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ABSTRACT

Sethy, V.H. and J.M. McCall: High-affinity (*H)-dexoxadrol binding to rat brain mem-
branes. Drug Dev. Res. 4:635-645, 1984.

Specific binding of (*H)-dexoxadrol to rat brain membrane was saturable. The specific
binding represented 74 to 82% of total binding. Scatchard analysis of the data demon-
strated the existence of high- and low-affinity binding sites. The kinetic constants for the
corresponding binding sites were as follows: Kd; = 1.68 nM, Bmax, = 0.4 pmol/mg
protein, Kd, = 26.1 nM, and Bmax, = 3.7 pmol/mg protein. Binding reached equilibrium
within 5 minutes of incubation at 25°C. Optlimum binding was observed between the pH
range of 7.4 to 9. Binding was dependent on protein concentration and was reduced by
denaturation of protein and by proteolytic enzyme. (*H)-dexoxadrol binding was inhibited
by drugs pharmacologically similar to phencyclidine (PCP) and bound (®H)-dexoxadrol
could be rapidly displaced by cold PCP.
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INTRODUCTION

In the last 5 years, several investigators have demonstrated the presence of specific PCP
binding sites, both in the brain and peripheral tissues [Vincent et al., 1979; Vignon et al.,
1982; Zukin and Zukin, 1979; Zukin et al., 1983; Hampton et al., 1982; Eldefrawi et al.,
1982]. Slices of cercbral cortex that were incubated with *H-PCP and processed for autora-
diography revealed the existence of a high-affinity PCP receptor in this area of the brain
|Quirion et al., 1981a]. However, some of the earlier findings | Vincent et al., 1979; Zukin and
Zukin, 1979] have been disputed because of the possibility of the artifact introduced by the use
of glass fiber filter paper in the rapid filtration assay [Domino, 198%{. Indeed, (*H)-PCP binds
to filter paper and this bound (*H)-PCP can be displaced by cold PCP and its analogs [Maayani
and Weinstein, 1980]. Recently attempts have been made to decrease the binding of (*H)-PCP
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to glass fiber filter paper by presoaking the filter paper cither in a 0.05% aqueous solution of
polyethylencimine [Hampton et al., 1982], in | % Prosil |Eldefrawi ct al., 1982}, or in 0.01%
polylysine [Zukin et al.. 1983]. With these maodifications in the binding assay, the maximum
number of binding sites (Bmax) of (*H)-PCP has heen about 2-3.5 pmol/mg protein (or
approximately 200 to 350 pmol/g) tn the brain [Vignon et al., 1982; Zukin et al., 1983] and 8
pmol/mg protein in crayfish muscle membranc |Eldefrawi et al., 1982]. The Bmax for
phencyclidine receptors in the brain is high relative to that of other receptors that have been
characterized in this tissue. The Bmax (pmol/g) of some of the receptors is as follows:
presynaptic alpha-adrenergic, 12 [U’Prichard and Snyder, 1979}; benzodiazepine, 18 {Squires
and Bracstrup. 1977]: scrotonin, 20 |Bennett and Snyder, 1976}: opiate. 30 [Pert and Snyder,
1983}, and muscarinic cholinergic, 65 | Yamamura and Snyder. 1974]. The scientific litcrature
indicates that the problems of the (*H)-PCP binding assay have not yet been resolved.
Therefore an attempt has been made to use a biolog of PCP as a probe. We have assumed that
this biolog can label the PCP binding sites. The results of our investigations with the PCP
biolog (*H)-dexoxadrol are described in this report.

MATERIALS AND METHODS
Chemical and Drugs

(*H)-Dexoxadrol was prepared by the catalytic reduction with tritium. The product was
purificd hy thin layer chromatography and was 95% radiochemically pure by high pressure
liquid chromatography. The specific activity of (*H)-dexoxadrol was 47.6 Ci/mmol. Trizma
basc, chymopapain, proteinase K, thermolysin, trypsin, 2-mercaptocthanol. and p-chloromer-
curiphenyl sulfonic acid (PCMPSA) were purchased from Sigma Chemical Co. (St. Louis,
MO). Dimethylphenylpiperazinium (DMPP) was obtained from Aldrich Chemical Co. Phen-
cyclidine. dexoxadrol, levoxadrol, and etoxadrol were synthesized at the Upjohn Company.
(+)1-(1-Phenylcyclohexyl)-3-miethyl-piperidine ((+)PMCP) and (—)PCMP were gencrous
gifts from Dr. Kenner C. Rice of the National Institute of Mental Health. (+)Cyclazocine,
(++)SKF 10047, their respective isomers, and LSD were kindly provided by Dr. R. Willette of
the National Institute of Deug Abuse.

Membrane Preparation

Male Sprague-Dawley rats (180-250 g) were sacrificed by decapitation and the brains
were quickly removed from the skult, Diserete brain arcas |dissected by the method of
Glowinski and Iversen, 1966], or whole brain minus cerebellum, were placed in 10 volumes
af cold (4°C) 50 mM Tris-HCT bulter, pH 7.4, and homogenized using a Brinkman Polytron
PCU 211 homogenizer for 30 seconds at setting #0. andd centrifuged at 100D X g lor [0
minutes. The supermatant was centritfuged at 48,000 X g for 20 minutes and the resulting pellet
was washed again by resuspension and recentrifugation at 48,000 X g for 20 minutes. The
final pellet was resuspended in 80 volumes (w/v) of the same bulfer.

Binding Assay

CHY Dexoxadrol binding was measured by incubating 0.8 -ml aliquots of tissuc suspen -
sion i teiplicate with 0.1 ml of ('HY dexoxadrol to give a tinal concentration in the range of
0.1 to 22 nM. and 0.1 ml of distilled water or drug, to give a final volume of 1.0 mil. This
mixture wis incubated for 30 minutes at 25°C and then filtered under vacuum through a
Whatman GE/B filter. The incubation tube was rinsed with 5 mil cold (47C) buffer and this
rinse was applicd to the filter. The filter was finally washed three times with 5-ml aliquots of
buffer. The filter paper was placed in a scintiltation vial to which 1S ml oft Amersham Scarle
ACS cocktail was added. The vials were shithen oo an Eberbach mechanical shaker for 30
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mintues and then the radioactivity was counted by a liquid scintillation spectrometer. Proteins
were determined by the method of Lowry et al. [1951] using bovine serum albumin as a
standard.

Specific binding was defined as the total binding minus binding in the presence of | mM
pheneycelidine. Specitic binding represented 74 10 82% ol the wotal binding.

Time Course of (*H)-Dexoxadrol Binding

To determine an appropriate incubation time, the binding of (*H)-dexoxadrol o whole
rat brain (1:80 w/v) was measured as a tunction ol time in three independent experiments.
Membrane preparation was added 10 initiate binding, and the reaction was terminated at o
designated time by filtration of the sample under vacuum. The spectfic binding was determined
as indicated above.

Effect of pH on (3H)-Dexoxadrol Binding

The pH of 50 mM Trizma base was adjusted to the designated pH (3.0 10 9.0) by using
1t 121N HCL The final peller was suspended in 80 volumes (w/v) of the indicated "Tris-HC
butter. ‘The binding assays were carried out as described above.

Effect of Protein Concentration and Protein Denaturation on (*H)-Dexoxadrol
Binding

The final pellet of whole rat brain was suspended in 10, 20, 40, 60, 80, 100, 120, and
160 volumies (w/v) of 50 mM Tris-HCl buffer, pH 7.4, These membrane preparations were
used for binding assays as mentioned above. For denaturation of protein, a tissue siomple, 1:80
(w/v), was boiled for 30 minutes and then placed onice for 30 minutes prior to its use in the
binding assay.

Effect of Proteolytic Enzymes and Sulfhydryl Group Inhibitors
on (*H)-Dexoxadrol Binding

Aliguots of the membrane suspension (1:80 w/v) of whole rat brain were preincubated
for 10 minutes at 25°C with an appropriate concentration (Fable 2) of proteolytic enzynws,
Reaction was terminated by placing the samples on ice. The samples were then used in (*H)-
dexoxadrol binding assays. An experiment with sulthydryl group inhibitors involved two 10
minute preincubations. First the samples were incubated with 1 mM 2-mercaptoethanol or its
vehicle (Tris-HCI buffer). Then PCMPSA, a sulthydryl group inhibitor (final concentration |
mM), or its vehicle (D/W) was added to the designated sample. The reaction was terminated
by placing the samples on ice. The samples were then assayed using (*H)-dexoxadrol binding.

Displacement of Bound (*H)-Dexoxadrol by 100 M PCP

Aliguots of the membrane suspension (1:80 w/v) were incubated with (*H)-dexoxadrol
(2 nM) for 30 minutes at 25°C. At 30 minutes, PCP was added (final concentration 100 pm)
and the reaction was terminated at various time intervals after the addition of PCP. Specific
binding was determined as indicated above,

Analysis of Data

Data were subjected to Scatchard analysis. Dissociation cofstants were determined by
linear regression analysis and Bmax was calculated by the following equation: Y = a+bx,
where a is the intercept on the x-axis at Y = 0, and b is the slope. 1Cs, values were obtained
from logit-log plot of the data. Inhibition constants (Ki) were calculated by the equation: Ki =
1Cs¢/1 + (C/Kdy), where C is the concentration of ligand and Kd, is the dissociation constant
of high-affinity binding sites.



638 Sethy and McCall

RESULTS
The Specific Binding of (*H)-Dexoxadrol to Whole Rat Brain Membranes

The specific binding of (*H)-dexoxadrol was saturable with respect to ligand concentra-
tion (Fig. 1 insct) and it represented 74 to 82% of the total binding. A Scatchard plot (Fig. 1)
of (*H)-dexoxadrol binding to whole rat brain suspension was hyperbolic with concavity
upward, and could be resolved into two lincar components. These two linear components
suggested the exigience of high- and low-affinity (*H)-dexoxadrol binding sites whose dissocia-
tion constants differed by a factor of 15.5. The high-affinity component had a dissociation
constant (Kd;) of 1.68 + 0.2 nM (n = 7), with a Bmax, of 0.4 1+ 0.06 pmol/mg protein (n =
7) that is approximately 9.6% of the total binding. The corresponding values for the low-
affinity components were Kds = 26.1 + 2.5 nM and Bmax; = 3.7 + 0.2 pmol/mg protein
for n = 7. (*H)-Dexoxadrol bound rapidly to its high-affinity binding site (Fig. 2). Within 1
minute, 74.5% of specific binding sites were occupicd by (*H)-dcxoxadrol. There was a small
but significant increase in binding over the next 59 mintues.

Effect of pH on (*H)-Dexoxadrol Binding

The binding of (*H)-dexoxadrol as a function of pH was investigated at a pH range of 3
to 9 (Fig. 3). Nonspecific binding to both filters and membranes was relatively high at pH
below 7.4. At pH 7.4, there was a significant reduction in nonspecific binding and it was
maintaincd at that level at pH 8, 8.5, and 9. The specific binding rcached optimum between
the pH of 7.4 and 8.5. All the investigations reported in the present study were carricd out at
pH 7.4 because that is the physiological pH of hiological fluids.
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Fig. 1. A typical Scatchard plot of specific ¢ 'H)-dexoxadrol binding to rat brain membranes. For every
experiment. 8 9 concentrations of ('H) desoxadrol, cach in triplicate, were used. Each point is a mean
of seven separate experiments. Each line was fitted by lincar regression analysis. Inset: saturation
isotherm, total binding, M specific binding, @ nonspecific binding, ).
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Fig. 2. High-affinity binding of (*H)-dexoxadrol (2 nM) as a tunction of time. Total binding, W;
specific binding, @ nonspecific binding, O.
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Fig. 3. High-affinity binding of (*H)-dexoxadrol (2 nM) as a function of pH. Specific binding, @;
nonspecific binding, .
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(3H)-Dexoxadrol Binding as a Function of Protein Concentration

The effect of protein concentration on specific binding of (*H)-dexoxadrol was studied
at a concentration range of 0.095 to 1.26 mg protein/ml. The specific binding increased
lincarly up to about 0.36 mg protein/ml. At higher concentrations, the increase in specific
binding was smaller as compared to that being observed at low concentrations (Fig. 4).

Regional Distribution of (3H)-Dexoxadrol Binding in Rat Brain

The specific binding of (*H)-dexoxadrol was highest in the striatum and cerebral cortex.
Binding was lowest in the cerebellum. Intermediate levels of binding were observed in the
hippocampus, thalamus plus hypothalamus, and brainstem (Table 1).
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Fig. 4. High-affinity binding of (‘Hy-dexoxadrol (2 nM) as a function of protein concentration. Specific
binding, @: nonspecitic binding, + .

TABLE 1. Regional Distribution of High-Affinity -
Dexoxadrol (1.99 nf) Binding in Rat Brain

Specilic ( ‘H)-dexoxadrol

Region binding: fmol/mg protein®
Striatum RIRBERRE R
Cerebral cortex 308 + 20.0
Hippocampus 250 1 6.4
Thalamus + hypothalamus 162 1 189
Brainstem 88 + 11.9
Cerebellum 76 + 9.4

MPach observation s the mean  S.EC ol fourindependent
cxperiments.
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Effect of Proteolytic Enzymes, Denaturation of Protein and Sulfhydryl Group
inhibitor on (°*H)-Dexoxadrol Binding

Preincubation of the membrane suspension with trypsin decreased specific hinding. of
(*H)-dexoxadrol. This decrease was dependent on the concentration of trypsin. Under similar
conditions. there was no effect on nonspecific binding. Similar cffects were observed with
chymopapain, proteinase K. and thermolysin. Denaturation of protein by boiling the membrane
suspension for 30 minutes reduced binding of (*H)-dexoxadrol to 33% of control (Table 2).

p-Chloromercuriphenyl sulfonic acid at 1 mM concentration decreased specific binding
of CHY dexoxadrol (o 40% of control, 2 Mercaptoethanol at a | mM concentration had no
significance on binding. Howcever, preincubation of the membrane suspension with 1M 2
mercaptocthanol significantly blocked PCMPSA-induced reduction in binding (Table 3.

Competitive Binding Assays and Displacement of Bound (3H)-Dexoxadrol

Among the drugs investigated in competitive binding assay. dexoxadrol was tfound to be
most potent in inhibiting the binding of (H)-dexoxadrol. The inhibition constants of dexoxa-
drol and its close analogs were as follows (Kiin aM): dexoxadrob, 844 fevoxadrol, 48,38,
ctoxadrol, 68.76; phencyclidine, 670; (1)PCMP, 201.9; and ( HPCMP, 913.8. Among the
psychotomimetic opiae dertvates, (- yeyelazocine was about twice as potent as (+ Jeyclazo-
cine, and (—)SKE 10047 (N-allylnormetazocine) was 1.6 times more potent than its (++) isomer
in inhibiting (*H)-dexoxadrol binding. Both (+) and (=)amphctamine, diazepam, LSD, mes-
catine, nifedipine, verapamil, nicotine, DMPP, tetracthy lammoniumchloride, and d-tubocura-
fine were pmctive (Table ). Inoaninvestigation (o stnly  displacement of bownd th

TABLE 2. Effect of Proteolytic Enzymes and Denaturation of
Protein on High-Atfinity (*H)-Dexoxadrol (2 nM) Binding to

Concentration Specitic binding

Name  _ Gugwh (G ofcontioh
Trypsin 0 100
1 62
3 59
10 51
30 38
100 o
Chymopapain 0 100
3 67
10 64
30 55
Proteinase K 0 10
0.3 71
l 65
3 62
10 ¢« 53
30 T3
Thermolysin 0 100
10 70
30 68
100 Si
Boiling (20 min) — 33
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TABLE 3. Effect of Sulfhydryl Group Inhibitor on High-AfTinity
(*H)-Dexoxadrol (2 nM) Binding to Whole Rat Brain Membrane

Preparation
Concentration Specific binding

Treatment (mM) (% of control)
Control — 100
p-Chibromercuriphenyl | 40

sulfonic acid

(PCMPSA)
2-mercaptocthanol | 94
2-mercaptoethanol 1,1 85

+ PCMPSA

TABLE 4. Inhibition of High-Affinity ("H)-
Dexoxadrol Binding by Various Drugs in Rat Brain
Membrane Preparation

Drug Ki (nM)*
Dexoxadrol 8.4
Levoxadrol 48.3
Etoxadrol 68.7
Phencyclidine 670.0
(+) PCMDP 201.9
(—-) PCMP 913.8
(+) Cyclazocine 539.3
(+) Cyclazocine 534.3
(=) Cyclazocine 281.8
(+) SKF 10.047 1.059.0
(+) SKF 10,047 1,408.9
( ) SKF 10,047 866.3
Mcthylphenidate 1,138
( +)-Amphetamine 10,000
(—)-Amphetamine 10,000
Benztropine 1.271.3
Diazepam 10,000
L.SD 10,000
Mescaline 10,000
Nifedipine 10,000
Verapamil 10,000
Nicotine 10.000
DMPP 10.000
Tetracthylammonium 10,000
d-tubocurarine 10,000

aConcentration of (H)-dexoxadrol, 1.98 nM: Kd,, 168
nM.

dexoxadrol, aliquots of membrane suspension were allowed to reach cquilibrivm with (*H)-
dexoxadrol for 30 minutes at 25°C. Then PCP was added. Within | minute after the addition
of PCP. specific binding was reduced to 48% ot control. This suggested that the t% is about
one minute. All the bound (*H)-dexoxadrol was displaced 60 minutes alter the addition of
PCP. There was no significant change in nonspecilic binding during this period of the
investigation (Fig. 5).
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Fig. 5. Displacement of bound (*H)-dexoxadrol (1.98 nM) at various time intervals after the addition
of 100 gM PCP. Specific binding, @ nonspecific binding, O,

DISCUSSION

The binding isotherm of (*H)-dexoxadrol o whole rat brain demonstrated high- and
Jow-affinity binding sites, with dissociation constants of 1.68 and 26 nM, respectively. The
curresponding Bmax values were 0.4 and 3.7 pmol/mg protein. The Bmax of the low-affinity
binding site of CH)-dexoxadrol is close to the reported Bmax of CH)-PCP binding, 2 to 3.5
pmol/mg protein |Zukin and Zukin, 1979; Zukin et al., 1983; Vincent et al., 1979]. PCP has
a low-binding atfinity. Because of this property of PCP, it is likely that previous investigators
{Zukin ¢t al., 1983; Vincent ¢ ul., 1979] may have missed the high-affinity binding site,
although Eldefrawi et al. |1982] and Quirion et al [1981a} did demonstrate a PCP binding site
with a Kd of 13.5 (crayfish muscle membrane) and 46 nM (slices of rat olfactory bulb),
respectively. These Kd values of PCP binding are significantly lower than those reported by
earlier investigators 10.15 to 0.2 pM, Zukin and Zukin, 1979; Vincent et al., 1979], suggesting
the possibility of a high affinity PCP binding site. With the use of (*H)-dexoxadrol in the
binding asays, we have clearly demonstrated both the high- and low-affinity binding sites.

In earlier work, a (*H)-PCP binding assay did not work in our laboratory. Thus we
cannot prove that (*H)-dexoxadrol labels the same binding sites 0 which PCP binds. Since
dexoxadrol is a biolog of PCP and the Bmax of the low-affinity bi.nding site of (*H)-dexoxadrol
is similar to the Bmax of PCP binding, we can assume that these two ligands may be labeling
the same low-affinity binding site.

In regional distribution studies with (*H)-dexoxadrol, the highest number of binding
sites were located in the striatum and cerebral cortex, and the lowest were in the cercbellum.
This rank order of distribution of the high-attinity binding site in the tissues investigated is in
agreement with the observations of Vincent et al. [1979], who investigated regional distribution
of binding sites in rat brain at a | nM concentration of CH)-PCP.
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Experimental evidence indicates that the high-affinity (*H)-dexoxadrol binding site is a
protein. (*H)-Dexoxadrol binding increased with increasing concentrations of protein. Proteo-
Iytic enzymes like trypsin. chymopapain, proteinase K, and thermolysin significantly decreased
(*H)-dexoxadrol binding, and this effect was dependent upon the concentration of enzymes,
The specific binding of (*H)-dexoxadrol was also significantly reduced by denaturation of
protein. Preincubation of membrane suspension with 1 mM PCMPSA significantly lowered
(*H)-dexoxadrol binding. and this effect could be blocked by prior treatment with 1 mM 2-
mercaptoethanol. Thege observations suggest the presence of a sulfhydryl group in or near the
proteinous (*H)-dexoxadrol binding site. Similar characteristics have been reported with PCP
binding site at 1 nM [Vincent et al., 1982] and 10 nM [Zukin et al., 1983] concentrations of
(*H)-PCP.

Phencyclidine is a basic drug whose pKa appears to be approximately 8-9. It is
protonated at acidic pH. Acidification of urine increases renal excretion of PCP in humans
because protonated PCP is not reabsorbed in renal tubules [Domino and Wilson, 1977 Perez-
Reyes et al., 1982]. The percentage of unbound PCP increases with decreasing pH in both dog
and human serum [Owens et al.. 1983}. In the (*H)-dexoxadrol binding assay, a pH below 7.4
significantly enhanced nonspecific binding indicating that PCP. in its protonated form, is no
longer able to occupy some of the binding sites that it did at pH 7.4 and above. These binding
sites are now occupied with (*H)-dexoxadrol, leading to an increase in nonspecific binding.

The competitive binding experiments suggested that (*H)-dexoxadrol binding was inhib-
ited by drugs which are pharmacologically similar to PCP. The order of potency was:
dexoxadrol > levoxadrol > etoxadrol > phencyclidine. (+)PCMP was more potent than
(—)PCMP in inhibiting (*H)-dexoxadrol binding. This is consistent with the obscrvations of
Quirion ¢t al [1981b] with a PCP binding assay. (~) Isomers of both cyclazocine and SKF
10047 were morc potent than (+) isomers in inhibiting ( YH)-dexoxadrol. Similar stereospecific
effects with cyclazocine and SKF 10047 have been reported with (3H)-PCP binding |Zukin,
1982]. (—)Cyclazocine was also reported to be more like PCP than (+)cyclazocine in PCP-
like discriminative behavior [Shanon, 1982]. The competitive binding studics that were carricd
out with (*H)-dexoxadrol agrec with (*H)-PCP (concentration: 8-10 nM) binding with respect
to stereospecificity. further suggesting that these two ligands may bind to the identical sitc.

Bound (*H)-dexoxadrol was rapidly displaced by the addition of PCP, confirming an
existence of a biological binding site. The displacement was rapid (t%2 = about | minute) and
was completed within 60 minutes.

Thus. the results with ( 3H)-dexoxadro! binding indicate that 1) there are high- and low-
affinity binding sites, 2) (*H)-dexoxadrol and (*H)-PCP may bind to identical binding sites. 3)
(*H)-dexoxadrol has a very low nonspecific binding to glass fiber filter paper. and 4) (*H)-
dexoxadrol binding assay could be used for screening PCP analogs.

ACKNOWLEDGMENTS

The authors thank R. Fazio and C. Filer of New England Nuclear for carrying out the
tritiation.

REFERENCES

Bennett. J.P.. Jr. and Snyder, S.H.: Scrotonin and lysergic acid dicthylamide binding in rat brain
membrane: Relationship to postsynaptic serotonin receptors. Mol. Pharmacol. 12:373-389. 1976.

Domino. E.1 and Wilson, AL Effect of urine acidification on plasma and urine phencyclidine levels
in overdose. Clin. Pharmcol. Ther. 22:421- 424, 1977,

Domine. E.E.: “PCP (Phenevelidine): Historical and Current Perspective.” NPP Books, 1981,

Eldefrawi. M.E_. 11 Fakalany, E 1 and Muephy, D1 High aftinity binding of pheacyclidine (hC™
to craytish nuascle. Displacement by catciom antagonists. Biochen, Pharmacot. 31:2549 2552,
1982,

T A



S a
>0~
ed
oS,
of
ed

4

-P

of

ns
/-
og
14

no

ng

an
nd

k)]
1)-

Dexoxadrol Binding 645

Glowinski, J. and lversen, L.L.: Regional studies ot catecholamines in the rat brain, 1. ). Ncurochem.

13:655-669, 1966.

Hampton, R.Y., Mcdzitiradsky. .. Wood. T H. and Dahlstrom, P.J.: Stercospecific binding of CH)-
phencychidine in braiy mebranes. Life Sci. 302147 2154, 1982

Lowry, O.H., Roschrough, N.J.. Farr, A.L. and Randall, R.J.: Protein measurement with the folin
phenol reagent. J. Biol. Chem. 193:265-275. 1951,

Maayani, S. and Weinstein, H.: "Speattic binding’ of (*H)-phencyclidine: Artitacts of the rapid filtration
method. Lite Sci. 26:2011--2016, 1980.

Owens, S.M., Maycrson, M. and Woodworth, J.R.. Phencyclidine blood protein binding: Influence of
pratein, pH and species. . Pharmacol. Exp. Ther. 226:056- 660, 1983

Perez-Reyes, M., DiGuiseppi, 8., Brine. DR Smith, H.and Cook, C.E.2 Urine pH and phencyclidine
excretion. Clin. Pharmacol, Ther. 32:635 641, 1982

Pert, C.B. and Snyder, S.H.: Properties ol opiate-receptor binding in rat brain. Proc.
UISA 70:2243 2247, (981,

Quirion, R., Hammer, R.P._ Jr., Herkenham, M. and Pert C.B.: Phencyclidine tangel dust/s. “opiate”
receplor: Visualization by tritinm-sensitive film. Proc. Natl. Acad. Sci. USA 78:5581 5885,
tOR1a.

Quirion, R.. Rice, R.C., Skolnich, P, Pal, S and Pert, C.B Stercospecific: displiacement of 1
phencyclidine (PCP) receptor binding by an coantiomeric pair of PCPanadogs. Bur. ). Pharmacol.
74:107 108, 1981h.

Shanon. H.E.: Pharmacological analysis of the phencyelidine like discrininative stimulus, properties of
parcotic derivations in rats. J. Pharmacol. Exp. Ther. 222: 146 151, 1982,

Squires, R. and Braestrup. C.: Benzodiazepine receptors in brain. Nature 206:732- 734, 1977,

UrPrichard, 1D.C. and Snyder S.H.: Distinet alpha-adrenergic receptors differentiated by binding and
physiotogical relstonship. Life Sci. 24:79 88, 1979,

Vignon, J., Vincent, P, Bidard, J.N.. Kamenka, J.M., Genests, P., Monier, S, and Lazdunski, M.
Biochemical property of the brain phencyclidine veceptor. Eur. J. Pharmacol. 815331542, 1982,

Vincent. 1.1, Kartalovshi. B.. Geneste, P, Kamenka J.M. and Lazdunski, M. Interaction of pheneyli-
dine (“angel dust™y with 4 specilic reeeptor in rat brain membranes. Proc. Natl. Acad. Sci. USA
76:4678-4682, 197Y.

Yamamura. H.1. and Sayder, $.H.: Muscarinic cholinergic binding in rat brain. Proc. Natl. Acad. Sci.
USA 71:1725 1729, 1974,

Zukin, S.R.: Differing stercospeciticities distinguish opiate receptor subtypes. Lile Sci.
1982.

Zukin, S.R.. Fitz-Syage, M.L.. Nichtenhauser, R. and Zukin, R.S.: Specific binding of (*H)-phencycli-
dine in rat central nervous tissue: Further characterization and technical consideration. Brain Res.
258:277-284, 1983.

Zukin, S.R. and Zukin, R.S.: Specific (*H)-phencyclidine binding in rat central nervaus system. Proc.
Natl. Acad. Sei, USA 76:5372- 5376, 1979,

Natl. Acad. Sci.

31:1307 1310,



