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BOLGER, G T , M F RAFFERTY AND P SKOLNICK Enhancement ofbram calcmm antagomst binding by phen- 
(yt hdme and related compounds PHARMACOL BIOCHEM BEHAV 24(3) 417-423, 1986 --The ablhtles of compounds 
structurally or pharmacologically related to phencychdme to increase the apparent affimty of the [3H]dlhydropyndme 
calcium channel antagomst [3H]mtrendlpme were examined m lysed synaptosomal membrane preparations of rat braan 
The p-bromo analog of phencychdme (1-(1-(4-bromophenyl)cyclohexyl)plpendme) was the most efficacmus compound 
tested in enhancing the apparent affimty of [3H]mtrendlpme The efficacy of this compound was ~ two-fold greater than 
PCP The stereo~somers of PCMP (l-(l-phenylcyclohexyl-3-methylpipendme) were also more efficacmus than phency- 
chdme, although only a small degree of stereoselecUvlty was observed Levoxadrol, dexoxadrol and the enantmmers of 
ketamme did not potentiate [3H]mtrendlpme binding The enantmmers of SKF 10047 (n-allylormetazocme), dextrorphan, 
levorphanol and the mn channel toxins h.stnonlcotoxln and pumflmtoxln-B also increased the apparent affimty of 
[IH]nltrendlpme, whde several local anesthetics and/z-opiate receptor hgands were without effect These studies suggest 
that the abthty of phencychdme and structurally related compounds to increase the apparent affimty of [3H]mtrendlpme is 
not mediated through an interaction with phencychdme receptors, but may represent a unique s~te for allostenc modulatmn 
of neuronal dihydropyndlne calcium channel antagomst binding sites 

Nitrend~pme D~hydropyndme Calcium antagomst Calcmm channels Phencychdme 

PHENCYCLIDINE (PCP), initially developed as a general 
anesthetic [8,10], has become a widespread drug of abuse 
[13,37] due to its psychotomlmetlc actions The spectrum of 
pharmacologic effects produced by PCP are species and dose 
dependent [7] In man, low doses of PCP produce hyperten- 
sion, tachycardm, gait ataxia, and a psychotomimetic syn- 
drome which may include hostile behavior, auditory halluci- 
nations and paranoid delusions [27] In rodents, PCP 
produces dose dependent hyperexcitablhty, stereotyped be- 
haviors, motor lncoordmatlon, and ataxla [6, 31, 36, 43] The 
diversity of pharmacologic effects elicited by PCP may re- 
flect the ability of this compound to interact with aspects of 
dopamtnergic, cholinerglc, noradrenerglc, serotonerglc, 
GABAergIc and enkephallnerglc neurotransmisslon [6, 29, 
34-36, 39, 45] Further, PCP has been reported to alter the 
mn translocatlon properties of sodium, potassium and cal- 
cium ion channel complexes [2, 3, 16, 25, 44, 46] 

The identification of stereospectfic high affinity binding 
sites for [aH]PCP in brain [37, 48, 49, 51] has faclhtated the 
study of PCP and related compounds at a molecular level 
Structurally diverse classes of compounds wtuch share 
pharmacologic actions with PCP (e g ,  ketamine, dexox- 

adroi, levoxadrol, cyclazoclne, SKF 10047, (n- 
allylnormetazoclne), dextrorphan and levorphanol) have 
been shown to interact with PCP binding sites in the central 
nervous system (CNS) [2, 26, 33, 40, 41, 51, 54] Recently we 
observed that PCP increases the affimty of [aH]mtrendiplne 
to dlhydropyradine (DHP) calcium antagomst binding sites in 
rat brain [5] This effect of PCP was dose dependent, brain 
region specific and sensitive to mlubltlon by divalent cations. 
These observations suggest that the effect of PCP on DHP 
binding sites might represent a pharmacologically relevant 
site of action for PCP 

In order to assess the pharmacologic specificity of the 
interaction of PCP with DHP binding sites we have investi- 
gated a series of drugs which are either structurally related to 
PCP or share some common psychopharmacologac proper- 
ties with PCP We now report that several PCP derivatives 
as well as many compounds that are structurally unrelated to 
PCP (such as the opiates dextrorphan, levorphanol and SKF 
10047, and the ion channel toxins hlstfiomcotoxin and 
pumihotoxm-B) produce a signLficant Increase in the appar- 
ent affinity of [3H]mtrendIpIne binding for DHP binding 
sites Further, PCP produced significant increases in the ap- 
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parent affinities of a small series of DHP calcium antagonists 
for the [~H]nltrendlpme binding site, while non DHP calcmm 
antagonists were not similarly affected by PCP These find- 
lngs suggest that although PCP and related compounds can 
alter the apparent affinity of  [~H]mtrendlplne at the DHP 
binding site, this effect does not occur by occupation of PCP 
binding sites 

METHOD 

T:s vue Preparation 

Male Sprague-Dawley rats (Taconlc Farms. German- 
town, NY, 175-225 g) were used in all experiments A lysed 
synaptosomal ennched membrane fraction from rat fore- 
brain was prepared according to Whittaker [52] Rats were 
killed by decapitation, the brains quickly removed and 
placed into ~ce cold 0 32 M sucrose The forebram was iso- 
lated by malong an oblique cut from the superior colhculus 
on the dorsal surface to the mammilary bodies on the ventral 
surface Tissue was homogenized m 20 vol tissue of 0 32 M 
sucrose using ten up and down strokes of a glass-teflon pes- 
tle (clearance 0 13-0 18 mm), motor driven homogenizer 
The homogenate was centrifuged at 1,100xg 4'or 10 rain, the 
pellet d~scarded and the supernatant recentnfuged at 
24,000xg for 20 mln The resultmg pellet from this centnfu- 
gatlon was lysed by resuspendmg m 80 voi of 5 mM Trls 
buffer, pH 7 4 at 22°C, with a Bnnkman Polytron (5 sec. 
setting 6--7) 

[ ~H]Nttrendtpme Bmdmg 

[~H]Nltrendlpme bmdmg was assayed m a volume of 2 ml 
in boroslhcate glass tubes under fluorescent hght The assay 
volume consisted of  1 ml of 5 mM Tns buffer containing 
drug(s), [~H]nltrendlplne and 1 ml of  membrane suspension 
Incubations were lmtlated by addition of tissue and termi- 
nated after 1 hr (25°C) by rapid filtration through Whatman 
GF/B glass fibre filters followed by 2x5 mi washes with ice 
cold 5 mM Tns buffer using a Brandel Cell Harvester (Model 
24R, Brandel C o ,  Galthersburg, MD) The filters were 
placed in 8 ml of Beckman Ready-Solv, MP (Beckman In- 
struments Inc , Fullerton, CA) and counted by llqmd scmtll- 
latmn spectrophotometry (Beckman Model LS 5800) Spe- 
cific [~H]mtrendlplne bound was defined as the difference m 
['~H]nltrendlplne binding m the presence and absence of  l0 ~ 
M nlfedlplne 

erotem Oetermmatum 

Protein was determined by the Miller modification [32] of 
the Lowry assay [28] using bovine serum albumin as a stand- 
ard 

Matertal~ 

[aH]NItrendipme (70-80 Ct/mmol) was obtained from 
New England Nuclear The commercial preparatmn was di- 
luted 2-fold with absolute ethanol and stored in the dark at 
-20°C Subsequent ddutmns for use in binding experiments 
were prepared in 5 mM Tns Hcl, pH 7 4, and kept at 0°C in 
aluminum foil-wrapped containers Phencychdme hydro- 
chloride and 1-(1-(3-amhno)cyclohexyl)plpendme (m- 
NH2-PCP) were obtained from the NIDA, Rockvdle. MD 
The following PCP analogues were supphed by Warner- 
Lambert/Parke-Davis C o ,  Ann Arbor, MI 1-(l-(4-bromo- 
phenyl)cyclohexyl)pipendin e (p-Br-PCP). 1-phenylyclo- 

FABLE 1 

THE E F F E C F  OF DRUGS ON [~HINITRENDIPINE BINDING 

Drug KJK~, B,~ ,./BM ,. 
Exp Fxp 

Opmtes 
Dextrorphan 1 61r 0 85 
Levorphanol I 61t 0 85 
(-)SKF 10047 l 92t l 01 
( +)SKF 10047 I 88+ 0 88 

Local Anesthetics ' 
Ldocame 0 76* 0 83 
Benzocame 0 98 0 89 
Procaine 0 93 0 89 
Plperocame 0 90 0 82 
Cocaine 0 74* 0 85 

Seurotoxms 
Pumihotoxin B I 61~ 0 90 
Hlstnomcotoxm 1 92t I 01 

Drugs Structurally Related to PCP h 
PCP 1 51~ 0 99 
(-)PCMP 2 131 0 83 
(+)PCMP 1 78t 0 85 
p-Br-PCP 3 22* I 09 
Dexoxadrol 0 71" 1 04 
Levoxadrol 0 99 0 92 
(-)Ketamme 1 12 0 95 
(+)Ketamme 1 06 0 94 

The K~) and Bm~ values for [~H]nltrendlpme binding were ob- 
tained by Scatchard analysis of the binding data, utdlzmg 
[~H]mtrendipme m a concentration range of 35-800 pM The ratio of 
the K. or B,n.. in the absence, to that in the presence of drug, KD 
Exp or B ..... Exp Js presented A ratm sigmficantly > 1 indicates an 
increase in the apparent affinity of [~H]mtrendiplne All drugs were 
present at a concentratmn of 10/xM The results are the mean of 
three experiments "The local anesthetics hsted were also assayed at 
concentrations up to 500 #.M, with effects on [JH]mtrendzpme bind- 
mg slmdar to those at 10 ~M hWhen studied m the concentratmn 
range 10 ~ M-10 -4 M, (_+)PCMP produced similar blphaslc con- 
centration-effect relationships as did PCP (see Fig 2) (_+)Ketamme 
at a concentration of 100/zM produced slmdar effects on [aH]mtrendv 
pine binding to those at 10 /.~M Significantly different from 1 00, 
*p<0 05, +p<0 005 paired t-test 

hexylamme (PCA), N-(2-propyl)-l-phenylcyclohexylamme 
(N-propyl-PCA), N-methyl-l-phenylcyclohexylamme These 
compounds were supphed as the hydrochlonde salts with the 
exception of p-Br-PCP which was the free base The stereo- 
isomers of l-(l-phenylcyclohexyl)-3-methylplpendme (PCMP) 
were supplied by Dr Kenner Rice, National Institutes of 
Health (NIADDK/LC) Samples of dexoxadrol, levoxadrol, 
naloxone (all as hydrochlorlde salts) and morphine sulfate were 
obtained from Drs Kenner Rice and A E Jacobsen, National 
Institutes of Health The resolved stereolsomers of ketamine 
hydrochlonde and SKF 10047 (N-allylnormetazocme) were 
supplied by Dr James Woods, University of Michigan Drugs 
were prepared as 1 mM stock solutions and stored at -20°C 
prior to use The aryl substituted DHPs, verapamll, dilttazem 
and flunnanzme were provided by Dr D J Triggle, State 
University of New York at Buffalo Nlfedlpme was obtained 
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FIG 1 The effect of PCP and p-Br-PCP on [3H]mtrendlpme binding 
Scatchard analysis of [aH]mtrendlpme binding m control (O), PCP 
(10/zM), (B) or p-Br-PCP (10/zM) (&) treated rat brain membranes 
using [~H]mtrendlpme is a concentrat,on range of 35-1200 pM The 
KD and BMAx values were for control 191 1 pM, 0 107 pmoles/mg 
protein, PCP 94 6 pM, 0 102 pmoles/mg protein, and p-Br-PCP 63 9 
pM, 0 115 pmoles/mg protein respectwely The results are the mean 
of two expenments 

from Pfizer, Inc (Groton, CT) The DHP derivatives were 
dissolved in ethanol as 1 mM stock solutmns and stored m 
fod-wrapped containers at -20°C,  all other calc,um channel 
antagonists were taken up m 5 mM Tns HCI, pH 7 4, and 
stored frozen as 1 mM stock solutmns Local anesthet,cs 
were obtained from the following sources cocaine, Merck 
and C o ,  Rahway, NJ, hdocame and benzocalne, Dr L -Y 
M Huang, Natmnal Institutes of  Health, procaine, E R 
Sqmbb and Sons, Inc., New Brunswick, N J, plperocame, Eh 
Ldly and C o ,  Indmnapohs, IN All local anesthetics were 
prepared as 10 mM solutions and kept at -20°C H,s- 
tnonlcotoxm and pumd,otoxln B were generously prowded 
by Dr John W Daly, Natmnal Institutes of Health, and 
stored as 1 mM solutmns m ethanol at -20°C 

R E S U L T S  

The Effe~ t of Drugs on [aHlNttrendtpme Bmdmg 

Compounds structurally unrelated to PCP but possessing 
common psychopharmacolog,c propert ,es w,th PCP were 
examined for their abdit,es to alter [~H]nltrendlpme binding 
m a synaptosomal-ennched membrane fractmn prepared 
from rat forebram The KD and Bmax values for 
[~H]mtrend,pme bmdmg m untreated membranes (179+-9 
(n=3) pM and 0 0922-+0 016 (n=3) pmol/mg protein, respec- 
t,vely) are in agreement w,th prevmusly reported values 
[4,30] In prehmmary expenments ,  the psychotomlmetlc 
opmtes S K F  10047, dextrorphan and levorphanol [24, 26, 51] 
were all observed to increase [~H]mtrend,pme binding at a 
hgand concentratmn of 70 pM This increase in binding re- 
flected a reductmn m the apparent Ko of  [aH]mtrendlpme 
(Table 1) wlule the Bmax values were generally unaffected 
Neither morphine nor naloxone caused any s,gnificant 
change m the apparent Ko of  [~H]mtrendtpme m a concen- 
tratmn range of 0 1-100/zM (data not shown) 

The local anesthet,c properties of PCP denvatwes  [7,23] 

prompted an evaluation of the effects of local anesthetics on 
[3H]mtrendlpme binding None of the local anesthetics 
studied reduced the apparent KD of [~H]nttrendlpme while 
hdocalne and cocaine ehclted a small but staUstlcally s~gmfi- 
cant increase m the apparent KD of  [3H]mtrendlpme (Table 1) 

In hght of the reported actmns with the frog skin 
neurotoxm tustnomcotoxm with PCP receptors in brain [47], 
this compound and a second neurotoxm, pumdlotoxm B, 
were evaluated for their effect on [aH]nltrendlpme binding 
Both of these compounds significantly decreased the appar- 
ent KD of  [aH]nltrendlpme binding at a concentration of 10 
/~M (Table 1) 

The enantmmers of PCMP (structurally related to PCP) 
both decreased the apparent KD of [3H]mtrendlplne How- 
ever, only a small degree of stereoselectlvlty was observed 
over a concentration range of 0 1-100 /xM Dexoxadrol 
mtubited [3H]mtrend,pme binding while its enantmmer,  
levoxadrol,  d,d not affect [3H]mtrendlplne binding (Table 1) 
The stereo, somers of ketamme (10/xM) did not significantly 
alter [~H]mtrendlplne binding The p-bromo derivative of 
PCP (p-Br-PCP) was the most efficac,ous compound tested 
m decreasing the apparent KD of [~H]nltrend,pme (Table 1, 
F,g 1) p-Br-PCP, hke PCP (Bolger et al,  1984), reduced the 
m,croassocmt,on and d,ssoclatmn rate constants for 
[aH]nltrendlplne binding The values for the mlcroassocta- 
tlon and m,crodlssociatlon constants respectwely were for 
control, k1=3 20×10 -4 min- '  pM -1, k_1=5 25x10 -z mm -1, 
KD (k_Jkl)=164 06 pM and ,n the presence of 10 /~M p- 
Br-PCP, k~=8 07x10 4 mm-~ pm-1, k_~=2 74x10 -2 min 1, 
KD (k-l/k1)=33 95 pM, representing a 483% increase m affin- 
,ty for [3H]mtrend,pme and m good agreement with the re- 
sults obtained by Scatchard analys,s In contrast,  the 
m-amino derlvatwe of  PCP (m-NH2-PCP) was much less 
act,ve than PCP m increasing [3H]mtrend,pme binding (Fig 2) 

In an attempt to further define the structural reqmrements 
necessary for increasing the apparent affimty of 
[aH]n, trend,plne binding by compounds structurally related 
to PCP, a series of N-subst, tuted phenylcyclohexylamlnes 
(PCAs) were studied The abihty of these analogs to increase 
[~H]mtrendlpme binding d,splayed only a marginal degree of 
structural dependence (Table 2) 

The ECs. for max,mum potentmtlon of [3H]mtrendlplne 
bmdlng by the PCP denvaaves  studied was in the concen- 
,rattan range of 1-3 /zM From the concentratmn-effect 
curves generated for these compounds and the aryl subst,- 
tuted denvat ,ves of PCP (F,g 1), it was observed that the 
structural dependence for the enhancement of 
[~H]nltrend,pme binding was due to changes m efficacy 0.e , 
maximal enhancement) rather than changes m potency be- 
tween the test compound Compounds structurally related to 
PCP also produced a blphas,c change in [~H]mtrendlpme 
binding (Fig 2) N-PropyI-PCA was particularly potent as an 
lnhlb,tor of [~H]mtrend,plne binding at 10-100/~M (Fig 2, 
Table 2) Ca ~÷ (1 mM) mh, blted th,s effect of N-propyI-PCA 
on [~H]nltrendlpme binding 

Effe(t of PCP on the Apparent Affimnes of  Other Ca 2+_ 
Antagomsts at the [aH]Nttrendtpme Binding Site 

The K, values for inhibition of specific [3H]mtrendlplne 
binding by other DHP Ca z+ antagomsts were measured in the 
presence of 10 p.M PCP to investigate the structural depend- 
ence of the PCP-mduced change m the dihydropyndlne brad- 
mg s,te The K, values for the 2-mtro (nlfedlpme), 2-cyano 
and unsubstltuted DHP analogs were substantmlly decreased 
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FIG 2 Potentmtlon of [aH]mtrend,pme binding by PCP denvatlves 
The potentlaUon of [aH]mtrendlpme binding by (A) p-Br-PCP (&), 
PCP (IlL m-NH2-PCP (O), and (B) PCA (O), PCP (11), and 
N-propyl-PCA (&) The results are expressed as the percent in- 
crease (+) or decrease ( - )  m [3H]mtrendipme binding in the absence 
of drug and represent the mean of two expenments 

by PCP, while the 3-methoxy analog had a much smaller 
reduction m K, (Table 3) The sensitivity of these compounds 
to the effect of PCP paralleled their potencies at inhibiting 
[SH]mtrendipine binding in smooth muscle [4] The affinities 
of the non-dlhydropyndlne Ca 2+ antagontsts verapamil and 
flunnanzlne were marginally increased by PCP The IC~o value 
for inhibition of [aH]nitrendlpine binding by the inorganic 
calcium channel antagomst La a+ was increased by PCP (Ta- 
ble 3) The interaction of dlltlazem with the [aH]nitrendipine 
binding site was also altered by PCP At concentrations of 
dllttazem that normally potentiated [aH]nitrendlpine binding 
[4], only an mhlbmon of binding was observed (Fig 3) Pre- 
hminary findings have indicated that in contrast to the ac- 
tions of dtltlazem at the [aH]nltrendipme binding site, PCP 
did not Inhibit [aH]mtrendipine binding to brain membranes 
at low concentrations (10-t°-10 -7 M) [4] or dmplay a tem- 
perature sensitive component of action [47] 

D I S C U S S I O N  

Phencychdme has recently been observed to increase the 
apparent affinity of [ZH]nltrendipine for dIhydropyndine 
calcium antagonist binding sites in rat brain [5] The present 
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FIG 3 The effect of PCP on the alteration of [~H]nltrendlpme brad- 
mg by dfltJazem The ablhty of dduazem to alter [~H]mtrendJpme 
binding (70 pM) was mvesUgated m the absence (A) and presence 
(B) of PCP (10 -~ M) in a concentration range of 10-Ll0 -a M Each 
bar represents the percent increase (+) or decrease (-)  of 
[3H]mtrendlpme binding medmted by dlltmzem The results are the 
mean of two expenments 

study was undertaken in order to determine whether a 
number of compounds that are structurally and/or phar- 
macologically similar to PCP were also capable of increasing 
the affinity of [aH]nitrendiplne, and whether this activation 
was related to an action at specific CNS binding sites for 
[3H]PCP [11.49, 51] 

The psychotomlmetlc opiates levorphanol, dextrorphan, 
and ( - ) S K F  10047 are structurally unrelated to PCP, but 
have been reported to substitute for PCP in a number of 
behavioral paradigms [24] These compounds all potentiated 
[~H]nltrenlpme binding The lack of any marked stereoselec- 
tIvlty for the potentiation of [3H]nJtrendlpme binding by 
these compounds is consonant with the small degree of 
stereoselectlvity by these compounds both behaviorally and 
at PCP receptors in v i t ro  [22, 40, 52] The inabihty of mor- 
phine and naloxone to potentiate [~H]nitrendlpme binding 
indicates that this effect ~s most hkely unrelated to opmte 
receptor activity, but could be associated with the 
psychotomimetic properties of (-+)SKF 10047. levorphanol 
and dextrorphan 

The ion channel toxins hlstrlonicotoxm and 
pumIhotoxln-B [12] also reduced the apparent KD of 
[3H]mtrendlpme Histnonlcotoxm has been reported to 
interact with the [3H]PCP binding site in brain [48] which is 
consistent with the ability of PCP to alter sodium and potas- 
sium ion channel function [1, 3, 16.46] Charactenzaaon of 
the action of hlstnomcotoxln m frog nerve-muscle prepara- 
tions indicates an interaction w~th both sodium and potas- 
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TABLE 2 

THE EFFECT OF PCA DERIVATIVES ON [aH]NITRENDIPINE BINDING 

,.1 
N-R 2 

Compound 

% Change m [aH]Nitrendiplne 
Blndmg 

10 5 M 10 -4 M 

ICs0 (nM) 
[aH]PCP Binding 

in Rat Brain* 

PCP +41 0 +21 7 83 0 
R~=H, R2=H (PCA) +42 2 +32 8 403 0 
Rj=H, Rz=CH3 +28 4 +9 3 260 0 
R~=H, Rz=CH2CHzCH~ +16 4 -35 4 210 0 

_CH~ 

R~=H, R 2 = C H ~  +38 9 -2  3 20 0 

CH~ 

R~=R..=CH2CH~ +49 2 +47 1 261 0 

[~H]Nitrendiplne was present in the binding assay at a concentration of 70 pM The results are 
expressed either as the percent mcrease (+) or percent decrease ( - )  of [3H]mtrendiplne binding 
in the absence of PCA derivatives The results are the mean of two experiments *A E 
Jacobsen, Laboratory of Chemistry, NIADDK/NIH, personal communication 

TABLE 3 

ALTERATION OF CALCIUM ANTAGONIST BINDING BY PCP 

~ R 

o ,o, 
C H 3 0 - C ' ~ C -  OCH3 

CH 3- )xv -CH 3 
Compound 

DHP Calcium Antagonists 

R=2-NO2 (nlfedlplne) 
R=2-CN 
R=H 
R=3CH)O 

Other Calcium Antagonists 

Verapamd 
Flunnanzme 
La )+ 

K I (M) 

Control +PCP (10 ~M) 

4 85x10 ") 6 72x 10-" 
7 70×10 -") 2 04x10 -1° 
3 04× 10-" 9 50x l0 -s 
254x10 " l 01xl0 , 

IC~0 

Control +PCP (10/.LM) 

7 41×10-"* 5 75×10 s* 
5 49×10 -7. 3 98x10 -r* 
233x10 -~* 6 16×I0 -5. 

The InMbmon of [~H]mtrendlpme blndmg by calcium antagonists 
was studied at a concentration of 70 0 pm [aH]mtrendipme in the 
presence or absence of PCP (10 p.M) The K~ values were calculated 
from their corresponding IC50 values by the equation of Cheng and 
Prussoff [9] The results are the mean of three experiments 

*For verapamd, flunnanztne and La 3÷, the IC5o values for 
maximum inhibition of [ZH]mtrendipine binding are presented, with 
a maximum mhibmon of 8096, 100% and 100% being observed for 
verapamd, flunnanzlne and La 3+ respectively 

smm ion channels [12,42], while pumihotoxln-B acts at a site 
linked to calcium translocatton, facditatmg calcium mobili- 
zation in skeletal muscle [2,12] The concentrations of  these 
toxins needed to alter ion conductances (10-6--10 -s M) are 
similar to those needed to alter [aH]nltrendlplne binding The 
finding that both PCP and these neurotoxms potentiate 
[~H]mtrendlplne binding suggests a common site for the 
modulation of ion channels by these compounds 

The failure of local anesthetics to enhance the binding of 
[~H]nltrendlpine (Table 1) suggests that the local anesthetic 
properties of PCP and related compounds [7,23] do not play 
a role in the potentiation of [aH]mtrendlplne binding 

The study of compounds structurally related to PCP pro- 
vlded considerable evidence that the potentiation of 
[aH]nltrendlpme binding occurs at a locus distinct from the 
[~H]PCP binding site For example, the behaviorally inactive 
p-bromo derivative of PCP [41] was the most efficacious 
potentiator of [3H]nltrendlplne binding, while the meta- 
amino analog, which is a potent PCP mimetic [41], had a 
much smaller effect on [3H]nltrendlplne binding (Table 1, 
Figs 1 and 2) Alteration of the N-alkyl moiety of PCP yields 
compounds which are relatively reactive m ehcltmg PCP-hke 
behavioral actions (PCA and the N,N-dlethyl analog of 
PCP) These compounds were, however, more efficacious at 
mcreasmg [aH]mtrendiplne binding than the N-lsopropyl 
analog of PCP, which is an extremely potent PCP-mlmetic m 

v t v o  and has a high affinity for [3H]PCP blndmg sites m v i t r o  

[41] The lack of a marked stereoselectlvlty between the 
enantlomers of PCMP was yet another indication that the 
PCP binding site is not dLrectly mvolved m the potentiation 
of  [SH]nltrendlplne binding, since behavioral, elec- 
trophysiologlc and receptor binding studies have demon- 
strated potency differences for these two enantiomers, the 
(+) isomer being the more potent [31,3g] Further, dexoxad- 
rol, levoxadrol and the isomers of ketamlne which possess 
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PCP hke actions and displace [ ~H]PCP from its binding site 
m i itro [26,53] did not potentiate [aH]nltrendlplne binding 

The biphaslc nature of the concentration-effect relation- 
ship for PCP and structurally related compounds (Fig l) 
suggest that there could be two sites at which PCP interacts 
with the [aH]mtrendipme bindmg site In addition, the obser- 
vation that Ca 2+ prevents the inhibition of [3H]nltrendiplne 
binding by N-propyl-(PCA), indicates that a site modulated 
by calcium is involved, possibly the same calcium sensitive 
site which regulates the potentiation of [3H]nltrendipine 
bindmg by PCP [5] However,  the local anesthetic properties 
of  PCP [8,23] and structural derivatives mtght contnbute to 
the inhtbitory component of the blphaslc concentration- 
effect dependence observed 

The affinities of the non-DHP calcium antagonists vera- 
pamtl and flunarlzlne were increased to a smaller degree by 
PCP than was [~H]mtrendlpine, which is consistent with evi- 
dence that these compounds interact with site(s) that are 
linked to the DHP binding site [4, 14, 15, 30] Dlltiazem, a 
benzothlazepme, exerted a complex, concentration-de- 
pendent effect on [~H]nltrendlpine binding in brain, consis- 
tent with that observed in smooth muscle [4] PCP blocked 
the potentiative but not the inhibitory effect of diltiazem on 
[iH]mtreniplne binding (Fig 2) Recent studies utlhzmg 
radiation mactivation to determine the molecular size of the 
[3H]nitrendipine binding site in skeletal muscle indicated that 
dlltlazem decreases the target size of this site, providing evi- 
dence for an ohgomerlc structure [19,20] It is possible that 
the effect of PCP on this complex is mediated via the subunit 
responsible for the positive heterotropic action of dlitiazem 

The inorganic calctum antagonist La ~+, was reported to 
inhibit [aH]nttrendlplne binding in rat brain [21] In contrast 
to the organic calcium antagonists, PCP reduced the potency 

of La ~" for ininbiton of [~H]nltrendiplne binding Such a |lnd- 
lng suggests that PCP could also interact at the cation coor- 
dination site(s) that is linked to the [~H]nltrendlpme binding 
site [4] 

The structural diversity of compounds winch potentiate 
[~H]nitrendlplne binding suggest that a number of sites may 
be hnked to putative calctum channels to regulate 
[3H]nitrendipine bindmg or that a single site of broad struc- 
tural tolerance is involved The structural dependencies 
demonstrated wtthin a senes of PCP analogs strongly 
suggests that the site(s) mediating the potentiation of 
[aH]nltrendlpme binding possess specificity and are dis- 
tinctly different from the PCP binding site Further evidence 
dtssociatmg the PCP binding site from the [~H]nltrendiplne 
binding site anses from the observation that, while [~H]PCP 
binding sites are present Ill "penphera l"  tissues [50], PCP 
did not alter [~H]nttrendlplne binding 1o cardiac [5] and 
smooth muscle [4] membranes The ability of ion channel 
toxins to alter [aH]nitrendipine binding provides evidence 
that the site modulating [3H]nitrendiplne binding may also be 
involved in the modulation of ion channels This might have 
important lmphcatlons not only for the regulation of putative 
brain calcium channels, but other ion channel systems pres- 
ent m the CNS winch may play a role in mediation of the 
psychotomlmetlc effects of PCP and pharmacologically re- 
lated compounds 
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