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Abstract 23-Propanoyl-B-(4-tolyl)-tropane (PTT) is a dose. A reduction of the TO following PTT injections to
cocaine analog which has been shown in rhesus monkEys did not alter PTT-maintained response rates or total
to have cocaine-like discriminative stimulus effects andsassion intake. Self-administered PTT was more potent
long duration of action (>8 h), yet does not function agh®an cocaine at decreasing food-maintained responding.
reinforcer when substituted for cocaine in monkeys réhese results suggest that for long-acting compounds
sponding under a fixed-interval 5-min schedule (Naderliée PTT, reinforcing effects are more likely to be ob-
al. 1997). The purpose of the present study was to evaerved when the drug is available under a ratio-based
ate the reinforcing effects of PTT under a fixed-ratigchedule, compared to an interval-based schedule.
(FR) schedule and to determine if decreasing the inter-
injection interval would influence the reinforcing effectkey words Cocaine - Tropanes - Dopamine transporter -
of PTT. Male rhesus monkeys=3) were trained to re- Self-administration - Rhesus moni:ay
spond under a multiple FR 30 food-drug-food schedule.
When responding was stable, cocaine (0.003—-0.3 mglkg
per injection) or PTT (0.001-0.03 mg/kg per injectioriptroduction
was available during the drug component for at least five
consecutive sessions and until stable responding was\8tyile cocaine is an indirect monoamine agonist, the re-
served. To investigate whether the inter-injection interdaforcing effects of cocaine are believed to be mediated
would influence PTT-maintained response rates, thgmarily through inhibition of dopamine (DA) reuptake
time-out (TO) following PTT injections was reducedRitz et al. 1987). Understanding the behavioral and
from 180 or 300 s to 10 s for at least five consecutipBarmacological effects of cocaine is critical to the in-
sessions. Cocaine-maintained response rates were c¥ggtigation of potential pharmacotherapies to treat co-
acterized as an inverted-U shaped function of dose, wggiine abuse in humans. For example, an agonist treat-
peak rates maintained by 0.03 mg/kg per injection o®ent would be predicted to decrease high dose self-ad-
caine. PTT (0.001-0.03 mg/kg per injection) maintaineéainistration, shifting the cocaine dose-response curve to
response rates significantly higher than rates maintairigel left. In addition, if the treatment agent was a DA ago-
by the PTT vehicle, but significantly lower than cocainéist and the compound had cocaine-like reinforcing
maintained response rates; PTT intake increased wdtid/or discriminative stimulus effects, treatment out-
come may be enhanced because compliance would be
AM. Birmingham - S.H. Nader - K.A. Grant - M.A. Nader expected to be high (Mello and Negus 1996). This treat-
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proven effective in decreasing craving or reducing newnistration to occur. Thus, one hypothesis tested in the

lapse, up to doses that induce dysphoria. Thus, continpegsent study was that increasing PTT availability (by

evaluation of DA agonists, perhaps with longer duratiodscreasing the inter-injection interval) would result in

of action that maintain lower rates of responding, is wadrgher levels of PTT intake and rates of responding. To

ranted. test this hypothesis, monkeys were initially trained to
Recently, the novel cocaine analggr@opanoyl-B- self-administer cocaine under a multiple FR 30 schedule

(4-tolyl)-tropane (PTT) has been evaluated and coof-food and cocaine presentation. When PTT was avail-

pared to cocaine in several in vitro and in vivo assaghle and the TO between injections was removed, maxi-

PTT has a higher affinity (8.2 versus 173 nM) for the doial intake as well as pattern of self-administration was

pamine transporter (Davies et al. 1993, 1994) and is dptermined by the animal, not by the investigator. In ad-

proximately 50 times more potent at inhibiting dopamirgition, the present study also evaluated the rate-suppress-

uptake (3.2 versus 150 nM) compared to cocaine (Bémg effects of self-administered PTT and cocaine on

nett et al. 1995). PTT contains A-8thyl ketone moiety food-maintained responding.

in place of the methyl ester of cocaine, and /(8

methylphenyl) group in place of the benzoate group .of

cocaine, thereby increasing the metabolic stability Mfaterials and methods

PTT (Davies et al. 1993). In vivo microdialysis experi-

ments in rats have found that PTT is 30 times more abjects

tent than cocaine In increasing extracellular dOpam”PI?ee adult male rhesus monkejacaca mulatty maintained at

concentrations V\_”Fhm f[he nucleus aCCUmbenS (HembYaSéroximately 90% of their free-feeding weights (between 8 and

al. 1995). In addition, in rodents, PTT elicited locomotaon kg), served as subjects. All monkeys had a history of cocaine

activity and stereotypies persisting for over 4 h corself-administration under a fixed-interval 5-min schedule (Nader

pared to 30- to 60-min duration of locomotor activit%}d Bowen 1995; Nader et al. 1997). Monkeys were given supple-

- - . ntal food (Purina Monkey Chow No. 3032, Ralston-Purina Co.,
seen foIIowmg the peak dose of cocaine (Pomno et ‘Louis, Mo., USA) no sooner than 30 min post-session to main-

1994, 1995). The results of these assays indicate atstable body weight. Water was continuously available and, in
PTT is more potent and produces quantitatively largefdition, fresh fruit and a chewable vitamin supplement were pro-

and long-lasting effects upon the dopaminergic systéifed to each monkey at least 3 days per week. Monkeys were
compared to cocaine. weighed monthly and, if necessary, their total daily food intake

. . . was adjusted to maintain stable weights. Monkeys lived in a tem-
In monkeys 3?|f'adm|n|5tratm9 cocaine, PTT was agerature and humidity controlled colony room; lighting was main-
proximately 10 times more potent at decreasing cocatai@ed on an 0600:2000 on:off schedule.

self-administration compared to pretreatments with co-
caine; the effects of PTT on cocaine self—administratig[a aratus
persisted for the entire 4-h session compared to the ef[—)

fects of cocaine pretreatments, which dissipated withitM@nkeys were individually housed in sound attenuating cubicles

h (Nader et al. 1997). When available for self-adminigl cm widex91 cm deepx91 cm high; Plas Labs, Lansing, Mich.,
thA); the front wall had a Plexiglas door that allowed visual ac-

tration, PTT d'.d nqt function as a relnfqrcer when Su.bs ess to the laboratory. In addition, mirrors were mounted on the
f[Uted for cocaimne In monkeys responding Und_er a fixeghll opposite each cubicle which allowed the monkeys visual ac-
interval (FI) 5-min schedule of drug presentation. Howess to other monkeys in the room. During experimental sessions,
ever, in drug discrimination studies, PTT produced cihe front wall was covered with a drape. Each monkey was fitted

T erriminati ; ith a stainless steel restraint harness and spring arm (Restora-
caine-like discriminative stimulus effects that were a ns Unlimited, Chicago, Ill., USA) which attached to the rear

parent for at least 8 h after administration (Nader et_@%ll of the cubicle. Each cubicle was equipped with two response
1997). Thus, the behavioral profile of PTT, decreasingers (BRS/LVE, PRL-001, Beltsville, Md., USA) and a peristal-
cocaine self-administration and producing cocaine-lilie infusion pump (7531-10; Cole-Palmer Co., Chicago, Ill., USA)
discriminative stimulus effects, but not functioning asfgi delivering injections (aPPrOX'T‘"i‘te'y 1.0 ”;Vlto 'S)I d””qg ﬂe g
. . , > : > diug component of the experimental session. A stainless steel foo
reinforcer, is unique among indirect-acting DA agonisfay was mounted between the two levers. Above each lever were
(e.g., Spealman et al. 1991; Glowa et al. 1995; Weeddgt stimulus lights, two covered with white lens caps and two
al. 1995). covered with red lens caps. A food-pellet dispenser (G5210, Mod-
The primary purpose of the present study was to e\@|A, Gerbrands Corp., Arlington, Mass., USA) was located on the

. - rant wall and delivered 1-g banana-flavored pellets (P. J. Noyes
uate further the behavioral effects of PTT in monkeys.d‘g_’ Lancaster. N.H.. USP% during the food Eomporsems of tha

is possible that PTT did not function as a positive reigession. Experimental events were controlled and counted by a
forcer when available under the FI 5-min schedule Beacintosh Il computer and associated interfaces, located in an ad-

cause of its long duration of action. Preliminary data jiFent room.

rodents indicated that when PTT was available under a

fixed-ratio (FR) 10 schedule with a short time-out (TQjurgery

following each injection, rats would self-administer sev-

eral injections over a short period of time followed ch monkey was anesthetized with a combination of ketamine
: - : mg/kg, IM) and butorphanol (0.03 mg/kg, IM) and a chronic

long pauses (DW(.)rkm and Pitts 1994). In our earli dwelling venous catheter was surgically implanted under sterile

study, the scheduling of PTT under an FI 5-min scheddiditions. The proximal end of the silicone catheter (0.08 cm in-

would not have allowed this high frequency of self-adide diameter; Ronsil Rubber Products, Blackstone, Va., USA)
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was inserted into a major vein (internal or external jugular, femo- Upon completion of the PTT dose-response-curve, various
ral) or brachial vein (0.02 cm inside diameter of catheter), terndeses of cocaine (0.003—0.3 mg/kg per injection) were substituted
nating in the vena cava. The distal end of the catheter was thrdad0.03 mg/kg per injection cocaine in each monkey. After a dose
ed SC and exited through a small incision (<1 cm) on the backvais evaluated, there was a return to baseline conditions for at least
the animal. Monkeys were given 1-2 days to recover from surgdiye sessions. Sessions were conducted at the same time each day,
prior to returning to the experiment. Antibiotics (Kefzol; cefazolitypically 7 days/week. At the end of each session, catheters were
sodium, Marsam Pharmaceuticals, Inc., Cherry Hill, N.J., USAushed with approximately 3 ml heparinized saline (100 IU/ml),
were administered prophylactically for 5-7 days following sute help prevent clotting.

gery. When a catheter failed, the monkey was removed from the

experiment for at least 7 days, a new catheter was implanted, and )

the monkey was returned to the experiment. Data analysis

The primary dependent variables were response rate (responses

Procedure per second) in each of the three components, total intake (mg/kg

. . . . er session), and number of injections received in the drug compo-
During daily experimental sessions, monkeys responded_undeﬁeﬁt. Data are presented as the mean (+SD) of the last three ses-
three component multiple schedule of food and drug reinforcgons for a particular dose, for each monkey. For cocaine and PTT,
ment. The schedule of presentation was as follows: 30-min qu;(g(a were analyzed separately by one-way repeated measures AN-
(FD1) component; 15-min TO; 60- (monkeys 5653 and 5664) @A, with all doses (and saline) as the main effect. To determine
100-min (monkey 5662) drug (D) component; 15-min TO; 30-Mifthere were differences between cocaine and PTT, repeated mea-
food (FD2) component. During FD1, white lights over the right reyres ANOVAs were conducted on difference scores (i.e., Coc-
sponse lever were illuminated to signal the availability of food p T) with drug dose as the main effect. Significant effects were
lets (1 g banana flavored pellets) under an FR 30 schedule; q@fibwed by individual means comparisons with the Scheffé post
responding on the right lever had scheduled consequences. Héetest (Scheffé 1959). For all analysesp.05 was considered
delivery of each pellet was accompanied by the termination of fgistically significant. For the baseline dose of cocaine (0.03
white lever lights and illumination of the red lever lights for 10 $ng/kg per injection), the three sessions preceding the start of the
followed by a 30-s TO, during which all lever lights were off. AfpTT ‘supstitution experiment were included in the analyses. The
ter completion of FD1, there was a 15-min TO period durifgean baseline rate of cocaine-maintained responding (0.03 mg/kg
which all stimulus lights were extinguished and responses had a9 injection) did not change in any systematic manner across the
programmed consequences. Following this TO period, the illurgiaration of the experiment. To evaluate the potency of drug effects
nation of white lights above the left response lever signaled response rates in FD2, E[values for PTT and cocaine were
availability of 0.03 mg/kg per injection cocaine under an FR 3Qycylated on log-transformed intake data (mg/kg per session) and

schedule; only responding on the left lever had scheduled conggre based on the linear portion of the mean FD2 dose-effect
quences. During the 10-s IV injection, the white lights above t%ﬁrve for each drug.

left lever were extinguished and the red lights were illuminated.

Each injection was followed by a 180-s (monkeys 5653, 5664) or

300-s (monkey 5662) TO, during which all lights were extirrugs

guished and responding on either lever had no scheduled conse-

guences. Parameters of the multiple schedule varied slightly feyCocaine HCI, provided by the National Institute on Drug Abuse
monkey 5662 in order to equate rates and patterns of respon@i@ckville, Md., USA), was dissolved in sterile saline. (+)PTT
across food and cocaine components. Following the D compongiis synthesized according to the procedure described by Davies et
a 15-min TO period occurred, after which food (FD2) was again (1991) and dissolved in a vehicle consisting of 95% etha-
available under an FR 30 schedule, identical to the FD1 compet:sterile water, in a ratio of 4:1, to a concentration of 15 mg/ml.
nent. In all cases, the component clock did not stop during postA@-drug concentrations available for self-administration were pre-
inforcer time-outs. ] o __pared in 250 ml sterile saline. Different doses were studied by
~ When rates of responding maintained by 0.03 mg/kg per injethanging the drug concentration. The PTT vehicle was 1.4% wiv
tion cocaine were stable (+20% of the mean drug rate for thi&Ranol. Prior to the beginning of each session, catheters were
consecutive sessions, with no trends in responding among filtghed for approximately 30s with the concentration of drug
three components), saline was substituted for cocaine for at leagfilable for self-administration. Because each catheter was filled
five consecutive sessions until responding in the D component ggth heparinized saline (approximately 2 ml), the total amount of
clined to less than 20% of baseline. Following stable performanggug solution injected into the animal prior to the start of the ses-
the conditions were returned to baseline (i.e., 0.03 mg/kg per éion was approximately 1 ml.

jection cocaine) for at least five consecutive sessions. Next, PTT

dose-response functions (0.001-0.03 mg/kg per injection) were

determined in each monkey, with doses tested in a random ordef

The minimum number of sessions that each dose was availabldesults

self-administration was individually determined and based upon

the number of sessions that were required for responding to dgycaine-maintained response rates varied as a function

cline to less than 20% of baseline when saline was availa ; ; S i
(range of five to ten sessions). After a dose of PTT was evalua@fd dose, with mean rateS_Of res.,pondlng significantly
under baseline schedule conditions (180- or 300-s TO followidgeater than salineF(5, 30)=49.05;P<0.01] and were

each injection), and responding was considered stable, the TO @blaracterized by an inverted-U shaped function of dose,
lowing each injection was reduced to 10 s and that dose of PifiTall monkeys (Fig. 1, open circles). Under the baseline
was available for a minimum of five additional sessions. If, priqu 30 schedule, the highest mean rate of responding

to changing the TO value, PTT-maintained response rates were d f 0.46 0.74 d
similar to saline-maintained rates, responding was briefly (one!@19€d from 0.46 to 0.74 responses per second across

two sessions) re-established with cocaine (0.03 mg/kg per injg@gonkeys when 0.03 mg/kg per injection cocaine was
tion) before PTT (TO 10 s) was evaluated. After evaluating the @vailable for self-administration. Cocaine intake (mg/kg
inforcing effects of a particular dose of PTT at the two TO paramgr session) increasel<0.01) in a dose-related manner,

eters, there was a return to baseline conditions (0.03 mg/kg per, I : : :
jection cocaine) for at least five consecutive sessions prior to W{@-h the highest intakes occurring when 0.3 mg/kg per

evaluation of another PTT dose. Cocaine self-administration wBiection cocaine was available for self-administration
not evaluated at the 10-s TO value. (Table 1). The maximum number of injections received
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Fig. 1 Effects of cocainedpen circle} or PTT ppenandfilled each drug injection was 180 s (monkeys 5653 and 5664) or 300 s
square$ dose on rates of responding (responses per secondjniionkey 5662) and when the TO following each PTT injection
three individual monkeys responding under a multiple FR 30 foadas 10 sfflled square$. Each point is the mean (xSD) of the last
drug, food schedule. Data are from the drug component in whitliree sessions a particular dose was available for self-administra-
under baseline condition®gen symbo)s the time-out following tion

Table 1 Total drug intake

(mg/kg per session) as a func- Monkey Cocaine (mg/kg per injection)

tion of cocaine and PTT da*.» 0.003 001 003 01 03
5653 0.045(0.00) 0.16(0.01) 0.49(0.05) 1.57(0.06) 2.40(0.30)
5664 0.003(0.00) 0.15(0.01)  0.44(0.04) 1.17(0.06) 2.70(0.52)
5662 0.020(0.01) 0.16(0.01) 0.47(0.08) 1.37(0.12) 2.80(0.17)

PTT (mg/kg per injection) baseline TO

0.001 0.003 0.01 0.03
5653 0.004(0.01) 0.11(0.02) 0.16(0.02)
5664 0.003(0.00) 0.04(0.01) 0.15(0.05)
5662 0.002(0.00)  0.007(0.01) 0.11(0.02) 0.25(0.02)

PTT (mg/kg per injection) 10-s TO

0.001 0.003 0.01 0.03
5653 0.02(0.00)  0.12(0.03)  0.16(0.05)

aValues are the mean (1 SD) of 564 0.02(0.00)  0.02(0.01) 0.15(0.03)

the last three sessions that dosgggp 0.001(0.01) 0.01(0.00) 0.12(0.02) 0.26(0.04)

was availabl=

was 15-18 injections per session when 0.03 mg/kg peaintained by drug vehicleP€0.01). Between-drug
injection cocaine was available (maximum number of inemparisons revealed that PTT-maintained response
jections possible per session was 19). When saline wates were significantly lowelF[3, 18)=47.98;P<0.01]
available, response rates ranged from 0.01 to 0.03 tte&en cocaine-maintained rates (Fig. 1; open circles ver-
sponses per second (Fig. 1) and the total number of vestis open squares). When PTT vehicle was available for
cle injections was zero to four injections per session. self-administration, response rates were not different
When substituted for 0.03 mg/kg per injection cdrom rates observed when saline was available.
caine under baseline conditions (TO values following PTT intake increased in a dose-related manner, with
each injection were 180 or 300s), PTT (0.001-0.813 highest intakes occurring when 0.03 mg/kg per in-
mg/kg per injection) maintained response rates signjtiction PTT was available for self-administration (Table
cantly greaterf(3, 18)=37.15P<0.01] than drug vehi- 1). The maximum mean number of injections received
cle (Fig. 1, open squares). Peak rates were observedad 11 per session when 0.01 mg/kg per injection PTT
0.01 mg/kg per injection PTT in two monkeys and 0.08as available, which was significantly greater than
mg/kg per injection PTT in a third animal, resulting iwhen vehicle was available for self-administration
response rates by each animal that ranged from 0.1 to(80.01).
responses per second (Fig. 1, open squares). Post hd&/hen the TO following each PTT injection was re-
analysis revealed that only 0.01 mg/kg per injection PTlced to 10s (Fig. 1, closed squares), response rates
resulted in significantly greater response rates than thesge significantly different from vehicle-maintained re-
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Table 2 FD1 rates (responses

per second) as a function of Monkey Saline Cocaine PTT Veh PTT PTT Veh PTT

drug condition (TO180)  (TO180)  (TO10) (TO 10)
aRates were calculated from 5653 1.08 (0.37) 1.37(0.38) 2.07(0.36) 1.02(0.22) 1.39(0.58) 1.08 (0.24)
the three sessions that precedeg664 453(0.48) 2.69(1.2) 1.44(0.59) 2.19(1.6) 3.55(1.4) 2.17(1.8)
each dose of cocaine and PTT. 5662 1.20 (0.42) 2.33(0.56) 2.48(0.43) 1.53(1.0) 1.61(0.79) 2.36 (0.56)

Data represent the mean (1 £D)
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Fig. 2 Effects of cocaineqpen circley or PTT ppenandfilled per second (Table 2). Total food pellets delivered during

square$ dose on rates of responding (responses per second
three monkeys responding under a multiple FR 30 food. d HB first component of the multiple schedule varied from

food schedule. Data are from the second food component (F #"ean of 30 to 49. Although there were between-subject
Under baseline conditionsigen symbojs the time-out following differences in FD2 response rates, there were no within-
each drug injection was 180 s (monkeys 5653 and 5664) or 3Gubject differences in food-maintained response rates
(monkey 5662)fTlled squaresrepresent FD2 rates when the TQyhen the baseline dose of cocaine (0.03 mg/kg per injec-
ollowing eac injection in the drug component was
Each point is the mean (£SD) of the last three sessions a parucﬁ%’?) Svéﬁsag\rﬁ':]?gfr:é)r?ggr?; tI?]CIEeDazséitlenS cvc\)lgzlr:u—:'saclil(l)nsee
dose was available for self-administration

to 0 1-0.3 mg/kg per injection, resulted in dose-depen-

Table 3 EDg, values (mg/kg) of self-administered cocaine angent decreases in response rates in FD2, in two of three

PTT to decrease food-maintained responding ina"D2 monkeys (Fig. 2, open circles). For monkey 5662, FD2
response rates were not affected or were increased by
Monkey Cocaine PTT PTT (10-s TO)  changes in cocaine dose, perhaps due to the longer TO
5653 131 0.01 0.05 (300 s for monkey 5662 versus 180 s for the other two
(1.04-1.66) (0.007-0.02) (0.03-0.08) monkeys) following each cocaine injection. For all mon-
5664 117 0.09 0.05 keys, when PTT was substituted for cocaine, responding
(0.86-1.61)  (0.057-0.15) (0.03-0.09) in FD2 decreased dramaticallly(B, 18)=43.58P<0.01]
5662 1.62 0.01 0.04 to the point of zero responding at 0.01-0.03 mg/kg per
(0.61-4.32)  (0.005-0.01) (0.03-0.05) injection PTT (Fig.2, open squares). At doses of
- , : — 0.003-0.03 mg/kg per injection, there were significant
aNumbers in parenthesis are 95% confidence limits differences in the rate-decreasing effects on FD2 re-

sponding between cocaine and PTH(3, 18)=18.24;
sponse rated[3, 18)=49.96P<0.01]. When the TO fol- P<0.01]. When the TO following each PTT injection was
lowing each PTT injection was 10 s, post hoc analysis 1€ s, FD2 response rates were significantly(3[
vealed that only 0.01 mg/kg per injection PTT resulted 18)=121.45;P<0.01] decreased with increases in PTT
significantly greater response rates than those maintaidede (Fig. 2, closed squares).
by the PTT vehicleR<0.01). Total PTT intake per ses- The PTT-induced disruption in food-maintained re-
sion was not influenced by TO duratidf(2, 12)=2.56; sponding during FD2 is depicted in the cumulative re-
P=0.12], with maximal intakes occurring when 0.08ponse records for monkey 5653 (Fig.3). When PTT
mg/kg per injection PTT was available (see Table 1). was self-administered, the majority of the injections
were taken early in the 60-min drug component. Low
doses of PTT only modestly decreased FD2 response
Effects of drug self-administration on food-maintained rates (Fig. 3, panel b). However, when 0.03 mg/kg per
responding injection PTT was available, responding ceased during
the drug component as well as the subsequent 30-min
FD1 response rates varied between animals, with m&DR component (approximately 60 min after the last
rates of responding ranging from 1.02 to 4.53 respon&esT injection).
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nificantly higher than rates maintained by the drug vehi-
cle and significantly lower than cocaine-maintained re-
sponse rates. In addition, decreasing the TO following
each PTT injection (and increasing PTT availability) did
not alter total session intake of PTT. Behaviorally active
doses of PTT were studied, since response rates in the
food component that followed PTT self-administration

T were significantly decreased relative to baseline rates.
PTT (0.003 mg/kg/inj) 180-s TO/M These results extend earlier findings and provide addi-

5653 Saline 180-s TO

tional evidence that under several reinforcement sched-
ules, PTT maintains lower rates of responding compared
to cocaine.

In an earlier study (Nader et al. 1997), PTT was di-
rectly compared to cocaine in drug self-administration
and drug discrimination paradigms. When substituted for
PTT (0.01 mg/kg/inj) 180-s TO cocaine in monkeys responding under an Fl 5-min
schedule, PTT did not function as a reinforcer. However,
in another group of animals, PTT produced cocaine-like
discriminative stimulus effects that persisted for 8 h in
two monkeys and 24 h in one subject. This unique be-
havioral profile can perhaps be understood by the neuro-
pharmacological characteristics of PTT. In vitro assays
have shown that PTT binds with higher affinity than co-
PTT (0.03 mg/kg/inj) 180-s TO caine to the DA transporter (Davies et al. 1993, 1994)
and, unlike cocaine, PTT is selective for the DA trans-
porter relative to the serotonin and norepinephrine trans-
porters (Bennett et al. 1995). PTT also has been shown
to bind to the DA transporter for a longer duration than
cocaine (Bennett et al. 1997). In vivo microdialysis stud-
ies have demonstrated that PTT-induced increases in ex-
tracellular DA in the nucleus accumbens are quantitative-
Fig. 3 Cumulative response records for monkey 5653, during S%%-Iarger than cocaine-induced effects and the duration of
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sions in which saline, and 0.003—-0.03 mg/kg per injection P : ; _ ;
were available in the drug component of a multiple FR 30 foo ction is 2-3h longer for PTT compared to cocaine

drug, food schedule. The drug component, indicated by deflectigiemby et al. 1995). Thus, one possible explanation for
of the event pen, was 60 min in duration and the TO followirthe low rates of PTT self-administration is the drug’s

each injection was 180 s. The cumulative response recorder |ojp|g duration of action compared to cocaine.

not run during the TO, so component length along the abscissap/hile PTT's long duration of action has been well
will be longer when few injections are delivered (e.g., saline

0.003 mg/kg per injection PT+) Characterized, the data demonstrating the onset of PTT-
induced DA elevation have not been clearly elucidated.
Drug discrimination data indicate that PTT has cocaine-
The differences in potency of cocaine and PTT to dike effects within 10 min of administration, although
crease food-maintained responding is further depictedeimrlier time points were not examined (Nader et al.
Table 3. The ER, for cocaine to decrease response rat#897). With this in mind, and because of preliminary da-
in FD2 ranged from 1.17-1.62 mg/kg across animdds in rodents demonstrating high rates of PTT self-ad-
(Table 3). PTT was 10-100 times more potent than cowistration under an FR schedule (Dworkin and Pitts
caine, with ER, values of approximately 0.01-0.11994), one hypothesis tested in the present study was
mg/kg. Decreasing the TO following each PTT injectiomhether animals would self-administer PTT in rapid suc-
to 10 s only slightly modified the potency of PTT, witltession, given the opportunity. In other words, it is possi-
EDs, values of approximately 0.05 mg/kg observed in dile that the lack of robust PTT self-administration under
monkeys (Table 3). the FI 5-min schedule reported earlier (Nader et al. 1997)
was due to the fairly long inter-injection interval. In the
present study, increasing PTT availability, by decreasing
Discussion the TO following injections, did not increase PTT-main-
tained response rates or PTT intake during the 60-min
The primary purpose of the present study was to evaluditeg component. This lack of effect of a schedule manip-
further the reinforcing effects of the novel cocaine analation that would allow rapid drug intake suggests that
log PTT in rhesus monkeys. When substituted for cmonkeys were either self-administering PTT up to a spe-
caine in monkeys responding under an FR schedule, Rfic dose or that PTT’s rate-decreasing effects interfered
(0.01 mg/kg per injection) maintained response rates sigth responding. Intake values shown in Table 1 suggest
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that monkeys were not responding to a specific intake.The fact that monkeys did not self-administer PTT in
Rather, data from the second food component suppamid succession when the TO was 10 s is not consistent
the hypothesis that the direct rate-decreasing effectsamith the earlier findings in rodents (Dworkin and Pitts
PTT limited intake, since intakes of PTT greater than a®94). There are several possibilities to account for these
proximately 0.15 mg/kg completely eliminated fooddiscrepant findings. One possibility is species differ-
maintained responding. ences. However, this seems unlikely since other in vivo
Earlier work by Winger (1993) has shown that TO dassays in rodents (Porrino et al. 1994, 1995; Hemby et
ration following IV injections can substantially modifyal. 1995) demonstrate similar potency differences be-
rates of drug self-administration and shift the dose-tereen PTT and cocaine as what is seen with primates
sponse curve in an orderly fashion. For short actifidader et al. 1997; present study). A more likely expla-
drugs like cocaine and methohexital, Winger (1998ation involves the use of single session substitution pro-
found that increasing the TO increased response ratedures in the rodent experiment (Dworkin and Pitts
and shifted the self-administration dose-response cuh@4). However, no data from saline substitution ses-
to the right. Similarly, decreasing the TO following eactions were presented, which would have provided an in-
cocaine or methohexital injection decreased respomieation of the sensitivity of the behavior to changes in
rates. The generality of these findings for drugs with lodrug dose (Dworkin and Pitts 1994). In the present study,
ger durations of action has not been systematically ewaé allowed self-administration to stabilize over at least
uated. In the present experiment, PTT was available fioe consecutive sessions. If we had only examined data
self-administration under an FR 30 schedule with Ti@m the first session of substitution, no differences from
values varying from 180 s (or 300 s) to 10 s. These saline would have been observed. Thus, the discrepancy
sults can be compared to earlier findings in which re results between the rodents and the primates may in-
sponding was maintained under an FI 5-min schedulevofve procedural details, rather than species differences
PTT presentation (Nader et al. 1997). Taken together,schedules of drug availability.
under both interval and ratio schedules, PTT availability In addition to assessing the reinforcing effects of PTT
resulted in low rates of responding which did not appasrder an FR schedule, a second purpose of this study
to be modified by altering the inter-injection intervavas to evaluate the effects of PTT on a non-drug rein-
from 300 s to 10 s. However, it is possible, as suggesferter. In the present study, self-administered PTT was
by Winger (1993) for other drug reinforcers, that long&0-100 times more potent at decreasing food-maintained
TO values following each injection would enhance thesponding than was cocaine. These potency compari-
reinforcing effects of PTT. In fact, when PTT was studons support previous in vivo data showing that PTT was
ied under an FI 5-min schedule (Nader et al. 1997), there potent than cocaine in several behavioral para-
mean inter-injection interval across the entire 4-h sessiigms (Hemby et al. 1995; Porrino et al. 1995; Nader et
was approximately 25 min. This pattern was not similal. 1997). Further comparisons with our previous study,
to saline, in that the mean inter-injection interval for sax which PTT or cocaine was administered as a pretreat-
line was approximately 17 min. ment to cocaine self-administration sessions (Nader et al.
While it is possible that the low rates of PTT self-ad997), suggests that PTT is equipotent at decreasing
ministration compared to cocaine-maintained respondifogd-maintained responding and cocaine-maintained per-
are due to differences in onset of action, recent findinfgsmance, although this comparison is indirect. For ex-
from Volkow and colleagues studying cocaine and metmple, when peak effects were observed, the,E@r
ylphenidate in human subjects suggest that durationnoh-contingenPTT to decrease cocaine self-administra-
action is an important determinant of abuse liabilitjon (0.1 mg/kg per injection cocaine) was 0.06 mg/kg
(Fowler et al. 1989; Volkow et al. 1995, 1997). In thegdlader et al. 1997). In the present study, the Balues
studies, positron emission tomography was utilized fiar self-administeredPTT to decrease food-maintained
determine the pharmacokinetics of cocaine and methysponding ranged from 0.01 to 0.09 mg/kg. For cocaine,
phenidate and to correlate the uptake and washout ofttiese values were 1.14 mg/kg (non-contingent; Nader et
tracers to subjective drug effects. These investigatafs 1997) and 1.17 to 1.62 mg/kg (self-administered;
found that uptake oftfC]cocaine andfC]methylpheni- present study) for decreasing cocaine- and food-main-
date were nearly identical, but the rate of washout tafned responding, respectively.
methylphenidate was much slower than the rate of wash-The apparent lack of selectivity of PTT in decreasing
out of cocaine. The ratings of “high” paralleled the ugocaine- versus food-maintained responding is in con-
take of the tracer to the DA transporter, not the clearanist to recent findings with the DA transport inhibitor
of the drug from brain. These investigators conclud&BR 12909 (Glowa et al. 1995). However, GBR 12909
that methylphenidate had lower abuse liability than clmnctions as a reinforcer in monkeys under several condi-
caine because of its slow rate of washout from the brdons (Bergman et al. 1989; Skjoldager et al. 1993; Woj-
(Volkow et al. 1995). Thus, compounds that have a slomieki and Glowa 1996) and substitutes for cocaine in
er dissociation from the DA transporter compared to adrug discrimination paradigms (Kleven et al. 1990; Me-
caine, as is true for PTT (Bennett et al. 1997), would k& and Spealman 1991; Spealman 1993). It should be
predicted to have lower reinforcing effects and maintgdointed out that PTT substitutes for cocaine’s discrimi-
lower rates of self-administration. native stimulus effects at doses that do not decrease re-



146

sponse rates (Nader et al. 1997), indicating that cocaiRwerkin SI, Pitts RC (1994) Use of rodent self-administration
like effects can be obtained before other behaviorally models to develop pharmacotherapies for cocaine abuse. In:

disruptive effects are observed Erinoff L, Brown R (eds) Neurobiological models for evalua-
. N . . ... ting mechanisms underlying cocaine addiction and potential
While rates of PTT-maintained responding are signifi- pharmacotherapies for treating cocaine abuse. NIDA Research
cantly lower than cocaine-maintained responding, it is Monograph No. 145. US Government Printing Office, Wash-

nevertheless possible that PTT has greater reinforcing efington, pp 88-112

) ; P r K, Schaefer MR, Salstrom D, Lowery R (1995) Double-blind
ficacy pompared _tO cocaine, because .Of the quantltatlv@ comparison of bromocriptine and placebo in cocaine with-
larger increases in synaptic DA following PTT compared grawal. Am J Drug Alcohol Abuse 21: 6579
to cocaine, as determined from microdialysis expeHewler JS, Volkow ND, Wolf AP, Dewey SL, Schlyer DJ,
ments. In preliminary studies using progressive-ratio MacGregor RR, Hitzemann R, Logan J, Bendriem B, Gatley

i i ; SJ, Christman D (1989) Mapping cocaine binding sites in hu-
schedules in rats, the break point for PTT is greater thanman and baboon brain in vivo. Synapse 4: 371-377

that for cocaine (D. C. S. Roberts, personal communiggs,a JR, Wojnicki FHE, Matecka D, Bacher JD, Mansbach RS,
tion). Consistent with our results, rats self-administered Balster RL, Rice K (1995) Effects of dopamine reuptake in-

PTT at low rates, averaging one injection per hour and hibitors on food- and cocaine-maintained responding: I. De-
taking 16—18 h to reach their break point, compared to 2 pendence on unit dose of cocaine. Exp Clin Psychopharmacol

: : 1219-231
h to reach the cocaine break point. Taken together, thgg by SE. Co C, Reboussin D, Davies HML, Dworkin SI, Smith

results suggest that PTT may be preferred over cocainN&g (1995) Comparison of a novel tropane analog of cocaine,
(i.e., have greater reinforcing efficacy), yet maintain sub- with cocaine HCl in rats: nucleus accumbens extracellular do-

stantially lower rates of self-administration. How these gﬁg}'ge? SC%EC:”égﬂg'On and motor activity. J Pharmacol Exp
measures of re_lnfo_rcmg efficacy ano! the .ea.r“er fmdmg%ven MS, Anthony EW, Woolverton WL (1990) Pharmacologi-

comparing subjective effects and dissociation from the caf characterization of the discriminative stimulus effects of co-
receptor can be integrated, as well as whether such a begaine in rhesus monkeys. J Pharmacol Exp Ther 254: 312-317
havioral profile predicts greater clinical efficacy, remairidansbach RS, Balster RL (1993) Effects of mazindol on behavior
to be determined. TS%ntisléqed or occasioned by cocaine. Drug Dev Res 31:
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