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WILCOX, R. E., R. V. SMITH, J. A. ANDERSON AND W. H. RIFFEE. Apomorphine-induced stereotypic cage 
climbing in mice as a model for studying changes in dopamine receptor sensitivity. PHARMAC. BIOCHEM. BEHAV. 
12(1) 29-33, 1980.--We have previously confirmed in mice that apomorphine (APO) induces dopamine specific 
stereotypic cage climbing. Apparent changes in dopamine receptor sensitivity induced by chronic drug administration 
appear to be measurable by this technique. In the present experiments, murine stereotypic cage climbing was evaluated as a 
model system for assessing the dopamine receptor supersensitivity induced by chronic administration of the potent 
butyrophenone neuroleptic spiroperidol. Spiroperidol induced a significantly enhanced response induced by APO (about a 
7-fold increase) manifest by 48 hr (but not 24 hr) following cessation of the last chronic injection. Time-response analyses 
demonstrated that the action of test doses of APO (1.0 or 4.5 mg/kg, IP) was significantly prolonged in the chronic- 
spiroperidol animals relative to controls. The supersensitivity in the spiroperidol-treated animals lasted more than three 
weeks for each dose of the neuroleptic and the APO dose-response curve was shifted to the left in spiroperidol-treated 
animals. Results are discussed in terms of the utility of the model for establishing dose-response, time-course, and duration 
of effect data within the same group of animals. 

Neuroleptic Apomorphine Stereotypic activity Dopamine receptor sensitivity 

DESTRUCTION of the nigrostriatal dopamine system by 
6-hydroxydopamine [11,46], or temporary blockade of CNS 
dopamine receptors via chronic neuroleptic administration 
[5, 21, 22, 48], produces a characteristic pattern of enhanced 
behavioral responsiveness [14, 16, 27] to IP test doses of the 
dopamine agonist apomorphine [1,18]. Furthermore, both of 
these manipulations are associated with true alterations in 
the dopamine receptors themselves, with an increase in the 
maximum number of binding sites (Bmax) but no change in 
the affinity (KD) of binding [5, 11, 33]. 

Supersensitivity of dopamine receptors may be an impor- 
tant reason for the therapeutic effectiveness of L-dopa in 
Parkinson's disease [30], for the production of various dys- 
kinesias in the course of L-dopa therapy [2, 4, 8, 32] and 
perhaps for the clinically relevant effects of the aporphines in 
Parkinsonism [15], Huntington's chorea [45], tardive dys- 
kinesia [44], and schizophrenia [42]. 

An enhanced locomotor response to a test dose of 
apomorphine after either chronic apomorphine or dextroam- 
phetamine was recently reported [3]. This encouraged us to 
attempt to extend these findings of an apparent supersen- 
sitivity of dopamine receptors after chronic apomorphine to 
the stereotypic cage climbing model [37, 38, 49] which is 
relatively specific for the dopaminergic agonist action of 
aporphines and related compounds. A significantly enhanced 
response to a 1.0 mg/kg test dose of apomorphine four, eight, 
and twelve days after cessation of the last chronic apomor- 

phine injection was found using procedures which minimize 
experimenter bias and maximize accuracy of the data [51]. In 
the present experiments, we sought to characterize the util- 
ity of the cage climbing model as a means for assessing 
changes in dopamine receptor sensitivity induced by chronic 
drug administration. This report describes a preliminary 
evaluation of this model using the prototypical drug 
spiroperidol which is an antischizophrenic butyrophenone 
[9, 13, 19] with an extremely high affinity for dopamine re- 
ceptors. 

METHOD 

Subjects 

Experimentally naive CD-1 male albino mice (Charles 
River) weighing between 20 and 36 g at the time of testing 
were used in all investigations. Throughout the studies ac- 
cess to food and water was provided ad lib. Animals were 
maintained on a 12-hour light-dark cycle (lights on 6 AM to 6 
PM) and all pharmacological testing was done between 10 
AM and 5 PM. Between 10 and 20 mice were used in each 
group. 

Drugs 

Drugs used for the experiments were spiroperidol 
(Janssen Pharmaceuticals, New Brunswick, NJ) and R- 
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(-)-apomorphine hydrochloride hemihydrate (APO; Mac- 
Farland Smith, Ltd., Edinburgh, Scotland). Spiroperidol 
was prepared in a minimum amount of acid vehicle, (0.6% 
HCI; or tartaric acid, 1 mg tartaric/mg spiroperidol) and ad- 
ministered appropriately diluted to minimize injection 
trauma. APO was freshly prepared in distilled water without 
preservatives. Both drugs were administered intraperitoneal- 
ly. 

f:\~perimental Design 

Groups of mice (N= 10) were administered spiroperidol 
(0.4, 2.0, or 4.0 mg/kg, IP) or isotonic saline once daily for 20 
days and subsequently tested for cage climbing to APO as 
described below. In a second separate experiment, spiroper- 
idol (8 mg/kg) was administered IP once. 

Cage Climbing Behavior 

A modification of the basic procedure of Protais [38] was 
employed throughout involving videotaping of behavior 
coupled with "bl ind" ratings [38,51]. Briefly, animals were 
given a saline preinjection to minimize nonspecific effects of 
the handling/injection routine [39] and placed individually 
into cylindrical cages, 12 cm dia., 14 cm high, with walls of 
vertical bars, 2 mm diameter, 1 cm apart, surmounted by fine 
wire mesh. Following a 60 min habituation period, animals 
were given a pre-APO rating of their behavior (see below) 
and administered a test dose of APO (either 4.5 or 1.0 mg/kg) 
and the behavior of the animals recorded on videotape (30 
sec every 5 min) for the next hour. Videotaped behavior, 
scored via a 0-2 rating scale [38]: 0=four paws on cage floor; 
1 =two paws holding the vertical bars of the cage; 2=four 
paws holding the vertical bars of the cage, was later rated 
"bl ind" using procedures previously described [50]. 

Behavioral Testing attd Analysis 

Experimental groups each received one of three doses of 
spiroperidol (0.4, 2.0, 4.0 mg/kg) chronically with sub- 
sequent testing with one of two doses of APO (4.5 or 1.0 
mg/kg). Two groups of mice, treated with 2.0 or 4.0 mg/kg 
spiroperidol and tested with 1.0 mg/kg APO, were selected 
for extended tests beginning 24 hr after the last chronic 
spiroperidol dose as follows: 1 day, 2, 3, 7, 15, 21, and 35 
days. Statistical analyses were carried out in which scores of 
chronic spiroperidol treated mice were compared to the 
scores of chronic-saline animals (using parametric-t- test  
and nonparametric=Mann-Whitney U test procedures; c.f., 
[51,521. 

RE S U LTS 

Time-response data for control animals administered 
isotonic saline (one IP injection per day for 20 days) are 
presented in Fig. 1. Animals were tested for stereotypic cage 
climbing induced by 1.0 mg/kg APO, 4, 8, and 12 days after 
cessation of the last chronic saline injection. Stereotypy on the 
first test day (day 4) was less than activity on the subsequent 
days (analysis of variance and Neuman-Keuls tests p<0.05; 
[52,53]). Cage climbing on the second (day 8) and third (day 
12) tests days was not significantly different from one an- 
other (p >0.05). 

In Fig. 2 are shown time-response data for naive animals 
administered 1.0 or 4.5 mg/kg APO. With 1.0 mg/kg APO 
administration to naive mice, peak cage climbing occurs at 5 
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FIG. I. Stereotypic cage climb activity after administration of 
chronic isotonic saline. Mice were injected once per day for 20 days 
with isotonic saline (0.1 ml/10 g body wt, IP) and subsequently 
tested for stereotypic cage climbing to 1.0 mg/kg apomorphine (see 
text). Indicated in the figure are mean cage climb scores (n= 10) 4, 8, 

and 12 days following the last chronic saline injection. 
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FIG. 2. Time-response analysis of stereotypic response to apomor- 
phine (APO) in mice given acutely or after chronic administration of 
spiroperidol. Spiroperidol was administered once per day for 20 
days (0.4 mg/kg IP). Indicated in the figure are mean cage climb 
scores to 1.0 mg/kg (n-32) or 4.5 mg/kg (n=36) APO given to naive 
mice or to mice 48 hr. following the last chronic spiroperidol injec- 

tion (n-10  see text). 

minutes with similar levels maintained through 20 minutes. 
The response to this dose of APO is not significantly differ- 
ent from the response to isotonic saline at any time through- 
out the 60 min period [38, 49]. Following administration of 
4.5 mg/kg APO to naive animals, peak cage climbing occurs 
at 10-15 min with high levels of responding maintained until 
40 min after injection of the apomorphine. Time response 
data for administration of 4.5 or 1.0 mg/kg APO to mice 48 
hours after chronic spiroperidol (0.4 mg/kg IP, once daily for 
20 days) are also indicated in Fig. 2. In mice tested with 4.5 
mg/kg APO, the time of peak response is shifted to the right 
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TABLE 1 
CAGE CLIMBING TO APOMORPHINE AFTER CHRONIC 

SPIROPERIDOL 

Test Spiroperidol dose (mg/kg) 
day* 2 4 

1 4.1 ___ 1.3 3.0 _+ 1.2 
2 7.6 _+ 1.6t 6.8 _+ 1.7 
3 6.8 +_ 1.0~ 8.3 _+ 1.3, 
7 5.8 _+ 0.9? 9.9 -+ 0.% 

15 8.1 _+ 1.7? 7.8 +_ 1.4~ 
21 6.8 _+ 1.0, 7.7 _+ 0.7* 
28 7.7 _+ 0.9* 10.0 _+ 1.4, 
35 6.1 _+ 1.6 5.4 _+ 1.3 

*Stereotypic cage climbing in mice to 1.0 mg/kg (IP) apomorphine 
was evaluated after chronic treatment with spiroperidol (one injec- 
tion/day for 20 days). Scores represent mean _+ SEM cumulative 60 
min cage climb scores for n~>8 mice/group. 

~p<0.05 chronic-spiroperidol animals vs. chronic-saline animals. 
Scores for chronic-saline animals are presented in Fig. 1. (t-test and 
Mann-Whitney U test). 

:~p<0.01. 

TABLE 2 
EFFECT OF A SINGLE SPIROPERIDOL INJECTION ON CAGE 

CLIMBING TO APOMORPHINE 

Apomorphine dose (mg/kg) 
1.0 2.0 4.0 

Spiroperidol 0 _+ 0 9.7 _+ 1.6" 13.0 _+ 0.9 
Saline 1.1 _+ 0.3 2.8 _+ 0.7 11.1 _+ 1.8 

Spiroperidol (8 mg/kg) or saline (0.1 ml/10 g body wt) was adminis- 
tered IP to mice. Cage climbing to apomorphine was evaluated 72 
hours later as described in Method. n=6 per group. 

*p<0.05 spiroperidol vs. saline, Mann-Whitney U test. 

in chronic spiroperidol-treated animals relative to controls. 
A greater total response is also observed in the experimental 
animals with a cumulative score of 16.3 vs. 13.8 in controls. 
Administration of spiroperidol results in a significant in- 
crease in the response to APO relative to that of controls 
(cumulative scores over 60 min, p<0.05). 

In Table 1, data are shown for cumulative 60 min. cage 
climbing after administration of 1.0 mg/kg APO to animals 
given 2.0 or 4.0 mg/kg spiperone chronically. After chronic 
treatment with 2.0 mg/kg spiperone, supersensitivity is max- 
imal at 3 weeks. Following 4.0 mg/kg chronic spiperone, the 
enhanced stereotypic response is still apparent with undi- 
minished intensity at 4 weeks. Independent of the dose of 
spiperone administered in the present experiments, super- 
sensitivity is manifest by at least 48 hours following the last 
chronic spiperone injection and continues unabated 28 days, 
or longer than the duration of the chronic neuroleptic treat- 
ments. 

Table 2 presents dose response analyses for cage climbing 
in animals given APO to controls or 72 hr after a single injection 
of spiroperidol (8 mg/kg, IP). Significant increases at the 2 
mg/kg test doses of APO were found in the spiroperidol 
treated mice (.o<0.05, Mann-Whitney U test and t-test). 

DISCUSSION 

Behavioral measures of an apparent dopamine receptor 
supersensitivity defined via an enhanced behavioral re- 
sponse to dopamine agonists have been well documented 
[ 12,25]. Dopamine antagonist neuroleptics represent perhaps 
the most common means of inducing an increased sensitivity 
of postsynaptic receptors [23, 24, 47] although other agents 
such as narcotics [3, 7, 16, 26, 28, 40] appear able to produce 
similar changes (Wilcox et al., in preparation). 

Increased responsiveness to apomorphine in induction of 
stereotypic activity has been reported within one to two days 
after a single injection of haloperidol or chlorpromazine 
(rats: 9; mice: 10; 31). Generally, an injection (IP or SC) 
schedule of 3-6 weeks (range= 1-7 weeks) with a drug free 
period of 1-2 weeks (range=2-21 days) has been employed 
to induced an enchance stereotypic response to apomor- 
phine (reserpine, chlorpromazine, haloperidol: 43; hal- 
operidol: 22; haloperidol, thioridazine, clozapine: 41). Under 
these conditions, the enhancement of the behavioral re- 
sponse was about 100-200% (range=o-460%). In the pres- 
ent experiments, 21 daily injections of spiroperidol induced a 
several fold increase in the behavioral response to 1.0 mg/kg 
APO. The increase in the response to 4.5 mg/kg APO was 
less dramatic possibly due to the intense cage climbing in- 
duced by this dose of APO in naive mice. The average 
cumulative cage climb score of 17.0 in chronic spiroperidol 
mice is similar to that induced by 15 mg/kg APO (p>0.05) in 
control mice (Wilcox, unpublished observations). 

Recently, Martres [31] demonstrated that a single admin- 
istration of the butyrophenone neuroleptic haloperidol can 
result in a state of hypersensitivity of presumably 
postsynaptic dopamine receptors as shown by four findings. 
(1) An increased cage climb response is observed in mice 
when the animals are placed in test cages identical to those 
used in the present study and given APO with no saline 
pretreatment and no habituation time. (2) The neuroleptic is 
found to be less able to antagonize APO-induced climbing 
behavior in mice tested as in No. 1. (3) Dopamine release is 
decreased compared with controls. (4) APO possesses a 
greater ability to facilitate dopamine release in haloperidol- 
injected mice. 

Direct tests of changes in dopamine receptor function can 
be made via receptor binding assays following either selec- 
tive lesions of brain dopamine systems using the neurotoxic 
drug 6-hydroxydopamine [29] or chronic neuroleptic admin- 
istration [6]. The results of such studies correlate well with 
electro-physiological [7] and neuroanatomical [36] evidence 
of enhanced firing and cell depletion, respectively. Thus 
chronic administration of haloperidol to rats [7, 21, 36] in- 
creases striatal and mesolimbic dopamine binding of (aH)- 
haloperidol or (aH)-spiroperidol from 27-77% relative to con- 
trois [35]. We have confirmed in rats that chronic 
spiroperidol (0.4 mg/kg IP once daily for 35 days; animals 
sacrificed 7 days later) increases the maximum number of 
(3H)-spiroperidol binding sites (34% increase in Bmax with no 
change in the affinity of binding; Wilcox unpublished obser- 
vations). Also, preliminary evidence suggests that spiperone 
treatment in mice enhances ('~H)-spiroperidol binding to 
striatal homogenates by 33% concomitant with enhanced be- 
havioral sensitivity to APO (Wilcox, unpublished observa- 
tions). These biochemical data, taken together with the be- 
havioral and biochemical results of Martres et al., [31] and 
the present behavioral test results suggest that the cage climb 
methodology utilized here provides a useful animal model for 
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assess ing  changes  in dopamine  r ecep to r  func t ion  af te r  
chron ic  drug t r ea tmen t .  The  ease  of tes t ing  large n u m b e r s  of  
animals  and  of  es tab l i sh ing  wi th in-animal  t ime course  da ta  
us ing the  desc r ibed  me thodo logy  may  have  va lue  as a sc reen  
for  tes t ing the  effects  of  different  dose  reg imens  and  treat-  
ment  pa t t e rns  for  a wide var ie ty  of  drugs  wi th  pu ta t ive  ef- 
fects  on dopamine  recep tors .  

ACKNOWLEDGEMENTS 

This work was supported by grant NS-06114 (REW) and NS- 
12259 (RVS) from the National Institute of Neurological and Com- 
municative Disorders and Stroke. The authors thank Janssen Phar- 
maceuticals for the generous donation of spiroperidol. 

REFERENCES 

1. Anden, N.-E., A. Rubenson, K. Fuxe and L. H6kfelt. Evidence 
for dopamine receptor stimulation by apomorphine. J. Pharm. 
Pharmac. 19: 627-629, 1967. 

2. Anden, N.-E. Pharmacological and anatomical implications of 
induced abnormal movements with L-dopa. In: L-Dopa and 
Parkinsonism, edited by A. Barbeau and R. H. McDowell. 
Philadelphia: Davis, 1970, pp. 132-143. 

3. Bailey, R. C. and D. M. Jackson. A pharmacological study of 
changes in central nervous system receptor responsiveness after 
long-term dexamphetamine and apomorphine administration. 
Psychopharmacology 56: 317-326, 1978. 

4. Barbeau, A. L-Dopa therapy in Parkinson's disease: A critical 
review of nine years experinece. Can. Med. Ass. J. 101: 5%68, 
1969. 

5. Burt, D. R., E. Creese and S. H. Snyder. Antischizophrenic 
drugs: chronic treatment elevates dopamine receptor binding in 
brain. Science 196: 326-328, 1977. 

6. Bunney, B. S. and A. A. Grace. Acute and chronic haloperidol 
treatment: comparison of effects on nigral dopaminergic cell 
activity. Life Sci. 23: 1715-1728, 1978. 

7. Carlson, K. R. and J. Almas. Behavioral supersensitivity to 
apomorphine following chronic narcotic treatment in the guinea 
pig. Psychopharmacology 57: 273-277, 1978. 

8. Carlsson, A. Biochemical implications of dopa-induced actions 
on the central nervous system, with particular reference to ab- 
normal movements. In: L-Dopa and Parkinsonism, edited by A. 
Barbeau and R. H. McDowell. Philadelphia: Davis, 1970, pp. 
205-213. 

9. Christensen, A. V., B. Fjalland and 1. Moiler-Nielsen. On the 
supersensitivity of dopamine receptors induced by neuroleptics. 
Psychopharmacology 48: 1-6, 1976. 

10. Constentin, J., H. Marcais, P. Protais, M. Baudry, S. De- 
labanme, M. P. Matres and J. C. Schwartz. Rapid development 
of hypersensitivity of striatal dopamine receptors induced by 
alpha-methylparatyrosine and its prevention by protein synthe- 
sis inhibitors. Life Sci. 21: 307-314, 1977. 

11. Creese, I., D. R. Burt and S. H. Snyder. Dopamine receptor 
binding enhancement accompanies lesion-induced behavioral 
supersensitivity. Science 197: 596-598, 1977. 

12. Creese, I. and S. D. lverson. Behavioral sequelae of 
dopaminergic supersensitivity. In: Pre- and Postsynaptic Re- 
ceptors, edited by E. Usdin and W. E. Bunny, Jr. New York: 
Marcel Dekker, 1975, pp. 171-190. 

13. Creese, 1., R. Schneider and S. H. Snyder. :~H-spiroperidol 
labels dopamine receptors in pituitary and brain. Enr. J. Phar- 
mac. 46: 377-381, 1977. 

14. Davis, K. L., L. B. Hollister and W. C. Frito. Induction of 
dopaminergic mesolimbic receptor supersensitivity by 
haloperidol. Li[~' Sci. 23: 1543-1548, 1978. 

15. Duby, S. E., G. C. Cotzias, P. S. Papavasilliou and W. H. 
Lawrence. Injected apomorphine and orally administered 
levodopa in Parkinsonism. Arch. Neurol. 27: 474-478, 1972. 

16. Eibergen, R. D. and K. R. Carlson. Behavioral evidence for 
dopaminergic supersensitivity following chronic treatment with 
methadone or chlorpromazine in the guinea pig. Psychophar- 
macology 48: 13%146, 1976. 

17. Engel, J. and S. Liljequist. The effects of long-term ethanol 
treatment on the sensitivity of the dopamine receptors in the 
nucleus accumbens. Psychapharmacology 49: 253-257, 1976. 

18. Ernst, A. M. Mode of action of apomorphine and dexam- 
phetamine on growing compulsion in rats. Psychophar- 
macologia 10: 316-323, 1976. 

19. Fields, I. Z., T. D. Reisine and H. I. Yamamura. Biochemical 
demonstration of dopaminergic receptors in rat and human brain 
using (3H)-spiroperidol. Brain Res. 136: 578-584, 1977. 

20. Friedhoff, A. J., K. Bonnett and H. Rosengarten. Reversal of 
two manifestations of dopamine receptor supersensitivity by 
administration of L-dopa. Res. Communs. chem. pathol. Phar- 
mac. 16:411-423, 1977. 

21. Gianutsos, G., R. B. Drawbaugh, M. D. Hynes and H. Lal. 
Behavioral evidence for dopaminergic supersensitivity after 
chronic haloperidol. Life Sci. 14: 887-898, 1974. 

22. Gianutsos, G., M. D. Hynes, R. Drawbaugh and H. Lal. 
Similarities and contrasts between the effects of amphetamine 
and apomorphine in rats chronically treated with haloperidol. 
Prog. Nettro-Psychopharmac. 2: 161-167, 1978. 

23. Heal, D. J., A. R. Green, D. J. Boullin and D. G. Grahame- 
Smith. Single and repeated administration of neuroleptic drugs 
to rats: effects on striatal dopamine-sensitive adenylate-cyclase 
and locomotor activity produced by tronylcypromine and 
L-tryptophan or L-dopa. Psychopharmacology 49: 287-300, 
1976. 

24. Hyttel, J. Dopamine-receptor binding and adenylate-cyclase 
activity in mouse striatal tissue in the supersensitivity phase 
after neuroleptic treatment. Psychopharmacology 59:211-216, 
1978. 

25. lversen, S. D. and 1. Creese. Behavioral correlates of 
dopaminergic supersensitivity. Adv. Neurol. 9: 81-92, 1975. 

26. Jenner, P., C. Pycock and C. D. Marsden. The effect of chronic 
administration and withdrawal of amphetamine on cerebral 
dopamine receptor sensitivity. Psychopharmacology 58: 131- 
136, 1978. 

27. Kelly, P. H., P. W. Seviour and S. D. Iversen. Amphetamine 
and apomorphine responses in the rat following 6-OHDA le- 
sions of the nucleus accumbens septi and corpus striatum. Brain 
Res. 94: 507-522, 1975. 

28. Klawans, R. E. and D. 1. Margolin. Amphetamine-induced 
dopaminergic hypersensitivity in guinea pigs. Archs. gen. 
Psych#. 32: 725-732, 1975. 

29. Kostrzewa, R. M. and D. M. Jacobowitz. Pharmacological ac- 
tions of 6-hydroxydopamine. Pharmac. Rev. 26: 199-287, 1974. 

30. Langer, S. Z. Denervation sensitivity. In: Handbook ~f  
Psychopharrnacology, Vol. 2, edited by L. L. lversen and S. D. 
Snyder. New York: Plenum Press, 1975, pp. 245-279. 

31. Martres, M. P., J. Costentin, M. Baudry, H. Marcais, P. Protais 
and J. C. Schwartz. Ong-term changes in the sensitivity of pre- 
and postsynamptic dopamine receptors in mouse striatum evi- 
denced by behavioral and biochemical studies. Brain Res. 136: 
319-339, 1977. 

32. Markham, C. H. The chorioathetoid movement disorder in- 
duced by levodopa. Clin. Pharmac. Ther. 12: 340--346, 1971. 

33. Mishra, R. K., Y-W. Wong, S. L. Varmuza and L. Tuff. Chemi- 
cal lesion and drug induced supersensitivity and subsensitivity 
of caudate dopamine receptors. L~/~" Sci. 23: 443-446, 1978. 

34. Muller, P. and P. Seeman. Dopaminergic supersensitivity after 
neuroleptics: time course and specificity. Psychopharmacology 
60: 1-11, 1978. 



M O D E L  F O R  D O P A M I N E  R E C E P T O R  S E N S I T I V I T Y  33 

35. Muller, P. and P. Seeman, Brain neurotransmitter receptors 
after long-term haloperidol: dopamine, acetylcholine, serotonin, 
c~-noradrenergic and naloxone receptors. Life Sci. 21: 1751- 
1758, 1978. 

36. Nielsen, E. B. and M. Lyon. Evidence for cell loss in corpus 
striatum after long-term treatment with a neuroleptic drug 
(flupenthixol) in rats. Psychopharmacology 59: 85-89, 1978. 

37. Protais, P., J. Costentin and J. C. Schwartz. Climbing behav- 
ioral induced by apomorphine in mice: a simple test for the 
study of dopamine receptors in striatum. Psychopharmacology 
50: 1-6, 1976. 

38. Riffee, W. H., R. E. Wilcox and R. V. Smith. Stereotypic and 
hypothermic effects of apomorphine and N-n-propyl-norapo- 
morphine in mice. Eur. J. Pharmac. 54: 273-277, 1979. 

39. Rif(ee, W. H., R. E. Wilcox and R. V. Smith. Modification of 
drug-induced behavioral arousal by preinjection routines in 
mice. Psychopharmacology 63: 1-5, 1979. 

40. Scheel-Kruger, J., K. Golembioswha and E. Mogilnicka. Evi- 
dence for increased apomorphine-sensitive dopaminergic effects 
after acute treatment with morphine. Psychopharmacology 53: 
55-63, 1977. 

41. Smith, R. C. and J. M. Davis. Behavioral evidence for super- 
sensitivity after chronic administration of haloperidol, clozapine 
and thioridazine. Life Sci. 19: 725-732, 1976. 

42. Tamminga, C. A., M. H. Schaffer, R. C. Smith and J. M, Davis. 
Schizophrenic symptoms improve with apomorphine. Science 
200: 567-568, 1978. 

43. Tarsy, D. and R. J. Baldessarini. Behavioral supersensitivity to 
apomorphine following chronic treatment with drugs which 
interfere with the synaptic function of catecholamines. 
Neuropharmacology 13: 927-940, 1974. 

44. Tolosa, B. S. Modification of tardive dysinesia and spasmodic 
torticollis by apomorphine. Archs. Neurol. 35: 45%462, 1978. 

45. Tolosa, E. S. and S. B. Sparber. Apomorphine in Huntington's 
chorea: Clinical observations and theoretical considerations. 
Life Sci. 15: 1371-1380, 1974. 

46. Ungerstedt, U. Postsynaptic supersensitivity after 
6-hydroxydopamine-induced degeneration of the nigra-striatal 
dopamine system. Acta Physiol. scand. Suppl. 367:6%93,1971. 

47. Voith, K. Comparison of behavioral supersensitivity to 
apomorphine after fluphenzaine dihydrochloride and flu- 
phenazine decanoate treatment in rats. Proc. Neuro-Psycho- 
pharmac. 1: 28%295, 1977. 

48. Vonvoigtlander, P. F., E. G. Lasey and H. T. Triezenberg. 
Increased sensitivity to dopaminergic agent after chronic 
neuroleptic treatment J. Pharmac. exp. Ther. 193: 88-94, 1975. 

49. Wilcox, R. E., W. H. Riffee and R. V. Smith. Pharmacological 
effects of apomorphine and N-n-propylnorapormorphine in the 
mouse. Fed. Proc. 37: 854, 1978. 

50. Wilcox, R. E., W. H. Riffee and R. V. Smith. Stereotypic and 
hypothermic effects of apomorphine and N-n-propyl- 
norapomorphine" in mice--antagonism by neurotrans- 
mitter receptor blockers. Pharmacologist 20: 223, 1978. 

51. Wilcox, R. E., W. H. Riffee and R. V. Smith. Videotaping: the 
evaluation of stereotypic effects of antiparkinsonism agents. 
Pharmac. Biochem. Behav. 10: 161-164, 1979. 

52. Wilcox, R. E. , W. H. Riffee and R. V. Smith. Post-hoc data 
analysis in biomedical research. Am. Lab. 11: 32-45. 

53. Winer, B. J. Statistical Principles in Experimental Design. New 
York: McGraw-Hill, 1971. 


