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S t a f f 

 In the past few months, there 
have been ups and downs for science 
worldwide — while innovative gene 
therapy procedures have been approved 
by the FDA to treat various cancers, a 
fear of vaccines lingers in some parts 
of the world; even as countries around 
the globe reaffirm their commitments 
to the Paris Accords, scientists present 
research that nearly half the coral reef 
communities on Earth are dying due to 
ocean acidification and warming. In this 
issue of The Synapse, student scientists 
and artists present the wonders of our 
planet and its inhabitants in the hope 
that you will be moved to observe the 
universe around you a little more closely 
and with a little more care.
 On April 22, 2017, over 
600 marches for science were held 
throughout the United States to, among 
other reasons, protest the president’s 
proposed budget cuts to government 
science institutions such as the National 
Institute of Health and Environmental 
Protection Agency. However, the March 
for Science is not a one-time event, but 
a movement. The organization’s goals 
include humanizing science, partnering 
with the public, and advocating for 
inclusive and accessible science.
 Scientists need to make noise. 
Scientific fact and the scientific method 
are more important than political 
ideology. By prioritizing ideology, 
we risk the health of humanity, the 
existence of millions of species, and 
the habitability of the planet itself. 
Historically, the scientific community 
has had a certain level of quiet reserve, 
believing that despite changing popular 
opinions, truth will win in the end — 
but we no longer have time to be quiet. 
In delaying more aggressive action to 

reduce greenhouse gas emissions and 
deforestation, humanity may have 
missed our window to slow or halt the 
worldwide climate consequences of 
global climate change.
 While considering political 
wrongdoings affecting the world of 
science in the present, we also must 
acknowledge problems within the 
scientific community, both currently 
and in the past. We at The Synapse 
recognize that advances in Western 
science and the scientific method have an 
incredibly complex history intersecting 
with, in large part, racism and sexism; 
it is important to address these issues 
and history to grow and strengthen the 
scientific community and the work of 
individual scientists and researchers. 
To that end, we invite you to peruse 
Ave Bisesi’s The Nature of Knowledge, an 
investigation of the pervasive history of 
colonialism in the development of the 
scientific method. In addition, Lauren 
Rhodes’ interview with Oberlin College 
Assistant Professor of Environmental 
Studies Dr. Chie Sakakibara explores 
the professor’s climate research with the 
Iñupiaq People in Alaska.
 Finally, we would like to send 
our best wishes to our new Denison 
administrators: Managing Editor Rachel 
Reardon, Treasurer Carson McCann, 
Art Coordinator Emily Herrold, and 
Liaison Jayla Johnson.
 We hope you enjoy this 
collaborative work between student 
artists and scientists, and encourage 
you to keep investigating the universe 
and contributing to it in ways uniquely 
suited to you.

Victoria Albacete & Tara Santora
Editors-in-Chief

Welcome 
to the Orientation ‘17 edition of The Synapse, Oberlin’s 
intercollegiate science journalism magazine produced in partnership 
with Denison University! Whether you are a returning student 
or a first year, we’re excited to share the excellent student-created 
scientific writing and eye-catching artwork in this issue with you.

Interested in joining our team?
Email: synapse@oberlin.edu
Visit: synapsemagazine.org
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Joy Udoh is a third year Neuroscience major 
from Nigeria and has worked with The 
Synapse for the past year as a writer, content 
editor, and campus distributor. In addition 
to her work with the magazine, Joy has been 
voted Class President for the junior class, is 
a certified mediator through the Office of 
the Ombudsperson, and acts as the secretary 
for the African Students’ Association. After 
graduating from Oberlin, she plans to go 
to medical school and potentially specialize 
in pediatric neurology. Joy enjoys spinning 
scientific jargon into something engaging 
and easy to understand for any audience, 
and she certainly does it successfully in her 
article for this issue: Special Agent Ricin!

A Denver, Colorado native, Rachael 
Branscomb is a third year Biology major 
with both Chemistry and Anthropology 
minors. She’s worked with The Synapse as a 
copy editor and has written articles for our 
past two issues, in addition to her article 
Bloodletting, Buboes, and Body Snatching that 
you’ll find in the pages of Issue 13. After she 
graduates from Oberlin, Rachael plans to 
take a gap year in order to work as an EMT or 
mountain guide and then intends to attend 
medical school to become a pediatrician. On 
campus, she is part of the Oberlin chapter of 
the American Medical Student Association 
(AMSA), plays Quidditch, and rides with 
the equestrian team.
 

Rachel Reardon is a third year Biology major 
and Chemistry minor at Denison University 
from Midland, Michigan. She has been a 
writer and copy editor for the past two issues 
of The Synapse and, beginning next issue, 
will be Denison’s new Managing Editor. She 
values the engagement of students in dialogue 
about scientific research and changing the 
way we see the world because of it. Rachel 
is also a Resident Assistant and a research 
assistant in the Biology Department, as well 
as a member of the Alpha Epsilon Delta pre-
med society, Kappa Alpha Theta sorority, 
and the Newman Catholic Club. After 
Denison, Rachel may attend medical school, 
potentially through an M.D./Ph.D. program. 

Emilia Omerberg is a 2017 Oberlin College 
graduate from San Francisco with a double 
major in Biology and Environmental Studies 
and a minor in Chemistry. During her senior 
year she was a contributing artist to The 
Synapse, including for this issue’s interview 
with Paul Rich. Emilia is interested in 
wildlife conservation, especially regarding 
fish. She currently has an internship with the 
U.S. Geological Survey to perform research 
at the Lake Erie fishery. Specifically, Emilia 
works on diet analysis, water sampling, 
age sampling, and invasive species research 
for species such as the grass carp. This past 
summer she was in Utah working for the 
Department of Natural Resources as a 
cutthroat trout intern.
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ver since I can remember, I’ve been conditioned to view 
germs as the enemy. Parents and teachers constantly warn 
children about the perils of these invisible villains, microbes 
on a mission to invade and infect the human body. I was 

conditioned to scour my hands before meals and in the bathroom, to 
never rub my eyes or mouth during the day, and to stay away from sick 
friends, lest the tiny organisms causing their illness should corrupt my 
own immune system. I’d imagine most children in the U.S. had similar 
experiences. By the time children reach grow up, they’re 
w e l l aware that bacteria are to be avoided 

and eliminated at all costs.
  However, scientists now 

have ample reason to believe 
that this mantra isn’t quite 
accurate. Of course, no one is 
suggesting that hand washing is 

useless, or that bacteria can’t act 
as pathogens. But recent research 

has found that our bodies are in 
fact complex ecosystems, housing and 

nourishing both our own body cells as well as an approximately equal 
number of microbial ones. It turns out that many of these bacteria are 
actually on our side, and they play instrumental roles in maintaining our 
own health.
 The collection of microorganisms that live within our body 
space are collectively known as our microbiota, and when studied together 
with their genetic material, are referred to as the microbiome. Bacteria are 
found in several areas throughout the body, including the skin, mouth, 
nose, and digestive tract. In most cases, one or a few species of microbes 
will dominate the population in a given area — anywhere from 17% to 
84% of a particular site, according to one study performed in the Harvard 
School of Public Health. What’s interesting is that the actual species of 
bacteria present varies widely between individuals. 
 We inherit our microbiota from our mothers on the day we are 
born. Bacteria present in the birth canal provide infants with their first 
coating of microbes, while breast milk contains unique compounds called 
oligosaccharides that cannot be digested by babies. Oligosaccharides can, 
however, be utilized by bacteria, providing evidence that our bodies have 
evolved to live in mutualism with our microbes. Skin-to-skin contact 
with parents throughout infancy continues to establish the child’s 

unique microbiome, which the Harvard 
researchers believe remains relatively 

stable throughout a person’s lifetime. 
Claire Fraser, a microbiome researcher at 
the University of Maryland, reports that 

the community appears to stabilize around 
age three. So, the exposures one has during 

early development could have lasting effects on the makeup 
and lasting health of their microbiome.

 The gut is perhaps the best-researched area of the microbiome, 
since without the bacteria that live there we would be unable to effectively 
digest the foods we eat. In a review article examining recent advancements 
in this area, Andrew Shreiner, John Kao, and Vincent Young explained 
the varied functions of gut microbes. Most notably, these bacteria are 
able to extract energy from foods that we can’t digest on our own by 
producing accessible short chain fatty acids (SCFAs) from fibers that our 
digestive systems can’t process. These SCFAs are critical for the regulation 
of immune responses, and for maintaining the protective mucous layer in 
our intestines. Fraser explains that if gut bacteria don’t have an adequate 
supply of fiber, they will instead feed on this mucous layer. Over time, 
this causes an inflammatory response in the digestive tract that can cause 
discomfort and gastrointestinal distress.
 All of these discoveries have important ramifications in how 
we understand human health and treat diseases. Our current disease 
treatments and prevention methods will affect not just our own cells, 
but also our important microbial partners. Fraser’s work 
focuses heavily on an obvious point of interest: the impact 
of antibiotics on bacteria essential to human health. 
Her research has shown that the use of antibiotics, and 
particularly various classes of antibiotics in succession, 
can seriously decrease the number of bacterial species 
present in the gut. As the medicines wipe out the 
pathogens they are intended to destroy, they also kill off 
the helpful bacteria in our bodies. Following antibiotic 
treatment, it is very difficult for the microbiota to re-establish 
their healthy balance. In some cases, Fraser’s research suggests 
that these changes can even become irreversible. This disruption in 
bacteria balance also correlates to an increase in chronic gut inflammation, 
a condition that has been tied to many bodily disease states since it alters 
the conditions of the immune system.
 While the use of antibiotics does present significant dangers to 
the balance of a healthy bacterial community, these drugs are still crucial 
in modern treatment of bacterial diseases. In the distant future, options 
like species-specific antibiotics could help mediate their negative effects. 
However, in the meantime there are some strategies available to protect the 
health of the human microbiome. Elisabeth Bik at Yale University reviewed 
a collection of microbiome research and suggested that our gut 
microbes are particularly responsive to changes in diet. A 

comparison in the microbiomes of Western 
subjects with traditional communities in 
Africa and South America showed significant 
differences in bacteria species diversity. It seems 
that populations who consume more whole-
food, high-fiber diets have more species of 
microbes present in their digestive systems.
 Thinking about this trend in the context of 

findings regarding the bacterial ability to consume 
and digest tough fibers makes sense. The more 
you feed your gut good bacteria, the more robust 

their community will be. As such, some researchers 

recommend consuming more fiber, found in foods like fruits, vegetables, 
and whole grains, and eating fewer simple or refined carbohydrates. 
These dietary recommendations fall in line with traditional advice of 
eating your fruits and veggies, but a new level of understanding has been 
reached with the knowledge that this type of diet goes beyond just feeding 
our cells. It’s essential to the health of the bacterial community that 
keeps us functioning at our best. Other gut-friendly foods can include 
fermented products like yogurt, miso, and sauerkraut. The fermentation 
process introduces “friendly” bacterial species that can help replenish the 
populations in our gut.
 
 
 

 But buyer beware, companies are catching on to the discovery 
of the importance of healthy gut bacteria. It’s not uncommon to find 
“microbiome experts” online or in the media attempting to sell probiotic/
live bacterial supplements or giving readers advice on how to maintain 
optimal gut health. These claims are often made by people with no 
expertise in the area who are simply trying to sell products. Moreover, 

because of the incredible variability between individuals, 
it’s impossible to predict whether a particular treatment or 

supplement will help or harm a person’s specific balance of 
microbiota.

  We know that the microbiome is a crucial yet 
delicate factor in overall human health. We also understand 
the importance of fiber-rich foods to sustaining these microbes. 

However, research is still inconclusive in regards to the precise role 
that the microbiome plays in various disease states. Bik and 

Fraser both remind us that much of the microbiome research 
done up to this point has been conducted on mice. While 
these studies can provide insight and open up new directions 

in future work, their findings cannot be immediately applied to humans. 
Mice have very different mechanisms involved in diseases like obesity and 
colitis, sometimes involving genetic mutations that don’t correlate to the 
human genome. The microbiome is a rapidly growing field of scientific 
research and for good reason. As researchers continue to develop more 
specific and rigorous experiments, our understanding of the unique 
ecosystem housed within the human body will surely impact the way we 
approach healthcare.

E

While these studies can provide 
insight and open up new directions 
in future work, their findings cannot 
be immediately applied to humans. 

Gut Check
How Microbiome Research is Reshaping our View of Bacteria in Human Health

2
Written by Rachel Reardon
Illustrated by Maria Altier
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opularly known as the “Umbrella Murder”, the assassination 
of communist defector Georgi Markov in 1978 is the kind 
of thing that blockbuster spy movies are made of. On his 
way home from work, Markov walked to the bus stop and 

stood waiting for the bus. Moments later, he felt a sharp pain in his 
thigh and saw a man pick up an umbrella. Within four days, a visible red 
swelling appeared, his body temperature skyrocketed, and he eventually 
died. When an autopsy was carried out to determine the cause of his 
death, a tiny metal sphere was found in his leg. The sphere appeared to be 
once a watch bearing, wrapped in a wax coating designed to melt at body 
temperature. It contained 0.2 milligrams of a toxin and had been fired 
from the umbrella. The star of this particular blockbuster was the Soviet 
Union’s “special agent”: ricin. The Soviets had developed a mechanism 
with a cylinder of compressed air to fire the toxin pellets at their intended 
target.
 Ricin is considered a biowarfare drug found in the beans of 
castor plants. It is native to the tropics of Africa but is found throughout 
the United States and other parts of the world. It is a water-soluble 
glycoprotein, which is a class of proteins that have carbohydrate groups 
attached to them and composed of an A and B chain which are linked 

together. The A chain is responsible for the inactivation of the ribosome 
which is important for making proteins and the B chain identifies receptors 
on the surface of mammalian cells which have the sugar galactose; this 
helps facilitate the entry of the protein toxin via endocytosis, which is 
the process of taking in materials from the outside by engulfing them.  
In Figure 1, these chains are different colors i.e. red and blue. The lethal 
protein has various levels of toxicity based on the route of exposure. 
When ricin enters the cell through the function of the B chain, its A 
chain inactivates the 60S ribosomal subunits, leading to the termination 
of protein synthesis and eventual cell death.
 The symptoms of toxicity due to ricin vary based on the 
different routes of exposure. If injected intramuscularly, necrosis of the 
regional lymph nodes and severe localized pain occurs, which means that 
groups of cells die in these lymph nodes. If inhaled, it induces respiratory 
distress with pulmonary and airway damage, and oral ingestions cause 
gastrointestinal (GI) bleeding as well as liver, spleen, and kidney necrosis. 
There is no antidote for ricin poisoning; supportive care and standard 
biowarfare decontamination protocols are the basic treatments offered. 
Fortunately, this toxin cannot spread from person to person.
 During World War I, the United States explored the idea of 

weaponizing ricin. An attempt to do so was carried out at the American 
University Experimental Station, and the weaponization methods that 
were explored included ricin-coated bullets and shrapnel and a “dust 
cloud” of toxins that could be inhaled into the lungs. Due to the fact that 
ricin is inactivated at high temperatures, the efficiency of this method 
was compromised. The “dust cloud” idea was also put on hold because 
authorities didn’t want to use it as a weapon without an antitoxin that 
could neutralize it. Despite the fact that this toxin wasn’t weaponized 
during WWI, different routes of exposure were explored and individuals 
later attempted to enhance its properties to make it more lethal.
 In 1991, an enhancement of ricin’s weaponization was attempted. 
Four members of an extremist group known as the Patriot Council were 
arrested due to the attempted murder of a US Marshal. Instead of the 
conventional exposure routes for ricin, they wanted the marshal to be 
poisoned through skin contact. Ricin is a molecule that is too large to be 
absorbed through the skin; their solution to this problem was to mix the 
protein with a solvent: dimethyl sulfoxide (DMSO). DMSO was meant 
to serve as the vehicle that would transport ricin through the skin because 
it could dissolve the toxin. Since the skin can absorb DMSO, it would 
carry the dissolved ricin through the skin and into the body. Fortunately, 
the possible murder was prevented — but whether their absorption 
method would have worked is still unknown.

 

 Because of how lethal this naturally-occurring toxin is, recent 
research and case studies are being used to study this drug and create 
more effective treatments to combat its effects. An example of this testing 
involves the inhibition of ricin toxicity by lactose in milk. In the presence 
of lactose or galactose, the B chain binds to lactose or galactose molecules 
and is unable to bind to the cell surface receptor, thereby preventing 
the entry of ricin into the cell to disrupt protein synthesis. It has been 
discovered that lactose can inhibit the activity of ricin at concentrations 
below 1 g/ml, but is ineffective against greater ricin concentrations. 
Although this suggests that milk cannot protect against ricin intoxications, 
it does hint at the fact that lactose could be an important component for 
the synthesis of a counter-drug for the glycoprotein.  
    Additionally, early plasma exchange has been 
used to successfully treat ricin toxicity in children. In China, seven children 
around the age of eight had ingested castor beans and were treated 73 

hours post-ingestion. A BM-25 continuous bedside purification machine 
was used and a venous catheter was placed through the femoral vein. 
This process took two to three hours and was done 1-2 times for each 
patient. Plasma exchange — or plasmapheresis — is a blood purification 
process where the plasma is separated and removed from the blood in 
order to remove a disease circulating in the body through the plasma. All 
the children recovered and none of them suffered any organ or system 
dysfunction. The main problem with this process is its high cost. Despite 
its effectiveness, early plasma exchange isn’t a remedy that is readily 
available and easy to carry out on all individuals poisoned by ricin.
 

Cases like these demonstrate the need for ricin to be studied further 
and for an antitoxin to be discovered. Not only can ricin be used to 
intentionally harm individuals, but its exposure to children or individuals 
who are not aware of its danger could have devastating effects.  
Interestingly, castor beans have other benign uses, the most popular being 
castor oil. Castor oil is used commonly in hair products for its ability to 
condition and promote hair growth. It also has medicinal uses; studies 
have shown that it can be used to target specific cells like cancer cells. 
It could conjugate antibodies that preferentially bind to unwanted cells 
and kill them. In vivo tests haven’t been very successful but more research 
on developing immunotoxins and therapies for diseases like cancer and 
AIDS are still in progress. 
 A successful application of this toxin has been used in 
bone marrow transplant procedures. One of the complications of 
these transplants is called a graft-vs-host disease (GVHD) where the 
transplanted bone marrow is rejected. In acute situations where the T 
lymphocytes (the malignant cells) are resistant to steroids, this toxin can 
help alleviate the condition.
 It is clear that this protein has benefits despite its toxicity. 
Exploring these possible benefits through research as well as developing 
an antitoxin that prevents its effects in the body would take this protein 
out of the biowarfare drug context and put it in a context where it helps 
rather than harms humanity. As with many other compounds, ricin is a 
double-edged sword that will sadly be the star of other attempted murders 
in the future, but advancements in the field of biochemistry are improving 
how we detect the toxin and prevent these attempted attacks. During 
Obama’s period in office, a letter was sent to him that was laced with ricin. 
However, the toxin was detected, the perpetrator was prosecuted, and 
thankfully Obama’s life was saved. Not quite blockbuster material, but a 
definite demonstration of the power that science has in empowering and 
protecting us from unwanted hazards.

 

P

The main problem with this process is 
its high cost. Despite its effectiveness, 
early plasma exchange isn’t a remedy 
that is readily available and easy to 
carry out on all individuals poisoned 
by ricin.

Special Agent Ricin
The Making of a Scientific Blockbuster

2
Written by Joy Udoh

Illustrated by Steven Mentzer

Figure 1. Chain A and B of ricin  glycoprotein
Source: Equatox.eu
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reative impulse represents one of the more idolized traits 
in human history. Many societies across the globe prize 
the skills associated with innovation. As a result, creativity 
has been a topic of research in philosophy, psychology, and 

other fields for hundreds of years. More recently, neuroscience has been 
exploring this in conjunction with the advancements in technological 
methods associated with studying the brain. While the definition of 
creativity shifts back and forth over time and between fields of study, 
neuroscience provides us with a more complex awareness about what 
happens to our brains when we mold our thoughts into novel designs 
and works of art.
 Researchers have discovered various forms of creativity, each 
associated with its own mechanism in the brain, although overlaps between 
them do exist. Some examples include cognitive and emotional creativity, 
economic innovations, and scientific and technological breakthroughs. 
Researchers have also looked at artistic creativity, such as visual creativity, 
like painting and sculptures, and musical creativity. The arts have been the 
most widely studied form of creativity in neuroscience.

 Musical creativity has been a particularly important research 
theme. Published in 2008, one foundational fMRI study, by Charles Limb 
and Allen Braun, looked at the differences in brain activation amongst 
instances in which six professional musicians played improvised notes 
within in a particular musical scale on the piano, and when those same 
individuals improvised alterations to a jazz tune.  The set of participants 
who were restricted to use a single scale were expected to produce a lower 
degree of musical complexity, and therefore, display a lower amount of 
creativity. On the other hand, the participants working on the improvised 
jazz were expected to exhibit a higher degree of musical complexity, and 
therefore a higher amount of creativity. 
 The results expressed that improvisation of a higher complexity 
leads to changes in activation of the prefrontal cortex, which is the part of 
the brain that processes various higher-order forms of thought, including 
planning, decision-making, and expressing personality. Specifically, they 
found increased activation of the medial prefrontal cortex (MPFC) and 
decreased activation in the dorsolateral prefrontal cortex (DLPFC). The 
MPFC is an area that is important for processing personal history, and 

in this case, personal musical history, to produce improvised music. The 
DLPFC is important for strategic planning and problem solving, and 
so, less activation in this region leads to an increase in the kind of non-
goal-oriented mind wandering that is seen when individuals are at rest. 
Therefore, this pattern of both increased autobiographical memory recall 
and spontaneous generation of ideas was found to be a key component in 
musical improvisation.
 
 

 Another research team found similar results when they carried 
out an fMRI study on twelve artists in 2012. In this case, the team 
examined the neural basis of improvising music in the context of freestyle 
rap. They found the same kind of relationship between rehearsed and 
freestyle rap performances that was found in the 2008 piano study. 
During freestyle rap performances, there was inhibition of the DLPFC 
and excitation of the MPFC. This pattern of activation did not occur in 
the brains of individuals reciting rehearsed lyrics. Musical improvisation 
and its neural connections mimic the kind of multimodal functioning 
that can be seen in other kinds of creativity. 
 Early last year, a team of researchers found that engaging in visual 
creativity tasks gives rise to a similarly nuanced pattern of processing in 
the brain. The study was conducted at the University of Trento in Italy. 
It analyzed this interaction by looking at the neural connections in the 
brains of a group of twelve professional artists and twelve individuals 
who were not artists, while they were partaking in a visually creative task. 
During this task, they were asked to imagine what they would create to 
represent the concept of “landscape” and to think about the materials 
they would use to create it.  
 

 Each of the participant’s brain activation patterns during this task 
were recorded with fMRI. Then, these recorded patterns were compared 
to brain activation patterns, which were recorded during a non-creative 
task, such as visualizing the alphabet, and a task in which the participants 
were asked to let their minds wander. The visually creative task produced 
a similar pattern of activation in all of the participants, and this pattern 
was not present in the other two tasks. This pattern showed a specific 
interaction between two networks in the brain that had previously been 
found to oppose each other. These networks, the default mode network 
and the executive control network, are our processing modes at different 
levels of mental stress.
 The default mode network is our more relaxed form of mental 
processing, which is active when it is not performing difficult tasks or 
trying to problem-solve in any way. This network consists of a variety of 
different structures around the brain, which serve various functions that 
revolve around emotional memory and visual and sensory perception. 
In the context of creativity, this network can be thought of as the system 
in the brain that spontaneously generates ideas. Furthermore, artists can 
use this system in the initial stages of planning a piece. In contrast to 

the default mode network, the executive control network is the system 
in the brain that helps us reach goals by controlling and directing our 
behavior. This work is thought to mainly occur in the frontal lobe, where 
the prefrontal cortex lies. One particularly key area in this region is the 
DLPFC. This system is linked to the second step in the visually creative 
process, when artists pick which ideas generated from the default mode 
network are the most essential for their piece. 
 
 
 
 

 The results of this new study provide some evidence that 
our notions of creativity are misguided or underdeveloped. Creative 
endeavors involve logical processing in the form of decision-making. As 
individuals scroll through their mental matrices of ideas, they pinpoint 
which ones are the most poignant to the piece or concept they hope to 
create. This discovery of communication between the spontaneous flow 
of ideas at rest and the rigorous logic involved in rational selection give us 
a deeper understanding of how creativity works. Additionally, rather than 
being an inherent trait to certain individuals, this kind of creative neural 
communication is a skill present in the entire population. Therefore, 
encouraging adolescents and children to continue practicing their 
creative skills, regardless of the level of their perceived inherent talent, is 
an important and worthwhile pursuit. It is also essential in supporting the 
next generation of artists, musicians, and scientists.
 
 
 
 

C

Neuroscience provides us with a 
more complex awareness about what 
happens to our brains when we mold 
our thoughts into novels designs and 
works of art.

Rigorous Innovation
How Neuroscience Shapes our View of Creativity

2
Written by Emma Hahn

Illustrated by Megan Herrmann

As individuals scroll through their 
mental matrix of ideas, they pinpoint 
which ones are the most poignant.

Researchers have discovered various 
forms of creativity, each associated 
with its own mechanism of action in 
the brain, although overlaps between 
them do exist. 
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Modern Medicine and Its 
Love Affair with Levadopa
How Science Convinces Us That Hope is Never Gone

2
Written by Zoe Swann

Illustrated by Rachel Dan

“Softly.  Softly.  With no sound Mr. Parkinson cracks his whip.  Its lethal tip strikes me internally.  Externally.  I who climbed to 
the summit of St Mark’s in Venice and lost my arms and hands against the color of the stones, I who stood on my window ledge 
sixteen stories high across from the Dakota to polish my casements to witness John Lennon’s public memorial; I, who drove from 
Boston to New York in a hurricane on a Father’s Day to leave flowers at my father’s grave; I, who used to run on ice for winter 
exercise and walk everywhere in New York City, live now under the silent lash of Parkinson’s disease.  This slaver’s whip instead of 
training speed and agility into my active body, once free, once indomitable, lays on my bones and muscles making them lag, no 
longer to be relied upon, no longer stable, buckling without a walking frame.  And like a master on holiday at a luau, Parkinson 
slurps vital chemicals from my brain as if sucking milk through a straw from coconut.  And when the coconut is drained dry 
what course is there but to toss it away?  In any situation of domination there comes a time of adjustment when the constant 
presence of the limiter of existence is acknowledged as a force of life and when a grim partnerships takes hold — an association 
that breeds strength on both sides.” 

– My grandmother, Lois Swann, a novelist and the author of an upcoming book about her experience of Parkinson’s Disease. 

arkinson’s disease (PD) afflicts one million Americans today, 
exceeding the number of people diagnosed with multiple 
sclerosis, muscular dystrophy, and Lou Gehrig's disease 
combined. It afflicts my grandmother. It afflicts many 

grandmothers. And even worse, the best medical treatment for PD has 
side effects that are nearly as debilitating as Parkinson’s disease itself.
 Parkinson’s disease is a neurodegenerative disease in adults 
caused by the atrophy of midbrain dopaminergic neurons. Dopamine 
is a neurotransmitter responsible for reward and pleasure, as well as 
movement and emotion. It is also a precursor for the neurotransmitter 
epinephrine, also known as adrenaline. Because of its role in movement, 
the loss of dopamine in individuals with PD triggers motor deficits like 
tremors, slowness of movement, trouble speaking, rigidity, and even loss 
of unconscious movements, like blinking. Genetics play a partial role, 
but recently epigenetic controls, like neuroinflammation and protein 
misfolding, have been implicated as major contributors. 
 The main brain structures affected by high dopaminergic 
density in PD include the basal ganglia, which have multiple networks 
throughout the brain. These include the striatum and substantia nigra, 
which may support motor control, associative learning and memory, 
and emotion. Knowledge of the underlying mechanisms is limited, but 
continues to develop all the time. The basal ganglia relay information 
between the thalamus, cortex, and primary sensory association areas of 
the brain, allowing integration of sensory and motor information. Once 
again, our little friend dopamine modulates the basal ganglia, although 
our understanding of the mechanisms are relatively new and increasingly 
complex.
 
  
  
  
  

 Levodopa, a synthetic dopamine precursor, is the current 
treatment of choice for Parkinson’s disease. Levodopa works to increase 
dopamine synthesis, thereby restoring motor functions. It is often 
combined as Carbidopa-Levodopa, which my grandmother takes 
religiously from a cut-crystal dish, to decrease the likelihood of nausea. 
Unfortunately, Levodopa seems to over-stimulate dopamine production, 
and therefore induce the opposite symptoms of PD, which include 
excessive motor movement and cortical activity. A major side effect of 
Levodopa, dyskinesia, occurs in more than 50% of patients as a result of 
increased glutamatergic transmission. It seems that restoring dopamine 
neurotransmission overstimulates the limbic striatum, the region of the 
basal ganglia associated with reward, posture, and movement. Dyskinesia, 
or involuntary movement, manifests in Parkinson’s patients who have taken 
Levodopa as symptoms called chorea or dystonia. The two symptom sets 
often coexist. Chorea, from the Greek word for “dancing,” is also present in 
Huntington’s patients and includes abrupt movements and tremors of the 
limbs, hands, and feet. Dystonia is another type of muscle spasm that can 
cause tremors, pain, and even twisting of the feet and hands. Parkinson’s 
patients often experience painful leg cramps at night. 
 Physicians have classified Levodopa-induced dyskinesia using 
three characteristics: denervation of nigrostriatal dopaminergic neurons, 
intact postsynaptic basal ganglia, and, of course, Levodopa treatment. 
One study showed that primates with intact nigrostriatal dopaminergic 

circuitry did not develop dyskinesia unless an extremely high dose of 
Levodopa was administered. The same study showed dyskinesia to 
be worse on the more heavily lesioned side of the brain. This suggests 
that cells that produce dopamine need to be damaged for dyskinesia to 
manifest, but the basal ganglia need to remain healthy and connected.
 In many diseases, an inflammatory response is quite common. 
When the brain undergoes an injury, microglia in the brain’s white 
matter control the resulting inflammation, releasing lots of molecules, 
such as cytokines, to help fight the problem. The brain also rewires and 
adapts to its environment, which can affect cognition, or simply be a 
homeostatic mechanism. This is called plasticity. Neuron-microglia-
astroglia circuitry controls the brain’s neuroplastic response to Parkinson’s 
disease. A 2016 University of Sao Paulo study looked at the role of 
neuroinflammation caused by Levodopa in PD. Neuromelanin released 
from dying dopaminergic neurons activates microglia, and unfortunately, 
the substantia nigra is particularly sensitive to stress caused by this 
inflammation. New research suggests Levodopa could aggravate the 
astroglial inflammatory response, which would exacerbate cell death in 
the substantia nigra, as seen in PD patients.
 
 

 The substantia nigra gets its name from the Latin word for 
“black substance”. It is dark red in appearance from high concentrations 
of neuromelanin and iron, which seems to be involved in neuromelanin 
formation. Iron happens to be a reactive oxygen species and thus 
contributes to neurodegeneration. Angiotensin, released by dopaminergic 
neurons and glia, helps mediate iron concentrations and is also heavily 
involved in neuroinflammatory responses. By blocking angiotensin 
receptors, researchers at the University of San Paolo were able to decrease 
Levodopa-induced dyskinesia, suggesting a potential new treatment.
 So, as dopamine dances between the brain’s many structures, 
my grandmother has fluctuations in her motor control. This whiplash 
between the effects of PD and the effects of Levodopa might be regulated 
and managed by taking smaller and more frequent doses of the drug to 
prevent dyskinesia. But this solution is far from perfect, because instead 
of treating the cause (chronic death in the substantia nigra), Levodopa is 
treating the symptom. Chronic use of Levodopa is common and necessary. 
My grandmother takes Levodopa, yet still experiences constant pain. Our 
understanding of Levodopa-induced dyskinesia is still limited, so we must 
remain hopeful. We must take a leaf out of my grandmother’s book: find 
hope in our ignorance, and beauty in our scientific curiosity. 

P

The loss of dopamine in Parkinson's 
triggers motor deficits like tremors, 
slowness of movement, trouble 
speaking, rigidity, and even loss of 
unconscious movements.

Levodopa seems to over-stimulate 
dopamine production and therefore 
induce the opposite symptoms of 
Parkinson's.
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n our current era of vaccines and 
antibiotics, it’s hard to imagine 
that there was once a time when 
people believed that disease 

was caused by an imbalance of the humors 
and surgery was performed sans antiseptic or 
anaesthetic. Medical treatment has existed as 
long as humans have. Throughout history, our 
understanding of the body and how to care for 
it has progressed due to scientific advancements 
such as Fleming’s observations of ‘mould juice,’ 
which led to the development of penicillin, 
or Leeuwenhoek’s discovery of ‘animalcules’ 
(microbes) after the invention of the 
microscope. From amulets to barber-surgeons 
to genetic engineering, thousands of years’ 
worth of discoveries from around the world all 
culminate in our contemporary understanding 
of medicine.

In early medicine, ancient people 
had a vague understanding of the anatomy of 
the body due to wounds and sacrifices. Most 
Western societies attributed disease, illness, and 
healing to the gods. Galen of Pergamum was 
a physician to the emperor Marcus Aurelius’s 
family in Greece around the 2nd century AD, 
and he composed a large number of writings. 
His ideas and works acted as main contributors 
to medical thinking up until the 17th century. 
Galen strongly believed that illness was caused 
by an imbalance of the body’s four humors: 
blood, phlegm, yellow bile, and black bile. 
Each humor correlated to a season, organ, 
compass direction, and the four qualities of 
hot, cold, wet, and dry. Treatment was based 
on restoring balance to the body. For example, 
if a patient presented with a high fever, it was 
only reasonable that they must have an excess 
of blood within their system! Thus, bloodletting 
became a very popular treatment. Enemas 
and purging were also popular treatments for 
imbalances of black and yellow bile. 

Other treatment options included 
amulets, which were believed to heal based on 
their properties such as color, type of stone, 
or relation to disease. In Athens, temples were 
built and dedicated to Asclepius, the god of 
medicine. Legend describes Asclepius arriving 
in Athens in the form of a snake and wielding a 
rod of healing. Ill people would visit the temples 
and spend the night, hoping to be visited and 
healed by Asclepius in their dreams. Asclepius’s 
rod is where the familiar medical symbol of a 
snake coiled up the length of a staff originates.

Medical diagnosis at this time was 
primarily based upon the way the body looked 
and smelled and the fluids that it produced. 
Physicians took a hands-off approach and did 
not poke and prod the way a doctor might today. 
Rather, they diagnosed based on appearance and 

the symptoms 
a patient divulged. 

In the Western world, 
the medieval period was a time 
during which the church became 
increasingly involved in medicine. The 
wealthy could afford to hire private doctors, 
and the church took on much of the 
responsibility in caring for the sick and 
poor. Beginning in the 13th century, 
numerous hospitals were erected by 
the church and knights traveling on 
the Crusades. Some knights built 
a hospital in Jerusalem to care for 
pilgrims traveling to the Holy Land 
in 1080 and later became a religious 
order, the Order of St. John, which 
dedicated itself to caring for the ill. 

During the 14th century 
Renaissance in Europe, there was 
a growing interest in anatomy in 
both a medical and an artistic sense. 
Physicians desired to understand how 
the body functions, and artists paralleled 
this desire in the pursuit of creating more 
lifelike artwork. In 1315, the first human 
dissection was performed in Bologna, 
Italy, which would go on to be the center for 
dissection and anatomy in the 15th and 16th 
centuries. One significant problem within the 
burgeoning field of dissection was the severe 
lack of corpses. In the Christian faith, it was 
believed that bodies needed to be preserved as 
much as possible to prepare for resurrection 
during Jesus’s second coming. Thus, bodies were 
not available for dissection. However, surgeons 
got around this by dissecting the bodies of 
criminals who were thought to have no chance 
of reaching Heaven. Eventually there were not 
enough criminals to supply the anatomists, 
and grave-robbing became a relatively lucrative 
business. However, even grave-robbing wasn’t 
able to keep up with the demand for bodies, 
and a few enterprising people went straight to 
murder to keep up their supply of cadavers — 
although, should you be one of them, you’d 
better hope that you weren’t caught or you 
could end up on the dissection table yourself!

During the later part of the 
Renaissance, the field of medicine began to 
flourish after lying stagnant for centuries, seeing 
many new developments in a short period of 

time. In the 1590s, two Dutch 
spectacle makers created the first compound 
microscope by placing two lenses within a metal 
tube. Though innovative, these microscopes 
could only achieve 20-30x magnification. Later, 
in the mid-1600s,  Anton van Leeuwenhoek, 
a Dutch scientist and tradesman, created a 
much stronger microscope using a single, tiny 
glass sphere mounted in a simple brass frame. 
This new microscope could achieve 266x 
magnification and allowed him to identify what 
he referred to as ‘animalcules,’ the first sighting 
of microbes! However, the microbes he saw 
were not connected to the spread of disease 
until much later.

Up until the mid-1800s, it was 

commonly believed in Western 
culture that disease was caused and spread by 

‘miasma’ or ‘bad air’. This belief was the basis 
for the crow mask and long black robes that 
doctors wore in the 17th century at the time of 
the bubonic plague in Europe. Heavily scented 
potpourri was stuffed in the beak of the mask 
to prevent the inhalation of putrid air, and 
the long gown further prevented contact. It is 
not surprising that the belief in miasma was 
so prevalent — plague victims often had large 
swollen lymph nodes called buboes that would 
grow and eventually burst. It seemed logical 
to pin the blame for the spread of the disease 
on the rancid smell that victims of the plague 
emitted.

In 1796, 
Edward Jenner, an 

English doctor, developed the 
process of smallpox vaccination 

in his home in Gloucestershire, 
England. He had heard that milkmaids 

in the countryside who had contracted 
cowpox would only suffer mild illness 
and then never succumb to smallpox. 
He tested this observation by inserting 
some pus from a cowpox pustule into 
an incision on a young boy’s arm. 
As Jenner had theorized, the boy 
contracted cowpox and was ill for 
a few days before recovering. Later 
exposed to smallpox twice, the boy 
failed to contract the disease both 
times. This was a revolutionary 
finding, but received heavy criticism 
from other physicians for being too 
extreme and outlandish. However, 

it is now undeniable that Jenner had 
developed the first vaccine! A dissenter, 

Jenner ignored the backlash and set up a 
vaccination hut in his backyard where he 

would inoculate the poor, free of charge. 
At this point, the mechanisms behind the 

spread of disease were still unknown, and it 
is likely that Jenner did not entirely understand 
what mechanisms allowed for his innoculations 
to prevent the contraction of smallpox. 

It wasn’t until 1860 that the existence 
of airborne microbes was demonstrated by 
Louis Pasteur’s experiments with broth. It 
was commonly believed at this time that 
living organisms originated from non-living 
matter. For instance, maggots were thought 
to grow from rancid meat and fleas from dust. 
Pasteur — a French biologist, microbiologist, 
and chemist — performed an experiment in 
which he boiled meat broth in a flask to kill 
any organisms living in it and then heated 
the neck of the flask until he could bend it 
into an ‘S’ shape. Thus, air could enter the 
flask, but microorganisms would settle in the 
bend of the neck before they could reach the 
broth. He found that, as he had predicted, this 
broth remained sterile and no microorganisms 
grew in it. When the flask was laid on its 
side so the broth reached the bend where 
the microorganisms had settled, he observed 
that the broth grew cloudy and microbes 

flourished. Pasteur’s discoveries demonstrated 
that microorganisms existed in the air and 
were the cause of other microorganism growth, 
thus disproving the concept of spontaneous 
generation. This experiment provided evidence 
for the germ theory of disease, which states that 
many diseases are caused by microorganisms 
interacting with the body, not miasma or 
displeased gods.

Further understanding of disease and 
treatment developed in 1928 when Alexander 
Fleming, a Scottish biologist, was studying the 
influenza virus in a laboratory in St. Mary’s 
Hospital in Paddington, London. As scientists 
did at the time, Fleming didn’t think twice about 
leaving stacks of petri dishes of staphylococci 
bacteria on his bench before he left for a six-
week holiday. However, when he returned, he 
discovered that a fuzzy mold was growing in 
one of his dishes and was discharging a solution 
that inhibited bacterial growth in a ring around 
the mold. He performed further experiments 
on this ‘mould juice’ and later renamed it 
penicillin. This became the first true antibiotic 
ever recognized. Two doctors, Howard Florey 
and Ernst Chain, developed penicillin so that 
it could be mass produced as an antibiotic drug. 
By the 1940s, penicillin production was in full 
swing and saved countless lives of soldiers in 
World War II. To this day, penicillin continues 
to be used as a major drug for fighting infections.

Fleming’s discoveries also led to major 
advancements in the surgical field. Thanks to 
previous discoveries of anaesthetics like nitrous 
oxide and chloroform, more invasive surgeries 
could be performed, but many patients still 
died from infection post-surgery. A surgeon 
named Joseph Lister read about Fleming’s 
work with microorganisms and decided to test 
the effects of soaking a patient’s bandages in 
carbolic acid, a known disinfectant. After seeing 
a significant drop in the rate of infection, Lister 
then experimented with sterilizing surgical 
instruments and hand-washing, and developed 
a carbolic acid spray for operating theaters. 
For his groundbreaking work in increasing 
sanitation in surgery, Lister is known as the 
‘father of antiseptic surgery’.

From prehistory to the modern era, 
there have been innumerable discoveries in 
the field of science that have lent significant 
advancements to medical treatment. The events 
discussed here are just a few of the major events 
in the Western world that have played a role in 
our current understanding of medicine. Though 
some previous medical practices may now seem 
crude or just plain ridiculous, each paved the 
road for the treatments that we use today. Who 
knows what we’ll think about our current 
medical practices in a hundred years?

Medicine
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Medicine

ince the beginning of the 18th century, researchers and 
scientists have been experimenting with organ transplants 
on both humans and animals. Organ transplantation is a 
medical procedure that removes an organ from one body 

and puts it into another to replace a damaged, missing, or nonfunctioning 
organ. Skin and eyes were among the first successful transplants, and for 
over a hundred years afterwards more complex body organ transplantation 
was deemed a challenge and mystery by many scientists. However, after 
many years of frustration and failure, scientists performed the first 
complex organ transplant of a kidney on December 23, 1954. Since that 
time, organ transplants have become routine medical procedure, and 
countless organ transplants of complex organs such as the heart, lungs, 
intestines, and liver, have proven successful. 
 One of the biggest medical challenges posed to scientists has 
been a brain transplant. The brain is extremely complex, comprising 
of over 1 billion neurons that hold countless connections. The human 
brain allows individuals to have cognitive thoughts and emotions; it is 
the organ that makes us who we are. Because of the delicacy of the brain, 
transplants involving the organ have posed numerous problems, but have 
been sought after nonetheless. In 2017, the first human head transplant 
will try and overcome the challenges and difficulties this organ poses, and 
hopefully change the course of medical history forever. 
 As ordinary humans, we cannot control the circumstances of 
our existence; they are purely up to chance. Russian tech wiz Valery 
Spiridonov is an example of how health and mobility are aspects of life 
that are determined by chance and are highly uncontrolled. Spiridonov 
was born with Werdnig-Hoffmann disease, a progressive and terminal 
muscle-wasting disease that has taken much of his motor function 
capabilities. Werdnig-Hoffmann disease is caused by spinal muscular 
atrophy (SMA), which is characterized by the degeneration of nerve cells, 
especially motor neurons, in the spinal cord, leading to muscle weakness. 
Werdnig-Hoffmann disease, also called SMA type 1, is the most severe 
form of spinal muscle atrophy and is often evident before birth or within 
the first six months of life. During pregnancy, there is generally reduced 
fetal movement in the final months leading up to birth. Upon birth, 
infants have feeble movements of arms and legs, floppiness of limbs, 
and difficulty taking breaths. Some infants with the grimmest prognosis 
encounter problems suckling and swallowing as well. 

 Unbeknownst to them, Spiridonovs’ parents were carriers of 
the mutated SMN1 gene that leads to Werdnig-Hoffmann disease. As 
a result, Spiridonov was born with a disorder that severely limits his 
motor function. Therefore, he depends on the assistance of others for 
many of his needs and survival. Spiridonov, aware that his time on this 
planet is limited, has volunteered himself to voyage through a long and 
vigorous journey to receive the first attempt at a human head transplant. 
With Italian neurosurgeon Sergio Canavero, the duo are set to redefine 
the course of scientific history in December of 2017.  Dubbed by many 
as “Dr. Frankenstein,” Canavero plans to detach Spiridonov’s head and 
reattach it to a body that does not have motor dysfunction, which will 
allow Spiridonov to control the limbs of his new body. 
 The head transplant will present tremendous challenges for the 
team of surgeons set to execute this impressive task. Unlike limbs, which 

can survive for days if detached from the body, the brain is far more 
delicate; without proper blood flow it will experience irreversible damage. 
Because of this, every step of the operation requires months of tedious 
planning and preparation for exact timing. 
 The beginning stages of the pre-operation planning include 
a virtual reality system used to prepare Spiridonov for what he might 
experience when he wakes up with a new body. Due to the psychological 
problems that can manifest from awaking in a new body, the virtual reality 
system prepares the patient to deal with the initial shock. This system will 
brace Spiridonov for his future post-surgery reality, a body that can grant 
him the ability to move freely.
 The head transplant will commence when a feasible donor has 
been found. As is the case with most transplants, an accident will leave a 
young person brain-dead but with full motor function capabilities in the 
rest of their body. When a donor is matched to Spiridonov, the recipient's 
entire body will be chilled with the intention of delaying brain cell death 
and minimizing degeneration of tissue. This step is especially crucial due 
to the fragile nature of the brain. When the donor and the recipient are 
both prepared, the surgeons will begin the long-awaited cut that could 
forever change the course of scientific history. An incision will be made 
just above Spiridonov’s collarbone, and swift and precise movements will 
sever the last connection Spiridonov has with the body he has known his 
whole existence. Reattachment of the head is key in this procedure, and 
it will only work if each and every muscle, nerve, and vein are connected 
precisely and with the utmost of accuracy. 
 In the hours after this life-changing operation, Spiridonov 
will be induced into a coma; machines will fuel his intake of air and 
circulate the flow of blood to his new body. In efforts to minimize nerve 
and spinal cord damage, Spiridonov’s head and neck will be locked in a 
cervical collar, preventing even the most minuscule of movements. For 
weeks, Spiridonov will lie in this motionless state, similar to his reality 
prior to the operation. After some time, however, consciousness will set 
in, allowing for the progression of motor recovery. Doctors will crowd 
his bedside and watch painstakingly for the movement of a single digit 
below the neck. As his new body comes to life, Spiridonov’s brain will 
signal motor neurons to awaken, sending signals down the spinal cord to 
produce movement. 
 This is the long-awaited intention. The doctors and surgeons on 
Canavero's team will, in the months to come, be raising millions of dollars 
to pay for this feat and spending their time reviewing and practicing for 
an operation that could make them famous. Although skeptics will argue 
that the head transplant procedure is risky and unethical, Spiridonov is 
a fully informed and willing patient, wishful that the operation will free 
him of the limitations that he currently experiences in his day-to-day life. 
Success not only means the start of a new beginning for Spiridonov, but 
a glimpse into a vision for the future that Dr. Canavero sets to make a 
reality: the extension of life. For thousands of years humans have longed 
for the regeneration of youth, for their bodies to stay healthy and hearty. If 
proved to be successful, not only will Canavero and Spiridonov be famous, 
but this operation will provide a groundbreaking advancement for the 
scientific community. So why not attempt the seemingly impossible? It 
can’t hurt to try. 

S

As ordinary humans, we cannot 
control the circumstances of our 
existence; they are purely up to 
chance.
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octors often face a dilemma: Is the medicine to relieve 
symptoms going to be detrimental to the patient? Physicians 
wrestled with this all throughout the 20th and even into 
the 21st century when prescribing opiate-based medicine. 

Although the pills can relieve intense pain, patients often became addicted 
to the painkillers. Thus, doctors were faced with a difficult problem: can 
painkillers actually induce more pain in the long run?
 Opium comes from the sap of the poppy plant, which is native 
to eastern Europe and western Asia. How exactly does the sap of a plant 
block pain? Once in the bloodstream, opium blocks pain receptors called 
nociceptors from transmitting excitatory signals to other neurons, making 
opium a presynaptic inhibitor for excitatory pathways. Nociceptors are 
normally bound by endorphins, the body’s natural painkillers, but opium 
particles contain the same key sequence of molecules that endorphins do, 
allowing them to bind endorphin receptors and create similar analgesic 
(pain-relieving) effects. 
 There are three different opioid receptors: mu, delta, and kappa. 
Each type of opioid receptor produces analgesia, but they have different 
consequences to opioid use. When opium binds to a kappa receptor it 
can cause hallucinations, dysphoria, and anxiety, while binding to a mu 
or delta receptor can cause respiratory depression. Mu and delta receptor 
excitation can stimulate the midbrain, which can suppress the body’s 
ability to appropriately detect carbon dioxide levels in the bloodstream. 
Carbon dioxide then acts as a noncompetitive inhibitor with oxygen to 
bind to hemoglobin, meaning that the carbon dioxide changes the shape 
of the red blood cells to make the bonding with oxygen more difficult. 
Thus, the person cannot breathe as easily. 
 The consumption of opium also creates a dangerously euphoric 
sensation to users because of the binding to the opioid receptors. When 
opium binds to its appropriate receptor, it inhibits the uptake of calcium 
into the the synaptic terminals of the neuron. Our neurons exocytose 
neurotransmitters by first uptaking calcium from the synaptic cleft. 
Therefore, by inhibiting the uptake of calcium from the synaptic cleft, 
it halts the flow of chemicals that transmit information, such as pain. 
However, the inhibition of the nociceptor also blocks the release of 
GABA. GABA is an inhibitory neurotransmitter which, once released 
into the synaptic cleft, will inform the presynaptic neuron to stop the 
release of dopamine. Therefore, if opium blocks the release of GABA, 
then the presynaptic neuron will continue to release dopamine for the 
uptake of the postsynaptic neuron. The increased dopamine transmission 
between neurons signals the brain’s ventral tegmental area to project to 
the nucleus accumbens to release more dopamine. This overconsumption 
of dopamine creates a pleasurable sensation to the user. The euphoric 
sensation from the drug can then reshape the dopaminergic pathways in 
the brain. This reshaping of the pleasure pathways creates an addiction, 

because the body will crave more dopamine. 
 The deleterious effects of the addiction heighten because the 
body builds a tolerance over time. Therefore, more opium consumption 
will be required to achieve the same desirable effect. The user then faces 
the risk of losing their life to overdosing with opium. An opioid overdose 
occurs when the body faces naturally insurmountable respiratory 
problems, such as cardiac arrest. A person who overdoses on opium needs 
a shot of naloxone to reverse the detrimental breathing effects caused by 
the excess opium. 
 There are often mixed opinions between doctors related to 
the prescription of opioids. Doctors often hesitate to prescribe opioids 
because the same drugs that can relieve intolerable pain can also induce a 
life-threatening addiction for those facing chronic pain. The tendency for 
a doctor to under-prescribe opium is known as “opiophobia.” The fear to 
prescribe the medicine is in direct contrast with doctors who overprescribe 
opioids. Studies have found that medical school curriculum and residency 
training lack a solid foundation in the education of substance abuse and 
addiction. The etiology of opiophobia and over-prescription in past 
decades can be traced to the fact that doctors have not been given strict 
guidelines on opioids’ place in medicine. 
 

 Additionally, many doctors have received an insufficient 
education from medical schools and residencies related to chronic non-
cancer pain relief due to the influence of the pharmaceutical industry. In 
the past, representatives from pharmaceutical companies visited medical 
schools to present research about medications. Representatives would 
downplay the risks of opioids and emphasize the drugs’ benefits. The 
pharmaceutical companies were not charged with a conflict of interest. 
The doctors then over-prescribed opioids, which made millions of dollars 
for the drug companies. Companies like Purdue Pharma, the creators of 
Oxycontin, became richer than ever, but at what expense? 
 As the prescriptions of opioids increased, addiction started to 
become an epidemic among patients. Patients would be relieved of their 
pain, but over time they needed higher doses of the medication to achieve 
the same relief. Doctors caught on to the rising cases of addictions amongst 
those prescribed opioids, and became fearful to distribute the medicine. 
Many addicted patients who were denied the medication turned to 
a cheaper source of the opiate-induced high: heroin. Doctors saw that 
patients who had led healthy lives before the opioids were afterwards on a 
dangerous path because of the medicine. 
 Doctors were not only fearful to prescribe the painkillers for their 
patient’s health, but also for the risk of their own careers. Doctors became 

worried that their licenses would be revoked if their 
patients became addicted to the medicine. Thus, 
physicians were forced to differentiate between 
patients in need of pain relief and people 
who were addicted. The uncertainty in pain 
treatment ultimately led to a mistrust and 
decrease in empathy between patient and 
physician. Consequently, the decrease in 
prescription of opioids without proper 
alternative methods of pain relief 
caused many patients with chronic pain 
to be undertreated. Thus, doctors face 
a tension between easing their patient’s 
pain and risking dangerous addiction 
versus allowing their patients to stay in pain. 
 Over the decades, professional 
companies have attempted to find opioids’ 
place in medicine. From the early 1900s 
to today, the United States government 
has bounced back and forth between 
outlawing the prescriptions of opioids 
altogether and keeping them legal. In today’s 
world, research has increased significantly 
on both the detriments and benefits of 
opioids. A few years ago, doctors could 
prescribe a seemingly unlimited 
number of painkillers as they saw fit. 
However, the Centers for Disease 
Control and Prevention (CDC) 
has since produced a guideline 
for the prescription of opioids 
that advises doctors to only 
prescribe opioids for acute pains 
and cautioned the dangers of these 
prescriptions for chronic pain.
 As a patient, it feels 
frightening to know that the medical 
professionals who have my life in 
their hands can be unsure of the 
consequences of my treatment. 
A year ago, I went into surgery to 
repair my Achilles tendon. I feared 
any complications in the procedure, 
and I was also weary of the medicine 
I was prescribed.  But I knew I had 
to ease myself, because the doctors 
are doing the best modern science 
is teaching them to do. It is the nature 
of science to innovate solutions to problems, 
and with every resolution comes its own set of 
complications. I underwent the surgery, and I was prescribed 
opioids for pain relief. I talked with my doctor and researched 
on my own the dangers and benefits of the drugs prescribed. 
I used the opioids for the recommended amount of time, 
and I significantly decreased the pain experienced as I found 
my way back onto my feet. My story shows that while opioids 
may be scary, they do have an important 
function in medicine. As research continues 
to develop, medicine will keep progressing 
to find the best treatments for patients. 
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Doctors have not been given strict 
guidelines on opioids’ place in medicine.
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rom a birds-eye view, a Lake Erie algal bloom looks like 
something out of a Scooby-Doo movie: eerie green tendrils 
emanate from the shoreline, swirling around in the 
southwestern basin. A solar powered drone zooms into your 

birds-eye field of vision and settles down into the densest algae zone. In 
this zone, it starts to collect, monitor, and distinguish good algae, such as 
phytoplankton, a main food source for aquatic life, from bad algae, such 
as cyanobacteria that produce harmful toxins. Once bad algae have been 
detected, the drone sends out an alert signal of the location and collects 
all the bad algae to use for other purposes, such as bio-fuel.
 This drone is the brain child of Louis Lane, CTO and 
founder of Plexnet LLC., a company presenting a project solution to 
the Cleveland Water Alliance’s (CWA) Erie Hackathon Competition. 
The Erie Hackathon, or Erie Hack, a data and engineering competition 
launched on February 23, 2017, is bringing together teams of coders, 
engineers, developers, and water experts of all ages to generate enduring 
solutions to Lake Erie’s biggest pollution problems. Unlike a traditional 
hackathon—an intense two-day session for programmers to solve 
problems with technology—Erie Hack extends this concept over 
multiple months, with the goal to create fully fledged solutions to Lake 
Erie’s environmental issues. The CWA is convinced that Erie Hack’s use 
of big data -  mammoth data sets that can be analyzed computationally 
to find patterns and trends that relate to human interaction and behavior 
- is the key to solving complex problems like those found in Lake Erie 
and throughout the Great Lakes region.
 “What we’re interested in is how can we drive meaningful data 
to better manage our water systems, and create new innovations, new 
systems,” says Brian Stubbs, Executive Director of the CWA. While 
the CWA and its partners are the first to hack one of the Great Lakes, 
the concept of hacking a body of water, or aquahacking, is not new. 
Many organizations are already engaged in aquahacking projects that 
gather together individuals committed to applying technological-driven 
solutions to water problems to catalyze collaboration and knowledge 
exchange. 
 Erie Hack was modeled on two aquahacking ventures. The 
first, aptly called Aquahack, was a Canadian-based project that hacked 
the Ottawa River and St. Lawrence River over the past three years. Water 
Hackathon, the second project, was put on by the World Bank in fifteen 
countries in the same day. Both hacks embodied many of the CWA’s 
values: get environmental experts together to solve big environmental 

problems.
 The CWA originally spearheaded this project to get Rust 
Belt innovation to support Lake Erie, the resource that supports the 
region. Lake Erie is one of the smaller great lakes, but it is the most 
biodiverse. However, because it is so shallow, it is incredibly vulnerable 
to environmental fluctuations precipitated and exacerbated by climate 
change. To establish a clear set of goals for the hack that would address 
these vulnerabilities, the CWA and NASA Glenn Research Center hosted 
ideation sessions in Fall 2016. These were huge brainstorm sessions filled 
with big minds to identify the most pressing challenges facing Lake Erie. 
 Since the first session, over 150 water and tech organizations 
fueled the creation of challenge statements to guide the projects 
developed by teams participating in Erie Hack. Six challenge statements 
were written and aimed to do the following: mitigate nutrient loading 
and its environmental impacts, reduce and remediate urban pollution, 
cultivate resilience in water infrastructure systems, manage aging water 
infrastructure systems, connect communities to the value of water, and 
drive the creation of meaningful data. Along with these statements, the 
CWA encouraged Erie Hack participants to transform problems into 
opportunities, make new connections, engage grassroots, and promote 
accessibility. 

 
 

 

 The CWA set their sights on the Rust Belt cities’ tech 
communities because they were untapped wells of knowledge. Many 
of the organizations and individuals working on projects that share the 
CWA’s mission are small and under-resourced or large and bureaucratic, 
so using big data to identify major priorities seemed to be the most 
impactful strategy. Thus, the CWA and their major sponsor partners at 
DigitalC and GE initiated and funded a project that partnered with key 
institutions in major cities around the lake: Buffalo, Detroit, Cleveland, 
Toledo, Erie, and Windsor. 
 In each city, the CWA has identified a key academic partner, a 
key innovation partner – an accelerator or incubator that has ties to the 
entrepreneurial community - and a key funding partner that is usually a 
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Once bad algae have been detected, 
the drone sends out an alert signal 
and collects all the bad algae to use 
for other purposes, such as bio-fuel. 

community foundation. The three main partners come together around 
an innovation competition driven by the idea that environmental experts 
of all different backgrounds, from tech to design, can positively impact 
water resources. 
 To be powered by big data, the coordinators behind Erie 
Hack had to collect and pool the data in one easily accessible place. The 
CWA gathered information from academic, governmental, and private 
sources around Lake Erie. All the data lives online in an open access 
portal, where teams can find resources like the agricultural census for the 
Great Lakes region, the National Wetlands Inventory, flood maps, water 
quality portals and much more. These data sets are then used to drive and 
develop team projects in each of the main cities. 
 Teams are composed of varying numbers of people of different 
ages and with all sorts of environmental careers. Waterseed 7, for example, 
is a team of educators, businessmen, and high school students, focusing 
on the challenge statement that asks them to connect their community 
to the value of clean water. To do this, they are creating a virtual reality 
version of Lake Erie that will both entertain and educate people. Others, 
like P-Reduce, are a two-person team consisting of an entrepreneur and 
a scientist looking for a way to reduce nutrient loading in the lake.
 When Erie Hack launched at the end of February, each team 
went through a long development process where they pitched ideas, 
came together at meet-ups, found new team members and mentors and 
talked to data organizers. The teams competed at the quarter finals on 
April 8, 2017 in the four core cities (Buffalo, Cleveland, Detroit, and 
Toledo). The semi-final was held on April 13 in Detroit, and produced 
nine teams that will compete in the finals in Detroit on May 2-3. The 
teams will compete for $100,000 in cash and prizes, with the first prize 
receiving $40,000 cash and $10,000 value in business development. 
 Providing capital for big data projects like these is essential 
in the coming years, with measures like the Great Lakes Restoration 
Initiative (GLRI) facing huge or complete budget cuts. Initiated in 2010 
with the aim to protect and restore the world’s largest freshwater system, 
the GLRI focuses on cleaning up the Great Lakes and educating the next 
generation about the importance of the Great Lakes ecosystem. These 

are both broad goals that, as seen in the challenge statements, Erie Hack 
shares.
 Projects like Erie Hack are integral to the future of the lake. 
And while Lake Erie may remain the only Great Lake to be hacked, Erie 
Hack Program Manager Max Herzog, OC ’16, says that the CWA “sees 
this project as laying the groundwork for an ecosystem of entrepreneurs 
and support institutions who are focused on water-based technologies 
and economic growth.” Herzog speaks to the power of big data projects 
in their capacity to bring together big and bright minds who are tackling 
environmental issues on all different fronts. It is in our best interest to 
keep initiating projects driven by big data that unite artists, scientists, 
writers, educators, entrepreneurs, coders, techies, and designers to create 
lasting solutions to complicated problems. 
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n Reddit, you have the option to 
upvote and downvote posts, and 
the most upvoted posts rise to 
the top.  If you don’t upvote any 

posts then the posts you really like will stay 
right where they are, and your opinions aren’t 
manifest.  On the other hand, if you upvote 
every post you come across, the posts you really 
like still stay put, achieving the same result as 
upvoting none.  These facts led a friend of mine 
to ask me: what is the proportion of posts you 
should upvote that in order to best express your 
opinions?
 This problem, which we will refer 
to as the Reddit upvote problem, may seem a 
bit frivolous.  It seems to have a narrow range 
of application, only to Reddit and similar 
sites that use upvotes, likes, and the sort to 
determine what content is displayed most 
highly.  Moreover, even there it seems unlikely 
that anybody will truly attempt to base their 
upvotes on proportions.  However, this problem 
can illuminate a method of approaching an 
unfamiliar mathematical problem, one where at 
the outset it isn’t even clear where to begin.
 The first step in solving any problem 
is to look for similar problems that have already 
been solved.  In this case we are fortunate 
that there is another similar mathematical 
problem known as the secretary problem.  The 
set-up of the secretary problem is that we are 
administrators of some variety, interviewing n 
people one-by-one for a secretarial position.  
After each interview we must immediately 
decide whether or not to hire the person just 
interviewed, and we cannot change our decision 
thereafter.

 The idea of the secretary problem 
is that we need to interview and reject some 
number of applicants first, in order to get an idea 
of how good our applicants are overall, and then 
if we interview someone better than anyone in 
the group we rejected off the bat, we hire them.  
The problem is then to ask what proportion 
of the applicant pool should we interview and 
reject to get our initial information before we 
start looking to hire if we want the best chance 
of hiring the best applicant.
 The similarities between the Reddit 
upvote problem and the secretary problem are 

more than passing: both are looking for optimal 
proportions to in some way give or get the most 
information from a large pool of possibilities.  
The solution to the secretary problem is 1/e.  
The number e is known as Euler’s number.  It is 
equal to about 2.71828, and it first appeared in 
problems having to do with compound interest.  
Though its appearance here is somewhat 
surprising, it does give us reason to believe that 
the answer to the Reddit upvote problem might 
be 1/e.
 The key idea in approaching the 
reddit upvote problem is to phrase it in terms 
of “information.”  In mathematics, information 
has a quantifiable meaning: roughly speaking, 
the information of an event is how surprised 
we might be to see the event come true.  We 
aren’t too surprised when a flipped coin comes 
up tails, because that occurs in about half of all 
coin flips.  If we flip a coin and it spontaneously 
combusts in midair, we’re likely to be very 
surprised, since it is likely that few of us have 
ever witnessed such a thing.
 Thus, we’d say that seeing the coin 

catching fire carries much higher information 
than witnessing it come up tails.  We could 
interpret this in a physical sense as meaning 
there are few conditions under which a coin 
is likely to burst into flames, but many under 
which it is likely to come up tails, so if it 
ignites we can deduce much more precisely the 
circumstances surrounding the coin flip than if 
it comes up tails.

 This intuition suggests that the 
information of an event goes up as the chance 
it occurs goes down.  Moreover, if we observe 
two events that do not influence each other, the 
total amount of information we learn is just the 
information of the first plus the information of 
the second.

 In 1984, based on this kind of 
intuition, mathematician Claude Shannon 
defined the information of an event with 
probability p as log(1/p), the logarithm of the 
reciprocal of p.  For theoretical purposes, the 
base of the logarithm is unimportant, though in 
many practical circumstances it turns out that 
the logarithm base 2 is helpful.
 We can apply this to Reddit by taking 
p to be the proportion of posts we upvote.  
However, this is not a value we can maximize, as 
we can make the value of the log as large as we 
like by making p sufficiently small.  To help us 
figure out what value we are trying to maximize, 
we return to the coin flipping scenario.
 We said before that a flipped coin 
catching fire was much more surprising than 
a flipped coin coming up tails.  On the other 
hand, if we flip a coin and it does not catch fire, 
then we are much less surprised than if we flip 
a coin and it does not come up tails.  In a way, 
on average we are actually more surprised by the 
result of whether the coin is heads or tails than 
whether or not it bursts into flames, because 

while the bursting into flames surprises us a 
lot when it happens, it happens so infrequently 
that in general we are not surprised at all by the 
vast majority of coin flips.
 Similarly, if our proportion of Reddit 
upvotes is too small and nobody ends up seeing 
a post we upvote then really we haven’t conveyed 
any information at all.  This feeds the intuition 
that what we should be looking at is not just the 
information itself, but the expected or average 
information.  We can modify the information 
value to take this into account by multiplying 
by p.  Thus, our expression for the expected 
information of p is I(p) = p log(1/p).
 Now we have a number that is easily 
maximized using standard methods from 
calculus.  When we do we find that the expected 
information of each upvote is maximized when 
our proportion of upvotes is 1/e.  This is exactly 
what we expected!  But there’s a problem, we’ve 
only considered upvotes, and we also have the 
option to downvote posts, which cancels out 
others’ upvotes.
 We said before that if two events do 

not influence each other then the information 
of both is just the sum of the two informations, 
so maybe by the same reasoning we should also 
downvote 1/e of the posts we see.  The problem 
is that upvoting and downvoting do affect each 
other, because we cannot try to upvote and 
downvote the same post.  We can let q represent 
the proportion of posts we downvote.  If we 
take the sum of the expected information of 
p and that of q – in symbols, p log(1/p) + q 
log(1/q) – that implicitly includes an amount of 
information communicated by both upvoting 
and downvoting a post, so we should subtract 
that information back out to get the true 
expected information.

 The proportion of posts we would 
try to upvote and downvote is pq, so the 
term we should subtract out is the expected 
information of this value.  Thus, when we 
include both upvotes and downvotes our 
expected information expression becomes I(p,q) 
= p log(1/p) + q log(1/q) - pq log(1/pq).  Again, 
we may use methods from calculus to maximize 
this expression, and if we do we end up with a 
quite nasty expression, but it turns out this is 
maximized at p = q ≈ 0.2356.
 I told my friend the answer to his 
question: you should upvote just under a 
quarter of posts you see, and downvote the same 
amount.  I noticed that I personally upvote far 
fewer than one out of every four posts I come 
across, and I suspect this is true for most people.  
So, if you use Reddit, the next time you browse 
you might keep track of how frequently you 
upvote and downvote: you might be able to 
make more of an impact on the subs important 
to you.
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The first step in solving 
any problem is to look 
for similar problems 
that have already been 
solved.

If we flip a coin and 
it does not catch fire, 
then we are much less 
surprised than if we flip 
a coin and it does not 
come up tails.

Seeing the coin catching 
fire carries much higher 
information than seeing 
it come up tails.
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little over a year ago, the World Health Organization 
officially terminated the Public Health Emergency of 
International Concern for the Ebola outbreak in West 
Africa. The outbreak, like most epidemics that occur across 

the world, slowly dissipated from U.S. news and has mostly since been 
forgotten. The recent termination of Ebola as a public health emergency 
in West Africa has regenerated a quiet spark of attention. Three years after 
the virus’s emergence, it’s time to revisit West Africa to examine Ebola’s 
impact on the country's’ healthcare workers, healthcare system, socio-
economic structures, and women and children in the region.
 The Ebola virus disease initially appeared in 1976 in small 
regions of South Sudan and the Democratic Republic of Congo. The 
two outbreaks remained relatively quiet news to the rest of the world. 
In contrast, the 2014 Ebola outbreak was the largest, farthest reaching, 
and most complex occurrence of Ebola. Ebola stems from a family of 
viruses called Filoviridae, and it is comprised of a filament-like structure 
of particles that gives the virus more surface area, which allows it to attack 
a higher number of cells. Every particle of the Ebola virus is coated in 
glycoproteins, attachment proteins that increase the virus’s capacity to 
affect cells, making it extremely infectious within the body. Once the 
immune system begins to break down the virus, a process that typically 

takes between four to ten days, symptoms such as fevers, headaches, 
and fatigue begin to show. When the virus overpowers healthy cells, the 
cells erupt and their insides are released. Their remains are then taken 
up by other cells, which perpetuates the virus. As the symptoms worsen, 
Ebola-infected individuals suffer from bloody diarrhea, vomiting, loss 
of appetite, jaundice, and severe sore throat. Macrophages, a type of 
white blood cell, consume the virus as it travels through the blood. Once 
macrophages are infected, they discharge proteins, generating coagulation 
and composing small clots throughout blood vessels. This reduces organs’ 
blood supply, forms other inflammatory-signaling proteins and nitric 
oxide, and harms the lining of blood vessels, causing them to leak and 
trigger uncontrollable internal bleeding. Transmission of the Ebola virus 
is difficult given that it can only occur through direct physical contact 
with infected bodily fluids and tissues, yet as a hemorrhagic fever virus, it 
is a swift and effective killer within the individuals it infects.
 Dr. Felix Sarria Baez, one of hundreds of Cuban medical 
workers sent to support the Ebola response in West Africa in October 
2014, remembers the exact moment he first felt ill and suspected that he 
had contracted the Ebola virus. It was a Sunday morning when he woke 
up with a fever of 100.4 degrees Fahrenheit that rose to 103.1 degrees 
later in the day. By Monday, he had developed a cough. On Tuesday, 

his condition worsened so significantly that he lost consciousness, 
experienced a fever of 104 degrees Fahrenheit, and developed cerebral 
encephalitis (brain inflammation) and a rash covering his entire body. 
 Dr. Baez worked in the Foreign Medical Team in Sierra Leone to 
help treat Ebola patients, where he ultimately contracted Ebola himself. 
By February 2016, over 11,000 Ebola-related deaths were reported, 
many of which occurred in Liberia and Sierra Leone. Of the first 86 
cases to appear in the south-eastern regions of Guinea, 59 people died. 
The irony of this outbreak is that an abundance of the deaths were of 
the very individuals who were working hard to prevent the spread of the 
virus. According to data compiled by the World Health Organization 
(WHO), the fatality rate of healthcare workers who contracted Ebola was 
57 percent, while the overall fatality rate of the outbreak was 47 percent. 
Sierra Leone had the highest healthcare worker fatality rate of 71 percent, 
whereas the country’s overall case fatality rate was 27 percent.  This issue 
highlights the insufficiency of resources to care for the African nationals 
who are the primary workers in the field of Ebola-infected countries. 
 There is a lack of adequate facilities in the affected countries to 
treat their own healthcare workers. At the same time an Ebola-infected 
American healthcare worker was transported back to the United States 
for treatment, a Sierra Leone doctor died from Ebola after being rejected 
for evacuation. WHO received a request from Sierra Leone, who asked 
to receive much-needed funding to transport their infected doctor 
to Europe for hopes of better care. The country emphasized that they 
could not afford to lose another doctor. Yet their request was declined. 
This was the fourth Ebola-infected Sierra Leonean medical practitioner 
to die after their evacuation was declined, even as American healthcare 
workers were being approved for evacuation. The majority of Ebola-
infected African healthcare workers were not as lucky as their American 
or European counterparts, despite the fact that aid teams combatting 
Ebola on the ground consisted mostly of African healthcare workers. The 
effects of the outbreak and the lack of funding for medical evacuations of 
Liberian, Sierra Leonean, and Guinean healthcare workers are felt even 
today. Liberia has lost 8 percent of its medical staff, including doctors, 
nurses, and midwives, Sierra Leone 7 percent, and Guinea 1 percent. 
Consequently the outbreak has made these countries more reliant on 
outside aid relief.   
 The international outcry over Ebola caused extensive socio-
economic damage still seen in the affected countries today. Ebola, and the 
fear it created, led to border closures and indirectly affected the economies 
of countries in the sub-region, despite having low and zero outbreak 
cases, simply because of their connection to the three main Ebola-
infected countries. An estimated $2.2 billion in gross domestic product 
was lost in Liberia, Sierra Leone, and Guinea in 2015. Ebola’s economic 
calamity jeopardized food security, private sector growth, human capital 
development, and macroeconomic stability. Some economists argue 
that if the country’s budget had focused more on health, the outbreak’s 
effect on Sierra Leone might have been avoided or lessened significantly. 
Instead, tax incentives and higher profit margins were prioritized on 
foreign companies. By the year 2017, West Africa will have lost an 
average of US $3.5 billion per year from the stigma of Ebola due to the 
resulting closing of borders, decline in trade, reduction of Foreign Direct 
Investment, cancelations of flights, and reduction in tourist activity. After 
civil wars and anti-government groups tormented the country, Sierra 
Leone has worked hard to make socio-economic strides, and Sierra Leone 
and Liberia have been making significant economic gains. Three years of a 
major virus epidemic has played a substantial role in reversing these trends. 
Even as the Ebola outbreak diminishes, its economic impact remains.
 The Ebola outbreak wasn’t selective in terms of the ages and 
genders affected, but nevertheless children and women suffered greatly 

from the epidemic, both physically and socially. Nearly 20 percent of the 
Ebola cases occurred in children under 15 years of age, and almost 17,300 
children lost one or both parents to the virus. The highly infectious quality 
of Ebola, in combination with the crowded living conditions many Sierra 
Leonean were in, meant that one ruthless case of Ebola had the capacity 
to infect entire families. In June 2014, all schools in Guinea, Sierra Leone, 
and Liberia closed due to the outbreak. By the time the schools reopened 
a year later, over 1800 hours of education were lost because of these school 
closures, with students missing an average of 33 weeks in Guinea to 39 
weeks in Sierra Leone. 
 The physical battle of Ebola was most projected during the 
media frenzy, but it was not the only struggle that required overcoming. 
One battle hidden from the public eye was coping with the social 
stigmatization that often comes with being declared Ebola-free after 
having the virus, and some of this stigmatization is still felt by survivors 
three years later. Even individuals who were never infected may experience 
stigmatization from friends and neighbors if their relatives had contracted 
the disease. Martins and his older brother found that Ebola had a weighty 
repercussion on their lives, after their mother (a nurse who treated the 
first Ebola patient in Nigeria) fell ill and died from Ebola. The brothers 
not only dealt with a death in the family, but also the stigmatization from 
friends, neighbors, and even their village leaders, who intercepted the 
brothers’ wishes to bury their mother’s ashes in their home village. Other 
relatives and survivors of Ebola faced similar experiences, and female 
Ebola survivors especially faced the brunt of this stigmatization. 
 In West Africa, it is common for women to be the main caretakers 
of children, to aid members of their communities, and to prepare dead 
bodies for funerals — all activities that place women in greater contact 
with Ebola and increase their chances of contracting the virus. A healer in 
a Guinean village, Mbalya, was one of numerous women who contracted 
(and survived) the virus due to the caretaking role she assumed in her 
town. Another young Guinean woman, Mariam, witnessed Ebola rage 
through her family. When she ultimately contracted and recovered from 
Ebola herself, she faced a loss of both her fiancé and job as secondary 
school teacher because of the stigma associated with Ebola. The stigma 
is not just present in West Africa, but it exists in the United States as 
well. Immigrant Liberian women have spoken of the familiar issue of 
being stereotyped as carriers of Ebola simply because they came from 
one of the three main Ebola-affected countries. Upon returning from 
Liberia, Bestman-Yates admitted that her employer prevented her from 
returning to her job as a healthcare worker, despite receiving a clear stamp 
of approval on her health, and her young son had been the center of 
bullying from classmates who teased him of being infected with Ebola.    
 The public’s initial anxiety over Ebola’s appearance three years 
ago has largely dissipated, as news about the outbreak has been reduced 
from apocalyptic to inconsequential over the years. As the wider world 
moves forward to focus on other diseases and outbreaks, it is crucial to 
remember the lasting effects the Ebola outbreak had (and continues to 
have) on West Africa. Sierra Leone, Guinea, and Liberia still struggle under 
the consequences of Ebola, and as new cases have largely disappeared, and 
the virus has retracted from the region, what is left in the dust are the 
unseen effects. 
 It is critical to recognize that while the Ebola outbreak in West 
African regions are, today, primarily under control, the toll the virus left 
behind must not be forgotten. The outbreak’s sustained damage to the 
economy, healthcare workers, healthcare system, and patients, especially 
women and children, demonstrates that emergency aid is not enough. 
These individuals deserve a long-term solution: the actual restructuring of 
the healthcare system to better mitigate epidemics and their aftereffects. 
Only then can Ebola be thought of as a thing of the past. 
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n April 2015, Chinese scientists became the first to ever 
successfully alter the human embryo, marking the fast-
approaching possibility of human modification. After the 
publication of their research, news outlets across the world 

latched onto the discovery, proclaiming the approach of the science-
fiction-inspired “Designer Baby.” But does this new research mean an 
upcoming batch of genetically engineered children? The answer: No 
— at least, not for a while. First, the word “successful” is used lightly 
here. Though scientists were able to edit the human genome in human 
embryos, out of 54 embryos, they were only able to correctly modify 
the DNA of four, and of those four, all had vast, off-target mutations. 
Additionally, since all of these embryos were terminated within 14 days 
of inception, it remains unknown how a fetus with edited genes would 
continue to develop, much less a child. However, while this experiment 
exposed the danger of human genetic engineering, it is a clear marker 
of the acceleration towards genetic understanding catalyzed by the new 
genetic technology, Clustered Regularly Interspaced Short Palindromic 
Repeats (CRISPR). 

  Though scientists have been editing DNA for decades 
now, CRISPR has rapidly advanced the field in a matter of years, making 

genome editing easier, faster, and, perhaps most importantly, cheaper. 
CRISPR consists of two parts: an enzyme called Cas9 and a guide RNA 
(gRNA). The gRNA is designed to target a specific sequence of DNA. 
Once the target sequence is found, the gRNA signals the Cas9 to cut 
across the strand of DNA. This damage causes the cell to panic and call 
its repair processes. By disrupting these processes, scientists are able to 
introduce new genes into the DNA, essentially hijacking the natural 
processes of the cell. CRISPR was originally discovered by studying the 
immune system responses of bacteria, which work in a similar way to 
defend against viruses. Because the gRNA is so specific relative to previous 
techniques and because it requires scientists to edit only a few base pairs 
of the gRNA (around 20), CRISPR is far simpler and faster than any 
previous technology. For comparison, CRISPR brought the cost of this 
process from thousands of dollars to only a few hundred and compressed 
the timeline for gene editing from weeks to days. This new technique 
has enormous and wide-reaching consequences that are propelling the 
field of microbiology quickly into the future, opening up possibilities 
from curing diseases like HIV to engineering food to editing the human 
genome itself. However, CRISPR is far from perfect; the gRNA often 
binds at the wrong point on the DNA, mis-recognizing a sequence with 
up to five incorrect letters as its target, leading to vast and hard to pinpoint 
side effects. Nonetheless, its discovery signals a new age in microbiology 
and opens up a complicated ethical discussion of wide-reaching genetic 
modification that was once merely hypothetical.
 CRISPR is already being used in labs around the world. In 
addition to editing human genomes in China, it’s being used for research 
on topics concerning every facet of life. Scientists at the University of 
Pennsylvania have been approved for a clinical trial beginning this year 

to take out the immune cells of 18 cancer patients, modify the cells to 
be more effective at destroying cancer cells, and place the edited cells 
back into the patients. Martin Kampmann, a cell biologist at the Institute 
for Neurodegenerative Diseases at the University of California, San 
Francisco, is spearheading research using CRISPR to identify genes that 
cause Alzheimer’s and Parkinson’s. These projects are just a few of the 
many CRISPR-based studies across the world which have the potential 
to destroy viruses such as HIV, herpes, hepatitis, and HPV; engineer food 
more effectively; and understand why some species are going extinct. 
Most exciting, however, may be the possibility of a better understanding 
of the human genome itself. “We are getting to a point where we can 
investigate different combinations of genes, controlling when, where, and 
how much they are expressed, and investigate the roles of individual bases 
of DNA,” says Nicola Patron, a biologist at the Earlham Institute in the 
UK.

While CRISPR is an incredibly exciting scientific development 
that is already spreading across the globe, it puts a spotlight on countless 
new ethical issues. “For decades, we’ve been able to say it’s not there yet, 
so we’re not going to [edit human genes]. It was an easy way to stop 
the conversation,” says Debra Mathews, a bioethicist at Johns Hopkins 
University. “We’re now at a point where it is precise enough that we do 
actually just have to have the conversation.” 

Even the invention of CRISPR has been a heated topic, leading to 
a patent dispute between University of California, Berkeley and the Broad 
Institute of MIT and Harvard (which was ultimately decided in favor 
of the Broad Institute). The dispute brings up questions of ownership, 
commercialization, and legalization: Could CRISPR put too much power 
in the hands of biotechnology companies? How will it be regulated? How 
will the FDA deal with expanded use of genetic modification? 

In addition to legal issues, many challenge the use of CRISPR 
from a religious-ethical standpoint, positing that CRISPR puts too much 
power in the hands of people, likening genetic modification to the work 
of god. Kevin Esvelt, an assistant professor of bioengineering at MIT, 
however, disagrees: “The idea that nature is the essence of goodness, is 
purity and truth, is so foreign to my perception of the world that I can’t 
even conceive of how people can think that way,” he said. “There is such 
a fantastic degree of suffering out there.” However, where should the line 
be drawn? CRISPR opens up the possibility of fundamentally changing 
the genetics of an entire species, which could have vast positive effects or 
huge, unpredictable consequences. As Esvelt puts, “Just one engineered 
mosquito, or fly, or any other animal or seed, [could] eventually change 
the fundamental genetics of an entire species.” Is it unethical to edit ticks 
so that they cannot carry Lyme disease, or mosquitoes so that they cannot 
carry malaria, or do the benefits for humans outweigh the risks for the 
insects and ecosystem? And, most controversially, is it morally wrong to 
edit the human genome?
 Right now, CRISPR is far too unpredictable for testing in 
humans. However, it’s possible that CRISPR’s mutation rate will be 
equivalent to the random mutation rate in humans in the near future. 
At that point, will moral qualms be an excuse to avoid human genetic 
modification when the benefits could improve lives? And should scientists 
be allowed to modify inheritable genes thus spreading certain traits down 
the genetic line? In response to questions like these, in December 2015, 
scientists held the International Summit on Human Gene Editing, 
reaching a general consensus that scientists should proceed with basic and 
clinical research, but that any inheritable changes are irresponsible. While 
this response may hold for now, it might not be a defendable regulation in 
the future. Furthermore, there are no specific laws regarding human gene 
editing, only a general consensus throughout the scientific community. 
For the past few decades, since the first in-vitro fertilization in 1978, 

scientists have deferred to the 14-day rule, a rule that any edited human 
genome must be terminated after 14 days. 

Fourteen days was chosen because it is the number of days in 
which a band of cells forms an embryo and can no longer divide into 
twins. While it made sense in 1978, when scientists were unable to 
cultivate human cells for close to 14 days, this regulation seems outdated 
today. The rule assumes that development is linear, but scientists are now 
able to redirect cells’ development to skip phases generally defined as 
human development, using strategies such as creating specific organoids 
(essentially, mini versions of human organs). 

While scientists can legally bypass the 14-day rule, it is a 
prerequisite for publishing in any scientific journal and membership to 
the International Society for Stem Cell Research. Updating the 14-day 
rule, such as by increasing it to 28 days, however, begs the question: What 
separates human cells and humans?  “Now we’re getting into experiments 
that call into question some of our deepest beliefs philosophically about 
what it means to be human and what it means to deserve moral respect,” 
says Insoo Hyun, a bioethicist at Case Western Reserve University. 
Is it morally justified to edit humans as fetuses so that they will not 
develop Alzheimer’s or muscular dystrophy? What about diminishing 
the likelihood of addiction? What about learning disabilities? Or 
intelligence? Or athleticism? This discussion can easily fall into the trap 
of the slippery slope — that allowing for any genetic modification will 
ultimately lead us into a science fiction world where all people are edited 
for “perfect” intelligence, strength, and looks. Assuming that some form 
of modification is okay and that it will not lead to a dystopian future, how 
do we decide when it’s too much?
 We can no longer put this discussion off. Under-regulation 
could have huge consequences; consider, for example, thalidomide, a 
drug meant to prevent morning sickness that also led to debilitating birth 
defects. The answer will not be easy or permanent, but it must be clear, 
universally determined, and flexible. Regulations must not cave to the 
wishy-washy language of moral ambiguity, but create strict lines. The 
answer must take into account the individual as well as society and address 
questions of rights. For example, should parents be able to genetically 
modify their child when the child is under the legal age of consent? This 
question may never have a clear answer, but the scientific community has 
a responsibility to address it now so that we can reap the real, life-saving 
benefits of CRISPR.

I

Assuming that some form of 
modification is okay and that it will 
not lead to a dystopian future, how 
do we decide when it’s too much?Written by Leah Treidler

Illustrated by Della Copes-Finke

DIY Genetics

The Ethics of CRISPR

This CRISPR has rapidly advanced 
the field in a matter of years, making 
genome editing easier, faster, and, 
perhaps most importantly, cheaper.
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transformations, however, this is the equivalent of a collection of 
cells gathering to produce a different organism. If the cells simply 
cease functioning but reproduce then that means the organism dies 
from cancer. This would be the equivalent of the discontentment of 
the country increasing the number of people on strike. However, if 
these cells begin altering their behavior through self-organization and 
potentially emergence, an alternate structure will take place. As policies 
are implemented from the top, which alter where money is allocated, 
people are simultaneously organizing from the bottom. This could be 
two methods for facilitating the same goal of change, but regardless the 
system is adapting, facilitating a larger structural transformation.
 Adaptation and transformation are two critical terms in 
resilience thinking. Resilience is the ability of a system to recover after 
a disruption or disturbance, so resilience thinking is a way of reframing 
the world with change as the constant. Adaptation and transformation 
are two ways that systems can change. Adaptation means that the 
system is simply adjusting yet maintaining the same function, whereas 
transformation means that the system has reconfigured its structure to 
serve a new function. While resilience has been substantially discussed 
in ecology to prevent the complete transformation of an ecosystem 
after a disturbance, this concept has also been used within economics, 
psychology and sociology. The differentiation of adaptation and 
transformation in society is debated within America. Do we need a 
complete structural transformation such as removing capitalism or 
“draining the swamp” or do we simply need to adapt by changing 
legislature of who enters the country and who should be taxed?
 Stemming from the biological conversations around 
indigenous knowledge, synergy, multi-level evolution and resilience 
thinking is ingrained in our society, which is highly interconnected to the 

biological 
world. Not only 
has science influenced the 
way we learn about life, but also 
the way we perceive it, parts that we 
can tinker with. While climate change 
is demonstrating the integration between 
the social and ecological world, there is a lot 
of wisdom western science has yet to learn from 
indigenous groups who have seen these two 
worlds as integrated for centuries. Nature can 
teach us about the importance of connectivity and 
information diffusing throughout society instead of 
being sequestered in academic journals or particular 
departments. Additionally, life demonstrates the 
importance of cooperation in creating major transitions 
within society instead of competition. Multiple levels of 
interaction allow for resilience over time through small adjustments 
and connections. Instead of the erection of a structure from the top 
down, social media and technology may allow for the emergence of 
a new resilient societal structure. This new structure may encompass 
people returning to small scale locally based farming, apps documenting 
the location of pollution, police brutality and ICE raids, communities 
developing their own transformative justice frameworks for handling 
harm and non-for-profits building their own sustainability instead of 
competing for grants.
 Depending on where you look there are numerous solutions 
and insights into resilience, which can enable major transitions into a 
more collaborative, equitable, and locally rooted society.

iant ground sloths, caterpillars, and pluripotent cells 
all eventually cease to be. Biology, the field of life, is 
a field of constant change, whether that change be 
through extinction, metamorphosis, or differentiation. 

Change occurs in life across various scales, from the geologic to the 
microscopic. Just like biology, society also undergoes continual change 
as people enter the streets, laws are passed, and natural disasters occur. 
As a collection of organisms, society’s tendencies toward change, at 
times, may parallel those in the natural world. Additionally, indigenous 
knowledge, synergy, multi-level evolution and resilience thinking are 
instances where understanding the natural world can also provide a 
unique perspective for viewing our own society.
 Traditional, indigenous, and local knowledge all tend to be 
used to describe the knowledge entwined within indigenous or local 
cultures. Unsurprisingly, the “traditional” knowledge of these groups 
tends to be gathered in stark contrast to what has been called “modern” 
or “scientific” knowledge. For instance, it is said that when looking 
at indigenous knowledge holism and intuition replace analysis and 
reductionism, subjectivism and qualitative analysis replace objectivism 
and quantitative analysis, oral traditions replace academic literature and 
peer review, and the sacred replaces empiricism. Specifically, valuing 
holism in addition to reductionism could facilitate change within the 
larger context of society. 
 Reductionism and holism contrast methodological and 
epistemological claims about the relationships between a layer 
of organization and the layer below. Reductionism tends to be 
described as viewing a layer as a summation of the parts of the 
layer below. This is in contrast to holism, which views a layer as 
greater than the sum of its parts because it is how these parts 

interact and the layer above that led to a given layer. Western 
science has begun to acknowledge holism through fields such 

as ecology and complexity science, but as developments 
in genetically modified organisms for agriculture 

demonstrate, considering the whole picture of genetic 
transmission, species interactions or ecosystem 

functioning is missing. American society is 
structured within this reductionist mindset, 

that the creation of distinct parts that do 
not need to be integrated in order 

to produce a functioning 
whole. This is 

apparent in some businesses, policies and schools. For example, the 
notion of prison, or pulling someone out of society discounts the 
interactions they had previously within society that would be impacted 
by their absence. The reductionist approach recognizes the crime and 
thus the punishment of an individual, the holistic approach would have 
to consider the family, community, in addition to the crime.
 Western science is dedicated to understanding the underlying 
holistic tendencies of life that lies in complexity science. As its name 
suggests it is a field dedicated to understanding complex systems. 
Within this field, the concept of synergy provides both insight into 
biology as well as our own society. Synergy describes the cooperative 
effects that arise through the interaction of two components whether 
they be molecules, metabolic processes or organisms. Specifically, the 
self-organization and the emergence are synergistic behaviors that may 
result due to these interactions. While self-organization describes the 
parts that slowly increase in order, emergence is a novel behavior that 
results from the interactions. For example, putting a bunch of activist 
Obies in a room may allow them to self-organize into an activist group, 
but no new behavior develops — hence an example of self-organization. 
However, placing a collection of H2O molecules in a glass produces 
a novel behavior, water — an example of emergence. These concepts 
are not only used to describe the origins of life, but also society. Life 
is simply an emergent behavior, but so is a functioning society. The 
interactions of parts produce the whole.
 Through considering parts, wholes, and multiple levels 
of interaction scholars, such as Peter Corning, have proposed the 
Synergistic Hypothesis through considering multi-level selection. 
Synergistic hypothesis is claiming the cooperation of parts and the 
resulting effect are responsible for many of the major transitions, 
creating new layers of biological complexity such as multi-cellularity. 
However, small changes within evolution are due to the interaction 
across multiple different levels, which adjust to changes resulting in 
changes within the layers above and below. This tendency occurs within 
society as people discuss the differences of top-down or bottom-up 
change to a system. As people take to the streets, they are not only 
self-organizing into and produce an emergent crowd mentality, but 
they are also advocating for an alteration at the next scale up. The 
American government with local, state and national governmental 
offices attempts to facilitate multiple levels for change and adaptation. 
Demanding structural change through large protests such as Occupy 
Wall Street or the Women’s March have yielded no tangible structural 
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Wednesday, November 9th, 2016. 

dressed for lab in a rush, throwing on sweatpants and a 
baggy shirt. My head was pounding, exhaustion and grief 
fighting for dominance in the space behind my eyes. By the 
time I scrambled into the room, 16 of my 18 students had 

already shuffled in and taken their seats, all looking shell-shocked and 
distant. No one spoke.
 At 1:32 p.m. the instructor breezed in, hair ruffled and glasses 
askew. 
 “Alright, folks,” he said, “let’s talk about invertebrates.”
 My heart dropped into my stomach. I don’t know exactly 
what I had been expecting, but suddenly I found myself choking back 
tears. Kneading my fists in my lap to stay calm, I tuned out the lecture, 
concentrating on trying to read the titles of the books stacked on a shelf 
across the room, until, “Look alive, folks. I’m upset about it, too, but 
we’ve got work to do.”
 Without a word, I leapt to my feet and all but dashed to the 
bathroom, where I cried in a stall for nearly five minutes. 
Less than twenty-four hours before, I had sat in my living room surrounded 
by my friends and watched as one of my worst possible nightmares came 
true: Donald Trump won the presidential election. We had decorated 
the house in red, white and blue streamers and balloons in a premature 
celebration of Hillary Clinton’s win. As the numbers came in, my friend 
starting popping balloons one by one. 
 When I woke up the next morning in a grief-stricken fog, I half 
expected to find an email from my instructor, saying that the biology lab 
section for which I TA had been canceled in light of the election results. 
No such email ever came. Instead, I spent three hours watching students 
count Daphnia and rotifers in samples of pond water, trying to stay 

calm and composed. 
There was no 

mention of what had transpired on November 8th; if anyone was afraid 
or in pain, the way I was, they kept it to themselves.
 Later that evening I sat in my living room, drawing 
absentmindedly, listening to my friends recount their days. Most of them 
had discussed the election in their history classes, their gender, sexuality 
and feminist studies classes, their creative writing classes. These professors 
had held space for the hurt of their students, had taken time to express 
their own fear and trepidation. 
 For two of them, like me, the subject had not even come up in 
their science classes that day. On one of the most heartbreaking, terrifying 
days of my 21 years, it was business as usual in the biology department. 
This is, I believe, a glaring part of a much larger problem.
 In STEM fields, we are often guilty of believing that our areas 
of study are somehow removed from the social and political contexts in 
which we are studying them. This was the justification, the explanation, 
that I heard from many professors following the election: despite their 
own devastation, they did not see an appropriate way to integrate a 
discussion of the political atmosphere into a lecture on population 
genetics, evolutionary theory, or the meiotic process. Yet one doesn’t 
have to look very far to uncover the countless examples of science being 
used to legitimize systematic oppression – for example, the medical 
experimentation involving black slaves throughout the 17th, 18th, and 
19th centuries barely even scratches the surface of the often exploitative 
nature and history of Western science. Isn’t that worth talking about, 
even when it doesn’t fit perfectly into our discussions of next-generation 
sequencing or mitotic division?
 By looking at the history of the use of science as a tool of 
colonialism and capitalism, we as scientists can begin to understand the 
processes that have dictated who has access to scientific discourse and 
who does not, who can claim to possess true scientific expertise and, 
conversely, what knowledge systems are considered illegitimate. This 
type of self-reflection is critical in laying the groundwork for engaging 
with cultural distrust of science, while also recognizing and beginning to 
deconstruct the exclusionary, Eurocentric model upon which the modern 
scientific community is current built.
 What is science’s relationship to colonialism? The answer 

is complicated, and requires an engagement with the history of 
science itself. Often, the dominant scientific narrative conceives of 

colonialism as the major force for bringing science, medicine and 
technology from “civilized” European societies to “primitive” 
non-European ones. In this narrative, folks of color are 
portrayed as newcomers to science, which blatantly ignores 
the actual history of scientific epistemology and methodology; 
white Europeans have never had a monopoly on scientific 
innovation, and many of the advances credited to Europeans 
were in fact stolen or co-opted from non-European scientists 

as a direct result of colonial regimes. Today, history tells us about the 
abundance of scientific discoveries that began with the Ancient Greeks, 
when many of those Greeks were actually Egyptians under Greek rule. 
Despite current misconception, much of our most foundational science 
is not intimately tied to European innovation. 
 Moreover, for as long as colonialism has been a driving 
global force, Europeans have engaged in “internalist” science, wherein 
scientific improvement is sought specifically to bolster colonial power. 
For example, in the 17th century, astronomers Giovanni Cassini and 
Christiaan Huygens directed many of the astronomical observation 
missions for which they are famous in order to help France determine 
more precisely the location of Haiti and the Dominican Republic. The 
island was then used to deliver French slaves and export the products of 
slave labor, improving the overall efficiency of the French colonial regime. 
The historical co-construction of colonialism and science contextualizes 
the fact that many of our most important scientific discoveries have come, 
not as the result of a pure desire for an improved understanding of the 
world in which we live, but instead have been motivated by power and 
capital.
 With this in mind, it is worth considering further what barriers 
to knowledge and discourse exist in the modern scientific community 
and what types of knowledge have come to be considered legitimate. In a 
historical context, the tendency to reduce a conception of colonialism to 
the physical process of land theft that occurred as major Western powers 
expanded beyond the European continent consistently overlooks the 
epistemic marginalization that occurred in order to enforce and maintain 
land theft. The colonial rejection of indigenous knowledge, culture and 
history extends into modern constructions of what constitutes legitimate 
science. Today, the elitism of science requires an intimate connection 
to the academy, an institution to which low income folks and folks of 
color often can only gain access by scaling countless barriers. Scientific 
innovations and theories that arise from outside the academy are typically 
labeled “pseudo-science.” Within the academy, the scientific process 
demands a rigorous and unbiased process of experimentation and peer-
review; we ought to apply that same critical eye to our own understanding 
of what voices we choose to value within the scientific community. 
 Taking all of this into account, it should come as no surprise that 
the entrenchment of the model of colonial Western science has ignited a 
war between scientific and cultural knowledge that has manifested the 
world over. For example, former South African president Thabo Mbeki 
viewed indigenous African medicine as the antithesis of the exploitative, 
capital-driven Western pharmaceutical industry, which led to his public 
health policy famous for denying crucial antiretroviral drugs to countless 
AIDS patients. This deadly opposition – traditional African medicine 
pitted against Western science – contributed to an AIDS mortality figure 
of over three million. The deep-seated distrust of Western medicine in 

South Africa can undoubtedly be traced to the country’s fraught history 
of colonial oppression, of which science was long a co-creator. 
 Here in the United States, we are currently suffering from a 
similar sort of science war. From the anti-vaccine campaign to the Trump 
Administration’s persistent denial of climate change, the collision of 
cultural knowledge and scientific expertise is highly polarizing. Often, 
attempts to situate science within a social context are seen as playing 
into the hands of religious fundamentalists – as in the ongoing debates 
regarding the teaching of evolution versus creationism in schools – or 
cultural traditionalists. The cultural divide over science is aggravated by 
the fact that science education stops for most at the high school level, 
and those who are able to or choose to attend colleges and universities 
are often not required to take science courses. Science articles and news 
tend to be written using prohibitively complex and specific jargon. Even 
science museums and science centers, often designed for the purpose 
of building bridges between scientists and the general populace, still 
generally require entrance fees, which can be unaffordable for low income 
folks; likewise, the ability to spend leisure time in a science museum 
speaks to an affluence not enjoyed by many Americans. The exploitative, 
expertise-driven history of the scientific field has created, in the U.S., a 
culture where the tools to engage in scientific discourse are reserved for 
the elite few.  
 How do we rectify this? As scientists, we first have a responsibility 
to interrogate and investigate our roles, and the role of our discipline, in 
the construction of the false dichotomies of nature versus culture or science 
versus religion. Likewise, it is crucial that we recognize the barriers of 
elitism that prevent the accessibility of scientific knowledge and discourse 
to the general public, and locate ourselves within the historical interplay 
between science, capitalism and colonialism. In tandem with this self-
reflection, science communication and accessibility practices need a 
complete overhaul, ranging from the use of social media and journalism 
by science researchers and academics to the breakdown of systematic 
barriers within the academy that keep out low income folks and people 
of color. Perhaps most importantly, we as scientists must begin to realize 
– and to openly admit – that science cannot and should not be used to 
solve all problems. Science is an incredibly useful tool for understanding 
the world in which we live, but it is only one available tool out of many.
In moments of crisis, like that fateful election day, we must realize 
we would not have the ability to learn about evolutionary theory or 
population genetics without science’s long history of exploitation, without 
our own complicity in the systems that create elitist barriers. Breaking 
down these barriers and engaging with the complicated and often dark 
history of modern scientific practice is one crucial step to preventing days 
like November 9th, 2016. 

Decolonizing Scientific 
Expertise and Discourse
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Can you tell me about your research?
 My research focuses on climate change and cultural resilience 
among indigenous peoples, especially those groups in the circumpolar 
Arctic. In particular, I’ve been collaborating with two communities: 
Utqiagvik (formerly called Barrow), and Point Hope, for the past 
14 years, regarding how people solidify their culture and empower 
community to cope with various problems imposed by climate change. 
The local collaborators who had adopted me into the community have 
seen me grow up as a person as much as a scholar. I frame my research as 
a community-based and community-partnered collaborative effort across 
place, space, and time. It’s been a pleasure learning about the Iñupiaq 
history, culture, ethics, values, and tradition. 

How did you become centered on your research?
 On my way to Oklahoma from Japan in 1998, I was already 
homesick on the airplane. Then I looked out of the window and saw the 
icy ocean. It was so strikingly beautiful. I thought, “Wow, Alaska is so 
beautiful, someday I want to go there and talk to the people, and get to 
know them and learn about their land.” That was my initial emotional 
relationship with Alaska — I magically fell in love with a place where I 
had never been.
 I finally had the opportunity to visit Utqiagvik as a Ph.D. 
student in Cultural Geography. A book that was written by a British 
ethnographer Tom Lowenstein, Ancient Land, Sacred Whale, reminded 
me of my initial fascination with Alaska. Tom is a British scholar who 
has been working closely with the Point Hope community for the past 
40 years. The book is a combination of poetry and ethnography based 
upon what the people shared with him, including the origin stories of the 
land. One of them explains the integrity of the people’s homeland and the 
bowhead whale, the cultural icon of the community, how the indigenous 
land is the whale and the whale is the land. I thought this was a very 
powerful story, and I wanted to know more about the people and whales. 
 I arrived in the community without knowing anyone, and without having 
a place to stay. But by the end of my short, two-week visit, I was leaving 
the community and newly adopted family and friends behind. I knew 
that I would come back to the village for a longer term in the following 
spring. Northern Alaska already started feeling like home to me. 

How does your reciprocal relationship with the community manifest?
 My community collaborators have always been willing to teach 
me, educate me, share with me the richness of their culture and heritage 
so I can grow up into someone who respects and appreciates the Iñupiaq 
values. They are also willing to listen to me and are interested in learning 
about my cultural background, upbringing, and future plans. I started 
seeing this reciprocal relationship between myself and the community on 
my first visit. Sharing and gifting are important ideas for Iñupiat, and I 
wanted to do something for them, because I received many “gifts” from 
them. At the beginning of my fieldwork, climate change wasn’t really on 
my research agenda. Many Iñupiaq hunters told me good stories about 
the bowhead whales, knowing I’m interested in this beautiful animal. 
I also started hearing their concerns about the changing environment, 
like the condition of the sea ice, changing of the wind patterns, coastal 
erosion, unpredictable weather patterns, melting of sea ice that results in 
the decline of the salinity level in the ocean, changes in animal migrations 
patterns — everything combined, these changes make the whale hunt 
very difficult. I thought, maybe there’s a way for me to contribute to 
the sustenance and resilience of their culture as a scholar as much as an 
adopted community member. The Iñupiaq collaborators and I started 
coming up with various ideas about how to approach the issue of climate 
change.
 We started working together, and the process became my 
doctoral dissertation project. Upon completion of the degree, I went 
back to one of the elders in the community (my mentor and principal 
collaborator) saying, “I was able to graduate thanks to you. Now I’m a 
Doctor. How can I pay you back for all your generosity and education 
you’ve given me?” She looked at me and told me, “You must be a good 
teacher! You just have to pay it forward. Let people hear our voices, let 
them know about climate change, and let them know what it means to be 
Iñupiaq at this time of difficulties. You will be a messenger and educator 
for a future generation.” The lady has passed away since, but what she told 
me is what I’m doing here at Oberlin College. 

What are your research methods?
 I’m a humanistic geographer. One of my goals is to reverse the top-
down approach from academia to indigenous communities. Reciprocal 
relations with community allowed me to establish a vital relationship 
with the Iñupiaq community. Through this effort, I reciprocate benefits 
that I receive by collaboration with Iñupiaq people. I share my work with 
collaborators, let them criticize my work, and shape the research design by 
asking collaborators to interpret their/our findings. This gives people an 
opportunity to explain their emotive bonds with whales and environment 
in culturally appropriate ways in their own terms.
 

 

 As for specific research methods, I use ethnography and 
participant observation. Ethnography entails how people describe and 
understand their changing environment in their own words. Listening to 
their voices and learning their adaptation process has a strong potential to 
inform global climate change policies and facilitate dialogues. Collaborative 
community-based work in the Arctic can also serve as an important 
model for other regions where indigenous rights are not recognized in 
spite of environmental unpredictability. I do ethnographic interviews 
with the people to highlight the significance of their cultural integrity 
and prowess, and also elasticity and flexibility of culture with which they 
are able to cope with unpredictability of the future of climate change and 
other issues. I also do participant observation, which allowed me to reflect 
on my personal insights and interactions in producing ethnography. I 
had the opportunity to travel with local families and friends on camping 
trips or to whaling camps. I actively participated in community events. 
It was then that I felt a deep sense of community identity, something 
ethnographic interviews alone could never accomplish. The more I spent 
time with the villagers, the more I felt I was warmly embraced by the 
community as an adopted member of the tribe. 

How was your trip in the fall to Utqiagvik with your research 
assistants?
 Last year, I was privileged to bring three student collaborators 
from Oberlin to my adopted Arctic home, to start our dialogue on 
future collaboration on climate change and cultural resilience. It was 
rewarding personally and professionally. My student collaborators were 
all very responsible, and they were doing their best to be culturally correct 
and ethically just with the community collaborators. Kiley Petersen, 
Liv Roak, and Paulus Van Horne were able to immerse themselves into 
the framework of how indigenous people were dealing with climate 
change politically, emotionally, and culturally. They had some broad 
understanding of the topic that they were going to work with, and they 
worked with Iñupiaq activists through Skype in my class (Indigenous 
Peoples and Climate Change), so they already knew some people before 
visiting this community. But in the field, everything was new to them. By 
the end of this visit, each of them was able to come up with more ideas 
for their future relationship with Utqiagvik. In a way, it became more 
complicated for them because the initial visit gave them more thoughts 
and a broader perspective, but I see this as an invaluable development and 
exciting beginning. Now they know the people, they’ve seen the land, 
and they can see the cultural, historical, and political context more clearly 
through their own eyes. The community collaborators were so excited to 
meet them. They already think of me as one of their own children who 
has grown up, and they have seen me as a mother — I have a four-year old 
daughter — and they have now seen me as a professor of these students 
who are so mature, thoughtful, and even taller than I. The recent visit 
helped me reaffirm my feeling that my relationship with the community 
has been reciprocal.

Dr. Chie Sakakibara is an Assistant Professor of Environmental Studies 
at Oberlin College. She joined Oberlin in Fall 2015. After coming to 
the United States from Japan, she majored in Native American Studies 
and earned her M.A. in Art History and Ph.D. in Cultural Geography 
at the University of Oklahoma. Her current project, which started out 
as her dissertation fieldwork, focuses on the indigenous Iñupiaq people’s 
relationships with the bowhead whale as the foundation of resilience to 
climate change in Arctic Alaska. 

Dr. Chie 
Sakakibara

Collaborative Research with the Iñupiaq People in 
Utqiagvik, Alaska
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"Let people hear our voices, let them 
know about climate change and 
let them know what it means to be 
Inupiaq at this time of difficulties."

Artwork by Emily Herrold
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 Operating in Europe for over 20 years, offshore wind farms 
with the production capacity of traditional fossil fuel power plants are a 
renewable energy source of the future. Combining a strong engineering 
and public policy background, Paul Rich is paving the way for offshore 
wind development in the United 
States as the director of project 
development for an offshore wind 
company called US Wind Inc., 
which is currently building the first 
utility-sized wind farm in the United 
States. For him, “This is a great 
blending of both technical matters 
and public policy issues, so it’s really 
been rewarding and challenging.”

Rich began his work with 
offshore wind about 15 years ago 
working on a small renewable energy 
project around Long Island. Now the 
farms he seeks to build are the first 
that are comparable in capacity to 
traditional power plants. These sites 
lie in Maryland, New Jersey, and 
South Carolina offshore in the outer 
continental shelf area. The region is 
tectonically still on the same plate 
as the continent of North America, 
and is therefore much shallower 
than the ocean past the edge of the 
shelf. On average the structures 
sit in about 90 feet of water, on 
an ocean floor consisting of sand 
and silt, with maybe a little clay.

Since the East Coast is not 
tectonically active, the turbines are able 
to be secured directly into the ocean 
floor. Their foundations are 4-legged structures with long steel piles that are 
driven into the ocean floor about 350 feet. On top, there are tower sections 

to elevate the generator or wind turbine about 450 feet off the ocean surface.
To ensure that the turbine can be placed in an area, 

the company does geophysical and geotechnical surveying 
using sonar and 350-400 foot long cores of ocean sediments.

While there is a lot of 
structure involved, Rich sees offshore 
wind as an energy source that can 
resolve some of the problems that 
onshore wind may cause. While land-
based wind energy only requires the 
infrastructure of, essentially, a cell-
tower, it can disrupt the commuter 
patterns of birds and have a strongly 
negative impact on bat communities. 
Offshore wind is different because it 
has impacts on migratory birds much 
less often than land-based wind does. 
Wind energy offshore is also five 
times greater than that of onshore. 
Unobstructed by topography and 
thermal temperature changes that 
affect the capacity/consistency of 
winds, the speed they carry is free to 
build up energy over thousands of 
miles. Because of this, engineers are 
able to use turbines which are about 
five times larger, the goal being to 
capture just as much wind as possible.

Another benefit is that the 
generated power can go directly into 
the hearts of coastal communities 
who may not have the space for a 
traditional fossil fuel power plant or 
solar power. “On the east coast you 
have a population that is generally on 

the eastern seaboard… instead of trying to site possible traditional fossil 
fuel power plants near urban centers, we can bring our transmission,” 

Rich explained. “We can not only generate our electricity in a green, 
renewable way, but we can run our power cords into an area that needs 
it. This is a huge benefit on the East Coast where siting traditional fossil 
fuel plants is nearly impossible near an urban center… there’s just too 
much congestion and too much buildout, so this is a unique way for us 
to solve those problems while bringing renewable energy into the grid.”

Rich tries to maintain a strong sense of environmental 
consciousness during his projects. An example of this is his attentiveness 
to the migratory patterns of protected whale and turtle species. “While 
we’re constructing, we always have monitors who are observing the area 
around the construction area, and if a protected species starts to come into 
the area we will stop construction right away and wait until that species is 
identified as leaving the area.” They are also conscious of human visitors, 
and have lights for both maritime and aerial travel around the wind farms. 

Interestingly enough, the turbines themselves will create 
new ecosystems. “Because the turbines are four-legged structures, 
each one will create an artificial reef underneath the turbine 
that will spawn aquaculture and fish communities,” Rich said.

Using these turbines, engineers are able to create utility-
sized wind farms. The issue with using an offshore wind farm as one’s 
utility, instead of a traditional fossil fuel plant, is that wind energy is 
an expensive resource. With current energy systems, people on the East 
Coast generally pay 11-12 cents per kW hour on their electric bill, 
while this project would cost residents about 99 cents per kW hour. 

To explain and advocate for citizens to pay the difference and 
promote offshore wind, a big part of Rich’s job is doing education and 
outreach with standard ratepayers. To accomplish this, his company 
has turned to social media. “We try to use as much Twitter, Facebook, 
and LinkedIn as possible because we’re trying to do a lot of stakeholder 
outreach across all these communities. We’re not only trying to reach out to 
environmental groups but also businesses and state and federal legislatures, 
plus local community groups,” Rich said. “We try to be very active.” 
This education can come in handy, since once they get governmental 
approval and the ability to engage ratepayers, they are able to solicit 
donations from them to generate stakeholder support for the project.

Since the company builds on the outer continental shelf, 
which is all underwater lands that are over three miles away from the 

coastal plain, their sites fall under the jurisdiction of the United States 
Government even though they are technically building near specific 
states. This means that not only does approval have to go through 
the communities that want the energy, but all levels of government. 

The land 3-200 miles offshore is national property and 
has been leased to offshore drilling companies for years. “This is the 
same process, it’s just for a much better cause,” Rich said. Overall, 
the whole shelf area is divided into five mile by five mile boxes on all 
coasts, and Rich’s company has lease rights to about 80,000 acres of 
underwater lands that can be developed into offshore wind farms.

His goal is to build 750 megawatt power plants, which would 
provide electricity for 500,000 homes, achieving the most energy with least 
disruption. These goals mirror the success of similar projects in Europe, 
where they’ve had offshore wind for 20 years and their prices for electricity 
generation are at the same level as fossil fuel and, in some cases, are even lower.

Rich’s main focus is seeing the development of the 
project into commercial operation. “This is an opportunity to 
capture an available resource in the form of wind and turn it 
into electricity that you can deliver to the places it’s needed.”
 For offshore wind companies, this process takes years of lobbying 
and careful planning to achieve. However, Rich has not lost hope. “I try 
not to get cynical about the rules and regulations in place because at the 
end of the day, they actually are for the benefit of protecting citizens and 
ensuring that the process is safe… it’s just the cost of doing business, 
and I think it’s acceptable to ensure that it’s safe, properly engineered, 
and that we involve all of the stakeholders the project will touch.”

Paul Rich is the director of project development at US 
Wind Inc., currently working on the first utility sized 
offshore wind power plant in the United States. His 
work off the coast of Maryland combines his engineering 
and public policy backgrounds, as he manages both the 
surveying and construction of the wind fields while 
working with public officials and stakeholders at all 
levels of government.

Paul Rich
Building Offshore Windfields
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Illustrated by Emilia Omerberg
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Unobstructed by topography and 
thermal temperature changes that 
affect the capacity and consistency 
of winds, the speed they carry is free 
to build up energy over thousands of 
miles.
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Thank you to everyone 
who submitted captions! 

We had many great 
submissions, but the 

Winners are:

FIRST PLACE
"It's believed that at the time of 

their extinction, this species had an 
attention span of 0.5 seconds." 

Emilee Taxman, 3rd Year

SECOND PLACE
"Behold the Homo Selfien." 

Anonymous

THIRD PLACE
"And here is the extinct homo-sapien 

in its most natural position."
Kirsten Heuring, 2nd Year Answers to Previous Puzzle
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ACROSS
1    Head of a university
5    "War and ____" (Russian novel)
10  Aid and ___
14  Alien-encounter paradox
15  Brightly colored parrot
16  Cheese-covered chip
18  Courtier who invites Hamlet to  
      duel Laertes
19  Grave message?
20  Medical professional, abbr.
21  Suffix for soft or strength
22  Swell remedy?
23  Pronoun
25  How to make Izzy dizzy?
26  "Yes, captain!"
27  Ends many forms of government
28  Rock band: ___ Zeppelin
29  They can be inflated
32  Oberlin neuro professor Thornton 
34  Segmenting genes regulated by 
      gap genes and pair-rule genes
35  Symbol for tin
36  “Srsly?!”
37  Fahrenheit alternative, abbr.
38  Challenge Accepted!
41  Synapse Editor-in-Chief Santora
43  Orbit or Doublemint
45  Indiana Jones, for Harrison Ford

46  Person in charge, abbr.
47  Inventor of dynamite
49  Uneven?
50   Acorn tree
51  With 47-ACROSS, a prestigious 
      award and theme of this puzzle
52  Everyone wants a piece of it
53  Hereditary unit passed onto your 
      offspring
54  Comes after Japan or Sudan
55  Chase prey
57  Subside
59  Makes Adam a madam?
60  Fitness club
61  Dorm-supervising student, abbr.
63  “I ___ God” (Kanye West song)
64  Science Guy Bill
67  Bad day for a Caesar?
69  Well-gotten gain?
70  A compass direction and a 
      hormone made from dopamine 
      share this abbreviation
71  Professor possession
73  Male sex chromosome
74  Author of Synapse article 
      “DIY Genetics”, inits.
75  This symbol:
76  Actress playing science intern 
      Darcy in Thor, inits.

77  Alliterative 
      Synapse Content 
      Editor, inits. 
78  Prayer chair
80  ___ diamonds 
      or spades
82  Escape artist 
      Houdini
84  4:3 or 22:4, e.g.
86  Cultural ___
87  House supports?
88  Football rush or type of chess
89  Momentous event in WWII

DOWN
1    Mountaineer’s return journey
2    Made a mistake
3    A pal, in Paris.
4    Specialized place to sell
5    After noon
6    One piece of corn
7    In chemistry, a pH below 7
8    Casual headwear
9    Sound of disgust
10  Denison bio professor McCall 
      or Toy Story character
11  Unclad
12  Actress playing Daenerys 
      Targaryen, inits.

13  ___ of shame (dog accessory)
14  Thwarts, as a plan
17  Black gemstone
24  Female sex cell
26  Common buy on “Wheel of 
      Fortune”
30  Universal donor blood type
31  Synapse Copy Editor Li, first init.
32  Author of Synapse article 
      “Revisiting A Forgotten 
      Epidemic”, first init.
33  Blood type that can receive 
      30-ACROSS
34  Caulfield of The Catcher in the Rye
36  Princess Leia’s surname
37  Picasso’s painting style
39  Prize platform
40  The Na in NaCl
42  Pseudopod organism
43  2000 Presidential candidate
44  Mediterranean appetizer
47  Symbol for Neptunium
48  SciFi writer Ursula K ___ Guin
53  2/5/17, for Superbowl LI
56   ___-21, a.k.a. Down Syndrome
58  Was never alive, but can be dead
60  Electrophoresis, or a hair-
      slickener
62  Letter As, in Arabic
63  Gold item held by man on page
65  = mx + b
66  Irrational number
67  Imaginary number
68  Illustrated the Synapse article in 
      74-ACROSS, first init.
69  Musical: The Phantom of the ____
71  ___sympathetic nervous system
72  Feeds horses
73  Abominable animal!
78  Timon, to Pumbaa
79  Stephen Colbert asset
81  Cape ___, Massachusetts
83  Musical note
84  Author of Synapse article 
      “Bloodletting, Buboes, and Body 
      Snatching”, inits.
85  Wizard country
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/syn . apse/ noun : the point at which a nervous impulse passes from one neuron to another

The Synapse is an undergraduate science magazine that serves as a relay point 
for science-related information with a threefold objective. First, we aim to stimulate 
interest in the sciences by exposing students to its global relevance and contributions. 
Second, we work to bridge the gap between the scientific and artistic disciplines by 
offering students a medium through which to share their passions, creativity, and 
ideas. Third, we strive to facilitate collaboration between undergraduate institutions 
across the country, especially within the natural science departments.


