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The Mind and Brain Society (MBS) was founded in the fall of 2008 in concert with 
BU’s new Undergraduate Program in Neuroscience. The group aims to create a net-
work for undergraduate students who wish to take an active role in current issues and 
research. MBS serves as a hub for not only Neuroscience majors, but all students in-
terested in Psychology, Biology, Philosophy, Computer Science, etc. Our goal is to sup-
port an eager multidisciplinary undergraduate community with the conversations and 
resources fundamental to Neuroscience today.

Throughout the academic year, MBS hosts events spotlighting many different fac-
ets of Neuroscience. We hold discussion sessions during which we informally discuss 
a topic of interest over coffee; previous topics include “The Neuroscience of Religion” 
and “NeuroEthics.” The group also hosts research presentations by BU professors and 
screenings of thought-provoking films containing neuroscience motifs.
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“And there is a chance that everything we did was 
incorrect, but stasis is itself  criminal for those with the 
means to move, and the means to weave communion 
between people.”  — Dave Eggers (You Shall Know 
Our Velocity!)

 Every day a new discovery opens our minds 
to previously unseen vistas, and every day a seemingly 
impenetrable theory is proven to be incorrect. The 
ideas published years ago have morphed so complete-
ly, we can hardly recognize the path they’ve taken to 
today’s theories (It’s a profitable business for textbook 
publishers).  Neuroscience today has erupted from 
humble beginnings, and we would be nowhere if  not 
for the scientists who dared to predict one hundred 
wrong hypotheses from which we could learn.

 The Nerve, in conjunction with the Boston 
University Mind and Brain Society, has grown im-
mensely since our beginnings just two years ago.  We 
were excited and overwhelmed by the possibility of  
creating something to unite the undergraduate neu-
roscience community as well as showcase the ideas 
of  some of  BU’s brightest and most enthusiastic stu-
dents. Though imperfect, the journey has been al-

ways exciting, usually inspiring, occasionally comical, 
and without a doubt a wonderful endeavor.

 To all future staff  of  The Nerve and mem-
bers of  the Mind and Brain Society: We simply wish 
you constant motion.  Do not become stagnant; push 
yourselves continually forward.  And sideways and 
diagonally for that matter- why stick to convention?  
Through meetings long and e-mails ever flowing, 
step outside of  the box the life of  a student dictates, 
watch the change you are a part of, and run (skip, 
hop, dance) even further with it.

 To all graduating staff  and members:  It’s 
been quite a ride; congratulations to us.  Go forth and 
conquer!
 We owe infinite thanks to Paul Lipton, Lind-
sey Clarkson, Zachary Boss, Denise Parisi, Howard 
Eichenbaum and countless others.  We are incredibly 
grateful for your continuous support.

Ta-Ta For Now,

Grigori Guitchounts and Kimberly LeVine
Editors-In-Chief
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Time Emergent Properties Identified in 
Auditory System

Frequency modulated (FM) sound signals are used 
by several animals very effectively, perhaps most no-
tably in bats and their ability to echolocate. The bat 
auditory system is uniquely adapted to interpret the 
multiple harmonic structure of  the FM wave by both 
frequency magnitude and sweep direction to local-
ize its surroundings and discriminate direction. The 
mechanisms of  the neurons involved in this process 
were recently investigated by the University of  Texas 
and published in The Journal of  Neuroscience.

 In the bat brain, auditory cortex cells re-
spond to FM auditory waves directionally and based 
on upward or downward sweep and harmonic fre-
quencies with excitation or inhibition of  clusters of  
cells in the inferior colliculus (IC). Different frequency 
levels of  a single FM signal can thus simulate the fir-
ing of  different groups of  neurons in the brain based 
on their directional sweep and harmonic frequency, 
enabling the FM signal to be used to convey a mean-
ingful message. As such, the Timing Hypothesis states 
that in downward FM preferring cells, downward 
FM sweeps excite IC cells then induce inhibition, 
while upward FM sweeps stimulate initial inhibition 
followed by excitation and vice versa for upward pre-
ferring cells. In their research, Joshua Gittleman and 
George D. Pollak investigated this temporal direction-
ality with electrophysiology in the inferior colliculus 
and neuromodeling of  bat auditory cell conductance 
to describe temporal relationships between FM signal 
character and neural activation in the bat brain as a 
means to predict behavior of  neuronal populations in 
response to FM signals. 

 The researchers first compiled control FM 
signal response data in bats by electrophysiology of  
IC neurons during stimulation with FM signals. These 
in vivo measurements were then modeled extensively 
to manipulate temporal separation between 
excitation and inhibition of  an IC cell to elucidate 
time’s relation to the electrical impulses emitted from 
a neuron. In emissions of  FM sweeps with equal 

intensity and opposite direction that stimulate neural 
conductance, experiments with neural models based 
on control data delayed and advanced the temporal 
separation of  inhibitory and excitatory responses by 
a range of  milliseconds to see how excitatory post 
synaptic potentials (PSPs) in inhibitory regions of  
cells were effected. It was demonstrated that while 
preferred (downward preferring) FM cells fired with 
greater magnitude versus null (opposite preferring) 
cells, temporal distortion of  inhibitory and excitatory 
responses had a significant effect on firing ability of  
IC cells. Temporally delaying inhibitory activation 
correlated linearly with magnitude of  PSPs, translat-
ing to increases in neural activity, and the same be-
havior was observed in null cells. PSP increase was 
also observed when temporally advancing inhibitory 
activation, and led to similar, but smaller, increases in 
magnitude of  PSPs. 
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 Such results were obtained for two neuronal 
models of  bat IC cells, leading the researchers to con-
clude that temporal spacing between excitation and 
inhibition of  IC neurons in response to FM sweeps 
can significantly increase the magnitude of  PSPs in 
the auditory cortex and thus increase the probability 
of  neuronal firing. Temporal delay and advancement 
of  inhibition activation resulted in small increases in 
neuronal population PSPs, but there were no con-
sistent temporal trends between peaks of  excitatory 
and inhibitory conductance, contradicting the time 
hypothesis in that order of  excitatory and inhibitory 
waves was inconsistent. Changes in amplitude of  PSPs 
were influenced by a number of  factors aside from 
time, including conductance waveforms of  individual 
cells and latency between excitation and inhibition, 
while temporal variation did not provide any informa-
tion to induce individual or populations of  modeled 
cells to prefer inhibition or activation. A combination 
of  temporal variation with shapes and magnitudes 
of  excitatory and inhibitory conductance govern the 
PSPs evoked by FM signals, thus shaping the unique 
neuronal response to a particular FM signal.

 Frank DeVita
Original paper: Gittelman JX and Pollak GD. It’s About Time: How Input Timing Is Used 

and Not Used To Create Emergent Properties in the Auditory System. J Neurosci. 2011: 31(7): 

2576-2583

Early Exposure to Nicotine can Lead to 
Teenage Attention Deficits

Adolescence is a chaotic period during the develop-
ment of  many mammalian species; if  you think back 
to the awkward days of  middle school and high school, 
it is easy to see how this is true!  Although social com-
mitments and your ever changing body may seem like 
the most important transformations occurring during 
the teenage years, even more important changes are 
occurring in the adolescent brain.  Indeed, hormonal 
and chemical surges to the brain during this stage of  
life radically effect neuronal organization and con-
nectivity, leading to some of  the many modifications 
necessary to develop an adult brain.   Such tumultu-
ous changes in the wiring of  the teenage brain is what 
is speculated to induce the sporadic and rebellious 
nature of  young adults, prompting them to be more 
open to partaking in risky behaviors (such as attempt-
ing drugs, being highly susceptible to peer direction 
and callously tossing aside caution in favor of  “dan-

gerous” or “exciting” experiences).  One of  the big-
gest of  many “risky” activities that teenagers delight 
to partake in is the recreational use of  nicotine and to-
bacco by smoking cigarettes.  While it has always been 
known that the effects of  smoking can be highly del-
eterious to the lungs and respiratory pathways in one’s 
body, it has recently been discovered that exposure to 
tobacco, and specifically to nicotine, early on during 
adolescence can negatively affect the brain as well!

 Despite the fact that behavioral and epidemi-
ological data has long existed to suggest that teenagers 
who smoke cigarettes may suffer from attention defi-
cits, there has been no investigation of  what could bio-
logically or chemically be promoting such issues.  Cur-
rent neurological studies, however, seem to have found 
a connection between early exposure to nicotine and 
a lack of  proper development in the prefrontal cortex 
(PFC).  The PFC is classically considered to be a major 
center of  rational, logical and attention-based process-
ing in the brain, and it has also been identified as one 
of  the areas that undergo some of  the most intensive 
changes during adolescent development (hence the 
conflicts with decision making and risk aversion seen 
in teenagers!). 
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 Interference with PFC development can thus have 
detrimental effects on the attention and decision-mak-
ing abilities of  a subject.
 
 In attempting to display such effects in rats, 
a team of  researchers exposed adolescent specimens 
to a dose of  nicotine and later screened them for vi-
suospatial and attention deficits via a 5-choice serial 
reaction time task (5CSRTT).  When compared to 
control rats, specimens adolescently exposed to nico-
tine showed premature reactions to the 5CSRTT and 
severe inabilities to focus on the task at hand.  The 
researchers speculated that such alterations in PFC 
function and development probably stemmed from 
deficits in the expression of  certain proteins or recep-
tors in the brain.  Upon analyzing tissue samples from 
both the control and experimental rats, they noticed a 
significant reduction in the amount of  metabotropic 
glutamate receptors (specifically mGluR1-2) in rats 
exposed to nicotine.

 As opposed to the excitatory ionotropic vari-
ety of  glutamate receptors (AMPA, NMDA and kai-
nate receptors), mGluRs are known to function in a 
more regulatory manner via depression of  excitatory 
signals in the brain.  A lack of  such receptor activ-
ity could very likely lead to an excessive amount of  
“noise” or extraneous excitatory signaling in the brain, 
interfering with proper and efficient signaling path-
ways.  To examine whether or not this was the case 
in the nicotine exposed adolescents, the researchers 
attempted to modify mGluR signaling by applying ei-
ther an mGluR agonist (LY379268) or an mGluR an-
tagonist (MPPG) to receptors in culture and measure 
the electrical strength of  the signals they were able to 
produce.  Indeed when tested, agonist-enhanced ac-
tivity produced much higher electrical excitatory post-
synaptic current (eESPC) recordings than those pro-
duced by antagonist activity.  To replicate and record 
the results of  stronger and weaker mGluR activity in 
vivo (i.e. in their living specimens) the experimenters 
injected separate groups of  control rats and nicotine-
exposed adolescents with both LY379268 and MPPG 
respectively.  While MPPG seemed to result in more 
attention behavior deficits in both sets of  specimens, 
the effects of  the mGluR agonist appeared to com-
pletely reverse these problems in adolescents dosed 
with nicotine!  

 While agonist infusion did not ameliorate the 
impulsive nature of  experimental adolescent rats, its 

profound impact on their attention during behavioral 
testing seemed to strongly indicate that augmenting 
mGluR2-1 signaling promotes restorative benefits 
for attention deficits in the PFC. Despite the fact that 
the effects of  this signaling pathway have only been 
characterized in response to nicotine exposure (and 
thus alteration of  nicotinic acetylcholine receptor be-
havior), such insight into the functionality of  mGluR 
signal modulation could spell unforeseen benefits for 
research into attention deficit disorders, and potential-
ly redefine our etiological classifications for attention 
deficits in general!
 

Greg  Salimando
Original paper: Counotte DS et al.  Lasting synaptic changes underlie attention deficits caused 

by nicotine exposure during adolescence.  Nature Neuroscience. 2011. 14, 417–419.

Neuronal Game of Tag

Memory disorders have posed many questions about 
how memory is processed, especially how the consoli-
dation of  enduring remote memories works. Under-
standing the inner workings of  memory is not only 
crucial in the advancements of  the field but also in 
determining what treatment or preventative measures 
can be undergone to relieve people of  their memory 
deficiencies. 

 Memory goes through an encoding process 
before it can be stored and later retrieved. The consol-
idation of  enduring declarative long-term memories 
goes through a specific process in the hippocampal 
formation. The sensory and motor cortices relay in-
formation to the hippocampus through the entorhi-
nal cortex and it is through this medial temporal lobe 
structure that information is relayed back to the ap-
propriate cortices that provided input originally. Thus, 
making the hippocampus critical for processing and 
the cortex critical for retention of  memories. Long-
term memory consolidation results in restructuring 
at the synaptic and chemical level that is permanent 
within the neuronal structure.

 The present research hypothesizes that when 
a memory is introduced in the brain, markers in the 
synapses are created, and once it enters the hippocam-
pus, it is cataloged and then placed in the appropriate 
cortices. There is evidence that reveals that hippo-
campal and cortical synapses are tagged concurrently 
during the ending stage of  memory processing. This 
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 tagging process will not only allow for the ease of  
retrieval of  that memory but will recall the various 
senses that were subsequently tagged for that specific 
memory. Furthermore, blocking of  neuronal connec-
tions in the orbitofrontal cortex during initial, interme-
diary and late periods of  learning result in the inability 
to recall those remote memories.

 Researchers studied this phenomenon by in-
activating the neurons within the hippocampus and 
orbitofrontal cortex, respectively, with tetrotoxidon or 
CNQX (AMPA receptor antagonist). Experimental 
and control groups of  rats were tested using the social 
transmission of  food preference (STFP). Rats inform 
one another of  the safety of  food by allowing a fellow 
rat to smell his/her breath, and the fellow rat infers 
that the smell of  that particular food must be safe be-
cause that rat previously ate it. This learned informa-
tion is a type of  long-term memory and is particularly 
processed through the hippocampus and orbitofrontal 
cortex. 

 The experiment consisted of  blocking neuro-
nal processes through tetrotoxidon or CNQX in the 
hippocampus and orbitofrontal cortex simultaneously 

or individually to see the effect it had on recalling a 
particular memory. During the first trial it was evi-
dent that the hippocampus is important in encoding 
the memory and the orbitofrontal cortex is important 
in storing that memory. The researchers observed in 
detail how the neuronal connections operated as a re-
sult of  the differentiation in consolidation processes in 
the hippocampus and orbitofrontal cortex. It became 
evident that an occurrence in the orbitofrontal cortex 
during early periods of  input created an expectancy 
of  that particular memory to be returned. Thus, the 
tagging process became a form of  explaining this con-
solidation process; memory specific tags occur in early 
periods of  input simultaneously by both the hippo-
campus and orbitofrontal cortex. Lastly, the research-
ers observed the role of  epigenetic molecular drives in 
this phenomenon; they discovered that it plays a cru-
cial role in the production of  the tags. 

 The results of  this study revealed that the or-
bitofrontal cortex is implicated as a crucial part in the 
cortical network within the process of  encoding long-
term associative olfactory memories. The exact pro-
cedure of  how enduring memories are formed is still 
a mystery, but this research, as well as future research, 
is closing in on what exactly drives the endurance of  
memories.  Moreover, there is evidence to show that 
this tagging process observed on the molecular level 
may not undergo the same processing that it goes 
through in long term potentiation in the cellular level. 
Lastly, there is a connection between the synaptic pro-
cesses and the molecular epigenetic processes that still 
needs to be explored, as does the particular character-
istics of  these so called tags.  

 Although this tagging process was evident 
in the brains of  rats, there is a high chance that the 
tagging process in long-term memory consolidation is 
also employed in the human brain. This discovery can 
be applied, in particular, to further the research in the 
understanding and treatment of  Alzheimer’s. Never-
theless, more research still needs to be done to further 
understand how to use this tagging process. 

 Alexandra Maxim

Original paper: Lesburguères E et al. Early Tagging of  Cortical Networks is Required for 

the Formation of  Enduring Associative Memory. Science. 2011: Vol. 331 no. 6019.
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Tau Proteins and Neuroplasticity in 
Transgenic Mice

In a recent study published in Neurobiology of  Dis-
ease, researchers in Germany and Belgium investi-
gated the effects of  particular forms of  the Tau pro-
tein on synaptic plasticity in transgenic mice. Tau, 
along with A protein, is associated with the molecu-
lar pathology of  Alzheimer’s Disease. There were 
two types of  TauRD protein examined in the study: 
“pro-aggregant” and “anti-aggregant”, names refer-
ring to the respective proteins’ predisposition to clump 
together. In the mice studied, only the ones express-
ing pro-aggregant Tau protein showed Tau pathology 
mimicking Alzheimer’s: missorting (Tau proteins are 
normally located on the microtubules of  axons, but 
missorting leads to their appearance in the neuron’s 
soma and dendrites), hyperphosphorylation, and syn-
aptic and neuronal loss. The pro-aggregant mice also 
performed normally in neuromotor activities, but did 
poorly in learning and memory tests.

 Pro-aggregant and anti-aggregant mice were 
produced by inserting plasmids with different muta-
tions into their DNA. Fifteen of  each, as well as fifteen 
age-matched controls were used for various behav-
ioral and memory tests.  Additionally, mice with each 
gene turned off  were tested. 

 To determine the protein’s effects on neuro-
motor function, the mice had to balance on a rotating 
rod that accelerated from 4 to 40 rotations per minute 
over five minutes, after having been initially trained to 
balance at a constant speed of  rotation. Their activity 
in transparent cages was also monitored over 23 hours 
by photo beam sensors. 

 To assess learning and memory function, the 
mice were put into a Morris water maze: a set-up in 
which experimental animals must find a hidden un-
derwater platform (non-toxic white paint was added 
to the water in this experiment so the platform re-
mained invisible to the mice). The time it took for the 
mice to find the platform, the distance they swam to 
get to it, and their swimming speed were all recorded. 
After learning where the platform was, the mice were 
given a retention test, in which the platform was re-
moved and the mice’s search patterns were observed. 
 
 In terms of  neuromotor function, the pro-
aggregant mice showed little deficit when compared 

to their anti-aggregant counterparts. Interestingly, in 
the final rotating-rod trial, they performed just as well. 
They also showed the same amount of  activity in their 
cages. (The researchers hypothesize that this could be 
due to a lack of  Tau expression in the spinal cord be-
cause of  the promotor involved in switching the par-
ticular Tau forms on and off.)

 However, the pro-aggregant mice showed 
learning and memory impairment that the anti-
aggregant and control mice did not. While the pro-
aggregant mice could find the platform, they found it 
much more slowly than the anti-aggregant mice and 
the controls did, even though they had comparable 
neuromotor function and swam at a similar pace. 
Importantly, when the pro-aggregant Tau gene was 
switched off, the formerly pro-aggregant mice per-
formed better on the water maze task than the mice 
that still had the pro-aggregant gene turned on. In 
fact, pro-aggregant mice with the pro-aggregant gene 
switched off  performed as well as if  they were control 
or anti-aggregant (on or off) mice.

 On a molecular level, when the pro-aggre-
gant Tau gene is switched off, protein aggregates in 
the brain tend to disappear. The reversing of  the 
learning and memory deficits seems to demonstrate a 
recovery of  synapses, although neuronal loss remains 
a problem. This study sheds light on avenues for future 
research in the development of  drugs that can inhibit 
hyperphosphorylation, promote degradation, or in-
hibit interaction between Tau proteins. 

 

Natalie Banacos

Original paper: Sydow, A. et al. Tau-Induced Defects in Synaptic Plasticity, Learning and Memory Are Revers-

ible in Transgenic Mice after Switching Off  the Toxic Tau Mutant. J Neurosci. 2011. 31(7): 2511-2525.
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Liable or Stable? Can’t Remember. 

Memory is among the great ambiguities of  the mind 
that serves to fascinate neuroscientists as they probe 
its powers and limitations, especially when it comes to 
the reactivation and stabilization of  memories. Why 
do we keep some memories and lose others? Can we 
reactivate the lost ones? A recent study done by Su-
sanne Biekelmann et. al is a good place to begin exam-
ining this issue. This study demonstrates neurological 
differences in the brain’s memory systems during a 
conscious state and a state of  slow wave sleep (SWS). 

 Reconsolidation theory postulates that mem-
ories reactivated during wakefulness are momentarily 
destabilized. According to this principle, the memo-
ries would need to reconsolidate in order to be sus-
tained. The focus of  the Biekelmann’s study was to 
investigate whether the same effects would occur 
during SWS, as memory reactivation has also been 
proven to result during this period of  consciousness. 
Until recently little support has been provided for re-
consolidation in humans, however studies on rats have 
demonstrated that firing patterns in the hippocampus 
during SWS are remarkably similar to those present 
during to learning behaviors prior to sleep. Further-
more, neuronal reactions of  memory during sleep are 
tied to the effect sleep has on memory consolidation 
that is associated with redistributing memory to the 
neocortical regions of  the brain which are responsible 
for long-term memory storage. 

 The test administered by Biekelmann in-
volved reactivating memories in humans by presenting 
them with associated odor cues, either during a state 
of  wakefulness or a state of  SWS. The idea was to test 
whether the transient destabilization present in wake-
fulness occurs to memories reactivated during SWS. 
In the evening of  the experiment, participants learned 
a “visuo-spatial two-dimensional object-location task” 
with an experimental odor present. From here one 
group was required to stay awake for approximately 
40 minutes, while the other group went to sleep for 
the same quantity of  time. The awake group was re-
exposed to the odor in the last 20 minutes, and the 
sleeping group was exposed to the odor for 20 minutes 
during sleep. 

 

 Following waking of  the sleeping group, both 
groups were then given an interference memory test, 
meant to destabilize their reactivated memories. The 
results demonstrated that reactivation during wak-
ing destabilized memories, making them significantly 
more susceptible to the interference that followed re-
encountering the odor. On the other hand, reactiva-
tion that occurred during SWS stabilized memories 
and made those participants more resistant to the 
interference. To crosscheck for possible error due to 
exhaustion/fatigue, the experiment was replicated so 
that the information was learned at an earlier hour 
(16:00-17:00) instead of  22:00-23:00. 

 In terms of  neurological reasons for this dif-
ference in memory stabilization, functional magnetic 
resonance imaging (fMRI) showed that different ar-
eas of  the brain were activated depending on if  the 
reactivation occurred during wakefulness or during 
SWS. When reactivation occurred during SWS the 
hippocampal and posterior cortical regions were the 
areas activated. When reactivation occurred during 
wakefulness, on the other hand, it was the prefrontal 
cortical areas that were primarily activated. 

 Further research may be focused at testing 
the retention of  reactivated memories over a longer 
period of  time, as only a thirty-minute gap was pro-
vided for retention. Thus Biekelmann’s study is pre-
liminary in this research of  reconsolidation of  theory. 
Nonetheless it demonstrated a discrepancy in human 
memory ability between a state of  wakefulness com-
pared to state of  SWS. These results have a likelihood 
of  encouraging further investigation in ways to best 
update and strengthen memories. 

Katie Purcell

Original paper: Diekelman S, et al. Labile or stable: opposing consequences for memory 

when reactivated during waking and sleep. Nature Neuroscience. (2011). 14, 381–386.
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Introduction 

The human brain is an organized system composed of  
elegant, complicated, interacting networks that allow 
for the swift processing, planning, and performance of  
incoming information and reciprocal actions. The ma-
jority of  human cerebrocortical characteristics are ge-
netically predisposed, deeply encoded in an individual’s 
unique DNA. However, the brain retains a marvelous, 
intrinsic ability to not only be shaped by heredity, but 
also by extrinsic factors. 

 Neuroplasticity is the brain’s ability to physi-
cally rewire itself  and modify its existing connections in 
order to adapt to circumstances that cannot be antici-
pated by one’s genome 1,2. American psychologist Wil-
liam James was the avant-garde of  neural plasticity, first 
coining the term in his book, Principles of  Psychology 
(1890), where he spoke about the susceptibility of  hu-
man behavior to modification. However, it was Spanish 
neuroscientist Santiago Ramon y Cajal who proposed 
that modifications in behavior must be preceded by ana-
tomical changes in the brain itself. Cajal went on to sug-
gest that the brain has two dimensions of  plasticity. First, 
the initial connections in the cortex are a result of  genet-
ic and developmental attributes. Second, the reinforce-
ment and stabilization of  previously established con-
nections and the formation of  new neural pathways are 
dependent on extrinsic influences such as environment 
and experience1. For over a century following James’s 
and Cajal’s work, cortical plasticity has been a hot topic 
among scientists, and the mid 90’s brought with them 
a particular interest in the effect of  musical training on 
cortical reorganization. 

 Music is amongst the earliest and most univer-
sal forms of  sociocognitive communication within the 
human species. The communal effect and applicabil-
ity of  musical training makes musicians ideal models to 
investigate cortical plasticity, learning, and skill acquisi-
tion. Musical instruction delivers both functional and 
physiological changes in the brain and involves complex 
and intricate multimodal, interhemispheric interactions 
that require the precise coordination of  multiple brain 
regions. When paired with the comparison between mu-

sically trained and amusic individuals, neuro-imaging 
techniques present a useful method to examine physi-
ological variations in the brain post musical intervention. 
Functional modifications resulting from plasticity must 
also be studied, and can be done so by noting behavioral 
differences before and after musical training. 

 During initial music perception and execution, 
the central nervous system must convert memory and 
knowledge of  previously learned musical skill into action 
when and individual plays music, a task that requires af-
ferent and efferent collaboration. Continued success in 
striking the correct notes demands a slew of  networks, 
among which are the visual, auditory, and propriocep-
tive pathways. Thus, musical training involves constant 
modification of  cortical organization to ensure the flaw-
less, successful, and elegant execution of  music, the re-
sults of  which are established by cortical remapping3.

 While the brain retains the ability to reconstruct 
itself  in adulthood, neural re-mapping during this stage 
of  life is mostly limited to situations involving brain dam-
age. The period of  development in which the brain is 
most susceptible to cortical rewiring is during childhood 
and early adolescence, when the brain is still maturing. 
Consequently, children, rather than adults, are optimal 
models to study long-term and dramatic effects of  neu-
ral remapping. The increase in young subjects in plastic-
ity research has sparked a curiosity concerning musical 
experience and whether it possesses the potential to im-
pact a change in cognition that can be quantified by an 
increase in intelligence4.

 Musical training in children has been found 
to produce increased reading, verbal, nonverbal, and 
mathematical skills5. Even CollegeBoard, administrator 
of  the SAT, found there to be an incremental increase 
in SAT scores for every additional year of  high school 
music education6. If  the aforementioned claim is true, 
it must mean that music lessons have benefits in cogni-
tive domains not directly involved with music processing. 
What regions of  the brain are modified following musi-
cal training, and do these regions differ significantly be-
tween individuals who have and have not received musi-
cal instruction? Further, could music education be used

REVIEW
Neuroplasticity, Music, and Intelligence
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to improve certain aspects of  multimodal integration and 
have a significant impact on general intelligence quo-
tients? The plethora of  questions arising from this discus-
sion led to the vast research that exists today concerning 
the study of  neural plasticity and its relation to music.

Neuroplasticity: Physiological and Functional 
Modifications 

 Music perception and execution requires the 
translation of  visual and auditory stimuli into motor re-
sponses while simultaneously being aware of  multisenso-
ry feedback, memorizing musical phrases, and adjusting 
proprioceptive and motor movements accordingly 7,8,9,10. 
The most fundamental component of  music processing 
involves the brain’s auditory system. Perceived sound is 
encoded by the cochlea and transduced into neural input 
by cochlear hair cells. This neural signal travels to the 
brainstem via the cochlear nerve, and eventually makes 
its way to the primary auditory cortex and 
other primary areas involved in music processing such as 
the cerebellum, the frontal gyrus, and the occipital and 
temporal lobes.   These primary regions then send effer-

ent output to the peripheral nervous system to allow an 
individual to integrate all top down and bottom-up pro-
cessing in an appropriate and precise manner 11.

 Plastic changes in the brain and their conse-
quential modifications of  cognitive or behavioral do-
mains are referred to as transfer 12,13,14. It has been shown 
that instrumental practice stimulates the enhancement 
of  extra-musical skill areas 13 as evidenced by the enlarge-
ment of  brain regions that underlie a specific skill due to 
increased functional use 7. Modifications in the brain that 
are commonly and easily observed and are typified by a 
similarity between the training and transfer domains are 
referred to as near transfer. For example, in string play-
ers, the digits of  the left hand (fingering hand) have a 
significantly greater cortical representation in the motor 
cortex, causing the digits of  the left hand to be particu-
larly more dexterous than those of  the right hand 15,16. 

 Cortical modification that involves the associa-
tion of  unrelated training and transfer domains, such an 
increase in mathematical ability as a result of  musical 
training, is classified as far transfer and is typically more 
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difficult to identify. Far transfer normally occurs as a re-
sult of  structural modifications outside of  the primary 
regions involved in music processing. The broadening of  
areas susceptible to plasticity suggests that neuroplastic 
changes can occur in brain regions responsible for mul-
timodal sensory integration 14. It can therefore be de-
duced that a structural modification in a secondary or 
association area has the potential to induce cognitive and 
behavioral changes in other aspects of  sensory process-
ing such as vision, logic, and language.

Improvements in skill acquisition as a result of  
musical instruction

 Intelligence can be categorized into four sub-
categories of  skill: motor, visual-spatial, verbal, and 
mathematical. The resulting modifications of  near and 
far transfer are classified as domain general or domain 
specific acquisitions in skill development. Domain gen-
eral enhancements in skill are defined as improvements 
that take place in only one specific subset of  intelligence. 
Contrarily, an overall improvement in all domains of  in-
telligence is a domain general modification 12 and has 
not been researched as often as domain specific skill im-
provements. Overall, musically experienced individuals 
seem to have a notably larger IQ than amusic people 4,12.

Motor Skill

 Of  the four categories of  skill, motor ability is 
atypical of  a near transfer cortical modification. Dur-
ing musical training, modifications in the certain brain 
regions that cause improvements in motor intelligence 
are more prevalent than modification in other regions.  
The left cerebellum, involved in precise motor timing, 
fine motor movement, and cognitive skill acquisition, has 
been observed to possess a greater volume of  gray mat-
ter in musicians 7, 8, 13, 17. Increased gray matter volumes 
and overall responsiveness have also been noted in the 
premotor area, prefrontal cortex, and supplementary 
motor areas, all of  which modulate motor execution 18. 

 The most significant structural difference ob-
served in musicians is not, however, a region of  gray 
matter. Instead, the midsagittal region of  the corpus cal-
losum, the white matter fiber tract that interconnects the 
two hemispheres of  the brain, is significantly thicker in 
musically experienced individuals than in amusic per-
sons 13, 18, 19. 
The corpus callosum is extremely essential fo r skilled 
bimanual movement and an increase in volume results 

in an increase in interhemispheric interaction and coor-
dinated bilateral movement, a near transfer and domain 
specific phenomenon 19. Increased representation of  
these various brain regions after musical training allow 
musicians to experience greater bimanual control, better 
dexterity of  their digits, and an overall increase in mo-
tor control when compared to individuals who do not 
receive music instruction 13. Unlike motor intelligence, 
improvements observed in verbal, visual-spatial, and 
mathematical areas of  intelligence are all far transfer oc-
currences. Of  the three, verbal improvement is the best 
supported by research.

Verbal Skill 

 Language and music are both forms of  com-
munication that are based on the hierarchical organiza-
tion of  discreet elements (phonemes and pitches respec-
tively) according to syntax 20,21. Linguistic syntax allows 
an individual to recognize grammatical errors while mu-
sical syntax provides one with the expectancy of  hearing 
harmonically related chords 22. The left temporal region 
of  the brain is specialized, in most individuals, for lin-
guistic processing, as it contains both Broca’s and Wer-
nicke’s areas, two cortical domains essential for language 
production and comprehension. Similarly, the left He-
schl’s Gyrus and planum temporale, which contain the 
brain’s auditory areas, are also implicated in language 
processing 23. When an individual processes and speaks 
language, the aforementioned regions of  the brain are all 
activated. Strikingly enough, processing music also leads 
to the activation of  these language areas of  the brain. 

 Musically trained individuals show a drastically 
higher developed linguistic system than amusic individu-
als. Musicians have a noticeably larger and asymmetrical 
Heschl’s gyrus and planum temporale, both of  which are 
involved in auditory processing. Increased sizes in audi-
tory regions of  the brain translate to increased excitabil-
ity to auditory stimuli, making musicians more respon-
sive to variations in pitch 8. Individuals with superior 
pitch discrimination skills also excel in pronunciation 
skills and phonological awareness, an evident example 
of  far transfer 11,24. The planum temporale, apart from 
specializing in auditory comprehension, is essential for 
verbal memory. Musically trained individuals have a sig-
nificantly larger left planum temporale and possess an 
impressive word and sentence memory when compared 
to musically naive individuals 5,25. 
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 Verbal memory and phonological awareness 
are essential for syntactic linguistic skill, the development 
of  which is handled by Broca’s area.  Syntactic skill is 
severely affected in the neurological language-associated 
disorder, Broca’s Aphasia. A lack of  syntactic processing 
in aphasic patients is not limited to linguistic situations, 
but affects musical syntactic comprehension as well 26. 
While both regions of  the brain respond to syntactic in-
congruities, linguistic syntax is mostly recognized by Br-
oca’s area while musical syntax is recognized by Broca’s 
right homolog 22. However, there is still significant activa-
tion in the left temporal lobe during musical processing 
that cannot be overlooked. 

 The parallel processing of  music and language 
is blatantly obvious and musically experienced individu-
als, children in particular, have an overall better com-
prehensive knowledge of  linguistic syntax 21. This joint 
processing must mean that musical training involves 
multimodal mechanisms and is responsible in modifying 
the neurophysiological pathways of  linguistic syntax 20 
and further, that musical ability and linguistic skill share 
similar processing systems 24.

Visual Spatial Skill

 Establishing a link between visual-spatial and 
musical skill is not as straightforward as that which exists 
between verbal and musical perception. However, musi-
cal notation itself  is spatially organized. Different notes 
are denoted their respective pitches by their placement 
on specific lines and spaces on a musical staff  and are 
read in a left-to-right manner, similar to other forms of  
reading 12. Musical training was found to increase ac-
tivity in the left fusiform gyrus, a region involved in the 
processing of  shapes and abstract images 2. Gray mat-
ter content was also observed to bilaterally increase in 
the occipital lobe, which is essential for visual percep-

tion in general 14. Specifically, multimodal improvement 
is observed after musical training by the modifica tion of  
superior parietal regions in the cortex that are responsi-
ble for the integration of  visual information and premo-
tor area feedback, thus contributing to planned motor 
movement 7.

Mathematical Skill

 Of  the four domain specific improvements in 
intelligence, mathematical skill enhancement is the far-
thest transfer and least observed situation. There is an 
inherent mathematical basis to musical ability. Under-
standing music time signatures in musical measures de-
mands a grasp of  fractional mathematical concepts 27. 
The interpretation of  rhythm in music performance also 
requires mathematical ability, both of  which are gener-
ally left hemisphere dominant processes 23. Musicians 
demonstrate an increased excitability in the left prefron-
tal cortex, which contributes to the conceptualization of  
mathematics. This increase in activation suggests that 
musical training may be related to mathematical perfor-
mance 2. Sure enough, a number of  studies have found 
that musical training seems to have significant effects on 
mathematical skill 22. However, any observed achieve-
ments in math were seen only in children who had re-
ceived formal musical instruction for over two years 25.

 Conclusion

 Addressing questions concerning the way in 
which music influences intelligence and how neuroplas-
tic changes can be used to favorably manipulate one’s 
skill acquisition have just merely begun to arise. Given 
the fact that music has spectacular and diverse benefits to 
multimodal and sensorimotor processing, it may be pos-
sible to apply music instruction as an interventional tech-
nique to benefit individuals suffering from certain neu-
rological deficits. The increased cortical responsiveness 
in musicians allows these individuals to recruit smaller, 
more efficient neural networks than amusic individual 2. 

Children, because of  their developing brain, are more 
vulnerable than adults to cortical modifications and can 
profit from musical instruction to develop a more effi-
cient processing of  music, language, math, and vision 
14,20,21. However, it seems as though the beneficial effects 
of  music are not as prevalent in professional adult musi-
cians who started their musical training after the age of  
twelve 5. Future studies should examine children who re-

“The parallel processing of music 
and language is blatantly obvious 
and musically experienced indi-
viduals, children in particular, have 
an overall better comprehensive 
knowledge of linguistic syntax.”
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 receive identical training. 

 Similarly, the contribution of  genetic predispo-
sitions to neuroplastic modifications and how they relate 
to the ef  fects delivered by music intervention should also 
be observed through longitudinal study designs which 
follow individuals from early adolescence into adult-
hood. Further, benefits from musical education might 
depend on socioeconomic factors and children who’s 
parents are wealthy enough to provide them with formal 
training might show a greater increase in transfer effects 
than children who are only exposed to music in school. 
Thus, different socioeconomic situations must be com-
pared to find the most academically beneficial scenario 
and ideal amount of  music exposure.

Anuhya Caipa

Many thanks to Dr. Shahid Bashir and Dr. Miguel Alonso 
for their guidance.
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Out-of-body episodes have traditionally been as-
sociated with potent psychedelic agents, dream-like 
states, or near-death experiences. With the rise of  
more advanced technology, however, it appears that 
out-of-body experiences can be triggered much more 
easily. Equipment with various levels of  sophistication 
has been used to trick a subject’s brain into accepting 
ownership of  a different body or body part, facilitat-
ing the sensorial deception known as body transfer il-
lusion. To ensure the successful production of  this ef-
fect, bottom-up mechanisms must override top-down 
processes. In other words, basic sensory inputs must 
trump knowledge-activated cognition.

 The earliest identified example of  a body 
transfer illusion is the rubber hand illusion. In this ex-
periment, the subject views a fake hand being stroked 

by a paintbrush, while his or her hand hidden from 
view is synchronously stimulated. Most subjects attri-
bute the sensations on their own hand to the stimuli 
being applied to the dummy hand, equating their 
hand with the dummy hand1. In addition to expos-
ing an interesting mechanism linking the brain and 
body and revealing a part of  how the brain maintains 
a concrete representation of  the body, this research 
has important clinical implications. Dr. Alexander 
Mussap, a professor of  psychology at Deakin Univer-
sity, has extensively studied the rubber hand illusion 
and suggests a possible therapeutical use. He believes 
that these body transfer illusions can be used for the 
treatment of  various body image disorders and notes 
that “our sense of  self  is surprisingly malleable”2.  Al-
though these are still extremely novel ideas, they may 
lay the groundwork nd psychological fields. The

The Future of 
Perceptual Manipulation

Megan Mataga
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unraveling of  the rubber hand and other body owner-
ship illusions has led to novel experiments in virtual 
reality, opening up the possibilities for psychological 
applications that are itching to be explored. 

 The brain has the remarkable ability to de-
cipher and process the interaction of  various sensory 
modalities by utilizing a mechanism called multimod-
al integration. By manipulating sensory perspectives, 
a body transfer illusion can disturb these precise con-
nections, resulting in a misidentification of  something 
seemingly well-known to the subject, such as his or her 
own hand. 

 The mechanisms involved in body transfer 
illusions, however, are far from being the only iden-
tified neurological disturbance with a perceptual 
consequence. The “phantom limb” phenomenon, 
terminology coined by American neurologist Si-
las Weir Mitchell, has illuminated some important 
concepts in the field of  cognitive neuroscience. This 
sensation that an amputated or missing part of  the 
body is still attached and fully functioning has been 
further investigated by Dr. Vilayanur Ramachandran, 
a prominent neurologist in the fields of  psychophys-
ics and behavioral neurology.  Ramachandran studies 
neurological syndromes to examine the relationship 
between human mental function and the respective 
neural processes. A central aspect of  his research was 
the mapping of  the cortical homunculus, a pictorial 
anatomical representation of  the primary motor and 
primary somatosensory cortices. This map describes 
the sections of  these cortices that process the move-
ment and exchange of  sensory information with their 
corresponding body parts. Using magnetoencepha-
lography (MEG), Ramachandran was able to show 
that when a body part is amputated, the correspond-
ing cortical area is infiltrated by neurons from another 
part of  the cortical homunculus, presumably giving 
feeling to the physically vacated area, and demon-
strating the malleability of  brain mapping3. These 
critical discoveries suggest that because sensory maps 
are modifiable, senses of  body ownership might be as 
well. 

 The rubber hand illusion gave rise to a great-
er understanding of  how sight, touch, and proprio-
ception integrate to contribute to a feeling of  body 
ownership. With the advent of  more advanced tech-
nology, psychologists have been able to use virtual re-
ality to facilitate the disruption of  the normal associa-

tion between touch and vision. Normally, when our 
bodies are touched, we interpret the feeling as arising 
from the same place that was touched. However when 
these sensory lines are crossed, as occurs in a body 
transfer illusion, the human brain re-evaluates the 
available possibilities and reassigns the dislodged sense 
of  ownership elsewhere. Recent research into the ex-
perience of  body transfer has exploited immersive vir-
tual reality (IVR) to generate remarkable changes in 
the perception of  body ownership, and brain-imaging 
techniques to illuminate the areas participating in 
body representation. 

 Preliminary experiments conducted by Mel 
Slater and his colleagues from the University of  Bar-
celona focused on male subjects and their experiences 
in a virtual reality setting2. This experiment consisted 
of  four different perspectives of  the same room. In 
the first virtual scene, the male subject was looking 
at a seated young girl and a standing woman at the 
opposite side of  the room. When the subject looked 
down, he would see an empty chair. In another scene, 
the subject would look down to find the young girl’s 
seated body in place of  the empty chair, and the 
woman standing next to him. Next, the participant’s 
viewpoint shifted towards the ceiling, and he was able 
to watch the woman stroke the girl’s shoulder. Finally, 
the woman would strike the girl across the face three 
times.

 The subject’s experiences were constructed 
upon combinations of  the three following variable 
factors as allowed by the experimental design: per-
spective, movement, and touch. The perspective of  
the subject was either first or third person with respect 
to the seated girl. Movement refers to the synchron-
icity of  the subject’s head movements with those of  
the girl’s. Touch refers to whether or not the subject’s 
actual shoulder was stroked simultaneously with the 
girl’s.

 After the virtual reality experience, each 
participant was subjected to a questionnaire consist-
ing mostly of  questions pertaining to body ownership. 
The movement of  the head and the synchronicity of  
the touch lacked notable effects on perceived body 
ownership. The most important factor was the sub-
ject’s perspective, although this effect was enhanced 
by the combination of  a first person perspective with 
synchronous stroking of  the shoulder and movement 
of  the head. They also measured heart rate

15 | THE NERVE

ARTICLES



deceleration (HRD) during the time in which the 
woman is slapping the girl. HRD, according to John 
Cacioppo and colleagues, has been shown to occur 
in response to aversive stress situations, particularly 
in the context of  picture viewing4. During the slap, 
the subjects. During the slap, the subjects originally 
in the first person perspective, but now viewing the 
scene from above, showed a significantly greater heart 
rate deceleration than those subjects viewing the scene 
from a third person viewpoint. Clearly, stronger HRD 
is associated with the feeling of  body ownership. 

 These intriguing and revealing findings dem-
onstrate the malleability of  a person’s body image and 
sense of  body ownership, and reveal the strength of  the 
connection that participants feel to the virtual body. 
Slater proposes that the habitual experience of  look-
ing down and seeing our own body is so familiar that 
even the noticeable changes in physical appearance 
introduced by the experiment won’t completely over-
ride our visual inputs to the brain, implying a straight-
forward mental transition into this virtual body2. 
Previous studies at the Virtual Human Interaction 
Lab at Stanford University have contributed to this 
research by creating a virtual environment in which 
it is possible to change the avatar’s height and levels 
of  attractiveness, and to monitor the subject’s behav-
ioral changes5. The subjects exhibited the expected 
behavior according to the Proteus effect5, which ap-
pears when an individual’s behavior changes with an 
alteration in the appearance of  his or her virtual self. 
For example, if  the subject’s avatar is attractive and 
fit, then the subject will act with more confidence, re-
gardless of  how the other virtual characters interact 
with the subject. This kind of  experimentation and 
interaction also exists on a purely social level. Linden 
Lab, an American internet company, has developed a 
virtual world called Second Life6. The so-called “resi-
dents” of  this world can socialize with other residents 
through their avatars, and participate in group activi-
ties as well as one-on-one interactions. This program 

is popular for those considering a sex change, as they 
are able to interact with others in a more comfortable 
“body”.

 The Proteus effect, under normal circum-
stances, does not necessarily transfer to real life change 
in behavior associated with the virtual reality experi-
ence. Manipulating the appearance of  a virtual body 
in a therapeutic setting, however, could lead to the de-
velopment of  psychological therapies for body image 
disorders, and could be used as preemptive treatments 
for gender reassignment surgeries.

 Although there is still much work to be done 
in terms of  the fundamental experimentation, as well 
as on development of  the therapies, there is undoubt-
edly tremendous potential in this image disorder re-
search. If  it delivers on its promise, this intellectual de-
scendant of  a curious mind trick using a rubber hand 
could shatter the boundaries of  the fields of  neurology 
and psychology.

1.  Moseley G. L., et al. (2008). Psychologically induced cooling of  a specific body part caused by the illusory ownership of  an artificial counterpart.  
 PNAS, 105,      13169-13173. 
2.  Slater, Mel, et al. (2010) First Person Experience of  Body Transfer in Virtual Reality. PLoS ONE, 5(5): e10564. 
3.  Ramachandran, V. S. (1993). Behavioral and MEG correlates of  neural plasticity in the adult human brain. PNAS, 90, 10413-10420.
4.  Cacioppo, J. T., Tassinary, L.G., Berntson, G.G. Handbook of  Psychophysiology. 3rd edition. Cambridge University Press, 2007. 
5.  Virtual Human Interaction Laboratory. Stanford University. <http://vhil.stanford.edu/projects/>. 
6. Linden Lab. Philip Rosedale, 1999. Davis, CA. <http://secondlife.com/whatis/?lang=en-US>. 
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Introduction
 
Neurodegeneration is one of  the side-effects of  old 
age that is universally expected. Forgetfulness, loss of  
coordination, and general slowing of  cognition are all 
things associated with growing older. For some, the 
consequences of  the damage sustained by the brain 
become much more extreme than having to give up 
skiing or not being able to find the car keys. Individu-
als suffering from disorders like Parkinson’s Disease 
(PD) tend to show rather unique neurological difficul-
ties - which, according to recent research, can stem 
from specific genetic underpinnings.

 James Parkinson was the first to describe PD 
in An Essay on the Shaking Palsy (1817): “Involuntary 
tremulous motion, with lessened muscular power, in 
parts not in action and even when supported; with a 
propensity to bend the trunk forward and to pass from 
a walking to a running pace: the senses and intellects 
being uninjured.”¹ The localization of  the PD associ-
ated neurodegeneration in the substantia nigra (a mid-
brain structure that plays an important role in move-
ment modulation) was initiated by a case published 
by Blocq and Marinesco in 1894; a patient developed 
parkinsonian symptoms after a tumor on a cerebellar 
peduncle destroyed this region in that patient’s brain. 
By 1960, the depletion of  dopamine in Parkinson’s 
brains had been demonstrated by Hornykiewicz and 
Ehringer. Hornykiewicz teamed up with the head of  
neurology at a home for the elderly in Vienna, and 
they gave L-dopa to 20 Parkinson’s patients whose 
symptoms improved greatly as a result.² It is now 
widely known that PD causes tremors, poor posture 
and slowed motion as a result of  the destruction of  
dopaminergic neurons in the substantia nigra. 

 Several diseases of  this kind display herita-
bility in families, and genes have long been the clear 
culprits behind many disorders. But what if  it is not 
just the nucleotide sequence of  DNA that we initially 
inherit from our parents that dictates whether and 
how we will be affected by disease? What if  the dis-

ease phenotype also depends on chemical modifica-
tions our DNA accumulates through our lives?

 Here is where the fast-growing field of  epi-
genetics comes in. As it turns out, non-nucleotide 
alterations to the genome can be identified based on 
methylation, histone modification (histones are the 
proteins that DNA wraps around when forming chro-
mosomes) and the positioning of  nucleosomes (DNA-
histone complexes). 

 Methylation occurs at cytosine nucleotides, 
typically at regions of  DNA known as “CpG islands.” 
CpG islands are defined as regions with over 200 bas-
es, and at least fifty percent must contain a cytosine 
and a guanine (ratio observed-to-expected must be 
more than 0.6).  Methyl groups can inhibit transcrip-
tion by blocking the binding sites of  transcription fac-
tors, and they can also attract complexes that promote 
histone modification and nucleosome repositioning. 

 Histone modification often occurs after tran-
scription is complete. For example, the N-terminus of  
histone proteins can be methylated, acetylated, phos-
phorylated, or ubiquinated, and some of  these modi-
fications are reversible.  Chromatin is the mixture of  
DNA, histone proteins, and other proteins that makes 
up chromosomes. Chromatin can be divided into two 
major types: euchromatin and heterochromatin. Eu-
chromatin has high levels of  both trimethylation and 
acetylation and can be transcribed easily, while het-
erochromatin has high methylation and low acetyla-
tion and is very difficult to transcribe. Varying levels 
of  methylation and acetylation at a specific gene can 
be used to predict its expression. 

 Nucleosomes naturally determine where 
transcription or DNA replication can occur; these 
large complexes can block the binding of  transcrip-
tion factors or get in the way of  working polymerases. 
In addition to regulating where transcription occurs, 
nucleosomes also affect where DNA can be methyl-
ated.

Paddle Upstream: The Epigenetics of Parkinson’s Disease

Natalie Banacos
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 Between these three epigenetic mechanisms, 
genes can be modified before and after the DNA is 
transcribed into RNA.⁴
 
Pesticides, Cigarettes and Changing Genes 

 A constant tremor in body parts at rest, 
known as paralysis agitans, is a hallmark of  PD. This 
symptom was originally what PD was called until Jean-
Martin Charcot, a French neurologist, deduced that 
this tremor was not present across the board in people 
who still had a similar ailment that he called PD. In 
addition to paralysis agitans, Parkinson’s patients can 
show shuffling footsteps, a bent posture, and akinesia 
(difficulty initiating movement). Some patients also 
show parkinsonism, which can be any combination of  
two or more of  these six symptoms: tremor at rest, 
bradykinesia (difficulty executing movement), rigidity, 
loss of  postural reflex, flexed posture, and a freezing 
phenomenon in which the feet are seemingly stuck to 
the ground. There are four categories of  parkinson-
ism, but primary parkinsonism is the one present in 
PD: its signs and symptoms are sporadic, generally 
start on one side of  the body, include tremor at rest 
(not in all Parkinson’s cases, but not present in non-
Parkinson’s patients), respond to L-dopa therapy, and 
have a genetic component. 

 Having a family history that includes Par-
kinson’s doubles the risk of  developing it. One of  the 
primary genes affected codes for an enzyme called 
GTP cyclohydrolase I. This enzyme is necessary for 
the production of  a cofactor that works with tyrosine 
hydroxylase - another enzyme that facilitates the cru-
cial, rate-limiting step in dopamine synthesis in which 
tyrosine is converted to L-dopa.5

 While GTP cyclohydrolase I is the primary 
genetic determinantof  PD, epigenetic mechanisms 
affecting other genes have been demonstrated as 
triggers for PD. For instance, a second gene, SNCA, 
codes for alpha-synuclein, a protein found in brain tis-
sue where it works as a phospholipase inhibitor.6  A 
study in Germany demonstrated that methylation of  
intron 1 of  this gene decreased its expression, and less 
methylation of  CpG islands was shown in the substa-
tia nigra, putamen and cortex in Parkinson’s patients 
as compared to the control patients . The decrease did 
not appear to be inherited: in adult brains affected by 
Parkinson’s, there was no loss of  maintenance meth-
ylases that would be required to demethylate SNCA. 

The article outlining the study suggests that environ-
mental factors, like a nutritional deficiency in folate 
and methionine, could impinge upon the biosynthesis 
of  methyl donors.7

 In an article published in Molecular Pharma-
cology in spring of  2010, scientists at Iowa State Uni-
versity showed that an organochlorine insecticide diel-
drin exerts its neurotoxic effects by quickly promoting 
acetylation at the core of  histones H3 and H4. Spe-
cifically, it promotes this acetylation in neuronal N27 
cells in both high concentrations over a short period 
of  time and in low concentrations over a longer period 
of  time. Following exposure, levels of  a protein called 
CBP increase. The resulting excess of  acetylation acti-
vates the enzymes caspase-3 and PKC∂. Caspase-3 is 
involved in a mitochondrial pathway that leads to the 
activation of  PKC∂, a proteolytic enzyme that leads 
to apoptosis. If  this acetylation could be stopped, then 
the dopaminergic cells could be protected from apop-
tosis. As it turns out, their experiments with anacardic 
acid (found on cashew shells) showed that it inhibited 
the HAT region of  CBP, which lessened the acetyla-
tion it caused and effectively acted as a neuroprotec-
tive agent. This particular study shed light on the po-
tential for HAT inhibitors like anacardic acid to treat 
PD.8 Garcinol (from the mangosteen plant) and cur-
cumin (from turmeric) have also been identified as an 
HAT inhibitors.9,10,11

 Pesticides, which have a less-than-perfect 
reputation in the public health domain, seem to add 
to their résumé by contributing to PD. On the other 
hand, cigarettes, with their tarnished record, might 
show some redeeming qualities in the field of  Parkin-
son’s research.  A study at Duke University demon-
strated that two forms of  the NOS2A gene are linked 
to PD. These genes code for enzymes known as induc-
ible nitric oxide synthases (iNOS), which produce ni-
tric oxide. Normally, nitric oxide helps protect against 
environmental stresses, but NO and its metabolite 
peroxynitrite can eventually have toxic cellular effects. 
In the study, mice that did not have the NOS2A gene 
were resistant to the effects of  MPTP, a chemical of-
ten used to model PD in research animals. Cigarette 
smoking, though otherwise very unhealthy, is inversely 
related to the development of  PD, and interactions 
between cigarette smoke and forms of  NOS2A may 
have neuroprotective effects.¹²
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Genetic Solutions

 Parkin, another gene associated with PD, has 
the potential to be used as a therapy for the disorder. 
Some Parkinson’s patients are affected by the disorder 
when they inherit a parkin mutation as an autosomal 
recessive trait.  Using gene therapy to give these pa-
tients a normally functioning parkin gene could pro-
tect their dopaminergic cells. Other patients whose 
mutated PARK1 or PARK4 genes predispose them to 
Parkinson’s can also benefit from parkin gene therapy: 
it has been shown to protect cells from damaging al-
pha-synuclein proteins.¹³

 A new technique using viral vectors to insert 
the LRRK2 gene into mice is showing promise as a 
Parkinson’s research technique.  Transgenic mice con-
structed using standard gene transfer methods were 
not over-expressing LRRK2 enough to provide an ad-
equate Parkinson’s model. Their symptoms were clos-
er to earlier stages of  degeneration without significant 
dopamineric neuron loss in the substantia nigra. The 
mice that express the LRRK2 gene via the viral sys-
tem showed fast and severe neurodegeneration. This 
method also allows for comparison between the wild-
type LRRK2 gene and the mutant form, G2019S, 
demonstrating the pathogenicity of  that particular 
mutation. The researchers in Switzerland who con-
ducted this study see viral vectors as a potential meth-
od of  delivery for neuro-protective genetic therapy to 
Parkinson’s patients.¹⁴

 The identification of  environmental fac-
tors that affect the expression of  genes linked to PD 
seems to be a good starting point in the exciting field 
of  epigenetics.  Our knowledge of  the make-up of  the 
human genome in conjunction with the biochemis-
try and neuroanatomy behind Parkinson’s disease is 
bringing together research that will hopefully yield ge-
netic cures and methods of  disease prevention. 
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Chronic pain affects 10%-25% of  adults in the 
United States. Two thirds of  these individuals report 
that pain has prevented them from working and has 
severely impacted their quality of  life, two thirds re-
port that they have been experiencing chronic pain for 
five years or longer, and three quarters of  those suffer-
ing from chronic pain are depressed3.  We currently 
have many ways to treat pain, from opiates to surgery, 
which often come along with unwanted side effects, 
are unnecessarily invasive, and are limited in their ef-
fectiveness, leaving many people without relief  from 
pain or experiencing unwanted side effects of  drugs. 
1 

 Pain is classified as either acute pain or 
neuropathic pain, the latter of  which is commonly 
referred to as chronic pain10. Acute pain serves two 
purposes: to make one aware of  noxious stimuli doing 
harm to the body and begins an immune cascade to 
initiate healing of  damaged tissues.  Acute pain can 
last from seconds to sixth months and is generally tied 
to a noxious stimulus. In acute pain, most pain sen-
sation arises from nociceptor transduction, and there 
is an absence of  immune and glial response.  Neu-

ropathic pain, however, is characterized by allodynia, 
which is pain in response to a non- noxious stimulus, 
and hyperalgesia, which is increased pain response to 
noxious stimuli.  Immune and glial cell involvement 
are normally seen with neuropathic pain, but their 
roles are not completely understood.7 Many changes 
occur in the neuronal environment after nerve injury, 
and these changes are not limited to changes in the 
neurons themselves.  These changes are better char-
acterized in the CNS, but now many are looking at 
the changes in the periphery to better understand the 
causes of  neuropathic pain, and to explore potential 
treatments for neuropathic pain.

Satellite Glial Cells

 Many studies now indicate that Satellite glial 
cells (SGCs) play a large role in producing chronic 
pain states(cite). Although their cell morphology is 
quite different, SGCs function in the peripheral ner-
vous system much like astrocytes in the central ner-
vous system: they act as an ion sink and recycle neu-
rotransmitters from the neuronal environment, along 
with providing support and insulation.5

RNA interference: The Future of Pain Management

Macayla Donegan
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 There is now sufficient evidence that changes 
in the cell morphology of  SGCs after nerve injury is a 
major factor in the development of  neuropathic pain.  
Satellite glial cells divide after nerve injury, and the 
number of  gap junctions between SGCs increases af-
ter nerve injury.10Connexin 43 is a major component 
of  these gap junctions, and it has been shown that ex-
pression of  connexin 43 increases after nerve injury.  
While there is an increase in the number of  gap junc-
tions, the expression of  the inward rectifying potas-
sium channel Kir 4.1 is down regulated after nerve 
injury.11  Kir 4.1 is only found on SGCs, and func-
tions to maintain homeostasis of  potassium ions in the 
perineural environment, and has also been shown to 
uptake glutamate.  When Kir4.1 is down regulated af-
ter nerve injury, an increase in the ambient potassium 
levels of  the perineural environment is seen, as well as 
an increase in glutamate, an excitatory neurotransmit-
ter.  This increase in potassium and glutamate leads 
to the increased excitability of  nociceptive neurons, 
which leads to hypersensitivity and spontaneous pain 
sensation.8

 These changes in the expression of  Con-
nexin 43 and Kir 4.1 could be linked to the release of  
ATP after nerve injury, which increases neuronal ex-
citability.  It’s hypothesized that excess ATP is taken up 
by purinergic P2Y4 receptors, which are expressed by 
SGCs, stimulating an increase in intracellular Ca2+, 
activating Kir channels, and likely stimulates the re-
lease of  inflammatory cytokines and growth factors 
know to cause changes in the neuronal environment 
that lead to the development of  neuropathic pain.11  
SGCs also express alpha 1 guanyl cyclase, which is 
stimulated by nitrous oxide (NO), a neurotransmitter 
associated with pain.8

RNA Interference

 Much of  what has been learned concerning 
the role of  SGCs in chronic pain we have from ex-
perimental techniques using RNA interference.  RNA 
interference (RNAi) is a naturally occurring process 
for regulation of  gene expression.6 Double stranded 
RNAs (dsRNA) are cleaved by the protein dicer into 
21-23 nucleotide strands, which are then associated 
with the RISC complex, which in turn destroys the 
mRNA complementary to the associated dsRNA, 
suppressing the synthesis of  the protein associated 
with that RNA.6 This technique was used to explore 
the roles of  Connexin 43 and Kir 4.1 in relation to 
chronic pain states.  In normal animals, when Kir 4.1 

is knocked down by RNAi behavior consistent with 
chronic
is knocked down by RNAi behavior consistent with 
chronic pain states is observed, indicating that the 
down regulation of  Kir 4.1 after nerve injury does 
in fact contribute to the development of  neuropathic 
pain. 11 The use of  RNAi to knockdown connexin 43 
has the potential to be therapeutic, as knockdown of  
connexin 43 in rats with nerve injury leads to a de-
crease in hyperalgesia and allodynia , but the com-
plexities of  this are still being revealed, since knock-
down of  Connexin 43 in normal rats is also shown to 
increase pain response in behavioral testing.8

RNAi: Future Implications

 RNAi as therapy has wide implications out-
side of  the realm of  pain, especially in the central ner-
vous system. siRNAs have the potential to cross the 
blood brain barrier, which filters particles based on 
size and charge before entering the CNS, which has 
been a problem in many potential neurological thera-
pies in the past.2 The nature of  RNAi makes it a prime 
candidate as a potential treatment for inherited neuro-
degenerative disorders, like Huntington’s, and famil-
ial Alzheimer’s disease. 8 RNAi also has the potential 
to be used therapeutically to knockdown receptors in 
neurons associated with pain in the ganglia, most no-
tably the voltage gated sodium channel Nav 1.7, the 
voltage gated calcium channel Cav 1.2, the transient 
receptor potential vanilloid receptor 1 TRPV1, and 
the purinergic receptor P2X3.4   If  these RNAi based 
treatments are successful we would finally have a non 
invasive, target specific treatment for chronic pain.  
Early studies on rodent models show that there are 
minimal side effects in comparison to opioid analge-
sics and significant reductions in pain, generally sur-
passing the relief  seen after administration of  opiates. 

 The use of  RNAi to selectively knockdown 
proteins that result in pathologies like pain and neu-
rodegenerative diseases could change the face of  
pharmaceuticals as we know it.  Using these siRNAs 
to regulate protein transcription would allow us to se-
lectively target proteins at the cellular level instead of  
using current drug therapies that have diverse side ef-
fects. Target specificity is currently a problem in many 
applications, but the majority of  the current research 
concerning RNAi is focused on finding the ideal siR-
NAs and the ideal vehicles to deliver these siRNAs to 
their intended targets.2 While RNA interference as a 
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therapy for pain probably won’t be put into clinical 
trials for another several years, if  the research con-
tinues to show positive results, it has the potential to 
change medicine as we know it, revolutionizing the 
way we treat a variety of  diseases and disorders, from 
pain to Alzheimer’s to virus induced diseases, includ-
ing HIV and the flu.7
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Philosophy, or How I Learned That 

Neuroscience Isn’t Perfect

The ancient philosopher Aristotle made some of  the 
earliest scientific claims about the natural world while 
making philosophical claims about abstractions like 
happiness, virtue and the nature of  reality itself. Cen-
turies later, Watson and Crick elucidated the double 
helical structure of  DNA. Although appearing strik-
ingly different, scientists and philosophers ought to be 
equally conscientious of  the dynamics of  their investi-
gations, taking notice to principles and causal interac-
tions. Through history, science and philosophy have 
complemented each other and in fact share many 
core elements in their fundamental ideology despite 
investigating different realms of  reality. Fundamen-
tally, science aggregates knowledge by conjecture and 
experimentation to discover truths about the physical 
world, while philosophy investigates our world of  ab-
stractions with logic and rational argument. Collec-
tively, the two disciplines and the efforts of  their fac-
ulty strive to understand inward and outward reality, 
and have fundamental similarities and differences in 
their execution. Yet, philosophy remains imperative 
in scientific pursuit of  reality’s greatest questions and 
science equally complements philosophical investiga-
tions of  the current human condition.

  The modern investigation of  the 
mind has complicated the relationship between phi-
losophy and science quite significantly. Neuroscience 
is the forefront of  the scientific investigation of  the 
brain’s structure and function. It strives to explain 
our minds and brains with functional, observable evi-
dence. Much neuroscientific research is done through 
trials and task-based human and animal tests and in-
vestigation of  neurophysiology and pathophysiology 
through examination of  the brain itself, its electrical 
signals or metabolic activity. Furthermore, combining 
test data with neuroanatomy and patient experience 
has helped derive conclusions about brain structures 
and their proposed functional significance. Such pur-
suits have brought us to magnificent discoveries about 

the neural mechanisms of  the senses, motor control, 
emotions and maintenance of  involuntary processes 
like breathing and sleep that we are just beginning to 
understand.

 Ethics, or moral philosophy, is a major field 
in the study of  philosophy and addresses what we 
perceive as right and wrong and how we ought to 
act given certain circumstances. As neuroscience is a 
specialty of  biology and psychology, ethics is studied 
as a specialization in philosophy, and investigates the 
moral dilemmas of  abortion and war, our treatment 
of  one another and ourselves, and many more moral 
questions. For example, ancient texts such as Aristo-
tle’s Nichomachean Ethics provide us with ethics based on 
virtue, while modern philosophy yielded Immanuel 
Kant’s Groundwork of  the Metaphysics of  Morals, outlining 
a purely logical formula moral decision-making, both 
asserted with equally convincing logical argument. 
Still there are countless other ethical philosophies that 
investigate how we ought to act, and why we are obli-
gated to do so based on the human condition. We con-
tinually refine our morality by experience, education 
and the intervention of  society, e.g. religion, but also 
receive insight from biology on how we have evolved 
to make such complex decisions. We make these mor-
al decisions almost naturally, but science complements 
this thinking with theory that alludes to how we come 
to make moral decisions.

 Theory of  Mind is a tenet of  behavioral biol-
ogy, qualified as the ability that allows one to under-
stand what others are thinking and how they may act 
of  feel in response to a given situation, i.e., the ability 
to understand others’ mental states. The skill is obvi-
ously present in humans, but also has been demon-
strated in animals, particularly crows and corvids, who 
will relocate food stashes if  conspecifics with a known 
propensity for theft have seen their caching spot. Since 
Theory of  Mind is used when we judge another’s re-
action to something, it is thus a de facto tool for moral 
decision-making. In fact, many ethical theories take 
such effects of  one’s actions on other people and the 
consequences into account in their logic. Thus, it is 
important to understand how others will be affected 
by our actions about humanity’s current pursuits.
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 in order to establish basic moral principles and logi-
cally investigate how we should act given a specific 
situation. In this case, our biological ability to use 
Theory of  Mind greatly contributes to our philosoph-
ical ability to write and argue ethics or philosophy in 
general, serving as a prime example for the intrinsic 
link between science and philosophy. 

 Moral philosophy has chronicled human-
ity’s thought on how we ought to act based on logic 
and reason, but neuroscience raises new questions as 
scientists are beginning to suggest neural correlates 
of  complex brain functions. Most interestingly, Re-
becca Saxe, an MIT neuroscientist, has done some 
compelling work on Theory of  Mind in humans. She 
designed and performed a series of  experiments in 
which subjects were to respond to an array of  moral 
dilemmas as a control, taking into account the motives 
and intentions of  the characters in the scenarios. She 
then ran the same series of  experiments with the ad-
dition of  transcranial magnetic stimulation (TMS) to 
an area of  the brain called the right temporo-parietal 
junction (RTPJ) in the subjects. On the second trial 
with TMS, decision making in the subjects was sig-
nificantly affected and noteworthy enough to publish. 
Although the effects were not very dramatic, Saxe 
suggests that the RTPJ may be the “brain center” for 
moral decision-making, and this has far reaching im-
plications. Her elucidations and other neuroscientific 
discoveries are grand, impressive and useful, and as 
such, neuroscience is progressing at lightning speed 
and challenging philosophy in an interesting way. 
Principally it begs the question, can and ought we re-
duce the mind to the components of  the brain?

 Both neuroscience and philosophy strive 
for the answer to the famous “hard problem of  con-
sciousness,” which asks how physical phenomena give 
rise to mental phenomena and inner experience, i.e., 
the causal link between the physical brain and the 
metaphysical mind. Here, philosophy suggests that we 
mind the gap in the hard problem of  consciousness. 
In the 1700s, David Hume proposed the Is-Ought 
Problem, which calls for caution in making statements 
about morality or what ought to be based on extrapola-
tions of  what is empirically or ontologically and argues 
that what ought to be does not necessarily follow from 
what is. Hume’s idea is applicable to the hard problem 
of  consciousness and neuroscience in that it reminds 
us that pieces of  the brain may discretely correlate 

with infinitely complex functions like morality, but this 
does not imply a casual relationship. Just because the 
RTPJ is active during moral decision-making does not 
mean that it controls morality, that the process is lo-
calized to a discrete brain region, or that our complex 
mental function arises from only chemicals and elec-
trical impulses. Reducing our infinitely rich human 
experience to synapses and action potentials seems 
foolish, although they are the only observable physical 
phenomena that we have to work with at the present 
time. In this sense, science falls short with empiricism 
where philosophy can provide help through reason. 
This is not to say that philosophy is greater than sci-
ence or vice versa, but it is important that we think 
about our nature both inside and outside of  empiri-
cal data. There are some things that empiricism and 
science simply cannot answer, and the nature of  the 
mind and consciousness may be one of  these things. 
We may never know what really underlies our human 
essence even with the physical phenomena under our 
microscopes. In the context of  the mind, there is an 
equal playing field in the pursuit of  truth for both 
neuroscience and the “neurophilosophies,” e.g. phi-
losophy of  mind, perception and phenomenology.

 In this back and forth between neurosci-
ence and philosophy, there is truth to be known for 
the scientist and philosopher. In science, philosophical 
deliberations and understanding is crucial for logical 
consideration of  empirical data, especially in neuro-
science. Correlations are wonderful output for science 
experiments, yet it must be conserved that such statis-
tics are not necessarily elucidating causal relationships 
between the mind and brain. In spirit of  Hume’s Is-
Ought Problem, the scientist must be philosophically 
well informed in order to infer the proper conclusions 
from experimentation based on the data itself. For ex-
ample, while brain structures are active during spe-
cific tasks, one ought not suggest that that biological 
activity in a brain region is the sole cause for a mental 
event. Rather, the correlation should be stressed and 
investigated further with an air of  uncertainty.  For the 
philosopher, understanding the motives and progres-
sion of  modern science allows one’s logic and reason 
to parallel such progress and remain relevant to the 
classic and modern questions of  the human condi-
tion, and the modern development of  philosophy 
manifests this principle. Science augments philosophy 
in this way, enabling far reaching abstract thought 
about humanity’s curent pursuits. This is especially
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 relevant to Philosophy of  Mind, which must pay close 
attention to developments in the cognitive and neuro-
sciences to bolster and enhance arguments and theo-
ries. This being said, the bolder claims of  causality by 
neuroscientists ought to be reserved for philosophy 
because there is simply not enough evidence to prove 
their validity or falsehood.
 
 Neuroscience is providing us a picture of  
what is happening in the brain, but also some unset-
tling implications that the brain itself  is suggesting 
what ought to be, or that the brain alone is the execu-
tive controller and the essence of  our experience and 
existence. Although we would not exist without our 
brain, our perceived power of  free will and thought 
about our physical and biological nature is evident, 
implying that the metaphysical has an equal or larg-
er role in explaining the nature of  reality. There is a 
causal link missing between the brain and the mind, 
and philosophy calls us to be conscious of  that while 
neuroscience presses on deeper into our brain matter 
for an answer that may not be in the flesh. In a practi-
cal sense, philosophy has the foothold in the neurophi-
losophical debate, and when posed with questions of  
the intrinsic nature of  the mind and the missing causal 
link, philosophy can provide us with the most useful 
answers. Empirical evidence for causal relationships 
is sparse, and while brain scans and studies may be 
sources of  insight on physical mechanisms of  thought, 
they can never tell us what ought to be, or provide us 
with the answer to the hard problem of  consciousness. 
Neuroscience is an empirical endeavor at its core, and 
only in conjunction with or lead by philosophy will it 
shed light on the truth of  our inward reality.

Frank DeVita
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Lucid Dreaming: The Third Eye

“Only in your dreams!” The quintessential phrase 
expressing the awful truth that an ideal, sadly, will not 
become reality. Sometimes, however, our dreams can 
become realities. Lucid dreaming is type of  dream 
state in which the dreamer suddenly becomes aware 
of  the fact that she or he is dreaming. Consequences 
vary, but for some people this state can lead to an in-
credible ability to control their surroundings from fly-
ing to creating objects. It is an ability that is helped by 
innate skill, but is, according to lucid dream research-
er Stephen LaBerge, something anyone can learn with 
enough practice.

 Sounding very much like a cult hoax, much 
of  the information on lucid dreaming remains re-
stricted to internet forums. Surprisingly however, the 
forums regularly present information that is also pos-
ited in scientific studies. Stephen LaBerge is a pioneer 
in studies of  Lucid dreaming (LD) and the scientific 
study of  dreaming in general (oneirology). LaBerge 
is founder of  the Lucidity Institute, which provides 
instructive material on inducing and controlling Lu-
cid Dreams. LaBerge describes LD as the ability to 
“remember the circumstances of  waking life, to think 
clearly, and to act deliberately upon reflection, all 
while experiencing a dream world that seems vividly 
real”2. The two major indicators of  lucidity are “voli-
tion” and “reflective awareness.” Rather than vaguely 
dreaming an apple, you may see it as if  it were in front 
of  you, think “I’m dreaming this”, and then choose to 
give it a bite. Like Neo in the Matrix, the individual 
can manipulate this alternate reality and even learn to 
control it, but their ability to do so depends on their 
degree of  confidence. In order to successfully fly, 
a dreamer must assume that they can fly in order to do 
it, rather than deliberately will it to happen. It’s almost 
as though one tosses an idea to the unconscious gently 
and the unconscious construes it. 

 What is the physiological basis for such a 
state? Understanding the lucid state has a lot to do 
with understanding the non-Lucid dreaming state, 
which is still enigmatic for scientists. Most informa-
tion about the sleep state comes from EEG (electro-
encephalography) studies, which read the electrical 
activity of  neurons on the scalp. These studies reveal 

unique electrical activity for different sleeping stages. 
REM (rapid eye movement) is characterized by low 
voltage and high frequency signals (alpha waves or 18-
13Hz), very similar to not only awake, but highly ac-
tive brain waves. In contrast to the four stages of  non-
REM sleep, REM exhibits random wave patterns. 
Thus, many a scientist has been tempted to adopt the 
anti-Freudian stance that dreams are merely random 
neuronal activity. The REM dream is a full-fledged 
hallucination of  every sensory system: visual, audi-
tory, taste, skin sensory, balance, and, of  course, the 
higher level functioning areas of  consciousness includ-
ing emotion and memory. The only thing holding you 
back from acting out this psychotic alternate state of  
consciousness in your bed sheets is a REM-character-
istic body paralysis. This paralysis is known as muscle 
atonia. Atonia and desynchronized waves occur in the 
tonic or continuous stage of  REM sleep.

  The second phasic stage is superimposed on 
the former intermittently and involves bursts of  rapid 
eye movement and irregularities of  respiration and 
heart rate.1 This is the stage of  REM in which most 
LD occurs, possibly due to the spontaneous nature of  
sudden lucidity, which is parallel to the spontaneity of  
phasic REM.2 One of  the strongest characteristics of  
both stages of  REM sleep is a decreased activation of  
the dorsolateral prefrontal cortex (the area on the up-
per, outside front of  the brain). This area is important 
for waking consciousness symptoms including aspects 
of  attention, self-reflection, realization, and maintain-
ing thoughts. The decreased activity of  this area may 
be due to inhibition from a neurotransmitter signal-
ing molecule named acetylcholine, which is released 
in greater quantities during REM3. This is why you 
never think to question what you are seeing in the 
dream world, or to question yourself. The prefrontal 
cortex provides many of  these functions that we would 
call logical or common sense. It allows us to plan, self-
reflect, pay attention, and spontaneously remember or 
become aware. It may be that LD is the spontaneous 
reactivation of  these inactive prefrontal cortex areas.1

 Frequent transitory arousals, possibly con-
nected with the phasic state of  REM, were noted by 
LD patients. Many psychophysiologists posited that 
“micro-awakenings” were responsible for the sudden 
prefrontal activation that resembled the waking state 
and, thus, responsible for lucidity.2 However, empirical 
evidence for LD was still lacking until   
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LaBerge found a way to demonstrate the occurrence 
of  lucidity without experiencing the lucidity. His find-
ings did not entirely confirm the original hypothesis 
that LD occurred with “micro-awakenings.” Instead 
they showed that LD mostly occurred while already in 
sleep, not from “micro-awakenings” that supposedly 
happen periodically in REM. LaBerge demonstrated 
the empirical validity of  LD by having his patients, 
whom he had trained in LD induction, give markers 
of  lucidity in their sleep that would be valid exter-
nally. These included directed eye movements, such 
as, moving one’s eyes three times to the right, or fist 
clenching. Subjects were recorded from 2-20 nights 
each. In 35 nights of  study LD were reported after 
REM sleep (32 times), after N-REM stage 1 (2 times), 
and after a transition from N-REM stage 2 to REM 
once. The variable occurrences of  LD demonstrated 
that REM stage was the most likely stage in which to 
LD, but not the only one. Additionally, in one situation 
the induction of  LD occurred during a stage of  wake-
fulness. One can transition into lucidity from either 
the awake or asleep state. The transition into LD from 
a waking state is referred to as WILD (wake induced 
LD). WILD involves an unbroken awareness while 
falling asleep. For example, LaBerge describes his own 
WILD experience as such: “I was lying awake in bed 
late in the morning listening to the sound of  running 
water in the adjoining bathroom. Presently an image 
of  the ocean appeared, dim at first like my usual wak-
ing imagery. But its vividness rapidly increased while, 
at the same time, the sound of  running water dimin-
ished”. There is even a possibility of  feeling sleep 
paralysis. WILD is significantly rarer, however, than 
DILD (dream induced lucid dreaming).2

 Lucid Dreaming brings many benefits 
through the possibility of  dream control. While not 
everyone may be the one in their Matrix; skill in lucid 
dream control can be developed regardless of  base 
starting level. The most obvious and hardly mention-
able benefit of  dream control is that one could expe-
rience their fantasies. However, LaBerge argues that 
LD is also a powerful healing technique. It can build 
dreamer’s confidence and help them to overcome 
nightmares. The Lucidity Institute reports: “In a study 
of  the effect of  lucid dreams on mood, college stu-
dents reported that realizing they were dreaming in a 
nightmare helped them feel better about 60 percent of  
the time. Lucidity was seven times more likely to make 
nightmares better than worse”.4 LD could be a new, 
powerful and drug free psychological therapy. An 

ability to manipulate a fantastical space as clear as re-
ality may offer powerful problem solving techniques as 
well. Any chemist familiar with the Bohr model of  the 
atom would testify to the creative problem solving po-
tential of  the dream world. After all, the Nobel Prize 
winning model was given to Niels Bohr in a dream.5  
 
 Dream control begins with dream induction. 
There are methods peculiar to DILD and to WILD, 
some developed by LaBerge in official studies, and 
many others scattered in lucid dreaming internet fo-
rums. In order to induce DILD in patients LaBerge 
conditioned them to question their dream world 
whenever a stimulus was present. LaBerge tried a va-
riety of  stimuli, provided during REM, including tape 
recordings of  “this is a dream”, musical tones, condi-
tioned tactile stimuli, olfactory stimuli and light. Light 
appeared the most successful. LaBerge used a device 
he calls the NovaDreamer, which he offers for sale on 
the Lucidity Institute’s Website. The NovaDreamer is 
the necessary goggles for any adventuring psychonaut.
They emit a red light of  variable durations while the 
patient is in REM, inducing lucid dreams as vivid as 
those which occur spontaneously. This technique 
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 induced lucidity in some individuals for the first time. 
One patient, an experienced psychonaut, reported 
having five in one night and an increased feeling of  
awareness the next day.6

 For those not lucky enough to be LaBerge’s 
lab rats, he offers techniques anyone can use that are 
just as effective overtime. Improving dream recall is 
the essential first step. Dreams must be recorded im-
mediately upon waking, no matter how fragmentary. 
Over time, they are increasingly remembered in fuller 
detail. Depending on dedication and luck, multiple 
dreams can even be remembered. The Lucidity In-
stitute recommends that at least one dream be re-
membered a night before LD induction techniques 
are attempted. Techniques provided by the LaBerge 
Lucidity Institute for inducing DILD are as follows:

1) Be a skeptic. Perform reality checks by asking your-
self  “am I dreaming?” or “is this possible?” even about 
ordinary objects. Try to do this randomly and not ac-
cording to watch alarms or specific times. Getting this 
to be a spontaneous reflex increases the chances it will 
occur during REM. Try specific reality checks as well, 
such as looking at the time and then looking again. 
Studies show that text changes 75% of  the time it is 
re-read once and changes 95% it is re-read twice. If  
the characters are abnormal then you are most prob-
ably dreaming.

2) Intensely Imagine You are in a Dream. Think about 
what would happen if  it were a dream. 

3) Imagine Something You Would Like to do in a 
Lucid Dream. Rather than think “I wish I could fly” 
think about how you would if  it were a dream right 
now. Visualize yourself  performing this activity.

4) Study Your Dream Journal. Looks for common 
signs of  dreaming and themes. If  these occur then you 
can suspect that you are dreaming.

5) Interruptions of  Wakefulness and Return to Sleep. 
LaBerge noted that many patients who had gone lucid 
had woken up in the night and returned to sleep. 

6) Nap Technique. LaBerge noted that many lucid 
dreams occurred during afternoon naps or returns to 
sleep in the morning. There is a 15 to 20 time increase 
in likelihood of  LD when an individual wakes up an 
hour earlier than normal and then returns to sleep 

after 30 to 60 minutes. During that time period an 
individual thinks about LD.

7) MILD- (Mnemonic Induced Lucid Dreaming). 
This is a technique similar to the others. It also resem-
bles WILD in that it is performed while an individual 
falls asleep. It consists of  repeating the mantra “I’m 
dreaming” and focusing intently only on this idea un-
til asleep. (Lucidity Institute).

 WILD is a rarer and less scientifically ex-
plored phenomenon than DILD. Technique number 
5 is often recommended for achieving this state. Hav-
ing what is known as an “anchor” helps one maintain 
awareness while falling asleep. An anchor can be any-
thing from a physical disturbance to a thought, for ex-
ample, the water flowing when Stephen LaBerge fell 
asleep. Lying in an uncomfortable position or having 
the sun in your face may also work. The principle is 
that dorsolateral prefrontal cortex activation is main-
tained by an unusual stimulus, thus preventing the to-
tal surrender of  awareness. 

 These techniques are generalizations con-
cluded from early LD laboratory experiments, case 
studies, and personal testimonies. However, the vari-
ety of  LD induction, and the spectrum of  dream con-
trol vary considerably from individual to individual. 
In fact, the lucid state itself  is not the same for ev-
ery consciousness. In the words of  Stephen LaBerge, 
“The range of  subjective experiences reported to oc-
cur during dreaming appears wider and more variable 
than those typical of  waking.” Thus, there is much to 
be discovered and, perhaps, much that will remain a 
mystery. One should experiment with her own lucid 
state to discover its particular idiosyncrasies.2 

 LD offers adventure, the possibility of  psy-
chological therapy and has creative problem solving 
potential. Its probable benefits to science, in addition 
to its obvious personal benefits, should not be over-
looked due to labeling LD as mysticism not fit for 
scientific study, as though that which were subject to 
study were limited to the dry and mechanical. 
Amidst the piles of  essays and books written on the 
nature of  knowledge concerning objects, self, process-
es, etc. the dream world, however, remains a mostly 
unexplored planet. A few flags have been planted, but 
a greater exploration may yield unseen discoveries of  
not only how we imagine, but how we know. Implica-
tions of  such would be greater knowledge of  how we 
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perceive, reason, think, feel, re-construct and in con-
clusion understand. Since the perception of  the external 
must occur through a subject, the nature of  reality, 
or rather, our nature of  reality may be known better, 
by expanding our knowledge of  mind through dream 
study.

Devyn Buckley
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Undergraduate Program in Neuroscience:
The Undergraduate Program in Neuroscience is an interdisciplinary ma-
jor leading to a Bachelor of Arts in Neuroscience that takes advantage of 
the rich neuroscience mission of multiple departments and campuses 
of Boston University. As a field, neuroscience has grown considerably 
over the last few decades through its integration of multiple disciplines; 
and, a current understanding of the field requires knowledge that spans 
traditional approaches while moving into the intersection between far-
reaching technologies and new computational methods. This program 
combines breadth of exposure to the field as a whole with the opportu-
nity for depth of experience in one of three central domains of neurosci-
ence: Cellular and Systems, Cognition and Behavior, and Computational 
Neuroscience

Neuroscience students will have access to the extensive resources and 
expertise of affiliated faculty across multiple departments and colleges 
throughout the university. A wide array of courses are offered through 
the departments of Biology, Cognitive & Neural Systems, Computer 
Science, Mathematics & Statistics,  Psychology, and Health Sciences in 
Sargent College. Together more than 50 upper level neuroscience elec-
tives are offered, including laboratory courses and seminars.

Opportunities for independent laboratory research are available through 
multiple departments in the Colleges of Arts and Sciences and Engineer-
ing, and at Boston University School of Medicine, including Anatomy 
and Neurobiology, Biochemistry, Neurology, Pathology, Pharmacology 
& Experimental Therapeutics, Physiology and Biophysics, and Psychia-
try. Undergraduate research opportunities in neuroscience laboratories 
expand throughout the university across both the Charles River and 
Medical campuses.



Don’t toss out that term paper! Submit it to 
The Nerve!

We are looking for three types of papers:

1. Articles - these are light reading, requiring the reader to 
have little background knowledge. Typical length is around 
2000 words.

2. Reviews - these are analogous to reviews that appear in 
professional journals. They explore the chosen topic in depth 
and are based on serious research of the literature. Typical 
length is 4000 words.

3. Opinions - these are perspectives on current trends.

Authors are encouraged to submit works that touch on any 
topic in the Mind and Brain Sciences. This includes, but is not 
limited to psychology, anthropology, philosophy, biology, com-
puter science, etc.

Learn more at:
bu.edu/thenerve/submissions



BU Undergraduate Program in Neuroscience
bu.edu/ugneuro

BU Organization for the Mind and Brain Sciences
bu.edu/thenerve

Join our facebook group to receive regular updates!
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