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ROBERTS, D. C. S., J. C. H. DALTON AND G. J. VICKERS. Increased self-administration of cocaine fi)llowing 
haloperidol: EJy~,ct of ovariectomy, estrogen replacement, and estrous cycle. PHARMACOL BIOCHEM BEHAV 26(1) 
37-43, 1987.--Rats which have been trained to self-administer cocaine intravenously show a dose-dependent increase in 
drug intake when pretreated with dopamine antagonists. This neuroleptic-induced increase in cocaine intake may be related 
to the antipsychotic potency and suggests that self-administration behavior may provide a useful model for evaluating 
neuroleptic activity. The present study examines the influence of ovarian hormones on the potency of the neuroleptic 
haloperidol using the cocaine self-administration model. It was found that the potency of haloperidol fluctuated across the 
estrous cycle with subjects in diestrus self-administering more cocaine than animals tested in estrus or proestrus. It was 
also demonstrated that the potency of haloperidol was reduced significantly following ovariectomy (OVX), however this 
OVX-induced attenuation could not be reversed with a number of estrogen or catechol-estrogen treatments. To the extent 
that the self-administration model can reflect the potency of antipsychotic drugs, these data indicate that ovarian function 
can affect neuroleptic activity, although the hormone(s) involved remain unclear. The clinical implications of these data 
underscore the need to further examine the influence of female sex hormones on the therapeutic efficacy of antipsychotic 
drugs. 
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C L I N I C A L  data indicate that sex hormones  may influence 
both the ant ipsychot ic  and ext rapyramidal  side effects of  
neurolept ic  drugs. Fo r  example ,  it has been suggested that 
the ant ipsychot ic  po tency  of  neurolept ic  drugs f luctuates 
across the menstrual  cycle  [5, 13, 21, 22, 43]. Of  equal  clini- 
cal importance are the observat ions  that the Parkinsonian- 
like effects  of  neurolept ics  are more often seen in women  
than in men [1] and that es t rogen administrat ion can exacer-  
bate these symptoms  [52]. Similarly,  tardive dyskinesia  
(TD), a severe  m o v e m e n t  d isorder  precipi ta ted by prolonged 
ant ipsychot ic  t rea tment ,  is more f requent  in women  than in 
men, and this preva lence  is exaggerated in the post- 
menopausal  age group [7,28]. Such reports  have st imulated 
basic research into the influence of  sex hormones  on central  
dopaminergic  sys tems [20, 24, 25] and on their  interact ion 
with dopamine  (DA) antagonist  drugs [4, 5, 40]. 

In the present  series of  exper iments ,  we have invest igated 
the interact ion of  ovar ian hormones  with neurolept ics  by 
using an animal model  which may be sensit ive to antipsy- 
chotic potency.  This model  is based on the observa t ion  that 
neurolept ic  drugs, regardless of  chemical  class, increase the 
rate of  cocaine  self-administrat ion in direct propor t ion to 
their  clinical dose [46]. This increase in cocaine  self- 
administrat ion rate has been interpreted as a compensa to ry  

response to the partial b lockade of  the reinforcing effects of  
cocaine [11,55]. A variety of  data indicate that the rewarding 
effects are mediated by mesol imbic  and/or  mesocor t ica l  
dopaminergic  systems [19, 35, 45, 56], and may be unrelated 
to striatal mechanisms.  Therefore ,  neurolept ic  effects on co- 
caine self-administrat ion may be more sensit ive to cort ical  
and limbic function than striatal (extrapyramidal)  effects.  

Ovar iec tomy and var ious es t rogen (and catechol-  
estrogen) t rea tments  have been repor ted  to influence 
neurolept ic- induced catalepsy [4, 5, 40]. Inasmuch as 
catalepsy reflects an ext rapyramidal  response,  we were in- 
terested in examining whether  manipulat ions of  ovarian 
function would produce different effects  in the cocaine self- 
administrat ion model.  

Here we report  that the cocaine  self-administrat ion model  
indicates that ovarian status significantly influences 
ant ipsychot ic  activity and this appears  unrelated to the ex- 
t rapyramidal  actions of  haloperidol .  

METHOD 

Subjects 

Female  Wistar rats (Woodlyn Labora tor ies ,  Guelph) 
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weighing approximately 230 g at the beginning of the experi- 
ment were used. Animals were housed in pairs. The vivar- 
ium had a 12 hr light/dark cycle and an ambient room tem- 
perature of 22°C. Food and water were continuously avail- 
able prior to surgery. 

Drugs 

Haloperidol was provided by McNeil Laboratories 
Canada Ltd. (Stouffville). 17-/~-Estradiol benzoate and 2- 
hydroxyestradiol were purchased from Sigma Chemical 
Company (St. Louis). Cocaine HCI was purchased from 
BDH (Toronto). 

Apparatus 

Food-training chambers (25x30x30 cm) were con- 
structed of Plexiglas with metal grid floors. Depression of a 
lever mounted on the side wall activated a food-pellet dis- 
penser (BRS/LVE, MD), which delivered one pellet (P. J. 
Noyes Co., NH) per lever press and activated a stimulus 
light. A water bottle was mounted on the opposite side of the 
chamber. Self-administration chambers were identical to the 
food-training chambers except that the lever activated a 
syringe pump (Razel Scientific Instruments, CT) which re- 
sulted in an intravenous infusion of cocaine. An event re- 
corder (Easterline Angus, IN) and electromechanical coun- 
ters were used to record the pattern and number of infusions. 
The house lights were maintained on a 12 hr light/dark cycle 
(lights off at 10 a.m.) by an automated timer. 

Preliminao' Training and Surgery 

Following a 10 day acclimitization period, animals were 
deprived of food for 24 hr then trained to press a lever for 
food reinforcement. This procedure reliably facilitates sub- 
sequent acquisition of drug self-administration. Once 
trained, each animal was anaesthetized with sodium pen- 
tobarbitol (65 mg/kg, Somnotol, IP) and implanted with a 
jugular cannula as described elsewhere [45]. For the remain- 
der of the experiment, animals were housed individually in 
one of 18 identical self-administration chambers, with water 
and food freely available. Following a two day recovery 
period, daily 4 hr test sessions began approximately 1 hr 
after light offset (10 a.m.) with the introduction of a remova- 
ble lever. Each depression of the lever produced an infusion 
of cocaine (0.5 mg/0.1 ml saline/4 sec). A 20 sec stimulus 
light was co-activated and all responses during this period 
had no programmed effect. Animals were replaced if they did 
not acquire a stable baseline (defined as 4 consecutive days 
during which cocaine intake did not vary by more than 10%) 
or if the cannula became blocked. The number of animals 
reported in each experiment refer to the number of subjects 
completing all phases of each experiment. 

Experiment 1 

Animals received either bilateral ovariectomies (OVX) or 
were sham-operated (SHAM) during the same surgical ses- 
sion as the cannula implantation. After a stable cocaine self- 
administration baseline was established, each animal was 
tested with a single dose of haloperidol (0.25, 0.05, 0.1, 0.15, 
or 0.2 mg/kg, IP) which was administered one hour before 
the cocaine test session. Increases in cocaine intake were 
expressed as percentages of the mean intake for the previous 
4 baseline days. 
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FIG. I. The effect of various doses of haloperidol on cocaine self- 
administration. Data represent the increase in cocaine intake ex- 
pressed as a percentage of baseline intake. Each point represents the 
mean (_+SEM) cocaine intake for ovariectomized (OVX) and sham 
operated (SHAM) groups. See Table 1 for exact Ns. +Indicates sig- 
nificantly different from OVX group q)<0.001, ANOVA). 

L:~periment 2 

Sexually mature female rats were prepared with intrave- 
nous cannulae, and permitted to self-administer cocaine as 
described above. The estrous cycle was determined daily by 
vaginal lavage taken at light offset. Nissl stained samples 
were examined under light microscopy, and categorized into 
proestrus, estrus, or diestrus. Animals that did not establish 
a stable pattern of cocaine self-administration or did not dis- 
play 2 regular estrous cycles were dropped from the experi- 
ment. Animals were assigned to groups according to estrous 
cycle classification (as determined by the presence of leuco- 
cytes, nucleated epithelial, and cornified epithelial cell 
types) on the morning of the drug test. A clear metestrus 
stage was seldom observed, so that for the purposes of this 
study, animals showing a preponderance of leucocytes were 
categorized as diestrus, whereas those showing cornified epi- 
thelial cells were grouped together into an "estrus/metestrus'" 
group. Each subject was tested once with a single dose of 
haloperidol (0.1 mg/kg, IP) 1 hour before access to cocaine. 
and then replaced. As in Experiment 1, the dependent vari- 
able was the increase in cocaine intake following haloperi- 
dol, expressed as a percent of baseline intake. 

E):periment 3 

Subjects were ovariectomized and prepared with intrave- 
nous cannulae as described in Experiment 1. Upon establish- 
ing a stable cocaine self-administration baseline, animals re- 
ceived various hormone treatments prior to their daily self- 
administration session. One group received a single injection 
of 17-/3-estradiol benzoate (EB, 50 p.g/kg, SC) 4 hr before the 
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FIG. 2. Illustration of 3 event records of cocaine self-administration during a 4 hr test session. Each 
pen deflection represents an 1V infusion of cocaine. Panel A shows an example of cocaine self- 
administration (baseline). Panel B illustrates the effect of haloperidol pretreatment (0.15 mg/kg) in 
which the response rate is increased and the response pattern remains regular. Panel C shows the event 
record of an animal which displayed an irregular pattern of cocaine self-administration following 
haloperidol pretreatment (0.15 mg/kg). 

T A B L E  1 

N U M B E R  O F  S U B J E C T S  D I S P L A Y I N G  I R R E G U L A R  P A T T E R N  O F  
COCAINE INTAKE FOLLOWING HALOPERIDOL/N 

Dose of Haloperidol 
(mg/kg, IP) 

0.025 0.05 0.1 0.15 0.2 

Sham-operated 1/11 2/12 4/12 4/6 5/6 
Ovariectomized 0/13 ~ 1/13 1/12 5/8 3/3 

self-administrat ion session. Two  other  groups rece ived  3 
daily EB injections (50 ~g/kg,  SC) and the haloperidol  re- 
sponse was tested 4 or  24 hr fol lowing the last EB treatment .  
Subjects  were injected with haloperidol  (0.1 mg/kg, IP) one 
hour before access  to cocaine.  Control  animals rece ived  in- 
jec t ions  of  vehicle (vegetable  oil, 1.0 ml/kg) and were tested 
in parallel with exper imenta l  subjects.  Subjects  in the fourth 
exper imenta l  group rece ived  the ca techol-es t rogen 
2-hydroxyestradiol  (2-OHE,  100 p.g/kg, SC) or  vehicle  ten 
minutes before  access  to cocaine.  The increase in cocaine  
self-administrat ion was calculated as a percent  of  baseline 
drug intake (preceding 4 days). 

RESULTS 

In Exper iment  1, an analysis of  var iance ( A N O V A )  re- 
vealed that haloperidol  p roduced  a statistically significant 
dose-dependent  increase in cocaine  self-administrat ion,  
F(4,85)= 16.75, p<0.001.  A N O V A  also revealed a significant 
t rea tment  effect,  F(4,85)=2.43,  p<0 .05 ,  indicating that the 
ovar iec tomy significantly influenced the haloperidol  re- 
sponse.  The difference be tween  groups was accounted  for by 
the statistically significant separat ion,  F(1,22)=17.16,  
p<0 .001 ,  obtained at the 0.1 mg/kg (see Fig. 1). Ovar i ec tomy 
had no effect ( F < I )  on mean baseline cocaine  intake. Mean 
intake for OVX and S H A M  subjects was 3.12 ml (±0.11) and 
2.99 ml (±0.11) respect ively .  
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FIG. 3. The effect of the estrous cycle on haloperidol-induced in- 
creases in cocaine self-administration. Data represent the increase in 
cocaine intake expressed as a percentage of baseline intake. Each 
point represents the mean (+SEM) cocaine intake for proestrus 
(N=14), estrus (N-14), and diestrus (N=14) groups, tIndicates 
significantly different from other groups (p<0.05, Newman-Keuls). 

An event  record of  a cocaine  self-administrat ion session, 
which illustrates the regular nature of  the response ,  is repre- 
sented in Fig. 2 (top panel). Panel B in Fig. 2 shows the event  
record of  an animal in which haloperidol  p roduced  an in- 
crease  in cocaine intake without  affecting the regular re- 
sponse pattern.  The lower  panel illustrates an example  of  an 
animal which showed an irregular response  pattern following 
a high dose of  haloperidol.  Table  1 shows the proport ion of  
both S H A M  and OVX subjects which displayed this re- 
sponse disruption following var ious doses of  haloperidol.  
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FIG. 4. The effect of estrogen pretreatment in OVX animals on 
cocaine self-administration following haloperidol. Data represent 
the increase in cocaine intake expressed as a percentage of baseline 
intake. Each point represents the mean (_+SEM) cocaine intake for 
7-13 animals per group. Animals received either estradiol benzoate 
(EB), 2-hydroxyestradiol (2-HE) or vehicle (OIL). The number of 
daily treatments is shown (Days) as well as the interval between the 
final injection and the test session (Pre-Test). 

In the second experiment ANOVA revealed a statistically 
significant effect of the estrous cycle on self-administration 
of cocaine following haloperidol, F(2,42)=4.22, p<0.05. 
Newman-Keuls analysis showed that animals injected with 
haloperidol during diestrus self-administered statistically 
more cocaine than animals in proestrus, or estrus, 
F(1,41)=4.77, p<0.035 (ANOVA) (see Fig. 3). No statisti- 
cally significant effect of the estrous cycle was observed on 
cocaine baseline intake (F< 1). 

An acute treatment with EB failed to produce a significant 
change in the self-administration response to haloperidol in 
OVX animals, F(1,19)=0.33, n.s. Three daily treatments 
with EB also failed to affect the response, whether tested 4 
hr, F(1,19)=0.54, n.s., or 24 hr, F(1,12)= 1.31, n.s., after the 
last injection. Similarly, pretreatment with the catechol- 
estrogen 2-hydroxyestradiol failed to affect the response, 
F(1,15)=0.33, n.s. The mean baseline cocaine intake for 
EB-treated animals was 3.19 ml (_+0.07) and 3.24 ml (_+0.16) 
for vehicle injected control subjects. 

DISCUSSION 

Animals given limited access to cocaine (e.g., 4 hr/day) 
demonstrate a remarkably invariant pattern of self- 
administration behavior (see Fig. 2). Within a test session, 
rats display a regular interinfusion interval, and self- 
administer almost exactly the same number of infusions from 
day to day. This baseline rate of cocaine intake is not influ- 
enced by hormonal variables. Neither ovariectomy nor var- 

ious hormonal treatments (Experiments 1 and 3) were found 
to significantly alter cocaine self-administration. We have 
previously reported that male and female rats self-administer 
similar dosages, and such baseline rates were unaffected by 
the antiestrogen, tamoxifen [10]. Furthermore, in Experi- 
ment 2, we found no difference in the baseline rate of cocaine 
intake between groups tested at different phases of the es- 
trous cycle. (While baseline rates are calculated across the 
four days of the estrous cycle, these baseline means would 
not reflect daily estrous related fluctuations in cocaine in- 
take, but systematic comparisons of days within the estrous 
cycle have failed to reveal fluctuation in self-administration 
behavior for either cocaine or apomorphine.) We therefore 
conclude that hormonal variables do not appreciably alter 
the self-administration rate for either direct or indirect 
dopamine agonists. Paradoxically, however, our data 
suggest that the action of dopamine antagonists on cocaine 
self-administration behavior seems to be influenced by ovar- 
ian hormones. 

Control rats pretreated with haloperidol show a dose- 
dependent increase in cocaine intake. At lower doses, the 
animals increase their cocaine intake up to 80-100% over 
baseline with the pattern of self-administration remaining 
regular. At higher doses of haloperidol, animals show an 
irregular response pattern, a behavior which has been inter- 
preted as "extinction-l ike" responding [54,55], and usually 
precedes response cessation. Thus, the dose-response curve 
for haloperidol in control animals peaks at 0.1 mg/kg. The 
decline in the dose-response curve at the higher dosages 
(0.15 and 0.2 mg/kg), is associated with an increasing pro- 
portion of animals showing an irregular response pattern and 
reduced cocaine intake (see Table 1). 

The potency of haloperidol appeared to be altered in 
ovariectomized rats. At the dose of 0.1 mg/kg, the SHAM 
group showed a 90% increase in the cocaine intake, with 25% 
of the animals starting to show an irregular pattern of self- 
administration. By contrast, the OVX group showed only a 
48% increase in cocaine intake at this dose and only one out 
of the twelve animals displayed an irregular response pat- 
tern. It appears that the effect represents a shift in the dose- 
response curve to the right. The OVX group showed a reg- 
ular response pattern at all doses until a maximal response 
was observed at 0.15 mg/kg. The OVX animals were clearly 
capable of responding at rates equal to the control group, if a 
high enough dose of haloperidol was administered, but sim- 
ply appeared to be less sensitive to the effects of the 
neuroleptic in this paradigm. 

We have previously reported that the antiestrogen, 
tamoxifen, also reduced the potency of haloperidol in female 
rats [10]. While this drug has its primary action on estrogen 
receptors, all other sex hormones are secondarily affected, 
with the result that the estrous cycle is arrested. Therefore it 
appears that either surgical (OVX) or pharmacological dis- 
ruption (tamoxifen) of the estrous cycle attenuates the po- 
tency of haloperidol in the cocaine self-administration 
paradigm. It is of interest to note that using this procedure 
we have shown that male rats are less sensitive than female 
rats to the effects of haloperidol [10] and that a comparison 
of the rates of self-administration following haloperidol (0. I 
mg/kg) reveals that after OVX or tamoxifen female rats re- 
spond at a lower rate comparable to the male rate. Thus 
female rats seem more sensitive to haloperidol than males, 
and this difference is negated by OVX or tamoxifen. 

Inasmuch as estrous related hormones seem to influence 
the response to haloperidol, we investigated in the second 
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experiment whether the potency would fluctuate across the 
estrous cycle of the female rat. We observed that in our 
animal model there was a significant change in neuroleptic 
potency,  however the finding that haloperidol was most po- 
tent during diestrus was unexpected. If OVX and anties- 
trogens reduce the potency of haloperidol by interfering with 
the action of  17-fl-estradiol, then one would predict that the 
greatest potency should be observed when the plasma con- 
centration of 17-fl-estradiol is at or following its peak (i.e., 
during proestrus or estrus). The reason why haloperidol 
shows a slight (but statistically significant) increase in po- 
tency during diestrus when 17-fl-estradiol levels are low is 
unclear, although the data imply that (A) either some change 
in dopamine receptor  sensitivity is initiated by the peak in 
estradiol but has a long latency, or (B) estradiol is not in- 
volved at all (see below). 

While it is recognized that results from the 4 day estrous 
cycle of the rat cannot be directly extrapolated to the human 
menstrual cycle, these data suggest that hormonal fluctua- 
tions might lead to alterations in the therapeutic effect of 
neuroleptics. Many authors have repeated the suggestion 
that the antipsychotic potency of neuroleptics varies with the 
menstrual cycle in humans (see the Introduction) however 
there does not appear  to be any direct evidence in the litera- 
ture. While a review by Stevens [50] has been cited for this 
effect, this paper makes no mention of the phenomenon. In 
laboratory animals, it has been shown that the behavioral 
response to amphetamine [3], intrastriatal infusions of 
dopamine [27] or stimulation of  the nigrostriatal pathway [48] 
varies across the estrous cycle of  the rat, and neurochemical 
studies have also indicated that the cyclic fluctuations in 
hormonal levels can affect dopamine function in the rat 
[8,32] and mouse [23,26]. These and the present data under- 
score the need for a re-examination of the clinical evidence 
concerning fluctuations in neuroleptic efficacy. 

The present studies illustrate that the potency of haloper- 
idol is affected by ovariectomy, and by fluctuations within 
the estrous cycle. While hormonal rhythms are most likely 
involved, these data do not implicate the specific hormone(s) 
responsible. Many steroid and peptide hormones fluctuate 
with the estrous cycle, and any one or combination of these 
might be important. In an effort to reinstate the haloperidol 
effect in the self-administration model, which was attenuated 
by ovariectomy, we chose to focus our attention on the ef- 
fect of estrogen pretreatments.  This was in large part due to 
the substantial literature which has demonstrated a direct 
interaction of estrogen on dopaminergic systems [51]. For 
example, it has been shown that estradiol and neuroleptics 
act synergistically in several behavioral paradigms [5, 13, 15, 
40], and neurochemical data indicate that estrogen treat- 
ments can influence dopamine turnover [9, 33, 34, 44, 53], 
release [2], dopamine-stimulated adenylate cyclase activity 
[30], and DA receptor binding [12-14, 24, 25]. These neuro- 
chemical effects are paralleled by behavioral data which 
indicate that the response to DA agonist and antagonist 
drugs is influenced by ovarian status [6, 17, 31, 37, 39, 43]. 

Estradiol benzoate (EB) treatment regimens were chosen 
since they have previously been shown to affect the behav- 
ioral response to neuroleptic drugs [21,22]. We were unable 
to demonstrate a significant effect on the potency of haloper- 
idol in the self-administration model following an acute in- 
jection of EB, three day treatment with EB, or withdrawal 
from EB treatment.  This may indicate that the model is not 
sufficiently sensitive to detect  changes in neuroleptic po- 
tency produced by EB, however,  since we have demon- 

strated that the model can detect  small fluctuations in po- 
tency across the estrous cycle, we conclude that these 
treatments are not sufficient to reinstate the efficacy of halo- 
peridol following ovariectomy. 

The catechol-estrogen, 2-OHE, was also tested for a 
possible influence on the haloperidol response. Catechol- 
estrogens are hydroxylated metabolites of estrogen, which 
can be formed in brain and have been shown to have signifi- 
cant physiological and pharmacological actions (see [42]). 
Recently, it has been demonstrated that catechol-estrogens 
can also affect dopaminergic function in rats [18,41]. 
Catechol-estrogens have been shown to compete for 
neuroleptic binding sites in tissue taken from anterior pitui- 
tary and striatum [36,49] and behavioral data show that 
catechol-estrogens can affect the response to dopaminergic 
agonist and antagonist drugs [16,40]. With respect to 
neuroleptic drugs, Nicoletti et  al.  [40] have demonstrated a 
potentiation of haloperidol-induced catalepsy following an 
acute injection of the catechol-estrogen 2-OHE. Using a 
similar treatment we were unable to affect the potency of 
haloperidol in OVX animals. These data again suggest that 
hormonal treatments that affect the extrapyramidal actions 
of neuroleptic drugs do not necessarily affect the self- 
administration model of antipsychotic drug potency. 

We have shown that neither estrogen nor catechol- 
estrogen treatments reverse the OVX attenuation of the hal- 
operidol response. One interpretation of these data might be 
that estrogen depletion is not the primary cause of the OVX 
effect, and that some other hormone is involved (e.g., 
prolactin, progesterone), or possibly that the coordinated 
cyclicity of many hormones is necessary for the higher sen- 
sitivity in the female rat. Further studies of the effects of 
other hormones, either alone or in combination with estro- 
gen, will be necessary before the nature of the hormonal 
involvement can be established. 

It should be recognized that the interaction between sex- 
hormones and neuroleptic action could be a peripheral ef- 
fect, possibly related to drug clearance. Sex related differ- 
ences in drug clearance have been reported [29,38], and drug 
metabolism by hepatic enzymes can be inhibited by steroid 
action. This point is particularly relevant since Chiodo et  al. 
[5] have demonstrated that estrogen can affect the clearance 
of [:~H]-spiperone from brain. However,  clearance rates of 
[:~H]-apomorphine and [:~H]-amphetamine were not affected 
by estrogen pretreatment [5]. Regardless of the site(s) of 
action, whether peripheral or central, the demonstration of 
an influence of hormones on neuroleptic action could have 
important clinical implications in the treatment of psychoses 
or tardive dyskinesia. 

Finally, the usefulness of the cocaine self-administration 
model for exploring the effects of neuroleptic drugs deserves 
comment. A distinction will be made here between a screen- 
ing procedure and a "mode l . "  The underlying mechanisms 
which allow a screening procedure to predict a particular 
drug effect may only be superficially related to a physiolog- 
ical response, the important thing being only that the screen 
predicts the therapeutic effect. For  example, one screen 
takes advantage of the dopamine receptor binding charac- 
teristics in the retina to predict neuroleptic potency, but 
there is clearly no assumption made that these drugs nor- 
mally achieve their antipsychotic effect in patients by acting 
on dopamine receptors in the eye. Theoretical arguments are 
secondary to the important aspect of whether or not the 
screen can predict a particular drug effect. As a screen, 
therefore, the cocaine self-administration procedure seems 
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useful .  It de t ec t s  neuro lep t i c  po t ency  in a wide var ie ty  of  
chemica l  c lasses ,  and  pred ic t s  the  cl inical  p o t e n c y  of  atypi-  
cal neu ro lep t i c s  b e t t e r  than  o t h e r  b e h a v i o r a l  or  b i ochemica l  
t e c h n i q u e s  (see [46]). W h e t h e r  the  p red ic t ion  tha t  clinical 
(neuro lep t ic )  p o t e n c y  f luc tua tes  wi th  the  r ep r oduc t i ve  cycle  
or  tha t  e s t rogen  supp l em en t s  will in f luence  the  an t i p sycho t i c  
effect  mus t  awai t  cl inical  inves t iga t ion .  

An  an imal  model ,  as oppos ed  to a sc reen ,  mus t  be  j u d g e d  
on  more  theore t i ca l  g rounds .  The re  is the  impl ied  a s sump-  
t ion tha t  the  m e c h a n i s m s  unde r ly ing  the  clinical r e sponse  
and  the  model  are ident ical  or  at  leas t  ana logous ,  and  tha t  
inves t iga t ions  into the  neura l  m e c h a n i s m s  unde r ly ing  the  
model  will yield ins ights  into the cl inical  d i sorder .  The re  is 
r e a s o n  to be l ieve  tha t  neuro lep t i c s  ach ieve  the i r  an t ip sycho-  
t ic effect  and  inf luence  coca ine  se l f -admin i s t ra t ion  at  ident i -  
cal loci and  tha t  is l imbic /cor t ica l  d o p a m i n e  r ecep to r s .  The  
modu la t i on  of  b o t h  of  these  effects  may  be s imilar ly  af fec ted  
by  ovar i an  h o r m o n e s  and  the  site of  this  in t e rac t ion  could  be 
the  same.  To this  ex ten t ,  the  model  shows  some  promise .  

H o w e v e r ,  eve ry  mode l  is e n c u m b e r e d  wi th  in te rpre ta -  
t ional  difficult ies,  and  the  se l f -admin is t ra t ion  model  has  sev-  
eral.  (A) The  d e p e n d e n t  va r iab le  is ra te  o f  coca ine  self- 

admin i s t r a t i on  and  the  fac tors  which  g o v e r n  this  ra te  are 
poor ly  u n d e r s t o o d  (see [47]). (B) The  b e h a v i o r  is d e p e n d e n t  
on  an  in te rac t ion  b e t w e e n  two drugs,  which  have  di f ferent  
p h a r m a c o - d y n a m i c  p roper t i e s .  (C) The re  is the  pa r adox  tha t  
the  h o r m o n a l  inf luence  is only  o b s e r v e d  wi th  the  an tagon i s t  
and  not  on  the  base l ine  se l f -adminis t ra t ion  ra tes  of  the  
agonis t .  This  last  poin t  may  be  a man i f e s t a t i on  of  points  (A) 
and  (B). Clear ly ,  the re  is m u c h  to be u n d e r s t o o d  abou t  the  
neura l  ba se s  of  se l f -adminis t ra t ion  b e h a v i o r  be fore  it will 
c o n t r i b u t e  t oward  our  u n d e r s t a n d i n g  of  an t i p sycho t i c  ac t ion .  
The  va lue  of  the  coca ine  se l f -adminis t ra t ion  model  t he re fo re  
d e p e n d s  on  the  level  of  in te rp re ta t ion .  The  parad igm may  
succeed  as a useful  behav io ra l  sc reen  to pred ic t  neuro lep t i c  
p o t e n c y  and  h o r m o n a l  in te rac t ions ,  bu t  it has  se r ious  l imita- 
t ions  as a " m o d e l "  for  s tudy ing  the neura l  bas is  of  
an t i p sycho t i c  act ion.  
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