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Abstract
Non-reinforced exposure to a cue tends to atterswdisequent conditioning with that cue — an
effect referred to as latent inhibition (LI). Ttweo experiments reported here examined LI
effects in the context of conditioned taste aver&ip examining both the amount of
consumption and the microstructure of the consuramdtehavior (in terms of the mean size of
lick clusters). This latter measure can be takemfiect affective responses to, or the
palatability of, the solution being consumed. dihbexperiments, exposure to a to-be-
conditioned flavor prior to pairing the flavor wittausea produced by lithium chloride
attenuated both the reduction in consumption, badeduction in lick cluster sizes, typically
produced by taste aversion learning. In additibere was a tendency (especially in the lick
cluster measure) for non-reinforced exposure tagesheophobic responses to the test flavors.
Taken together, these results reinforce the suiggelsbm previous experiments using taste
reactivity methods that LI attenuates the effetaste aversion on both consumption and cue
palatability. The current results also supportdhggestion that the failure in previous studies to
see concurrent LI effects on consumption and pail#tawas due to a context specificity
produced by the oral taste infusion methods reduUoetaste reactivity analyses. Finally, the
fact that the pattern of extinction of conditiorethnges in consumption and lick cluster sizes
was not affected by pre-exposure to the cue flasoggests that LI influenced the quantity but

not quality of conditioned taste aversion.
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It is well established in rats that pairing a ddaste with illness induced by the injection
of an emetic drug (e.qg., lithium chloride, LiClsréts in decreased consumption of the taste
when it is subsequent contacted, a learning paratkgmed conditioned taste aversion (see
Reilly & Schachtman, 2009, for a recent review lois phenomenon). Although taste aversions
produced by different methods are often consideygdther, it has been argued by Parker and
colleagues (see Parker, 2003; Parker, Limebeera®aR2009) that a reduction in the
consumption of a taste previously paired with aversonsequences may be motivated by two
different processes; the association of the tagtetive nausea, or by its association with a
potential danger (e.g., that produced by a novahgh in rat’s physiological state). This
distinction is largely based on the presence oemd¥s of aversive (rejection) reactions in the
taste reactivity test introduced by Grill and Nengi(1978). In this test, rats are infused with a
flavored solution via a cannula implanted in theal cavity and the orofacial reactions elicited
by the flavor are recorded. Rats usually disp&gation reactions, such as gaping, chin rubbing,
and paw treading, when infused with unpalatablatsmis such as bitter tasting quinine.
Critically, rats also display the same rejectioacteons to otherwise palatable tastes (such as
sweet sucrose) that have been previously pairddmaitisea produced by LiCl administration,
reflecting a shift in hedonic value, or palatakiliof the taste (e.g., Parker, 1982; Pelchat, Grill
Rozin, & Jacobs, 1983). In contrast when sucregmired with peripheral pain (electric shock),
the consumption of that solution is reduced togrele comparable to that induced by pairing the
solution with LiCl, but does not produce a changealatability of the taste stimulus as
measured by the taste reactivity test (e.g. Pelethalt, 1983). This was interpreted in terms of
the solution becoming a danger signal without angkan its affective properties. Further

evidence that taste aversion learning is mediadéidl ty internal nausea linked to disgust



LI AND PALATABILITY

reactions as well as by other mechanisms incluue&act that that rats can suppress intake of
flavors paired with rewarding drugs, such as cazainamphetamine, that do not result in the
production of rejection reactions to the conditidisémulus flavors (e.g., Parker, 1982; 1995),
and that antiemetic drugs that can interfere wWithdstablishment of disgust reactions to a LiCl-
paired flavor without affecting the amount consuroéthe flavored solution (e.g., Limebeer &
Parker, 2000).

It is also well established that exposure torawliis prior to it being paired with some
reinforcing event will attenuate (or even prevde&yrning about the cue-event relationship. This
phenomenon is referred to as latent inhibition @iyl has been demonstrated with a wide
variety of preparations including when the cue stim is a flavor, and the subsequent event is
the administration of LiCl (for reviews, see Lubadl®89; 2009). But while it has long been
known that flavor pre-exposure reduces conditidlaste aversion as measured by voluntary
fluid ingestion in simple consumption tests, itkeefs on taste palatability are not well
understood. In particular, the possibility thaetd inhibition might affect the quality of learigin
produced by taste aversion learning (i.e. whetiisetaversion learning produces changes in the
palatability of the cue flavor or not) has yet edonclusively addressed. In a recent study
conducted to evaluate whether flavor pre-exposanewrently attenuates the effects of taste
aversion on both fluid consumption and conditiodesgjust reactions as an index of palatability,
we found that pre-conditioning flavor exposure ooty disrupts suppressed consumption, but
also attenuates the establishment of conditionggldi reactions to flavor paired with LiCl
(Lopez, Gasalla,Vega, Limebeer, Tuerke, Bedarda&eY, 2010). However, the effects of pre-
conditioning exposure to saccharin on acquired womsion and disgust reactions differed as a

function of how the saccharin exposure was perfdrnmiEhat is, when rats were given intraoral
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infusions of saccharin prior to conditioning witiQl, saccharin pre-exposure resulted in
attenuated conditioned disgust reactions in thte t@sctivity test, but did not attenuate the
reduction in flavor ingestion during a voluntarynsamption test; in contrast, when pre-exposed
to the solution by bottle, the taste aversion imdlieduction in consumption of saccharin was
attenuated, but there was no effect of exposuth®acquisition of conditioned disgust
reactions to saccharin. In short, latent inhiloitefects on either consumption or disgust
reactions required a common method of fluid deinauring pre-exposure and testing.

This apparent dissociation in latent inhibitioneets on consumption and taste reactivity
measures might relate to the context specificitiat#nt inhibition whereby a change of context
between exposure and test will attenuate or abtiistatent inhibition effect (e.g. Boakes,
Westbrook, Elliot, & Swinbourne, 1997; Hall & Chaeil) 1986; Lovibond, Preston, &
Mackintosh, 1984). In the experiments by Lopealef2010) taste reactivity analyses were
performed during intraoral fluid delivery, while mgumption was assessed by giving free access
to the test solution in a bottle. On the grourdg the method by which fluid access was given
would presumably be highly salient to the rats,é2pt al. suggested that it would act as a
contextual cue, and so exposure to the flavor kedfaining should only influence conditioned
taste aversion when the exposure and test mettidlsdodelivery matched (which is exactly
the pattern of results that was observed). Howaevieite context-based latent inhibition effects
certainly offer an account of the apparent disgarian the taste reactivity and consumption
measures, this account cannot be tested by traditiaste reactivity methods because the

reliance on intraoral infusion means that the fldédivery context will be perfectly correlated
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with the type of response being asseSsédbreover, it is at least possible that consuotpénd
taste reactivity reflect two different aspectsha# tonditioned response and that flavor exposure
might influence them independently. In terms ohKski's (1967) distinction between
preparatory and consummatory conditioning, bottleda consumption tests afford preparatory
responses (e.g. approach or withdrawal from thée)athile intraoral infusion does not, but
intraoral infusion does afford consummatory respsr(@cluding hedonic reactions). This
division between consummatory and preparatory resgohas previously been considered in
light of the fact that the hedonic effects of cdimfied taste aversion appear to extinguish faster
than the effects on consumption (Cantora, Lépezniadlg, Rana, & Parker, 2006; Dwyer, 2009).
With these issues in mind, the goal of the preserdies was to determine whether latent
inhibition in taste aversion has concurrent effectsconsumption of, and hedonic reactions to,
the target taste when the possibility of contetea$ produce by fluid delivery methods is
removed. This was achieved by the microstructamalysis of licking behaviour during
voluntary consumption (for reviews of this methamp} see, Davis, 1973; 1989; Dwyer, 2012).
The ingestive behavior of rats consuming fluidsststs of sustained runs of rapidly occurring
rhythmic licks (referred to here as clusters) safgal by pauses of varying lengths. It is
consistently observed that palatable sugar solsiiecrease the quantity of fluid consumed, the

number of licks, and the number of licks per clugteg., Davis & Perez, 1993; Davis & Smith,

! While taste-reactivity analyses can be perfornmgeu free-consumption conditions this
produces confounds based on the amount of conswonyn@intact with the cue flavor - if the
solution is aversive then rats do not consume emoeigably elicit aversive behaviors, and if the
solution is not aversive then appetitive resporsesbe swamped by actual consumption. While
the connection between the fluid delivery context the type of response being assessed could
be broken in theory, this would come at the cosedticing the sensitivity of the taste-reactivity
assessment.
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1992); in contrast, the aversive taste of quineduces the rate of licking and the size of licking
clusters (e.g., Spector & St. John, 1998). Alsipg an otherwise palatable taste with LiCl
results in a reduction of the lick cluster sizeitamto that produced by quinine (Baird, John, &
Nguyen, 2005; Dwyer, 2009). Moreover, amphetarbased aversions do not produce the same
degree of a change in lick cluster size as do aeproduced by LiCl (Dwyer, Boakes, &
Hayward, 2008; but see also Arthurs, Lin, Amodedyé&illy, 2012; Lin, Arthurs, Amodeo, &
Reilly, 2012). In addition, it has been demonsiahat the administration of benzodiazepine
drugs, which modulate ingestion responses in thte t@activity test and enhance hedonic
reactions to food in humans, enhance lick cluseer @.g., Cooper, 2005; Higgs & Cooper,
1998). All these findings indicate that the analyd the microstructure of licking behavior can
be taken as an effective indicator of rodents” haxiieactions. Moreover, the measurement of
licking behavior does not affect the means of fldédivery (it relies on simple electrical means

to record the time of each lick to a freely avdiahottle) and so does not produce a context
change similar to that created by the use of inaddtuid delivery. Thus the current

experiments, using the latent inhibition paradigmamined both the amount of consumption and
the microstructure of licking behavior in order reanh unambiguous assessment of concurrent
changes in consumption and taste palatability fahg flavor pre-exposure in taste aversion

learning.

Experiment 1
The design of Experiment 1 is shown in Table 1If bethe animals (Group LI) were
exposed to 0.1% (w/w) saccharin without any expentally defined consequences across four

drinking sessions, while the remainder (Group Gajpteceived water. Following this exposure
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phase all animals received two sessions in whicbheain was paired with intraperitoneal
injections of lithium chloride (LiCl). The respassto saccharin were then examined across ten
drinking sessions in extinction. Throughout thidahexposure, conditioning, and test phases,
the timing of all licks was recorded to allow ftvetanalysis of lick cluster sizes. On the basis of
previous analyses of latent inhibition in condigdrtaste aversion, rats in Group LI should
consume more saccharin than those in Group Cahtirrig the test phase (i.e., after saccharin
was paired with LiCl). Furthermore, to the exttrat latent inhibition also attenuates the degree
to which conditioned taste aversion influences mézlceactions then lick cluster sizes elicited

by saccharin should be larger in Group LI than roup Control.

Method
Subjects.

Twenty-four male Lister hooded rafRattus Norvegicus) were obtained from Harlan,
Bicester, UK for the purposes of the study. Therghts before the beginning of the study
ranged from 289g to 3619, with a mean weight ofg33Bhe rats were housed in pairs in a room
illuminated between the hours of 0800-2000, whieey had ad-lib access to food and received
60 min access to water per day approximately, dfter the experimental sessions.

Apparatus and Simuli.

Rats were trained and tested in twelve custom-rdad&ing chambers (Med Associated
Inc., St Albans, USA). These measured 32 x 15 smZL x W x H), with steel mesh flooring
and with white acrylic walls. The drinking chambevere located in a room separate from that
containing the home cages. Fluids were made dbte#srough drinking spouts made of

stainless steel, attached to 50ml cylinders. Tles&l be inserted on the left or right hand side
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of the lid (made of wire mesh). The distance betwthe holes for the bottles was 8cm. Only
the left hand side was used for the current studéesontact sensitive lickometer registered the
time of each lick to the nearest 0.01s. This veasmded by a computer using MED-PC software
(Med Associates Inc.). The amount of fluid consdrbg each rat was measured by weighing
the drinking bottle before and after each sessibme stimuli were tap water or solutions of
0.1% (w/w) saccharin.

Procedure.

All experimental drinking sessions were 15 min imation and there was one session on
each day. To acclimatize the rats to the experiah@pparatus they were given two 15-min
sessions with access to water. The following fmasions comprised the exposure phase: rats in
Group LI received saccharin in each session, whdse in Group Control received water (see
Table 1). Following the exposure phase, all rateived a 2-day conditioning phase in which
exposure to saccharin was followed by an intrapeeial injection of LiCl (0.15M at 5mi/kg
bodyweight) on both days. The test phase consadtezh drinking sessions in which saccharin
was presented without any experimental consequences
Data Analysis.

In addition to the consumption data, the mean etusize for each rat was extracted from
the record of licks for analysis. A cluster wadined as a set of licks each separated by an inter-
lick-interval of no more than 0.5 s. This criteris used by Davis and his co-workers (e.g.,
Davis & Perez, 1993; Davis & Smith, 1992) and ie thajority of our previous studies using
lick analysis techniques (for a review see, Dwgel2). Although other criteria have been used
(e.g., Dwyer, Pincham, Thein, & Harris, 2009; SpecKlumpp, & Kaplan, 1998), parametric

analyses suggest that there is little practicdékhce between them as most pauses greater than
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0.5 s are also greater than 1 s (e.qg., Davis &Igrhf292; Spector, et al., 1998). Mixed analyses
of variance (ANOVA) were used to analyze the tegadvith factors of exposure condition (LI
vs. Control) and session (Conditioning 1 and 2t9&s10). All tests reported here used a
criterion for significance gb = 0.05.

On several occasions no licks were recorded faviddal rats (test session 1 — three rats
from group control, test session 2 — two rats fgnsup control, test sessions 6, 8, and 9 — one
rat from group control). Consumption was corresjpogly very low at these times suggesting
that these were genuine absences of licking, raftaer a failure of the recording equipment. As
lick cluster size measures are undefined in theratesof any recorded licks, these empty cells
were replaced with the relevant group means fdrgéssion in the analyses reported below. A
preliminary analysis using only the animals for @fhdata was available for every test session
revealed the same general pattern of effects stiggebat this treatment of the data did not

generate spurious effects.

Results

Table 2 shows the data averaged across the expasase. Consumption of saccharin in
Group LI was higher than consumption of water i@ r Control{(22) = 5.63p < .001, SED =
0.55, but the mean lick cluster sizes did not diffetween groups,< 1.

Figure 1 shows the data from the conditioning astistsessions (consumption in Panel A
and lick cluster size in Panel B). Inspection ah@& A suggests that consumption of saccharin
was generally lower for the Control than the LlIgwpand that consumption in both groups
dropped from the level seen on conditioning ses$jdyefore partially recovering across testing

in extinction. ANOVA conducted on the amount cangd revealed significant effects of

10
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exposure condition (LI vs. ControF(1, 22) = 9.90p = .005, MSE = 3.67), sessidA(11, 242)
=73.43p<.001, MSE = 2.93, but no interaction betweers¢htgvo factorsi-(11, 242) = 1.41p
=.167, MSE = 2.93. Simple effects analyses reacetiat the difference between the Groups LI
and Control was significant on every session (law€s, 22) = 4.35p = .049, MSE = 8.79, for
test session 10) except for test sessidi(1,(22) = 2.08p = .164, MSE = 3.31). In addition,
consumption was significantly lower than on coruitng session 1 in all subsequent sessions
for both Group LI (lowesE(1, 22) = 24.85p < .001, MSE = 0.82, for the comparison to test
session 10) and Group Control (lowEét, 22) = 31.08p < .001, MSE = 0.82, for the
comparison to test session 10).

Inspection of Panel B suggests similar resultgleranalysis of mean lick cluster sizes.
These were generally lower for the Control thanlthgroup, and mean lick cluster sizes in both
groups dropped from the level seen on conditioseggsion 1. Unlike with consumption, this
recovery did approach initial levels of lick clusgize by the end of extinction testing. ANOVA
conducted on the lick cluster size data revealguifstant effects of exposure condition (LI vs.
Control),F(1, 22) = 13.58p = .001, MSE = 62.13), sessidf(11, 242) = 20.76p < .001, MSE
= 96.27, but no interaction between these two facko< 1. Simple effects analyses revealed
that the difference between the Groups LI and @bmias significant on conditioning session 2,
and test sessions 3 — 9 (lowEt, 22) = 5.33p =.031, MSE = 161.04, for test session 5), but
not on conditioning session 1, and test sessioBsdnd 10 (highes$t(1, 22) = 3.94p = .060,
MSE = 90.55, for conditioning session 1). In aidaif in Group LI lick cluster size was
significantly lower than on conditioning sessiomZXonditioning session 2, test sessions 1 —5
and 7 (lowesE(1, 22) = 5.29p = .031, MSE = 26.80, for the comparison to conditig session

2), but was not significantly different from thatial level on test sessions 6 or 8 — 10 (highest

11
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F(1, 22) = 3.44p = .077, MSE = 32.9, for the comparison to tessiees6). In Group Control
lick cluster size was significantly lower than amditioning session 1 in conditioning session 2,
test sessions 1 — 9 (lowdsl, 22) = 5.33p =.031, MSE = 17.46, for the comparison to test
session 9), but was not significantly differentnfrtche initial level on test session I0< 1).

In summary, exposure to saccharin prior to taséesaon conditioning with LiCl resulted
in both higher levels of consumption, and highek Gluster sizes compared to a non-exposed
control. This is consistent with exposure prodgaratent inhibition effect that was apparent in
both consumption and lick microstructure measutesaddition, the effects of the taste aversion
treatment on consumption were more resistant ineidan treatment than were the effects of
taste aversion on lick cluster size in both theud control conditions. It should also be noted
that the effects produced by stimulus pre-exposune not affected by the stage of conditioning
or extinction test. The fact that the differenedwieen the LI and control groups remained
consistent across sessions suggests that expoayreave attenuated a neophobic reaction to
the saccharin solutidn In this light, it is interesting that studiesreophobia reduction using
taste reactivity (Neath, Limebeer, Reilly, & Parkgd10) and lick microstructure methods (Lin,
Amodeo, Arthurs, & Reilly, 2012) have produced insistent effectsThe evidence that there
was an attenuation of neophobia raises the questishether pre-conditioning exposure to the
flavor stimulus affected learning of the CS-US tielaship or simply changed the pre-

conditioning baseline against which learning totadcp. Before considering the theoretical

2 In the present case the difference in lick clusiees between the exposed and non-exposed
groups during the initial conditioning session.(iden the control group first had access to
saccharin) did not reach standard levels of skegissignificance (albeit that at= .06, it would

have been significant on a 1-tailed test).

12
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implications of the results of Experiment 1 in mde#ail, we sought to replicate and extend

them to a within-subject design.

Experiment 2

In Experiment 1, the fact that exposure influencedsumption (and to an extent lick
cluster size) at the start of the conditioning gheeeant that it is hard to completely disentangle
any effects of neophobia attenuation from latehtition more generally. The design of
Experiment 2 is shown in Table 1. Half of the aalisn(Group LI) were exposed to two separate
CS flavors (NaCl and maltodextrin - although preésdmwithout consequences in the exposure
phase these were to be counterbalanced betweé&sthand CS-), while the remainder (Group
Control) received water. Following this exposuhage all animals received a two-day
conditioning phase where the CS+ flavor was pawih the IP injection of LiCl on one day and
the CS- flavor was paired with the IP injectionN#CI on the other. The responses to the CS+
and CS- were then examined across 16 drinking@essgi extinction (these alternated between
the CS+ and CS-). As in Experiment 1, both condion@nd mean lick cluster size measures
were taken throughout. Using a within-subject rpatation of the taste aversion manipulation
means that we were able to compare both conditianddunconditioned differences in the
responses to the flavored solutions. The compafedween the LI and control conditions of
the responses averaged across the CS+ and CSg theiconditioning phase allows for the
assessment of unconditioned differences in theorespto the stimuli. More importantly, the
CS+ and CS- will be equally familiar in the LI gmand equally unfamiliar in the control group.
Therefore, if CS exposure merely affects the predd@mning baseline, then there should be no

difference in the size of the difference between@s+ and CS- across exposure conditions.

13
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However, if pre-exposure to the CSs affects learthen the size of the CS+ vs CS- difference

should be lower in the LI condition than in the wohcondition.

Method
Subjects, Apparatus and Simuli.

Twenty-four male Lister hooded rats, obtained fitti same source and maintained in
the same fashion as in Experiment 1, were use@ésé Animals had previously been used in an
unrelated flavor preference experiment where thegevexposed to fructose and Kool Aid
flavors (Kraft Foods USA, Rye Brook, NY, USA) infidirent experimental chambers than used
here. Their weights before the beginning of thelgtranged from 3549 to 4419, with a mean
weight of 400g. The drinking chambers used weeestime as described for Experiment 1. To
ensure that the rats previous experience with stastgs did not interfere with the current study
the stimuli were tap water or solutions of 1% (WN3JCI, or 4% (w/w) maltodextrin (C*Dry

MD 01904, Cerestar-UK, Manchester, UK).

Procedure.

All experimental drinking sessions were 15 min imation and there was one session on
each day. To acclimatize the rats to the experiah@pparatus they were given one 15-min
session with access to water. The following eggssions comprised the exposure phase: rats in
Group LI received alternating sessions with Na@l araltodextrin, while those in Group
Control received water (see Table 1). Following élxposure phase, all animals received a two-
day conditioning phase. On the first conditiondtay all rats received NaCl in the drinking

session: for half of the rats in both groups LI &uhtrol this was followed by an intraperitoneal

14
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injection of LiCl (0.15M at 5ml/kg bodyweight); themainder of the rats received an
intraperitoneal injection of NaCl (0.9% at 5ml/kgdyweight). On the second conditioning day
all rats received maltodextrin in the drinking sessrats that had received LiCl on the first
conditioning session now received an injection aONwhile the remainder received an
injection of LiCl. Thus, for both the LI and Coaltgroups the CS+ and CS- were
counterbalanced between NaCl and maltodextriningle pairing of the CS+ with LiCl was
used because Experiment 1 indicated that one gaiwras sufficient to produce changes in
consumption and lick cluster size in this generatqrol. The test phase consisted of 16
drinking sessions alternating between the CS+ hads-.

Data Analysis.

The data was prepared for analysis in the sama@eananner as in Experiment 1. In
addition, as will be seen below, there were langeouditioned differences in the lick cluster
sizes elicited by NaCl and maltodextrin during éx@osure phase (these continued into the
conditioning and test phases). Thus a factor oftem counterbalance (CS+ = NaCl vs CS+ =
maltodextrin) was added to the analysis of the gomion and lick cluster size data from the

conditioning and test phases.

Results
Table 2 shows the data averaged across the expasagse. Taking first the LI group,
while consumption of the solutions to become the @8d CS- was equivalent, there was a
tendency for consumption of maltodextrin to be Iotwan that of salt. These trends were
stronger in the lick cluster size data. An ANOVAsperformed on the consumption data from

the LI group with factors of whether that solutiwas to be paired with LiCl or not (CS+/CS-)

15
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and the nature of the solution (Salt/Maltodextriiihis revealed that there was no main effect of
CS,F < 1, that the main effect of solution type appheatstandard levels of significance,
F(1,10) = 3.66p = .085, MSE = 2.32, and that there was no intemadietween these factofs,

< 1. A similar analysis of the lick cluster sizata revealed no main effect of 5S¢ 1, a
significant effect of solution typ&(1,10) = 24.88p = .001, MSE = 49.77, and no interaction
between these factos,< 1. In addition, consumption of the flavoredwgmns as a whole in
Group LI was higher than consumption of water io@r Control{(22) = 6.90p < .001, SED =
0.61, but the mean lick cluster sizes did not diffetween group$(22) = 1.64p = .115, SED =
2.99.

Figure 2 shows the data from the conditioning @&stistsessions (consumption in Panel A
and lick cluster size in Panel B). Inspection ah& A suggests that, in both the LI and Control
groups, consumption of the CS+ dropped followirg ¢bnditioning session before recovering
across extinction testing — with the initial redantbeing smaller in the LI than Control groups.
That is, pre-exposure to the CS+ and CS- attenubtedlid not prevent, the formation of a
conditioned taste aversion. The consumption dasubjected to a mixed ANOVA with
within-subject factors of CS (CS+/CS-) and tesss®s plus between subject factors of
exposure group (LI/Control) and stimulus assignni€3+ = NaCl/CS+ = maltodextrin). The
most theoretically relevant results from the analygere as follows: There was a main effect of
CS,F(1,20) = 93.14p < .001, MSE = 25.60, a session by CS interact¢®,160) = 34.18p <
.001, MSE = 4.25, and an exposure by CS interadti(in20) = 5.77p = .026, MSE = 25.60.
Respectively, these confirmed that pairing the @& LiCl produced an aversion, this aversion
reduced over extinction testing, and that the gfzbe conditioned difference between the CS+

and CS- was attenuated by exposure to the CS @adutiThe remainder of the full 4-way

16



LI AND PALATABILITY

ANOVA was as follows: There was a main effectasttsessiorf;(8,160) = 42.39p < 0.001,
MSE = 4.53, as well as interactions between sessidrexposure conditioR(8,160) = 2.77p

= 0.007, MSE = 4.53, and session and stimulus as®gt,F(8,160) = 2.39p = 0.019, MSE =
4.53. There was also an interaction between CS&timailus assignmenf(1,20) = 21.75p <
.001, MSE = 25.60, such that the CS+ vs. CS- diffee was attenuated, but still significant,
when the salt was the CS+ solution (means not shoWnere was no interaction between CS,
exposure condition, and stimulus assignmg(it,20) = 1.63p = .217, MSE = 25.60, indicating
that the theoretically important CS by exposureriattion was not influenced by stimulus
assignment. Finally, there were no significangéiattions between session, CS, and exposure
condition,F(8,160) = 1.83p = .076, MSE = 4.25, between session, CS, and ktsnu
assignment=(8,160) = 1.71p = .099, MSE = 4.25, nor a 4-way interaction betwsession,
CS, exposure condition, and stimulus assignntentl.

In order to further explore the effects of exposameconditioning, simple effect tests
were performed to compare the LI and Control grdopsonsumption of both the CS+ and CS-.
These revealed that consumption of the CS+ wadeagreathe LI than the Control group on test
sessions 1-4 (lowe$i(1, 20) = 4.94p = .038, MSE = 9.63, for test session 2), but consion
of the CS+ did not differ between groups at anyeotime (highesE(1, 20) = 1.45p = .242,

MSE = 16.17, for test session 5). Consumptiomef@S- did not differ between the LI and
Control groups on any session (highegt, 20) = 2.24p = .150, MSE = 6.20, for test session 6).
In addition, in group LI consumption of the CS+ veagnificantly reduced relative to the
conditioning session baseline on test sessionfldwéstF(1, 20) = 5.22p = .033, MSE = 1.01,
for the comparison to test session 4), but wasigoificant different to the baseline on test

sessions 5-8 (higheB{1, 20) = 2.45p = .133, MSE = 1.22, for the comparison to tessises
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4). In group LI consumption of the CS- did noffeliffrom the conditioning session baseline
during any subsequent test (highegt, 20) = 2.94p = .102, MSE = 0.80, for the comparison to
test session 5). In group Control consumptiorhef@S+ was significantly reduced relative to
the conditioning session baseline on test sesdignfiowest~(1, 20) = 5.33p = .032, MSE =
1.35, for the comparison to test session 5), bt ed significant different to the baseline on test
sessions 6-8 (higheB{1, 20) = 2.19p = .155, MSE = 1.22, for the comparison to tessises
6). In contrast to group LI, in group Control #ensumption of the CS- did exceed that of the
conditioning session baseline on test sessionfi@ag@stF(1, 20) = 8.40p = .009, MSE = 0.80,
for the comparison to test session 5), but wasvedgit to baseline consumption on test session
1 (F <1). Finally, with respect to the possibility méophobia reduction, an analysis of
consumption during the conditioning phase averagedss the CS+ and CS- revealed that there
was no difference between the LI and Control groEfk, 20) = 1.56p = .222, MSE = 5.91.
Turning to the lick cluster size data in Panel B-mfure 2, for both the LI and Control
groups, the mean lick cluster size elicited by@$e+ reduced following the conditioning session
before recovering across extinction testing — whhinitial reduction being smaller in the LI
than Control groups. Thus, pre-exposure to the &8FCS- attenuated, but did not prevent,
taste-aversion produced changes in affective regsoto flavored solutions. In addition, the
mean lick cluster sizes (across both the CS+ anjl &ifpeared somewhat lower for the Control
group than the LI group during the conditioningsses — an effect consistent with a neophobic
response. The lick cluster data was subjecteldeteame mixed ANOVA as the consumption
data: Within-subject factors of CS (CS+/CS-) agst session, plus between subject factors of
exposure group (LI/Control) and stimulus assignni€3+ = NaCl/CS+ = maltodextrin). The

most theoretically relevant results from the analygere as follows: There was a main effect of
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CS,F(1,20) = 2625p < .001, MSE = 395.80, a session by CS interack@,160) = 8.36p <

.001, MSE = 140.69, and an exposure by CS interad¥(1,20) = 16.59p = .001, MSE =

395.80. Respectively, these confirmed that paitiegCS+ with LiCl reduced the lick cluster
size for the CS+, this reduction decreased oven&xn testing, and that the size of the CS+ vs
CS- difference was attenuated by exposure to thedliffions. In addition to these theoretically
critical effects, there was also a main effectest sessiorf;(8,160) = 5.11p < 0.001, MSE =
212.07, but no interactions between session andsexe conditionf(8,160) = 1.16p = 0.325,
MSE = 212.07, or session and stimulus assignnk€8§160) = 1.15p = 0.333, MSE = 212.07.
There was also an interaction between CS and sisragdsignmeng(1,20) = 43.71p < .001,

MSE = 395.80, such that the CS+ vs. CS- differamag only present when the maltodextrin was
the CS+ solution (means not shown). There wasianaction between CS, exposure condition,
and stimulus assignmerii(1,20) = 6.74p = .017, MSE = 395.80, reflecting the fact that @&

by exposure condition interaction was carried lgydbnditions in which Maltodextrin was the
CS+. Finally, there was no significant interactimiween session, CS, and exposure condition,
F < 1,a significant interaction between session, CS,stimaulus assignmeni(8,160) = 4.59p
<.001, MSE = 140.69, but no 4-way interaction lestwsession, CS, exposure condition, and
stimulus assignmenf, < 1.

In order to further explore the effects of exposameconditioning, simple effect tests
were performed to compare the LI and Control grdopsnean lick cluster sizes elicited by the
CS+ and CS-. These revealed that lick clusterfsizéhe CS+ was greater in the LI than the
Control group during the conditioning session, ail as test sessions 1-5 (low€$l, 20) =
4.56,p = .045, MSE = 301.40, for test session 4), bkt dicister sizes for the CS+ did not differ

between groups at any other time (highg4t, 20) = 4.08p = .057, MSE = 549.27, for test
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session 7). Lick cluster sizes for the CS- diddiffer between the LI and Control groups on
any session (higheB(1, 20) = 2.98p = .099, MSE = 274.77, for the conditioning sessidn
addition, in group LI lick cluster sizes for the €@ere significantly reduced relative to the
conditioning session baseline on test sessionfldw@stF(1, 20) = 7.75p = .011, MSE =
20.58, for the comparison to test session 3), lag mot significant different to the baseline on
test sessions 4-8 (highdgtl, 20) = 2.98p = .100, MSE = 23.75, for the comparison to test
session 4). In group LI lick cluster size for tB8- did not differ from the conditioning session
baseline during any subsequent test (high€st20) = 3.06p = .096, MSE = 32.94, for the
comparison to test session 8). In group Contesl dluster size for the CS+ was significantly
reduced relative to the conditioning session basein test sessions 1-3 (loweét, 20) = 5.03,
p = .036, MSE = 20.58, for the comparison to tess®m 3), but was not significant lower than
the baseline on test sessions 4-8 (high€kt20) = 1.62p = .218, MSE = 23.75, for the
comparison to test session 4). In group Contm®littkk cluster size for the CS- did not differ
from that of the conditioning session baseline mntast session (highes(l, 20) = 1.61p =
.219, MSE = 33.51, for the comparison to test ses8i Finally, with respect to the possibility
of neophobia reduction, an analysis of lick clusiees during the conditioning phase averaged
across the CS+ and CS- revealed that these weez Ingroup Control and in group LF(1,

20) = 5.35p = .031, MSE = 240.03.

In summary, exposure to the cue flavors prior stet@version conditioning with LiCl
resulted in a reduction in the subsequent diffezsretween the CS+ and CS- flavors for both
consumption and lick cluster size measures relatven-exposed controls. While there was
also some evidence for exposure reducing neophesponses (especially in terms of the

differences between groups LI and Control for tbke ¢tluster measure during the conditioning
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phase) the use of a within-subject manipulatioavarsion conditioning meant that any
neophobia reduction could be parceled out of thposure effect on learning itself. In addition,
the effects of taste aversion persisted for lomgeconsumption than they did on lick cluster
size, but in neither case did the effects of eximcinteract with the effects of exposure

condition.

General Discussion

The main purpose of these experiments was to peavidemonstration of the attenuating
effects of flavor pre-exposure (i.e., latent intidn) on taste aversion learning as assessed by
microstructural analysis of licking behavior as eams to ascertain whether latent inhibition has
concurrent effects on consumption and hedonic resgg Although latent inhibition effects in
taste aversion have been examined extensively gsimgumption tests (i.e., prior exposure
attenuates subsequent suppressed consumptioriliofess-paired flavor), the effect of flavor
pre-exposure on taste palatability is not well knovin Experiment 1, non-reinforced exposure
to saccharin prior to aversive conditioning witlCLresulted in attenuated conditioned taste
aversion, as assessed by the amount consumed foottleacontaining the solution (i.e., the
typical latent inhibition effect in taste aversiearning). More interestingly, the pre-exposure
treatment also reduced the effects of taste avemiahe size of licking clusters as compared to
a non-exposed control, indicating that the effectsaste aversion on hedonic reactions had also
been attenuated. That is, latent inhibition atééesithe effects of taste aversion on both
consumption and taste palatability. In additionyas found in this experiment that conditioned
changes in taste palatability extinguished moré&haphan did consumption. Experiment 2 used

a within-subject design to preclude any interpretabf the above-described pattern of results in
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terms of attenuating neophobia to the cue flavas.in Experiment 1, flavor pre-exposure
attenuated the formation of a conditioned tastesame as measured by consumption and lick
cluster size. More specifically, the exposurent ¢ue flavors (CS+ and CS-) prior to aversive
conditioning with LiCl resulted in a reduction imet subsequent differences between the CS+ and
CS- flavors for both consumption and lick clusteesneasures. Again, conditioned changes in
taste palatability extinguished more rapidly thah@bnsumption. Therefore, the concurrent
effects of latent inhibition on lick cluster sizedaconsumption indicate that pre-conditioning
exposure to the CS flavors attenuates the chandasth consumption and taste palatability
produced by conditioned taste aversion in a watlaa independent of exposure effects on
neophobia.

The current results are largely consistent witlviones experiments (Lopez et al., 2010)
using the taste reactivity methodology to examimenges in cue palatability following flavor
pre-exposure in the taste aversion learning pamadigdpez et al. (2010) demonstrated for the
first time that flavor pre-exposure not only disisipuppressed consumption, but also attenuates
the establishment of conditioned disgust reactioresLiCl-paired taste. However, the
attenuating effects of flavor pre-exposure on lmathsumption and taste reactivity appeared to
depend on a common method of fluid delivery dupngrexposure and testing. As noted in the
introduction, the methods of flavor presentatioifiedentially affected the consumption of the
flavor and the display of disgust reactions. Wtenrats were intraorally infused with the flavor
during pre-exposure, they did not display rejectieactions but showed a reduction in flavor
consumption; in contrast, when the solution wavidex by bottle during the pre-exposure
phase, the rats displayed disgust reactions, bytdhank the solution in the consumption test.

Lopez et al. (2010) interpreted this pattern ofitssas consistent with the idea that the
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contextual cues provided by the fluid delivery noetl{especially the intraoral infusion) can
modulate the expression of latent inhibition irteasversion learning. There is already some
evidence that changing the fluid delivery methotiMeen pre-exposure and conditioning
attenuates the latent inhibition effect on consuompieasures in taste aversion learning (e.g.,
Fouquet, Oberling, & Sandner, 2001; Yamamoto, kresd Sandner, 2002), as the strength of
the taste aversion is weakened by changing theadethfluid exposure between conditioning
and testing (e.g., Limebeer & Parker, 2006). Tiwreent experiments, which demonstrate
concurrent effects of latent inhibition on consuimptand palatability without the contextual
confound of different fluid delivery methods, ahei$ consistent with the suggestion that the
absence of concurrent latent inhibition effectconsumption and palatability observed in the
previous study by Lopez et al. (2010) was duedordext effect produced by the oral taste
infusion method required for taste reactivity asaty.

Considered in this way, latent inhibition appearpitoduce the same general pattern of
effects on lick cluster and taste reactivity measnrthe context of conditioned taste aversion.
Thus, latent inhibition joins a number of other npaitations which have parallel effects on these
two measures (for a review see Dwyer, 2012). 3estlts suggest that microstructural analysis
of lick patterns and taste reactivity may be comatary measures which both assess taste
palatability or hedonic responses. However, itdthde noted that there are at least some places
where taste reactivity and lick microstructure nueas diverge. This is apparent in the current
context when the effects of flavor exposure on hebja are considered. As previously noted, a
study by Neath et al. (2010) using the taste rei#gtinethod found that repeated intraoral
exposure to saccharin caused an increase in cotisunpan intake test but not an increase in

hedonic reactions to the fluid in the taste redgtitest. In contrast, a recent study by Lin,
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Amodeo, et al. (2012) found that repeated expasusaccharin results in an attenuation of the
neophobic response to this solution as revealeahlgcrease in consumption and, importantly,
an increase in the size of lick clusters. Althonghdesigned as an explicit test of the effects of
flavor exposure on neophobia our own studies reftes pattern of results: Both of
Experiments 1 and 2 here provided at least somgestign that lick cluster sizes were indeed
larger following flavor exposure, while our preveostudy of latent inhibition in taste aversion
(Lopez et al., 2010) did not see any evidenceadolt novelty on unconditioned taste reactivity
responses. Taken at face value, these resultauafagpeepresent a dissociation between taste
reactivity and lick microstructure measures, with former suggesting that the reduction in
neophobia with exposure does not affect the palatabf a taste, while the latter suggests that it
does. While it is premature to offer a definitiméerpretation here, it is worth noting that
(broadly speaking) taste reactivity analyses areediat making a qualitative distinction as to
whether a pattern of facial responses are appetiiaversive while lick microstructure analyses
provide a more quantitative measure. It is thussjide that release from neophobia might not
change a taste from being aversive to being appetiience the lack of a taste reactivity
change) but merely change the degree to whichappetitive (or aversive).

Finally, the results of the present experiments alag provide some information about
hedonic processes underlying extinction of condétbtaste aversions. Previous studies
examining the microstructure of licking during extiion of a taste aversion have shown that
reduction in lick cluster size associated withaed change in palatability extinguishes more
quickly than does the avoidance of the flavor prasly paired with the lithium (Dwyer, 2009).
That is, the suppressed consumption appears tambe nesistant to extinction than learned

changes in taste palatability as indicated byittedluster size. Similarly, taste reactivity
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experiments show that a conditioned palatabiliift gihecedes extinction of suppressed
consumption (Cantora, et al., 2006). The patténesults obtained in the current study is
consistent with these results: In Experiment 1scomption in the last extinction trial was
significantly lower than on the first conditionisgssion for both Group LI and Group Control
but lick cluster size did return to baseline levfelsboth groups; while in Experiment 2 the
differences in consumption between the CS+ andr&@$+ced more slowly than did the
differences in lick cluster size (for both the IndaControl groups). We (Cantora, et al., 2006;
Dwyer, 2009) have previously suggested that therdifice in extinction rates for hedonic and
consumption measures might result from preparatsponses associated with approaching the
drinking bottle being more resistant to extincttban are the consummatory responses
(including hedonic ones) directed to the tastdfi{geg., Konorski, 1967; Wagner & Brandon,
1989). The current data is entirely consistenhwhis general idea, and the fact that prior
exposure to the conditioned flavors has little oreffect on the relative speed of extinction
suggests that there is little reason to think ldi&int inhibition differentially influences
preparatory and consummatory responses in tastsi@ave That is, latent inhibition appears to
have affected the amount of learning about the GSdlationship in conditioned taste aversion
without affecting the nature of what was learnt.

To summarize, we found that latent inhibition attetes the effects of taste aversion on
both consumption and taste palatability as asshyele size of licking clusters. That is, non-
reinforced exposure to a flavor to-be associatel ilmess resulted in faster recovery of the size
of licking clusters and consumption after tastersiod treatment. The fact that the lick cluster
and consumption changes were seen concurrentlijthaheéxposure did not materially affect the

relative speed of extinction in consumption an#l luster measures, suggests that latent
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inhibition influences taste aversion through a Emgechanism rather than having separate
effects on preparatory and consummatory processhart, latent inhibition appears to have had
guantitative but not qualitative effects on coradigd taste aversion. That said, differences do
remain between studies using taste reactivity edicrostructure methods. While some of
these differences might well be attributable totemheffects based upon fluid delivery methods,
further studies will be needed to determine coneélg how the type of measure (e.g. amount
consumed, lick microstructure, taste reactivity) ealated to the processes involved in taste

aversion learning.
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Table 1

Design of Experiments 1 and 2

Exposure Conditioning Test
Experiment 1
LI 4 x saccharin
2 x saccharin- LiCl 10 x saccharin
Control 4 x Water
Experiment 2
LI 4 x CS+, 4 x CS-

CS+ - LIClI & CS- - NaCl 8 x CS+ &8 x CS-
Control 8 x Water

Note: There was one 15 min drinking session per ddpoth experiments (followed 1 hr later by
1 hr access to water in the home cage). In bgtleraxents the conditioning and tests phases
were the same in the LI and control conditionsExperiment 1 saccharin was presented at
0.1% (w/w). In Experiment 2, CS+ and CS- were ¢terbalanced between 1% (w/w) NaCl, and
4% (w/w) maltodextrin. All injections (5 ml/kg ®M LiCl or 5ml/kg 0.9% NaCl) were given
by the intraperitoneal route and occurred immetiafer the end of the relevant drinking

session.
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Table 2

Exposure Phase data from Experiments 1 and 2

Solution Consumption (g) Lick Cluster Size
Experiment 1
LI Saccharin 11.9 (0.5) 32.6 (2.4)
Control Water 8.8 (0.2) 35.4 (2.4)
Experiment 2
CS+ Salt 13.7 (0.9) 48.3 (3.6)
CS+ Maltodextrin 12.4 (0.8) 36.8 (3.8)
N CS- Salt 13.4 (0.7) 51.1 (5.3)
CS- Maltodextrin 12.3 (0.7) 33.9 (3.3)
Control Water 8.8 (0.4) 36.3 (5.6)

Note: Data is shown as mean (with SEM). In Experingrdata from the LI group is shown as a
function of whether that solution was to be paingth LiCl or not (CS+/CS-) and as a function

of the nature of the solution (Salt/Maltodextrin)
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Figure Legends

Figurel. Experiment 1: Shows mean consumption (panelndl)lick cluster size (panel B) per
session for both the LI and Control groups (eramsbndicate SEM). C1 and C2 refer to

conditioning sessions 1 and 2, while T1-T10 redeextinction test sessions 1-10.

Figure2. Experiment 2: Shows mean consumption (panelndl)lick cluster size (panel B) per

session for both the CS+ and CS- flavors for tharid Control groups (error bars indicate

SEM). C refers to the conditioning session whileTBLrefer to extinction test sessions 1-8.
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Figure 1
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