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P P We tested the effects of acute and chronic yohimbitress on MDMA seeking»
Yohimbine reinstated MDMA seeking in rats with prahronic yohimbine exposur®:
D, blockade during chronic stress blocked potenti&ded, but not MDMA, seeking»



Thus, chronic stress exposure may increase riskifore relapse to MDMA seeking
Drug use history may alter the mechanisms by whlizhnic stress exerts its effects.

Abstract

Although exposure to acute stress has been shormemtiate extinguished responding
for a wide variety of drugs, no studies have ingaséd stress-induced reinstatement in animals
with a history of 3,4-methylenedioxymethamphetan{ifd®MA,; ecstasy) self-administration.
Thus, rats were trained to press a lever for MDNAQ mg/kg/infusion) in daily sessions, and
lever pressing was subsequently extinguished ialisence of MDMA and conditioned cues
(light and tone). We then tested the ability aftacyohimbine (2.0 mg/kg), a pharmacological
stressor, to reinstate lever-pressing under extimctonditions. Additionally, to model chronic
stress, some rats were injected daily with yohiral§n0 mg/kg x 10 days) prior to reinstatement
tests. To assess dopaminergic involvement, chyafionbine injections were combined with
injections of SCH-23390 (0.0 or 10u@/kg), a dopamine Plike receptor antagonist. In a
separate experiment, rats with a history of fodagministration were treated and tested in the
same way. Results showed that acute yohimbinetiojes reinstated extinguished MDMA and
food seeking, but only in rats with a history ofahic yohimbine exposure. Co-administration
of SCH-23390 with chronic yohimbine injections peated the potentiation of subsequent food
seeking, but not MDMA seeking. These results ssgtigat abstinent MDMA users who also
are exposed to chronic stress may be at incre&defbr future relapse, and also that the effects
of chronic stress on relapse may be mediated ligrdift mechanisms depending on one’s drug

use history.
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Drug addiction is a chronic disorder characterizgdhigh rates of relapse. Clinical data
support a link between stress exposure and re[dpsé&Jsing the reinstatement model, an
animal model of relapse [2], exposure to acutessthas been shown to reinstate extinguished
responding for a wide variety of drugs of abuse [8pre recently, the pharmacological stressor
yohimbine has been used effectively to induce sddp drug seeking in rats and monkeys [4, 5],
as well as to induce drug craving in human drugasld6, 7]. Yohimbine is an-2
adrenoceptor antagonist that increases brain npprine release [8] and induces physiological

and behavioral symptoms of stress and anxiety ih bomans and laboratory animals [9, 10].

Although a large number of studies have showndbate stress induces reinstatement of
drug seeking in animals, to our knowledge, no stsitiave investigated stress-induced
reinstatement following self-administration of ttemulant 3,4-
methylenedioxymethamphetamine (MDMA, ecstasy). M®M an amphetamine derivative

that is popular among adolescents and young adulfsand causes increases in extracellular



monoamine levels, particularly dopamine and seiotfii?]. Similar to amphetamine and
cocaine, repeated exposure to MDMA causes endadagtations in the dendritic structure and
electrophysiological characteristics of motive git;meurons, including those in dorsal striatum,
nucleus accumbens, and dorsomedial prefrontabcft815]. Moreover, it has been shown
that MDMA-associated cues and MDMA priming injectioreinstate extinguished MDMA
seeking in rats [16-19]. However, there are vexy flata regarding the role of stress in
addiction-like MDMA-associated behavior, includire@nstatement.

Thus, a main goal of the present study was to ohéterwhether acute injections of
yohimbine would induce reinstatement of MDMA seekin rats using the operant self-
administration-extinction-reinstatement model. &ivecent evidence from our laboratory that
prior exposure to chronic yohimbine stress potésgiaeinstatement of palatable food seeking
under conditions that normally elicit little reiaggment [20], we also exposed some groups of
rats to a chronic yohimbine regimen during therestton phase.

Finally, given that chronic stress causes changdspamine like receptor (RR)-
mediated transmission in prefrontal cortex [21, 2P also that IR activation in this region is
critical for stress-induced reinstatement of bathdf and drug seeking [23, 24], we tested the
hypothesis that chronic exposure to stress incseadeerability to MDMA seeking via
dopamine-mediated mechanisms. To do this, we auedliepeated yohimbine injections with
SCH-23390, a ER antagonist.

Data were collected from adult male, Sprague-Dawdey N = 67, 275-350 g at the
commencement of experiments) that were obtained flarlan Sprague-Dawley (Indianapolis,
IN). Rats were housed individually under standabaratory conditions (12-hr light cycle from

7:00 AM to 7:00 PM) withad libitum access to water. Starting 1 week before operainirg



rats were placed on a restricted diet and maintieéine-85% of free-feeding body weight with
the exception of a period before and after surgenng which animals were given free access to
food. Food rations were adjusted for individuastaased on changes in body weight and were
given immediately following each daily test sessidl experiments were conducted during the
light cycle, were in compliance with NIH guidelinesd were approved by the Bloomsburg
University Institutional Animal Care and Use Conmtedt

(x)-MDMA was provided by the National Institute @mug Abuse (Research Triangle
Park, NC). Yohimbine hydrochloride and SCH-2339€@rbchloride were purchased from
Sigma (St. Louis, MO). MDMA and SCH-23390 werestised in 0.9% sterile saline at
concentrations of 5.0 mg/ml and 1@u@'ml, respectively. Yohimbine was dissolved intitded
water at concentrations of 5.0 and 2.0 mg/ml fopolt treatment and reinstatement testing,
respectively. Doses of drugs were chosen basedioprevious work [18, 20]. All doses refer

to weight of salt.

Testing occurred in operant conditioning chamb@aufbourn Instruments, Whitehall,
PA) that were housed in sound-attenuating, vertllaubicles and connected to a PC with the
Graphic State software interface system (Coulbtnstruments). Each chamber had two levers,
but only one lever (active lever) activated thdgialispenser or syringe pump. Chambers also
included a house light, a row of multicolored stintights (above active lever), and a tone
generator. Each chamber was outfitted with a ftwid/el and spring leash assembly connected
to a counterbalanced arm assembly. A motor-drsygimge pump (Coulbourn Instruments) for
drug delivery was located outside of each cubitheaddition to ventilation fans located within
each cubicle, white noise (~75 dB[A]) was used &skiextraneous noises, and was delivered

through a speaker located centrally in the tegtiogn.



Rats first experienced 2 days of shaping sessionsglwhich responses on the active
lever were reinforced with 45-mg grain-based foellgts (Bio Serv, Frenchtown, NJ)
contingent upon a fixed ratio (FR)-1 schedule affecement. During shaping sessions, if 15
min elapsed without an active lever response darier was delivered non-contingently.
Shaping sessions ended after 80 reinforcers weneea Over the course of the next 7 days the
reinforcement schedule was gradually increasedrt® i daily 30-min or 1-hr sessions for rats
in Experiments 1n(= 29) or 2 § = 38), respectively (see below).

Five days following the conclusion of operant tiag) rats in Experiment 1 underwent
catheterization surgery. After an injection obaine sulfate (0.05 mg/kg; s.c.), animals were
anesthetized with ketamine HCI (90 mg/kg; i.m.) aglhzine HCI (10 mg/kg; i.m.), with
supplemental injections as needed. A cathetertiearted from polyethylene tubing (PE10 and
PESO0; Fisher Scientific, Pittsburgh, PA) and a 2dge cannula-guide connector assembly
(Plastics One, Roanoke, VA) was inserted into it jugular vein. The catheter was routed
subcutaneously and mounted to the skull with desgaient. During 1 week of recovery
catheters were flushed with heparinized physiokgaline (50 U/ml heparin) twice daily, and
0.1 ml (10 mg/ml; i.v.) of gentamycin (Lonza, Walkellle, MD) was administered once daily.
During the period of MDMA self-administration, catler patency was evaluated by injecting 0.1
ml Brevital (1%) as necessary. Loss of muscle toitlein 5 s after injection indicates a patent
catheter.

For Experiment 1, rats were trained to respondDIMA in 14 consecutive, daily, 2-hr
sessions contingent on a modified FR-5 scheduéefitst response on the active lever resulted
in an intravenous infusion of 0.50 mg/kg of MDMAcatpanied by conditioned stimuli (CS),

which consisted of a tone + flashing cue light coomud stimulus presented for 5 s. Drug



concentration and pump delivery rate (10 pl/s) wegt constant, and dose of drug was
controlled by varying the duration of pump actiae.( volume of injected solution) based on
body weight. Delivery of the drug and CS was fakal by a 15 s time-out period signaled by
illumination of the house light. During MDMA infiens and time-outs responses were recorded
but had no programmed consequences. After tharffission, MDMA infusions and
presentations of the CS were contingent upon ab BBhiedule. Rats in Experiment 2 did not
undergo surgery or self-administer MDMA, but insteantinued to respond for food reinforcers

on an FR-5 schedule in daily 1-hr sessions fordsteahal days.

After self-administration, rats in both Experimefitand 2 began daily 1-hr extinction
training, which continued for 7 days (Extinction I)uring the extinction sessions, responses
were recorded but had no programmed consequenees@ CS, or primary reinforcer). On the
day following the ¥ extinction session, extinction training stopped daily treatments began.
To model chronic stress, rats were injected daitia wohimbine (5.0 mg/kg x 10 days; i.p.) or
vehicle. To assess dopaminergic involvement iomirstress effects, chronic yohimbine and
vehicle injections were combined with injectionsS§H-23390 (10.@.g/kg; i.p.), a BR
antagonist, or vehicle. Thus, rats were randorssygmed to one of four treatment conditions:
saline + water, saline + yohimbine, SCH-23390 +ewair SCH-23390 + yohimbine € 7-
10/treatment condition). Rats were returned ta theme cages immediately following
injections. Beginning the day after the last meatt, daily 1-hr extinction sessions resumed for

4 days (Extinction 2).

Rats in both Experiments 1 and 2 continued to steunder extinction conditions for 3
more days, during which yohimbine-induced reinsteit testing occurred using a repeated-

measures design. Thus, each rat received injesctibboth yohimbine (2.0 mg/kg; i.p.) and



vehicle 30 min prior to the commencement of sessam?2 different days during reinstatement
testing (Days 1 and 3). Doses were given in a@shalanced order based on active lever
responding during the last three days of self-agstration. On Day 2, no injections were
administered.

Total number of MDMA infusions/session for Experimh& were analyzed by means of a
repeated-measures ANOVA. Total number of activeeesponses/session were analyzed
separately for Experiments 1 and 2 using mixedfadtANOVAs. The between factors were
chronic yohimbine dose and chronic SCH-23390 ddse within factors were day (for
extinction training) and acute yohimbine dose {folnimbine-induced reinstatement testing). In
addition, for yohimbine-induced reinstatement detaer (active and inactive) was included as a
within-subjects factor. To verify the chronic stsemanipulation, amount of daily food ration
required to maintain weight during treatment wateeined for each chronic treatment group
and was calculated as g/100 g body weight. Fotolhrdata were analyzed with a mixed
factorial ANOVA (chronic yohimbine dose X chroni€H-23390 dose X day). All ANOVAs

were followed by Bonferroni post-tests.

Results showed that all rats demonstrated relisliiA self-administration (see Fig.
la). Overall, there was an escalation of intaler olays that peaked on Day F(13, 364) =
6.39,p < .001. During subsequent extinction trainingelepressing decreased over days [main
effect of day;F(6, 150) = 4.09p < .01 and~(3, 75) = 4.59p < .01 for Extinction 1 and 2,
respectively; see Fig. 1b]. As shown in Fig. loyenffood/100 g body weight was necessary
during the chronic treatment period in rats recgwohimbine injections [main effect of chronic

yohimbine dosef-(1, 25) = 21.00p < .001].



As shown in Fig. 2, acute yohimbine injectionsr@ased responding [main effect of

acute yohimbine dos€&(1, 25) = 28.15p < .001]. There also was a main effect of lev&d [

25) = 38.30p < .001] and an acute yohimbine dose X lever intéva [F(1, 25) = 8.01p < .01],

in that increases in responding as a function ofeagohimbine dose were greater on the active
lever relative to the inactive lever. Although &&se responding (0.0 mg/kg yohimbine prime)
was similar across all chronic treatment groups)fBaoni post-tests indicated that responding
increased significantly with acute yohimbine injens only in rats treated previously with
chronic yohimbine.

In Experiment 2, all rats demonstrated reliablégbalelf-administration. Mean (tSEM)
active lever pressing on the last day of self-adstriation was 1,632.32 (£84.18) presses/hr.
Lever pressing decreased over days during subseexigmction training [main effect of day;
F(6, 204) = 131.07 < .001 and~(3, 102) = 5.21p < .01 for Extinction 1 and 2, respectively;
see Fig. 3a]. As in Experiment 1, more food/10fbdy weight was necessary during the
chronic treatment period in rats receiving yohingbimections [main effect of chronic
yohimbine dosef(1, 34) = 10.71p < .01, see Fig. 3b]. There also was a significaain effect
of treatment day and a significant treatment dash¥onic yohimbine dose interactioR(P, 306)
= 3.90,p < .001 and~(9, 306) = 3.79p < .001, respectively] with regard to daily foodioa.

As shown in Fig. 4, acute yohimbine injectionsr@ased responding [main effect of
acute yohimbine dos€&(1, 34) = 16.84p < .001]. There also was an acute yohimbine dose X
chronic yohimbine dose interactiofR([L, 34) = 5.15p < .05], indicating that yohimbine-induced
reinstatement was greater in rats treated prewiouish chronic yohimbine. However,
Bonferroni post-tests indicated that respondingdased significantly with acute yohimbine

injections only in rats treated previously with @hic saline + yohimbine; active-lever



responding after acute yohimbine priming in the SZ3390 + yohimbine chronic treatment
group was low and comparable to animals treatedqusly with water, indicating that SCH-
23390 prevented the effects of chronic yohimbindaber reinstatement. Finally, there was a
main effect of leverf(1, 34) = 12.27p < .01], and an acute yohimbine dose X lever itttoa
[F(1, 34) = 6.59p < .05].

Although studies with other drugs of abuse hawwshthat animals tend to display
escalation only when given extended accessfr/day) [25], the present results support our
previous findings, which showed that the majorityais self-administering MDMA displayed
escalation of intake under our short-access camditjl7]. Thus, at least with regard to MDMA,
even limited access conditions can promote esoalafi self-administration under some
circumstances. Given that escalation of self-atstration is a pattern of behavior suggested to
model the transition from controlled to compulsdreg use in humans [25], this finding adds to
the accumulating evidence that MDMA shares mantgufea with highly addictive drugs.

A novel finding in the present study was that agughimbine injections reinstated
extinguished MDMA-seeking behavior. To our knovgedthis is the first report of stress-
induced reinstatement of operant responding for MDNmportantly, only rats treated
previously with chronic yohimbine displayed sigo#nt reinstatement responding following
acute yohimbine priming. In fact, rats that weot @xposed to yohimbine prior to reinstatement
tests displayed little reinstatement of MDMA seegkirThis is consistent with previous studies of
stress-induced reinstatement of both drug (cochiein, and ethanol) and palatable food
seeking under conditions in which discrete CSs wetevailable during extinction and
reinstatement testing. Indeed, reinstatement iedlbby both yohimbine and footshock stress is

weaker or completely absent when drug- or foodgohifiscrete cues are omitted [20, 26-29].



Consistent with our recent report of yohimbine-iogld reinstatement of palatable food seeking
[20], significant reinstatement of MDMA seeking watsserved under these conditions (CS
absent) only in rats with a history of chronic ymobine exposure. Thus, it is possible that
abstinent MDMA users who also are exposed to chrsiness may be at increased risk for future
relapse under conditions that would not otherwisenote robust drug seeking.

Another main finding was that co-administratiorS&@H-23390 with chronic yohimbine
injections did not attenuate the potentiation dfssgquent MDMA-seeking behavior induced by
acute yohimbine. This was surprising given thatsame dose of SCH-23390 reversed or
attenuated all effects of repeated yohimbine (5gZkg) in our previous study [20], including
effects on yohimbine- and food-primed reinstatenodémalatable food seeking, extinction
responding, and maintenance of body weight. Thelt®of Experiment 2 in the present study
support our previous findings by showing that SCG3320 blocked the effects of chronic
yohimbine on reinstatement of food seeking anchatited its effects on body weight. The
reason for the lack of effect of SCH-23390 in raith a history of MDMA self-administration is
not known, but it appears thai® blockade did not reduce the “stressfulness” diitpdine
injections in rats that had previously self-adntigried MDMA. Indeed, both the saline +
yohimbine and the SCH-23390 + yohimbine groupsiredisignificantly larger daily food
rations to maintain body weight across the entreldys of chronic stress compared to
unstressed groups (see Fig. 1c). These resuligesutipat the same behavioral outcome of
chronic stress (i.e., enhanced relapse vulnengbitify be mediated by different mechanisms
depending on one’s drug use history. Therefophamacotherapy targeting a single
neurotransmitter system is unlikely to preventeffects of chronic stress on relapse under all

circumstances.



In sum, we report that a history of chronic yohingbstress predisposes rats to
reinstatement of MDMA seeking under conditions thduce little reinstatement in unstressed
rats. Also, as opposed to rats with a historyoofifself-administration, antagonism of dopamine
D;Rs during chronic stress did not attenuate thectsffef the stress on subsequent reinstatement.
Given the scarcity of data on the relationship leetvchronic stress and relapse, more research

in this area is warranted.
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Figure Legends

Fig. 1 (a) Active lever presses and MDMA infusions eal2 hr in all animals across 14 days
of self-administration. Rats were trained on a ifedl FR-5 schedule of reinforcement.
Delivery of MDMA (0.50 mg/kg) was accompanied bioae + flashing cue light conditioned
stimulus (CS) presented for 5 s, which was followgd 15-s time-out period signaled by
illumination of the house light. (b) Active leversponses/hr across 7 days of extinction before
chronic treatment and 4 days of extinction afteoolt treatment. Responses had no
programmed consequences (i.e., no CS or MDMA) s Rateived one of four treatments (saline
+ water, saline + yohimbine, SCH-23390 + watei$SGH-23390 + yohimbine) once each day
for 10 days between the two extinction periads (7-10/treatment condition). (c) Amount of
food (9/100 g body weight) provided in home cagetontain body weight during the chronic
treatment phase in the four chronic treatment ggoull data in figure are represented as mean

+ SEM.



Fig.2 Effect of repeated yohimbine (5.0 mg/kg x 10 days] repeated SCH-23390 (1@/kg x

10 days) on subsequent active (a) and inactivieeigy pressing during acute yohimbine-induced
reinstatement testing in rats with a history of MBIelf-administration. Each rat received
injections of both yohimbine (2.0 mg/kg; i.p.) anehicle (counterbalanced), on separate days,
30 min prior to the commencement of sessions tleae identical to extinction sessiong <

.05 compared to 0.0 mg/kg prime in same chronattnent group, Bonferroni post-test. All

data in figure are represented as mean + SEM.

Fig.3 (a) Active lever responses/hr across 7 days afiextn before chronic treatment and 4
days of extinction after chronic treatment in naith a history of food self-administration.
Responses had no programmed consequences (i@S oppellets). Rats received one of four
treatments (saline + water, saline + yohimbine, X3890 + water, or SCH-23390 +
yohimbine) once each day for 10 days between tbheettinction periodsn(= 7-10/treatment
condition). (c) Amount of food (g/100 g body wkigprovided in home cage to maintain body
weight during the chronic treatment phase in the &@hronic treatment groups. All data in

figure are represented as mean £ SEM.

Fig.4 Effect of repeated yohimbine (5.0 mg/kg x 10 daysd repeated SCH-23390 (16/kg x

10 days) on subsequent active (a) and inactivieeigy pressing during acute yohimbine-induced
reinstatement testing in rats with a history ofd@elf-administration. Each rat received
injections of both yohimbine (2.0 mg/kg; i.p.) anehicle (counterbalanced), on separate days,
30 min prior to the commencement of sessions tleat vdentical to extinction sessionsp*

.01 compared to 0.0 mg/kg prime in same chronattnent group, Bonferroni post-test. All

data in figure are represented as mean + SEM.
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