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TRULSON, M. E. Biological bases for the integration of appetitive and consummatory grooming behaviors in the cat: A
review. PHARMAC. BIOCHEM. BEHAV. 4(3) 329-334, 1976. — Cats with pontile lesions, frontal neocortical lesions,
and thyroidectomized cats display a dissociation of the appetitive and consummatory components of grooming behavior
following tactile stimulation of the body surface, an abnormal behavior which waxes and wanes with the seasons of the
year. Tryptophan hydroxylase activity and serotonin levels were significantly decreased in the superior colliculi (but not
other brain regions) in cats with pontile lesions or frontal neocortical lesions, but not in thyroidectomized cats.
Systemic administration of 5-hydroxytryptophan or monoamine oxidase inhibition plus tryptophan administration
abolishes the abnormal grooming behavior in each group of cats, and microinjections of 5-hydroxytryptophan or
serotonin into the superior colliculi has the same effect, indicating that the change in a serotonergic system is a critical
aspect of the abnormal behavior in cats with lesions and that a serotonergic system may also be involved in the genesis
of the abnormal grooming behavior in thyroidectomized cats. Functional inactivation of the serotonergic system by
p-chlorophenylalanine, LSD, or serotonin receptor blockade does not induce the abnormal grooming behavior in normal
cats, indicating that other factors are involved. Cats with lesions and thyroidectomized cats display a rhythmic
dysfunction in the excretion of glucocorticoids, and glucocorticoid administration abolishes the abnormal grooming
behavior, suggesting that glucocorticoids are the other critical factor. Adrenalectomized cats do not display the
abnormal grooming behavior, but when adrenalectomized cats are treated with p-chlorophenylalanine, the abnormal
behavior appears. Thus, a serotonergic system in the superior colliculi, operating at some level of glucocorticoid

function, is involved in the integration of appetitive and consummatory grooming behaviors.
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ALL major systems of behavior consist of complex compo-
nents which are an integration of appetitive (learned) and
consummatory (unlearned) behaviors put together into the
adult, functional form. The concepts of appetitive and
consummatory behaviors were developed by Sherrington
[42] and elaborated by Craig [14]. Appetitive behavior is
characterized by restless, varied forms of activity which
serve to orient the animal toward the goal object. The
consummatory action is an innate response which exhibits
species-specific constancy. The genetically fixed, consum-
matory components of behavior appear first in ontongeny
and with superimposed maturational and learning processes,
emerge into the adult form [14]. The European ethologists
(e.g., Lorenz & Tinbergen [26]) have emphasized the
importance of the appetitive-consummatory behavioral
dichotomy.

The physiological mechanisms underlying the integration
of the appetitive and consummatory components of
behavior is an issue of great theoretical importance, since
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knowledge of these mechanisms would provide valuable
information concerning brain function. In studying the
integration of appetitive and consummatory behaviors, the
two components must first be separated, after which the
physiological bases for their integration can be investigated.
This type of investigation is possible in the case of
grooming behavior, because there are ways to separate
consummatory from appetitive components of the behav-
ioral sequence. The present paper reviews studies on the
anatomical and biochemical bases for the integration of
appetitive and consummatory grooming behaviors in the
cat.

The cat (Felis catus L.) displays three types of con-
summatory grooming responses: bites, licks, and scratches.
The scratch is used to groom the head, neck, and shoulders
and the bite and lick are used to groom the posterior
portion of the body and the extremities. In the normal
adult cat the appropriate consummatory response Occurs
after the tongue, teeth, or claws have been guided to the
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proper site on the body surface by the appetitive compo-
nents of grooming behavior. That is, the appetitive and
consummatory components of grooming behavior normally
occur in a well integrated sequence, which is required to
achieve the goal of maintaining a clean body surface.

Dogs and cats with frontal neocortical lesions were
reported to display biting, licking and scratching move-
ments when their body surfaces were tactually stimulated,
as first described by Goltz, [21] in a dog, and later by
Schaltenbrand and Cobb {39], Bard and Rioch [6] and
Bradford [10] for cats. Randall [32] observed that cats
with pontile lesions also displayed these elicitable biting,
licking, and scratching movements, and we therefore
undertook a systematic investigation of this behavioral
phenomenon. Careful examination of these abnormal
behaviors in cats with bilateral frontal neocortical lesions
(which included all of the neocortex rostral to the ansate
and anterior ectosylvian sulcus and dorsal to the rhinal
fissure) and in cats with bilateral pontile lesions (which
destroyed portions of the paralemniscal and central
tegmental fields, pontile nuclei, middle cerebellar peduncle,
and medial and lateral lemnisci) revealed that the elicitable
movements were nondirected consummatory grooming
bites, licks, and scratches.

Tactile stimulation of the body surface of a cat with a
frontal neocortical or pontile lesion elicits a consummatory
grooming bite, lick or scratch which appears immediately
after stimulation and is not directed to the body surface.
The type of response elicited is a response normally used to
groom the region of the body surface that is tactually
stimulated, and the best stimulus is one that simulates the
normal consummatory grooming response. For example,
scratching the cat on the neck or shoulders may elicit
scratching movements of the hind leg, tapping the midline
dorsal caudal area may elicit a consummatory grooming
bite, and gently moving a finger along the body surface may
elicit a consummatory grooming lick. But none of these
consummatory grooming responses are directed to the body
surface. Since the consummatory response occurs without
the appetitive or orienting behavior that normally precedes
it, the behavior is nonfunctional.

The classification of the elicitable movements as
grooming behavior is based mainly on topographical
criteria, For example, the elicited bite is a shallow
scratching bite with the incisors and the canines and has the
same frequency as the bite that is used by normal cats to
groom. The premolars and molars are used in eating. The
other kinds of bites, the prey-carrying bite, the kitten-
carrying bite, the killing bite, the sex bite, all differ in
frequency from the grooming bite and are not shallow bites
confined to the surface. Not only is the elicited bite a
grooming behavior, but the other elicitable behaviors
(licking and scratching) also match the topography of
normal consummatory grooming behaviors, and the type of
response elicited is a response that is normally used to
groom the region of the body surface that is tactually
stimulated. Furthermore, although the initial elicited con-
summatory responses occur in midair, i.e., completely
without an orienting component, when the stimulation
continues for many seconds the cat may direct the
consummatory response to his body surface and begin
functional grooming.

Thus, the identification of consummatory grooming
fragments is based on 4 criteria: (1) the topography of the
responses matches that of the normal grooming repertoire;
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(2) the response appears immediately after tactile stimula-
tion of the body surface and terminates immediately after
the stimulation is discontinued; (3) the responses are not
directed to the body surface but rather occur in midair; and
(4) the response can be repeatedly elicited by tactile
stimulation of a given area of the body surface. The locus
and size of the responsive area shows considerable variation.
In the studies reviewed below, a quantitative measure of the
responsive area was obtained using standard diagrams of the
right and left lateral views of a cat containing a grid pattern
of dots (see [50] for illustration). Imitation bites (tapping
the body surfaces), licks (gently moving a finger along the
body surface), and scratches (actually scratching the body
surface), were systematically directed to the cat’s entire
body surface, and the areas from which each type of
consummatory grooming fragment could be elicited were
entered on the diagram. The percentage of the body surface
from which consummatory grooming fragments could be
elicited was calculated by computing the fraction of the
total number of dots enclosed within the responsive area.

Longitudinal monitoring of the behavioral abnormality
in cats with lesions revealed that the size of the responsive
area varies with the seasons of the year. The abnormality is
most pronounced during the fall of the year, and an
abnormal behavioral trough occurs during the summer
[38]. The degree of the abnormality is at an intermediate
level during the winter and spring. These variations occur in
cats with lesions that are individually caged in a room kept
at constant temperature, but with the lighting schedule
synchronized with external lighting. Thus, the fluctuations
in the abnormal grooming behavior may be related to
changes in photoperiod or total luminous flux.

Histological signs of thyroid dysfunction (i.e., hyper-
plasia and colloid reduction in thyroid glands) were
observed in cats with pontile lesions [32], and the
rhythmical fluctuations in the size of the responsive area
were found to coincide with fluctuations in thyroid activity
[33]. This evidence suggested that thyroid hormones may
be a critical factor for the lesion induced behavioral
abnormality. Therefore, we thyroidectomized a group of
normal cats and found that the same type of abnormal
grooming behavior observed in cats with lesions also occurs
in thyroidectomized cats, and that the size of the respon-
sive area waxed and waned with the seasons of the year as
in cats with lesions [36]. Subsequent studies, however,
provided evidence that thyroid dysfunction is not a factor
in the development of the abnormal behavior in cats with
lesions. Thyroid hormone administration, which abolishes
the abnormal grooming behavior in thyroidectomized cats,
does not affect the abnormal behavior in cats with lesions,
and thyroid hormone levels (thyroxine and triiodothyro-
nine) in the brain and plasma of cats with lesions are not
changed [36]. In a second longitudinal study of the
correlation between the size of the responsive area and
thyroid activity, thyroid function and seasonal variations in
the abnormal behavior were not correlated [37]. The
lesions apparently produce changes in certain measures of
thyroid function, but these changes are incidental and not
related to the modification of grooming behavior. The fact
that thyroidectomized cats display the same abnormal
behavioral rhythm as cats with lesions supports the conclu-
sion that thyroid activity and size of responsive area are not
related. Thus, thyroid hormones are not involved in the
mechanism producing grooming fragments in cats with
lesions, and the mechanism by which thyroidectomy and
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TABLE 1

SUMMARY OF PHARMACOLOGICAL STUDIES ON THE ABNORMAL GROOMING BEHAVIOR*

MAOI plus o
Group SHTP Tryptophan Tryptophan PCPA DOPA  Glucocorticoids
Normal — — — 051 — —
Pontile 151 147 031 Ts1 035 136
Lesion
Frontal 147 147 od7 T47 46 lag
Neorcortical
Lesion
Thyroidectomy 146 147 46 T46 046 136
Adrenalectomy — — — T4 — —
Adrenalectomy It — - _ _ IE:
plus PCPA

*o, no effect on the degree of the grooming abnormality; T, ingreases the degree of the groomi.ng
abnormality; { , decreases the degree of the grooming abnormality; —, not tested. The superscript
numbers indicate the reference for each study, and f refers to data presented in this report.

lesions of the central nervous system (CNS) induce the
same abnormal grooming behavior remained to be eluci-
dated.

We then began a series of pharmacological studies
designed to provide information concerning possible
biochemical changes involved in the genesis of the abnormal
grooming behavior. The results of these studies are sum-
marized in Table 1. Systemic administration of
5-hydroxytryptophan (SHTP), which increases the levels of
the neurotransmitter serotonin (5-hydroxytryptamine) in
the brain [28], temporarily abolished the abnormal groom-
ing behavior in cats with lesions and in thyroidectomized
cats [46, 47, 51), while systemic administration of
dihydroxyphenylalanine (DOPA), which increases cerebral
catecholamine levels [28], had no effect on the abnormal
behavior [35,46]. SHTP abolishes the abnormal grooming
behavior at a dose which produces no other dramatic
behavioral changes. Pharmacological inhibition of central
L-aromatic amino acid decarboxylase, which converts SHTP
to serotonin, blocked the effectiveness of SHTP in abolish-
ing the abnormal grooming behavior, indicating that SHTP
must be converted to serotonin to have its behavioral effect
[35]. Administration of tryptophan, the initial precursor in
serotonin biosynthesis, had no effect on the abnormal
grooming behavior [46, 47, 51]. This is attributable to the
fact that the activity of the enzyme tryptophan hydroxy-
lase, which converts tryptophan to SHTP, is rate limiting in
the synthesis of serotonin [27], and administration of even
very high doses of tryptophan produces only small increases
in serotonin levels [29]. When tryptophan is administered
in combination with a monoamine oxidase (MAO)
inhibitor, (e.g., tranylcypromine or pargyline) thus blocking
the catabolism of serotonin as well as increasing precursor
levels, the concentration of serotonin within serotonergic
neurons is substantially increased [1,22]. This treatment
abolishes the abnormal grooming behavior in cats with
pontile or frontal neocortical lesions and in thyroidecto-
mized cats [47]. Since MAO inhibitors do not increase
catecholamine levels in cats [17, 41, 43}, this is evidence
for a specific involvement of serotonin. Administration of a
tryptophan hydroxylase inhibitor, p-chlorophenylalanine
[PCPA], to deplete serotonin [25, 49, 55] in cats with

lesions or in thyroidectomized cats displaying few or no
grooming fragments (because of spontaneous seasonal
reversions, discussed above) increases the degree of the
behavioral abnormality [46, 47, 51]. Thus, serotonin was
implicated in the mediation of the abnormal grooming
behavior.

Virtually all serotonin in the CNS is contained within
the cell bodies of the brainstem raphe complex and their
axon processes, which innervate all levels of the neuraxis
[15, 20, 53]. The next important question was the locus in
the CNS where serotonin exerted its effect of abolishing
grooming fragments. Since the abnormal grooming behavior
occurs only after tactile stimulation of the body surface, we
ablated brain regions known to receive somesthetic input.
When the superior colliculi were ablated in cats with lesions
or thyroidectomy, the abnormal grooming behavior could
no longer be elicited [46,51]. We then began a series of
studies involving microinjections of substances directly into
various brain ~regions through chronically implanted
cannulae in freely moving cats. Microinjections of SHTP or
serotonin (but not gamma-amino-butyric acid, norepineph-
rine, tryptophan or vehicle) into the superior colliculi (but
not other brain regions) abolished the abnormal grooming
behavior in cats with lesions or thyroidectomy [46,51].
These data suggested that there was a defect in serotonin
metabolism in the superior colliculi of cats that displayed
the abnormal grooming behavior. Neurochemical studies
revealed that tryptophan hydroxylase activity and
serotonin levels were significantly decreased in the superior
colliculi (but not in the hypothalamus, dorsal thalamus,
cerebral neocortex or cerebellum) in cats with lesions, but
no changes were found in thyroidectomized cats {47,50].

The decrease in tryptophan hydroxylase activity and
serotonin levels in the superior colliculi after pontile or
frontal neocortical lesions cannot be explained in terms of
the interruption of direct projections of serotonergic
neurons, since there are no serotonergic cell bodies or fibers
of passage in the regions of the lesions [31]. This indicates
that the changes are mediated transneuronally. The seroto-
nergic system that projects to the superior colliculi may
receive a facilitatory input from the frontal neocortical and
pontile regions, and lesioning these areas would decrease
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the activity of these neurons. Both the frontal neocortical
and pontile lesions interrupt fibers to the raphe nuclei
[11,40], as well as to the superior colliculi [3,44]. Several
studies have reported a positive correlation between nerve
impulse flow and neurotransmitter synthesis. For example,
LSD, which decreases the discharge rate of serotonergic
neurons by acting directly on the cell body [2], or section
of monoamine fiber systems leads to a decrease in serotonin
synthesis and turnover [13,19]). Since the pontile and
frontal neocortical lesions do not directly interrupt seroto-
nergic neurons, the change in serotonin metabolism seen in
the superior colliculus may be a secondary change due to a
decrease in nerve impulse flow.

The fact that either SHTP or MAO inhibition plus
tryptophan administration abolishes the abnormal groom-
ing behavior in thyroidectomized cats suggests that thyroid
hormones may affect serotonergic neurons. However,
neither tryptophan hydroxylase activity nor serotonin
levels were significantly decreased in thyroidectomized cats
[47]. Recent studies have indicated that thyroid hormones
affect the sensitivity of monoamine receptors in the CNS
[16,23], and the defect in the serotonergic system follow-
ing thyroidectomy may be a decrease in receptor
sensitivity.

If a decrease in the availability of serotonin at receptors
is the only critical change required to induce the abnormal
grooming behavior, then pharmacological manipulations
which produce this defect should induce the abnormal
grooming behavior in normal cats. However, neither
systemic nor local (superior colliculi) injections of PCPA
induced the abnormal grooming behavior in normal cats
[50,51]. Similarly, administration of serotonin receptor
blocking agents (Cinnaserin or methysergide) or LSD,
which also inactivate the brain raphe-serotonin system
[2,49], did not produce the abnormal behavior in any of
the normal cats tested [47]. Therefore, it appeared that
pontile lesions, frontal neocortical lesions and thyroidec-
tomy produced some other change that was critical for
inducing the abnormal grooming behavior.

Because the activity of the endocrine system shows
prominent seasonal variations, the seasonal variations in the
degree of the behavioral abnormality suggested that some
endocrine factor may be involved. Investigation of this
question revealed a rhythmical dysfunction in the urinary
excretion of 11-hydroxycorticoids, which was inversely
correlated with the size of the responsive area in cats with
lesions and in thyroidectomized cats [34,36]. That is,
glucocorticoid excretion was low when the behavioral
abnormality was most prominent. If the glucocorticoid
defect was a critical feature of the abnormal grooming
behavior, then glucocorticoid administration would be
expected to change the abnormal behavior. Systemic
administration of glucocorticoids abolished the abnormal
grooming behavior in cats with lesions and in thyroidec-
tomized cats [36,48]. Furthermore, microinjections of
glucocorticoids into the superior colliculi also abolished
grooming fragments [48]. The abnormal grooming behavior
could not be induced by adrenalectomy [34,47], indicating
that the behavioral abnormality is not related solely to
glucocorticoid activity. This suggested that, even though
there are interrelationships between serotonin metabolism
and glucocorticoids [4, 5, 30], the lesions and thyroidec-
tomy produce two independent defects which induce the
abnormal grooming behavior.
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To test the hypothesis that the lesions and thyroidec-
tomy produce 2 independent defects, the following experi-
ment was performed. A group of normal, adult male cats
received bilateral adrenalectomies according to the method
of Hopcroft [24] and were maintained on a saline drinking
solution, while an additional group of normal cats received
sham surgery. Two weeks after surgery each cat received daily
injections of PCPA (methyl ester HCl, 150 mg/kg/day, IP).
The abnormal grooming behavior appeared in each of the
adrenalectomized cats after 3 to 5 consecutive days of
PCPA administration, while none of the sham operated
controls receiving PCPA displayed any of the abnormal
behavior. The abnormal grooming behavior in PCPA-treated
adrenalectomized cats could be abolished by systemic
administration of either SHTP (25 mg/kg, IM) or gluco-
corticoids (30 mg/kg/day for 3 consecutive days, IM)
(Trulson, unpublished data). These data indicate that critical
deficits in both serotonin and glucocorticoids are required
to produce the abnormal grooming behavior. Because
adrenalectomy or serotonin depletion alone do not induce
the abnormal grooming behavior, pontile lesions, frontal
neocortical lesions and thyroidectomy apparently produce
2 deficits independently, i.e., the serotonin defect is not a
sequela of the glucocorticoid defect, and vice versa.

Variations in levels of serotonin may be responsible for
the seasonal variation in the abnormal behavior. Seasonal
variations in serotonin have not been investigated in the cat,
but an annual rhythm in cerebral serotonin levels has been
found in the rat [54]. The seasonal variations in the
abnormal grooming behavior are probably not mediated by
serotonergic neurons indirectly via an effect on glucocorti-
coids {30] because PCPA induces the abnormal grooming
behavior in adrenalectomized cats, and the abnormal
behavior may then be attenuated by administering SHTP.
Thus even though serotonergic neurons may regulate
adrenalcortical function, the PCPA effect of inducing the
abnormal behavior is independent of any direct action on
the adrenal cortex but requires lowered levels of gluco-
corticoids as a requisite condition. Similar quantitative
effects on the abnormal behavior have also been obtained
with glucocorticoids: when the abnormal grooming
behavior is induced in adrenalectomized cats with PCPA,
the abnormal behavior can then be abolished by the
administration of glucocorticoids. Thus the situation is
complex and either rhythmic variations in serotonin or
glucocorticoids (or the rhythmic interactions of the 2) may
account for the spontaneous reversions of the abnormal
grooming behavior. It is clear (1) that decreased serotonin
and glucocorticoids are essential and sufficient conditions
for inducing the abnormal grooming behavior, and (2) that
either exogenous S5HTP or exogenous glucocorticoids is
sufficient to abolish the abnormal grooming behavior.

Grooming is an important adaptive behavior, the
essential function of which is to maintain the integrity of a
surface that separates two radically different environments.
Many diverse and complex behavioral repertoires are
involved in grooming behavior so that “care of the body
surface behavior” is listed as a “major instinct” by
Tinbergen [45] and Fletcher [18], together with such
behaviors as eating, drinking, reproductive behavior and
sleep. The survival value of grooming (as well as eating,
drinking, etc.) concerns homeostasis [12]. While eating and
drinking make direct contributions to the internal milieu,
grooming has the critical and unique function of maintain-
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ing the requisite boundary for the homeostated system. A
large amount of time is spent in grooming the body surface.
Grooming behavior occupies 40% of the awake time of rats
[91 and 67% of the nonsleeping, nonresting time of cats
[52]. Any procedure which decreases the efficiency of
grooming (e.g., toe amputations or limb paralysis) has
immediate deleterious effects and may cause the death of
the animal [7,8]. Time lapse film analysis of spontaneous
grooming behavior in cats with pontile lesions, frontal
neocortical lesions, and thyroidectomized cats revealed that
each group of cats spent less of their total time grooming
and were less efficient in grooming than normal cats [52].
In some of these cats the fur becomes thick and matted,
and skin lesions develop. The superior colliculus is not
essential for the integration of appetitive and consumma-
tory grooming behaviors because cats with superior colliculi
lesions display spontaneous grooming behavior. However,
cats with lesions of the superior colliculi also spend less of

their total time grooming and are less efficient in grooming
than normal cats.

The classical view of the functions of the superior
colliculus is in terms of correlation and sensation. The
studies reviewed here indicate that a serotonergic system in
the superior colliculus, operating at some level of gluco-
corticoid function, is involved in relating somesthetic
sensation to the integration of appetitive and consumma-
tory grooming behaviors. Perhaps some of the correlation
and sensation mediated by the superior colliculus and its
prominent serotonergic input involves the correlation of
appetitive and consummatory grooming behaviors until the
sensation of a clean body surface is obtained.
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