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Abstract

We recently developed a procedure to study fear incubation in which rats given 100 tone-shock
pairings over 10 days show low fear 2 days after conditioned fear training and high fear after 30 or
60 days. Here, we studied the role of the stress-related peptides, neuropeptide Y (NPY) and
corticotropin-releasing factor (CRF), in fear incubation. We gave rats either 10 or 100 30-sec
tone-0.5-sec footshock pairings over 1 day (short training) or 10 days (long training) and then
assessed tone-cue-induced conditioned suppression of lever responding 2 days after short training
or 2 days and 1 month after long training. Prior to testing, we injected NPY (5-10 pg, i.c.v.), the NPY
Y1 receptor antagonist BIBO3304 (20-40 ng, i.c.v.), the NPY Y2 receptor antagonist BIIE0246
(2.5-5 mg/kg, s.c.), the non-selective CRF receptor antagonist D-Phe CRF(12-41) (10 pg, i.c.v.), or
the CRF1 receptor antagonist MTIP (0-20 mg/kg, s.c.). Conditioned suppression after long training
was higher after 1 month than after 2 days (fear incubation); conditioned suppression was robustly
expressed 2 days after short training (non-incubated fear). Both incubated and non-incubated fear
responses were attenuated by NPY. In contrast, D-Phe CRF(12-41), MTIP, BIBO3304, or BIIE0246
had no effect on conditioned fear at the different time points. Results confirm previous work on the
potent effect of exogenous NPY administration on conditioned fear, but the negative results with
BIBO3304 and BIIE0246 question whether endogenous NPY contributes to incubated (or non-
incubated) fear. Results also suggest that CRF receptors are not involved in cue-induced fear in the
conditioned suppression procedure.
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Introduction

In fear conditioning studies, an initially neutral environment (context) or discrete cue (e.g.,
tone or spoken word) is paired with a noxious stimulus (e.g., electric shock). Under certain
conditions, responses to fear cues increase over time in the absence of further stress exposure,
a phenomenon termed ‘fear incubation’ (McAllister et al., 1967). Fear incubation has been
demonstrated in humans (Diven, 1937; Golin, 1961) and laboratory animals (Balogh et al.,
2002; Houston et al., 1999; McMichael, 1966). However, most fear incubation studies involve
intervals of 24 h or less (McAllister et al., 1967), and beyond this interval, fear responses
typically remain stable over many weeks (Gale et al., 2004; Gleitman et al., 1967; Hendersen,
1978). Despite years of research, the neuronal mechanisms of fear incubation are unknown.

Recently, we developed a fear incubation procedure in which conditioned fear increases over
time (Pickens et al., 2009). We trained food-restricted rats to lever-press for food in daily 90-
min sessions. We then gave each rat one-hundred 30-s tones co-terminating with a 0.5-s mild
footshock over 10 days (10 pairings/day). Rats trained using this procedure showed low fear
responses to the discrete tone cue 2 days after conditioned fear training, moderate fear after 15
days, and high fear after 31 or 61 days. We also showed that rats given 1 day of fear conditioning
(10 tone-shock pairings) show high fear to the tone cue 2 days later; the fear induced by short
training does not incubate over time (Pickens et al., 2009). Here, we studied the roles of
neuropeptide Y (NPY) and corticotropin-releasing factor (CRF), neuropeptides involved in
anxiety and stress responses (Heilig et al., 1994), in fear incubation.

Results of many studies demonstrate that ventricular or localized brain injections of NPY and
systemic or central injections of CRF receptor antagonists reduce unconditioned anxiety and
stress (Heilig, 2004; Kask et al., 2002; Zorrilla et al., 2004). The effects of NPY and CRF
receptor antagonists on conditioned fear responses were also examined in several studies.
Although both NPY agonism and CRF antagonism have been reported to suppress expression
of conditioned fear, important differences are also noted. Ventricular or basolateral amygdala
(BLA) injections of NPY decrease fear-potentiated startle; additionally, ventricular NPY
injections decrease fear-induced tachycardia and amygdala NPY injections decrease discrete
cue conditioned freezing (Broqua et al., 1995; Fendt et al., 2009; Gutman et al., 2008; Tovote
et al., 2004). Similarly, systemic injections of the CRF1 receptor antagonists antalarmin or
CP-154,126 or ventricular injections of the non-selective CRF receptor antagonist a-helical
CRF(9-41) decrease the expression of contextual fear conditioned freezing (Deak et al.,
1999; Hikichi et al., 2000; Kalin et al., 1990). Contextual fear-potentiated startle expression is
also decreased by oral delivery of the CRF1 receptor antagonist GSK876008 (Walker et al.,
2009) and by genetic deletion of CRF1 and CRF2 receptors (Risbrough et al., 2009).

However, the effects of CRF receptor blockade on discrete-cue-induced fear-potentiated startle
are mixed. While systemic injections of CP-154,126 or ventricular or caudal pontine reticular
nucleus injections of a-helical CRF(9-41) decreased the expression of discrete-cue-induced
fear-potentiated startle (Fendt et al., 1997; Schulz et al., 1996; Swerdlow et al., 1989), systemic
injections of the CRF1 receptor antagonist NBI-30775, oral administration of GSK876008, or
ventricular injections of a-helical CRF(9-41) were ineffective (de Jongh et al., 2003; Risbrough
et al., 2009; Walker et al., 2009). CRF1 and CRF2 receptor knockout mice also show intact
discrete-cue-induced fear-potentiated startle (Risbrough et al., 2009). Together, while CRF
receptors play an important role in the expression of contextual fear conditioning, their role in
conditioned fear induced by discrete cues has not been clearly established.

Here, we examined the effects of ventricular injections of NPY and the non-selective CRF
receptor antagonist D-Phe CRF(12-41) (Menzaghi et al., 1994), and of systemic injections of
the selective CRF1 receptor antagonist MTIP (Gehlert et al., 2007), on the expression of
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incubated fear 1 month after long (100 tone-shock pairings; 10 pairings/day) discrete-cue fear
conditioning training. We found that NPY, but not the CRF receptor antagonists, decreased
the expression of incubated fear. Subsequently, we studied the specificity of these effects (or
lack thereof) to incubated fear, by examining NPY and D-Phe CRF(12-41) effects on non-
incubated fear 2 days after short (1 day, 10 tone-shock pairings) training, and NPY effects on
weak pre-incubated fear 2 days after long (10 days) training. Finally, in an additional
experiment, we examined the role of endogenous NPY in fear incubation. For this purpose, we
attempted (1) to increase fear 2 days after long training by decreasing NPY transmission with
ventricular injections of the NPY Y1 receptor antagonist BIBO3304 (Wieland et al., 1998),
and (2) to decrease fear 1 month after long training by increasing NPY transmission with
systemic injections of the NPY Y2 receptor antagonist BIIE0246 (Doods et al., 1999). The Y2
receptor is a putative NPY presynaptic autoreceptor that inhibits NPY release, while Y1 is an
NPY postsynaptic receptor (Larhammar et al., 2004; Wahlestedt et al., 1986).

Experimental procedures

Drugs

Male Long-Evans rats (total n=229, Charles River, Raleigh, NC, 250-390 g) were individually
housed in a colony room under a reverse 12-h:12-h light-dark cycle with lights off at 9 am. We
excluded 13 rats due to equipment failure, misplaced cannula, lost headcap, or illness. The rats
were deprived to 85% of their free-feeding body weight at the beginning of the experiment and
kept at that weight throughout the experiment, with free access to water. All procedures
followed the guidelines outlined in the “Principles of Laboratory Animal Care” (NIH
publication no. 85-23) and were approved by the local Animal Care and Use Committee.
Experiments were conducted in 12 self-administration chambers (Med Associates, St Albans,
VT). Each chamber had two levers 9 cm above the floor, but only one lever (“active,” retractable
lever) activated the pellet dispenser, delivering 45-mg food pellets (# F00021, 5.5% fat, 60%
carbohydrate, 4.5% fiber; Bioserv, Frenchtown, NJ). The chambers’ grid floors were connected
to electric shock generators.

All drugs were prepared fresh before testing. NPY (Bachem, Torrance, CA, catalog number:
H-6375), D-Phe CRF(12-41) ([D-Phel?, NIe?1:38 C MeLeu3’] h/rCRF5.41) (Bachem,
Torrance, CA, catalog number: H-3266) and BIBO3304 ((R)-N-[[4-
(aminocarbonylaminomethyl)-phenyl]methyl]-N2-(diphenylacetyl)-argininamide
trifluoroacetate) (Tocris Bioscience, Ellisville, MO, catalog number: 2412) were each
dissolved in saline. MTIP (3-(4-Chloro-2-morpholin-4-yl-thiazol-5-yl)-8-(1-ethylpropyl)-2,6-
dimethyl-imidazo[1,2-b]pyridazine) (Lilly Research Laboratories, Indianapolis, IN) was
dissolved in 10% Tween-80. BIIE0246 ((S)-N(2)-[[1-[2-[4-[(R,S)-5,11-dihydro-6(6h)-
oxodibenz[b,e]azepin-11-yl]-1-piperazinyl]-2-oxoethyl] cylopentyl] acetyl]-N-[2-[1,2-
dihydro-3,5(4H)-dioxo-1,2-diphenyl-3H-1,2 4-triazol-4-yl]ethyl]-argininamid) (Tocris
Bioscience, Ellisville, MO, catalog number: 1700) was dissolved in 30% polyethylene glycol
(Sigma-Aldrich, St. Louis, MO). The injection volume for systemic injections was 1 ml/kg.
The injection volume for ventricular (i.c.v.) delivery was 1 ul. D-Phe CRF(12-41) (0 and 10
ug, i.c.v.) and BIBO3304 (0, 20 and 40 pg, i.c.v.) were injected 10 min before testing. MTIP
(0, 10 and 20 mg/kg, s.c.) and NPY (0, 5 and 10 pg, i.c.v.) were injected 30 min before testing.
BIIE0246 (0, 2.5 and 5 mg/kg, i.p.) was injected 40 min before testing. Doses were chosen
based on previous studies in rats showing effects on fear conditioning, ethanol self-
administration and stress-induced reinstatement, stress-induced defecation, and blockade of
the effects of Y2 agonism on food seeking (Gehlert et al., 2007; Ghitza et al., 2007; Gutman
et al., 2008; Kask et al., 2000; Liu et al., 2002; Scott et al., 2005; Valdez et al., 2002).
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Intracranial surgery and intracranial injections

Procedures

The rats were anaesthetized with a mixture of sodium pentobarbital and chloral hydrate (60
and 25 mg/kg, respectively, i.p.). They were then implanted with guide cannulae (23-gauge;
Plastics One, Roanoke, VA) 2 mm above the right lateral ventricle: antero-posterior: -0.9 mm,
medio-lateral: +1.4 mm and dorso-ventral: -2.0 mm (Paxinos et al., 2005) using a stereotaxic
instrument (Kopf, Tujunga, CA). The analgesic buprenorphine (0.1 mg/kg, s.c.) was given after
surgery and the rats were allowed to recover for at least 5 days. The rats to be tested 2 days
after training were implanted with guide cannulae before training. With the exception of 2 rats
that were implanted with guide cannulae prior to training, the rats to be tested 1 month after
training were implanted with cannulae 13-19 days after the last training day. Cannulae
placements were verified by a positive dipsogenic response to angiotensin Il (50 ng in 2 pl;
Sigma, St. Louis, MO). Placements were considered accurate if a rat started drinking within 2
min of the injection and sustained drinking for 3-4 min (Sakai et al., 1995). Ventricular
injections of D-Phe CRF(12-41) (0 or 10 pg in 1 pl of physiological saline), NPY (0, 5 or 10
ng in 1 pl of physiological saline) and BIBO3304 (0, 20 or 40 pg in 1 ul of physiological saline)
were made with Harvard infusion pumps, using 10-ml Hamilton syringes that were connected
to 30-gauge injectors (Plastics One) via polyethylene-50 tubing. Injections lasted 1 min and
injectors were left in place for an additional minute before being replaced with cannula
blockers. Rats were placed in the operant chambers 10 min (D-Phe CRF(12-41) and
B1BO3304) or 30 min (NPY) after the completion of the injection and the test program was
then started immediately. One rat with a blocked cannula in Exp. 2 was tested without the
vehicle injection and included in the vehicle group.

We used a fear incubation protocol consisting of 6 phases (Fig. 1A): magazine training (1
session), lever-press acquisition (5 sessions), fear conditioning (1 or 10 sessions), incubation
period (2 days or 1 month), baseline session (1 session), and test for cue-induced fear
conditioning (1 session). Rats were trained during the dark cycle. Sessions began with
extension of the active lever and illumination of a red houselight. Rats were weighed and fed
after the daily sessions.

Food self-administration training

During the first session, the rats were given 60-min magazine training (pellet delivery every
125s). The following day, 2 sessions of fixed-interval-1 (FI-1) reinforcement schedule (lever-
presses could earn a pellet each sec) were run 2-4 h apart. These sessions ended when rats
received 50 pellets (up to 1 h). A third session of up to 3 h was run immediately after the second
session for rats that did not earn 50 pellets in the second session. All rats except 2 achieved 50
pellets in this session. These 2 rats were given an additional session the following day after
their usual VI-30 session and they both earned 50 pellets within this session. The rats were
then given one 90-min session in which pellets were earned under a variable-interval-30
(V1-30) reinforcement schedule (pellet availability for lever-presses ranging from 1 to 59 sec),
and 2 daily 90-min sessions on a VI-60 schedule (pellet availability ranging from 1 to 119 sec).
Rats were maintained on the VI1-60 schedule for the rest of the experiment.

Fear conditioning

Fear conditioning training occurred over 1 or 10 90-min sessions during which the rats were
given ten 30-sec tones (2900 Hz, 20 dB above background), ranging from 3 to 14 min apart
and co-terminating with an electric shock (0.5-sec, 0.5-mA, scrambled, shock intensity
adjusted for inter-chamber variability) while earning pellets on a V1-60 schedule. Conditioned
inhibition of lever-pressing for food pellets was our measure of fear (Estes et al., 1941; Hunt
etal., 1951; Miczek, 1973). Lever-presses were recorded during the 30-sec prior to tone
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presentation (Precue) and during the 30-sec tone presentation (Cue), and were converted into
a suppression ratio: Suppression ratio = ((Precue-Cue)/(Precue+Cue)). The suppression ratio
normalizes lever-pressing during the tone for baseline Precue responding (Annau et al.,
1961; Armony et al., 1997). A value of 1 indicates total conditioned suppression of lever-
pressing during tone presentation (high fear). A value of O reflects no lever-press suppression
during tone presentation (no fear). In each experiment, the rats assigned to the different
treatments were matched for their suppression ratios during training.

Conditioned fear testing

During the incubation periods, the food-restricted rats were weighed and handled 5-7 times
per week. On the last day of each incubation period, lever-pressing was re-stabilized in a 90-
min baseline session with no tones or shocks. The following day, conditioned fear to the tone
was tested by presenting four 30-sec tones, without shock, over 35 min. The first tone occurred
after 6.5 min and subsequent tones occurred after inter-trial intervals of 4, 7, and 11 min. The
suppression ratios across the first 3 extinction trials were used as our measure of conditioned
fear in order to assess the strength of the incubated fear response over repeated trials and to
avoid a potential ceiling effect of a high fear response on the first trial. No effects were seen
during the fourth trial in any of the experiments in this paper or in our previous report (Pickens
et al., 2009), thus this trial was not included in our analyses. During testing, the rats ate all
pellets earned regardless of drug treatment.

Experiment 1: Effect of NPY on conditioned fear

We studied the effect of NPY on the expression of conditioned fear 2 days or 30-32 days (1
month) after long (10 days of 10 tone-shock pairings/day) training. We also studied the effect
of NPY on the expression of conditioned fear 2 days after short (1 day of 10 tone-shock
pairings) training. All of the rats given 1 day training and half of the rats given 10 day training
were tested for responses to the fear tone 2 days after training. The other half of the rats given
10 day training was tested for responses to the tone 1 month after training. In the long-training
condition, the experimental design included the between-subjects factors of Incubation Period
(2 days or 1 month) and NPY dose (0, 5 or 10 pg) (n=11-16 per dose per incubation period).
In the short-training condition, the experimental design included the between-subjects factor
of NPY dose (0, 5 or 10 pg, n=8 per dose).

Experiment 2: Effect of NPY Y1 and Y2 receptor antagonists on conditioned fear

We studied the effect of the selective Y1 receptor antagonist BIBO3304 and the selective Y2
receptor antagonist BIIE0246 on the expression of fear conditioning 2 and 32 days (1 month)
after long (10 days) training, respectively. The experimental design included the between-
subjects factor of BIBO3304 dose (0, 20, or 40 pg, i.c.v., n=7-8 rats per dose) or BIIE0246
dose (0, 2.5 or 5 mg/kg, s.c., n=7-8 rats per dose).

Experiment 3: Effect of CRF receptor antagonists on conditioned fear

We studied the effect of the selective CRF1 receptor antagonist MTIP and the non-selective
CRF antagonist D-Phe CRF(12-41) on the expression of fear conditioning 32-36 days (termed
1 month in the rest of the text and figures) after long (10 days) training. We also studied the
effect of D-Phe CRF(12-41) on the expression of fear 2 days after short (1 day) training. In the
long-training condition, the experimental design included the between-subjects factor of MTIP
dose (0, 10, or 20 mg/kg, s.c., n=7-8 rats per dose) or D-Phe CRF(12-41) dose (0 or 10 pg,
i.c.v., n=12-13 per dose). In the short-training condition, the experimental design included the
between-subjects factor of D-Phe CRF(12-41) dose (0 or 10 ug, i.c.v., n=10 per dose).
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Statistical analyses

Data were analyzed by Statistica 5.1 software (Tulsa, OK). The main dependent measure was
suppression ratio that is defined as: ((Precue-Cue)/(Precue+Cue)). The factors used in the
statistical analyses are described in the Results section and significant effects (p<0.05) in the
different ANOVAs were followed by post-hoc Fischer PLSD tests.

Results

Conditioned fear training (Exp. 1-2)

In the long training condition (10 days), conditioned suppression increased towards the
beginning of fear training and decreased as training continued (Fig. 1B). The maximum fear
seen during days 2, 3, 5 and 6 of training was significantly more than that on the first and last
day of training (all p values<0.05). In the short training condition (1 day), the conditioned
suppression value was similar to that observed in the long training condition on training day
1 and day 10 (Fig. 1B).

Experiment 1: Effect of NPY on fear conditioning

Long training (10 days)—Ventricular injections of NPY decreased incubated fear 1 month
after training (Fig. 2A). The statistical analysis included the between-subjects factors of
Incubation Period (2 days or 1 month) and NPY Dose (0, 5 or 10 ug), and the within-subjects
factor of Cue Trial (the 3 tone presentations). This analysis revealed significant main effects
of Incubation Period (F(1,74=13.1, p<0.01) and Cue Trial (F(2,148)=64.1, p<0.01), and a
significant interaction of Incubation Period x Cue Trial (F(2,148)=6.6, p<0.01). No other main
effects or interactions were significant (p values >0.05).

An ANOVA limited to the rats tested at 1 month revealed significant effects of NPY Dose
(F(2,44)=4.1, p<0.05) and Cue Trial (F(2 8g)=69.4, p<0.01) and a significant interaction of NPY
Dose X Cue Trial (F4,88)=2.5, p<0.05). An ANOVA limited to the rats at the 2 day test revealed
a significant effect of Cue Trial (F2 60)=12.3, p<0.01), but no significant effect of NPY Dose
or an interaction between the two factors (p values >0.1). Post-hoc group differences in
suppression ratios are indicated in Fig. 2A. NPY injections had no effect on the 30-sec precue
lever presses or on lever presses during the test session (p>0.1, Table 1).

Short training (1 day)—Ventricular NPY injections decreased non-incubated fear that is
expressed 2 days after training (Fig. 2B). The statistical analysis included the between-subjects
factor of NPY Dose (0, 5 or 10 ug), and the within-subjects factor of Cue Trial. This analysis
revealed significant main effects of NPY Dose (F(2,21)=11.6, p<0.01) and Cue Trial
(F(2,42=9.8, p<0.01), but no significant interaction between the two factors (p>0.1). Post-hoc
group differences in suppression ratios are indicated in Fig. 2B. Unlike the long training
condition, NPY injections increased the 30-sec precue lever presses and total lever presses
during the test session (p values<0.05; Table 1).

Experiment 2: Effect of Y1 and Y2 receptor antagonism on conditioned fear

NPY Y1 receptor antagonism (day 2 test)—Ventricular injections of BIBO3304 had no
effect on the expression of conditioned fear 2 days after long training (10 days). The mean
+sem suppression ratio values of the test session were: Vehicle: 0.29+0.08; 20 ug BIBO3304:
0.23+0.07; and 40 pg BIBO3304: 0.16+0.05 (n=22; 7-8 per dose). The statistical analysis
included the between-subjects factor of BIBO3304 Dose, and the within-subjects factor of Cue
Trial. The statistical analysis demonstrated a significant effect of Cue Trial (F(2 38)=10.6,
p<0.01), but no significant effect of BIBO3304 Dose or an interaction between the two factors

Neuroscience. Author manuscript; available in PMC 2010 December 29.



1duasnuey Joyiny vVd-HIN 1duasnue Joyiny vd-HIN

1duasnuey Joyiny vd-HIN

Pickens et al.

Page 7

(p values >0.1). BIBO3304 injections had no effect on precue or total session lever presses
(p>0.1, Table 1).

NPY Y2 receptor antagonism (1 month test)—Systemic injections of BIIE0246 had no
effect on the expression of conditioned fear 1 month after long training. The meantsem
suppression ratio values of the test session were: Vehicle: 0.58+0.09; 2.5 mg/kg BIIE0246:
0.58+0.11; and 5 mg/kg BIIE0246: 0.53+0.11 (n=23; 7-8 per dose). The statistical analysis
included the between-subjects factor of BIIE0246 Dose and the within-subjects factor of Cue
Trial. This analysis demonstrated a significant effect of Cue Trial (F(2 20=43.0, p<0.01), but
no significant effect of BIIE0246 Dose or an interaction between the two factors (p values
>0.1). BIIE0246 injections had no effect on precue or total session lever presses (p>0.1, Table
1).

Experiment 3: Effect of CRF receptor antagonists on conditioned fear

Long training (10 days)—Systemic injections of MTIP or ventricular injections of D-Phe
CRF(12-41) had no effect on the expression of conditioned fear 1 month after training (Fig.
3A,B). The statistical analyses for each test included the between-subjects factor of MTIP Dose
(0, 10 or 20 mg/kg) or D-Phe CRF(12-41) Dose (0 or 10 ng), and the within-subjects factor of
Cue Trial. The analysis for MTIP revealed a significant effect of Cue Trial (F(,,3g)=24.9,
p<0.01), but no significant effect of MTIP Dose or an interaction between the two factors (p
values>0.1). The analysis for D-Phe CRF(12-41) revealed a significant effect of Cue Trial
(F(2,46)=20.1, p<0.01), but no significant effect of D-Phe CRF(12-41) Dose or an interaction
between the two factors (p values >0.1). MTIP or D-Phe CRF(12-41) injections had no effect
on precue or total session lever presses (p>0.1, Table 1).

Short training (1 day)—Ventricular injections of D-Phe CRF(12-41) had no effect on
conditioned fear 2 days after training. The meantsem suppression ratio values of the test
session were: Vehicle: 0.49+0.09, and 10 ug D-Phe CRF(12-41): 0.57+0.09 (n=10 per group).
The statistical analysis demonstrated a significant effect of Cue Trial (F(2,35=12.7, p<0.01),
but no significant effect of D-Phe CRF(12-41) Dose or an interaction between the two factors
(p values >0.1). Injections of D-Phe CRF(12-41) had no effect on precue or total session lever
presses (p>0.1, Table 1).

Discussion

We found that the fear response, as measured by conditioned suppression of lever pressing
during a discrete tone cue previously paired with shock, was higher 1 month after 10 sessions
of fear training than after 2 days. We interpret these findings, which replicate those from our
recent study (Pickens et al., 2009), to suggest that conditioned fear following an extended
training period incubates over time. We also found that ventricular NPY injections decreased
the expression of the incubated fear response one month after training. In contrast, ventricular
injections of the non-selective CRF receptor antagonist D-Phe CRF(12-41) or systemic
injections of the selective CRF1 receptor antagonist MTIP were ineffective. We also assessed
whether NPY and D-Phe CRF(12-41) injections differentially affect incubated fear (one month
after long training) and non-incubated fear (high fear 2 days after short, 1 day training). We
found no evidence that this is the case: as with incubated fear, NPY but not D-Phe CRF(12-41)
injections decreased non-incubated fear. Additionally, we found that ventricular injections of
the Y1 receptor antagonist BIBO3304 or systemic injections of the Y2 receptor antagonist
BI1E0246 had no effect on conditioned suppression 2 days or 1 month following long training,
respectively. Thus, under our experimental conditions an endogenous role of NPY transmission
in fear incubation has not been established. Our results extend previous work on the profound
effect of exogenous NPY on conditioned fear responses in several procedures, but do not
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support the notion that NPY transmission differentially modulates incubated versus non-
incubated fear. Somewhat surprisingly, we did not find evidence that activation of CRF
receptors plays arole in conditioned fear, as assessed in the conditioned suppression procedure.

Methodological considerations

Two main methodological issues should be considered in interpreting our data. The first is that
ventricular NPY injections cause hunger and increase feeding (Clark et al., 1984; Leibowitz,
1995; Levine et al., 1984). Thus, effects of NPY on fear measured via food-reinforced or food-
associated responding could be secondary to its effect on appetite. This possibility is unlikely,
because while NPY (10 but not 5 pg) increased precue lever-pressing in rats tested 2 days after
short training (Table 1), this was not the case in rats tested either 2 days or 1 month after long
training. Also, conditioned suppression was decreased two days after short training at a dose
that did not increase baseline lever pressing (5 ug). Additionally, the conditioned suppression
score is based on a ratio of lever-pressing during the tone with lever-pressing in the period
before the tone, and consequently is relatively insensitive to changes in baseline (precue) lever-
pressing (Millenson et al., 1974). Finally, the effects of NPY to decrease conditioned fear in
the present study are consistent with an extensive body of evidence indicating that central
administration of NPY decreases conditioned, as well as unconditioned, fear (Heilig, 2004).
This effect of NPY was observed in conditioned fear tasks with no appetitive component
(Broqua et al., 1995; Gutman et al., 2008; Tovote et al., 2004) or in a task with a feeding
component (conflict test) where the unpunished feeding response was unaffected by central
amygdala NPY injections (Heilig et al., 1993).

A second potential methodological issue in Exp. 2 is the use of a single dose of D-Phe CRF
(12-41). However, the dose we used (10 pg) is either similar or higher than the D-Phe CRF
(12-41) doses that (1) decrease footshock-induced reinstatement of cocaine or alcohol seeking
(Erbetal., 1998; Le et al., 2000; Liu et al., 2002), (2) decrease defensive burying in cocaine
withdrawn rats (Basso et al., 1999), and (3) increase time in open arms of an elevated plus
maze after social defeat stress (Menzaghi et al., 1994). Additionally, D-Phe CRF(12-41) is a
more potent CRF receptor antagonist than alpha-helical CRF(9-41) (Menzaghi et al., 1994),
and the dose of D-Phe CRF(12-41) we used was higher than the alpha-helical CRF(9-41) dose
(5 ng) that reduced cued fear-potentiated startle (Swerdlow et al., 1989). Finally, we found that
doses of MTIP similar to or higher than those that reversed alcohol withdrawal-induced anxiety,
dependence-induced alcohol drinking, and stress-induced reinstatement of alcohol seeking
(Gehlert et al., 2007) had no effect on the expression of incubated fear. Together, it is unlikely
that the negative findings with the CRF receptor antagonists are due to the doses used in our
study.

Role of NPY in conditioned fear

We found that NPY injections decreased fear expression and that this effect was independent
of the duration of training and the incubation period. Thus, NPY injections decreased both
incubated fear (1 month after long training), and non-incubated high fear (2 days after short
training). Our findings are in agreement with those from previous studies on the effect of
ventricular NPY injections on signaled punished responding (Heilig et al., 1992) in the Geller-
Seifter operant conflict test (Geller et al., 1960) and on conditioned fear responses. Broqua et
al. (1995) and Gutman et al. (2008) reported that NPY decreases fear-potentiated startle and
Tovote et al. (2004) reported that NPY decreases fear-induced tachycardia.

In Exp. 2 we used Y1 and Y2 receptor antagonists to study the role of endogenous NPY in fear
incubation. We used this approach because blockade of post-synaptic Y1 receptors (resulting
in decreased NPY transmission) increases unconditioned anxiety- and stress-like responses

(Kask et al., 2000; Kask et al., 1996), while blockade of presynaptic Y2 receptors (resulting in
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increased NPY transmission) has the opposite effect (Bacchi et al., 2006). To this end, we
found no evidence that the observation that exogenous NPY decreased both incubated and non-
incubated fear reflects a potential role of endogenous NPY, which is activated by fear cues.
Thus, the Y1 receptor antagonist BIBO3304 did not increase fear on day 2 and the Y2 receptor
antagonist BIIE0246 did not decrease fear after 1 month in our fear incubation procedure.

Together, while interpretation of negative pharmacological data is not straightforward, our data
do not support the notion that endogenous NPY plays a role in conditioned fear. Our negative
results with the Y1 receptor antagonist are in agreement with those from previous studies on
fear-potentiated startle, conditioned freezing and fear-induced tachycardia (Fendt et al.,
2009; Gutman et al., 2008; Tovote et al., 2004). These observations may reflect the general
principle that NPY and other neuropeptides serve as “alarm systems”, which are endogenously
activated only under extreme stress conditions, and typically are not engaged under more mild
stressful conditions (Hokfelt et al., 1984). Finally, a question for future research is which NPY
receptors mediate the effect of exogenous NPY on fear incubation. We did not pursue this
question for two main reasons. The first reason is that we could not establish that endogenous
NPY plays a role in fear incubation. The second reason is that our data indicate that, under our
experimental conditions, the effect of exogenous NPY is not selective to fear incubation, which
is the focus of our research.

Role of CRF in conditioned fear

We found that neither the CRF1 receptor antagonist MTIP nor the non-selective CRF receptor
antagonist D-Phe CRF(12-41) had an effect on incubated fear 1 month after long training.
Additionally, D-Phe CRF(12-41) had no effect on non-incubated fear 2 days after short
training. These results are in agreement with those from previous studies demonstrating that
CRF receptor blockade had no effect on fear potentiated startle after 20 pairings of short discrete
cues (3.7-30 sec) with a mild intensity shock (0.4-0.6 mA) (de Jongh et al., 2003; Risbrough
etal., 2009; Walker et al., 2009). In contrast, in experiments in which investigators paired short
discrete cues (3-3.2 sec) with 120 mild footshocks (0.4 mA) or 20 stronger shocks (1.2 mA),
they reported that CRF receptor blockade decreased cued fear-potentiated startle (Schulz et al.,
1996; Swerdlow et al., 1989). These results are consistent with those of Griebel (2002) who
reported that CRF receptor blockade appears to affect measures of unconditioned anxiety only
in strongly stressed, but not in minimally stressed, laboratory rodents, as well as results from
the operant conflict model in which alpha-helical CRF(9-41) had no effect under relatively low
stress conditions (Britton et al., 1986). In our studies, however, CRF receptor antagonism was
ineffective regardless of the number of previous tone-shock pairings (10 in the short training
or 100 in the long training).

The lack of an effect of CRF receptor blockade in our procedure may be due to the short duration
of our fear cue. Walker et al. (2008;2009) found that blockade of CRF1 receptors with
GSK876008 decreased fear potentiated startle induced by an 8-minute cue but not by a 3.7-
second cue. These authors interpreted their data to suggest that CRF has a role in what they
refer to as sustained fear (or anxiety), but not in phasic (or acute) fear. Walker et al. (2009)
suggested that cues of 1 min or less are short duration cues. Their negative data with a CRF1
receptor antagonist for 3.7-sec fear cues, and our negative data with both D-Phe CRF(12-41)
and MTIP with 30-sec fear cues, suggest that the acute fear state induced by short duration
cues is CRF independent.

Finally, a role for CRF receptors in fear induced by long duration cues would be in line with
previous results demonstrating that CRF receptor antagonism decreases the expression of
contextual fear conditioning (Deak et al., 1999; Hikichi et al., 2000; Kalin et al., 1990;
Skorzewska et al., 2008; Walker et al., 2009). Additionally, the effect of ventricular or bed
nucleus of the stria terminalis injections of alpha-helical CRF(9-41) (a non-selective CRF
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receptor antagonist) on shock-induced reinstatement of fear-potentiated startle (Waddell et al.,
2008) is in agreement with a putative role of CRF in contextual fear, since shock-induced
reinstatement of conditioned fear depends on associations between the context and shock
(Bouton et al., 1979).

Concluding remarks

Using the conditioned suppression procedure (Estes et al., 1941), we found that injections of
NPY, but not CRF receptor antagonists, reduced the expression of both incubated and non-
incubated fear. These results extend previous reports on the role of NPY in the expression of
fear conditioning using fear-potentiated startle (Broqua et al., 1995; Gutman et al., 2008) and
fear-induced tachycardia (Tovote et al., 2004), and are in agreement with results from studies
showing that CRF receptor antagonism has no effect on fear potentiated-startle induced by
exposure to short duration discrete cues (de Jongh et al., 2003; Risbrough et al., 2009; Walker
et al., 2009).

In our initial pharmacological study of fear incubation, we found similar effects (or lack of
effects) of pharmacological manipulations on incubated versus non-incubated fear, suggesting
that the two fear phenomena are mechanistically similar. Additionally, under our experimental
conditions, the magnitude of long-training incubated fear and short-training non-incubated fear
is similar. These observations raise the possibility that what controls fear incubation is not a
sensitization-like mechanism that leads to enhanced fear 1 month after long training, but a
tolerance-like mechanism that develops during the 10 training days and causes inhibition of
fear in the days immediately after training.

Finally, to the degree that our fear incubation model is relevant to the human condition of
delayed-onset PTSD, which occurs in almost 40% of military PTSD cases and 15% of civilian
cases (Andrews et al., 2007), our data suggest that pharmacological manipulations that increase
central NPY transmission should be considered in PTSD treatment.
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A. Experimental timeline
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Figure 1. Experimental timeline and fear conditioning training

Fear incubation procedure: (A) Timeline of the fear incubation protocol. (B) Acquisition of
fear conditioning: suppression ratios across 1 (n=44) or 10 (n=172) sessions of tone
presentations for Exp. 1-3. * Different from Session 1, p<0.05; # Different from Session 10,
p<0.05.
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Figure 2. Effect of ventricular injections of NPY on conditioned fear: long (10 d) and short (1 d)
training

NPY injections reduced conditioned fear. (A) Long training (10 days): Mean (+sem) test
suppression ratios after ventricular injections of vehicle (saline) or NPY (5 and 10 pg) in rats
given 100 tone-shock pairings over 10 days and tested for fear conditioning 2 days or 1 month
after training (n=80; 11-16 per dose). (B) Short training (10 days): Mean (xsem) test
suppression ratios after ventricular injections of vehicle or NPY in rats given 10 tone-shock
pairings over 1 day and tested for fear conditioning 2 days after training (n=24, n=8 per dose).
Top panels represent mean suppression ratios across the 3 cue trials. Bottom panels represent
trial-by-trial suppression ratios. * Different from vehicle within each incubation interval,
p<0.05; # Different from the corresponding vehicle in day 2, p<0.05.
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Figure 3. Effect of MTIP and D-Phe CRF (12-41) on conditioned fear: long (10 d) training

CRF receptor blockade had no effect on conditioned fear: (A) MTIP: Mean (£sem) test
suppression ratios after systemic injections of vehicle (10% Tween 80) and MTIP (10 and 20
mg/kg, s.c.) in rats tested one month after long training (10 days) (n=22; 7-8 per dose). (B) D-
Phe CRF(12-41): Mean (£sem) test suppression ratios after ventricular injections of vehicle
(saline) and D-Phe CRF(12-41) (10 pg) in rats tested one month after long training (10 days)
(n=25, n=12-13 per dose). Top panels represent mean suppression ratios across the 3 cue trials.
Bottom panels represent trial-by-trial suppression ratios. Abbreviations: D-Phe: D-Phe CRF
(12-41).
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Food-reinforced responding during the fear conditioning tests. Data are the meantsem responses per minutes
during (1) the 30 sec prior to exposure to the tone cues, (2) the first 5 min of the session before the first cue

presentation that occurred 6.5 min into the session, and (3) the entire 35 min session

Exp. 1: NPY

Long training: 1 month test Vehicle Sug 10 ug
30 sec pre-cue 29.8+4.2 28.3+3.8 33.3+4.3
First 5 minutes 23.9+2.9 24.4+2.3 29.1+3.9
35 min test session 29.3+4.2 27.6+3.4 33.8+3.4
Exp. 1: NPY

Long training: Day 2 test Vehicle Sug 10 ug
30 sec pre-cue 28.3+3.5 29.2+5.0 33.0+5.4
First 5 minutes 25.9+3.9 24.8+2.7 24.6+2.6
35 min test session 31.1+3.6 31.5+2.6 31.545.0
Exp. 1: NPY:

Short training: Day 2 test Vehicle Sug 10ug
30 sec pre-cue 20.1+3.7 24.8+2.4 34.7+4.4
First 5 minutes 17.2+2.4 22.6+2.7 27.9+4.3
35 min test session 20.1+3.1 27.8+2.2 35.5+4.2
Exp. 2: BIBO3304

Long training: Day 2 test Vehicle 20 ug 40 ug
30 sec pre-cue 34.1+5.7 35.6+5.9 35.846.1
First 5 minutes 23.6+5.5 28.245.0 28.1+4.7
35 min test session 30.945.7 33.746.0 35.546.0
Exp. 2: BIIE0246

Long training: 1 month test Vehicle 2.5 mag/kg 5 ma/kg
30 sec pre-cue 33.3+6.0 28.1+7.2 27.8+7.2
First 5 minutes 31.346.1 34.847.9 27.3+5.7
35 min test session 28.6+5.3 28.9+7.6 28.6+7.0
Exp. 3: MTIP

Long training: 1 month test Vehicle 10 ma/kg 20 ma/kg
30 sec pre-cue 21.0£1.5 27.445.0 25.0£3.3
First 5 minutes 23.7£2.6 33.946.5 25.6+4.5
35 min test session 20.0£2.5 26.7+4.6 22.6+3.3
Exp. 3: D-Phe CRF(12-41) Vehicle 10 ug

Long training: 1 month test 23.8+2.7 27.6+3.8

30 sec pre-cue 25.9+3.3 31.2+4.9

First 5 minutes 245429 27.5+3.6

35 min test session

Exp. 3: D-Phe CRF(12-41)

Short training: Day 2 test Vehicle 10 ug

30 sec pre-cue 22.5+4.6 20.5+2.1

First 5 minutes 18.5+4.0 17.2+#1.9

35 min test session 20.6+4.8 20.5+2.2

different from vehicle, p<0.05 following a significant ANOVA.
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