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Abstract

A rate-limiting factor in the ontogeny of auditory eyeblink conditioning (EBC) is the development

of sensory inputs to the pontine nucleus. One possible way to facilitate the emergence of EBC

would be to use a conditioned stimulus (CS) that activates an earlier-developing sensory system.

The goal of the current study was to investigate whether using a vibration CS would facilitate the

ontogeny of delay EBC relative to an auditory CS. Rat pups received six sessions of delay EBC or

unpaired training using either a tone or vibration CS on postnatal day (P)14-15, 17-18, 21-22, or

24-25. Conditioning with a vibration CS resulted in rapid learning as early as P17-18, whereas

conditioning with a tone CS did not result in rapid conditioning until after P17-18. Control

experiments verified that the differences in EBC were due to CS-specific sensory properties. The

results suggest that the ontogeny of EBC depends on sensory system development.
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INTRODUCTION

Eyeblink conditioning (EBC), a type of Pavlovian conditioning, is a particularly useful

paradigm for studying the development of learning and memory. Because the unconditioned

response (UR) is relatively simple (i.e., eyelid closure), even very young animals are able to

perform the response as well as adults. This limits the influence of response system

development and allows for easier across-age comparisons. Furthermore, the vast amount of

research concerning both the behavior and neural circuitry involved in adult EBC makes it

an ideal paradigm for studying the ontogeny of EBC in young animals (Stanton, Freeman, &

Skelton, 1992).

The majority of previous research using EBC in adult animals has used a tone or light as the

conditioned stimulus (CS). Consequently, developmental work concerning EBC has also

used auditory and visual CSs. Developmental studies using an auditory or visual CS suggest

that delay eyeblink conditioning develops between P17 and P24 (Stanton et al., 1992;

Paczkowski, Ivkovich, & Stanton, 1999). Pups trained on P17 have low levels of
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conditioned responding to auditory or visual CSs. However, by P24-26 pups demonstrated

high levels of conditioned responding to both auditory and visual CSs.

The developmental trajectory of EBC is related to sensory neural pathway development and

the development of learning-related plasticity in the cerebellum (Freeman, 2010). At very

young ages, sensory pathway development is a potential contributor to the ontogeny of

learning (Alberts, 1984; Gottlieb, 1971). Although infant rats are able to respond to some

auditory stimuli by P9, the ear canal does not fully open until approximately P13, and adult

levels of auditory discrimination are not reached until approximately P16 (Crowley & Hepp-

Raymond, 1966). Likewise, the rat visual system is considered late-developing. Pups do not

open their eyes until approximately P14 (Gramsbergen, Schwartze, & Prechtl, 1970).

Because auditory and visual sensory system development is necessary to perceive a tone or

light CS, the earliest conceivable age at which EBC could be observed is P13 and P14 for

auditory and visual stimuli, respectively. However, auditory and visual conditioning emerge

nearly a week after ear canal and eye opening occurs. Literature concerning the development

of another Pavlovian paradigm, fear conditioning, demonstrates that the development of

learning in a given modality follows the developmental emergence of sensory input from

that modality. Specifically, although pups may be able to respond to a given sensory

stimulus, conditioning with that same stimulus does not emerge until nearly five days later

(Rudy & Hyson, 1984; Moye & Rudy, 1985; Rudy, 1993).

Previous work from our laboratory concerning the development of CS inputs to the

cerebellum supports the hypothesis that sensory pathway development is a primary rate-

limiting factor in the ontogeny of EBC (Freeman, 2010). The most proximal part of the CS

pathway in EBC is the pontine nuclei and their mossy fiber projections to the cerebellum

(Steinmetz et al., 1987; Halverson & Freeman, 2010). Neuronal activity in the pontine nuclei

during auditory conditioning shows developmental changes in the amplitude of responding

and learning-related activity between the ages of P17-18 and P24-25 (Freeman & Muckler,

2003). These data suggest that pontine activity may play a role in the development of EBC

by affecting CS input to the cerebellum. If pontine input to the cerebellum in younger

animals is weak, cerebellar neurons will undergo less learning-related plasticity (Freeman,

2010). Conversely, if pontine input to the cerebellum is increased, younger animals should

have facilitated acquisition of EBC. By using a pontine stimulation CS, as opposed to a tone

CS, we were able to bypass late-developing sensory systems and thereby facilitate

acquisition of EBC (Freeman et al., 2005; Campolattaro & Freeman, 2008). In fact, pups

trained at P12-13, which do not normally acquire EBC, showed high levels of conditioned

responding when trained with pontine stimulation as a CS. Increased pontine input to the

cerebellum, therefore, reversed developmental deficits in EBC. Because these data suggest

that sensory system development is in fact largely responsible for the delayed development

of eyeblink conditioning with tone and light CSs, employing a sensory modality that

emerges earlier in ontogeny could increase pontine neuronal activity, and thus increase

pontine input to the cerebellum and facilitate learning in younger animals.

In contrast to the auditory and visual systems, the rat somatosensory system develops

prenatally (Narayanan, Fox, & Hamburger, 1971; Smotherman & Robinson, 1988). In fact,

research using the somatosensory system in other learning paradigms has demonstrated that
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animals are able to learn at a much younger age than observed with auditory and visual

stimuli. For example, in the case of Pavlovian fear conditioning, Caldwell and Werboff

(1962) found that one-day-old infant rats were able to form an association between a

vibrotactile stimulus applied to the chest region and a foot shock.

The goal of Experiment 1 was to investigate the development of EBC in rat pups using a

vibration or tone CS. Pups were given paired or unpaired training on P14-15, 17-18, 21-22,

24-25. If pups are able to learn EBC with a vibration CS earlier ontogenetically than with a

tone CS, it will further strengthen the hypothesis that the ontogeny of EBC is mediated by

the development of sensory inputs to the pontine nuclei. Experiment 2 examined whether or

not the sound of the vibration CS contributed to CRs during EBC. Experiment 3 examined

extinction of EBC with a vibration CS.

GENERAL METHODS

Subjects

The subjects were Long-Evans rat pups born and reared in the colony in Spence

Laboratories of Psychology at the University of Iowa. The colony was maintained on a

12/12-hr light/dark cycle, with light onset at 7 am. Male and female breeders were pair

housed in polycarbonate cages with wire lids. Each day cages were checked for births, with

the day of birth being designated P0. On P2 litters were culled to eight pups. Subjects

remained in their home cage until P19, at which time they were transferred to separate cages

with same-sex littermates. Experimental groups included no more than two animals from the

same litter (one male and one female). All training occurred from 7 am to 7 pm. All

procedures were approved by the Institutional Animal Care and Use Committee at the

University of Iowa.

Surgery

Surgery was performed two days prior to training, on P12, P15, P19, or P22 to allow one

day for the pup to recover. Isoflurane (1.5-3%) was used for anesthesia. Prior to surgery the

rat’s head was fixed in a mouse stereotaxic head holder and aligned. During surgery rats

were fitted with differential EMG electrodes to record blink activity and a bipolar

stimulating electrode for US delivery. Two EMG electrodes were threaded through the left

upper eyelid and a ground wire was attached to the skull with a small stainless steel skull

screw. All three wires (two recording and one ground) terminated in small gold pins that

were secured in a plastic connector. The plastic connector was cemented to the skull using

bone cement (Zimmer), leaving only the gold pins exposed. The bipolar stimulating

electrode for US delivery was placed subdermally immediately caudal to the left eye. The

bipolar electrode terminated in a small plastic connector which was cemented to the skull

using bone cement.

Conditioning Apparatus

Rat pups were trained in a conditioning chamber that was contained within a sound-

attenuation chamber. One side of the conditioning chamber was fitted with two small

speakers, which delivered the tone CS (2 kHz, 82 dB). The floor of the chamber, which
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delivered the vibration CS, consisted of a custom-built vibrating grid floor placed on top of a

piece of bench paper that protected a thin foam pad. The vibrating grid floor was made of

square wire that was attached to a vibration motor (model number C1030B028F; JinLong

Machinery, Zhejiang, China). When completely assembled and placed on the bench paper

and foam pad in the chamber, the vibration CS vibrated at 144 Hz, with an acceleration of

2.4 m/s2. The foam pad placed under the grid floor ensured that the vibrating grid floor

produced a minimum amount of sound. This method of stimulus delivery has been used in

previous studies of learning in rat pups (Spear & Smith, 1978; Markiewicz et al., 1986).

Lightweight cables with connectors for both the recording EMG and the bipolar stimulating

electrode were attached to a commutator above the conditioning chamber and threaded

through a hole in the ceiling of the chamber. Computer software controlled the delivery of

both CS and US while simultaneously recording differential eyelid EMG activity (sampling

rate = 250 Hz). All EMG activity was amplified (× 2000), filtered (500-5000 Hz), and

integrated (20 ms time constant).

Conditioning Procedure

Conditioning occurred over the course of two days. All pups received 6 sessions (3 per d) of

either paired or unpaired delay EBC training with either a tone or vibration CS. Pups in the

paired group received 100 trials per session of delay EBC with a 400 ms vibration or tone

CS and a 25 ms periorbital stimulation US. Each session was divided into 10 equal blocks of

10 trials, each with an intertrial interval of approximately 30s. The first 9 trials of each block

were paired CS-US presentations and the 10th trial of each block was a CS-alone probe trial.

The probe trials were used to evaluate conditioned responding (CR) in the absence of the

UR (Gormezano et al. 1983). Pups in the unpaired group received 200 trials per session, 100

CS-alone trials and 100 US-alone trials. Each trial consisted of an unpaired presentation of

either the CS or the stimulation US. Unpaired trials were separated by intertrial intervals of

approximately 15 s.

Data Analysis

Behavioral data were examined offline. CRs were defined as any blink response during the

CS that crossed a .4 unit threshold above the pre-CS baseline EMG activity. Any responses

that occurred within 80 ms of CS onset were considered startle responses. Trials with EMG

activity that crossed the threshold prior to the CS onset were omitted from the analysis. A

repeated measures ANOVA was performed on session data related to CR percentage,

amplitude, onset latency, and peak latency. CR amplitude, onset latency, and peak latency

measures were examined on CS-alone trials in which a CR occurred. Because group sizes

were approximately 7-8 pups, pup sex was not analyzed. Significant group effects were

further analyzed with the Bonferroni Test. An alpha level of 0.05 was used for all statistical

tests.

EXPERIMENT 1

The purpose of Experiment 1 was to determine if sensory system development plays a role

in the ontogeny of EBC. If sensory system development is a rate-limiting factor in the

ontogeny of EBC, then training with an earlier-developing sensory system, the
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somatosensory system, should result in an earlier onset of conditioning. Pups were trained

with either a vibration or tone CS on P14-15, 17-18, 21-22, 24-25.

Methods

The subjects were 108 Long-Evans rats pups derived from 58 different litters. The

experimental design included 2 conditions (paired or unpaired), 2 CS modalities (tone or

vibration), and 3 age groups (P17-18, P21-22, or P24-25). For vibration training only, there

was an additional group trained on P14-15.

Results

Regardless of CS type, pups that were trained in the paired condition showed significantly

more CRs that those trained in the unpaired condition (Fig. 1). Furthermore, during paired

training age-matched pups trained with the vibration CS showed far greater levels of

conditioned responding than those trained with the tone CS (Fig. 1). When trained with the

vibration CS, significant levels of conditioned responding were observed as early at P14-15.

Importantly, these increased levels of responding were not due to non-associative factors;

levels of unpaired responding did not significantly differ across CS type or age.

A repeated measures ANOVA on the CR percentage data from all but the P14-15 age group

confirmed these observations with an Age X CS-type X Condition (paired or unpaired) X

Session interaction F(7.08, 290.36) = 2.592, p = 0.013 on CR percentage (Greenhouse-

Geisser correction for sphericity). A repeated-measures ANOVA on the CR percentage for

the vibration-trained pups only showed main effects of age F(10.53, 189.53) = 2.883, p <

0.001 and condition F(3.51, 189.53) = 27.595, p < 0.001 (Greenhouse-Geisser correction for

sphericity).When data of paired, vibration-trained pups were further analyzed, post hoc tests

indicated that the oldest three age groups trained with a vibration CS had a similar CR

percentage (p > 0.05), but differed significantly from the youngest (P14-15) age group (p <

0.0001). Further comparisons confirmed that these differences were observed during all six

training sessions (p < 0.01). When the data of paired tone-trained pups were further

analyzed, post hoc tests examining the above-mentioned interaction indicated that the

P24-25 and P17-18 groups had significantly different CR percentages on sessions 4-6 (p <

0.05). However, the P21-22 group performed intermediately and was not significantly

different from either group.

In order to determine whether the youngest age group (P14-15) was able to learn the

association between the vibration CS and the periorbital stimulation US, post hoc tests were

performed on CR percentage between paired and unpaired groups across sessions. The

paired vs. unpaired groups differed only on sessions 4-6 (p < 0.05.

The amplitude of the CR was also influenced by age, session, and condition (paired vs.

unpaired)(Fig. 2). However, CS type did not influence response amplitude. There was an

age- and session-related increase in CR amplitude during paired, but not unpaired training.

A repeated measures ANOVA on all but the P14-15 age group (with Greenhouse-Geisser

correction for sphericity) indicated a Session X Age X Condition (paired or unpaired)

interaction F(6.86, 219.63)=2.09, p = 0.047. Post hoc tests on paired data indicate that there
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was an age-related increase in CR amplitude across sessions with both the P21-22 and

P24-25 age groups having higher amplitude CRs than the P17-18 age group (p < 0.05). A

repeated measures ANOVA on the vibration-trained pups indicated a Session X Age X

Condition (paired or unpaired) interaction F(9.85,144.49) = 2.49, p = 0.009. Post hoc tests

on the paired data from the vibration groups confirmed that there was an age-related

increase in CR amplitude. The P14-15 group was significantly lower than the P21-22 and

P24-25 groups and the P17-18 group was significantly lower than the P24-25 group.

The UR amplitude, CR onset, and peak CR latencies did not differ between CS modalities or

across age groups. Mean (+/- SD) session 1 UR amplitudes are as follows for vibration- and

tone-trained pups, respectively: P14-15: 1.59(.78), P17-18: 1.94(.45), 2.6(1.08), P21-22:

3.34(1.02), 3.21(1.44), P24-25: 3.21(1.43), 2.87(1.07).

EXPERIMENT 2

In order to determine whether or not the sound of the vibration CS motor influenced CR

production, we performed a control experiment. The goal of Experiment 2 was to determine

whether the sound of the vibration CS had an impact on the CR. If the sound of the vibration

CS contributed to the previously-observed level of conditioned responding, its presentation

alone should also elicit a CR.

Methods

Subjects were 7 pups from 4 different litters trained on P17-18. Because Experiment 1 found

robust and nearly identical learning at all but the youngest age group trained with a vibration

CS, this experiment only utilized the P17-18 age group. The conditioning apparatus and

methodology were identical to that described in Experiment 1 for CS-US acquisition

sessions 1-5. However, during session 6 the vibration motor was suspended from the ceiling

of the chamber by a lightweight cable where it could not vibrate the cage.

Results

As observed in Experiment 1, pups in the P17-18 age group readily showed CRs when

trained with a vibration CS. Furthermore, their levels of CRs did not appear to be influenced

by the sound of the vibration motor (Fig. 3). During session 6, when the sound of the CS

was presented alone, pups showed an immediate drop in CRs (block 1 mean = 38.89 and

blocks1-10 mean = 26.11). A repeated measures ANOVA across all six sessions confirmed

these results F(1.87, 11.22)=29.72, p < 0.0001 (Greenhouse-Geisser correction for

sphericity). Post hoc tests showed that there was a significant difference between the level of

CRs on sessions 5 and 6 (p = 0.001), but not between the level of CRs on sessions 1 and 6 (p

> 0.05).

EXPERIMENT 3

The goal of Experiment 3 was to investigate whether pups trained on P17-18 with a

vibration CS were able to show extinction. Previous research in auditory EBC with this age

group has yielded low levels of conditioned responding (Stanton, Freeman, & Skelton,

1992). Therefore, to date, there have not been any studies examining extinction in this age
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group. Assessing extinction with the vibration CS further assesses whether conditioning

with a somatosensory CS has similar properties to conditioning with a visual or auditory CS.

Methods

Subjects were 8 pups from 5 different litters. Pups received 6 CS-US acquisition training

sessions on P17-18, as in Experiment 1. The 2 CS-alone extinction sessions took place the

following day, on P19.

Results

As in Experiments 1 and 2 P17-18 pups showed rapid acquisition of EBC using a vibration

CS. However, this level of responding dropped off substantially during extinction training

session 7 (Fig. 4). Overall, both extinction sessions showed similar levels of CRs. However,

when examining block data within the two sessions, it became evident that session 7 and 8

had very different session profiles. Responding during session 7 started out high but dropped

rapidly until halfway through the session, at which point responding leveled out. The profile

of session 8 was substantially flatter, dropping only slightly across blocks. These

observations were confirmed with a repeated-measures ANOVA across all 8 sessions F(7,

49) = 13.22, p < 0.0001 and post hoc tests indicated that there was a significant difference

between the final session of acquisition training and the first session of extinction training (p

= 0.003). A repeated-measures ANOVA across the block data of session 7, the first

extinction session, showed a significant effect of training block F(9, 63) = 3.46, p = 0.002.

Post hoc tests examining block data changes across session 7 showed that blocks 4-7 and

9-10 were significantly different from block 1.

DISCUSSION

Eyeblink conditioning was faster and ontogenetically earlier with a vibration CS when

compared to EBC with a tone CS. When trained with a tone CS, pups showed only modest

levels of learning when trained on P17-18, a finding consistent with previous studies of the

developmental trajectories of auditory and visual EBC (Stanton, Freeman, & Skelton, 1992;

Paczkowski, Ivkovich, & Stanton, 1999). In contrast, training with a vibration CS resulted in

robust learning by P17-18. In fact, pups as young as P14-15 showed low levels of EBC

when trained with a vibration CS. This developmental increase in CRs does not appear to be

the result of increased non-associative responding to the CS. Data from similar studies

investigating the development of delay EBC with auditory and visual CSs show nearly

identical levels of non-associative responding to those observed during unpaired

presentation of the vibration CS (Ivkovich, Paczkowski, & Stanton, 2000). Our

interpretation of the relatively early development of EBC with the vibration CS is that

vibration is more salient than tones, in terms of the strength of neural inputs, to the

cerebellum in younger pups. This increased neural salience for the vibration CS is

hypothesized to be due to early development of the subcortical somatosensory system

projections to the cerebellum.

The auditory CS pathway includes projections from the cochlear nucleus, superior olive,

nucleus of the lateral lemniscus, and inferior colliculus to the medial auditory thalamus,
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directly and in series (Freeman and Steinmetz, 2011). Medial auditory thalamic neurons

project to the lateral pontine nuclei which then project to the cerebellar cortex and deep

nuclei (Campolattaro et al., 2007; Halverson et al., 2008; Halverson et al., 2010; Halverson

& Freeman 2010). Development of auditory inputs to the lateral pontine nucleus plays a

major role in the ontogeny of auditory eyeblink conditioning. Electrical stimulation of the

pontine nuclei as a CS results in much faster conditioning in P17 pups, almost as fast as

pups trained on P24 with a stimulation or tone CS (Freeman et al., 2005). This finding has

been extended to pups trained with pontine stimulation as the CS on P12, also resulting in

robust associative learning (Campolattaro & Freeman, 2008). These pontine stimulation

studies demonstrate that the cerebellum is capable of eyeblink conditioning as early as P12

if it receives sufficient sensory input (Freeman, 2010). However, recordings of pontine

neuronal activity in rat pups show a substantial developmental increase in sensory responses

to a tone CS between P17 and P24 suggesting that auditory inputs to the pontine nuclei are

continuing to develop past P17 (Freeman & Muckler, 2003). Furthermore, stimulation of the

cochlear nucleus or medial auditory thalamus as the CS does not result in earlier learning in

rat pups, which indicates that there are developmental changes in the auditory pathway

projecting to the lateral pontine nuclei (Freeman & Campolattaro, 2008; Freeman & Duffel,

2008). Neuronal recordings from the medial auditory thalamus indicate that the thalamus,

like the pontine nuclei, show substantial developmental changes in responsiveness to a tone

CS and less learning-related activity (Ng & Freeman, 2012). In sum, these findings

concerning the auditory pathway indicate that there are developmental changes in the

strength of sensory information upstream of the pontine nuclei.

The neural pathway for a floor vibration CS has not been identified but probably includes

tactile, vestibular, and proprioceptive afferent projections to the cerebellum. Vibration

stimulation in the body activates spinal afferents that project to the dorsal column nuclei.

The dorsal column nuclei then project to the medial pontine nucleus (Kosinski et al. 1986a;

Kosinski et al. 1986b). Previous studies in rabbits and ferrets have shown that eyeblink

conditioning using stimulation of the body with vibration or weak electrical shocks depends

on the middle cerebellar peduncle (Lewis et al. 1987; Hesslow et al. 1999). Thus, although

there are direct projections from the dorsal column nuclei to the cerebellum through the

inferior cerebellar peduncle (Bengtsson and Jorntell 2009), the most likely CS pathway for a

vibration CS is the dorsal column nuclear projection to the pontine nuclei. In contrast to the

auditory and visual CS pathways (Halverson & Freeman, 2010a; 2010b), there do not appear

to be direct projections from somatosensory thalamus to the pontine nuclei. In fact, the steep

acquisition curve for somatosensory EBC in P17-18, P21-22, and P24-25 pups strongly

resembles acquisition curves seen in pups that receive pontine stimulation as a CS (Freeman,

Rabinak, & Campolattaro, 2005; Campolattaro & Freeman, 2008). Thus, the dorsal column

projections to the cerebellum via the pontine nuclei appear to be mature by P17, whereas the

auditory projections to the pontine nuclei are not mature until P24 or so.

Previous studies demonstrated associative learning with a vibration CS and an electrical

stimulation US in neonatal rat pups (Caldwell & Werboff, 1962; Bachevalier & Blozovski,

1980). Conditioned limb flexion was measured in these studies of neonatal conditioning,

which like EBC, depends on the cerebellum (Voneida, 2000; Mojtahedian et al., 2007). The

findings of these limb flexion studies are consistent with the early EBC in the current study
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with a vibration CS. Neonatal rats showed only modest levels of conditioning (15-32%) in

the previous studies relative to adult rats, comparable to the P14-15 group in the current

study. A similar pattern of results was found by Schreurs et al. (2013) using a shock-shock

(US-US) conditioning paradigm in rat pups. Somatosensory inputs to the cerebellum from

the dorsal column nuclei may therefore continue to develop postnatally until P17, even

though rat pups are clearly responsive to tactile stimuli prior to birth (Smotherman &

Robinson, 1988). It is also possible that US pathway development (Nicholson & Freeman,

2003) plays a significant role in the early development of cerebellar learning, i.e., before

P17.

In conclusion, this study demonstrated that using a vibration CS results in facilitated

acquisition of delay EBC in rat pups relative to EBC with an auditory or visual CS. Pups are

able to learn faster and at earlier ages than observed previously with other peripheral CSs.

Furthermore, non-associative responding (as seen during unpaired training) does not differ

from previously reported data using other CS modalities. The findings of the current study

support the hypothesis that the ontogeny of cerebellar learning depends on the development

of sensory systems and their inputs to the pontine nuclei.
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Figure 1.
Mean (± SEM) eyeblink conditioned response (CR) percentage for rat pups given paired

(left, solid lines) or unpaired (right, dashed lines) training with a tone (grey) or vibration

(black) conditioned stimulus (CS). Pups were trained with the tone on postnatal days

(P)17-18 (n = 8 paired, 8 unpaired), 21-22 (n = 7 paired, 9 unpaired), or P24-25 (n = 8

paired, 6 unpaired. Pups were trained with the vibration CS on P14-15 (n = 7 paired, 7

unpaired), P17-18 (n = 8 paired, 8 unpaired), P21-22 (n = 8 paired, 8 unpaired), or P24-25 (n

= 8 paired, 8 unpaired).
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Figure 2.
Mean (± SEM) eyeblink conditioned response (CR) amplitude for rat pups given paired

(left, solid lines) or unpaired (right, dashed lines) training with a tone (grey) or vibration

(black) conditioned stimulus (CS).
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Figure 3.
Mean (± SEM) eyeblink conditioned response (CR) percentage for rat pups given paired

training with a vibration conditioned stimulus (CS) on P17-18 (sessions 1-5) followed by a

CS-alone generalization test (Gen) for the sound of the vibration device.

Goldsberry et al. Page 14

Dev Psychobiol. Author manuscript; available in PMC 2014 December 01.

N
IH

-P
A

 A
uthor M

anuscript
N

IH
-P

A
 A

uthor M
anuscript

N
IH

-P
A

 A
uthor M

anuscript



Figure 4.
Mean (± SEM) eyeblink conditioned response (CR) percentage for rat pups given paired

training with a vibration conditioned stimulus (CS) on P17-18 (Acquisition) followed by 2

CS-alone extinction sessions (Ext). Graph insert shows block data for sessions 7 and 8, the

extinction sessions.
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