
Postoperative visual deprivation would 
leave the animal with old but still ser- 
viceable representations that could pro- 
vide for function until compensatory 
mechanisms take effect. 
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Spontaneous Orofacial Dyskinesia and Dopaminergic 
Function in Rats After 6 Months of Neuroleptic Treatment 

Abstract. A syndrome of spontaneous orofacial dyskinesia was ident$ed in groups 
of rats treated for 6 months with a wide range of neuroleptic drugs. Phenothiazines, 
thioxanthenes, and substituted benzamides were particularly likely to induce the 
syndrome. It was observed in the presence of a functional blockade of dopamine 
receptors and endured for at least 2.5 months after drug withdrawal. There was no 
relation between the syndrome and changes in striatal dopamine receptors, as 
indexed by the binding of tritiated spiperone and tritiated cis(Z)-Jlupenthixol. The 
syndrome parallels several of the features of clinical tardive dyskinesia, whose 
pathophysiology thus may not involve changes in the characteristics of striatal 
dopamine receptors. 

The abnormal, involuntary move- 
ments o f  the orobuccolingual area seen 
in some schizophrenic patients have 
been termed tardive dyskinesia. This dis- 
order, which is generally believed to 
emerge as a late-onset side effect o f  
several years of  treatment with neurolep- 
tic drugs (1, 2) ,  may be traceable to 
striatal dopaminergic hyperfunction, 
possibly through the supersensitivity of  
dopamine (DA) receptors in the basal 
ganglia (1). When neuroleptics are given 
to rodents for weeks, subsequent with- 
drawal rapidly and reliably results in 

enhanced perioral stereotypies on chal- 
lenge with DA agonists and increased 
striatal binding o f  tritiated neuroleptic 
ligands; however, rodents so treated do 
not show enduring spontaneous orofacial 
dyskinesia (1, 3).  The clinical syndrome 
can emerge during ongoing treatment 
with neuroleptics. Withdrawal of  these 
drugs, while sometimes exacerbating ex- 
isting dyskinesia or unmasking latent 
dyskinesia, is not always required for its 
manifestation. 

Not all schizophrenics develop dyski- 
nesia. Those who do have usually re- 

ceived neuroleptics for several years. It 
can appear despite continuing antipsy- 
chotic activity and functional blockade 
of  at least some forebrain DA receptors 
( I ) .  Thus, the rodent perioral stereotyp- 
ies induced in previous studies are at 
variance with several characteristics of  
the clinical syndrome. W e  describe here 
the characteristics of  spontaneous orofa- 
cia1 dyskinesia that emerged during 
treatment of  rats with a range of neuro- 
leptic drugs for periods constituting a 
substantial proportion of  their adult life- 
span. 

Male Sprague-Dawley rats (250 to 450 
g )  were treated continuously through 
their drinking water (4) with the butyro- 
phenone haloperidol, the phenothiazines 
fluphenazine and trifluoperazine, the 
thioxanthene piflutixol, or the substitut- 
ed benzamide metoclopramide. Other 
rats were given 0.2-ml intramuscular in- 
jections of  fluphenazine as the decanoate 
(25 mglml in oil) or of  oil vehicle alone at 
2- to 3-week intervals (5 ) .  The doses . . 
selected were proportionate to those 
used clinically (Fig. 1 )  (6). Spontaneous 
behavior was observed both in animals 
that continued to receive neuroleptics 
and in animals from which the drugs 
were withdrawn (4). Striatal tissue was 
removed to assay the specific binding o f  
[3H]spiperone (0.8 nM) and [3H]cis(Z)- 
flupenthixol (2 nM) (7). 

A syndrome of  spontaneous perioral 
movements was noted in the animals. 
These movements, while similar to 
chewing, were not directed onto physical 
material. A prominent characteristic was 
a grating sound produced as the teeth 
were drawn across one another by lateral 
jaw movements. This sound was the 
most reliable index of  the syndrome 
when assessed by an experimenter with 
no knowledge o f  the treatment history, 
and the syndrome was judged to be pres- 
ent or absent on the basis o f  this auditory 
criterion. 

During the sixth month o f  treatment 
the prevalence o f  spontaneous orofacial 
dyskinesia was 2.5 times higher in the 
groups treated with fluphenazine, trifluo- 
perazine, piflutixol, or metoclopramide 
(mean prevalence, 53 percent; N = 62) 
than in the matched controls (mean prev- 
alence, 21 percent; N = 55) [ X 2  ( 1 )  = 

12.20, P < .01] (Fig. 2). The syndrome 
occurred slightly less frequently in halo- 
peridol-treated rats (18 percent; N , 45) 
than in their matched controls (23 per- 
cent; N = 70). After completing these 
behavioral studies, we withdrew the neu- 
roleptics. Seven to eleven days later, 
striatal binding of [3H]spiperone was 
equally elevated in animals that had re- 
ceived haloperidol, fluphenazine, piflu- 
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tixol, or metoclopramide (Mann-Whit- 
ney U test, P < .05) (Fig. 1). This indi- 
cates that a representative of each of the 
four classes of neuroleptics used induced 
similar degrees of DA receptor blockade 
and masked DA receptor supersensitiv- 
ity at the given doses. 

The syndrome of spontaneous orofa- 
cia1 dyskinesia persisted in the animals 
that had been given 6 months of treat- 
ment with trifluoperazine and piflutixol. 
There was no diminution of the syn- 
drome after drug withdrawal, and further 
increases in prevalence over controls 
were noted (Fig. 3). After the final be- 
havioral assessments (2.5 months after 
withdrawal of trifluoperazine and 1 
month after withdrawal of piflutixol), the 
binding of [3H]spiperone and [3H]cis(Z)- 
f lu~enthixol  to  striatal tissue was indis- 
tinguishable from that in control animals 
(Fig. 3). 

Functional DA receptor blockade, in- 
dicated by antagonism of stereotyped 
behavior induced by subcutaneous apo- 
morphine (0.15 mglkg), endured until 
drug withdrawal for all neuroleptics ex- 
cept metoclopramide (5, 8, 9). The syn- 
drome thus appears not to have a dopa- 
minergic basis, since (i) it was indepen- 
dent of the state of functional DA recep- 
tor blockade and of masked DA receptor 
supersensitivity during neuroleptic treat- 
ment, (ii) it occurred in the absence of 
any' spontaneous stereotyped behavior 
that would indicate net dopaminergic hy- 
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Fig. 1. Relation between doses of neuroleptics 
given to rats for 6 months and doses used 
clinically in man. All neuroleptics were given 
by drinking water, except fluphenazine deca- 
noate (FPZ-dec), which was given intramus- 
cularly once every 3 weeks (the dose indicat- 
ed is 1121 the intramuscular dose). Age- 
matched control groups are maintained drug- 
free under otherwise identical conditions. 
Piflutixol, PTX; haloperidol, HAL; trifluoper- 
azine, TPZ; metoclopramide, MET. Inset: 
striatal binding of [3H]spiperone (femtomoles 
per milligram of protein) in control animais 
(C) and those given haloperidol (H), piflutixol 
(P), fluphenazine (F), and metoclopramide 
(M). Data are means t standard errors for 
five to nine animals per group. 
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Fig. 2. Prevalence of spontaneous orofacial 
dyskinesia after 6 months of neuroleptic treat- 
ment (while drug administration continued). 
The syndrome was determined to be either 
present or absent during a 10-minute observa- 
tion period in which the rats were placed 
individually in large plastic cages similar to 
the group home cage. Prevalence is expressed 
as the percentage of animals in each group 
( N  = 8 to 32) exhibiting the syndrome. No 
spontaneous stereotypy was observed, sug- 
gesting no spontaneous hyperdopaminergic 
behaviors. 

perfunction, and (iii) it endured long be- 
yond the decline of DA receptor super- 
sensitivity after drug withdrawal. This 
hypothesis holds for receptor binding 
indices of proposed multiple dopaminer- 
gic sites (lo),  as [3H]spiperone labels 
predominantly the D, receptor and 
[3H]cis(~)-flupenthixol principally the 
D l  site (7, 9, 10). The neuronal basis of 
the syndrome cannot yet be specified. 

Several characteristics of tardive dys- 
kinesia were apparent. Spontaneous oro- 
facial dyskinesia emerged only during 
prolonged neuroleptic treatment and in 
the presence of functional blockade of 
DA receptors. It endured and increased 
long after neuroleptic withdrawal. Also, 
the syndrome was present in a small 
percentage of control animals. Thus a 
tardive neuroleptic component in both 
animals and man appears to be superim- 
posed on a baseline prevalence that may 
reflect a combination of predisposing ag- 
ing and disease processes (2, 11, 12); 
neurole~t ics  may act to enhance this 
predisposition. However, two features 
of the present rodent syndrome appear 
to conflict with some conventional views 
on tardive dyskinesia, namely its appar- 
ent independence from dopaminergic hy- 
perfunction and the failure of continuing 
haloperidol treatment to promote the 
syndrome. Some authors have proposed 
that neuroleptic-induced DA receptor 

supersensitivity is too short-lived to ex- 
plain the persistent forms of tardive dys- 
kinesia (13). While dyskinetic features 
can be influenced by manipulations of 
dopaminergic function (I),  this need not 
imply abnormal striatal dopaminergic 
function in their pathophysiology. Basal 
ganglia from the brains of schizophrenics 
who were movement-disordered do not 
show greater binding of [3H]spiperone or 
[3H]cis(~)-flupenthixol than tissue from 
schizophrenics who were free of such 
symptoms (12). This is in agreement with 
our animal data. 

The failure of haloperidol to  promote 
the syndrome in three separate groups 
(Fig. 2) is not necessarily in conflict with 
the presence of dyskinesia in patients 
receiving haloperidol. Such patients 
have almost invariably received substan- 
tial treatment with other neuroleptics 
and antiparkinsonian agents. Therefore, 
while there are few substantive data to  
indicate that any oral neuroleptic, in- 
cluding haloperidol, is more or less likely 
to promote tardive dyskinesia (1, 14), 
studies are required of patients who have 
received prolonged therapy with halo- 
peridol alone (15). Tardive dyskinetic 
movements in primates given long-term 
treatment with haloperidol are also not 
common, and when present appear to  
reflect a particular species sensitivity 
(16). They appear to be more reliably 
induced by nonbutyrophenones (16, 17), 
as reported here. Regarding particular 
modes of neuroleptic treatment, we 
found intramuscular injections of flu- 
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Fig. 3. (A) Prevalence of orofacial dyskinesia 
after withdrawal from 6 months of treatment 
with trifluoperazine (TPZ) or piflutixol (PTX). 
(B) Striatal binding of [3H]spiperone and 
[3H]cis(Z)-flupenthixol u3H]FPT) (femto- 
moles per milligram of protein) in the same 
animals, which were killed immediately after 
the behavioral assessments. Data are means 
t standard errors for three to ten animals per 
group. 
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phenazine decanoate to  be slightly more 
potent in promoting orofacial dyskinesia 
than oral treatments. Several investiga- 
tors recently noted that tardive dyskine- 
sia may be significantly more common in 
patients who have received intramuscu- 
lar fluphenazine decanoate than in those 
who had received oral treatments (18). 
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Treehoppers Transfer Parental Care to Ants: 

A New Benefit of Mutualism 

Abstract. Female treehoppers (Publilia reticulata V a n  Duzee) m o d i h  their paren- 
tal care behavior in the presence of ants. Females with untended young remain with 
their original brood, but females from ant-tended colonies readily desert the i r j r s t  
brood and produce additional clutches. Care by female treehoppers, in the absence 
of ants, increases the probability that a colony will produce some survivors, but ant 
attendance greatly increases the number of surviving nymphs. 

Mutualisms between ants and honey- 
dew-producing insects have generally 
been described in terms of benefits to 
insects that are directly associated with 
the ants (1). Females of some species of 
treehoppers (Homoptera: Membraci- 
dae), which remain with their young, 
change their behavior in the presence of 
ants-either abandoning broods earlier 
(2) or later than usual (3). I present 
evidence that females that abandon 
nymphs may be abdicating parental care 
to  the ants; these females can then pro- 
duce additional broods and thus increase 
their total fitness. Because females are 
apparently exploiting mutualists and 
benefiting from their activities without 
direct interaction, this response may 
provide a new class of mutualistic bene- 
fits. To  determine whether treehoppers 
receive such indirect benefit, I examined 
the effects of ant attendance on female 
parental behavior and the consequences 
of ant attendance and parental care on 
juvenile survival in the North American 
treehopper, Publilia reticulata. 

Publilia retici4lata is a membracid 
which commonly feeds on ironweeds 
(Vernonia spp.) throughout the eastern 
and midwestern United States. In the 
spring, females, which have overwin- 
tered as adults, mate and oviposit a 
clutch of about 50 eggs into the midrib of 
a leaf. Although some females may pro- 
duce additional clutches, there is only a 
single generation per year. Nymphs 
complete their 40- to 50-day develop- 
ment period feeding in aggregations on 
the natal plant. Both adult and immature 
forms produce honeydew, which is high- 
ly attractive to  ants. At the study site in 
central New Jersey (4), seven species of 
ants were found tending colonies of P .  
reticulata (5). Females of P. reticulata, 
in common with some other species of 
treehoppers ( 6 ) ,  exhibit parental care by 
remaining with egg masses and young 
nymphs. This behavior has been shown 
in other species to protect egg masses 
from parasitoids (3, maintain nymphal 
aggregations ( 8 ) ,  and deter predators (9). 

In a field study in the summer of 1981, 

Table 1. The effect of ant care and parental care on survival of P~lblilia reticulata. Results for 
mean colony size and mean number of survivors per clutch were analyzed by using the 
Newman-Keuls test, and results for colonies producing survivors were analyzed by Fisher's 
exact test; results with the same letter did not differ at the .05 level. 

Colonies with Nymphs Survi- 
Col- survivors surviving vors 

Treatment onies Colony size 
group nymphs 

(M Per 
N %  (M N % clutch 

No ants 
No females 8 48.8 * 14.3 A 2 25 A 390 12 3.1 1.5 A 
Females 15 45.4 * 6.5 A 10 67 A, B 681 73 10.7 4.9 A 

Ants present 
Brood 1 37 47.3 * 7.4 A 29 78 B 1751 475 27.1 12.8 B 
Brood 2 12 32.8 * 4.3 10 83 B 393 167 42.5 1 3 . 9 B  
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