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LETTER 
FROM 

THE 
EDITORS

Know thyself. This immensely well-known aphorism has been inter-
preted in a variety of ways and has been tossed around since the time 
of the Ancient Greeks (or possibly before). When pressed to produce an 
answer to the question, “who or what do you know the most about,” all 
things considered, the possibility of “myself” comes to mind as a viable 
and simplistically accurate option. After all, who knows more about you 
than you do? 
 The field of neuroscience takes this tireless quest for self-discovery 
to an entirely new level. Sure, it’s one thing to know that your favorite 
color is blue and that your favorite band is The Jonas Brothers (though 
you’d probably never admit to the latter), but what does it really mean 
to know the human brain? Your brain, even? David Byrne once wryly 
noted, “the more you know, the more you don’t know and the more you 
know that you don’t know.” This sentiment rings true for the neurosci-
entists among us: we know so much about the human brain—great leaps 
and bounds have been made in the pursuit of scientific knowledge over 
the course of time and even in our generation alone. But there is still so 
much about the three-pound lump of tofu residing inside each of our 
skulls that we don’t know. And that’s what makes this field of study so 
appealing and exhilarating—we all know and don’t know, and we all 
want to learn more about what we know and don’t know. 
 This is where we, The Nerve staff, find ourselves. We come from di-
verse backgrounds and with a wide array of expertise—from neurosci-
ence, psychology and biology to computer science, history and econom-
ics, and everything in between—but our aspirations are unified in this 
literary endeavor: to better understand how the brain works, and to bet-
ter understand ourselves in the process. In this issue alone we explore a 
gamut of stimulating topics, from aphasias to optogenetics, dyslexia to 
Huntington’s disease. In producing this publication, we hope that you, 
the reader, find something that intrigues and inspires you about the in-
credible nature of the mind and brain, just as we all have. 
 To our staff members at The Nerve—we owe you a wealth of gratitude 
and congratulations. Your hard work and efforts have paid off, and you 
should be nothing if not proud of yourselves. The best words of advice 
we can give you in regards to your future pursuits in neuroscience and 
beyond were also a favorite of the late Steve Jobs: “stay hungry, stay 
foolish.” If you can maintain a healthy appetite for the quest for knowl-
edge (even for its own sake) and can always approach the world with a 
humble unknowingness, you will go far. 
 And to the unwavering supporters of this project, without whom none 
of this would be possible, we owe you enormous thanks as well. Were it 
not for Paul Lipton, Lindsey Clarkson, Howard Eichenbaum, and the en-
tire Undergraduate Program in Neuroscience at Boston University, this 
journal of ours would not be a reality, let alone the success it is today. 
Here’s to many future accomplishments for our staff, our supporters, 
and our publication, and to never giving up on the monumental task of 
learning ourselves. 
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The Effects of Antidepressant Use 
on Different Types of Learning

Jen Erny 

The value of a good night’s sleep is rarely in doubt. Howev-
er, among college students, lack of sleep is all too common 
a trend, despite the fact that it is an essential component in 
our lives. Scientific research conducted by The University 
of Michigan shows how important a proper night of sleep is 
by investigating the effects of antidepressants (in this case 
desipramine, or DMI) on hippocampus-dependent versus 
striatum-dependent learning. Antidepressants have gen-
erally been known to inhibit REM sleep and elevate levels 
of noradrenaline (NA).
 During REM sleep and the initiation of sleep spindles, 
the locus coeruleus (LC) is normally silent. However, DMI 
induces LC activity, suppressing REM sleep. Since the LC 
is the area of the brain that synthesizes NA, there is an 
abnormal influx of NA during REM sleep. Noradrenaline 
has the effect of enhancing long-term potentiation (LTP), 
while preventing depotentiation (DP), a necessary process 
in learning new information.
 Depotentiation enables us to incorporate newly learned 
information efficiently into previously established net-
works. With depotentiation inhibited, researchers Jamie 

Sweigart and Alain Watts hypothesized that new learn-
ing would decrease significantly. In addition, researchers 
posited that the forebrain targets of the LC might require 
its silence to efficiently consolidate and reconsolidate 
memories. With that in mind, hippocampus-dependent 
learning (i.e. learning requiring consolidation) should be 
impaired, but procedural (striatum-dependent) learning, 
should be unaffected.
 This research was conducted with rats being sent 
through both a familiar and novel maze to enable the 
observation of performance based on their learning 
throughout the testing period. The familiar maze tested 
reconsolidation of familiar memories, while the novel 
maze tested the consolidation of new memories. While 
the rats slept between testing days, their sleeping pat-
terns were graded as active waking, quiet waking, slow-
wave sleep (SWS), transition to REM (TR) sleep, or REM 
sleep. TR sleep is a spindle-rich sleep, implying that this 
is when the brain is inhibiting processing to keep the 
sleeper in a tranquil state.
 The familiar maze showed how varying amounts of 
REM and TR sleep affect reconsolidation. The perfor-
mance of the control group was steady, while DMI-treated 
rats significantly increased in errors per lap daily. These 
errors correlated with how much DMI reduced REM sleep. 
However, there was an unexpected result: those with the 

most TR sleep had the greatest amount of errors.  There-
fore, the preservation of REM sleep is beneficial for the 
reconsolidation of memories, while prolonged TR sleep is 
disadvantageous.
 The novel maze had the most significant implications 
regarding TR sleep. Those with the most TR sleep were 
able to improve their performance in the novel maze by 
an error or more with each lap, while those with less TR 
sleep showed slower learning rates. This result led to the 
conclusion that more time spent in TR sleep is crucial for 
the consolidation of new memories. DMI caused a reduc-
tion in TR sleep and therefore reduced the ability to learn 
through the consolidation of new memories. These results 
are particularly significant because not only were they un-
expected, but the effects of antidepressants on TR sleep 
had never before been documented.
 The errors in spatial maze performance in DMI-treated 
subjects reflect consolidation and reconsolidation errors. 
These were associated with the changes in TR and REM 
sleep, but did not correlate to the amount of SWS. However, 
more SWS enhanced procedural learning. Although it was 
hypothesized that DMI would not affect procedural learn-
ing, the results of this experiment indicated that DMI dos-
ages served to augment SWS. 
 An important thing to note in this experiment is the im-
provement in performance between the first and last lap 
of a single training session. In both the control and experi-
mental groups, each session ended with the number of er-
rors decreasing. These revealed intact working memory 
and functional short-term memory, despite the other fac-
tors. However, DMI-treated rats had a higher number of 
errors in the first lap of each day as testing progressed, re-
gardless of improvement by the end of each trial. These re-
sults show that the source of the learning deficit was poor 
overnight retention, confirming the deduction that sleep is 
the essential factor in learning.
 The use of antidepressant medication affects sleep 
through its alteration of sleep cycles. The different com-
ponents of this experiment led to the consideration that 
REM sleep is more important to reconsolidation of famil-
iar memories, TR sleep as necessary for consolidating new 
memories, and SWS as playing a role in the enhancement 
of procedural learning. The implications of this research 
are truly intriguing, in that they hold much potential for 
further research and progress in sleep- and learning-re-
lated research. Their latent capabilities hold great promise 
for further research and discovery in the field, as well as 
the implications of modern life on human ability.

Original paper: Antidepressant Suppression of Non-REM Sleep Spindles and REM 
Sleep Impairs Hippocampus-Dependent Learning While Augmenting Striatum-
Dependent Learning Alain Watts, 1 Howard J. Gritton,2 Jamie Sweigart,1 and Gina R. 
Poe1,3 1Department of Anesthesiology, 2Neuroscience Program, and 3Department of 
Molecular and Integrative Physiology, University of Michigan, Ann Arbor, Michigan 
48104

RESEARCH 
in brief

Elizabeth Tingley

While the cure for cancer remains elusive, many research-
ers are striving to strengthen the treatments that are avail-
able. Theoretically, an effective cancer treatment matches 
the correct drug to the correct target in the correct patient. 
The therapeutic regimens now available do not achieve 
this level of personalization because tumors are caused 
by the expression of many different genes, each of which 
responds differently to anticancer drugs. Our knowledge 
of the specific genomic alterations that cause cancer is too 
limited to achieve such a patient-specific approach to can-
cer treatment. The latest research, however, indicates that 
personalized therapeutic regimens could soon become a 
reality. In a letter published in Nature in March of 2012, 
researchers discussed how they used preclinical model 
systems to determine the drug sensitivity of specific ge-
nomic alterations, suggesting the possibility of personal-
ized treatment.
 The basis of the study was the Cancer Cell Line Encyclo-
pedia, or CCLE, which is a comprehensive catalog contain-
ing the details of 947 human cancer cell lines. The data 
from the CCLE was combined with the pharmacological 
profiles for 24 anticancer drugs, allowing researchers to 
identify different predictors of drug sensitivity. The study 
identified not only known predictors of sensitivity but also 
three novel biomarkers. First, they found that plasma cell 
lineage correlated with sensitivity to drugs that inhibit 
insulin-like growth factor 1 (IGF1) receptors, which have 
been implicated in breast, prostate, and lung cancers. 
They also discovered that the expression of arylhydro-
carbon receptors (AHR) was associated with the efficacy 
of MEK inhibitors, which interfere with a pathway that is 
crucial to the proliferation of many tumors including mela-
noma. Third, they found that expression of a certain gene, 
SLFN11, predicted sensitivity to topoisomerase inhibitors, 
which block the ligation step of the cell cycle and ultimate-
ly cause cell death. These three discoveries essentially 
reveal specific characteristics of cells that correlate with 
the success of inhibitors present in different anticancer 
agents. This information can be used to design clinical tri-
als that offer each patient the most effective drugs based 
on their cells’ unique biomarkers. The goal of such trials 
would be the creation of individualized cancer treatments 
in the future.
 There have been numerous projects similar to this one, 
all of which have contributed to the database of knowl-
edge. Many studies have used cell-line panels annotated 
with both genetic and pharmacological data, some within 
one tumor lineage and some across multiple cancer types. 

Cancer Cell Line Encyclopedia 
Foreshadows Personalized Treatment
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Yet these ventures have functioned mainly as indications 
of the many uses of systematic cell line studies. The depth 
of genetic characterization and pharmacological interro-
gation present in the latest study on the CCLE surpasses 
the promise of previous attempts. The Cancer Cell Line 
Encyclopedia has essentially enabled researchers to accu-
rately predict the effectiveness of an anticancer drug on a 
specific tumor and, in the future, on a specific patient. In 
addition to expanding existing genomic databases, it has 
revealed the power of preclinical systems.  The formation 
of genetic predictions of drug response in preclinical set-
tings has the potential to revolutionize cancer treatment 
by allowing for personalized therapeutic regimens.

Original Paper: Barretina, J et al. The Cancer Cell Line Encyclopedia enables predictive 
modelling of anticancer drug sensitivity. Nature 483, 603–307. 2012.

Habitual Alcohol Seeking: Time Course and the 
Contribution of Subregions of the Dorsal Striatum

Katherine Callaway

Everyone has that friend. The one who insists that “I can 
control how many drinks I have” but spends every week-
end getting completely wasted. So when does the occa-
sional drink become a bad habit? What happens in the 
brain when we shift from controlled recreation to alcohol 
addiction?
 Addiction is often defined as a switch from flexible be-
havior to habitual behavior. A flexible action is outcome-
driven; it depends on whether the demonstrated behavior 
is expected to have positive consequences. A habitual ac-
tion becomes insensitive to outcome; one continues the 

involved in flexible and habitual alcohol seeking. They 
focused on the medial and lateral regions of the dorsal 
striatal system, a subcortical area in the forebrain that has 
been shown to support alcohol habit formation. They hy-
pothesized that the dorsomedial striatum (DMS, or “middle” 
part of the dorsal striatum) would control flexible alcohol 
seeking, and that the dorsolateral striatum (DLS, or “out-
side” part of the dorsal straitum) would control habitual 
alcohol seeking. 
 To determine the roles of the DMS and DLS in alcohol 
habits, the group used a classic model in neuroscience: 
chemical inactivation of very specific brain regions. Re-
member that flexible behavior is characterized by devalu-
ation sensitivity and habitual behavior is characterized 
by devaluation insensitivity. Therefore, if the part of the 
brain that controls habitual behavior is inactivated, then 
rats that are devaluation insensitive under normal condi-
tions will suddenly gain back their devaluation sensitivity. 
If the part of the brain involved in flexible behavior is in-
activated, then rats that are usually devaluation sensitive 
will suddenly act as if they have an alcohol habit.
 The group tested how the rats’ alcohol seeking behaviors 
changed in response to DMS or DLS inactivation at 2 and 
8 weeks of training. At 2 weeks, the controls rats (who re-
ceived only saline injections into their striatal regions) still 
demonstrated flexible alcohol seeking. Rats with DLS inac-
tivation also showed flexible behavior. However, when the 
researchers inactivated the DMS, the rats became devalu-
ation insensitive. These data suggest that the DMS is pri-
marily involved with flexible alcohol seeking. At 8 weeks, 
control rats and rats with inactivated DMS demonstrated 
habitual alcohol seeking. However, when the experiment-
ers inactivated the DLS, rats again became sensitive to 
devaluation and demonstrated flexible alcohol seeking.  
These data suggest that the behavioral shift from flex-
ible to habitual alcohol seeking is correlated with a shift in 
striatal activity from the DMS to the DLS.
 So how do these results apply to your buddy with the 
alcohol habit? Medical professionals are always looking 
for new addiction therapies. The data from this study 
suggest that, although DMS and DLS activity control two 
types of alcohol seeking, these systems run in parallel.  In 
other words, there is hope that your friend who usually 
demonstrates the DLS-dominated habitual behavior may 
be able to return to healthier DMS-dominated flexible al-
cohol intake.  

Original Paper: Corbit, L.H., Nie, H, & Janak P.H. (2012). Habitual Alcohol Seeking: 
Time Course and the Contribution of Subregions of the Dorsal Striatum. Biological 
Psychiatry, 72.5. Retrieved from: http://www.sciencedirect.com/science/article/pii/
S0006322312001515 

Olfactory Input is Critical for 
Sustaining Odor Quality Codes 
in Human Orbitofrontal Cortex

Rachel Franklin

Neuroplasticity is the subject of a great deal of research at 
the moment. Recent studies have shown that the human 
cortex can make sweeping changes given incredibly var-
ied inputs, changing our perception of sensation or lack 
thereof by unimaginable degrees of magnitude. Of the 
modalities studied, the processes behind the plasticity of 
olfactory perception are perhaps the most intriguing. In 
their work at Northwestern University, Joanna Wu and her 
team investigated the effects of deprivation on olfactory 
sensitivity and acuity, theorizing, via functional magnetic 
resonance imaging (fMRI) data that heightened levels of 
activity in certain higher levels of processing cortex serve 
to compensate for losses at more primary sensory cortices 
during deprivation. 
 Their study consisted of human subjects whose nos-
trils were blocked, diet controlled for fragrance, and en-
vironment confined to a sanitized hospital setting for 7 
consecutive days. The subjects underwent fMRI scanning 
before,  after, and one week post-sensory deprivation, 
and tests of olfactory discernment and awareness at the 
same intervals. 
 After a week of near complete odor deprivation there 
were no significant changes in the subjects’ ability to de-
tect the presence or discriminate the identity of olfactory 
stimuli. This lack of perceptual modulation seems at first 
to point to the absence of plasticity within olfaction com-
pletely. The investigators concluded just the opposite. 
 Analysis of the fMRI data yielded the key evidence. The 
human olfactory system has two main processing areas in 
the brain: the piriform cortex and the orbitofrontal cortex. 
The former receives input directly from the olfactory bulbs 
(which process chemical signals from the external world) 
and sends it on to orbitofrontal cortex as well as the thala-
mus, which relays the information to the OFC. The OFC 
sends signals back to the piriform cortex, thus closing the 
loop. This densely interconnected network showed vary-
ing levels of activity across its components over the period 
of deprivation. After the seven days of olfactory isolation, 
the piriform cortex, the primary sensory processing area, 
was significantly quieter when stimulated, whereas the 
OFC’s response was considerably heightened. 
 The authors hypothesized that the OFC’s raised levels of 
activity were the result of an extra effort being made to 
maintain sensory stability. In theory, if activity across all 
olfactory modalities simply slid toward silence during peri-
ods of aromatic quarantine, cortical representation would 
in turn shrink until stimulation elicited nothing, a kind of 

behavior regardless of its effects. In a study published 
this September in Biological Psychiatry, a group of scien-
tists at the University of California, San Francisco and the 
University of Sydney used rat models to examine whether 
the behavioral transition from flexible to habitual alcohol 
seeking correlates with changes in activity of certain brain 
areas. They focused specifically on the dorsal striatum, a 
part of the basal ganglia with an established role in addic-
tion development.  
 The group used devaluation testing to induce an alcohol 
“habit” in adult, male rats. Every rat was trained to press a 
lever to receive small doses of 10% ethanol (10E). After 
training, the animals were placed into two groups. The non-
devalued group was given free access to sucrose in their 
home cages before being tested with the “alcohol lever.” The 
devalued group had free access to 10E before testing. Free 
access to alcohol before testing reduced the value of the al-
cohol received during testing. Rats in the devalued group 
who exhibited flexible or outcome-based alcohol seeking 
therefore did not press the “alcohol lever” as frequently 
as rats in the nondevalued group because they no longer 
craved the outcome (10E) of their seeking behavior (lever 
pressing). Such animals had become “devaluation sensi-
tive.” However, if a rat in the devalued group had developed 
an alcohol habit, he would press the lever as many times as 
a rat in the nondevalued group; he was “devaluation insen-
sitive” because his seeking behavior no longer depended 
on whether he desired the outcome. After 4 and 8 weeks of 
testing, the rats became devaluation insensitive, indicting 
that their behavior had transitioned from flexible to habit-
ual alcohol seeking. In other words, these rats had become 
just like your friend that keeps drinking just to drink. 
 The researchers next studied which brain regions were 

Artwork by 
Blake Porter



10              THE NERVE    Fall 2012                   THE NERVE  Fall 2012              11

olfactory blindness. Evolutionarily, this durability is un-
derstandable given ecologically common environments in 
which many months can go by with minimal smell stimula-
tion. If heightened activity in the OFC did not work hard to 
keep the system running during those periods, would each 
winter or sinus blockage represent the potential deaden-
ing of our noses? That which we call a rose by any other 
name would perhaps not smell as sweet, or, at all. 

Original Paper: Wu KN, Tan BK, Howard JD, Conley DB, Gottfried JA. 2012. Olfactory 
input is critical for sustaining odor quality codes in human orbitofrontal cortex. Nature 
Neuroscience. 15, 1313–1319

Brain Machine Interface Use 
in Stroke Patients

Carolyn Ross

A stroke occurs when a blood clot forms in an artery in the 
brain or a blood vessel breaks. This stops blood flow to a 
part of the brain, which deprives the brain of oxygen and 
nutrients. Once an artery is blocked, the brain cells stop 
working and will die if blocked for more than a few min-
utes. The function of those cells is then lost as well. This 
usually affects areas responsible for speech, movement, 
or memory. Stroke is one of the leading causes of adult dis-
ability and therefore a huge area of interest for research.
 Exciting new developments in Brain Machine Interfac-
es (BMIs) have shown a promising ability to rehabilitate 
stroke-damaged neural circuits. Once a neural circuit is 
damaged, there are two main ways to rehabilitate it: re-
store the damaged circuit, or use undamaged circuits to 
take the place of the lost circuit function. The idea is that 
sensory input, experience, and learning can teach the brain 
to use other pathways that are undamaged. This plasticity, 
or ability to adapt the intact neural circuits for needed func-
tioning, is much higher in the juvenile brain. Unfortunately, 
with age, risk of stroke increases, leaving the most affected 
population with the lowest ability to adapt.
 BMIs are being used in three main ways: to improve 
bladder and bowel function, gait, and mobility; to regain 
reaching and grasping functions; and to transduce neu-
ral efferent signals into motor commands to prosthetics. 
Currently, research is being done on sensory deprivation, 
which degenerates the non-stimulated neural circuits sim-
ilar to the way a stroke would damage neurons. The minia-
turized BMI computer is used to replace useless circuitry 
by stimulating areas of the brain. 

Original Paper: Gonzalez Andino SL, Herrera-Rincon C, Panetsos F and Grave de Peralta 
R (2011) Combining BMI stimulation and mathematical modeling for acute stroke 
recovery and neural repair. Front. Neurosci. 5:87. doi: 10.3389/fnins.2011.00087

The Effect of Font Size 
on Emotional Response

Michael Li

When choosing which present to open first, one naturally 
notices the larger box first. The same applies to words—
words that are displayed in larger sized fonts elicit stron-
ger emotional responses. Bayer, Sommer, and Schacht, 
funded by the Berlin School of Mind and Brain and the 
German Initiative of Excellence, investigated the effect of 
word size and emotional response. 
 Why does our brain focus on a certain object but not an-
other? Proximity and “biological relevance,” things that 
are important evolutionarily and to our survival, influence 
emotional effects and attract our attention. Biologically 
relevant stimuli can range from pictures displaying fear or 
disgust to sex-related contents. Threatening people seem 
more dangerous the closer they are to the person, so the 
larger an image of a threatening person, the larger the 
emotional effect would be.  Bayer, Sommer, and Schacht 
questioned if written words would have the same effect, 
considering written language is symbolic and not a direct 
image of reality. 
 The researchers conducted the experiment on 25 Ger-
man adults who were presented with 24 positive, 24 nega-
tive, and 24 neutral words. The categories were controlled 
in respect to the frequency, number of letters and sylla-
bles, and imageability rating of the word. The words were 
presented in both small font size, Arial 28 point, and large 
font size, Arial 125 point. Participants had to decide, by a 
pressing a button, whether the presented word was identi-
cal to the immediately preceding word. An EEG was used 
to record emotional responses to the presented stimuli. 
They found that for large words, a larger emotional effect 
was present at an earlier onset and for a longer duration 
than for small words. However, this effect was only found 
during sensory encoding and not higher-order process-
ing stages. Also, as expected, neutral words did not elicit 
such a response compared to negative and positive words. 
The results align with previous research on the emotional 
response of small- and large-sized pictures with biologi-
cal relevance. The data suggest that the brain structures 
used to process pictures, such as the amygdala, are similar 
to the structures used to process words. This also suggests 
that there could be a general relevance for stimulus and 
not necessarily only a biological relevance. Namely, the 
connection between emotion and stimulus size may be trig-
gered by symbolic stimuli as well, which points to the high 
importance of language and written words. The applica-
tions of the results are already present in advertising cam-
paigns such as large, glaring headlines and billboard signs.    

Original Paper: Bayer, M., Sommer, W., & Schacht, A. (2012). Font size matters—Emo-
tion and attention in cortical responses to written words. PLoS ONE, 7(5), e36042. 
http://www.plosone.org/article/info%3Adoi%2F10.1371%2Fjournal.pone.0036042

Humans Can Learn 
New Information During Sleep

Katherine Callaway

Finals are fast approaching, and every student knows that 
sleep is time taken away from cramming new information 
into our brains. But what if we could utilize those eight (or 
seven, or four) sleeping hours without pulling an all-night-
er? The results of a study published in Nature Neurosci-

Artwork by 
Miriam Khan
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 By using a closed-loop BMI, the electric field induced 
from the electrical stimulation results in a spontaneous 
healing of both the central and peripheral nervous sys-
tem. Neurons both generate electromagnetic fields, and 
respond to them. As Maxwell’s correction to Ampere’s Law 

implies, a changing electric field induces not only a mag-
netic field, but also a current. This induced current has an 
effect on the brain that changes the excitability of cells 
and alters the structure of the neural networks. By us-
ing weak electric fields, Hebbian learning can take place, 
which results from repeated stimulation of the postsynap-
tic cell by a presynaptic cell that in turn improves efficien-
cy within that synapse. In addition to this change in cell 
excitability, neural network organization is also affected. 
Direct-current electric fields promote division, migration, 
and differentiation. By improving synaptic efficacy and 
rearranging neural circuitry, new paths are created to 
avoid damaged areas. 
 It is critical that BMIs are used within 20 days of the 
stroke to optimize neural plasticity. In order for the Heb-
bian plasticity to be effective, all circuitry must be stimu-
lated, which includes both direct brain stimulation and 
peripheral stimulation. Central nervous stimulation can be 
achieved using transcranial magnetic stimulation or tran-
scranial direct-current stimulation.
 Connecting the brain to a computer has potential for 
many great things. In this case, the BMI is used to replace 
a damaged region of the brain. BMIs are also being inves-
tigated for use as neuromotor prosthesis. They would have 
the ability to interpret brain signals and cause a movement 
in the prosthetic limb. This exciting combination of electro-
magnetic physics, computational neuroscience, and medi-
cine is sure to produce powerful answers to debilitating 
nervous system problems. 
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ence this August suggest that humans can, in fact, learn 
novel information while still asleep. 
 The study, conducted by a team of Israeli scientists, in-
vestigated novel associations made during sleep between 
odors and auditory tones. The experimenters presented 
each sleeping subject with six alternating stimuli: a pleas-
ant odor by itself, the same pleasant odor paired with a 
specific tone, that tone by itself, an unpleasant odor by 
itself, and the same unpleasant odor paired with a differ-
ent tone, and the second tone by itself.  They measured the 
volume of the subject’s “sniff,” or odor-induced inhalation, 
after each stimulus presentation. The results showed that 
pleasant odors (shampoo and deodorant) induced larger 
sniffs than unpleasant odors (rotten fish and carrion). In-
terestingly, the tone associated with the pleasant odor, 
when presented alone, also induced a larger sniff than did 
the tone associated with the unpleasant odor. These data 
suggest that the sleeping subjects had learned novel as-
sociations between tone and odor pleasantness. The sub-
jects responded to the tones with similar sniff sizes after 
waking, suggesting that they had retained the tone-odor 
associations learned during sleep.
 The researchers next investigated whether these odor-
tone associations were affected by sleep stage. They per-
formed the above experiment on two subject groups. One 
group was presented with the stimuli during non-rapid 
eye movement (NREM/shallow/slow-wave) sleep and the 
other group was presented with the stimuli during rapid-
eye movement (REM/deep/dreaming) sleep. In REM sleep, 
the difference between sniff sizes after a pleasant odor 
and sniff sizes after an unpleasant odor was larger than 
the difference in NREM sleep.  These data suggest that 
the initial learning of tone-odor associations was stronger 
in REM sleep than in NREM sleep. However, subjects who 
had been presented with the odors and tones in REM sleep 
did not remember the associations after waking. Subjects 
who had received the stimuli during NREM, in contrast, 
responded to the odor-tone associations after waking. 
These data suggest that the consolidation of new infor-
mation during sleep is better in NREM than in REM sleep. 
These results are consistent with current theories about 
the physiological processes associated with information 
acquisition and consolidation during sleep.
 Although pairing up odors and tones seems a far way off from 
“sleep studying,” it is nevertheless an important step in under-
standing how our brains process and learn information during 
rest. For now, we’ll have to make do with lots of coffee and a head-
ache in the morning. Someday, however, neuroscience just might 
find a way to get rid of those dreaded all-nighters for good.

Original Paper: Arzi, Anat, Limor Shedlesky, Mor Ben-Shaul, Khitam Nasser, Arie Ok-
senberg, Ilana S. Hairston, and Noam Sobel. “Humans Can Learn New Information 
during Sleep.” Nature Neuroscience 15 (2012): 1460-1465. Nature.com. Nature, 26 
Aug. 2012. Web. 28 Oct. 2012.
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T
 he prevalence of concussions and concern over 
 head injury today has led to an explosion of 
 interest about this subject matter. Athletic 
 communities, war veterans, and parents alike 
are learning about the consequences of an impact to the 
head through news and media sources and are realizing 
the potential danger. This concern is well illustrated by the 
fact that the National Football League, an icon of popular 
culture in the United States, took action in 2010 and 

changed its rule book to include stipulations that disallow 
hits above the shoulders to “defenseless” players.1 Kickoffs 
are shorter now as well, giving both teams less time to 
gain momentum and smash into each other at frightening 
velocities. Action by such an institution indicates the 
serious nature of the matter. 
 As much press as the NFL has gotten for the initiative it 
is taking on the medical front, the ailments of professional 
football players in the United States is not the focus 
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of this discussion. Worldwide, awareness is spreading 
about the implications of traumatic brain injury. It is not 
severe head trauma and open head wounds, but rather 
mild traumatic brain injury (mTBI) and those impacts 
deemed “subconcussive” that are of interest here. These 
kinds of injuries are seen in settings ranging from a high 
school soccer game where the star player collides with an 
opponent while fighting for the ball, to war zones, where 
soldiers are enduring blast injuries and are returning 
home to deal with the lasting effects. 
 With improved medical technology and a growing 
number of patients, it is not surprising that mTBI has made 
its way to the front lines of international attention. I wish to 
address the array of physical and mental consequences that 
can result from mTBI as well as delve into current research, 
which presents concerning information about less intense 
impacts, considered “subconcussive.”2 It is important to 
differentiate between mild traumatic brain injury and 
a subconcussive impact, mTBI being an injury resulting 
in a concussion where the patient shows symptoms of 
concussion.3 A subconcussive impact refers to a hit to the 
head that does not result in any physical injury to the brain 
or any noticeable symptoms.4 Such trauma may intuitively 
seem less dangerous, but doctors and researchers are 
discovering an entirely new threat to physical health and 
cognitive function that those of the present generation and 
generations to come must confront. 
 First, we must establish a general understanding of a 
concussion. Additionally, there is clear need for a solution, or 
at least improvement upon our understanding of head injury, 
which has become a unique challenge in the present day. With 
technological advancement and a continual improvement 
in our understanding of cognitive and behavioral function, 
new techniques are emerging which offer further insight 
into the brain and opportunity for more precise diagnoses. 
Discussion of this issue is not meant to discourage activity 
or normal living for fear of head injury. Rather, awareness 
is necessary, especially when new information becomes 
available, and good health is a concern. With that being said, 
let us determine the constituents of a concussion, on physical, 
cognitive, and molecular levels, and explore the known 
repercussions of such trauma. 
 Concussion, or mild traumatic brain injury, is a common 
form of brain injury. It is estimated that approximately 
1.7 million people are affected by traumatic brain injury 
(TBI) each year and 75% of the TBIs are classified as minor 
(mBTI).5 It is possible that this is a gross underestimation 
of the overall occurrence of concussion as well because a 
patient displaying little to no symptoms, as is characteristic 
of mBTI, is less likely to seek medical attention. A concussion 
is generally defined as a brain injury caused by an impact 
to the head that forces the brain to collide with the skull 
or strains the brain’s neural tissue.6 Any acceleration of 

the brain into the surrounding protective structures has 
been shown to produce at least some microscopic neural 
damage to impacted tissue7 (this issue will be explored 
in more detail later). One can determine the presence of 
concussion using diagnostic magnetic resonance imaging 
(MRI).8 The use of the Glasgow Coma Scale (GCS) is a tool 
used to objectively diagnose the severity of brain trauma. 
This technique was developed in 1974 at the University 
of Glasgow to assess a patient’s level of consciousness.9 It 
utilizes measurements of physical and cognitive function, 
specifically eye opening, verbal response, and best motor 
response, to assign a number 3 through 15 to a patient as an 
indicator of level of brain injury (for our purposes, we are only 
interested in head injuries with scores between 13 and 15, 
as these scores indicate mTBI). This is a relatively quick and 
simple method. Physically, one must assess conditions when 
the eyes are open. This ranges from spontaneous eye opening 
and closing to a complete lack of opening, even at the onset of 
pain. Cognitively, one measures the ability to understand and 
produce language as well as motor response to a motivating 
stimulus such as pain. This technique, along with MRI, is non-
invasive, but more precise methods will take into account 
the body’s biological response to head injury as a means of 
measuring the amount of trauma that the brain has endured.
 In the past twenty years researchers have developed 
a method of brain injury diagnosis that involves studying 
serum samples from patients who have suffered mTBI. Dr. 
Topolovec-Vranic and colleagues performed a study in the 
Trauma and Neurosurgery program at St. Michael’s Hospital 
in Toronto, Canada, where they measured the dependability 
of biomarker sampling as an indicator of mTBI. No patients 
suffered brain trauma more than four hours prior to sample 
collection. The results of the study reveal that the serum 
samples from these patients often contained abnormally high 
levels of protein S-100b and neuron specific enolase (NSE).10 
Elevated levels of such biomarkers were predominantly 
present in subjects in need of more extensive medical 
attention, suggesting patients with more severe trauma 
were more likely to produce samples containing excess 
amounts of S-100b and NSE. Thus, this study proposes that 
serum biomarkers can be used in conjunction with other non-
invasive techniques to determine the presence and severity 
of traumatic brain injury. 
 As previously mentioned, athletics is the front-runner 
when it comes to discussions about mTBI and head safety. 
Beginning in the 2011-2012 school year, Massachusetts’ 
new concussion laws mandate that high schools and 
middle schools report all head injuries and concussions to 
the state’s Department of Public Health. In the fall of 2011 
over 300 head injuries were sustained on football and 
soccer teams across 26 different high schools.11 The most 
interesting statistic was that girl’s soccer teams sustained 
nearly twice the number of head injuries than varsity 

football programs from these schools.12 It is not all about 
football. These statistics are leading to concussion laws, 
which are becoming more popular nationwide, especially 
as people realize how common head injury is. With that 
being said, what is so scary about brain trauma? We must 
establish the common effects of mTBI to justify the reason 
for concern over such injury. 
 Concussion occurs when the soft tissue of the brain is 
accelerated and collides with the surrounding protective 
structures, effectively causing a strain on neural tissue 
and the vasculature of the brain.13 Normal cellular 
function can be disrupted, which 
can last for varying amounts of 
time. The initial signs of mTBI 
include headache, neck pain, 
forgetfulness, dizziness, loss of 
balance, difficulty concentrating, 
nausea, vomiting, trouble sleeping, 
light and noise sensitivity, fatigue, 
moodiness, and literally “seeing 
stars.”14 These are merely the 
initial effects of brain trauma 
and may persist for an extended 
period but are likely to eventually 
dissipate.15 It is the long-term, 
unforeseen danger of repeated 
or mistreated mTBI that is also of 
great concern and which carries 
serious implications for good 
health. Many areas of the brain 
are susceptible to brain injury 
including the outermost portions 
of the cortex known as the 
telencephalon where the frontal, 
parietal, and temporal lobes 
reside. Injury to each lobe has 
varying consequences for physical 
and cognitive function. 
 The frontal lobe is a known 
center of command for executive function, information 
processing, personality, and the ability to socially relate to 
others.16 Over the long term, injury to this area of the brain 
can slow reaction time, change personality, and adversely 
affect motor planning and function.17 Damage to areas 
that control personality and the more abstract human 
behaviors can also lead to depression or the onset of post-
traumatic stress disorder.18 
 The temporal lobe contains centers largely concerned 
with memory formation and retrieval.19 The hippocampus 
and surrounding structures of the medial temporal lobe 
are important for episodic memory as well as converting 
short-term memories to long-term memories. Injury to 
these areas of the brain often times result in various 

kinds of memory loss as well as temporal lobe seizures.20 
A study done by Dr. Erin Brigler and associates at Brigham 
Young University helped demonstrate the vulnerability 
of the temporal lobe to impact by studying the atrophy 
of this brain area over time.21 To control for the general 
effects of aging, they compared the group that had 
suffered mTBI with a control group of age-matched 
adults. The results showed significantly more atrophy to 
white matter and the hippocampus in older adults who 
had experienced head trauma at some point in life. With 
the deterioration of brain structures that play a direct role 

in memory and brain connectivity, it is not surprising to 
observe such symptoms as memory loss in patients over 
time.22 It has also been noted that similar brain injury can 
quicken the onset of Alzheimer disease (AD), Parkinson 
disease (PD) and other neurodegenerative disorders.23,24 
This is a frightening reality considering the debilitating 
effects of these illnesses. Lastly, repeated blows to the 
head can disrupt cellular function and cause cellular 
atrophy potentially initiating disorders such as Chronic 
Traumatic Encephalopathy (CTE).25 CTE is one of the 
diseases found often post-mortem in athletes who have 
been subjected to repeated head impacts. The disease is 
characterized clinically by a progressive loss of memory, 
executive function, and potentially motor skills; eventual 
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dementia, and also mood and behavioral shifts such 
as depression, apathy, aggressiveness, and suicidal 
thoughts.26 Neuropathologically, there is extensive tissue 
atrophy and patients tend to live no more than 20 years 
after diagnosis.27 As illustrated, there is a vast array of 
possible side effects that can develop through mTBI and 
permanently alter a life.
 The sad reality of a situation where head trauma 
changed the course of a life is seen in the story of Dave 
Duerson, who played in the NFL for the Chicago Bears 
in the 1980s. On February 17, 2011, Dave died of self-
inflicted gunshot wounds at the age of 50. Dave suffered 
at least ten concussions during his time in the NFL and 
was diagnosed as having CTE and extensive tissue atrophy 
when his brain was analyzed post mortem.28 Now his 
family is in the midst of a wrongful death lawsuit against 
the league, as they believe the NFL has failed to educate 
its players about the risks associated with the sport.29 More 
recently, Junior Seau, a well-known and respected football 
player in the 1990s and 2000s also lost his life in the same 
way Dave did and his brain is now being examined for 
the same disease from which Dave suffered. The scary 
reality of head injury certainly shows itself in stories such 
as these. With more knowledge about the issue, hopefully 
more can be done to prevent situations with circumstances 
like that of the Duerson and Seau families. 

 As research has continued on mild traumatic brain injury, 
there has been one discovery in particular that has the 
potential to further change the way we view head trauma. 
In 2010, a group of researchers from Purdue University 
studied the brains of a team of high school football players 
with the objective of developing better detection and 
characterization methods for brain trauma. Their most 
interesting finding was the discovery that players who had 
not received a “concussion” by the traditional definition still 
showed neurocognitive and neurophysiological deficits.30 

These young men were subjected to hits considered 
“subconcussive,” predominantly to the top and front 
portions of the head. They were tested for the presence 
of a concussion using the Immediate Post-Concussion 
Assessment and Cognitive Testing (ImPACT) program, 
Head Impact Telemetry (HIT) system, and functional 
magnetic resonance imaging (fMRI) to determine how 
impacts of various sizes affected these high school boys. 
The athletes had not technically received a concussion 
and did not display the classic physical symptoms of a 
concussed subject, yet still suffered from deficits with 
primary visual memory and dorsolateral prefrontal cortex 
(DLFPC) function, the DLFPC being involved in working 
memory and cognitive control.31 The findings imply 
that the damage, no matter how small, created by 
these subconcussive impacts is also a threat to brain 
health and that the current criteria for traumatic 
brain injury may not be as reliable as once thought.
 The data collected at Purdue University has helped to 
prompt further research into the danger of subconcussive 
hits and the compilation of these impacts to the brain. The 
recurrence of such impacts and the summation of tissue 
damage has led to progressive neurodegeneration, once 
termed dementia pugilistica.32 The first instances of this 
syndrome were found in retired boxers who had been 
exposed to repeated hits not resulting in concussion. This 
condition is now referred to as the aforementioned Chronic 
Traumatic Encephalopathy (CTE). The accumulation of less 
intense impacts to the head over an extended period of time 
also threatens normal brain function and must be treated 
appropriately with the knowledge of this potential danger. 
 Now, since even the smallest brain injuries can be 
considered dangerous, more must be done to protect the 
brain. This includes prevention of impacts to the head 
and better identification of the presence of brain trauma, 
no matter how slight. Prevention is the more simple of 
the two. One must reduce the number of daily, weekly, 
or monthly situations where head injury is likely. For a 
football player, this may mean not as many practices in 
full pads. Better, more protective equipment could also be 
helpful. Developing new technology and remodeling the 
present day public understanding of head injury are just 
a couple of steps we can take toward preserving the sports 
we love, and keeping people safe. 
 In terms of identification, a correct diagnosis is 
imperative for proper treatment. As previously discussed, 
there are techniques like the Glasgow Coma Scale and the 
measurement of biomarkers that allow us to establish the 
presence of traumatic head injury. Unfortunately, these 
procedures tell us little about injury localization. MRI has 
served as a useful method for determining structural 
brain damage.33 Another technique that has been used 
to better quantify and localize the area of injury is high 
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definition fiber tracking (HDFT). HDFT has recently been 
developed to extend the ability of physicians to obtain 
detailed information about mTBI. Using this technique, 
one can visualize the specific area of axonal injury, as 
well as its severity, and then infer possible functional 
impairments based on the degree of damage to these 
cortical projections.34 This kind of cutting edge technology 
offers new and improved methods for visualizing brain 
tissue and connectivity both in healthy subjects and those 
affected by mTBI. Researchers are still determining how 
concussion affects the brain in the long term, and people 
like John Beattie, a Scottish rugby star who promised to 
donate his brain to neuroscience after his death, give 
us further hope in discovering more and more about the 
adverse affects of this kind of injury.35 With these growing 
resources, we hope that a fuller knowledge of the brain 
will emerge and improved treatment for brain injury will 
continue to develop.
 There is a need for a general shift of mindset toward 
the issue of brain trauma. Family, friends and coaches 
alike need to be aware of the severe nature of this matter. 
Necessary precautions must be taken, injuries must be 
reported, and it must be acceptable in any situation for 
a person to acknowledge a brain injury and seek the 
appropriate medical attention. This is a grassroots issue 
that is not aimed at taking the fun out of sports, or confining 
people to their homes, for fear of a hit to the head. Rather, 
the goal is to preserve the institutions we have developed 
and to make sure that a problem like unnecessary brain 
trauma does not destroy our pastimes. Hopefully this 
discussion has clarified misconceptions about head injury, 
ushered in more awareness about the common risks 
involved with mTBI, and displayed the strides science and 
technology are making to discover and explain the many 
fascinating aspects of human behavior. Don’t let a hit to the 
head let you lose what you have learned here. 

J. Daniel Bireley is a junior neuroscience major 
interested in cognitive and behavioral research. He 
plans to attend medical school upon completion of his 
undergraduate studies.
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For decades, adults have questioned the activities and 
thought processes of children during adolescence. Seem-
ingly brilliant and thoughtful individuals are frequently 
found engaging in risky and harmful behaviors, leaving 
adults pondering the question of what is really going on in-
side the minds of teenagers. Adolescence has always been 
thought of as a time of impulsive decisions and moodiness 
caused by excessive hormones. However, scientists have 
begun to suspect that answers to irrational teenage behav-
ior lie not just in hormones, but also in the brain. Recent 
findings suggest that the teenage brain is an unfinished 
project, a “work in progress.”1 Research using magnetic 
resonance imaging (MRI) of the brain goes far in explain-
ing how and why teenagers behave the way they do. It has 
always been believed that teenagers are undergoing great 
physical transformation, but until now it has never been 
considered that teens are undergoing even greater men-
tal and emotional alterations. These discoveries will, in the 
near future, have profound implications on educators, doc-
tors, counselors, and, most importantly, parents. 
    Understanding specific parts of the human brain is nec-
essary when analyzing studies done on adolescents. The 
basic working unit of the brain is the nerve cell or neuron. 
The human brain constructs, after birth, more than a thou-
sand trillion connections among neurons, twice as many as 
the brain will eventually need.2 These connections, called 
synapses, are one of the most critical parts of the brain, 
that allow the human body to communicate both with itself 
and the environment.3 The majority of the brain’s mass 
comes from white and gray matter, where gray matter is 
the outer layer of the brain filled with neurons, and white 
matter is composed of fatty insulating sheaths, called my-
elin, that surrounds long strings of axons.4 Axons are the 
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surrounds long strings of axons.4 Axons are the extensions 
of nerve cells that transmit impulses, made faster and 
more efficient by myelin. 
 On a larger scale, the brain is separated into four major 
areas, called lobes. The development of the human brain 
happens in stages and generally from the back of the head 
to the front, so the occipital lobe, which controls visual pro-
cesses, fully develops first, while the frontal lobe develops 
last.5 A small area of the frontal lobe called the prefron-
tal cortex controls the brain’s most advanced functions 
such as self-control, judgment, organization, planning, 
problem-solving, and decision-making.6 This part, often 
referred as the “CEO” of the body, is the last part to develop, 
reaching full maturity in the early twenties. Teenagers, 
therefore, have an undeveloped cognitive brain. Although 
still a partial mystery, a basic understanding of the human 
brain has allowed scientists to question the maturity of the 
adolescent brain.  
    Scientists had limited ways of conducting research be-
fore the use of imaging technologies. The MRI and fMRI 
have allowed researchers to peer into the heads of thou-
sands of teenagers. MRI, Magnetic Resonance Imaging, 
uses magnetic fields and radio waves to produce high 
quality two- or three-dimensional images of brain struc-
tures without the use of radioactive tracers.7 A magnetic 
field around the head sends waves through the body in 
order to collect signals given off by hydrogen atoms in the 
brain cells. Although a highly sophisticated machine, the 
process is quite simple. The signals are fed into a computer, 
which in return, give highly detailed images of soft tissues 
that are analyzed through the use of different contrast set-
tings. This technology makes it possible to view every an-
gle of the brain without moving the patient.  fMRI, or Func-
tional Magnetic Resonance Imaging, employs the same 
technology as the MRI, but has the ability to show brain 
activity while subjects perform a certain task.8 Thanks to 
these technologies, scientists have not only made many 
discoveries about the structure of the teenage brain, but 
have also been able to analyze the functional difference 
between adult and teenage brains.
    Without the availability of resonance imaging, scientists 
used data collected from cadavers, making inaccurate as-
sumptions about the physiological functioning of the teen-
age brain. The weight of a six-year-old brain is 95% the 
weight of an adult brain, which lead scientists to believe 
that brain development was nearly complete by the end 
of childhood.9 Research done at the National Institute of 
Mental Health (NIMH) shows that the parts of the brain re-
sponsible for functions such as self-control, judgment, and 
organization undergo the greatest transformations during 
teenage years.10 The results reveal that the growth spurts 
and changes in the brain during adolescence are as dra-
matic as those that occur in the initial “biological remod-

eling” during the first two years of life.11 Every part of the 
teenage brain is under construction and unable to function 
at its full capacity.12 These new findings may help explain 
certain teen behaviors such as poor decision-making, 
recklessness and emotional instability. 
 Studies at McLean Hospital in Belmont, MA, show sig-
nificant differences between the adult and the adolescent 
brain.  It was discovered that teenagers process informa-
tion and interpret emotions differently than adults. In a 
study conducted in 2002, pictures of faces with fearful 
expressions were shown to teens aged 11 through 18.13 
The same images were later shown to adults. The teenag-
ers often misread the facial expressions, seeing sadness 
or anger instead of fear. fMRI scans showed that differ-
ent regions of the brain were being used when answering 
questions asked about those expressions. The younger the 
teens were, the more they used their emotional centers, or 
temporal lobes, to judge the facial expressions. Adults, on 
the other hand, used their prefrontal cortex, the reasoning 
center, resulting in more accurate readings of the expres-
sions.14 This study introduced the idea that teenagers are 
more inclined to process information using emotions in-
stead of reasoning. It revealed the miscommunication that 
often happens between parents and teenagers. During 
this difficult time in development, teenagers repeatedly 
mistake fear for anger or disappointment, causing even 
greater tension between adolescents and adults.
    Findings at UCLA’s Laboratory of Neuro Imaging stress 
the differences in maturity between adult and adolescent 
brains. Scientists used MRI scans to compare brains of 12 to 
16 year-old teenagers to those of 23 to 30 year-old adults. 
It was found that the teenager’s prefrontal cortex showed 
the greatest difference when compared to adult brains in 
the amount of myelin it contained. Myelin enrobes nerve 
fibers, making neuron connections faster, which, much 
like insulation on electric wires, causes greater conductiv-
ity.15 Scientists noticed a lack of myelin in the prefrontal 
cortex of adolescents, whereas adult brains were seen 
to be fully myelinated. This increased myelination in the 
adult frontal cortex helps to explain adults’ more logical 
thought processes.16 Researchers also observed that al-
though the growth of white matter in the brain continues 
throughout adolescence, the parietal and temporal lobes 
controlling spatial, sensory, and auditory functions are 
largely complete by the onset of adolescence. Researchers 
at UCLA concluded that the frontal cortex is the last part of 
the brain to develop and is the most immature part of the 
teenage brain. Expectations from teenagers have since 
started to change due to the understanding that the part of 
their brains responsible for reasoning is largely immature. 
    Jay Giedd is arguably the largest contributor to the body 
of research on the adolescent brain. Dr. Giedd is a Child and 
Adolescent Psychiatrist and Chief of Brain Imaging at the 
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extensions of nerve cells, which transmit impulses. My-
elin makes nerve-signal transmissions faster and more 
efficient. On a larger scale, the brain is separated into 
four major areas, called lobes. The development of the 
human brain happens in stages and generally from the 
back of the head to the front, so the occipital lobe, which 
controls visual processes, fully develops first, while the 
foremost area, called the frontal lobe, develops last.5 
A small area of the frontal lobe called the prefrontal 
cortex controls the brain’s most advanced functions 
such as self-control, judgment, organization, planning, 
problem-solving, and decision-making.6 This part, often 
referred as the “CEO” of the body, is the last part to de-
velop, reaching full maturity in the early twenties. Teen-
agers, therefore, have an undeveloped cognitive brain. 
Although still a partial mystery, a basic understanding 
of the human brain has allowed scientists to question 
the maturity of the adolescent brain.  
 Scientists had limited ways of conducting research be-
fore the use of imaging technologies. The MRI and fMRI 
have allowed researchers to peer into the heads of thou-
sands of teenagers. MRI, Magnetic Resonance Imaging, 
uses magnetic fields and radio waves to produce high 
quality two- or three-dimensional images of brain struc-
tures without the use of radioactive tracers.7 A magnetic 
field around the head sends waves through the body in 
order to collect signals given off by hydrogen atoms in the 
brain cells. Although a highly sophisticated machine, the 
process is quite simple. The signals are fed into a computer, 
which in return, give highly detailed images of soft tissues 
that are analyzed through the use of different contrast set-
tings. This technology makes it possible to view every an-
gle of the brain without moving the patient.  fMRI, or Func-
tional Magnetic Resonance Imaging, employs the same 
technology as the MRI, but has the ability to show brain 
activity while subjects perform a certain task.8 Thanks to 
these technologies, scientists have not only made many 
discoveries about the structure of the teenage brain, but 
have also been able to analyze the functional difference 
between adult and teenage brains.
 Without the availability of resonance imaging, scientists 
used data collected from cadavers, making inaccurate as-
sumptions about the physiological functioning of the teen-
age brain. The weight of a six-year-old brain is 95% the 
weight of an adult brain, which lead scientists to believe 
that brain development was nearly complete by the end 
of childhood.9 Research done at the National Institute of 
Mental Health (NIMH) shows that the parts of the brain re-
sponsible for functions such as self-control, judgment, and 
organization undergo the greatest transformations during 
teenage years.10 The results reveal that the growth spurts 
and changes in the brain during adolescence are as dra-
matic as those that occur in the initial “biological remod-

eling” during the first two years of life.11 Every part of the 
teenage brain is under construction and unable to function 
at its full capacity.12 These new findings may help explain 
certain teen behaviors such as poor decision-making, 
recklessness and emotional instability. 
 Studies at McLean Hospital in Belmont, MA show sig-
nificant differences between the adult and the adolescent 
brain.  It was discovered that teenagers process informa-
tion and interpret emotions differently than adults. In a 
study conducted in 2002, pictures of faces with fearful 
expressions were shown to teens aged 11 through 18.13 
The same images were later shown to adults. The teenag-
ers often misread the facial expressions, seeing sadness 
or anger instead of fear. fMRI scans showed that differ-
ent regions of the brain were being used when answering 
questions asked about those expressions. The younger the 
teens were, the more they used their emotional centers, or 
temporal lobes, to judge the facial expressions. Adults, on 
the other hand, used their prefrontal cortex, the reasoning 
center, resulting in more accurate readings of the expres-
sions.14 This study introduced the idea that teenagers are 
more inclined to process information using emotions in-
stead of reasoning. It revealed the miscommunication that 
often happens between parents and teenagers. During 
this difficult time in development, teenagers repeatedly 
mistake fear for anger or disappointment, causing even 
greater tension between adolescents and adults.
 Findings at UCLA’s Laboratory of Neuro Imaging stress 
the differences in maturity between adult and adolescent 
brains. Scientists used MRI scans to compare brains of 12 to 
16 year-old teenagers to those of 23 to 30 year-old adults. 
It was found that the teenager’s prefrontal cortex showed 
the greatest difference when compared to adult brains in 
the amount of myelin it contained. Myelin enrobes nerve 
fibers, making neuron connections faster, which, much 
like insulation on electric wires, causes greater conductiv-
ity.15 Scientists noticed a lack of myelin in the prefrontal 
cortex of adolescents, whereas adult brains were seen 
to be fully myelinated. This increased myelination in the 
adult frontal cortex helps to explain adults’ more logical 
thought processes.16 Researchers also observed that al-
though the growth of white matter in the brain continues 
throughout adolescence, the parietal and temporal lobes 
controlling spatial, sensory, and auditory functions are 
largely complete by the onset of adolescence. Researchers 
at UCLA concluded that the frontal cortex is the last part of 
the brain to develop and is the most immature part of the 
teenage brain. Expectations from teenagers have since 
started to change due to the understanding that the part of 
their brains responsible for reasoning is largely immature. 
 Dr. Mary Carskadon, Professor of Psychiatry and Hu-
man Behavior at the Warren Alpert Medical School of 
Brown University, studies sleep patterns of young adults. 
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Her research suggests that adolescents are severely sleep 
deprived. On average, teenagers are getting seven and a 
half hours of sleep, about two hours less than needed for 
them to be alert. As a result, they are building up large 
sleep debts, causing them to experience moodiness, lack 
of concentration, and a reduced ability to learn and retain 
information. In addition to needing more sleep, Carska-
don suggests that, “Adolescents experience a ‘phase shift’ 
during puberty, falling asleep later at night than younger 
children.”34 Researchers assumed that this shift was due 
to psychosocial factors such as texting, TV, Internet, and 
increasing academic pressure.  In the past several years, 
however, sleep experts have learned that biology also 
plays a significant role in adolescents’ changing sleep pat-
terns. This shift is a result of two factors: melatonin and 
circadian rhythms.  Melatonin is a natural hormone pro-
duced by the brain that controls the sleep cycle. Recent 
studies have shown that the release of melatonin in teen-
agers does not begin until about 10:30 pm.  Therefore, the 
circadian clock, or biological timing system, switches on 
later at night, causing a forward shift in sleep pattern as 
children become teenagers.35 Teens are falling asleep later 
and later, forced to wake up earlier every year, and, as a 
result, are falling deeper into sleep deprivation. 
 Professor Carlyle Smith at Trent University in Ontario, 
Canada, specializes in sleep and learning. “The research at 
Trent has focused on how memories of events during the 
day are further processed during sleep. Without this sleep 
processing, memories are not nearly as robust and com-
plete,” 36 explains Smith. He believes the same part of the 
brain that was working while learning new skills contin-
ues to rehearse and practice these skills during sleep. Dur-
ing REM (Rapid Eye Movement) sleep, the brain improves 
on what has just been learned.37 According to Smith, this 
processing of information during sleep is just as vital as 
the initial learning of the skill. Different kinds of learn-
ing require different kinds of sleep. There are five stages 
of sleep, starting with stage 1, which is light sleep, going 
through stage 4, the deep sleep stage. REM sleep happens 
immediately after stage 4 sleep—it is the deepest sleep 
stage where dreams occur and memories are consolidat-
ed. Difficult concepts require REM sleep, whereas simple 
skills only require stage 2 sleep. Memorizing information 
for a test requires all levels of sleep. Smith furthered his 
research by conducting an experiment to test certain 
abilities under various amounts of sleep. Individuals were 
asked to perform a certain task, then to repeat it three 
days later. It was clear that the more REM sleep a teen 
had before performing the task, the greater their ability 
to perform the designated task. Smith has revealed the 
importance of sleep and the impact of sleep deprivation on 
adolescents’ daily lives. 

 Many parents often wish for a step-by-step instruction 
manual to parenting. Although no such book exists, rel-
evant and influential messages come out of the many find-
ings on the teenage brain. Adolescents need to engage in 
activities that will serve them later in life. Neuroscientists 
suggest exposing teens to as many experiences as possible 
while pushing music, sports, and art to ensure the brain 
does not ‘prune’ the necessary cells and connections relat-
ed to those activities. Teens require more sleep than they 
are generally getting in order to successfully accomplish 
what is being asked of them. Sleep researchers suggest 
earlier bedtimes in order to avoid building sleep deficits. 
Psychiatrists emphasize the effect of more immediate 
payoffs, such as talking about the danger of getting kicked 
off the football team as an immediate result of drinking al-
cohol, and suggest giving subtle hints at possible outcomes 
of risky behavior. Lastly, adolescents need guidance, not 
control. Adolescence is an important time during which 
teens learn to make their own decisions and to deal with 
the consequences. It is also a time of rapid development, 
which puts them in need of some supervision. There are no 
specific rules to parenting a teenager, but these new ideas 
about the adolescent brain provide parents with a much 
clearer idea of what is going on in their teen’s head.
 Prompted by unexplainable teenage behavior, research-
ers have been increasingly interested in discovering the 
inner workings of the adolescent brain.  Their research 
provides a whole new way of viewing and understanding 
the issues teens face today. These findings have caused 
scientists, counselors, educators, and parents to realize that 
if the choices adolescents make about bedtime, drug use, 
engaging in sports, or participating in intellectual activities 
have such drastic impacts on their brain development and 
future, then discouraging harmful choices and encouraging 
healthy ones is crucial. These researchers may also provide 
a convincing explanation as to why teenagers often fail to 
listen to adult’s warnings about choices; they may simply 
not be able to understand and accept arguments and con-
sequences that seem logical and reasonable for adults. 
It has become clear that teenagers also misperceive and 
misunderstand the emotions of adults, leading to poor com-
munication. At this point, information on the teenage brain 
remains, for a great part, a fascinating mystery. However, 
what we have discovered has revealed helpful information 
about the incomprehensible state of mind that teens are 
in. We now understand that their actions are a result of an 
unfinished piece of work—their brains. As Barbara Strauch, 
author of The Primal Teen, describes vividly: “Their adult 
physical appearance is a Potemkin Village sham, every-
thing inside their skull is a muddle, as chaotically disorga-
nized as their bedrooms, backpacks and school lockers.”38
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What is Epilepsy?
Epilepsy is one of the most common neurological disorders 
worldwide. It is most generally characterized by recurrent 
seizures.3 Epileptics are incredibly diverse in both the type 
and severity of the seizures they experience. A seizure can 
be broadly defined as an episode of uncontrolled activity 
within the brain that can affect behavior and attention.4 
In classifying epilepsies, two main categories can be es-
tablished depending on whether or not the seizure affects 
the entire brain (general) or just a localized area (partial). 
General epilepsy has a strong genetic connection, and is 
usually associated with a defect of the ion channels that 
allow signals to travel through the brain.5

 Partial seizures are less understood, but are associated 
with trauma, strokes, and tumors in localized areas of the 
brain, usually in the medial temporal lobe (the area behind 
your ears).6 Musical epilepsy falls into this category and 
can be further categorized as reflex epilepsy, in which a 
trigger causes the seizure. For a very small percentage of 
epileptics, solving math problems, reading, specific tastes, 
and listening to music can cause a seizure.7 

How is Sound Perceived?
To fully understand musical epilepsy, one must under-
stand the perception of music and sound in general. Sound 
is at its essence just waves of air pressure that are translat-
ed into neural signals in the inner ear. These signals travel 
to the auditory cortex, where pitch, contour (how one pitch 
relates to the pitches surrounding it) and other aspects of 
complex sounds are decoded. The auditory cortex inter-
acts with many other brain regions (especially the frontal 
lobe) to create and store musical memories and to produce 
emotional associations.8 Although much more is known to-
day than in the past, a discussion of musicogenic epilepsy 
is only complete by starting at the beginning of its life as 
an observed neurological disorder and moving forward to 
the present.

McDonald Critchley: The Beginnings
While cases of musicogenic epilepsy had been reported be-
fore in “obscure journals of Russian psychiatry”, McDonald 
Critchley, an English neurologist, coined the term “musi-
cogenic epilepsy” in 1937 in his groundbreaking paper of 
the same name.9 Critchley first came upon this condition 
in 1931, when he saw a patient who had suffered “bouts 
of faintness” upon hearing music for seven years previous. 
After finding the patient to be in otherwise good health, 
Critchley administered a novel test to see if he could re-
produce the symptoms the patient described. After just 
fifteen seconds of listening to a recording of Tchaikovsky’s 
“The Waltz of the Flowers” 

   n recent years, music has been the subject of much attention for its therapeutic value, 
   but for a minute portion of the population, music can cause more harm than good. For 
   these people, hearing certain music, which is specific and unique to each individual, 
   can trigger a seizure. One of the earliest reported cases of musicogenic epilepsy was 
             that of the 19th century Russian music critic, Nikonov. According to a firsthand account, “Dur-
ing the ice-skating Ballet in the third act [of the long since forgotten opera The Prophet by Mey-
erbeer], he became tremulous, sweated profusely, and his left eye began to twitch.”1 Eventually, 
Nikonov’s seizures became so bad he was forced to renounce his profession entirely and flee 
when he came across any sort of band on the street. He went on to publish a pamphlet The Fear 
of Music, concerning his unique and somewhat tragic relationship with music.
    To cite a more contemporary case detailed in Scientific American, Stacey Gayle, a twenty-two 
year old New York woman, began to experience seizures triggered by the Sean Paul song “Tem-
perature,” this at a time when “Temperature” was at the top of popular music charts. The song’s 
ubiquity was a curse for Gayle, who would promptly seize upon hearing the song at parties. The 
seizures soon began to be triggered by other popular music such as that of Rihanna and Sean 
Kingston. Ultimately, the seizures became so debilitating that daily life became impossible and 
Gayle had surgery to remove a portion of her right temporal lobe that her doctors implicated 
as the root cause of her seizures. The surgery was successful and today she lives a normal life.2 

Although the surgery cured Gayle, it is still largely unclear what role music plays in acting as a 
trigger of epilepsy. However, it is clear that understanding musicogenic epilepsy will lead to a 
greater understanding of how music affects the brain.

I
When the Song in Your Head Triggers Seizures

Kameron Clayton

Musical Epilepsy: 

 

Critchley goes on to describe three more of his own cases 
and a few additional cases of his contemporaries. One of 
Critchley’s main accomplishments was demonstrating that 
a specific musical stimulus was needed to trigger musi-
cogenic epilepsy, distinguishing it from seizures simply 
caused by noise. Furthermore, Critchley offered several 
hypotheses as to the cause of musicogenic seizures.  First, 
he noticed that musicogenic epilepsy appears later in life 
than most other forms of epilepsy. The onset of the disor-
der typically occurs around the age of twenty. Second, a 
greater percentage of patients were musically educated 
versus the percentage of patients who had no previous 
musical experience. Most startlingly and most compel-
lingly, in at least one case, Critchley noted that if the music 
was heard but not actively listened to, a seizure would not 
follow (this is a tricky distinction: it is the difference be-
tween walking down the street and hearing background 
music, but not consciously acknowledging it, and diverting 
one’s full attention to a performance or a recording). How-
ever, with only a handful of cases, Critchley himself noted 
that he was limited by his sample size.11 Ultimately, the 
unanswered question was whether the cause of the con-
dition was physiological or psychological; either caused by 
a change in blood flow to the brain or due to some condi-
tioned response.

Locating Musicogenic Epilepsy in the Brain
Exactly twenty years following Critchley’s pioneering 
study, two neurologists from the Mayo Clinic, David Daly 
and Maurice Barry, picked up where Critchley had left 
off. They included three of their own cases, but more no-
tably included mention of some thirty cases that had been 
found within the literature, a step forward from the sparse 
handful that Critchley was aware of. They were working at 
what was a watershed moment for musicogenic epilepsy 
research; within a span of ten years surrounding 1960, 
many other neurologists published significant papers on 
the subject, including a study by Sutherling, Hershman, 
and Miller, that documented a case in which an organist 
seized every time he played a specific hymn, one of the 

“[The patient’s] face took on a restless and 
pained expression, and the respiration 
became labored. The eyelids opened and 
shut rapidly, and then began to flutter…her 
lip’s performed rapid smacking movements 
as if she tasted something unpleasant. A 
fixed and vacant expression became notice-
able, followed by general clonic convulsions 
[uncontrolled muscle spasms]”.10

Artwork by Alex Miller



26           THE NERVE  Fall 2012                   THE NERVE  Fall 2012            27

only cases in which playing music triggered seizures.12 
Based on the cases Daly and Barry observed, they came up 
with a groundbreaking hypothesis:

 In not so many words, Daly and Barry localized the 
origin of musical seizures and then proceeded to hypoth-
esize what exactly could cause a musicogenic seizure. As 
a hypothesis, it is quite appealing, as the temporal lobe 
is responsible for auditory processing and also contains 
memory centers of the brain.14 These functions intertwine 
elegantly in their hypothesis in the notion that damage to 
a region that is responsible for long-term musical memory 
could trigger a seizure each time the musical memory is re-
enacted when there is a lesion in this location in the brain.

Treatment
Treatment for musicogenic epilepsy is on a case-by-case 
basis. At the least invasive end of the spectrum, avoid-
ance works for some. This treatment simply entails flee-
ing at the first sign of music that is known to trigger sei-
zures. However, this treatment would appear to be less 
and less successful today, as music has increasingly be-
come a part of everyday life; recorded music (or Muzak) 
constantly plays as we go about our days. This is particu-
larly evident in the case of Gayle and the ubiquity of the 
song “Temperature.”
 Secondly, psychotherapy can, in some cases, be effec-
tive. This was documented during the 1960’s in studies by 
the neurologist Francis Forster at the University of Wis-
consin, in which he gradually conditioned patients out of 
experiencing musicogenic seizures. In one example, the 
patient experienced seizures when listening to “Stardust” 
by Glenn Miller. Forster found that if the piece was played 
on piano or organ as opposed to its traditional instrumen-
tation (a large jazz band), the seizure was avoided. Thus, he 
began therapy by playing huge chunks of “Stardust” on or-
gan followed by a tiny fragment of the original. After 350 
hours of therapy, Forster gradually conditioned the pa-
tient to be able to listen to the entire original recording.15 

It is important to note again that this novel therapy will not 
work in all cases, so other means of treatments are needed. 

 In many cases, a number of drugs used to treat epilepsy 
are tested by the patient for efficacy. This, too, can reduce 
the frequency of seizures, but generally doesn’t eliminate 
seizures completely. In the most extreme cases, the of-
fending region of the brain can be surgically removed as 
demonstrated in Gayle’s case. This has shown to also be ef-
fective in treating the condition, but comes with the risk of 
memory impairment. 

Musicogenic Epilepsy Today: Looking Forward
A surge in the field of neuroscience concerned with the 
study of music and the brain over the past twenty years 
has offered many new insights that could potentially shed 
light on the mechanisms responsible for musicogenic epi-
lepsy. Particularly, the issue of identifying the brain areas 
involved in the emotional cognition of music, as well as 
the brain areas responsible for musical memories have 
begun to become clear. What makes the relation between 
music and emotion so complex is that social and cultural 
factors influence our perception.16 We all know intuitively 
that everyone has different preferences in music and, fur-
ther, that music that induces euphoria in one person could 
cause another to put their hands to their ears. 
 While there is much further to go in understanding the 
relationship to emotion, most neurologists agree that emo-
tion plays a large role in the triggering of a musicogenic 
seizure. One researcher has demonstrated that the right 
orbitofrontal area is activated prior to a musicogenic sei-
zure, an area that has been implicated in the emotional 
response to music.17 When we consider this in light of re-
search demonstrating that emotional stimulation in an 
epileptic’s brain depends on huge matrices of neurons 
linked through strengthened connections (which comes 
from repetition of the stimulus), it seems quite promising 
as a cause of musicogenic epilepsy. 
 However, there are those for whom this engrained emo-
tional response does not exist. Musicogenic epilepsy has 
been reported in a six-month old patient and in response 
to very simple musical patterns (a repeated rhythm or a 
series of pitches).18 Currently, we cannot account for why 
these patients would be prone to musical triggers. It may 
be that musicogenic epilepsy is a misnomer for multiple 
convulsive disorders brought on by music.
 In the face of this paradoxical problem, research con-
tinues on the mechanisms that underlie musicogenic epi-
lepsy. Along the way to fully understanding this very rare 
type of epilepsy, we are sure to learn more about the emo-
tional, musical brain, which will undoubtedly cast light on 
to the role that music plays in our lives. Perhaps this 1-in-
10 million disease19 will reveal the mechanisms behind our 
experience of joy, sadness, and every emotion in between 
each time we hear music. 
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“It may be argued that the recording of 
musical memory patterns was being car-
ried out in an area of the temporal lobe 
involved in the epileptogenic process. Thus, 
the complex sensory pattern of musi-
cal themes was recorded in a part of the 
cortex sensitized by the epileptic process. 
Subsequent excitation of this pattern, on 
once again hearing a piece would be associ-
ated with excess discharges [essentially, a 
seizure].”13

 

Twelve years after the Decade of the Brain, the brain is still 
full of mysteries. Although we know a great deal about it, 
most of the fundamental questions are yet to be answered. 
Neuroscience has benefited a lot from interdisciplinary 
approaches. For example, anthropology can be particu-
larly helpful in explaining how the brain operates, because 
it places Homo sapiens and its ancestors on a timeline and 
contemplates the evolutionary pressures that gave rise to 
our complex brain and its mechanisms.
 Humans are uniquely, highly encephalized: “the average 
human has a brain 1.04 kilograms larger than what would 
be expected for the average mammal of the same body 
mass.”1 What explains the rapid evolutionary expansion 
of this extremely demanding organ, which, in its current 
size, is just two percent of our body mass but uses twenty 
percent of our energy budget? To understand the selec-
tive pressures underlying hominid brain evolution, we can 
study the great apes, especially chimpanzees and bonobos, 
with whom we share a 7-million-year-old common ances-
tor. We can also study Neanderthals, who are now taxo-
nomically classified as Homo sapiens neanderthalensis 
due to interbreeding with Homo sapiens.2 Recent evidence 
shows that they have contributed to the human gene pool 
by transmitting the microcephalin gene, which prevents 
microcephaly, a neurodevelopmental disorder, by regulat-
ing brain growth.3 Another focal point to consider when 
constructing a timeline is the two periods of rapid brain ex-
pansion. The first period correlates with the emergence of 
the genus Homo, around two million years ago. That is not 
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surprising, given that our genus is defined by the increase 
in cranial capacity. The second period correlates with the 
emergence of archaic Homo sapiens during the Middle 
Pleistocene (781 to 126 thousand years ago). If we manage 
to reconstruct the ecological conditions during these pe-
riods, we can make socio-ecological inferences about how 
and why our brains evolved.
 One of the most important questions in evolutionary 
neuroscience research is to understand the origins of our 
genus Homo, and the causes and consequences of the ini-
tial period of rapid brain expansion that accompanied it. 
The Expensive Tissue Hypothesis, proposed by Leslie Aiello 
and Peter Wheeler, argues, “the metabolic requirements of 
relatively large brains are offset by a corresponding reduc-
tion of the gut,”4 and proposes evidence that supports it. Ac-
cording to the hypothesis, we were only able to take on 
the metabolic burden of large brains with a dietary shift 
to high quality foods that reduced the energy invested 
in our guts.
 Before further discussing the hypothesis, the reasons 
behind the brain’s metabolic demands need to be under-
stood. The majority of the metabolic cost comes from the 
ion pumping that is necessary to maintain every neuron’s 
resting potential, the charge that exists for an electrically 
inactive neuron. It is crucial that the neuron comes back 
to its resting state after firing, since the same equilibrium 
will be necessary for the next firing to occur.5 Another 
metabolic cost comes from the recurrent synthesis of neu-
rotransmitters that are destroyed in the synaptic cleft, 
such as acetylcholine. The brain’s inability to store energy 
reserves obligates the body to constantly supply the brain 
with oxygen and substrate.
 It is evident that a larger brain requires greater ener-
getic resources. The daily amount of energy consumed by 
an animal at rest is known as the Basal Metabolic Rate. One 
would expect that BMR is positively related to brain size, 
such that mammals with very large brains, like humans, 
would have very high BMRs. However, that is not the case; 
the mean BMR of humans is extremely close to the BMR of 
other primates and placental mammals. 
 The Expensive Tissue hypothesis offers a potential solu-
tion to this puzzling observation: the “compensatory reduc-
tion in the relative mass of one or more of the metabolically 
costly organs of the body.”6 This means that both the brain 
and another organ (or organs) coevolved to make up for 
the metabolic cost of the brain. Offering such a model re-
quires an investigation of what makes up our Basal Meta-
bolic Rate. Using measurements of oxygen consumption 
rates by different tissues, Ailleo and Wheeler determined 
that the most metabolically expensive human organs after 
the brain were the heart, kidneys, liver and gut. Perfusion 
experiments indicate that, “together with the brain, they 
account for 60-70% of BMR despite making up less than 

7% of total body mass.”7 These experiments operate with 
a principle similar to MRI—they keep track of the rates of 
blood flow and map out the expensive tissues accordingly. 
Since the BMR supply is the same and the demand cannot 
be elevated, a coevolution must have taken place. Ailleo 
and Wheeler present the combined mass of these expen-
sive tissues in humans and compute the same sum for a 
primate of the same mass (see figure and table below).

(Aiello & Wheeler, 1995)

    

 The results are extremely similar (4400 grams for hu-
mans and 4452 grams for a hypothetical computed pri-
mate of the same mass). What differs is the distribution of 
this sum; the brain takes up 1300 grams in humans, com-
pared to a predicted value of only 450 grams in a primate 
of the same body mass as the average human, but there is 
a very large reduction in the human gut (1100 grams com-
pared to a prediction of 1881 grams for a primate with the 
same body mass). Other values are comparable.
 Since the majority of heart tissue is responsible for con-
tracting the cardiac muscle, no reduction of the heart is 
possible. Persistence hunting, a hunter-gatherer method 
that is based on tracking pray until exhaustion, requires 
cardiovascular performance, and a smaller heart muscle 
would inhibit that. A reduction in kidney size would result 
in problems with urine concentration and would end up 
preventing us from releasing toxins. Lastly, a reduction 
in skeletal muscle to compensate is not possible, since it 
would require a reduction of 70% of our skeletal muscle 

to cancel out the metabolic cost of our enlarged brains. If 
this were to happen, we would be at a clear disadvantage 
in terms of fitness.
 What are the implications of this reduction? We cannot 
survive off of leaves, piths, barks and fruit like gorillas 
do; we need “sophisticated” easily digestible high-quality 
foods. Even the most isolated hunter-gatherer groups cook 
their food. It is a universal principle that has no exception. 
This implies that cooking is one of the primary factors that 
liberated us from our guts and freed up energy for the 
brain. Cooking softens food, reduces toxins, reduces phys-
ical barriers, bursts cells, changes molecular structure, 
increases starch/fiber and protein digestion, increases 
dietary breadth, and decreases cost of digestion. It helps 
us get a greater amount of energy from the same amount 
of food much more efficiently.8 With the help of the first 
stone tools, which also date back to right before the emer-
gence of Homo, much of digestion is accomplished ex-
ternally through cooking; therefore, we spend less time 
digesting (see figure below). This has consequences re-
flected in our morphology as well as in other organisms. 
The major reflections in our morphology are a change for 
weaker jaw muscles and a major reduction in tooth size, 
since we do not need to invest heavily in these parts of our 
bodies anymore.9 Studies with tapeworm genetics confirm 
a shift in diet toward more easy-to-digest, animal-derived 
foods. The shift in our dietary habits gave rise to a split 
in tapeworm lineage and led to the emergence of Taenia 
tapeworms, which specialize in human definitive hosts.10 

 
     
     
 Aiello and Wheeler note that this coevolution is not a 
“prime mover” but a “prime releaser,” meaning that this 
does not trigger the expansion of the brain, but enables it. 
The Expensive Tissue Hypothesis does not explain what 
the evolutionary pressure was but explains how it was 
possible for our brains to expand. Ecological and Social 
hypotheses have been proposed as the cause of our brain 
expansion. These hypotheses propose the benefits of ad-
vanced foraging methods and social memory as a selective 
pressure for our large brains.
 Evolution can produce fascinatingly complex organisms 
like humans. In the pursuit of knowledge as to how the 
brain operates, the functional explanations of these pro-
cesses are extremely valuable. A single phenomenon like 

(Aiello & Wheeler, 1995)

this has implications on different levels, and concerning 
different disciplines. Unlike chimpanzees, we do not spend 
half our day feeding, and this frees up a lot of time, which 
triggers the complex cultural evolution we underwent. It 
leads to more changes in the ecosystem, like tapeworm 
lineages being split. It also reflects in our morphology and 
alters the species as a whole. Only through interdisciplin-
ary investigations like this can we construct what it means 
to be human.

Emre Alpagut is a sophomore studying Neuroscience 
and minoring in Anthropology in the College of Arts and 
Sciences. He is interested in evolutionary psychology and 
hopes to work with great apes in the future.
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founder of Communist party, Vladimir Lenin. Lenin 
suffered numerous strokes, yet was able to participate in 
conversations; he was able to communicate with his wife 
using alphabet cards.7 It is obvious that Lenin did not fail 
to understand the language spoken around him; only 
his ability to create speech was impaired. Not all aphasic 
patients are completely hindered in terms of language 
comprehension and execution. Cases vary greatly by 
situation and by person. 
    Aphasia is also linked to damage in Wernicke’s area, 
the locale in the temporal lobe where language is 
comprehended. Damage to Wernicke’s area leads to an 
inability to comprehend spoken language. Although 
individuals with this type of aphasia do not understand 
language, they are often still capable of producing it. 
People with this diagnosis often produce sentences with 
little to no meaning. The myriad of aphasic cases shows 
that aphasia can affect many types of individuals – 
aphasia does not discriminate. 
    Patients are diagnosed with aphasia through various 
types of evaluations. Some diagnostic tools used are 
magnetic resonance imaging (MRI) and computed 
tomography (CT) scans, which determine what area of 
the brain is damaged.8 Once the area of interest has 
been determined, scientists can confirm whether critical 
speech processing regions, such as Broca’s or Wernicke’s 
area, have been damaged. Standardized tests such as 
the Boston Diagnostic Aphasia Examination and Western 
Aphasia Battery are also used in the diagnosis process. The 
Boston Diagnostic Aphasia Examination is administered 
by a speech-language pathologist, and uses stimuli such 
as term cards to test the scope of aphasic abilities.9 The 
Western Aphasia battery, on the other hand, determines 
which skills have been affected, for example, content, 
fluency, auditory comprehension, etc, through tests 
that don’t involve phonetic skills.10 These are merely two 
examples of the many tests that act as neuropsychological 
aphasia measurements.11 Neuropsychological testing 
utilizes diverse sets of verbal and nonverbal responses to 
evaluate the connection between the brain and the extent 
of a communication disorder. An example of such a test 
would be a “Trail Making Test,” which involves drawing 
lines between various letters and numbers as fast as 
possible. The results from this test help link particular 
areas of brain damage to lack of memory.12 Great strides 
have been made in the area of testing for communication 
disorders and many are yet to come. 
    For those diagnosed with aphasia, treatment is often 
suggested. It is impossible, however, for the disorder to be 
cured. Current aphasia research is not entirely conclusive 
in terms of efficacy of treatment, but speech-language 

pathologists generally suggest some form of treatment 
or therapy based on positive experience with patients.13 
Patients who participate in treatment also add valuable 
data to ongoing aphasia research. Data indicates positive 
associations between frequency and number of stimuli 
used in therapy and the effectiveness of the treatment.14 
One treatment that appears to be especially promising 
is Constrained Induced Language Therapy, which is an 
extremely intensive therapy based entirely on verbal 
responses to re-teach certain communication skills.15 
Another popular treatment method is Stimulation-
Facilitation Therapy; this deficit-based therapy uses 
auditory repetition to build understanding of certain 
words or phrases and other language aspects.16 Many 
other methods are used in the attempt to rebuild 
comprehension abilities, with the intent of normalizing 
the patient’s lifestyle.
    Boston University houses its own aphasia research 
at the Harold Goodglass Aphasia Research Center and 
BU Aphasia Research Laboratory. Many professors 
and graduate students from Boston University and 
surrounding schools are participating in various projects, 
such as how changes in cognitive language relate to 
age and identifying how different parts of the brain are 
involved in speech mechanisms.17 One such study is “Neural 
Networks and Language Recovery in Aphasia from Stroke 
FMRI Studies,” conducted by the Goodglass Research 
Center. The study plans on utilizing fMRI to detect 
reorganization of the brain in aphasic stroke victims.18 
The BU Aphasia Research Laboratory is also working on 
relating fMRI studies to monolingual and bilingual aphasic 
individuals, as well as computer simulations to predict 
which treatments will be successful with each patient.19,20

    Aphasia is an important disorder to target because 
as life expectancy increases, it’s logical to assume that 
more individuals will suffer from the disease. Language 
disorders are very common in society today, and the 
improvement of knowledge and research in the field will 
help to improve the lifestyles of those who suffer from 
these disorders. The potential of aphasia to impact the lives 
of individuals suffering from it makes it a key disorder in 
the study of speech and language neuroscience.
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APHASIA: 
When Communication Doesn’t Come Easily

Carolyn Michener

         o many, the ability to understand and speak a 
         language seems to be an innate human ability. 
     The vast majority of the population utilizes 
           some shape or form of communication, whether 
through writing, speaking, or hand gestures. Our society 
is built upon the assumption that individuals are capable 
of understanding signs on the street and following spoken 
commands. Language is an essential part of humanity, 
and has been since ancient times. There are, however, 
individuals for whom language does not come with ease. 
Those who suffer from communication disorders are not 
always gifted with the ability to speak. One communication 
disorder, aphasia, is particularly destructive to one’s 
ability to communicate. Aphasia is generally defined 
as a disruption in understanding or creating speech, 
usually as a result of brain damage.1 Within the past few 
centuries, the understanding and efficacy of treatments 
of aphasia have drastically increased; this has ultimately 
led to promising results for future aphasic patients.
    Aphasia is usually brought about by brain trauma, be it 
a head injury, stroke, or brain tumor.2 Generally, aphasia 
is associated with the occurrence of a stroke; in fact an 
estimated 25-40% of stroke victims suffer from aphasia 
as a result.3 A common misconception regarding aphasia 
is that only the elderly can be aphasic. Due to the wide 
range of sources of aphasia, an individual of any age can 
be diagnosed with the disorder. For example, David Dow 
of Ohio had a stroke at age ten and has struggled with 
aphasia since.4 
    Paul Broca diagnosed the first case of aphasia in 1861. 
Broca performed an autopsy on 51-year-old Mr. “Tan” 
Leborgne, who suffered from a communication disorder. 
Autopsy results revealed the presence of brain lesions 
in the left frontal lobe of Mr. Leborgne’s brain.5 Those 
studying communication disorders now know this area as 
Broca’s area; its destruction leads to the inability to create 
speech. Aphasic patients, like Mr. Leborgne, are often 
found to utter phrases that make little sense to the average 
listener; Mr. Leborgne earned the name “Tan” because he 
would say “Tan tan” repeatedly, no matter what question 
was asked of him.6 Another famous case of aphasia is 

T
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If you are able to see this string of symbols as a line of mean-
ingful units, you are performing an extraordinary task. Many 
people take for granted the ability to read, however, not ev-
eryone can do it so effortlessly. Dyslexia in its broadest sense 
is consistent difficulty reading despite having the neces-
sary education, intelligence, and opportunity. Definitions of 
the disorder that are more specific and in-depth have been 
heavily debated and revised countless times since the term 
‘dyslexia’ was coined in the 1800s. One theory on the cause 
of dyslexia would lead to it being overly diagnosed while the 
next would question its very existence. In the past few de-
cades, advances in neuroimaging technologies have allowed 
researchers to study the neural mechanisms of Dyslexia, 
enabling them to test predictions made on the basis of long-
standing psychological theories formed over the years. The 
two prevailing theories are the Phonological Deficit Hypoth-
esis and the Magnocellular Theory. Both are supported by ex-
tensive experimentation and concrete evidence but neither 
has been agreed upon as the universal explanation of the 
disorder. The latest Dyslexia research aims at determining 
which, if either, of these two theories is an appropriate model 
of Dyslexia. 

Dyslexia  Described

As is the case for many complex disorders, there is no 
single definition of Dyslexia. Decades of study have led to 
the development and modification of many descriptions of 
the disorder, each based on the distinctive findings of dif-
ferent research groups with different goals.1 Despite their 
subtle differences, most current descriptions have certain 
aspects in common. First, many institutions use the phrase 
‘Developmental Dyslexia’ rather than simply ‘Dyslexia.’ 
This variation is used because the condition that is tradi-

tionally associated with the word ‘dyslexia’ is persistent 
and presents itself at a young age, as opposed to condi-
tions with similar symptoms that are caused by a discrete 
postnatal brain injury.2 Many descriptions specify this by 
indicating that Dyslexia is a result of a genetic risk factor.3 
For our purposes, ‘Dyslexia’ and ‘Developmental Dyslexia’ 
will be used interchangeably. Secondly, most groups iden-
tify Dyslexia as a learning disability, which the National 
Center for Learning Disabilities specifies as a neurologi-
cal disorder rather than “a ‘difference’ or ‘difficulty’ with 
learning.”4 This distinction is essential because Dyslexia 
has historically been mistaken as the result of low general 
intelligence or lack of proper instruction.  Although a child 
with dyslexia and a child without dyslexia could have the 
same reading skills, the cause of their impairments is not 
the same. Accordingly, the core definition of Dyslexia is 
that it entails a difficulty with reading despite otherwise 
normal intellectual functioning and educational opportu-
nities.5 Finally, descriptions of Dyslexia include symptoms 
like trouble with spelling, difficulty identifying words, and 
problems learning to read in general. The International 
Dyslexia Association integrates all of the commonalities 
with the following definition: 

This description and many others like it do not mention 
other symptoms associated with Dyslexia. This is due to 
the diversity of symptoms and to the inconsistency in 
which secondary symptoms appear. Perceptual problems 
in the visual, auditory and tactile domains, and problems 
with balance and motor control are among the symptoms 
that have been observed in many, but not all Dyslexics. 

Levels  at  which  Dyslexia  is  characterized  

Beneath its basic description and diverse set of symptoms, 
Dyslexia is a highly multifaceted disorder. Researchers at-
tempt to characterize Dyslexia at four different levels: ge-
netic, neurobiological, cognitive, and behavioral. They seek 
to relate findings at each level and map pathways of those 
relationships, ultimately revealing any causal connec-
tions between the levels.7 Other problems associated with 
Dyslexia include problems with phonology, which is the 
mental representation and processing of speech sounds. 
It has been estimated that one-third of Dyslexics exhibit 

phonological processing deficits that consist of problems 
that limit their ability to separate out speech sounds and 
recombine them in a new order.8 This inconsistency could 
be explained by the fact that Dyslexia is frequently comor-
bid with other neurodevelopmental disorders like Specific 
Language Impairment (SLI) and Attention Deficit Hyper-
activity Disorder (ADHD).9 But this explanation begs the 
question: why are we concerned with secondary symptoms 
like auditory deficits if they appear infrequently and can 
be accounted for by comorbidity? The answer lies in the 
fact that researchers are still trying to confidently identify 
the cause of Dyslexia. It has been found that 1/3 of people 
with Dyslexia who exhibit an auditory impairment also 
have a more severe phonological deficit. This discovery 
indicates that there may be a connection between reading 
impairment, which is the core characteristic of Dyslexia, 
and deficiencies in phonological processing.10 To make 
sense of the varying symptoms, determine their relation-
ships, and identify a cause of Dyslexia, researchers typi-
cally follow one of two theoretical approaches. These two 
approaches mark a significant difference between the 
Phonological Processing Deficit Hypothesis and the Mag-
nocellular Theory of Dyslexia.11

Phonological  Deficit  Hypothesis  

The Phonological Deficit Hypothesis, which was first pro-
posed in the 1970s, approaches the varied symptoms asso-
ciated with Dyslexia by concentrating on the one cognitive 
system that is believed to have the most causal role in the 
disorder. As its name indicates, this theory focuses on pho-
nological processing and treats all other potential symp-
toms of Dyslexia as comorbid markers with no causal re-
lationship to reading disability. At the biological level, the 
Phonological Deficit Hypothesis proposes that Dyslexia is 
caused by a genetic risk factor that, combined with events 
occurring during gestation, causes physical anomalies in 
the language-processing area of the left hemisphere.12 In 
terms of cognition, the Phonological Deficit Hypothesis is 
based on the process by which we learn to read. In order to 
learn an alphabetic writing system, the brain must associ-
ate individual phonemes (i.e., the smallest units of sound in 
a language) with the corresponding graphemes (i.e., alpha-
betic letters) that are written but represent spoken sound. 
The brain needs to be able to distinguish individual pho-
nemes in order for reading to be carried out properly. Con-
sequently, this process relies heavily on the brain’s ability 
to reliably hear, represent, and recall phonemes. The Pho-
nological Deficit Hypothesis maintains that the core cogni-
tive deficit of Dyslexia lies in the formation and manipu-
lation of these crucial phonological representations. This 
essentially leads to poor mapping of letters to sounds and 
thus leads to difficulty reading and performing phonologi-
cal tasks.13 In terms of behavior, the Phonological Deficit 

Hypothesis cites poor grapheme-phoneme mapping as 
the cause of the most common characteristic of Dyslexia: 
poor reading. It is not concerned with the sensory and 
motor symptoms that can accompany reading disability 
in Dyslexics. Instead, the Phonological Deficit Hypothesis 
considers all non-phonological symptoms to be comorbid 
and unrelated to the core cognitive deficit.14 This distinc-
tion sets the Phonological Deficit Hypothesis apart from 
its rival hypothesis, the Magnocellular Theory of Dyslexia. 

Magnocellular  Theory

The Magnocellular Theory, which was proposed years af-
ter the Phonological Deficit Hypothesis, takes a different 
theoretical approach to the complex and varied symptoms 
of Dyslexia. It identifies a high-level sensory processing 
pathway as the primary cause of the disorder. Unlike the 
Phonological Deficit Hypothesis, the Magnocellular Theo-
ry maintains that some of the symptoms not consistently 
seen in Dyslexics are evidence of the underlying cause of 
Dyslexia and are not merely symptoms of a comorbid dis-
order.15 The Magnocellular Theory is based on the concept 
that our visual system is divided into two neuronal path-
ways.16 The first is the parvocellular pathway, which re-
sponds most strongly to stimuli that are different in color, 
high in contrast, and reverse contrast slowly. The other is 
the magnocellular pathway, which responds best to stimuli 
that are color neutral, low in contrast, and reverse contrast 
quickly.17 The theory points to a widespread dysfunction 
of cells in the visual magnocellular pathway and in the 
associated auditory magnocellular pathway.18 In terms 
of reading disability, this dysfunction is thought to have 
two important consequences. First, the deficient auditory 
pathways cause difficulty in processing sounds, which 
leads to a phonological deficit. This deficit described by the 
Magnocellular Theory does not have the same origin as the 
deficit described by the Phonological Deficit Hypothesis, 
yet it would cause the same reading disability. Second, the 
deficient magnocellular pathways cause difficulties with 
visual perception and binocular control, both of which 
could cause or exacerbate poor reading.19 By giving higher 
order sensory processing pathways a causal role in Dys-
lexia, the Magnocellular Theory is also able to account for 
the presence of the many secondary visual and auditory 
manifestations. The Magnocellular Theory ultimately ex-
plains the presence of reading disability through both an 
auditory-phonological deficit and a visual deficit.

Theories  Compared

The differences between the Phonological Deficit Hypoth-
esis and Magnocellular Theory are apparent even in the 
short descriptions above. They take opposing theoretical 
approaches to Dyslexia, identify causes in completely dif-
ferent neurological systems, and acknowledge unique sets 

COMPETING
THEORIES

EXPLAINED

Dyslexia:  

Elizabeth Tingley

“Dyslexia is a specific learning disability that 
is neurological in origin. It is characterized 
by difficulties with accurate and/or fluent 
word recognition and by poor spelling and 
decoding abilities. Secondary consequences 
may include problems in reading compre-
hension and reduced reading experience 
that can impede the growth of vocabulary 
and background knowledge.”6 
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of symptoms. Despite these differences, there are differ-
ent bodies of literature and study that support (or refute) 
both theories. Much of the current study of Dyslexia is 
therefore focused on determining which theory is a more 
accurate model. At first glance, the Magnocellular Theory 
appears to be a better model of Dyslexia because it extends 
the Phonological Deficit Hypothesis. The Magnocellular 
Theory provides a neurological cause of the disorder and 
accounts for the high incidence of sensory symptoms in 
Dyslexics instead of segregating them as comorbid mark-
ers. Additionally, it is the culmination of many theories that 
cite auditory or visual dysfunction as the cause of reading 
disability in Dyslexia.20 Following this line of thought, it ap-
pears that the Magnocellular Theory is the more accurate 
hypothesis, but I don’t believe this to be the case.
 The Magnocellular Theory may not actually be the most 
appropriate model of Dyslexia, particularly because it 
doesn’t explain the inconsistent appearance of sensory 
symptoms both within and across different populations of 
individuals with Dyslexia. While studying the hypothesis, 
I had to wonder: If dysfunction of the visual magnocellu-
lar pathway were the cause of a phonological deficit and 
thus reading disability, wouldn’t all Dyslexics exhibit some 
degree of visual impairment, especially those with severe 
reading disability? And if that dysfunction also existed 
in the auditory magnocellular pathway, wouldn’t some 
extent of auditory impairment be consistently found in 
people with Dyslexia? Many studies have been performed 
over the past few years in an attempt to shed light on this 
question by determining the extent of sensory and motor 
deficits and, ultimately, evaluating the validity of the Mag-
nocellular Theory. One study for example, administered a 
battery of psychometric, phonological, auditory, visual, and 
cerebellar tests to a group of 16 Dyslexic college students. 
It was found that all 16 Dyslexic students suffered from a 

phonological deficit while 10 had an auditory deficit, four 
had a motor deficit, and two had a visual (magnocellular) 
deficit. Researchers concluded that these results support-
ed the Phonological Deficit Hypothesis more strongly than 
the Magnocellular Theory.21 To me, this study and many 
similar to it only help to confirm my belief that the Phono-
logical Deficit Hypothesis is a more appropriate model of 
Dyslexia. It may not be comprehensive enough on its own, 
but it has the potential to serve as an excellent founda-
tion for future theories. While I have more confidence in 
a hypothesis that accurately accounts for only some of the 
complexities of Dyslexia, other people believe that a hy-
pothesis with less support and more breadth is a better fit. 
As research continues, the hypotheses are further refined 
and we come closer and closer to understanding the cause 
of the phonological deficit and ultimately to understand-
ing the mysteries of Dyslexia.
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Approximately one in six people have a mental health is-
sue.1 With the frequency of diagnosed neurological disor-
ders on the rise, cures and remedies for these issues are 
becoming the focus of many researchers. There are three 
traditional routes that professionals use to treat mental 
health problems: pharmaceuticals, electrostimulation, and 
talk therapy. Although drugs have proven successful in 
alleviating certain symptoms, they essentially bathe the 
brain in chemicals. Many of these have side effects that 
outweigh the benefits of the medication. Electrostimu-
lation has had a bright past, being used to treat diseases 
such as Parkinson’s Disease and depression. However, 
similar to pharmaceuticals, there are many negative side 
effects that go along with this method, considering elec-
tricity flows in all directions and follows the path of least 
resistance. Both of these treatments affect normal and 
abnormal parts of the brain. An ability to precisely target 
information to the negatively affected areas of the brain is 
essential for treating neurological disorders. 
 Optogenetics has emerged as another potential line of 
defense in the treatment of mental health problems. The 
technique uses light to activate or silence a cell without 
affecting neighboring cells and circuitry. Proteins that 
act like solar cells are fixed to the membrane of neurons. 
They are then targeted using optical fibers connected 
to lasers. The light either activates or inhibits the cell, 
changing its activity. 
 Optogenetics began in 2005 with biological research of 
the green algae, Chlamydomonas. It uses a small eyespot 
that is activated by blue light to find the best orientation 
for photosynthesis. This eyespot contains channelrhodop-
sins, which are ion channels that move positively charged 
ions across the membrane when exposed to blue light. The 
influx of ions is similar to what a neuron experiences when 
firing. Researchers realized that putting channelrhodop-
sin into select neurons would work as a precise way to tar-
get those specific cells using light.

     Using genetic engineering, scientists can insert the ion 
channels into brain cells. They take the part of the DNA 
that codes for the channelrhodopsin protein and a pro-
moter and put it into a virus. The virus gets injected into 
the brain and infects neurons that will express the DNA 
as channels in the cell membrane. The promoter initiates 
transcription of the gene that integrates the code for pro-
duction of channelrhodopsin in the cell membrane. How-
ever, optogenetics research is much more than just the 
genetic alteration of neurons to react to light. 
 Scientists are constantly looking out for organisms that 
have genetic coding for different light-sensitive proteins. 
Additionally, genetic alteration is being done on already-
discovered genes to modify the amplitude or kinetics of 
the currents.2 Using projection targeting, which is traf-
ficking engineered gene products down axons to axon 
terminals, entire circuits can be made to respond to light. 
By using viruses that transduce axon terminals, such as 
herpes simplex virus, specific neurons can be targeted by 
projection. Another method to look at specific circuits is to 
use the rabies virus. The rabies virus is known for its ability 
to travel trans-synaptically from neuron to neuron. In the 
type of rabies virus used for this technique, the virus can 
only be copied once, and therefore stops after one single 
synapse jump.3 This is discussed as a potentially viable 
technique for monosynaptic circuit tracing, or identifying 
synaptic partners. Other combinations of pharmacology 
and genetic engineering are being explored to specifically 
target regions and circuits of the brain. 
 Once the protein is incorporated into the cells, all that is 
needed to activate it is light. The earliest optogenetics tri-
als used blue laser light via a fiber optic cable. Currently 
being developed is a chronic mode of delivery of light that 
uses an implanted infrared-triggered Light Emitting Diode 
(LED).4 Infrared-triggered LEDs are also used in remotes 
to control televisions. In this way, a wireless cap can be 
attached the mouse’s head and the LED light can be con-
trolled via a remote input.
 Edward Boyden, the main optogenetics researcher from 
MIT, performed an experiment that showed that, after 
receiving a brief train of light pulses from the infrared-
triggered LED, the neurons fired off a series of action po-
tentials. The frequency and timing of the kinetics of the 
molecule matched precisely with the complex sequences 
of light. Extended illumination had no effect on the health 
or functionality of the neurons.5

 Excitatory cell targeting has many applications for un-
derstanding processes in the brain as well as for treating 
disorders. Using optogenetics to look at neurons that are 
dysfunctional, such as in Parkinson’s Disease, can shed 
light on how stimulation can effectively treat the disease. 
Learning and addiction are also focuses of excitatory 
targeting research. Long Term Potentiation is neuronal 

learning that occurs when the post-synaptic cell response 
strengthens after repeated stimulation. By using optoge-
netics, the post synaptic cell can be stimulated to produce 
Long Term Potentiation.6 Purposeful causation of Long 
Term Potentiation can then provide an opportunity for un-
derstanding of the mechanisms that cause this synaptic 
learning. Similar to learning is addiction—a learned plea-
sure response to a destructive stimulus. Certain circuits 
can be stimulated and investigated to see if they cause a 
pleasure response and are the hub of addiction. 
 Also, research has shown that activating photoreceptors 
in the retina of blind mice using optogenetics will increase 
the amount of light absorbed and perceived by mice.7 In 
the vision disorder Retinitis Pigmentosa, severe vision im-
pairment is caused by degeneration of the rods and cones 
of the retina so that the brain can no longer receive signals 
from them. The other cells in the eye, such as bipolar cells, 
are undamaged. Optogenetics unlocks their potential by 
making them sensitive to light stimulation. There is evi-
dence of this in the activity of the visual cortex shown in 
fMRI scans. There has also been experimentation using 
behavioral tasks where vision is key, which shows a res-
toration of vision. One such experiment involves a water 
maze where the escape route is illuminated. Blind mice 
with no treatment use only the sense of touch to find their 
way out after several unsuccessful attempts down non-
illuminated chambers. The blind mice treated with optoge-
netics show a tendency, similar to mice with full vision, to 
find the illuminated chamber immediately.8

 Channelrhodopsin is not the only protein used for light 
targeting in optogenetics. One of the other important pro-
teins is halorhodopsin, which is used for silencing the cell. 
Using a different color of light and the inhibitory protein, 
a flood of negative ions enters the cell, causing its activity 
to be reduced.
 Inhibitory cell targeting has been investigated in many 
studies. A study by Jan Tønnesena of the Experimental 
Epilepsy Group of Sweden and colleagues from the De-
partment of Bioengineering at Stanford University shows 
the success in optogenetics’ ability to control epileptiform 
activity, which has the potential for treating epilepsy.9 A 
light-driven halorhodopsin chloride pump, Natronomonas 
pharaonis (NpHR), is integrated into slices of hippocampal 
and cortex cells. When exposed to orange light, the cells 
were hyperpolarized and unable to produce an action po-
tential. They found evidence in hippocampal organotypic 
slice cultures that neurons were inhibited. The hope is that 
this result will translate to similar results in pharmacore-
sistant epileptic cells.
 The epileptiform activity experiment not only shows that 
optic stimulation causing selective hyperpolarization of 
certain hippocampal neurons will inhibit focal epileptiform 
activity, but also that in the control group, these changes 

in excitability in the specific neurons do not occur without 
light stimulation. This study is exciting in that it shows a 
concrete way to inhibit epileptiform activity in the hippo-
campus without causing damage to the structure most nec-
essary for creating new memory. Issues that still are being 
addressed include how to practically administer light to the 
neurons and how to predict when the light is needed in a 
timely fashion. Assuming a device can be made for clinical 
use that is implantable and triggers stimulation to prevent 
forthcoming epileptic episodes, this would be a much bet-
ter option with less side effects, and more predictable than 
pharmaceutical and electrostimulation methods.
 In conclusion, optogenetics is a new and exciting tech-
nique for investigating and altering brain function. There 
are three main applications of optogenetics research: 
identifying circuits, characterizing their roles, and engi-
neering them to perform correctly in cases of dysfunction. 
By targeting specific neurons, populations of cells can be 
activated and their relationships investigated. By inhibit-
ing or exciting certain connections, many mental health 
issues can be better understood and even resolved. Al-
though optogenetics is still in its early stages and research 
is primarily done on flies, mice, and rats, the push toward 
nonhuman primate experimentation has been made, and 
soon enough the one in six people affected by neurologi-
cal disease will be reaping the benefits of optogenetics, too.

Carolyn Ross is a junior majoring in neuroscience and 
a Midshipman in Naval ROTC at Boston University. After 
finishing at least 5 years of service in the Navy, she would 
like to do research with the Department of Veterans Affairs 
focusing on prosthetics or PTSD.
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asic memory is thought to oper-
ate in a 3-step process. First, the 
memory is encoded by converting 
sensory information into mental 
representations. The encoded in-
formation then relies on the hip-
pocampus in order to be converted 
and stored as a long term memory. 
Lastly, we use retrieval to pull out 

information stored in memory. It may seem like a straight-
forward process, but scientists have been struggling to 
figure out where in this 3-step process an error resulting 
in false memories occurs. False memories are memories of 
things that never happened, even though we are certain 
of them happening in real life. For instance, our brains 
have the amazing ability of repressing a memory of a trau-
matic event. However, upon recollection of the repressed 
memory, our brains often alter the memory in a way that 
prevents us from fully reliving the traumatic event. 
 Karl Lashley of Harvard University was one of the pio-
neers in memory research. After teaching mice to navigate 
a certain maze, he would then lesion various brain regions 
and test the effect on memory. Through this technique, 
he made two important discoveries: the first was that the 
more cortex is destroyed, the worse the animal’s memory 
becomes, and the second was that various areas of cere-
bral cortex can substitute for the removed regions in or-
der to retain normal learning ability of the brain. Memory 
doesn’t seem to be stored in one specific subregion of the 

brain. However, this method did not enable Lashley to lo-
calize what specific cells get activated when a memory is 
being formed or recalled.1

 After many years of extensive research, scientists are 
now beginning to understand that certain brain structures 
are involved in specific types of memory. For instance, bi-
lateral lesions to the hippocampus usually cause the for-
mation of new memories to be severely impaired, but dam-
age to the visual cortex, in addition to causing blindness, 
selectively affects the visual components of a memory. 
This lead to the conclusion that memories are not born of 
just one brain region but of networks of neurons, working 
together in a concerted fashion to conjure up the remem-
brance of a previously experienced event.
 The quest to approximate the formation and causation 
of false memories has been greatly advanced using animal 
models. The neural circuits supporting memory recall are 
some of the most evolutionarily conserved brain regions. 
In one behavioral task, which has now become a favorite 
for researchers, a group of mice is presented to a foreign 
environment where they then receive an electric shock. 
When put into the same environment the following day, 
the mice tend to freeze – they show little locomotion, even 
though no electric shock was delivered. This paradigm is 
known as fear conditioning.
 In one recent example, the Tonegawa group at MIT used 
this behavioral paradigm to research memory formation at 
the cellular, systems, and behavioral levels. They exploited 
this standard fear-conditioning test to manipulate what 
psychologists call an engram, or the full representation of 
memory in the brain, of this traumatic event for mice. 

 The MIT group located part of the engram in the dentate 
gyrus, a substructure of the hippocampus, where a small 
subset of neurons are active after the mice learn to fear an 
environment. The electrical and chemical activity in these 
cells then triggers the expression of a certain set of genes 
that are only activated when the neuron in which they are 
expressed become activated. These genes are known as  
immediate early genes.2

 The MIT group then took an optogenetic approach, an in-
tegration of optics and genetics to control precisely defined 
events within specific cells of living tissue. Optogenetic 
technology combines genetic targeting of specific neurons 
to trick brain cells into responding to pulses of light, which 
are delivered through small optic fibers.3 Unlike lesions or 
pharmacological reagents, optogenetics confers millisec-
ond control over any population of brain cells. 4

 The mice used in this study were genetically manipu-
lated so that when one of these immediate early genes 
showed increased production during a particular time 
frame, a cascade of events would produces a permanent 
molecular tag on the cell with a light-sensitive protein 
known as channelrhodopsin (ChR2). Channelrhodopsin is 
a blue light-activated channel, which induces rapid neu-
ronal firing. The researchers now sought to identify and 
reactivate the same set of cells involved in fear learning by 
simply using beams of blue light. 5

 However, the scientists still needed to find a way to fig-
ure out which brain cells specifically were active during 
memory formation. Further research was able to locate 
an immediate early gene called c-fos. C-fos contains a bio-
logical sensor, or promoter, which detects neuronal firing. 
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As such, c-fos activity can be seen as a marker of recent 
neural activity. The researchers then biologically tied the 
promoter of c-fos to a series of molecular events that ulti-
mately lead to the expression of channelrhodopsin (ChR2). 
This way, whenever a brain cell is active, it is only this cell 
that expresses ChR2. 6

 However, the following was a potential problem: if the 
promoter was clipped and tied to ChR2 directly, then ev-
ery time a brain cell was active, this cell would indiscrimi-
nately express ChR2. ChR2 would be expressed whenever 
a new memory was formed in the mouse’s brain, but the 
researchers were interested in labeling and manipulating 
the formulation of fear-based memory, or when mice were 
shocked specifically. The next task was to figure out how 
to open and close these “learning windows,” during which 
the channel ChR2 is open as well. They needed to be open 
only during fear conditioning, which is the only time neu-
ron tagging should take place as well. 7 
 To answer this problem, c-fos’s promoter was tied to an 
inducible element called tetracycline transactivator (tTA), 
which is capable of activating other genes, such as a modi-
fied version of ChR2. tTA can be blocked by a substance in 
the mouse’s diet, doxycycline (Dox). Whenever a cell was 
active, c-fos would drive tetracycline but only in the ab-
sence of Dox, which was placed in the animals’ food pel-
lets. Dox could therefore regulate the windows of labeling. 
After ChR2 was introduced to this system, it would only be 
expressed in active cells and only when the window for 
tagging was opened by removing Dox from an animal’s 
diet. With Dox running through the animal’s system, tet-
racycline is inactivated and c-fos no longer drives ChR2. 
When Dox is removed from the diet, c-fos-driven tTA could 
now ensure that ChR2 was expressed in this precise win-
dow of time.8

 The researchers used this novel system to express chan-
nelrhodopsin after an animal was fear conditioned. The 
activated cells were tagged only when the mouse was be-
ing shocked in a specific environment, without Dox flow-

ing through its body. The researchers then isolated and 
tagged the cells involved in fear learning. The experiment-
ers shone light to illuminate those same cells in the dentate 
gyrus of the hippocampal formation. Although the mouse 
was tested in a fear-free environment, when light stimu-
lated the hippocampus, the mouse remarkably froze be-
cause the beam activated the fear memory. Shining light 
on a fraction of hippocampal cells involved in fear learning 
was sufficient to push forward the cascade of events lead-
ing up to fear memory expression. These very cells marked 
with ChR2 were sufficient to activate the fear memory.9

 Randomly labeling cells with ChR2, rather than labeling 
those involved in fear conditioning, was also attempted to 
see how specific this manipulation really was. When they 
shone light at them the mouse didn’t freeze, meaning ran-
dom cells do not elicit a fear response and that cells that 
were tagged during fear conditioning have to be activated 
in order for the fear memory to activate as well. 10

 Researchers have surely come a long way since Lash-
ley failed to find a single biological locus of memory and 
suggested memories are widely distributed through the 
cerebral cortex. For instance, now we know that the dis-
tribution of engrams does in fact exist, however, the dis-
tribution is not equal across all cortical areas as Lashley 
falsely assumed.
 In psychology, some experts have made advances in 
memory studies with a different approach. To probe the 
way people think about their capacity for remembering, 
two scientists from Williams College, Kornell and Bjork, 
asked people to look at a list of words and predict how well 
they would be able to remember the words after subse-
quent periods of study and testing.11 Their results led the 
researchers to the suggestion that people are under-con-
fident in their learning abilities and over-confident in their 
memories. That is, people failed to predict that they would 
be able to remember more words after studying more—al-
though, in reality, they learned far more—instead basing 
their predictions on current memory. This “stability bias” 

in memory, as Kornell and Bjork called it, was seen in the 
genetically manipulated mice as well. Namely, even if mice 
were in a different environment from the one in which 
they received an electrical shock, they still froze, just be-
cause they remembered the familiar surroundings. They 
were too confident in the ability of their memory, relying 
on it to accurately predict what is going to happen in the 
new environment. However, their memory failed them 
and they displayed a reaction not appropriate for the 
new environment. 
 Given how comparable the basic structures in the rodent 
and human brains are, one could argue that similar experi-
ments could be done in the human brain as well. However, 
only time will tell if similar findings arise, revealing just 
how homogeneous learning and memory processes are 
across species.

Special thanks are owed to Steve Ramirez, CAS Neurosci-
ence ‘10, whose contributions were instrumental to the 
production of this piece.  
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OPINION

Overview of Huntington’s Disease

Huntington’s disease is a highly complex neurodegenerative 
disease that currently affects a conservative estimate of 
30,000 individuals in the United States and over 500,000 
worldwide.1 The disorder is profoundly debilitating. 
Symptoms typically begin developing in the affected patient’s 
late thirties or early forties (though they can manifest as 

Review of “Sustained Therapeutic 
Reversal of Huntington’s Disease 
by Transient Repression of 
Huntingtin Synthesis”

early as infancy), and almost always result in mortality 
about twenty years after onset.2 The earliest symptoms 
often include subtle changes in mood and cognitive 
processes, followed by steadily increasing uncoordinated 
and jerky motor movement.3 Noticeable changes in 
personality can also take place, with individuals usually 
expressing mood swings and poor temperament, similar to 
those afflicted with bipolar disorder.4 The decline in motor 

control progresses and is usually eventually classified as 
chorea—symptoms resulting from any of several diseases 
of the nervous system characterized by jerky, involuntary 
movements of the face and extremities—which is also 
often the tell-tale sign for clinicians to diagnose a patient 
with Huntington’s, in conjunction with an MRI scan or other 
imaging technique that can confirm striatal nuclei atrophy 
in the brain. These saccadic agitations can affect virtually 
all muscle movements in the body, including involuntary 
facial and ocular twitches. As the disease progresses, 
about 3-5 years after the onset of these relatively minor 
motor abnormalities, clear appearance of advanced 
complications arise, including abnormal posturing, 
rigidity, and writhing, similar to patients afflicted with 
Parkinson’s.5 In its later stages, all psychomotor functions 
can become impaired, and advanced motor symptoms 
include difficulty chewing, talking, walking, and 
sleeping.6 Daily activities are thus severely impacted, and 
seizures are not uncommon.7 Around this time, cognitive 
abilities also become increasingly impaired—specifically, 
executive functions. Social skills decline, along with 
planning, abstract thinking, and both episodic (personal) 
and procedural (skill-oriented) memories.8 All phases 
of memory (short-term, working, and long-term) can 
completely deteriorate, leading to a patient who no longer 
has a sense of self and is unable to autonomously perform 
any task required to carry on living. 

Neurobiology and Physiology of Huntington’s Disease

Clearly, Huntington’s results in absolutely crippling 
physical and mental conditions, but the biological 
mechanisms by which these conditions arise is much more 
subtle. All of us have two copies of a gene, Huntingtin 
(HTT), which we inherit from our parents.  The specific 
function of HTT is largely unknown, though it interacts 
with over 100 proteins, many of which are involved in 
transcription, cell processing, and intracellular transport.9 
An autosomal dominant mutation of one of these two genes 
(mHTT) results in Huntington’s, which is why it is classified 
as a neurodegenerative genetic disorder. Consequently, 
offspring of an affected individual have a 50% chance 
of inheriting the disease. The key feature of mHTT is an 
errant expansion of a trinucleotide stretch (a CAG triplet) 
during the transcription of HTT, which gradually damages 
and destroys cells in the brain.10 These expanded strands 
form hydrogen bonds with one another over time, forming 
a protein aggregate which does not allow folding into 
functional proteins.11 These excess aggregates clump at 
axons and dendrites in neurons, mechanically stopping 

neurotransmitter transmission.12 Cytotoxic effects of 
mHTT are strongly enhanced by interactions with a certain 
protein, Rhes, which is primarily expressed in the striatum. 
Rhes proceeds to cause disaggregation, and studies in 
cell culture have shown that these disaggregates are 
much more toxic than the simple clumps.13 An additional, 
supplemental theory is that mitochondria are damaged in 
striatal cells by this process, and the interaction of mHTT 
with proteins in striatal neurons leads to an increase 
in the vulnerability of polyglutamine.14 Consequently, 
otherwise normal levels of polyglutamine can now 
cause neurotoxin expression.  These theories explain 
why onset damage due to mHTT is most evident in the 
striatum before affecting other areas of the brain as the 
disease progresses. The damage to the striatum directly 
affects the function of the basal ganglia, which is why 
the earliest symptoms of Huntington’s are motor control 
difficulties leading up to chorea. 

Traditional treatments for Huntington’s have been 
unsuccessful in developing a treatment for the disease, and 
have therefore mainly sought to alleviate symptoms. This 
“management” of Huntington’s usually involves physical 
therapy, drugs used to treat some effects of chorea (mainly 
neuroleptics and benzodiazepines), and drugs used to 
treat anxiety and depression (SSRIs such as Prozac).15 
Children of those afflicted can undergo a prescreening 
process to determine if they possess the mutant gene, 
though if they do, this does little other than preparing 
them for the worst. Due to the inability of these treatments 
to significantly affect the outcome of the disease, millions 
of dollars have been poured into alternative research in 
the hopes of developing a true cure. Now, according to 
methods proposed by Holly Kordasiewicz of the University 
of California, San Diego, that hope has become extremely 
promising. 

A New Cure

In the simplest of terms, Kordasiewicz et al. suggest 
that a one-time infusion of an identified DNA drug can 
not only slow and stop Huntington’s, but can actually 
reverse progression.16 Through a novel blueprint, the 
UC Laboratory of Cell Biology at the Ludwig Institute 
has developed a unique cure; by introducing antisense 
oligonucleotides (ASOs) complementary to HTT mRNA, 
they have shown that the impaired cognitive and motor 
function in mice with Huntington’s significantly improved 
in less than four weeks, and virtually returned to normal 
within two months.17 In addition, normal functioning 
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persisted up to nine months after initial treatment.18 
Kordasiewicz et al. believe that these ASOs selectively 
bind to and inactivate the HTT mRNA, causing a cease 
in the production and distribution of mHTT within the 
brain.19 This discovery has led researchers to believe that 
if the progression of the disease can be halted, the brain 
can recover.  

Of course, the creation and implementation of this 
procedure were far more elaborate than outlined above. 
To test their hypothesis, Kordasiewicz et al. genetically 
engineered a mouse model (named BACHD) with the 
mHTT gene designed to develop Huntington’s. The lab 
initially used an intravenous transient infusion technique 
daily for two weeks and found that mHTT expression was 
completely suppressed in a dose-dependent manner for 
nearly three months post-treatment.20 Of important note 
is that unlike past treatments, which chiefly sought to 
only relieve neuron atrophy in the striatum, these ASOs 
were distributed in veins throughout most major brain 
regions, including the striatum, frontal cortex, cerebellum, 
thalamus, midbrain, and brainstem.21 Following the 
success of the BACHD mouse model, the lab investigated 
the effects of this treatment in normal, non-transgenic 
mice (with normal HTT production). Any concerns for 
negative changes in motor function in this normal mouse 
model were quickly dismissed. Results showed that 
even when normal HTT production was reduced by up 
to 75% due to ASO infusion, normal motor function was 
retained.22 After these successful results, Kordasiewicz et 
al. decided to use a final animal model—a  family of Rhesus 
monkeys—to observe a nervous system more complex 
than in their mice models. They did not genetically 
engineer an mHTT monkey model, but observed a family 
of monkeys with normal HTT production. The lab noted 
that once again HTT production was suppressed upon ASO 
infusion and remained suppressed for nearly four weeks 
post-treatment. Likewise, normal motor function in the 
monkeys was retained.23 The next step, of course, is to 
implement these findings in a human model. Kordasiewicz 
et al. made no comments on when this may be done, but 
there appears no reason to expect a lengthy delay or 
different results.   

Discussion

Clearly, the ASO approach has so far proven to be a huge 
upgrade from past treatments of Huntington’s and is 
representative of remarkable advancements in both 
technology and rumination. While it is exciting that this 
research has been published so recently—less than four 

months to date—this is indicative of the continued research 
that must be undertaken in order to more fully understand 
these results and integrate them into human models. The 
potential, however, is well worth the persistence. Gene 
therapy was first conceptualized over three decades ago, 
yet this may be its most significant contribution to date. If 
the results continue as expected, this treatment could also 
pave the way for gene therapies to combat a host of other 
complex genetic neurodegenerative disorders, including 
some forms of Parkinson’s and Alzheimer’s.  Huntington’s 
has severely impacted our population since it was first 
classified in 1872, and probably for centuries before, but 
finally there is true hope for a permanent cure.  

Jai Bhagat is a third-year undergraduate neuroscience 
major at Boston University. He is also minoring in 
computer science and physics. He does not have a 
linear career path set for himself, but he is particularly 
interested in neurological disorders and biological and 
computational models of memory and learning.
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We all experience emotions, perceive emotions, and 
understand what emotions are—subjectively. But when 
we move away from our subjective understanding and 
study, objectively, what emotions actually are, and at-
tempt to understand their mechanisms and represen-
tations in the brain, a lot of questions come to the sur-
face. The understanding of how emotions interplay in 
the brain is not as intuitive as we would think. Presently, 
there are a number of competing views and respec-
tive theories on what emotions are and how they are 
represented in the brain. On one end of the spectrum 
is the basic emotion view and on the other end is the 
Psychological Constructionist view.1  While both views 
have their merits, it is the latter view that adequately 
explains emotions, and calls into question whether one 
can actually read emotions off of another’s face, like a 
page in a book.

Basic  Emotion  View

The basic emotion view has its roots in Charles Darwin’s 
book The Expression of Emotions in Man and Animals.2 
Darwin’s original claims were the following: one’s facial 
expression of emotion occurred with a cohort of other 
physiological responses (heart rate, gestures, postures, 
and voice prosody) and emotions evolved over time—
evident by the facial musculature expressed in non-
human animals that can be considered precursors to 
our emotive facial expressions. Over the last century, 
many scientists and psychologists have largely expand-
ed and traversed what Darwin had originally written.3 
Thus, the current basic emotion perspective assumes 
that emotions are unique mental events that elicit ac-
tivation of specific brain circuits. For example, during 
a fear response, the fear circuit is activated, wherein 
the amygdala will project to the brainstem and the hy-
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pothalamus, coordinating specific responses.4 Moreover, 
this emotion, fear, would elicit specific and unique facial 
expressions and body manifestations.5  
 This widely held view has disseminated into the public 
sphere, via media representations such as the Fox televi-
sion show, Lie to Me, causing many people to construct a 
rather skewed view of what emotions are. So now, when 
we think of emotions, we instantly think of seven dis-
tinct emotions—happiness, surprise, anger, fear, sadness, 
disgust and contempt—and associate them with specific 
facial expressions, deemed universal.6 This is due to Paul 
Ekman’s famous work on micro-expressions. He is one of 
the prominent supporters of the basic emotion view, and 
believes that emotions can literally be read off of one’s 
face by means of detecting micro-expressions. Micro-
expressions are minute, quick muscle movements in the 
facial musculature. Ekman postulates that each emotion 
has characteristic and specific micro-expressions. As seen 
in the figure below Tim Roth (star of Lie to Me) portrays 
‘fear’—the micro-expression features are, as indicated, (1) 
eyebrows raised and pulled together, (2) raised upper eye-
lids (3) tensed lower eyelids and (4) lips slightly stretched 
horizontally back to ears.  One can train using the F.A.C.E. 
training program, developed by Ekman, to read these 
cues.7 Many individuals are now employed as profilers 
trained to target suspicious behavior, using this research 
on micro-expressions. 8 

 But is that really the case? Are facial emotions that sim-
ple and straightforward?  A face alone, excluded from con-
text (the surrounding environment) does not tell the whole 
story.10  If you only look at one’s face from a close range, 
you have no information from the body nor the surround-
ing environment to inform you that the emotion perceived 
is an accurate portrayal of a person’s internal state. A mis-
interpretation can occur quite easily, e.g., mistaking a per-
son in deep thought for an expression of anger. In order to 
appropriately infer meaning from facial expressions, the 
surrounding contextual information must be taken into 
account. 
 Regardless of this applicability to real life and to home-
land security, the basic emotion view still holds many 

flaws. To sum up, this view holds that the mental events 
that correspond to each emotional term, such as “fear,” “dis-
gust,” and “anger,” have strict boundaries that can be seen 
in the brain (each “term” has a distinct circuit) and body 
(each “term” has a distinct facial musculature expression). 
It is as if each emotion was a physical unit in the brain.11  

Psychological  Constructionist  View

William James, in his book The Principles of Psychology, 
was the first to propose that these emotional terms are 
mental events that are the result of the interaction among 
psychological systems that are not specific to emotion. He 
also asserts the importance of explaining the existence 
of emotions rather than cataloguing and classifying each 
emotional state. Thus, the psychological constructionist 
view contrasts the basic emotion view and calls into ques-
tion its core understanding of emotion. There are various 
psychological constructionist models—the Conceptual 
Act Model, introduced by Lisa Feldman Barrett and her 
colleagues, is just one of these. They have elaborated 
on previous psychological constructionist models by 
grounding their model in the brain and within a social 
neuroscience perspective.12,13 

 The Conceptual Act Model asserts that emotions are not 
unique mental states, and each emotion does not have a 
special mechanism in the brain, nor a specific brain cir-
cuit; rather all emotions have a similar distributed net-
work within the brain. Lastly, emotions do not exhibit 
specific features in the face, voice and body. Emotions are 
extremely variable and the emotions themselves are not 
universal. What are universal though, are the psychologi-
cal ingredients that go into creating mental events.14 The 
psychological ingredients of emotion combine and con-
strain one another like ingredients in a recipe to produce 
a variety of mental states, such as emotions.15 
 The Affective Circumplex is used as a descriptive tool to 
represent one’s core affective state in any given moment. 
It has valence on its horizontal axis and activation on its 
vertical axis. The valence axis ranges from pleasant states 
to unpleasant states, while the activation axis ranges from 
high activity to low activity.16 The circumplex is useful be-
cause reports of emotional experience contain multiple 
properties. Valence and activation better represent the 
content of the emotional experience.17,18 So, when a person 
is feeling scared, for example, he or she has categorized 
sensory information from the body and the world using 
conceptual knowledge of the category ‘’fear.’’ As a result, 
that person will experience an unpleasant, high activation 
state as evidence that something in the world is threaten-
ing and the person will behave accordingly. 
 This view hypothesizes that emotional categories are 
constructed of more general brain networks that are not 
specific to that particular emotion.19 In a meta-analysis, re-

searchers found that a set of interacting brain regions com-
monly involved in basic psychological operations of both 
an emotional and non-emotional nature are active during 
emotion experience and perception across a range of dis-
crete emotion categories.20 For instance, largely implicated 
as the key region in the fear circuit, the amygdala is not only 
significantly activated during fearful responses but also in 
non-fearful situations. It can even show deactivation during 
certain fearful situations devoid of salient visual stimuli.21 
Thus, the psychological constructionist view asserts that the 
amygdala, which is part of a distributive network that helps 
to realize affective states, is rather a saliency detector, be-
cause it is involved in signaling whether exteroceptive sen-
sory information is salient. Novel, uncertain and unusual 
stimuli robustly activate the amygdala, and fearful stimuli 
just happen to be very salient.22

    

 To conclude, emotions are not simple; the brain’s facul-
ties should not be reduced to such basic states because the 
brain is far too complex. Rather, emotions should be right-
fully understood as distributed across the brain. As spe-
cial and unique as our feelings and respective emotions 
may feel at a given moment, emotions are merely another 
cognitive function of the brain. Nonetheless, this is a long-
standing debate between the competing views, and there 
is much research currently being done to bridge this gap 
and be able to truly understand how emotions are repre-
sented in the brain. 

Alexandra Maxim is a Senior at Boston University 
studying Psychology and Neuroscience. She is a DAAD 
Scholarship recipient, spent this past summer at the 
School of Mind and Brain at Humboldt University in Ber-
lin, Germany and is currently a Distinction student work-
ing on a project at the Cognitive Neuroimaging Lab at Bos-
ton University. She plans to pursue a degree in Cognitive 
Neuroscience.

Figure 2: The Affective 
Circumplex. Horizontal axes 
represent degree of valence 

(negative to positive) and ver-
tical axes represents degree 
of activation (high to low).23 

Figure 1: Tim Roth demonstrating the characteristic micro-expressions for fear.9
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                           volutionary theory may not be the first area of bi-
 ology that one associates with neuroscience, but 
 in his book, The Tell-Tale Brain, V.S. Ramach
 andran illustrates that these two fields are more 
interconnected than one might think. Ramachandran is a 
neurologist best known for his research on phantom limbs, 
synesthesia, the evolution of language and autism at in-
stitutions such as University of California, San Diego and 
Cambridge University. Despite his obvious wealth of spe-
cialized knowledge, Ramachandran’s book educates and 
entertains his readers in a way that is neither overcom-

plicated nor oversimplified. He seeks to show that there is 
something unique and special about the human brain that 
sets it apart from that of other animals. Human mental 
abilities are not simply, as Darwin thought, elaborations 
of those seen in apes. Or, as the author puts it, we humans 
aren’t just “chimps with a software upgrade.” By using ana-
tomical evidence to show that natural selection has caused 
our brains to evolve gradually over millions of years from 
those of our ancestors, he explains that minor anatomical 
changes, such as small expansions of the cortex, have lead 
to great leaps in culture and civilization. 
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 Although the evolutionary aspect of The Tell-Tale Brain 
is fascinating in its own right, the most intriguing parts 
of the novel are those when Ramachandran incorporates 
case studies of former patients into the chapters. For ex-
ample, we encounter a character called David suffering 
from Capgras syndrome after being involved in a car crash, 
which causes him to believe that his mother is an imposter 
when he sees her face, but he recognizes her voice when 
she speaks to him from an adjacent room. The explana-
tion for this is that the link between visual perception and 
emotion in his brain was severed, but the pathway linking 
the auditory cortex to the amygdala was unaffected. An 
even more mystifying patient is a man who denies his own 
existence—a symptom of Cotard syndrome, which could be 
a more exaggerated form of Capgras syndrome. Synesthe-
sia is also explored as a possible key to creativity (due to 
its increased incidence in artistic individuals), with Ram-
achandran hypothesizing that it is due to an exaggeration 
of connections between brain areas such as the insula, the 
amygdala and the orbitofrontal cortex (depending on the 
type of synesthesia). 
 From apraxia to alien hand syndrome, Ramachandran 
manages to explain in a clear, informative and amusing 
manner the neurological reasons behind some of the rar-
est brain disorders ever recorded, providing his own theo-
ries when an illness’ cause is not fully understood. 
 It is undeniable that Ramachandran puts forward some 
ingenious and perfectly plausible theories about many 
brain syndromes. However, occasionally he comes up 
with some ideas that come across as somewhat idealistic, 
or even disregards the views of others if they appear to 
contradict his own theories. For example, he suggests that 
giving autistic children injections of pyrogens to induce a 
fever could alleviate their dysfunctional behaviors perma-
nently, which appears rather far-fetched.  Mirror neurons 
(a class of brain cells which fire when one carries out a spe-
cific action, or sees someone else carry out the same ac-
tion) are found in both humans and monkeys; Ramachan-
dran believes they have a pivotal role in the advancement 
of civilization, and may be the neural basis of empathy and 
theory of self. He argues that mirror neurons enable us to 
work out the intentions and vantage point of others, mak-
ing them essential for self-awareness. However, research 
studies have been undertaken that contradict these theo-
ries, and although they could be right or wrong, he seems 
almost defensive in his dismissal of them.
 All in all, The Tell-Tale Brain is a fascinating read, man-
aging to make the inner workings of the brain seem both 
intricate and understandable. Ramachandran effectively 
explains what exactly makes human brains so different 
from those of other animals. Moreover, his experiments 
using the innovative “mirror box,” a modified cardboard 
box containing an upright mirror, have led to new ways 

of alleviating the painful spasms associated with phan-
tom limb syndrome. Techniques such as the mirror box 
show that sophisticated machinery such as neuroimaging 
are not the only effective tools to study the brain; “simple” 
experiments using human subjects can be just as informa-
tive, interesting and groundbreaking. This book is a clas-
sic example of how an author’s enthusiasm for the subject 
about which he is writing can make it even more captivat-
ing to read.  Hopefully, it will inspire in a new generation 
of readers an interest in finding out more about the field 
of neuroscience.

Chioma amenechi is a sophomore from London, England 
studying neuroscience with a minor in French in the college 
of Arts and Sciences. She is interested in possibly carrying 
out pharmacological research, or working in the field of 
international Public Health after graduation.
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autobiographical novel, I realized that both Jack London 
and Martin Eden likely suffered from bipolar disorder. 
 Part of what led me to this diagnosis was one of the lead-
ing arguments of London’s tale. By the end of the story, 
Martin is a distinctly psychopathological character—he 
drowns himself in the ocean. The explanation offered by 
London was that Martin must die “not because of his lack 
of faith in God, but because of his lack of faith in men.”1 The 
isolation that stems from Martin’s stringent independence 
is his undoing. Published originally in 1909, London’s an-
tithesis to the individualistic mentality of the society in 
which he lived was not particularly well received. He had 

Too  Much  Life  to  Live
Natalie Banacos

         or the second time in my college career, I am ex-
       cited to have the opportunity to write about the 
           work of my favorite author, Jack London. An analy-
               sis of a piece of literature often circles back to the 
writer: how they held onto their readers’ interest, their 
command of language, and the arguments they were 
making. All of this is relevant, but London’s Martin Eden 
is a story much more closely entwined with its writer 
than most. By reading this book (and proceeding to take 
Abnormal Psychology), I unearthed something about 
the author not in the form of a thesis but in the form of 
a diagnosis. By examining the protagonist of this semi-

F

been disillusioned with his own success and undoubtedly 
experienced a major depressive phase of his illness while 
writing the book. On the other hand, the fervor with which 
London approached his creative endeavors is mirrored in 
his protagonist even before Martin sits in front of a type-
writer:

Even the words he uses to relate stories from the sea to his 
new acquaintances seem to be a reflection of the natural 
workings of his brain. This is not an instance of mania: but 
Martin’s first meeting with the Morse family, especially 
the beautiful and educated Ruth Morse, triggers an ob-
session with writing reflected in his manic episodes. For 
instance, he spends hours in independent study and shows 
a marked decrease in his need for sleep, favoring the pur-
suit of his educational ambitions: “though he slept soundly, 
he awoke instantly, like a cat, and he awoke eagerly, glad 
that the five hours of unconsciousness were gone…There 
was too much to do, too much life to live.”3 These behaviors 
indicate the diminished sleep requirement and the intense 
pursuit of goals outlined by the Diagnostic and Statistical 
Manual of Mental Disorders (DSM-IV-TR) criteria for ma-
nia.4 Importantly, none of these behaviors are directly fa-
cilitated by substance abuse or any physiological condition 
and there are no traces of depression that would point to 
a mixed episode, fulfilling additional key DSM diagnostic 
specifications. 
 Martin’s exacerbated self-esteem during manic epi-
sodes is repeatedly made obvious: “And so you arise from 
the mud, Martin Eden…And you cleanse your eyes in a 
great brightness, and thrust your shoulders among the 
stars, doing what all life has done, letting ‘the ape and tiger 
die’ and wresting highest heritage from all powers that be” 
he says to himself after defeating a long-time enemy in a 
fight; “You licked Cheese-Face, and you’ll lick the editors.”5 
He goes on a tirade when confronted with some of the 
Morses’ friends who he begins to see as pretentious pseu-
do-intellectuals. Martin proclaims with grandiosity his Ni-
etzschean philosophy, stating firmly “There aren’t half a 
dozen individualists in Oakland, but Martin Eden is one of 
them.”6 In this instance, he is flying high to the point where 
he appears to envision himself as Nietzsche’s “Superman.” 
 What goes up must come down, and Martin’s inflated ego 
is no exception. When he finds work at a laundry to stay 

funded while pursuing his writing, he is prepared to con-
tinue his studies and bike seventy miles to Oakland to see 
Ruth on the weekends—on top of his new job. Unfortunate-
ly, he soon discovers that the work is intense yet dissatis-
fying, and enters a deeply depressed mood state: “A black 
screen was drawn across his mirror of inner vision, and 
fancy lay in a darkened sick-room where entered no ray of 
light.”7 This particular statement is curiously reminiscent 
of one included in another bipolar author’s semi-autobio-
graphical novel: “To the person in the bell jar,” writes Sylvia 
Plath, “blank and stopped as a dead baby, the world itself is 
a bad dream.”8 It is indeed this kind of sad, frustrating feel-
ing of trapped detachment that Martin experiences.
 Failing to externalize the reasons for these feelings, 
our protagonist feels the sense of guilt and worthlessness 
described by the DSM: “A third week went by, and Martin 
loathed himself and loathed life. He was oppressed by a 
sense of failure.”9 Additionally, he suffers the loss of plea-
sure in things that once made him happy, in a drastic man-
ner that captures the bipolar nature of his illness: “He was 
firmly convinced of it as he read the poems over. Beauty 
and wonder had departed from him, and as he read the po-
ems he caught himself puzzling as to what he had had in 
mind when he wrote them.”10 London also describes Martin 
as “scarcely thinking, in a semi-stupor of weariness” and 
“too dazed to think.”11 A once-robust ability to concentrate 
dwindles, and indecisiveness regarding even minor issues 
takes its place. Martin tells himself that he will answer a 
letter from Ruth and then decides against it; he “lay on his 
bed with his shoes off, trying to make up his mind” about 
walking half a mile to see where his co-worker had gone 
on a Saturday night.12 In both of these instances, he seems 
lethargic in a way that cannot be solely related to the tiring 
nature of his work but principally to the mental exhaus-
tion of dealing with his depression. Martin worked hard 
as a sailor most of his life, making his fatigue especially 
evident in light of his typical strength and energy (even 
outside manic episodes). The job at the laundry seems to 
tire him disproportionately. This major depressive episode 
concludes with Martin’s temporary indulgence in drinking, 
something he had previously given up.
 As suddenly as depression falls upon Martin Eden, it 
makes an exit: “Martin seemed to suddenly wake up”13 as 
he realizes that his work was making him a “beast” and that 
he can in fact move on to something else. These fluctua-
tions in mood hold Martin in a precarious place, affecting 
his ability to balance his time between writing and mak-
ing money, heightening his eventual disillusionment with 
success, and challenging his relationships. In either state, 
Martin manages to push people away. The manic episode 
described earlier puts strain on the Morses’ opinions of him 
and his courtship with Ruth, as do his depressed reactions 
to her letters, which he perceives as accurate and disap-

“He communicated his power of vision, till 
they saw with his eyes what he had seen…
At times he shocked them with the vividness 
of the narrative and his terms of speech, 
but beauty always followed fast upon the 
heels of violence, and tragedy was relieved 
by humor, by interpretations of the strange 
twists and quirks of sailors’ minds.”2
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proving critiques of his poetry. An old friend of Martin’s 
from his time as a sailor, a working-class woman named 
Lizzie, points this out to him: “Something’s wrong with your 
think-machine,”13 she insists, suggesting that Jack Lon-
don was aware of something askew in his own mind. For 
his character, the awareness comes too late and the issue 
feels inescapable, so London finishes the tale with Martin’s 
suicide: “He had fallen into darkness. And at the instant he 
knew, he ceased to know.”14  

 Perhaps it was London’s self-awareness that kept him 
from the same end. Having written this book as an attack 
on individualism and ending it with Martin taking his own 
life displays a bit of foresight. In a 2001 paper, research-
ers Shannon Wiltsey Stirman and James Pennebaker used 
a text analysis program on three hundred poems from 
various periods in the lives of nine suicidal and nine non-
suicidal poets (the suicidal group including the aforemen-
tioned Sylvia Plath). They found that poems by “suicidal po-
ets contained more words pertaining to the individual self 
and fewer words pertaining to the collective than did those 
of nonsuicidal poets.”15 Suicidal poets tended to use the 
first-person singular and tended not to use words that im-
plied communication (talk, listen, share, etc.). Although the 
reader does not get to see Martin Eden’s writing, perhaps 
it would follow this trend. In contrast, London’s “way out of 
disgust was love of the people and escape.” In fact, it was 
on an adventure with his second wife Charmian (someone 
London considered his true “mate-woman” and who actu-
ally suspected her husband was suffering from a mental 
illness) aboard his self-designed boat, that he forced him-
self to write a thousand words a day – those words eventu-
ally comprising Martin Eden.16 It seems that Jack London’s 
recognition of his problem and the importance of his work 
and relationships, as well as his refusal to rely strictly on 
individualism saved him from the unfortunate fate that 
befalls his character. 
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