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Use of a Dilute Aqﬁeous‘Solution (5 meg/ml) of a Benzimidazols

Derivative with Potent Morphlne-Llke Actions Orally as a
Presumptive Reinforcing Agent in Conditioning of

Drug-Seeking Behavior Iin.the Rat,

»

During the past 12 years, ona of us has repeataedly called

‘attention to certain aspects of the behavior of addicts which

strongly suggest (a) that relapse after "cure™ may represent,

- at least In part, a»cond!tioned response to stimull that have

.vegularly been associated with the periodic rellef of such

abstinence distress as develops between doses of oplates during
previous eplscdes of addiction (1,2,3,4); and (b) that the
probability of such “condit!nngd" relapse {s directly related

to the "effort" ("hustiing®?) expended by the addict in his
drugesecking behavior during previocus episodes of addiction (5).
For heuristic purposes, these concepts-haQe been expressed
formally {n terms of both "classlcal® (Paviovian) and Mnstrue
megta!” (inciuding "Qpérant"j models of conditlieoning (1,6,7,8),

the former emphasizing the role that conditliening of the

. abstinence syndrome may play {n reolapse, and the lattier, the

role of the organismts mani{pulative activity.
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More recently, a few {nvestigators, operating on ﬁypothcses'
giailar in sﬁma respacts Lo thoss discués«d above, have reported
avidence obtained in studles om animzls {ndicating beth that
the oplate abstlnence ByRArame cali besoms monditiored (Y) end
that "prcfsrence” for morphine, persisting for periudé beyond
the expacted wuraticn of tre abstinsnce syndrose, cen be
devzloped by 1nstrum¢ntai conditiceniang vuring addicticn (10,11).

1o our iabiratories, fap:atéd attempts to conditlion elther
the wmeigshine sbetincnce synarvmg 9T drug-sazxing bshavier in'
rals nave previocusly met with failurz, spparently Lecauss of
the aversive rvactions {ncades Ly tae paln ¢l subculengous
injacticn of morphiae of the »itter tastz of suletions of
morphine or other vplates. 1 1kewlss, a premising study cn
rats in which the animals delivered doses of movrphine to theme
gelyas thrcﬁgh an {mplanted Intvaperitoneal ceathuber Ly an
operant technlqus, snced Glsasirausly after a fow woehks,
because the Intraparitcﬁéal upening vf the polyethylens
cathater Lecsze tccludesc by a thich renbranc. Kol to be
deterred oy such triflses, we began to cunslder sericusly the
preparatisn of aninels with chronicsily inplanted intravenous

cstheters, altheugh the prospects for rairteining such prepa=- =

rations intact for several monihs were nct brigat.




Meanwhile, however, our attentlon wes directed to the
propertics of 2 new drug, le(Sata=dicthylaninoethyl)=2«{p=
ethoxybenzvl)-S-n&t:obenzimidnzole methane csulfonate (NIH=7407),
which was then under stucy for its addiction 1lability on the
research wards of thls Centers This drug, which wil& be referred
to by its ARC nuamber, I-3=2, in thls report, had been synthesized
by cheaists of the C!bg Pharmaceuticgl Company in Basel;
Switzerland, and was found by their pharmacologists (12,13) and
ethers subsequently to cexert typical morphine=like acticns ia
‘anlmais In extremely small doses. Thus, I«Ge=2 i3 1,000 times
more potent than morphine as an an;lgeslc ia rats (13), and
1,500 times In the mouse (15); in addicted monkeys, l-Ge2 is
1,500 times as potent as morphine in suppressing signs of
abstinence from morphine (15). In posteaddicts, lsbell and
Fraser (16) found that [=G<2 is §0«120 times more powerful than
morphine as a euphoriant in single oral doses, and 1.nmg of
1-G=2 15 as effective crally 33.60 mg of merphine subcuianeously,
in suppressing abstinence from morphine. Tolerance to repesated
doscs of l=Gw2 develops rapidly In the rat (13) and in man (15),
and in the latter, the degree of "physiéal dependencs! dcﬁeIOped
is ccmﬁarabla ia intensity with that produced'by equivalent
doses of morphine (16). ‘
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Such evidence of the morphine=like proﬁertieé of lauCw2,

and of 1ts vefy much greater potency, suggested to us the
possibility that rats might not be averse to drinking an aguecous
solution of ihis drug, in coacentrations that would produce
morphiée-like effects after consumptlion of small qua&tittes.

A "single=blind® taste=discrimination test perforsed by one of
the authors on another, ylelded a threshold conceatration of
li=5 mcg of 1-Ge2 per ml of water., Hoping that the discriminae
tive capacity of the rat 1s somewhere In thls vicinity,
calibrated drinikting tubes filled with 3, 5 or 10 meg/ml aqueous
solution of I«G-2 were offered to rats deprived of water for
2l hours. The rats drank sll the solutions avidly, and within
four to seved minutes after beginning to drink (or after
consunption of 46=-1hly mcg/itg of 1=G=2) they exhibited morphine=
1{e cffects == ekophthalmos, tai! rigidity, stupor (snout
sometimes falling into the well of the drinking tube) and/or
hyperactivity (quick, Jerky movements of head, darting about,
exploring," chewing on floor of the cage). One rat, after
consuming about 330 mcog/kg of l-Ge2, lay prostrate on its side
with outsirctiched hindfest, breathing irregularly. within a
fow ninutes after subcutanecus injection of 10 ag/kg of nalor=
phine, however, it rascovered, assuming the upright pesition,

and responding to prodding., Addicted rals (maintained on




200 mg/kg of morphine by subcutanecus injection once dally for

several ronths), likewise showed no apparent aversion to the
1-G=2 solution {5-mcg/ml) when wateredeprived. These animals
were tested Jjust prior to thelr reqular dally dose of morphine,
when the acutz effects of the previous dayt's dosa (tall
rigidity, hyperactivity) were no longer apparent, and when they
were exhiblting signs of morphlne-ébstinence, notably, répeated
discrete twliiches of thé skin of the back, reseabliag the rapid
skineshakting of a wet dog, or of a hﬁrse sheking off a fly (sce
'below). As in the non~addlicted rats, typical morphine-llke
effects appeared within fqur to seﬁsn minutes after heginning to
drink, and.ccnccéitantiy, the %wet dog” twitches ceased, suggés-
-ting rellefl of abstinence, which persisted untii the time for
the regqular dally dose of morphine a few bours later. The only
difference observed in the effeccts of l=Gm2 in the eddicted rats |
was that the Ysedatlve" effects were much shorter in duration,
hyperactivily predominating within an hour after ingestion of
the drug. )

These preliainary observations indicated that a dilute
gsolution of I-Ce2 might well be substituted for morphine as s
reinforeing agent by thz oral route, and thersdy enable us te

circumvent the difficuliles that gsitended our earliler efforts
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.to laduce rats to drink so!utions of morphling or other oplates,
or to welcome subcutancous injections or these materials. The |
prcsen: communicaticn {3 in the nature of a "progress report”
on two studles that have been initiated with thls purpose in

mind.

METHODS ‘

In Study A, 6 "experimental”™ rats, gradually brought up to
a constant dnlly dose level oéar a perlod of six to ten weeks,
.are malntained on cnceedally subcutaneous injections of 200 mg/ig
of morphine, given about 2 p.m., while & "control” rats recelve
volumeteically equivalent subcutaneous lnjections_of physf{oclog=
ical saline solution on the same schedule. All rats are allowed
feod ad libitum, but they are depriﬁsd of water for 22 houfs each
day, after the training and testing experiments'ln the morainge.
The study is degigned to proceed In £hree phases. In Phase I,
8ll rats are given access each moraing to @ wire cage 2 x 17.5
x 17.5 em, divided Into two equal compartments by a iranspearent
vertical partition from the central eﬁtrance to which they can
sece two drinking tubes, placed verticaily at the far end of
each compartment. The rat c¢an eater elther compartment, drink
from the tube theréln, and also go‘bacg arcund the partition -
to the other compartment to drink from the tubz theres On

three succeasive days both tubes contain water, dut on the
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fourth day, one of the tubes contains a 5 mej/ml solution of

1-G=2, the compariment Iin which this tube is placed beiny
alternated in successive four=day blocks (total of 17 blocks,

or 63 days). Dlscriminative stimull (bdlinking lights, metal
strips with alternating black and whiteistripes on drinking

tube and floor), for later use in Phase 1I, are alsc provided,
but in Phase I, the sides of the compartment in which they are
placed are randomized. Each day, the rats are allowed to drink
for 15 mlnutes, and records are made of the volumes consumed
‘£rom e¢ach tube every day, during successlive thrsé-m!nute periocds.
After ecach 1S5eniauts trial, the rats are returned to their

home c¢ages, where they are allowed to drink water ad 1ibitum
from a metal cup for two hours, after which all water is remdved
unti{l the next norning. The purposes of Phase !l arc to determine

whether or not, éithant discriminati{ve training, either tha

Fexperimental®™ or the "control® rats exhidit preference for, or
aversion to leG=2 in the concentration used on the basis of

laste, and whether or. not the discriminative stimuli have
appetitive or aversive properties independent of I-G-2, Since

the groasly vigible effects 0f l«G=2 begin as early as four

minutes after cemmencgment of drink}ng, the critical messures

for taste dlscrimination are the relative quantities of 1«02 =

solution and tap water drunit from a given tube (right or left)

D~/ p9




during the {irst three minutes, vS!m!larIy,'the eritical

measures for the reinforcing proparties of the discriminative
stizull per se are the relative smounts of watar (only) consumed
when thess stimull are in the right or.left compartgent. In
Phase I, the 1-G-2 solutlion is presented only every fourth day,
to minimize conditioning by effzet and the development of
tolerance. In Phase llf all the rats, maintained on moéphine'
or saline and on foodeandewaler schedules as bafore, are giyen
access to a cage similar to that alreacdy described but constructed
aof plastic and of larger dimensions (4O x 26 x 35 cm) with an
cpaqus partition. HoOwever, the dally schedule is designed to
pernit learning of 3 discrimination of the le=G=2 solution by
effect, using successive six=day block trigls as follows. Cn
the first four days of each block, only one tube {s presentzcd,

- containing elther tap water the first and second days, or the
1-G=2 gsolutlon ¢n the third and fourth days, the order being
reversed for each successive block. The compartment In which
the 1-G=2 solution is placed 1s always equipped with the
diserininative stimuli previously menticngd, and remains the
same for a given rat throughout all the blocks, though
initially, the rats arc assigned Lo cne or thé other lwle2

conpartment (right or left) in alternation. Also, after

»_ /jf/fo&
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"commencing to drink on each of the four days, egress froa the
compartment is prevented by closing a rear gate, to ensure
that whatever reinforcing effects the water or I«G=2 solution
may have, will be associated with that compartment and its
discriminative stimulf (if any) only. Ca the fifth day, the
water tube Is {avariably presented>in {ts usual compartment,
- and eqgress {3 prevented as on the previous tour‘days. On the
sixth day of each block, both water and I-G=2 tubes (the latter
;with the discriminative stimull) are presented in their respec=
tive compartments, the egress gates remain copen, and the rats
are permittéd to drink from either tube at sny time within the
i5«ninute period of'testing. ‘The critical measure in Phase Il
ts the rélai!ve amcunts of l=Ge2 solution and water consumed
in ihe first three minutes by the "experinental® and "control”
rats en each of the sixtheday test trials, after corrcction for
whatever appetitive or aversive effacts the discriminative
stisull may have bgen found to exert ger se in Phase 1.

In Phase llI, ail'rats will be tésted for "relapse? several
weeks after abrupt withdrawal of morphine, under coaditions of
water satiation and waterw=deprivation, by the technic described

for the sixth day of each bleek §n Phase 1l.

L7
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1n Study B, "experimental®™ and "control® rats are-prepareﬂ
and maiantained on morphine'or saling injections rgspebtively
as 1a Study A, Eaéﬁ morning (about 18 hours after the previous
dally dose of morphine, 200 mg/kg), they are placed in zn
operant conditioning apparatus equipped with a lever which,
when depressad, activates a mechanism that uncovers a dipper
contalining 0.25 nl of fiuid, set con the floor of cage about
6 cm to the rear of the lever, No triala are run on Saturday
or Sunday (although, the daily morphine or saliae knJectlons
arc continued), but cn the other five cdays of each week, the
rats are giﬁen access to thé lever under four conditions which
arg randomized and balanced over a period of scvan weeks:
22 hours watesr deprivation, vater reinforceazent; 22 hours water
deprivation, leG=2 solution (5 meg/ml) reinforcenent; water
satzatldn, water reinforcement; water satlaiion, l«Ge2 reine
forcexments Each trial In the operant conditioning eppératus
proceeda for 15 ainu:eg,-after which water {s supplied ad
iibitunm in the home cages for two hours oa days preceding the
Ywater deprivation™ runs, and throughout the day and night
before the "water satlation®” runs, fced beling available at all
tines thfoughout. Discriminative sti&nzi in the oparant e
conditioning apparatus consist of rough (hardware cloth)

surfaces for the floor and lever on trizal days with water

J-/¢4
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reinforcement, and smooth (plastic) surfaces with leGe2
reinforcemcnt.s In addition, on days with [«Ge2 reinforcencnt,
each lever presa actuates a cificker placed inslde the Skinner
Dox, %o serve as a "secondary reinforcer” (rcpre:enging the
traditicnal "bad assoclate® of narcotic acdlcts! lore),

The critical measures In this study are the coaparative
rates of barepressing throughout the (Seminute trial periods
within each group {Pexperimental® and "controi") for water
versus 1-G-2 reinforcement, and comparative rates of bare
pressing betwzen the two groups for water or leG«2 reinforcew
ment, both_measures referring to water=eatiation days., In
addition, simllar comparisons are made of unreinforced bare
pressing rates on water.satiation days, since boih ”experiméntal”
and Ycontrol® animals engage in such activity (possibly Sécause
of uncontrolled secondary reainforcers) as wsile Study B {s
also scheduled ioﬁprocaéd in three phases, the first of which
has already been déscrlbcd. In thé sécond phase, berepressing
rateg for water and f;G-Z reinforcements will be compared
within and betwsen both groups of animals under conditlony of
water satistion during the acute morphine withdrawal period,
and later, in the third phase, tests for "relapse™ will be
made in both groups, under conditions of water deprivation ecnd
vater gsatiation, and the discrinminative stimull and (controlled)

sg¢eondary reinforcer already described.

Vg £




If positive resulls are obtained after.ccmpletiqn of

Study B, 1t is planned to conduct a2 similarly designed Ilnvese
tigation, with a anumber of gchedules of reinforcement, to
analyze the influence of various paraneters of "effort® or

"hustling” on the probability of "reslapse.”

RESULTS ‘

At the present time, only the first bhases of both studiss
have been completed. The data for this phase of Study A have
‘been analyzed oaly with regard to the questloa of the capacity
of the animals to discriminate between water and the leG=2
~ solution by taste. As shown in Table 1, the overall differencezs

obtained secea to indicate that, without discriminative training,

tha "experimental™ rats exihibit a slight “"oreference” gnd the
control® rats s stight "aversion” to the 1=G=2 solutlon, but.
thess di{fferenceg are not statistically significant by the
chi square test. |
Several asnalysecs. were mads of the data obtalncd in the
first phase of Study 8, In Table 2 are shown intergroup
comparisons of "wet dog" responses per 1Seminute trial ia
experinental and control animals on separate days, under the
four conditions of the experiment., It is noteworthy that on =

water satlstion days, the number of "wet dog™ respenses
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exihiibited by the experimental animals was greatasr than those

of the control animals to highly significant degrces.by the
Méhn-whltney U test for Interqgroup comparisons (17}, except

for one triﬁl cday althocugh, even then,.tﬁs trend was {n the
sanz direction {mean of 5.20 for the experimental, and 2,60 for
the control animals). In contrast, no significant differences
were observed on water.gepr1Vatlon days regardless of whéther-
the reinforcement used was water or the [«G-2 solution,

The analyses prescented in Table 3l reveal that on water
fdeprxvation 23y8, thc'reinforced bar=pressing rates of experi=
mental rats exceeded those of control rats,; regardless of
whather water or [=G=2 was used as the reinforcement. On water
satigtion davys, hewever,.the reinforced bare-pressing rates of
experimental animals generally cxcaéded those of control
animala only when reinforcement was provided by l-G«2, Addling
perhaps to the theoretical significahcé of these resulls are
the comparisons (Tableu3) between reinforced and nonereinforced
bar=pressing rates of cxperiméntal and eontrol animals on water
satiation days. When reinforcetd by l«G=2, the reinforced bors
'pressing rates are significantly different for the two groups
of animals, but not the nenersinforeed rates;’mhen reinforced
by water,nsither the reinforced nor the nonereinforced rastes

gre generally different to signifizant degrees,s On the other

B~r3
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hand, the Intragroup compaé!sons shown in Table u}indlcate
thal on water satlation days, nelther the experlmentdl nor the
conirol groups showed significant differences between bare
press&né rates with water and IeG=2 re;nforcemants, while on
water deprivation days both groups exhibited significantly

greater rates with watar than with le«Ge2 reinforcement.

- DISCUSSICH
The data for the first phase of Study A Indicatc that,
_without discriminative training, neither experimentai nor

control animals d@isplay elther preference for or aversion to

a Semcg/al solution of 1=G=2. This finding is of basic
lmpcrtaﬁce'for the subsequent phases of both studies, since
the hypotheses to be tested predict the development of a
Inpeference® for I1«Ge2 by the experimental, bui not the control
animalse.

The tzndinﬁsiso far obtained In Study 5 ere of interest
in several respects. 7The much greater incidence of “wet dog"
responses {n the expérlmental rats, observed at 18 hours of
abstinence and up to the tims of the rcgu!ar daily dosge of
morphine, as well as the virtual disappearance of these responsss

after injection of morphine or Ingestion of l-G-2, suggest that

they may be rellable indlcators of the morphins abstlnence
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’syndrcne in this spccies; Earlier observations in this
1aboratery of a more caswal sort, {ndlicate that "wect &ogglng“
continues at a high rate for two or three days after abrupt
withdrewal of morphine and then gradua{ly gubsldes to ancldences
exhiblted by nonaddicted rats over a perisd of about two to
three weeks. However, more quantliistive studlics are needed to
establiszh the rellability of this measure, and to correlate it
with other abstinence phenomena i{n these animals., Also, the
curfous findlng thal water deprivation recuces the incidence
of "wetl dog® responscs in acutcly abstinent rats to those of
control animals, requircs elucidatlion,

The generally hicgher Sar-pressing rates of experi=mental
than contreol znimal; in Stucy B ﬁay de ¢uc to factors other
than that postulaﬁed theoretically e= aamely, thet "physical
depandencae® prevides a "drive® sﬁate through reduction of
which, "succesaful®™ drug ssceking behavior Lecomes reinforced.
Seealingly, the operation of such other facters i3 suggested
by the dsta obdtalned on water denrivation days, when the
barepressing rates with water ra!nrcrcemen; exceeded those
with l-Ge2 reinforcement, not enly ia the coniroel dul glso in

the exporisental animalg., This, however, may be due to the

fact that can water deprivation days, both groups of anlmals
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. sonszume cnouck of the [-%=2 solutlon to produce visible morphine=
1the effects within four to seven minutes, after which thelr
rates of bar pressing declinas sharply. Ccn water satlation days,
barepressing rates were much lower in both groups, and generally,
nelther group consumed enough l=G=2 to affect the réges of Bar
pressing. Under such circumstances, certain of the evidence
(Table 3) indlcates that the I-G=2 solution was reinforeing

for the experimental group only, bul evideace for a neat
discrialnation between water and l«G-2 reinforcement conditlons
:by these animals was not obtalned in this phase of the study
(Table L)}, Aa noted earller, both of these studles are still

in progress and It i{s hoped that more conclusive results,

gither cénsonant sr not consconant with the hypothesis, will be

fortheoming in the near future,

SUMMARY )
{. Evidence in the literature {s reviewad suppérting the
cohcept that, in part at least, relzpse is due to cenditionling
factors, both of the "classical” and "i{astrumental® varlely

operating during previous eplscdes of addiction to narcotlc

drugs.
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2. The morphine-like propertics of a new benzlimidazole
derivative (HIH«7687, ARC 1=G=2) aré described and evidenée
{s presented that ncither morphine gddicted nor centrol rats
| display either preference for or aversion to a Semcg/al aqucous

solution of the drug, without dincriminative training.

3. Two studles in progress are described, in which this

concentration of I=0=2 is belng used as a relnforcing agent

in attempis to conditlon ¢rugesseking behavior in rats,
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FOOTHOTE 1

For computation of intergroup and intragroup differences
in bar-pressing rates (Tadles 3 and L), only the da¥a obtained
durtng the last 18 days of Phase I (Study B) were usaed, since
Just previocusly, a change had been made tn the fluiderecinforce=
ment dispensing mecﬁan!ém, wvhich resulted {n agugmentatica of
the rates of dar pressing of all cnlmals, "experimental” and

"Paontrol.”




Table 1.

?age 21

Comparisons of per cent fluld coasumed in first three alnutes

- of drinking from right and left tubes, when these contained

1-G-2 solution (8 trials for right, 9 for left), and when both

tubes coatalined tap water (25 trlals for right, 27 for left).

Experimentals (N 3 to 6) Controls (N = 6)
Tube~Locations o] Tubegwlocaticns D
Per Cent
Fiuid- IuG=2 Bath 1aGe2 Both
Consumed on right Ha0 on right Ho0
From Ria“t 76.2 66.1 10.1 78.6 77.2 -2 .l&
l=Gu2 Both laG=2 Both
on left _ HZO ocn left H20
Froa Left Suc 61.9 .701 21.7 .2601 'hou
"ean Difference *3.0 Yean Difference

‘3-0

The plus siga (+) indlcates consumption of an excess of [=G-~2 over water.
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Table 2.
Mean "Wet Dog" Frequencies (F). Intergroup Comparisons
Between Experimenial (E) and Control (C) Animalsf

TrgaxizxperimcntarsrCcntrols Total Mann-thitnezy U Panks Sig;J
oaditlon| o "1™ £ | u] £ IfDife, E | c -avel

g 13 5 a,% 5 it.801 8,00 36,5 © 19,5 3
wst Ba3 | = itz Islinol a0 | 1owo 15,0 bun
g 13 o fis.00 512,101 11,69 0.0 15,0 S
i s g 5.20 1 512,601 2.40 .5 20.5 L.s.:
ws é 9 5§ 110,60 | ¢ 1.60' 9,00 B0 17.0 b
a5 hesodsiianizg | ke 15,0 s
817 b 5,75 {5 12.1 7.39 0.0 15.0 ey
wit 3§32 | 5 1200 |slosal 120 | o 21.0 L.g%:
| 15 ! 1,75 t s 1100} 2.7 21.0 2,0 hi.s.
3 7 5 2.80 {512,001 0.b0 0.5 2h,.5 4.5,
w1 s Iheto §54h.201 o0 | 3.0 21.0 125
g Ij_tv_#l ?t.r L7 t 5 12,204 2,85 1 24,0 19,0 LE?.S.

CCRDITIONSS

SDW  Water deprivaticn, water reinforcesent
Wbl Viater deprivation; l-3e2 reinforcement
WSW  VWater satlatlon, water reinforcement
‘WS1  Water satlation, l=Ge2 reinforcsment

~ = -
° P < 05
3
L o~ P < 001
n
E "] P < (201

Hele No! signifilcant




{ ' Table 3. . !

3 D
Mean Dar-Pressing Frequencles (f£). Intergroup Comparlscns S
Detween Experimental (£) and Control (C) Anfwals. Q
RELIFORCED _ UNREINFORCED
frial N of Ss £ - mann~Wh1tnev}¥yyux! £ mann~thtncvsg Rank -
Condition Ho. . E T | & c_per.l e ¢ edml B ¢ peg. B it
| b 85 5 [9.00 1.80 7.20 [39.0 16,0 o 2,00 3.80 <1.00 }25.0 30.0 HN.S.
6 5 5 [h.00 0.00 1.00 ]37.5 17.5 o> .00 3.50 0.40 [238.0 27.0 MN.S.
wst 11 S 5 015.00 0.60 1Lh.40 [39.5 15.5 ou» 15.00 6,20 B8.80 §34.0 21.0 U.S.
13 5 S {L.00 2.00 2,00 |35.5 19.5 = he60 5.20 <0D.60 £29.0 256.0 I.S.
108 b % Jb.75  2.20 2.25 71,0 2.0 H.Se 9.00 3.20 5.00 §25.5 19.5 WN.S.
3 5 5 [he60 340 1.20]32.0 23.0 H.S., | 8.20 3.20 - 5.00 {20.5 26.5 H.S.
8 5 5 | 6.80 1.0 5.40 36,5 1B.5 » 15.20 L.4,o 10.80 §31.0 24.0 N.S.
visw 9 ¥ 5 15,60 1.00 L.60129.5 25.5 HN.5. J11.80 3.40 B.h0 §3h.0 21.0 H.s.
| 1 8 85 12.20 1.20 1.00 }33.0 22.0 N.S. 2.60 3.20 ~0.60 {26.0 29.0 i.S.
17 kS 15,75 beto 1.15 123.0 22.0 N.S. k 2.25 3,00 -0.75 {17.5 27.5 = .
2 5 5 [37.20 13.40 18.80]39.5 15.0 s i?.éo 2,20 5.40 §36.5 18,5 =« |
. 5 5 5 |15.20 21,20 24.00 {39.5 15.5 #s 121,20 6,00 15.20 | 37.0 18.0 s
DI 12 5 5 [39.20 16.20 23.00 {39.5 15.5 w#»  {15.00 1.20 1h.60 § M.S 20.5 N.S.
15 k5 j32.50 20.60 11.90 §25.5 19.5 = 11,25 _h.h0 _ 6.85§25.0 20,0 M.S.
1 S 8 Ih8.80 31.80 17.00}§36.0 19.0 »  §27.80 3.00 24.80 } 37.5 17.5 u=
¢ 7 g g {63.h0 130.80 32.60 {40.0 15.0 uwns 49.60 1.0 L4B8.20 I h0.0 15.0 wux
10 & 8 [62.:0 30,80 31.60 1 h0,0 15,0 @mr  137.20 3.20 34.40 §37.0 18,0 &
- 16 b 5 hi.75 23:.00 13.75122.5 22.5 N.S5. |S51.75 L.20 gn.ssjzaz.g 21.5 H,.S.
Conditionss '
WDW  Water deprivation, water reinforcement
WDl VWater deprivation, l-3-2 relnforcement
WSW VWater satlation, water reinforcement
WSl Water satigtion, 10«2 refinforcenmcnt
s P % .05
an P 2 .01
nas P 2,001

N.S¢ Not significant
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Table . X
Mlean Reinforced Bar-Pressing Frequencies (f). Intragroup
Comparlisons Between Experimental and Control Animals.
_ECPERIMENTALS (H 2 S) CONTROLS (M 2 5)
Relnforcezent Wilecoxon | Sig. Reinforcement wilcoxon | Sig.
Condition I-G=2 | ¥Water'}| DIff, T Level] 1-G=2 | Water | DIff, T Level
NPT I I AR i L SR A U N N D R S A ORI LT Y P TCRIe RIE S, 3 R R e 4T . an TSN WA
atey -
“atintion 7.61 h.?() 2.85 e H.S. 1.00 2.32 id 1.32 5 N.S.
vialer . '
Leprivation |l 38.48 | 56.03 | «17.55 | 0 s 19.00 | 31.85 ] -12.65 s} %
ST = e o ey - -
R ] P i <05
. H.S. flot significent




