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ABSTRACT

A specific pattern of spatiotemporal muscle activation is necessary for the acquisition of a novel motor skill, and it appears as though alterations in the synaptic connections of the primary motor cortex (M1) may accompany this type of learning.  The purpose of this study was to attempt to demonstrate that motor skill learning and practice is accompanied by strengthening of the pyramidal synaptic connections in the horizontal pathways in layer II/III of M1.  Rats were trained on a unilateral forepaw grasping skill for five successive days, during which the progression of their motor skill performance was monitored.  The strength of horizontal synaptic connections within layer II/III of M1 was evaluated in vivo by recording the field potential evoked in the horizontal pathway in response to electrical stimuli of varying intensity.  It was hypothesized that the number of successful retrievals would gradually increase as training progressed, and that the evoked field potentials in the trained hemisphere would exhibit significantly greater amplitudes than those in the untrained hemisphere (indicating the strengthening of synaptic connections).  A significant increase in motor skill performance was observed as training progressed.  However, no significant difference in the amplitude of the evoked field potential was observed between the trained and untrained hemisphere.  Thus, the results of this study do not support the assertion that strengthening of horizontal synaptic connections in layer II/III of M1 accompanies the acquisition and practice of a new motor skill.

INTRODUCTION

The brain is composed of many individual units called neurons and glial cells.  One of the main goals of neural science is to determine how these individual units are sequestered and integrated to control behavior and to facilitate the learning and memory of novel tasks.  It is currently known that the strengthening of synaptic connections in the brain is implicated, and possibly responsible for, the performance of these tasks.  However, significant advances in the understanding of the neural mechanisms involved in these tasks were not elucidated until the middle of the twentieth century.

Karl S. Lashley (1890 – 1958) formulated a theory of brain function called ‘mass action’, which suggested that learning and other mental functions have no special locus in the brain, and consequently, cannot be attributed to specific collections of neurons.  He was a pioneer in the search for evidence of experiential effects in the brain, a quest he described as the search for the ‘engram’.  However, Lashley’s model of mass action has been reinterpreted and replaced by theories favoring the localization of brain function.  These assertions in favor of localization were initially strengthened by studies carried out by Edgar Adrian and Wade Marshall and his colleagues during the 1930s, as they demonstrated that tactile stimuli elicit responses that can be recorded from discrete regions of the cerebral cortex (Kandel, 1991, p. 12).

Lashley’s student, Canadian psychologist Donald O. Hebb (1904 - 1985) was the first to present a tangible the mechanism by which complex cognitive behavior, such as learning and memory, could be accomplished through activation of functional groups of neurons.  Hebb proposed that the functional relationship between a pre-synaptic neuron and a post-synaptic neuron could change when the pre-synaptic neuron continually takes part in the excitation of the post-synaptic neuron. When such excitation is repeated and persistent, Hebb believed that the growth and metabolic activity at the synapse is altered such that the efficacy with which the pre-synaptic neuron stimulates the post-synaptic neuron is increased.  These findings led to the development of the term ‘Hebbian synapse’ to describe synapses that are characterized by the above properties (Rosenweig et al, 1999. P.499).  Thus, Hebb provided a framework on which the neural mechanisms involved in learning and memory could be further examined.

In the early 1960’s, Mark R. Rosenweig and his colleagues demonstrated that measurable changes in the neuroanatomy and neurochemistry of the rodent brain occur in response to informal experience and formal training, a characteristic often referred to as synaptic plasticity.  Following a period of differential experience (the rats were divided amongst standard condition (SC), impoverished condition (IC), and enriched condition (EC) environments), each rat brain was dissected and subjected to quantitative chemical analysis.  This research team found that EC animals exhibited significantly greater activity of the enzyme acetylcholinesterase in the motor cortex, as well as a significantly heavier cerebral cortex (caused by increased cortical thickness) compared their IC counterparts.  These differences were distributed non-uniformly throughout the cerebral cortex, with the largest difference being found in the occipital cortex (Rosenweig et al, 1999, p. 500).  

Subsequent research by Greenough in the 1970’s indicated that EC animals developed dendritic branching to a much greater extent than IC animals, with an intermediate amount of dendritic in their SC counterparts (Rosenweig,1999, p. 502).  In 1986 Greenough collaborated with E. J. Greene to show that in vitro hippocampal slices produce a larger field post-synaptic excitatory potential (EPSP) in EC rats compared to IC rats as well.  Similar research by Sharp, McNaughton and Barnes (1985) yielded complementary results.

As the above research progressed, long-term potentiation (LTP) began to receive attention as a possible model for the cellular process responsible for information storage within neural circuits.  Timothy Bliss and Terje Lomo discovered LTP in 1973 in the hippocampus of an intact rabbit (Rosenweig, 1999, p. 504).  LTP is “a stable and enduring increase in the magnitude of the response of neurons after afferent cells to the region have been stimulated with bursts of electrical stimuli of moderately high frequency” (Rosenweig, 1999, p.504).  Research indicates that LTP is a long-lasting phenomena resulting in increased response amplitude (i.e. increased EPSP) after induction, yet Bliss and Lomo were cautious in their application of LTP to naturally-occurring memory.   However, LTP does simulate learning and long-term memory in a number of ways, as it can be rapidly induced, it may last for an extended period of time, and it reliably shows a consolidation period that may last for several minutes after induction (Rosenweig, 1999, p. 504).  No definitive evidence has proved that learning directly involves LTP-like mechanisms, although the LTP model has provided crucial inferences into how neural circuits cooperate to allow learning in other areas of the brain (Rioult-Pedotti, 1998, p. 1). 

Rioult-Pedotti and her colleagues (1998) studied the effects of skill learning on the properties of the primary motor cortex (M1), a cortical region responsible for the initiation of skilled voluntary movements. However, this region also appears to be involved in motor skill learning, as it has been found that adult M1 

representations exhibit some forms of plasticity, while learning a new motor skill requires an alteration in the spatiotemporal pattern of muscle activation (Rioult-Pedotti, 1998, p. 234).  It appears as though the pyramidal neurons in horizontal pathways of layer II/III, which form a broad projection system in M1, are responsible for the reorganization of neurons in M1 after experiential training.  It is also apparent that neuromodulatory pharmaceuticals are capable of altering the excitatory-inhibitory balance in M1, and that horizontal connections are capable of LTP (Rioult-Pedotti, 1998, p.234).

Rioult-Pedotti and her colleagues (1998) utilized adult rats to demonstrate that motor skill learning occurs as a result of strengthening of the engaged horizontal pyramidal connections in layer II/III of M1.  Rats were trained for three or five days on a unilateral forelimb reaching task, and slices of motor cortex were subsequently examined to determine whether or not such strengthening had occurred.  Recordings indicated that the amplitude of field potentials in the forelimb region of he trained hemisphere (contralateral to the untrained limb) were significantly greater than that of the untrained hemisphere, suggesting that horizontal pyramidal connection had, in fact, been strengthened by training.  The amount of LTP that could be induced in the trained hemisphere was also less than that in the untrained hemisphere, indicating that acquisition of the motor skill required LTP-like mechanisms to some degree.  These findings provide the first direct evidence that the plasticity of intra-cortical connections is involved in motor skill learning (Riould-Pedotti, 1998, p. 234).

The purpose of this experiment is to attempt to show, as did Rioult-Pedotti (1998) that motor skill learning is accompanied by strengthening of horizontal pyramidal connections in layer II/III of M1.  Five rats were trained on a novel unilateral forepaw motor skill (food pellet retrieval), and the acquisition of the skill was monitored by recording the number of successful retrievals on each day of training.  After training, electrodes were used to measure the field potential evoked in both the untrained hemisphere and trained hemisphere of M1.  The response evoked by the untrained hemisphere provided a within subject control, as this value was expected to exhibit a baseline amplitude (assuming the contralateral limb had not received any training).  This is an important weakness in Rioult-Pedotti’s study, as it did not measure the field potential evoked upon stimulation before training or in the untrained hemisphere, and thus, the evoked field potential after experimentation could not be compared to a baseline evoked field potential.  It is also important to note that, in this experiment, the evoked field potentials were taken from an intact brain in vivo (and thus, intrinsic factors such as neuromodulators remained present within the brain), while Rioult-Pedotti recorded from slices of motor cortex that had been extracted from the rats. Finally, this study differs from Rioult-Pedotti’s in that it monitors the speed of acquisition of the motor skill during training sessions, whereas Rioult-Pedotti focused their analysis on recording only.  

It was hypothesized that the number of successful retrievals performed by each rat would increase consistently during the five-day training period.  Based on previous experiments, it was predicted that initial success would be minimal, while the rat would be able to complete several hundred successful retrievals by the last day of training.  It was also predicted that the amplitude of the evoked response in the trained hemisphere would be significantly greater than that of the untrained hemisphere.  Demonstration of these properties would support the postion that rats can acquire and improve the their motor skill performance.  It would also further strengthen Rioult-Pedotti’s (1998) assertion that strengthening of intracortical connections of the horizontal connections of M1 associated with learning a new motor skill.  

METHOD

Subjects

Animals were cared for in accordance with the McMaster University Animal Research Ethics Board Guidelines for animal care.  Five adult male Long-Evan hooded rats (250 g – 300 g) housed on a normal 12:12 light-dark cycle were used for this study.  The rats were housed individually and all animals were food restricted for twenty-four hours prior to the start of the initial training session, as well as throughout the five days of training.  Sufficient amounts of water were provided at all other times.

Apparatus

All rats were placed in a test cage of dimension 30 x 30 x 15 cm during training sessions.  Each test cage had clear plexiglass sides and roof, and a wire grid floor (raised approximately 2 cm above the base).  The narrow end of the cage contained a slit of width 1.2 cm, running from the top of the cage to the platform.  A small plexiglass platform of width 2.0 cm was situated horizontally on the outer surface of the slit, approximately 2.5 cm from the floor of the cage (FIGURE 1).

INSERT FIGURE 1 HERE
Procedure

Each rat was placed in a separate test cage for one hour per day (2:30 pm – 3:30 pm) for five consecutive days.  A food pellet (Rice Krispies kernel) was placed on the platform within reaching distance of the rat.  Forepaw behavior was noted and the preferred forepaw for the grasping task was recorded.  All but one rat (Rat 1 did not exhibit a clear preferred forepaw), which was excluded from analysis, demonstrated preferred left forepaw behavior. The food pellet was placed on the right side of the platform to encourage use of the left forepaw in food retrieval.  It was impossible for the rat to use both forepaws or their mouth for pellet retrieval, although initial grasp attempts often involved such behavior.  Food pellets were placed continuously on the platform after retrieval attempts, and the number of reaches, grasps, and eats for each forepaw were recorded sequentially (specifying the forepaw utilized in the attempt), noting the relative activity of both forepaws.  The number of ‘reaches’ (no grasping action), ‘grasps’ (unsuccessful transfer of food pellet into cage), and ‘eats’ (successful transfer and eating) were tallied and graphically displayed.  An ANOVA (between group, two factor without repetition) was conducted to compare the mean number of successful retrievals (indicated by the number of ‘eats’) for all rats (excluding Rat 1) across all training days.

Recording began twenty-four hours after the final training session to ensure that the evoked field potentials did not reflect effects persisting immediately after practice of the task.   Each animal was anaesthetized with 65 mg/ng of sodium pentobarbitol, and the head was shaved and cleaned.  The scalp was held open with four stainless-steel hemostats.  A recording and a stimulating electrode (stainless steel wire) were placed 0.5 mm apart in the horizontal pathway of layer II/III of M1.  The precise coordinates for electrode location (A/P +1.00, M/L +2.00 to +2.50, P/V –0.40) were measured relative to bregma.  The experimenter was aware of the rats’ training condition at the time of recording.  The electrodes were lowered 400 microns to place them in layer II/III.  The stimulating electrode delivered impulses at several intensities (63 uA, 100 uA, 159 uA, 398 uA, 631 uA, 798 uA and 1000 uA), and the evoked field potentials were amplified and then digitized at a sampling rate of 10 kHz.  The digitized field potentials were stored on a PC, and the amplitude if the evoked field potential was determined for each intensity.  This process was completed for both the trained and the untrained hemisphere in all rats.

Rat 1 and Rat 3 were excluded from statistical analysis due to unclear preferred forepaw behavior and insufficient training time (due to inactivity in the first three days of training), respectively.  The amplitude of the evoked field response was plotted over 50 milliseconds (for the 398 uA stimulation), and an input-output curve was constructed to illustrate the amplitude of the evoked field response at each intensity. A t-test (paired two-sample for means) was performed for Rat 2, Rat 4 and Rat 5 to compare the mean (excluding the 63 uA and 1000 uA intensities) amplitude of the evoked field response in the left and the right hemisphere.

Following data collection, all animal were perfused with formaldehyde and the brain was extracted.  Coronal brain slices containing the region of the M1 forelimb representation in both hemispheres were obtained for each rat.  This brain tissue was stained with creysl violet to visualize the depth of the electrodes to verify that the electrodes were lowered to the correct depth in M1. 

RESULTS

Five rats were trained to reach through a narrow slit with a single forepaw to retrieve small food pellets, and the use of the preferred forepaw (the left forepaw in all rats but Rat 1) was strongly encouraged through appropriate placement of the food pellet.   Training lasted five successive days with one training session, lasting approximately one hour, per day.  All rats were able to learn the task within the five-day training period, although the number of successful retrievals (i.e. eats) varied among the rats.  


The strength of horizontal synaptic connections within layer II/III of M1 was evaluated in vivo by documenting the field potential evoked in this pathway in response to electrical stimuli at various intensities.  Such recording was completed for both the trained and the untrained hemisphere.  The untrained hemisphere of each rat (the right hemisphere in all but Rat 1) served as a within animal control, as the majority of neurons implicated in the training task are located in the M1 portion of the hemisphere contralateral to the preferred forepaw.  Thus, M1 in the left hemisphere of Rat 1, and M1 in the right hemisphere of Rat 2, Rat 3, Rat 4, and Rat 5, will be referred to as ‘trained M1’.  The alternative hemisphere will be termed ‘untrained M1’.   

It was hypothesized that the number of successful retrievals would increase as training progressed from day one to day five, as the task was practiced and learned.  It was also hypothesized that the evoked field potential in the ‘trained M1’ would exhibit a significantly greater amplitude than that in the ‘untrained M1’ as a consequence of strengthening of horizontal synaptic connections in layer II/III of M1.

Generally, the number of successful left-forepaw pellet retrievals increased as training progressed, although the number of successes for Rat 2 and Rat 5 declined on day five (FIGURE 2). Rat 1 was excluded from analysis of the training data, as it did not exhibit clear preferred paw behavior. This increasing trend was particularly evident when considering the mean number of successful retrievals for all rats (excluding Rat 1). The mean for day five (m = 265, SD = 126) was higher than that of day three (m = 136, SD = 104), both of which were higher than the mean on day one (m = 23, SD = 45) (FIGURE 3).  As indicated by the described standard deviations, there was a great deal of variability in the number of successful left-forepaw retrievals among the rats.  An ANOVA analysis (two-factor without replication) was utilized to determine if the increase in the mean number of successful retrievals was significant across all training days, and this analysis yielded a significant result (F = 5.90 > Fcrit = 3.01 at alpha = 0.05).  This finding indicates that the rats did, in fact, acquire the grasping skill. 

INSERT FIGURE 2 HERE
INSERT FIGURE 3 HERE
FIGURE 4 illustrates the field potential response elicited by 398 uA electrical stimulation.  Stimulation of layer II/III in M1 evoked a negative (excitatory) field potential in all rats.  Rat 1 and Rat 3 were excluded from further analysis due to unclear preferred forepaw behavior and insufficient training time (due to inactivity in the first three days of training), respectively.  The peak evoked field potential at an intensity of 398 uA was greater in the ‘untrained M1’ than in the ‘trained M1’ in Rat 2 (untrained M1 = -0.907 mV, trained M1 = -0.770 mV) and Rat 4 (untrained M1 = -0.744 mV, trained M1 = -0.44 mV).  At the same intensity, the peak evoked field potential in Rat 5 was greater in the trained M1 (-0.553 mV) than in the untrained M1 (-0.323 mV).

INSERT FIGURE 4 HERE

The relationship between stimulus intensity and response amplitude was evaluated to exclude the possibility that the characteristics of the evoked response were a consequence of the stimulating intensities.  The input-output functions illustrated in FIGURE 5 display the absolute value of the peak response amplitude at different intensities.  At middle intensities (159 uA – 631 uA), the untrained M1 exhibited greater peak response amplitudes than the untrained M1 in Rat 2 and Rat 4, while the trained M1 exhibited greater peak response amplitudes than the trained M1 in Rat 5.  However, in all rats, the response amplitude increased in proportion to the increases in stimulating intensity.  Thus, it does not appear as though the relative evoked field potential responses is determined by stimulus intensity.

INSERT FIGURE 5 HERE

FIGURE 6 illustrates the absolute value of the mean evoked amplitude (for Rat 2, Rat 3 and Rat 5) of the mean response across all intensities for each hemisphere.  The untrained M1 (ImI = -0.590, SD = 0.211) had a slightly higher response amplitude than the trained M1 (ImI = 0.548, SD = 0.740). The difference in this mean response amplitude was 0.0412.  There was a notable amount of variability in difference in mean evoked field potential among Rat 2 (difference = 0.484 mV), Rat 3 (difference = 0.205 mV), and Rat 4 (difference = -0.130 mV) (FIGURE 7).  

A t-Test (paired two-sample for means) was performed to determine whether or not there was a significant difference in the peak response amplitude in the trained M1 and the untrained M1. The analysis was done on the mean peak response amplitudes across the 100 uA – 798 uA intensities for Rat 2, Rat 4, and Rat 5.  This analysis did not indicate a significant difference in the peak response amplitude evoked in the trained M1 and the untrained M1 (t stat = -0.426 < t crit (one-tail) = 2.02 at alpha = 0.05).  This finding indicates that, generally, the evoked field potentials were not larger in the trained hemisphere.  

INSERT FIGURE 6 HERE
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DISCUSSION


This study attempts to elucidate the relationship between motor skill learning and strengthening of synaptic connections in the horizontal pathways of layer II/III of M1.  It was hypothesized that the number of successful unilateral forelimb retrievals would exhibit a continuous increase as the training period progressed.  Consequently, it was speculated that the field potential evoked in the horizontal pyramidal connections in trained M1 would be greater than that evoked in the untrained M1, suggesting that motor learning is accompanied by strengthening of synaptic connections in this area of the brain.  


Analysis of training data illustrated a gradual increase in the number of successful unilateral forelimb retrievals as training time progressed.  Rat 1 was excluded from this analysis, as it did not exhibit clear preferred paw behavior.   Although there was a fair amount of variability in the success rate among the rats, ANOVA analysis indicated that there was a significant increase in motor skill performance during training.  However, recording data yielded inconsistent results.  Both Rat 1 and Rat 3 were excluded from analysis due to an inability to demonstrate clear preferred paw behavior and insufficient practice of the motor task, respectively.  The amplitudes of the negative (excitatory) field potentials evoked by 159 uA, 398 uA, and 631 uA intensities in Rat 2 and Rat 4 were greater in the untrained M1 than in the trained M1, while the trained M1 in Rat 5 exhibited a greater response amplitude than the untrained M1.  There was a great deal of variability in the response amplitude differences between the two hemispheres, and t-Test analysis indicated that there was not a significant difference in the mean response amplitudes of trained M1 and untrained M1.


These findings demonstrate that rats are capable of learning novel motor skills.  However, if strengthening of synaptic connections in the horizontal pathways of M1 does in fact accompany motor skill acquisition and practice, one would expect the trained M1 to exhibit a greater field potential response than the untrained M1. This property was not illustrated in this study, and thus, it does not lend support to speculation that synaptic strengthening is characteristic of the cortical behavior responsible for motor skill learning.  Evidently, this study does not replicate the findings described by Rioult-Pedotti and her colleagues (1998), who provided direct evidence that the efficacy of horizontal connections in the motor cortex occurs with motor skill learning and practice.  


It is important to note that there are a number of differences in the subjects and experimental design utilized in the Rioult-Pedotti study (1998) and that used in this study.  Firstly, Rioult-Pedotti used female Sprague-Dawley rats, while male Long-Evan hooded rats were used in this experiment.  The effect this difference in sex and strain is unknown.  The number of subjects used in this study was also much smaller (N = 5), and thus, the acquired result may not have be characteristic of those that would be found in a larger population.  Rioult-Pedotti also failed to analyze the progression of skill acquisition throughout training, leaving the relative degree of skill learning subject to speculation.  Finally, this study used a within animal control (the untrained M1) to obtain an estimate of a pre-training field potential response amplitude, whereas Rioul-Pedotti utilized paired (similarly handled, untrained rats) and unpaired (naïve) controls to estimate this baseline value.  Any of these factors may have contributed to the discrepancy in results.


This study may have failed to produce evidence supporting the hypothesis due to a number of limitations in the validity and reliability of the experimental design.  The most basic weakness is possible experimenter bias due to the failure to keep the experimenter blind to each rat’s training characteristics, or inconsitence in the identity of the experimenter used in each training session.  As previously mentioned, this experiment also failed to provide between subject controls.  The use of within subject controls to estimate baseline EPSP amplitudes may be a significant point of error, as the effect of unilateral training on the synaptic properties of the ipsilateral motor cortex is unknown, and each rat did, in fact, receive minimal training for both forepaws.  It is also possible that there is intrinsic asymmetry in EPSP characteristics between the two hemispheres.  The extent to which an increased magnitude of the response amplitude actually indicates strengthening of horizontal synaptic connections is also questionable, as the direction of change in EPSP following learning is unclear.  The effects of these confounding variables on experimental results must be elucidated and strictly regulated in order to improve the reliability and validity of this study.  

This study may be further improved by: 1) increasing the sample size, including both male and female rats for analysis, 2) investigating the response amplitude evoked at alternative cortical sites (as motor skill learning may induce modifications in other areas of the cortex), 3) varying the complexity of the task, and 4) increasing the duration of the training period (to ensure that adequate time has been given to allow maximal strengthening of cortical connections).  It would also be beneficial to measure the amplitude of the field potential evoked prior to training (and possibly on each day of training), as doing so would minimize deviation of the baseline amplitude due to inter-individual variation and/or cortical training effects.  These modifications must be made in subsequent replications of this study to improve the validity of the collected data. 

A number of additional studies could be done to complement and extend the scope of this study.  Research could be done to determine the precise nature of EPSP following learning, as well as the specific characteristics, effect, and location of the modification of synaptic connections.  It is also important to study the relative amplitudes of EPSP in both hemispheres to decisively determine whether or not there is intrinsic asymmetery between the two hemispheres.  Finally, fMRI studies could be carried out to observe and analyze the activity of cortical circuits during motor skill learning and performance.
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CAPTIONS

FIGURE 1: All rats were placed in a test cage of dimension 30 x 30 x 15 cm during training sessions.  Each test cage had clear plexiglass sides and roof, and a wire grid floor (raised approximately 2 cm above the base).  The narrow end of the cage contained a slit of width 1.2 cm, running from the top of the cage to the platform.  A small plexiglass platform of width 2.0 cm was situated horizontally on the outer surface of the slit, approximately 2.5 cm from the floor of the cage.

FIGURE 2: The absolute number of successful left-forepaw retrievals was plotted for each rat across five days of training was plotted.  Generally, the number of successful retrievals increased as training progressed, although the number of successes for Rat 2 and Rat 5 declined on day five.  

FIGURE 3: The mean number of successful retrievals (+/- standard error) was plotted for Rat 2, Rat, 3, Rat 4, and Rat 5 across five days of training was plotted.  Rat 1 was excluded from analysis, as it failed to exhibit clear preferred paw behavior.  This data exhibits a gradually increasing trend in skill performance.  The mean for day five (m = 265, SD = 126) was higher than that of day three (m = 136, SD = 104), both of which were higher than the mean on day one (m = 23, SD = 45).  As suggested by the described standard deviations, there was a large amount of variability in the number of successful forepaw retrievals among the rats.  An ANOVA analysis (two factor without replication) indicated a significant increase in the number of successful retrievals as training progressed form day one to day 5 (F = 5.9 > Fcrit = 3.01 at alpha = 0.05).

FIGURE 4: The stimulating electrode delivered electrical impulses at various intensities and the evoked field potentials were amplified and then digitized at a sampling rate of 10 kHz.  The digitized field potentials were plotted for the 398 uA (middle) intensity.  Stimulation of layer II/III of M1 elicited a negative (excitatory) field potential in all rats.  a) The amplitude of the field potential was greater in the right (untrained) M1 (A = -0.912 mV) than in the left (trained) M1 (A = -0.602 mV) in Rat 1.  b) & d) The amplitude was greater in the left (untrained) M1 (Rat 2, A = -0.7532 mV; Rat 4, A = -0.6646 mV) than in the right (trained) M1 (Rat 2, A = -0.7048 mV; Rat 4, A = -0.4598 mV) in Rat 2 and Rat 4.  c) & e) The amplitude was greater in the right (trained) M1 (Rat 3, A = -0.4984 mV; Rat 5, A = -0.4808 mV) than in the left (untrained) M1 (Rat 3, A = -0.; Rat 5, A = -0.3510) in Rat 3 and Rat 5.  Note that Rat 1 and Rat 3 were excluded from statistical analysis due to unclear preferred paw behavior and insufficient training time, respectively.

FIGURE 5: The response amplitude (+/- standard error) was plotted for each rat at were plotted at several stimulating intensities (63 uA, 100 uA, 159 uA, 398 uA, 631 uA, 796 uA, 1000 uA).  a) At middle intensities (159 uA – 631 uA), the peak response amplitudes were greater in the right (untrained) M1 than in the trained M1 in Rat 1.  b) & d) The left (untrained) M1 exhibited greater peak response amplitudes than the right (trained) M1 in Rat 2 and Rat 4.  c) The left and right hemispheres exhibited nearly equal peak response amplitudes in Rat 3.  e) The trained M1 exhibited greater peak response amplitudes than the trained M1 in Rat 5. Again, note that Rat 1 and Rat 3 were excluded from statistical analysis due to unclear preferred paw behavior and insufficient training time, respectively.

FIGURE 6: The absolute value of the mean evoked amplitude (+/- 1 standard deviation) (for Rat 2, Rat 3 and Rat 5) of the mean response across all intensities for each hemisphere.  The left (untrained) M1 (ImI = -0.590, SD = 0.211) had a slightly higher response amplitude than the right (trained) M1 (ImI = 0.548, SD = 0.740). A t-Test (paired two-sample for means) was performed to determine whether or not there was a significant difference in the peak response amplitude in the trained M1 and the untrained M1. The analysis was done on the mean peak response amplitudes across the 100 uA – 798 uA intensities for Rat 2, Rat 4, and Rat 5.  This analysis did not indicate a significant difference in the peak response amplitude evoked in the trained M1 and the untrained M1 (t Stat = -0.426 < t Crit (one-tail) = 2.02 at alpha = 0.05).

FIGURE 7: The difference (trained – untrained) in the mean response amplitude (for Rat2, Rat 3, Rat 4 across all intensities) between the trained and the untrained M1 (difference = -0.0412) is plotted with the difference in the mean response amplitude (across all intensities) for Rat 2, Rat 4, and Rat 5.  There was a notable amount of variability in difference in mean evoked field potential among Rat 2 (difference = 0.484 mV), Rat 3 (difference = 0.205 mV), and Rat 4 (difference = -0.130 mV).

