishes 
this ingestion from that of suckling. 

The tests with the programmed diet 
delivery also revealed that the feeding 
and mouthing responses of pups de- 
prived of food for 22 hours did not occur 
in isolation but were accompanied by 
dramatic behavioral activation (Fig. lb). 
During the adaptation period (the first 2 
minutes of the test) 22-hour deprived 
pups were slightly more active than pups 
deprived for 1/2 hour or 7 hours, but the 
first injection of diet produced a pro- 
found increase in activity in the 22-hour- 
deprived pups. These pups remained 
highly active (17) even during the time 
when diet was not infused. 

Throughout the period of heightened 
activity the deprived pups displayed a 
variety of behaviors, among which head 
13 JULY 1979 

probing and rolling over were dominant. 
The head probing along the floor and into 
corners of the test container was usually 
associated with mouthing and locomo- 
tion (Fig. 2b). These behaviors often re- 
sembled adult feeding behavior. When 
pups rolled over they also often extend- 
ed their heads and reached into the air or 
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against a wall of the container (Fig. 2c); 
this behavior resembled the nipple 
search behavior displayed by pups when 
a mother settles down over them to 
nurse. Other behavior patterns in the 
pups resembled adult behavior patterns 
and postures, such as face-grooming and 
anogenital or hind-paw licking. Repeated 
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Fig. 1. (a) Mean percentage of the infused diet consumed by 3-day-old pups deprived 1/2, 7, and 
22 hours (N = 5). (b) Mean activity scores by 30-second intervals for 3-day-old pups. Filled 
circles, pups deprived for 1/2 hour; half-filled circles, 7 hours; open circles, 22 hours (N - 5). 
The first 2 minutes of the test were an adaptation period; no milk injections were made. At 2 
minutes and at each 2 minutes thereafter (indicated by the horizontal bars), a 10-second infusion 
of diet was made. Pups were rated on the basis of the highest activity they obtained in the 30- 
second interval (14). 
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Fig. 2. The effects of diet infusions on the behavior of a 3-day-old pup deprived for 22 hours. In 
(a), the pup is quiet and relaxed; an infusion has not yet been made. The intraoral cannula is 
shown emerging from under the pup. At the start of the infusion, the pup immediately begins to 
probe the floor with its snout. The probing becomes more vigorous, and the pup seems to lose 
control of its body (b). During the probing, pups usually make mouthing and licking movements; 
more general body movements follow. These include curling and pelvic thrusting (c), stretching, 
kicking, and tail-flailing (d), and locomotion and probing about the cage. Pups show these be- 
haviors both during and after infusion. Depending on how recently they have tasted the diet, 
pups also show these behaviors, although somewhat erratically, when they are feeding from 
puddles of milk. The infusion procedure allows a more careful and controlled analysis of this 
behavioral activation in response to diet. 
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extension (Fig. 2d) and curling of the 
trunk occurred during periods of activi- 
ty, and occasional thrusting with the 
hindquarters was observed (18). The lev- 
el of activity during these tests was par- 
ticularly impressive because the infant 
rat usually exhibits little spontaneous lo- 
comotion. Such activity reflects more 
than a general hypenrreactive state of de- 
prived animals because strong tactile 
stimulation did not produce similar be- 
haviors or activation. 

The extent of the feeding and the be- 
havioral activation in the rat pups de- 
pended on both the severity of the food 
deprivation (19) and the temperature of 
the environment. When pups were tested 
at room temperature (24?C) and com- 
pared to pups tested in an incubator, 
those at room temperature neither ate as 
much (31.2 percent of the infusion con- 
sumed as opposed to 68.3 percent, 
N = 9) nor became as active (9.9 percent 
total activity compared to 24.3 percent) 
as those at 33?C. The decreased response 
at room temperature was not due to de- 
bilitation by the cold, because pups test- 
ed at room temperature were removed 
from the incubator only moments before 
they were tested (20). In fact, activity 
scores for the 2-minute adaptation period 
were higher for the pups tested at room 
temperature. Yet these pups reacted 
aversely to diet injections, frequently 
waving their heads in the air, scraping 
their chins on the floor, and treading 
backward (21) before becoming relative- 
ly motionless. This temperature depen- 
dence may reflect a state of "well-being" 
(22), normally provided by the mother or 
nest, which has a permissive effect on 
the pups' perception and behavior. 

Parallel experiments were conducted 
with 22-hour deprived pups aged 1 to 6 
days. The 6-day-old pups were more per- 
sistent than the 3-day-old pups in prob- 
ing arnd licking the floor, but they still en- 
gaged in a variety of behaviors. After 6 
days of age, the generalized behavioral 
activation produced by diet infusions 
disappeared. It was replaced by directed 
ingestive responses in which the pup en- 
gaged in concentrated mouthing, licking, 
and lapping focused in one spot. 

These findings demonstrate that por- 
tiotis of the neural mechanisms for feed- 
ing behavior are plesent at birth in rats 
even though the pups may never use 
them (23). The feeding observed in these 
experiments has probably not been ob- 
served previously because of the special 
conditions required: severe food depri- 
vation and warmth. Such deprivation 
would be unlikely to occur naturally (24). 
Nonetheless, these experiments reveal 
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the existence of a feeding mechanism in 
rats that can be studied from birth (25). 
The data also reveal that the neonatal rat 
can be behaviorally activated by food. 
This activation is not restricted to motor 
responses of the feeding system but in 
young pups seems to extend to the pup's 
whole body and to other behaviors. Such 
behavioral activation may be related to 
developing neural arousal and reward 
systems associated with consummtiatory 
behaviors and may prove useful in study- 
ing the development and organization of 
motivational systems. 

W. G. HALL 

Research Section, Anderson Hall, 
North Carolina Division of Mental 

Health, Raleigh 27611 
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Medial Septal Lesions Retard Classical Conditioning of the 

Nictitating Membrane Response in Rabbits 

Abstract. Lesions of the medial septum were produced in 7 of 14 rabbits prior to 
classical conditioning of the nictitating membrane response. Lesions significantly 
altered the hippocampal electroencephalogram, attenuated conditioned hippocam- 
pal unit responses, and slowed the behavioral rate of acquisition. 7he contrast of the 
behavioral results with those of studies of massive septal or hippocampal ablation 
suggests a filnctional subdivision of the septo-hippocampal system in learning. 

Medial Septal Lesions Retard Classical Conditioning of the 

Nictitating Membrane Response in Rabbits 

Abstract. Lesions of the medial septum were produced in 7 of 14 rabbits prior to 
classical conditioning of the nictitating membrane response. Lesions significantly 
altered the hippocampal electroencephalogram, attenuated conditioned hippocam- 
pal unit responses, and slowed the behavioral rate of acquisition. 7he contrast of the 
behavioral results with those of studies of massive septal or hippocampal ablation 
suggests a filnctional subdivision of the septo-hippocampal system in learning. 

The hippocampal formation of the 
mammalian forebrain is thought to be in- 
volved in processes central to learning 
and memory (1). It has been suggested 
that disrupting the hippocampal electro- 
encephalogram (EEG), especially the 
highly synchronous theta rhythm, with 
electrical stimulation (2, 3), drugs af- 
fecting central cholinergic mechanisms 
(4), orelesions of the medial septal nucle- 
us (MSN) (5, 6) impairs the learning of a 
variety of tasks. Interpretations have im- 
plicated both acquisition and retention 
and have questioned whether impair- 
ment is restricted to specific tasks (for 
example, spatial or cue learning) (5, 6), 
or involves more general processes (for' 
example, learning, consolidation, atten- 
tion, or arousal) (2, 4). 

We have recently reported evidence of 
a strong relationship among frequencies 
in the hippocampal EEG, learning-re- 
lated changes in hippocampal neuronal 
activity, and differences in acquisition 
rate of the classically conditioned nicti- 
tating membrane (NM) response in rab- 
bits (7). We have also demonstrated that 
subareas of the septal region show 
changes in activity related to different as- 
pects of this conditioning paradigm (8). 
The MSN response can best be inter- 
preted as one of arousal in that MSN 
units show brief, stimulus-evoked re- 
sponses that decrease with repeated 
stimulus presentations (8). In contrast, 
units of the lateral septal nucleus, like 
those of the hippocampus, show learn- 
ing-dependent plasticity-that is, marked 
increases in activity that model the 
amplitude-time course of the conditioned 
NM response (9). 

In the light of this evidence, it is sur- 
prising that massive ablations of either 
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hippocampus or septum have little effect 
on acquisition or retention of the N M re- 
sponse in rabbits (10). Abnormal activity 
may be more detrimental behaviorally 
than removal of the hippocampus itself 
(11), an interpretation supported by stud- 
ies of NM conditioning using disruptive 
hippocampal stimulation (3). Massive 
septal lesions not only disrupt hippocam- 
pal activity by damaging the medial sep- 
tal "pacemaker" for theta, but also in- 
terrupt major subcortical hippocampal 
efferents through the lateral septal nucle- 
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Fig. 1. Coronal section of rabbit forebrain 
showing the minimum (solid) and maxi- 
mum (striped) extent of MSN lesions. The re- 
gions of the lateral septum and diagonal band 
are undamaged. Abbreviations: AC, anterior 
commissure; CP, caudate putamen; FRH, 
rhinal fissure; mfb, medial forebrain bundle; 
PO, preoptic area; and SL, lateral septal nu- 
cleus. 
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us (12). It can thus be hypothesized that 
lesions restricted to the MSN impair NM 
conditioning more than large septal or 
hippocampal lesions, because major 
pathways conveying abnormal hippo- 
campal activity would be left intact. Al- 
so, such specific disruption of the septo- 
hippocampal system during NM condi- 
tioning of rabbits can address questions 
concerning the task specificity of septo- 
hippocampal processes. If septal damage 
disrupts nonspatial learning (such as NM 
conditioning), arguments can be made 
for a septal role in learning common to 
both spatial and nonspatial tasks. 

With these questions in mind, we as- 
sessed the effects of small, theta-dis- 
rupting MSN lesions on NM condi- 
tioning, hippocampal EEG, and mul- 
tiple-unit activity of the CA1 area of the 
dorsal hippocampus. Fourteen New Zea- 
land White rabbits (Orvctolagus cunicu- 
Ills) had stainless steel insect pins, in- 
sulated except for 50 to 70 ,pm at the tip, 
implanted in the dorsal hippocampus for 
recording EEG and unit activity. All sur- 
gery was performed under halothane 
anesthesia, and electrodes were local- 
ized by a combination of stereotaxis and 
physiological recording during implanta- 
tion. Skull screws and dental acrylic se- 
cured the recording electrodes to the 
skull. One skull screw served as a refer- 
ence for recordings. Seven of the rabbits 
received midline septal lesions as fol- 
lows. An insect pin insulated except for 
200 Jim at the tip, was lowered along the 
midline of the forebrain until the charac- 
teristic bursting pattern of MSN cells 
was observed. The electrode was low- 
ered further until this bursting began to 
fade, at which point a d-c electrolytic le- 
sion was made. Two additional lesions 
were made, 0.5 and 1.0 mm dorsal to the 
original lesion. Current parameters were 
0.8 to 1.0 mA for 8 to 10 seconds at each 
placement. 

Animals were given 8 to 10 days to re- 
cover from surgery and were then condi- 
tioned according to a standard paradigm 
(7-9). They were trained to a criterion of 
eight of nine consecutive conditioned re- 
sponses (CR's) (13) or for a total of 4 
days. Each daily session consisted of 13 
blocks of trials [eight paired CS-UCS tri- 
als, and one test CS-alone trial per block 
(14)]. The CS was a 350-msec, l-kHz, 85- 
dB tone and the UCS was a 100-msec 
corneal air puff at 210 g/cm2, which be- 
gan 250 msec after CS onset and termi- 
nated with the CS. Prior to the first con- 
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