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Abcuract

Rodent models of alcoholism provide a ir . for loring the factors that

contribute to alcoholism. The rodent sign tre an | dure using a bot. : (w’ * < thanol

or water) as the conditioned stimulus and a sugar :. .*as the unconditio.icd stimulus has
several components that appear related to d.. | w. ! tbuse. In this study, the
environmental influences of rearing condition an [ b. .« al infection were explored as
possible contributory factors to the abuse of : . .~ I. In Experiment 1, Sprague- . “ley
rats reared in an enriched environment show. | st .« “acquisi. vnof . on . .l1ag
behavior and consumed more ethanol than . Y1, a standard environment, but
neither group developed a preference for etk 10l A tive-feature discrimination task
revealed that the enriched- and standard-rea. di1... . -: not impulsive since they readily
reduced sign tracking behavior on trials when th. . . pellet was omitted. Although, the
enriched rats were more vulnerable to the effects « = ..1anol than the standard » because

they were sign tracking the bottle more, inc* ~sed : u ulsivity does not adequ. «cly
explain their “addiction to alcohol”. In Expet.tar..i z, :ng-Evans rats = - -e trained in the
sign tracking procedure with or without ethanol ... .} - bottles as in the f st experiment,
but all rats were also given 24-hr access to ethi. .l int.,. . home cage. ... tment with the
bacterial endotoxin lipopolysaccharide (LPS) sig * ™ :antly increased the rats™ pref .rence
for ethanol, nevertheless this greater liking for e+ ' id not affect the sign-tracking of
ethanol. Therefore the compulsive ethanol drin’ ~ 1n the Lc.ag Evans ri .2 as in the
Sprague Dawley rats in Experiment 1, appea: *d to > due to sign tracking procedure,
rather than the rewarding properties of the etha =~ _ver, in contrast to the Sprague-

Dawley rats the negative-feature discrimination .-~ .~vealed substantial impulsivity of

Vil



sign tracking behavior in the Long-Evans rats. T1 : results of both periments suggest
that environmental influences appear to have a ... '« [ L.vuct on sign tracking
performance and the responsiveness to ethanol but research is needed to further
evaluate the usefulness of the sign tracking ¢ -t r | as an animal model of alcoholism

and the underlying mechanisms that contribute to t* = "=« holic phenotype.
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The influence of environmental exper. ...” -~ 1~ sigr. L.ac ung of ethanol:

A rodentmodel ¢! . l¢ 1 addiction

Alcohol, otherwise known as ethanol (... *.1), 1s frequently consumed for
enjoyment and the reduction of social anxiety v ".1 *~cial situations (Enoch, 2006).
Alcohol typically affects 5 main neurotransir - = - ms in the brain. These v~
systems are the glutamate, GABA, dopamine, . ... .and opioid systems. ...:h
glutamate, alcohol typically affects the NML ~ =« rwhich U~ ds this

neurotransmitter. Alterations of this recept>= uuts i~ t drinking affect memory, but

persistent heavy drinking will cause brain dame . “.,."' " is partially = - ponsible for the
visible behavior effects of intoxication, and 1s in’ "1in develc....g the tolerance of
alcohol. Serotonin contributes to arousal an< .. 1 1sible for ¢ wsummatory behavior,

which includes alcohol consumption. Dopamine 1 the opiod systems contribute to the
pleasurable feeling of alcohol consumptionand e | -~ 1to increase . ring consumption
while decreasing during withdrawal. Since the .0 . ... vle feelings depart wk n the

alcohol departs, this leads some people to av'sc i '+ * ~ (Chastain, 2006).

Alcohol abuse and addiction have been {.  [to ty ".ally devi '. . while a person
is in adolescence and later continue throughoit . [tuood (Znoch, 2000, 'V awer &
Ehlers, 2009). There are three stages to the addi cv~" These stages are the
anticipation, binge drinking, and withdrawal sta . . r :anticipation stage 1s
characterized by the fixation or sensitization t.. ." a drug due to the intermittent
presentation of the drug. The binge drinking st¢ ~ : occurs when the individual drinks to

the point of intoxication due to dependence ont ¢ _ ordueto~:r motivating



pressures, like stress. The withdrawal stage is diz - . hed by a negi.t. e &. ¢t due to

Wa¥al

the body’s desire to re-experience the drug (3" wob. | ;30).

The introduction of alcohol to an ind. . ii't T - the sake of research would be a

questionable practice, so rodent models are typic ‘ly v 1 to learn more about alcohol.

Rodent models are often used because there are ... . common physiological ~'<.aents
they share with humans. The stages of addica- . . 1o _licated in rat models to learn
more about the underlying processes of alcohol -~ '*~u- i, provided that rats can
overcome the aversive taste of alcohol (Koo%, 20. ™ . -~ promising mou- | - a. slol

addiction is the sign tracking model, which pre. .« .. d mode! o. the anticipatory
stage of alcohol addiction. In the sign tracking n -1, rats are tr. = .4 to consume ethanol
by pairing brief presentations of a bottle with t _~d;  ~*~. Sign tracking w* "L+ 1 ‘cribed

in further detail later in this introduction,.

Through research with animals and hum = n " factors have been found to
contribute to alcohol use and abuse. These { .. ... 1. “lude stress, genc.1.. behavioral
(sensitization or impulsivity), and environmental .., . like rearing conditions and

exposure to potentially harmful substances. In h* « 1t “ies of adolescents, stress was
found to diminish the reward system, affect the, « w cortex of the brain, and "uipair
hippocampal development which in turn makes - =!~~. its more respr ~> ¢ (0 add ~iive
drugs. Three factors that contribute to the enhar . | '>ohol addiction of adolc¢ . :ents are
the physiological changes within the prefro "« ... : during this time period which
promotes risk taking behavior, neurobiological v “lity, and the s .o+ induced
sensitization of the hypothalamic pituitary axis (f..’A). {Andersen & = cher, 2009;

Enoch, 2006) Additionally, addictive drugs suchi: . ‘t 7 share neural mechanisms with



e

natural rewards. There is strong evidence that the * .. aacologic ¢. ~ :ts of [':L.! induce

changes in the experience of rewarding stimuli,  "1as: :ial and physical pleasure, to
make these positive experiences feel more « . =32 l: {Tomie, Grimes, & - horecky,
2008).

Jenetic factors responsible for alcohol ab  : include the MET 158 variant of the
Catechol-o-methyl transferase (COMT) gene wh v+ found to be I - :d " vith
susceptibility to alcohol. However, an indiviiual \.. = the 1 ;ohol vulnerability CC. T
gene is not doomed to abuse alcohol, because tl . ..., . nment that a sutjc.. is raised in
(rearing conditions) interacts with the potential to " . :lop addic. v... This inter: . is
affected by many neurotransmitters. Specifically, » neurotransmitter serotonin has been
implicated in the control of impulsivity, which is.  of the many behavioral factors that
contribute to alcohol abuse. Impulsivity isd .. cr" " n further detail later in this
introduction. Additionally, early environme, ‘s (. ng conditions) d.ve. € 1mpe 2t on

behavior is described in further detail later in thi- 1« ~duction,

Finally, immune system activation is a 1al factor ” . alcohol addiction.
Although there is not much research on the role of .2 u 4 mesy 11 alcohol

addiction, several observations suggest a pot 1t ! .. : i Jeuro-immune interactions in

4

drug abuse. Research with humans has founc i 1. .. is a high preva. i1.ce of 1«

o™

positive individuals that abuse drugs (Ferrando, 2,0, ™ .. rch w1 rats has found that

HIV transgenic rats show a greater methamphe  une-induced behavior sensitization

than control F344 rats. Although HIV-1 transge...: .. .2 onothave . -1 infection, the
HIV genes that have been inserted into the rat < ... produce ...V proc.ins (e.g., gp
120) that affects immune system functioning ‘= 1 ed cytokine levels) which in



turn affects neuronal functioning. Greater senviu. ., -1 ..+ /-1 Tgrats to
methamphetamine may be due to the greater do, .. -exy . sion in the prefrontal cortex
of the HIV rats (Liu, Chang, Vigorito, Kass, Li, & _t 2g, 2009). = ~search with alcohol
preferring mice found that an intraperitoneal inj .of Img/kg of lipopolysaccharide

(LPS) promoted higher alcohol consumption, w 1 - :f o lasting th o . months after

the injection (Blednov, Benavidez, Geil, Perra, Sooa, & Harlz 2011). LPSisa
protein found in bacterial walls that when de. ..~ ' by the immune system . ... vates an
innate immune defense. The Blednov et al st. i i that a s11gle 1 .. aune o, tem
activation is sufficient to cause long term ch 1> wuronal funct~ o _ and sut ~ quert

Et, consumption.

The purpose of the following experiment: - to explore the effects of two
environmental factors on the sign tracking o: .. “.11n .o clars 30 cndiaoa Joxperiment
1) and exposure to bacterial insult (Experiment 2). . 44.tionally, modifications of t.  sign
tracking procedure were introduced to further ev u . sign tracking as an amimal model
of compulsive alcohol use and abuse. Several sti - *~_ suggest that like "~ ssive alcohol
use, sign tracking behavior is associated with .. +* ...ty (Tomie et al, 2008). T w_, in
the following experiments modifications of th. < at  king procedures were included as

potential measures of impulsivity.
Sign Tracking, Incentive Sens” * tion, and Drug /

Sign Tracking

Sign tracking procedures are characteriz .t the pairing of a conditioned

stimulus (CS) with the prompt delivery of an ap; titive (e.g. food) unconditioned



stimulus (US). These procedures represent a var: 1 on the Pavl. “an “classical”
conditioning paradigm because the CSand tt £ 177 occur independent of the
subjects’ behavior. After animals have learned to  -u 1 ~the U . with the US,
conditioned responses (CR) of anticipatory beha ... . ¢. Z.op that are. assified as goa/
tracking or sign tracking. Goal tracking, wk ~tis .t ical responsc . a Pavlovian
conditioning paradigm, refers to the animals’ use o1 <2 signal CS sole ; as a means of

tracking the impending arrival of the reward US, with the anticipatory beha. icr being

directed at the US. For example, goal trackir 7t . "1s. nitorcc oy counting the
number of breaks in an infrared beam that oo 1 * 1 1¢ animal inserts its head in the
food tray. Sign tracking is distinguished from g. 11 ¢ ng by the animals’ ter 4 1cy to

primarily track and direct its anticipatory behavio. . * the signal . . :ad of the goal US
(Robinson & Flagel, 2009). In sign tracking* d -+ h birds, for example, investigators
measure anticipatory pecks that birds directatal I'~ht ~[. Rats will also show
anticipatory approach and investigatory behav.oi i 1. .- rd a light ... . Sign tracking
behavior was originally erroneously called auiv.” . by Brown and Jenkins (19¢ )
because they believed that the behavioral fi~ = .on." :signal for food was due to
superstitious (operant) conditioning. This super- '1»us conditioning implies that the
animal l.<ated on the signal because its interecti o> o1 the signal seer~ -~ to ¢ ~oduce the
US, and satisfy a perceived operant behavioral r. uir_.nent. L _veral si_. tracking studies
have demonstrated that the animal’s behavior w. | . *« ¢1when the . L5 are omitted
on a substantial percentage of the trials, which = _© i that the ani. .l rc . 1ding is not

an operant response (Monterosso & Ainslie, 19. ", "~ 1.2 term “autosha, ng” is more

often referred to as sign tracking to reflect a more ¢z.. > Stually accuri v ~resenteiivn of



its relationship to classical conditioning, i.e. c.gnt .o .. icting US. . afortunately, some
investigators continue to use the conceptually i, 't .1 *autoshaping” when

describing this procedure.

Sign tracking behavior can be manipula. . (~]  duce more profound _ ~ 1n rats
by using a signal that rats may interact with ust (. . .. ;and.. th rather than a light
that can only be observed by the rat. Replacing a light "3 witha ..-actable lever _Z, for
example, causes many rats to direct their anticipato , “ehavior towards the lever. . ume
investigators have even added bars to the te. g« .. :r.. .ith (1. bar Wdditi°n, . rats
will direct their anticipatory (sign tracking) beb ... rof . ..ag, biting, or pt. Lsing to the
bar. Uiten the rat will press the bar sufficiently .. <’1to close a: itch. With this
modification, investigators will typically countt - ~~r-ftLar press ;asanind.. of

sign tracking behavior.

Sign tracking behaviors reveal that .21 =3¢ .-~ -1l signal gets associal d with t’
positive stimulus of food the neutral signal ¢ ..ns its ¢ ...1 motivational que il -t
incentive salience for the animal. Not long ¢ <. . . ral signal has gained incentive
salience, most rats develop compulsive behavi- . -~ v . the signals. These compulsive-
like behaviors, also known as incentive sensiti 1 1, which« < through conditioning
in a sign tracking procedure, can also occur in .. 7 . v 1l _~erant or instrumental

conditioning procedures (Robinson & Berr '¢ + /TU ).

The concept of incentive sensitizationis« ' .. 1in an addiction model in which
a distinction is made between drug liking (the . ., 1 drug wanting, i.e., the craving

(Robinson & Berridge, 2008). This model paral. v : finding that over the course of

[op



developing addiction and with repeated exposure,©  is a marked increase in drug
wanting while there is either no change ora small " . - ladrug liking. Th.. nay be
due to different neural mechanisms being 1c , ur :# the two components - drug
reward, and because repeated use causes a © it ... of the “wantiz, system but no
sensitization or even tolerance in the “liking” sy .1 Itisth ori | that the mesolimbic
dopamine system can be sensitized by repeated « -+ ration of many abused drugs and
that this neural circuit may be more important in <. .. iiting than in drug liking

(Robinson & Berridge, 2008).

Research indicates that individual differe, .. in the tendency to sign-track
(focused anticipatory behavior) are connect . wi 1. diff reni .. dencies to attribute
incentive salience to distinct reward-related cues (“ligel, v+ *son, Akil, & Robinson,
2008). This suggests that sign-trackers are prone to - rm of plasticity (addic. ==
phenotype) that may contribute to the developm ..« Idiction (Rocinson and ' _.1dge,
2000, 2001; Saunders & Robinson, 2010), which in ~ n parallels the finding that drug
abusers are individuals predisposed to develop pa ucl~_i~al levels of wuncative salience

AY

attributable to reward-related cues (Tomie et al, 2C .}

Within a different exploration of compu. 't 1avior, Tomie (1996) introduced
the concept of “Cue and Manipulandum” (C. /). Cue = =rstothet 'orthep. '~ rve
object, and manipulandum refers to an interact.. ¢! .. Essentic y, CAM _ presents an
alternative method of describing incentive .. 1 ... In the typical operant

conditioning experiment the subject is requirec to act - * 12 manipulandum to obtain a
reward. The reward (and cues associated w.*". 1t; -1 .- illy located at a distan~= «rom the

manipulandum. CAM occurs when the experii  terr . a reward cue very .icar 2r on an



object that must be manipulated during an in: cum: [+ ponse. Tt “lose spatial
relationship between the manipulandum and rew. @ ¢ . fucilitates a compulsive response

toward the manipulated object. The compulsive = 1+ - _ssive behaviors persist even

though they serve only to delay or prevent the ac.i. ., -1 >ward. Tomie found that
although the operant procedure required that the "+ ." )ly make a response then
retrieve the reward, the close proximity of re* i+ =" "1 the manipulandum induced

sign tracking of the manipulandum which interic. « .. h the simple op-r..nt requirement.
This finding indicates that the sign-tracking (!X, ~ .. inrcisnot . r ' strict voluntary
control. Furthermore, Tomie’s findings suggest . .~ animals” malc “aptive behayvior in
the CAM situation is due to conditioning and - - r self-regulation (Tomie, 1996).
Tomie (1995) suggests that the exaggerated resy .o 5 t. Lbjects can also be found in

humans that consume drugs (a reward) using only ¢ : method of administra... 1 (like an

alcoholic to a beer glass) or when the object” ¢, . wie nedrugisdi. .ay related to
the drug’s reinforcing effects (like the conswr i+~ ¢ - inpill form). Ttr. :
compulsive behaviors are also acknowledgec L 7 & ...r addiction resc...>hers as being
reminiscent of the fixated behavior that drug ade. 1 .. .ibit toward their desired

paraphernalia of administration. Additionally, . .t uare carchers suggest that these
behaviors are typically activated by subjecti~+  ~ 1 1.1~ motivauaonal stat.. that
contribute to the impulse use of the drug, which in -~ = aances the likelihood of drug

consumption (Tomie et al, 2008).

Tomie suggested that the sign tracki..” .. ~ .. - ‘1 .. modified to more closely
model the acquisition of compulsive behavt 5 ¢ .. ' vard drug-delivering

paraphernalia in humans by replacing ther '<* sle I+ .rin the sign tracking procedure



with a bottle. Thus, a rat sign tracking a bottle will lick at the spout and theref~ -~ self

administer any drug contained within the bottle.

Tomie’s (2005) study found that repeal 1 . u'tent presentations (sign tracking

procedures) of an ethanol sipper tube induc~ w: 1+ 1anol intake than did continuous
access to the EtOH sipper tube. Also more g...5. .o~ act. /ity was found in an
intermittency condition than in a continuous acc ¢~ " "~n, which is perhaps indicative

of higher levels of arousal. Therefore, one factor causing »xcessive r | onding in sign
tracking is the experience with repeated insertion; ¢- d . z_ractions o "the cipper tube
which induces a state of arousal or sensitizalic., . ... .g the likelihood that an active
rat would contact and drink EtOH from a sipy .r1 « . . ie also found that a '+ Lugh
random presentations of the bottle and food . . ~ ~rate sign tracking behavior,
paired bottle-US presentations produce sign. ‘ca- ,  ater sign tracking. This indicates
that behavior directed toward the bottle increa: ., ... .. when the bottle becomes a
signal for the US. Thus, EtOH intake in the sign =l 2 procedure appe... to be due to
intermittency-induced arousal plus Pavlovian C: - - d  ~ponding (Tomie, Gittleman,

Dranoff, & Pohorecky, 2005; Krank, 2003).

Thus, the sign tracking procedure using a as the ' . ba - (hree components

that appear related to drug use and abuse. Furos 1 1auals pr. e to wrr g abuse (addictive

phenotype) are more likely to respond to the in” m -, present.. o5 of the bottle,
resulting in compulsive responding toward thet " " 4ppre. 1’ ws addictive
behavior. Second, the presence of a Pavlovian: ' uship between th . - ~Sand
food US attaches incentive salience to the bottl* .- 1..g the reward U ' ‘urther

increasing bottle-directed behavior, Finally, wt 1. : bottle contains a drug. u.:



compulsive behavioral interaction with the bottle - - .1l may further cc.tribute to the
maintenance of the compulsive behavior since the 1 .. stion with the bottle ..u" . in

administration of a drug (e.g. alcohol).

Behavioral Sensitization and Drug Abuse

Another way that sign tracking behavior i< . .lated to drug abuse is through
behavioral sensitization. Behavioral sensitization 1s ' ., 1 ... sated as an increase in the
Jocomotor-stimulating effects of a drug, such as ¢. (b « nine, after . .pei . ¢/ sure to
a consistent drug dose. The increased sensiu .1t; 1 1 1¢ drug with repeated experience is

believed to be a determinant factor of addictive behavior in rats and humans, and may be

a result of direct changes in the circuitry of the v, . . .uroimaging studies describe
prefrontal activity alterations and striatal acusit; © | u~u - resulting from « avioral
sensitization. It is believed that altered prefrc tal ~ + * ~5evidenced by pro. = as with
emotional stress regulation and inhibitory ¢ . ...l ' .. _ with heig hten. .. striatal
responses to addicted drug and drug-related sali ¢ .auli perpetuate habitual drug

seeking (Li & Sinha, 2008; Feil et al, 2010). Sign t.  king responses and the
psychomotor activation syndrome appear to be < s i~ havior vecause both U .navior
types are skeletal-motor responses. Skeletal motor 1 ~yonses include forward locomotion
actions as well as directed approaches that include « ..tact and manipulation responses,
which culminate in consummatory-like respons . , such as gnawing, lic"11g, sniffing,

chewing, and swallowing (Tomie et al, 2008). It . :increase of sign tracking behavior

as a result of repeated exposure to paired C. . a- | . _5may be - 1ted to the ir~ .ase in

drug induced behavior (sensitization)asar.. it * .o .. od drug <.pcsure.

10



Evidence of a relationship between sign-t 19 and psychomotor sensitization
has also been reported. In rats, sensitizationt 3t ...t wn with . .. y stimulant drugs
(e.g. cocaine) as well as with morphine. Altl g . . .« .nmore: iicultto
demonstrate behavior sensitization with EtOH, ¢.. .« ... ation has been shown

between Evo "1 and morphine (Nestby etal., "> % 1= -, 17%/). C == sensitization is the

experience in which an individual is initially serz.u.  to one substance (morphine) that

consequently sensitizes the individual toad...... .. ' an (EtC..). This is usualily due
to a relationship between substances, such i . ir. 1 - binl gwcal et o Th:<,08s-
sensitization between EtOH and morphine may 1  ‘'iated by a common interaction on
the opioid system. Evidence that there isa‘«.> © .. .. z.u n” between sign tracking
and stimulant induced sensitization comes ... ©.: ' reporting that rats that develop
predominant sign-tracking behavior showan: = < | “_acy 9 ¢ ibit .. chomotor
sensitization to cocaine, when compared torats - -, predominant goal-tra-~ ‘ng

behavior (Flagel et al., 2008).

Previous studies of the nucleus accu:__ - .~ zure (NAC) of the brain demonstrated
that the crucial structure for sign tracking is the ~n ~ structure that 1s implicated in drug
relapses within addiction. Flagel et al sugge., 1. ©  n-trackers are susc .ptible to a

form of plasticity that may contribute to the ¢ .v . _ 1 tof addiction. In support of nis,

Flagel et al also reported that predominant sign =l < hibited higher levels ~: D1

mt VA in the NAC relative to predominant __al ¢ = - .z after the 15t day of training
with sign-tracking procedures (Flagel, Wat . .0 ., & Akil, . .U7). but ar*~r 5 days
of training, sign-trackers showed dulled do, * . _ = exp... .ion patterns rela < to goal

trackers, including lower levels of tyrosine hye . v > dopamine t* usporter, and

11



dopamine D2 mRNA relative to goal-trackers vetal., 2007). The ~=2 data are

consistent with the hypothesis that behaviorar +  indi < d by sign-tracking
procedures are related to changes inthedc, ~ | ~./1a manner well-known by
addiction researchers. Furthermore, levels of th: . 1. = ptor was found to be integral for
sign track learning (Dalley et al, 2005) and levels ¢~ * . D2 receptor have been associated
with increased reports of "drug-liking" in hume- + > ~vetal., 2002).

Impulsivity and Drug Abuse

Impulsivity is closely related to drug use aii~ < 1se, both as a contributor to use
and as a result of use. Impulsivity has been used ¢ . .. _to a wide range of seemingly
unrelated maladaptive or inappropriate behavic ..  1ding the inability to wait, difficulty
in withholding responses, excessive presence of .. v .wd respon. .o, and
insensitivity to negative or delayed consequen  « ~ | Tuig. S iow 1, impulst gy is
a risk factor for drug experimentation, problematic - 1ug use, and contributes to the
inability to refrain from drug use. Brief fluctuatic 1 11 :cision-making or inhibition may
have especially negative consequences for <. & whe are trying to wootain {Lo.n drug
use, because momentary lapses in control or mh < 1 could increase the risk of drug
use. Extended exposure to a drug may also1 -1t it paired inhibitory capacity, which

may be due to long-term neurological damag r 1. “.nic drug use (de Wit, 2009).

Drug addiction has specifically been rela.z= 10 impulsivity by studies  yorting
that rats that are intolerant of reward delays su. .. .y self-admiai < :raure Et.,__ than
do delay tolerant rats (Poulos, Le, & Parker, 1%+ ° los, Parl -, & Le, 1998, . suiset

al have shown that rats, exhibiting intolerance to - [ Iy by choosing small
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immediate rewards over larger delayed rewards, su.. « nea: - consumed mo. - EtC.. than

rats that were less delay-intolerant. Their work 1.

drinking are linked phenomena (Poulos, Pare

the hypothesis that rats that perform more sign-tr

and drink more EtOH (Tomie et al, 2008).

Impulsivity’s link to sign tracking vt~

delay-discounting (impulsive choice) test. It st ..
lever-press operant procedure. In this procedure, ' :

that could be pressed. The left lever would be =¢ .l

' ('Q A

A F

O | QT 1Y LPUISi"" v ud Lo o
1. 7),and " 0 .1a . support |

Lo vwndtober  in. ulsive

', ~mie through the use of a

.t v .5 sted by using a two-choice

. dachoice L .., :ntwo levers

tlable and if p .ssed would

generate an immediate small reward of one pellet, v . : the right - =r would be

available less frequently but if pushed would gir .. 1> a three to five pell-t . .

that demonstrated prior predominant sign tri <., i.,_

and would respond to both levers, while goal t.c

lever. Additionally, during sign tracking sessiou

sign tracking faster, and with more CR than the .

reported after injections of dopamine agonist-1.'

amphetamine, and methamphetamine (Tomie, /* -

There have not been too many studies «
one study did explore how Lewis (LEW)a -

number of physiological characteristics, suc  as

axis activity, as well as on behavioral tasks. .. zi. ..

Gomez-Serrano, Weiss, & Riley, 2006). Since . _

=

c.rd. Rats

L .aovic - were more impulsive-l:

mari’  ..po dedon . one

“1¢ adaptive (impulei 2) group acquired

“1strite o/ group. Impu ~_vi .y was also

unds such as  aine,

+ “vhorecky, & " .njamin, 1998).

:stwin diffe. aces in impwisivity, but
o (F344) rat wains differ on a

_uwrmamic—pituitar,  adrenal (770

ot Z.gatracking ¢ sk (- crns,

.o ' has been linked to [ a5

functioning, impulsivity and drug taking, Keai: , . [compared LEW ard F344 rats on
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their rate of attainment and presentation of the s1; 1g “2spor~- . pats v trained

on a negative automaintenance procedure. 1. ... .. automi.. ‘.. ce pro . lure,
the rat was first trained on the sign tracking ; ~+ " :. Later, the sign .. ~king procedure
was changed so that the sign tracking respon. 5t.. . the manipulandum (interactive
object) were then punished by the cancellation “ .~ 1pellet delivery. While sign
tracking behaviors were diminished inthe n > *v< - naintenance » ~:dure, ¥

were usually not eradicated entirely (Monte1 o> & » _aslie, 199 . " 1e animals that v~

affected the least by the “punishment” were ¢ :t.. ' g more ra.nsiv: W. 2tk e
were not significant differences between strains v > . the negative automaintenance
procedure, LEW rats did acquire the sign tre @in .1 onse faster a. * pe = rmed the sign
tracking response at a superior rate to the F344 r- . . as is consistent 1th © usting
research that indicates that LEW rats behave more in Isively, are more sensitive to the
rewarding effects of drugs, and more readily <« - v drugs of abuse than 344

rats. These findings also indicate that the HP’ ~~* -+ yhaveamodu™ ~.y‘. , ~ion

sign tracking behavior.
Measures o 11,0 /ity

Impulsivity is a multi-dimensional ¢~ .« V0 1 Ve JUS inLp Ls1VItYy M woures
reflecting separate underlying processes. One |~ ~ 1s impulsive cho'ze which is
measured by the delay discounting procedui- u .. su. s impulsive choice and
behavior disinhibition as described above (V.. -..). Another process incluc 5
impulsive response-inhibition, such as respondii,  on a schedule . /Lich measures the

inability to withhold a response (e.g. Differentic! - ™rcement of Low Rates procedure)

(de Wit, 2009; Monterosso & Ainslie, 1999).. . ¢ * _nal impulsive process is
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impulsive action, which is measured in the n-; «t  automaintenance procedure also
described previously (Killeen, 2003). A di.™ . . vio o G6C. o inon-discomine  d
appetitive conditioning which is measured by co: - w1 ~* locomotor activity that
demonstrates behavior disinhibition (de Wit, 2ov " . 1stanley et al, 2004). In non-
discriminated appetitive conditioning, rats are f<. . 1.« 1etime cach day and their
locomotor activity is assessed. Typically, an inc: - :1n activity is found to be present
prior to the expected delivery of food which repr ~ “<. lack of behav...al inhibition.
This increase in activity is due to the associatior. . .. . 1th: specific ti.ae of d. v and the
food delivery (Winstanley et al, 2004). In ~~ h -~ per digme 1 apulsivity 1s
implicitly or explicitly associated with the er™ 2t : = 4 . 12 on the value "1 rew 2d.

(Monterosso & Ainslie, 1999).

In the present experiments we evaluated t - . .g+ . e-feature .. rimination
procedure as a potential measure of impulsivity. Int"  procedure a target conditioned
stimulus (bottle) is paired with food US ast 1al, but in * . pres.  :of a nega. v :-feature

stimulus (a light, smell, or sound) the bottle ("1 is  « followed by the . ~ '] . 1€

ability to use the negative-feature to predict that = .. ..__. not occur is known as
negative-feature discrimination. This task 1s t. . '.i it iy as an imputsi /ity metric to
investigate whether there are differencesint” 3¢ ; . 1 of negative-feature

discrimination between sign tracking rats wi' w & o it environmental .. e e, I sigr
tracking rats in one condition are more impul.i~'. .« 1sig  tracking 1.~ in another

condition, they may show poorer acquisition of .. . 1. ... . ve-feature « ._crimination.
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Environmental Influence wring Condi *

Flagel et al (2010) have noted thatrats « 1 .., 'y bred for high respc . vity to
environmental novelty are almost exclusively sie. - .rs in appetitive conditioning
procedures and rats selectively bred for low resy ac.ity to environmental no zlty are
almost .. :lusively goal-trackers. When these rats . used in sign-tracking procedures
with a cocaine US, the same results were found. ~ &~ -responders  ward novelty all
acquired predominant sign-tracking CR peri. rrac . hile none of the low r ;ponders
did so. Thus, the high responsivity phenotype . . r..' minant ..gn trac! .og
procedures employing either food US orcoci . T) ' v ilethel w .  Hnsivity

phenotype does not exhibit sign-tracking to « “n¢ 1 either food . . or cocaine =

Since high responsivity toward enviro. u Ity is typicat venavior of rats

raised in enriched housing conditions, the invest'~ *‘on of rearing conditions on sign

tracking behavior in the presence of EtOH p1.. .. . 1. :iting avenue o1 2xplora.c.y.
The two main rearing conditions are the star ".. | 2 condition and the enriched
rearing condition. The idealized standard re. . >+ ° '« 10frats often consists of the
inclusion of two rats in a cage with no other *u © * atth "~ disposal, while the

idealized enriched environment rearing conc.t .11 v 1w consist o1 . 1e housing of several

rats (typically 4 or 5) in larger than average < ..c ¢. ¢ _ that contain various stimulating

items such as running wheels, tunnels and s <=* 1~ may be alt<, :d on a regular
basis. Studies of enriched environments have ¢ .~ = auv that the enriched ¢~ .dition
brings on various neurobiological and behaviora. ... - ications wh. -~ may have an

impact on drug sensitivity and addiction (L. .ol aan, Macri, Solinas, & Jab -

2008).
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Findings from studies on environmental ~... . ~_ ~.nt suggest that this cor 1.tion
might act on precise brain regions that handle . to . svelty or conflict (such as
the hippocampus, amygdala, and the cingulate).. ~  -nally, environmental c**=ulation,
especially applied throughout adolescent de.. ol¢ .. ..~ . ‘justs the1 ...obehavioral
systems as is evident in learning, memory and dv ™ w507 . honses (Laviola et al, 2008).

The behavioral modifications include, amone t. v © ungs, the decrec._ : < ' anxiety-1._»

behavior. This adjustment change highlights the .. wed plastic.. - of the s, ..ms
mediating emotion beyond the age of weani, _ . ae atesthe v upr e ¢ ofan
animal’s physical environment (Holmes, le - vic - . Vogel, Mi - 2in, Leman, &
Belzung, 2005). This type of adjustment pla. .... 1= ttbe the reason ....,
environmental interventions protect against . .« :ts of genetic and/or acquired

vulnerabilities (Laviola et al, 2008).

.~ vious drug research with rats has sh 1" " rats reared in an enriched
condition are more sensitive to the acute ef.’ .-« ™  mine (dope . 1e agonist) than
rats reared in an isolated condition (Green etal .J1 ) st, u  1ed. - “ition rats self-

administer less amphetamine than isolated ¢ .11 ...1 rats ( .renes & b >_naguera, 2008).

which contrasts the results of an experiment . ..". . ... “ary Etu.. inte 2 that indicated
that enriched animals consumed greateram« .. ,f ~ “ithan1 ol “eA animals within a
two bottle (EtOH vs. water) preference task ( =~ *, Gibson, & = .mi ch, 1967). In
an effort to corroborate the different accounts, « . : study used cocaine to further >l

the environmental enrichment behavioral phenc:,, * <o tus study, enrichea znndition
and isolated condition rats were studied with a -+ < . > conditioned _J: ¢ > proic. nce

(CPP) behavior test while cocaine self-administ - .+ 1s measured. . 1riched condition
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rats exhibited less cocaine self-administration, = | ** - 10owing « .uanced cocaine C. | It

appears that this is because the enriched condr"_.1..0 ¢ h.l.ia proteci /e phenotypic

plasticity against addiction (Green et al, 2015 1+ s, thisef " .tisp ~ "~xical
because enriched rats are more sensitive to the ic . tor-activating, dopamine-releasing,
and rewarding effects of drugs. Therefore, er = ., l¢ ichment s¢ .ms to diminish

addiction liability without decreasing drug sensit 1 ‘< ieen et al, 2010). Essend~ "',

would be expected to show the sensitization .uw. “gs during use (as meast... d by

s

sign tracking), without the addictive preferer .: * .. ¢ _i "« 1 U | by self-

administration procedures such as the previou ly . o7 14 pre o oo task).
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Ex . . t1

Rear....: . =~

Sign tracking behavior is believed to .« ', v tin rats with a high propensity
of assigning incentive salience to stimuli associa =~ w 1rewards, as is typically found in
the addictive phenotype (Tomie et al, 2008). .nu. . . periment sought to assess the
effect of rearing condition (enriched vs. stand ') .« _1tracking of a bottle filled with
EtOH or with water. The observation that a-. - - - T e men’ o lang e sign trac ang
performance suggests that rearing conditions r - "1l the addictive phenotype (Lavicia
et al, 2008). Since groups that differ in suscept.L...t. . sign tracking also differ in
measures in impulsivity (Tomie et al, 2008),v -~ 4" :animals in a negative-feature
discrimination task as a potential measure of « |, '« /.1 7 . wpulsiverats < o
expected to show poorer discrimination than l..2 n 12 ve rats because discrimination
tasks require that rats learn to inhibit conditionca ... " 1g (i.e., licking the water

bottle) on days when the bottle is not follo, 4 by * {, 1US.

Mo ver, by comparing sign tracking of = .... with sign tracking of w. .. .. 18
possible to determine if the additional cons' . . ,i.1eaddicti . drug 'L " while
sign tracking further enhances sign tracking ven .~ = example, 1t is poss.ble that rats
drinking EtOH will show greater sign track...2 . 11 _ ~ .z drinking wa ~r because the
L.OH has become rewarding and has motivated . .:. .. to consume more Ete.__. In

addition to looking for greater sign tracking w1 "t." "~ . yosed rats, we als. .ok
advantage of the negative-feature discrimination | -~ - "ire to evaluate the .warding

properties of ethanol. If the rats drinking ethanol find the ethanol to be rewarding then
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they should not show discrimination because the « v .1 in the bottle is motivating their

drinking, not just the bottle as a signal for the fo let .5, Thus rats sign tracking
water should sho w discrimination, but notrats . 1+ ~thanol if the _t_ _ is itself
rewarding. To evaluate the effectiveness of thi; = "._y, somerats . .. giv . a highly
preferred Polycose solution in the bottle they v« =k g "tis well known that rats * nd

Polycose highly rewarding. Therefore rats ¢« nt.. ur ral's. cese colacon should not
show discrimination since drinking from the bottt .1 . ied by the Polycose and . ..

just the food pellet US.

an

Subjects

The subjects were 17 male Sprague- v.. -, from [{arlan (I lanapolis) that

were born on November 3, 2009 and were p .vi- * y v :d in other e Lc1” aents. All rats

within this experiment were previously used in1 -~ ditioning and v+ uine
conditioned place preference experiments. .* [za.. . .experienced mor _ine treatment

. he previous experiment, thus it wasnotnc .. to ..ater.aiance .. .o ~.on
assigned to the present experiment. Eight rats had I sed in ent. .hed environments
in groups of four since rats were 6 weeks of'age. '™ . cnriched environments consisid
of weekly toy rotation and 15 minute rodent ha~ ~ g. The other -~ stan- ~+ rats "vere
housed in pairs within shoebox cages. These hc' ~ . ; :. “ditions ..~:~ maintained

throughout the experiment except the last 2 . <« , 7.5, ...« . enriched environment rats
were transferred in pairs to shoe box cages to frc : u  enrichment cages for other

experiments. All rats were maintained on a 12 h 1 “at-dark cycle, with the light
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turning on at 8 am. All rats were given water - ~1{ - ad libitum, with one exception.
Standard rats experienced a 7 day food deprivat ~ via ti1ly | hour food access during
the first 7 days of EtOH’s introduction into the ¢ n* “1g paradigm. One standard rat
was dropped from experiment prior to EtOH int. '. * 1., reduce running time of

exp~ went. This experiment was approved by s 7 ostitutional Animal Care and

Use Committee. All guidelines for the care a .u = f - = set by the United States Public

Health Service were firmly followed.

Apparatus

Sign Tracking Chambers

Rats were trained in four standard (23 x -« x 23.5 cm operar.. ~ nditioning

chambers that were modified to accommodate .. * le bottle, The four t ...ng

chambers were constructed similarly, but there . > differences. All charr’, s had
cue lights and a lever that were located on the se 1Iv~iasth: food tray. but they
were not used for these experiments. Additiona'- 't were speakers located b . 2en
the two pairs of sign tracking cages that prov.c. ¢ .ound white noise 1 or Laese
experiments. All equipment was controlled by * . . written in . .odPC [lfaed

Associates Inc., St. Albans, Vermont).

Chambers 1 and 2 have cue lights forare] . lonthe tt 1.t ot .c of the
metal walls 10 cms above the grid floor. The lev. “1s ~:ated in the middle of the same
metal wall as the cue lights 9.5 cms above > =1 . ¢ 1. The food trays are
approximately 4.3 cms x 4.3 cms, and are locate. .. the middle of the same metal wall

2.5 cms above the grid floor. Chambers 3 and 4 . ., : <. : lights are located on the top left



of one of the metal walls 8.5 cms above the ; rid { . -, -12.5 cms above the food tray.
The lever is located in the middle of thesan .~ . ' asthe cue lig . <~ - 1s above
the grid floor. The food trays are approximately 9 ¢"... x 5 ¢ms, and are locate in the left
(2.5 cms away from plastic wall) of the samem .. 1. il lcmab :the grid floor. All
four chambers were installed with a retractable » «. u *cha s fro ~~ “2d ¢ ~~ociates
on the plastic wall closest to the food tray. A roie . - ple.f¢ e .. that i ceived the

bottle sipper tube was approximately 2.5 cms fr . 1" : <. d floor. The bottle was . ‘racted

between trials. During CS presentation, the bottl: “dwrea so that w c1py tul e
was flush with the plastic wall so that the rat. ... 1 .-k the sipper tube but not touc_: 1t
with its paw. This permitted the monitoring of li '. ... .. .L:rats’a., .. chtc ie USin
the food tray (i.e., head pokes) were recorde . | asel woare . Med As e iates

that are attached to the clear sides of the food tray.  ~-~meters from " " Associa  that
were connected to the bottle sipper tubes and also t~ v grid floo .~z uzzd to me utor

licks.
Holding Cages

Each day, prior to testing in the sign tracl” = ¢ ubc s there  were placed in
suspended stainless steel mesh cages (20.3 cms x ... eirt 2 22.9 cms) in the sign
tracking room for a waiting period of about 5 m. - These cages were also used for
acceptance and preference tests by mounting on ( pte e tests) or two (pr “:rence

tests) bottles to the front of the mesh cages.



Procedure

Rats were weighed daily and tested 5de, + ! T “nday to Friday, du.* g the

early afternoon. The rats were tested in squac 5 su1 Lo - reos were 2e..1a to the testing

room and placed in the holding cages for apprc.cn .}, 5 minutes bef. . being

transferred to the sign tracking chambers. The bc =~ .'inthe sign < Vrag pro- .. ures
were weighed before and after a sessionto = . .. :therats’ inte_ - in grams. The start
of a session was signaled by the onset of awh. ...,. . Attheend of . . ...i. . the whil
noise was turned off and the rats were returned to ~ - *~ ne cages.

Phase | — Adaptation and magazine training

In order to adapt the rats to the cham! ... . . i were r"iced in the chambers for
15 minutes with five 45 mg sucrose pellets (P.J.""  l¢  pany, L= i ster, PA.) in their
food trays. If all of the pellets were not const w~ 1, = 21 vould be exposed to a day of
magazine training. In the magazine training, tt. .. .. _uld be placed n their chambers

for 15 minutes with pellets being dispersed t1e: <. .1 minute. This magazine training

would train the rat to associate the magazine's <l = _ with the | .. catation of food. If
the rats were having trouble making the associeu '« herats wot'* be ¢ .0 “1to
another day of magazine training. The rats -~c~*- . 7~v5 of adaptation training uvefo.c

being introduced to sign track training.

Phase 2 - Induction of sign tracking and goal t:o (

All rats were initially exposed to 10 = y= _ v« ick training with water in the
bottle. During training, the bottle (CS) was prc. .0~ 1cr 10 seconds followed

immediately by the disbursement of a 45 mg su + Ueo(Us) After an intertrial



interval (ITI) of 60 seconds, the C.> US was pro. - «. ¢ 1in for a total o1 30 trials. Since
the standard-housed rats took longer to develop «_u <" 1g behi sor, they « 7 i1 ced
10 additional days of sign track training with =~ . r‘ > 1~ 20 days) be w: b g

switched to EtOH.

Phase 3 — Introduction of Ethanol

In the next phase water was replaced wiii. . J 1 L. 4 rats in the enriched
condition and 4 rats in the standard condition. 1t .« . half of the enricl - . .4

standard-housed rats would continue with water = serve as controls. '=cause it was

unclear how sign tracking performance would pr. = 1,4 we were inter .2t ~ in getting
the EtOH rats to consume as much EtOH as~ ., . t' fourm ... .lcientsign
trackers were given EtOH and the remaining rat : wven water, Ete 1 started at 1%
concentration, and gradually increased to 9% i~ woninonetoth  day
increments dependent on rat performance. The .. ... .rats :ached 9% concentration,
while the standard rats stopped at 6% concer ... . The enriched raic v : then reduced
to 6% concentration for direct comparisons of 7.~ _ ; of sign tracking | .. ormance.
During this phase some additional minor manif*' <o we :introg '~ « as pilott.. .. of

dishabituation (4 days) and spontaneous re.. . >ry (4 - _ys). Dishe® tua -1 o . consisted
of a single presentation of a stimulus change (- + .. .m lights off) pZr 1) the 23" trial of
a session. Spontaneous recovery involved te. in_ it a. L twice in the same day with
varying delay intervals between tests. These*+ , = 1onsdid 1. .af” <t sign tracking

performance and will not be reported in this the~ ..
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Acceptance and Preference Tests

After the completion of Phase 3allr s ..~ 4 one botile, 20 minute
acceptance tests within the holding cages. To ~ | " 1 tsto " inking in these cages
they were given several days to drink a highly pr .. rc . 21;z0se ©olution wre.. 100 ml
plastic graduated cylinders (results willnot * .1c. 1, followed by 1 d: - with 3%
E:. I solution, | day with 6 % EtOH solution, and 1 day with 9% . " soltu~u. The
acceptance tests were followed by 4 days of 20 minut  two-bottle p ¢1c.ence tests. The

preference test assesses the rats’ choice and consun,, ~ n of either a wa... solution or an

EtOH solution. Greater preference for EtOl1 g 1"« ethanol has gaincd . . varding
vai_. . There were 2 days with 3 % EtOH sol .~ i J~+ dby2daysw h6% L7~
solution. The position of the bottle with EtOH - ;.. ~.o.dacroo. e e

Phase 4 — Negative-Feature Discrimination

A negative-feature discriminationta : v~ 1 duced as a potential measure of

the differences in impulsivity between the a7 .t rat conditions and as a second
measure of the rewarding properties that may have . .. 1ed to the EtE.. The sign
tracking procedure was continued during this pb- ., 't "1 two changes made to the

procedure. First, pellets were omitted on half of 1 : +~vs and a cue (the "negative-

feature”) would be added to signal the abser -~ _ - » et US. - 291 -, the trials v e
reduced from 30 trials to 15 trials in order to lim. t- .22 bility of be acic. =7 incaon,
On the days of food omission, an odor stimr ... . *'.1to signal the omis.icn of food.
This odor stimulus was a vanilla dryershe¢* v =, " cedinthet .y below the grid
floor. Days with food are designated A+, w.u: - ithout food are - ignated /
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The days of food omission were chosen randomly, . . ... » more than two consecutive

days with the same condition for a total of 10« 7. " it~ 'y, the s ;uence of days
was: A+, AB-, A+, AB-, A+, AB-, A+, AB-, * - 1 ‘- Additiona'i; the bottle
liquids were changed to be 1 of 4 possible ¢ .'n - The four po. .ole solu .ns
were 5% Polycose solution, 7% EtGF and 5% <~ -y ~are, 7% * *f or waler.
Data Analysis

The primary independent variables in ea~. | . re the housing condition

(enriched vs. standard housing condition) and the u .y ftraining, with housing condition

as a between-subjects factor and days as a w...Li- " 5 factor. W Dtu.. w Sinthe
bottles the type of Solution in the bottle (EtC..« =~ ) wasas .ca ..-subjo. factor,
and the EtOH Concentration (days at ethanc | “uvs. St *C . .nation . days
with water) was a within-subjects factor. Durin - - ature discrimination training
(Phase 4) an additional independent variable . ... r ir_inthe pr:. 1ce (A+)and

absence (/.3-) of the negative-feature (within-su..  ":). The dependent variables were

licks and milliliters of solution consumed for 1 .. of sign tracking. while head pokes
was the dependent variable for measures of goal t *~'“~¢. " ne depen- -t variables for
each phase were analyzed by separate ANG .. ... .. ~1by post hoc ~ aparisons using

1'SS. The Phase 2 and Phase 3 data were anal 1 as Rearing Condition (2), i 1.. s

mixed factorial A’v > VA. In Phase 3 and 4 (wh¢ « <~ "Iisintt. ".ced) the data were
analyzed with a Rearing Condition (2) x Etl: ~c! s tior (6 or 9) x Solution (2)
mixed AN" VA. The negative-feature discrr.. i t..cc 1.1 were anal; ~4witha = ..
Condition (2) x Days x Negative-feature (2) .*~ .. Additional ... . Asv~ -

calculated as needed.



Results and 1’1, 1

Starting with the first 10 days of sign tra . aisition with . . cr, the enriched
rearir.. ~onditiot had begun to show an impactin © . king acquisition. As seen in
Figure 1, the sign tracking performance as ¢ .... © ', licks (or approaches to CS)
show performance differences which beganat ~ _ ., . uaing. A Rearing Condition (2)
x Days (10) mixed factorial ANOVA revealc 1 ..o _.ont interact.2.1 o L ays X ..” -ring
Condition, £ (9,135) =8.023, p <.001. Thus, * > . ~ 1gs suggest that enriched rats

acquired and demonstrated more pronounced signt '~ ~'~g ,cnavior 1an standard rats.

1200.0 -
1000.0 -
2
< 8000
q 1
—  600.0
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=]
= 4000 A —8—sStandard
200.0 ‘ - *—e
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Figure 1. Phase 2- Acquisition of Sig.. 1...zlay .tk - /ater in the L ottle
" ncurrently, with sign tracking acc * ~ . L:ratsalsosh.. .Jdevidence of
classical conditioning as demonstrated by I 1, vinty he -4 ray dun g the
presentation of the bottle CS as shown inFi- . -, 1 . conditioning | - seen by
comparing head poking 10 seconds prior tv ! 5 (Pre-CS), during the CS, and the

10 second period following the CS (Post-CS). ~ : that the bottle .., was associated



with the food pellet US is indicated by great=i r«« »  'n~ during the C ~ ~ompared to the
I .- CS period. Typically conditioned respos 1 .c ¢t ues into the 1 'Lot-CS period

before declining later in the ITI. A Rearing * v w(2)x Time ™ "~d(3)x "~ i (10)

mixed factorial ANOVA revealed a significant 1= -~ -, F(18,270) = 1.472, p < .001.
This interaction was evaluated with t-tests for \.." . pretation.
T-tests revealed no significant differc . 4 a the T :-C 5 and CS head po’ -

on Day 1 with the enriched, #(7)=-2.317,p>.05or . ard, (7)—- :.G_ , p> .05 rat
groups. But, by Day 2 the CS head pokesw 5 ..¢ . 1. .7 greater ..t .d
pokes with the enriched, #7)=-2.768, p <.05 . .a = « 1 t(7)=-3.022, p < .05 rat groups
indicating conditioned head poking. Withre, 2 1< y. v ad p v 1ug in the CS 7 ~iined
in the enriched rats, but not the standard rats. _ ;1 /10 the head pokes no longer
differed between the Pre-CS and the CS pez.. 511 enriched rats, / (7) =-1.231, p > .05
but continued to differ in the standard rats, /(7)=-4 277 <.05. .ri decline in the
enriched rats was due to the much greater ir 1 o itracking in v en o rats

compared to the standard rats.
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Figure 2. Phase 2 - Acquic *~++ © ". a1 ~king

Figure 3 shows the mean consumption .1 .« or .ater in miL....v .5 for the rats

1

raised in both rearing conditions in Phase 3 wh .. : _tOH rats were receiving gradually

increasing concentrations of EtOH. This figure: . ;"°.t" Iconc..  ns as blocks,
which are composed of the mean intakes onthe - + " the same < .~ wcentration.
This concentration is then compared to the <. .. 2 2=~ .~ tion of days as the controls that
consumed water. The EtOH concentration is cot * .. 1v ..adays of training in the sign
tracking procedures since with each increas: ¢ * “‘on the rats had more

experience in the sign tracking procedure. I. v * to facilitate the p .. tilud wof

the data the days were averaged by EtOH co _~ause the standard rats

8
P

received fewer days of training in this phase and L.. “_ic. . received only up to 6% 1 t s A,
only the first 6 concentrations were analyzed ina '« "ag Cond. ".n (2) x Loiation (2) x
Concentration (6) mixed factorial ANOVA. 7 :¢ «  ;found an 1. = ction of

Concentration x Rearing Condition, F' (5, 60) — 2.1 = p <.05, and an interaction of



Concentration X Solution, F' (5, 60)=6.354, . © _J)1. ..« “lerence between the
standard rats tracking EtOH and the standard ~ = g I" DH was pronounced early in
Phase 3 when EtOH was 1%, #6)=2.835, p<.05, v . -~~~ no longer significant at the end

of the phase when the EtOH rats were drinki ., o/ =77, 1(6)=-.012, p>.05. This | :f of

difference was due to the rats sign tracking = = v .n = -~~~ initially p. or sign trackers)
inc .. sing their sign-tracking behavior with- ' 1ing. The diff..  « when EtC..
was 1%, (6) =2.470, p<.05, also tended to -~ =t .. the enriched rats { « “ing

Et _H and the - riched rats tracking water, i " % (v~ groups no w ag,  differ d,
H6)=-.. .2, p>.05. This analysis suggests that ... ¢ .. . dc...rens 3 betv. .2 ine

EtOH drinking and water drinking groups was ¢ . .. st cigthof vi_11.. .<ing
performance and not influenced by the availabili <. "\ J77. =3¢ ually, consumption
rates were higher in the enriched rats than the stan 1 ' and Ec )™ const v stion was
higher than water consumption in both conditiz: 5 «.. ver, this -~ =z .u 1 < zate that
the EtOH sign tracking rats experienced EtCil o 1 . ~ding. Therefore, we decided to

introduce another manipulation within the d” =:x . . task ", :00l for a hint of

reward.
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Figure 3. Phase 3 - The Introduction of Ethanol. * solution e« 51, .d by groups sign
tracking water or gradually increasing con~ ot ... .. ilc ... Intal" .5 were averaged
across days with the same EtOH concentre = ulable forth: - = [ groups.

Figure 4 shows the mean EtOH consumyp +  as grams of © <. ncu ned per
kilogram of body weight. This figure shows onl, © - rats that rece.~ .1 _.. [ during sign
track training. For analysis, by controlling for t . <Ight and remq . .ng water sign
trackers it is possible to see that enriched rats c.. Imore _.J 11" tive to body

weight than standard housed rats. A Rearing ¢ ¥ (2) x Cor~=, tration (6) mixed
factorial ~ .~ > A supports this finding with « 1~u of Concentration x Rea. ng
Condition, F' (5, 30) =6.072, p <.05. Additior lly, <= :=oznoch s e
consumption over the 7% to 9% EtOH concent. * . , .1 the enriched rats .. ..vealed by
a one way repeated measures ANOVA, F/(2,6) = 257 > .05. This . asthat t7 s
concentrations of 7- 9% do not appear to fui w1~ :mean consumption of 1

with enriched rats. These findings suggesttl. ... . -1 . ichea o .virs L.ients generate
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more pronounced sign tracking behavior which in © 1y .ac.utes hugh o

consun pu~ 1 thereby increasing vulnerability to .

Soo1.2
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E - —8— Stz .. ... . ats
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.. Cond¢ ati...ion (..)
Figure 4. Phase 3 — The Introduction of Etha ' .., 1 atake - = 2o~y as 4 ams of
EtOH consumed per kg ot 1 iy :ight
Enriched rats were found to drink more ¢ " athigher conc . .wau  than
standard rats within the sign tracking proced - © ule ' srocus e g does not
translate to mean that enriched rats are add. ... .. .. The data sugg=..z that the sign

tracking procedure was generating the drin 2, . * .7 .. and the a." nuwon ¢! t0. 1 did
not affect drinking behavior. In order to det . @+ ther or not Eto 1 [ had become at

all reinforcing to these rats, EtOH was prov“<d .~ ofthe sign =l ‘ng procedure.

A one bottle acceptance test was usc as .:l. . wypr  dureiod  .aineif
the rats voluntarily accept the solution. Wittt 1, the greater intake mear = u:
greater acceptance of solution. This experin.cti .1 .o tance te... .t 7%, 6%, and
9% EtOH solutions. This procedure was then{ "Ly 3% b " 6% Lll.. soluae .
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preference tests. The two bottle preference test . v “.udn 1toassco. drug: ' 'ng

behavior which is associated with addiction. ats «* | =17~ 1 to be rewarding will
seek the EtOH and drink more of it over water. 1 .. : 5 shows the :__ults of the
acceptance (top) and preference tests (bottom) tt "« . ..Adatthe end ol nase 3. A
mixed factorial . "~ VA of Rearing Condition (2) ¢ =~ 1wy < ~lution (2) x
Concentration (3) revealed an interactionof .....r . nxSolt .n . .ninthe
acceptance tests, F'(2,24)=4.597, p <.05. .l.o. ©  mwasdue to . enrich 1o
that sign tracked EtC 71 showing a greater prete ., ™ 0% "anta k. grovy o, but no
group differences at other concentrations. : - a ~lly tnere was an eff -~ of
concentration, F' (2, 24) = 10.818, p <.001. Th ... - rts the ov rall de ;ur..ng trend seen
in Figure 5 of decreasing consumption within the ' " - .. enc ~ons.

The preference tests were calculated v . .. . ...l consum .. using the

“u mula:

mls of EtOH

x 1o

(mls of EtOH + mls of .

A score of 50% indicates no preference for - .1 a score above 50% in "cates a
preference for Et 1, and a score less than 50% ¢~ * 2 prefc .ace for water. The
graphs (see Figure 5) show that the groups gen~ » .« ~u © strated no p. . rence for
EtOH. Although the figure suggests a prefe. 1ce fo. “% 1 ._[. in the standard rats, a

mixed factorial ANOVA of Rearing Conditi . (2 x " .10l C. . centration (2) calculated
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on the preference data revealed a non-signiti~... . .. ction of Cche witrc 1. x Rearing

rooadition, £7(1,12) = 1.76, p > .05. All other int . ¢ s main efte .; were also not
significant. The results from the acceptance t - ~ o~ tnat ¢~ cate the sunsiaerable
consumption of EtOH during the sign tracking .. ' the EtOH did not become

sufficiently rewarding to establish a preference & . | The fact 1at the . riched rats

drinking EtC  while sign tracking drank me_>¢ . % ~t.... _athe . her grou-.
during the acceptance test may reflect some hab. c1tothe ar ..o.. o taste quality of
EtOH, sit ~= these animals consumed the mo it =t "l ing Faas 3 of sign tracking (see
Figure 3).
Une-Bottle 2 Test
andard-EtOH
standard-' rater
— " ched-EtOH
by ched- -ater
; 15 o
E
s
! E T
= 10 A S
; ) . h '\,_\\-
3 AN
i, -
I - —H—ﬂ““—b_‘_: I

3% EtOH v, —.0OH Y% EtOH
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Figure 5. One-bottle acceptance tests (top g. ,wh, .t .-bottle pref rr : tests (bottom
graph) following the ~. - » . _ase 3.

Thus, the accumulated evidence sug_. . t.  use the enriched rats are better
stgn tracke °, they consume more EtOH. Hc+ v ~ 1se the enriched rats showed no
preference for E . compared to the standard - tv- :is no evidence u- . nriched rats
are addicted to EtOH. While this data does ..t . vic acomplete ..o :_iac icaon,
the data does suggest a lack of drug seeking beb: . .. ™in the ., v bottle pLr .crence

task.

:cause the enriched rats consume . . @\ oo "water (I .. standard rats
within the sign tracking procedures, itispc. 5l « 7. .. Tratse engagingin
more impulsive responding toward the bottle. v« t1 son,anega. -feature
discrimination procedure was introduced as a . . ial impulsi~.., ra o1, vathim the
negative-feature discrimination, impulsive t .1 .. , .nt might be demc...u. ted in two

potential ways. First, as in the previous test . we 5 *,. 11 3p 4" 2. enriched than



controls on A+ days in which the negative-f .1 ... . ~anilla odor) is not pr .. .nt and
they receive a U, would suggest an impulsive .. ... . Second, impulsivity might
also be demonstrated by slower acquisition © "~ ~ i1 1a =1 learning. That s, impulsive
rats should have greater difficulty learning to ... . ' responding ¢ . _it¢ non-

rein’y cement (4.3 -).

[t is possible to use the negative-fea @< ~ui 1« ~ntask 10 (i uer evaluate the

rewarding quality of EtOH. It may be that the tv =~ = '~ test was not sv 11 a7 _tly
ns... 2 to detect the rewarding properties ¢. & ... .t th. UtOH became re ..rding to
the rats sign tracking EtOH they should also ~ .. : ., discrimination  ..ing because

the solution in the bottle is motivating their -~ 1+ _ 1~ .just the bo u: a signal for the

food pellet J_. Thus rats sign tracking water s ac "1 -h~ v discriminati o ¢ nce water is
not reinforcing to non-thirsty rats, but sign trv "k- .. tZ.. should not show discrimination
if the EtC. is itself rewarding. To evaluate . @ = ... ot . . :trategy, Polycose

was added to the bottles of half the rats signt - - _ water (Polycose) and half of t  ia
sign tracking 7% EtOH (EtOH-Polycose), thet. 1. g half ~ 'tl - ~oginal group
continued to receive water or EtOH. Therer. 2, . i1 tracking a Polycoo. e, ation
should not show discrimination since drinking f..... ' bottle is mu... vated by the

Polycose and not just the food pellet US.

Based on an initial analysis, rats expc ~ 7 . [ItL 1L and v.uie. solutions
responded similarly within negative-feature <. . > wsts. TI ..o was no apparent
EtOH effect or interaction of Polycose and ri... v .tanalysisis im {0 the low
numbers of rats per condition (N=4). Thus, -.. ~ .....divided = 1.0 2r ups for

further analysis. The rats sign tracking EtOH or . ... :combined o form the Gr.n .



Non-_ olycose and the rats exposed to the Pc.; . @ -1 1.nswe. . comb.. .d to form the
Group Polycose. The negative-feature disc. wnatt -~ anal .o 1s a mixed factor
"5 of 3oup (Polycose / Non-Polycose) x | = ¢~ Condifizr - . _ched vs.

AN

standard) x Discriminative Stimulus (SD) (A . .+ =) x »s(5). Figu . { A<picts the

responding (sign tracking licks) withinthe . t+ - 4 :disciu unation tests,  r»
27 IDVA showed an interaction of Days x SD i, a2 Tondit'e.. F(4,48)=3417 p <
.05. The enriched and standard groups signt ' . . .. ..o <4 not show an effect of

discrimmiation, F (1, 6) = 66.887, p>.05, which . th:argu, . tthat whena
rewarding solution is in the bottles the rats w [l+ . discriminati=__ It - res not
matter that the Polycose group is not getting a ... cr. /.- trials, they drink because they
like what is in the bottle. Additionally, the Nc.. 1 ¢.. .« :.its did show an effec. of
discrimination, F (1, 6) =37.434, p<.05,and <> "= it very quickly. This means 2
things. First, the Non-Polycose group does: . = o or water rewarding, which
confirms the preference tests with regards to ‘t .1, Second, enriched rats are not
impulsive. Even though they are sign tracking at * .., [._hlev .. the discrimination task
suggests that the enriched rats are not impulsive. © * "1 lly, the enriched rats'
discrimination was better with the Non-Poly - ' - than the standard rats,

suggesting that they may be less impulsive than .__: - =.ndard rats.

Rats in the Polycose groups showed the i, toverall - ponding, with grea .«
responding demonstrated on the days in which .. - 2.z preceded the sugar pellet.
Additionally, standard Polycose drinking rats .. . 14 . higheot.copo.ces. . ith
enriched EtOH responders generating higher .. o . than «adard . (Ot pos "urs.

The negative-feature discrimination findings - " anterp . ations. First,
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discrimination was learned by the standard an< 2. " .. ts in the Non-Polyes, , gre ),
'ond, the findings support the rewarding p. » <7 "~lvcose. 1w 1, there was
higher overall responding and better discrim 2. 2+ = r..c. 2¢ raw n the negative-

feature discrimination tests.

To sum up these findings from Expe.. . t1, ¢ .<hed rats showed gre: .«

acquisition of sign tracking and thus consumed ©  : ethanol than standard rats.
Nevertheless, the consumption of EtOH dut..1e - >+ v 2] ng did not establish a
preicre 1ce for Etu. [ in either housing group. .. cv- aredin maaationt. s

revealed that the enriched rats were notimp L1 .« .ttt yreadily redi ~~d resp, . ing

when the sugar pellet reward was not present - - * /"' trials. “>od - ‘minati 1
performance also confirmed that the EtOH a. _ =~ rv. :aotrein.z i during sign
tracking, since the Polycose conditionsdem. .~ * ... twhenaic..... .g solutionisn

~

the bottle, rats do not display discrimination . ..., t ., ., althrogh cie enrica, 4
rats were more vulnerable to the effects of F - . I -~andard - sbvecruse they v
sign tracking more, increased impulsivity as mv ~u~ 1, the disct.. - _.ation task and an

“addiction to alcohol” does not adequately exp’ "1 ' 1. drinking behe. . ..



35

Enriched
30 4
25
T — —& E ]
20 i \f" o
15
///“\\
10 E \\!\\7
5 Y
. ) L - Non-Polycose: A+
R 0 o ' ; ! ; Non-Polycose: AB-
i 1 3 N 5 Polycose: A+
S, 35 - —- — Polycose: AB-
! Standard
30
25 P
20 ) .
15 A
10 4 )
5 h « /I
i )
0 L T T T - 1
0 1 2 3 4 5
2-Day Block
Figure 6. Phase 4 — Negative-feature 1 ... ar . task. ..’ a..otest . trials in
which the bottle is followed by the sugar pellet. . - tes the trials in which the bottle

is not followed by the :



Environmental Activatt ...~ i, e System

In the past two decades researchers .. 1 .« " fields i ady have "L ~cve, A

that the nervous system and the immune sys' .. 1+« - intimately in response to foreign
substances entering the body including viruz-.z, . .:..1, and drugs of abuse. This
discovery has led to a new interdisciplinary t'. d " | Neuroimmune Pharmacology
(Ikuzu & Gandelman, 2008) Thus the neuro-unr > .., ~1se to drugs of abt -~ may
share characteristics similar to the neuro-im: > <=~ == to bac* __~| i v “tion,
suggesting that immune system activation by ... . . . ..sader (¢.g. bacteria) may
affect the subsequent neuro-immune respon . (v« . fi igh Luva o (€.2., alcohol).
Since the nervous system is involved, some « - © sealtere Hus may be
behavioral. One way to investigate activation of minune system is o expose subjects
to lipopolysaccharides (LPS) rather than to a~wual .~ ..

LPS are large molecules consisting = .1 w1 - - itoxin and a . nysaccharide that

are found in the outer membrane of gram-ne ... U ... 2 (Raer & Whitl. .d, 2002).

I'1 ., serves as a physical barrier that provides .1 protection from its surroundi.gs
and is recognized by the immune system as ama  * < r we detection ox vacterial
pathogen invasion. LPS is responsible for the .~ '« wofinfleu ~1ac ., spons °
and in extreme cases, endotoxic shock (Ros . . .. :! 1a1,2006). In =7 =, .. yactas
endotoxins that elicit strong immune reactions in s

LPS stimulates production of inflamm: .. , « . anes in the brain and blood

serum. Cytokines are small proteins, peptides, v, ', 0 ot "isthatare o .ied by cells
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of the immune system that are used extensi=1y .« . alar comiaunicauon el g
tumor necrosis alpha (tnf-@), interleukin-1beta (IL.-18). ¢ 1interl ki, ([L-6) (Staw 9s,

Malellari & Chang, 2008).

LPS have been found to cause acute w1 =+ . ats with such f=_wres as
hyperthermia, reduced food intake, or inactivi’ . = 1 :to LY, may have a .. g-term

impact on the nervous system which may generate 1. 1 us system prc~nloyg; and

behavioral changes and in turn produce enhe 1~ .= - - =tibility to dr. gs <1 abuzz. Rodent
modelc could accommodate a better unders: 1« ‘L immune-nervous syst ..
interactions. In Blednov et al’s (2011) LPS '+ v.." mice they found that .. sv :to
LPS caused alcohol-preferring mice to drink '~ : ~  ~ aslong as 3 months after a

single injection. Experiment 2 examines if i - =1 .t -+ f' oncuasequ -talcohol

...late 18 also observed in rats that were not s . .. .. L. 1.l prefer alcohol. ... .vever,
there are several substantial differences betweent . . "1wovetal stu _ and the pre nt
experiment. Whereas Blednov measured the pref » “« Et" H in 24-hour two-bottle
tests, in the sign tracking procedure the rats are -~ = -~ to small volu . 50f Et .1 in

brief daily sessions. Tomie et al (2004) and ©.. r 2. 1. of <xperim: 1t 1 show that

although rats will consume EtOH while sigi. .. «  (wydonotd . lop . .fe,once
for alcohol as measured by separate two-bott!. * .. T although to s agntre~t o g
procedure induces alcohol consumption, the sh~ .« ¢ Ty exposure to . 7 isnot
sufficient to induce a preference for alcohol . ver - . Therefore, in Experiment 2 Et -
was introduced in the home cage to provide " ' L. ... w. This addi.... to the

< erimental procedure permitted an evalua . "t T tsof " s on compulsive
ethanol consumption in the sign tracking procec * :. . 24-hour two t ~ le preference
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tests in the home cage, and in short-term twe o'+ -0 encet .5 in a test cage. /|

rat strain was changed to Long Evans rats be ¢ .1 are © ggest 1o be betier
sign trackers and are the exclusive strainused in 1 .. s stud .. (. caue, 2008).
Method
Subjects
The subjects were 24 male, 40 day old, ..r = . nsrats from I ‘arlan
(Indianapolis) raised in pairs within shoebox cug . | sots were given tood and waws

ad libitum. These rats were maintainedona 121 "~ -dark cycle.  u the hight
turning on at 8§ am. " 1is experiment was ap, ~~ 1 . ton Hall’s ..._atutional Ar.....u
Care and Use Committee. All guidelines fort - . L use of rats set by the United

States Public Health Service were firmly fol' . ..

Apparatus

N

This experiment used the same appa. .. ~riment 1, with the following
modification. For the negative-feature discrimin: * . 1> '~ abu. :rsound was used as
the signal for non-reward instead of the vani 4, v .susedin ¥u. Mew LA

Piezo-bur~ i (RadioShack 273-0066) was:. 1 - 1e top of the ceiling of all four

chambers.
Procedure

L] = Treatment

At the age of 55 days, 12 rats werei _ > 1 4 1 Uy with I ml/mg/kg of
I (from Salmonella enterica, Cat#L6511, Si~ . Louis,; "} -~ ed insaline,
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while the other 12 rats were injected with the equ ~~ =. amount ! saline. In’. ..10ns

were aligned with rat pairing (each cage-mate ..~ "« same 1. *2 10n treatment) to
minimize confounds, and for ease of measurem~ 1 1 .ats were given | -~ k of
recovery time prior to the progression of au. .t~ . . 5 /4 "4t Lally, rat body
weights were recorded from 1 day prior to injece . 1d the following 15 days.
Phase 1 — Adaptation and magazine training

This procedure was the same as Expe.s s o » “hinthes .., i w

experienced 2 days of adaptation before continui v 1cse 2.

Phase 2 - Induction of sign tracking and goal trac

" ais procedure was the same as Experiment { .. alenced 9 days of sign track

training prior to Phase 3.

Phase 3 — " atroduction of Ethanol

Water was replaced with EtOH for 7 rats in11: " . 5 injo .wed condition and 7 rats

in the saline injected condition. The other 10 sign = <+ rats contint | with water to
serve as controls. With the exception of two pai.  __* . -.-trec. . pair and one sal. -
treated pair), the rats were housed with a part. 2yt -+ -ark tl Cinil solution within the
sign tracking chamber. EtOH started at 1% ¢ ., . w0 and wo.o 1upto 10%
concentration in one to three days increments « |, ~~  .onraty “~uu nce. This
procedure continued for 58 days. Concurrent , - ing on 1y 28 and continuing for
the duration of the sign tracking of EtOH proc.- .- ¢ second be ' » which contained

EtOH was introduced into the rats’ home ca_. »." .. ".llowed a similar conce. .tion
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progression as the sign track training. The Eto.. 11. ~ bottle . 1+ were alt 1ated
daily. This was followed by 5 days of 20 mi - 7nce tests with e hole.ag

cages. There were 3 days with 6% EtOH solution .ol ., .." by 2 days ...h 9% etha 1

solution with the left/right position of the b, * "across days. ! ic same bottles
as =, €. a1 ent 1 were used. Thus, the procedurar - 1 = for this phase was: 30 days of
sign tracking with ethanol, 28 days with ethe...1.  :* sting chamber and home cage, 3
days ¢. (7% EtOH solution preference tests, 1472, v at 9% - U GRVRDE PR
tests.
Phase 4 — Negative-Feature Disc. s iuation ¢ <~ '~ - -u 1 -aining

There were several changes made to ther _ .ve-" ture discrimination
procedure that was used in Experiment I, forthe 2 ofex _ ring alternative
methods of administration. In the previous ¢ v 7.1, the reinf2. . {¢.  and the non-
t. aforced (AB-) trials were given on altern.tuyg '+ with the same ... ' type wil.1a

day. In the present experiment, the two types of « .. . ation trials wi . 91 <. 1n the
same day. The A+ and AB- trials would occur m 5-* 1 | blocks, with the © - block
starting a session on a random half of the nc” 1tr .- > _:training de;s. This negative-
feature discrimination task was run for 9 days . .. a 10% ethanol so.uuon 1n the bottles
of the Et 71 groups and water in the other g . . ' @ wve-lfd . JaILLug + w
followed by 4 days of extinction training in whr~ . : "swould iy | car each trial

within its typical schedule, but without the pairir- .« sucrose pellet lomecag

bottle remained available for only the first S ¢ . ... .. -feature tra. ui.g. " 1wus, the

negative-feature discrimination procedure sviu . . . ;5 days of training with
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concurrent home cage EtOH followed by 4 days g without ho. cage .~ {and

then 4 days of «. tinction training.

Data Analysis

The primary independent variables in« ~... | 1se we ~ the L - _ treatment _ . _ or
saline) and days of training. The dependent « ¢ . =~ .. licks -~ A r.....liters of solution

consumed for measures of sign tracking, whr. . tl.- < udent ve. .ble v 1. acad pok .

" ~measures of goal tracking. The dvpendent @ for each ph -+ were analyz * ¢
separate ~ 17 3 "As followed by post hoc con. ... . ~..3 The Phase 2 anc . ha.: °
dependent variables were analyzed withanimr. ... .".m Cond..’ .. (2) x . . so0r

Concentration (10) x Solution (2) mixed factor.+ " '.+. Immune systemi ~ndition ¢ .~

S “u < aare between subject variables and L « * 7 ucentrations (i.e., days at
Et "1 concentration vs. same combination ¢ u~ L 1 _)are within sub,
variables. Additional ANOVAs as described m -~ .. 1 will be conducted, except

that L. © Treatment replaces rearing conditionas . .| . .rd o ot dva: " le.

Results and 1. R

Body weights of LLPS treated and saline irea. ... rats were recorded from one day
prior to injection, to 2 weeks after injection to e. = 1.2 L ctsof . . onsul. .quent
body weight change. A mixed factorial AN A+ © ~tion Condition (2) X 1ys (2)
revealed only an effect of days on the body * ¢ .-~ o i 1the day prior and the day
of injections, F'(1,22)=6.822, p <.05. How' =1 1.~ [factorial AlT A of Iny .uon

“cadiaen (2) x Days after injection (11) rev. .o, .1 e~ ‘onbel . en Days x

Cx

Injection " ndition, F (10, 220) = 3.137, p < .001 7 ;evidentin Figi : 7, the
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inj .aon resws =d in lower mean body weightch .. v: . continuec ., ow . with
the weight changes being approximately the oo v.oadofthe twor - 2ks. Thus [ o
was it Ve in inducing weight change, and a) v acute illnecs wo asosalt of

immune system activation.
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Classical conditioning was demonstrated by It d pokes to the food tray during
the presentation of sucrose pellets, as seenin . - : 8. As arer ..ader, this conditioning is
seen by comparing the time pointof 10sec. . It 1 . g pocto L (Pre-CS), to
the head poking during CS, and the 10 sec¢ .« '} poking follov... g the 5 (Post-
CS). An Injection Condition (2) x time Period (3) x s (9) mixed 1 .~ral 2 S ’A
revealed a significant interaction between . o ¢! o, F(16,352)=2.. _, p<.05.

Additionally, there was an effect fPeriod [£(2. 44) = 13.771, p < JU. |, anon-



significant three-way interaction [F (16,352) — 1+, .05], and non significant main

effect of injection condition [F' (2, 44) =.18¢. ,.> "._" " L .. results indicate that classical

conditioning does not appear to be affected by f'! = ‘ons.
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Figure 8. Phase 2 - Acq... cliTlad poaag

Sign tracking acquisition is shown in .., . ¢ .here were no significant
differ .zes between sign tracking acquisitio 1 p¢ ~ « .o withw o tween the
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Injection Conditions, F'(8, 160) = 1.079, p> .05. . - ~=onlyan« .. ofsign
tracking performance over Days, F'(8,160) = 3.5 1.~ <.05, confi. 1ng the acquisition of

sign trac 1g n both groups.
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An Injection Cundition (2) x Solution (2) " 1wentration t ~cks (10) 1 *~vud
factorial ANOVA on the sign tracking data -~ r~t 11 _~ductiono ~ _ ' (Phase 3)
revealed significant interactions of EtOH concen.a .. .1 by Injection Cona’™. o1 F(9, 180)

=2.758, p <.05, and of Solution x EtOH Cc. .. 1« £(9,180) = 2.064, p < .05. Yet,

u: expected three way interaction failed to be t. £(9,180) 257, p>.05. Th

interpretation of these data is complicated with ~ .« ~ . “improvement” in sign trac” ag
performance. Figure 10 shows the injection ¢ ... ‘... ., EtOH _.icentr uc2a interaction,
with the 4 groups on separate plots. EtOH cc .o Jt ksare Lipelcco.fieai s
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that the rats received a given EtOH concentration (1%-10%). The. - concentrati. .; were

compared to the same combination of daysast ., hat consur 1ed water. ispection

of the graph suggests that EtOH may have ir = - - tracking 1n the saline-tr .. !
rats, but not the Lr _-treated rats. Note that . .1+ 77 “wac d rats showed ¢ ailar
lick rates at all concentrations, the mean lic™ of - : ' .:-treated rats = :increasing in

the beginning of Phase 3 when the EtOH cc 1oz...00 s sre 1o v+ hich most V' Ly

v
v

reflects increased sign tracking with practice

Although Tomie (2008) found that tr . ac t .aof tC.. to "1e bottle can increase
sign tracking in Long Evans rats, it seems ur..k ;17 to¢ * athe appe . diff. uce
b.. veen the =.J7T and water drinking saline- . ~ .4+ :ause the « * ference was
obse + «d at the very beginning of this phase, 1 . : ~.___conc :muraudis wre very

!.w and unlikely to produce significant pharr.. .»l. .. | effects.
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