
"Hypersexuality" and Behavioral Changes in Cats 

Caused by Administration of p-Chlorophenylalanine 

Abstract. The behavior of 26 male cats was systematically observed 
during, and after daily administration of the tryptophan hydroxylase it 
p-chlorophenylalanine. These observations established that "hypersexuali 
creased aggression, and perceptual disorientation are sequelae of the 
administration of the drug in cats. 

During an electroencephalographic 
study of sleep patterns in cats undergo- 
ing treatment with the tryptophan hy- 
droxylase inhibitor, p-chlorophenylala- 
nine (PCPA), rather striking changes in 
sexual, behavior were noted in one of 
the animals (1). This observation sug- 
gested that the induction of major be- 
havioral disturbances by chronic ad- 
ministration of PCPA was a viable 
possibility, despite the lack of behav- 
ioral findings other than the induction 
of insomnia attributable to the chronic 
administration of PCPA (2, 3). Accord- 
ingly, we undertook systematic and 
comprehensive observations of a variety 
of feline behavior patterns, and, in ad- 
dition, we made polygraphic recordings. 
We summarize here the most dramatic 
behavioral findings of the overall study, 
portions of which have been presented 
elsewhere (4). 

Twenty-six adult, male cats, each 
weighing 2 to 5 kg, were the subjects. 
Thirteen were observed according to a 
standard protocol on at least four occa- 
sions before the onset of treatment (base 
line) and throughout the treatment 
period (group A). The remaining 13 
animals (group B) were studied accord- 
ing to the same systematic procedure 
during the course of other PCPA ex- 
periments, but less regularly. 

The data were derived mainly from 
standard behavioral test sessions, each 
1 hour long, during which the cats 
were continuously observed in a spe- 
cially constructed, isolated room. Dur- 
ing each session they were sequentially 
presented with tuna fish, Purina cat 
chow, a live rat, a passive but other- 
wise normal male cat (or an anesthe- 
tized male), and finally the dominant 
male of the entire cat colony. A trained 
observer tape-recorded a running com- 
mentary throughout these sessions, uti- 
lizing standard terminology for behav- 
ioral ratings together with a free-flow- 
ing narrative description of the behav- 
ior. The commentary was later scored 
for relevant behavioral variables. 

After a base-line or adaptation pe- 
riod, PCPA suspended in a neutral 
citric acid-phosphate buffer was ad- 
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ministered subcutaneously each 
the cats. The daily dose for 
group A was 150 mg/kg whei 
dose for cats in group B ran 
tween 75 and 300 mg/kg. The 
group A had six to nine 1-he 
observation periods during the 
days of PCPA treatment. The 
of observation sessions ranged 1 
3 and 32 per cat for the cc 
groups. The PCPA treatment 
were 5 to 37 days. In additior 
standard observation sessions, n 
were made by all laboratory pe 
whenever appropriate through 
day and night. 

Pronounced changes in beha, 
veloped rapidly in every one 
experimental animals after a lal 
3 to 5 days from the initial ir 
These changes did not appeal 
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Fig. 1. The daily sexual activity 
cat observed before, during, ai 
PCPA administration. The abs 
divided into days. Scoring categ( 
sexual behavior are represented 
following numbers on the ordinate 
observed for sexual activity; 1, r 
action, ignores other cat; 2, snif 
cat casually; 3, grooms its own ge: 
grooms other cat anywhere; 5, 
sexual cry; 6 pursues other cat, sr 
7, tries to mount but is easily discl 
8, mounts in an integrated delibern 
ner; and 9, mounts reflexly, all 
voluntarily, in a stereotyped fashic 
gories 1 to 4 are normal pattern 
havior among cats; 5 and 6 are 
inary sexual maneuvers; and 7 t 
overt sexual acts. Category 10 (v 
to mount or stay mounted) was 
in this cat. On some days more t 
observation was made. 

modified by the variation in PCPA 
dosage among the group B animals. Of 
the constellation of emergent behav- 
ioral changes, the appearance of "hyper- 

before, sexuality" was perhaps the most dra- 
ihibitor, matic. By "hypersexuality," we mean 
ty," in- the marked tendency of one male cat 
chronic to mount and attempt intercourse with 

another male cat (5). Although homo- 
sexual behavior has been occasionally 

day to reported in presumably normal cats (6), 
cats in under the conditions prevailing in our 

reas the laboratories over the past several years 
ged be- countless opportunities for such inter- 
cats in actions among male cats have produced 

)ur-long only one or two undocumented in- 
first 9 stances of mounting. These many op- 

number portunities have included specific test 
between situations similar to those used in the 
)mbined study reported here (7). 
periods There is a fairly definite and easily 

1 to the graded sequence of behaviors which 
otations constitute a complete sexual act for the 
ersonnel cat (see Fig. 1). For the sake of sim- 
out the plicity, we have divided the sequence 

into preliminary maneuvers (sniffing, 
vior de- pursuing, vocalizations) and complete 

of the mounts (mounting though easily dis- 
tency of couraged, persistent mounting, disorga- 
ijection. nized mounting). Only one instance of 
r to be complete mounting was seen during the 

78 base-line sessions with cats of group 
A. After administration of PCPA, 10 
of the 13 cats in group A spontaneously 
mounted other male cats in a total of 
52 out of 128 encounters during the 
test situation. Seven cats from group B 
were exposed to other male cats after 
PCPA treatment either during test situ- 
ations or by chance. Five of these ani- 
mals were observed to execute complete 

. mounts. The time course of the devel- 
.- . opment of hypersexuality depicted in 

...,.. Fig. 1 is representative of all the cats. 
5 10 15 Soon after PCPA treatment was initi- 
Recovery 

ated, there was an increase in prelimi- 
of one nary maneuvers (P < .02), culminating 

nd after in complete mounts between day 3 ,cissa is 
)ries for and day 6 after the start of the drug 
by the treatment. Many of the observation 

e: 0, not sessions during PCPA treatment in 
o1 inter- which mounting was not seen occurred 
ifs other 
nitals; 4 in the first days of drug administration. 
makes a An equally impressive change in 
liffing it; rage behavior also occurred. As one 
ouraged; test of this, a large laboratory rat was 
ate man- routinely released in the observation most in- 
m. Cate- room with group A animals. Only one 
s of be- cat attacked and killed rats before the 
prelim- drug was given. During the period of 

to 9 are drug treatment, however, in repeated vill fight 
nll fight instances 6 of the 13 cats killed rats. 
han one As the treatment period progressed, 

the attacks became more confused and 
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savage, and the cats would bat and 
tear at the rat, then gnaw on it, and, 
if allowed, eat it completely. In sev- 
eral years of utilizing rat-cat interac- 
tions as a test of aggression, we had 
never seen a cat eat a rat after killing 
it. Although most animals became much 
more vicious when subjected to PCPA 
treatment (several cats actually attacked 
and severely mauled experienced tech- 
nicians-not to mention other cats- 
entirely without provocation), a few 
unpredictably became more affectionate 
and would even prefer rubbing against 
the observer's legs to eating tuna fish. 

A third category of changes seemed 
to involve perceptual processes. Their 
complexity and individuality resisted 
simple description and quantification. 
Every animal receiving PCPA showed 
a variety of perceptual disturbances, 
the development of which was con- 
sistently related to the time course 
of the drug. In general the first change 
was an episode of prolonged wakeful- 
ness which usually occurred at around 
50 to 60 hours after the first PCPA 
injection. The animals moved around 
restlessly in their cages, and even when 
they were crouched in one place they 
constantly shifted their weight from one 
side to the other. In the observation 
room they ceaselessly explored, sniffing 
and looking at each object many times. 
After this period of hyperactivity was 
well established, episodes of unusual 
perceptual behavior began to occur. At 
first the animals seemed to overreact to 
slight noises, and occasionally they 
looked wildly around the room when a 
single moving stimulus such as a rat 
was present. They often stared at a 
fixed point for long intervals. Eventu- 
ally all of the cats showed episodes of 
looking around the room as though 
they were watching some obscure object 
moving in the air. Precautions were 
taken to assure that the cats were not, 
in fact, watching something real (for 
example, a fly). Rapid darting eye 
movements, orienting movements of the 
ears, and extensive sniffing often accom- 
panied this visual searching. The ex- 
treme of these perceptual disturbances 
was seen in two-thirds of the cases 
when animals appeared to interact 
emotionally with stimuli not apparent 
to the observer. The animals were ob- 
served to hiss and back into a corner 
in a typical fear response, to strike out 
at unseen objects, and even to inter- 
rupt ongoing activity such as mounting 
another animal to attend to nonexistent 
stimuli. 
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It has been shown that the insomnia 
associated with PCPA treatment in cats 
can be markedly reduced by adminis- 
tration of the serotonin precursor 5- 
hydroxytryptophan (5-HTP) (3, 8). Two 
animals were given single injections of 
the precursor in very small dosage 
(1 mg/kg). As a result there was a 
definite reduction of abnormal behav- 
ior in the waking state (that is, the 
animals did not mount, kill rats, or 
exhibit other aggressive behavior). After 
about 8 hours abnormal behavior re- 
turned to its level before treatment with 
5-HTP. 

After 5 or 6 days of PCPA adminis- 
tration the intensity of the behavioral 
changes appeared to diminish in most 
cats. This was much more true of spon- 
taneous behavior such as eating, drink- 
ing, grooming, and pacing than of 
elicited behavior. Thus after ten or 
more days on PCPA a cat might just 
sit if left alone but would still become 
violently enraged from a pinch on the 
tail and would still mount if presented 
with another male cat. 

Thirteen of the animals in this study, 
and, in addition, nine animals who were 
not undergoing behavioral testing, were 
killed and perfused with saline for bio- 
chemical analysis of brain tissue. Sero- 
tonin was assayed fluorimetrically with 
tissue extraction either by solvent ex- 
traction with butanol or by ion-ex- 
change chromatography with Bio-Rex 
70 (a weakly acidic resin containing 
carboxylic acid exchange groups). The 
fluorescence assay was performed after 
the addition of hydrochloric acid, and 
similar results were obtained with both 
procedures (9). 

The concentrations of serotonin in 
the brainstems of cats (N =3) that 
were treated with PCPA for 5 days at 
a daily dose of 150 mg/kg changed 
from 0.65 tug/g in controls to 0.06 /g/g 
in experimental animals. After PCPA 
treatment for 9 days the concentration 
of brainstem serotonin was 0.03 /g/g 
(N = 5). Single animals killed at vari- 
ous times thereafter up to 37 days of 
treatment showed similar low concen- 
trations of brainstem serotonin. 

Eight cats were studied during the 
period of recovery from the drug treat- 
ment (10). Fifteen days after treatment 
with PCPA was discontinued, this group 
of animals no longer exhibited unusual 
behavior patterns. Although systematic 
observations were not continued beyond 
this point, we felt that the animals' sub- 
sequent behavior was essentially nor- 
mal. 

Nearly all the cats studied showed 
marked alterations in sexual, aggressive, 
and perceptual behaviors during chronic 
administration of PCPA, and all ani- 
mals were definitely changed by the 
drug in one or more of these categories 
of behavior. In addition, all animals 
suffered a reduction in total amount of 
sleep (11). These findings of totally 
altered behavioral patterns in cats are 
in marked contrast with the paucity of 
behavioral consequences of PCPA treat- 
ment reported in earlier investigations 
(2, 3). However, a recent report on the 
effects of PCPA in rats has documented 
simultaneous enhancement of sexual, 
aggressive, and grooming behaviors 
(12). Augmentation of sexual behavior 
in rats treated with PCPA has been 
confirmed (13), and incidental observa- 
tion of mouse-killing tendencies in rats 
treated with PCPA presumably con- 
firms the enhancement of aggressive 
behavior (14). 

In all of this work it would appear 
that the behavioral response to PCPA 
administration is more intense and more 
enduring and involves more specific 
modalities of behavior in the cat than 
in the rat. The same applies to the 
effect of PCPA on sleep patterns in the 
rat where the reported changes range 
from moderate changes to none at all 
(15). However, before one concludes 
that a profound and encompassing be- 
havioral effect of PCPA administration 
is unique to the cat, further studies with 
long-term administration of PCPA at 
several concentrations and continuous 
observation of many behavioral modal- 
ities in the rat should be done. It is 
possible that discrepancies in the re- 
sponse to PCPA across species would 
be reflected in differential changes in 
other compounds during PCPA admin- 
istration (16). 

It is worth noting that the behav- 
ioral changes associated with long-term 
PCPA administration are provocatively 
similar to the changes associated with 
prolonged selective deprivation of rapid 
eye movement (REM) sleep in both 
cats (7, 17) and rats (18), although 
the effects of the manipulation of REM 
sleep are somewhat less intense. Fur- 
thermore, the administration of am- 
phetamine to rats deprived of REM 
sleep intensifies the syndrome to the 
point where compulsive mounting 
and aggressive posturing occur spon- 
taneously (19). Finally, the above-men- 
tioned behavior of rats given ampheta- 
mine and deprived of REM sleep is 
identical with the behavior of rats who 
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are treated with reserpine and then 
given amphetamine (19, 20). 

The data presented here on the effect 
of PCPA treatment in cats represent 
minimum estimates of change. They 
include only positive identification of 
behavior patterns made during rela- 
tively short-although daily-observa- 
tion periods. They are sufficient, how- 
ever, to show that long-term adminis- 
tration of PCPA has a pronounced and 
encompassing effect and to suggest that- 
serotonin may have a pervasive role in 
regulating drive and behavior in the 
cat. 
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The action of rubidium on central 
excitability in monkeys has been de- 
scribed (1). The effectiveness of an- 
other alkaline earth cation, lithium, in 
the treatment of mania has been tenta- 
tively associated with the effect of this 
ion on brain amine metabolism (2) 
which is perhaps related to an inter- 
action with other cations intimately in- 
volved in adrenergic neurotransmission. 
In contrast to the effects of lithium in 
both humans and infrahuman species, 
rubidium causes hyperactivity, in- 
creased aggressiveness, and electro- 
encephalographic activation. We ex- 
amined the effects of short-term 
rubidium treatment on gross behavior 
and on the metabolism of brain cate- 
cholamines in rats. 

Our experiments were performed on 
male Long-Evans rats that weighed 
250 to 300 g at the start of the study. 
The rats, housed in groups of four, 
were injected daily with saline or with 
rubidium chloride (0.6 meq per kilo- 
gram of body weight; intraperitoneally) 
for ten consecutive days. Twenty-four 
hours after the last injection, groups 
(n = 16) of both the control rats and 
those treated with rubidium were in- 

to central adrenergic receptors. 

The action of rubidium on central 
excitability in monkeys has been de- 
scribed (1). The effectiveness of an- 
other alkaline earth cation, lithium, in 
the treatment of mania has been tenta- 
tively associated with the effect of this 
ion on brain amine metabolism (2) 
which is perhaps related to an inter- 
action with other cations intimately in- 
volved in adrenergic neurotransmission. 
In contrast to the effects of lithium in 
both humans and infrahuman species, 
rubidium causes hyperactivity, in- 
creased aggressiveness, and electro- 
encephalographic activation. We ex- 
amined the effects of short-term 
rubidium treatment on gross behavior 
and on the metabolism of brain cate- 
cholamines in rats. 

Our experiments were performed on 
male Long-Evans rats that weighed 
250 to 300 g at the start of the study. 
The rats, housed in groups of four, 
were injected daily with saline or with 
rubidium chloride (0.6 meq per kilo- 
gram of body weight; intraperitoneally) 
for ten consecutive days. Twenty-four 
hours after the last injection, groups 
(n = 16) of both the control rats and 
those treated with rubidium were in- 

schaffen, R. Lovell, D. X. Freeman, P. White- 
head, M. Aldrich, Psychophysiology 6, 223 
(1969). 

16. J. Stolk, J. Barchas, W. Dement, S. Schan- 
berg, Pharmacologist 11, 258 (1969). 

17. W. Dement, Amer. J. Psychiat. 122, 404 (1965). 
18. B. Morden, R. Conner, G. Mitchell, W. 

Dement, S. Levine, Physiol. Behav. 3, 425 
(1968); B. Morden, R. Mullins, S. Levine, H. 
Cohen, W. Dement, Psychophysiology 5, 241 
(1968). 

19. J. Ferguson and W. Dement, J. Psychiat. 
Res., in press. 

20. C. Morpurgo and W. Theobald, Int. J. Neuro- 
pharmacol. 5, 375 (1966). 

21. We gratefully acknowledge the assistance of 
G. Hoyt, K. McGarr, S. Rawlins, D. Ruben- 
son, O. Pritchett, E. Erdelyi, P. Angwin, and 
K. Raknar during these experiments. Research 
supported by the National Institute of Men- 
tal Health (MH 13,860 and MH 13,259), NASA 
(NGR 05-020-168), and PHS research career 
development awards MH5804 to W.D. and 
MH 24,161 to J.B. We thank Charles Pfizer 
and Co., Inc., for a generous supply of p- 
chlorophenylalanine, lot No. 3931-162-AA. 

6 October 1969; revised 16 January 1970 * 

schaffen, R. Lovell, D. X. Freeman, P. White- 
head, M. Aldrich, Psychophysiology 6, 223 
(1969). 

16. J. Stolk, J. Barchas, W. Dement, S. Schan- 
berg, Pharmacologist 11, 258 (1969). 

17. W. Dement, Amer. J. Psychiat. 122, 404 (1965). 
18. B. Morden, R. Conner, G. Mitchell, W. 

Dement, S. Levine, Physiol. Behav. 3, 425 
(1968); B. Morden, R. Mullins, S. Levine, H. 
Cohen, W. Dement, Psychophysiology 5, 241 
(1968). 

19. J. Ferguson and W. Dement, J. Psychiat. 
Res., in press. 

20. C. Morpurgo and W. Theobald, Int. J. Neuro- 
pharmacol. 5, 375 (1966). 

21. We gratefully acknowledge the assistance of 
G. Hoyt, K. McGarr, S. Rawlins, D. Ruben- 
son, O. Pritchett, E. Erdelyi, P. Angwin, and 
K. Raknar during these experiments. Research 
supported by the National Institute of Men- 
tal Health (MH 13,860 and MH 13,259), NASA 
(NGR 05-020-168), and PHS research career 
development awards MH5804 to W.D. and 
MH 24,161 to J.B. We thank Charles Pfizer 
and Co., Inc., for a generous supply of p- 
chlorophenylalanine, lot No. 3931-162-AA. 

6 October 1969; revised 16 January 1970 * 

jected with 200 mg/kg (intraperito- 
neally) of the methyl ester of DL-a- 

methyl-p-tyrosine (aMT), an inhibitor 
of catecholamine biosynthesis which 
can be used to measure the rate of uti- 
lization of catecholamines (3). Animals 
were killed at intervals thereafter. 

Brains were dissected into stem 
(comprising diencephalon, metencepha- 
lon, and myelencephalon) and telen- 
cephalon fractions for amine determi- 
nation. After the fractions were homog- 
enized in 0.4N perchloric acid, the 
supernatants were adjusted to pH 6.5 
and passed over IRC-50 resin. Nore- 
pinephrine (NE), dopamine (DA), and 
5-hydroxytryptamine (serotonin, 5-HT) 
were assayed spectrophotofluorimetri- 
cally after elution from the resin by 
0.5N acetic acid. Values for brain NE 
and DA concentrations were subjected 
to regression analysis by least-square 
fitting to obtain rate constants for their 
disappearance after inhibition of cate- 
cholamine biosynthesis. 

In a second experiment, control rats 
and those treated with rubidium were 
given an intracisternal injection of 
[3H]NE (8.3 utc; specific activity, 7 
c/mmole; New England Nuclear). 
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Brain Norepinephrine: Enhanced 

Turnover after Rubidium Treatment 

Abstract. After biosynthesis of norepinephrine was inhibited, treatment of rats 

for 10 days with rubidium chloride (0.6 milliequivalent per kilogram of body 

weight) caused an increase in the rate of disappearance of norepinephrine in the 
brainstem but not in the telencephalon. Also the utilization of intracisternally 
injected tritiated norepinephrine was increased and was accompanied by a shift 
in the pattern of norepinephrine metabolism to normetanephrine. These data 

suggest that greater amounts of neuronally stored norepinephrine were released 
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