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Bunting-Dady: Measuring Conditioned Flavor Aversions and Preferences

THE SENSITIVITY IN METHODS OF
MEASURING CONDITIONED FLAVOR
AVERSIONS AND CONDITIONED
FLAVOR PREFERENCES

Jacinda T. Bunting
Dr. Kenneth Rusiniak, Mentor

ABSTRACT

This project investigated a multiple measurement procedure to
assess conditioned flavor aversions (CFA) and conditioned flavor prefer-
ences (CFP) in male albino rats. Volume consumed is currently the most
common and often the sole method used. Most studies employ group
designs, whereas this study used a single-subject design to compare be-
havior patterns and responses between individual rats. Response mea-
surements include: total licks, lick rate, lick patterns, volume (ml) con-
sumed, volume (ml) per lick. Strong CFA showed consistent decreases in
total licks, lick rate, total volume, and volume per lick. CFP was evident,
although not consistent, in total licks, lick rate, total volume (ml), and
volume (ml) per lick. Volume per lick measurement in CFP revealed that
three of the four rats drank more per lick on the posttest flavor day after
training. This measure may be a good indicator of CFP. This study pro-
vides normative data for evaluating the effects of drugs on neurotrans-
mitters that modulate CFA and CFP.

INTRODUCTION

Our understanding of learning and memory requires two different
but converging approaches to analysis, namely behavioral and neurologi-
cal (Delprato & Rusiniak, 1991; Timberlake, 1993). This integrative ap-
proach proposes that a coordinated interaction of multiple brain structures
is required for learning and memory to occur and has been described as
processes and systems (Wig, Buckner, & Schacter, 2009). These memory-
related circuits are also very important for different types of learning and
memory to occur (Squire, 1992; White & McDonald, 2002).

Current work in cognitive neuroscience involving humans sug-
gests that learning and memory rely on three neural systems. The first
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system consists of the prefrontal cortex and the medial temporal lobe and
its associated regions. This system is believed to be involved in the con-
scious recollection of training, or what is empirically known in behav-
ioral psychology as “explicit memory.” Explicit memory is involved in
visual, verbal, and motor learning tasks. The second system consists of
the basal ganglia and neocortex, associated with “implicit memory.” Im-
plicit memory refers to the situation in which the subject can demonstrate
knowledge or a skill using actions but cannot explicitly retrieve informa-
tion verbally or consciously. A third system includes the amygdala and
its associated structures (e.g., the limbic system), which form the neural
basis for “emotional memory.” Emotional memory has characteristics of
both implicit and explicit memory. The neural circuits involved in emo-
tional memory are unique in that they involve the amygdala. Learning
involved in eating is often studied using an associative learning model
that involves emotional conditioning.

Associative learning is the connection or association of stimuli
and responses. The neurological basis of associative learning is often
researched using animal models. Animal research also plays a key role
in our understanding of physiological processes, specifically those af-
fecting neural disorders (Carroll & Overmier, 2001). The rat has served
as a useful tool for identifying structures in the brain that are particularly
important in associative learning.

Typically, the neural basis of learning and memory has been in-
vestigated using a range of techniques, including brain lesions in animals
learning various tasks (Pezuk et al., 2008), fos-like immunoreactivity
in rats (Bernstein & Koh, 2007), electrical recording from brain areas
while an animal performs learning tasks (Shatskikh et al., 2006), record-
ings from slices of hippocampal tissue, and the injection of drugs that
either inhibit or elicit learning and memory in the rat (Davies et al., 2007;
Golden, 2007). The study of brain processes in relation to behavior is an
approach that entails assessing both neural and behavioral responses to
stimuli. Such studies allow us to collect data that could not be collected
using human subjects.

As in human memory models, several brain structures in the rat
have been identified as being associated with different types of memory
functions. Animal research is also believed to be a source of insight into
the evolution of the human body and its functions. This use of animal
models has been particularly instrumental in shaping our understanding
of how the brain handles information involved in associative learning
processes. Interestingly, rodents, particularly the rat, have proven to be
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an especially important experimental vertebrate to study memory sys-
tems. For example, the hippocampus is hypothesized to be involved in
several types of learning and memory, including declarative memory
(Squire, 1992), spatial memories (O’Keefe & Burgess, 1996; Clement,
Blahna, & Nekovarova, 2008), configural learning (Rickard & Graf-
man, 1998), consolidation (Remondes & Schuman, 2004), relational and
conjunction memory (Moses & Ryan, 2006), and taste learning (Stone,
Grine, & Katz, 2005).

The hypothalamus structure is believed to play a role in the
process of learning and memory involved in eating and drinking. The
amygdala stimulates the hippocampus and cerebral cortex, which are
both important for memory storage (de Quervain, Roozendaal, & Mc-
Gaugh, 1998). The former system may be homologous to the prefrontal-
medial temporal system in humans, as well as the limbic system.

The rat is often used to study associative learning in eating be-
haviors using two learning models, conditioned flavor aversion (CFA) and
conditioned flavor preference (CFP). The study of learning and memory
processes involved in conditioned flavor aversion has been especially use-
ful. This process occurs when a subject associates the taste and odor of a
certain flavor with symptoms of illness caused by a toxic, spoiled, or poi-
sonous substance (Delprato & Rusiniak, 1991; Garcia, Hankins, & Rusin-
iak, 1974; Golden, 2007; Green & Garcia, 1971; Lipinski et al., 1995).
Conditioned flavor aversion is unique in that it can be acquired often in a
single conditioning trial; when this was first discovered, it violated the ba-
sic principles of learning and memory known at the time (Garcia & Ervin,
1968; Garcia, Hankins, & Rusiniak, 1974; Green & Garcia 1971; Revusky
& Garcia 1970; Rozin & Kalat, 1971).

This discovery indicated that there may be various biological
constraints on learning and memory. It was also useful in elaborating brain
regions involved in emotional learning. That is, the brain has evolved
different neural memory systems that affect different learning and mem-
ory functions (Wig, Buckner, & Schacter, 2009). Many brain regions are
believed to be involved in CFA learning including the amygdala (Ya-
mamoto, 2008), nucleus accumbens (Ramirez-Lugo, Nunez-Jaramillo,
& Bermudez-Rattoni, 2007), and the hippocampus (Stone, Grimes, &
Katz, 2005). While the underlying neurological processes involved in
CFA learning are still not known, researchers are consistently using dif-
ferent methods of assessment to increase our understanding of CFA.

Volume, weight, and percent consumed are the most common
methods used to obtain aversion data in an eating study. The implications
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for CFA study have ranged from studies on obesity and drug abuse to its
relation to the eating behaviors in humans after chemotherapy treatment.

Conditioned flavor preference, known as the complement of
CFA, occurs when an association is developed between a neutral flavor
and a positive nutritional after-affect. The role of flavor in nutritional
obesity and other addictive behaviors has been one focus of CFP studies
(Scalfani, 2001). Many animals, including humans, base their consuma-
tory behavior on the flavor of food (Golden, 2007). Flavor preferences
acquired during consumatory behaviors are believed to develop due to
orosensory as well as nutritional values (Sclafani, 2001). Another char-
acteristic of preference that has been proposed is wanting in the absence
of liking (Robinson and Berridge, 1993). Behaviorally, the cues associ-
ated with taking drugs that were investigated by Robinson and Berridge
(1993) can be extended into cues related to eating behaviors.

The increase in consumption measured by volume and energy
levels has recently been the measurement focus when investigating the
effects that adding to the palatability of food has on CFP studies (Scla-
fani, 2001). Nevertheless, behavioral gestures and a multiple measure-
ment procedure may reveal preferences or avoidances that may not have
been evident by measuring only the volume consumed or the energy
level of the subject. In addition, small molecule neurotransmitters have
recently been investigated for their role in CFA and CFP. Glutamate is
one of these neurotransmitters. Most recently, glutamate receptors have
been shown to be critical for associative learning (Simonyi et al., 2009).

The glutamate receptor that is sensitive to N-Methyl-D-Aspar-
tate (NMDA) is widely distributed in the central nervous system (Gold-
en, 2007) and has been demonstrated to moderate several different kinds
of learning. This NMDA receptor is associated with many of the primary
functions of the nervous system and is currently researched in the phar-
macological management of seizures, a variety of neurological disor-
ders, pain, central nervous system abnormalities, neurological activity
and development (Haberny et al., 2002). Memory is one of these primary
functions and there is an increasing interest in the field of behavioral
pharmacology for agents that may block this NMDA receptor.

The study of the nutritional values involved in flavor prefer-
ences as well as research with a focus on the biological components of
flavor aversions has lead to the study of neurotransmitters. This area of
research has most recently expanded to the study of their role in pref-
erence and avoidance learning and the effects of drugs that inhibit the
neurotransmitters functions.
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The central nervous system readily penetrates the anticonvulsant
compound of MK-801{(+)-5-methyl-10, 11-dihydro-5H-dibenzo[a,d]
cyclohepten-5,10-imine maleate)} (Wong et al., 1986). Several research-
ers have found that MK-801, a non-competitive antagonist, disrupts CFA
learning. A MK-801 injection distributed directly into the amygdala has
been shown to reduce neophobia and rejection response to a novel flavor,
suggesting that glutamate responses in the amygdala may be directly as-
sociated with CFA (Tucci, Rada, & Hernandez, 1998).

This project was designed to obtain baseline data in preparation for
our future work which will focus on blocking the NMDA receptors and the
affects that different dose levels of the NMDA antagonist will have on CFA
and CFP learning. More specifically, the role of the NMDA receptors in the
associative learning processes of CFA and CFP while under the influence of
MK-801 and APV-5. The compound APV (DL-2-amino 5-phosphonoval-
eric acid) is a competitive NMDA antagonist and will also be used to block
the neurotransmitters proposed to be involved in CFA and CFP learning.

We observed orofacial gestures, licks, and volume consumed to
investigate whether a multiple measurement procedure may be a more
sensitive method of measuring CFA and CFP. In previous studies, be-
haviors have been observed as identifiers of an aversion reaction, and we
adopted some of these criteria for the current study, namely lip smack-
ing, hesitant lick patterns, wiping of the mouth area (which resembles
grooming behaviors), as well as grabbing and biting the drinking spout
(Delprato & Rusiniak, 1991). Future analysis of the orofacial data col-
lected during the current study will use behavioral criteria similar to Del-
prato and Rusiniak (1991) and Berridge, Grill, and Norgren (1981) to
score behaviors on a temporal basis.

The basic methodology of this experiment follows several pub-
lished reports. The general behavioral procedures used for the CFA group
were similar to those used by Garcia, Hankins, and Rusiniak (1974),
Delprato and Rusiniak (1991), and Lipinski, Rusiniak, Hillard, and Da-
vis (1995). The methodology of the preference study follows those used
by Rusiniak, Steigerwald, Arsnov, and Spencer (2008). The overall goal
of this study is to identify a baseline for several consumption measure-
ment methods used in a typical CFA and CFP study. This baseline data
will then be used to determine which method of measurement is most
efficient for assessing CFA and CFP learning in a drug study. The assess-
ment of CFA and CFP may require multiple measurement techniques
in order to detect any disruptions due to the drugs MK-801 and APV-5.
Such techniques were developed during the pilot study.
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METHODS

Animals

The experiment was conducted on male albino rats (200g—300g)
obtained from Harlan Sprague-Dawley (Indianapolis, IN). Rats were
housed individually in standard suspended wire mesh cages in a colony
maintained on a 12L:12D cycle, with lights on from 0600 to 1800h. Purina
Lab Chow and water was available at all times, except as noted.

Materials and Procedures

Apparatus. Plastic boxes (15 x 15 x 17cm) were placed
on brass grids. Rats had access to a single metal drinking spout with a
ball-bearing tip (ATCO TD-30, Napa, CA) provided through a small
hole at one end of the box. The boxes were enclosed in a larger sound-
attenuating chamber equipped with white noise (65 dB re 20 pN/m?),
which masked extraneous sounds (Rusiniak, Garcia, & Hankins, 1976).
A video recording device (Cyber-shot® Digital Camera DSC-HX1 Im-
aging Device: 1/2.4 type [7.63mm] Exmor CMOS Sensor, Megapixel:
9.1MP, Recording Media: 8G Flash Memory and 11MB of Internal
Flash memory) was placed in the sound-attenuating chamber to assess
orofacial gestures and general agitation measures (Berridge, Grill, &
Norgren, 1981).

Procedure. An electronic drinkometer circuit (Grason-
Stadler E4600A-1) monitored licks recorded during the 5 minute sessions
(Rusiniak, Garcia, & Hankins, 1976). Drinkometer results were printed on
strips and later analyzed using a temporal basis contact with the spout. A
videotape recording of each rat’s behavioral responses during training and
test day were analyzed using frame by frame playback (Adobe Soundbooth
CS3, Version 1.0). Each rat was scored for orofacial gestures and agitation
using the consummatory response criteria similar to Berridge, Grill, and
Norgren (1981), Berridge and Grill (1983), and Delprato and Rusiniak
(1991). Volume consumption in ml was measured using a single 50 ml
calibrated centrifuge tube equipped with a rubber stopper and stainless steel
sipper tube.

General behavioral procedures. After several weeks
of adjustment to the colony, the experimental procedures began. Each
day the animals were weighed, handled, and given access to water and
food. Rats were then pre-adapted to drinking in the apparatus. Water
was removed from the home cages, and the animals were trained to
consume their entire daily fluid consumption during a single 5 min
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session in the experimental apparatus (Rusiniak, Garcia, & Hankins,
1976). Animals maintained 85% of their free-feeding weight by post-
session feedings, and by daily feedings on the days that sessions were
not conducted (Weatherly et al., 2005).

Training. Drinking sessions were reduced gradually from
1h to 5 min; trials then remained at 5 min for the remainder of the pre-
adaption period. Drinking sessions occurred at the same time each day
maintaining a 23.75 h deprivation period. Water was provided in a sin-
gle 50 ml calibrated centrifuge tube equipped with a rubber stopper and
stainless steel sipper tube. Consumption in ml was measured daily. Lick
data and video recordings of the sessions were obtained during training
as well. Rats were also familiarized with the tested fluids on one pretest
flavor session to reduce the effect of novelty (Green & Garcia, 1971; D.
Mitchell, D. Scott, & L. Mitchell, 1977) on one flavor pretest session.

Experimental procedures.

Conditioned flavor aversion group (n = 4). A total of
4 rats were assigned to the CFA group. Two rats (CFA rat #1 and CFA
rat #2) were assigned to the pilot study and 2 rats (CFA rat #3 and CFA
rat #4) were assigned to the current study. Experimental conditions in
the pilot study were identical to the current study with the exception of
the temporal distribution of the illness agent.

Approximately 2 days before experimental sessions began all
rats received sham intubations to habituate them to the intragastric infu-
sion procedure. During this habituation process, a plastic infant feeding
tube (Kendall/Curity, 38 cm, ref# 1155722) was passed down the throat
into the stomach and approximately 3 ml of water was infused.

Experimental procedures began for all rats on Day 1. Rats #1 and
#3 (n=2) were pre-exposed to cherry flavor (4.25 g powdered cherry Kool-
Aid and 0.1% saccharine), rats #2 and #4 (n =2) were pre-exposed to grape
flavor (4.25 g powdered grape Kool-Aid and 0.1% saccharine). On days 2,
3,5,6,8,9,11, 12, 14, 15, 17, and 18, all rats received water in the apparatus
during a standard 5 min session. On days 4 and 7, 2 rats in the current study
received an intragastric infusion of the illness agent (0.15 M LiCl at 127
mg/kg) 30 min after receiving the assigned flavor. In the pilot study, 2 rats
received the illness agent immediately after the flavor. The dose used for all
rats was well below that which animals will self-administer and causes a
brief gastric malaise (Rusiniak, Hilliard, & Poschel, 1993).

On day 10, each rat in each flavor group was tested with only
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their assigned flavor. On days, 13, 16, and 19 rats were tested again with
only their assigned flavor, without the coupling of the illness agent, to
obtain extinction data.

Conditioned flavor preference group (n = 4). A total
of 4 rats were in the CFP group. Two rats were in the pilot study (CFP
rat #1 and CFP rat #2) and 2 rats were in the current study (CFP rat #3
and CFP rat #4). Experimental conditions in the pilot study were iden-
tical to the experimental conditions in the current study.

Experimental procedures began for all rats on Day 1. All rats
received milk nutrient for a 5 min session in the apparatus. On day 2, rats
#1 and #3 (n = 2) were pre-exposed to cherry flavor (4.25 g powdered
cherry Kool-Aid and 0.1% saccharine), rats #2 and #4 (n =2) were pre-
exposed to grape flavor (4.25 g powdered grape Kool-Aid and 0.1% sac-
charine). On days 3, 4, 6, 7,9, 10, 12, 13, 15, 16, 18, 19, and 18, all rats
received water in the apparatus during a standard session. On days 5, 8,
11, 14, and 17 rats received an assigned flavor mixed with a carbohydrate
nutrient (20% polycose). On day 20, rats in both flavor groups of the pi-
lot study and the current study were tested with only the assigned flavor.
Results were measured by lick patterns, orofacial gestures, and volume
in ml during all training, test, and water days.

RESULTS
Conditioned Flavor Aversion

Flavor pretest and posttest results. Aversion mea-
sures in total licks, lick rate, volume (ml), and volume per lick were
compared between the pretest flavor day and posttest flavor day (post-
treatment flavor alone). Strong conditioned flavor aversion was evident
and consistent in several measures of flavor consumption: total licks,
lick rate, total volume (ml), volume (ml) per lick indicated on the data
strips all decreased (see Table 1 and Figure 1).

Total licks. The number of total licks before and after
conditioning on flavor days is shown in Table 1. Total number of licks
per each 5 min session was analyzed for each individual subject. All
rats decreased in the total number of licks during posttest day session.
In the total lick measurement results, rats in the pilot study (CFA rat #1
and CFA rat #2) both stopped licking after the initial lick. Rats in the
current study (CFA rat #3 and CFA rat #4) continued to lick (CFA rat
#3 =29 licks, and CFA rat #4 = 15 licks), but they did not drink any
measurable volume.
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Lick rate. The lick rate before and after conditioning on
flavor days and water days is shown on Table 2. The number of licks
while in contact with the drinking spout was analyzed for each individ-
ual subject, to observe licks per contact second on the spout. Licks per
second decreased in most rats, except CFA rat #2, which increased in
lick rate during both the posttest flavor day and the posttest water day.
CFA rat #2 and CFA rat #3 both increased in lick rate and CFA rat #1
had the same lick rate on pretest flavor day and pretest water day. CFA
rat #4 drank at an increased rate on pretest water day in comparison to
the pretest flavor day.

Volume (ml). Volume consumption before and after con-
ditioning on flavor days is shown on Table 1. Volume was measured
in (ml) before and after each 5 min session on pretest flavor days, and
posttest flavor day. Volume consumption decreased for all rats on the
posttest flavor day.

Volume (ml)/lick. Volume consumption before and after
conditioning on flavor days is shown on Table 1. Consumption in ml/
lick ranged from 0.004 to 0.011 ml/lick. None of the rats showed a
significant volume of consumption on the posttest day.

Lick pattern. The lick pattern before and after conditioning
on flavor days and water days can be reviewed for one rat in Figure
1. Lick pattern displayed a strong aversion had developed. The lick
pattern also displayed an increased in drinking behaviors on posttest

water day.
CONDITIONED FLAVOR AVERSION (CFA)
FLAVOR EXPOSURE DAYS
RAT # LICKS VOLUME VOLUME (ml)/ LICK
Flavor Flavor Flavor Flavor Flavor Flavor
Pretest Posttest Pretest Posttest Pretest Posttest
1 647 1 6 0 0.009 0
2 398 1 4.5 0 0.011 0
3 227 29 1.5 1 0.007 0
4 58 15 0.25 0 0.004 0

Table 1 Conditioned Flavor Aversion: Number of licks, volume (ml), and volume (ml)
per lick on pretest flavor day and posttest flavor day.
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LICKS PER CONTACT SECOND
Flavor Flavor Flavor Flavor
RAT # Pretest Posttest +or— Pretest Posttest +or—
1 3 0 )3 3 3 0
2 3 4 H1 4 5 H1
3 4 3 )1 4 5 H1
4 3 1 ()2 4 4 0

Table 2. Conditioned Flavor Aversion: Number of licks per contact second on pretest
flavor day and posttest flavor day and baseline water pretest and posttest days.

CFA RAT #1 LICK PATTERN DATA RESULTS:
Pre-exposure water day:
Time
e Licks
Pre-exposure to flavor alone day:
Time
e T —- — — Licks
Post-treatment water day:
it Time
Licks
Test day:
— Time
Licks

Figure 1. Conditioned Flavor Aversion Group: The top line indicates the start and stop of
the five-minute session. The bottom line shows the licking behavior pattern. Black marks
indicate contact with the spout.

Baseline water pretest and posttest results.
Consumption before and after conditioning on water days is shown on
Table 3. A comparison of total licks, volume (ml), and volume (ml)
per lick on pretest water day and posttest water day showed that water
consumption before and after treatment remained relatively constant.
Notably, water volume consumed increased during the pilot study and
decreased in the current study.
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CONDITIONED FLAVOR AVERSION (CFA)
WATER BASELINE

RAT # LICKS VOLUME VOLUME (ml)/ LICK

‘Water ‘Water Water Water Water Water

Pretest Posttest Pretest Posttest Pretest Posttest
1 884 793 10.5 12.5 0.012 0.012
2 1027 704 10 11 0.01 0.009
3 933 1077 11.5 8.5 0.012 0.008
4 843 862 10 9 0.012 0.008

Table 3. Conditioned Flavor Aversion: Number of licks, volume (ml), and volume (ml)
per lick on pretest water day and posttest water day.

Conditioned Flavor Preference

Flavor pretest and posttest results. Preference
measures in total licks, lick rate, volume (ml), and volume per lick were
compared between the pretest flavor day and posttest flavor day (post-
treatment flavor alone). Conditioned flavor preference was evident,
although not consistent, in all measures of flavor consumption: total
licks, lick rate, total volume (ml), and volume (ml) per lick. The derived
measure of consumption, volume (ml) per lick, revealed an interesting
feature of conditioned flavor preference. Animals drank more per lick
on the posttest flavor day after training. Three of the four rats increased
in the amount consumed per lick (i.e., gulping). Therefore, this measure
may be a good indicator of conditioned flavor preference. Moderate con-
ditioned taste preference was evident in the volume (ml) consumed, and
in volume (ml) per lick. In the pilot study and the current study, different
measures detected CFP. In both studies, volume was the most sensitive
followed by volume per licks. Absolute number of licks was the least
sensitive of the measures. Licking patterns shown on the lick strips were
not a clear indicator of conditioned flavor preference.

Total licks. Total licks before and after conditioning on
flavor days is shown in Table 4. Total number of licks for each 5 min
session was analyzed for each individual subject. A consistent amount
of increase in the consumption on posttest flavor day was not evident
in the total licks. Not all rats increased in the number of licks. Those
rats that did increase were not consistent when measuring the level of
increase that occurred.
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Lick rate. The lick rates of the subjects before and after con-
ditioning on flavor days are shown in Table 5. The number of licks while
in contact with the drinking spout was analyzed for each individual subject
to observed licks per contact second on the spout. Lick rates during test
day varied between the pretest and posttest flavor days, and the pretest and
posttest water days.

Volume. Volume consumed before and after conditioning on
flavor days is shown in Table 4. Volume was measured in (ml) before and
after each 5 min session on pretest flavor days, posttest flavor day, pretest
water day, and posttest water day. All rats displayed an increase in volume
consumption on posttest flavor day. This increase in consumption ranged
from 1.0 to 4.5 ml.

Volume (ml)/lick. Volume per lick before and after condi-
tioning is shown on Table 4. Volume (ml) consumption was measured on
pretest and posttest flavor days for each rat. These data were analyzed for
each individual subject to observe the amount of consumption in (ml) per
lick recorded. Consumption in ml/lick on the pretest flavor day ranged
from 0.006 to 0.015 ml/lick. The consumption in ml/lick was measured on
posttest flavor day. Rat #2 displayed an increased of 0.007 ml/lick and rat #3
displayed a decreased of 0.003 ml/lick.

Lick pattern. The lick pattern before and after conditioning
on flavor days and water days is shown in Figure 2. Licking patterns
shown on the lick strips were not a clear indicator of conditioned flavor
preference.

CONDITIONED FLAVOR PREFERENCE (CFP)

LICKS VOLUME VOLUME (ml)/ LICK
Flavor | Flavor Flavor | Flavor Flavor | Flavor
Pretest | Posttest| + or— |Pretest | Posttest | +or— | Pretest [Posttest| + or—

771 | 702 |69 | 650 | 1050 | (#)4.00 | 0.008 | 0.015 |(+) 0.007

34 | 438 |#)404 | 050 | 525 [(H)4.50]0.015 | 0.012 |()0.003

169 | 339 [(+)170 | 1.00 | 3.50 |(+)2.50| 0.006 | 0.01 |(+)0.004

215 | 358 |(H)143 | 1.50 | 225 |(+)1.00| 0.007 | 0.009 |(+) 0.002

Table 4. Conditioned Flavor Preference: Number of licks, volume (ml), and volume (ml)
per lick on pretest flavor day and posttest flavor day. A (+) indicates an increase and (-)
indicates a decrease.
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LICKS PER CONTACT SECOND
Licks per Licks per Licks per Licks per
Contact Second | Contact Second Contact Second | Contact Second
Rat | Flavor Pretest | Flavor Posttest | +or— | Pretest Water | Posttest Water | +or—
1 4 4 0 4 4 0
2 4 3 ()1 5 5 0
3 4 3 ()1 5 5 0
4 3 4 1 5 4 ()1

Table 5. Conditioned Flavor Preference: Number of licks per contact second on pretest
flavor day, posttest flavor day, pretest water day, and posttest water day.

CFP RAT #1 LICK PATTERN DATA RESULTS:
Pre-exposure water day:
Time
. - b e T TR Licks
Pre-exposure to flavor alone day:
Time
——— o - Licks
Post-treatment water day:
Time
— oy Licks
Test day:
T Time
- T - T Lick

Figure 2. Conditioned Flavor Preference: The top line indicates the start and stop of the
five minute session. The bottom line shows the licking behavior pattern. Black marks
indicate contact with the spout.

DISCUSSION
Conditioned flavor aversion was evident in all rats. All of the
methods of measurement used in this study indicated a flavor aversion
had occurred, except for pattern of licks. Changes were evident in total
licks, lick rate, total volume (ml), and volume (ml) per lick. Although
there was a difference between the rats in the pilot study and the rats
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in the current study, the total number of licks on posttest flavor day de-
creased for all rats. When reviewing individual results between subjects,
licks reveal a different pattern in the total licks between the pilot study
rats and the current studies rats. The total licks on posttest day suggested
that the rats in the current study continued to return to the spout (several
times) during the session. The total licks measurement suggested behav-
iors similar to tasting, not drinking.

The rats in the pilot study took one initial lick and did not return
to the spout. Notably, several external factors may have influenced these
data. First, the rats in the pilot study received the LiCl immediately after
the flavor, whereas the rats in the current study received the LiCl 30 min
after the flavor. Second, the drinkometer is unable to distinguish between
a lick and any other contact with the spout. The rat may have come into
contact with the spout through behaviors other than licking. This alternative
contact could then have registered as a lick, giving a false count of licking
behaviors. Third, the rats tongue may have come into contact with the spout
without depressing the ball in the spout to release the fluid (i.e., tasting).

The lick rate decreased in all but one rat on posttest day. The rat
with the increased lick rate on posttest flavor day also increased in lick
rate during the water sessions. This increase in the rate of licking may be
indicative of the predetermined drinking behaviors of that rat.

The volume decreased to 0 ml for all rats on posttest flavor
day. None of the rats in the conditioned flavor aversion group showed a
significant volume of consumption on posttest flavor day. Volume con-
sumed did increase during the posttest water day for the rats in the pilot
study and decreased in the current study. This may be due to experimen-
tal conditions as well as predetermined drinking behaviors.

The volume (ml)/lick measure consistently showed a strong fla-
vor aversion in all rats on posttest day. On pretest day, volume (ml)/lick
varied in all rats. This variance in consumption per lick may also be due
to predetermined drinking behaviors of the rats. The low volume of intake
also influenced the volume (ml)/lick results. The lick pattern strips served
as a clear indicator that conditioned flavor aversion had occurred. Pretest
flavor day and posttest flavor day, when compared, reveal a decrease in
drinking behaviors. The lick pattern shown on the drinkometer strips was a
useful method of measurement in detecting conditioned flavor aversion.

Conditioned flavor preference was evident, although not consis-
tent, in all methods of measurement. An increase in the number of licks
was not evident in all rats, but lick measures from posttest flavor day and
pretest flavor day did show an increase in consumption. Those rats that did
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increase in the number of licks did not do so consistently. Lick rates varied
for most rats when comparing pretest and posttest flavor day to pretest and
posttest water day. Lick rates during posttest were consistent with lick rates
during pretest and posttest water day. Volume measures are commonly
used to investigate conditioned flavor preference. While all rats increased
in the volume consumed, the amount of increase that occurred varied. The
increase in the volume consumed ranged from 1.0 to 4.5 ml, while rats that
statistically drank the same amount did so at a different rate.

The derived measure of volume (ml)/lick revealed interesting fea-
tures of drinking behaviors in the rats. On pretest flavor day, the rats varied
widely in volume (ml)/lick consumed. This variance in the initial intake
of the novel flavor was detected in all of the rats in the CFA group as well,
suggesting predetermined drinking behaviors varied among the rats. Post-
test flavor day volume (ml)/lick also varied in all rats in the conditioned
flavor preference group. This comparison of how much is being consumed
per lick revealed that the rats engaged in sipping and gulping behaviors on
posttest flavor day. The volume (ml)/lick measure did not reveal a strong
preference, although observing these sipping and gulping behaviors more
closely in combination with other measurements may serve as a useful
indicator of the level of flavor preference that has occurred.

By reviewing only the amount of consumption using only one
measure in CFA and CFP studies, we cannot conclude anything about the
neurological and behavioral systems that influence these learning models. In
both the CFA and CFP group, when analyzing the total number of licks the
rat takes in a drinking session, the drinkometer counts any contact with the
spout as a lick. Again, other behaviors could have caused the drinkometer
to register a lick: grabbing the spout, sniffing the spout, lip smacking, etc.
This measure is non-informative of these behaviors. Video analysis of these
behaviors may prove more useful in obtaining an accurate count of licks.

The lick rate measurement did not show a consistent decrease for
the CFA rat or a consistent increase for the CFP rats. This was not consid-
ered an ideal measurement for either of the learning models. While aver-
sion and preference were both detected via measurement of volume, in that
both groups altered the volume of their drinking, this measure proved to
be most useful when in combination with licks. In the CFP group volume
(ml)/lick may offer sensitivity to the detection of a flavor preference.

A more thorough analysis of the way we measure CFA and CFP
would expand our understanding of the behaviors associated with aver-
sions and preferences. These learning models are essential motivational
states in eating disorders and interestingly, eating behaviors of subjects
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recovering from chemotherapy (Bernstein, 1985). Data from the current
study will be used as baseline data for our future study involving the
neurological affects of NMDA antagonists on conditioned flavor aver-
sion and conditioned flavor preference. The behaviors associated with
CFA and CFP while under the influence of an antagonist will be reported
using the multiple-measurements method used in the current study. We
propose that by using the multiple-measurement methods design used
in this study we may better detect the effects of the NMDA antagonists,
MK-801 and APV-5, on CFA and CFP.
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