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MIND AND BRAIN SOCIETY
The Mind and Brain Society (MBS) was founded in the fall of 2008 in concert with BU’s new 
Undergraduate Program in Neuroscience. The group aims to create a network for undergradu-
ate students who wish to take an active role in current issues and research. MBS serves as a 
hub for all students interested in Neuroscience, Psychology, Biology, Philosophy, Computer 
Science, etc. Our goal is to support an eager multidisciplinary undergraduate community with 
the conversations and resources fundamental to Neuroscience today.
 Throughout the academic year, MBS hosts events spotlighting many different facets of Neu-
roscience. We hold discussion sessions during which we informally discuss a topic of interest 
over coffee; previous topics include “The Neuroscience of Religion” and “NeuroEthics.” The 
group also hosts research presentations by BU professors and screenings of thought-provoking 
films containing neuroscience motifs.
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In 1637, René Descartes published words heard ‘round the world – “I think, I exist.” His now 
seemingly obvious observation started an intellectual revolution in the western world, and 
was perhaps the most important statement made of the time. Following Descartes, many 
began thinking about what it was to think, which naturally evolved into discourse concerning 
the mind as time progressed. With science developing equally fast, many (Descartes himself 
included) pondered questions concerning the brain and its relation to the mind. Is the mind a 
material thing? Does thought happen in the brain? These are huge questions for us still today, 
and modern neuroscience is at the forefront of the empirical investigation of the brain, search-
ing for answers in the complex structure that seems to give life and meaning to everything. 
 The Nerve, in conjunction with the entire Boston University Mind & Brain Society, participates 
in this pursuit for knowledge about the mind and brain. Our members come from a diverse 
range of fields, including biology, neuroscience, psychology, philosophy, computer science, 
physics, economics and political science. Our diverse membership is further reflective of our 
own questions about the mind and brain. In this issue alone, we tackle topics such as the 
use of amphetamines to treat attention disorders, the use of neural imaging in courts, the 
effectiveness of art therapy and the neurochemstry behind consiousness. Our goals are, for 
ourselves, to better understand the topics that we write about and, for our readers, to best 
communicate our ideas and raise awareness about the incredibly complex nature of questions 
concerning the mind and brain. 
 To the staff of The Nerve and members of the Mind & Brain Society, we wish you the best 
of luck in all your future endeavors (especially in writing the Spring issue). Keep your minds 
open and your brains in gear – never become complacent. If you get too comfortable, dare 
to change and forge a new path. As Ralph Waldo Emerson put it, “Do not go where the path 
may lead, go instead where there is no path and leave a trail.”
 We owe immense thanks to Paul Lipton, Howard Eichenbaum, Lindsey Clarkson and the 
entire Boston University Undergraduate Program in Neuroscience. Without their help, none of 
this would be possible. This being our third year of activity, we are grateful for your support 
and confidence in our efforts—here’s to many more issues of The Nerve for years to come! 

Frank DeVita & Lauren Joseph
Editors-In-Chief, 2011-2012

LETTER FROM THE EDITORS



RESEARCH IN BRIEF

Researchers Itching to Decipher  
Misunderstood Neural Mechanisms 

Nicole Woody

In October 2011, a team of neuroscientists at Johns Hopkins Univer-
sity and Yale University published research on the otherwise poorly  
understood neural mechanisms of itch sensation in The Journal of 
Neuroscience. 
 Pain sensations are stimulated by a variety of thermal, mechanical, 
electrical and chemical modalities. Histamines are typically associated 
with neuronal studies of itch even though antihistamines are almost 
completely ineffective in treating pruritus, or the painful itchy sensation 
many humans feel. Itches stimulated by a nerve block infused with 
the pods of a cowhage plant provided these researchers with unique 
insight on the role of myelinated A and unmyelinated C nerve fibers 
in nonhistaminergic itch. Eager to identify a the mechanisms arous-
ing pruritus, researchers tested the response of C-fibers to cowhage 
and histamine, the hypothesis that activity in A-fibers contributes to 
cowhage-induced itch, and whether cowhage, histamine or capsaicin 
activated high threshold A-fiber afferents.

Two Sides to Every Study: Experimenting with Itch Responses

The first part of the study focused on the effect of cowhage-induced 
itch on myelinated peripheral nerve fibers. A spicule inserter applied 
the cowhage to the superficial branch of the radial nerve on fourteen 
human subjects and local pressure to the hand and wrist areas blocked 
the conduction in myelinated nerve fibers. Subjects were asked whether 
they felt a cool or warm sensation when gripping a 4°C test tube and 
then a 40°C test tube. Subjects were then instructed to respond to a 
prickly pain induced by a von Frey filament, which are nylon hairs 
pressed against the skin and bend the hairs in order to measure the 
external force required to produce the sensation of touch, and a 140 
mN bending force. The response latency, or the duration between the 
delivery of the stimulus and the response was measured, and evidence 
of a “successful block” was both the loss of cool sensations and an 
increase in response latency to prickly pain. The heightened sense 
of warmth indicated normal conduction in unmyelinated C-fibers. 
 The second part of the study explored cowhage-, histamine-, and 
capsaicin-induced responses in myelinated A-fibers in monkeys. First, 
approximately 22 cowhage spicules, the sharp needlelike projections 
covering the tropical legume and known to evoke intense itch, were 
inserted into the receptive field of a dissected nerve and fiber activity, 
specifically the conduction velocity, was recorded. Histamine and 
capsaicin were each dissolved in saline and then injected into the 
isolated nerve. The response to cowhage was significantly greater than 
the responses to histamine and capsaicin – 12 fibers responded only to 
cowhage, seven responded only to histamine, four responded only to 

capsaicin, nine responded to more than one agent, and eighteen were 
unresponsive. A-fibers responded most vigorously to cowhage than to 
histamine and capsaicin, and responses to histamine and capsaicin 
did not differ between A- and C-fibers.

Conclusion 

In short, the role of A- and C-fibers in itch sensation varies between 
subjects. Even so, the application of cowhage to the radial nerve pro-
duced a range of itch and pain sensations that were signaled by both 
myelinated and unmyelinated nerve fibers. Six subjects were labeled 
as having A-fiber dominated itch sensation, and the remaining eight 
subjects, whose peak itch sensation occurred early on in the block, 
were classified as having C-fiber dominated itch sensations. This data 
especially speaks to the critical role myelinated fibers play in itch 
sensation. The second part of the experiment proved that cowhage and 
histamine induce neuronal activity through very different mechanisms. 
More specifically, the cowhage response of myelinated A-fibers was 
significantly greater than the response of C-fibers, as the psychophysical 
study showed that cowhage-induced prickling, burning and itching 
were all reduced by at least 50% when conduction in A-fibers was 
blocked. With that, this study concludes that myelinated nerve fibers 
impact cowhage-induced sensations and that nonhistaminergic itch 
is mediated through activity in both unmyelinated and myelinated 
nerve fibers, although myelinated A-fibers excite itch sensation most.

Original Paper: Ringkamp, Matthias et al. A Role for Nociceptive, Myelinated Nerve Fibers 
in Itch Sensation. The Journal of Neuroscience. 2011:31(42):14841-14849.

Imagine a treatment that helps a grandparent weakened by heart failure 
regain a robust lifestyle, or a treatment that frees a young child from 
the burden of daily insulin injections for diabetes. Imagine a treatment 
that helps a burn victim regain his self-confidence. Imagine someone 
with renal failure who can regrow a kidney without wounds or scars. 
These therapeutic techniques may sound science fiction, but many 
life-saving and life-restoring therapies are available now thanks to 
regenerative medicine.
 Regenerative medicine is a fairly new method of treating injuries 
and diseases that uses specially-grown tissues and cells, laboratory-

Seve Michelotti

The Field of Regenerative Medicine
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Research in Brief

Why is it that an individual suffering from post-traumatic stress disorder 
(PTSD) feels as if they relive their traumatic, fearful experiences, over 
and over again while others, who have been exposed to fearful situ-
ations do not exhibit chronic fear responses? What occurs during the 
consolidation of a fearful memory that causes a chronic fear response?  
 How is a so-called “fear memory” formed? Fear memories are 
formed by means of an aversive unconditioned stimulus and a neutral 
conditioned stimulus—the pairing of these two stimuli forms expectancy 
for the aversive stimulus and thus after subsequent reinforcing trials 
is consolidated into memory. It does not end there; reconsolidation 
is necessary to stabilize a memory, especially a fear memory. When 
memories are first retrieved they are unstable and because of their 
instability are easily modifiable. Thus, reconsolidation is important for 
the strength and content of the memory. It is very important to demystify 
the molecular and cellular underpinnings of the reconsolidation of 
fear memories in order to intervene therapeutically with individuals 
suffering PTSD and other fear-related disorders. 
 Research has gone a long way in the field of memory and learning, 
so we have a good idea of the cellular and molecular processes that 
may shed light on what happens in conditioned fear learning. One 
is the process by which genes and the synthesis of proteins effects 
synaptic efficiency. Another is the process by which glutamate synapses 

How Fear Memories Settle in the Brain 

Retrieval-specific endocytosis of GluA2-
AMPARs underlies adaptive reconsolida-
tion of contextual fear.

Alexandra Maxim 

produced compounds, and artificial matrixes. Combinations of these 
approaches can amplify the natural healing process at the cellular 
level or take over the physiological function of a permanently dam-
aged organ, heart valve or muscle. Regenerative medicine is a fairly 
new field that brings together experts in chemistry, biology, computer 
sciences, biomedical engineering, genetics, robotics, and other fields 
to find solutions to some of the most challenging medical problems 
faced today. 
 There have been three main challenges that scientists and researchers 
have faced throughout the last 100 years in regenerative medicine. 
First, the design of biomaterials that can survive in vivo and do well 
over time has been a reoccurring complication for years. Now, with 
the many recent advancements in regenerative medicine, researchers 
can more readily perfect working designs for patients. Secondly, it was 
originally very hard to get enough cells to grow effectively outside 
of the patient’s body. Over the last twenty years, scientists have 
tackled this challenge, and many scientists can now effectively grow 
almost every cell outside of the human body. The third challenge is 
vascularity, or the supply of blood to allow  tissues to survive once 
they are regenerated. Since the first use of a natural biomaterial in 
humans for tissue regeneration in 1996, scientists and researchers are 
moving toward a more extensive treatment for renal failure, which is 
far more complicated than any other challenge faced so far. 
 Versatile supramolecular systems for renal regenerative medicine
The decline of renal function is usually slow but progressive, so 
renal disease is often diagnosed in its late and final stages when 
serious health risks are already present. When kidney function  
falls below 10%, a replacement kidney needs to be found. Most patients 
receive hemodialysis therapy while they are on the “waiting list” for the 
long-term solution—renal transplantation. Even though hemodialysis is 
an effective method in balancing electrolytes, it does not have the same 
effect as restoring metabolic renal functions. Regenerative medicine 
uses tissue engineering techniques and drug delivery strategies as 
an alternative renal replacement therapy, and research conducted 
so far describes the critical interactions among cells, growth factors, 
extracellular matrix molecules, and kidney regeneration. 
 Current research proposes two material-based strategies to the 
regenerative medicine of the kidney: one involves the amelioration 
of transplantation, and the other focuses on the improvement of the 
dialysis therapy. These two approaches both focus on renal drug 
delivery and the bioengineering of living renal membranes. The 
interaction between cells, growth factors, extracellular matrixes (ECM) 
and other key components in gene-specific kidney tissue is a very 
daunting task for researchers to understand. 
 The bioengineering of living renal membranes uses supramolecular 
biomaterials that provide the specific non-covalent, supramolecular 
interaction recognition dynamics of an extracellular matrix. Bioactivity, 
used to predict certain aspects of the process, can be implemented in 
these biomaterials via a convenient mix-and-match principle that is 
gene-specific to the patient’s cells. The supramolecular biomaterials 
consist of four-fold hydrogen bonding ureido-pyimidinone (UPy) based 
materials that are used as both drug carriers and renal membranes. 
The UPy-UPy dimers come together in long, narrow nano-fibrillar 
stacks via lateral urea hydrogen bonding, and these nano-fibrillar 
stacks come together into membrane cartridges to form a bioartificial 
kidney. After the structure of the kidney is formed, renal epithelial 
cells are used to maintain a monolayer integral for specialized kidney 
functions. The synthetic supramolecular membranes are then used 
to harvest gene-specific epithelial cells. All of this together provides 

a bioactive material membrane that supports and maintains a robust 
renal epithelial phenotype and function. 
 The main goal scientists have now is obtaining living membranes 
in which epithelial cells form a monolayer at one side and endothelial 
cells at the other side; both are needed for a functioning kidney. The 
supramolecular approach enables researchers to address different 
biofunctionalities at both sides of the membrane. Furthermore, the 
change in composition of the membranes by modifying the nature 
of bioactivities might lead to superior membranes, which can exert 
complex function in a spatio-temporal way in the future. The general 
conclusion is that alternative therapies for hemodialysis and renal 
transplantation using different approaches based on renal regeneration 
using stem cells and the renal bioengineering of renal-specific biomateri-
als provide a positive outlook for bioartificial kidney transplantation 
in the future. With approximately one million nephrons and more 
than fifteen cell types with different functions in the kidney, it is 
extremely difficult to effectively influence and engineer the organ. Using 
regenerative medicine and understanding of the complex interplay 
counterparts between the different renal cells, growth factors and 
ECM molecules, researchers are moving closer toward an effective 
transplantable bioartificial kidney for future therapeutic use. 

Original Paper:  Patricia Y.W. Dankers et al. From kidney development to drug delivery and 
tissue engineering strategies in renal regenerative medicine. Journal of Controlled Release. 
152:1, 177-185. 2011
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Research in Brief

Communication is an important part of everyday life, yet, many people 
struggle with expressing themselves verbally. Wouldn’t it be simpler 
to show thoughts and mental images than to stumble with words 
that are not guaranteed to present the ideas with the utmost clarity? 
Researchers at UC Berkeley have made the first major step in bringing 
this idea to reality by developing a new model to reconstruct human 
visual experiences. With this model, researchers were able to recreate 
hazy representations of movie clips using subjects’ brain activities. 
 While functional magnetic resonance imaging, or fMRI, is one of 
the most advanced ways to measure activity of the brain, it presented 
numerous obstacles for the researchers who wished to make visualiza-
tion of thoughts possible. Blood oxygen level-dependent (BOLD) signals 
needed to represent the brain activity were measured very slowly by 
fMRI machines, and because visual processes are happening rapidly 
and changing all the time, the system used to measure these signals 
needed to keep pace. So, the scientists developed a motion-energy 
encoding model with which they were able to overcome the obstacles 
of fMRI.
 This model used a computer system to section the brain into voxels, 

Reconstruction of Visual Experiences 
Through Human Brain Activity

Shelbi Ferber

through AMPAR receptors, which is important for the maintenance 
of new memories. 
 Ruiz et al. (2011) conducted experiments in order to study the 
mechanisms that underlie the changes in memory strength and content 
in fear memories. The researchers were curious to find out if the 
window of time during the reconsolidation period reveals a progressive 
step-by-step process of synaptic plasticity of dorsohippocampal AMPA 
receptors, which are crucial for the restructuring of synapses and the 
subsequent strengthening of fear response and reinterpretation of the 
memory content. 
 Researchers found that the retrieval of a memory prompts a reduction 
of AMPA receptors (AMPAR). This plausibly can be a cellular mechanism 
that allows for synaptic reorganization of the fear memory trace. 
 After retrieval has lapsed (after the 6 hour time window) there is 
evidence of up-regulation of AMPA receptors. This process directly 
influences the synaptic strength, since the subsequent up-regulation 
strengthens the synaptic connections. 
 Since AMPAR regulation is a consistent and constant process, re-
searchers studied the effects of blocking AMPAR endocytosis during 
the retrieval window and after it had elapsed. Evidence shows that 
AMPAR endocytosis blockade after retrieval had elapsed was irrelevant 
and non-changing of fear expression, thus solidifying that AMPAR 
endocytosis during retrieval is specific to the strengthening of fear 
memory. Additionally, long-term loss of fear expression was observed 
when there was extinction during the time window of reconsolidation. 
This extinction masks the fear memory trace and persists over time. 
 To conclude, GluA2-AMPAR endocytosis permits synaptic plasticity 
which gives way for the modifiability of memory strength and content; 
This uncovered mechanism can aid the search for the cellular and 
molecular mechanisms that underlie the formation of fear memories.

Original Paper: Rao-Ruiz P et. al.. Retrieval-specific endocytosis of GluA2-AMPARs under-
lies adaptive reconsolidation of contextual fear Nature Neuroscience 14, 1302–1308 (2011)

essentially 3D pixels. While subjects watched one set of movie trailers, 
the fMRI measured the BOLD signals and for each voxel, and a model 
was created to show how the information in the movie was rendered 
into brain activity. Another computer system analyzed this data, 
matching each second of each movie clip with a corresponding brain 
activity. Based on this data, the experimenters created a library of 18 
million seconds of YouTube clips and the computer’s corresponding 
prediction of the brain activity the clip would evoke.
 To test the model, a second set of novel video clips were shown 
to the subjects while the fMRI again measured BOLD signals. The 
computer then paired the brain’s signals with the predicted signals 
created by the system’s YouTube clip library. The computer produced 
the top 100 clips that were most likely evoked by the signals and then 
made an average of these. Combined, the clips roughly reconstructed 
the movie footage shown to the subject!
 The reconstructed clips are far from precise. They are blurry and 
contain mismatched colors. However, there is no denying a similarity 
between the original footage and the reconstructed images. Such 
technology, while rudimentary, is a giant leap in the field of neuro-
science. The researchers have already begun to suggest ways to not 
only improve the accuracy of reconstruction, such as broadening the 
video clip library, but also ways to access higher brain systems where 
personal footage could be drawn. The system can now only recreate 
movie clips, but future advancements may lead to the recreation of 
more substantial information, like thoughts, dreams, or even memories. 
While expanding means of communication could be beneficial, other 
more high impact advancements in the fields of neuroscience and 
psychology could stem from such developments.

Original Paper: Nishimoto S et al. Reconstructing visual experiences from brain activity 
evoked by natural movies. Current Biology 21, 1641-1646. 2011.

Meghan Michalski

MDMA in Psychotherapy

This is a generation in which science and psychology have joined 
forces to understand and control the variety of mental disorders and 
diseases that afflict a multitude of patients each year. There has, no 
doubt, been growth of the production of psychiatric medications, since 
the antihistamine Thorazine was discovered to exert antipsychotic 
effects on Schizophrenic patients in the early 1950’s. Recently, however, 
some scientists have begun looking for psychotherapeutic agents in a 
non-conventional way, namely in the form of illicit psychoactive drugs. 
Scientists and psychiatrists, from the Multidisciplinary Association for 
Psychedelic Studies (MAPS), located at the University of California, 
Santa Cruz, have been theorizing that 3,4-methyldioxymethamphet-
amine (MDMA), the popular club-drug known as “Ecstasy,” has the 
ability to effectively treat an incapacitating form of Post-Traumatic 
Stress Disorder (PTSD). 
 PTSD is characterized by a history of exposure to trauma meeting 
two criteria and symptoms from three symptom clusters: intrusive recol-
lections, avoidant/numbing symptoms, and hyper-arousal symptoms. 
In the United States, the prevalence of PTSD in the general population 
is between 6% and 10%, and is significantly higher in countries where 
there is armed conflict. In addition, reviews of literature claim that 
the response rate to pharmacotherapy (mainly antidepressants) was 
20–22% greater than the response to placebo. These results lead MAPS 
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Research in Brief

Writing secret messages in invisible ink and using decoder pens are 
not just childhood fascinations. Palacios et. al. (2011) have conducted 
research to improve the writing of hidden messages that was published 
this year by The National Academy of Sciences. Their research, funded 
by the US Defense Advanced Research Projects Agency, led them to 
a method of encoding messages using glowing bacteria called SPAM.
 SPAM, short for “Steganography by Printed Arrays of Microbes,” 
allows one to create a message that can easily be sent through the 
mail. This technique, created by David Walt and his team of chemists 
at Tufts University, uses seven strains of Escherichia coli bacteria modi-
fied to glow various colors. These strains can appear after a specific 
period of time elapses or can degenerate, creating a self-destructive, 
time-sensitive message. The growing bacteria, which form spots, are 
organized into several rows of two on agar growth plates and every 
pair of spots corresponds to a different letter, digit, or symbol. For 
example, two red spots can represent “D,” or a green and yellow 
spot can represent “Q.” A sheet of nitrocellulose film is then placed 
over the agar jelly to create an imprint of the bacteria containing the 
invisible message. Because the nitrocellulose film shows no color when 
dry, the recipient must then transfer the message onto their own agar 
plate to regrow the bacteria and make them glow again. SPAM is an 
improvement from previous methods, such as Venter’s technique, 
which encodes messages in DNA or proteins but requires specialized 
equipment to sequence the DNA and recover the message. However, 
Palacios explains that SPAM would only require light-emitting diodes 
and an iPhone.
This secret message can be further protected through the use of a 
“biocipher” and a “photocipher”. The modified E. coli bacteria can 
glow differently depending on the biocipher, a predetermined growth 
condition such as adding fluorescence to antibiotic resistant genes so 
the bacteria will only glow in the presence of a specific antibiotic, 
and photocipher, a predetermined wavelength of light that reveals 
the message. 
 However, some researchers believe SPAM is not a practical, secure 
method to hide information because of the few antibiotics needed to 
decode messages — someone could use a trial-and-error method and 
test a number of antibiotics to reveal the hidden message. Consider-
ing this, Palacios developed a way for the bacteria to resist specific 
antibiotics. Depending on what type of antibiotic is used, the message 
could vary. For example, using the antibiotic ampicillin could reveal 
the true message while using kanamycin could reveal a fake message.
 There is a wide array of applications for SPAM. While there is 
potential application for it to be used in covert operations by the 
military, the main focus is for use in watermarking genetically modi-
fied organisms. SPAM can act as a tag or barcode which will allow 
genetically modified organisms to be traceable. This can prevent 
counterfeit genetically modified organisms, which could be potentially 
hazardous, from being released into the market. Furthermore, research 
is still being continued to find new bacteria and new sources to apply 
the bacteria to, such as plants. The success of SPAM in the future will 

SPAM: What is it Trying to Tell You?

Michael Li

to conclude the necessity for an alternative form of therapy. 
 Before MDMA was classified in the United States as a Schedule  
I controlled substance in 1985, various psychiatrists and other  
therapists throughout the world used MDMA as an adjunct to psycho-
therapy. Investigators at MAPS have pointed out that, more recently, 
other clinical trials have demonstrated that MDMA induces an experi-
ence characterized by euphoria, increased wellbeing, sociability, 
self-confidence, and extroversion. On July 19th, 2010, MAPS published a 
protocol evaluating MDMA’s therapeutic applications in clinical trials, 
conducted under the Food and Drug Administration (FDA). 
 An article entitled, “The Safety and Efficacy of 3,4-methylene-
dioxymethamphetamine assisted psychotherapy in subjects with 
chronic, treatment-resistant posttraumatic stress disorder: the first 
randomized controlled pilot study” is the first completed study, 
since 1985, utilizing MDMA, or “Ecstasy,” as a therapeutic adjunct 
to chronic, treatment-resistant PTSD. Following preparatory non-
drug psychotherapy, patients with chronic posttraumatic stress 
disorder, resistant to both psychotherapy and psychopharmacol-
ogy, were randomly assigned to psychotherapy with concomitant 
active drug or inactive placebo, administered during two eight-hour 
experimental psychotherapy sessions. The primary outcome mea-
sure was the Clinician-Administered PTSD Scale, administered at  
baseline, four days after each MDMA treatment, and two months after 
the second session. A decrease in the Clinician-Administered PTSD 
Scale scores from baseline turned out to be significantly greater for the 
group that received MDMA than for the placebo group after baseline. 
 Investigators observed the onset of MDMA effects approximately 
forty-five to seventy-five minutes after the initial dose. Patients reached 
a drug-induced peak at two to two and a half hours. Effects lasted 
four to five hours in subjects who received a single dose; five to six 
hours in subjects who received a supplemental dose (half the initial 
dose, administered two hours after the first dose). Effects diminished 
gradually over several hours. 
 Additionally, researchers also claimed that harmful side-effects were 
inexistent. The most common side-effects that occurred in the MDMA 
group during the experimental session were jaw-tightness, nausea, 
feeling cold, loss of appetite, and dizziness. Comparatively, the most 
common side-effects in the placebo group during the experimental 
session were anxiety, insomnia, headache, and fatigue. These obser-
vations reflect the potential use of a relatively, physiologically safe 
psychedelic substance as a therapeutic adjunct to psychotherapy. 
 According to MAPS, in response to the association’s successful 
clinical trials involving the use of 3,4-methyldioxymethamphetamine, 
the FDA has approved the training of psychologists in MDMA assisted 
psychotherapy. This study opens the door to a new way of thinking 
regarding the role of psychedelics in our society and their potential role 
as therapeutic pharmaceuticals in the form of psychiatric medications.
 
Works Consulted:
1.  Diagnostic and Statistical Manual of Mental Disorders: DSM-IV. Washington, DC: 

American Psychiatric Association, 1994.
2. Kessler RC, Chiu WT, Demler O, Merikangas KR and Walters EE (2005) Prevalence, 

severity, and comorbidity of 12-month DSMIV disorders in the National Comorbidity 
Survey Replication. Arch Gen Psychiatry 62: 617–627.

3. de Jong JT, Komproe IH and Van Ommeren M (2003) Common mental disorders in 
post-conflict settings. Lancet 36: 2128–2130.

4. Foa EB, Keane TM, Friedman MJ and Cohen JA (2009) Effective treatments for PTSD, 
practice guidelines from the international society for traumatic stress studies, 2nd 
edn. New York, NY: Guilford Press.

5.  Mithoefer, Michael C., Mark T. Wagner, Ann T. Mithoefer, Lisa Jerome, and Rick 
Doblin. “The Safety and Efficacy of 3,4-methylenedioxymethamphetamine assisted 
psychotherapy in subjects with chronic, treatment-resistant posttraumatic stress 
disorder: the first randomized controlled pilot study.”

6.   Mithoefer, Michael C., Mark T. Wagner, Ann T. Mithoefer, Lisa Jerome, and Rick 
Doblin. “The Safety and Efficacy of 3,4-methylenedioxymethamphetamine assisted 
psychotherapy in subjects with chronic, treatment-resistant posttraumatic stress 
disorder: the first randomized controlled pilot study.”
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Research in Brief

further encourage research into new methods and applications for 
encoding messages with bacteria. 
 
Original Paper: Palacios. M.A. et al. Bacteria Encode Secret Messages. Proceedings of the 
National Academy of Sciences. 2011: Vol. 108 no. 40.
Nature Article: Yong, Ed. Bacteria Encode Secret Messages. Nature. 26 Sept. 2011. Web. 
<http://www.nature.com/news/2011/110926/full/news.2011.557.html>.

Justin Tepe

Cloned Human Embryo Makes  
Working Stem Cells

In 1996, the world was shocked by the birth of Dolly the sheep, who 
proved that DNA could be transferred to an egg cell to create a clone. 
Since then, scientists at Seoul University, led by Woo Suk Hwang, 
claimed that they were able to create their own line of human stem 
cells from cloned human embryos. The resulting complications with 
the legality and legitimacy of their findings have left a serious ethical 
debate in their wake. Until now, no one has been able to replicate 
Woo Suk Hwang’s experiments. Scientists at the New York Stem Cell 
Foundation Laboratory have developed alternative cloning techniques 
to create a self-reproducing line of embryonic stem cells.
 Although it has proven very difficult, the reprogramming of somatic 
cells also known as body cells has been attained through the replace-
ment of the oocyte (egg cell) genome at the second stage of sex cell 
production with a somatic cell nucleus in mice and rhesus monkeys. 
In the lab, scientists obtained somatic cell genomes from a male with 
diabetes and a healthy male. Following the traditional path used in 
many mammalian species cloning, the somatic cells were inserted 
into the oocyte cells, which continued normal cleavage development 
as expected. By a stage of six to ten cells, the development of the cells 
came to a halt resembling observations of arrested development post 
nuclear transfer into human zygotes.
 Previously, it was believed that this halt in development was due 
to low quality oocytes obtained from women. However, as a control 
for this experiment Dieter Egli, a researcher at the New York Stem 
Cell Foundation Laboratory, left the oocyte genome within the egg 
cell after the somatic nuclei was transferred. In contrast to previ-
ous experiments, development continued to the compacted morula 
stage, and expression of the GFP transgene was reinitiated when 
expected. At this stage, the cells were isolated into two generations: 
one derived from the healthy male and the other from the type one 
diabetes subject. Each line contained short tandem repeat (STR)  
alleles indicative of a haploid genome from the oocyte and a  
diploid from the somatic cell’s genome. Both populations continued 
to undergo over 100 population doublings without any sign replicative 
issues.
 These findings have not generated the same media buzz observed 
with Hwang’s experiments because these scientists are wary to use 
the term cloning to describe their work. It is true that the cells devel-
oped are not true clones as they are triploid cousins of their cloned 
counterparts. Despite that, the stem cells show many functions of 
normal cells, even if they are incompatible in a patient’s tissue because 
of their additional set of chromosomes and therefore do not have a 
clinical relevance yet. 
 Egli’s group is confident they can create a line of stem cells from a 
diploid cloned embryo. Stem cells cultured this way can differentiate 

into all three germ layers and have a pluripotent gene expression 
from the somatic cell. The outcome of these results indicates that the 
removal of oocyte genome is the cause of developmental failure of 
stem cells after nuclear transfer of the somatic genome. Scientists at 
New York Stem Cell Foundation Laboratory must figure out what is 
in the genome of the egg cell that allows reprogramming in order to 
compete with induced pluripotent stem (iPS) cells, adult cells repro-
grammed to have the development potential of an embryo without 
using an entire egg cell.

Original Paper: Noggle, S. et al. Human oocytes reprogram somatic cells to a pluripotent 
state. Nature 478, 70-75 (2011).
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The Biological  
Super-Computer:  

What Functions  
When Memory is  
Missing?

Andrea Foster

Memories are dangerous. They can both 
comfort and haunt, bless and curse, simplify 
and complicate, but they still capture the  
curiosity of many. They allow for historical 
recollection, declarative learning, and 
long-term intellectual processing. Of all 
of memory’s purposes, it is intellectual 
processing that is most often explored, but 
whether or not memory ultimately defines 
intelligence is a question that has not been 
answered. The most probable description 
of the relationship between memory and 
intelligence is explored through the work of 
many respected neuroscientists. 
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T here are between 500 and 1,000 trillion synapses in 
 the human brain.1 That is potentially a lot of memory. 
 Memories are prompted, created, recalled, and forgot- 
 ten in an intricate system deep within the human  

       brain. The actual process of memory has several stages 
beginning with selection, proceeding to lay-down, recollection, change, 
and then finishing off with forgetting. Among other brain areas, these 
processes occur in the hippocampus.2 Even though the memory process 
is highly refined, disasters still occur. 
 Memories initially form when an outside stimulus generates an action 
potential in neurons. As the neurons fire in synch more frequently, they 
begin to form a stronger bond in which one firing neuron will spark 
the others, creating a memory.2 More recent studies have indicated 
that the medial temporal lobe is highly active in the memory system 
and processing memories. The hippocampus, located at the center of 
this region, plays a huge role in the memory process as it turns percep-
tions into long term memories and also stores them.2 Without it, old 
memories are impossible to access and new ones will not be created.2

 Many students think the key to success in science classesi s memo-
rization. While memory is constantly tested as a general sum of the 
information each student has retained, it is a poor indicator of how 
intelligent each student is or how successful they will become. To study 
this, researchers ideally need a brain that lacks a “memory system,” or 
the hippocampus and the surrounding medial temporal lobe. Though 
there are not many examples of people missing their entire medial 
temporal lobe, there are a few people that havedemonstrated that 
higher intelligence actually has little to do with memory. While they 
cannot recall recently obtained facts, their working memory remains 
intact and can still process logical problems. The issue is that they will 
soon completely forget whatever solution they achieved. 

THE ORGANIZATION OF MEMORY

The hippocampus is especially involved in episodic memory, the 
ability to recall personal events and memories, but it is not as highly 
involved with remote semantic memory, the memory one uses to recall 
facts such as the continent on which Brazil is located.3 Lesions that 
block pathways in the hippocampus and surrounding medial temporal 
lobes result in impaired memory formation. This results in impaired 
learning.3 Learning in this case is often confused with intelligence. 
 The frontal lobes have long been considered the primary center of 
intelligence. It is true that it is highly involved in processing, making 
decisions, concentration, and many other cognitive tasks, but damage 
to the frontal lobes does not always result in a decline in intelligence 
quotient (IQ).2 Research now suggests that there is a neural “superhigh-
way” that connects the frontal lobes to the parietal lobes.2 The effect 
is integrated planning, organization, and sensory information. Since 
the vast majority of the intelligence processes occur in the forebrain, 
lacking a long-term memory simply halts the computation process that 
involves more than working, remote, short term, or perceptual memory, 
yet spares the ability to use higher cognitive functions such as logic.
 Memorizing information is extremely helpful and requires great 
discipline, but it is not the deciding factor in intelligence. While 
memorizing history, equations, and other facts of interesting merit is 
valuable, processing the information and creatively working with it 
and applying it requires true intelligence. These processes take place 
in the frontal cortex rather than the medial temporal lobe, so they 
remain intact and usable even when a person is missing large chunks 
of their medial temporal lobe. 

THE PEOPLE

EP is a sweet, gentle man of 85 years living in suburban San Diego. 
He has the demeanor of a genial grandpa, and conversations with 
him are clear and fluid. Sadly, he will never remember them. Fifteen 
years ago, the herpes simplex virus infected his brain. The virus 
maliciously ate two walnut size chunks away from his hippocampus 
and the surrounding medial temporal lobe—the areas of the brain 
crucial for turning perception into memory.1 Any memories processed 
by the hippocampus were lost forever.2 
 The virus resulted in two types of amnesia: anterograde and 
retrograde. “Anterograde” simply means that he cannot form new 
memories. “Retrograde” simply means that he cannot recall old ones.2 
Though the years before the herpes are vivid, nothing between then 
and the present exists to him. EP still greets Jen Frascino—the research 
coordinator for a neuroscience and memory lab at the University of 
California, San Diego—as if she is a stranger though she has been to 
his home more than 200 times.1 

 Frascino’s job requires her to gauge EP’s remote memory. She poses 
a series of questions such as what continent Brazil is on, how many 
weeks are in a year, and at what temperature water boils. EP generally 
rolls his eyes as if to say, “Does this woman think I’m stupid?” but 
answers each of the questions confidently and correctly.1 The weekly 
series of questions prove that EP has not lost his entire memory system; 
he has a functioning working memory which he uses in complicated 
intellectual processes. It just does not store all the information it used 
to be able to store. 
 EP remains capable of forming nondeclarative memories.1 Each 
and every day, he walks around his neighborhood along the same 
path for up to forty five minutes. Though one wrong turn would 
leave him completely lost, he comfortably follows his feet around the 
block multiple times. Even without his conscious effort or memory 
processing skills, he always ends up back home. Evidently, there are 
parts of EP’s brain that are capable of learning even if they have not 
been identified yet. 
 A vast amount of what neuroscientists know about memory has 
been learned by studying damaged brains such as EP’s. A former 
patient in a Connecticut nursing home, HM suffered from intense 
and frequent seizures after a bike accident that occurred when he 
was seven years old. In 1953, he had a life-altering encounter with 
a surgeon by the name of William Beecher Scoville who thought he 
could perform an experimental surgery to relieve HM of the majority 
of his symptoms. Using only a local anesthetic, Scoville proceeded to 
excise the parts of the brain he believed to be the problem—he used 
a straw to suck out most of HM’s hippocampus and the surrounding 
medial temporal lobe through holes cut just above his eyes.1 Scoville 
did successfully reduce the frequency of HM’s seizures, but he also 
destroyed HM’s long-term memory.1  After the procdure, HM suffered 
from both anterograde and retrograde amnesia, but he remained an 
intelligent person as shown through many investigations, including 
those of Canadian neuropsychologist Brenda Milner. 
     Milner once asked HM to remember the number 584 for as long 
as possible. Using a complicated numerical system, he was able to 
successfully remember the number. “It’s easy,” he said, “You just 
remember 8. You see, 5, 8, and 4 add to 17, and it leaves 9. Divide 9 in 
half and you get 5 and 4 and there you are: 584. Easy.”1 Though this 
test was designed to examine HM’s memory, it also demonstrated he 
was still capable of logical processes and was able to intellectually 
analyze problems. 
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 HM’s weakness was not a weakness of the mind, but rather a 
weakness in the ability to form declarative memories—he could only 
recall information he was actively processing. By asking HM to trace 
a five-pointed star on a piece of paper while looking at its reflection 
in a mirror, Milner demonstrated HM’s ability to form lasting nonde-
clarative memories. Each day, he improved at the task, although he 
was never able to recall having performed it before. Milner showed 
that HM’s brain was able to learn new skills, indicating that he does 
not lack intelligence. 
 Contrary to what one would expect, HM’s IQ increased after his 
treatment. Before surgery, his IQ was measured at 104 by Dr. Liselotte 
Fischer in August, 1953,4 and was re-measured post-surgery at 112 by Dr. 
William Beecher Scoville.4 This unexpected increased in IQ supports 
HM’s intellect regardless of the state of his memory. Although HM was 
unable to remember anything from eleven years prior the surgery, he 
has no impairment of personality or general intelligence.4

 HM was even competent in social settings. Though he had to 
frequently ask a person’s name, his articulation and vocabulary 
were consistent with his above-average intelligence.5 His comprehen-
sion skills were undisturbed, and he was able to understand the 
punch lines of jokes even if they had semantic ambiguity.5 Percep-
tion did not present any problems to HM either, as he was easily 
able to respond to difficult perceptual tasks such as the Mooney test  
which asks the tester to identify a face from an abstract black and 
white presentation.5

GENERAL INTELLIGENCE

Research performed by J. Gläscher et al. in 2009 concluded that general 
intelligence (g) relies on connections between regions of the brain 
that integrate verbal, visuospatial, working memory, and executive 
processes.6 Their study is unique because it used a battery of cognitive 
tests instead of a single test. This allowed them to examine the correla-
tion between different brain functions, rather than the functionality 
of a single system. While the general population would expect such a 
study to localize the g processes, the researchers remained skeptical. 
Instead of finding a single location for g, the study produced some 
mildly shocking results concerning g’s delocalized properties.
 Further analysis of the study performed by Gläscher et al. suggests 
that working memory, not long-term memory, is key to nearly every 
intelligent neural process. Therefore, individuals like EP and HM who 
can only utilize working memory can still have very high levels of 
intelligence. Verbal skills, visuospatial skills, and executive processes, 
key aspects of intelligence, do not necessarily demand functioning 
anterograde and retrograde memories. Neuroscientists call this principle 
“fluid processing,” which is necessary for all forms of intelligence. 
Fluid processing takes place in the frontopolar cortex, and operates 
independently from the hippocampus6. In addition to Gläscher et al.’s 
work with general intelligence, others have produced similar results 
that indicated many different parts of the brain are involved in g.
 Other research has implicated the role of resting cerebral blood flow 
(rest-CBF) as a large contributor to general intelligence levels.7 This 
study experimentally isolated rest-CBF. They found that higher levels 
of rest-CBF are a large contributor to g.7 This has two implications. 
First, since general intelligence is monitored primarily by rest-CBF 
and not declarative memory, then declarative memory must have 
little to do with g. Second, since their findings suggest that resting 
brain activity is associated with cognitive processes (and cognitive 
processes related to general intelligence are widely spread across the 

brain), it is logical to say that g does not solely utilize memory but 
must be influenced a considerable amount by many different areas 
and processes of the brain. 
 There is plenty of evidence from Haier et al.’s investigations to sup-
port hypotheses that general intelligence is strongly correlated with the 
amount of gray matter, the neural cell bodies, present in an individual’s 
brain,8 yet a formulaic system of comparing gray matter mass with g 
has not yet been developed. The same gray matter study by Haier et 
al. 2004 produced data that implicated only a small number of areas 
in the brain which had an effect on general intelligence. Even though 
there are few areas within the brain that contribute to g, they are still 
distributed throughout the brain rather than residing in one area.8 

FINAL THOUGHTS

Why does it matter what determines g? New information, such as g 
is not located in one area of the brain and that it certainly does not 
require memory for all functions, can be used to reorganize education 
systems. Instead of teaching students memorization techniques, schools 
should teach students how to understand. While great recollection does 
raise test scores, it is not necessarily needed to work through logical 
processes as EP and HM illustrated. Students should learn to exercise 
creative problem solving, executive processes, and eventually make 
abstract comparisons at a much earlier age. This style of instruction 
is not usually employed until the college years, when most students’ 
brains are nearing the developmental completion. Students are not 
exposed soon enough to the kind of problem solving necessary to 
initiate the paradigm shifts worthy of a Nobel Prize. Memorization is 
valuable, but it is not the key factor in intelligence. The foundation 
for ingenuity is creative processing, not memorization.

Andrea Foster is a freshman from Eagle River, Alaska majoring in 
neuroscience. She is interested in many different fields of neurscience, 
including medicine and research. She hopes to attend a graduate 
program either at Boston University, the University of Washington, 
or Johns Hopkins University.
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Would you let yourself or your child 
take amphetamines?

 Amphetamines are prescribed to children and adults every year to 
treat attention deficit hyperactivity disorders and narcolepsy. Interest-
ingly, attention disorders occupy an area of medical science that has 
fallen under much skepticism and criticism since the early 1970s. 
Specifically, speculation has been directed at the nature of atten-
tion disorders and their legitimacy as pathological conditions. For 
example, arguments made in the early 2000s question the validity 
of the diagnosis of attention disorders, especially with respect to 
prescription psyschostimulants. In recent years, there has also been 
an alarming increase in amphetamine abuse in academic contexts 
– students have begun to abuse attention disorder medications to 
increase their focus for extended, unnatural periods of time. Both the 
prescription of these drugs to children and their abuse in academics 
is troublesome, and we should address the science and ethics behind 
these contemporary sources of controversy that relate to our modern 
medical and academic cultures. 
 Since the scientific discussion of attention disorder is still relatively 
controversial, I do not wish to inquire into the nature or causes of 
attention disorders, nor theorize heavily about mechanisms of drug 
action or biological effectiveness. Instead, I will address an apparent 
lack of understanding about the drugs involved in treating attention 
disorders, especially considering that many of these drugs are pre-
scribed to developing children and are abused in both academic and 
recreational settings. We will need to say something about pathology 
to discuss these points, but the reader should know that I am not a 
scientific expert on the topic and do not wish to make any original 
arguments in these areas. However, I will present relevant literature. I 
wish to present the drugs often prescribed and abused for their effects 
on attention, the current understanding of their mechanisms, and 
the ethical and health concerns surrounding their use; that is, how 
they are relevant to the treatment of attention disorders and the use 
of ‘study drugs’ among students. First, let us delve into the current 
understanding of attention deficit disorders. 

What is ADHD and how is it treated? 

Attention-Deficit Hyperactivity Disorder (ADHD) is one of the most 
common attention disorders diagnosed in children and young people. 
According to the Diagnostic and Statistics Manual of Mental Disorders 
(DSM) published by the American Psychiatric Association, its symptoms 
include persistent hyperactivity, inattentiveness, and impulsivity.1,2 The 
exact biological pathology of ADHD is not well defined, but studies 
argue that it essentially entails reduced activity of the neurotransmitter 
dopamine, a chemical involved in sensations of pleasure and reward, 
in the frontal lobes and basal ganglia of the brain.3 Additionally, genetic 

Frank DeVita

studies have suggested an association between ADHD and abnormal 
human dopamine transporter (dat) genes, suggesting a heritable or 
mutative cause of dopamine dysregulation as the source of attention 
deficiencies.4 ADHD is often treated with the prescription of various 
types of amphetamines, and these drugs provide symptomatic relief 
for nearly 80% of patients to whom they are administered.1,5,6,7 Adderall 
is one of these widely prescribed ADHD medications, and is a mixture 
of two amphetamines: dextroamphetamine and amphetamine.8 

What is an amphetamine and what does 
it do?

Since these amphetamines are widely prescribed to treat ADHD and 
are also a source of performance enhancement in academics, feelings 
of societal obligation should lead us to further inquire into their nature. 
It will be helpful to understand exactly what kinds of chemicals are 
making their way into human brains and to explore how and why 
they are both useful and destructive depending on the context of use. 
Namely, there are several important facts at the biological, chemical, 
and psychological levels that may go unnoticed to users in both medical 
and academic contexts, and I seek to inform the reader generally on 
amphetamines, their usage and their apparent effectiveness. 
 An amphetamine is a chemical stimulant, meaning that it increases 
overall activity in the nervous system, putting it into overdrive, so 
to speak. Caffeine also belongs to this broad category of drugs. In 
the context of our discussion about attention, stimulants are referred 
to as psychostimulants, which act in the central nervous system 
(the brain) and can induce alertness, wakefulness, and euphoria in 
the user. Psychostimulants are relevant to the medical treatment of 
ADHD and related disorders specifically because they can improve 
focus and attention in the user, combating the symptoms of attention 
deficit quickly and effectively through simple medication regiments. 
Amphetamines are thought to increase dopamine (DA, important in 
‘reward’), norepinephrine (NE, important in ‘fight-or-flight responses) 
and serotonin (5-HT) levels in the brain by increasing the chemicals’ 
concentration between neuronal synapses.18 This is described to be 
largely accomplished through release of DA, NE and 5-HT through 
the channels that typically bring the chemicals into neurons.19,20 This 
‘reverse transport’ is also aided secondarily by blockage of mechanisms 
that normally sequester the chemicals in synapses called “reuptake 
inhibition.” 19,20 This combination of reverse transport (the major 
mechanism) and reuptake inhibition (the minor mechanism) flushes 
synapses in the frontal lobe and basal ganglia with DA, NE and 5-HT, 
thus inducing the above-described stimulatory effects.9 
Amphetamines are part of a studied group of chemicals called 
phenethylamines, which are known for their stimulatory effects and 
neurotransmitter modulation. These and many other similar drugs, e.g. 
methamphetamines, are FDA approved psychostimulants for ADHD 
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Interestingly, trace amounts of phenethylamine are found naturally 
in chocolate. However, the reader may know the above-pictured 
amphetamine and methamphetamine more readily by their unofficial 
names—“crystal meth” and “speed,” respectively—illegal narcotic forms 
of synthetic amphetamine sold in black markets. These illegal drugs 
are abused for their induction of euphoria and now their prescription 
strength derivatives are abused for their effects on attention. The 
consequences of abusing these drugs are very serious in both contexts. 
Specifically, physical and psychological dependence may lead to ad-
diction, psychosis, and severe withdrawal symptoms after long-term 
usage.10,11 These drugs are dangerous in the wrong contexts and doses, 
thus forming a preliminary point about the ethics of their abuse.

Is there a functional relationship  
between prescribed and synthetic  
substances?

 In cognitive enhancement cases, the types of amphetamines abused 
illicitly are typically prescription drugs issued initially for attention 
disorders, e.g. Adderall. However, chronic recreational drug abusers 
often turn to synthetic compounds. Considering this, the chemicals 
abused may differ slightly in structure, but it is not invalid to argue that 
their function and effects in the brain and on the mind may be similar 
regardless of their point of sale. Skeptics may argue that differences in 
these chemicals’ structures make this suggestion invalid; however, let 
us consider another class of structural homologs (“homology” mean-
ing sameness) that millions of people use daily in place of a natural 
compound in the human body with great results: synthetic insulin. 
Insulin is a natural protein produced by the body, constructed from 
chains of smaller amino acids. Its analogues, which are administered 
in diabetes treatment, differ in composition from the natural compound 
by one or more amino acids just as prescription methamphetamines 
and amphetamines may differ from their prescribed, FDA approved 

derivatives by only a few constituents. Since insulin and its synthetic 
analogues can produce functionally similar effects inside the human 
body, is it not valid to reason that amphetamines essentially analogous 
to those in the hypodermic needles of drug abusers are making their 
way into the bodies of children and students in the form of prescription 
drugs? Considering recent efforts to diagnose attention disorder at earlier 
ages and the prevalence of amphetamine abuse in academics, we 
should consider this a possible state of affairs and inquire further into 
the ethical issues surrounding the use of amphetamines in our society. 

Are prescription amphetamines warranted?

First, we should consider amphetamine use in a medical context.  
It is understood that drugs like Adderall can alleviate symptoms  
of attention disorders in a large percentage of patients1,5,6,7 and 
we would be unwise to refute the therapeutic reality of these  
drugs. However, we should critically examine the grounds on which 
these patients were diagnosed. Rather than refuting this use of am-
phetamines through complicated biological arguments, let us address 
the aforementioned symptoms that serve as the basis of attention 
disorder diagnosis in order to develop a stance on the clinical use of 
amphetamines. Recall that symptoms of ADHD include inattention, 
hyperactivity, and impulsivity. Frankly, this list of characteristics 
reads more like the typical character of a young child rather than the 
symptoms of a psychological or psychiatric disorder; in fact, it seems 
perfectly in order from a behavioral standpoint. Further, it seems we 
are making a conclusion about a child’s cognitive and mental condition 
based largely on subjective judgment of behavior. Shortly, a decision 
to medicate with potentially addictive drugs such as amphetamines 
on such grounds seems flawed. Until better testing for disorders such 
as ADHD are implemented and more definitive biological markers or 
symptoms are identified, we should have trouble so readily accepting 
and advocating the treatment of attention disorders with amphetamines 
based on a purely behaviorist rationale. Although inappropriate for 
further discussion here, behaviorist arguments about the human 
mind have been largely and continually criticized in the modern 
era by contemporary thinkers. Until more sophisticated methods in 
brain imaging and cognitive diagnostics for diseases such as ADHD 
are developed, it remains a struggle to support the widespread use 
of prescription amphetamines.
 Given the unrefined understanding of the causes and pathologies of 
attention disorders, the use of amphetamines and other psychoactive 
drugs to treat disorders in children is questionable at best. Although 
symptoms may be alleviated, we cannot be sure of the long-term 
effects of amphetamine use or how its use is affecting childhood 
development. Let us not also forget that the use of such drugs alters the 
patients’ perception and quality of experience, perhaps in a undesir-
able way. We cannot communicate with the youngest of children, but 
personal accounts of older individuals medicated for attention disorders 
definitively report that their experiences with attention drugs are 
characterized by an altered state of consciousness. They also report 
undesirable physical and mental effects during the drug’s clearance 
from the body. Given the expanding wealth of scientific knowledge 
and these personal accounts of experience from patients, we should 
be more critical and cautious about altering the consciousness of 
young patients through the prescription of psychoactive drugs for 
attention disorders. 

treatment and all seem to produce similar effects. That said, we should 
appreciate that the commonality in observed effects of these drugs is 
also reflected in their in chemical structures:

IN THESE CHEMICAL REPRESENTATIONS, SOLID 
LINES REPRESENT CHEMICAL BONDS (TWO LINES 
SIGNIFY A DOUBLE BOND). N REPRESENTS  
NITROGEN, H REPRESENTS HYDROGEN, AND THE 
ABSENCE OF A LETTER INDICATES A CARBON 
ATOM. ZIGZAG LINES ARE VARIABLE, NONES-
SENTIAL CHEMICAL GROUPS.

phonethylamine amphetamine

methamphetamine
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Should we be prescribing drugs to  
younger patients? Is there an  
alternative to psychostimulant use? 

Development progresses quickly and sequentially in the early stages 
of life, and this is evidenced by the faster development of adolescents 
versus the more homeostatic state in adults. Further, our understanding 
of the developing brain is in its infancy, providing more reason to be 
wary of treating attention disorders with potentially mutative psycho-
stimulants. If anything, our current knowledge of molecular genetics 
should prompt us to take a more reserved stance on introducing foreign 
chemicals to developing bodies, even if they are medically prescribed. In 
this respect, we are readily discovering that many different compounds 
can interfere with gene expression, and the compounds discussed in this 
paper could also be inhibiting the function of essential developmental 
genes or activating inappropriate ones by 
saturating the brain with dopamine and 
subsequently active products. This is not 
to say that it is impermissible to prescribe 
medications to developing children in 
all cases—extenuating circumstances are 
conceivable. However, since this treat-
ment modality for attention disorders is 
relatively new, we will not fully under-
stand its consequences and effects until 
a significant number of people who were 
prescribed amphetamines at early ages 
reach a more definitive point in cognitive 
development. Even then, can we argue that such a person would have 
lived a worse life without medication? As such, earlier prescription 
of psychostimulants for disorders that are not well defined in the first 
place is a point worth considering questionable at best. In addition, 
psychopharmacology research studies in ADHD model rats have shown 
evidence for long term harmful effects after adolescent treatment with 
psychostimulants.19

 Fortunately, there are alternative behavioral strategies to medica-
tion that could serve as a first line of therapy in attention disorder 
cases. These approaches involve deliberate and structured behavioral 
intervention by human interaction with children showing ADHD 
symptoms. Some examples of these methods include behavioral 
intervention training for parents and classroom management training 
for teachers that educates both parties on using behavioral methods to 
help children exhibiting attention disorder symptoms.12,13 Approaching 
attention disorders from a behavioral standpoint prior to prescrip-
tion drug use seems logical and practical. We should focus on more 
strongly coaching and teaching children who exhibit attention disorder 
symptoms through behavioral reinforcement before prescribing them 
psychoactive drugs. It is evident that while prescription amphetamines 
may sufficient for treatment for attention disorders, it is certainly not 
necessary in all cases. 

What about cognitive enhancement? 

Studies have shown that rates of non-medical use of prescription 
psychostimulants have reached 25% at some United States colleges and 
universities.14,15  However, these statistics are self-reported, so actual 
figures may be more striking. Given that there are approximately 20.1 
million college students in the United States, this corresponds to as few 
as about 100,000 (5%) to as many as 5.1 million (25%) students who use 

psychostimulants such as Adderall in the United States alone.16 On the 
surface, the advantages of psychostimulant use are clear: heightened 
focus and the ability to work unwaveringly by swallowing a pill. 
Considering the previous discussion, this seems as impermissible as 
performance enhancement and drug abuse in general. One can even 
think of the current performance enhancement scandals in professional 
sports—like their athletic counterparts, a minority of students are 
employing the use of an illicit substance to improve their performance 
relative to those they compete with. This gives stimulant users a 
clear advantage over nonusers in that they acquire increased levels 
of cognitive endurance from abusing drugs like Adderall. In a society 
where academic performance is becoming the standard parameter on 
which students’ merit is judged, stimulant use is an unfair advantage. 
Nevertheless, this behavior is also physiologically self-injurious for the 
user and can have undesirable long-term consequences.

Honest students are beginning to  
compete with opponents who will   
stop at no cost to improve their  
performance and simply cannot  
match the artificial cognitive  
stamina attained by those studying 
with illicit supplements.

What can be done about non-medical  
prescription amphetamine abuse  
in academics?

Unfortunately, preventing the abuse of amphetamines for cognitive 
enhancement in academics is much more difficult than curbing their 
prescription in a medical context. In the case of abuse, we are dealing 
with sporadic, unapproved drug use that often goes largely unnoticed 
by physicians and close acquaintances. As such, it would be up to 
the student or the student’s peers to intervene and combat abuse. 
Alternatively, a student abusing performance enhancing prescription 
medication could seek professional help. However, there remain 
instances where students continue to use prescription amphetamines 
for an academic advantage regardless of psychophysical consequences. 
Thus, academic institutions must intervene if the problem persists 
and grows. As the number of psychostimulant prescriptions written 
per year have been increasing since the 1990s17,18 , the illicit use of 
such medications will increase accordingly. Therefore, educational 
institutions must take aim at performance enhancement prescription 
drugs with conduct codes and strict prohibited-use policies as a 
start. Regular student testing would be unrealistic at universities, but 
higher education should make it a priority to address this issue given 
the consistently increasing dependence on grades for admission to 
graduate and professional schools as well as in the job market. Honest 
students are beginning to compete with opponents who will stop at 
no cost to improve their performance and simply cannot match the 
artificial cognitive stamina attained by those studying with illicit 
supplements. Remaining ignorant to the issue will only exacerbate 
the problem because more students are likely to try their hand at 
cognitive enhancement as pressure and prevalence builds.
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Final Thoughts

I hope I have at least bestowed upon the reader a new sense of clarity 
with respect to the many details underlying psychostimulants and their 
use in medical and academic contexts. The objective of this piece is 
to increase awareness and to provoke thought about a topic that has 
become pertinent in our high schools, universities, and doctors’ offices. 
It is also eminently relevant to our health, minds, and brains. Although 
science may still be refining its ideas about the more concrete details 
of the biology of what was discussed, hopefully the arguments have 
presented to the reader a clear demonstration that willful ignorance 
of the issue at hand is an injustice to our society at large. 

Frank DeVita is a senior Biology and Philosophy major from Valley 
Cottage, New York. He is currently doing research in clinical nuclear 
medicine at Boston University School of Medicine and is interested in 
philosophy of mind, phenomenology and the history of philosophy. He 
hopes to pursue his philosophical interests at the graduate level in the 
United States or abroad.
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Study Habits that 
Boost Brain Power
Elizabeth Tingley

During finals or the night before an exam, staying up all night, turning 
on your favorite music, and eating Easy Mac may seem like the best 
way to study. But could a few more hours of sleep help you recall 
what you read? Can the difference between loud music and a silent 
room be the difference between an A and a B? Do your midnight 
snack choices directly affect your cognitive function? For the answers, 
you must look at the latest studies of the hippocampus (the area of 
the brain that consolidates memory) and of synaptic plasticity (the 
ability of the brain to change, learn, and compensate for injury). 
This research combined with tests of alertness and tests of focus in 
general have revealed that there are habits which specifically affect 
cognition. To make the most of a study session, do what’s best for the 
brain: aim for eight hours of sleep per night, study in a silent setting 
without any music playing, and modify your diet so it includes very 
little saturated fat. 

SLEEP ON IT

Have you ever been told to “get a good night’s sleep” before a big 
test or an important event? If so, you’ve probably also rolled your 
eyes and stayed up for hours—next time, think twice before doing so. 
Cognitive function is directly affected by the amount of sleep that an 
individual gets, both each night and over the course of a few days. In 
order to make the most of a study session and ultimately do well on 
exams, you should aim to sleep for eight hours each night and avoid 
sleeping for less than five hours more than once a week. 
 Although the specific neural purpose of sleep is not wholly or 
definitively known, it has been proven that the amount of sleep directly 
affects basic human functions. A lack of sleep has been implicated 
in deterioration of motor skills, visual and perceptual accuracy, and 
cognitive abilities in many different studies. Research into the occur-
rence of job-related accidents, for example, revealed the effect of sleep 
deprivation on motor skills. Hospital interns scheduled to work for 
24 consecutive hours increased their chances of hurting themselves 
with a needle or scalpel by 61%, their chance of having a car accident 
by 168%, and their chance of  nearly having an accident by 460%1. 
Sleep deprivation has also been found to cause a decline in brain 
function comparable to that of being intoxicated. Tests of hand-eye 
coordination, reaction time, perception and spatial memory revealed 
the similarities in cognitive abilities between inebriated individuals and 
sleep deprived individuals. Individuals who consumed no alcohol but 
had been kept awake for 17 to 19 hours all scored the same or worse 
on the tests than when they had blood alcohol contents of .05% and 
were properly rested2.
 As those studies show, and as most people have probably expe-
rienced after a prolonged period of being awake, sleep is crucial to 

maintaining basic and necessary human function. While the biological 
basis of this need for sleep is not exactly known, it is presumed to stem 
from the process of neurogenesis, or the production of new neurons, 
in the hippocampus. The formation of new neurons is thought to be 
involved in learning and the development of memories. In the hip-
pocampus of adult rats, sleep deprivation has been found to reduce 
cell proliferation and neurogenesis3, essentially inhibiting memory. 
Additional studies of rats have revealed a process called hippocampal 
replay. The hippocampal activity which occurred during waking hours 
is repeated in REM sleep4, which is the phase that occupies about 
25% of sleep and involves brain activity most similar to when an 
individual is awake. Moreover, a few days of training on a new task 
or behavior resulted in an increased amount of REM sleep in the rat’s 
sleep cycle5, indicating that REM sleep is somehow vital to learning 
and remembering the new task.
 The implication of hippocampal replay and the need for REM 
sleep is that sleep facilitates the specific process of learning and is 
also necessary to pick up new skills4. In order to determine if the 
neurogenesis that rats undergo during sleep also occurs in humans, 
researchers have used the brain tissues of deceased individuals who 
had been treated with a chemical that labels DNA. The introduction 
and measurement of neuronal markers has led to the conclusion that 
the human hippocampus does retain the ability to generate neurons 
throughout life6. To capitalize on this ability, and therefore improve 
your cognitive function, sleep is crucial. Getting only four hours of 
shut-eye on school nights and pulling an all-nighter before an exam 
may seem like the only way to do enough studying, but falling into 
these habits is extremely detrimental to brain function. Be sure that 
you get enough sleep to make your time spent studying worthwhile.

THE SOUND OF SILENCE

 The relationship between music and academic success, which has long 
been touted by parents and teachers, is supported by many experi-
ments. For example, elementary school students who study music, 
by doing anything from singing in chorus to learning piano, tended to 
have higher scores on reading achievement tests7 along with improved 
brain plasticity8. This correlation indicates that the study of music has 
a positive impact on learning in general. However, this relationship 
doesn’t necessarily suggest that you should blast your favorite band 
or listen to the TV while studying for finals. Controlled experiments 
and studies of brain activity actually indicate that any background 
noise while studying or test-taking, including instrumental and vocal 
music, is either neutral or detrimental to learning and comprehension. 
If you want a productive study session, lose the headphones and find 
a quiet space without any background noise.
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Kahneman’s capacity model of attention is often used as evidence 
that playing music while studying is not beneficial to learning and 
retention. The model states that the amount of attention that can be 
used at any time is limited and the amount of attention that is necessary 
for performing multiple tasks depends on the demand of each single 
activity alone. Essentially, when multitasking or processing different 
inputs simultaneously, you can fail to perform a task because too 
much attention is devoted to another task9. This theoretical approach 
is thought to have a neural basis, but it is not a simple or definitively 
known one. The processing of music is not isolated to one specific 
location in the brain, nor are the neural processes of reading, writing 
and memorizing, so there are no single areas in which the processes 
interact10. The actual, detailed process of hearing, understanding, and 
interpreting music cannot be traced through exact paths; the specific 
neural networks that allow for the complex experience of music are 
still being studied and identified9. What is currently known about 
the brain and different types of processing is the difference between 
the left and right sides of the brain. The left side is responsible for 
logical processes, like language, while holistic and subjective process-
ing, like listening to music, occur primarily on the right side. The 
notion that music is predominantly mediated by right hemispheric 
processing explains why music is not completely distracting and how 
an individual is able to carry on a conversation or read a magazine 
with music playing softly, like in a coffee shop10. Because the specific 
neural processes are not known, experiments have been the primary 
indicators that music is detrimental to studying. Many such studies 
have been performed with a variety of different subjects, including 
elementary school students and college students, and different foci, 
including verbal learning with varied tempo and consonance8 and 
concentration with television programs.11 All of these experiments have 
concluded that background noise has either no effect or a negative 
effect on recall and attention.
 Despite those results and the idea that competition occurs from 
both focusing and processing background stimuli, recent studies have 
revealed that certain people are not negatively affected by the presence 
of music during studying. The way in which music and background 
noise affect performance on a test often seems to be dependent on 
an individual’s personality. In one experiment on 150 students aged 
16 to 18, introverts’ performance on academic tests decreased with 
background noise while extroverts’ scores improved12. Additionally, 
another study compared the recall abilities of students who regularly 
listen to music while studying to the abilities of students who do 
not. The individuals who reported that they regularly studied with 
music scored the same or higher on verbal recall tests when they 
studied with music than when they studied without music13. If you 
are comfortable in large groups and active settings or find it helpful 
to listen to music, compare your ability to study with and without 
background noise—you may be an exception. Most people, however, 
can maximize their brain function by studying with as little background 
noise and music as possible. 

FOOD (AND DRINK) FOR THOUGHT

From the true pleasure of comfort food to the pain of caffeine with-
drawal to the sleepy feelings after a big dinner, the power that food 
can exert on thoughts and emotions can be seen in many aspects of 
daily life. These common experiences demonstrate that physical body 
signals have a significant effect on mental function. This effect has 
been utilized for therapy with vagal nerve stimulation, a process that 
involves artificial excitation of the nerves which monitor digestion and 
carry signals from digestive organs to the brain. The success of this 
method in improving the moods of chronically depressed individuals 
has inspired deeper research into the effects of internal signals on 
cognitive processes14. 
 Because food is now known to be more than an energy provider, 
it should be considered as an essential part of any successful study 
routine. Several specific nutrients have been found to enhance the 
mental function of rats with brain injuries and in elderly people 
with degenerating cognition15. Studies have attempted to apply these 
findings to healthy people by testing the nutrients on healthy rats 
and individuals of all ages; flavonoids had the most positive effects 
on cognition while saturated fats had negative effects on cognition14. 
Flavonoids are found in highest concentrations in green tea, citrus fruits, 
red wine, and dark chocolate16 —but that doesn’t mean you should 
eat a Hershey bar and drink a glass of wine every hour of studying. 
Flavonoid-rich products should be part of an overall healthy diet. In 
one experiment, the combination of exercise and flavonoid-rich foods 
resulted in an increased expression of genes that have a positive effect 
on neuronal plasticity, which is the ability of nerve cells to change 
their properties in response to growth needs and injury. On the other 
hand, saturated fat has been linked to decreasing molecular substrates 
that support cognitive processing in humans and animals14; rodents 
given saturated fat-rich diets had reduced hippocampal activity and 
experienced a decline in synaptic plasticity after only three weeks 
of the diet15. This indicates that regularly eating saturated fatty foods 
will negatively affect the success of studying while a diet higher in 
flavonoids will improve study efficacy.
 In addition to monitoring overall diet and nutrient intake, you can 
eat and drink certain things to make studying most efficient. The 
energy drink Red Bull, for example, contains a combination of caffeine 
and taurine. It was studied to determine its effects on psychomotor 
performance through tests of reaction time, concentration and memory. 
When compared with control drinks, Red Bull significantly improved 
subjects’ alertness and caused them to score better on the three tests17. 
However, these positive effects have not been definitively proven to 
increase short term memory; the effects seem to be due to the combina-
tion of caffeine and taurine lowering heart rate and increasing blood 
pressure in the main arterial artery19. Caffeine has similar effects on 
focus and attention networks18 and can be a good study tool as long 
as it is consumed in moderation to avoid jitteriness and withdrawal. 
For mid-afternoon snacks, it has been found that high-calorie foods 
containing sugar increased attention and performance on reading and 
reasoning tests more than low-calorie ones did20. In between meals it 
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is best to eat something that will give you a boost in energy and is not 
high in saturated fat, like eggs, nuts, fresh fruits, raw vegetables, and 
whole grain cereal. Although there is no single brain food that will 
maximize the retention of every study session, knowing the nutrients, 
snacks, and drinks that directly affect focus, attention, and learning 
will make studying more successful. 
 Everyone has their own routines and strategies for studying, but at 
the same time, everyone’s brain holds a unique key to making those 
practices as successful as possible. By understanding the specific 
neural effects of food, music, and sleep, you can improve your ability 
to focus on a topic, learn new material, memorize information, and 
ultimately succeed on exams. You might just be looking for a passing 
exam grade now, but sticking with these habits and keeping up with 
the latest research could boost your brain for the rest of your life!

Elizabeth Tingley is a freshman Neuroscience major from Voorhees, 
New Jersey. She plans to explore her interest in memory and cognition 
by working with Alzheimer’s patients in a nursing home this summer.
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Well, When You Say it Like That...

A Brief Look  at Musical Advertisements’  
Effects on the Brain

As a generation continuously exposed to advertising, we 
like to think of ourselves as immune to the daily ambush 
of messages before us. We fine-tune the art of skipping 
commercials, we ignore telemarketers with ease, and we close 
pop-up ads like champions. Yet while these advertisements 
may appear easy to avoid, they are persistent because 
companies feel they work. Studies suggest that they do work. 
But the question is how?  One of the most basic advertisement 
techniques is attaching a tune or jingle to a message. In fact, 
since the mid-nineties, most of commercials on television 
use music as the main creative component, which can cost 
upwards of $10,000 per advertisement.1  The fact that music 
is such an integral part of advertisement is curious. Why do 
advertisers use music, and what type of music works best?

Aparna Panja
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The answer to the first question is simple, and observable in everyday 
life. Humans tend to remember repeated tunes as well as phrases, and 
remember longer tunes better than longer phrases. Take, for example, 
a kindergarten teacher who uses a song to teach children the alphabet. 
Ask someone to say the alphabet without the tune, and listen to the 
response. Chances are, it will be slower, and the letters “l, m, n, o, and 
p” will probably be blended together as it is in the song. This series 
of sounds is much easier to remember with a tune attached, and it 
is actually difficult to completely separate the learned tune from the 
message. Similarly, attaching an action to a tune can have similar effects. 
In fact, a 1997 study on infants indicates that this ability develops at 
an early age. In this study, infants were trained to kick a mobile in a 
particular manner when a specific piece of music was played. After 
a one-week delay, the infants were unable to kick the mobile in the 
same way until the piece was repeated. When the music was replayed, 
the infants were not only able to remember how to kick the mobile, 
but they remembered in a matter of seconds. This tells us two things: 
one is that the infants were able to retain the music, and the second 
is that infants needed the music in order to remember the action.  
Advertisers, in their years of experience, seemed to have this figured out. 
 How music has such a mesmerizing effect is important to understand, 
as well. Other studies can give insight into our brains’ relationship with 
music. The ability to recognize dissonant pitch combinations, tempo 
alterations, and timbre changes is found in infants and adults, even 
those unfamiliar with musical training. The key to this recognition is 
the integration of different parts of the brain, rather than one “music 
section”. Increased orbitofrontal cortex activity is also found, while 
both hemispheres of the auditory cortex of the brain are processing 
musical information. This means that because so many parts of the 
brain are necessary to music recognition and memory, different parts 
can retain and trigger the memory of music. This theory plays a large 
part of research on Alzheimer’s disease, and researchers are utilizing 
music to help patients remember daily tasks3. The reward portion, or 
limbic system is also triggered during consonant patterns of noise. 
For advertisers, this means that music can, not only help a person 
remember a product, but it can also evoke an emotional response.
 The most defining factors for which tunes in an advertisement 
work best are consistency in tempo and timbre. Tempo, or the speed 
at which a piece of music is played, is the most heavily researched 
because it is the most quantifiable. Because, watching an advertisement 
is partially a cognitive experience, how fast the listener receives the 
information is critical. If the “information load“ comes in too fast, the 
listener will find him or herself processing the music too quickly to 
remember everything4. Finding the balance between an interesting and 
a neurologically strenuous tempo is key for advertisers. For example, 
faster tempos of over 160-170 beats per minute (such as the popular 
song, Sugar, We’re Going Down by Fallout Boy) are shown to attract 
attention more effectively, but for overall advertisement recall this 
pace is detrimental.5 Tempos between 90-120 beats per minute (think 
the McDonald’s I’m Lovin’ It jingle) are more memorable because the 
“information load” is smaller.6,7 
 Timbre is less quantifiable, and studies concerning it are almost 
paradoxical. While it cannot be quantified or measured directly, 
people are able to recognize it, even from infancy. It is defined as the 
characteristic quality of an instrument or voice, including its loudness, 
pitch, and tonality. Generally, it is timbre consistency that contributes 
to message retention in advertising, but the combinations of pitches 
and tones affect the emotions of people listening to the advertisement5. 
Most American jingles use higher pitches, because they elicit a more 

positive audience response. Studies show that these pitches, ranging 
from medium to high are universal linguistic cues for happiness. Also, 
PET scan studies show that parts of the brain involving reward and 
satisfaction are active when music of consistent timbre and medium 
to high pitch is played while little to no response was shown in those 
areas from exposure to music with inconsistent timbre. Because timbre 
is a combination of so many factors, when there is a change of timbre, 
there is an “informational shift” that occurs making it difficult for the 
brain to process.2  Timbre consistency, while difficult to measure, is 
found in most American pop songs. Advertisers recognize this when 
composing jingles, and consistent elements to make us remember 
their products.
 It is the combination of timbre and tempo that make jingles so 
catchy. These commercials are tailor-made for our brains to retain. 
On the radio, listen for the patterns of pitch and tonality. When those 
musical pop advertisements appear, think about the way our brains 
react to the tempo of the jingle. From infancy we are able to retain 
this music, and we continue this pattern into adulthood. This pattern 
is so hardwired that even if we tried to escape it, we still may find 
ourselves humming along to the familiar-sounding radio commercials 
on the way to work.

Aparna Panja is freshman majoring in neuroscience. She enjoys 
learning about behavioral aspects of neuroscience, and hopes to 
continue her studies in medical school.
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hrough the evolution of society and the growth of religion, 
a false paradigm has been built that there exists universal 
values. Yet, these “universal values” do not have char-
acteristics that are inherently right or wrong - they are 

subjective value systems that do not hold true for everyone. Instead, 
each individual has his or her own value system. Thus, the judgment 
of right and wrong is based on the individual and carries no more 
significance than another person’s opinion. Our understanding of 
subjective perception suggests that morality is nothing more than an 
illusion constructed by our brain.
 Society’s view of morality can be broken down into two camps of 
thought: moral realists and moral relativists. Or as Geoffrey Goodwin 
calls it, ethical objectivists and ethical subjectivists, respectively: 
“ethical objectivists [are] individuals who take their ethical beliefs 
to express true facts about the world [and] ethical subjectivists [are] 
individuals who take their ethical beliefs to be mind-dependent, and 
to express nothing more than facts about human psychology.”1 In other 
words, if one believes that it is universally wrong to murder another 
human being, neither contextual nor cultural differences will change 
that person’s judgment; they believe in an objective truth. While 
subjectivists weigh out context and relevant cultural norms and then 
gauge how morally wrong an act is. 
 Much of neuroscience has gone the route of understanding morality 
as subjective. That is, there is no inherent objective moral value system 
outside in the world, so in order to study morality we need to study the 
brain and how it makes moral judgments. In other words, we need to 
understand what goes into making moral judgments. It has been well 
established that it is both cognitive and emotional systems that play a 
crucial role in making moral judgments.2 3 4  The interaction between 
these systems is what makes morality; in of itself it is not a unique 
domain that can be localized in the brain. Thus, current neuroscience 
research studies morality as a construct of the whole brain. 
 Many theories have been proposed, argued and invalidated or 
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validated about which processes are implicated during moral reasoning. 
Joshua Greene states that different moral judgments require different 
systems in the mind and brain. He teases apart moral judgments to 
be either deontological or consequentialist: “deontological moral 
judgments [are] associated with concerns for “rights” and “duties” and 
are driven by automatic emotional responses, while consequentialist 
moral judgments [are] judgments aimed at promoting the “greater 
good” [and] are driven by more controlled cognitive processes.”5 This 
is a plausible theory, that both reason and emotions play a crucial 
role in the development of moral judgment. Jorge Moll has postulated 
a different system: Event-feature-emotion complex framework (EFEC) 
which argues that a sense of morality is created due to a combination 
of three specific elements: (1) structured event knowledge (2) social 
perceptual and functional properties and (3) central motivational 
states.6 This framework implicates cognitive and emotional systems 
but also our perception of our environment. 
 Regardless of the vague understanding of the exact processes underly-
ing moral reasoning, many researchers in this field have conducted 
experiments that have stemmed from studying cognitive and emotional 
correlates to specific areas in the brain and what functions these systems 
perform in moral reasoning and the construction of moral judgments. 
 Amitai Shenhav and Greene found that similar neural circuitry 
is activated during moral judgments and during decision making, 
specifically in reward and punishment cases.7 This neural circuitry 
is clearly not only activated when making moral judgments and 
has been implicated in other decision making paradigms; this holds 
true that it is input from a variety of cognitive systems that play into 
making moral judgments. 
 Moreover, Borg and colleagues revealed specific neural activity in 
participants when probed with moral dilemmas. When harm was not 
an issue (similar amount of harm in either decision) the dorsolateral 
prefrontal cortex (cognitive) was significantly activated; when level 
of harm caused was different depending on the participant’s choice 
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and when intentional harm was a factor, there was significant activity 
in orbitofrontal cortex (associated with cognition) and temporal lobe 
(associated with emotion).8 Harm is but one factor that is considered 
when making moral judgments, although this research implicates 
certain areas of activation, it is specific activation probably due to 
the property of the moral dilemma, harm. 
 Similarly, Rebecca Saxe and Liane Young found that the right temporal 
parietal junction (RTPJ), an area that has been shown to be especially 
activated when considering other people (theory of mind), is depend-
ently activated when making moral judgments.9 This makes sense since 
moral reasoning relies on understanding another’s intents or beliefs. 
 When individuals with frontal-temporal dementia (FTD), who exhibit 
social and psychological impairments such as emotional blunting 
and a decrease in empathy, were studied with moral paradigms, 
interesting results were found. FTD patients are unable to adequately 
empathize with another person or even understand what goes on 
in another persons’ mind; these emotional and cognitive elements 
are necessary in making moral judgments.10 More importantly, FTD 
patients exhibited abnormal moral behavior, mainly do to their lack 
of emotional substrates, specifically the ventromedial prefrontal cortex 
(VMPFC); it was evident that individuals with lesions in this area 
exhibited significant abnormality in their moral judgments. 11 
 Disgust also influences moral judgments. Simone Schnall found that 
by manipulating the levels of disgust in the outside world (making a 
room smell or making the area immediately surrounding them dirty), 
individuals were harsher in their ratings of moral dilemmas. Similar 
results were found when Thalia Wheatly and Jonathon Haidt hypnotized 
individuals, unconsciously inducing feelings of disgust with a trigger 
and found that when disgust was induced individuals judged moral 
dilemmas more harshly.12 Although, neither of these experiments are 
specifically studying what neural correlates are implicated, they do 
show that external influences, in particular disgust (but other negative 
valence and high arousal stimuli should be tested) influence moral 
judgments. Disgust seems to be one example of the many inputs to 
the moral judgment-making processes.
 As one further delves in understanding what physically underlies 
moral reasoning, and begins to disambiguate a phenomena that has 
been written about since Aristotle13 and studied since Jean Piaget, 
many questions start to come to the surface: If morality is subjective, 
do we no longer have moral responsibility? Why does our brain 
construct morality? 
  Many writers have provided plausible answers for such questions 
that neuroscience has unintentionally raised. Eliezer Sternberg argues 
that the brain is not as determined as it may seem because it is defined 
by neural correlates that do not determine our behavior but rather 
influences it.14 This gives way for much flexibility in our actions and 
keeps in mind that we are not hard-wired that we have no free will. 
Patricia Churchland adds that we are adaptive animals and respond 
flexibly in relation to our environment not just reflexively which gives 
way for flexibility of action and does not diminish moral responsibility.15 

Moreover, our society has become largely more complex over time, 
requiring a more complex moral system to advance in order for us to 
cooperate with one another. 
 The claim that morality is merely an illusion constructed by our 
brain may be a welcomed idea to some but an unthinkable and 
unacceptable claim to many. With the continuous research work of 
neuroscientists and psychologists studying morality we will have a 
better grasp of this construct and one day it will be rightly thought 
of as a neural system, similar to how we now think of memory as a 
function of the brain that has its certain inputs and processes and is 
constructed by the brain and not inherent to the world. Just as there 
is no objective memory -  we all remember situations differently, 
the same with morality - there is no objective truth, we all have our 
subjective moral values. 

Alexandra Maxim is a junior Neuroscience and Psychology major from 
Los Angeles, CA. She is currently doing research in Boston University’s 
Child Cognition Lab with Professor Deb Kelemen, BU’s Cognitive Neu-
roimaging Lab with Professor Chantal Stern and the Interdisciplinary 
Affective Sciences Lab at Northeastern University with Professor Lisa 
Feldman Barret. She would like to go to graduate school to obtain a 
Ph.D. in Cognitive Neuroscience.
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For those who have had mystical, near-death experiences, or 
those who have experienced the pure, deeper side of meditation, 
it is obvious that there is a source of higher consciousness that 
brings the observer outside the realm of reality. Even taking 

psychedelic drugs like LSD, psilocybin mushrooms, or mescaline can 
take one out of the daily mental processes and change the range of 
filters through which the physical world is perceived. These experiences 
call to question the true nature of reality and what it really is. How 
does our brain possess the ability to mute the material and focus on 
the metaphysical? If even the most abstract and complex functions of 
the mind are dependent on the physical brain, we still have to answer 
what and where the source for recognizing universal energy, meeting 
“God,” expanding the consciousness, near-death and out-of-body 
experiences, and even psychosis is. The answer may simply lie in the 
pineal gland and its secretion of a psychedelic compound called DMT.
 It was Rene Descartes who stated, “I think, therefore I am.” The 
deeply spiritual Descartes believed that our powers to think and imagine 
were due to a divine nature. Meaning, the fact that we think, is proof 
of the existence of our soul. This influenced him to bring in the pineal 
gland as the “seat of the soul.” He thought that since it was possible 
to only think one thought at a time, these solitary, unpaired thoughts 
were possible through the existence of the pineal gland, which was the 
only unpaired organ within the brain. As a dualist, Descartes described 
the pineal as the transitional location between the spiritual and the 
physical, where the body and soul interacted.1 However, Descartes’s 
views may have been influential but not verified, just like his opinion 
on animal spirits moving through the “arteries” of the brain.
 In Eastern traditions, the pineal gland is regarded as the “third eye” 
(the mind’s eye), a chakra, and in Hinduism, the “Kursi,” translating 
to “seat.” The Ayurvedic tradition focuses on these chakras, or energy 
centers though which consciousness moves upward towards the 
location of the pineal, which is the Ajna chakra (third eye chakra). 
It is where the energy eventually releases itself towards the top of 

THE FOUNTAIN  
OF HIGHER  
CONSCIOUSNESS
Gagan Gautam

the head (Crown chakra) and manifests in reality. This methodology 
symbolically portrays the body holding its soul within and letting it 
work through the nature of the individual. The energy of the seven 
chakras can be the energy of the universe, or simply our consciousness, 
which has no form but to fill its space and expand. The pineal glands 
of evolutionarily older animals like lizards actually possess a retina, 
cornea, and lens, literally making it their third eye. Another interesting 
note is that the pineal gland becomes visible in the developing human 
fetus seven weeks after conception. This is around the same time that 
the gender of the fetus is determined. Therefore, the pineal gland 
occurs at the same time a new organism is defined.2 According to the 
Tibetan Book of the Dead, after death, it takes 49 days for the soul to 
enter a new body for rebirth. The pineal has quite a mystical history, 
but it is simply a shelter; it is a shed holding the ladder. 
 The mystery of the pineal gland was partially diminished when 
Aaron Lerner, the American dermatologist, discovered melatonin in 
1958. Melatonin is secreted by the pineal gland and is responsible for 
our daily body rhythms, most importantly the day/night cycles. Dr. Rick 
Strassman a clinical psychiatrist and psychedelic researcher, possesses a 
knowledgeable background on the pineal gland and its secretions. Stras-
sman became interested in a compound called N,N dimethyltryptamine 
(DMT) after reading studies showing that it was a potent agent that gave 
effects similar to other psychedelics. A 1965 issue of Nature announced 
that DMT was found in human blood. Later research supported this as 
it showed DMT found in human urine, brain tissue, lungs, and cerebro-
spinal fluid. DMT became the first endogenous, meaning within the 
body, psychedelic. This influenced Strassman to develop a hypothesis 
on why a human body would need to create a psychedelic. He knew 
that the pineal held a chemical that was responsible for the body’s 
spiritual side, and after conducting many experiments with melatonin, 
he found that melatonin was not the answer. DMT is a tryptamine,  
just like melatonin, and this attracted him towards the molecule.  
In the mid 1990s, Strassman researched DMT by giving over 400 
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doses to 60 people at the University of New Mexico School of 
Medicine. The experiences of each individual were recorded and 
the results showed people losing touch with their body, leaving the 
material world behind, experiencing timelessness, entering and 
seeing new dimensions, being surrounded by alien-like creatures, 
and being in the presence of a higher entity. From this research,  
the book DMT: The Spirit Molecule was published and it is the 
only book today that explains the possible role of DMT in our bodies. 
Strassman believes that DMT is released by the pineal gland during 
times of birth, death, near-death experiences, deep meditation, other 
hallucinogenic interactions, and psychosis. Basically, it is the answer 
to our unanswerable experiences of spirituality and other dimensions. 
 Unlike the long effects (8 to 12 hours) of LSD or psilocybin mushrooms, 
the effects of DMT last only for about 10 to 15 minutes. However, even 
the most experienced “psychonauts” report that DMT is more potent in 
its effects than that of any other psychedelic they’ve ever experienced. 
The most naturally occurring psychedelic found in plants, animals, and 
even our own bodies is also the most potent hallucinogenic. According 
to Strassman, the brain actively transports DMT across the brain blood 
barrier. No other drug is as easily accepted by the brain. It is almost 
as if the brain wants to obtain it as it knows it is a part of its longterm 
function. Enzymes called monoamine oxidases (MAO) break down 
DMT very quickly since they are consistently present throughout the 
body. The effects of DMT are short lived because of these enzymes. 
 The location of the pineal makes it a perfect match for holding 
DMT. The pineal is very close to cerebrospinal fluid channels in the 
brain, which would make DMT spread quickly without it being broken 
down as quickly due to the MAOs. Its proximity to vital emotional 
and sensory brain regions is another reason why DMT has the perfect 
location to infiltrate. 
 The sensory regions are the visual and auditory colliculi which allow 
for our perception to exist. The pineal hangs over these colliculi and 
is surrounded by yet another important system, known as the limbic 
system. This area allows us to experience our feelings. Strassman’s 
observations also show that the highest levels of serotonin are in the 
pineal gland, which can be converted to a tryptamine. Melatonin is 
just one of these conversions. The pineal is in the perfect position to 
serve its role as a spiritual structure.
 If DMT, a highly potent psychedelic, is produced by our pineal 
gland, then why don’t we hallucinate at certain periods of the day? 
The pineal gland has a strong defense system to prevent “overrid-

ing” of melatonin production by DMT. Strassman concludes that an 
individual does not randomly hallucinate because of four restraints: 
the cellular security system around the pineal gland, the presence of 
an anti-DMT compound in the pineal gland, the low activity of the 
methyltransferase enzymes that produce DMT, and the efficiency of 
the monoamine oxidase enzymes breakdown of DMT. 
 Ways to override the pineal security system is through high stress 
or controlled breathing. High stress can account for near-death death 
experiences and controlled breathing, as does meditation when it brings 
the body into one vibration. This vibration is like “resonance” for the 
pineal. In trying to reach the same vibration, the pineal’s security can 
decrease in order to reach the same frequency within the body. This 
could lead to a flood of DMT. Another interesting connection is that 
in schizophrenics, the pineal volume is reduced, which could change 
its function.3, 4  Also, the levels of the enzyme, methyltransferase, that 
produce DMT are found to be higher in schizophrenics.5

 What you see after taking a drug, meditating, or praying can be 
described as seeing another level of a building by climbing a ladder. 
That level may have been unseen before, but after climbing up that 
ladder, what is seen beyond is dependent on what is beyond, not the 
ladder itself. Psychedelics, meditations, near-death experiences are 
only tools that let you see that higher level, but nonetheless they are 
needed when trying to access the higher consciousness. The fact that 
a potent psychedelic is in our bodies suggests that it does something 
within our minds to change our perception. It may not be the source of 
unexplainable moments, but it does explain how it can be that source. 
 Externally taking DMT leads to temporary episodes of psychosis, 
loss of bodily perception, and interaction with higher entities. What 
is the difference between this substance and LSD, or other drugs? 
DMT could be the key that unlocks all abstract perceptions which is 
greater than the drugs themselves; the answer to meaningful dreaming, 
observing the “void,” alien abductions,6 out-of-body experiences, 
religious encounters, etc. Another door of perception beyond the two 
windows of the mind. 

Gagan Gautam is a freshman neuroscience major from Bellingham, MA. 
He is planning on either going into the field of medicine or attending 
graduate school to study neuroscience.
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The future is generally uncertain. However, the near future seems 
promising for neuroscience, particularly with the progress of brain 
imaging. With the accompanying advancements in current research, 
accessing and even manipulating the human mind might not be so 
far off…
 Spooked out? Although exciting to most scientists, the ability to mind 
read or record dreams probably frightens some people, especially if used 
in legal proceedings. What if we could be punished for just thinking 
of doing bad things? Where would our personal privacy come into 
play? Would we feel safer if we took those off the street who merely 
harbored criminal thoughts? Would the First Amendment include our 
rights to freedom of thought too, no matter what the subject matter 
is? If not, should it?
 While many questions arise from the prospect of neuroscience 
evidence being used in legal proceedings, none of these questions 
are actually novel or difficult enough to hinder such use. As of now, 
neuroscience evidence is not as accurate, reliable, or informative as 
it is expected to become with more research advancements, accord-
ing to Thomas Nadelhoffer, and colleagues. Along with colleague 
and leading cognitive neuroscience researcher, Michael Gazzaniga, 
Nadelhoffer is a member of the Governing Board of the MacArthur 
Law and Neuroscience Project3.
 Initiated in 2007 at U.C. Santa Barbara, this project received support 
from The John D. and Catherine T. MacArthur Foundation with a $10 
million grant. After four years of phase-one exploratory research, it 
launched the planning of phase two, acknowledging useful leads from 
phase one and narrowing in on a set of high-impact studies carried 
out by a diverse team of experts in neuroscience and law. Including 
Stephen Morse and Martha Farah of the University of Pennsylvania, 
the team expects to report updates as soon as possible. The planning 
of phase two was supported with a $700,000 grant and these plans 
will be executed with a $4.85 million grant.
 Under the direction of Owen Jones at Vanderbilt University, the 

project will continue to be used 
as “an interdisciplinary network 
examining the impact of modern 
neuroscience on criminal law”6. 
Owen says, “the dramatic expan-
sion of new imaging and analytic 
techniques has generated the 
hope that neuroscience, properly 

deployed, might help to further the goals of criminal justice.”6 
 Until the completion of more research on the benefits or risks of 
using neuroscience findings in legal proceedings, courts should still 
consider all of the evidence available. The types of evidence used in 
contemporary legal proceedings can be quite distorted, inaccurate, 
and unreliable. For example, eyewitness testimonies have often been 
criticized for its unreliability, placing a lot of weight on the accuracy 
of human memory and perception. Henceforth, neuroscience find-
ings should not be excluded for potential flaws. Nadelhoffer notes, 
if current predictions of liability “continue to satisfy evidentiary 
standards of admissibility, then neuropredictions are likely to pass 
muster as well.”3 Scott Grafton, director of the Brain Imaging Center 
at the University of California, Santa Barbara adds that judges have 
told him “Look, everything else everybody’s bringing into a mitigation 
hearing is extremely unreliable, so why should we hold scans to a 
different standard”3. 
 In Brown v. Entertainment Merchants Assoc., Supreme Court Justice 
Breyer actually considered neuroscience findings in a case involving 
video game playing and aggression. A majority vote overturned a law 
that banned selling violent video games to children because of ‘speech’ 
protection by the First Amendment.7 Considering neural activity stud-
ies, Justice Breyer asserted at least a postponement of this overturn. 
 In a case that hit the Italian courts, Judge Luisa Lo Gatto of Como 
similarly considered neuroscience findings when she reduced the 
sentence of Stefania Albertani, a convicted murderer, from life to 20 
years. Along with genetic tests, the neuroimaging results proved to 
the judge that Albertani suffered from partial mental illness8. Also, in 
2009, a judge “partially agreed that a murderer was mentally ill on 
the basis of abnormalities in brain-imaging scans and in genes linked 
to violent behaviour- including the so-called ‘warrior gene’ MAOA.” 
The scientists from the 2009 case also worked on the Albertani case 
because of conflicting conclusions on her mental state. They concluded 
from the imaging results that Albertani was not in “full possession 

no objections, your honor
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of her faculties.”8

 Stephen Schleim, a cognitive scientist at the University of Groningen 
in the Netherlands, says, “There is no one-to-one relation between a 
certain brain area and a certain psychological process, and structural 
findings on aggression are very unspecific,” specifically the MAOA 
gene. Stephen Morse, working on the Law and Neuroscience project, 
notes that the DSM-5 will not consider neuroscientific criteria to 
diagnose mental illness. However, a scientist from the Albertani case 
thinks, “neuroscientific means can already help in assessing mental 
illness and can be used in forensic science to help reduce subjective 
variability, without leading us to determinism.”8 
 Considering the thoughts of Morse and Schleim on the above cases, 
caution should be taken with neuroscience findings, since they are 
still gaining in accuracy and reliability, but the use of such findings 
can still offer new angles. Nicole A. Vincent in Neuroimaging and 
Responsibility Assessments notes that the problems arising with 
neuroimaging use “apply equally to the behavioral approach …and 
hence such problems cannot provide us with a reason to prefer the 
behavioral approach over the neuroimaging approach.”5 
 With regard to ethics, these neuroscience findings do not conclude 
anything about free will, responsibility, liability, or other philosophical 
topics that might make them at odds with society’s existing ideology. 
However, it is what neuroscience’s introduction into the society would 
entail that is at issue. Not until more research is done will we know if 
neuroscience definitively refutes any philosophies of life, whether it 
is our own, our nation’s, or say, Aristotle’s. However, for now, as long 
as lawyers, ethicists, philosophers, and the like continue to challenge 
scientists whose findings may one day challenge philosophies, no 
one should have to worry about getting punished simply for their 
thoughts or proclivities. 
 So what exactly do we have to gain from the use of brain imaging 
in legal proceedings?
 Some may argue that certain methods do not add anything useful. 
For example, functional magnetic resonance imaging (fMRI) scans 
represent measurements of blood flow to the brain instead of direct 
activity and therefore, meaning is difficult to ascribe to such scans. 
While blood flow and brain activity may correlate, they are not the 
same. Others retort that areas receiving blood flow indicate energy 
and oxygen use on which task performance depends, and thus neural 
correlates of behavior and decision making. Still others question 
whether some other factor, such as noise, may be involved. Debatable, 
brain-imaging evidence has been presented in legal proceedings for 
over the past two decades and despite its criticism more people should 

be aware of its useful functions. 
 To start, imaging provides more unbiased evidence for psychiatric 
assessments of insanity, illness, or other mental impairment1. By 
relying on biological markers, rather than someone’s own character 
evaluations, imaging evidence cannot be as easily distorted or exag-
gerated to sway the jury a certain way. Furthermore, imaging results—if 
in question—could be analyzed and interpreted by an unbiased group 
of experts. While analyses of imaging results can help the determina-
tion of one’s liability, they cannot do much more than that at this 
point. Imaging does not impose a lot of power on the criminal justice 
system—only aid.
 In aiding these psychiatric assessments of insanity, illness, or other 
mental impairment, imaging can also help eliminate the stigma against 
such defendants, as well as point to areas of treatment. Testing and 
attaining methods of treatment can not only enhance our understanding 
of these disorders and impairments but also help these people and 
their families find some relief. 
 Since societal safety and norm-setting are high priorities of the 
criminal justice system, those people deemed unaccountable for their 
crime by brain imaging could still be prevented from committing more 
crimes, as in the Italian case where Albertani’s sentence was reduced2. 
In determining these sentences or punishment, imaging results may 
certainly aid legal experts by providing them with a new viewpoint 
from which to identify future risk. 
 Unfortunately, without more definitive research, imaging  
cannot yet make questions about risk and punishments any easier 
to answer. It is extremely difficult to decipher someone’s mental 
state during a past criminal event1. In fact, deciphering what the 
mental state at a time of criminal action was would be extremely 
difficult, if not impossible. Regardless, lawyers, legal experts, and 
the like must determine what the threshold responsibility level is 
and what the imaging results and psychiatric assessments mean  
for responsibility. 
 Helen Mayberg, a neurologist at Emory University School of Medicine 
in Atlanta, Georgia, says, the use of brain imaging in legal proceedings 
“is a dangerous distortion of science that sets dangerous precedents 
for the field.”4 Since 1992, she has actively testified in dozens of cases 
against the use of brain imaging. However, as long as the limitations 
of the techniques are addressed and neutral analyses of the results 
are conducted, Mayberg should not find brain imaging to pose much 
more danger to legal proceedings than other pieces of evidence. It 
is only as dangerous as we let it be and as of right now, the use 
of neuroscience and brain imaging in legal proceedings does not 
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answer all questions nor provide an outright reliable and accurate 
source of evidence. However, it can help the criminal justice system 
better punish, treat, and protect members of society5. Advances in the 
neurosciences are crucial to understanding the nature of violence, in 
which biological markers, neural correlates, and so on can be quite 
useful in legal practices. 
 Hopefully, with more research and advancements in technology, 
we will be able to improve the reliability and accuracy of current 
techniques or even create new and better ones, as many expect 
considering the rate of current advances. Hopefully we will also be 
able to understand the interaction between brain and behavior more 
completely. Not until then will questions regarding the roles of genetics, 
brain plasticity, predispositions, habit, environment, etc. on behavior 
be answered. With more definitive answers, we could then discuss 
how privacy, mental freedom, and free will (or “free won’t”—termed 
by Vilayanur S. Ramachandran) are affected.2

 Many of the issues that critics present have existed before neurosci-
ence and brain imaging even debuted in legal proceedings. Actually, 
many more benefits seem to arise: unbiased evidence can provide 
the legal system a better understanding of violence and consequently, 
of handling crime. Neuroscience and brain imaging can be used in 
other areas of law, such as lie detection and suspect familiarity, but 
it is much more important to urge people to understand its larger 
and more global role in determining punishments and protecting our 
society. So, after all is considered, why shouldn’t brain imaging be 
used and valued in legal proceedings? It seems worthy of entry into 
courtrooms, placement on the stand, and thorough cross-examination. 
Then, with time, its apparent issues will be resolved only to reveal 
its benefit to society.

Margaret McGuinness is a junior Neuroscience major from Nanuet, 
New York. She is studying abroad in Sydney and will be working with 
a clinical psychologist at the Brain & Mind Research Institute in March 
2012. She plans to attend graduate school and pursue a doctoral degree 
in the biological sciences.
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UNDERSTANDING INNER CHAOS

The process of creating images undoubtedly helps individuals with 
overwhelming emotions, stress, or physical illness heal and achieve 
greater self-understanding. Art therapy refers to the nonverbal com-
munication of thoughts and feelings free from personal inhibitions or 
external criticism. It supports the belief that the creative process is 
cathartic and can help individuals express what words simply cannot 
capture1. Creating art allows humans to deeply explore feelings of anger, 
pain, fear, sadness, and ecstasy, and translate those complexities into 
images that provide personal relief and profound insight of the human 
brain. Art therapy has quickly become a well-respected treatment for 
children with learning disabilities and posttraumatic stress disorder, 
and adults struggling with dementia, Alzheimer’s disease, addiction, 
sexual abuse, cancer, schizophrenia and depression.

FEELINGS, LOST IN TRANSLATION

Imagery is essential to art therapy because it portrays profound feelings 
instead of assigning arbitrary or inaccurate words to those feelings. 
Generally, the right hemisphere of the human brain perceives imagistic 
sensations. The left hemisphere of the brain identifies, analyzes, and 
translates our experiences into words we then verbalize to others and 
our inner selves. These are words we think we feel, and not neces-
sarily words that describe how we truly feel. Words separate us from 
feeling, while imagery unites the mind and the body and provides a 
heightened sense of inner control2. The images our brain associates 
with a particular trauma or positive experience vary considerably 
for every individual; however, individual brains are united in the 
endless struggle of the left hemisphere to formulate spoken or written 
words from the feelings of the right hemisphere. The creative process 
considerably alleviates that difficulty by engaging with the nonverbal 
subcortical areas of the brain where emotions and traumatic experi-
ences can be readily processed.

Nicole M. Woody

COPING AFTER SEPTEMBER 11TH, 2011

Art therapy was publically recognized as psychological intervention 
for children and adults coping with the September 11, 2001 terrorist 
attacks. After 9/11, children in particular were drawing images of what 
they had seen on TV, heard from adults, or personally experienced 
for the large number of concerned teachers, therapists and parents 
trying to help American children process the tragedies3. Although no 
large scale art therapy research studies were conducted, anecdotal 
and clinical observations about the content of children’s drawings 
offered a new context for understanding posttraumatic stress reactions 
in children and for stimulating narrative and sensory memories. For 
example, Dr. Cathy Malchiodi, author of Creative Interventions with 
Traumatized Children, notes:

 Children who were more susceptible to long-term trauma  
 reactions such as PTSD were less likely to include images  
 of helping adults such as first responders in their drawings  
 of traumatic events than those children who were more  
 resilient. In brief, art expressions give us clues to which  
 children have a positive outlook and hope in the future in  
 contrast to those who believe help will never come4. 

By identifying this disparity, Malchiodi is confident that re-exposure 
to visual, auditory, kinesthetic and tactile sensory memories of a 
traumatic event stimulated by artistic expression makes meaning of 
an emotional burden. She asserts, “research with children indicates 
that drawing while talking about that emotionally laden event can 
actually stimulate two to three times as much narrative than just 
talking alone5.” Developing narrative approaches for both children and 
adults coping with PTSD uses additional, and often repressed, senses 
to express and gain a sense of control over past trauma. This adds to 
the depth and effectiveness of art therapy for psychological recovery.
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A LANGUAGE FOR AUTISTIC CHILDREN

Creating art is also a popular form of therapy for autistic children. 
Deficits in communication, neurodevelopment, personal growth, and 
imagination are apparent in the majority of autistic children. Most 
autistic children primarily struggle with comprehending and developing 
language. Art helps them effectively communicate these nameless 
feelings and unarticulated words into an imaginative, tangible and 
profoundly telling image6. Typically, autistic children show an intense 
need for visual and tactile stimulations in addition to concrete formats 
for developing abstract thinking skills, comfortable verbal expression 
and enjoyable sensory integration. The creative process addresses 
those needs while simultaneously improving visual-spatial skills in 
the parietal cortex such as mental rotation and hand-eye coordination. 
To treat this spectrum disorder, art therapists typically create art with 
the patient to encourage communication and friendship, establish 
environmental safety, and provide behavioral support. Projects typi-
cally involve paints, clays, pencils, creams, feathers, beads, straws 
and felt7. The sympathetic support system and range of art materials 
promote a setting that is necessary for autistic children to fully create 
representational images of their repressed feelings and unprocessed 
words.

REMEMBERING AND MAINTAINING THE SELF

Art is a valuable tool for Alzheimer’s patients trying to recall forgot-
ten memories and express chaotic emotions despite verbal decline 
and visual-spatial disintegration. “In Alzheimer’s and other types of 
dementia, the channels of communication close down. The creative 
arts can help provide a way to communicate that is not verbal. Often 
those with Alzheimer’s will lose awareness of those around them, 
but sometimes during an art therapy session they will respond to 
those across the table from them”, claims Raquel Chapin Stephenson, 
art program coordinator for New York University’s Creative Aging 
Therapeutic Services Program8. Creating images from the inner un-
conscious unlocks faded personal memories lost to the disease. In a 
2000 art exhibition in New York City, William Utermohlen, a then 
five-year Alzheimer sufferer, displayed over thirty years worth of 
self-portraits that chronicled his cognitive decline. In 1967, decades 
before his descent into dementia, he painted an accurate self portrait; 
in 1996, just months after his diagnosis, Utermohlen drew a barely 
recognizable skull pulling apart from the head, vividly reflecting his 
cognitive disintegration and lost sense of self. Dr. Jeffrey Cummings 
of the Alzheimer’s Disease Center at the University of California-Los 
Angeles (UCLA) says, “So much of how we relate to other individuals 
and the world is based on how we see faces. We have this man painting 
his own face and we see it disappearing as the disease progresses…
his interpersonal world is becoming more and more chaotic9.” These 
profound awakenings and declines truly reveal the meaning and value 
of art in the medical realm.

ART THERAPY AND THE BRAIN

Neuroimaging methods, such as functional Positron Emission Tomog-
raphy (PET) and functional Magnetic Resonance Imaging (fMRI), have 
expanded scientific understanding of the brain structures involved in 
information, visual, and somatosensory processing induced by art 
therapy. Sensory information is processed on three hierarchical levels 
of perceptual knowledge, according to Dr. Joaquin Fuster of UCLA’s 

Semel Institute for Neuroscience and Human Behavior and author of 
The Prefrontal Cortex. The basic sensory features are first analyzed and 
mapped in the primary sensory cortex. The unimodal association cortex 
analyzes associated features of complex stimuli before the transmodal 
association cortex finally integrates the percepts across sensory and 
non-sensory modalities10. Art therapists are especially interested in the 
sensory modalities of touch, which is experienced through the move-
ment of skin over a surface that creates vibrations within in the skin. 
Touch involves kinesthetic sensations and movement, which activates 
the emotions the amygdala receives from the primary somatosensory 
primary. The left amygdala processes conscious emotional information, 
while the right amygdala processes unconscious information, especially 
emotions involving depression, withdrawal and reflective awareness. 
Long-term, declarative memories are integrated along with sensory 
information in the hippocampus and motor memories are stored in 
the basal ganglia, while Wernicke’s area interfaces with the perception 
and memories stored in the sensory association cortex, contributing 
to the meaning of words. Finally, the prefrontal cortex makes inner 
imagery fully conscious, evaluates its appropriateness and ultimately 
implements its creative expression. The creative process activates the 
most basic structures of the brain that guide sensory, emotional and 
informational processing11. 

CELEBRATING THE MYSTERIOUS  
HUMAN CHARACTER

Art therapy entwines objective psychological science and subjec-
tive creative expression to understand how inner images and their 
expression reflect emotional experiences and how those emotional 
experiences affect human thought and behavior12. Art explores every 
corner of the human character, and heals the body from a psychological 
perspective and with respect for uninhibited expression. It treats the 
subjectively whole person instead of the objective disease, providing 
a more empathetic medical approach to complex biological, cognitive 
and emotional development disorders. 

Nicole Woody is a freshman Neuroscience major from Hingham, Mas-
sachusetts. Though open to an unpredictable future, she is currently 
planning on pursuing a career in clinical psychiatry.
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DIVINE OR DEMONIAC?
The observation of a seizure-related disorder has been acknowledged 
by people for thousands of years. In ancient times, people who had 
seizures were thought to be ‘chosen ones’ who were receiving messages 
from the divine. Others thought of such people as being controlled by 
evil spirits or enduring punishment for their sins. Whether regarded 
as divine anointment or demoniac possession, epilepsy is a very real 
condition that has taken control of countless lives. There are currently 
three million Americans suffering from epilepsy, which includes 
326,000 children under the age of 151. In addition, one out of every 
ten people will have a seizure at some point in their lives1. With such 
a large population suffering from this condition, it is imperative that 
we understand epilepsy, its causes, and its treatments. Equipped with 
this knowledge, we can make sure that we do our part in helping those 
who have epilepsy and looking for ways to overcome this condition. 

EPILEPSY: THE SEIZURE DISORDER
To broadly define epilepsy as simply a seizure-causing disorder would 
do injustice to people who suffer from a multitude of causes. A seizure 
is a manifestation of a variety of biological phenomenon, characterized 
by “a change in sensation, awareness, or behavior brought about by a 
brief electrical disturbance in the brain.”1 Epilepsy is characterized by 
the occurrence of two or more unprovoked seizures. Generally speaking, 
the normal electrical activity of the brain becomes disrupted. This can 
result in something as mild as an absence seizure or as severe as a 
grand mal seizure. Seizures can be grouped into generalized (absence, 
myoclonic, atonic, and tonic-clonic), partial (simple, complex), non-
epileptic, and status epilepticus1. 
 Generalized seizures affect the entire brain. Absence seizures are 
very subtle and are common in children. They involve lapses in aware-
ness, such as staring blankly and not responding. The person actually 
seems absent from the situation. These episodes are very brief and 
the person suffering usually recovers immediately. Atonic seizures are 
more dramatic and involve an immediate loss of muscle tone. This 
can be dangerous to the person, as he may be standing one moment 
and fall the next, injuring his head and face. In myoclonic seizures, a 
person experiences brief involuntary muscle jerks. The most intense 
of the generalized seizures is the tonic-clonic, otherwise known as 
grand mal or convulsion seizure. These involve two phases: stiffening 
of limbs and jerking of limbs and face. A slowing or halt in breathing 
can also occur. During such seizures, a person can experience severe 
bodily harm if near dangerous objects. He may also bite his tongue. 

Recovery from such a seizure can take up to several hours. 
 Partial seizures originate at a specific spot in one cerebral hemi-
sphere. These may be simple seizures, which do not involve a loss 
of consciousness. A person may feel that the situation they are in is 
unfamiliar, or may even feel a sense of déjà vu. Such seizures affect 
a person’s movements, sensations, and emotions. Complex seizures 
involve loss of control and involuntary movements. In such seizures, 
“a person cannot interact normally with other people.”1 Afterwards, 
he may not even remember the whole incident. 
 Not all seizures are necessarily epileptic. Non-epileptic seizures are 
not caused by disturbances in the brain’s electrical activity, but by 
other reasons—possibly psychological. They only occur when a person 
is awake. These seizures are longer lasting. Anti-epileptic drugs may 
not be affective against these seizures. 
 Perhaps one of the most severe conditions in epilepsy is status 
epilepticus. This occurs when there are prolonged or clustered seizures, 
happening one after another, or not ending at all. Such a condition 
is regarded as a medical emergency. With other seizure types, if a 
person normally has those seizures, then there is no need to seek help. 
However, with status epilepticus, immediate medical help is necessary. 

CAUSES OF EPILEPSY
The causes for seizures are as variable as the types of seizures. With 
such a wide range of types of seizures, one would assume that the 
causes for those seizures must vary. This seems to be the case, as 
there are over 30 types of epilepsy, characterized by seizure type 
and etiology2. Epilepsy can be symptomatic when linked to a specific 
disorder, or cryptogenic when there seems to be no cause. In seven 
out of ten people with epilepsy, no cause can be determined1. Infants 
are especially susceptible to epilepsy, for they may have suffered 
deficiencies during development or even during the birthing process. 
This includes metabolic deficiencies, brain malformations, or intra-
cranial hemorrhaging, or even maternal drug use1. The elderly are 
also susceptible to epilepsy because of neurodegenerative disorders 
such as Alzheimer’s disease, stroke, or trauma1. All age groups can 
develop epilepsy for several reasons, including infections (meningitis), 
congenital conditions, and genetic factors (Down’s syndrome)1. This 
is especially true if a person has sustained an injury that has scarred 
a brain region. One such region is the hippocampus, which when 
damaged, can play a role in temporal lobe epilepsy. 
 If infants experience seizures and are diagnosed with epilepsy, 
there is a good chance that as they grow up, the epilepsy will cease. 

Megh Trivedi

BRIEF REPORT
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Seizures can occur in infants for many reasons, considering that 
they are still developing and/or may be born with deficiencies. One 
common cause is fever, which causes febrile seizures. However, as the 
fever subsides, the seizures usually end. Epilepsy that arises from a 
current brain disease is termed acute, and epilepsy that develops in 
the future because of a past disease is termed remote. 
 All of these causes have one common factor: they induce some 
kind of change in the brain that disturbs normal electrical activity 
and results in seizures. 

POSSIBLE TRIGGER POINT
There are several possible brain regions and circuits that are involved 
in causing seizures. Recent research suggests that in the case of absence 
seizures, the circuit responsible runs between the cerebral cortex and 
the thalamus3. When this signaling becomes defective, as observed in 
mice, there is an intermittent, brief loss of consciousness that has the 
classic 3 Hz oscillation seen in absence seizures in children3. Although 
seizures occur when there is an unexpected excitability in neurons, 
this pattern of excitability follows a noticeable pattern of oscillations, 
which is observed in this circuit. This pathway is crucial, for the 
cerebral cortex receives sensory information from the thalamus—the 
lack of which can explain why absence seizures make an individual 
not aware of what is going on. There is a third component to this 
circuit, which is an inhibitory neuron called nRT. When the GluA4 
receptor is missing, the circuit is broken and seizures can occur3. This 
receptor is part of the thalamocortical tract, one of two pathways that 
go through the nRT inhibitory neuron3. While this study has so far 
only been conducted in mice, it is possible that a similar mechanism 
occurs in humans. 
 
COURSES OF TREATMENT
Since there are so many causes of epilepsy, it would only be logical 
that there are many avenues for treatment that target the specific 
cause of an individual’s epilepsy. While there is currently no cure 
for epilepsy, there are four commonly prescribed treatment options: 
medicine, surgery, vagus nerve stimulation, and a ketogenic diet. 

MEDICINE
As with any other disorder, the easiest solution would be to take 
medicine. After all, if taking a pill can keep you healthy and let you 
live normal life, then why not? But not all medicines work the same 
way. It may take several years of experimentation with different drugs 
to find the one that helps someone control their seizures. This can 
only be done if a doctor properly diagnoses a patient with the correct 
type of epilepsy in the first place. Some common drugs prescribed 
include lamotrigine and carbamazepine1. Taking these drugs can 
reduce the frequency of seizures, if not completely eliminate their 
occurrence. Recently, it has been found that the drug valproic acid 
(VPA) increases the amount of neuropeptide Y, which can alleviate 
seizures4. However, there is a disadvantage to this. Although epilepsy 
does not tend to worsen over time, when the wrong drug is taken, 
adverse side effects can occur. In fact, an anti-epileptic drug may even 
increase the frequency and severity of seizures5. The drug may also 
have no effect on the person. Of all people with epilepsy, 30% of them 
have drug-resistant, or intractable, epilepsy1. For these individuals, 
other treatments options can be sought. 

SURGERY
If the site of seizure origin can be identified, then surgery is often an 

appropriate course of action. This can occur in cases where individu-
als have sustained damage in a cortical area, the scarring of which 
promotes seizures. Once this area is removed or ablated, the seizures 
may stop indefinitely. To test for such a region, surgeons and doctors 
need to conduct a series of tests that can localize the focal point. This 
includes taking an electroencephalograph (EEG) at different parts of 
the brain, both cranially and subcranially, and also stimulating these 
regions with an electrical burst to see whether abnormal patterns of 
activity result2. But if the epilepsy is of a general form, such that it 
affects both hemispheres of the brain, then surgery will likely not 
resolve the condition. 

VAGUS NERVE STIMULATION (VNS)
The vagus nerve is the main nerve that leads into the brain. It has 
been found that stimulation of this nerve reduces the frequency of 
seizures. While this seems like a radical measure, it has proven to be 
effective in many cases. However, this should not be sought as a first 
resort for alleviating epilepsy. 

KETOGENIC DIET
Although it lost popularity in the past, the ketogenic diet has recently 
surged in popularity as a treatment for epilepsy. Usually recommended 
for children with epilepsy, this treatment involves consuming large 
amounts of fat (80% of daily calories) so that the body can burn fat 
instead of glucose for energy1. This leaves a store of glucose for the 
brain to use and stay healthy. 

WHAT CAN WE DO TO HELP? 
With a disease as complex as epilepsy, it can be difficult to have a 
positive outlook for the future. But with recent advances in medicine, 
we are surely approaching to finding a definite cure for epilepsy. This 
disorder has taken away control from the lives of millions of people. 
It is difficult to imagine what someone must feel knowing that at any 
moment, they can become unconscious, or have jerking motions, or fall. 
Furthermore, if the person is around heavy machinery or performing 
an activity that involves concentration and constant attention, he may 
injure himself during a seizure. If you have a loved one with epilepsy, 
the best thing you can do to help is learn more about the disorder. 
With our support, we can ensure that epileptic patients live a life 
where they can stay in control and remain safe.

Megh Trivedi is a senior, neuroscience student from Germantown, MD. 
He is currently researching properties of the entorhinal cortex with 
Professor Michael Hasselmo’s Lab at Boston University. Following 
graduation, Megh will enter medical school, focusing on neurology.
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J
onah Lehrer is a Neuroscience and English Literature gradu-
ate of Columbia University’s class of 2003. During his time 
at Columbia he worked in the lab of Nobel Laureate Eric 
Kandel, where he researched biological processes of memory 
and what happens in the brain on a molecular level when a 

  person remembers or forgets information. In addition to working 
in a lab, Lehrer also spent two years as the editor of The Columbia 
Review. After graduation he continued his studies as a Rhodes Scholar 
at Oxford University. 
     Currently, Lehrer runs a science blog called the Frontal Cortex, where 
he seeks to connect his daily train of thoughts, random observations, 
and interesting articles with his scientific background. He is also a 
frequent contributor to The New Yorker and for the National Public 
Radio’s Radio Lab, as well as a writer for the “Head Case” column in 
The Wall Street Journal. Most importantly, though, Lehrer has introduced 
himself to the general public as a science writer. At present he has 
published two books – Proust Was A Neuroscientist (2007) and How 
We Decide (2009). His latest book, Imagine, has a scheduled release 
for this March. 
 His first work, Proust Was A Neuroscientist, aims to break down 
the barrier between science, falsely perceived as a cold subject, and 
literature, a subject deemed as more accessible to bigger crowds. 
He chooses 8 different artists and intellectuals, whom he views as 
important precursors for the direct or indirect development of neurosci-
ence and devotes a chapter to each, which gives the reader a quick 
inside look into the individuals’ background and philosophy. Lehrer 
seeks to prove that science and art walk hand in hand and ultimately, 
that science is just another means to the end of determining what it 
means to be human – just like any work of literature. Proust Was A 
Neuroscientist offers that art is trying to uncover the same truths as 
science. 
 The idea of putting an end to the segregation between art and sci-
ence is presented on the first page of the first chapter, where Lehrer 
describes Walt Whitman’s idea that body and mind are inseparable. 
Whitman was a poet of the late 19th century, whose ideas were very 
futuristic for that era. The chapter revolves around Whitman’s life, 
work, and philosophy, but most importantly, his central poetic idea 
that we do not have a body – we are a body. By making such a state-
ment Whitman defied arguments from the leading scientists of the 
19th century, who claimed that our feelings come from the brain and 
that the human body was just an object of negligible significance. In 
essence, that the human body and the human brain are completely 

BOOK REVIEW

Proust Was A Neuroscientist 
A Rendezvous of Arts and Sciences

separated. Whitman saw the connection and continuity throughout 
the entire body, and repeatedly chose to ignore the dualism that others 
were trying to enforce upon him. If Walt Whitman was still with us, 
I imagine he would have been pleased to find out that emotions are 
indeed generated by our bodies. Even though emotions give us an 
idea of being quickly generated and fast acting, science has proved 
(more than a century later) that Whitman was correct – emotions are 
deeply rooted in our muscles. 
 What really makes a lasting impression is the historical flow through 
the entirety of Proust Was a Neuroscientist. Lehrer doesn’t stay put in 
Whitman’s era of transition between transcendentalism and realism. 
Rather, he takes us on a journey through time where he looks for 
thinkers similar to Whitman – people on a mission to find some sort 
of a union between mind and body expressed in a different way or 
form than the title character in the previous chapter. By the middle 
of the book, we’ve ventured to a world completely different to the 
United States in the late 19th century – we find ourselves in France 
where modernism was the dominant practice in literature. 
 Here we encounter Marcel Proust, the person behind the title of 
Lehrer’s novel. Proust is best known for his À la Recherche du Temps 
Perdu, which literally translates into In Search of Lost Time. For Proust, 
naming his novel was an existential decision. Proust was a very sickly 
man, who felt time ticking away and his inability to do anything 
about it. The amount of time he lost due to his medical condition 
continuously haunted him. In his celebrated work, Proust’s main 
mission is to find a space where time doesn’t pass. Confined to his 
room due to asthma, he transformed his craving for immortality into 
writing. Because he wasn’t able to leave the room at all, all the he 
was left with were his memories and the nostalgic feeling they gave 
him. Soon, he realized his memories were his to keep and would 
be forever. Memories have nowhere to go, especially if you are not 
creating new ones. Proust realized that he discovered immortality 
in his sedentary memories. Time dilation came into play because 
time in real life was passing, however, Proust’s memories remained 
stagnant. Time moved differently relative to the frame of reference in 
which Proust pictured himself. Yes, the time on the street and in the 
apartment next door still passed regularly for people living in that 
time frame, but not for Proust because he lived in an eternal bubble 
of his memory. Just like his stagnant memory, Proust was stagnant 
in the memory itself. Proust realized the uniqueness of time frames 
before time frames made it into college textbooks.
 Aside from the content, a fresh and direct way of narrating makes 
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Lehrer’s book so enjoyable and appealing. His writing style is easily 
accessible to everybody. He avoids using words longer than the Nile 
and unnecessary pomp to construct his argument. He is clear and 
coherent, and knows exactly when to pull back if we have been 
bombarded with one side of the argument for too long. This taken 
into consideration, one of the best things the book has to offer is 
its objectivity and accessibility. Throughout the entire book, Lehrer 
remains collected and aware of the fact that not all of his readers have 
a science degree. His transitions into science themed paragraphs, such 
as research descriptions, are as cautious as a neurosurgeon slowly 
cutting into the human brain.
Not once throughout the entire book does Lehrer rush us through 
any aspect of or impose his philosophy – he gives the reader enough 
space and time to create our own. The book seems to be intended to 
present the reader with Lehrer’s broad knowledge and the foundation 
of his writings as a tool to employ in their own imagination. The 
reader is never forced to agree with the author - he presents historical 
philosophies and ideas, but in the end it is up to interpretation. At the 
same time, Lehrer offers us objective scientific facts. These are our 
machinery to form an opinion on the book. His synchronized usage of 
ideas and facts paves the road to the great interaction between science 
and the world of arts that is represented by his book. 
 Scientific facts cannot be argued. For example, the boiling point of 
water is 100 degrees Celsius. However, that specific temperature is not 

the boiling point of water just because it is, there is certain 
criteria in play that makes the water boil at that certain 
temperature. Lehrer urges us to study these conditions and 
encourages us to bend the self–imposed limits of our own 
imagination. We meet with one of the most limiting questions 
our ever-developing society could pose to itself: how can we 
mix science with imagination?  We cannot make up scientific 
facts. Science has invented numerous methods that all strive 
to discover universal truths.
 However, it is much easier to verify a result if we use the 
testing methods of Paulo from Lisbon, Bob from Seattle, and 
Kayo from Tokyo. The testing methods of our three characters 
will most likely differ, since the methods are a product of each 
of their separate imaginations and unique surroundings. But 
wouldn’t it be amazing if in the end they would all come to 
the same discovery?  No matter how they have used their 
frontal lobe, in the end all three will come to a conclusion 
that water boils at 100 degrees Celsius. Allowing Kayo, Bob, 
and Paulo to use their own creativity and pace to figure out 
what makes water boil at that specific temperature proves 
that science is not here to stomp on creativity and belittle 
imagination, but it is here to help the imagination and cement 
creativity as the driving force behind all science. 
 This is exactly what Lehrer tries to convey to us. These 
artists, who were not scientists by education, managed to get 
to the same observations researchers obtained centuries later 
with the use of highly developed technology. These writers, 
conductors, or painters had nothing but the huge privilege of 
nobody telling them there are bounds to their imagination. 
These intellectuals were not limited by the differentiation of 
what falls into the science drawer and what should remain on 
the highest shelf next to Picasso’s Guernica. Yet, they managed 
to make these connections incomparably faster than various 
researchers that decided to put a sticker on their experiment 
and hope to a higher force the hypothesis they based their 

multi – dollar laboratory project on was correct. 
 I was genuinely impressed by how much detail Lehrer invested into 
finding his main characters for his chapters. He constructed his book 
on the crossroads between solid science and the world of humanities. 
He allowed science to shine through the works of writers, composers, 
painters, and even chefs. Given how coherent the book’s content is, 
it is easy to follow, but I imagine it was anything but easy to create. 
Lehrer includes a quote from Proust, which perfectly describes the 
somewhat daring interchangeable relationship between art and sci-
ence. Proust had this to say: “The impression is for the writer what 
experimentation is for the scientist”. 
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My mother greeted me with kisses and a good Irish Catholic dinner 
for her good Irish Catholic boy. I wasn’t home for St. Patrick’s Day, so 
she had to make up for the loss. 
“Are you going to need help paying for an apartment?” 
 “No, Ma. I’m getting paid by the government, remember?”
 “Are you sure? You’re going to need a big enough place for two 
people if Mary is going to live with you,” she said while piling more 
food on my plate. 
 “She left me, Ma.” 
  “What? I thought you two were going to get married. Weren’t you 
going to buy her a ring?” 
 “Yeah, but she’s not around anymore. She found someone else,” I 
answered. “This food is great, Ma.”
 She sat down in the chair next to me and reached out to hold me. 
I recoiled. “Ma, what’s wrong? What are you doing?” 
 “Jacky...” 
 “What?” She hadn’t called me Jacky since I was a kid, and I didn’t 
know why she decided to whip it out then.
 “Aren’t you upset?”
 I smiled. “No.” 
 I could tell that she was upset, but I couldn’t understand why. She 
looked away when she saw the inquisitive look on my face.
 “The doctor called and he said that you have to go in to have a 
psychiatric exam, tomorrow.” She sniffled and wiped her nose. 
 “Why?” 
 “I don’t know. They mentioned a drug.”
 “Erasil?” 
 “Yes, that’s the one. They said something about seeing whether 
you need to be on it anymore. What does it do? Are you still taking 
it?” Ma never liked drugs, especially the psychiatric ones. 
 “Ah, nothing, Ma. It just makes me a better Marine.” 
 “Well, you’re not a Marine, anymore.”
 “I don’t know. You never know when I’ll be deployed.” 
 She ruffled my hair. “Jacky, don’t give me a heart attack. I don’t 
have much left.” 
 I kissed her. “Don’t worry, Ma. I won’t leave you behind.” 
 The next day, I bull*****ed my way through physical exams. I thought 
about skydiving to get my heart racing when they took my blood 
pressure and placed a stethoscope on my chest. I imagined crashing 
into a wall at two hundred miles per hour to stimulate the fear region 
of my brain when they took fMRI scans of my head. I appeared on 
edge while taking my psychiatric evaluation because I drank a liter 
of coffee before I left the house. 

MINDF**K

 After I finished all the tests, I waited in a beige room with black and 
white pictures of decorated officers hanging on the walls. 
 “Private First Class Turner?”
 “Yes, Doctor?” 
 “Hello, John. My name is Dr. Harrison,” he said while shaking my 
hand.
 “I go by Jack.” 
 “Excuse my mistake. So, Jack, how would you say you feel today?” 
He readjusted his glasses and kept his eyes locked on mine.
 I failed to react to his gaze. “I don’t know, Doc. I’m feeling a little 
bit on edge, I guess.” 
 He looked down at his chart and then back at me. “Your test results 
are a dead ringer for PTSD. Does that sound right to you?” 
 S***, I thought. Is he calling my bluff?
 I feigned anxiety by shifting in my seat and looking away from 
him. “I’d say so.” 
 He looked at my patient history. “You were directly involved with 
shutting down TTP, is that correct?”
 I nodded. 
 His eyebrows rose. “Well, considering that you seem to be experi-
encing symptoms of PTSD, the only thing we can do right now is to 
continue your drug therapy. We’ll renew your Erasil prescription and 
see if that helps. We also require you to attend talk therapy sessions 
twice a month. I am assigned to be your therapist, but I can reassign 
you to someone else.”
 “No, it’s fine. You seem all right.” 
 “Well then, I will see you in two weeks. Feel better, son.” He patted 
me on the back and tried to hide his suspicions about me with a 
straight-lipped smile. 
 I gave him a meek nod. “I’ll try.” 
 I knew that if I kept up the charade, I could take the drug forever. 
The government tries to remove as many people as they can from 
Erasil therapy, but they have grown more sympathetic to PTSD. As 
long as a soldier expresses PTSD symptoms, he or she receives treat-
ment. Too many soldiers and veterans suffered from the disorder in 
the past, so the military takes great pains to better engineer the minds 
of their priceless soldiers. If they can squeeze more deployments out 
of a better-minded soldier, they will do everything they can to do so. 

Monika Chitre is a senior neuroscience major from Boylston, Mas-
sachusetts. She is currently applying for neuroscience related research 
jobs. She plans to attend medical school and pursue a career in clinical 
medicine and research.
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UNDERGRADUATE PROGRAM  
IN NEUROSCIENCE

The Undergraduate Program in Neuroscience is an interdisciplinary major 
leading to a Bachelor of Arts in Neuroscience that takes advantage of the 
rich neuroscience mission of multiple departments and campuses of Boston 
University. As a field, neuroscience has grown considerably over the last few 
decades through its integration of multiple disciplines; and, a current under-
standing of the field requires knowledge that spans traditional approaches 
while moving into the intersection between farreaching technologies and 
new computational methods. This program combines breadth of exposure 
to the field as a whole with the opportunity for depth of experience in one 
of three central domains of neuroscience: Cellular and Systems, Cognition 
and Behavior, and Computational Neuroscience.
 Neuroscience students have access to the extensive resources and expertise 
of affiliated faculty across multiple departments and colleges throughout 
the university. A wide array of courses are offered through the departments 
of Biology, Cognitive & Neural Systems, Computer Science, Mathematics & 
Statistics, Psychology, and Health Sciences in Sargent College. Together more 
than 50 upper level neuroscience electives are offered, including laboratory 
courses and seminars. Opportunities for independent laboratory research 
are available through multiple departments in the Colleges of Arts and 
Sciences and Engineering, and at Boston University School of Medicine, 
including Anatomy and Neurobiology, Biochemistry, Neurology, Pathology, 
Pharmacology & Experimental Therapeutics, Physiology and Biophysics, 
and Psychiatry.
 Undergraduate research opportunities in neuroscience include laboratories 
throughout the university across both the Charles River and Medical campuses.



We are looking for three types of papers:

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

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

3. OPINIONS These are perspectives on current trends. 
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on any topic in the Mind and Brain Sciences. This  
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philosophy, biology, computer science, etc.
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