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Chronically Decerebrate Rats

Demonstrate Satiation But Not Bait Shyness

Abstract. Taste substances applied to the oral cavity result in either ingestion or
rejection, each with a characteristic muscular response pattern. These responses are
the same in decerebrate and intact rats; the caudal brainstem appears to be the
neural substrate of ingestion and rejection responses. The experiment determined
whether decerebrates can alter these discriminative responses as a function of food
deprivation or toxicosis. Food-deprived decerebrate rats, like intact ones, ingested a
taste substance they had rejected when sated. However, these same decerebrates, in
contrast to controls, neither rejected nor decreased ingestive reactions to a novel
taste after that taste had been repeatedly paired with lithium chloride-induced
illness. Although the forebrain may be important for integrating ingestion, some
aspects of this control seem to be represented in caudal brain areas.

Although many complex reflex se-
quences exist within the spinal cord and
caudal brainstem (/), the integration and
control of these sequences required for
normal behavior has usually been attrib-
uted to higher levels of the brain. Bard
(2) concluded that structures caudal to
the hypothalamus are incapable of alter-
ing consummatory responses as a func-
tion of visceral or humoral variables.
Bard’s version of Jacksonian neurology
provides the basis for most current inter-
pretations of the effects of hypothalamic
and other limbic system lesions and elec-
trical stimulation on attack, copulation,
grooming, thermoregulation, and food
and water intake (3, 4).

Neural models for maintaining energy
balance have hypothesized hypothalam-
ic mechanisms for controlling both the
initiation and cessation of feeding behav-
ior (3). The metabolic monitors neces-
sary to effect this control were also pre-

TRIAL |

7w
A

sumed to be located within the hypothal-
amus. Recently, the hegemony of the
hypothalamus has been effectively chal-
lenged by experiments demonstrating
the importance of systems outside the
hypothalamus, and even outside the
brain, in controlling feeding behavior (5).
Nevertheless, the predominant assump-
tion remains that the forebrain controls
ingestive behavior even if some of the
requisite information comes from the pe-
riphery.

In contrast, Garcia has suggested that
the peculiar associability of gustatory
and visceral stimuli evidenced in bait
shyness (6) may reflect the intimate rela-
tionship of gustatory and visceral af-
ferents within the nucleus of the solitary
tract (7). Therefore, one might predict
that a decerebrate animal could alter its
ingestive behavior as a consequence of
illness, but not of repletion. We have
found just the opposite. The chronically

Fig. 1. Taste reactivity for unpaired and paired stimuli. Sucrose, NaCl, and HCI stimuli when
presented intraorally in 50-ul presentations elicit an ingestion sequence composed of rhythmical
movements of mandible and tongue and lateral tongue flicks (trial 1). After a single pairing of the
taste stimulus with LiCl injection, the taste elicits a replica of the rejection response to quinine.
This rejection response is composed of gaping, chin rubbing, and paw shakes (trial 2).
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decerebrate rats clearly altered their in-
gestive behavior as a result of repletion,
but did not easily demonstrate learned
taste aversion.

Decerebration at the supracollicular
level was performed in two stages with a
hand-held spatula (8). Despite loss of the
forebrain, the chronically decerebrate
rat maintains a righted posture, grooms
spontaneously, and will walk, run, and
jump when stimulated (9, 10). The de-
cerebrate does not effectively thermo-
regulate and is permanently aphagic and
adipsic (11). In order to assess ingestive
behavior in aphagic, adipsic animals, we
developed a taste reactivity test (12). We
videotaped the oral-facial responses that
occurred after we injected small, cali-
brated volumes (0.05 ml) of taste solu-
tions directly into the oral cavity through
permanent intraoral fistulas. The video-
tapes were examined frame by frame, so
that each component of the response
could be characterized, sequenced, and
timed.

In intact rats, taste stimuli elicit one of
two response patterns. Sucrose, NaCl,
and HCI elicit low-amplitude mouth
movements, tongue protusions, and lat-
eral tongue flicks; the stimulus is ingest-
ed. Quinine elicits gapes followed by
chin rubs, head shakes, face washes,
paw shakes, and then paw wipes; the
stimulus is rejected. Both responses are
highly stereotypic in form, sequence,
and timing of the components, both with-
in and across rats. Since the response
components associated with sucrose,
NaCl, and HCI do not overlap those as-
sociated with quinine, the behaviors are
easily differentiated once the videotape
has been slowed somewhat. After a
single pairing with an intraperitoneal in-
jection of LiCl, a taste stimulus that nor-
mally elicits ingestion will then evoke an
exact replica of the response to quinine.
This altered taste reactivity is robust,
discriminative, and persists for approxi-
mately 1 month in the intact rat (13).

In experiment 1, five decerebrate and
two full surgical control rats (14) were
examined for their capacity to retain the
altered taste reactivity acquired during a
pairing of a taste with LiCl before the
transection was made and were reexam-
ined after transection for the capacity to
acquire the same association. To control
for the possibility that the capacity to ac-
quire or retain associations was present
in the decerebrate but not operative be-
cause of a decrease in endogenous arous-
al, rats were also tested during exoge-
nous arousal under conditions of tail
pinch and amphetamine injection (15).

The decerebrate rats neither retained
nor acquired an association of a taste
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with the LiCl even under conditions of
exogenous arousal. While intact rats
substituted rejection for ingestion after a
single pairing (Fig. 1), decerebrates in-
gested the taste solution as if no pairing
had occurred. Decerebrates were ex-
posed to one bout of four daily taste-LiCl
pairings before and two after transec-
tion, a total of 12 such pairings. Although
each bout contained four times the pair-
ings necessary to develop an association
in a normal rat, it is possible that ex-
posing these decerebrate rats to an even
greater number of pairings might still
demonstrate associative regulatory func-
tion. If evidence of an association did ap-
pear after, say, 25 pairings, when it re-
quires only a single trial in control rats,
we would need to determine whether the
associative mechanism of the decere-
brate was not qualitatively as well as
quantitatively different from that of nor-
mal rats (16, 17).

Attempts to demonstrate classical
conditioning of eye-blink and respiratory
responses in chronically decerebrate rats
and cats have suffered because it has
been impossible to determine whether

Table 1. Actual values of a 0.03M sucrose
stimulus ingested by decerebrate and control
rats when the stimulus was presented intra-
orally in 50-ul samples every 5 seconds. In-
gestion of this taste stimulus was examined
when the rats were sated and when they were
deprived of food and water for 24 and 48
hours. The 48-hour deprivation was not com-
plete in that rats ingested some fluid during
the 24-hour deprivation session that immedi-
ately preceded it. Difference values compare
each deprivation condition with the sated con-
dition that most closely preceded it.

Amount consumed (ml)

Sub- Deprived Differ-
ject e — ence
J Sated 24 48
hours hours
Chronically decerebrate rats
65 2.8 13.4 10.6
4.0 20.0 16.0
1.6 12.0 10.4
15.8 14.2
69 2.9 20.0 17.1
0.8 17.4 16.6
2.5 16.6 14.1
20.0 17.5
66 2.2 6.8 4.6
34 16.3 12.9
2.9 154 12.5
13.2 10.3
Control rats
64 11.7 15.7 4.0
9.8 12.5 2.3
9.8 16.3 6.5
10.6 0.8
68 2.0 8.3 6.3
4.6 9.8 5.2
2.5 8.0 5.5
8.8 6.3

the associative capacity of the decere-
brate is in any way comparable to that of
intact animals (16, 17). The slower rates
of acquisition, lower percentages of con-
ditioned responses, and greater degree of
intersession extinction argue strongly
against complete association mecha-
nisms restricted to the caudal brainstem.
In fact, Lovick and Zbrozyna have sug-
gested that the process of consolidation
of newly acquired information is either
absent or severely impaired in chronical-
ly decerebrate rats (/7). Our findings se-
riously question the existence of associa-
tive neural mechanisms restricted to the
caudal brainstem.

In experiment 2 we examined whether
these same rats could respond to hunger
and satiation, that is, alter how much of a
constant taste stimulus they would ingest
as a function of hours of food and water
deprivation. Every S seconds, 50 ul of a
0.03M sucrose stimulus was injected in-
traorally. Taste reactivity to this con-
stant stimulus was examined under two
conditions: sated (1 hour after tube-feed-
ing) and deprived (24 or 48 hours since
last tube-feeding) (/8). Termination of in-
gestion was operationally defined as an
active or passive removal of the sucrose
stimulus from the oral cavity that per-
sisted through each of two 30-second no-
stimulus pauses. In the sated condition,
response termination was almost always
characterized by a substitution of a quin-
ine-like rejection sequence for the inges-
tion sequence. In order to control for the
specificity of the response elicited by
0.03M sucrose, 1.0M sucrose and dis-
tilled water were also tested when the
animals were sated.

The same decerebrate rats that failed
to alter their response as a function of a
previous, viscerally applied stimulus
(LiCl, injected intraperitoneally) did
change their responses as a function of
an ongoing visceral stimulus (food in the
gut). Table 1 depicts the volume of
0.03M sucrose ingested by decerebrate
and full surgical control rats when they
were sated or deprived of food and water
for 24 to 48 hours. More data will be re-
quired in order to determine whether the
decerebrates are more sensitive to the
deprivation-repletion variable than the
controls.

In all sated rats, the termination of
weak sucrose ingestion was overcome
by injecting a more concentrated (1.0M)
sucrose solution. Since the test animals
were maintained on a liquid diet, both
food and water were withheld during
deprivation. To test the possibilities that
the weak sucrose stimulus was inter-
acting with water deprivation to yield in-
creased ingestion or that deprivation was
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sufficiently arousing to increase the in-
gestion of any stimulus, the same experi-
ment was repeated with distilled water
substituted for 0.03M sucrose as the
taste stimulus. Under these circum-
stances the amount consumed by both
decerebates and controls during de-
privation did not differ from the amount
consumed when they had just been fed
u9).

Hunger has been operationally defined
as an increase in food consumption as a
function of food deprivation; satiation is
defined conversely (20). Our data sup-
port the hypothesis that at least some of
the normal control mechanisms of hun-
ger and satiation are restricted to the
caudal brainstem. Previously these
mechanisms had been assigned exclu-
sively to hypothalamic-forebrain struc-
tures.

The two experiments reported here
are parallel in that they examine whether
the response to a constant stimulus is al-
tered as a function of changes in internal
state; they differ in that in one case the
viscerally applied stimulus is ongoing
(food in the gut) and in the other the
stimulus was applied previously (LiCl in
the gut). The decerebrate rat required
that the visceral stimulus be ongoing or
present in order for ingestion of a taste
stimulus to be replaced by rejection. It is
conceivable that if the decerebrate ani-
mal were tested during rather than after
the period of LiCl stimulation, the
formerly accepted taste would be re-
jected. Although the hypothalamus or
forebrain may be instrumental in con-
trolling ingestion, the data suggest that
aspects of this control may also be repre-
sented at other, more caudal levels of the
mammalian brain.

HARVEY J. GRILL*
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Ponto-Geniculo-Occipital (PGO) Burst Neurons: Correlative

Evidence for Neuronal Generators of PGO Waves

Abstract. A newly discovered class of neurons, ponto-geniculo-occipital (PGO)
burst neurons, has PGO wave relationships of phase-leading, stereotyped discharge
bursts, and the highest reported discharge specificity and coherence; these neurons
thus fulfill correlative criteria for output generator neurons for PGO waves. The PGO
burst neurons are recorded in a discrete dorsal brainstem area in apposition to the

brachium conjunctivum.

Ponto-geniculo-occipital (PGO) waves
are electroencephalographic spikes re-
corded in pons, lateral geniculate nuclei
(LGN), and occipital cortex just before
and during desynchronized sleep epi-
sodes. Because of their possible role in
information generation and transmission
from brainstem to forebrain sites in a
number of behavioral and developmental
conditions, PGO waves have attracted
the interest of workers in sleep physiolo-
gy, visual system function, pharmacol-
ogy, and developmental plasticity (/).
Studies employing lesion, cooling, and
macropotential recording techniques
have outlined the projection pathways of
PGO waves from pons to LGN and to vi-
sual cortex (2), thus opening the way for
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investigations at the cellular level to pro-
vide critical information on the local-
ization and function of neurons involved
in PGO wave generation and transmis-
sion.

As a first step in defining the neuronal
network involved in the chain of events
leading to PGO wave generation, it is im-
portant to identify the set of neurons
forming the last link of this chain, that is,
to identify a set of output neurons for
PGO wave generation. Once such neu-
rons have been identified one can work
backward in the PGO generation net-
work, tracing the inputs to these final
stage or output cells. We reason that cri-
teria for identification of such output
generator cells for PGO waves should in-
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