
Pharmacology Biochemistry & Behavior, Vol. 36, pp. 243-247. © Pergamon Press plc, 1990. Printed in the U.S.A. 0091-3057/90 $3.00 + .00 

Spinal Paralysis and Catalepsy 
Induced by Intrathecal 

Injection of Opioid Agonists 

H A N A N  F R E N K , *  JULIUS M I L L E R , t  JAN N. JOHANNESSEN~: A N D  DAVID J. M A Y E R t  

*Department of Psychology, Tel-Aviv University, Ramat Aviv, 69978, Israel 
tDepartment of Physiology, Medical College of Virginia~Virginia Commonwealth University 

Richmond, VA 23298 
~:Laboratory of Clinical Science, NIMH, Bethesda, MD 20892 

Received 3 October  1988 

FRENK, H., J. MILLER, J. N. JOHANNESSEN AND D. J, MAYER. Spinalparalysis and catalepsy induced by intrathecal injection 
ofopioid agonists. PHARMACOL BIOCHEM BEHAV 36(2) 243-247, 1990.--The intrathecal administration of high (1.05 p, mol) 
doses of D-AlaZ-MetS-enkephalinamide (DAMA), D-AlaZ-Leu~-enkephalinamide (DADLE), Try-D-Thr-Gly-Phe-Leu-Thr, MR2034- 
TA, dextrorphan tartrate, U50,488H, levorphanol tartrate, methadone hydrochloride, and 1-methyl-4-phenyl-4-propionoxy- 
piperidine induced spinal hypokinesia. The first 5 of these compounds caused spinal paralysis, whereas the other compounds and lower 
doses of the first 4 induced waxy catalepsy that was restricted to the hindquarters of rats. The paralysis induced by DAMA was not 
reversible by IT injections of 50 p,g naltrexone, indicating, together with the paralytic effects of dextrorphan, that traditional opiate 
receptors are not involved in this behavioral effect. The spinal catalepsy induced by 0.26 ~mol of DAMA was prevented by IT 
pretreatment with 10 I~g of naltrexone. In view of this finding and the observation that spinal catalepsy can be induced by agonists 
of all opiate receptor classes, it seems likely that spinal catalepsy is produced by activation of specific opiate receptors, although the 
subtype remains to be established. 

Opioids Multiple opiate receptor agonists Spinal paralysis Spinal catalepsy Hypokinesia Naltrexone 

OPIATES have long been known to induce akinesia, catalepsy, or 
catatonia following systemic or intracranial administration to the 
rat (9). Recently it has been demonstrated that the intrathecal (IT) 
administration of high doses of dynorphin (10,21), D-Ala 2- 
D-LeuS-enkephalin (24), D-Ala2-MetS-enkephalinamide (DADLE), 
methadone, but not morphine sulfate (6,28) induce akinesia in the 
hindbody of the rat. This manifestation of akinesia varies between 
total inability of the hind paws to support the body, o r '  'paralysis" 
(6, 10, 21, 24, 28) to less severe "catalepsy," in which the hind 
paws support the body but can be made to assume bizarre postures 
that are maintained for prolonged periods (6,28), 

The effects of opiate antagonists on these opiate-induced 
behavior patterns are controversial. Naloxone has been reported to 
reverse the paralysis induced by dynorphin (21) whereas others 
observed no effect of naloxone on paralysis induced by either 
dynorphin (10), or D-Ala2-D-LeuS-enkephalin (24). Naltrexone 
partially reversed catalepsy induced by other opiate agonists (28), 
suggesting that the motor impairment following high doses of IT 
opioids is a mixed opioid/nonopioid effect. However, the ques- 
tions pertaining to the subtype(s) of opiate receptor involved and 
the stereospecificity of the effect are as yet unanswered, since no 
systematic comparison of high affinity agonists for different opiate 
receptors has been attempted. In fact, no systematic study exists 
demonstrating that opiate agonists other than those mentioned 

above are able to elicit spinal hypokinesia. The present study 
addresses these questions. 

METHOD 

Subjects 

Adult male Sprague-Dawley rats (Harlan) weighing 350-500 g 
at the time of surgery were used in these experiments. Throughout 
the experiments animals were individually housed in stainless steel 
cages with a grid floor. Water and food pellets were available 
ad lib. The room was artificially lighted (light on from 0700 to 
1900 hr). 

Surgical Techniques and Drugs 

All surgery was performed in animals anesthetized with 50 
mg/kg sodium pentobarbital intraperitoneally (IP), supplemented 
with Metofane. To implant intrathecal catheters, the cisterna 
magna was exposed and incised. Saline-filled sterile polyethylene 
tubing (PE 10) was then inserted into the subarachnoid space and 
gently threaded 8.5 cm caudally such that the cut end of the 
catheter lay at the lumbosacral enlargement. The PE tubing was 
plugged at the rostral end with a sterile piece of 30-gauge wire and 
secured by flowing dental acrylic around the IT catheter and a 

243 



244 FRENK ET AL. 

skull screw. All animals were treated postoperatively with gen- 
tamicin, as required. Five of the animals were also implanted with 
EEG recording cortical electrodes. The electrodes consisted of 4 
stainless steel jeweler's screws soldered to stainless steel wire 
which was insulated with Teflon except at the tips. The screws 
were attached by means of the wire to connector pins (Amphenol). 
The screws were threaded into the skull bilaterally overlying the 
prefrontal and occipital cortex. The connector pins were then 
snapped into a nylon connector plug (Amphenol), and the whole 
assembly cemented to the skull with dental acrylic. 

Drugs injected IT were selected according to their reported 
affinity to subtypes of opiate receptors. The agonists with a 
preferential affinity for mu-receptors were levorphanol tartrate 
(29), methadone hydrochloride (29), and 1-methyl-4-phenyl-4- 
propionoxypiperidine (11) (MPPP). Agonists with selective affin- 
ity for kappa-receptors were MR2034-TA (17), U50,488H (12) 
and ethylketocyclazocine (20) (EKC). Agonists with high affinity 
to both mu- and delta-receptors were D-Ala2-MetS-enkephalin - 
amide (DAMA) and D-Ala2-LeuS-enkephalinamide (7) (DADLE). 
For a more specific delta-agonist, Try-D-Thr-Gly-Phe-Leu-Thr 
(30) (DTLET) was chosen. All agonists but ethylketocyclazocine 
were injected at doses of 0.066, 0.26, and 1.05 txmol. Ethylke- 
tocyclazocine, because of its low solubility, was only injected at 
the 0.066 txmol dose. Because all doses were injected IT at 
equimolar doses, the 0.066, 0,26, and 1.05 ixmol doses shall be 
called Low, Intermediate, and High dose, respectively, throughout 
the remainder of the experiments. The animals receiving the High 
dose of DAMA were implanted with cortical recording electrodes. 
In addition to the agonists listed above, other animals were 
injected IT with dextrorphan tartrate or sulfated leucine-en- 
kephalin (26) [0.066, 0.26, or 1.05 Ixmol hydrochloride (1.05 
i~mol)] or 20 Ixl of physiological saline. All of the drugs listed 
above were injected in a volume of 20 Ixl of physiological saline, 
and every dose group consisted of 6 animals. Where antagonism 
with naltrexone hydrochloride was attempted, this drug was 
administered IT in doses of 10 or 50 Ixg in 20 txl of saline, 10 min 
prior to DAMA. 

Microinjection Technique 

One week following surgery, animals were tested for motor 
impairment prior to injection. Those animals that showed any 
deficit in normal locomotion, or other signs of neuronal damage 
due to implantation, were discarded. Animals were then restrained 
in a Plexiglas tube which had an opening in the top through which 
the exterior end of the IT catheter protruded. This allowed for IT 
drug delivery without handling the animals. Animals were then 
injected with one of the treatment drugs or saline, and the catheter 
was flushed with 10 p~l of saline (void volume of the catheter). 
Injections were delivered over 35-45 sec. Immediately following 
IT injection, animals were returned to their home cages, and a 
30-min test period followed. 

Behavioral Assessments 

All animals were tested for the occurrence of analgesia, 
catalepsy and catatonia every min during the first 5 rain, at 7.5 
min, and 10 min following the IT injection. Analgesia was judged 
present if no vocalization, orientation, or struggling was observed 
in response to severe manual pinch. "Paralysis" was judged 
present in the hindbody of the animals if 1) the animals were 
unable to support this part of the body with their legs, 2) did not 
use their hind paws when walking, and 3) the hindbody was 
completely flaccid. Hindbody catalepsy was judged present if 1) 
the hindquarters of the animals could be manually rotated so that 
both hind paws lost contact with the grid floor and the animals 
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FIG. 1. Number of animals (n = 6) showing spinal catalepsy (top row) and 
paralysis (bottom row) following IT dextrorphan, or mu, kappa, and delta 
opiate agonists in doses of 0.066 (L), 0.26 (M) or 1.05 (H) p.mol. For 
abbreviations, see text. Note that the reduction in animals showing 
catalepsy at the highest dose (C-D) is due to the increase in incidence of 
paralysis (G-H). 

passively remained in that position for 1 min, or 2) the hind limbs 
of the animals could be manually flexed or extended completely 
without resistance from the animals. Catatonia was judged present 
in a part of the body if that region showed no spontaneous 
movement and remained rigid when attempts at flexion or exten- 
sion were made. Latencies until the development of analgesia, 
catalepsy, catatonia, and paralysis were reported in the next 
section as mean and standard deviation. 

R E S U L T S  

The injection of nearly all opiate agonists examined in the 
present studies was followed by an impairment of motor behavior 
in a dose-related fashion. 

Saline, Naltrexone, Sulfated Methionine-Enkephalin and 
Dextrorphan 

Whereas the injection of 10 Ixl of saline, 1.05 i~mol of 
naltrexone or sulfated methionine-enkephalin, or the lowest dose 
of dextrorphan did not alter hindbody motor behavior, the two 
highest doses of dextrorphan did (Fig. 1). With the High dose of 
dextrorphan, spinal paralysis was observed after 4.8___2.8 min, 
and lasted for the remainder of the observation period. In none of 
these animals did either catalepsy or tail pinch analgesia occur. 

Methadone, MPPP, and Levorphanol 

None of the animals injected with the mu-receptor agonists 
displayed hindbody paralysis. However, the High dose of metha- 
done, MPPP, and levorphanol induced hindbody catalepsy in all 
animals at 1.0---0.0, 4.8---2.6, and 3 .1±2.3  min, respectively. 
Whereas some animals injected with the Intermediate dose of these 
three substances displayed hindbody catalepsy, none of the Low 
dose groups showed any motor impairments (Fig. 1). 

Analgesia was obtained in all animals injected with the High 
dose of methadone and MPPP, starting 1 .2±0.4  and 2 .5±3 .7  
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FIG. 2. Effect of the High (1.05 Ixmol) dose of DAMA on cortical EEG. Spikes appear at about 15 min following the IT injection demonstrating 
that the drug diffused to supraspinal areas. 

min, respectively, following the injection, and in none of the other 
dose groups of these substances. Surprisingly, tail pinch analgesia 
was only noted in one of the animals injected with the High dose 
of levorphanol, and in none of the others. 

MR2034-TA, U50,488H, and Ethylketocyclazocine 

Unlike the agonists with affinity for the mu-receptor, the High 
dose of MR2034-TA induced paralysis in the hindbody of all rats 
starting 1.8... 1.2 min postinjection. This condition remained 
unchanged in all but one animal throughout the observation 
period. Animals did not react to tail pinch with motor responses or 
vocalization. 

Paralysis was not observed in the Intermediate dose group of 
MR2034-TA, nor in animals injected with the three doses of 
U50,488H (Fig. 1). All animals in the MR 2034-TA Intermediate 
dose group, and in the U50,488H High dose group showed 
hindbody catalepsy starting 4.3 ± 3.2 and 2.2...0.4 min, respec- 
tively, postinjection. Catalepsy was also observed in some animals 
injected with the Intermediate dose of U50,488H. No motor 
changes were observed in any of the animals injected with low 
doses of either MR2034-TA, U50,488H, or ethylketocyclazocine. 
Analgesia to tail pinch was not observed in any animal injected 
with the kappa-receptor agonists in the Intermediate and Low dose 
groups. 

DAMA, DADLE, and DTLET 

DAMA, DADLE, and DTLET produced similar effects. Thus, 
at the High dose paralysis was induced in all animals by DAMA 
(latency 1.5...0.8 min), in 4 of 6 animals by DADLE (latency 
6.2 --- 3.0 min), and in 5 of 6 animals by DTLET (latency 6.2 - 3.0 
min) and lasted until the end of the test period. In those animals 
where paralysis did not follow the IT injection within one min, 
catalepsy preceded this effect. 

The DAMA High dose group was monitored for changes in 
cortical EEG associated with spinal motor effects. EEG spikes 
were recorded in all animals, but were not concurrent with motor 
changes. Thus, cortical spikes (Fig. 2) started well after the onset 
of paralysis, and after the conclusion of the 10-rain behavioral test 
period in all animals (spiking latency 14.0 ± 3.1 rain). Concomi- 
tant with the EEG spikes, rigid forebody catatonia developed in all 
animals. In 2 of these animals this catatonia spread over the hind 
limbs as well, replacing the flaccid paralysis with a rigid extension 
of the hind paws. In the remaining animals, the posterior portion 
of the body remained flaccid in spite of the pronounced catatonia 
in forelimbs and head. This situation persisted for one hr after 
which observation was discontinued. 

Hindbody catalepsy followed the administration of the Inter- 
mediate doses of DAMA, DADLE, and DTLET in all animals 

(latencies were 4 .0±6 .3 ,  3.9--- 1.9, and 4.1 ...2.1 rain, respec- 
tively). For one DTLET-treated animal this catalepsy preceded 
paralysis. Hindbody catalepsy occurred in all animals following 
the Low doses of DAMA and DADLE (latencies were 9.5 - 1.0 
and 6.2---3.0 min, respectively). The Low dose of DTLET 
induced hindbody catalepsy in 4 and no motor changes in 2 
animals. 

In those animals where paralysis did not appear within the first 
min following the injection of DAMA, DADLE, and DTLET, 
analgesia was observed (latencies 1.0 ± 0.0, 3.0 ± 1.7, and 2.2 --- 0.4 
min, respectively). All animals injected with the Intermediate dose 
of DAMA, DADLE, and DTLET (latencies 1.2-+0.4, 3.1---3.4, 
and 2.3 ± 1.2 min, respectively) and Low dose (latencies 4.5 ± 2.7, 
3.7 --- 3.1, and 6.0 _+ 3.0 min, respectively) were analgesic until the 
end of the observation period. 

Comparison of Cataleptic Effects at Different Doses 

Qualitative and quantitative differences were apparent between 
the mu-, delta-, and kappa-agonists at different dose levels. 
Whereas a dose-response relationship was established for nearly 
all opiate agonists utilized (Fig. 1), only the delta-agonists and one 
kappa-agonist elicited paralysis at the High dose. 

When the effects of the Low dose were compared, it became 
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FIG. 3. Pretreatment with 10 i~g IT of naltrexone (NAL) blocks the spinal 
catalepsy induced by the Medium (0.26 I~mol) dose of DAMA injected via 
the same route (p<0.01). 
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evident that the enhanced potency of the delta-agonists in causing 
motor impairment existed also at this dose level. Thus, more 
DAMA- and DADLE-, but not DTLET-treated animals (Fisher 
Exact Probability Test, two-tailed, p<0.002, p<0.017, and 
p<0.078, respectively) (25) showed catalepsy without paralysis 
than animals treated with mu-agonists, U50,488H, and control 
substances. MR2034-TA, but not U50,488H, was significantly 
more potent at this dose than the mu-agonists and control sub- 
stances (p<0.017). 

Antagonism With IT Naltrexone 

Animals injected with either the High or the Intermediate dose 
of DAMA were pretreated either with saline, or with naltrexone IT 
in an attempt to block paralysis or spinal catalepsy. Naltrexone (50 
Ixg) pretreatment 10 rain prior to the IT administration of the High 
dose of DAMA was ineffective in preventing the development of 
paralysis. By contrast, naltrexone (10 Ixg, IT) potently reduced the 
incidence of catalepsy induced by the Intermediate dose of DAMA 
(Fig. 3). 

DISCUSSION 

Nine of the ten mu, delta, and kappa opiate receptor agonists 
injected IT in the present experiments produced motor impair- 
ments that were restricted to the hindquarters of rats. The only 
opioid (ethylketocyclazocine) that did not produce these motor 
effects could only be administered at the lowest molar dose 
because of problems of solubility. 

A strong case can be made that the cataleptic effects observed 
following lower doses of the kappa- or delta-receptor agonists, or 
the highest dose of all the other agonists can be ascribed at least in 
part, to specific opiate receptors, thus confirming similar previous 
observations (28). Spinal catalepsy was elicited by opiates with 
both the peptide and the nonpeptide structure, but not following 
the administration of high doses of the sulfated enkephalin or 
naltrexone, suggesting that the effect is not peculiar to any one 
chemical class but common to all opiates. Furthermore, opiate- 
induced spinal catalepsy was stereospecific, being elicited by 
levorphanol but not dextrorphan. Finally, the cataleptic effects of 
DAMA were virtually eliminated by low doses of intrathecal 
naltrexone. 

Our data are less conclusive in regard to the opiate receptor 
type that mediates spinal catalepsy. At the lowest dose used (66 
nmol), none of the mu-agonists produced this behavior, suggesting 
that the mu-receptor is not implicated in this behavior. On the 
basis of the observations that ethylketocyclazocine and U50,488H 
did not produce this behavior at this dose, whereas all three 
delta-agonists did, it is tempting to postulate a role for the 
delta-receptor in spinal catalepsy. However, MR2034TA, a potent 
kappa-agonist (15), produced pronounced spinal catalepsy at the 
Low dose, suggesting that either receptors of the kappa type are 
involved, or that this compound also has affinity for the delta- 
receptor. 

The most severe hypokinesia consisted of a flaccid paralysis 
that has been previously observed following IT administration of 
dynorphin (10,21) and DAMA (6). In the present experiments 
paralysis was reliably induced by 1.05 ixmol of DAMA, DADLE 
and DTLET [all delta-receptor agonists (5, 7, 30)] and the 
kappa-receptor agonist MR2034-TA (18). 

The role of an opiate receptor in opiate-induced paralysis is by 
no means self-evident. Clearly the lack of protection by naltrexone 
pretreatment for high doses of DAMA in the present experiment 
and of the kappa-receptor agonist dynorphin or DADLE in others 
(10,24) together with our observation that dextrorphan also in- 
duces paralysis indicates that activation of traditional opiate 

receptors is not required. On the other hand, there seem to be 
certain structural requirements which suggest some degree of 
specificity. Sulfated enkephalin, which has no affinity for the 
opiate receptor (27), did not elicit any discernible behavioral 
change even at the highest dose. This indicates that paralysis in our 
study is not a nonspecific peptide effect nor attributable" exclu- 
sively to the high concentrations of the compounds used. 

Some evidence suggests that paralysis may be produced by 
activation of the sigma-receptor by some of the compounds used in 
the present study (16). Different opiates, particularly the benzo- 
morphans (31), as well as the dissociative anesthetic PCP and its 
analogues (27) bind to this receptor. Yet, neither naloxone, 
naltrexone, morphine, nor etorphine bind to the sigma-receptor (8, 
18, 31). Therefore, behavior mediated by this receptor type would 
be resistant to these opiate antagonists, and not likely to be 
produced by mu-receptor agonists. Such is the case for opiate- 
induced spinal paralysis. In addition, dextro-rotary opiate isomers, 
including dextrorphan, compete for sigma-receptors (18). Consis- 
tent with this, in our study, dextrorphan was relatively potent in 
producing paralysis. 

Additional evidence for the involvement of the sigma-receptor 
derives from the finding that both benzomorphans with sigma- 
agonist action (2,13) and the dissociative anesthetics (1) inhibit 
N-methyl-D-aspartate (NMDA)-induced neuronal excitation in the 
spinal cord. Since there is no competitive binding between the 
dissociative anesthetics and NMDA agonists (13, 22, 31), they 
seem to bind to different receptors. It has therefore been suggested 
that the NMDA and sigma-receptors form a receptor-receptor 
complex (1, 15, 29). This has been confirmed by the finding that 
PCP binding is dependent on the NMDA agonist 1-glutamate, and 
that this effect was reversible by the NMDA antagonist 2- 
amino-7-phosphonoheptanoate (14). Hence, it is possible that in 
the present study opiate agonists and particularly the dextroisomer 
dextrorphan block NMDAergic transmission by activating a sig- 
ma-receptor. Consistent with this hypothesis, the NMDA antago- 
nist 2-amino-5-phosphonovalerate produces spinal paralysis upon 
IT administration (3,4) which is indistinguishable from that 
produced in the present study. 

On the other hand, delta-receptor agonists, which are not 
known to bind to sigma-receptors, also induced strong paralysis. 
This effect was not mediated by traditional opiate-receptors, since 
it was not blocked by high doses of naltrexone. Although this 
observation does not invalidate a role for the sigma-receptor in 
paralysis when produced by other opiates, it suggests that behav- 
ioral indistinguishable paralysis may be produced by the delta- 
agonists through a different mechanism. 

In addition to cataleptic and paralytic effects the present study 
also tested tail pinch analgesia. Tail pinch analgesia was only 
observed following the IT injection of the highest doses of 
methadone and MPPP. These results are consistent with previous 
studies (29), in which similar doses of methadone or 25 ~g of IT 
morphine failed to induce tail pinch analgesia within 20 min. 
Interestingly, all delta-receptor agonists induced tail pinch anal- 
gesia at much lower doses. The higher analgesic potency of 
delta-receptor agonists as compared to mu-receptor agonists upon 
IT administration has been previously observed by others (24) on 
cutaneous-thermal elicited pain. 

In conclusion, the present study demonstrates that hindbody 
paralysis can be elicited by the intrathecal injection of a variety of 
opioid peptides with affinities predominantly to delta- and possibly 
also kappa-receptors. This effect is not sensitive to opiate antag- 
onists and is produced by dextrorphan. These observations indi- 
cate that this effect is likely to be mediated by other than the 
traditional opiate receptors. Spinal catalepsy, on the other hand, 
can be elicited by intrathecal injections of all classes of opiate 
agonists, both peptides and nonpeptides. Although high doses of 
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agonists are required to produce this effect, it is blocked by low 
doses of naltrexone. It seems likely that simultaneous activation of 
specific opiate receptors produce spinal catalepsy. 

ACKNOWLEDGEMENTS 

The naltrexone used was a generous gift from Endo Laboratories, 
Garden City, NY. Supported by PHS Grant DA 00576 to D.J.M. 

REFERENCES 

1. Anis, N. A.; Berry, S. C.; Burton, N. R.; Lodge, D. The dissociative 
anaesthetics, ketamine and phencyclidine, selectively reduce excita- 
tion of central mammalian neurones by N-methyl-aspartate. Br. J. 
Pharmacol. 79:565-575; 1983. 

2. Berry, S. C.; Dawkins, S. L.; Lodge, D. Comparison of sigma- and 
kappa-opiate receptor ligands as excitatory amino acid antagonists. 
Br. J. Pharmacol. 83:179-185; 1984. 

3. Bossut, D.; Frenk, H.; Mayer, D. J. Is Substance P a primary afferent 
neurotransmitter for nociceptive input? IV. 2-Amino-5-phosphono- 
valerate (APV) and [D-Pro2,D-TrpT'9]-substance P exert different 
effects on behaviors induced by intrathecal substance P, strychnine 
and kainic acid. Brain Res. 455:247-253; 1988. 

4. Cahusac, P. M. B.; Evans, R. H.; Hill, R. G.; Rodriguez, R. E.; 
Smith, D. A. S. The behavioural effects of an N-methylaspartate 
receptor antagonist following application to the lumbar spinal cord of 
conscious rats. Neuropharmacology 23:719-724; 1984. 

5. Coy, D. H.; Kastin, A. J.; Schally, A. V.; Morin, O.; Caron, N. G.; 
Labrie, F.; Walker, J. M.; Fertel, R.; Bemtson, G. G.; Sandman, L. 
C. Synthesis and opioid activities of stereoisomers and other D-amino 
acid analogs of methionine-enkephalin. Biochem. Biophys. Res. 
Commun. 73:632--638; 1976. 

6. Frenk, H.; Watkins, L. R.; Mayer, D. J. Differential behavioral 
effects induced by intrathecal microinjections of opiates: comparison 
of convulsive and cataleptic effects produced by morphine, metha- 
done, and D-ala:-methionine-enkephalinamide. Brain Res. 299:31- 
42; 1984. 

7. Gilliam, M. G. C.; Kosterlitz, H. W.; Paterson, S. J. Comparison of 
the binding characteristics of tritiated opiates and opioid peptides. Br. 
J. Pharmacol. 70:481-490; 1980. 

8. Hampton, R. Y.; Medzihradsky, F.; Woods, J. H.; Dahlstrom, P. J. 
Stereospecific binding of 3H-phencyclidine in brain membranes. Life 
Sci. 30:2147-2154; 1982. 

9. Havemann, U.; Kuschinsky, K. Neurochemical aspects of the opioid- 
induced 'catatonia.' Neurochem. Int. 4:199-215; 1982. 

10. Herman, B. H.; Goldstein, A. Antinociception and paralysis induced 
by intrathecal dynorphin A, J. Pharmacol. Exp. Ther. 232:27-32; 
1985. 

11. Johannessen, J. N,; Markey, S. P. Assessment of the opiate properties 
of two constituents of a toxic illicit drug mixture. Drug Alcohol 
Depend. 13:367-374; 1984. 

12. Lahti, R. A.; VonVoigtlander, P. F.; Barsuhn, C. Properties of a 
selective kappa agonist, U-50,488H. Life Sci. 31:2257-2260; 1982. 

13. Lodge, D.; Berry, S. C.; Church, J.; Martin, D.; McGhee, A.; Lai, 
H-M.; Thomson, A. M. Isomers of cyclazocine as excitatory amino 
acid antagonists. Neuropeptides 5:245-248; 1984. 

14. Loo, P.; Braunwalder, A.; Lehmann, J.; Williams, M. Radioligand 
binding to central phencyclidine recognition sites is dependent on 
excitatory amino acid receptor agonists. Eur. J. Pharmacol. 123: 
467-468; 1986. 

15. McPherson, S.; Wood, P. L.; Lehmann, J. Selective inhibition by 
phencyclidine analogs of N-methyl-D-aspartate-evoked, but not KC1- 
evoked, [aH]acetylcholine release in striatal slices. Soc. Neurosci. 

Abstr. 11:825; 1985. 
16. Martin, W. R.; Eades, C. G.; Thomson, J. A.; Huppler, R. E.; 

Gilbert, E. The effect of morphine- and nalorphine-like drugs in the 
ndondependent and morphine-dependent chronic spinal dog. J. Phar- 
macol. Exp. Ther. 197:517-532; 1976. 

17. Merz, H.; Stockhaus, K. N-[(Tetrahydrofuryl)alkyl] and N-(alkoxy- 
alkyl) derivatives of ( - )-normetazocine, compounds with differenti- 
ated opioid action profiles. J. Med. Chem. 22:1475-1482; 1979. 

18. Murray, T. E.; Leid, M. E. Interaction of dextrorotary opioids with 
phencyclidine recognition sites in rat brain membranes. Life Sci. 
34:1899-1911; 1984. 

19. Nicoletti, F.; Wroblewski, J. T.; Fadda, E.; Costa, E. Interaction 
between phencyclidine and excitatory amino acid receptors in the 
regulation of signal transduction in primary cultures of cerebellar 
granule cells. Pharmacologist 28:237; 1986. 

20. Pfeiffer, A.; Herz, A. Demonstration and distribution of an opiate 
binding site in rat brain with high affinity for ethylketocyclazocine and 
SKF10,047. Biochem. Biophys. Res. Commun. 101:38--44; 1981. 

21. Przewlocki, R.; Shearman, G. T.; Herz, A. Mixed opioid/nonopioid 
effects of dynorphin and dynorphin related peptides after their 
intrathecal injection in rats. Neuropeptides 3:233-240; 1983. 

22. Quirion, R.; Hammer, R. P.; Herkenham, M.; Pert, C. B. Phency- 
clidine (angel dust)/sigma "opiate" receptor: visualization by tritium- 
sensitive film. Proc. Natl. Acad. Sci. USA 78:5881-5885; 1981. 

23. Rosenbaum, J. S.; Holford, N. H. G.; Richards, M. L.; Aman, R. A.; 
Sadee, W. Discrimination of three types of opioid binding in rat brain 
in vivo. Mol. Pharmacol. 25:242-248; 1984. 

24. Schmauss, C.; Shimohigashi, Y.; Jensen, T. S.; Rodbard, D.; Yaksh, 
T. L. Studies on spinal opiate receptor pharmacology, lIl. Analgetic 
effects of enkephalin dimers as measured by cutaneous-thermal and 
visceral-chemical evoked responses. Brain Res. 337:209-215; 1985. 

25. Siegel, S. Nonparametric statistics for the behavioral sciences. New 
York: McGraw-Hill; 1956. 

26. Unsworth, C. D.; Hughes, J.; Morley, J. S. O-sulphated leu- 
enkephalin in brain. Nature 295:519--522; 1982. 

27. Vincent, J. P.; Kartalovski, B.; Geneste, P.; Kamenka, J. M.; 
Lazdunski, M. Interaction of phencyclidine ("angel dust") with a 
specific receptor in rat brain membranes. Proc. Natl. Acad. Sci. USA 
76:4578--4582; 1979. 

28. Watkins, L. R.; Frenk, H.; Miller, J.; Mayer, D. J. Cataleptic effects 
of opiates following intrathecal administration. Brain Res. 299:43--49; 
1984. 

29. Wong, D. T.; Hong, J. S. Stereospecific interaction of opiate 
narcotics in binding of 3H-dihydromorphine to membranes of rat 
brain. Life Sci. 13:1543-1556; 1973. 

30. Zajac, J. M.; Gacel, G.; Petit, F.; Dodey, P.; Roffituol, P.; Roques, 
B. P. Deltakephalin, Tyr-D-Thr-Gly-Phe-Leu-Thr: a new highly 
potent and fully specific agonist for opiate delta- receptor. Biocbem. 
Biophys. Res. Commun. 111:390-397; 1983. 

31. Zukin, R. S.; Zukin, S. R. Demonstration of [3H]-cyclazocine binding 
to multiple opiate receptor sites. Mol, Pharmacol. 20:246-252; 1981. 


