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Abstract
Both Neuropeptide Y (NPY) and the dorsal hippocampus have consistently been found to
regulate anxiety-related behaviours in both humans and animals. However, although the dorsal
hippocampus contains a high concentration of NPY receptors very little research has examined
the effect of NPY infusions into the dorsal hippocampus on anxiety-like behaviours. The current
study tested the hypothesis that acute injection of NPY into the dorsal hippocampus decreases
anxiety-like behaviours. To test this hypothesis, bilateral infusion of 1.5 ug/side of NPY (n = 7)
or sterile water vehicle (n = 8) into the rat dorsal hippocampus was followed by behavioural
testing in three animal models of anxiety: i.e., the elevated plus-maze, novelty-induced
suppression of feeding and shock-probe burying test. NPY-treated rats displayed no significant
differences in behaviour in all three animal models of anxiety. Although the results of the current
study did not support the hypothesis that NPY injection will reduce anxiety-like behaviours, a
thorough review of the literature provides ample support for further investigation in this area.
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Chapter One
Introduction
Neuropeptide Y (NPY) is one of the most prevalent peptides in the mammalian brain and is
involved in defensive behaviours and anxiety processes (Allen, et al., 1983; Heilig, Soderpalm, Engel
& Widerlov, 1989). NPY-knockout mice have shown increased anxiogenic responding in several
animal models of anxiety (Bannon, et al., 2000; Karl, Duffy & Herzog, 2008). In addition, central
administration of NPY decreases anxiety-like behaviours in several tests (Britton, et al., 1997; Heilig,
Soderpalm, Engel & Widerlov, 1989). However, only a few studies have examined the effects of direct
administration of NPY to specific brain areas (Sajdyk et al., 2008; Trent & Menard, 2011; Smialowska,
et al., 2007). As far as this author knows, no studies have examined the effects of NPY infusions into
the dorsal hippocampus on anxiety-like behaviours in the shock-probe burying test or novelty-induced
suppression of feeding test. NPY receptors are found in the dorsal hippocampus (Adrian, et al., 1983),
and it is a brain structure associated with anxiety regulation (Carvalho, Masson, Brandao, & de Souza
Silva, 2008; Dringenberg, Levine & Menard, 2008; Smialowska et al., 2007). The purpose of the
present study was to examine the effects of NPY infusions into the dorsal hippocampus in several
animal models of anxiety. The battery of tests used was selected to provide an optimal assessment of
anxiety and potential confounds. These tests are further reviewed below followed by a review of NPY,
its distribution profiles in the brain, and how these relate to anxiety and the role of the hippocampus in
anxiety regulation.
Animal models of anxiety
Defensive behaviours are often beneficial and increase an organism’s chances for survival when
coping with real or imagined threats (Blanchard et al., 1998; Blanchard, Griebel & Blanchard, 2001).
Researchers have taken advantage of rats’ natural defensive responses to develop animal models of
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anxiety. Innate unconditioned species-specific defensive reactions that are readily available to the
animal rely less on learning and memory and are likely controlled by simpler neurological systems
(Gray, 1983) making it easier to study associated brain areas compared to more complex conditioned
responses. The elevated plus-maze, novelty-induced suppression of feeding test, and shock-probe
burying test are reliable measures of anxiety-like responses that have been well validated in the
literature (Merali, Levac & Anisman, 2003; Treit, Pinel & Fibiger, 1981; Pellow, Chopin, File & Briley,
1985).
The elevated plus-maze consists of two open arms that intersect with two arms enclosed by
walls, and the entire structure is elevated 50cm from the floor. Rats typically avoid the two open arms
of the maze and spend most of the test period exploring the closed arms (Hogg, 1996; Pellow, Chopin,
File & Briley, 1985). Open arm avoidance is not a factor of novelty or fear of high spaces but rather
reflects a natural instinct to stay close to vertical surfaces (i.e., thigmotaxis), which serves to protect
small prey from predator attacks (Treit, Menard & Royan, 1993). Thus, the two most commonly used
indices of anxiety in this test are the percent of open-arm entries and percent of open-arm time (Pellow,
Chopin, File & Briley, 1985). The number of closed-arm entries is examined as a measure of general
locomotor activity, thus ensuring that any anxiolytic-like effects are not reflecting changes in general
locomotor activity (i.e., sedation or hyperactivity). One limitation is that repeated trials on the elevated
plus-maze cannot be used to establish baseline behaviours; i.e., rats pre-exposed to the elevated plusmaze display robust, enduring decreases in open-arm exploration.
The elevated plus-maze has been validated as a test of anxiety using behavioural,
endocrinological and pharmacological measures (Pellow, Chopin, File & Briley, 1985; Treit, Pinel &
Fibiger, 1981). When rats are confined to the open arms, anxiety-like behaviours such as freezing and
defecation increase (Pellow, Chopin, File & Briley, 1985). Rats confined to the closed arms had higher
plasma corticosterone levels compared to unrestricted controls, while rats confined to the open arms
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had the highest levels of plasma corticosterone concentrations. Finally, anxiolytic compounds such as
benzodiazepines and barbiturates increase open-arm exploration while anxiogenic compounds such as
methamphetamine and caffeine decrease open-arm exploration (Pellow, Chopin, File & Briley, 1985).
The second animal model of anxiety used for this study, the novelty-induced suppression of
feeding test (NISF), exploits rodents’ natural suppression of non-defensive behaviours (such as
feeding) in the immediate time period after being placed in a novel environment. In this test, rats are
habituated to a novel palatable snack in a familiar environment (the home cage in the colony room)
once a day for several days (Merali, Levac & Anisman, 2003). Home cage testing takes place the day
after the last habituation day; subjects are exposed to the treatment (usually a drug injection or
infusion) and then returned to the home cage where their latency to initiate consumption of the snack is
again recorded. The next day subjects again receive their respective treatments after which they are
exposed to the snack in a novel environment (novel cage test). Offering animals a familiar and highly
palatable food in the home cage results in rapid approach and consumption of food, whereas the same
food in a novel environment is typically associated with large increases in response latencies due to
hyponeophagia (the reduction in feeding in response to a novel environment; Merali, Levac &
Anisman, 2003). Thus, the commonly used index of anxiety in this test is the difference score
calculated for each subject by subtracting the home cage time from the novel cage time. Unlike food
intake tests which rely on food deprivation (Bodnoff et al 1989), the novelty-induced suppression of
feeding test allows us to examine whether our treatment affects appetitive motivation, which would
become obvious during the home cage test. This is particularly useful when including the elevated plusmaze in the battery of tests, as open-arm exploration of the elevated plus-maze can be influenced by
appetitive motivation (Almeida, Garcia & de Oliviera, 1993). Changes in locomotor activity could
affect latency to consume the snack in the novelty-induced suppression of feeding, and prior testing on
the elevated plus-maze is useful for studying potential drug effects on general locomotor activity. A
3

further advantage of the NISF test is that the animals are exposed to the palatable treat in their home
cage before testing in the novel cage, thus allowing for a within subjects baseline measure of behaviour
not possible with the elevated plus-maze.
The novelty-induced suppression of feeding test has been validated using behavioural,
neurobiological and pharmacological measures (Merali, Levac & Anisman, 2003). Adding a stressor
(predator scent) to either the home or novel cage increases latency to initiate consumption of the
palatable food. Furthermore, the effect of an added stressor can be attenuated using the anxiolytic
compound diazepam. Increased latency to initiate consumption in a novel environment was correlated
with increased release of in vivo amygdala corticotropin-releasing hormone (Merali, Khan, Michaud &
Anisman, 2002 as seen in Merali, Levac & Anisman, 2003). Conversely, central infusion of the
anxiolytic neurotransmitter NPY increased snack consumption in both the home and novel cages.
Treatment with pharmacological anxiolytics, such as diazepam, chlordiazepoxide, propranolol, or
chronic treatment with either buspirone or the antidepressant desmethylimipramine decreased latency
to initiate consumption in the novel cage while having no significant effect in the home cage (Merali,
Levac & Anisman, 2003).
The final animal model of anxiety used in the current study is the shock-probe burying test.
This test is comprised of a chamber containing 5 cm of bedding material across its floor and an
electrified shock-probe mounted to one wall. Whenever a rat contacts the probe with either its’ snout
or paw(s) it receives a brief, contact-induced shock (Treit, Pinel & Fibiger, 1981). Pinel & Treit (1978)
found that after rodents made contact with the shock-probe they would return and bury the probe with a
significant amount of bedding material. Rats’ burying behaviour is directed specifically at the probe
and is not observed in the absence of a shock. The most commonly used index for anxiety in this test is
total duration of burying time (Pinel & Treit, 1978; Treit, Pinel & Fibiger, 1981). One distinct
advantage of this test is that it measures rats’ defensive responses towards a discrete localizable threat
4

stimulus (i.e., the electrified probe), whereas the elevated plus-maze and NISF measure rats’ defensive
responses towards potential threat, which may or may not be present. A second advantage is that
anxiolytic-like effects here are indexed by a reduction in motor behaviour (burying) whereas in the
elevated plus-maze such effects are indexed by an increase in motor behaviour (open-arm exploration).
Thus, if anxiolytic-like effects are observed in both paradigms it can be easier to rule out non-specific
effects on locomotor activity as a potential confound. On the other hand, unlike the elevated plus-maze
and NISF, the shock-probe burying test measures a learned association between an unconditioned
aversive stimulus (the electric shock) and contextual cues (the probe). Thus, it is important to rule out
treatment-induced changes in learning and memory. Typically, this is done by measuring the total
number of contact-induced shocks the rat received during the test (if animals avoid further contact with
the probe it suggests that they have learned the association between the shock and the probe).
Measuring the duration of immobility allows us to further rule out treatment-induced changes in
general locomotor activity.
Rodents' innate tendency for defensive burying is well documented both in the wild
(Calhoun,1962; Owings & Coss,1978; Londei et al., 1998) and in laboratory settings (Silverman, 1978;
Pinel & Treit, 1983; Poling et al, 1981). Thus, the shock-probe burying test is a measure of anxiety with
good ethological validity and has also been validated using physiological, neurobiological and
pharmacological measures. Shock-probe burying sessions were associated with increased heart rate,
blood pressure and core body temperature (Korte & Bohus, 1990; Diamant et al, 1991), and increased
levels of plasma, corticosterone and glucose concentrations in rats exposed to shocks (Korte et al,
1992; Groenink et al., 1995). Finally, drugs with known anxiolytic effects such as diazepam,
chlordiazepoxide, and pentobarbital, decrease shock-probe burying in a dose-dependent manner (Treit,
Pinel & Fibiger, 1981). Importantly, non-anxiolytic compounds such as picrotoxin, pentylenetetrazol,
and d-amphetamine had no significant effect on burying behaviour.
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In conclusion, the battery of tests chosen for the present study consists of valid and reliable
animal models of anxiety which when compared against one another allow us to examine and rule out
several potential confounds (i.e., general locomotor activity, appetitive motivation, and learned
association).
Neuropeptide Y and anxiety
NPY is one of the most abundant and widely distributed peptides in the mammalian brain (Gray
& Morley, 1986). Five NPY receptor sub-types have been identified to date: Y1, Y2, Y4, Y5 and y6
(Dumont, Jacques, Bouchard & Quirion, 1998; Dumont, Fournier, St.Pierre & Quirion, 1990; Mullins,
Guzzi, Xia & Parker, 2000); the y6 receptor is denoted with a lowercase y because it is non-functional;
a pseudogene in humans and absent in rats (Mullins, Guzzi, Xia & Parker, 2000). NPY is involved in
the regulation of several functions such as sleep (Antonijevic et al., 2000), circadian rhythm regulation
(Albers & Ferris, 1984), and feeding (Hanson & Dallman, 2006). Interestingly, NPY shows a
particularly high concentration within the septum, hypothalamus, nucleus accumbens, periaqueductal
grey, locus coeruleus, amygdala, hippocampus, and cerebral cortex structures, which have been
implicated in anxiety regulation;. Therefore, determining whether NPY contributes to anxiety
regulation is of interest to the field (Allen et al. 1983; Adrian et al., 1983; Heilig, 2004; Gray, 1983).
This is supported by clinical evidence of NPY dysregulation in human anxiety related disorders, such
as post-traumatic stress disorder and depression (Silva, Cavadas & Grouzmann, 2002; Morales-Medina,
Dumont & Quirion, 2010; Morgan, et al., 2000). Although we know NPY is involved in human anxiety,
the advantage of using animal models is the lack of individual variation, ability to control
environmental factors and ability to centrally administer drug treatments.
A wide variety of approaches have been used to examine the involvement of NPY in anxiety
using rodents as a model organism (Heilig, Soderpalm, Engel & Widerlov, 1989; Britton, et al., 1997;
Bannon, et al., 2000). NPY-knockout mice have been tested in a variety of animal models of anxiety.
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Compared to wild type controls NPY-knockout mice showed stronger startle responses in an acoustic
startle test and greater avoidance of a test chamber previously paired with footshock (Bannon et. al.,
2000). NPY-knockout mice also showed significantly decreased activity in the typically avoided center
area of the open field locomotor test, while wildtype control mice spent more time exploring in the
center zone. These results are supported by another study that reported both male and female NPYknockout mice showed increased anxiety-like responding in the elevated plus-maze and open-field test
(Karl, Duffy & Herzog, 2008). Conversely, transgenic rats with NPY-overexpression failed to suppress
their drinking behaviour in a punished drinking test and do not display typical anxiety-like responding
on the elevated plus-maze following restraint stress (Thorsell, et al., 2000).
Similar to transgenic rats with NPY-overexpression, central administration of NPY (intracerebro-ventricular (i.c.v)) has anxiolytic-like effects in several animal models of anxiety, including the
elevated plus-maze, the conflict test and Vogel’s drinking conflict test (Britton, et al., 1997; Heilig,
Soderpalm, Engel & Widerlov, 1989). In the conflict test animals are first trained to press a lever for a
food pellet and in later testing pressing the lever results in being rewarded with food and punished with
a foot shock (Britton, et al., 1997). Vogel’s drinking conflict test involves a similar paradigm with the
exception that pre-training is not required and the reward is water rather than a food pellet (Heilig,
Soderpalm, Engel & Widerlov, 1989). In either case, exposure to either a cue that predicts shock or to
foot shock itself suppresses responding for the relevant reward. Administration of NPY (i.c.v.)
produces increased punished responding in both versions of the conflict test in addition to increased
open-arm exploration on the elevated plus-maze. These studies suggest that NPY plays a pivotal role in
fear suppression and anxiety processing but do not indicate which brain structures mediate the
anxiolytic-like effects of NPY.
Brain regions implicated in the role of NPY in anxiety regulation
As reviewed above, the initial research into the effects of NPY focused on i.c.v administration.
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More recently, the focus has shifted to determining where the anxiolytic properties of NPY are
mediated in the brain. NPY infusions into the lateral septum decreased anxiety-like responding in the
NISF and shock-probe burying tests (Trent & Menard, 2011). When ovariectomized rats were infused
with NPY into the lateral septum they showed increased punished responding in a conflict test and
increased open-arm exploration (Olivera-Lopez. Molina-Hernandez, Tellez-Alcantara & Jaramillo,
2008). Decreased anxiety in the social interaction test has been observed after infusing NPY into the
locus coeruleus (Kask et al, 2008)
Intra-amygdala NPY infusions significantly decreased fear-potentiated startle and conditioned
freezing (Fendt et al., 2009). Additionally, when NPY is directly administered to the basolateral
nucleus of the amygdala it increases stress-resilient behaviours in a social interaction test (Sajdyk et al.,
2008). Furthermore, NPY administration to the central nucleus of the amygdala increased punished
responding in the Geller-Seifter conflict test (Heilig et al., 1993).
The neurotoxin saporin can be manipulated to selectively kill NPY receptor expressing neurons
(NPY-SAP) and can be used to study NPY neurocircuitry (Lyons & Thiele, 2010). Mice were injected
with NPY-SAP into either the central nucleus of the amygdala or basomedial hypothalamus, and
anxiety-like behaviours were assessed on the elevated-zero maze (an adaptation of the elevated plusmaze). NPY–SAP-induced lesions were verified using NPY Y1 receptor (Y1R) immunoreactivity.
When NPY-SAP injections targeted the central nucleus of the amygdale, Y1 receptor immunoreactivity
was decreased, and the NPY-SAP treated mice showed increased anxiety-like behaviours on the
elevated-zero maze. NPY-SAP injections into the basomedial hypothalamus resulted in decreased local
Y1 receptor immunoreactivity while increasing Y1 receptor immunoreactivity in the basolateral nuclei
of the amygdala and CA3 region of the hippocampus and this was associated with significantly
decreased anxiety-like behaviours on the elevated-zero maze.
Flood, Baker, Hernandez & Morley (1989) examined the effect of direct NPY administration to
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six brain areas on memory retention using a fear-conditioning task. NPY improved memory retention
of footshock avoidance in a T-maze when injected into the septum and rostral hippocampus however it
impaired memory retention when injected into the caudal hippocampus and amygdala. Lin et al (2010)
tested both recombinant adeno-associated viral vector-mediated hippocampal NPY-overexpression
mice and Y1 receptor knockout mice in the elevated plus-maze and found a strong trend toward
increased open arm time in the elevated plus-maze in mice with NPY-overexpression. However,
another study using transgenic rats with hippocampal NPY-overexpression found no increase in
baseline open-arm activity in the elevated plus-maze compared to controls (Thorsell et al., 2000).
These studies suggest that NPY regulates anxiety through several brain structures; however, the process
through which NPY regulates anxiety, particularly within the hippocampus, requires further
investigation.
The Hippocampus and Anxiety
Traditionally associated with declarative memory (Scoville & Milner, 1957; Squire, 1992), it is
now more widely accepted that the hippocampus also facilitates the regulation of anxiety (Gray &
McNaughton, 2000). Deacon, Bannerman and Rawlins (2002) found that rats with cytotoxic
hippocampal lesions displayed decreased anxiety-like behaviours in tests of hyponeophagia and social
interaction. These findings support the role of the hippocampus in anxiety regulation and suggest the
role of NPY in the hippocampus should be further investigated.
Some researchers have argued that the hippocampus can be divided into separate structures with
distinct functions; the dorsal hippocampus regulating spatial memory and the ventral hippocampus
regulating affective processes (Fanselow & Dong, 2010). However, research has found support for a
role of both the dorsal and ventral hippocampus in anxiety regulation (Bannerman et al., 2002; Degroot
& Treit, 2004; Dringenberg, Levine & Menard, 2008). Bannerman et al. (2002) compared rats with
cytotoxic dorsal, ventral or complete hippocampal lesions in three animal models of anxiety (the
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elevated plus-maze, hyponeophagia, and social interaction). Rats with either dorsal or ventral lesions
showed increased open-arm exploration compared to sham controls, and the two lesion groups did not
significantly differ from each other. This said, rats with complete hippocampal lesions spent the most
time in the open arms, suggesting that the dorsal and ventral hippocampus might independently
contribute to open-arm avoidance. Rats with either complete or ventral hippocampal lesions were more
likely to eat in novel, potentially aversive situations, compared with sham- or dorsal-lesioned rats. On
the other hand, rats with complete or dorsal lesions consumed greater quantities than rats with ventral
lesions. All three lesion groups spent more time engaged in social interaction than sham controls and
did not differ significantly from one another.
The role of the dorsal hippocampus in anxiety regulation is further supported by studies
infusing various anxiolytic compounds. Infusions of Substance P into the dorsal hippocampus increased
open-arm exploration in the elevated plus-maze and central exploration in the open-field test (Carvalho,
Masson, Brandao, & de Souza Silva, 2008). Histamine infused into the dorsal hippocampus also
increased open-arm exploration (Zarrindast, Torabi, Rostami & Fazli-Tabaei, 2006). Finally, increased
open-arm exploration and decreased defensive freezing were observed when testosterone was infused
into the dorsal hippocampus of gonadectomized males (Edinger & Frye, 2004).
Although several studies have found evidence that the dorsal hippocampus plays a role in the
regulation of anxiety, surprisingly few studies have directly examined the potential contribution made
by dorsal hippocampal NPY. An exhaustive search of the literature revealed only a single infusion
study; Smialowska and colleagues (2007) infused either NPY, or combined infusions of NPY with
either a Y1 receptor antagonist, or a Y2 receptor antagonist into either the CA1 or dentate area and
tested rats in the elevated plus-maze. NPY infusions into either the CA1 or dentate area had anxiolytic
effects in the elevated plus-maze. The effect of NPY in the CA1 area was blocked by the Y1 receptor
antagonist, while the effect of NPY in the dentate area was blocked by the Y2 receptor antagonist.
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The current study
A strong argument can be made for the role of the hippocampus in anxiety regulation, however
only a few studies have examined the role of hippocampal NPY in anxiety. The current study aims to
examine the effect of NPY infusions into the dorsal hippocampus in the elevated plus-maze, NISF and
shock-probe burying test. Given the ample studies that have found an anxiolytic effect after
pharmacological perturbations of the dorsal hippocampus (Carvalho, Masson, Brandao, & de Souza
Silva, 2008; Edinger & Frye, 2004; Menard & Treit, 2001; Gonzalez et al., 1998; Degroot & Treit,
2002), and based on the findings of Smialoska et.al. (2007), I predict that NPY infusions into the dorsal
hippocampus will increase open-arm exploration on the elevated plus-maze, decrease latency to initiate
consumption in the NISF and decrease defensive burying in the shock-probe burying test.
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Chapter Two
Methods
Subjects
Subjects were 20 naïve, male Long Evans rats from Charles River, Quebec
weighing 250-350 g at the time of surgery. Prior to surgery, rats were double housed in
polycarbonate cages (45.5 X 24 X 21 cm), with food and water available ad libitum, and
they were acclimatized to the colony for at least 1 week. Following surgery, the rats were
single housed. The colony was kept on a 12:12 light/dark cycle (lights on at 0700 h). The
temperature of the room was kept at approximately 21 º C. All rats were treated in
compliance with the guidelines of the Canadian Council on Animal Care, and all
procedures were approved by the Queen’s University Animal Care Committee.
Surgery
Rats were anesthetized with isoflurane (1.5%-4.5%) in oxygen at rate of 1.5-2
L/min. Metacam (Meloxicam) (2 mg/kg s.c.) was administered preoperatively to reduce
pain. After the rats’ heads were shaved, a subdermal analgesic Marcaine (Bupivacaine) (2
mg/kg) was administered. Additional analgesic, Tramadol (20 mg/kg s.c.), was
administered, half of the dose during surgery and the second half of the dose immediately
post-surgery. Rats were then placed in a Kopf stereotaxic apparatus. Using a scalpel, an
incision was made to expose the skull. Following standard stereotaxic procedures, burr
holes were drilled through the skull, bilaterally, over the right and left dorsal
hippocampus, and two 23 gauge (0.64 mm diameter) stainless-steel guide cannula were
implanted according to flat skull coordinates from Paxinos and Watson (1998). Original
coordinates (-3.1 AP, +/- 2.6 ML and -3.0 mm DV to bregma) were adjusted after

12

checking placements for the first surgical group of subjects (n = 7) and new coordinates
(-3.3 mm AP, +/- 2.6 mm ML, and -2.0 mm DV to bregma) were used for the second
surgical group of subjects (n = 13) to increase likelihood of targeting the hippocampus.
Guide cannulae were secured to the skull using dental acrylic cemented to 4 small
jeweler’s screws. Each cannula was inserted with a pin to keep the guide free of debris.
Immediate post-operative care included rehydration with injection of lactated ringer
solution (5 ml s.c.) and maintenance of body temperature under a heat lamp. Animals
were transferred from the surgery room to a recovery room after they recovered from
anesthesia, where they remained for a minimum of 3 days. On each recovery day rats
received injections of Marcaine (1 mg/kg), Tramadol (20 mg/kg) and, if necessary,
lactated ringer solution to boost weight. The recovery room temperature was maintained
at 25º C, slightly higher than regular colony conditions. Once fully recovered subjects
were returned to the original colony room where they remained for a latent period of at
least 4 days before behavioural testing.
Drugs.
Porcine NPY was obtained from Polypeptide Laboratories in San Diego, CA.
NPY was dissolved in sterile water rather than artificial cerebrospinal fluid, due to poor
solubility. Once dissolved, the drug was stored in frozen aliquots and a fresh aliquot was
used on each test day.
Infusion procedures.
Following post-surgical recovery, subjects were randomly assigned to one of two
infusion conditions: a) vehicle (sterile water) or b) NPY (1.5 µg/side, equivalent to 351
µmol). This dose was chosen because rats’ anxiety-related responses were reduced by
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bilateral infusions of NPY (1.5 ug/side) into either the lateral septum (Trent & Menard,
2011) or the ventral hippocampus (Menard, personal communication, February. 5, 2014).
Thus, for comparative purposes I utilized a dose known to be effective in the Menard
laboratory. On each of the three consecutive days prior to testing, the rats were
habituated to the infusion procedures by briefly removing and replacing their cannula
pins in the infusion room. On testing day, the experimenter removed the cannula pins,
and lowered two stainless-steel internal injectors 1.5 mm below the tip of the guide
cannulae. Polyethylene tubing (PE50) was used to connect each injector to two 10 µL
constant rate Hamilton micro-syringes mounted onto a micro-syringe infusion pump. The
infusion rate was set at 1 µL / minute for a final volume of 1 µL per side. The dorsal
hippocampus encompasses a large area; thus, a high dose was chosen to maximize
diffusion of the drug into this area. At the end of the infusion, the injectors were left in
place for an additional 1 minute to allow for diffusion away from the tips. The movement
of a bubble inside the polyethylene tubing was monitored to confirm drug flow. Prior to
replacing the cannula pin, the top of the cannula guide was inspected for fluid leakage.
Behavioural testing
Subjects were given a minimum of 7 days to recover from surgery before
undergoing behavioural testing. All infusions and testing occurred between 0900 and
1700 h. The behaviours from the elevated plus maze and shock-probe burying tests were
evaluated using Observer 7 software (Noldus Information Technology, MA).
Elevated plus-maze test
Elevated plus-maze testing occurred 1 week after surgery. The apparatus consisted
of four 50 cm x 10 cm arms connected by a central area (10 cm x 10 cm), elevated 50 cm
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above ground (Pellow, Chopin, File & Briley, 1985). 50 cm walls border two arms while
the remaining two are left open (without walls). The maze was located in the center of a
quiet test room illuminated with red lights. Rats were placed individually in the center of
the maze facing one of the closed arms and given 5 minutes of exploration. After each
test the maze was cleaned with distilled water and wiped dry. Behavioural tests were
captured by a digital video-camera and coded using Observer Video Pro (Noldus, MA)
while blind to the infusion condition of the rat.
Variables measured included: a) number of open arm entries, b) number of
closed arm entries, c) total number of arm entries (open+closed), d) time spent in the
open arms, e) time spent in the closed arms, and f) number of rears (Pellow, Chopin, File
& Briley, 1985). By convention the index of anxiety in this test is the percentage of open
arm data, while the raw data, the number of closed arm entries and total number of arm
entries, is used in order to control for individual differences in locomotor activity (Pellow,
Chopin, File & Briley, 1985; Rodgers and Johnson, 1995). An arm entry was coded when
the rat placed all four of its paws on the arm. Open-arm activity was analyzed as the
percent of open-arm time (time on the open arms/time on open+closed arms) and percent
open-arm entries (open entries/open+closed entries). The frequency of stretched attend
postures (SAP; i.e., stretching forward and retracting to its original position) was also
measured (Rodgers and Johnson, 1995). When SAP occurred in the closed arms or the
central area they were coded as “protected”, while if they occurred in the open arms they
were coded as “unprotected”. SAPs were measured as total SAP (protected+unprotected)
and percent of protected SAP (protected/total) and were used as indices of risk
assessment.
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Novelty-induced suppression of feeding test
The NISF took place the week following elevated plus-maze testing. Rats
received a one square inch piece of a graham cracker (Honey Maid Graham Crackers,
Nabisco) in a small dish in the corner of their home cages for 4 consecutive days to
habituate to the unfamiliar food. During habituation an observer standing quietly in the
corner of the colony room recorded the latency to initiate consumption of the palatable
food. It was not deemed necessary to record how long it took to consume the entire snack
as this is not a traditional measure in this test, and in all cases the snack was left in the
cage and was fully consumed by the time of the next habituation trial. A new session, the
home cage test, took place on day 5. 15 minutes prior to home cage testing rats were
removed from the colony room and infused with their respective treatments. After the 15
minute infusion-test-interval subjects were returned to the colony room and received the
cracker in their home cage in the colony room as usual. Latency to initiate consumption
was once again recorded during this home cage testing. The final session, the novel cage
test, took place on day 6. The rats were once again removed from the colony room and
infused with their respective treatments. After the 15 minute infusion-test-interval rats
were moved to an unfamiliar environment: an opaque cage with an inverted lid in a novel
room where they received the snack. During the novel cage test latency to initiate
consumption of the snack was recorded by an observer standing quietly in the corner of
the room. All habituation and testing sessions ended when the subject began consumption
of the snack or at the ten minute mark if the subject failed to approach the snack by this
point and latency was recorded as 10 minutes.
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Shock-probe burying test
Habituation for the shock-probe burying test began the day following the noveltyinduced suppression of feeding test. The apparatus consisted of an electrified copperwired stationary probe (6x0.5x0.5 cm) inserted 6 cm through a hole into a transparent
Plexiglas chamber (40x30x40 cm) that contained 5 cm of bedding material (wood chips)
(Treit, Pinel, & Fibiger, 1981). The electrical current was distributed through two copper
wires wrapped around the probe. Using a 2000 V shock source, the intensity of the shock
was set at 2.5 mA. Rats were first habituated to the test chamber, without the shock-probe
present, for 15 minutes a day on each of the 4 consecutive days just prior to testing. On
test day (day 5) the shock probe was inserted into the chamber and secured in place. Rats
were placed individually in the chamber facing away from the probe. The 15 min test
began immediately following the rats’ first probe contact-induced shock. Bedding was
replaced between tests.
Variables measured were: a) the duration of burying (i.e., the time spent pushing
bedding material toward the shock probe using the head and rapid pushing using the front
paws), b) the duration of immobility (i.e., resting and / or sleeping with no movement
except that need for respiration), and c) number of probe-contact induced shocks received
(Treit, Pinel & Fibiger, 1981). In addition, the rats’ physical reactivity to the shocks were
measured on a four-point scale: 1) small head or forepaw flinch, 2) whole body flinch
without movement away from probe, 3) whole body flinch with slow movement away
from probe, and 4) whole body flinch with rapid movement away from the probe. A mean
shock reactivity score was calculated for each rat by dividing the total shock reactivity
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scores by the total number of shocks received.
Histology
At the end of behavioural testing rats were sacrificed with an overdose of carbon
dioxide. The brains were harvested and stored in formaldehyde until frozen and coronal
slices (40 um thick) were made and mounted onto glass slides coated with polylysine.
The location of the cannulae were examined and transcribed onto atlas sheets while blind
to corresponding behavioural data.
Statistical Analysis
A one-way analysis of variance (ANOVA) was used to analyze the data from the
elevated plus-maze and shock-probe burying test. The independent variable was the
infusion group (i.e., vehicle (sterile water) or NPY) and the dependent variables were the
measures described above, for each test. A repeated measures ANOVA (with day as the
within-subjects variable and treatment as the between-subject variable) was used to
analyze the data from the NISF. Between-group differences in any of the variables were
followed up by a covariate analysis of variance, using the potential confounding variable
(i.e., the mean latency scores of the last 3 habituation days during the NISF) as the
covariate. Homogeneity of variance was assessed using Levene’s test for homogeneity of
variance.
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Chapter Three
Results
Histological Results
The sites of the accurate cannulae placements for vehicle- and NPY-treated rats are
depicted in Figure 1. Of the 20 subjects that were surgically implanted with guide
cannulae, 15 had injector tips bilaterally situated in the dorsal hippocampus. Coordinates
were adjusted from one surgical group to the next to increase likelihood of targeting the
hippocampus; it should be noted that the two surgical groups did not differ in cannulae
placements and there were no significant group differences in any of the behaviours
measured. Therefore, the data were collapsed into a single group.
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Figure 1. Histological results. Circles indicate the location of infusion injector tips into
the dorsal hippocampus (sterile water n = 8, NPY n = 7). Atlas plates are adopted from
Paxinos & Watson, 1998.
Elevated plus-maze test
As shown in Figure 2, infusions of NPY into the dorsal hippocampus had no
significant effect on rats' open-arm exploration. An overall one-way ANOVA was
performed for percent of open-arm entries, F(1,13) = 0.20, p = 0.66, ηp2 = .016 and for
percent of open-arm time, F(1,13) = 0.26, p = 0.62, ηp2 = .020. Locomotor activity and
risk assessment behaviour are provided in Table 1. There was no group effect for
locomotor activity, measured as the number of rears, F(1,13) = 0.08, p = 0.78, ηp2 =
.006, the number of closed arm entries, F(1,13) = 0.10, p = 0.75, ηp2 = .008, and the
number of total arm entries, F(1,13) = 0.63, p = 0.44, ηp2 = .046. There was also no
20

group effect on risk assessment behaviour, measured as total number of stretch attends
postures, F(1,13) = 0.20, p = 0.66, ηp2 = .015 or percent of protected stretch attend
postures, F(1,13) =0.09, p = 0.77, ηp2 = .007 .
Figure 2. Mean (±SEM) percentage of open arm time and mean (±SEM) percentage of open
arm entries exhibited by rats in the elevated plus-maze. The rats were tested 15 minutes after
bilateral infusions of sterile water (n = 8) or 1.5 µg of NPY (n = 7) into the dorsal
hippocampus. A one-way ANOVA found no significant group differences in open arm
time or open arm entries (p > .60).

Table 1. Means and SEM of potential confounding variables in the elevated plus-maze.
NPY
Measure
Rearing
Total number closed arm
entries

Sterile Water

M
14.57
11.71

SEM
1.39
.420

M
15.25
12.12

SEM
6.42
1.14
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Open Arm Exploration

20
15
NPY
VEH

10
5
0
% Open arm time

Total number of arm
entries
Total number stretch attend
postures
Percent of protected stretch
attends

% Open arm entries

12.43

.571

13.62

1.32

5.86

1.32

6.50

.681

79.22

14.67

73.12

14.30
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Novelty-induced suppression of feeding test
The latencies to initiate consumption of a palatable snack over habituation days 1–
4, the home cage test (day 5), and the novel cage test (day 6) for vehicle and NPY rats are
shown in Figure 3. The means and SEM of the latencies to initiate consumption for each
day of the NISF paradigm are shown in Table 2. Figure 3 shows the expected decline in
latency across habituation days. This pattern was confirmed as significant by a main
effect of Day F(5, 65) = 19.61, p < 0.01, ηp2 = .837 found using a repeated measures
ANOVA (with day as the within-subjects variable and treatment as the between-subject
variable). There was a main effect of Group on latency to initiate snack consumption that
narrowly missed significance (F(1,13) = 4.42, p = 0.056, ηp2 = .254). Inspection of
Figure 3 suggested that the 2 groups differed in latency to initiate snack consumption
during the habituation trials. Thus, I averaged the latencies for the last 3 habituation trials
and analyzed those means using a one-way ANOVA as shown in Figure 4. This analysis
confirmed that the rats assigned to receive NPY prior to testing had significantly lower
latencies to snack consumption across the last 3 habituation days relative to the rats
assigned to the vehicle (i.e., sterile water) group, F(1,14) = 7.18, p = 0.019, ηp2 = .256.
Given these group differences in baseline latency scores, I reanalyzed the test data using
ANCOVA, with the mean latency scores of the last 3 habituation days as the covariate.
My dependent variables here were the latency scores for the home cage test and the novel
cage test as well as the difference scores. The analysis failed to reveal significance on
any of these variables: home-cage test, F(1, 14) = 0.80, p = 0.39, ηp2 = .063; novel cage
test, F(1, 14) = 0.27, p = 0.62, ηp2 = .022, and the difference scores, F(1, 14) = 0.63, p =
0.44, ηp2 = .050.
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Latency to initiate consumption (Time in seconds)

400
350
300
250
NPY
Veh

200
150
100
50
0
Day1

Day2

Day3

Day4

Home

Novel

Mean latency to initiate consumption (time in seconds)

Figure 3. Mean (±SEM) latencies to initiate consumption of a palatable snack over
habituation days 1–4, the home cage test (day 5) and the novel cage test (day 6) exhibited by
rats in the novelty-induced suppression of feeding paradigm. On home and test days rats were
tested 15 minutes after bilateral infusions of sterile water (n = 8) or 1.5 µg of NPY (n = 7)
into the dorsal hippocampus. A repeated measures ANOVA (with day as the withinsubjects variable and treatment as the between-subject variable) found a significant main
effect of day (p < .01).

250
200
150

*

NPY (n = 7)
VEH (n = 8)

100
50
0
Assigned Treatment Condition

Figure 4. Mean (±SEM) of the latencies to initiate consumption averaged across the last
three days of habituation during the novelty-induced suppression of feeding paradigm
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exhibited by rats assigned to the sterile water (n = 8) or NPY (n = 7) treatment groups. A
one-way ANOVA found that rats assigned to the NPY treatment group had significantly
lower latencies to initiate consumption during habituation compared to rats assigned to
the vehicle control group (p = .01).

Shock-probe burying test
One animal from the control group lost its skull-cap prior to shock-probe testing,
reducing group numbers to vehicle (n = 7), and NPY (n = 7). As seen in Figure 4, rats
infused with NPY into the dorsal hippocampus (MNPY = 162.56, SEMNPY = 44.61) spent
somewhat less time burying the electrified probe than did vehicle treated controls (Mveh =
258.57, SEMveh = 47.09). However, this pattern was not confirmed significant by a oneway ANOVA, F(1,12) = 2.19, p = .16, ηp2 = .154. No group effects were observed for
any of the other dependent variables (listed in Table 2): duration of immobility, F(1,12) =
0.00, p = 1.00, ηp2 = .000; number of contact-induced probe shocks, F(1,12) = 0.56, p =
0.47, ηp2 = .045 ; mean shock reactivity scores, F(1,12) = 0.17, p = 0.69, ηp2 = .014; and

Mean duration of burying (Time in seconds)

number of rears, F(1,12) = 2.12, p = 0.17, ηp2 = .150.

350
300
250
200

NPY
VEH

150
100
50
0
Treatment Condition

Figure 5. Mean (±SEM) time burying (seconds) exhibited by rats in the shock-probe
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burying test. Rats were tested 15 minutes after bilateral infusions of sterile water (n = 7) or
1.5 µg of NPY (n = 7) into the dorsal hippocampus. A one-way ANOVA found no
significant group differences in duration of burying (p = .16).

Table 2. Means and SEM of potential confounding variables in the shock-probe burying
test.
NPY
Measure
Duration of
Immobility
Number of ProbeShocks
Mean-Shock
Reactivity
Rearing

Sterile Water

M
.571

SEM
.297

M
.571

SEM
.297

2.43

2.97

2.00

.488

2.48

.346

2.26

.385

31.0

2.31

24.86

3.53
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Chapter Four
Discussion
I tested the hypothesis that bilateral infusions of NPY into the dorsal hippocampus
would have an anxiolytic-like effect in the elevated plus-maze, NISF and shock-probe
burying test. My results did not support my predictions; infusions of NPY into the dorsal
hippocampus had no significant effect on rats’ open-arm exploration in the elevated plusmaze. In addition, I failed to find anxiolytic-like effects in the NISF and shock-probe
burying test following NPY infusions into the dorsal hippocampus. These findings are
contrary to my expectation that NPY infusions into the dorsal hippocampus would
decrease anxiety-like behaviours. However, they are not entirely contrary to other
findings for null effects in the plus-maze and other tests, following perturbations of the
dorsal hippocampus.
There were no significant differences in anxiety-like behaviors, as measured
through percent of open-arm time and percent of open-arm entries, between the control
group and NPY infused rats. NPY has a sedative effect at high doses (Sorensen et al.,
2004); therefore, it is important to account for potential treatment-induced changes in
locomotor activity. In the current study, NPY infusions into the dorsal hippocampus did
not alter general activity levels as indexed by number of closed-arm entries and number
of rears and showed no signs of a sedative effect.
My prediction that NPY infusions into the dorsal hippocampus would have an
anxiolytic effect on behaviours in the elevated plus-maze was supported by several
studies that report on the role of the dorsal hippocampus in regulating behaviour in the
elevated plus-maze. Smialowska and colleagues (2007) found that NPY infusions into the
CA1 and dentate gyrus increased open-arm exploration and these results are further
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supported by several studies which found that infusing a range of anxiolytics, such as
Substance P (Carvalho, Masson, Brandao, & de Souza Silva, 2008), midazolam
(Gonzalez et al., 1998; Menard & Treit, 2001), the 5-HT agonist 8-OH-DPAT (Menard &
Treit, 1998; Kotwoski et al., 1989) and muscimol (Rezayat et al., 2005) into the dorsal
hippocampus also increased open-arm exploration. Nevertheless, other studies challenge
the robustness of those findings. For example, both positive (Menard & Treit, 1998;
Kotwoski et al., 1989) and null effects (Belcheva, 1994; File & Gonzalez, 1996) have
been noted when rats were tested in the plus-maze following infusions of 8-OH-DPAT
into the dorsal hippocampus. This ratio of positive to null findings is in line with the
conflicting effects found between my study and that of Smialowska et al. (2007).
There are several possible explanations for the unexpected findings I observed in
the elevated plus-maze. The first possibility is that my dose of NPY was not sufficient to
produce an anxiolytic effect. The dose used in the current study was selected based on
prior findings that this dose of NPY evoked an anxiolytic response when infused into the
lateral septum and ventral hippocampus (Trent & Menard, 2011; Menard, personal
communication, February, 5, 2014). Thus, it was chosen for a comparative purpose.
However, other researchers have reported that i.c.v infusions of NPY produce a U-shaped
dose dependent response curve in rats' open-arm exploration, with low doses (7 pmol)
decreasing open-arm exploration; moderate doses (70 pmol) having no significant effects,
and high doses (0.7 nmol) increasing open-arm exploration (Nakajima et al., 1998). In
addition, the effects in that study were moderated by the infusion-test-interval; a low dose
of NPY decreased open-arm exploration after an interval of 10 minutes but not 30
minutes. Smialowska and colleagues (2007) found a significant effect of NPY in the
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elevated plus-maze using a dose of 100 pmol total and a 20 min infusion-test-interval,
while my total dose of 3ug, which equates to 351 µmol, and infusion-test-interval of 15
minutes might not have been conducive to eliciting an effect of NPY on rats’ plus-maze
related behaviours.
The breed of rat used might also explain why my results were contradictory to
Smialowska et al. (2007). Strain differences in rodents’ baseline anxiety-like behaviours
in the plus-maze are well established (e.g., Ducottet & Belzung, 2005; Ramos, Berton,
Mormede & Chaouloff, 1997). One study comparing male Wistar Albino Glaxo and
Fischer-344 rats found that Fischer rats had higher anxiety-like behaviours in several
animal models of anxiety tested, including open-field conflict, the hole-board test, black
and white box, Vogel drinking conflict test, and the elevated plus-maze (Sudokov et al.,
2001). In addition to these behavioural differences, Fischer rats had higher brain levels of
NPY, lower levels of Substance P, and lower density of benzodiazepine receptors
compared to Wistar rats. Furthermore, the two breeds of rats responded differently to
i.c.v. infusions of NPY. The lowest dose of NPY (0.5 nmol) decreased anxiety-like
behaviours in Fischer but not Wistar rats, while a slightly higher dose (1 nmol) reduced
anxiety-like behaviours in Wistar but not Fischer rats. Studies that compared behaviour
on the elevated plus-maze between Long Evans and Wistar rats could not be found.
However, one study did compare Long Evans, Wistar and Fisher rats in the shock-probe
burying test and found that Long Evans rats spent the least amount of time burying the
probe out of the three breeds of rat (Treit, Terlecki & Pinel, 1980). Wistar rats spent more
time burying than Long Evans, while Fisher rats spent the most amount of time engaged
in defensive burying. Thus, it is possible that the Wistar breed of rat used by Smialowska
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and colleagues (2007) is more sensitive to anxiogenic features of the elevated plus-maze
and the effects of NPY than the Long Evans breed used in the current study.
Contradictory results concerning the role of the dorsal hippocampus in anxiety
regulation might reflect the broad range of housing methods found in the literature, which
runs from single housing (Smialowska et al., 2007; Menard & Treit 1998; 2001;
Gonzalez et al., 1998) to pair housing (Bannerman, et al., 2002) and finally group
housing (3-5 subjects per cage; Carvalho, Masson, Brandao, & de Souza Silva, 2008;
Edinger & Frye, 2004; Rezayat et al., 2005). Single housing, as used in the current study,
is a common practice; however, social isolation has been found to have variable effects
on anxiety-like behaviour (Day, Seay, Hale & Hendricks, 1982; Parker & Morinan, 1986;
Hall, 1998). Arakawa (2003) found that social isolation in juveniles increased avoidance
of the centre in the open-field test, whereas social isolation post-maturation increased
centre approaches. Interestingly, Wistar rats, socially isolated for two weeks, showed
decreased open-arm exploration on the elevated plus-maze (Maisonnette, Morato &
Brandao, 1993).
Thorsell and colleagues (2006) found that single housed rats spent significantly
more time in the center of the open-field test, and on the open arms of the elevated plusmaze compared to pair housed rats. In addition, these single housed rats had significantly
higher levels of NPY in the caudate/putamen, and there was a significant positive
correlation between NPY levels and behaviour in the elevated plus-maze. In turn, levels
of endogenous NPY might influence sensitivity to exogenously administered NPY
(Sudokov et al., 2001). However, both my current study and Smialowska et al (2007)
used single housing in our designs. Thus, our conflicting findings likely reflect some
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variable(s) others than housing condition, such as dose or strain differences.
NPY infusions into the dorsal hippocampus had no significant effect on anxietylike behaviours in the NISF; rats infused with NPY showed no significant difference in
latency to initiate consumption in the novel cage test compared to the control group. NPY
has been found to increase appetitive motivation (Kask et al., 1998; Van Dijk & Strubbe,
2003). However, my results show no significant differences between the control group
and NPY infused rats in latency to initiate consumption during the home test - the
commonly used index of appetitive motivation. The quantity of food consumed was not
measured because all subjects consumed the entire amount of palatable snack that was
provided.
Although I did not observe any significant treatment effects in the NISF test, an
unexpected group difference did emerge during the habituation phase (i.e., prior to drug
treatment). Specifically, animals assigned to the NPY group initiated consumption of the
palatable treat faster than the control group during the habituation period. One
explanation for this unexpected finding could be that the NPY infusions previously
received prior to testing in the elevated plus-maze had a carry-over effect, increasing
responding to novelty during NISF habituation. However, it seems unlikely the dose of
NPY used would have a carry-over effect that decreased anxiety-like behaviours during
NISF habituation when this dose had no immediate anxiolytic effect on behaviour in the
elevated plus-maze. Furthermore, unpublished research in the Menard laboratory found
no evidence of that infusions of the same dose of NPY into the ventral hippocampus for
testing in the elevated plus-maze had a carry-over effect on behaviours in later shockprobe burying testing (Menard, personal communication, September.11, 2014). Rats that
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display high locomotor responding to novelty (HR) have been found to have higher levels
of NPY in the dorsal hippocampus than do animals that display low locomotor
responding to novelty (LR) (Aydin, Oztan & Isgor, 2011). Although less likely, if the rats
assigned to the NPY treatment group in my study were sampled from a distribution of
high novelty responders, this might explain their low latency scores during habituation in
the NISF paradigm and might have influenced their subsequent sensitivity to the effects
of the NPY infusions (e.g., Sudokov et al., 2001). In addition, the dose and infusion-testinterval used might not have been sufficient to produce an anxiolytic effect in the NISF.
Finally, burying behaviour in the shock-probe burying test was not influenced by
NPY infusions into the dorsal hippocampus. NPY has anti-nociceptive properties which
could affect both burying behaviour and probe avoidance; i.c.v. administration of NPY
had analgesic-like effects in rats and prolonged latencies on a hot plate; these effects were
also seen with a Y5 receptor agonist but not Y1 or Y2 agonists (Thomsen et al., 2007).
However, I found no evidence for group differences in pain sensitivity as measured by
mean shock reactivity. Furthermore, all rats avoided the probe to a similar degree as
measured by the total number of shocks. If NPY-infusions into the dorsal hippocampus
affected short-term memory or learned association between the shock and the probe then
this could alter levels of burying behaviour. However, the absence of between-group
differences in the number of contact-induced probe-shocks suggests that NPY did not
alter the rats’ ability to associate the shock with the electrified probe (i.e., NPY-treated
rats displayed normal levels of shock-probe avoidance). Finally, as with the elevated
plus-maze there was no evidence that NPY infusions had a sedative effect in the shockprobe burying test as measured by rearing and the duration of immobility scores.

31

The null results in the burying test are in line with a number of studies showing
that while infusions or lesions to the dorsal hippocampus reduced anxiety-like behaviours
in the elevated plus-maze (Menard & Treit, 2001; Bannerman et al., 2002), these same
interventions typically do not decrease burying behaviour in the shock-probe test
(Menard & Treit, 2001; McEown & Treit, 2009). Thus, a relatively extensive literature
suggests that the dorsal hippocampus likely makes little to no contribution to shock-probe
burying behaviour (but see Degroot & Treit, 2002)
Limitations and Future Directions
One notable limitation of the current study is that the sample sizes were relatively
small (i.e., n = 7-8/group). However, similar sample sizes of n = 8-9/group yielded
significant findings in the shock-probe test following infusions of NPY (1.5 ug/side) into
the lateral septum (Trent & Menard, 2011). This said, the effect size in that study was
extremely large; i.e., ηp2 = .62 (Menard, personal communication, September 11, 2014)
compared to the ηp2 = .15 obtained with the current data. To determine the estimated
sample sizes needed to achieve significance for a two-tail test (alpha = 0.05) with a power
of .80, in the burying test, I calculated Cohen's d (the difference between the group
burying means divided by estimated pooled standard deviation; Cohen, 1988) for the
current data and entered that value into the statistical program, G*power
(http://www.gpower.hhu.de/en.html). For the burying test data, Cohen’s d = 0.394 and the
estimated sample size was n = 27 per group. This was even higher for the plus-maze test;
i.e., for the percent open-arm time data, ηp2 = .02, Cohen’s d = .13 and the estimated
sample size was n = 216 per group. I obtained an equally small effect size for the NISF
novel cage data, ηp2 = .02, and assume that the estimated sample size here would be
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similarly prohibitive. In summary, in light of the relatively high estimated samples
needed to achieve significance, even in the burying test, it did not seem feasible, for
ethical and financial reasons, to add additional animals to the current study.
Future studies should also examine the effects of NPY across a range of doses and
infusion-test-intervals. The dose of NPY used in the current study successfully reduced
anxiety-like behaviours after infusions into the lateral septum and ventral hippocampus
(Trent & Menard, 2011; Menard, personal communication, February, 5, 2014). However,
the evidence previously discussed, showing that the effects of NPY are sensitive to dose
(Nakajima et al., 1998) and rat breed (Sudokov et al., 2001), further strengthens the
argument that future research should examine a range of doses. Future work should also
carefully consider what breed of rat to use, as well as the possibility of paired- or grouphousing to reduce potential influences of endogenous NPY levels in the dorsal
hippocampus (as discussed above in the section on the effects of single housing on dorsal
hippocampal NPY).
If further studies do uncover anxiolytic-like effects following NPY infusions into
the dorsal hippocampus, then the next step would be to determine which NPY receptor
mediates those effects. The hippocampus contains one of the highest densities of Y1 and
Y2 receptors in the brain (Dumont et al., 1996; 1998). Studies have implicated both of
these receptors in the regulation of anxiety in the hippocampus. For example, transgenic
mice with NPY Y1 receptor overexpression in the hippocampus showed decreased
anxiety-like behaviours in the elevated plus-maze and open-field test (Olesen et al.,
2012). Thorsell and colleagues (2000) found that transgenic rats with an overexpression
of NPY who were exposed to chronic restraint stress more than doubled the number of
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cells expressing NPY in the CA1-2 area of the hippocampus, while having no significant
effect on Y2 receptor binding. Another study found that rats with a high novelty-seeking
phenotype have less anxiety-like behaviours and higher levels of NPY mRNA in the
hippocampus (Aydin, Oztan & Isgor, 2011). Furthermore, a week of abstinence following
nicotine training resulted in increased anxiety-like behaviour coupled with decreases in
NPY mRNA levels and increases in Y2 mRNA levels in the CA3 area of the
hippocampus, and these effects were reversed when rats received daily intraperitoneal
injections of a Y2 receptor antagonist during the abstinence period. Finally, Smialowska
and colleagues (2007) found that the effect of NPY in the CA1 area was blocked by a Y1
receptor antagonist whereas the effect of NPY in the dentate gyrus was blocked by a Y2
receptor antagonist. Altogether, these findings suggest that Y1 and Y2 receptors play a
role in hippocampal regulation of anxiety. Thus, if positive effects are found following
NPY infusions into the dorsal hippocampus then investigating whether those effects
occur at the Y1 or Y2 receptor would be warranted.
In conclusion, although my results did not support my hypothesis that NPY
infusions into the dorsal hippocampus would have an anxiolytic effect in the elevated
plus-maze, NISF and shock-probe burying test, there is ample evidence in the literature to
encourage future study in this direction.
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