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Summary-- The present study provides evidence that a serotonergic system in the superior colliculus 
is involved in the regulation of grooming behaviour. Significant decreases in tryptophan hydroxylasc 
activity and serotonin content were found in the superior colliculi of cats with pontile lesions and 
firontal ncocortical lesions. which display a dissociation of appetitive and consummatory grooming 
behaviours. Neither tryptophan hydroxylase activity nor serotonin content were significantly changed 
in thyroidectomircd cats. which display the same abnormal grooming behaviour. SHydroxytryptophan 
administration or monoamine oxidase inhibition plus tryptophan administration abolished the abnor- 
mal grooming bchaviour in each of the three groups of cats. suggesting that the change in a serotonergic 
system is a critical aspect of the abnormal bchaviour in cats with pontile lesions and frontal neocortical 
lesions. and that a serotonergic system may also be involved in the genesis of the abnormal grooming 
behaviour in thyroidectomired cats. Functional inactivation of the serotonergic system by lysergic 
acid diethylamide administration or by serotonin receptor blockade did not induce the abnormal 
grooming behaviour in normal cats. indicating that other factors arc involved in the genesis of the 
abnormal behabiour. Previous studies indicated that glucocorticoids are the other critical factor. 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 behaviours. These data provide 
the first demonstration of the biological mechanisms underlying the integration of the appetitive 
(learned) and consummatory (unlearned) components of instinctive behaviour. 

An abnormal grooming behaviour. consisting of a dis- 
sociation of the appetitive and consummatory com- 
ponents of the behavioural sequence following tactile 
stimulation of the body surface, occurs in cats with 
pontile lesions (RANDALL. 1964). cats with frontal neo- 
cortical lesions (TRIILSON, NICOLAY and RANDALL. 

1975) and in thyroidectomized cats (TRULSON, 1974). 
The appetitive and consummatory components of 
grooming behaviour normally occur in a well- 
integrated sequence. but during the abnormal behav- 
ioural state tactile stimulation of the cat’s body sur- 
face elicits a consummatory grooming bite, lick. or 
scratch (the type of response elicited is a response 

normally used to groom the region of the body sur- 
face that is tactually stimulated) which appears im- 
mediately and is not directed to the body surface. 
Since the consummatory response occurs without the 
appetitive or orienting behaviour that normally pre- 
cedes it, the behaviour is non-functional. The disso- 
ciated grooming behaviour is of theoretical interest 
because it provides a model for studying the anatomi- 
cal and biochemical bases of the classical appetitive- 
consummatory behavioural dichotomy of SHERRING- 
TON (1906) and CRAIG ( 19 18). Also, grooming behav- 
iour is important because it maintains a health 
boundary required for homeostasis and, therefore. for 
life itself. Another interesting aspect is the rhythmical 
nature of the behavioural abnormality: the percentage 
of the body surface from which the grooming frag- 
ments can be elicited varies with the seasons of the 
year (RANDALL and PARSONS. 1972). 

Systemic administration of S-hydroxytryptophan 
(5-HTP). the immediate precursor of the putative 
neurotransmitter scrotonin (5-HT) in the central ner- 
vous system. abolishes the abnormal grooming beha- 
viour in cats with pontile lesions (TRIILSON and RAN- 

DALL, 1973) and in thyroidcctomized cats (TRULSON, 
1974). Microinjections of 5-HTP or 5-HT into the 
superior colliculus (but not other brain regions) also 
abolishes the abnormal behaviour in cats with pontile 
lesions (TRULSON and RANDALL, 1973), indicating that 
a defect in the serotonergic system in the superior 
colliculus may be an essential condition for the 
abnormal grooming behaviour. Pharmacological dep- 

letion of 5-HT does not induce the abnormal behav- 
iour in normal cats (TRULSON and RANDALL. 1973; 
TRUL%X e’t al., 1975) indicating that other factors 
may be involved. Another critical factor appears to 
be glucocorticoids, since adrenalectomized cats 

administered a 5-HT-depleting drug, p-chlorophenyl- 
alanine (p-CPA). display the abnormal grooming be- 
haviour (RANDALL, ELBIN and SWENSON, 1974). The 
present study further specifies the biological bases for 

the integration of appetitive and consummatory 
grooming behaviours in the cat. 

METHODS 

One-hundred and ten adult, male cats (F&s catus 

L.) were housed individually in a room under tem- 
perature control (22 + 1’C) and artificial lighting 
(lighting schedule synchronized with external light- 
ing). 
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Strict aseptic techniques were followed in all surgi- 
cal procedures. All cats were anaesthetized by intra- 
peritoneal injection of sodium pentobarbital (35 mgi 
kg) and administered 3,3-methylethylglutaramide 
(20 m&;kg) at the completion of surgery. 

Scvcntcen cats received stereotaxic. anodal pontile 
lesions bilaterally. as previously described (RANDALL, 
1964). Twenty six cats received bilateral lesions of the 
frontal neocortex. The neocortcx rostra1 to the ansate 
and anterior cctosylvian sulcus and dorsal to the 

rhinal fissure was removed by aspiration. Eleven cats 
received sham surgery: the surgical procedure was 

terminated when the dura was exposed. 
Sixteen cats were thyroidectomized using a com- 

hination of surgical and radioactive ablation tech- 
niqucs. The thyroid glands were removed. and one 
pair of parathyroid glands was implanted into a 
pocket in the sternomastoideus muscle. The cats were 
provided with a 1” ,, solution of calcium lactate for 
one week postoperatively. One week after the surgical 
lhqroidectomy each cat received a single intramuscu- 
lar injection of ’ 3 I I( I.3 mCi;k&) in order to ablate any 
accessory thyroid tissue. Six cats received bilateral 
adrcnalcctomy according to the method of HOKKOFT 
(1966). These cats were provided with an electrolyte 
solution (Vctrad-0, Don Hall Laboratories) for 
drinking. Because of the occasional occurrence of ac- 
cessory adrenal tissue. the adrenalectomizcd cats were 
tested for the presence of glucocorticoids. Blood and 
urine samples were collected from adrcnalectomized 

and control cats. and analyzed for 1 l-hydroxycorti- 
coids using the method of MATTIWLY (1962). Nine 
cats received sham surgery: incisions were made 
through the skin and muscle layers as in the endo- 

crine ablation groups. but no glands were removed. 

A quantitative measure of the degree of the beha- 
vioural abnormality was obtained using standard dia- 
grams of the right and left lateral views of a cat con- 

taining a grid pattern of dots (see TRC’LSON it d.. 

1975. for illustration). Imitation hitcs (sharply tapping 
the body surf:,tce), licks (gently moving a finger along 
the body surface), and scratches (actually scratching 
the body surface) were systematically directed to the 
cat’s entire hody surface. and the areas from which 
each type of consummatory grooming fragment could 
be elicited were entered on the diagram. The percent- 
age of the body surface from which consummatory 
grooming fragments could bc elicited was calculated 
by computing the fraction of the total number of 
dots cncloscd within the “responsive areas”. 

The cats were anaesthetized with sodium pentobar- 
bital (35 m&/k&, i.p.). The brains were removed and 
dissected on ice according to the method of TKULSON 

c’r trl. (1975). to ohtain the superior colliculi. dorsal 

thalamus. hypothalamus and cerebral neocortex. A 
ccrebellar ncocortical tissue sample, consisting of a 
large portion of the ansiform lobule and small frag- 
ments of the paraflocculus. was also obtained. In all 
cases, bilaterally symmetrical left and right tissue 
samples were obtained and homogenircd together for 
the tryptophan hydroxylasc assays. Tryptophan hyd- 
roxylase activity was assayed using the method of 
GAL and PATTI KSON (1973). 

The cats were anaesthetizcd with sodium pentobar- 

bital (35 m&/k&, i.p.). The brains were removed and 
dissected on ice to obtain the superior colliculi, dorsal 
thalamus, hypothalamus. cerebral neocortex and cere- 

beliar neocortex, as described ahovc. Serotonin was 
measured using a modification of the method of BW- 
DANSKI, PLI~TSCHI.K. BRODK and ULWNFKII:NI) ( 1956). 

The tissue samples were weighed and homogenized 
in I.5 ml cold 0, I M HCL containing O.Ol’:,, ascorbic 
acid. The 36,OOOg supernatant was adjusted to 

pH IO.0 with anhydrous sodium carbonate and satu- 
rated with sodium chloride. After adding 2.5ml hor- 
ate buffer (pH 10.0) the 5-HT was extracted into 
3.0 ml rl-hutanol. The butanol phase was transferred 
to centrifuge tubes containing 0.6 ml of 3 M HC‘I and 
lO+ml purified heptane. The tubes were shaken for 
IOmin and spun for 5 min. and the organic phase 
was removed by aspiration. Samples (0.5 ml) of the 
HCI were transferred to test tubes containing I,Oml 
of IO M HCl and 0.1 ml of I”,, cystoine solution. After 
adding 0.5 ml of OPT reagent (4 mg of ortho-phthal- 
aldehyde in IOOml of IO M HCl) and mixing thor- 

oughly. the tubes were heated in boiling water for 
I5 min. The reaction mixture was cooled to room 
temperature and the fluorescence was measured at 
480 nm with activation at 360 nm. 

The sire of the responsive area was determined for 
each cat before and after the pharmacological trcat- 
ments. and these measures were used to evaluate the 
effects of the various drugs on the abnormal grooming 
behaviour. 

TiJ~ptophan. 5-HTP untl p-(lzloroph~~n2’1ulaninr 

Llrlrnir2isr~cltiorl. Five cats with frontal neocortical 
lesions received a single injection of DL-S-HTP 
(25 m&/kg i.p.. in 0.3”:, gum tragacanth in physiologi- 
cal saline) and 3 cats with frontal neocortical lesions 
received a single injection of I,L-tryptophan (25 m&/ 
kg. i.p., in the same vehicle). Three cats with frontal 
neocortical lesions that were displaying few or no 
grooming fragments (because of spontaneous varia- 
tions) received p-CPA (I 50 mg/‘k& per day in gourmet 
cat food) for 5 consecutive days. Similar pharmacolo- 
gical studies have already been performed in cats with 
pontile lesions and in thyroidectomized cats (TKIJL- 
SON and RANI)ALL. 1973). 

illolloclrllirlc, o.sirlasc~ ill/Iihitioll ctrd tl~~~ptOplUlIl 

Llrl,rlirlistrtrtic,II. Four cats with pontilc lesions received 
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a single injection of trans-2-phenylcyclopropylamine 
(5 mg/kg. i.p.) in saline followed 3 hr later by a single 
injection of L-tryptophan (25 mg/kg, i.p.) in 0.3% gum 

tragacanth in saline. Four control cats with pontile 
lesions received a single intraperitoneal injection of 
I ml saline followed 3 hr later by a single injection 
of 0.3”/;, gum tragacanth in saline (2 ml. i.p.). Groups 
of cats with frontal neocortical lesions and thyroidcc- 
tomized cats received the same treatments. 

LSD ~l~~~lllifli.stl.~~ti~ll. Seven normal cats received a 

single injection of lysergic acid diethylamide (LSD, 

IOO~.lgjkg. i.p.) and were monitored for the abnormal 
grooming behaviour for 3 hr. The experiment was 
repeated using 2 lower dosages of LSD (15 keg/kg and 

40 pg/kg) and one higher dosage (250 pg/kg). Lysergic 
acid diethylamine has been shown to inactivate the 
serotonergic system by acting directly on serotonin- 
containing cell bodies (AGHAJANIAN. HAIGLEK and 
BLWM. 1972). 

5-H T rvccpor hlockirlg agents. Five normal cats 
received a single injection of cinnaserin (lOmg/‘kg, 
i.p.) and five normal cats received a single injection 
of methylsergide (5 mg/kg, i.p.). All cats were moni- 
tored for the abnormal grooming behaviour for 3 hr. 

Both cinnaserin and methylsergide have been shown 
to be effective 5-HT receptor blockers at these 

dosages (JACOBS. 1974). 

Following dissection of the brains used in the tryp- 
tophan hydroxylase and 5-HT assays, the remaining 
brain parts were placed in formalin for several hours 
and then washed with water and placed in 70% eth- 

anol. The loci of the frontal neocortical lesions were 
determined by gross dissection. The brainstems with 
pontile lesions were dehydrated in a series of ethanols, 
and infiltrated and embedded in paraplast. Two series 

of 20 ;lrn transverse sections were obtained at 0.5 mm 
intervals and stained with cresyl violet and Heiden- 
hain stains. Each lesion was reconstructed in a trans- 
verse plane through the maximal extent of the lesion 
using a prqjection microscope. 

RESCILTS 

Brhaaiour 

All cats with pontile lesions. frontal neocortical 
lesions and thyroidectomized cats displayed promi- 
nent grooming fragments. while none of the adrenal- 
ectomized cats or control cats displayed any of the 
abnormal grooming behaviour. Longitudinal moni- 
toring of the abnormal bchaviour indicated that a 
peak in the size of the responsive area occurred in 
the fall of the year in each of the 3 groups of cats 

that displayed the abnormal behaviour. 

Tryptophan hydroxylase activity was significantly 
decreased in the superior colliculi ( - 301,,) and dorsal 
thalamus (-25”/,,) in cats with pontile lesions, and 
in the superior colliculi (- 33”,,) in cats with frontal 

neocortical lesions (Table 1). No significant changes 
in tryptophan hydroxylase activity were found in the 
thyroidectomy or adrenalectomy groups. The 1 I -hyd- 
roxycorticoid levels in adrenalectomized cats were de- 
creased 83O;, in plasma and X0”, in urine. 

Serotonin content was significantly decreased in the 
superior colliculi (-29”,,) of cats with pontile lesions 

and in the superior colliculi (-X3”;,) of cats with fron- 
tal neocortical lesions. No significant changes in 5-HT 
content were detected in the thyroidectomy group 

(Table 2). 

S-HTP, tr!yxophan and p-CPA ariruinistratior~ 

Administration of 5-HTP abolished the abnormal 
grooming behaviour in all cats with frontal neocorti- 
cal lesions. while administration of tryptophan did 
not affect the abnormal behaviour in any of the cats. 
The abnormal behaviour was abolished within 20 to 
120 min after 5-HTP administration and reappeared 
with 24 hr in each case. Administration of p-CPA in- 
duced the abnormal behaviour in cats with frontal 

Table 1. Tryptophan hydroxylase activity (nmol/hr per mg. mean _t S.E.M.) in five brain regions in cats with pontile 
lesions. cats with frontal neocortical lesions, thyroidectomized cats. adrenalectomired cats and control cats 

Group 
Superior 
colliculi 

Dorsal 
thalamus Hypothalamus 

Cerebral 
neocortex 

Cercbellar 
ncocortex 

Control 
(n = 12) 
Pontilc 
lesion 

(n = 6) 
Frontal 
neocortical 
lesion 
(n = 6) 
Thyroidectomy 
(n = 6) 
Adrenalectomy 
(n = 6) 

1.01 * 0.08 0.99 * 0.07 I.10 _+ 0.09 0.33 + 0.03 0.29 f 0.02 

0,71* * 0.07 0,74* + 0.08 0.98 i 0.13 0.38 * 0.05 0.26 k 0.04 

0.68* k 0.05 0.81 * 0.08 I.01 + 0.17 022 i_ 0.06 0.21 * 0.05 

0.90 k 0.08 I.00 &- 0.11 0.94 * 0.10 @35 * 0.04 0.36 k 0.05 

1.13 f 0.08 1.22 * 0.13 I .02 * 0.09 041 f 0.06 0.33 * 0.04 

* Significant change from control (P < 0.05, Dunnett’s Test). 
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Table 2. 5-Hydroxytryptamine content (nmol/g, mean k S.E.M.) in five brain regions in cats with pontile lesions. frontal 
neocorlical lesions. thyroidectomized cats and control cats 

Group 
Superior Dorsal 
colliculi thalamus Hypothalamus 

Cerebral 
neocortex 

Cerebellar 
neocortex 

Control 
In = 5) 
Pontile 
lesion 
(n = 3) 
Frontal 
neocortical 
lesion 
(n = 3) 
Control* 
(n = 3) 
Thy]-oidectomy 
(n = 3) 

762 & 0.36 5.83 * 041 7.71 * 020 I.82 * 0.18 1.28 * 0.14 

s.44* + 0.57 4.x0 f 0.52 6.06 * 0.50 I.68 i 033 1.54 + 025 

5.49* * 0.43 5.71 f 069 7.22 f 0.87 1.25 * 0.43 0.92 k 0.18 

5.07 f 0.60 6.70 * 0.91 699 * 0.55 0.90 ) 0, IO 0.93 _I 0.18 

4.42 * 0.43 4.53 i 0.91 6.53 2 0.44 0.95 i_ 0.13 0.84 i 0.17 

* Significant change from control (P < 0.05, Dunnctt’s Test). 
+The thyroidectomized cats and their controls were assayed at a diflercnt time of the year than the lcsioned cats 

and their controls, accounting for the differcncc between the 2 control groups. 

neocortical lesions that were not displaying the beha- 
viour because of spontaneous seasonal reversions, 
while p-CPA administration to normal cats did not 
induce the abnormal grooming bchaviour. These 
results are summarized in Table 3. 

The size of the responsive area was decreased in 
all 3 groups of cats that received the monoamine oxi- 
dase (MAO) inhibitor after 3 hr. and the remaining 
grooming fragments were abolished in each group of 
cats within I hr after administration of tryptophan. 
The abnormal grooming behaviour reappeared within 
24 hr in each group of cats (Figs. 1. 2 and 3). When 

the MAO inhibitor was administered alone. the maxi- 
mal decrease in the size of the responsive area 
occurred approximately 3 hr after administration. 

Ad,llinistrtrtio/f of’ LSD and 5-H T rec’rptor blockers to 

r1olmul ct1t.s 

None of the abnormal grooming behaviour was 
observed in any of the normal cats. neither before 
treatment nor after the administration of LSD, cinna- 

serin. or methylsergide. 

The locus of a typical frontal neocortical lesion is 
displayed in Figure 4. Figure 5 shows the reconstruc- 
tion of a transverse section through the maximal 
extent of a typical pontile lesion. The lesions were 

located at the level of the paralemniscal and caudal 

central tegmental fields, extending from the lateral teg- 
mentum to the edge of the brainstem and into the 
pons. 

DISCL SSION 

A change in a serotonergic system in the superior 
colliculi is an essential aspect of the lesion-induced 
dissociation of appetitive and consummatory groom- 
ing behaviours. since tryptophan hydroxylase activity 
and 5-HT content were decreased in the superior col- 
liculi. and microinjections of 5-HT into the superior 

colliculi (but not other brain regions) abolished the 
abnormal behaviour (TRULSON and RANDALL, 1973). 

The fact that MAO inhibition plus tryptophan 
administration abolishes the abnormal grooming 
behaviour is further evidence for a specific involve- 
ment of 5-HT. The similar defect in tryptophan hyd- 
roxylase and 5-HT in the superior colliculi after pon- 

Table 3. Efkcts of 5-HTP. tryptophan and />-CPA administration on the abnormal grooming behaviour in cats with 
frontal neocortical lesions 

Group Treatment 

Responsive area 
(I’,, of body surface) 

Before After 
treatment treatment 

Level of 
significance* 

Frontal 
neocortical 
lesion 

Frontal 
neocortical 
lesion 

Normal 

5-HTP 

tryptophan 

p-CPA 

p-CPA 

0 
P < 0.02 

20 * 8 

33 + IO 

P < @Ol 
0 

* Randomization test for Independent samples 
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Time offer MAOI or vehicle adminisfration, hr 

Fig. 1. Effects of MAO inhibitor (MAOI) plus tryplophan 
(dashed line) and vehicle (solid line) on the abnormal 
grooming behaviour in cats with pontile lesions. MAO inhi- 
bitor or vehicle was administered at zero time and trypto- 
phan or vehicle was administered 3 hr later. Each point 
represents the mean for 4 cats. and the vertical bars repre- 
sent standard errors of the mean, The effect of MAO inhibi- 
tor plus tryptophan differed significantly from the vehicle 

effect (P < 002. Randomization test). 

tile and frontal n~ocorti~a~ lesions cannot be 
expiained in terms of the interruption of direct pro.&- 
tions of serotonergic neurones. since there are na ser- 
otonergic cell bodies or fibres of passage in the 
regions of the lesions (PIN, JONES and JOUVET~ 1968), 
indicating that the change is mediated transneur- 
onally. The serotonergic system that projects to the 
superior colliculus may receive a facilitatory input 
from the frontal neocortical and pontile regions, and 
lesioning these areas would decrease the activity of 
these neurones. There are direct projections from the 
frontal neocortex to the serotonin-containing raphe 
nuclei (BRODAL, WALBERG and TABER, 1960) as well 
as to the superior collicufus (SPRAGUE, 1963). The 

Fig. 3. Effects of MAO inhibitor (MAOI) plus tryptophan 
(dashed line) and vehicle {solid line) on the abnormal 
grooming behaviour in thyroidectomized cats. MAO inhibi- 
tor or vehicle was administered at zero time and trypto- 
phan or vehicle was administered 3 hr later. Each point 
represents the mean for 3 or 4 cats, and the vertical bars 
rcprcsent standard errors of the mean. The effect of 
MAO inhibitor plus tryptophan differed significantly from 

pontile lesion also interrupts fibres to the superior 
coliiculus (ALTMAN and CARPENTER. 19611, and 
several studies indicate that neurones in the region of 
the pontile lesion project to the raphe nuclei (e.g. 
BRODAL it ni., 1960: SCHEIBEL and SCHEIBEL, 1958). 

Several studies have reported a positive ~orr~~~~tion 
between nerve impulse flow and neurotransmitter 
synthesis. For example, LSD, which decreases the dis- 
charge rate of serotonergic neurones by acting di- 
rectly on the cell body (AGHAJANIAN rt al.. 1972). 
leads to a decrease in 5-HT synthesis and turnover 
(FREEDUAN and BCGGAN. 19731. Similarly. section of 
monoamine fibre systems leads to an immediate 
change in 5-HT synthesis rates (CAKLSSON, BEDAW. 
LNDQVIST and MAGNUSSON. 1972). Since the pontile 
and frontal neocortical lesions in the present study 
do not directfy interrupt serotonergic ncurones. the 

Time ofisr MAOI or vehicle admwistratlon, hr 

Fig, 2. Effects bf MAO inhibitor (MAOI) plus tryptophan 
(dashed line1 and vehicle (solid line] on the abnormal 
grooming hehaviour in cats with frontal neocorticat 
lesions. MAO inhibitor or vehicle was administered at zero 
time and tryptophan or vehicle was administered 3 hr later. 
Each point represents the mean for 3 or 4 cats, and the 
vertical bars represent standard errors of the mean. The 
effect of MAO inhibitor plus tryptophan differed signifi- 
cantly from the vehicle effect (P < @03. Randomization 

test). 

Fig. 4. Diagrammatic representation of right (A) and left 
(B) cerebral hemispheres displaying the locus of a typical 

frontal neocortical lesion. 
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Fig. 5. A reconstruction of a transverse section through 
the maximal extent of a typical pontilc lesion. Cross-hatch- 
ing indicates total degeneration and stippling indicates par- 
tial degeneration. The abbreviations and nomcnclaturc arc 
from Bt-.KMAN (196X); BP. hrachium pontis; CS. superior 
central nucleus: FTP. naralcmniscal terrmental field: IC. 
inferior colliculus: ML: medial Icmnisck: MLB. medial 
longitudinal bundle: P. pyramidal tract; PAG. pcriaque- 
ductal gray; PG. pontine gray: TR. tegmental reticular 

nucleus; TV. \cntral tcgmentnl n~~clcus. 

&any in 5-HT ~netnl~~lisn~ seen in the wpcrior colli- 

culuh i:, c\~dcntl~ it sccondar~ cliangc dw to ii de- 

crease in nerve impulse flow. 
While a change in a serotonergic system in the 

superior colliculus is an essential condition for the 
lesion-induced modification in grooming behaviour, 
this alone is not a sufficient condition to induce the 
behavioural change. Inactivation of the serotonergic 
system via LSD administration or by blocking sero- 
tonergic receptors did not induct the abnormal 
grooming behaviour in normal cats. Similarly. 
attempts to induce the abnormal behaviour in normal 
cats by depleting or interfering with the synthesis of 
5-HT systemically or by microinjections of /‘-CPA 
locally into the superior colliculi have failed (TKciLSON 
and RANDALL. 1973; TKI.LSON c’t t/l.. 1975). The fact 
that p-CPA administration to cats \\ ith pontilc or 
frontal neocortical lesions that v,cre not displaying 
the abnormal grooming behaviour (because of spon- 
taneous reversions) induces the abnormal behaviour. 
supports the conclusion that another factor is in- 
volved. and the fact that p-CPA administration in- 
duces the same abnormal grooming behaviour in 
adrenalectomized cats (RANIIALL c’t tr/.. 1974) suggests 
that the glucocorticoids are the other factor. The glu- 
cocorticoids are further implicated in the abnormal 
grooming state by an inverse relationship between 
glucocorticoid excretion and size of responsive area 
found in a longitudinal study (RANDALL and PARSONS, 
1972). The fact that administration of glucocorticoids 
abolishes the abnormal behaviour in cats with frontal 
neocortical or pontile lesions (TRULSON, 1974) further 
suggests that the glucocorticoids are the other essen- 
tial factor. 

The finding in the present study that adrenalectomy 
does not change the activity of tryptophan hydroxy- 

lase lends some support to the hypothesis that de- 
creased 5-HT and glucocorticoids are necessary and 
suficicnt conditions for the appearance of the abnor- 
mal grooming behaviour. Had decreased tryptophan 

hydroxylase activity been found in adrenalcctomired 
cats (which lack glucocorticoids but do not display 
the abnormal behaviour) a third factor may have been 

indicated. The I I-hydroxycorticoid assays indicated 
that the cats wcrc completely adrenalcctomi/ed. I l- 
Hydroxycorticoids in adrcnalcctomi7ed cats mca- 
sured 17”,, and ?O”,, of control values in plasma and 

urine. respectively. and this was probably due to non- 
specific Huoresccncc of plasma and urine. Several 

studies have reported similar residual fluorescence in 
plasma and urine in adrcnulectomired animals (e.g.. 
SILBL:K, Brscr~ and OSLAPAS. 195X; MATTIN~;L’L.. 1961). 

The pharmacological studies suggest that the phy- 
siological bases of the abnormal grooming behaviour 
in thyroidectomized cats is similar to that in cats with 
pontile or frontal neocortical lesions. Administration 
of MAO inhibitor plus tryptophan. S-HTP. or gluco- 
corticoids abolishes the abnormal behaviour in all 3 
groups of cats and /‘-CPA administration increases 
the si7c of the responsive area in all groups (T~tr LSON 
and RANOALL.. 1973; TKLILSON. 1974). Dihqdroxy- 

phenylalanine (DOPA) or norepinephrine administ- 
ration does not significantly change the abnormal be- 
haviour in any of the 3 groups of cats (TRLJLSON and 
RANDALL. 1973; RANIIALL and TKULSON. 1974: TKIJL- 
SON. 1974). Lesions of the superior colliculi prevent 
the occurrence of the abnormal grooming behaviour 
in thyroidectomized cats (TKULS~N. 1974). a result 
consistent with the finding that lesions of the superior 
colliculi abolishes the abnormal behaviour in cats 
with pontile lesions (TRL.LSON and RANI)ALL. 1973). 

An abnormal rhythm in glucocorticoid excretion 
has been discovered in thyroidcctomized cats (RAK- 
DALL. T~u~sor\ and PARSONS. 1975). Therefore. it is 
definitcl! established that ;I glucocorticoid defect 

exists in thqroidectomized cats. and since glucocorti- 
coid administration abolishes the abnormal grooming 

behaviour in these cats. this defect is a critical aspect 
of the behavioural abnormality (RASLIALL (jr L/I.. 
1975). 

The litct that cithcr 5-HTP or MAO inhibition plus 
tryptophan (but not DOPA) administration abolishes 
the abnormal grooming behdviour in thyroidecto- 
mi7cd cats suggests that thyroid hormones may affect 
scrotonergic neuroncs. However. neither tryptophan 
hydroxylase activity nor 5-HT content w’ere signifi- 
cantly decreased in thyroidectomized cats in the pres- 
ent study. Several recent studies have indicated that 
thyroid hormones affect the sensitivity of monoamine 
receptors in the CNS (ENGSTKOM. SVENS~ON and 

WALDECK, 1974: GREEN and GKAHAME-SMITH, 1974). 
Thus, the defect in the serotonergic system following 
thyroidectomy may be a decrease in receptor scnsi- 
tivity. We conclude that there is a common 
mechanism for the mediation of the abnormal groom- 
ing behaviour (involving the serotonergic system. glu- 
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cocorticoids and the superior colliculus) in cats with 

pontile lesions, frontal neocortical lesions. and in 
thyroidectomized cats. 
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