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RIK 04: 4'-methyl-3α-(diphenylmethoxy)tropane 

AHN 2-005: N-Allyl-4',4"-difluoro-3α-(diphenylmethoxy)tropane 

AHN 2-020: 4'-cyano-3α-(diphenylmethoxy)tropane 

AHN 1-056: 4'-methoxy-3α-(diphenylmethoxy)tropane 

RIK 15: 3',4"-difluoro-3α-(diphenylmethoxy)tropane 

RIK 14: 3',4'-difluoro-3α-(diphenylmethoxy)tropane 

RIK 06: 4'-hydroxy-3α-(diphenylmethoxy)tropane 

4'-Cl-BZT: 4'-chloro-3α-(diphenylmethoxy)tropane 

AN 012: 4'-bromo-3α-(diphenylmethoxy)tropane 

RIK 11: 4'-bromo, 4"-fluoro-3α-(diphenylmethoxy)tropane 

RIK 01: 4'-trifluoromethyl-3α-(diphenylmethoxy)tropane 

4',4"-diCl-BZT: 4',4"-dichloro-3α-(diphenylmethoxy)tropane 

AHN 2-017: 3',4'-dichloro-3α-(diphenylmethoxy)tropane 

AHN 1-057: 4',4"-methoxy-3α-(diphenylmethoxy)tropane 

AHN 2-018: 3',4'-dichloro, 4"-fluoro-3α-(diphenylmethoxy)tropane 

GA 2-50: (R)-N-(2-amino-3-methyl-n-butyl)- 4',4"-difluoro-3α-(diphenylmethoxy)tropane 

GA 2-99: N-(2-aminoethyl)-4',4"-difluoro-3α-(diphenylmethoxy)tropane 

AN 011: 4',4"-dibromo-3α-(diphenylmethoxy)tropane 

GA 1-69: N-(indole-3-ethyl)- 4',4"-difluoro-3α-(diphenylmethoxy)tropane 

AHN 1-063: 4'-chloro-3β-(diphenylmethoxy)tropane 

MFZ 1-76: S-(+)-2β-Carbomethoxy-4',4"-difluoro-3α-(diphenylmethoxy)tropane 

MFZ 2-71: S-(+)-2β-Carboethoxy -4',4"-difluoro-3α-(diphenylmethoxy)tropane 
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MFZ 4-86: S-(+)-2β-Carboethoxy-4',4"-dichloro-3α-(diphenylmethoxy)tropane 
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      ABSTRACT 

Previous studies demonstrated that analogues of benztropine (BZT) possess high affinity 

for the dopamine (DA) transporter but generally have behavioral effects different from those of 

cocaine, suggesting either unique actions at the DA transporter, or that another action of these 

drugs interferes with cocaine-like effects.  Because the parent compound has histamine 

antagonist effects, the affinity of its analogues for histamine H1, H2, and H3 receptors were 

compared to DA transporter affinity to assess whether those differences predicted the amount of 

cocaine-like activity.  All of the compounds displaced [3H]mepyramine from H1, 

[125I]iodoaminopotentidine from H2, and [3H]N-"-methyl-histamine from H3 histamine receptors 

with affinities ranging from 15.7-37600, 218->4430, 4040->150000 nM, respectively.  Affinities 

at histamine H1 receptors were, respectively, about 25- or 300-fold greater than those at H2 or H3 

histamine receptors.  Relative affinities for H1 and DAT binding did not reliably predict the 

degree of cocaine-like stimulation of locomotor activity.  In addition, interactions of various 

histaminic agents with cocaine assessed whether an action at any of the histamine sites could 

interfere with cocaine-like effects.  None of the histaminic agents fully substituted for cocaine in 

rats trained to discriminate 10 mg/kg cocaine from saline, nor did any of the compounds 

antagonize or otherwise diminish the discriminative stimulus effects of cocaine.  The results 

suggest that affinity for histamine receptors cannot account for the diminished cocaine-like 

effects of the BZT analogues, and suggest alternatively that these compounds have actions 

different from those of cocaine, but likely mediated by their interaction with the DAT. 
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INTRODUCTION 

A wide variety of analogues of benztropine (BZT) have been synthesized that have 

affinity for the dopamine (DA) transporter and inhibit the uptake of DA (see review by Newman 

and Kulkarni, 2002).  Despite these in vitro actions, most of these compounds lack cocaine-like 

behavioral effects, including those that are predictive of drug abuse (Katz et al., 1999; 2004).  

One possible explanation of the differences between behavioral effects of cocaine and the BZT 

analogues is that these latter compounds interact with the DA transporter in a manner that is 

different from the manner in which cocaine and its analogues act (e.g. Vaughan et al., 1999, 

Reith et al., 2001).  An alternative explanation is that BZT analogues have affinity for other 

receptors that may interfere with, or in some way alter their cocaine-like behavioral effects.  

Prominent actions of the parent compound, BZT are antimuscarinic and antihistaminic effects 

(see Richelson, 1981; McKearney, 1982).  The present study was conducted to assess the 

potential of actions at histamine receptors to explain these anomalous effects of BZT analogues. 

In previous studies we have examined the influence of antimuscarinic actions on the 

behavioral effects of BZT analogues.  In one study, the antimuscarinics, atropine and 

scopolamine, were examined in combination with cocaine to assess whether the effects of this 

combination was similar to the effects of the BZT analogues.  More specifically, it was 

hypothesized that if the antimuscarinic effects of the BZT analogues interfere with their cocaine-

like behavioral effects, then atropine and scopolamine should non-competitively antagonize the 

effects of cocaine.  Rather than an antagonism of the effects of the BZT analogues, both atropine 

and scopolamine added to the effects of cocaine, shifting the cocaine dose-effect curve to the left 

(Katz et al., 1999).  This leftward shift was obtained with both the discriminative-stimulus 
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effects and the locomotor stimulant effects of cocaine.  In addition, a second generation of 

compounds was synthesized that had reduced muscarinic affinity (Agoston et al., 1997).  These 

compounds also possessed a reduced cocaine-like spectrum of behavioral effects (Katz et al., 

2004), suggesting that the antimuscarinic effects of the BZT analogues do not interfere with their 

cocaine-like effects, and focusing attention in the present study on histaminic actions. 

In the present study we examined the binding of a series of BZT analogues at histamine 

receptors.  The parent compound has reported affinity for H1 histamine antagonist activity, 

however, its actions at other subtypes of histamine receptors has not been reported.  Therefore 

we examined the affinity of the drugs for H1, H2 and H3 histamine receptors.  Though values 

varied across a wide range, the BZT analogues had affinity for the DA transporter and histamine 

receptors, and varied with regard to their effectiveness in stimulating locomotor activity (Katz et 

al., 1999, 2004).  We hypothesized that if activity at histamine receptors opposes the cocaine-like 

effects resulting from DA transporter binding, then relative affinities at histamine sites and the 

DA transporter should predict behavioral effects.  More specifically, those compounds with 

greater affinity for the DA transporter than for histamine receptors should have cocaine-like 

locomotor-stimulant effects.  Conversely, those with greater affinity for histamine receptors than 

the DA transporter should not show cocaine-like locomotor stimulant effects.  For this 

assessment we examined the relative affinities of the various BZT analogues and compared them 

to their effects in stimulating locomotor activity.  We further examined the interactions of 

cocaine and various histamine receptor agents in animals trained to discriminate cocaine from 

saline injections.  If the histaminic effects of the BZT analogues are interfering with the 

expression of effects mediated by their actions at the DA transporter, then histaminic drugs 
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should antagonize the discriminative-stimulus effects of cocaine.  We examined histamine H1 

antagonists, and agonists and antagonists at H2 and H3 histamine receptors as the actions of BZT 

analogues at these sites have not been characterized. 

 

METHODS 

[3H]Mepyramine Binding Assay.  Frozen rat whole brain including cerebellum was 

thawed on ice and homogenized in 30 volumes ice cold 50 mM Na-K buffer (37.8 mM 

Na2HPO4, 12.2 mM KH2PO4, pH adjusted to 7.5 at 25º C) using a Brinkman Polytron (setting 6 

for 20 sec) and centrifuged at 25,000 x g for 10 min at 4º C.  The supernatant was discarded and 

the pellet was washed once more time by resuspension in ice-cold Na-K buffer and centrifuged.  

The resulting pellet was then resuspended in Na-K buffer to give 200 mg/ml wet weight final 

volume. 

Binding assays were conducted in 50 mM Na-K buffer on ice.  Each concentration of this 

assay was done in triplicate with the total volume in each tube being 0.5 ml.  The final 

concentration of [3H]mepyramine (specific activity 20 Ci/mmol) was 2 nM per tube.  

Nonspecific binding was measured using promethazine HCl 100 :M final concentration as the 

displacer.  This was allowed to incubate for 60 min at room temperature.  Binding affinity was 

determined by incubating 20 mg tissue and [3H]mepyramine in the absence or presence of the 

compound being tested.  The incubation was ceased by the addition of ice-cold buffer and rapid 

filtration with a Brandel R48 filtering manifold, through GF/B glass fiber filter paper that was 

presoaked in 0.3% polyethylenimine in water to reduce nonspecific binding.  The filters were 

washed twice with 5 ml of ice cold buffer and then transferred to scintillation vials.  Three ml of 
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scintillation cocktail (Beckman Ready Safe) was added to the vials and the vials were counted 

the following day using a Beckman 6000 liquid scintillation counter.   

[125I]Iodoaminopotentidine Binding Assay. Frozen guinea pig striatum was thawed on ice 

and homogenized in 30 volumes ice cold 50 mM Na-K buffer (37.8 mM Na2HPO4, 12.2 mM 

KH2PO4, pH adjusted to 7.5 at 25º C) using a Brinkman Polytron (setting 6 for 20 sec) and 

centrifuged at 260 x g for 10 min at 4º C.  The supernatant was saved and respun at 25,000 x g 

for 20 min at 4º C.  The resulting pellet was then resuspended in Na-K buffer containing 0.1% 

gelatin to give 25 mg/ml wet weight final volume. 

Binding assays were conducted in 50 mM Na-K buffer containing 0.1% gelatin on ice.  

Each concentration of this assay was done in triplicate with the total volume in each tube being 

0.5 ml.  The final concentration of [125I]iodoaminopotentidine (specific activity 2000 Ci/mmol) 

was 2.5 pM per tube.  Nonspecific binding was measured using tiotidine 0.1 mM final 

concentration as the displacer.  This was allowed to incubate for 150 min at room temperature.  

Binding affinity was determined by incubating 2.5 mg guinea pig striatum and 

[125I]iodoaminopotentidine in the absence or presence of the compound being tested.  The 

incubation was ceased by the addition of ice-cold buffer and rapid filtration with a Brandel R48 

filtering manifold, through GF/B glass fiber filter paper that was presoaked in 0.3% 

polyethylenimine in water to reduce nonspecific binding.  The filters were washed twice with 5 

ml of ice cold buffer and then transferred to 12 x 75 polystyrene tubes.  This was counted in an 

ICN Micromedic 10/600 Plus gamma counter.  

[3H]N-"-methyl-histamine Binding Assay.  Frozen Sprague Dawley rat frontal cortex was 

thawed on ice and homogenized in 30 volumes ice cold 50 mM Tris HCl buffer (pH adjusted to 
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7.5 at 25º C) using a Brinkman Polytron (setting 6 for 20 sec) and centrifuged at 1,000 x g for 10 

min at 4º C.  The supernatant was saved and respun at 7,000 x g for 10 min at 4º C.  The 

resulting pellet was then resuspended in Tris buffer to give 50 mg/ml wet weight final volume. 

Binding assays were conducted in 50 mM Tris HCl buffer on ice.  Each concentration of 

this assay was done in triplicate with the total volume in each tube being 0.5 ml.  The final 

concentration of [3H]N-"-methyl-histamine (specific activity 82 Ci/mmol) was 1 nM per tube.  

Nonspecific binding was measured using 2 :M R-"-methyl-histamine.  This was allowed to 

incubate for 30 min at 30º C.  Binding affinity was determined by incubating 5 mg rat frontal 

cortex membrane and [3H]N-"-methyl-histamine in the absence or presence of the compound 

being tested. The incubation was ceased by the addition of ice-cold buffer and rapid filtration 

with a Brandel Cell R48 manifold through GF/B glass fiber filter paper that was presoaked in 

0.3% polyethylenimine in water to reduce nonspecific binding.  The filters were washed twice 

with 5 ml of ice cold buffer and then the filters were transferred to scintillation vials.  Three ml 

of scintillation cocktail (Beckman Ready Safe) was added to the vials and the vials were counted 

the following day using a Beckman 6000 liquid scintillation counter.   

[3H]WIN 35,428 Binding Assay. Male Sprague-Dawley rats (200-250g) obtained from 

Taconic Farms, Germantown, NY were decapitated and their brains were removed to an ice-cold 

dish for dissection of the striatum.   The striatum was then homogenized in 30 volumes of ice 

cold Krebs-HEPES buffer (15 mM HEPES, 127 mM NaCl, 5 mM KCl, 1.2 mM MgSO4, 2.5 mM 

CaCl2, 1.3 mM NaH2PO4, 10 mM D-glucose, pH adjusted to 7.4 at 25º C) and centrifuged at 

20,000 x g for 10 min at 4º C.  The supernatant was discarded and the pellet was washed two 

more times by resuspension in ice-cold Krebs-HEPES buffer and centrifuged at 20,000 x g for 10 
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min at 4º C.  Following the second wash, the pellet was resuspended to give 25 mg/ml wet 

weight final volume. 

Binding assays were conducted in Krebs-HEPES buffer on ice.  Each concentration of 

this assay was done in triplicate with the total volume in each tube being 0.5 ml.  The final 

concentration of [3H]WIN 35,428 was 1.5 nM.  Nonspecific binding was determined by using 

cocaine HCl 100 :M final concentration as the displacer. 

Binding affinity was determined by using triplicate samples of membranes incubated in 

the presence and absence of the test drug.  There was a 5-min preincubation period during which 

buffer, test drug, and tissue were in the tube.  After 5 min, [3H]WIN 35,428 was added to the 

tube and allowed to incubate for 60 min on ice.  The incubation ended with the addition of ice-

cold buffer and rapid filtration through a Brandel R48 (Brandel Instruments) filtering manifold, 

through GF/B glass fiber filter paper that was presoaked in 0.1% bovine serum albumin in water 

to reduce nonspecific binding.  The filters were washed twice with 5 ml of ice cold buffer and 

then transferred to scintillation vials.  Three ml of scintillation cocktail (Beckman Ready Safe) 

was added to the vials and the vials were counted the following day using a Beckman 6000 

liquid scintillation counter (Beckman Coulter Instruments, Fullerton, California).  Data for some 

of the drugs have been previously published (Katz et al., 1999, 2004).  For the histaminergic 

compounds the assay was modified slightly, and as described in a previous paper (Houlihan et al, 

2002).  For these compounds the assay conditions were as described above, with the exception 

that a sucrose-phosphate buffer, at pH 7.4 was used, and tubes containing 0.5 nM [3H]WIN 

35,428 and 1.0 mg striatal tissue were incubated for 120 minutes before filtration. 

Cocaine Discrimination.  Male Sprague Dawley rats (Taconic Farms) weighing 300-360 
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g  were individually housed (12-h light/dark cycle, 7am/7pm) and maintained at 85% of their 

unrestricted-feeding weights.  The rats had free access to water and were fed 10-15 g of BioServ 

“Bacon Lover’s Treats” (Frenchtown, NJ) 1 hr after testing daily.  All rats were experimentally 

naïve at the start of the study.  All experimental sessions were conducted between the hours of 

1300-1600 in an AAALAC International accredited facility which was run in accordance with 

NIH Policy Manual 3040-2, Animal Care and Use in the Intramural Program. 

Experiments were conducted with subjects in a an operant-conditioning chamber 

(modified ENV-001, inside dimensions: 29.2 x 24.2 x 21 cm) produced by Med Associates (St. 

Albans, VT) containing two response keys (levers requiring a force of 0.4 N through 1 mm to 

register a response), and a centrally located food dispenser which delivered one 45 mg pellet as a 

reinforcer.  A pair of green and a pair of yellow light emitting diodes were arranged horizontally 

above each lever.  The chamber was enclosed in a larger outer compartment which provided light 

and sound attenuation. White noise was delivered to the chamber at all times to mask extraneous 

noises. 

Initially rats were trained to respond on both keys, and were eventually trained to respond 

on one after cocaine (10 mg/kg, i.p.), and the other after saline (i.p.) injection.  Each response 

produced an audible click.  The ratio of responses to food pellets (fixed ratio or FR) was 

gradually increased until, under the final conditions, the completion of 20 consecutive responses 

on the cocaine- or saline-appropriate key produced food.  Incorrect responses reset the FR 

response requirement.  The right vs. left assignment of cocaine- and saline-appropriate keys was 

counterbalanced among subjects. 

Subjects were placed in chambers immediately after injection.  There was a 5-min 
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timeout period during which lights were off and responses produced an audible click, but no 

other scheduled consequences.  Following the timeout, the house light was turned on until the 

completion of the FR 20 response requirement.  Food presentation was followed by a 20-sec 

timeout during which all lights were off and responses had no scheduled consequences other than 

the feedback click.  Sessions ended after 20 food presentations or 15 min, whichever occurred 

first.  Sessions were conducted 5 days per week, and cocaine or saline sessions were scheduled to 

in a double-alternation sequence (cocaine-saline-saline-cocaine).  Training continued until 

subjects met the criteria on four consecutive sessions of at least 85% cocaine- or saline 

appropriate responding over the entire session as well as the first FR. 

Once these criteria were met testing began.  Test sessions were conducted with the 

administration of different doses of cocaine, histaminic agents, or their combination before 

sessions.  Test sessions were identical to training sessions with the exception that responses on 

either key were reinforced with the completion of the FR requirement.  All data collection and 

programming of behavioral contingencies was accomplished with software from Med 

Associates, Inc (St. Albans, VT). 

Locomotor activity.  Male Swiss Webster mice (30-35 g) were studied in Digiscan 

activity monitors (Omnitech Electronics, Columbus, OH).  The monitors consisted of 40 cm3 

clear acrylic chambers equipped with photoelectric detectors placed 2.56 cm apart along the 

walls of the chamber.  Mice were injected and placed immediately in the chamber with one 

subject per chamber.  Activity was assessed for 1 hour and data during the 30 min period during 

which activity was maximally stimulated were analyzed.  Data for some of the drugs have been 

previously published (Katz et al., 1999, 2004), and those are identified in Table 1. 
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Drugs.  The following drugs with the exceptions noted were obtained from Sigma-

Aldrich (St. Louis, MO): (-)-Cocaine HCl, benztropine mesylate; the H1 histaminergics: 

promethazine HCl, triprolidine, (S)-(+)-chlorpheniramine maleate, mepyramine maleate; H2 

histaminergics: dimaprit dihydrochloride, zolantidine HCl (Tocris Cookson, Inc., Baldwin, MO), 

ranitidine HCl, and ICI-162,846 (Tocris); H3 histaminergics: (R)-(-)-α-methylhistamine 

dihydrobromide (Tocris), thioperamide maleate, and clobenpropit dihydrobromide (Tocris) were 

obtained from Sigma-RBI (St. Louis, MO).  All BZT analogues were synthesized in the 

Medicinal Chemistry Section, NIDA-IRP and have been described previously.  Their structures 

are provided in Figure 1.  All drugs were dissolved in either 0.9% physiological saline or sterile 

water and administered i.p. in a volume of 1.0 ml/kg body weight.  All drugs were injected 

immediately before testing. 

Data Analyses.  Radioligand displacement data were analyzed using the computer 

program GraphPad Prism (San Diego, CA) using the models for competitive binding.  Data from 

at least three replicate experiments were individually analyzed to determine Ki values, and means 

and SEMs were calculated.  The range of doses tested for each compound was 0.1 nM to 100 :M 

in triplicate.  Reported Ki values are those for the unlabeled ligand using the Cheng-Prusoff 

equation (Cheng and Prusoff, 1972).  Some of the previously published data for displacement of 

[3H]WIN 35,428 were analyzed with the computer program LIGAND and are indicated as such 

in Table 1. 

For the studies of locomotor activity, data from the 30-min period in which maximal 

stimulation of horizontal ambulatory activity was observed were selected for analysis.  Each 

dose-effect curve was analyzed using standard ANOVA and post-hoc testing to determine the 
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significance of the effects at individual doses.  For those compounds that produced a significant 

stimulation in activity, the horizontal activity counts at the dose producing the maximal effect 

were determined.  A Fisher's Exact test was used to determine if there was an association 

between compounds with greater than two-fold differences in affinity for H1 and DA transporter 

sites and the observation of significant elevations in locomotor activity.  Because optimally 

localized H2 and H3 receptors might mitigate their lower affinities, we further examined whether 

the ratio of affinities predicted the degree of stimulant effect.  Results of these analyses were 

considered significant if a two-tail P value was less than 0.05. 

For the cocaine-discrimination experiments, rates of responding and the percentage of 

responding on the cocaine-appropriate lever were used to generate dose-effect curves.  The data 

were analyzed using ANOVA and linear regression techniques to generate ED50 values and 95% 

confidence limits (Snedecor and Cochran, 1967).  Experiments were conducted on three different 

groups of rats, and the effects of cocaine were assessed in each.  The effects of cocaine in all of 

the subjects were averaged and displayed in Figure 2.  For comparisons of drug interactions, the 

effects of the drugs in combination with cocaine were compared to the effects of cocaine alone in 

the corresponding subset of subjects in which the interactions were assessed (Figures 3-5, Tables 

2-4).  The significance of interactions were determined by an analysis of relative potency 

(Finney, 1964), which is considered significant if the 95% confidence limits of the relative 

potency value do not include 1.0.  The ED50 values were not determined if there was a non-

significant linear regression.  If response rate was less than 0.02 responses per second in at least 

half of the subjects then the number of observations was considered to be too few for a reliable 

calculation of key selection, and therefore the percentage of drug responses was not graphed at 
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that dose.  All data points for response rates are shown on the graph. 

 

RESULTS 

Displacement of Radioligands.  The affinities of the BZT analogues in displacement of 

radioligands for each of the histamine receptors are shown in Table 1.  All of the compounds had 

some affinity for the histamine receptors that ranged from 15.7 nM to 37.6 :M for H1, 218 nM to 

>240 :M for H2, and 4.04 :M to >150 :M for H3 histamine receptors.  In general, the affinities 

of these drugs for H1 histamine receptors were greater than those for the other histamine 

receptors.  Several of the compounds (AHN 2-020, BZT, RIK 01, AHN 1-056, AHN 1-057, 

AHN 2-009, RIK 06, RIK 04) had greater affinity for histamine H1 receptors than the DA 

transporter, whereas others (AHN 2-018, AHN 2-017, 4’4”-di-Cl BZT, AN 011, RIK 11, AHN 

1-063) like cocaine had at least two-fold higher affinity for the DA transporter than histamine H1 

receptors.  Among the histaminic agents, most had exceedingly low affinity for the DA 

transporter, however mepyramine and chlorpheniramine had greater affinity than the others 

(Table 1). 

Also shown in Table 1 are data for maximal stimulation of locomotor activity produced 

by each of the drugs.  Because none of the compounds had higher affinity for H2 or H3 than H1 

histamine receptors, we examined whether the relative affinities for H1 receptors and the DA 

transporter predicted the locomotor stimulant effects of these drugs.  Among the seven 

compounds that had greater than two-fold higher affinity for H1 receptors than for the DA 

transporter were two (28.6%) that produced a significant stimulation of locomotor activity.   

Among the 13 compounds that had greater than two-fold higher affinity for the DA transporter 
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than for H1 receptors were eight (61.5%) that produced a significant stimulation of locomotor 

activity.   A Fisher's Exact Test indicated that the ratio between H1 and DA transporter affinities 

were not significantly related to whether the drugs produced a significant stimulation of 

locomotor activity (P value = 0.3498).  In addition, six of the seven compounds (85.7%) that had 

affinities for the two sites that were not more than two-fold different each produced a significant 

stimulation of locomotor activity.  The ratios of H1, H2, or H3 receptor binding affinities to DA 

transporter affinity of each of the BZT analogues were further analyzed to determine if these 

values predicted the degree of stimulant effect.  The coefficients of determination (r2 values) for 

these analyses were 0.0001, 0.184, and 0.330 respectively, for ratios of H1, H2, or H3 receptor 

binding affinities to DA transporter affinity.  None of these correlations were significant at the 

0.05 level. 

Cocaine Discrimination.  Administered alone, cocaine produced effects similar to those 

shown previously.  There was a dose-dependent increase in the percentage of responses on the 

cocaine-appropriate key in rats trained to discriminate cocaine (10 mg/kg) from saline (Figure 2, 

filled symbols).  The ED50 value for producing cocaine-appropriate responding was 3.42 mg/kg 

(Table 2).  None of the histamine antagonists fully substituted for the discriminative-stimulus 

effects of cocaine.  Each of the drugs was examined at doses from those that had no effect, to 

those that suppressed responding in the majority of the rats.  The H1 antagonists, promethazine 

and chlorpheniramine had maximal substitution of 23 and 18%, respectively, which were not 

significantly different from vehicle values.  The H2 antagonist, zolantidine, and the H3 

antagonist, clobenpropit, each produced a maximum of about 33% cocaine-appropriate 

responding when administered alone, which were significantly greater than values obtained with 
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vehicle (Dunnett’s t values = 2.83 and 4.27, respectively). 

Histamine H1 antagonists in combination with cocaine.  Neither promethazine nor 

triprolidine produced significant changes in the cocaine dose-effect curve.  Shifts in the cocaine 

dose-effect curve were negligible (Figure 3; top panels), the ED50 values were not significantly 

changed, and the relative potency estimates indicated that the changes were not significant 

(Table 2).  In contrast, both chlorpheniramine (at 17 mg/kg) and mepyramine (at 24 and 30 

mg/kg) significantly shifted the cocaine dose-effect curve to the left (Figure 3).  These shifts in 

the cocaine dose-effect curve were from approximately 6- to 9-fold (Table 2). 

Over the dose range examined, cocaine when administered with vehicle had no 

appreciable effects on the rates of responding (Figure 3; bottom panels).  Cocaine administered 

in combination with some doses of H1 histamine antagonist, however, decreased rates of 

responding.  These effects were generally obtained at doses of the antagonists that had effects on 

response rates when administered alone (Figure 1). 

Histamine H2 ligands in combination with cocaine.  The H2 agonist dimaprit produced a 

shift leftward in the cocaine dose-effect curve, with a nonsignificant change in slope  (Figure 4).  

The shift was approximately 1.5-fold, regardless of dimaprit dose, and was significant at the two 

highest doses (Table 3).  None of the H2 antagonists produced a significant change in the cocaine 

dose-effect curve (Figure 4; Table 3).  As with the H1 antagonists, when these compounds were 

given in combination with cocaine, decreases in response rates were obtained only at doses that 

had effects when administered alone (Figure 1). 

Histamine H3 ligands in combination with cocaine.  Each of the H3 antagonists at some 

dose produced a significant leftward shift in the cocaine dose-effect curve (Figure 5), resulting in 
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lower cocaine ED50 values (Table 4).  The lowest dose of each of the H3 antagonists was 

inactive, whereas higher doses significantly shifting the dose-effect curve leftward (Table 4).  

The maximal shift in the cocaine dose-effect curve was approximately 8-fold and was obtained 

with the 17.0 mg/kg dose of clobenpropit.  The H3 agonist, "-methlyhistamine, also produced a 

leftward shift in the cocaine dose-effect curve that was less than that produced by the 

antagonists, but significant at the two highest doses (Table 4). 

Doses of thioperimide that were inactive when administered alone added to the effects of 

cocaine on response rates (Figure 5, bottom panels).  There was a trend towards a similar effect 

with clobenpropit, though the effects were small.  An additive effect on response rates of cocaine 

and "-methylhistamine was also obtained, though only at a dose of "-methylhistamine that had 

effects when administered alone (Figure 1). 

 

DISCUSSION 

Several analogues of BZT bind to the DA transporter, and inhibit the uptake of DA, 

however, when examined in vivo, these compounds do not produce behavioral effects identical 

to those of cocaine (Katz et al., 1999; 2004).  In contrast, many drugs from other chemical 

classes that bind to the DA transporter have behavioral effects that are similar to, if not identical 

to those of cocaine (e.g. McKearney, 1982; Baker et al., 1993; Howell & Wilcox, 2001).  The 

present study addressed the possibility that the lack of full, cocaine-like effects of analogues of 

BZT was due to the fact that these drugs also have affinity for histamine receptors, and that these 

latter actions may be interfering with the expression of cocaine-like effects.  Accordingly we 

examined the affinity of these drugs for histamine H1, H2, and H3 receptors, as well as examined 
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whether those affinities in relation to their affinities for the DA transporter could predict the in 

vivo pharmacology of the drugs. In addition, we examined whether various antagonists of these 

receptors could antagonize the behavioral effects of cocaine, as would be predicted if the 

histamine antagonist actions of the BZT analogues were interfering with the expression of their 

cocaine-like effects. 

Because the parent compound, BZT, has antagonist activity at histamine H1 receptors 

(Richelson, 1981), we anticipated that the analogues would also have activity at this site.  As 

expected, within the present series of BZT analogues we found varying affinities for the H1 

receptor, though all of the analogues had lower affinity than the parent compound.  In contrast, 

many of the analogues of BZT had substantially greater affinity for the DA transporter than did 

BZT.  A more detailed study of the structure-activity relations among these drugs is in 

preparation (Kulkarni et al., 2005).  Consistent with the present observations of relative affinities 

at these sites, structure-activity relationships derived from actions at histamine H1 receptors and 

the DA transporter revealed some overlap for the BZT analogues examined.  However, distinct 

functionality for optimal binding at the DA transporter was identified that separates it from 

activity at H1 receptors, and demonstrates differences in the molecular interactions of the drugs 

and these two binding sites (Kulkarni et al., 2005). 

Because none of the compounds had higher affinity for H2 or H3 than H1 histamine 

receptors, we considered that among these sites, the most likely candidate for interference with 

DA transporter mediated activity would be the H1 site.  Accordingly, we examined the 

relationship between affinities at these sites to affinities at the DA transporter, and determined 

whether those effects in relation to each other would predict whether the compound had 
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significant stimulant effects on locomotor activity.  In general, compounds that had higher 

affinity for the DA transporter than H1 receptors were no more likely to produce a significant 

stimulation of locomotor activity than were compounds with the reversed differences in affinities 

for these two sites.  Thus, there was little support from these data and this analysis for the notion 

that actions at H1 receptors interfered with the effectiveness of BZT analogues to produce 

cocaine-like effects. 

We also examined whether various antagonists of H1, H2, and H3 histamine receptors 

could antagonize the behavioral effects of cocaine, as would be predicted if histamine-antagonist 

effects of the BZT analogues were interfering with the expression of their cocaine-like effects.  

Among the H1 antagonists, there was no evidence for an antagonism of the effects of cocaine.  

Both triprolidine and promethezine were generally inactive, whereas chlorpheniramine and 

mepyramine shifted the cocaine dose-effect curve to the left, which is consistent with some 

previous studies, and with the present finding that these compounds were the histaminic agents 

with the highest affinity for the DA transporter.  The H1 antagonists, tripelennamine and 

chlorpheniramine, have been shown to inhibit the neuronal uptake of DA, norepinephrine and 

serotonin (Tuomisto and Tuomisto, 1980; Shishido et al., 1991; Oishi et al., 1994).  Further, both 

chlorpheniramine and mepyramine have been shown to increase rates of operant behavior, as do 

DA transport inhibitors (e.g. McKearney, 1982; Bergman and Spealman, 1986).  Moreover, 

haloperidol attenuated the rate increasing effects of mepyramine and the H1 antagonist 

diphenhydramine, suggesting that some of the behavioral effects of H1 antagonists may involve a 

dopaminergic component (Bergman and Spealman, 1988).   Finally, Suzuki et al. (1996) found 

generalization of chlorpheniramine and mepyramine in rats trained to discriminate cocaine from 

This article has not been copyedited and formatted. The final version may differ from this version.
JPET Fast Forward. Published on July 29, 2005 as DOI: 10.1124/jpet.105.090829

 at A
SPE

T
 Journals on M

ay 22, 2023
jpet.aspetjournals.org

D
ow

nloaded from
 

http://jpet.aspetjournals.org/


JPET #90829 
 

 22

saline injections.  It is not clear why generalization to cocaine was not obtained in the present 

study with these drugs, however, each of these produced a leftward shift in the cocaine dose-

effect curve that was not obtained with the other histamine H1 antagonists. 

None of the H2 antagonists significantly altered the discriminative-stimulus effects of 

cocaine.  In addition, the H2 agonist, dimaprit, shifted the cocaine dose-effect curve to the left, 

albeit less than 2-fold to the left and in a manner that did not depend on dose.  Along with the 

low affinity of the BZT analogues for the histamine H2 receptor, these findings suggest little 

contribution of actions at this site to the behavioral effects of BZT analogues. 

The H3 antagonists, thioperamide and clobenpropit, each produced a dose-dependent shift 

to the left in the cocaine dose-effect curve.  Clobenpropit appeared to reach a maximum in the 

degree of shift possible, with the two highest doses producing the same degree of shift.  In 

addition, clobenpropit at a high dose produced a degree of cocaine-appropriate responding that 

was greater than that produced by vehicle.  Several previous studies have demonstrated a 

modification of the effects of stimulant drugs by histamine H3 agents.  For example, a 

preliminary study found that thioperamide dose-dependently decreased rates of responding 

maintained by cocaine in rats (Backstrom et al., 2000), while R-"-methylhistamine had no effect.  

Because the dose-effect curve for self-administration is typically bitonic with a maximum at 

intermediate doses, the decrease could represent a shift left or right in the cocaine dose-effect 

curve.  A more recent report (Munzar et al., 2004), examined the shift produced by histamine H3 

antagonists in the dose-effect curve for the self administration of methamphetamine.  That study 

found data consistent with a shift to the left in the methamphetamine dose-effect curve.  In 

addition, a previous study from the same laboratory found a leftward shift in the dose-effect 
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curve for the discriminative stimulus effects of methamphetamine (Munzar et al. 1998).  Taken 

together, the present results along with those previously reported indicate that antagonist actions 

at H3 histamine receptors have additive effects with psychomotor stimulant drugs. 

The present study was initiated in order to determine if the decreased cocaine-like 

efficacy of BZT analogs was due to their actions at histamine receptors.  These studies indicate 

that actions mediated by histamine receptors cannot account for the differences obtained between 

BZT analogues and other DA uptake inhibitors, such as cocaine.  Previous results have suggested 

that the differences between BZT analogues and cocaine are not due to the muscarinic antagonist 

effects of BZT analogues (Katz et al., 1999, 2004).  Thus, current data on the major actions of 

BZT and its analogues, other than their actions at the DA transporter, suggest that neither can 

account for the differences between these drugs and cocaine.  An alternative hypothesis is that 

interactions of these drugs with the DA transporter that differ from those of cocaine and its 

analogues (e.g. Vaughan et al., 1999; Reith et al., 2001; Chen et al., 2004) confer on them 

different pharmacological activity which is expressed behaviorally as diminished cocaine-like 

effects. 
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FOOTNOTES 

1All experiments were conducted in strict accordance with the National Institutes of Health 

Guide for the Care and Use of Laboratory Animals (NIH publications No. 86–23, revised 1996), 

and received prior approval from the local NIH Animal Care and Use Committee.  Vera 

Campbell’s current address is: Department of Pharmacology, Howard University College of 

Medicine, 520 W Street, Washington, DC  20059
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LEGENDS FOR FIGURES 

 

Figure 1: Basic structures of the benztropine analogues used in this study. 

 

Figure 2: Effects of cocaine and histaminergic agents in rats trained to discriminate injections of 

cocaine from saline.  Ordinates for top panels: percentage of responses on the cocaine-

appropriate key.  Ordinates for the bottom panels: rates at which responses were emitted (as a 

percentage of response rate after saline administration).  Abscissae: drug dose in mg/kg (log 

scale).  Each point represents the effect in at least six rats.  The percentage of responses emitted 

on the cocaine-appropriate key was considered unreliable, and not plotted, if fewer than half of 

the subjects responded at that dose. 

 

Figure 3: Effects of various doses of histamine H1 antagonists on the discriminative-stimulus 

effects of cocaine.  Ordinates for top panels: percentage of responses on the cocaine-appropriate 

key.  Ordinates for the bottom panels: rates at which responses were emitted (as a percentage of 

response rate after saline administration).  Abscissae: cocaine dose in mg/kg (log scale).  Each 

point represents the effect in at least six rats.  The percentage of responses emitted on the 

cocaine-appropriate key was considered unreliable, and not plotted, if fewer than half of the 

subjects responded at that dose. 

 

Figure 4: Effects of the H2 agonist dimaprit, and H2 antagonists on the discriminative-stimulus 

effects of cocaine.  Ordinates for top panels: percentage of responses on the cocaine-appropriate 
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key.  Ordinates for the bottom panels: rates at which responses were emitted (as a percentage of 

response rate after saline administration).  Abscissae: cocaine dose in mg/kg (log scale).  Each 

point represents the effect in at least six rats.  The percentage of responses emitted on the 

cocaine-appropriate key was considered unreliable, and not plotted, if fewer than half of the 

subjects responded at that dose. 

 

Figure 5: Effects of the H3 agonist R(-)-"-methylhistamine, and H3 antagonists on the 

discriminative-stimulus effects of cocaine.  Ordinates for top panels: percentage of responses on 

the cocaine-appropriate key.  Ordinates for the bottom panels: rates at which responses were 

emitted (as a percentage of response rate after saline administration).  Abscissae: cocaine dose in 

mg/kg (log scale).  Each point represents the effect in at least six rats.  The percentage of 

responses emitted on the cocaine-appropriate key was considered unreliable, and not plotted, if 

fewer than half of the subjects responded at that dose. 
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Table 1: Binding of BZT and its analogs at histamine receptors and at the dopamine transporter, 

and maximal stimulation of locomotor activity. 

 

Compound H1 Ki Value 
(nM, ±SEM) 

H2 Ki Value 
(nM, ±SEM) 

H3 Ki Value 
(nM, ±SEM) 

DA Transporter 
Ki Value (nM, 

±SEM*) 
H1/DAT 

Maximum 
Locomotor Activity 

(Counts/30 min, 
±SEM*) 

BZT 15.7 ± 2.13 628 ± 43.4 9140 ± 1960 118a 0.133 9521a 

AHN 2-009 17.7 ± 1.55 552 ± 19.9 17600 ± 1880 32.2a 0.550 10223a 

AHN 1-055 19.7 ± 1.32 460 ± 41.9 11100 ± 1140 11.8a 1.67 12449a 

RIK 04 23.1 ± 2.02 1210 ± 506 >150000 187a 0.124 NSa 

AHN 2-005 24.9 ± 1.16 NT NT 29.9b 0.833 9062b 

AHN 2-020 27.7 ± 1.34 1180 ± 223 7500 ± 1990 196a 0.141 2907a 

AHN 1-056 28.6 ± 1.88 1480  ± 106 12400 ± 2150 78.4a 0.365 NSa 

RIK 15 29.1 ± 0.98 539 ± 78.4 11700 ± 1880 23.3a 1.25 NSa 

RIK 14 32.7 ± 4.58 526 ± 38.7 10400 ± 958 27.9a 1.17 11604a 

RIK 06 37.8 ± 4.74 4430 ± 666 23300 ± 5490 297a 0.127 NSa 

4’-Cl-BZT 39.9 ± 1.57 585 ± 20.2 10200 ± 1340 30.0a 1.33 7770a 

AN 012 64.7 ± 6.64 487 ± 33.0 8520 ± 830 37.9a 1.71 8175a 

RIK 11 64.8 ± 3.97 625 ± 120 20000  ± 2040 15.2a 4.26 10577a 

RIK 01 113 ± 14.7 866 ± 50.9 9370 ± 684 635a 0.178 NSa 

4’4”-diCl-BZT 122 ± 4.55 568 ± 70.7 5760 ± 643 20.0a 6.10 5495a 

AHN 2-017 147 ± 9.89 218 ± 21.2 5450 ± 606 21.1a 6.97 9062a 

AHN 1-057 157 ± 2.09 3820 ± 39.9 15700 ± 2140 2000a 0.079 NSa 

AHN 2-018 215 ± 31.7 247 ± 33.5 4040 ± 559 18.9a 11.4 9322a 

GA 2-50 218 ± 15.5 NT NT 73.2 ± 8.42 2.98 NS 

GA 2-99 240 ± 32.6 NT NT 13.9c 17.3 NS 

AN 011 320 ± 22.7 759 ± 103 10200 ± 893 91.6a 3.49 NSa 

GA 1-69 333 ± 22.6 NT NT 23.2 ± 2.37 14.4 NS 

Cocaine 1050 ± 43.0 >240 µM No Displ 285a 3.68 15193a 

AHN 1-063 2200 ± 373 2670 ± 205 22200 ± 3320 854a 2.58 NSa 

MFZ 1-76 4440 ± 591 NT NT 12.9d 344 16506 ± 1583 

MFZ 2-71 6710 ± 670 NT NT 16.8d 399 16186 ± 1168 
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MFZ 4-86 37600 ± 2990 NT NT 119 ± 17.7 316 11878 ± 1786 

Thioperimide NT NT 7.46 ± 0.29 47200 ± 6110  NT 

Ranitidine NT NT 9020 ± 1180 38900 ± 4130   NT 

Promethazine 19 NT NT 10500 ± 1390 0.002 NT 

Mepyramine 12.2 ± 1.19 NT NT 645 ± 63 0.02 NT 

Triprolidine NT NT NT 6010 ± 475  NT 

Chlorpheniramine NT NT NT 222 ± 28.5  NT 

R(-)-α-
methylhistamine 

NT NT NT 159000 ± 26200  NT 

ICI 162-846 NT NT NT 75600 ± 6670  NT 

Dimaprit NT NT NT 13300 ± 1470  NT 

 
*Values for SEM are shown for compounds tested and having significant effects in the present 

study. 

aNewman et al., 1995; Katz et al., 1999 

bKatz et al., 2004 

cRobarge et al., 2000 

dZou et al., 2002 

NS = No significant stimulation of activity 

NT = Not tested 

No Displ = No displacement 
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Table 2: Effects of H1 antagonists on the potency of cocaine. 

 

Drug 
H1 Antagonist 

Dose 
(mg/kg, i.p.) 

Cocaine ED50 Value 
mg/kg, i.p. 

(95% CL’s) 

Relative Potency 
(95% confidence 

limits) 

Cocaine alone Vehicle 3.42 
(2.72-4.36) 

--- 

1.0 
2.82 

(1.94-3.97) 
1.22 

(0.845-1.77) 

3.0 
2.36 

(1.34-3.61) 
1.44 

(0.922-2.33) 
Cocaine with 
Promethazine 

5.6 
3.54 

(2.03-6.82) 
0.985 b 

(0.618-1.57) 

10 
2.59 

(1.29-4.47) 
1.06 

(0.609-1.87) 

24 
2.65 

(0.931-5.62) 
1.04 

(0.555-1.95) 
Cocaine with 
Triprolidine 

30 NSc 
3.61a 

(1.20-9.22) 

1 
2.37 

(0.747-4.78) 
1.25 

(0.722-2.27) 

3 
2.38 b 

(1.85-2.96) 
1.30 b 

(0.916-1.87) 
Cocaine with 
Chlorpheniramine 

17 
0.243 

(0.00107-0.743) 
6.40 a 

(3.12-16.6) 

17 
1.31 

(0.544-2.62) 
1.90 a 

(0.984-3.71) 

24 
0.287 

(0.0656-0.919) 
9.34 

(4.95-17.4) 
Cocaine with 
Mepyramine 

30 NSc 
6.84 a 

(1.94-25.4) 
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aDeviation from parallel in regression analysis dictates that the number be considered an 
estimate. 
 

bDeviation from linearity in regression analysis dictates that the number be considered an 
estimate. 
 

cNS = Nonsignificant linear regression precludes calculation of an ED50 value. 

This article has not been copyedited and formatted. The final version may differ from this version.
JPET Fast Forward. Published on July 29, 2005 as DOI: 10.1124/jpet.105.090829

 at A
SPE

T
 Journals on M

ay 22, 2023
jpet.aspetjournals.org

D
ow

nloaded from
 

http://jpet.aspetjournals.org/


JPET #90829 
 

 38

Table 3: Effects of the H2 agonist dimaprit, and H2 antagonists on the potency of cocaine. 
 

Drug 
H2 Antagonist 

Dose 
(mg/kg, i.p.) 

Cocaine ED50 Value 
mg/kg, i.p. 

(95% CL’s) 

Relative Potency 
(95% confidence limits) 

Cocaine alone Vehicle 3.11 
(2.40-4.05) 

--- 

3 
2.13 

(1.57-2.76) 
1.45 

(0.946-2.30) 

10 
1.82 a 

(0.909-2.78) 
1.64 b 

(1.02-2.84) 
Cocaine with 
Dimaprit 

30 
2.14 a 

(1.96-2.33) 
1.47 a 

(1.01-2.17) 

17 
2.87 

(1.90-4.20) 
1.09 

(0.665-1.81) Cocaine with 
Zolantidine 

30 
4.89 

(2.07-102) 
0.708 

(0.302-1.48) 

Cocaine with 
Ranitidine 

30 
3.65 

(2.47-5.59) 
0.857 

(0.513-1.42) 

30 
3.14 

(2.13-4.63) 
1.21 

(0.828-1.78) Cocaine with 
ICI-162,846 

56 
2.94 

(1.87-4.51) 
1.29 

(0.886-1.93) 

 
aDeviation from linearity in regression analysis dictates that the number be considered an 

estimate. 

bSignificant effect of preparations dictates that the number be considered an estimate. 
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Table 4: Effects of the H3 agonist R(-)-"-methylhistamine, and H3 antagonists on the potency of 

cocaine. 

 

Drug 

H3 
Antagonist 

Dose 
(mg/kg, i.p.) 

Cocaine ED50 Value 
mg/kg, i.p. 

(95% CL’s) 

Relative Potency 
(95% CL’s) 

Cocaine alone Vehicle 
3.50 

(2.98 – 4.13) 
--- 

3 
3.20 

(2.02-5.15) 
1.09 

(0.741-1.62) 

10 
2.21 

(1.15-3.48) 
1.56 b 

(1.05-2.39) 

Cocaine with 
R(-)-"-methylhistamine 

30 
1.78 a 

(1.15-2.42) 
1.91 a 

(1.43-2.64) 

10 
2.83 

(1.66-4.73) 
1.24 

(0.787-1.99) Cocaine with 
Thioperamide 

17 
1.09 

(0.663-1.93) 
3.25 

(2.03-5.21) 

0.3 
2.93 

(1.79-4.64) 
1.20 

(0.807-1.81) 

10 
0.756 

(0.532-1.02) 
4.62 b 

(3.31-6.60) 
Cocaine with 
Clobenprobit 

17 
0.515 

(0.332-0.868) 
6.31 

(3.57-11.3) 

 
aDeviation from linearity in regression analysis dictates that the number be considered an 

estimate. 

bNonsignificant linear regression precludes calculation of an ED50 value. 
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