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and Induces Conditioned Taste Aversion in Adult Rats
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Abstract Methods Results Summary & Conclusions

Studies that intend to measure drug-induced changes in learning and memory are challenged to parse Experiment I - Taste Discrimination and Hypodipsia Test

out the effects of drugs on sensory and motor systems as well as associative systems in the brain. In the Subjects: Naive male and female Sprague-Dawley rats (Mean + SEM = 440.15 + 29.04 grams) were used. Experiment 1: Effects of BAC on a Experiment 1 revealed that BAC dose-dependently (2 and 3 mg/kg,

context of conditioned taste aversion (CTA), drugs that alter the sensorium of experimental animals and SAC taste discrimination task Discrimination Test 1 Discrimination Test 2 i.p.) reduced taste discrimination as well as total fluid consumption in rats.
- Moreover, within-group comparisons indicated that Img/kg BAC did not
B 0.3% SAG s 0] alter gustatory discrimination or consummatory behaviors.

o , , , . o Two days prior to the first discrimination test, all animals were introduced to a 23-hr fluid deprivation
affect their ability to taste and/or feel malaise may inadvertently distort the conclusions drawn from these

cycle that consisted of a 1 hr presentation of fluid/day to ensure animals were motivated to drink at

the time liquid was present; this first day of fluid deprivation the animals were given 1 hr of ; _
(BAC), altered the sensory abilities of rats to differentiate between two concentrations of saccharin (SAC). water only. High doses of Baclofen (2-3mg/kg,

Here we report that 2 or 3mg/kg (i.p.) BAC, but not 1mg/kg BAC, impaired the ability of animals to . , o . . L.p.) disrupt performance on a SAC
Following the first fluid deprivation day, animals were subjected to subsequent SAC (0.3% and 0.6%) c e e

. . o taste discrimination test whereas a
, , o exposure and discrimination testing as described in Table 1.
was preceded by 2 or 3mg/kg (1.p.) BAC rats depressed their subsequent SAC drinking. On the final day lower dose (Img/kg, i.p.) does not.
On the fifth day of testing, animals were given an injection of saline or BAC (1, 2, or 3mg/kg, i.p.). Thirty min

)
o
|

studies. Therefore, the current experiments evaluated the extent to which the GABA | agonist, baclofen
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discriminate between 0.3% and 0.6% SAC in a two bottle preference test. Further, when SAC consumption
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of testing, we evaluated the visceral effects of BAC administration on lithium chloride (L1Cl) —induced

Both doses of BAC tested in experiment 2 (2 and 3mg/kg) did induce a
CTA, as SAC consumption decreased significantly over 3, CS+US pairings
ﬁ : ﬁ I ﬁ in the animals receiving SAC+BAC. This suppression was comparable to

L BAC

suppression of water drinking. We found that BAC did not disrupt the LiCl-induced hypodipsia. later animals were injected with LiCl (8 Img/kg, 1.p.) and immediately presented with one sipper tube of water
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for 30min.
A second experiment evaluated if the suppression of SAC and water drinking (revealed in Experiment 1)

Mean ml SAC Consumption (+/-SEM)

Figure 1. Mean SAC Consumption (ml =SEM) on

1 0.6% SAC |
*
*
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was mediated by putative amnesiac effects of BAC or whether BAC possessed US properties in the context SAC Discrimination Test Days. RM-ANOVA showed i i

BAC at 1, 2, or 3mg/kg did not disrupt LiCl-induced hypodipsia, so the US
N effects of LiCl remain intact when co-administered with BAC.
! Teot Day ‘ﬁ iﬁ |
of the CTA paradigm. The results of the second experiment indicated that 2 and 3mg/kg (i.p.) BAC were Treatments on that on both SAC Discrimination Test Days the SAL 0 sAl  BAC  BAC  BAC SA BAC BAC
and BAC 1mg/kg groups drank significantly more 0.3% 1mg/kg 2mglkg 3maglkg 1mglkg 2mg/kg 3mg/kg

capable of inducing a CTA, which was extinguishable via repeated presentations of SAC only. The time | e Ireatments on SAC than 0.6% SAC. The BAC 2mg/kg and BAC o A difference in malaise-inducing properties of the US injections are
necessary to reach an asymptotic level of CTA extinction was not significantly different in those animals : Discrimination Measures on LiCl-induced 3mg/kg groups did not drink significantly different

e 0 : - likely the variable that led to differences 1n extinction times; BAC at
that received the 3mg/kg dose of BAC compared to more conventionally SAC + lithium chloride (Li1Cl) GI'OU.p Tests Days Rest Days Hypod1p31a Test amounts of 0.3% SAC and 0.6% SAC on either test J ’

day. The SAL and BAC Img/kg groups also showed an 2mg/kg is a weaker US, while BAC at 3mg/kg may evoke malaise
Days I and 3 Days 2 and 4 Day > increased SAC consumption between test 1 and test 2, but the BAC 2mg/kg and BAC 3mg/kg groups did not increase their consumption of 0.3% SAC. gike ’ S/Kg Y

o

that observed 1n rats that received SAC+Li1Cl, a conventional CTA pairing.

conditioned animals. However, rats treated with 2 mg/kg BAC extinguished faster than animals conditioned Nomenclature
with either 3 mg/kg BAC or LiCl. Our data indicate that, depending on the dose, BAC can alter SAC taste SAL

. e = o Note: On the First Taste Exposure Day (not illustrated in figure), when no drug was given, all groups showed a preference for 0.3% SAC despite the com arable to L1C1 (8 Im / k )
A= p y gure), g g , all group p p p g/KZ).
SAL +SAC Water SAL+(L1C1+Water) overall low SAC consumption due to neophobia [Mean SAC consumptions = SEM: 0.3% SAC =5.2+ 1.1ml; 0.6% SAC = 2.3 + 0.7ml]. *Significant

N
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discrimination and act as a potent US in the context of a CTA paradigm. BAC Im g K o 5 B AC# 1SAC Water BAC+ (LiC:h +Water) within group difference between 0.3% and 0.6% SAC. p<0.05.
<
S

BAC 2mg/kg BAC+SAC ‘Water BACH(LiCl+Water) Despite some variance 1n the literature [refer to 2, 3, 5, 11, 12], 1t 1s

BAC 3mg/kg BAC+SAC Water BACHLiCl+Water) not surprising that BAC possesses US properties, due to the cascade of
Hypodipsia Test neurophysiological effects it produces in the CNS [3, 15]. Through direct

« There was no indication on Day 5, that LiCl-induced hypodipsia was affected by BAC injection. A action as a GABA | agonist, BAC indirectly reduces levels of a

*SAL = physiological saline injection (0.9% NaCl dissolved in deionized water; 1ml/kg, 1.p.)
**SAC = two-bottle SAC preference test using 0.3%SAC and 0.6%SAC [%w/v; SAC salt dissolved in deionized water to specific concentration]. Repeated Measures ANOVA showed a Signiﬁcant decrease overall in water Consumption from Variety of other neurotransmitters (eg . norepinephrine, dOpamine,

o #BAC = BAC injection (BAC dissolved in physiological saline to either 1, 2 or 3mg/ml; Iml/kg, ip.) the Rest Days (mean water consumption on Days 2 and 4) to water consumption on the LiCl-induced acetylcholine, serotonin, glutamate, aspartate and GABA) [13].
n t ro u C t I o n A(LiCl+Water) = LiCl injection (8 1mg/ml LiCl dissolved in physiological saline; dose = 81 mg/kg, i.p) which was immediately followed by the presentation HypO d1p81a Test Day (Day 5) [F (1 , 13) - 6.25 6, P S0027] and TUkCy pOSt hoc analy sis showed no

of one water bottle.

differences between treatment groups. Overall, our data indicated that BAC given at 2 or 3mg/kg (i.p.)

Bacloten [BAC; 4-amino-3-(4-chlorophenyl) butanoic acid], a GABA Experiment 2 - Conditioned Tuste Aversion impairs sensory abilities and decreases gustatory discrimination in
receptor agonist, disrupts performance on a variety of memory tasks [1, 2, 8, . Male Sprague-Dawley rats (Mean + SEM = 467.74 + 38.43 grams) were used. rats. But, these effects may be augmented by dose-dependent US
9, 15, 16]. properties of BAC that, when paired with the gustatory stimulus,

o Rats underwent 2 days of 23-hr fluid deprivation in order to acclimate them to the

drinking schedule. Experiment 2: Effects of BAC (2-3mg/kg) SAC, induced a CTA in Experiment 2.

However, tests of GABAergic system manipulations on a conditioned taste o Following the two days of fluid deprivation, animals began the CTA acquisition phase of the on CTA Acquisition and Extinction SAC Consumed on Day 5 0 BAC may still be used successfully in future CTA manipulations

aversion (CTA) have produced variable results. experiment, which was subsequently followed by CTA extinction for those groups that acquired a

- TA after th : Irings. Table 2 for the animals’ drinki injecti hedul
o Chester and Cunningham [2] showed that BAC does not alter ethanol- CTA after three C5-US pairings. See Table 2 for the animals” drinking and drug injection schedule High doses of Baclofen (2-3mg/kg) act as an
throughout this experiment.

induced conditioned taste aversion in mice, nor does BAC, itself, have , , L , , unconditioned stimulus to induce a CTA to
. : :  Animals were considered to have reached asymptotic extinction of their CTA after reaching 90% of a
malaise inducing properties at a dose of 2mg/kg. However, other labs 0.3% SAC over three CS+US pairings.

have demonstrated that GABA (1a) knockout mice fail to acquire a
CTA while GABA (1b) knockouts failed to extinguish a CTA [9].

at a dose of Img/kg (i.p.), since that dose did not produce
B SAC+BAC 2mg/kg

[ SAC+BAC 3mglkg changes in SAC taste discrimination or LiCl-induced
B SAC+LICI

s EU(LICI) hypodipsia. Nor did it produce a CTA.

59ES EU(BAC 2mg/kg)
A EU(BAC 3mg/kg)
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premeasured baseline level of SAC consumption for similarly sized rats [10, 12].
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_ . _ Table 2. Experiment 2: Group Nomenclature and Treatments Figure 2. Mean ml SAC Consumption (£SEM).
The challenges of using drugs like BAC to test memory in the context

of an appetitive paradigm include the fact that GABAergic system -
manipulations reportedly cause hypodipsia, sedation, vertigo and ‘Group
hyperphagia [4, 5, 13]. Nomenclature
SAC+BAC 2mg/kg

N
o
In order to separate out drug effects on learning/memory vs. drug effects DAL R T | - ng systenic and inta-amygdala adminisration of the GABA-
on sensory or appetitive factors this investigation asked the fOHOWing SAC+LiCl d SAC+LiCl Water ,_ SAC CTA, as indicated by high SAC drinking on trail 3, which was significantly greater than their drinking on trial 1. The SAC+LiCl, ?%gr_lﬁg.ac ofen impairs retention. Behav. Neural Biol. 1989, 32(2):
5,
5
5

o
1

All animals that received either SAC+LiCl or

Cotidton SAC+BAC pairings acquired a strong taste aversion
bl to SAC by the third CTA trial, as illustrated by the

Days |3 5 Days 2, 4, 6  Extinction significant difference in SAC drinking between ) Relfe re n Ce S

SAC+BAC Water Qi animals given EU training and those that had SAC

Mean ml SAC Consumption (+/- SEM)

S A C-l-B A C W ¢ S A C paired with LiCl or BAC. All of the EU groups that [1] Castellano, C.; Brioni, J. D.; Nagahara, A. H.; McGaugh, J. L. Post- [9] Meachum, C. L.; Bernstein, I. L. Conditioned responses to a taste
ater : did not receive CS+US P airings did not acquire a training systemic and intra-amygdala administration of the GABA-B conditioned stimulus paired with lithium chloride administration.
Behav. Neurosci. 1990, 104: 711-715.

= . . . . . . [10] Mickley, G. A.; Kenmuir, C. L.; McMullen, D. A.; Yocom, A. M.;
SAC Water"'LlCl SAC+BAC ng/ kg and SAC+BAC 3 mg/ kg groups were all drlnklng near-zero amounts of SAC on trial 39 which was Slgnlﬁcanﬂy [2] Chester, J. A.; Cunningham, C. L. Baclofen alters ethanol-stimulated Valentine, E. L.; Dengler-Crish, C. M.; Weber, B.; Wellman, J. A_;

SAC Water+BAC less than their SAC drinking on trial 1. Dflnklllg on the first Conditioning trial was not signiﬁcantly different between any groups activity but not conditioned place preference or taste aversion in mice. Remmers-Roeber, D. R. Dynamic processing of taste aversion extinction
[Mean SAC consumption + SEM on trial 1 =4.35 + 1.22ml]. Note: A BAC 1mg/kg group is not used in Experiment 2 because Pharmacol. Biochem Behav. 1999, 63(2): 325-331. n the brain. Brain Res. 2004, 1016: 79-89.

\N/ : . . . . . . . .. . 1, . . . . 31D t, M.; Saligaut, C.; Lhuintre, J. P.; M , N.; Flipo, J. L.; Boi , 11] Mickley, G. A.; R -Roeber, D. R.; Dengler, C. M.; McMullen, C. A;
SAC atertBAC | this group did not indicate a disruption of SAC discrimination capabilities in Experiment 1 nor did they demonstrate any possible [3] Daoust, M.; Sahigat, ©.; Tuintre oo e PO oismare,  [11] Mickley, & A.; Remmers-Rocber, D. R.; Dengler, C. M.; McMullen
. o eqe . i ] ) ] ] _ F. (1987): GABA transmission, but not benzodiazepine receptor Kenmuir, C. L.; Girdler, B.; Crouse, C.; Walker, C. Simple behavioral
(b) DOGS BAC COIan'OInlSG I'atS ablllty tO peI'CGIVe the US effects of BAC CXposurce 1n Experlment 1. *Slgnlﬁcant difference between EU groups and the fOHOWlIlg CS+US groups. stimulation, modulates ethanol intake by rats. Alcohol, 4, 469—472. methods to assess the effect of drugs or toxins on sensory experience.

C Onditioned Stimulus (C S)‘) *BAC = BAC injection (BAC dissolved in physiological saline to either 2 or 3mg/ml; 1ml/kg, i.p.; dosing specified in group nomenclature) SAC+LiCl, BAC 2mg/kg, and BAC 3mg/kg. p<0.05. [4] Dario, A.; Tomei, G. A benefit-risk assessment of baclofen in severe spinal J. Neurosci. Meth. 2002, 115: 85-92.
’ spasticity. Drug Safety 2004, 27(11): 799. [12] Nolan, J.; McCaughey, S. A.; Giza, B. K.; Rhinehart-Doty, J. A.; Smith, J.

EU(LICl)

EUBAC 2
(a) Does BAC alter basal food or liquid consumption? E U?B AC 323

questions:

#SAC = 30min presentation of 0.3% SAC [%w/v; SAC salt dissolved in deionized water]| occurred everyday throughout extinction until animals

. . . : " : . C., Scott, T. R., Extinction of a conditioned taste aversion in rats:
. . [5] Ebenezer, 1. S. Intraperitoneal administration of baclofen increases ’ ’ ’ .
(¢) Does BAC cause malaise itself, thus acting as a US or reached asymptofic consumption. comatmtion o both solid and lquid dete i ats, Fu J. Phormacad. 1995 1. Behavioral effects Physiol Behav. 1997, 61: 319323,

lntel‘fel‘lng Wlth actions Of 5) US? ALiCl= LiCl injection (8 1mg/ml LiCl dissolved in physiological saline; dose = 81 mg/kg, i.p). 273: 183-185. [13] Patel, S. M.; Ebenezer, 1. S. The effects of intraperitoneal and

[6] Jacobson, L. H. Behavioral evaluation of mice deficient in GABA B (1) intracerebroventricular administration of the GABAB receptor antagonist

Time r equ irements f or extinction Of the CTA receptor isoforms in tests of unconditioned anxiety. Psychopharmacol. CGP 35348 on food intake inrats. Eur J. Pharmacol. 2004, 503: 89-93.
. . . . . 2007, 190(4): 541. [14] Pitsikas, N.; Rigamonti, A. E.; Cella, S. G.; Muller, E. E. The GABAB
Given the previous literature (see above), 1n our first experiment, we are dependent on the dose of BAC used as

B SAC+BAC 2mg/kg [7] Jacobson, L. H.; Kelly, P. H.; Bettler, B.; Kaupmann, K.; Cryan, J. F. receptor recognition memory: possible modulation of its behavioral eftects
: C e : .. . . [ SAC+BAC 3mglk by the nitrergic system. Neurosci. 2003, 118(4): 1121-1127.
hypothesized that BAC would have no effects on taste discrimination or the unconditioned stimulus during CTA s e

overall SAC consumption. acquisition.

GABAB(1) receptor isoforms differentially mediate the acquisition and
extinction of aversive taste memories. J. Neurosci. 20006, 26(34): [15] Popova, E. D.; Puzin, M. N.; Kolyvanov, G. B.; Levin, A. A. Baclofen
8800-8803. pharmacokinetics in rats. Eksp. Klin. Farmakol. 1995, 8: 53-54.

[8] McNamara, R. K.; Skelton, R. W. Baclofen, a selective GABAB receptor [16] Rescorla, R. A. Pavlovian Conditioned inhibition of fear resulting from
agonist dose-dependently impairs spatial learning in rats. Pharmacol. negative CS-US contingencies. J. Comp. Physiol. Psychol. 1969, 67:
Biochem.Behav. 1996, 53(2): 303-308. 260-263.

I SAC+LICI

Results of the first experiment led us to a second experiment in which we

hypothesized that BAC at 3mg/kg would have the visceral effects of an Figure 3. Mean Days (:SEM) to Asymptotic EXT.

unconditioned stimulus 1f used 1in a CTA paradigm. The LiCl and BAC 3mg/kg groups did not differ

significantly in the number of days required to reach
asymptotic EXT. However, the BAC 2mg/kg group
extinguished significantly faster than the LiCl and BAC

3 mg/ kg groups. Slgnlﬁcantly less than both LiCl and The authors wish to acknowledge the following students and staff for their contributions to this work: Doug Placko, Ginger Portman, Ivan Islamaj, Kasey
BAC 3mg/ kg groups. p<005 . Windnagel, Christopher Tulsia, Henry Morchak, YeHyun Kim and Dave Revta. This work was also supported by a generous grant from the
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