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Editors
FROM THE Staff

Dear Reader,

Welcome to the ninth annual edition of Catalyst, Rice’s Undergraduate Science 
Research Journal. We are a peer-edited publication founded to showcase 
student perspectives on popular science topics and undergraduate research 
and committed to fostering interdisciplinary interest in scientific writing and 
dialogue at Rice. We are passionate about making science accessible and 
engaging, whether you’re a Ph.D. research scientist or a casual reader. In this 
year’s publication, you can find an articles about cognitive enhancement policy, 
applications of nanotechnology in energy and food, and two of the most alarming 
environmental issues of today. 

We started the year with three main goals: to make Catalyst more visible and 
involved on campus, to improve our club’s inclusiveness and retention, and to 
revise our internal organization to improve the quality of both our writing and 
our writers’ lives. This year was about delivering on all of these goals, but it also 
became about running a successful blanket tax campaign, launching a new 
website (catalyst.rice.edu), and collaborating with the Department of Natural 
Sciences toward its inaugural publication. It featured our most well-attended 
TEDx event with a number of prominent speakers from around the Houston 
metro area. It was about continued leadership in the International Collegiate 
Science Journal, a publication cofounded last year with peer journals at Harvard, 
Princeton, Stanford, Duke, UC Berkeley, and Washington University in St. Louis., 
Oxford, and Cambridge, and the election of three Catalyst members to its 
executive board.

While we are proud of the progress Catalyst has made this year, we remain 
deeply indebted to the Rice community, to our partners, mentors, and staff, and 
to the preceding Catalyst leadership. Above all, we are honored to work with 
a remarkably talented and dedicated group of peers, who bring a staggering 
diversity of passion and perspective to our publication. We are grateful to the 
Center for Civic Leadership, the Program in Writing and Communication, and the 
Student Activities President’s Programming Fund for their continued support and 
for making our printed publication possible. Finally, we wanted to give special 
thanks to our faculty sponsor, Dr. Dan Wagner, who has offered invaluable 
guidance and experience from the beginning.

We are excited about the new directions Catalyst is moving in and we anticipate 
more game-changing initiatives in the years to come. From the entire Catalyst 
staff, we hope you enjoy our latest issue as much as we enjoyed making it! 

Best,

Teja Dasari and Ajay Subramanian
Catalyst Co-Editors-in-Chief
2015-2016
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3D ORGAN  PRINTING:3D ORGAN  PRINTING:

On average, 22 people in America die each day 
because a vital organ is unavailable.1 However, 
recent advances in 3D printing have made 
manufacturing organs feasible for combating 
the growing problem of organ donor shortages.

3D printing utilizes additive manufacturing, a 
process in which successive layers of material 
are laid down in order to make objects of 
various shapes and geometries.2 It was first 
described in 1986, when Charles W. Hull 
introduced his method of ‘stereolithography,’ 
in which thin layers of materials were added 
by curing ultraviolet light lasers. In the past few 
decades, 3D printing has driven innovations 
in many areas, including engineering and 
art by allowing rapid prototyping of various 
structures.2 Over time, scientists have further 
developed 3D printing to employ biological 
materials as a modeling medium. Early 
iterations of this process utilized a spotting 
system to deposit cells into organized 3D 
matrices, allowing the engineering of human 
tissues and organs. This method, known as 3D 
bioprinting, required layer-by-layer precision 
and the exact placement of 3D components. 
The ultimate goal of 3D biological modeling 
is to assemble human tissue and organs that 
have the correct biological and mechanical 
properties for proper functioning to be 
used for clinical transplantation. In order to 
achieve this goal, modern 3D organ printing is 
usually accomplished using either biomimicry, 
autonomous self-assembly, and mini-tissues. 
Typically, a combination of all three techniques 
is utilized to achieve bioprinting with multiple 
structural and functional properties.

The first approach, biomimicry, involves the 
manufacture of identical components of cells 
and tissues. The goal of this process is to use 
the cells and tissues of the organ recipient 
to duplicate the structure of organs and the 
environment in which they reside. Ongoing 
research in engineering, biophysics, cell 
biology, imaging, biomaterials, and medicine 

A WAY TO LIVER    LITTLE LONGER

THE MANUFACTURE OF IDENTICAL 
COMPONENTS OF CELLS AND TISSUES

biomimicry 1
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self-assembly
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2
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3D ORGAN  PRINTING:3D ORGAN  PRINTING:

is very important for this approach to 
prosper, as a thorough understanding of the 
microenvironment of functional and supporting 
cell types is needed to assemble organs that can 
survive.3

3D bioprinting can also be accomplished 
through autonomous self-assembly, a 
technique that uses the same mechanisms as 
embryonic organ development. Developing 
tissues have cellular components that produce 
their own extracellular matrix in order to 
create the structures of the cell. Through this 
approach, researchers hope to utilize cells 
themselves to create 
fully functional organs. 
Cells are the driving force 
of this process, as they 
ultimately determine the 
functional and structural 
properties of the tissues.3 

The final approach 
used in 3D bioprinting 
involves mini-tissues and 
combines the processes 
of both biomimicry and 
self-assembly. Mini-
tissues are the smallest structural units of 
organs and tissues. They are replicated and 
assembled into macro-tissue through self-
assembly. Using these smaller, potentially 
undamaged portions of the organs, fully 
functional organs can be made. This approach 
is similar to autonomous self-assembly in that 
the organs are created by the cells and tissues 
themselves.

 As modern technology makes them possible, 
techniques for organ printing continue 
to advance. Although successful clinical 
implementation of printed organs is currently 
limited to flat organs such as skin and blood 
vessels and hollow organs such as the bladder,3 
current research is ongoing for more complex 
organs such as the heart, pancreas, or kidneys.

A WAY TO LIVER    LITTLE LONGER
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Despite the recent advances in bioprinting, 
there are remaining issues. Since cell growth 
occurs in an artificial environment, it is hard 
to supply the oxygen and nutrients needed to 
keep larger organs alive. Additionally, moral and 
ethical debates surround the science of cloning 
and printing organs.3 Some camps assert that 
organ printing manipulates and interferes with 
nature. Others feel that, when done morally, 
3D bioprinting of organs will benefit mankind 
and improve the lives of millions. In addition 
to these debates, there is also concern about 
who will control the production and quality 
of bioprinted organs. There must be some 

regulation of the production of 
organs, and it may be difficult 
to decide how to distribute this 
power. Finally, the potential 
expense of 3D printed organs 
may limit access to lower 
socioeconomic classes. 3D 
printed organs, at least in their 
early years, will more likely 
than be expensive to produce 
and to buy. 

Nevertheless, there is 
widespread excitement 

surrounding the current uses of 3D bioprinting. 
While clinical trials may be in the distant future, 
organ printing can currently act as an in vitro 
model for drug toxicity, drug discovery, and 
human disease modeling.4 Additionally, organ 
printing has applications in surgery, as doctors 
may plan surgical procedures with a replica of 
a patient’s organ made with information from 
MRI and CT images. Future implementation 
of 3D printed organs can help train medical 
students and explain complicated procedures 
to patients. Additionally, 3D printed tissue of 
organs can be utilized to repair livers and other 
damaged organs. Bioprinting is still young, but 
its widespread application is quickly becoming 
a possibility. With further research, 3D printing 
has the potential to save the lives of millions in 
need of organ transplants. 
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TGCCTTGCGACAGACTTCCTACTCACACTCGCTCACATTGAGCTACTCGATGGGCCATCAGCTTGACCCGCTCTGTAGGGTCGCGATTACGTGAGTTAGGGCTCCGG
ACTGCGCTGTATAGTCGAATCTGATCTCGCCCCCACAACTGCAAACCCCAACTTATTTAGATAACATGATTAGCCGAAGTTGCACGGGGTGCCCACCGTGGACTCCT
CCCCGGGTGTCGCTCCTTCATCTGACAATATGCAGCCGCTACCACCATCGATTAATACAACGAACGGTGATGTTGTCATAGATTCGGCACATTTCCCTTGTAGGTGTGA
AATCACTTAGCTTCGCGCCGAAGTCTTATGGCAAAACCGATGGACTATGTTTCGGGTAGCACCAGAAGTCTATAGCACGTGCATCCCAACGTGGCGTGCGTACACCT
TAATCACCGCTTCATGCTAAGGTCCTGGCTGCATGCTATGTTGATACGCCTGCACTGCTCGAAGAAAATATACGAAGCGGGCGGCCTGGCCGGAGCACTACCGCAT
CGACGCGTATTCGAATACTGTTAATTGCTCACACATGAGCAAAATAGTAGACCGTCAATTTCAGCCCTCTTATCCTCGGCGTTGTGTGTCAAATGGCGTAGATCTGGATT
GACTCTATGACGGTATCTGCTGATGGGTAGGGAGACCCAGAATCTATCGGCCTATGTCACTAAAACTTTCCAAACACCCCATGTCGATACTGAACGAATCGACGCAC
ACTCCCTTCCTTGAAAACGCACAATCATACAACTGGGCACATAATGCGTACGCCCATCTAATACATCCAACTCTCTAGGTCCTGTTCAAGAGCTGGAAGAGCACCCTC
CACTTGGTCAAGTGATATCCTCGTAAGGCAAGCTCGTACCGTCATTCATGCGGAAGGGGTAAGACCATTAGAAGTAGGGATAGTCCCGAACCTCACTTACCACTCCC
AATAAGGGATCCCTGTCTGAAGGATGAGTG AATAAGGGATCCCTGTCTGAAGGATGAGTGTCAATAAGGGATCCCTGTCTGAAGGATGAGTGTCAATAAGGGATCC
TGCCTTGCGACAGACTTCCTACTCACACTCGCTCACATTGAGCTACTCGATGGGCCATCAGCTTGACCCGCTCTGTAGGGTCGCGATTACGTGAGTTAGGGCTCCGG
ACTGCGCTGTATAGTCGAATCTGATCTCGCCCCCACAACTGCAAACCCCAACTTATTTAGATAACATGATTAGCCGAAGTTGCACGGGGTGCCCACCGTGGACTCCT
CCCCGGGTGTCGCTCCTTCATCTGACAATATGCAGCCGCTACCACCATCGATTAATACAACGAACGGTGATGTTGTCATAGATTCGGCACATTTCCCTTGTAGGTGTGA
AATCACTTAGCTTCGCGCCGAAGTCTTATGGCAAAACCGATGGACTATGTTTCGGGTAGCACCAGAAGTCTATAGCACGTGCATCCCAACGTGGCGTGCGTACACCT
TAATCACCGCTTCATGCTAAGGTCCTGGCTGCATGCTATGTTGATACGCCTGCACTGCTCGAAGAAAATATACGAAGCGGGCGGCCTGGCCGGAGCACTACCGCAT
CGACGCGTATTCGAATACTGTTAATTGCTCACACATGAGCAAAATAGTAGACCGTCAATTTCAGCCCTCTTATCCTCGGCGTTGTGTGTCAAATGGCGTAGATCTGGATT

“IT IS REASONABLE TO CONCLUDE THAT MERELY HAVING AN EXTRA Y 
CHROMOSOME DOES NOT PREDISPOSE SOMEONE TO BE VIOLENT;
RATHER, A WIDE VARIETY OF SOCIAL FACTORS PLAY A ROLE”

!
DNA profiling has radically changed forensics 
by providing an objectively verifiable method 
for linking suspects to crimes. Currently, 
many states collect the DNA of felons in order 
to ensure that repeat offenders are caught 
and convicted efficiently.1 Over the past few 
years, situations in which law enforcement 
officials can collect DNA from suspects have 
increased drastically. In 2013, President 
Obama strongly supported the creation of a 
national DNA database that included samples 
from not only people who are convicted, 
but also those arrested.1 In Maryland v. King 
(2013), the Supreme Court declared that law 
enforcement officials are justified in collecting 
DNA prior to conviction if it aids in solving a 
criminal case.2 In the years since this decision, 
the creation of a national DNA database 
has become a particularly polarizing and 
contentious issue. Proponents argue that a 
database would dramatically improve the 
ability of law enforcement to solve crimes. 
However, detractors argue that the potential 
for misuse of genetic information is too great 
to warrant the creation of such a system. 

DNA is popularly referred to as the 
“blueprint of life” and contains extremely 
sensitive information such as an individual’s 
susceptibility to genetic disorders. One of 
the major arguments against the creation 
of a national DNA database is that such 
information could be hacked. Yaniv Erlich, a 
geneticist at MIT, illustrated this when he used 
“genome mining” to find the true identities 
of individuals in a national genome registry. 
In his study, Erlich obtained genomes from 
the 1000 Genomes Project, a large database 
used for scientific research. He then used 
a computer algorithm to search for specific 
DNA sequences known as short tandem 
repeats (STRs) on the Y chromosome of 
males. These STRs are remarkably invariable 

in the United States government. A similar 
abuse of genetic information by third parties 
is undoubtedly a danger associated with a 
national DNA database. Despite advances 
in federal protections such as the Genetic 
Information Nondiscrimination Act, there 
are still numerous instances where genetic 
information regarding disease is used in 
employment decisions.5 

Another potential issue associated with the 
creation of a DNA database is the notion of 
genetic essentialism. Genetic essentialism 
argues that the genes of an individual can 
predict behavioral outcomes.6 Critics of a 
national DNA database argue that certain 
factors—such as the extra Y chromosome—

dangers of 
dna profiling

rishi suresh

from generation to generation. Erlich was 
able to use the Y chromosome’s STR marker 
to identify the last names of the individuals 
to whom the DNA belonged by using easily 
accessible genealogy sites.3 With just a 
computer and access to genome data, Erlich 
could identify personal information in DNA 
registries. Clearly, the creation of a national 
DNA database could give rise to widespread 
privacy concerns. Though there are large 
fines associated with unauthorized disclosure 
or acquisition of DNA data, current federal 
regulations do not technically limit health 
insurance companies from using genome 
mining in order to determine life insurance or 
disability care.4 

Hacking of federal databases is not an 
unreasonable scenario — just this past July, 
sensitive information including the addresses, 
health history, and financial history of 
over 20 million individuals was stolen in a 
massive cyber-attack.4 That attack uncovered 
information about every single individual 
who has attempted to work or has worked 
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TGCCTTGCGACAGACTTCCTACTCACACTCGCTCACATTGAGCTACTCGATGGGCCATCAGCTTGACCCGCTCTGTAGGGTCGCGATTACGTGAGTTAGGGCTCCGG
ACTGCGCTGTATAGTCGAATCTGATCTCGCCCCCACAACTGCAAACCCCAACTTATTTAGATAACATGATTAGCCGAAGTTGCACGGGGTGCCCACCGTGGACTCCT
CCCCGGGTGTCGCTCCTTCATCTGACAATATGCAGCCGCTACCACCATCGATTAATACAACGAACGGTGATGTTGTCATAGATTCGGCACATTTCCCTTGTAGGTGTGA
AATCACTTAGCTTCGCGCCGAAGTCTTATGGCAAAACCGATGGACTATGTTTCGGGTAGCACCAGAAGTCTATAGCACGTGCATCCCAACGTGGCGTGCGTACACCT
TAATCACCGCTTCATGCTAAGGTCCTGGCTGCATGCTATGTTGATACGCCTGCACTGCTCGAAGAAAATATACGAAGCGGGCGGCCTGGCCGGAGCACTACCGCAT
CGACGCGTATTCGAATACTGTTAATTGCTCACACATGAGCAAAATAGTAGACCGTCAATTTCAGCCCTCTTATCCTCGGCGTTGTGTGTCAAATGGCGTAGATCTGGATT
GACTCTATGACGGTATCTGCTGATGGGTAGGGAGACCCAGAATCTATCGGCCTATGTCACTAAAACTTTCCAAACACCCCATGTCGATACTGAACGAATCGACGCAC
ACTCCCTTCCTTGAAAACGCACAATCATACAACTGGGCACATAATGCGTACGCCCATCTAATACATCCAACTCTCTAGGTCCTGTTCAAGAGCTGGAAGAGCACCCTC
CACTTGGTCAAGTGATATCCTCGTAAGGCAAGCTCGTACCGTCATTCATGCGGAAGGGGTAAGACCATTAGAAGTAGGGATAGTCCCGAACCTCACTTACCACTCCC
AATAAGGGATCCCTGTCTGAAGGATGAGTG AATAAGGGATCCCTGTCTGAAGGATGAGTGTCAATAAGGGATCCCTGTCTGAAGGATGAGTGTCAATAAGGGATCC
TGCCTTGCGACAGACTTCCTACTCACACTCGCTCACATTGAGCTACTCGATGGGCCATCAGCTTGACCCGCTCTGTAGGGTCGCGATTACGTGAGTTAGGGCTCCGG
ACTGCGCTGTATAGTCGAATCTGATCTCGCCCCCACAACTGCAAACCCCAACTTATTTAGATAACATGATTAGCCGAAGTTGCACGGGGTGCCCACCGTGGACTCCT
CCCCGGGTGTCGCTCCTTCATCTGACAATATGCAGCCGCTACCACCATCGATTAATACAACGAACGGTGATGTTGTCATAGATTCGGCACATTTCCCTTGTAGGTGTGA
AATCACTTAGCTTCGCGCCGAAGTCTTATGGCAAAACCGATGGACTATGTTTCGGGTAGCACCAGAAGTCTATAGCACGTGCATCCCAACGTGGCGTGCGTACACCT
TAATCACCGCTTCATGCTAAGGTCCTGGCTGCATGCTATGTTGATACGCCTGCACTGCTCGAAGAAAATATACGAAGCGGGCGGCCTGGCCGGAGCACTACCGCAT
CGACGCGTATTCGAATACTGTTAATTGCTCACACATGAGCAAAATAGTAGACCGTCAATTTCAGCCCTCTTATCCTCGGCGTTGTGTGTCAAATGGCGTAGATCTGGATT

the XYY chromosomal abnormality are 
controversial.7 Even tests based on objective 
measures, like testosterone levels, have been 
inconclusive. Thus, Theilgaard argues that the 
XYY chromosomal abnormality does not cause 
increased aggression or propensity to commit 
crimes. Rather, she states that the criminality 
of XYY individuals might be a socially 
constructed phenomenon. XYY individuals 
often have severe acne, lowered intellect, 
and unusual height. This makes it difficult 
for people with this condition to “fit in.” As 
a result of their physical characteristics, XYY 
individuals might feel ostracized and become 
antisocial.8 Thus, it is reasonable to conclude 
that merely having an extra Y chromosome 
does not predispose someone to be violent; 
rather a wide variety of social factors play a 
role. 

It is entirely plausible that law enforcement 
individuals could misinterpret genetic 
information. For example, they could 

mistakenly believe that an individual with the 
XYY condition is more likely to be a suspect 
for a violent crime. Such an assumption 
would hinder law enforcement officials from 
objectively evaluating the evidence involved 
in a crime and shift the focus to individual 
characteristics of particular suspects. People 
in favor of a national DNA database often 
argue that it would be a great method of 
solving crimes. Specifically, some officials 
argue that a database would prevent 
recidivism (a relapse in criminal behavior) 
and deter people from committing crimes. 
However, research done by Dr. Avinash Bhati 
suggests that the inclusion of DNA in a national 
registry only seems to reduce recidivism 
for burglaries and robberies; in other crime 
categories, recidivism is generally unaffected.9 
This suggests that a convict’s knowledge that 
he/she is in a DNA database is not a true 
deterrent. The concerns raised by this study 
should show that databases might not be as 
effective a crime-fighting tools as proponents 
suggest. 

Both genome mining and genetic essentialism 
present very real harms associated with 
the creation of a national DNA database. 
Having sensitive genetic information in one 
centralized registry could potentially lead to 
abuse and discriminatory behaviors by parties 
that have access to that information. Even 
if genome databases are strictly regulated, 
the possibility of that information being 
hacked still exists. Furthermore, assuming 
that genetics are the only determinants of 
behavior could lead to people with genetic 
abnormalities being suspected of crimes at a 
higher rate than “normal” individuals. Social 
factors often shape the way an individual 
acts; the possibility of law enforcement 
officials embracing the genetic essentialism 
approach is another associated harm. In the 
end, it seems that the negative consequences 
associated with the creation of a national DNA 
database outweigh the benefits. 

Normal Male Sex Chromosome: XY
Abonormal Male Sex Chromosome: XYY and XXY
People with XXY chromosome: female-like characteristics 
and substantially less aggressive
People with XYY chromosome: more aggressive    1             2          3         4            5           6           7          8           9          10         11

12       13        14        15       16       17      18         19         20      21      22       23 
                                                                                                                              (sex chromosome) 

“HAVING SENSITIVE GENETIC INFORMATION IN ONE CENTRALIZED 
DATABASE COULD POTENTIALLY LEAD TO ABUSE AND DISCRIMINATORY 
BEHAVIORS BY PARTIES THAT HAVE ACCESS TO THAT INFORMATION”
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may lead law enforcement officials to suspect 
certain individuals more than others, which 
sets up a dangerous precedent.

The notion that chromosomal abnormalities 
can alter behavioral outcomes has 
generated numerous studies examining 
the link between criminality and changes 
in sex chromosomes— the genes that 
determine whether an individual is male 
or female. Normally, females will have two 
X chromosomes, whereas males have one 
X chromosome and one Y chromosome. 
However, in rare cases, males can either 
have an extra X chromosome (XXY) or an 
extra Y chromosome (XYY). General literature 
review suggests that XXY men have feminine 
characteristics and are substantially less 
aggressive than XYY or XY men.7 Conversely, 
studies like Jacobs et al. have suggested 
that the XYY condition can lead to increased 
aggression in individuals.8 However, Alice 
Theilgaard, one of the most prominent 
researchers on this topic, found that most 
behavioral characteristics associated with 
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delving into a 
new kind of  

Is the world really as complicated as you think? 

Since ancient times, humans have 
attempted to create models to explain the 
world. These explanations were stories, 
mythologies, religions, philosophies, 
metaphysics, and various scientific 
theories. Then, about three centuries ago, 
scientists revolutionized our understanding 
with a simple but powerful idea: applying 
mathematical models to make sense of our 
world. Ever since, mathematical models 
have come to dominate our approach to 
knowledge, and scientists have utilized 
complex equations as viable explanations 
of reality.

Stephen Wolfram’s A New Kind of Science 
(NKS) suggests a new way of modelling 
worldly phenomena. Wolfram postulates 
that elaborate mathematical models 
aren’t the only representations of the 
mechanisms governing the universe; 
simple patterns may be behind some of 
the most complex phenomena. In order 
to illustrate this, he began with cellular 
automata.

A cellular automaton is a set of colored 
blocks in a grid that is created stage 
by stage. The color of each block is 
determined by a set of simple rules 
that considers the colors of blocks in 
a preceding stage.1 Based on just this, 
cellular automata seem to be fairly simple, 
but Wolfram illustrated their complexity in 

rule 30. This cellular automaton, although it 
follows the simple rule illustrated in Figure 
1, produces a pattern that too irregular and 
complex for even the most sophisticated 
mathematical and statistical analysis. 
However, by applying NKS fundamentals, 
simple rules and permutations of the 
building blocks pictured can be developed 
to produce these extremely complex 
structures or models.2

By studying several cellular automata 
systems, Wolfram presents two important 
ideas:  complexity can result from simple 
rules and complex rules do not always 
produce complex patterns.2    

The first point is illustrated by a computer; 
relying on Boolean logic, the manipulation 
of combinations of “truths” (1’s) and 
“falses” (0’s), computers can perform 
complex computations. And with proper 
extensions, they can display images, play 
music, or even simulate entire worlds in 
video games. The resulting intuition, that 
complexity results from complexity, is not 
necessarily true. Wolfram shows again and 
again that simple rules produce immense 
randomness and complexity.

There are other natural phenomena 
that support this theory. The patterns 
on mollusk shells reflect the patterns 
generated by cellular automata, suggesting 

that the shells follow similar simple rules 
during pattern creation.2 Perhaps other 
biological complexities are also results of 
simple rules. Efforts are being made to 
understand the fundamental theory of 
physics based on ideas presented in the 
NKS and Wolfram’s idea might even apply 
to philosophy. If simple rules can create 
seemingly irregular complexity, the simple 
neuronal impulses in the brain might also 
cause irregular complexities, and this is 
what we perceive as free will.2

The most brilliant aspect of NKS lies in its 
underlying premises: a model for reality 
is not reality itself but only a model, so 
there can be several different, accurate 
representations. Our current approach 
to reality -- using mathematical models to 
explain the world -- does not have to be 
the only one. Math can explain the world, 
but NKS shows that simple rules can also 
do so. There may be methods and theories 
that have been overlooked or remain 
undiscovered that can model our world in 
better ways.
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he Greeks called it the star of Ares. For the 
Egyptians, it was the Horus of the Horizon. 

Across many Asian cultures, it was called the 
Fire Star. Mars has been surrounded by mystery 
from the time of ancient civilizations to the recent 
discovery of water on the planet’s surface.1 But why 
have humans around the world and throughout 
history been so obsessed with the tiny red planet?

Human fascination with Mars 
began in the late 19th century, 
when Italian astronomer Giovanni 
Schiaparelli first observed canali, or 
lines, on the planet’s surface. Yet 
canali was mistakenly translated as 
“canals” instead of “lines.”2 This led 
many to believe that some sort of 
intelligent life existed on Mars and 
these canals were engineered for 
their survival. While these lines were 
later found to be optical illusions, 
the canali revolutionized the way 
people viewed Mars. For perhaps the first time in 
history, it seemed that humans might not be alone 
in the universe. Schiaparelli had unintentionally 
sparked what became known as “Mars fever,” and 
indirectly influenced our desire to study, travel to, 
and even colonize Mars for more than 100 years.  
In Cosmos, Carl Sagan memorably described this 
odd fascination, “Mars has become a kind of mythic 
arena onto which we have projected our Earthly 
hopes and fears.” 

He was right. 

After the canali misunderstanding, people began 
to believe that not only was there life on Mars, but 
intelligent life. The Mars craze escalated with the 
rise of science fiction, especially the publication of 
H.G. Wells’s classic Martian takeover novel War of 
the Worlds.2, 3 In 1938, the novel was adapted for a 
radio broadcast narrated by actor Orson Welles. 
The broadcast incited mass terror, as millions of 
listeners mistook the fictional broadcast for news 
of an impending alien Armageddon. Surprisingly, 
this is just one of the many instances where random 
events have been mistaken for extraterrestrial 
interaction. The public image of Mars quickly 
evolved to reflect a mystical red landscape inhabited 
by intelligent, antagonistic, green creatures. Mars 
fever was becoming contagious. 

As decades passed, it became increasingly clear 
that Mars contained no tiny green men and that 
there were no flying saucers coming to colonize the 
Earth. The Mariner missions found no evidence of 
life on Mars, and as a result, Mars fever took on a 
new form: without the threat of intelligent, alien life 
forms, who was to stop us from colonizing the Red 
Planet? After all, perhaps the destruction of Earth 
wouldn’t be caused by invaders, but by earthlings 
themselves. Many contemporary science fiction 
writers focus on this idea of a second Earth in their 
stories. Award-winning novelist Michael Swanwick 
says, "We all are running out of a lot of different 
minerals, some of which our civilization depends 
on … There is a science-fiction idea for you."4 With 
natural resources dwindling and pollution on the 
rise, Earth might need a replacement.5 Mars’ relative 
similarity and proximity to Earth make it a strong 
candidate.

Rocket scientist Werner Von Braun even wrote The Mars 
Project, a book outlining a Martian colonization fleet that 
would be assembled in earth orbit.6 It was a proposition 
of massive proportions, calling for $500 million in rocket 
fuel alone and human explorers rather than rovers such 
as NASA’s Opportunity and Curiosity.6 However, these 
colonization efforts are not simply fictional. Elon Musk, 
CEO of Tesla and creator of the privately funded space 

agency SpaceX, has put intense effort 
into interplanetary travel, particularly 
in the case of Mars, but his methods 
remain abstract.7 Mars One has a 
similar goal: establishing a Martian 
colony. While not an aerospace 
company, Mars One is a logistical 
center for carrying out such a mission. 
They focus primarily on funding 
and organization, leaving systems 
construction up to more established 
aerospace companies.8 While both 
SpaceX and Mars One are dedicated to 
the cause of Martian colonization, it is 

evident that neither company will be able to accomplish 
such a mission any time soon.

The possible mechanisms for colonizing Mars are 
endless, ranging from pioneering the landscape with 
3D printable habitats to harvesting remnants of water 
from the Martian soil. But the challenges arguably 
outweigh current technologies. In order to survive, 
humans would need space suits that could protect 
against extreme temperature differentials.5 Once on 
the surface, astronauts would need to establish food 
sources that were both sustainable and suitable for 
long term missions.9 Scientists would need to consider 
accommodations for the mental health of astronauts 
spending more time in space than any other human 
in history. Beyond these basic necessities, factors 
like harmful cosmic rays and the sheer cost of such a 
mission must also be considered.10

The highly improbable nature of Mars exploration 
and colonization only seems to add fuel to the fire 
of humanity’s obsession. In spite of the challenges 
associated with colonization, Mars fever persists. 
Though Mars is 225 million kilometers away from Earth, 
it has piqued human curiosity throughout civilizations. 
Schiaparelli and his contemporaries could only dream of 
the possibilities that dwelled in Mars’s “canali.” However, 
exploration of Mars is no longer the stuff of science-
fiction. This is a new era of making the impossible 
possible, from Neil Armstrong’s “giant leap for mankind” 
to the establishment of the International Space Station. 
We are closer to Mars than ever before, and in the 
coming years we might just unveil the mystery behind 
the Red Planet. 

MARS FEVER by Naimah Sarwar
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carbon nanotubes doped with nitrogen 
can be used to create a chemical 
catalyst. The process of doping involves 
substitution of one type of atom for 
another; in this case, carbon atoms 
were substituted with nitrogen. The 
synthesized catalyst can be used in 

lithium-air batteries, which can hold a 
charge 10 times greater than that of a 
lithium-ion battery. A key parameter in 
the battery’s operation is the Oxygen 
Reduction Reaction (ORR) activity, a 
measure of a chemical species’ ability to 
gain electrons. The ORR activity of the 
nitrogen-doped material complex is not 
only the highest of any non-precious 
metal catalyst in alkaline media, but also 
higher than that of precious metals such 
as platinum.5

In another major development, Dr. 
James Tour of Rice University has 
created a graphene-carbon nanotube 
complex upon which a “forest” of vertical 
nanotubes can be grown. This base of 
graphene is a single, flat sheet of carbon 
atoms - essentially a carbon nanotube 
“unrolled.” The ratio of height-to-base 
in this complex is equivalent to that of a 

hat material is so diverse that it 
has applications in everything 
from improving human lives to 

protecting the earth? Few materials are 
capable of both treating prolific diseases 
like diabetes and creating batteries that 
last orders of magnitude longer than 
industry standards. None are as thin, 
lightweight, and inexpensive as carbon 
nanotubes. 

Carbon nanotubes are molecular 
cylinders made entirely of carbon atoms, 
which form a hollow tube just a few 
nanometers thick, as illustrated in Figure 
1. For perspective, a nanometer is one 
ten-thousandth the width of a human 
hair.1 The first multi-walled nanotubes 
(MWNTs) were discovered by L. V. 
Radushkevich and V. M. Lukyanovich 
of Russia in 1951.2 Morinobu Endo first 
discovered single-walled nanotubes 
(SWNTs) in 1976, although the discovery 
is commonly attributed to Sumio Iijima at 
NEC of Japan in 1991.3,4

Since their discovery, nanotubes have 
been the subject of extensive research 
by universities and national labs for 
the variety of applications in which 
they can be used. Carbon nanotubes 
have proven to be an amazing material, 
with properties that surpass those of 
existing alternatives such as platinum, 
stainless steel, and lithium-ion cathodes. 
Because of their unique structure, 
carbon nanotubes are revolutionizing 
the fields of energy, healthcare, and the 
environment.

Energy

One of the foremost applications 
of carbon nanotubes is in energy. 
Researchers at the Los Alamos National 
Laboratory have demonstrated that 

W

Figure 1: 
A carbon 

nanotube with 
closed ends.1

"The synthesized 

catalyst can be 

used in lithium-air 

batteries which can 

hold a charge 10 times 

greater than that of a 

lithium-ion battery" house on a standard-sized plot of land 
extending into space.6 The graphene and 
nanotubes are joined at their interface 
by heptagonal carbon rings, allowing the 
structure to have an enormous surface 
area of 2000 m2 per gram and serve as a 
high potential storage mechanism in fast 
supercapacitors.7

Healthcare

Carbon nanotubes also show immense 
promise in the field of healthcare. 
Take Michael Strano of MIT, who has 
developed a sensor composed of 
nanotubes embedded in an injectable 
gel that can detect several molecules. 
Notably, it can detect nitrous oxide, an 
indicator of inflammation, and blood 
glucose levels, which diabetics must 
continuously monitor. The sensors take 
advantage of carbon nanotubes’ natural 
fluorescent properties; when these 
tubes are complexed with a molecule 
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that then binds to a specific target, their 
fluorescence will increase or decrease.8

Perhaps the most important potential 
application for carbon nanotubes in 
healthcare lies in their cancer-fighting 
applications. In the human cell, there 
is a family of genes called HER2 that is 
responsible for the regulation of growth 
and proliferation of cells. Normal cells 
have two copies of this family, but 20-
25% of breast cancer cells have three or 
more copies, resulting in quickly-growing 

tumor cells. Approximately 40,000 U.S. 
women are diagnosed every year with 
this type of breast cancer. Fortunately, 
Huixin He of Rutgers University and 
Yan Xiao of the National Institute of 
Standards and Technology have found 
that they can attach an anti-HER2 
antibody to carbon nanotubes to kill 
these cells, as shown in Figure 2. Once 
inserted into the body, a near-infrared 
light at a wavelength of 785 nm can be 
reflected off the antibody-nanotube 
complex, indicating where tumor cells 
are present. The wavelength then 
increases to 808 nm, at which point the 
nanotubes absorb the light and vibrate to 

release enough heat to kill any attached 
HER2 tumor cells. This process has shown 
a near 100% success rate and leaves 
normal cells unharmed.9

Environment

Carbon nanotube technology also has 
environmental applications. Hui Ying Yang 
from Singapore has developed a water-
purification membrane made of plasma-
treated carbon nanotubes which can be 
integrated into portable, rechargeable, 
and inexpensive purification devices the 
size of a teapot. These new purifications 
devices are ideal for developing countries 
and remote locations, where large 
industrial purification plants would be too 
energy- and labor-intensive. Unlike other 
portable devices, this rechargeable device 
utilizes a membrane system that does 
not require a continuous power source, 
does not rely on thermal processes or 
reverse osmosis, and can filter for organic 
contaminants found in brine water - the 
most common water supply in these 
developing and rural areas.10

Oil spills may no longer be such 
devastating natural disasters either. 
Bobby Sumpter of the Oak Ridge National 
Laboratory demonstrated that doping 
carbon nanotubes with boron atoms 
alters the curvature of the tubes. Forty-
five degree angles form, leading to a 
sponge-like structure of nanotubes. As 
these tubes are made of carbon, they 
attract hydrocarbons and repel water due 
to their hydrophobic properties, allowing 
the tubes to absorb up to 100 times their 
weight in oil. Additionally, these tubes can 
be reused, as burning or squeezing them 

was shown to cause no damage. Sumpter 
and his team used an iron catalyst in the 
growth process of the carbon nanotubes, 
enabling a magnet to easily control or 
remove the tubes from an oil cleanup 
scenario.11

Carbon nanotubes provide an incredible 
opportunity to impact areas of great 
importance to human life - energy, 
healthcare, and environmental protection. 
The results of carbon nanotube research in 
these areas demonstrate the remarkable 
properties of this versatile and effective 
material. Further studies may soon lead 
to their everyday appearance in our 
lives, whether in purifying water, fighting 
cancer, or even making the earth a better, 
cleaner place for everyone. Big impacts can 
certainly come in small packages.
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Within weeks of this discovery, Dr. Berger 
assembled a qualified team and set up 
camp at the mouth of the Rising Star cave. 
In the largest hominid artifact discovery 
in Africa, over one thousand bones from 
multiple bodies were extracted and 
analyzed.2

As the fossils were being transferred 
out of the cave, paleoanthropologists at 
the surface worked to piece together a 
skeleton. Some aspects of this species’ 
bone structure were distinctly human, like 
the long thumbs, long legs, and arched 
feet.2 Other features, including curved 

fingers and a flared pelvis, were indicative 
of a more primitive animal.2 A large skull 
fragment from above the left eye of 
one of the skeletons allowed scientists 
to definitively determine this hominid’s 
genus. 

The Australopithecus skull is characterized 
by a large orbital ridge above the eye, 
with a deep concavity behind it, leading 
to a flatter face with pronounced brows.3 
The skull fragment collected by the team, 
however, had a shorter ridge and less of 
an indentation above the frontal lobe.3 
This finding led the team to conclude that 

uman beings share 96% of their 
genomes with chimpanzees,which is 
why modern science has accepted 

the concept that humans and apes share 
a recent common ancestor.1 However, 
our understanding of the transition from 
these ancient primates to the bipedal, 
tool-wielding species that conquered 
the globe is less clear than many realize. 
One crucial missing chapter in the 
evolutionary story is the origin of our 
very own genus, Homo. Scientists believe 
that somewhere between two and three 
million years ago, the hominid species 
Australopithecus afarensis evolved into 
the first recognizably human species, 
Homo erectus. However, the details of 
this genealogical shift have remained a 
mystery. In 2013, a discovery made in the 
Rising Star cave by two recreational cavers 
may have provided revolutionary insight 
into this intractable problem.

The Rising Star cave lies 30 miles outside 
the city of Johannesburg in northern 
South Africa. A popular destination for 
spelunkers for the past 50 years, this cave 
is well-known and has been extensively 
mapped.2 Two years ago, Steven Tucker 
and Rick Hunter dropped into the Rising 
Star cave in an effort to discover new 
extensions to the cave, with the hope of 
finding something more.2 They found 
a tight crevice that was previously 
unexplored, which led to a challenging 
forty-foot drop through a chute. At the 
bottom, Hunter and Tucker came across 
scattered bones and fossils in what would 
later be named the Dinaledi chamber.2 
Hunter and Tucker consulted with Dr. 
Lee Berger, a paleoanthropologist at the 
University of Witwatersrand. It was clear 
to Dr. Berger that these fossils were not 
of modern humans — an ancient hominid 
species had been discovered.2

H

"t h es e fo ss i ls 
w er e n ot o f m o d er n 
h u m a n s. A n a n c i en t 
h o m i n i d s pec i es h a d 

b een d i s cov er ed."

they had discovered a new member of 
the Homo genus, which Dr. Berger named 
Homo naledi. ‘Naledi’ in the Sotho language 
means ‘star,’ a reference to the vivid 
stalactites emanating from the ceiling of 
the Dinaledi chamber.3

Dr. Berger’s discovery in the Rising Star 
cave was an incredible breakthrough, but 
finding fossils is only half the battle. The 
next step is to find a place for this species 
in the million-year narrative of human 
evolution we have created. 

In accomplishing this feat, a logical place 
to start is considering how the fossils of 
Homo naledi ended up in their final resting 
place. There were no signs of predation, 
as no other animal fossils were found 
at this location. In addition, these fossils 
accumulated gradually, meaning that the 
bodies did not all die from a single event. 
Dr. Berger postulated that these bodies 
were placed there with purpose, but 
intentional body disposal is an advanced 
social behavior which, up to this point, 
has only been exhibited by more evolved 
Homo species. The brain size of the 
discovered hominids is estimated to be 
between 450 and 550 cubic centimeters, 
about one third the size of the Homo 
sapiens brain and only marginally larger 
than that of a chimpanzee.3 The possibility 
of such a small-brained animal engaging in 
intentional body disposal challenges ideas 
about the cognitive abilities necessary 
for such advanced social behavior. Dr. 
William Jungers, chair of anatomical 
sciences at Stony Brook University, argues 
that advanced social intelligence was not 

Homo  naledi
By Ethan Wissell

PHOTOS FROM: 
WIKIMEDIA COMMONS

A   New   Piece   in   the   Evolutionary   Puzzle

CATALYST 9



Figure 1: Skull reconstruction of Australopithecus afarensis  
(top), skull reconstruction of Homo naledi (bottom)

likely at play in this instance. He claims 
that “intentional corpse disposal is a nice 
sound bite, but more spin than substance 
[…] dumping conspecifics down a hole 
may be better than letting them decay 
around you.”4

The idea of intentional body disposal 
is not the only one of Dr. Berger’s 
conclusions that has attracted criticism. 
Some in the scientific community argue 
that Homo naledi is a distant cousin, not 
a direct ancestor, of modern humans. 
Others, like UC Berkeley’s Dr. Tim White, 
argue that “new species should not be 
created willy-nilly,” and believe that these 
discoveries may just be fossils of Homo 
erectus.5 Biologist Dr. David Menton takes 
the small brain size of these hominids 

as well as their “sloped face” and “robust 
mandible” as indication that Homo naledi 
does not even belong in the Homo genus.6 

It is clear that while the Homo naledi fossils 
are extremely significant in the scientific 
community, their placement within the 
story of human evolution is contentious. 
Our inability to definitively date the fossils 
makes the task even more challenging. 
However, Homo naledi’s unique mosaic 
of human and ape-like features provides 
support for a new model of human 
evolution that has recently gained 
traction in the scientific community. While 
scientists would prefer to draw a family 
tree of human ancestors with modern 
humans at the top, our evolution is not 
so simple. Dr. Berger likens the reality 
of evolution to a braided stream.2 Like a 
collection of tributaries all contributing 
to a river basin, humans may have been 
the product of a collection of human 
ancestors, each contributing to our 
existence differently. We may never fully 
understand where we came from, but 
discoveries like Homo naledi bring us a little 
bit closer to completing the evolutionary 
puzzle.

"Dr. Berger 
postulated that 

these bodies were 
placed there with 

purpose"
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MEGAFIRES
BY EVAN SHEGOG

Pine, previously thought to be completely 
flameproof, is succumbing to megafires.5 

What is the future of our forests, and what 
can we, as custodians of our natural lands, 
do to shape this future? Can we prevent 
megafires? Understanding the contributing 
causes of megafires is essential in devising 
a solution to prevent them. Current thinking 
by various ecologists identifies three 
primary causal factors, both behavioral and 
environmental: new firefighting strategies, 
the rise of invasive species, and climate 
change.1

Government policies that promote 
aggressive control of forest fires are 
deceptive in their benefits. Firefighters have 
become incredibly efficient at locating and 
extinguishing wildfires before they become 
too destructive. However, certain tree 
species that have flame- and temperature-
resistant properties, such as the Pine 
Barrens, Lodgepole Pine, and Eucalyptus, 
require periodic fires in order to reproduce.6 
When facing wildfires these types of trees 
survive, whereas other plant species 
perish. Since flame-resistant tree species 
are often native flora to forest ecosystems, 
the selective survival of these trees 
maintains the forest’s composition over 
time and prevents shrubs and grasslands 

n 2015, American forests were ravaged 
by larger and more destructive fires 
than ever before. One of the most 
devastating wildfires occurred in 

Washington State and burned over 250,000 
acres of forest at a rate of 3.8 acres per 
second.1 These unprecedented grand burns 
of over 100,000 acres have been justifiably 
coined by researchers as “megafires.”2 
Unfortunately, megafires are becoming 
an increasingly common feature of the 
American West. 

Although forest fires are a natural and 
essential part of a forest’s life cycle, scientific 
records show a worrisome trend. Data from 
the National Climate Center in Asheville, 
North Carolina indicate that recent fires 
burn twice the forest acreage as wildfires 
40 years ago.3 In contrast to replenishing 
wildfires that promote forest growth, 
megafires scorch the landscape, disabling 
forest regeneration and leaving wastelands 
in their wake.2 In other words, they burn 
forests so completely that trees are unable 
to regrow.4 The increased incidence of 
megafires accordingly threatens to cause 
environmental change, particularly in 
the Western United States.5 Once-rich 
forests are now in danger of depletion and 
extinction as they give way to grasslands 
and shrubs. Even the hardy Ponderosa 

from overrunning the ecosystem. Flame-
resistant trees accomplish their phoenix-
like regeneration and self-sustainability by 
releasing their seedlings during a wildfire. 
In addition, forest fires destroy flora that 
would impede the growth of new seedlings 
through competition for space and light. 
This regenerative effect of forest fires 
has even resulted in the return of certain 
endangered tree species.4 One example, the 
Jack Pine, maintains its seedlings in cones 
that melt in the presence of fire. A policy 
to extinguish fires prematurely can inhibit 
seed release, threatening Jack Pine forests 
and others like it.6 To date, aggressive 
government policies toward forest fire-
fighting have led to significant changes 
in forest composition accompanied by 
buildup of tinder and debris on the forest 
floor. This accumulated undergrowth now 
fuels megafires that burn with unparalleled 
intensity and speed. In contrast, forest 
management policies that revert to the 
practice of allowing small, controlled fires 
to clear away debris would maintain the 
forest’s long-term survival.

Invasive, flame-susceptible species provide 
the perfect fuel for megafires. During 
their westward expansion in the 1880s, 
settlers were not the only ones to achieve 
Manifest Destiny. Several species of grass 
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the average temperature of the planet has 
increased by 0.6 degrees Celsius, primarily 
in the twenty-first century.9 Typically, severe 
fires burn less often at higher altitudes, 
due to cooler temperature and greater 
moisture levels, but as global temperatures 
increase, these areas become drier and 
more prone to forest fires. This warming 
of the climate contributes to massive 
burns that are fueled by centuries of forest 
debris and undergrowth.9 Climate change 
also contributes to a lack of precipitation, 
which further contributes to the expansion 
and intensity of forest fires. Wildfires 
themselves also contribute to climate 
change; as they continue to burn they emit 
greenhouse gases, which can contribute to 
accelerating global warming.9 

 Ultimately, due to poor policy practice, 
a destructive cycle is forming that serves 
as a catalyst to megafires. Finding long-
term solutions that will prevent the 
occurrence of megafires will require policy 
adjustments at the regional, national, and 
international levels.6 Currently policies 
are changing, endorsing smaller burns to 
limit build up for megafire fuel. As more 
data is being introduced about global 
warming, efforts are being made to find 
more renewable forms of energy such 
as solar and wind.9 Ideally, this shift in 
resources will limit the increase in global 

also made the journey. The most common 
of these species was the Cheatgrass, a 
grass native to Europe, southwestern 
Asia, and northern Africa.7 Cheatgrass was 
inadvertently brought to the Americas on 
cargo ships in the 1800s and has been a 
significant environmental problem ever 
since. The short life cycle and prolific seed 
production of Cheatgrass causes it to dry 
out by mid-June, meaning that it serves 
as kindling for fires during the summer. 
Cheatgrass increases the size and severity 
of fires since it burns twice as much as the 
endogenous vegetation.7 Since the native 
vegetation is slowly being choked out by 
Cheatgrass, the landscape of the American 
West is transitioning into a lawn of this 
invasive species, poised to erupt into an 
inferno. 

Global warming, one of the environmental 
causes of megafires, is perhaps an even 
more critical and challenging threat 
than invasive species. In 2015, forest 
fires ravaged more than 9 million acres 
of the Western mainland United States 
and Alaska.3 Studies of global warming 
demonstrate that every degree Celsius of 
atmospheric warming is accompanied by 
a four-fold increase in the area of forest 
destruction. Thus, the increase in global 
temperature is directly associated with the 
prevalence of megafires.8 Since the 1900s, 

temperatures and reduce the risk of megafires. 
Lastly, research is being done to develop 
grasses that can out compete the problematic 
Cheatgrass.7 If we can meet these challenges, 
then megafires may finally be extinguished. 
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Prevailing notions of the ocean make 
it seem as if it is “too big to fail” since 
it takes up 70% of the surface of Earth 
and contains 321,003,271 cubic miles of 
water.1 Additionally, most of the oceans’ 
immense biodiversity has yet to be 
documented. The Census of Marine Life 
estimates that there could be between 
178,000 to 10,000,000 different species 
living in ocean shoreline habitats due to 
the vast abundance of photosynthesizing 
microbes.2 However, like any ecosystem, 
the oceans are not immune to 
anthropogenic and environmental 
stressors such as overfishing, climate 
change, and pollution. There are many 
interconnected problems surrounding the 
way in which people currently treat the 
oceans. Extracting large amounts of fish 
for human consumption threatens the 
dynamic balance that currently exists and 
threatens scientists’ potential for making 
groundbreaking discoveries about what 
lies below. 

In 2010, the United Nations predicted that 
over 80% of the world’s fish are reported 
as fully exploited or overexploited, and 
thus “require effective and precautionary 
management”.3 Overexploitation refers to 
the extraction of marine populations to 
unsustainable levels.4 Fishing techniques 
have become exponentially more efficient 
since the Industrial Revolution, focusing 
on getting the largest catches in the 
fewest trips. Today’s fishing fleets are so 
large that it would require two to three 
times Earth’s supply of fish to fill them.4 
These harmful practices lead to three 
main types of overfishing: growth fishing, 
recruitment fishing and ecosytem fishing.

Unfortunately, the most popularly 
consumed fish species are subject 
to all three practices. Bluefin tuna, 
sturgeon, sea bass, and Atlantic 
salmon are examples of large, 
long-lived predatory species that 
only provide a few offspring each 
breeding cycle.5 For example, Bluefin 
tuna release ten million eggs each 
year, but only a small number survive 
to adulthood. Even then, these 
tuna do not reach reproductive 
maturity until eight to twelve years 
of age.6 When the largest fish are 
specifically targeted, many ecological 
consequences arise. Removing the 
largest fish of the largest species in 
an ecosystem significantly decreases 
the mean size for that species. As 
a result, only smaller fish are left 
to reproduce.7 This shift causes 
trophic level decline: as species at 
higher trophic levels are overfished, 
fishermen decide to catch the 
comparatively larger fish at lower 
trophic levels.7 This vicious cycle 
continues so that the average size of 
fish consumed decreases significantly. 
This phenomenon, known as “eating 
down the food chain,” puts many fish 
at risk, including herbivorous fish in 
coral reef ecosystems.7 To maintain a 
coral-dominated state, herbivorous fish 
consume macro-algae that otherwise 
would overgrow and suffocate corals. 
When coral-dominated reefs become 
overtaken by macro-algae, habitats 
for many other fish and organisms are 
severely reduced. Over 25% of the world’s 
fish species live exclusively within these 
three-dimensional coral communities, 

which themselves only take up 0.1% of 
the ocean floor.5 Not only are species 
being depleted at the very top of the food 
chain, smaller species that are endemic 
to specific ocean environments are also 
indirectly experiencing survival pressure.

These problems are further magnified 
by the fact that current fishing practices 
produce a large amount of by-catch, 
or the incidental capture of non-target 
species.5 The rustic image of a humble 
fisherman using a single hook at the 
end of a line no longer reflects reality 
for most commercial fishermen. Now, 
longlines are weighted at the bottom 

1. GROWTH
THE REMOVAL OF LARGER FISH LEAVES 
BEHIND ONLY INDIVIDUALS THAT ARE 
TOO SMALL TO MAXIMIZE THE YIELD, 

OR FULL AMOUNT OF FISH THAT 
COULD THEORETICALLY BE OBTAINED.5

2. RECRUITMENT
WHEN ADULT FISH ARE 

EXCESSIVELY TAKEN OUT 
OF THE ECOSYSTEM, 

RECRUITMENT AND STOCK 
PRODUCTIVITY DECREASES.5

3. ECOSYSTEM
THE TARGETING OF A 

PARTICULAR SPECIES LEADS 
TO SERIOUS TROPHIC 

CASCADES AND ECOLOGICAL 
CONSEQUENCES.5
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and can have as many as 3,000 hooks 
attached, probing deeper into the water 
column.8 A similar weighted system exists 
for large fishing nets, known as trawl nets, 
so that shellfish and other small or bottom-
dwelling organisms can be collected in 
larger quantities. Bottom trawling, the 
practice of dragging a trawl net across the 
ocean floor, has contributed to 95% of the 
damage inflicted on deep water systems 
by destroying and smothering benthic 
communities.9 These practices are non-
specific in nature, and thus collect anything 
and everything that attaches or gets caught. 
Fishing gear alone has threatened around 
20% of shark species with extinction and 
leads to over 200,000 loggerhead sea turtles 
deaths annually.10 Sylvia Earle, a renowned 
ocean-conservationist, describes these 
unsustainable fishing practices as “using 
bulldozers to kill songbirds.”11

The United Nations now predicts that by 
2050, the world will run out of commercially 
viable catches and oceans could turn 
fishless.3 Driving this problem is the fact 
that seafood consumption has increased 
over the past 30 years.12 Many coastal 
communities and developing countries rely 
on fishing as their main source of income 
and protein, with approximately 2.9 million 
people relying on fish for over 20% of their 
animal protein intake. One of the largest 
importers, the United States, imports 
91% (by value) from other countries with 
lower production costs.13 The cheap labor 
comes from subsistence fishermen, who 
meet this increased demand by opting for 
unsustainable practices. Consequently, 
a “poverty cycle” emerges, where short-
term survival takes precedence over 
sustainability and conservation efforts, 
further exacerbating ecological and 
economic damages.14

Recognizing that environmental 
considerations alone could put many 
developing countries at risk, policymakers 
have adopted a community-based 
approach in the planning, construction, 
implementation, and management of 
preservation policies.15 This ecosystem 

approach to fisheries, strives to ensure 
that the capability of aquatic ecosystems to 
provide the necessary resources for human 
life is maintained for present and future 
generations.16

The establishment of Marine Protected 
Areas, or MPAs, is another effective 
technique similar to the National Park 
Service’s preservation programs. Although 
MPAs have a wide range of management 
plans and enforcement, all strive to limit 
or restrict human activity so that natural 
populations can be restored.5 Allowing an 
environment to restore its fish populations 
without any human mitigation can take 
a long time, and the most effective MPAs 
extend across large tracts of area that can 
more fully encompass fish populations and 
migratory species.5 Because these areas 
often overlap with highly profitable fishing 
zones, MPAs are regularly met with backlash 
from coastal communities and later can be 
hard to enforce.17

These international efforts to reduce the 
amount of seafood extracted from ocean 
environments are generally invisible in a 
grocery store, so it is easy for consumers 
to engage passively with the food they 
see. However, recognizing the production, 
labor, and ecosystem that goes into fish 
and fish products (and all foods) is critical 
for maintaining the livelihood of the world’s 
natural environments. The ocean may seem 
vast, but there is not an infinite supply of 
resources that can meet current demands.

BY ELAINE SHEN
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“THE UNITED NATIONS 
NOW PREDICTS THAT 
BY 2050, THE WORLD 

WILL RUN OUT OF 
COMMERCIALLY VIABLE 
CATCHES AND OCEANS 

COULD TURN FISHLESS.”
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FROM A PILE OF TO

A BRIEF INTRODUCTION 
TO GRANULAR MATERIALS

AVALANCHE
RICE
BY KELLY YAO

Though granular materials do not exist 
at the quantum level, their distinct size 
necessitates an analogous departure from 
classical thought. A new category of physical 
laws must be created to describe the 
basic interactions among particles of this 
unique size. Intuitively, this makes sense; 
anyone who has cooked rice or played 
with sand knows that the individual grains 
behave more like water than solid objects. 
Scientists are intrigued by these materials 
because of the variation in their behaviors 
in different states of aggregation. More 
importantly, since our world consists of 
granular materials such as coffee, beans, 
dirt, snowflakes, and coal, their study sheds 
new light on the prediction of avalanches 
and earthquakes. 

The physical properties of granular flow vary 
with the concentration of grains. At different 
concentrations, the grains experience 
different magnitudes of stress and dissipate 
energy in different ways. Since it is hard 
to derive a unifying formula to describe 
granular flows of varying concentrations, 
physicists use three sets of equations to fit 
their states of aggregation, resembling the 
gaseous, liquid, and solid phases. When 
the material is dilute enough for each 
grain to randomly fluctuate and translate, 
it acts like a gas. When the concentration 
increases, particles collide more frequently 
and the material functions as a liquid. Since 

Communities living at the foot of the Alps 
need a way to predict the occurrence of 
avalanches for timely evacuation, but 
monitoring the entire Alpine range is 
impossible. Fortunately for those near the 
Alps, the study of granular materials has 
allowed scientists to move mountains into 
labs and use small, contained systems 
(like piles of rice) to simulate real-world 
avalanche conditions. Granular materials, 
by definition, are conglomerates of discrete 
visible particles that lose kinetic energy 
during internal collisions; they are neither 
too small to be invisible to the naked eye, 
nor too big to be studied as distinct objects.1 
The size of granular material situates them 
between common objects and individual 
molecules.

While studying extremely small particles, 
scientists stumbled upon an unsettling 
contradiction: the classical laws governing 
the macroscopic universe do not always 
apply at microscopic scales. For example, 
Niels Bohr sought to apply classical 
mechanics to explain the orbits of electrons 
around nuclei by comparing them to the 
rotation of planets around stars. However, 
it was later discovered that an electron 
behaves in a much more complicated way 
than Bohr had anticipated. At its size, the 
electron gained properties that could only 
be described through an entirely new set of 
laws known as quantum mechanics. 

these particles do not collide elastically, a 
fraction of their kinetic energy dissipates as 
heat during each collision. The increased 
frequency of inelastic collisions between 
grains in the analogous liquid phase 
results in increasing energy, dissipation, 
and greater stress. Finally, when the 
concentration increases to 50% or more, 
the material resembles a solid. The grains 
experience significant contact, resulting in 
predominantly frictional stress and energy 
dissipation.1

Avalanches come in two types, flow and 
powder, each of which requires a specific 
combination of the gas, liquid, and solid 
granular models. In a flow avalanche, the 
descending layer consists of densely packed 
ice grains. The solid phase of granular 
materials best models this, meaning that 
friction becomes the chief analytical aspect. 
In a powder avalanche, particles of snow do 
not stick together and descend in a huge, 
white cloud.2 The fluid and solid models of 
granular materials are equally appropriate 
here.

Physicists can use these avalanche models 
to investigate the phenomena leading 
up to a real-world avalanche. They can 
simulate the disturbance of a static pile of 
snow by constantly adding grains to a pile, 
or by perturbing a layer of grains on the 
pile’s surface. In an experiment conducted 
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GRANULAR MATERIALS
ARE CONGLOMERATES OF DISCRETE 

VISIBLE PARTICLES THAT LOSE KINETIC 
ENERGY DURING INTERNAL COLLISIONS

by statistical physicists Dr. Daerr and Dr. 
Douady, layers of glass beads of 1.8 to 
3 mm in diameter were poured onto a 
velvet surface, launching two distinct types 
of avalanches under different regimes 
decided by the tilt angle of the plane and the 
thickness of the layer of glass beads.3

For those of us who are not experts in 
avalanches, there are a few key points to 
take away from Daerr and Douady. They 
found that a critical tilt angle exists for 
spontaneous avalanches. When the angle of 
the slope remained 
under the critical 
angle, the size of the 
flow did not grow, 
even if a perturbation 
caused an additional 
downfall of grains. 
Interestingly, when the angle of the slope 
was altered significantly, the snow uphill 
from the perturbation point also contributed 
to the avalanche. That means that 
avalanches can affect higher elevations than 
their starting points. Moreover, the study 
found that the angle of the remaining slope 
after the avalanche was always less than the 
original angle of the slope, indicating that 
after a huge avalanche, mountains would 
remain stable until a change in external 
condition occured.3 Often, a snow mountain 
with slopes exceeding the critical angle 

can remain static and harmless for days, 
because of the cohesion between particles. 

Situations become complicated if the 
grains are not completely dry, which is 
what happens in real snow avalanches. In 
these scenarios, physicists must modify 
existing formulas and conduct validating 
experiments to predict the behaviors of 
these systems. Granular materials are not 

limited to predicting 
avalanches. In 
geophysics, scientists 
have investigated 
the relation of 
granular materials 
to earthquakes. 

For instance, one study used sound waves 
and glass beads to study the effects of 
earthquake aftershocks.4 Apart from 
traditional modeling with piles of rice 
or sand, the understanding of granular 
materials under different phases paves the 
way for computational modeling of large-
scale natural disasters like avalanches and 
earthquakes. These studies will not only 
help us understand granular materials 
themselves, but also help us predict certain 
types of natural disasters. 
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Most blind people wear sunglasses either 
stylistically or functionally to block 

excess light, but what if their glasses could 
actually restore their vision? Such a feat 
seems miraculous, but the development 
of new bionic prostheses may make such 
miracles a reality. These devices work in two 
ways: by replacing non-functional parts of 
the visual pathway or by creating alternative 
neural avenues to provide vision. 

When attempting to repair or restore lost 
vision, it is important to understand how 
we normally receive and process visual 
information. Light enters the eye and is 
refracted by the cornea to the lens, which 
focuses the light onto the retina. The cells of 
the retina, namely photoreceptors, convert 
the light into electrical impulses, which are 
transmitted to the primary visual cortex by 

the optic nerve. In short, this process serves 
to translate light energy into electrical energy 
that our brain can interpret. For patients 
suffering from impaired or lost vision, 
one of the steps in this process is either 
malfunctioning or not functioning at all.1,2

Many patients with non-functional vision can 
be treated with current surgical techniques. 
For example, many elderly individuals 
develop cataracts, in which the lens of 
the eye becomes increasingly opaque, 
resulting in blurred vision. This condition 
can be rectified fairly simply with a surgical 
replacement of the lens. However, loss of 
vision resulting from a problem with the 
retina or optic nerve can very rarely be 
corrected surgically due to the sensitive 
nature of these tissues. Such pathologies 

HOW BIONIC EYES 
ARE CHANGING THE WAY 

WE SEE THE WORLD
CHRISTOPHER HICKS

include retinitis pigmentosa, an inherited 
degenerative disease affecting retinal 
photoreceptors, and head trauma, which 
can damage the optic nerve. In these cases, 
a visual prosthesis may be the solution. 
These devices, often called “bionic eyes,” 
are designed to repair or replace damaged 
ocular functions. Such prostheses restore 
vision by targeting damaged components in 
the retina, optic nerve, or the brain itself.  

One set of visual prostheses works by 
correcting impaired retinal function via 
electrode arrays implanted between 
the retinal layers. The electrodes serve 
as substitutes for lost or damaged 
photoreceptors, translating light energy 
to electrical impulses. The Boston Retinal 
Implant Project has developed a device 
involving an eyeglass-mounted camera and 

an antenna implanted in the skin near the 
eye.3 The camera transmits visual data to the 
antenna in a manner reminiscent of a radio 
broadcast. Then, the antenna decodes the 
signal and then sends it through a wire to an 
implanted subretinal electrode array, which 
relays it to the brain. The problem with this 
system is that the camera is fully external 
and unrelated to the eye’s position, meaning 
the patient must move his or her entire head 
to survey a scene. Germany’s Retinal Implant 
AG team seeks to rectify this problem with 
the Alpha IMS implant system. In this system, 
the camera itself is subretinal, and “converts 
light in each pixel into electrical currents.”2

The Alpha IMS system is still undergoing 
experimental clinical trials in Europe, but 
it is facing some complications. Firstly, the 

visual clarity of tested patients is around 
20/1000, which is well below the standard 
for legal blindness. Secondly, the system’s 
power supply is implanted in a very high-
risk surgical procedure, which can endanger 
patients. In an attempt to overcome the 
problems faced by both The Boston Retinal 
Implant Project and Retinal Implant AG, 
Dr. Daniel Palanker at Stanford and his 
colleagues are currently developing a 
subretinal prosthesis involving a goggle-
mounted video camera and an implanted 
photodiode array. The camera receives 
incoming light and projects the image onto 
the photodiode array, which then converts 
the light into pulsed electrical currents. 
These currents stimulate nearby neurons to 
relay the signal to the brain. As Dr. Palanker 
says, “This method for delivering information 
is completely wireless, and it preserves the 
natural link between ocular movement and 
image perception.”2 Human clinical trials are 
slated to begin in 2016, but Palanker and 
his team are confident that the device will 
be able to produce 20/250 visual acuity or 
better in affected patients. 

A potentially safer set of visual prostheses 
includes suprachoroidal implants. Very 
similar to the aforementioned subretinal 
implants, these devices also replace 
damaged components of the retina. The only 
difference is that suprachoroidal implants 
are placed between the choroid layer and 
the sclera, rather than between the retinal 
layers. This difference in location allows 
these devices to be surgically implanted with 
less risk, as they do not breach the retina 
itself. Furthermore, these devices are larger 
compared to subretinal implants, “allowing 
them to cover a wider visual field, ideal 
for navigation purposes.”  Development of 
suprachoroidal devices began in the 1990s 
at both Osaka University in Japan and Seoul 
National University in South Korea. Dr. 
Lauren Ayton and Dr. David Nayagam of 

“ONE SET OF VISUAL PROSTHESES WORKS BY CORRECTING 
IMPAIRED RETINAL FUNCTION VIA ELECTRODE ARRAYS 

IMPLANTED BETWEEN THE RETINAL LAYERS”
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the Bionic Vision Australia (BVA) research 
partnership are heading more current 
research. BVA has tested a prototype 
of a suprachoroidal device in patients 
with retinitis pigmentosa, and results 
have been promising. Patients were 
able to “better localize light, recognize 
basic shapes, orient in a room, and walk 
through mobility mazes with reduced 
collisions.” More testing is planned for the 
future, along with improvements to the 
device’s design.2

Both subretinal and suprachoroidal 
implants work by replacing damaged 
photoreceptors, but they rely on a 
functional neural network between the 
retina and the optic nerve. Replacing 
damaged photoreceptors will not help 
a patient if he or she lacks the neural 
network that can transmit the signal 
to the brain. This neural network is 
composed of ganglion cells at the back 
of the retina that connect to the optic 
nerve; these ganglion cells can be viewed 
as the “output neurons of the eye.” A 
third type of visual prosthesis targets 
these ganglion cells. So-called epiretinal 
implants are placed in the final cell layer 
of the retina, with electrodes directly 
stimulating the optic nerve. Because these 
devices are implanted in the last retinal 
layer, they work “regardless of the state 
of the upstream neurons”. 2 So the main 
advantage of an epiretinal implant is that, 
in cases of widespread retinal damage due 
to severe retinitis pigmentosa, the device 
provides a shortcut directly to the optic 
nerve. 

The most promising example of an 
epiretinal device is the Argus II Visual 
Prosthesis System, developed by 
Second Sight. The device, composed of a 
glasses-mounted camera that wirelessly 

transmits visual data to an implanted 
microelectrode array, received FDA 
marketing approval in 2012. Clinical trials 
have shown a substantial increase in 
visual perception and acuity in patients 
with severe retinitis pigmentosa, and the 
system has been implanted in more than 
50 patients to date. 

The common limitation of all these visual 
prostheses (subretinal, suprachoroidal, 
and epiretinal) is that they rely on an 
intact and functional optic nerve. But 
some blind patients have damaged optic 
nerves due to head trauma. The optic 
nerve connects the eye to the brain, so 
for patients with damage in this region, 
bionics researchers must find a way to 
target the brain itself. Experiments in 
the early 20th century showed that, by 
stimulating certain parts of the brain, 
blind patients could perceive light flashes 
known as phosphenes. Building from 
these experiments, modern scientists are 
working to develop cortical prostheses 
implanted in either the visual cortex of the 
cerebrum or the lateral geniculate nucleus 
(LGN), both of which are key in the brain’s 
ability to interpret visual information. Such 
a device would not truly restore natural 
vision, but produce artificial vision through 
the elicitation of phosphene patterns. 

One group working to develop a cortical 
implant is the Monash Vision Group (MVG) 
in Melbourne, Australia, coordinated 
by Dr. Collette Mann and co. MVG’s 
Gennaris bionic-vision system consists 
of a glasses-mounted camera, a small 
computerized vision processor, and a 
series of multi-electrode tiles implanted 
in the visual cortex. The camera transmits 
images to the vision processor, which 
converts the picture into a waveform 
pattern and wirelessly transmits it to 

the multi-electrode tiles. Each electrode 
on each tile can generate a phosphene; 
all the electrodes working in unison can 
generate phosphene patterns. As Dr. 
Mann says, “The patterns of phosphenes 
will create 2-D outlines of relevant shapes 
in the central visual field.”2 The Illinois 
Institute of Technology is developing 
a similar device called an intracortical 
visual prosthesis, termed the IIT ICVP. The 
device’s developers seek to address the 
substantial number of blind patients in 
underdeveloped countries by making the 
device more affordable. The institute says 
that “one potential advantage of the IIT 
ICVP system is its modularity,” and that by 
using fewer parts, they “could make the 
ICVP economically viable, worldwide.”4 

These visual prostheses represent the 
culmination of decades of work by 
hundreds of researchers across the 
globe. They portray a remarkable level 
of collaboration between scientists, 
engineers, clinicians, and more, all for the 
purpose of restoring vision to those who 
live without it. And with an estimated 40 
million individuals worldwide suffering 
from some form of blindness, these 
devices are making miracles reality.

“WITH AN ESTIMATED 40 MILLION 
INDIVIDUALS WORLDWIDE SUFFERING FROM 
SOME FORM OF BLINDNESS, THESE DEVICES 
ARE MAKING MIRACLES A REALITY”
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If 

by Natasha Mehta
Microglia

Gardeners with Guns
you ask anyone about the brain, 
their response will almost certainly 
involve neurons. Although neurons 
have been the stars of neuroscience 

for the past hundred years, the brain 
would be entirely dysfunctional if not 
for the variety of brain support cells, 
collectively known as glia.1 

Glial cells serve a variety of purposes 
in the central nervous system. 
Oligodendrocytes produce an insulating 
fatty-material called myelin, and 
astrocytes maintain electrical impulses 
in the neuronal network.1 Perhaps the 
least glorious of glial functions are 
carried out by the microglia, which are 
the neurological equivalent of your 
household gardeners: pruning unwanted 
synapses and tending to the new ones. 
However, microglia are the first line of 
immune defense in the brain. From the 
brain’s humble beginnings as a mass of 
undifferentiated neurons to its affliction 
with the weeds of old age, microglia are 
tasked with neuronal maintenance and 
repair, meaning that deviation from their 
“just-right” activity can cause a variety of 
neural diseases. Too little activity, and 
one can be autistic or schizophrenic; too 
much activity, and one may be afflicted 
with Alzheimer’s or Parkinson’s. Given 
the large role these tiny cells play in 
brain protection, therapies that regulate 
microglial activation could be the key to 
curing a slew of neurological disorders.

Microglia respond to neural stress and 
injury through different mechanisms 
unique to their respective cell types: 
amoeboid phagocytic, resting ramified, 
and activated.2 Amoeboid phagocytic 
glia act similarly to other scavengers and 
ingest large amounts of cellular debris in 
the developing brain during gestation.3 
In postnatal development, these glia 
transform into resting ramified glia, which 
remain semi-dormant until their extended 
branches are activated by electrical 
signals from neurons or the presence of 
harmful substances.4 Activated microglia 
can secrete a variety of anti-inflammatory 
chemicals to prevent neurological 
problems, such as brains tumors and 
axonal injury.5 Microglia can also increase 

the permeability of the blood-brain 
barrier, allowing bodily immune cells to 
assist with brain immune defense.2 A 
negative feedback mechanism in microglia 
regulates their own immune response as 
well as that of other helper immune cells.

In most pathologies, microglia experience 
a change in their normal activity caused 
by environmental factors.2 Gliomas, 
or tumors in the neural glial tissues, 
are diseases that microglia should be 
able to handle. However, cells from 
the two microglial subcategories that 
migrate toward gliomal cells, M1 and 
M2, react differently in the gliomal 
microenvironment. M1 microglia promote 
tumor degradation by activating other 
immune cells and phagocytizing gliomal 
tumor cells. However, M2 microglia 
promote tumor growth by inhibiting 
proinflammatory cytokine activity 
and slowing immune cell responses.6 
Cytokines are small proteins that 
aid cell communication and regulate 
cellular immune response.7 Additionally, 
tumor necrosis factor (TNF) stimulates 
inactivated microglial migration into 
the glioma, carving a pathway for 
glioma to migrate to other areas of the 
brain. Some gliomal therapies have 
focused on inhibiting the activity of M2 
microglia. Various drug treatments that 
inhibit M2 activity have been shown to 
decrease gliomal proliferation in vivo. 
However, the success of these therapies 
should be treated with caution: gliomal 
immunosuppression both inactivates 
multiple immune responses outside 
of microglia and has the plasticity to 
circumvent anti-tumor therapies.6

Reduced microglial activity is related to a 
variety of neurodevelopmental disorders 
such as autism that demonstrate 
decreased connectivity in the brain.8 
Microglia are responsible for forming 
mature spines and eliminating immature 
connections in the brain during post-natal 
development. This seems counterintuitive; 
how can decreasing in microglial activity, 
which causes less synaptic pruning, 
somehow cause less connectivity in 
the brain? Reduced microglial activity 
is actually preventing the brain from 

eliminating immature spine connections, 
which leads to fewer mature connections. 
Failing to eliminate immature connections 
physically hinders other synapses 
from forming multiple connections. 
Techniques that would increase microglial 
activity include increasing CR3/C3 
pathway activity, which triggers synaptic 
pruning via an unknown mechanism.9 
Although microglial therapies might 
not entirely eliminate autism, which 
acts through a variety of known and 
unknown neurological mechanisms, 
there is potential for ameliorating some 
symptoms.
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"Reduced microglial activity is related 
to a variety OF mental illnesses that 
demonstrate decreased connectivity in 

the brain, including autism."
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Microglia often experience increased 
sensitivity in the aging brain caused by 
an increased expression of activation 
markers.10 This leads to several 
inflammatory neurological illnesses, 
including Alzheimer’s disease (AD). 
Microglia are once again found to play 
contradicting roles in the progression 
of Alzheimer’s; their activity is critical 
in producing neuroprotective anti-
inflammatory cytokines, removing cell 
debris, and degrading amyloid-β protein, 
the main component of amyloid plaques 
that cause neurofibrillary tangles.10 
Alternatively, activating microglia runs 
the risk of hyper-reactivity, which can 
cause extreme detriment to the central 
nervous system. Non-steroidal anti-
inflammatory drugs (NSAIDs) have 
been shown to decrease the amount 
of activated microglia by 33% in non-
AD patients. Treatment on microglial 
cultures increased amyloid-β phagocytosis 
and decreased inflammatory cytokine 
secretion. However, this treatment did not 
alter the microglial inflammatory activity in 
AD patients. The ideal microglial therapy 
for neuroinflammatory illnesses would 
result in the expression of only positive 

microglial activity, such as amyloid-β 
degradation, and the elimination 
of negative activity, such as pro-
inflammatory secretion. One mechanism 
that increases pro-inflammatory secretion 
is amyloid-β binding to formyl peptide 
receptor (FPR) on microglia. Protein 
Annexin A1 (ANXA1) binding to FPR has 
been seen to inhibit interactions between 
amyloid-β and FPR, which decreases pro-
inflammatory secretion.

Central nervous system pathology 
researchers often speculate as to how 
certain bacteria and viruses are able to 
enter the brain and consider mechanisms 
such as increase in blood-brain barrier 
permeability and chemical exchange 
through cerebrospinal fluid. However, the 
discovery of nervous system lymphatic 
vessels may put much of this speculation 
to rest and open up an entirely new venue 
of neuroimmunological research.11 The 
interaction between microglial immune 

function and these lymphatic vessels could 
introduce treatments that recruit microglia 
to sites where bacterial and viral infections 
are introduced into the brain. Alternatively, 
therapies that increase bodily immune cell 
and microglial interactions by increasing the 
presence of bodily immune cells in the brain 
could boost the neural immune defense. 
Other approaches could involve introducing 
drugs that increase or decrease microglial-
activity into more accessible lymphatic 
vessels elsewhere in the body for proactive 
treatment of neonatal brain diseases. 
Although we have made some steps towards 
curing brain diseases that involve microglial 
activity, coordinating these treatments 
with others that increase neural immune 
defenses has the potential to create effective 
treatment for those afflicted by devastating 
and currently incurable neurological 
diseases.
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DEFECT 
PATCH 

“THE FUTURE FOR 
DEFECT PATCHES IS 

EXTREMELY PROMISING 
AND EXCITING FOR THE 

HEALTHCARE INDUSTRY.”

BY SONAL PAI

THE BAND-AID FOR 
THE HEART

shapeability.2 Natural possibilities include 
gelatin, chitosan, fibrin, and submucosa.1 
Though gelatin is easily biodegradable, it 
has poor strength and lacks cell surface 
adhesion properties. Similarly, fibrin 
binds to different receptors, but with 
weak compression.3 On the artificial 

side, the polyglycolic acid (PGA) polymer, 
is strong and porous, while the poly 
lactic co-glycolic acid (PLGA) polymer 
has regulated biological properties, but 
poor cell attachment. This trade-off 
between different components of a good 
patch is what makes the building and 
modification of these systems so difficult. 
Nevertheless, the future of defect patches 
is extremely promising.

magine hearing that your newborn, 
only a few minutes out of womb, has 

a heart defect and will only live a couple 
more days. Shockingly, 1 in every 125 
babies is born with some type of con-
genital heart defect, drastically reducing 
his or her lifespan.1 However, research 
institutes and hospitals nationwide are 
testing solutions and advanced devices to 
treat this condition. The most promising 
approach is the defect patch, in which 
scaffolds of tissue are engineered to 
mimic a healthy heart. The heart is 
enormously complex; mimicking is easier 
said than done. These patches require 
a tensile strength (for the heart’s pulses 
and variances) that is greater than that 
of the left ventricle of the human.1 To 
add to the difficulty of creating such a 
device, layers of the patch have to be not 
only tense and strong, but also soft and 
supple, as cardiac cells prefer malleable 
tissue environments. 

Researchers have taken on this challenge 
and, through testing various biomaterials, 
have determined the compatibility of 
each material within the patch. The 
materials are judged on the basis of 
their biocompatibility, biodegradable 
nature, reabsorption, strength, and 

An unnatural polymer that is often used 
in creating patches is polycaprolactone, 
or PCL. This material is covered with 
gelatin-chitosan hydrogel to form a 
hydrophilic (water-conducive) patch.1 In 
the process of making the patch, many 
different solutions of PCL matrices are 
prepared. The tension of the patch is 
measured to make sure that it will not 
rip or become damaged due to increased 
heart rate as the child develops. The force 
of the patch must always be greater than 
that of the left ventricle to ensure that 
the patch and the heart muscles do not 
rupture.1 Although many considerations 
must be accounted for in making this 
artificial patch, the malleability and 
adhesive strength of the device are the 
most important.1 Imagine a 12-year-old 
child with a defect patch implanted in 
the heart. Suppose this child attempts 
to do a cardio workout, including 100 
jumping jacks, a few laps around a track, 
and some pushups. The heart patch 
must be able to reach the ultimate tensile 
strain under stress without detaching or 
bursting. The PCL core of the patch must 
also be able to handle large bursts of 
activity. Finally, the patch must be able to 
grow with the child and the heart must 
be able to grow new cells around the 

I
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patch. In summary, the PCL patch must be 
biodegradable, have sufficient mechanical 
strength, and remain viable under harsh 
conditions.

While artificial materials like PCL 
are effective, in some situations, the 
aforementioned design criteria are best 
fulfilled by patches made from natural 
biomaterials. For instance, chitosan 
serves as a good 
template for the 
outside portion of the 
patch.4 This material 
is biocompatible, 
bioabsorbable, and 
shapeable. The use 
of natural materials 
can reduce the risk of 
vascularization, or the 
abnormal formation 
of blood vessels. 
They can also adapt 
to gradual changes 
of the heart. Natural 
patches being developed and tested in 
Dr. Jeffrey Jacot’s lab at Rice University 
include a core of stem cells, which can 
differentiate into more specialized cells as 
the heart grows. They currently contain 
amniotic fluid-derived stem cells (AFSC) 
which must be isolated from humans.5 

Researchers prepare a layer of chitosan (or 

fibrin in some cases) and polyethylene glycol 
hydrogels to compose the outside part of 
the patch.4 They then inject AFSC into this 
matrix to form the final patch. The efficiency 
of the patch is measured by recording the 
stem cells’ ability to transform into new 
cells. In experiments, AFSC are able to 
differentiate into virtually any cell type, and 
are particularly promising in regenerative 
medicine.5 These initial prototypes are 

still being developed 
and thoroughly tested 
on rodents.6 A major 
limitation of this 
approach is the inability 
of patches to adapt 
in rapidly developing 
hearts, such as those of 
human infants and patch 
testing on humans or 
even larger mammals 
has yet to be done. 
The most important 
challenges for the 
future of defect patches 

are flexibility and adaptability.6 After all, 
this patch is essentially a transformed and 
repaired body part. Through the work of labs 
like Dr. Jacot’s, cardiac defects in infants and 
children may be completely treatable with a 
patch. Hopefully, in the future, babies with 
this “Band-Aid” may have more than a few 
weeks to live, if not an entire lifetime. 
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umans are continuously pursuing 
perfection. This drive is what 

motivates scientific researchers and 
comic book authors to dream about 
the invention of bionic men. It seems 
inevitable that this quest has expanded 
to target humankind’s most prized 
possession: our brain. Cognitive 
enhancements are various technologies 
created in order to elevate human mental 
capacities. However, as scientists and 
entrepreneurs attempt to research and 
develop cognitive enhancements, society 
faces an ethical dilemma. Policy must help 
create a balance, maximizing the benefits 
of augmented mental processing while 
minimizing potential risks. 

Cognitive 
enhancements 
are becoming 
increasingly 
prevalent 
and exist in 
numerous forms, 
from genetic 
engineering to 
brain stimulation 
devices to cognition-
enhancing drugs. The 
vast differences between 
these categories make it 
difficult to generalize a single proposition 
that can effectively regulate enhancements 
as a whole. Overall, out of these types, 
prescription pills and stimulation devices 
currently have the largest potential for 
widespread usage. 

Prescription pills exemplify the many 
benefits and drawbacks of using cognitive 
enhancements. ADHD medications like 
Ritalin and Adderall, which stimulate 
dopamine and norepinephrine 
activity in the brain, may be the most 
ubiquitous example of available cognitive 
enhancements. These drugs are especially 
abused among college students, who 
use these pills to stay awake for longer 
periods of time and enhance their 
attention while studying. In a collection 
of studies, 4.1 to 10.8% of American 
college students reported recreationally 
using a prescription stimulant in the 
past year, while the College Life 
Study determined that up to a 
quarter of undergraduates 
used stimulants at least 
once during college.1, 2 

Students may not know 
or may disregard the 
fact that prolonged 
abuse has resulted 
in serious health 
concerns, including 
cardiopulmonary issues 
and addiction. When 
these medications are 
taken incorrectly, especially in 
conjunction with alcohol, users risk 
seizures and death.3

In addition to stimulants, there are a 
variety of other prescriptions that have 
been shown to improve cognitive function. 
Amphetamines affect neurotransmitters 
in the brain to increase consciousness 
and adjust sleep patterns. They achieve 
this by preventing dopamine reuptake 
and disrupting normal vesicular 
packaging, which also increases dopamine 
concentration in the synaptic cleft through 
reverse transport from the cytosol.4 
These drugs are currently used by the 
armed forces to mitigate pilots’ fatigue 

in high-intensity situations. While 
usage of these drugs may help 

regulate pilots’ energy levels, 
this unfortunately means that 

pilots face heavy pressure to 
take amphetamines despite 
the possibility of addiction 
and the lack of approval 
from the U.S. Food and Drug 
Administration.5 

Besides prescription 
medications, various 

technological devices exist or are 
being created that affect cognition. 

For instance, transcranial direct current 
stimulation (tDCS) and transcranial 
magnetic stimulation (TMS) are devices 
currently marketed to enhance cognitive 
functioning through online websites and 
non-medical clinics, even though they have 
not yet received comprehensive clinical 

evaluations for this purpose.6 tDCS works 
by placing electrodes on the scalp to target 
specific brain areas. The machine sends 
a small direct current through electrodes 
to stimulate or inhibit neuronal activity. 
Similarly, TMS uses magnetic fields to 
alter neural activity. These methods have 
been shown to improve cognitive abilities 
including working memory, attention, 
language, and decision-making. Though 
these improvements are generally short-
term, one University of Oxford study used 
tDCS to produce long-term improvements 
in mathematical abilities. Researchers 

taught subjects a new numerical 
system and then tested their 

ability to process and map 
the numbers into space. 

Subjects who received 
tDCS stimulation to 
the posterior parietal 
cortex displayed 
increased performance 
and consistency up to 
six to seven months 

after the treatment. 
This evidence indicates 

that tDCS can be used 
for the development of 

mathematical abilities as well 
as the treatment of degenerative 

neurological disorders such as 
Alzheimer’s.7

Regulation of cognitive enhancements is 
a multifaceted issue for which the risks 
and benefits of widespread usage must 
be intensively examined. According to one 
perspective, enhancements possess the 
ability to maximize human efficiency. If an 
enhancement can enable the acceleration 
of technological development and enable 
individuals to solve issues that affect 
society, it could improve the quality of 
life for users and non-users alike. This is 
why bans on anabolic steroids are not 
directly comparable to those on cognitive 
enhancements. While both medications 
share the goal of helping humans 
accomplish tasks beyond their natural 
capabilities, cognitive enhancements 
could accelerate technological and societal 
advancement. This would be more 
beneficial to society than one individual’s 
enhanced physical prowess.

While discussing this, it should be 
noted that such enhancements will not 
instantaneously bestow the user with 
Einsteinian intellectual capabilities. In 
a recent meta-analysis of 48 academic 
studies with 1,409 participants, prescription 
stimulants were found to improve delayed 
working memory but only had modest 
effects on inhibitory control and short-
term episodic memory. The report also 
discussed how in some situations, other 
methods, including getting adequate 
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sleep and using cognitive techniques like 
mnemonics, are far more beneficial than 
taking drugs such as methylphenidate and 
amphetamines. Biomedical enhancements, 
however, have broad effects that are 
applicable to many situations, while 
traditional cognitive techniques that don’t 
directly change the biology behind neural 
processes are task-specific and only rarely 
produce significant improvements.8

However, if we allow enhancement use to 
grow unchecked, an extreme possibility 
is the creation of a dystopian society led 
by only those wealthy enough to afford 
cognitive enhancements. Speculation 
about other negative societal effects is 
endless; for example, widespread use of 
cognitive enhancements could create a 
cutthroat work environment with constant 
pressure to use prescription pills or cranial 
stimulation, despite side effects and cost, 
in order to compete in the job market.

The possibility of addiction to cognitive 
enhancements and issues of social 
stratification based on access or cost 
should not be disregarded. However, 
there are many proposed solutions to 
these issues. Possible governmental 
regulation proposed by neuroethics 
researchers includes ensuring that 
cognitive enhancements are not readily 
available and are only given to those who 
demonstrate knowledge of the risks and 
responsible use of such enhancements. 

Additionally, the creation of a national 
database, similar to the current system 
used to regulate addictive pain relievers, 
would also help control the amount of 
medication prescribed to individuals. This 
database could be an integrated system 
that allows doctors to view patients’ 
other prescriptions, ensuring that those 
who attempt to deceive pharmacies 
to obtain medications for personal 
abuse or illegal resale could not easily 
abuse the system. Finally, to address 
the issue of potential social inequality, 
researchers at Oxford University’s Future 
of Humanity Institute proposed a system 
in which the government could support 
broad development, competition, public 
understanding, a price ceiling, and even 
subsidized access for disadvantaged 
groups, leading to greater equalized access 
to cognitive enhancements.9

Advances have made it possible to alter 
our minds using medical technology. 
Society requires balance to regulate these 
enhancements, an environment that will 
promote safe use while preventing abuse. 
The regulation of cognitive enhancement 
technologies should occur at several levels 
to be effective, from market approval to 
individual use. When creating these laws, 
research should not be limited because 
that could inhibit the discovery of possible 
cures to cognitive disorders. Instead, the 
neuroethics community should focus 
on safety and public usage regulations 

Types of
ENHANCEMENTS

PRESCRIPTION PILLS
Adderall and Ritalin improve 
concentration and attention

Transcranial direct current 
stimulation (tDCS) and 
transcranial magnetic stimulation 
(TMS) improve working memory 
and mathematical ability 

BRAIN STIMULATION

GENE THERAPY
Genetic modifications 
could target genes 
affecting memory
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with the mission of preventing abuse 
and social stratification. Cognitive 
enhancements have the potential to 
affect the ways we learn, work, and 
live. However, specific regulations to 
address the risks and implications of 
this growing technology are required; 
otherwise the results could be 
devastating. 
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GOLD NANOPARTICLES
&

ABSTRACT
Nanotechnology has recently produced 
several breakthroughs in localized 
cancer therapy. Specifically, directing the 
accumulation of gold nanoparticles (GNPs) in 
cancerous tissue enables the targeted release 
of cytotoxic drugs and enhances the efficacy 
of established cancer therapy methods. 
This article will give a basic overview of the 
structure and design of GNPs, the role of 
GNPs in drug delivery and localized cancer 
therapy, and the challenges in developing 
and using GNPs for cancer treatment.

INTRODUCTION
Chemotherapy is currently the most broadly 
utilized method of treatment for most 
subtypes of cancer. However, cytotoxic 
chemotherapy drugs are limited by their 
lack of specificity; chemotherapeutic 
agents target all of the body’s most actively 
dividing cells, giving rise to a number of 
dangerous side effects.1 GNPs have recently 
attracted interest due to their ability to act 
as localized cancer treatments—they offer 
a non-cytotoxic, versatile, specific targeting 
mechanism for cancer treatment and a high 
binding affinity for a wide variety of organic 
molecules.2 Researchers have demonstrated 
the ability to chemically modify the surfaces 
of GNPs to induce binding to specific 
pharmaceutical agents, biomacromolecules, 
and malignant cell tissues. This allows GNPs 
to deliver therapeutic agents at tumor sites 
more precisely than standard intravenous 
chemotherapy can. GNPs also increase the 
efficiency of established cancer therapy 
methods, such as hyperthermia.3 This 
article will briefly cover the design and 
characteristics of GNPs, and then outline 
both the roles of GNPs in cancer therapy and 
the challenges in implementing GNP-based 
treatment options.

DESIGN AND CHARACTERISTICS OF GOLD 
NANOPARTICLES 
Nanoparticle Structure 
To date, gold nanoparticles have been 
developed in several shapes and sizes.4 
Although GNPs have also successfully 
been synthesized as rods, triangles, and 
hexagons, spherical GNPs have been 
demonstrated to be one of the most 
biocompatible nanoparticle models. GNP 
shape affects accumulation behavior in 
cells.4 A study by Tian et. al. found that 
hexagonal GNPs produced a greater rate of 
vesicular aggregation than both spherical 
and triangular GNPs.

Differences in GNP shape also cause 
variation in surface area and volume, which 
affects cellular uptake, biocompatibility, and 
therapeutic efficiency.4 For example, GNPs 
with greater surface area or more vertices 
possess enhanced cell binding capabilities 
but also heightened cell toxicity. Clearly, 
GNP nanoparticles must be designed with 
respect to their intended function.

Nanoparticle Surface Modification
In order to target 
specific cells or 
tissues, GNPs must 
undergo a ligand 
attachment process 
known as surface 
modification. The 
types of ligand 
particles attached 
to a GNP affect its 
overall behavior. 
For example, ligand 
particles consisting 
of inert molecular 
chains can stabilize 
nanoparticles 
against inefficient 

aggregation.5 Polyethylene glycol (PEG) is a 
hydrocarbon chain that stabilizes GNPs by 
repelling other molecules using steric effects; 
incoming molecules are unable to penetrate 
the PEG-modified surface of the GNPs.5 
Certain ligand sequences can enable a GNP 
to strongly bind to a target molecule by 
molecular recognition, which is determined 
by geometric matching of the surfaces of the 
two molecules.5

Tumor cells often express more cell surface 
receptors than normal cells; targeting these 
receptors for drug delivery increases drug 
accumulation and therapeutic efficacy.6 

However, the receptors on the surface of 
tumor cells must be exclusive to cancerous 
cells in order to optimize nanoparticle and 
drug targeting. For example, most tumor 
cells have integrin receptors.7 To target these 
residues, the surfaces of the therapeutic 
GNPs can be functionalized with the arginine-
glycine-aspartic acid (RGD) sequence, which 
binds to key members within the integrin 
family.8 Successful targeting can lead to 
endocytosis and intracellular release of the 
therapeutic elements that the GNPs carry. 

CANCER THERAPY
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Scanning Electron Microscope picture of gold nanoflowers. A shows many nanoflowers 
congregated together. B is a magnified view of a single nanoflower.
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therapy since it controls the processes of 
cell growth, proliferation, and apoptosis, 
which are commonly defective in tumor 
cells. Accumulation of GNPs inside nuclei 
can disrupt faulty nuclear processes and 
eventually induce cell apoptosis. The 
structure of the GNP used to target the 
nucleus determines the final effect. For 
example, small spherical and “nanoflower”-
shaped GNPs compromise nuclear 
functioning, but large GNPs do not.10 

Dysfunctional mitochondria are also valuable 

targets in localized therapy as they control 
the energy supply of tumor cells and are 
key regulators of their apoptotic pathways.10 
Specific organelle targeting causes internal 
cell damage to cancerous tissue only, sparing 
normal tissue from the damaging effects of 
therapeutic agents. This makes nuclear and 
mitochondrial targeting a desirable treatment 
option that merits further investigation.

CHALLENGES OF GOLD NANOPARTICLES IN 
LOCALIZED CANCER THERAPY
Cellular Uptake 
Significant difficulties have been encountered 
in engineering a viable method of cellular 
GNP uptake. Notably, GNPs must not only 
bind to a given cancer cell’s surface and 
undergo endocytosis into the cell, but they 
must also evade endosomes and lysosomes.10 
These obstacles are present regardless of 
whether the GNPs are engineered to target 
specific organelles or release therapeutic 
agents inside cancerous cells. Recent 
research has demonstrated that GNPs can 
avoid digestion by being functionalized 
with certain surface groups, such as 

An important factor of GNP therapy is the 
efficient targeting and release of remedial 
agents at the designated cancerous site. 
There are two types of GNP targeting: 
passive and active. In passive targeting, 
nanoparticles accumulate at a specific 
site by physicochemical factors (e.g. size, 
molecular weight, and shape), extravasation, 
or pharmacological factors. Release can 
be triggered by internal factors such as 
pH changes or external stimuli such as 
application of light.2 In active targeting, 
ligand molecules attached to the surface 
of a GNP render it capable of effectively 
delivering pharmaceutical agents and large 
biomacromolecules to specific cells in the 
body. 

GOLD NANOPARTICLES IN LOCALIZED 
CANCER THERAPY 
Hyperthermia
Hyperthermia is a localized cancer therapy 
in which cancerous tissue is exposed to high 
temperatures to induce cell death. Placing 
gold nanoparticles at the site of therapy can 
improve the efficiency and effectiveness 
of hyperthermia, leading to lower levels of 
tumor growth. GNPs aggregated at cancerous 
tissues allow intense, localized increases in 
temperature that better induce cell death. 
In one study on mice, breast tumor tissue 
containing aggregated GNPs experienced 
a temperature increase 28°C higher than 
control breast tumor tissue when subjected 
to laser excitation.9 While the control 
tissue had recurring cancerous growth, the 
introduction of GNPs significantly increased 
the therapeutic temperature of the tumors 
and permanently damaged the cancerous 
tissue.

Organelle Targeting

GNPs are also capable of specifically targeting 
malfunctioning organelles in tumor cells, 
such as nuclei or mitochondria. The nucleus 
is an important target in localized cancer 

“GNPS HAVE PRESENTED VIABLE MECHANISMS OF 
ENTERING THE HUMAN BODY AND ALTERING TARGET 

CELLS WHILE NOT INDUCING CYTOTOXIC RISKS.”

TUMORTUMOR

GOLD  
NANOPARTICLES

TUMORTUMOR

MAGNETIC 
HYPERTHERMIA 

THERAPY

TUMORTUMOR

GOLD  
NANOPARTICLES

TUMORTUMOR

MAGNETIC 
HYPERTHERMIA 

THERAPY

Sketch showing the injection 
of gold nanoparticles into the 
human body and their targeting 
of and travel to the tumor site. 
Hyperthermia therapy is then 
applied to the tumor site using a 
magnetic field.

polyethylenimine, that allow them to escape 
endosomes and lysosomes.10 

Toxic Effects on Local Tissue
 The cytotoxic effects of GNPs on local cells 
and tissues remain poorly understood.11 

However, recent research developments 
have revealed a relationship between the 
shapes and sizes of GNPs and their cell 
toxicities. Larger GNPs have been found 
to be more cytotoxic than smaller ones.12 
Gold nanospheres were lethal at lower 
concentrations, while gold nanostars were 

less toxic.13 While different shapes and sizes 
of GNPs can be beneficial in various localized 
cancer therapies, GNPs must be optimized 
on an application-by-application basis with 
regard to their toxicity level.

CONCLUSION
Gold nanoparticles have emerged as viable 
agents for cancer therapy. GNPs are effective 
in targeting malignant cells specifically, 
making them less toxic to normal cells than 
traditional cancer therapies. By modifying 
their surfaces with different chemical groups, 
scientists can engineer GNPs to accumulate at 
specific tumor sites. The shape and size of a 
GNP also affect its behavior during targeting, 
accumulation, and cellular endocytosis. After 
accumulation, GNPs may be used to enhance 
the efficacy of established cancer therapies 
such as hyperthermia. Alternatively, GNPs 
can deliver chemotherapy drugs to tumor 
cells internally or target specific organelles 
inside the cell, such as the nucleus and the 
mitochondria. 
Although some research has shown that 
GNPs themselves do not produce acute 
cytotoxicity in cells, other research has 
indicated that nanoparticle concentration, 
shape, and size may all affect cytotoxicity. 
Therefore, nanoparticle design should be 
optimized to increase cancerous cell death 
but limit cytotoxicity in nearby normal cells.
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Schematics of endocytosis of multiple nanoparticles (NPs). Nanoparticles outside the cell have 
surface chemical groups, which allow the nanoparticles to bind to receptors on the cell membrane. 
After binding to receptors, the nanoparticles become partially wrapped by the cell membrane and 
eventually become completely wrapped, or internalized, by the cell.
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ABSTRACT

There is an acute need for alternatives to 
modern bone regeneration techniques, 
which have in vivo morbidity and high 
cost. Dental pulp stem cells (DPSCs) 
constitute an immunocompatible and 
easily accessible cell source that is capable 
of osteogenic differentiation. In this 
study, we engineered economical hard-
soft intercalated substrates using various 
thicknesses of graphene/polybutadiene 
composites and polystyrene/polybutadiene 
blends. We investigated the ability of 
these scaffolds to increase proliferation 
and induce osteogenic differentiation in 
DPSCs without chemical inducers such as 
dexamethasone, which may accelerate 
cancer metastasis. 

For each concentration, samples were 
prepared with dexamethasone as a 
positive control. Proliferation studies 
demonstrated the scaffolds’ effects on 
DPSC clonogenic potential: doubling 
times were shown to be statistically 
lower than controls for all substrates. 
Confocal microscopy and scanning 
electron microscopy/energy dispersive 
X-ray spectroscopy indicated widespread 
osteogenic differentiation of DPSCs 
cultured on graphene/polybutadiene 
substrates without dexamethasone. 
Further investigation of the interaction 
between hard-soft intercalated substrates 
and cells can yield promising results for 
regenerative therapy.

INTRODUCTION

Current mainstream bone regeneration 
techniques, such as autologous bone 
grafts, have many limitations, including 
donor site morbidity, graft resorption, 
and high cost.1,2 An estimated 1.5 million 
individuals suffer from bone-disease 
related fractures each year, and about 
54 million individuals in the United 
States have osteoporosis and low bone 
mass, placing them at increased risk for 
fracture.2,3,4,5 Bone tissue scaffold implants 
have been explored in the past decade as 
an alternative option for bone regeneration 
treatments. In order to successfully 
regenerate bone tissue, scaffolds typically 
require the use of biochemical growth 
factors that are associated with side 
effects, such as the acceleration of cancer 
metastasis.6,7 In addition, administering 
these factors in vivo is a challenge.6 The 
purpose of this project was to engineer 
and characterize a scaffold that would 
overcome these obstacles and induce 

osteogenesis by controlling the mechanical 
environment of the implanted cells. 

First isolated in 2001 from the dental pulp 
chamber, dental pulp stem cells (DPSCs) 
are multipotent ecto-mesenchymal 
stem cells.8,9 Previous studies have 
shown that these cells are capable of 
osteogenic, odontogenic, chondrogenic, 
and adipogenic differentiation.10,11,12 Due 
to their highly proliferative nature and 
various osteogenic markers, DPSCs provide 
a promising source of stem cells for bone 
regeneration.11

An ideal scaffold should be able to 
assist cellular attachment, proliferation 
and differentiation.13 While several 
types of substrates suitable for these 
purposes have been identified, such as 
polydimethylsiloxane14 and polymethyl 
methacrylate15, almost all of them require 
multiple administrations of growth factors 
to promote osteogenic differentiation.6 
In recent years, the mechanical cues 
of the extracellular matrix (ECM) have 
been shown to play a key role in cell 
differentiation, and are a promising 
alternative to chemical inducers.16,17 

Recent studies demonstrate that 
hydrophobic materials show higher 
protein adsorption and cellular activity 
when compared to hydrophilic surfaces; 
therefore, we employed hydrophobic 
materials in our experimental 
scaffold.18,19,20,21 Polybutadiene (PB) is a 
hydrophobic, biocompatible elastomer 
with low rigidity. Altering the thickness of 
PB films can vary the mechanical cues to 
cells, inducing the desired differentiation. 
DPSCs placed onto spin-casted PB films of 
different thicknesses have been observed 
to biomineralize calcium phosphate, 
supporting the idea that mechanical stimuli 
can initiate differentiation.6,16,17 Atactic 
polystyrene (PS) is a rigid, inexpensive 
hydrophobic polymer.22 As PB is flexible 
and PS is hard, a polymer blend of PS-PB 
creates a rigid yet elastic surface that could 
mimic the mechanical properties of the 
ECM. 

Recently, certain carbon compounds 
have been recognized as biomimetic.23 

The remarkable rigidity and elasticity of 
graphene, a one-atom thick nanomaterial, 
make it a compelling biocompatible 
scaffold material 
candidate.24 Studies have also shown that 
using a thin sheet of graphene as a 
substrate enhances the growth and 
osteogenic differentiation of cells.23

We hypothesized that DPSCs plated 
on hard-soft intercalated substrates—
specifically, graphene-polybutadiene (G-PB) 
substrates and polystyrene-polybutadiene 
(PS-PB) substrates of varying thicknesses—
would mimic the elasticity and rigidity 
of the bone ECM and thus induce 
osteogenesis without the use of chemical 
inducers, such as dexamethasone (DEX). 

MATERIALS AND METHODS*

G-PB and PS-PB solutions were prepared 
through dissolution of varying amounts of 
graphene and PS in PB-toluene solutions 
of varying concentrations. Graphene was 
added to a thin PB solution (3 mg PB/
mL toluene) to create a 1:1 G-PB ratio by 
mass. Graphene was added to a thick PB 
solution (20 mg PB/mL toluene) to create 
1:1 and 1:5 G-PB ratios by mass. PS was 
added to a thick PB solution to create 
1:1, 1:2, and 1:4 PS-PB blend ratios by 
mass. Spincasting was used to apply G-PB 
and PS-PB onto silicon wafers as layers 
of varying thicknesses (thin PB: 20.5nm, 
thick PB: 202.0nm).25 Subsequently, DPSCs 
were plated onto the coated wafers 
either with or without dexamethasone 
(DEX). Following a culture period of 
eight days, the cells were counted with a 
hemacytometer to determine proliferation, 
and then stained with xylenol orange for 
qualitative analysis of calcification. Cell 
morphology and calcification of stained 
cells were determined through confocal 
microscopy and phase contrast fluorescent 
microscopy. Cell modulus and scaffold 
surface character were determined using 
atomic force microscopy. Finally, cell 
biomineralization was analyzed using 
scanning electron microscopy.

DEVELOPMENTS IN BONE REGENERATIVE MEDICINE 
     USING STEM CELL TREATMENT

BY SANKET MEHTA
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RESULTS

Cell Proliferation and Morphology

To ensure the biocompatibility of 
graphene, cell proliferation studies were 
conducted on all G-PB substrates. Results 
showed that G-PB did not inhibit DPSC 
proliferation. The doubling time was lowest 
for 1:1 G-thick PB, while doubling time was 
observed to be greatest for 1:1 G-thin PB. 
Multiple two-sample t-tests showed that 
the graphene substrates had significantly 
lower doubling times than standard plastic 
monolayer (p < 0.001).

After days 3, 5, and 8, cell morphology of 
the DPSCs cultured on the G-PB and PS-PB 
films was analyzed using phase contrast 
fluorescent microscopy. Images showed 
normal cell morphology and growth, 
based on comparison with the control 
thin PB and thick PB samples. After day 
16 and 21 of cell incubation, morphology 
of the DPSCs cultured on all substrates 
was analyzed using confocal microscopy. 
There was no distinctive difference among 
the morphology of the DPSC colonies. 
DPSCs appeared to be fibroblast-like and 
were confluent in culture by day 15 of 
incubation.

Modulus Studies

In order to establish a relation between 
rigidity of the cells and rigidity of the 
substrate the cells were growing on, 
modulus measurements were taken using 
atomic force microscopy. Modulus results 
are included in Figure 3.

Differentiation Studies

After day 16 of incubation, 
calcification of DPSCs on 
all substrates was analyzed 
using confocal microscopy. 
Imaging indicated preliminary 
calcification on all substrates 
with and without DEX. 
Qualitatively, the DEX samples 
exhibited much higher levels of 
calcification than their non-DEX 
counterparts, as evident in thin 
PB, 1:1 G-thin PB, and 1:4 PS-PB 
samples. 

After days 16 and 21 of 
incubation, biomineralization 
by the DPSCs cultured on the 
substrates was analyzed by 
scanning electron microscopy 
(SEM) and energy dispersive 
X-ray spectroscopy (EDX). The 
presence of white, granular 
deposits in SEM images indicates the 
formation of hydroxyapatite, which 
signifies differentiation. This differentiation 
was confirmed by the presence of calcium 
and phosphate peaks in EDX analysis. 
Other crystals (not biomineralized) were 
determined to be calcium carbonates by 
EDX analysis and were not indicative of 
DPSC differentiation. 

On day 16, only thin PB induced with 
DEX was shown to have biomineralized 
with sporadic crystal deposits. By day 
21, all samples were shown to have 
biomineralized to some degree, except 
for 1:1 PS-PB (non-DEX) and 1:4 PS-PB 

(non-DEX). Heavy biomineralization 
in crystal and dotted structures was 
apparent in DPSCs cultured on 1:1 
G-thin PB (both with and without DEX). 
Furthermore, samples containing graphene 
appeared to have greater amounts of 
hydroxyapatite than the control groups. 
All PS-PB substrates biomineralized in 
the presence of DEX, while only 1:2 PS-PB 
was shown to biomineralize without DEX. 
While results indicate that while PS-PB 
copolymers generally require DEX for 
biomineralization and differentiation, 
this is not the case for G-PB substrates. 
Biomineralization occurred on DPSCs 
cultured on G-PB substrates without DEX, 
demonstrating the differentiating ability of 
the G-PB mechanical environment and its 
interactions with DPSCs.

DISCUSSION

This study investigated the effect of 
hard-soft intercalated scaffolds on the 
proliferation and differentiation of DPSCs 
in vitro. As cells have been shown to 
respond to substrate mechanical cues, we 
monitored the effect of ECM-mimicking 
hard-soft intercalated substrates on the 
behavior of DPSCs. We chose graphene 
and polystyrene as the hard components, 
and used polybutadiene as a soft matrix.

By using AFM for characterization of 
the G-PB composite and PS-PB blend 
substrates, we demonstrated that all 
surfaces had proper phase separation 
and uniform dispersion. This ensured that 
DPSCs would be exposed to both the hard 
peaks and soft surfaces during culture, 
allowing us to draw valid conclusions 
regarding the effect of substrate 
mechanics. 

Modulus studies on substrates indicated 
that 1:1 G-thin PB was the most rigid 
substrate and control thin PB was the 

Figure 1: Experimental Setup. Dental pulp stem cells 
were cultured on these surfaces with and without 

dexamethasone.

Figure 2: DPSC Doubling Time on Various Substrates. The doubling times of  cells grown on engineered 
substrates and cells grown on tissue culture plastic monolayer (TCP) were compared to gauge the 
effectiveness of  the substrates in influencing proliferation. A lower doubling time indicates faster proliferation. 
All the shown engineered substrates induced significantly lower doubling times than TCP (Student’s T-test, p < 
0.001). In general, thick PB samples induced lower doubling times than thin PB samples. Note that Tk and Tn 
stand for thick and thin, respectively. Error bars denote standard deviation.
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second most rigid. In general, G-PB 
substrates were 8-20 times stiffer than PS-
PB substrates. The high relative modulus 
of graphene-based substrates can be 
attributed to the stiffness of graphene 
itself. The cell modulus appeared highly 
correlated to the substrate modulus, both 
indicating that the greater the stiffness of 
the substrate, the greater the stiffness of 
DPSCs cultured on it and supporting the 
finding that substrate stiffness affects the 
cell ECM.27,28 For example, 1:1 G-thin PB had 
the highest surface modulus, and DPSCs 
grown on 1:1 G-thin PB had the highest cell 
modulus. Conversely, DPSCs grown on 1:4 
PS-PB had the lowest cell modulus, and 
1:4 PS-PB had one of the lowest relative 
surface moduli. Another notable trend 
involves DEX; cells cultured with DEX had 
greater moduli than cells cultured without, 
suggesting a possible mechanism used 
by DEX to enhance stiffness and thereby 
osteogenesis of DPSCs. 

Cell morphology studies indicated normal 
growth and normal cell shape on all 
substrates. Cell proliferation studies 
indicated that all samples had significantly 
lower cell doubling times than standard 
plastic monolayer (p < 0.001). Results 
confirm that graphene is not cytotoxic to 
DPSCs, which supports previous research.27  

SEM/EDX indicated that DPSCs grown 
on thick PB soft substrates appeared to 
have increased proliferation but limited 
biomineralization. In contrast, cells on 
the hardest substrates, 1:1 G-thin PB and 
thin PB, exhibited slower proliferation, but 
formed more calcium phosphate crystals, 
indicating greater biomineralization and 
osteogenic differentiation. The success of 
G-PB substrates in inducing osteogenic 
differentiation may be explained by the 
behavior of graphene itself. Graphene 
can influence cytoskeletal proteins, thus 
altering the differentiation of DPSCs 
through chemical and electrochemical 
means, such as hydrogen bonding with 
RGD peptides.29,30 In addition, G-PB 
substrate stiffness may upregulate 
levels of alkaline phosphatase and 
osteocalcin, creating isometric tension in 
the DPSC actin network and resulting in 
greater crystal formation.30 Overall, the 
proliferation results indicate that cells that 
undergo higher proliferation will undergo 
less crystal formation and osteogenic 
differentiation (and vice-versa). 

The data presented here indicate that 
hard-soft intercalated substrates have the 
potential to enhance both proliferation and 
differentiation of DPSCs. G-PB substrates 
possess greater differentiation capabilities, 
whereas PS-PB substrates possess greater 

proliferative capabilities. Within graphene-
based substrates, 1:1 G-thin PB induced 
the greatest biomineralization, performing 
better than various other substrates 
induced with DEX. This indicates that 
substrate stiffness is a potent stimulus 
that can serve as a promising alternative to 
biochemical factors like DEX. 

CONCLUSION

The development of an ideal scaffold has 
been the focus of significant research 
in regenerative medicine. Altering the 
mechanical environment of the cell offers 
several advantages over current strategies, 
which are largely reliant on growth factors 
that can lead to acceleration of cancer 
metastasis. Within this study, the optimal 
scaffold for growth and differentiation 
of DPSCs was determined to be the 1:1 
G-thin PB sample, which exhibited the 
greatest cell modulus, crystal deposition, 
and biomineralization. In addition, our 
study indicates two key relationships: one, 
the correlation between substrate and 
cell rigidity, and two, the tradeoff between 
scaffold-induced proliferation and scaffold-
induced differentiation of cells, which 
depends on substrate characteristics. 
Further investigation of hard-soft 
intercalated substrates holds potential for 
developing safer and more cost-effective 
bone regeneration scaffolds.
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Figure 3: Relative Moduli of  DPSCs on Substrates after 7 Days. The relative moduli 
of  DPSCs cultured on different substrates for 7 days was determined using atomic 
force microscopy. Generally, samples cultured with DEX appeared to have increased 
moduli. Additionally, samples cultured on thinner films had greater moduli. Films 
supplemented with graphene also tended to have greater moduli. Error bars denote 
standard deviation.
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ABSTRACT
Epigenetics is the study of the phenotypic variation 
caused by external factors (e.g. diet, nicotine use, and 
carcinogenic chemical exposure) that influence the 
mechanisms through which cells read and interpret 
genes. Epigenetic modifications are independent 
of genetic mutations. Currently, epigenetics offers 
significant promise in novel noninvasive cancer 
therapies and early diagnostic tools. Key epigenetic 
processes including DNA methylation and histone 
modification are reversible, unlike most genetic 
mutations. Reversing these processes in tumor 
suppressor genes can restore normal behavior in 
tumor cells. This review discusses the biological basis 
and treatment potential of these processes and 
provides a brief analysis of their potential application 
in cancer treatment.

INTRODUCT ION
DNA is a double-helical structure packed into the 
nuclei of eukaryotic cells in the form of chromatin. 
The basic unit of DNA packing in chromatin is the 
nucleosome, a complex of eight histone proteins and 
approximately 140 DNA base pairs. Further coiling 
of repeating nucleosome fibers eventually yields a 
chromatid, a key component of a chromosome.1 

Gene expression is epigenetically regulated through 
alterations in chromatin structure and the double 
helix of DNA by addition of functional groups. 
DNA methylation and histone modification are the 
most understood mechanisms of such epigenetic 
modulation. Errant modification of functional 
group patterns in DNA or histone tails could 
result in unintended silencing of critical regulatory 
genes, a process which contributes to the 
development of several diseases, including 
cancer.2 Understanding these complex 
mechanisms is essential for the development 
of cancer therapies that reverse the inhibition 
of tumor-suppressor genes. This review seeks 
to outline the biochemical basis of the gene 
silencing effected by DNA methylation and 
histone modification, as well as the current 
developments in reversing these mechanisms 
for the prevention of cancer. 

HISTONE MODIFICAT ION & 
I TS IMPLICAT IONS ON CANCER
Histone modifications are reversible 
modifications at the N-terminals of histones 
in a nucleosome. These include, but are not 

limited to, acetylation, methylation, phosphorylation, 
and ubiquitination. Depending on the group 
added or removed from a given histone, local gene 
transcription can be upregulated or downregulated. 
Histone acetylation, for instance, modifies chromatin 
into a less-condensed conformation that is more 
transcriptionally active.3 Conversely, histone 
deacetylases (HDACs) remove acetyl groups, 
increasing the ionic attractions between positively 
charged histones and negatively charged DNA and 
tightening chromatin structure. In order to further 
condense chromatin, HDACs can also recruit K9 
histone methyltransferases (HMTs) to methylate 
H3K9 histone residues, providing the condensing 
agent heterochromatin protein 1 (HP1) with a binding 
site. As a result of the condensed heterochromatin 
conformation, the cell has limited transcriptional 
access to the genome.4  

Recent research has established histone modifications 
as useful biomarkers in cancer diagnosis. HDACs, 
specifically HDAC1, can often be identified in 
elevated quantities in prostate and gastric cancer 
patients. Prostate cancer tumors have been 
characterized by general hypomethylation of histone 
residues H4K20me1 and H4K20me2, as well as 
hypermethylation of residue H3K27 and increased 
activity of its specific methyltransferase. These 
conditions are now associated with progression and 
metastasis of prostate cancer. Histone modifications 
play a multifaceted role in cancer diagnosis and 
treatment. In addition to serving as diagnostic 
biomarkers, they are also potential therapeutic 
agents. Drugs that specifically inhibit HDACs are 
currently being manufactured and assessed for clinical 
application after recent FDA approval.5
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DNA METHYLAT ION & 
I TS IMPLICAT IONS FOR CANCER
In DNA methylation, a methyl group is 
covalently added to a cytosine ring in the 
DNA sequence, forming a 5-methylcytosine. 
Molecules of 5-methylcytosine are found 
primarily at cytosine-guanine dinucleotides 
(CpGs). Some areas of high CpG density, 
such as CpG islands, are characteristically 
unmethylated and are located in or near the 
promoter regions of genes, allowing them 
to play a role in gene expression. Enzymes 
termed DNA methyltransferases (DNMTs) 
facilitate the methylation of CpG residues. 
Three key members of this family include 
Dnmt1, Dnmt3a, and Dnmt3b. Dnmt1 is 
labeled as the “maintenance” DNMT due to 
its methylation of DNA near replication forks, 
which preserves the epigenetic inheritance 
of methylation patterns across cellular 
generations. The other two DNMTs serve 
to directly methylate other CpG residues. 
These enzymes can either be recruited by a 
transcription factor bound to the promoter 
region of a given gene to methylate a 
specific CpG island or simply methylate all 
CpG sites across a genome not protected 
by a transcription factor. Several families 
of proteins, such as the UHRF proteins, 
the zinc-finger proteins, and most notably, 
the MBD proteins, are responsible for the 
interpretation of these methylation patterns. 
For example, MBD proteins possess 
transcriptional repression domains that 
allow them to bind to methylated DNA and 
silence nearby genes.  

For a malignant cancer to develop, critical 
tumor-suppressor genes such as p53 
must be knocked out. This process can be 
accomplished through hypermethylation of 
CpG islands in certain promoter regions and 
genes. For example, when the DNA repair 
gene BRCA1 becomes hypermethylated, 
it is rendered inactive, which can lead to 
the development of breast cancer. The 
reversibility of methylation implies that these 
tumor-suppressor genes could be reactivated 
to effectively treat tumors. Infiltration of a 
cell by pharmaceutical agents that inhibit 
methylation-mediated suppression could 
restore the function of a silenced tumor-
suppressor gene.6

One recent study demonstrated that 
azacitidine, an agent that can be 
incorporated into DNA, is capable of inducing 
hypomethylation. The chemical modification 
of this agent’s diphosphate form by a 
ribonucleotide reductase and subsequent 
phosphorylation creates a triphosphate form 
that displaces cytosine bases in DNA. As a 
result, DNMTs are limited in methylation 
functionality since they are isolated on a 
substituted DNA strand.7 Such manipulation 
of naturally occurring DNA methylation 
processes in cancer cells appears to be a 
promising method of restoring the normal 
function of tumor-suppressor genes. 

CO-APPLICAT ION OF DNA METHYLAT ION & 
HISTONE MODIFICAT ION 
The discovery of the protein MeCP2 
has validated the hypothesis that DNA 
methylation regulates histone acetylation 
patterns. MeCP2 recruits histone HDACs 
to the promoter regions of methylated 
CpG islands. The resulting hypoacetylated 
histones yield a highly condensed 
heterochromatin structure that represses 
transcription of nearby genes. Clinical 
studies have thus emphasized the utilization 
of both demethylating agents and histone 
deacetylase inhibitors for transcriptional 
activation of tumor-suppressor genes.8

CONCLUSION
The field of epigenetics has opened a 
door to novel, promising cancer therapies 
unimaginable just a decade ago. Manipulating 
DNA methylation and histone modification 
can reverse tumor-suppressor gene silencing. 
Reactivating tumor-suppressor genes 
through epigenetic modifications can halt and 
reverse cancer proliferation.
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year published in the Journal of Agricultural 
Economics show that the majority of 
consumers would not mind the presence of 
nanotechnology in food if it makes the food 
more nutritious or safe.3 For example, one of 
the applications of nanotechnology within the 
food sector focuses on nanosensors, which 
reveal the presence of trace contaminants 

or other unwanted microbes.5 Additionally, 
nanomaterials could be used to make more 
impermeable packaging that could protect 
food from UV radiation.5 

Nanotechnology could also be applied to 
water purification, nutrient delivery, and 
fortification of vitamins and minerals.5 Water 
filters that utilize nanotechnology incorporate 
carbon nanotubes and alumina fibers into 
their structure, which allows microscopic 
pieces of sediment and contaminants to 
be removed from the water.6 Additionally, 
nanosensors made using titanium oxide 
nanowires, which can be functionalized to 
change color when they come into contact 
with certain contaminants, can help detect 
what kind of sediment is being removed.6 
Encapsulating nutrients on the nanoscale-
level, especially in lipid or polymer-based 
nanoparticles, increases their absorption and 
circulation within the body.7 Encapsulating 
vitamins and minerals within nanoparticles 
slows their release from food, causing 
absorption to occur at the most optimal part 
of digestion.4 Coatings containing nano-sized 
nutrients are also being applied to foods to 
increase their nutritional value.7 Therefore, 
there are many useful applications of 

anotechnology is found in a variety of 
sectors—drug administration, water 
filtration, and solar technology, to name 

a few—but what you may not know is that 
nanotechnology could have been in your last 
meal.

Over the last ten years, the food industry 
has been utilizing nanotechnology in a 
multitude of ways.1 Nanoparticles can 
increase opaqueness of food coloring, 
make white foods appear whiter, and even 
prevent ingredients from clumping together.1 

Packaging companies now utilize nano-
sized clay pieces to make bottles that are 
less likely to break and better able to retain 
carbonation.2 Though nanotechnology has 
proven to be useful to the food industry, 
some items that contain nanoparticles 
have not undergone any safety testing or 
labeling. As more consumers learn about 
nanotechnology’s presence in food, many are 
asking whether it is safe.

Since the use of nanotechnology is still 
relatively new to the food industry, many 
countries are still developing regulations and 
testing requirements. The FDA, for example, 
currently requires food companies that utilize 
nanotechnology to provide proof that their 
products won’t harm consumers, but does 
not require specific tests proving that the 
actual nanotechnology used in the products 
is safe.2 This oversight is problematic because 
while previous studies have shown that 
direct contact with certain nanoparticles 
can be harmful for the lungs and brain, 
much is still unknown about the effects 
of most nanoparticles. Currently, it is also 
unclear if nanoparticles in packaging can be 
transferred to the food products themselves. 
With so many uncertainties, an activist group 
centered in Washington, D.C. called Friends of 
the Earth is advocating for a ban on all use of 
nanotechnology in the food industry.2

However, the situation may not require such 
drastic measures. The results of a study last 
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nanoparticles that consumers have already 
shown to support.

While testing and research is an ongoing 
process, nanotechnology is already making 
food safer and healthier for consumers. 
The FDA is currently studying the efficacy 
of nanotechnology in food under the 2013 
Nanotechnology Regulatory Science Research 
Plan. Though the study has not yet been 
completed, the FDA has stated that in the 
interim, it “supports innovation and the safe 
use of nanotechnology in FDA-regulated 
products under appropriate and balanced 
regulatory oversight.”8,9As nanotechnology 
becomes commonplace, consumers can also 
expect to see an increase in the application of 
nanotechnology in food and food packaging 
in the near future
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of communication. “Your face is the caption 
and you’re trying to explain a moment or tell 
a story,” says Frédéric della Faille, the founder 
and designer of Frontback, a photo-sharing 
app that lets users take photographs using 
both front- and rear-facing cameras.8 To 
people like Faille, selfies represent a dynamic 
and exciting snapshot in time, not just a 
static self-portrait. They portray diversity 
and encourage social dialogue; we don’t post 
selfies for others to observe, but instead to 
engage others.

What does the selfie phenomenon suggest 
about our society? Some claim selfies 
represent superficiality and narcissism, 
diminishing the quality of relationships and 
augmenting personal insecurity. Others view 
selfies as a harmless form of self-expression, 
an attempt to understand who we are and 
how others perceive ourselves. Selfies may be 
a consequence of present social media and 
digital culture, but they also serve as a visual 
diary — a way to record our existence and 
make an artistic statement.

READ  MORE  BLOGS  AT 
RICECATALYST.ORG
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elfies are arguably the largest 
photographic trend of our generation. 
“Selfie,” defined as “a photograph that 
one has taken of oneself,” was Oxford 

Dictionaries’ 2013 Word of the Year.1 Since 
then, selfies have exploded in popularity, with 
everyone from the Pope to Kim Kardashian 
taking them. Searches for the term have 
increased by more than 2000%, and more 
than 55 million Instagram posts are labeled 
with “#selfie.”1

Why are we so in love with taking and sharing 
selfies? Technological improvements, such as 
front-facing cameras, and the rise of social 
media make taking selfies extremely easy. 
There are also social causes for our obsession 
with selfies. Although we learn to recognize 
and respond correctly to others’ facial 
expressions, we lack an accurate perception 
of our own faces. With selfies, we can now 
create images of our own appearances 
without the aid of another person.2

Selfie critics claim that these self-portraits 
mar our generation, suggesting that selfies 
represent deeper psychosocial issues. Both 
the advent of social media and upsurge of 
selfies contribute to the importance our 
society places on appearances.3 Research 
has linked selfies and social networking 
to self-objectification and narcissism, with 
people seeking likes and comments to offset 
their insecurities.4 Furthermore, although 
social media was developed to enhance 
rapport with others, another study in the UK 
found that increased selfie posting through 
social media actually decreases intimacy in 
relationships.5 Although the shared picture is 
only of one person, it may negatively affect 
that person’s connections with many others.

On the other hand, selfie supporters 
are excited about the recent increase in 
popularity. Keith Campbell, Professor of 
Psychology at the University of Georgia, 
asserts that selfies serve as a creative outlet.3 
This self-expression allows us to exert 
greater control over how others perceive 
us. Additionally, according to Dr. Pamela 
Rutledge, director of the Media Psychology 
Research Centre in Boston, selfies let 
us experiment with different identities.6 
The ability to re-invent different parts of 
ourselves gives us new opportunities to 
temporarily change how we act and feel. 
Contrary to popular belief, this “selective self-
presentation” enhances self-esteem rather 
than diminishing it.7 Selfies are also a form 
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person’s brain has particularly active 
neural connections within the medial 
prefrontal cortex (mPFC), which help us 
process information relevant to ourselves 
and is connected to fear and sensation-
regulating mechanisms. At the same 
time, people typically have little activity 
in the lateral prefrontal cortex, or what 
Gladding calls the “Assessment Center.” 
The lateral prefrontal cortex helps us view 
things calmly and rationally. Meditation 
targets both of these regions of the brain, 
decreasing neural activity between the 
brain’s anxiety centers and the mPFC 
while increasing connections between 
the “Assessment Center” and bodily 
sensation/fear centers. The result: clearer, 
calmer, and more controlled reactions to 
all of life’s stressful and anxiety-inducing 
events. 

Specific Benefits
That’s not all. Here are some more of the 
positive benefits of meditation that have 
been backed by peer-reviewed studies:7

f you’re anything like me, you’re busy, 
probably too busy to even bother 
reading this whole article. Likely, the 
last thing you have time for is sitting 

quietly and meditating for 5-30 minutes 
of the day. You may even consider it a 
waste of time. But the science disagrees. 
The scientific study of the biological, 
psychological, and social benefits of 
meditation has exploded recently. A quick 
search on Google Scholar for “meditation” 
in the year 2015 yields 16,200 peer-
reviewed journal articles.1 So why does it 
pay to meditate?

A WORKING DEFINITION
In general, meditation refers to a broad 
range of practices that involves self-
regulation of the mind or inducing 
different modes of consciousness.2 
Mindfulness meditation, for example, 
encourages “moment-by-moment 
awareness of our thoughts, feelings, 
bodily sensations, and surrounding 
environment.”3 People practice 
mindfulness meditation in a variety of 
ways, most commonly simply sitting and 
being aware of one’s thoughts.4

General Changes in Neural 
Activity
Functional MRI scans indicate that 
meditation produces “convergent changes 
in the topological and spatial properties 
of brain functional networks.”5 Meditation 
creates real, observable changes in the 
brain — it’s not just spiritual mumbo-
jumbo. Rebecca Gladding, M.D., 
describes these macro-level changes in 
the brain as changes that transform a 
brain that’s “Stuck on Me” to one that 
“Can See Clearly Now.”6 The problem, 
Gladding notes, is that the typical 
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• Increased immune function. Antibody 
concentrations in response to the 
influenza vaccine were higher in 
meditators than non-meditators.8 

Gerbarg and others found that a 
combination of “breathing, movement 
and meditation” had positive effects 
on Inflammatory Bowel Syndrome.9

• Increased social connection and 
emotional intelligence. “Even just 
a few minutes of loving-kindness 
meditation” increased social 
connectedness when participants met 
new individuals.10

• Improved memory. Even “brief 
mindfulness training” improved 
working memory.11 A study revealed 
that “KK [a type of meditation]... 
reduces multiple risk factors for AD 
[Alzheimer’s disease].”12

• Increased telomerase activity. 
Meditation could potentially 
work against aging by increasing 
telomerase activity (the shortening 
of chromosomal telomeres is linked 
with cellular aging).13

By now, you should be convinced. Your 
brain has remarkable plasticity, especially 
in regards to meditation.14 So take a few 
minutes a day to sit and meditate, and 
your brain will thank you for it.
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be linked to stress relief.8 It is never too late 
for that last-minute exam cramming at a 
Starbucks!

However, many of these findings are in 
their early stages; many of these studies 
are simply drawing correlations between 
habitual consumption of coffee and its 
influence on health outcomes. Until studies 
can demonstrate causational links between 
specific chemical compounds in coffee 
and their physiological interactions, we 
should not wholeheartedly embrace these 
conclusions. Still, the research is taking 
meaningful steps forward; for example, 
a study published in Neurobiology of 
Aging has linked a single molecule in 
coffee, eicosanoyl-5-hydroxytryptamine, 
to neuroprotective benefits in rats with 
Alzheimer’s Disease.9 While it is still too 
early to say whether coffee can improve 
your health, coffee science dictates that a 
daily cup of coffee is never a bad thing. 
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C “A 2008 STUDY FOUND 
THAT THE SMELL OF 
COFFEE BEANS ALONE 
COULD BE LINKED TO 
STRESS RELIEF.”

THE CHEMISTRY 
oF COFFEE THE CASE FOR THE 

CAFFEINE CRAZE
BY JAMES SIRIWONGSUP

ollege students often rely on coffee 
to get them morning classes after 
sleep-deprived nights. This miracle 

property is attributed to caffeine, one of 
the most well-known and widely-consumed 
stimulants available. However, as coffee 
aficionados may tell you, coffee is more 
than just caffeine. There are dimensions 
of taste, smell, and aesthetics that define 
the world of coffee, and many of these 
are associated with its rich chemistry. 
Researchers have begun to delve into the 
mysterious world of coffee to explore the 
health consequences of its components. 

Much to the coffee lover’s relief, numerous 
studies published in the past decade 
detail the multitude of benefits of drinking 
coffee.1,2 In May 2012, researchers from 
the American Heart Association found 
that habitual consumption of coffee 
was correlated with decreased risk of 
heart failure.3 Just four months later, 
another study suggested that coffee may 
alleviate back, neck, and shoulder pains.4 
Researchers at the Harvard School of 
Public Health found that coffee may protect 
against several types of cancer, including 
prostate cancer,5 breast cancer,6 and basal 
cell carcinoma.7

However, caffeine is not solely responsible 
for coffee’s apparent health benefits. 
Coffee contains thousands of different 
chemicals, many of them understudied or 
even undiscovered. Nevertheless, chemists 
have identified several chemical candidates 
that could be responsible for these health 
effects, including phenols, chlorogenic 
acids, and quinides, all of which act as 
oxidants. Diterpenoids in coffee may also 
raise good cholesterol and lower bad 
cholesterol.1 Moreover, a 2008 study found 
that the smell of coffee beans alone could 
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