Page 1 of 11
Impulse: The Premier Journal for Undergraduate Publications in the Neurosciences
2011

The Varied Uses of Conditioned Place Preference in Behavioral
Neuroscience Research: An Investigation of Alcohol Administration
in Model Organisms

Brandon Lucke-Wold'
'Baylor University, Waco, Texas 76798
Mentored by: J.L. Diaz-Granados, Ph.D., Baylor University, Waco, Texas 76798

Place conditioning procedures have been used to study human addiction to alcohol for the past
several years. This experimental resource has been utilized successfully due to the fact that
investigators can carefully manipulate the experimental design in order to explore specific
hypotheses. Only three choices exist regarding animal response to place conditioning: aversion,
preference, or no change. This review provides an in-depth analysis of five variables commonly
adjusted or changed in place conditioning experiments with ethanol. These include: apparatus
design, administration methods, choice of model organism, age of model organism, and model
paradigms. It is suggested that the two-chamber design, the intragastric administration, the
mouse model, the adolescent age group, and the pre-exposure to stress paradigm are the best
current options available in place conditioning experiments with ethanol. The basis for
evaluation used throughout this review is that investigators should adjust the variables employed
in place conditioning experiments in a manner that most accurately represents and models
complex human addiction to alcohol.

Abbreviations: Unconditioned Stimulus — US; Conditioned Stimulus — CS; Conditioned
Response — CR; Conditioned Place Preference — CPP; Conditioned Place Aversion — CPA;
Tetrahydrocannabinol — THC; Intragastric — IG; Intraperitoneal — IP; Gastrointestinal — GI;
Knock Out — KO; Neuronal Nitric Oxide Synthase — nNOS; N-methyl-D-aspartate - NMDA
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Introduction

To understand and treat dependence
disorders, researchers have utilized place
conditioning to develop appropriate models of
addiction (Carboni and Vacca, 2003). Addiction
is a physical and psychological dependence that
develops over a period of time for a given
substance. Place conditioning is broadly defined
as a pairing between an unconditioned stimulus
(US) and a conditioned stimulus (CS) where the
US is the administration of the drug or other
reward to the model organism and the CS is the
distinct environment in which the organism is
placed after administration of the drug or reward
(Tzschentke, 2007). The pairing often develops

into an association between the US and the CS
that results in a future conditioned response
(CR). The CR can take the form of preference
or aversion displayed during the testing period.
While in the test period, the organism has free
access to enter a chamber previously associated
with the drug or to enter a chamber not
associated with the drug. Conditioned Place
Preference (CPP) is based on a motivational
aspect of the investigated drug and can be
defined as an inclination for the model organism
to choose the location paired with the drug.
Conditioned Place Aversion (CPA) is based on a
repulsive effect of the drug and can be defined
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as an inclination for the model organism to
choose the location not paired with the drug. A
vehicle (most often saline) is administered
instead of the drug whenever an organism is
chosen for the control group. Depending on the
chemical properties of the drug, the dose, the
number of trials, and the administration method,
either CPP, CPA, or no change can be observed.
The place conditioning procedure has been used
successfully to show CPP with opiates (Spiteri
et al., 2000; Vekovischeva et al., 2004; Rizos et
al., 2005), cocaine (Russo et al., 2003a;
Stromberg and Mackler, 2005; Sellings et al.,
2006b; Thanos et al., 2010), nicotine (Tapper et
al., 2004; Walters et al., 2005a; Ji et al., 2006),
and tetrahydrocannabinol (THC) (Braida et al.,
2004; Soria et al., 2004; Le Foll et al., 2006).
CPP has also been seen with ethanol in a mouse
model (Hill et al., 2003; Houchi et al., 2005;
Cunningham et al., 2006), rat model (Bagrov et
al., 1999; Matsuzawa et al., 2000b; Haleem et
al., 2005), and a zebrafish model (Mathur et al.,
2010).

To narrow the scope, this review will
analyze the literature that uses ethanol as an US
to develop CPP and will not discuss instances of
CPA. Previous reviews of CPP and ethanol
were conducted with the focus of understanding
the motivational aspects, historical framework,
and neuropharmacology associated with CPP
(Risinger et al, 2002) and to also present the
advantages and disadvantages of using place
preference procedures (Bardo and Bevins,
2000). Further still, other reviews have
highlighted the significant results obtained using
ethanol in place conditioning procedures without
offering an analysis of conflicting results and
designs (Tzschentke 1998, 2007). This review
will provide a unique evaluation by analyzing
place conditioning approaches based on the
route of drug administration, the choice and age
of the model organism, the design of the
conditioning chamber, and the applicability to
human addiction. It will be argued that a two-
chambered conditioning apparatus is better than
a three-chambered apparatus (Cunningham et
al., 2006), that intragastric (ig) administration as
compared to intraperitoneal (IP) administration
is the preferred choice for drug delivery (Fidler
et al., 2004), that the mouse model over the rat
and zebrafish models is the most ideal to use in
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place conditioning experiments with ethanol
(Cunningham et al., 1992), that an adolescent
model is more accurately representative than an
adult model (Song et al., 2007), and that pre-
exposure to stress before place conditioning
provides the best available animal model for
alcoholism in humans (Matsuzawa et al.,
1998a).

Review

Apparatus Design

The apparatus used in rodent place
conditioning comes in two basic formats: the
two-chamber design and the three-chamber
design. The two-chamber design uses two
compartments separated by a sliding guillotine
door (Cunningham et al, 2006). The
compartments are made vastly different from
each other by adjusting the lighting, tactile
sensations, or smell of each compartment. On
adaptation day, the animal is placed in the
apparatus and the guillotine door is opened to
allow free movement between the chambers.
The investigator must choose to make the
chambers biased or unbiased. Biased design
means the individual animal prefers one
chamber more than the other chamber during
adaptation. Unbiased design means the animal
prefers each chamber equally during adaptation.
The unbiased design is more ideal because on
test day it allows investigators to fully determine
significant CPP for the chamber paired with
drug administration. When analyzing the data,
the investigator simply notes and records
differences in chamber preference as compared
to the animal’s initial level of equal preference
for both chambers during adaptation.

For the period of conditioning with the
two-chamber design, drug is administered to the
animal and the animal is placed in one of the
compartments with the guillotine door shut. On
test day, no drug is administered and the
guillotine door is again lifted to allow the animal
free access to both compartments. With this
two-chamber design, the animal must enter a
chamber, and therefore the time spent in each
chamber can be measured and compared to the
initial level of time spent in the chambers on
acquisition day. The two-chamber design is also
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used with the zebrafish model by using
aquariums filled with water or a water/drug
combination and a sliding plate. During the
acquisition and testing days, freshwater filled
aquariums are used. One side is visually
different from the other side. Two plates that
initially keep the fish in the middle of the
aquarium are removed. This occurs very
quickly after the fish is initially placed in the
water. During the conditioning day, a fixed
liquid-permeable plate separates the two sides of
the aquarium and the aquarium is filled with an
ethanol/freshwater mixture. The zebrafish is
placed on one side of the aquarium and the plate
prevents it from swimming to the other side
(Mathur et al., 2010). The apparatus for rodents
is more adaptable because additional stimuli can
be adjusted to make the appropriate differences
between the chambers. The stimuli that can be
altered in the rodent model but not the zebrafish
model include tactile, olfactory, and auditory
stimuli. The apparatus for the zebrafish model
is limited to changes only in visual stimuli.
Visual stimuli can also be manipulated in the
rodent apparatus.

The two-chamber rodent design offers
distinct advantages over the three-chamber
design. In the three-chamber design, one small
compartment separates two larger compartments
that are distinctly different from one another
(Torrella et al., 2006; Song et al., 2007). The
central chamber is designed to be neutral and it
connects to both of the large chambers. The
three-chamber design includes two guillotine
doors with a single door separating each large
chamber from the small connecting chamber.
Throughout acquisition and testing, the animal is
placed in the small central chamber and the
guillotine doors are opened. This allows the
animal to move freely between chambers. For
the duration of conditioning, the drug is
administered and then the animal is placed in the
small chamber while only one guillotine door is
opened. The problem with this design is that the
animal might make an association with the
central chamber instead of, or in conjunction
with, an association to the large chamber.
Therefore, during testing day, the results could
be skewed since the animal might be showing
avoidance or preference for the central chamber
instead of for the large chambers. The two-

2011

chamber design avoids this pitfall because the
animal merely has a single choice between the
two distinctly different chambers and is not
forced to cross a theoretically neutral, small
chamber. The one benefit of the three-chamber
design is the ease with which the experimenter
can place the animal in the center of the
apparatus. Although it might be more difficult
to place an animal exactly in the middle of the
two-chamber apparatus, the disadvantages of the
three-chambered design do not outweigh this
solitary gain.

Ethanol Administration Methods

The two  drug-delivery  methods
commonly used in place conditioning
experiments with ethanol are IP andIG
administration. With IP administration, ethanol
is injected into the abdominal-pelvic cavity
using a syringe and needle. The syringe is
gauged to allow for precise measurement and
administration of the drug. Using 2g/kg IP
administration of ethanol, CPP was observed in
mice (Ozburn et al., 2008; Itzhak et al., 2009;
Bhutada et al., 2010) and rats (Cole et al., 2003).
Other doses such as 1g/kglP and 3g/kg IP have
also produced CPP in both mice (Szumlinski et
al., 2005b; Marchand et al.,, 2006) and rats
(Matsuzawa et al., 2000a) depending on the
timing of administration and number of
conditioning trials.

Two types of IG administration used in
CPP experiments with ethanol are gavage and
catheter administration. A gavage is a
removable gastric feeding-tube, and it must be
placed directly into the stomach via a surgical
technique. A catheter is a small solid tube that
is placed permanently in a body cavity by means
of surgical implantation. The catheter is either
placed in the stomach or small intestine. CPP
has been observed in rats with 2g/kg IG gavage
administration of ethanol (Peana et al., 2008)
and 1g/kg IG catheter administration of ethanol
(Fidler et al., 2004). A few groups have tried
per os (by mouth) self-administration
(Bedingfield et al., 2009; Lardeux and Baunez,
2007), but this method is highly unreliable.
Since place conditioning depends on the timing
and amount of drug administered, it is
impractical to assume that the animal will self-
administer a sufficient and appropriately timed
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amount of ethanol to induce CPP. Even if CPP
is observed, it would be hard if not impossible
for another group to replicate the results seen in
the original study due to individual differences
in animal consumption.

The IG administration method is
superior to the IP administration method
because it allows for the digestion and
processing of ethanol directly from the
gastrointestinal (GI) tract instead of indirectly
from the surrounding body cavity. This is
critically important because human ethanol
consumption involves drug delivery through the
GI tract and not from the space surrounding
body cavities. The advantage of IP
administration is the speed and efficiency of
drug delivery. Since the IP administration
method requires little set-up and involves simple
injection techniques, many investigators have
chosen to use this method instead of the more
complicated IG  administration = method
(Groblewski et al, 2009; Gremel and
Cunningham, 2010). The IG method
characteristically involves surgical implantation
of the gavage or catheter, an extended period of
recovery time for the animal, and the careful
monitoring of the animal by the investigators to
prevent unnecessary infection. Although more
difficult, the IG administration 1is more
representative of human ethanol consumption.
In a comparison study (Krishnamra et al., 1987),
3 or 5g/kg quantities of ethanol were
administered to different groups of female
Wistar rats by either IP or IG methods. Plasma
45Ca’" activity was measured for each animal,
and a significant difference between groups was
reported 30 minutes after initial administration.
The group given IP administration of ethanol
had increased tissue content of 45Ca>" by 40%
in the duodenum, 38% in the jejunum, and 39%
in the colon. The group given IG administration
of ethanol had increased tissue content of 45Ca*"
by 31% in the duodenum, 27% in the jejunum,
and 33% in the colon. These differences cannot
be overlooked. For the sake of developing the
most accurate model of human drug addiction, it
is necessary to use the more complicated yet
more accurate IG administration method. Even
if the differences are simply due to a change in
timing for drug metabolism, this small change in
timing could call into question the validity of
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CPP observed with specific doses of ethanol
administered via the IP method.

The administration method for the
zebrafish model is unique in that ethanol can be
mixed with the aquarium water to titrate the
dose of drug delivery (Mathur et al., 2010).
Although the method is reliable, the zebrafish
model is less pertinent than the mouse model in
the study of human alcohol addiction for reasons
that will be discussed later.

Choice of Model Organism

The choice of model organism is often
the most important decision in designing an
experiment. The chosen species can limit the
accuracy of the model or help it become more
representative of actual human disease,
addiction, or a physiological process. The
specific model organisms used for CPP
procedures with ethanol include the rat, mouse,
and zebrafish. CPP has been observed in each
of these species, but the mouse model has been
most  successful in  developing  CPP
(Cunningham et al., 1992; Newton et al., 2008).
One reason for this success might include the
ability to create transgenic and knockout (KO)
animals (Thanos et al., 2005). Transgenic refers
to adding genes where KO refers to deleting or
blocking the expression of genes. The use of
transgenic and KO animals allows investigators
to look at individual physiological components
of alcohol addiction such as the influence of
ghrelin levels (Jerlhag et al, 2009), the
importance of the neuronal nitric oxide synthase
(nNOS) gene (Itzhak et al., 2009), and the
effects of the histamine H3 receptor ligands
(Nuutineen et al., 2010). All three of these
components have been implemented in the
development of CPP with mice. These genetic
manipulation  techniques are  especially
beneficial when investigators create high-
ethanol consuming or low-ethanol consuming
animals (Short et al., 2006; Lardeux and
Baunez, 2008). The modified animals can be
used to model different preferences for ethanol
in the human population, and therefore provide a
more comprehensive  population  focused
approach for studying addiction.

Rats are the second best animal models
to use in place conditioning experiments with
ethanol because of larger surface areas for
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surgery, limited differences between the few rat
strains in contrast to the many differences
between the multiple mice strains, and similar
consumption patterns of ethanol during free
choice paradigms as those observed in humans
(Pautassi et al., 2008). But, since it is more
difficult to genetically modify rats due to the
complexity and time required to develop
transgenic models, the use of these animals is
limited to specific experimental designs with
specific rat strains. The three common strains of
rats used in place conditioning experiments with
ethanol are Long-Evans, Sprague-Dawley, and
Wistar. Long-Evans rats are often used in
experiments requiring surgical implantation or
lesions delivered prior to place conditioning due
to their size (Lardeux and Baunez, 2007), and in
experiments using multi-drug place conditioning
procedures due to the strain’s toleration of
administration (Jones et al., 2010). Sprague-
Dawley rats are useful for experiments requiring
graded drug administration (Philpot et al., 2003)
and for experiments that involve pre-
conditioning stress procedures (Matsuzawa et
al., 2000a) because of the strain’s adaptability to
novel training paradigms. Wistar rats are useful
in studying the biochemistry associated with
ethanol addiction due to the vast knowledge
already obtained from other fields of study
(Kotlinska et al., 2007). If the rat model is being
used for standard place conditioning procedures
where only one drug is needed and no pre-
surgery requirements are necessary, the
Sprague-Dawley strain is the best to use due to
the mild temperament of the animals and the
ease of handling during conditioning
experiments (Allan et al., 1998).

The least viable organism used in CPP
procedures with ethanol is the zebrafish.
Although CPP has been observed in the
zebrafish (Blaser et al.,, 2010; Mathur et al.,
2010, 2011b), there are limitations that will
prevent the continued use of this model unless
proper and thorough solutions are developed.
First, zebrafish are phylogenetically further
removed from humans than rodents (Patil et al.,
2004). This phylogentic separation is important
because zebrafish process and respond to
ethanol in a different manner than humans
(Dlugos and Rabin, 2003). In addition, different
administration methods and apparatus designs
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are necessary for place conditioning with
zebrafish. As mentioned previously, visual
stimuli alone can be manipulated in the
apparatus used for zebrafish, and currently only
one administration method of ethanol is
available for this organism. Processing ethanol
from the water through the gills is not similar to
ethanol consumption in humans. The zebrafish
are exposed to both an internal and external
milieu of ethanol via its aquarium water which
rodent models and, more importantly, humans
only experience internal administration methods
through GI processing. Despite  such
limitations, a few advantages do exist with the
zebrafish model such as the ability to genetically
modify the organism (Tanguay and Reimers,
2008), the relatively inexpensive cost of housing
the fish compared to housing rodents, and the
ability to observe CPP after a single pairing with
ethanol (Mathur et al., 2011a).

Age of model organism

Alcohol addiction in the human
population is primarily a process that begins in
adolescence. If an individual begins consuming
alcohol before the age of fourteen, he or she is
four times more likely to become an addict than
an individual who waits to begin drinking until
the legal age of twenty-one (Philpot et al.,
2009). It is therefore important to use animals
that are in the adolescent phase of development
when conducting CPP trials with ethanol.
Unfortunately, a separate line of thought has
consistently plagued the field of ethanol CPP
research until recently. Many investigators have
rightly noted that human addiction to alcohol is
frequently observed in adults (Bie et al., 2009;
Zarrindast et al., 2010; Wrobel, 2011, but they
overlooked the fact that adulthood is not where
addiction often begins to develop. The faulty
line of reasoning has led to a plethora of studies
CPP with adult animals and relatively few
studies that have investigated CPP with
adolescent  animals. Since  ethanol
administration in adolescent rats alters the
development of N-methyl-D-aspartate (NMDA)
receptors (Sircar and Sircar, 2006), it is likely
that the adult models do not accurately represent
the process of addiction as it occurs in some
humans.
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In a comparison study, adult and
adolescent rats have shown markedly different
preferences to the same doses of ethanol
(Dickinson et al., 2009). The investigators
found that adolescent animals required
significantly more ethanol to develop CPP than
the adult animals. This might explain why
human addiction begins in adolescence, since
increased levels of ethanol are needed to
experience reward at this stage of development
(Philpot et al., 2003). Furthermore, in another
comparison study (Chin et al.,, 2011) a team
examined differences in spatial learning between
adult and adolescent rats exposed to ethanol.
Interestingly, adolescent rats required higher
doses of ethanol to develop preference, but once
injected with enough ethanol, spatial learning
deficits measured via the Morris Water Maze
test were consistent between adult and
adolescent animals. It has thus been proposed
that the physiological responses to ethanol are
no different in adolescent animals but that the
mechanisms of reward processing are dissimilar
to those seen in adult animals (Pautassi et al.,
2011). Therefore, in future studies it will be
necessary to reconfigure the current approach
used to study the rewarding properties of ethanol
in light of adolescent brain differences.

Stress Pre-Exposure Paradigm

In humans, social and environmental
complexity often leads to increased consumption
of alcohol for those who are prone to alleviate
stress by drinking (Pohorecky, 1981). Since
those who suffer from alcoholism often
consume ethanol during stressful periods, it
would behoove investigators to develop models
where animals have been pre-exposed to stress
(Matsuzawa et al., 1998a). In recent years,
many investigators have used pre-exposure to
stress in the form of animal foot or tail shock as
a more indicative model of human alcoholism
(Matsuzawa et al., 2000, Der-Avakian et al.,
2007, Sperling et al., 2010). Not surprisingly,
these investigators have found a more robust
CPP in animals pre-exposed to stress than in the
control animals not exposed to stress.

A few reasons exist regarding why more
investigators do not use this approach. First, not
all encounters with ethanol involve stressful
situations. In some instances alcohol is used to

2011

enhance social situations or increase perceived
sexual success (Prauss et al., 2006). Moreover,
the stress paradigm requires a more complex
apparatus and it increases the time necessary to
conduct the experiment. Finally, many
investigators have focused a great deal on
individual components of addiction without
looking at the larger picture of the disease and
the way it develops in humans. Thus, they have
limited their explorations to understanding
individual mechanisms of addiction while not
reevaluating the overall correlation to human
alcoholism (El-Ghundi et al., 1998; Houchi et
al., 2005; and Brown et al., 2010). It is
necessary to redirect the field towards broader
approaches that will incorporate all the
individual components. Stress pre-exposure is
an experimental design that simulates these
broader approaches, and it offers researchers a
resource by which to utilize CPP procedures in a
manner consistent with understanding human
addiction.

Discussion

Despite the advantages of the five ideal
variables presented in this review, no single
study possesses all of them for many different
reasons. Often an investigator must pick and
choose the wvariables to use in the CPP
experiments based on the available resources,
the specific aims, and according to the work
previously conducted in the field. It is a
challenge to incorporate new components while
trying to build upon an already established
baseline. For example, the ability to create
transgenic and KO mice, which can be carefully
manipulated for specific research focuses,
(Thanos et al., 2005) has been a boon for CPP
experiments. However, the pre-exposure to
stress paradigm has only recently been proposed
for use with mice. Therefore, investigators must
either spend a lot of time and resources to
develop a model, that incorporates a pre-
exposure to stress paradigm with transgenic and
KO mice, or they can continue in the line of
previous work and simply use the pre-exposure
to stress rat model that is already developed, but
which lacks transgenic and KO manipulation
(Philpot et al., 2003).
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Some variables are easier to choose,
such as the two-chamber  apparatus
(Cunningham et al., 2006) instead of the three-
chamber apparatus. But, it still requires time
and effort to transition to something new. The
investigator will either have to build the device
or have a machine and technology expert create
it. Another variable that investigators could
change is making the switch from an IP to an IG
administration method (Fidler et al., 2004). The
two-chamber apparatus and IG administration
method should become the standard in the
future, but it is important to note that it will take
time to change a field with certain fixed
techniques. For example, the time spent training
the lab personnel in IG surgical techniques
would take longer than the training required for
the IP technique.

Although  some people develop
addiction to ethanol later in life, the wvast
majority of addicts start consuming ethanol
during adolescence (Philpot et al., 2009). Since
CPP develops at higher doses in adolescent
animals (Dickinson et al., 2009) and ethanol
alters brain development at this stage (Sircar and
Sircar, 2006), it is critical that further work be
done with adolescent animals. All five variables
highlighted in this review reflect upon
judgments about the best representation of
human addiction to alcohol. As knowledge
continues to expand regarding alcoholism, it will
be necessary and beneficial to revise and expand
CPP experiments.

Conclusion

CPP is just one technique of many that
has been used to study ethanol’s rewarding and
aversive properties (Correia et al., 2009). Other
tests include the free-choice paradigm, Loss of
Righting Reflex, Morris Water Maze, and
Elevated Plus Maze. What is unique about CPP
is that it gives an animal a choice which can be
easily measured. Unlike the free-choice
paradigm, the experimental animal in CPPis
force exposed to ethanol. CPP might better
represent early alcohol exposure in humans
because the forced exposure to ethanol
overcomes the initial taste aversion. In human
adolescents taste aversion to ethanol is
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overcome by peer pressure and unwholesome
role models (Pautassi et al., 2011).

Another advantage of place
conditioning is that many variables can be
adjusted or redesigned. Five ideal variables
were highlighted in this review, but there will be
ways to improve upon these variables in the
future. This section will highlight the author’s
suggestions about potential improvements.
With advanced technology, it will eventually be
possible to have a three-chamber design that
converts into a two-chamber design once the
animal initially enters the large chamber. This
will alleviate the problem of placing the animal
exactly in the center of the device. It will also
abolish an animal’s possible association with the
small chamber because the small chamber will
instantly disappear after the animal moves into a
large chamber. Also, new injection techniques
might be designed where IG administration will
no longer involve a surgical procedure. This will
make it more appealing for investigators to
switch from [P to IG administration.
Additionally, as progress continues in the
development of more reliable transgenic and KO
rats, the ideal model organism might become the
rat instead of the mouse due to the larger surface
areas for surgery and less variability between
strains. Moreover, it might be possible to build
upon the pre-exposure to stress paradigm. It
could be beneficial for researchers to examine
place conditioning after an animal has been
exposed to isolation stress early in development
(Lopez et al., 2010). Many people who become
addicted to alcohol and other drugs of abuse
were exposed to stressors in utero (Shor et al.,
2010). Still further, it would be valuable for
future studies to investigate CPP with ethanol in
animals as they age from adolescence to
adulthood. This progressive longitudinal
approach would be an even more representative
model of lifetime addiction often seen in
humans. The place conditioning technique will
continue to remain a staple in the study of
alcohol addiction and as new variables are
presented better models will continue to be
developed.



Page 8 of 11

Impulse: The Premier Journal for Undergraduate Publications in the Neurosciences

Acknowledgements

This paper was written under the supervision
and guidance of Dr. Jaime L. Diaz-Granados
(Jim_Diaz-Granados@baylor.edu). This paper
was edited by Noelle Lucke-Wold.

Corresponding Author

Brandon Lucke-Wold

Baylor University-Undergraduate

WVU HSC-MD/PhD Program

990 Irwin St. Apt. 10B Morgantown, WV 26505
bwold@mix.wvu.edu

References

Allan AM, Wu H, Paxton LL, Savage DD
(1998) Prenatal ethanol exposure alters the
modulation of the g-amma-aminobutyric acid
A1 receptor-gated chloride ion channel in
adult rat offspring, J Pharmacol Exp Ther
284:250-7.

Bardo MT, Bevins RA (2000) Conditioned place
preference: what does it add to our
preclinical understanding of drug reward?
Psychopharmacology 153:31-43.

Bhutada P, Mundhada Y, Bansod K, Rathod S,
Hiware R, Dixit P, Umathe S, Mundhada D
(2010) Inhibitory effect of berberine on the
motivational effects of ethanol in mice, Prog
Neuropsychopharmacol Biol Psychiatry
34:1472-9.

Blaser RE, Koid A, Poliner RM (2010) Context-
dependent sensitization to ethanol in
zebrafish (Danio rerio). Pharmacol Biochem
Behav 95:278-84.

Braida D, Iosu¢ S, Pegorini S, Sala M (2004)
Delta9-tetrahydrocannabinol-induced
conditioned place preference and
intracerebroventricular self-administration in
rats, Eur J Pharmacol 506:63-9.

Brown R, Short J, Lawrence A (2010)
Identification of brain nuclei implicated in
cocaine-primed reinstatement of conditioned
place preference: a behaviour dissociable
from sensitization, PLoS One 29:e115889.

Carboni E, Vacca C (2003) Conditioned place

2011

preference. a simple method for investigating
reinforcing properties in laboratory animals,
Methods Mol Med 79:481-98.

Chin VS, Van Skike CE, Berry RB, Kirk RE,
Diaz-Granados J, Matthews DB (2011)
Effect of acute ethanol and acute
allopregnanolone on spatial memory in
adolescent and adult rats. Alcohol.

Cole JC, Sumnall HR, O’Shea E, Marsden CA
(2003) Effects of MDMA exposure on the
conditioned place preference produced by
other drugs of abuse, Psychopharmacology
166:383-90.

Correia D, Ribeiro AF, Brunialti Godard AL,
Boerngen-Lacerda R (2009) Trait anxiety
and ethanol: anxiolysis in high-anxiety mice
and no relation to intake behavior in an
addiction model, Prog
Neuropsychopharmacol Biol Psychiatry
33:880-8.

Cunningham CL, Prather LK (1992)
Conditioning trial duration affects ethanol-
induced conditioned place preference in
mice, Anim Learn 20:187-94.

Cunningham CL, Niehus DR, Malott DH,
Prather LK (1992) Genetic differences in the
rewarding and activating effects of morphine
and ethanol, Psychopharmacology 107:385-
93.

Cunningham CL, Gremel CM, Groblewski PA
(2006) Drug-induced conditioned place
preference and aversion in mice, Nat Protoc
1:1662-70.

Der-Avakian A, Bland ST, Rozeske RR,
Tamblyn JP, Hutchinson MR, Watkins LR,
Maier SF (2007) The effects of a single
exposure to uncontrollable stress on the
subsequent conditioned place preference
responses to oxycodone, cocaine, and ethanol
in rats, Psychopharmacology 191:909-17.

Dickinson SD, Kashawny SK, Thiebes KP,
Charles DY (2009) Decreased sensitivity to
ethanol reward in adolescent mice as
measured by conditioned place preference,
Alcohol Clin Exp Res 33:1246-51.

Dlugos C, Rabin R (2003) Ethanol effects on
three strains of zebrafish: model system for
genetic investigations, Pharmacol Biochem
and Behav 74:471-80.

El-Ghundi M, George SR, Drago J, Fletcher PJ,



Page 9 of 11

Impulse: The Premier Journal for Undergraduate Publications in the Neurosciences

Fan T, Nguyen T, Liu C, Sibley DR,
Westphal H, O'Dowd BF (1998) Disruption
of dopamine D1 receptor gene expression
attenuates alcohol-seeking behavior, Eur J
Pharmacol 353:149-58.

Fidler T, Bakner L, Cunningham CL (2004)
Conditioned place aversion induced by
intragastric administration of ethanol in rats,
Pharmacol Biochem Behav 77:731-43.

Gremel CM, Cunningham CL (2010) Effects of
disconnection of amygdala dopamine and
nucleus accumbens N-methyl-d-aspartate
receptors on ethanol-seeking behavior in
mice, Eur J Neurosci 31:148-55.

Groblewski PA, Lattal KM, Cunningham CL
(2009) Effects of D-cycloserine on extinction
and reconditioning of ethanol-seeking
behavior in mice, Alcohol Clin Exp Res
33:772-82.

Haleem D, Hasnat A, Shireen E, Khan A,
Haleem M (2005) Dopamine and serotonin
neurotransmission in the reinforcing effects
of alcohol and apomorphine, J Coll
Physicians Surg Pak 15:458-62.

Hill KG, Alva H, Blednov YA, Cunningham CL
(2003) Reduced ethanol-induced conditioned
taste aversion and conditioned place
preference in GIRK?2 null mutant mice,
Psychopharmacology 169:108—14.

Houchi H, Babovic D, Pierrefiche O, Ledent C,
Daoust M, Naassila M (2005) CB1 receptor
knockout mice display reduced ethanol
induced conditioned place preference and
increased striatal dopamine D2 receptors,
Neuropsychopharmacology 30:339-49.

Itzhak Y, Roger-Sanchez C, Anderson KL
(2009) Role of the nNOS gene in ethanol-
induced conditioned place preference in
mice, Alcohol 43:285-91.

Jerlhag E, Egecioglu E, Landgren S, Salomé N,
Heilig M, Moechars D, Datta R, Perrissoud
D, Dickson SL, Engel JA (2009)
Requirement of central ghrelin signaling for
alcohol reward, Proc Natl Acad Sci
106:11318-23.

Ji SP, Zhang Y, Van Cleemput J, Jiang W, Liao
M, Li L, Wan Q, Backstrom JR, Zhang X
(2006) Disruption of PTEN coupling with 5-
HT2C receptors suppresses behavioral
responses induced by drugs of abuse, Nat
Med 12:324-9.

2011

Jones BC, Ben-Hamida S, de Vasconcelos AP,
Kelche C, Lazarus C, Jackisch R, Cassel JC
(2010) Effects of ethanol and ecstasy on
conditioned place preference in the rat; J
Psychopharmacol 24:275-9.

Krishnamra N, Limlomwongse L, Thimaporn J
(1987) Mechanism of hypocalcemia induced
by intraperitoneal, intragastric, and
intravenous administration of ethanol to the
rat, Can J Physiol Pharmacol 65:810-5.

Kuzmin A, Sandin J, Terenius L, Ogren S
(2003) Acquisition, expression, and
reinstatement of ethanol-induced conditioned
place preference in mice: effects of opioid
receptor-like 1 receptor agonists and
naloxone, J Pharmacol Exp Ther 304:310-8.

Lardeux S, Baunez C (2007; 2008) Alcohol
preference influences the subthalamic
nucleus control on motivation for alcohol in
rats, Neuropsychopharmacology 33:634-42.

Le Foll B, Wiggins M, Goldberg SR (2006)
Nicotine pre-exposure does not potentiate the
locomotor or rewarding effects of delta-9-
tetrahydrocannabinol in rats, Behav
Pharmacol 17:195-9.

Lopez MF, Doremus-Fitzwater TL, Becker HC
(2010) Chronic social isolation and chronic
variable stress during early development
induce later elevated ethanol intake in adult
C57BL/6J mice, Alcohol 45:355-64.

Marchand S, Betourne A, Marty V, Daumas S,
Halley H, Lassalle JM, Zajac JM, Frances B
(2006) A neuropeptide FF agonist blocks the
acquisition of conditioned place preference
to morphine in C57Bl/6J mice, Peptides
27:964-72.

Mathur P, Lau B, Guo S (2011) Conditioned
place preference behavior in zebrafish, Nat
Protoc 6:338-45.

Mathur P, Berberoglu MA, Guo S (2010)
Preference for ethanol in zebrafish following
a single exposure, Behav Brain Res 217:128-
33.

Matsuzawa S, Suzuki T, Misawa M (2000)
Ethanol, but not the anxiolytic drugs
buspirone and diazepam, produces a
conditioned place preference in rats exposed
to conditioned fear stress, Pharmacol
Biochem Behav 65:281-8.

Matsuzawa S, Suzuki T, Misawa M (2000)



Page 10 of 11

Impulse: The Premier Journal for Undergraduate Publications in the Neurosciences

Involvement of mu-opioid receptor in the
salsolinol-associated place preference in rats
exposed to conditioned fear stress, Alcohol
Clin Exp Res 24:366-72.

Matsuzawa S, Suzuki T, Misawa M (1998)
Conditioned fear stress induces ethanol-
associated place preference in rats, Eur J
Pharmacol 341:127-30.

Newton PM, Zeng L, Wang V, Connolly J,
Wallace MJ, Kim C, Shin HS, Belardetti F,
Snutch TP, Messing RO (2008) A blocker of
N- and T-type voltage-gated calcium
channels attenuates ethanol-induced
intoxication, place preference, self-
administration, and reinstatement, J Neurosci
28:11712-9.

Nuutinen S, Vanhanen J, Pigni MC, Panula P
(2011) Effects of histamine H3 receptor
ligands on the rewarding, stimulant and
motor-impairing effects of ethanol in
DBA/2J mice, Neuropharmacology 60:1193-
9.

Ozburn AR, Harris RA, Blednov YA (2010)
Behavioral differences between C57BL/6J x
FVB/NJ and C57BL/6J x NZB/BINJ F1
hybrid mice: relation to control of ethanol
intake, Behav Genet 40:551-63.

Patil A, Hughes AL, Zhang G (2004) Rapid
evolution and diversification of mammalian
alpha-defensins as revealed by comparative
analysis of rodent and primate genes, Physiol
Genomics 20:1-11.

Pautassi RM, Nizhnikov ME, Spear NE (2009)
Assessing appetitive, aversive, and negative
ethanol-mediated reinforcement through an
immature rat model, Neurosci Biobehav Rev
33:953-74.

Pautassi RM, Myers M, Spear LP, Molina JC,
Spear NE (2011) Ethanol induces second-
order aversive conditioning in adolescent and
adult rats, Alcohol 45:45-55.

Peana AT, Enrico P, Assaretti AR, Pulighe E,
Muggironi G, Nieddu M, Piga A, Lintas A,
Diana M (2008) Key role of ethanol-derived
acetaldehyde in the motivational properties
induced by intragastric ethanol: a
conditioned place preference study in the rat,
Alcohol Clin Exp Res 32:249-58.

Philpot RM, Wecker L, Kirstein CL (2009)
Repeated ethanol exposure during
adolescence alters the developmental

2011

trajectory of dopaminergic output from the
nucleus accumbens septi, Int J] Dev Neurosci
27:805-15.

Philpot RM, Badanich KA, Kirstein CL (2003)
Place conditioning: age-related changes in
the rewarding and aversive effects of alcohol,
Alcohol Clin Exp Res 27:593-9.

Pohorecky LA (1981) The interaction of alcohol
and stress: a review, Neurosci Biobehav Rev
5:209-29.

Prause N, Staley C, Finn P (2011) The effects of
acute ethanol consumption on sexual
response and sexual risk-taking intent, Arch
Sex Behav 40:373-84.

Risinger FO, Cunningham CL, Bevins RA,
Holloway FA (2002) Place conditioning:
what does it add to our understanding of
ethanol reward? Alcohol Clin Exp Res
26:1444-52.

Rizos Z, Ovari J, Leri F (2005) Reconditioning
of heroin place preference requires the
basolateral amygdala, Pharmacol Biochem
Behav 82:300-5.

Russo SJ, Festa ED, Fabian SJ, Gazi FM, Kraish
M, Jenab S, Quinones-Jenab V (2003)
Gonadal hormones differentially modulate
cocaine-induced conditioned place
preference in male and female rats,
Neuroscience 120:523-33.

Sellings LH, McQuade LE, Clarke PB (2006)
Evidence for multiple sites within rat ventral
striatum mediating cocaine-conditioned place
preference and locomotor activation, J
Pharmacol Exp Ther 317:1178-87.

Shor S, Nulman I, Kulaga V, Koren G (2010)
Heavy in utero ethanol exposure is associated
with the use of other drugs of abuse in a
high-risk population, Alcohol 44:623-7.

Short JL, Drago J, Lawrence AJ (2006)
Comparison of ethanol preference and
neurochemical measures of mesolimbic
dopamine and adenosine systems across
different strains of mice, Alcohol Clin Exp
Res 30:606-20.

Sircar R, Sircar D (2006) Repeated ethanol
treatment in adolescent rats alters cortical
NMDA receptor, Alcohol 39:51-8.

Song M, Wang XY, Zhao M, Wang XY, Zhai
HF, Lu L (2007) Role of stress in acquisition
of alcohol-conditioned place preference in



Page 11 of 11

Impulse: The Premier Journal for Undergraduate Publications in the Neurosciences

adolescent and adult mice, Alcohol Clin Exp
Res 31:2001-5.

Soria G, Castafié A, Berrendero F, Ledent C,
Parmentier M, Maldonado R, Valverde O
(2004) Adenosine A2A receptors are
involved in physical dependence and place
conditioning induced by THC, Eur J
Neurosci 20:2203-13.

Sperling RE, Gomes SM, Sypek EI, Carey AN,
McLaughlin JP (2010) Endogenous kappa-
opioid mediation of stress-induced
potentiation of ethanol-conditioned place
preference and self-administration,
Psychopharmacology 210:199-209.

Spiteri T, Le Pape G, Agmo A (2000) What is
learned during place preference
conditioning? A comparison of food- and
morphine- induced reward, Psychobiology
28:367-82.

Stromberg MF, Mackler SA (2005) The effect
of cocaine on the expression of motor
activity and conditioned place preference in
high and low alcohol-preferring Wistar rats,
Pharmacol Biochem Behav 82:314-319.

Szumlinski KK, Lominac KD, Oleson EB,
Walker J, Mason A, Dehoff MH, Klugmann
M, Cagle S, Welt K, During M, Worley PF,
Middaugh LD, Kalivas PW (2005) Homer2
is necessary for EtOH-induced
neuroplasticity, J Neurosci 25:7054-61.

Tanguay R, Reimers M (2008) Analysis of
ethanol developmental toxicity in zebrafish.
In: Alcohol: Methods and Protocols (Nagy
LE, ed.) pp 61-74 Totowa, NJ: Humana
Press.

Tapper AR, McKinney SL, Nashmi R, Schwarz
J, Deshpande P, Labarca C, Whiteaker P,
Marks MJ, Collins AC, Lester HA (2004)
Nicotine activation of alpha4* receptors:
sufficient for reward, tolerance, and
sensitization, Science 306:1029-32.

Thanos PK, Dimitrakakis ES, Rice O, Gifford
A, Volkow ND (2005) Ethanol self-
administration and ethanol conditioned place
preference are reduced in mice lacking
cannabinoid CB1 receptors, Behav Brain Res
164:206-13.

Thanos PK, Tucci A, Stamos J, Robison L,
Wang GJ, Anderson BJ, Volkow ND (2010)
Chronic forced exercise during adolescence
decreases cocaine conditioned place

2011

preference in Lewis rats, Behav Brain Res
215:77-82.

Torrella TA, Badanich KA, Philpot RM,
Kirstein CL, Wecker L (2004)
Developmental differences in nicotine place
conditioning, Ann N Y Acad Sci 1021:399 -
403.

Vekovischeva OY, Semenova SG, Verbitskaya
EV, Zvartau EE (2004) Effects of morphine
and cocaine in mice with stable high
aggressive and nonaggressive behavioral
strategy, Pharmacol Biochem Behav 77:235-
43.

Walters CL, Cleck JN, Kuo Y, Blendy J (2005)
Mu-opioid receptor and CREB activation are
required for nicotine reward, Neuron 46:933-
943.

Wroébel M (2011) Acquisition and expression of
ethanol-induced conditioned place preference
in mice is inhibited by naloxone, Pharmacol
Rep 63:79-85.

Zarrindast MR, Meshkani J, Rezayof A,
Beigzadeh R, Rostami P (2010) Nicotinic
acetylcholine receptors of the dorsal
hippocampus and the basolateral amygdala
are involved in ethanol-induced conditioned
place preference, Neuroscience 168:505-13.



