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HIRAMATSU, M., T. NABESHIMA, H. FURUKAWA AND T. KAMEYAMA. Different effect ofethylketocyclazocine 
on phencyclidine- and N-allylnormetazocine-induced stereotyped behaviors in rats. PHARMACOL BIOCHEM BEHAV 
28(4) 489-494, 1987.--The effects of ethylketocyclazocine (EKC) on the stereotyped behaviors induced by intraperitoneal 
injection of phencyclidine (PCP) or N-allylnormetazocine (SKF 10,047) were examined. EKC markedly antagonized 
PCP-induced stereotyped behaviors such as sniffing, head-weaving, turning and backpedalling. On the other hand, EKC 
failed to antagonize SKF 10,047-induced stereotyped behaviors, which are PCP-like stereotyped behaviors, except sniffing 
and head-weaving at 0-15 min after the SKF 10,047 injection. PCP-induced turning and backpedalling were potentiated by 
pretreatment with SKF 10,047, while PCP-induced sniffing and head-weaving were not. EKC failed to affect the enhancing 
effect of SKF 10,047 on PCP-induced turning and backpedalling. These results suggest that part of the PCP- and SKF 
10,047-induced stereotypy may be mediated by different neuronal mechanisms. 
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PHENCYCLIDINE (PCP, "angel  dust")  was first used as a 
general anesthetic in clinical trials in 1958. However ,  since it 
caused postoperat ive delirium and hallucinations, its use 
with humans was discontinued [4]. PCP and some of its 
analogs have appeared as street drugs during the last decade. 
Administration of  PCP to rats induces a complex syndrome 
of  behaviors such as hyperactivity,  s tereotypy and ataxia [3, 
5, 34, 40] and it has been demonstrated that these behaviors 
are mediated via various neuronal systems [3, 5-8, 15, 18- 
28]. 

In studies utilizing the spinal dog, the similarity between 
the single dose profiles of PCP and N-aUylnormetazocine 
(SKF 10,047) has been reported [38,39]. In addition, several 
studies have shown specific receptor  sites for PCP in brain 
[29,41] and it has been suggested that sigma opiate receptors 
and PCP receptors may be the same [45]. Furthermore,  the 
psychotomimetic effects of  PCP appear  to be mediated by 
sigma opiate receptors and/or unique PCP receptors,  and the 
effects of  opiates such as S K F  10,047 are also produced 
through PCP/sigma receptors [1, 6, 30]. S K F  10,047 general- 
izes the effect of  PCP in drug-discrimination test [9, 31, 32]. 

However,  Tam et al. [36,37] have recently suggested that the 
previously reported PCP binding sites are different from the 
(+)-[3H]SKF 10,047 binding sites. This finding has raised 
additional questions concerning the pharmacological rela- 
tionship between these two drugs. 

It is well known that many opiate drugs interact at multi- 
ple receptor  sites [16]. The range of neuropharmacological 
actions of a particular opioid ligand may be indicated by its 
various potencies when interacting with mu, delta, kappa 
and sigma receptors [45]. For  example,  previous reports 
suggest that S K F  10,047 has not only sigma agonistic activ- 
ity, but also mu and kappa antagonistic activity [10,32]. Tam 
[35] has suggested that the highly sedative effect of  ethyl- 
ketocyclazocine (EKC), a kappa opiate agonist, could mask 
the observable sigma type behavioral responses in animals. 
If  PCP binding sites were different from the S K F  10,047 
binding sites, the effects of EKC on PCP- and SKF 10,047- 
induced behavioral stimulating effects might be different. 

Therefore, our purpose in the present study was to inves- 
tigate whether the mechanisms of  action of  PCP and S K F  
10,047 for producing s tereotypy were similar or  not by corn- 

1Requests for reprints should be addressed to Toshitaka Nabeshima, Ph.D., Department of Chemical Pharmacology, Faculty of Phar- 
maceutical Sciences, Meijo University, Nagoya 468, Japan. 
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FIG. 1. Comparison of stereotyped behaviors induced by phencyclidine (PCP) and 
N-allylnormetazocine (SKF 10,047) in rats. Stereotyped behaviors were observed 
during a 3-min period at 15, 30, 45 and 60 min after the injection of test drugs. 
Values are the mean_S.E.M, of 7-9 animals. 

paring the effect of  EKC on PCP- and S K F  10,047-produced 
stereotypy. 

METHOD 

Animals 

Male Wistar rats (Kyoto Inst. ,  Kitayama Labo. Co., Ja- 
pan), weighing 200 to 300 g at the time of  the stereotypy- 
experiments,  were housed in a temperature- (23_+ I°C) and 
humidity- (55_+5%) regulated room with a 12 hr light/dark 
cycle lit between 8 a .m.-8 p.m. for at least 7 days before the 
start of  experiments.  The animals were given free access to 
food and water. 

Drugs 

The drugs used were phencyclidine-HC1 (PCP; synthe- 
sized by us, identified by NMR and IR), N- 
allylnormetazocine-HCl (SKF 10,047; NIDA), ethylketocy- 
clazocine methanesulfonate (EKC; Sterling Winthrop). PCP 
and S K F  10,047 were dissolved in 0.9% NaC1 solution. EKC 
was dissolved in distilled water with a small amount of lactic 
acid, and sodium bicarbonate was used to bring the pH of the 
solution up to about 4. Control experiments were performed 
by the injection of  0.9% NaCI solution instead of  drug solu- 
tions. Drugs were injected in a volume of  2 ml/kg body 
weight. PCP (7.5 mg/kg) and S K F  10,047 (10 mg/kg) were 
administered (IP) 15 min after treatment with EKC (4 mg/kg, 
SC). In the next experiments,  PCP (5 or 7.5 mg/kg) was 
administered (IP) 21 and 15 min after EKC (2 or 4 mg/kg, SC) 
and S K F  10,047 (10 mg/kg, SC) treatment, respectively. 
Doses of drugs were based on previous experiments [22,23]. 
Doses of  these drugs were expressed in terms of  the above- 
mentioned salts. 

Measurement of  Stereotyped Behaviors in Rats 

To evaluate PCP- or S K F  10,047-induced stereotyped be- 
haviors, the behavioral scoring system developed by us [25] 
was employed and behavioral scores were recorded for four 
periods (1 t ime-period=3 min or 15 min) as follows: sniffing 
(0: absent,  1: occasional, 2: frequent, 3: constant); 
backpedalling (the number of times the animal made back- 
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FIG. 2. Effects of ethylketocyclazocine (EKC) on the PCP- or SKF 
10,047 (SKF)-induced stereotyped behaviors in rats. EKC (4 mg/kg) 
was administered SC 15 min before the PCP (7.5 mg/kg) or SKF (10 
mg/kg) injection. Each bar is the mean-+S.E.M, of 7-9 animals. 
*p<0.05, **p<0.01 vs. SAL + PCP or SAL + SKF (Mann-Whitney 
U-test). 
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FIG. 3. Effects of ethylketocyclazocine (EKC 4 mg/kg) on the stereotyped behaviors induced 
by PCP (7.5 mg/kg) in combination with SKF 10,047. EKC (4 mg/kg) and SKF 10,047 (SKF 10 
mg/kg) were administered SC 21 and 15 min before the PCP (7.5 mg/kg) injection, respectively. 
Each bar is the mean-+S.E.M, of 7-9 animals. *p<0.05, **p<0.01 vs. SAL + SAL + PCP 
(Mann-Whitney U-test). 

ward locomotion), head-weaving (the number of times the 
animal made slow, side-to-side or lateral head movements), 
turning (the number of  times the animal circled laterally to 
left or fight 360 ° within a relatively small area). The PCP- or 
SKF 10,047-induced stereotyped behaviors were observed in 
a cage with dimensions of  30 x 35 x 17 cm. Rating of  behavior 
was made by one of  the authors who was blind to the treat- 
ments that the animals had received. The experiments were 
conducted between 10:00 a.m. and 6:00 p.m. in a quiet lab- 
oratory. 

Analysis o f  Data 

Comparisons of  three or more treatments were made 
using the Krnskal-Wallis test and where tests were positive, 
post-hoc comparisons of selected pairs of groups were made 
using the two-tailed Mann-Whitney U-test. 

RESULTS 

Comparison of  Stereotyped Behaviors Induced by PCP and 
SKF 10,007 in Rats 

Gross observation of  behavioral changes in Wistar rats 
treated with PCP indicated hyperactivity, ataxia and some 
stereotyped behaviors consisting of  sniffing, turning, head- 
weaving and backpedalling, and these effects were dose- 
dependent [22]. SKF 10,047, acting as a sigma receptor 
agonist, also produced hyperactivity (data not shown) and 
PCP-like stereotyped behaviors (Fig. 1). SKF 10,047- 
induced stereotypy was also dose-dependent. The higher 
dose of  SKF 10,047 (20 mg/kg) produced the greater intensity 
of  stereotypy than the 5 mg/kg dose and in the case of  
backpedalling the intensity was even greater than 7.5 mg/kg 
dose of  PCP (Fig. 1). 

Effects of Pretreatment With Ethylketocyclazocine on PCP- 
or SKF lO,047-1nduced Stereotyped Behaviors 

As shown in Fig. 2, all of  the PCP- (7.5 mg/kg) induced 
stereotyped behaviors indicated in the present study were 
completely antagonized by pretreatment with EKC (4 mg/kg) 
at almost all observation periods. On the other hand, SKF 
10,047- (10 mg/kg) induced turning and backpedalling were 
not antagonized by EKC (4 mg/kg). SKF 10,047-induced 
sniffing and head-weaving were significantly antagonized by 
EKC at 0-15 min after the SKF 10,047 injection (first obser- 
vation period). However, after this period, the antagonizing 
effects of  EKC were not observed. The antagonistic effects 
of  EKC on SKF 10,047-induced stereotyped behaviors were 
weak compared with those on PCP-induced stereotypy (Fig. 
2). EKC alone did not produce stereotypy at all observation 
periods (Fig. 2). 

In previous experiments, we have found that the behav- 
ioral scores of  PCP-induced turning and backpedalling are 
significantly increased when SKF 10,047 (10 mg/kg) is in- 
jected before the PCP (5 and 7.5 mg/kg) injection [22]. In 
following experiments, therefore, we used the doses of  PCP 
(5 and 7.5 mg/kg) and SKF 10,047 (10 mglkg) to evaluate 
whether the increase in the intensity of  PCP-induced stereo- 
typed behaviors produced by SKF 10,047 was antagonized 
by EKC. 

Effects of  Ethylketocyclazocine on the Stereotyped 
Behaviors Induced by PCP in Combination With SKF 10,007 

Frequency and duration of  turning and backpedalling in- 
duced by PCP (5 and 7.5 mg/kg) were significantly increased 
by pretreatment with SKF 10,047 (10 mg/kg) (Figs. 3 and 4). 
However, the pretreatment with SKF 10,047 failed to poten- 
tiate PCP-induced sniffing and head-weaving. On the con- 
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FIG. 4. Effects of ethylketocyclazocine (EKC 2 mg/kg) on the stereotyped behaviors induced by PCP (5 
mg/kg) in combination with SKF 10,047. EKC (2 mg/kg) and SKF 10,047 (SKF 10 mg/kg) were adminis- 
tered SC 21 and 15 min before the PCP (5 mg/kg) injection, respectively. Each bar is the mean_+S.E.M. 
of 7-9 animals. *p<0.05, **p<0.01 vs. SAL + SAL + PCP; #p<0.05, ##p<0.01 vs. SAL + SKF + 
SAL; ?p<0.01 vs. SAL + SKF + PCP (Mann-Whitney U-test). 

trary, PCP- (7.5 mg/kg) induced head-weaving was antago- 
nized by SKF 10,047 but not PCP- (5 mg/kg) induced head- 
weaving at 15-30 rain after the PCP injection (Figs. 3 and 4). 
Interestingly, although EKC was able to completely sup- 
press PCP-induced turning and backpedalling, the increase 
in the intensity of PCP-induced turning and backpedalling 
produced by SKF 10,047 was not affected by pretreatment 
with EKC. In addition, the pretreatment with EKC antago- 
nized PCP-induced sniffing and head-weaving (Figs. 3 and 4) 
and SKF 10,047-induced sniffing (Fig. 4), but EKC unaf- 
fected or enhanced (SKF 10,047 + PCP)-induced sniffing 
and/or head-weaving (Figs. 3 and 4). 

DISCUSSION 

SKF 10,047, which is considered to be a prototypic sigma 
opiate receptor agonist [16], has been determined to be 
pharmacologically very similar to PCP. In the chronic spinal 
dog, the singie-dose profile of the two drugs is virtually in- 
distinguishable [38,39]. SKF 10,047 produces discriminative 
stimuli in the rat which are generalized to those of PCP [9, 
31, 32]. Also, the dose response curves for the two drugs for 
producing ataxia on the rotarod are parallel. Furthermore, 
SKF 10,047 displaces specifically [sH]PCP-binding [19]. In 
man, SKF 10,047, as well as cyclazocine and other drugs 
considered to have sigma-receptor activity [16], produces a 
broad spectrum of effects which includes tiredness, drunk- 
enness and psychotomimetic phenomena [11,13]. Thus, in 
man, PCP and drugs with sigma-receptor activity appear to 
produce many similar effects. Therefore, PCP and SKF 
10,047 have been demonstrated to produce similar spectra of  
action in a variety of situations. 

In the present study, SKF 10,047 alone produced PCP- 
like stereotyped behaviors in a dose-dependent manner (Fig. 
1) consistent with previous reports [6,22]. Although there is 

some controversy regarding the relative activity of (+)- and 
( - ) - S K F  10,047 [1], with a (+) isomer that has activity like 
that of  PCP and a ( - )  isomer that probably has activity like 
that of EKC, the racemic mixture of  SKF 10,047 is about 
one-half to one-sixth as potent as PCP [17,31]. In agreement 
with previous reports, the potency of  SKF 10,047 (10 
mg/kg=34.0/zmol/kg) to produce stereotypy was weak com- 
pared with a similar dose of PCP (7.5 mg/kg=26.8 txmol/kg). 
Very recently, Greenberg and Segal [6] have reported that 
PCP and SKF 10,047 appear to exert many of  their effects on 
unconditioned behavior through common mechanisms, in- 
cluding interaction with sigma receptors. However, our re- 
sults indicated that SKF 10,047 potentiated the intensity of 
PCP-induced turning and backpedalling more than the sum of 
their behavioral responses. Therefore, the enhancing effects 
of  SKF 10,047 may be due to not only sigma receptors 
but also some other mechanisms. 

In our present results, EKC antagonized PCP-induced 
hyperactivity and stereotyped behaviors. If  the mechanisms 
of  actions of PCP and SKF 10,047 are the same, the 
stereotypy produced by SKF 10,047 should also be antago- 
nized by EKC pretreatment. However, SKF 10,047-induced 
stereotyped behaviors were not antagonized effectively by 
pretreatment with EKC in contrast with PCP-induced 
stereotypy. Furthermore, the enhancing effects of  SKF 
10,047 on PCP-induced turning and backpedalling also were 
not antagonized by EKC. These results suggest that PCP- 
and SKF 10,047-induced stereotyped behaviors are not 
mediated via only common mechanisms of  action. 

PCP binding sites [29, 41, 44] have been identified as ac- 
counting for the pharmacological action of  PCP and its de- 
rivatives. It has been proposed that the sigma (SKF 10,047) 
binding sites are the same as the PCP binding sites, since 
both SKF 10,047 and PCP produce psychotomimetic effect 
and bind to the PCP binding sites [45]. The finding that PCP 
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binds to the (+)-[aH]SKF 10,047 binding site with similar 
affinity may account for some of the similar pharmacological 
properties of PCP and SKF 10,047. However, Tam [36] has 
suggested that the PCP binding sites are different from the 
(+)-[aH]SKF 10,047 binding sites. The reasons are: (1) 
[aH]PCP binding [44] but not (+)-[3H]SKF 10,047 binding is 
decreased in the presence of sodium ions [36]; (2) the two 
binding sites have different drug selectivity; (3) the PCP 
binding sites show low affinity and little stereoselectivity 
towards SKF 10,047 and EKC, whereas these drugs are 
highly stereoselective towards the (+)-[3H]SKF 10,047 bind- 
ing sites; and (4) the regional distribution of (+)-[3H]SKF 
10,047 and PCP binding sites in the rat central nervous sys- 
tem is different [14,35]. 

SKF 10,047 antagonizes ketocyclazocine-induced 
analgesia in rats [10] and also antagonizes the EKC dis- 
criminative stimulus [32]. These data suggest that in addition 
to its previously known mu antagonistic activity, SKF 10,047 
also has kappa antagonistic properties. Furthermore, we 
have shown that pretreatment with Mr 2266 (2.5 mg/kg), a 
selective kappa antagonist, completely antagonized the ef- 
fect of EKC on PCP-induced stereotypy [23]. Therefore, 
another possible explanation for the results obtained in the 
present study could be that the kappa antagonistic activity of 
SKF 10,047 masks the kappa properties of EKC, and as a 
result EKC fails to antagonize SKF 10,047 alone- and (SKF 
10,047 + PCP)-induced stereotypy. Furthermore, Tam [35] 
has suggested that the sedative effect of EKC could mask the 
sigma opiate mediated behavioral responses. Therefore, the 
sedative effect of EKC may mask PCP-induced sigma type 
behavioral responses in rats, because PCP does not appear 
to have kappa antagonistic activity. 

Previous studies have emphasized that many of the be- 
havioral and biochemical effects of PCP can be attributed to 
its indirect dopamine agonist properties [5, 12, 18, 25, 27, 33, 
34], and that an enhancement of the dopaminergic system is 
important for producing PCP-induced stereotypy [5, 12, 18, 
25, 27]. An opiate agonist/antagonist, cyclazocine, which 
also produces PCP-like stereotypy, increases the levels of 
striatal DOPAC and HVA [2]. Although EKC alone does not 
alter the striatal dopamine metabolism in the rat [43], pre- 
treatment with EKC can antagonize the cyclazocine-induced 
increase of dopamine turnover [42]. Furthermore, Wood et 
al. [43] have suggested that the mu2 receptor is responsible 
for the regulation of nigrostriatal dopaminergic neurones and 
that EKC is a specific mu2 receptor antagonist. Taken to- 
gether, it is possible to speculate that EKC antagonizes the 
PCP-induced increase of dopamine turnover, as a result 
PCP-induced stereotypy is antagonized. 

ACKNOWLEDGEMENTS 

This study was supported in part by grants-in-aid from The Re- 
search Foundation for Pharmaceutical Sciences (No. 59-1-12), 1986 
Incentive Award of the Pharmaceutical Society of Japan and The 
Science Research Promotion Fund of Japan Private School 
Promotion Foundation (No. 1986-11). We thank Dr. K. Yamaguchi, 
Nihon Bioresearch Center Inc. for the supply of animals and thank 
Miss N. Ito and Y. Maeda for their technical supports. We also 
thank Mr. W. Petruschak for the English revision of the manuscript. 
Ethylketocyclazocine and SKF 10,047 were generously supplied by 
Sterling Winthrop and NIDA, respectively. 

REFERENCES 

1. Brady, K. T., R. L. Balster and E. L. May. Stereoisomers of 
N-allylnormetazocine: Phencyclidine-like behavioral effects in 
squirrel monkeys and rats. Science 215: 178-180, 1982. 

2. Buckett, W. R. and J. S. Shaw. Dopaminergic drugs antagonize 
the psychotomimetic effects of partial-agonist analgesics. Psy- 
chopharmacologia 42: 293-297, 1975. 

3. Castellani, S., A. J. Giannini and P. M. Adams. Effects of 
naloxone, met-enkephalin and morphine on phencyclidine- 
induced behavior in the rat. Psychopharmacology (Berlin) 78: 
76-80, 1982. 

4. Domino, E. F. History and pharmacology of PCP and PCP- 
related analogs. J Psychedelic Drugs 12: 223-227, 1980. 

5. French, E. D. and G. Vantini. Phencyclidine-induced locomotor 
activity in the rat is blocked by 6-hydroxydopamine lesion of the 
nucleus accumbens: Comparisons to other psychomotor stimul- 
ants. Psychopharmacology (Berlin) 82: 83-88, 1984. 

6. Greenberg, B. D. and D. S. Segal. Evidence for multiple opiate 
receptor involvement in different phencyclidine-induced un- 
conditioned behaviors in rats. Psychopharmacology (Berlin) 88: 
44-53, 1986. 

7. Hiramatsu, M., T. Nabeshima, H. Furukawa and T. 
Kameyama. Effects of enkephalin analogs, morphine and 
naloxone on the behavioral response of phencyclidine in mice. 
Res Commun Subst Abuse 5: 161-174, 1984. 

8. Hiramatsu, M., T. Nabeshima, H. Fukaya, H. Furukawa and T. 
Kameyama. Potentiation of phencyclidine-induced stereotyped 
behaviors in rats by thiorphan and bestatin. Eur J Pharmacol 120: 
69-74, 1986. 

9. Holtzman, S. G. Phencyclidine-like discriminative effects of 
opioids in the rat. J Pharmacol Exp Ther 214: 614-619, 1980. 

10. Iwamoto, E. T. Locomotor activity and antinociception after 
putative mu, kappa and sigma opioid receptor agonists in the 
rat: Influence of dopaminerglc agonists and antagonists. J 
Pharmacol Exp Ther 217: 451-460, 1981. 

11. Jasinski, D. R., H. E. Shannon, E. J. Cone, D. B. Vaupel, M. E. 
Risner, R. L. McQuinn, T. P. Su and W. B. Pickworth. Inter- 
disciplinary studies on phencyclidine. In: PCP (Phencyclidine): 
Historical and Current Perspectives, edited by E. F. Domino. 
Ann Arbor, MI: NPP Books, 1981, pp. 331-400. 

12. Johnson, K. M. Phencyclidine: Behavioral and biochemical 
evidence supporting a role for dopamine. Fed Proc 42: 2579-- 
2583, 1983. 

13. Keats, A. S. and J. Tealford. Molecular Modification in Drug 
Design (Advances in Chemistry, Series 45). Washington, DC: 
American Chemical Society, 1964, pp. 170-176. 

14. Largent, B. L., A. L. Gundlach and S. H. Snyder. Phar- 
macological and autoradiographic discrimination of sigma and 
phencyclidine receptor binding sites in brain with (+)-[aH]SKF 
10,047, (+)-[~H]-3-[3-hydroxyphenyll-N-(1-propyl)piperidine and 
[3H]-l-[1-(2-thienyl)cyclohexyl]piperidine. J Pharmacol Exp 
Ther 238: 739-748, 1986. 

15. Martin, J. R., M. H. Berman, I. Krewsun and S. F. Small. 
Phencyclidine-induced stereotyped behavior and serotonergic 
syndrome in rat. Life Sci 24: 1699-1704, 1979. 

16. Martin, W. R., C. G. Eades, J. A. Thompson, R. E. Hupper and 
P. E. Gilbert. The effects of morphine- and nalorphine-like 
drugs in the nondependent and morphine-dependent chronic 
spinal dog. J Pharmacol Exp Ther 197: 517-532, 1976. 

17. Martin, B. R., J. S. Katzen, J. A. Woods, H. L. Tripathi, L. S. 
Harris and E. L. May. Stereoisomers of [aH]-N- 
allylnormetazocine bind to different site in mouse brain. J 
Pharmacol Exp Ther 231: 539-544, 1984. 



494 H I R A M A T S U  E T  A L .  

18. Murray, T. F. and A. Horita. Phencyclidine-induced stereo- 
typed behavior in rat; Dose response effects and antagonism by 
neuroleptics. Life Sci 24: 2217-2226, 1979. 

19. Murray, T. F. and M. E. Leid. Interaction of dextrorotary 
opioids with phencyclidine recognition sites in rat brain mem- 
brane. Life Sci 34: 1899-1911, 1984. 

20. Nabeshima, T., M. Hiramatsu, M. Amano, H. Furukawa and T. 
Kameyama. Decrease of methionine-enkephalin levels in mouse 
brain induced by phencyclidine. Eur J Pharmacol 86: 271-273, 
1983. 

21. Nabeshima, T., M. Hiramatsu, H. Furukawa and T. 
Kameyama. Effects of phencyclidine in combination with mor- 
phine on the levels of met-enkephalin, dopamine, DOPAC and 
HVA in discrete brain areas of mice. Neuropharmacology 24: 
805-809, 1985. 

22. Nabeshima, T., M. Hiramatsu and T. Kameyama. 
Phencyclidine-induced stereotyped behaviors after injection of 
morphine and N-aUylnormetazocine (SKF 10,047) in rats. 
Pharmacol Biochem Behav 24: 1629-1634, 1986. 

23. Nabeshima, T., M. Hiramatsu and T. Kameyama. 
Phencyclidine-induced stereotyped behaviors after injection of 
ethylketocyclazocine, Mr 2266 and naltrexone in rats. Brain Res 
378: 234-239, 1986. 

24. Nabeshima, T., S. P. Sivam and I. K. Ho. Effect of morphine on 
the responses to and disposition of phencyclidine in mice. I. 
Enhancement of phencyclidine effects by acute morphine ad- 
ministration. J Pharmacol Exp Ther 225: 325-331, 1983. 

25. Nabeshima, T., K. Yamada, K. Yamaguchi, M. Hiramatsu, H. 
Furukawa and T. Kameyama. Effect of lesions in the striatum, 
nucleus accumbens and medial raphe on phencyclidine-induced 
stereotyped behaviors and hyperactivity in rats. Eur J Phar- 
macol 91: 455-462, 1983. 

26. Nabeshima, T., K. Yamaguchi, M. Hiramatsu, M. Amano, H. 
Furukawa and T. Kameyama. Serotonergic involvement in 
phencyclidine-induced behaviors. Pharmacol Biochem Behav 
21: 401-408, 1984. 

27. Nabeshima, T., K. Yamaguchi, K. Yamada, M. Hiramatsu, H. 
Furukawa and T. Kameyama. Phencyclidine-induced stereo- 
typed behaviors in rats following specific neurotoxin lesions of 
the striatum. Eur J Pharmacol 93: 229-234, 1983. 

28. Norris, J. C., T. Nabeshima, H. J. Fontenot, R. R. Wilson and 
I. K. Ho. Phencyclidine and GABA system. In: Cellular and 
Molecular Neurotoxicology, edited by T. Narahashi. New 
York: Raven Press, 1984, pp. 191-205. 

29. Quirion, R., R. P. Hammer, M. Herkenham and C. B. Pert. 
Phencyclidine (angel dust)/cr "opiate"  receptor: Visualization 
by tritium-sensitive film. Proc Natl Acad Sci USA 78: 5881- 
5885, 1981. 

30. Shannon, H. E. Evaluation of phencyclidine analogs on the 
basis of their discriminative stimulus properties in the rat. J 
Pharmacol Exp Ther 216: 543-551, 1981. 

31. Shannon, H. E. Pharmacological evaluation of 
N-allylnormetazocine (SKF 10,047) on the basis of its discrimi- 
nation stimulus properties in the rats. J Pharmacol Exp Ther 
225: 144-152, 1983. 

32. Shearman, G. T. and A. Herz. Non-opioid psychotomimetic- 
like discriminative stimulus properties of N-allylnormetazocine 
(SKF 10,047) in the rat. Eur J Pharmacol 82: 167-172, 1982. 

33. Snell, L. D., Z. L. Mueller, R. L. Gannon, P. B. Silverman and 
K. M. Johnson. A comparison between classes of drugs having 
phencyclidine-like behavioral properties on dopamine effiux in 
vitro and dopamine metabolism in vivo. J Pharmacol Exp Ther 
231: 261-269, 1984. 

34. Sturgeon, R. D., R. G. Fessler and H. Y. Meltzer. Behavioral 
rating scales for assessing phencyclidine-induced locomotor ac- 
tivity, stereotyped behavior and ataxia in rats. Eur J Pharmacol 
59: 169-179, 1979. 

35. Tam, S. W. Naloxone-inaccessible tr receptor in rat central 
nervous system. Proc Natl Acad Sci USA 80: 6703--6707, 1983. 

36. Tam, S. W. (+)-[3H]SKF 10,047, (+)-[3H]ethylketocyclazocine, 
/z, K, ~r and phencyclidine binding site in guinea pig brain mem- 
branes. Eur J Pharmacol 109: 33-41, 1985. 

37. Tam, S. W. and L. Cook. ~r opiates and certain antipsychotic 
drugs mutually inhibit (+)-[3H]SKF 10,047 and [3H]haloperidol 
binding in guinea pig brain membranes. Proc Natl Acad Sci 
USA 81: 5618--5621, 1984. 

38. Vaupel, D. B. and D. R. Jashinski. Acute single dose effects of 
phencyclidine (PCP) in the dog. Fed Proc 38: 435, 1979. 

39. Vaupel, D. B. Naltrexone fails to antagonize the ~ effects of 
PCP and SKF 10,047 in the dog. Eur J Pharmacol 92: 269-274, 
1983. 

40. Verebey, K., M. J. Kogan and S. J. Mule. Phencyclidine- 
induced stereotypy in rats: Effects of methadone, apomorphine 
and naloxone. Psychopharmacology (Berlin) 75:A.A.A.7 ' 1981. 

41. Vincent, J. P., B. Kartalovski, P. Geneste, J. M. Kamenka and 
M. Lazdunski. Interaction of phencyclidine ('angel dust') with a 
specific receptor in rat brain membranes. Proc Natl Acad Sci 
USA 76: 4678--4682, 1979. 

42. Wood, P. L., J. W. Richard and M. Thakur. Mu opiate isorecep- 
tors: differentiation with kappa agonists. Life Sci 31:2313-2317, 
1982. 

43. Wood, P. L., M. Stotland, J. M. Richard and A. Rackham. 
Actions of mu, kappa, sigma, delta and agonist/antagonist 
opiates on striatal dopaminergic function. J Pharmacol Exp 
Ther 215: 697-703, 1980. 

44. Zukin, S. R. and R. S. Zukin. Specific [3H]phencyclidine bind- 
ing in rat central nervous system. Proc Natl Acad Sci USA 76: 
5372-5376, 1979. 

45. Zukin, R. S. and R. S. Zukin. Multiple opiate receptors: Emerg- 
ing concepts. Life Sci 29: 2681-2690, 1981. 


