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WAS IT A BOUNCE 
OR A

BANG?

LUCIA GORDON

When most of us think of the 
idea of the “big bang”, a 
massive explosion emerg-

ing from nothingness comes to mind. 
While much of the physics commu-
nity agrees that such a description is 
relatively accurate for the start of the 
universe as we know it, much of the 
context around the Big Bang remains 
unknown, namely what came before 
and how our universe evolved to what 
we see today. Three Harvard scientists, 
Avi Loeb, Xingang Chen, and Zhong-
Zhi Xianyu, set out to narrow down the 
list of possible explanations for how the 
Big Bang happened.1

One description of the Big Bang is the 
theory of cosmic inflation, according to 
which an infinitesimal point inflated 
almost instantaneously to create space 
itself.2 This theory is in accordance with 
all experimental data and observation, 
but we have yet to see definitive proof 
in the form of primordial gravitation-
al waves (ripples created by the rapid 
expansion of the fabric of space in the 
early universe) for this theory.2 While it 
could be that these waves are just too 
weak to observe, others, taking advan-
tage of the lack of direct evidence, have 
proposed alternate theories, one of 
them being the “big bounce.”3

The theory of the big bounce posits 
that the universe had been contract-
ing for a long time until it reached 
the smallest possible size and then 

“bounced back” in what we now call 
the Big Bang.3 Distinguishing between 
these two theories that describe the 
universe at a time when time itself was 
essentially meaningless is not an easy 
task, yet Loeb, Chen, and Xianyu re-
cently published a paper that elucidates 
a possible method for doing just that.1

According to quantum uncertainty, 
there is no such thing as truly emp-
ty space, which means that quantum 
fields in the early universe were filled 
with ripples of varying wavelength. The 
constructive and destructive interfer-
ence of these ripples over time together 
with their interaction with the expand-
ing or shrinking space determined the 
distribution of matter throughout the 
universe.2,3 We can observe this today 
by looking at the matter density of dif-
ferent parts of the universe on different 
scales. Loeb, Chen, and Xianyu postu-
late that the variations of matter density 
can tell us about the nature of space at 
the time when the “ripple”, from which 
the matter density pattern emerged, 
was formed.1 Specifically, they believe 
that by analyzing these scale-depen-
dent matter density variation patterns, 
they can determine “whether the pri-
mordial universe was actually expand-
ing or contracting, and whether it did 
it inflationary fast or extremely slowly,”1 
according to Chen. 

While their idea appears theoreti-
cally sound, the oscillating density pat-

terns they hope will be observed may 
not be pronounced enough to detect 
with today’s technology. Even if this 
turns out to be the case, Loeb, Chen, 
and Xianyu are pushing the field of cos-
mology in the right direction, creatively 
fostering the use of direct evidence to 
fill in the gaps in our story of the uni-
verse’s history.

Lucia Gordon is a first-year in Weld Hall 
and is planning to concentrate in Physics 
and Mathematics.

WORKS CITED

[1] Chen, X.; Loeb, A.; Xianyu, Z. Fin-
gerprints of Alternatives to Inflation 
in the Primordial Power Spectrum. 
Cornell University Library, Sep. 16, 
2018. arXiv:1809.02603 (accessed 
Oct. 8, 2018).

[2] Natalie Wolchover. A New Test 
for the Leading Big Bang Theory. 
Quanta Magazine, 9/11/18. https://
www.quantamagazine.org/a-new-
test-for-the-leading-big-bang-the-
ory-20180911/ (accessed Sept. 28, 
2018).

[3] Natalie Wolchover. Big Bounce 
Models Reignite Big Bang Debate. 
Quanta Magazine, 1/31/18. https://
www.quantamagazine.org/big-
bounce-models-reignite-big-bang-
debate-20180131/.

Flickr

A Cauldron of Star Birth in the Center of a Young Galaxy | WikiMedia Commons



(baby you can’t) drive my car
the ethical implications of driverless cars

by julia canick
Driverless cars are one of the hottest topics in media reporting 

on science today.  The idea that a person may be able to tell a car 
where to go without having to operate it is alluring, and these ve-
hicles have the potential to increase the efficiency and safety of 
travel.  Scientists have many promising ideas for how driverless 
cars will operate: the vehicles are envisioned to utilize GPS, radar 
maps, laser ranging systems, and vehicle-to-vehicle communica-
tion in order to make for the safest and most efficient transport.1  

These exciting prospects, however, do not come without under-
standable doubts about whether these cars will be safe and what 
it means for transport machines to have an unprecedented level 
of autonomy.  One major issue is the question of how to handle 
the many ethical predicaments that arise when considering these 
machines.  To tackle this problem, researchers have begun to craft 
algorithms that might “tell” a car how to react in a specific scenar-
io; to some, these formulas, though imperfect, seem to be the most 
pragmatic solutions to these ethical difficulties.2  

An example: a driverless car is about to crash.  The crash is in-
evitable, but the car can veer one of two ways: it can hit an eight-
year-old girl or an eighty-year-old woman.  Which way should it 
go?  

This example, crafted by Patrick Lin in his review of ethics in 
autonomous cars, has no categorically correct solution.  While 
the young girl has her whole life ahead of her and is considered 
a “moral innocent,” the older woman also has a right to life and 
respect.2 Even the professional code of ethics has no true recom-
mendation, nor does it seem morally sound to take no stance and 
let the situation play out arbitrarily and unpredictably.  

Scenarios like this have led to disagreement among scholars, 
who often adhere to different approaches when thinking through 
ethical dilemmas.  Should a car be utilitarian, or is the raw number 
of lives saved not enough of a metric?  Should a car have the option 
for a human driver to override the autonomous system?  Should a 
car swerve to miss a crash, even if missing the crash would end up 
causing a different collision?  These are all questions that research-
ers must consider as they form the algorithms that will govern the 
outcomes of these situations.2  

The implications of these decisions extend beyond the puzzle of 
determining who should fall victim to a crash.  For example, some 
would argue that the ethically sound choice is for driverless cars to 
self-sacrifice, if that sacrifice would save a larger number of peo-
ple than would the potential crash on its original trajectory—but 

surveys report it is highly unlikely that the average buyer would be 
willing to purchase and ride in a vehicle programmed to take this 
course of action.3  

Another question is one of individual human decisions: con-
sider a car that is inevitably going to hit a bicycle rider.  It has two 
options: hit a biker with a helmet or hit a biker who did not wear 
one.  Many would advise that the car be programmed to hit the 
rider that is wearing a helmet—the one who has the greater chance 
of survival; but the choice has many repercussions: this type of 
programming essentially penalizes riders for wearing helmets and 
could deter people from ever wearing helmets at all.2 

Last, the issue stands of who is responsible for an accident, 
should one occur.  Though one reasonable suggestion is to hold 
manufacturers responsible for fatalities due to driverless car 
crashes, this might compromise their willingness to develop and 
optimize new products, out of fear of being liable.  An alternative 
might be to hold the “driver” responsible, no matter what—but 
this also seems unfair, given that the rider may have no way to 
interfere.4  

A major difficulty of ethical questions like these is that they 
do not have a “right” answer; as scientists write algorithms that 
feel the most reasonable, it will be important to keep in mind that 
there exists no solution that will please everyone.  Through this 
moral murkiness, however, one thing is certain: driverless cars will 
transform our world, and programming them to reflect generally 
acknowledged standards of public safety will be revolutionary.  

Julia is a senior in Adams House studying molecular and cellular 
biology.
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By Hannah Alton

Introduction

        Robots have pervaded popular culture 
since the dawn of the technological revo-
lution; for nearly a century, authors, film-
makers, artists, and conspiracy theorists 
have prophesied that robots will someday 
break free from mankind’s control and 
wreak apocalyptic havoc. The popular TV 
show Black Mirror tells stories of futur-
istic tech run amok, from powerful and 
dangerous brain implants to robotic dogs 
with incredible killing efficiency. Termi-
nator portrays a post-apocalyptic world 

destroyed by machines, and Ex Machina 
tests the limits of human-robot interaction 
and boundaries of our definition of ‘robot’ 
in grotesque ways. These examples rep-
resent the near-universal fear that robots 
will become so advanced in the future that 
they will be able to turn against their cre-
ators with unstoppable force. What drives 
this obsession with the future destructive 
potential of robots? Is it truly possible for 
robots to become conscious? To answer 
these questions and more, we will inves-
tigate the possibility of robots becoming 
self- aware and the implications of po-

tential robotic consciousness through the 
lens of the scientific and cultural history 
of robots, the status of AI today, and bud-
ding technologies that could change the 
trajectory of machine learning.

Origins of Robot and Por-
trayals in the Past

The concept of a robot was con-
ceived long before technology allowed 
the creation of the autonomous ‘think-
ing’ machines we call robots today. The 

Pixabay

Asimov and AI:
Investigating the 
Potential of Robotic 
Consciousness



combination of mythological motifs of an 
all-powerful divine being breathing life into 
inanimate materials, Frankenstein’s warn-
ing against humanity attempting to play the 
role of God, and the advent of industrial-
ization spurred fascination with the anima-
tion of technology in the early 20th centu-
ry.1 The term robot itself, derived from the 
Czech word robota meaning “forced work” 
or “compulsory service”, was first used in a 
play and short story by science fiction author 
Karel Capek in 1920. 2 In the century that 
followed, science fiction authors investigat-
ed the potential of humanoid robots, an-
droids, and cyborgs. One such author, Isaac 
Asimov, rose to fame as he published a 
series of novellas with a common 
theme: all robots have three 
unbreakable laws pro-
grammed into their 
‘brains.’ The 
laws, used as 
a basis for 
count-
l e s s 

sci-
e n c e 
f i c t i o n 
works in 
the decades 
to follow, are:

First Law: A ro-
bot may not injure a human 
being, or, through inaction, al-
low a human being to come to harm.

Second Law: A robot must obey the orders 
given it by human beings, except where such 
orders would conflict with the First Law.

Third Law: A robot must protect its own 
existence as long as such protection does 
not conflict with the First or Second Law.2

Because Asimov’s robots are unable to 
think for themselves or weigh future con-
sequences from their actions, many moral 
complications result from the strict adher-
ence to these laws. Asimov’s grim outlook 
on robots’ cognitive capacity, combined with 
the relative rigidity of AI today, still influenc-
es popular opinion on whether robots will 
ever truly match humans’ mental abilities.2

Robots and AI Today

N.B. For the purposes of this article, a “ro-

bot” is defined as a programmable machine 
that can sense its surroundings in some way, 
“think” or analyze the information present-
ed to it, decide on a solution or action, and 
act on the solution in a way that manipulates 
its physical surroundings. Contrary to Asi-
mov and Capek’s views but consistent with 
the origin of the word ‘robot’, artificial intel-
ligence and robots today are primarily bene-
ficial to the advancement of humanity. With 
superior processing capacity, physical en-
durance, and preciseness of movements, ro-
bots have infiltrated healthcare, agriculture, 
i n d u s t r y , r e s e a r c h 

ventures, households, 
transportation, and defense. Already, Intu-
itive Surgical’s da Vinci Surgical System is 
performing surgeries at hundreds of hospi-
tals around the United States, Waymo’s au-
tonomous cars are gaining traction in the 
automobile industry, and NASA’s Robonaut 
is being sent to the International Space Sta-
tion to carry out dangerous missions.3 Ro-
bots have rescued humans from catastrophic 
situations, explored the deepest depths of 
the ocean, and even vacuumed the floors of 
millions of homes. Humanoid robots and 
androids have also been making strides in 
their mimicry and analysis of human emo-
tion. For example, Softbank Robotics’ NAO 
is an excellent companion to autistic chil-
dren, and Honda’s 3E robot series focuses on 
an ‘empathetic’ design for its robots; one day, 
the 3E-A18 model may soothe distressed 

children and help regulate their emotions.

As close as we may be to creating robots 
with their own emotions and consciousness, 
AI’s proximity to human capabilities has 
landed many robots in an “uncanny valley”. 
This refers to the phenomenon that occurs 
when a human is repulsed by the humanlike 
qualities of machines.4 We are currently be-
tween the age of endearing machines with 
distinctly mechanical features, such as R2D2 
from Star Wars, and terrifyingly realistic an-
droids like Sophia.5 Even Siri could fall into 
the category of ‘uncanny’—her manner of 
speaking is very similar to that of a human, 

but not similar enough that one would 
mistake her as another human. 

Our position within the un-
canny valley represents 

our failure to pass 
the original 

Turing test: 
“if an AI 

m a -

c h i n e 
c o u l d 

fool people 
into believ-

ing it is human in 
conversat ion. . . then 

it would have reached an 
important milestone”.6 Even 

though supercomputers have defeat-
ed chess grandmasters and robots like Wat-
son are used to assimilate data quickly and 
more efficiently than any human, progress 
in the emotional aspect of computing—
coined “affective computing”—is still slow.5

Even if a robot passes the Turing test 
with flying colors, is it really thinking like 
a human? What abilities would AI have to 
possess in order to truly resemble humans 
in emotional and empathetic capacity? 

Defining Consciousness: 
Where the Lines Blur

The question what qualifies a conscious-
ness? has been asked by philosophers for 
millennia, and now, software designers and 
mechanical engineers are investigating it 
in their development of AI. Some thinkers
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focus on the psychological aspect of con-
sciousness, arguing that true conscious-
ness results from self-awareness and ability 
to reflect on past decisions.7 Others, most 
notably Christof Koch and David Chalm-
ers, argue that consciousness arrives from 
experiences and interactions with the out-
side world combined with an inner sense of 
purpose; in order for a robot to think and 
act as freely as a human, it would have to 
process the sensory information it obtains 
subjectively and outside of the constraints 
of an algorithm.8 Others still believe that a 
machine cannot behave like a human unless 
it is treated as one and introduced to hu-
man culture, including religion; this would 
allow it to become more than the sum of its 
mechanical parts and even develop a soul.7 
Of course, some pragmatic scientists think 
that defining consciousness as a guideline 
for AI is irrelevant, because artificial intel-
ligence will always be artificial. In addition, 
the mental abilities of humans developed 
as a result of millions of years of evolution 
as part of a natural biochemical trajectory, 
so pragmatists argue that it impossible to 
mimic this level of complexity in the span 
of a few decades.1

From all of the varying definitions and 
qualifications of consciousness, it is evident 
that our robots and AI today are nowhere 
near singularity—the fabled moment at 
which a machine has its own goals outside 
of what was programmed into it—but many 
tech startups and even government organi-
zations today are using new approaches to 
dig us out of the uncanny valley.4

How Can We Improve AI?

Today, most AI systems utilize a series of 
processes generalized under the term “deep 
learning” to collect and analyze data.9 Deep 
learning involves recognition of patterns, 
identification of objects and symbols, and 
perception of the outside world, but these 
processes are entirely driven by an algo-
rithm that many engineers criticize for its 
inflexibility. Project Alexandria attempts 
to combat the rigidity of AI algorithms by 
introducing a component of human intel-
ligence that is commonly overlooked: com-
mon sense. Drawing on facts, heuristics, 
and observations, the project is working to-
wards creating AI machines with the fluid-
ity of the human mind and a more flexible 
approach to solving real-world problems.9 
Similarly, the startup Kyndi is building 
more adaptable AI, focusing on advanced 

reasoning abilities rather than conventional data 
consolidation. DARPA (Defense Advanced Re-
search Projects Agency, a branch of the U.S. De-
partment of Defense) is developing the initiative 
Machine Common Sense with similar goals as 
Project Alexandria, recognizing the importance of 
more fluid AI for the future of robotics.9 Although 
true robotic independence and consciousness re-
mains in the relatively distant future, rapid strides 
are being taken to eliminate the barriers against 
making science fiction a reality—so it is worth 
considering the cultural and ethical implications 
of conscious AI.

Future Considerations

The future of our robots and AI has been specu-
lated by philosophers, scientists, and screenwriters 
alike. According to the episode “Be Right Back” 
in Black Mirror, even the most advanced android 
that easily passes the Turing test cannot possibly 
mirror a human’s personality and mannerisms—
and this failure can result in emotional catastro-
phe. Ex Machina explores the consequences that 
could arise from confining highly intelligent ro-
bots and using them for research: the android Ava 
ultimately murders her creator and escapes cap-
tivity with a vengeful spirit. AI expert Aleksandra 
Przegalinska speculates that the best outcome for 
robots would be the optimization of programming 
without the potential side effect of gaining con-
sciousness, and the worst-case scenario would re-
semble the future depicted in The Terminator—a 
violent rebellion against human oppressors.4 In 
the event of robots gaining consciousness and not 
acting out violently, a political divide could arise 
regarding the ethical treatment of these machines. 
Regardless of the eventual outcome of our work 
with AI, politicians and civilians should be aware 
of the rate of progress being made, as well as the 
divide between fact and fiction.

Hannah Alton '22 is a first year in Holworthy 
planning to concentrate in MCB or Neuroscience.
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EMERGING 
MITOCHONDRIAL 
THERAPIES AND 
THEIR ETHICALITY

ANA CASTANER

Dubbed the “three-parent baby” 
by the media, a paper pub-

lished in Reproductive Biomedicine 
Online in April 2017 details the live 
birth of a child through experimen-
tal spindle transfer, a procedure 
which involves the use of mitochon-
drial DNA from a donor.1 Aside from 
garnering much publicity, the study 
has raised important questions in 
the scientific community about eth-
ics and the limits of science.

THE STUDY
Doctors at the New Hope Fertility Center 

(with locations in Mexico, China, and New 
York) received a patient seeking help to con-
ceive a child.1 The 36-year old woman had a 
history of miscarriages and had lost two chil-
dren due to Leigh syndrome. Leigh syndrome 
is a neurological disease affecting young chil-
dren characterized by a loss of motor abilities, 
which usually results in death within two to 
three years.2 Leigh syndrome, in the case of this 
mother, was transmitted to her offspring by a 
mutation in her mitochondrial DNA.1

The doctors proposed mitochondrial re-
placement therapy, which aims at preventing 
the transmission of mitochondrial diseases 
from a mother to her biological child by us-
ing a mitochondrial donor.3 For this therapy, 

there are different procedures, two of which 
are spindle transfer and pronuclear transfer. 
The key difference between them is that spindle 
transfer involves the transfer of nuclear DNA 
before fertilization, while pronuclear transfer is 
the transfer of pronuclei from zygotes (and, as 
such, involves discarding the donor zygote).4 In 
this case, they indicate that the patient decided 
on spindle transfer over pronuclear transfer for 
religious reasons.1

As such, spindle transfer was performed: 
spindles from the patient’s metaphase II oo-
cyte (immature egg cell) were inserted into 
the cytoplasm of the donor oocyte.1 After this, 
the new oocyte was fertilized with one sperm 
from the patient’s partner.1 Once blastocysts 
(early stage embryo) formed, they underwent 
testing for aneuploidy (abnormalities in the 
number of chromosomes in the cell) and the 
embryo found to be euploid (having the nor-
mal 46 chromosomes) was transferred into the 
patient at New Hope Fertility Center’s clinic in 
Mexico.1

THE RESULTS
The patient delivered the baby at 37 weeks 

gestation after an “uneventful pregnancy”.1 
The child’s mitochondrial DNA (mtDNA) 
mutation load varied between undetectable 
to 9.23% (depending on the tissue surveyed), 
which is low compared to the mother’s mtDNA 
mutation load of up to 34%.1 (For reference, 
carriers are typically asymptomatic if their mu-
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tation load is less than 30%).1

As such, the patient was able to give 
birth to a healthy male child in the first 
instance of mitochondrial spindle trans-
fer to reduce mtDNA mutation transmis-
sion. The authors wrote that “at the time 
of writing, the baby is healthy at 7 months 
of age” but “we are still following the baby 
closely”.1

Interestingly, the authors conclude at 
the end of their paper that “there is certain 
to be much controversy over this treat-
ment, and further study is mandatory”.1

THE LEGALITY
A few months after the article came out 

in Reproductive Biomedicine Online, in 
August 2017, Mary Malarkey, of the U.S. 
Food and Drug Administration’s Center 
for Biologics Evaluation and Research, 
sent John Zhang (principal author of the 
article, founder and CEO of New Hope 
Fertility Center) a warning letter. This 
letter explains that after the publication 
of the article, John Zhang submitted a re-
quest for a pre-investigational new drug 
(IND) meeting to begin a clinical inves-
tigation of spindle transfer therapy for 
assisted pregnancy.5 However, the letter 
states, the FDA, per regulations set forth 
by Congress, is prohibited from accepting 
IND submissions that involve the use of 
human embryos with “intentionally creat-
ed . . . heritable genetic modifications”, and 
as such, the FDA declined his request.5 

The letter further details violations by New 
Hope Fertility Clinic, including marketing 
mitochondrial replacement therapy in the 
United States.5

This was not the first time that New 
Hope Fertility Clinic received a warning 
letter from the FDA, as they had previous-
ly received warning letters on violations of 
the regulations regarding the handling of 
human cells and tissues.6 Nonetheless, a 
spokesperson for New Hope Fertility Clin-
ic said that they were taking the matter se-
riously and would work with the FDA to
resolve it.6

BACKLASH AND CONTREVERSY
Shortly after the results of the study 

came out, several news outlets published 
articles with headlines drawing attention 
to a “three parent baby”.7 Meanwhile, John 
D. Loike and Nancy Reame, part of the 
Bioethics faculty at Columbia University, 
wrote an article for The Scientist in which 
they discuss the ethical dangers of mito-
chondrial replacement therapy.8

They bring up issues of parental rights, 
or more specifically the question of wheth-
er the mtDNA donor has parental rights 
(they state that the genetic contribution, 

although small, still exists from this donor 
and should be considered as such).8 Loike 
and Reame also worry about the extreme
cost of this therapy, which can range from 
$25,000 and $50,000, which would not 
only leave this therapy almost exclusive-
ly available to the wealthy, but could also 
possibly exploit impoverished women, 
as they would be paid extremely well for 
mtDNA donation.8 They conclude, how-
ever, that mitochondrial replacement 
therapy “should not be banned because of 
presumed social or ethical complexities” 
but that “governments and the scientific 
community should invest time and mon-
ey into making [it] widely available to pa-
tients”.8

On the other hand, the United Mito-
chondrial Disease Foundation (UMDF) 
states on its website that they believe 
that mitochondrial replacement thera-

py is “NOT genetic manipulation, but 
rather a technological innovation and an 
expansion of in vitro fertilization, a clin-
ically-approved technique used for four 
decades”.9 This patient advocacy group, 
however, says that the technique should be 
made available and accessible to patients 
with mtDNA mutations only “if demon-
strated to be safe and efficacious”.9

CONCLUSION
Contrasting opinions and views make 

this issue a complicated one to tackle. 
Moving forward, it will be of particular 
interest to consider the role of the U.S. 
government in the use of mitochondrial 
replacement therapies. The United King-
dom in 2015 already approved the use of
mitochondrial donation techniques as 
part of in vitro fertilization.3 The Nation-
al Academy of Sciences, Engineering, and 

Medicine stated that mitochondrial re-
placement therapy is considered ethical 
when done in male embryos for mothers 
with mitochondrial diseases (presumably 
limited to males so that the genetic modifi-
cation of mtDNA will not be passed down 
to future generations).8 With different or-
ganizations rallying around to support mi-
tochondrial replacement therapy, the gov-
ernment will likely be forced to reevaluate 
its laws soon, and lawmakers will have to 
decide whether they believe it is ethical 
or not. Issues of parental rights, patient 
rights, accessibility, and exploitation will 
all have to be considered. Should we deny 
this therapy to patients because of a result-
ing 0.1% difference in the child’s DNA? 
Should we continue to not be allowed to 
genetically edit embryos at all? Is all of this 
a step towards modification and selection 
of the human population’s genome pool? 
Moving forward, there are many factors to 
be considered and debated on the issue of 
mitochondrial replacement therapies and 
spindle transfer.

Ana is a first year in Thayer.
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a fantastic voyage through
an article by 

The 1960s was the birthplace of many tu-
multuous events, of which the Vietnam War, 
civil rights movement, and Kennedy assassi-
nation were a few. A more obscure, somewhat 
smaller event, however, was the making of the 
sci-fi movie Fantastic Voyage. Born from the 
political upheaval of the Cold War, the mov-
ie was a fantastic popularization of futuristic 
medicine: the idea of a doctor and his team, 
shrinking to the size of a microbe, flying 
through a patient’s bloodstream to save his 
life.1 

While most definitely controversial and 
extremely far-fetched, this idea of a minia-
turized doctor swimming through the body 
has intrigued science for quite some time. A 
few years before Fantastic Voyage hit film, the 
great physicist Richard Feynman had already 
begun to play with this idea of a tiny doctor. 
In his 1959 lecture at Caltech, he presented 
the idea of “swallowing the doctor” – essen-
tially building a tiny, ingestible robot to per-
form surgery on hard-to-reach parts of the 
body.2

Although he approached this from a quan-
tum physics standpoint, Feynman facilitated 
a launching point for nanotechnology, and 
in particular, the area of nanomedicine. The 
idea of a tiny, functionalized material was 
captivating to think about. What if you could 
build a microscopic machine to achieve a 
function on its own? What if human control 
and direction were no longer needed? What 
if this machine, no longer needing any sort of 
stimulation, could think and act on its own, 
regardless of the roadblocks thrown in its 
way?

Although we are far from answering those 
questions, nanotechnology has brought us 

closer than ever to building a truly function-
alized nanomaterial. Nanoparticles - tiny, 
minute particles - are the bridge from bulk 
materials to atomic and molecular struc-
tures. Ranging from one to 100 nanome-
ters in size (A human hair is about 100,000 
nanometers in diameter), nanoparticles are 
currently being scrutinized, manipulated, 
and prodded in hundreds of labs across the 
country. Found as far back as 4th century 
Rome, they range from naturally derived 
materials such as polymers and carbons, to 
chemically synthesized compounds such as 
metal oxides.3

The hydrophilic and/or hydrophobic na-
ture of the nanoparticle has allowed great 
advancement in the field of disease thera-
peutics. Nanoparticles are much more suited 
for drug delivery than free drug techniques, 
shown through enhanced tumor accumu-
lations, reduced system exposure, and de-
creased side effects. Nanoparticles also have 

a long circulation half-life, making it easier 
and more convenient to locate a particular 
tumor or diseased site.4

One interesting point for nanoparticle en-
gineering is the fact that they can be covered 
in different cell membranes. A promising 
technique is to encase the nanoparticle in a 
red blood cell (RBC) membrane, so that the 
cells of the immune system will not be able to 
recognize the nanoparticle as a foreign sub-
stance to attack.5 These nanoparticles can be 
engineered to have a triggered release when 
in contact with a specific substance or can cir-
culate freely throughout the body completely 
unrecognized by bodily cells. Due to their 
biocompatibility and biodegradability, they 
will have no toxic effects on the body. More-
over, they can be synthesized to degrade after 
delivering a drug molecule, or after a certain 
time point.5

The world of personalized medicine can 
also be applied to RBC membraned coated 
nanoparticles. Blood drawn from a patient 
can be used to coat nanoparticles, thus cre-
ating a patient specific nanoparticle coating. 
Furthermore, transfusions from blood banks 
can be used to coat nanoparticles in specif-
ic blood types, allowing for universal coat-
ing materials through blood matching and 
O-type blood.6 On average, there are around 
one billion RBCs in 1 mL of human blood. 
This provides an abundance of coating mate-
rials for a plethora of nanoparticles. Further-
more, this patient-specific technique would 
maximize immune tolerance and minimize 
immune system interference.6

Red blood cells were the first type of cell to 
be sacrificed as clothing for their newly dis-
guised nano-counterparts. In the few years 

Nanoparticles |  Wikimedia Commons
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since then, the membranes of cells such as 
platelets, white blood cells, and even cancer/
bacteria cells have become cloaking mecha-
nisms for nanoparticles. Platelets, other than 
providing a mechanism to maintain hemo-
stasis, were found to attract bacteria. Coat-
ing nanoparticles with platelet membranes 
was shown to increase antibiotic delivery to 
eliminate bacteria, in a controlled and local-
ized fashion.5 White blood cells, in particu-
lar, showcase site-specific targeting towards 
tumors, providing a fail-safe method towards 
cancer drug delivery as opposed to a circula-
tion dependent chemotherapy. This targeted 
cancer treatment has been seen again in can-
cer cell membrane coated nanoparticles. In 
a somewhat suicidal move, cancer cells have 
been shown to “self-target” – accumulating 
with other cancer cells at the main tumor site. 
As the nanoparticles are disguised as cancer 
cells, this “self-targeting” acts a GPS locator 
to deliver the nanoparticles in their stealthily 
coated state to the tumor site for targeted can-
cer drug delivery.7

Nanoparticles are also small and stealthy 
enough to penetrate and manipulate cancer 
cells. A common technique to treat cancers is 
through the usage of nanoparticles contain-
ing antibodies, drugs, vaccines, or metallic 
particles. These nanoparticles can be loaded 
with multiple drugs for combination therapy, 
which is known to suppress cancer chemo-
resistance (cancer cells resisting a singular 
chemotherapic drug).8 The enhanced perme-
ability and retention effect, known as EPR, 
allows for enhanced accumulation in tumors, 
while decreasing accumulation in healthy or-
gans. This creates pores on the tumor surface 
in sizes ranging from 200 nm to 2 μm (human 

hair is about 100 μm or 100,000 nm), a pore 
size suited for nanoparticles to travel through 
into the tumor. The lack of drainage system 
prevents the nanoparticles from travelling 
out of the tumor, which also aids in nanopar-
ticle accumulation. This effect is not present 
in healthy organs, because a protective lining 
of tightly packed endothelial cells prevents 
migration of the nanoparticles into healthy 
tissues.9

An older technique of nanoparticle cancer 
treatment is to expose metal-coated nanopar-
ticles to magnetic energy, infrared light, or ra-
dio waves, causing heat radiation. Exposure 
to heat causes nanoparticles’ magnetic orien-
tation to oscillate wildly, absorbing electro-
magnetic energy and converting it into ther-
mal energy.10 The idea of using heat to treat 
cancer was first exploited in Ancient Egypt, 
Greece, and Rome, where heat was used to 
treat breast cancer masses. In Greece, Hippo-
crates, known as the Father of Medicine, re-
ported successfully treating breast cancer us-
ing heat. In fact, he coined the phrase, “What 
medicines to not heal, the lance will; what the 

lance does not heal, fire will”.11

Heat can kill cancer cells, and with a bit of 
manipulation also has the ability to awaken 
the body’s immune system. First, an inactive 
nanoparticle is coated with a metal such as 
gold, iron, or silver. Once in the body, the 
nanoparticle can be activated by a light or 
energy source. The metallic coating will nat-
urally give off heat externally, which can kill 
a portion of the malignant cells. By manip-
ulating the heat, the immune system can be 
alerted to the presence of the cancer cells, 
thus identifying and killing the cancer cells 
not affected by the heat.12 This technique re-
verses and essentially demolishes the cancer 
cell’s primary offensive/defensive method-
ology, in which it tricks the immune system 
into believing everything is normal while the 
cancer cells multiply, take over, and destroy 
the body.12

Nanoparticles display a wide range of pos-
sibilities, in which the treatment solution is 
reached with marginal harm to the healthy 
parts of the body. They display great promise 
as a novel, biologically relevant and biocom-
patible approach as an effective drug delivery 
platform – and also as functionalized vehicles 
for disease treatment. 

With this great advancement in technol-
ogy, revisiting some earlier questions may 
bring these innovations into a shadier per-
spective. Currently, the FDA has mainly ap-
proved liposomal or polymeric nanoparticle 
treatments – essentially limiting the scope of 
clinically applied nanomedicine to passive, 
biologically friendly compounds that are less 
unique treatments than additives to pre-exist-
ing drug molecules.13 The advantages of these 
treatments are characteristic of nanoparticle 

a nano-sized universe
maggie chen
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carefully considered. Tricking Mother Na-
ture often has unintended consequences – 
no matter how tiny the vehicle. 

Maggie Chen is a first year in Wigglesworth. 
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technologies in general: longer circu-
lation, increased drug delivery for site 
specific targeting, lower systemic toxici-
ty, and controlled or localized delivery.14 

Beyond the area of treatment, however, 
metallic and inorganic nanoparticles 
have been utilized as imaging or ultra-
sound agents and have been applied for 
thermal cancer therapy.15

Gene therapy in connection to nan-
otherapeutics, however, is an interest-
ing cross-disciplinary area that has just 
now begun to enter the clinical stage. 
Nanoparticles provide a highly compat-
ible carrier for genes; varying the surface 
charge on the nanoparticle allows for ex-
tremely stable interactions between the 
gene and the vesicle, while also increas-
ing circulation time and protecting the 
internal contents from degradation.16 Al-
though extremely promising, the issues 
that this technology faces are not limited 
to the original problems of gene therapy 
itself (such as immune system mediated 
inflammation or lack of specificity).17 
Now, through combining nanotechnol-
ogy with gene therapy, issues from both 
technologies have arisen to complicate 
future application. Nanoparticles tend to 
aggregate and are occasionally absorbed 
by nonspecific tissues. This lack of tar-
geting ability provides danger towards 
wrongful gene delivery, and subsequent 
uptake by the cell. Furthermore, im-
mune system recognition of the delivery 
system is still a major problem, leading 
to adverse side effects and toxic byprod-
ucts.17

Quite recently, an attempt to function-
alize nanocarriers was made through 
a centuries old paper game – origami. 
Scientists began by building a nanorobot 
using DNA. Because DNA has an inher-
ent ability to form self-assembled struc-
tures, this allowed for thrombin (a clot-
ting agent) to be released for cancer cell 
elimination. The DNA formed a nano-
tube, like a Pixie Stix – entrapping the 
thrombin within its folds. Upon expo-
sure to the tumor marker nucleolin, un-
folding occurs, allowing for subsequent 
drug release and tumor eradication. As 
demonstrated in small pigs, release of 
the clotting agent occurred specifically at 

the tumor sites, with little to no effect to-
wards other organ systems. Furthermore, 
liver uptake of the nanotube did not show 
extreme toxicity, and the nanotubes were 
successfully cleared or degraded.18

Functionalized nanocarrier delivery 
systems have yet to be approved by the 
FDA and have yet to become a staple in 
modern disease treatment. Although re-
cent advances have been both successful 
and exciting in their scope and impact, 
considering the course of this research 
moving forward leads to questions about 
how small we can go. Without knowledge 
of nanoparticle whereabouts, it is difficult 
to fully track the pathway of treatment 
throughout the body. While metallic 
particles can be traced through photo-
acoustic and magnetic resonance/com-
puter tomography techniques, non-me-
tallic particles cannot be visualized in a 
non-invasive way unless coupled with a 
fluorescent tracker.19-20 And despite the 
miraculously tiny size of these nanopar-
ticles, immune system recognition can 
lead to greater problems than the origi-
nal disease.21

Fantastic Voyage, though highly fic-
tionalized, highlights the unexpected 
problems a small vehicle can face while 
racing through the body. The crew of 
doctors takes a detour through the heart 
(inducing a small cardiac arrest to avoid 
turbulence), passes through the lungs 
to regain oxygen, and travels through 
the inner ear (while pleading for out-
side silence to minimize turbulence).1 
Although the resulting six-minute oper-
ation is successful and the crew escapes 
to normality shortly after, this movie pro-
vides insight into truly how wondrous 
and complex the human body really is. 
It is often unknown how the body will 
react to something so tiny and foreign 
disrupting activity. If the tiny and foreign 
object can react to the body’s actions, a 
chain of negative side effects can occur – 
much like a line of dominos falling over 
one another. 

Although the future of functional-
ized nanotechnology is as bright as the 
metallic nanoparticles heralding it, this 
juxtaposition between size, intelligence, 
and feasibility is something that must be 

10     Harvard Science Review | FALL 2018              general article



feature article SPRING 2018 | Harvard Science Review     11feature article FALL 2018 | Harvard Science Review     11

AI: Building Trust or Threatening a 
Cataclysm?

By Mythri Ambatipudi

Introduction
Artificial Intelligence (AI) is still a nascent technology with as-

tronomical promises. Nevertheless, AI seems to have kicked up a 
storm of debates, with people passionately arguing in favor of and 
against AI. The fears of losing one’s identity, way of life, or live-
lihood seem to be motivators of resistance.1,2 From tractors to cell 
phones, all forms of innovation have suffered this rite of passage. 

Will AI have to submit to the same resistance? While Stephen 
Hawking and Elon Musk warn about AI being an existential threat 

to humans, Mark Zuckerberg is optimistic 
about its phenomenal potential.3,4  Scrutinizing 
issues that lie within these extremes will allow 
us to explore the full range of the benefits and 

harms of AI. Could the past help us in this 
journey? What did the founding fathers of AI 
have in mind? A peek into the pages of AI his-

tory would help unearth their perspectives.
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Tracing the Roots
According to Pamela McCorduck, 
an author who has written about 
the history and philosophical
significance of AI, AI began with 
“an ancient wish to forge the 
gods.” 5 In the modern times, the
birth of AI can be attributed to 
the Dartmouth Summer Research 
Project on Artificial
Intelligence (DSRPAI) in 1956, 
where attendees broke ground on 
the assumption that “every
aspect of learning or any other 
feature of intelligence can in prin-
ciple be so precisely described
that a machine can be made to 
simulate it.” 6 AI has been on an 
upswing since the late 1990’s
thanks to three technological 
breakthroughs: affordable parallel 
computing, big data, and 
deep learning.

In the modern era, at the DS-
RPAI, automating the func-
tions of the brain seemed to 
be the agenda.6 The goal of 
the attendees was to ad-
dress issues like teaching 
computers the intricacies 
of language, rules of reasoning, 
conjecture, and manipulation 
of words. Among the problems 
they intended to analyze was 
simulating a network of neurons 
in order to model the brain and 
teach this model human skills like 
self-improvement, handling ran-
domness, hunches, intuition and 
making educated guesses. They 
also wanted to work on removing 
computational barriers by improv-
ing the speed and capacity of the 
available computers.6

The Good & The 
Bad
It is naive to assume that the ap-
plications of a new invention will 
only be virtuous. In fact, the
flavors have always been good, 
bad and ugly. It takes a collabo-
rative effort between scientists, 
businesses and the general public 
to translate an invention into suc-
cessful products that serve the
needs of society.

“Success in creating effective AI, 
could be the biggest event in the 
history of our civilization. Or
the worst. We just don’t know. 
So we cannot know if we will be 
infinitely helped by AI, or
ignored by it and side-lined, or 
conceivably destroyed by it,” said 
professor Stephen Hawking.4 This 

is a perfect example of the neces-
sity of going through the good, 
bad and ugly.

Benefits to Society

Food, healthcare and personal 
safety. These form the core of the 
basic necessities for all human
beings. AI’s success in these areas 
allows it to live up to its promis-
es.
The Food and Agriculture Organi-
zation of the United Nations 

(FAO) predicts that by 2050, food

production will increase by 50%.7 
A growing population, shrinking 
arable land, and an aging and
dwindling labor force contribute 
to this statistic. AI has helped 
farmers increase agricultural
productivity.

Transfer learning is being used to 
teach AI to recognize diseases and 
pest damage in crops. AI
can identify diseases with 98% 
accuracy, train cameras and sen-
sors to capture images, identify
weeds, spray the right herbicides, 
train robots to pick fruit, sample 
soil, analyze data to detect
nutrient deficiencies, and under-
take remedial measures. 8 Micro-
soft’s FarmBeats is an example of
such an AI-based agriculture 
platform. 9

Additionally, according to the Na-
tional Institutes of Health (NIH), 

“precision medicine is an
emerging approach for dis-
ease treatment and preven-
tion that takes into account 
individual
variability in genes, envi-
ronment, and lifestyle.” 10 

Google’s AI-based tool, 
DeepVariant, builds a
more efficient personalized 

genome in a faster and cost-effec-
tive way. 11 Companies such as 

_____________________
“This is a perfect example of the 
necessity of going through the 

good, bad and ugly.”
_____________________
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Deep Genomics use deep learning 
to analyze personalized genomic 
data, identify patterns in that data
that might contribute to diseases 
such as Alzheimer’s, cancer, heart 
disease, etc., and help drug
companies with drug discovery. 11

The drug discovery process in-
volves gigantic amounts of data, 
images, and research papers. It is
slow due to the limitations of 
human researchers who can read 
only between 200 and 300 papers
per year. With AI, such data can 
be processed by natural language 
processing algorithms,
assimilated, correlated, and con-
nected to related databases to ex-
pedite drug discovery. Moreover,
the discovery of a drug compo-
nent is extremely labyrinthine 
because it involves checking the
numerous combinations between 
that component and other biologi-
cal factors. AI aids in cutting
down the time taken. 12

AI has also become an invaluable 
tool in protecting data. Algo-
rithms using machine learning
scan repositories of malicious 
programs identified from previous 
attacks, learn what to look for,
and predict future attacks. AI is 
being used in the war against 
spam and phishing, to filter out
violent images and illegal finan-
cial transactions, protect data, and 

detect computers infected with
malware. 13

What do the Nay-
sayers Think?

Naysayers are raising an alarm 
about AI creating a society of a 
few haves, who will own strong
AI tools/skills/devices, and many 
have-nots. Since, unlike the previ-
ous revolutions, such as the
industrial and computer revolu-
tions, which replaced certain type 
of jobs with others, the AI
revolution is ready to destroy 
numerous blue-collared jobs. The 
few left safe would share the
profits and create a disparate 
number of have-nots. 14, 15 Ex-
ploring how modern life will be 
harmed

by AI is a worthy exercise.
As of 2015, the percentage of the 

population employed in agricul-
ture in the world’s two most
populous countries, China and 
India, is approximately 29% and 
51% respectively.16 Even though
AI seems to be taking roots in 
developed countries, it will not be 
long before it spreads to
countries like India and China 
where it could disrupt the liveli-
hood of major chunks of the
population. 17

An often overlooked fact is that a 
majority of doctors are not trained 
to interpret results of AI-
based precision medicine or relay 
these results to patients. 18 This 
leads to misdiagnoses and
mistreatments. Additionally, pre-
cision medicine needs access to 
the most personal data, one’s
genome sequence. Therefore, it 
demands the utmost alertness be-
cause it touches issues of ethics
and security. Who should be al-
lowed access to this data? How is 
the privacy and security of this
data ensured?
In the frenzy to import AI into 
precision medicine, the cost asso-
ciated with it is overlooked.
Mass adaptation of a product/ser-
vice drastically reduces its price. 
Precision medicine, which
aims to deliver individualized 
treatment, is therefore expensive. 
19 Are AI and precision medicine
worsening the burden of soaring 
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healthcare costs? AI is also 
gaining an upper hand over 
humans in committing cyber-
crimes. Personally Identifiable
Information (PII) is information 
that can be used to identify, 
contact, or locate a single per-
son. AI-aided cybercriminals 
mine enormous amounts of 
data, extract PII, use it to steal 
identities, and enable hackers 
to mount personalized attacks.20 

Phishing, considered to be a 
lower-level crime, has been 
empowered by AI. Experimen-
tal results showed that AI is re-
markably superior to humans in 
distributing phishing messages 
over social media. 21

Hindering the livelihoods of 
large chunks of society and 
stealing private data could 
cause turmoil
in societies that are unprepared 
to handle them. It is worth con-
sidering the opinions of the
naysayers.

The Future

AI offers hope for providing 
cures for diseases such as 
Alzheimer’s, Parkinson’s, ALS, 
cancer, etc., increasing food 
production, making a com-
mendable dent in hunger in 
poorer countries, and launching 
powerful defenses against cy-
bercrimes. But is this a promise 
of utopia? At the other end of 
the spectrum is the prediction 
of an AI-fueled dystopia: AI 
bots capturing PII, conquering 
human identities, overtaking 
human intelligence, starting 
wars, and causing high

unemployment and societal 
unrest. Having gone through 
the exercise of examining the 
good, bad and the ugly, it is 
prudent to ask the next logical 
questions. Should AI be regu-
lated? What might be the issues 
within the purview of such reg-
ulations? Has the train already 
left the station? Considering the 
speed at which AI is penetrat-
ing our lives, it is judicious to 
accept that AI cannot
be turned back and work 
towards establishing a global 
consensus on AI regulation. 22 
It is wise to work to turn this 
powerful technology into an 
ally and prevent it from attain-
ing complete autonomy.

Securing data, the lifeblood of 
AI, is paramount. The General 
Data Protection Regulation
(GDPR), being proposed by 
the EU is gaining momentum 
worldwide. However, will it be
universally accepted? Scruti-
nizing for bias in AI algorithms 
and deciding which AI deci-
sions are ethical are some of 
the other critical issues to be 
regulated.23 Achieving a global 
consensus on these regulations 
expeditiously is advantageous 
to everyone.

Mythri is a first year in Mat-
thews Hall
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DISAGREEING ON

 BRAIN DEATH

CAROLINE WECHSLER

The answer lies in the fact that McMath 
was declared brain-dead in 2013 but re-
mained on life support for the next five 
years. Her case has deeply shaken medical 
and ethical frameworks of what is consid-
ered death for physicians as well as pa-
tients. 

It seems like it should be obvious 
whether someone is alive or dead. And 
yet, the determination has gotten progres-
sively more complicated and controversial 
as medical technologies have improved. 
As St. Louis University Professor of Phi-
losophy Jeffrey Bishop writes, “On the 
surface, ‘brain death’ appears to be a very 
stable concept, but, in practice, we see it 
frays at the edges.”1 What does a designa-
tion of brain death mean, and how has that 
definition changed over the years? Does a 
physician’s authority extend to removing 
life support from a brain-dead individual? 
And how far is too far to keep someone 
alive?

DEFINITIONS OF BRAIN DEATH, 
THEN AND NOW

What is brain death? Current guide-
lines define it as “the irreversible loss of 
all functions of the brain, including the 
brainstem,” generally typified by coma 
(absence of response to sensory stimuli), 
absence of brainstem reflexes, and apnea 
(inability to sustain breathing).2 This defi-
nition emerges almost wholly from a 1968 
ad hoc committee convened at Harvard 
Medical School to discuss and examine 
definitions of brain death.3 Since then, ev-
ery state in the US has adopted legislation, 
through the 1981 Uniform Determination 
of Death Act (UDDA), that defines death 
by meeting at least one of two criteria: ces-
sation of heartbeat and respiration, or “ir-
reversible cessation of all functions of the 
entire brain, including the brain stem.”4

The rationale behind this is the idea 
that the brain is the control center of the 
body – without it, the body cannot survive 
for long.3 The advent of technological ad-
vance, however, throws this in question; 
while perhaps in 1981 cessation of brain 
function implied and necessarily was fol-
lowed by cardiac arrest, with the advent 
of improved ventilators, tube feeding, and 
other life support technologies, it becomes 
increasingly unclear what our understand-
ings of “death” should be: the body can 
survive long after the brain ceases to func-

tion. Thus, the divide between biological 
death and brain death grows.

Harvard bioethicist Robert Truog de-
scribes the particular challenge of brain 
death as follows: “Although legal defini-
tions are typically defined by bright lines, 
biology tends to be continuous.”5 Essen-
tially, brain death is a designation existing 
for legal reasons that does not necessarily 
fit biological criteria and understandings 
of bodily functions. And yet, this defi-
nition maintains medical and biological 
importance, though the line may be inher-
ently arbitrary. 

Part of the difficulty, especially for the 
patients’ loved ones, is that brain-dead 
individuals often do not appear “dead” to 
the observer – their heart may still beat, 
and they may still breathe with assistance 
from machines. It is also difficult to dis-
tinguish between the irreversible uncon-
sciousness that characterizes brain death 
and potentially reversible states of coma.6 
The main difference is that brain-dead 
individuals are incapable of breathing on 
their own and would quickly arrest and 
die if removed from supportive care. Phy-
sicians are still undecided, however, on 
the minimum acceptable observation pe-
riod to determine cessation of neurologic 
function – that is, it still comes down to a 
judgment call.7

ON JUNE 22 OF 2018, a 
17-year-old girl named Jahi 
McMath went into acute liver 
failure and passed away. But 
according to the state of Cal-
ifornia, McMath had already 
been legally dead for 5 years.1 
How is this possible? 
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Beyond the cognitive dissonance that 
inevitably makes accepting brain death 
difficult for patients’ loved ones, it is also 
challenging to reconcile brain death with 
other, generally religious, definitions of 
death. For example, many Orthodox Jews 

and Native Americans maintain that death 
only occurs upon cessation of breathing, 
not only upon cessation of brain function.8 
Thus, current definitions of death, and 
whether brain death constitutes death, are 
multiple and controversial. 

THE CASE OF JAHI MCMATH
Discussions of death and dying can 

seem abstract and theoretical, but they 
come to real-life importance frightening-
ly quickly as in the case of Jahi McMath. 
After a routine tonsillectomy operation 
to treat sleep apnea in 2013, then-thir-
teen-year-old Jahi McMath began to bleed 
and went into cardiac arrest, falling into a 
coma from which she would never awak-
en.9 She was declared by physicians and 
then a judge to be “brain-dead.” By Cali-
fornia law, which follows the UDDA, per-
sons declared brain-dead are deemed le-
gally dead and must be disconnected from 
ventilators after a “reasonably brief period 
of accommodation.”10

McMath’s family fought for her to be 
sustained on a ventilator and other sup-
portive technologies – a judge issued a 
temporary restraining order to prevent 
the hospital from disconnecting McMath’s 
ventilator (which they were compelled to 
do in adherence to UDDA and to main-
tain their organ donation program), and 
she was evaluated by an independent phy-
sician who also declared her brain-dead.11 
In January, the hospital agreed to release 
McMath to the county coroner, who could 
then release the (legally dead) body to her 

family, with the understanding that her 
family would take full responsibility of her 
care.11

Two states, New York and New Jersey, 
allow exceptions to the UDDA for reli-
gious reasons.6 For this reason, McMath’s 
family transferred her to a hospital in New 
Jersey, where she remained for several 
months to stabilize her (as a result of the 

court case and transfer, she had not been 
fed in three weeks and several organs were 
failing).10 For the next four years, she sus-
tained a heartbeat and other vital func-
tions, receiving round-the-clock nursing 
care in an apartment.10

Over the course of this period, she grew 
and went through puberty, even beginning 
menstruation, opening up still more ques-
tions about the ability of the body to live 
on after brain death.10 Indeed, in the few 
recorded cases of brain-dead individuals 
sustained on life support, others have also 
demonstrated this: for example, one indi-
vidual who had been declared brain-dead 
survived for nearly 20 years, growing and 
functioning even though his brain demon-
strated no tenable structure and showed 
calcification.12

For five years, the McMath family has 
continued to battle the Children’s Hospi-
tal of Oakland, where she was treated, and 
plan to continue to do so after her death.9 
The case remains the subject of heated 
debate within and outside the medical 
community, centered around questions of 
boundaries and rights around death. 

A key difficulty in the McMath case is 
autonomy and choice: McMath could not 
choose whether she wanted to continue 
on living in this way because of course 
she could not communicate. In this way, 
the McMath case recalls many other con-
troversial right-to-life cases, such as that 
of Terri Schiavo in 2005, whose family 
maintained her right to life support in an 
irreversible comatose state (slightly dif-

ferent from McMath’s in that she retained 
some brainstem function).13 The perennial 
question that plagues the medical estab-
lishment is who holds the right to make 
decisions about the patient’s care? 

These decisions and debates are made 
more difficult by a constant imbalance of 
information and expertise between physi-
cians and families. Indeed, one of the dif-

ficulties of McMath’s case is the refusal of 
her family to accept her brain-dead status 
as permanent. McMath’s mother, Nailah 
Winkfield, has said that after her transfer 
to New Jersey “I didn’t have a clue. I had 
really thought that I would get her a feed-
ing tube and a tracheotomy, and she would 
just get up, and we would be good.”10 This 
is one reason why many physicians and 
bioethicists vehemently oppose contesta-
tions of the term brain death – they worry 
that it may give families false hope of their 
relatives’ potential for recovery.  

The case of Jahi McMath demonstrates 
the obvious difficulty of delineating death. 
But perhaps one of the most important 
lessons it demonstrates is the importance 
of clear, open, and honest communication 
between patients and families. 

CONSEQUENCES OF CHANGING 
DEFINITIONS

What are the consequences of allow-
ing families like McMath’s to continue 
life support for a brain-dead individual? 
While the debate can easily turn towards 
arguments and discussions of autonomy 
and who has the right to end or maintain 
a life, there are many practical concerns 
that come with a declaration of death – for 
example, execution of wills and burial pro-
ceedings. 

In the landmark 1968 document defin-
ing brain death from the Harvard Medical 
School Committee, the reasons for mak-
ing this delineation were clearly laid out: 
first, because “improvements in resuscita

 

THE BODY CAN SURVIVE 
LONG AFTER THE BRAIN 

CEASES TO FUNCTION.
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tive and supportive measures have led 
to…[the existence of] an individual whose 
heart continues to beat but whose brain is 
irreversibly damaged” which is burden-
some to families and healthcare systems; 
and second, because “Obsolete criteria for 
the definition of death can lead to contro-
versy in obtaining organs for transplanta-
tion.”14

In fact, it was the first successful heart 
transplant in 1967 that prompted the for-
mation of the committee on brain death at 
Harvard in the first place.3 This is no coin-
cidence; with increasing success rates in or-
gan transplantation surgeries, the medical 
establishment found itself in a paradoxical 
predicament – needing recently alive or-
gans, but not being able to ethically remove 
organs from a live person. As one New 
Yorker editorial put it, “the need for both a 
living body and a dead donor.”15 Brain-dead 
individuals provide just that.

This may seem a bit morbid, but as Har-
vard ethicist Robert Truog notes, “Since 
1968 literally hundreds of thousands of 
lives have been saved or improved because 
we’ve been able to view this diagnosis as a 
legitimate point for saying that these pa-
tients may be considered legally dead.”3 In-
deed, a change or limit in the definition of 
brain death would certainly hinder trans-
plantation to a significant degree – even 
McMath’s lawyer expressed concern that 
“we may screw up organ donation.”10

Beyond organ donation, there is the 
question of hospital resources. As one bio-
ethicist puts it, “every extra hour of nurs-
ing time that goes into one of these dead 
patients is an hour of nursing time that 
didn’t go to somebody else.”10 Looking at it 
financially, McMath’s ICU care in New Jer-
sey cost, on average, $150,000 per week, all 
paid for by Medicaid.10 Given the already 
limited resources available in intensive care 
units, many question the ethics of continu-
ing to support and sustain patients with no 
chance of recovery at the expense of help-
ing others, with potentially better chances 
at recovery.  

And yet, is this premise of delivering 
the most good to the most people enough 
to justify a definition of brain death? The 
philosophical debate between utilitarian 
principles and notions of individual rights 
to long-term support rages on. But perhaps 
the most important consequence of the 

definition of brain death is the opportunity 
to initiate the beginnings of closure for the 
family – something that is often difficult if 
the definition remains blurry. 

IS THERE HOPE FOR THE 
BRAIN-DEAD?

One of the most controversial aspects of 
the McMath case was the claim by a neurol-
ogist who examined her that she may have 
shown signs of consciousness and some re-
stored brain activity before she died. Calix-
to Machado, president of the Cuban Society 
of Clinical Neurophysiology, observed in 
McMath’s scans that though her brain stem 
was almost entirely destroyed, significant 
portions of her cerebrum were intact.10 This 
is unexpected, because in the few docu-
mented cases like McMath’s, nearly all brain 
matter is destroyed because of poor circula-
tion on a ventilator. Beyond this, video re-
cordings taken by McMath’s mother seem 
to show the girl responding to commands 
and perhaps even recognizing her mother’s 
voice by a change in heart rate.10

But a meta-analysis of neurology schol-
arship by the American Academy of Neu-
rology (AAN) concluded that there are no 
cases of recovery of brain function after 
being declared brain-dead.7 In this analysis, 
they did find several reports of apparent-
ly-stimulated motor movements in brain-
dead patients, much like what McMath’s 
family observed, but concluded that these 
“falsely suggest retained brain function” 
and are not in fact indicative of conscious-
ness.7

There remains interest in treatments to 
reverse brain death. A company called Bio-
quark is pursuing a clinical trial to inject 
stem cells into the spinal cords of brain-
dead individuals among other treatments.16 
Similar treatments have been somewhat 
successful in patients with other sorts of 
brain damage (stroke patients, children 
with brain injuries), but these trials have 
been vehemently opposed by several neu-
rologists as “border[ing] on quackery” and 
“creat[ing] room for the exploitation of 
grieving family and friends and falsely sug-
gest[ing] science where none exists.”17 In-
deed, the fact remains that at this moment 
in time, brain-dead patients have no hope 
for recovery. 

Altogether, though, it seems that brain 
death is still an open question – and one 

that will continue to get more complicated 
as medical innovations improve. Though 
the definitions of brain death continue to be 
delineated based on AAN guidelines heav-
ily similar to the original 1968 document, 
researchers are still working to determine 
what scans and tests can more completely 
demonstrate what is happening in a brain-
dead patient. But as our ability to bring indi-
viduals back from dire situations improves, 
the need for clarity on what it means to die 
– and beyond, what constitutes being alive 
– becomes ever more pressing.  

Caroline Wechsler is a senior in Currier 
House studying History and Science.
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Body-to-Head Transplants: 
The Future of Medicine or a 
Modern-day Frankenstein 
Fantasy?

By Andrea Rivera

 Scientific history has 
proven that often the great-
est medical breakthroughs go 
against society’s conventional 
criterion at that time. Today, 
society is faced with a pivotal, 
yet controversial, development 
in medicine: the body-to-head 
transplantation (BTH). Some 
believe that transplanting a head 
and a brain could perhaps be 
the final frontier in organ trans-
plantation;1 while others are still 
skeptic, as BTH is no ordinary 
surgery and tackles complex 
medical procedures as well as 
many ethical dilemmas. Not 
only is the surgery extremely 
dangerous with no exit strategy, 
but it also goes against many 
of society’s conventional moral 
standards. However, if executed, 
the benefits the procedure could 
provide to terminally ill patients 
are incalculable.  
 

The goal 
of body-
to-head 
trans-
planta-
tion (BHT) is to sustain the life 
of individuals who suffer from a 
terminal disease, but whose head 
and brain are healthy. Ideally, 
BHT could provide a lifesaving 
treatment for several conditions 
where none currently exist.1 The 
surgical considerations include 
identifying a brain-dead body 
donor, with all healthy organs, 
and removing the head from 
the recipient and transplanting 
it into the donor body.1 The 
surgery itself would require 
complex surgical skills, highly 
specialized and trained surgeons, 
and the most cutting-edge medi-
cal technology. Both the head of 
the recipient and the body of the 
donor would have 
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to be cooled down in order for the brain 
cells to survive minutes without oxygen. 
Then, the neck and arteries would be cut 
and the spinal cord fused. Dr. Sergio Ca-
navero, an Italian neurosurgeon that has 
been attempting to work towards BHT, 
believes that it is a scientifically sound en-
deavor that has been carefully conceived.2

 

 Ethics around this procedure primar-
ily center around the physical implications 
for the patient. Even if the procedure is 
successful, the patient will be susceptible 
to risks and a recovery process so long that, 
for some, it outweighs the benefits. The 
patient will require extensive posttransplant 
support, and they will be maintained in the 
intensive care unit under strict isolation 
with ventilator and full circulatory support.1 
Assuming that the spinal cord connection 
succeeds, the patient will need to take a 
large amount of immunosuppressive drugs, 
which still may not solve the immune 
rejection problem.3 Considering the high 
mortality rate that this surgery could entail, 
it ultimately leads to the question of wheth-
er the procedure should be legally allowed, 
regardless of the patient volunteering, or if 
legislation should not to permit this type of 
surgery.
 The possibility of replacing an incur-
ably ill body with a healthy one tests not 
only medicine’s limits, but also the 

social and psychological boundaries of 
physical life.1 The procedure presumes that 
transplanting a head with a brain would 
automatically transplant the whole person 
with its mind, personality and conscious-
ness. Some scholars, like Čartolovni and 
Spagnolo, consider that BTH patients will 
experience an extreme mind and body 
disharmony that could lead to either in-
sanity or death. They argue that the body 
represents the corporeality of existence, and 
individuals will fail to adjust to a new and 
dramatically different physical presence. 
However, experience with previous organ 
transplants have not proven these results. 
In internal medicine and transplantation 
journals, organ transplantation is generally 
viewed and described in positive 
terms.4 The point is put forward, none-
theless, because it is not the same to have 
somebody’s entire body transplanted on 
your own than to have just a liver, kidney, 
or heart that is not yours transplanted to 
your body. The novelty of the procedure 
makes it extremely hard to predict what 
kinds of psychological results to expect 
from the recipient.  
  Canavero himself addresses an ethical 
issue that could emerge from BTH: the 
donor’s gonads and the transmission of 
genetic inheritance to the donor’s offspring. 
In fact, since gonads are considered hu-
man identity organs, they are forbidden for 
transplantation by some legislations.3 The 
gonads will continue to produce the donor’s 
offspring. And since the donor 
is deceased, it is impos-
sible to acquire their 
consent if not 
done prior to their 
death. Transplanting 
gonads means not 
only transplanting 

_____________________
“...if executed, the benefits the procedure 
could provide to terminally ill patients 

are incalculable.”
_____________________
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the organs themselves, but also the donor’s 
genetic material to be passed on to the recip-
ient’s offspring.1 All sorts of ethical concerns 
arise from BTH, considering that it is trans-
planting an entire person’s body, including 
their reproductive organs.   
 BTH is also considered an inefficient 
expenditure of resources, if seen from an 
economic viewpoint. Only one body could 
save one life per BTH, while the same donor 
body could save and enhance up to 15 lives 
with multiple organ transplants.1 Consid-
ering the large number of patients waiting 
to receive organ transplants, BTH would 
be considered not only a waste of econom-
ic resources, but also of poorly addressing 
the population’s general medical needs by 
wasting valuable organs on a procedure from 
which the patient will not likely survive or 
recover.  
 All of the above mentioned psychologi-
cal, physical, ethical, and economic concerns 
about bodyto-head transplants have been 
raised since Canavero published his research 
on the “Gemini” spinal cord fusion proto-
col.5 Since then, scientists and scholars from 
around the world have questioned not only 
the validity of this procedure, but also if it 
should be done. BHT, however, is an ex-
tremely new and novel procedure, meaning 
that there is no clear-cut answer to the under-
lying questions behind the surgery.5 
 The fact remains that no surgeon 
has been able to successfully complete the 
procedure on live patients yet, but the future 
of BHT is extremely uncertain considering 
Canavero’s most recent research, and the 
methods being proposed by different scien-
tists as well. 
 Regardless of whether or not the 
surgery is feasible, an extensive analysis of 
the ethics behind BHT should be evaluated 
before moving forward with the proposed 

procedure.  

Andrea Rivera is a first year in Stoughton.  
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It is 2018, only six years after the dis-
covery of CRISPR-Cas9, and genome en-
gineering has become a rapidly evolving, 
incredibly exciting field. In order to un-
derstand why CRISPR-Cas9 is considered 
a revolutionary technology, it is important 
to look at the history of genome editing.

The field of genetics was originally pio-
neered by Austrian scientist Gregor Men-
del in the late 19th century. His work relied 
on the analysis of breeding patterns and 
spontaneous mutations in the genome. 
During the mid-twentieth century, many 
scientists demonstrated that random gene 
mutations could be caused by the applica-
tion of intense radiation and specific types 
of chemical treatment, but they couldn’t 
control the mutations produced. In the 
1970s, targeted genetic changes were first 
created in both yeast and mice models 
by taking advantage of a process known 
as homologous recombination. Scientists 
would insert a fragment of a specific gene 
into an organism, and during cell replica-
tion, this fragment was incorporated into 
the genome, but it had incredibly low ef-
ficiency.1

Modern genome engineering methods, 
such as Zinc-Finger Nucleases (ZFNs), 
Transcription-Like Effectors (TALENs) 
and Clustered Regularly Interspaced Short 
Palindromic Repeats (CRISPR) are all 
engineered proteins which are capable of 
introducing double-stranded breaks in 
DNA.2 They essentially act as a pair of pro-
grammable molecular scissors, which are 
capable of cutting the DNA at a precise lo-

cation. CRISPR is revolutionary compared 
to older ZFN and TALEN technology be-
cause it is able to be easily matched with 
tailor-made guide-RNA sequences which 
lead CRISPR to its target. When using 
TALEN and ZFN, the proteins themselves 
need to be reengineered for each specific 
target, which is enormously time-consum-
ing, difficult, and expensive.3 CRISPR is far 
cheaper than alternatives, and functions in 
the vast majority of organisms.

Since the advent of CRISPR, billions 
of dollars have been invested in CRIS-
PR-based startups, such as Editas Med-
icine and CRISPR Therapeutics.4 These 
companies are working diligently to trans-
late lab-based studies to therapeutics for 
patients around the world. The idea of 
being able to modify our genome, and 
possibly enhance or disrupt the function 
of any gene has led to much speculation 
about medicine’s future. Many journalists 
are reporting that in just two or three de-

cades, parents will be able to choose their 
child’s eye color, hair color, and possibly 
even their intelligence.5,6 However, the bi-
ological reality starkly contrasts with these 
ideations.

Many of our traits, including intelli-
gence and height, are not encoded by a 
single gene. They are polygenic, or mono-
genic, indicating that thousands of genes 
(in some cases, more than 93,000) impact 
the expression of these traits.7 Identifying 
each gene locus that has correlation with a 
specific trait and then using genome engi-
neering to selectively modify each of these 
locations would be incredibly difficult, and 
is very unlikely to occur anytime soon.7,8 
That being said, over 10,000 of the world’s 
most devastating genetic diseases, includ-
ing Huntington’s, Sickle Cell Anemia, and 
Progeria, are linked to very specific muta-
tions in the genome.7,9

Chinese physicians have already em-
ployed CRISPR-based therapeutics to treat 
cancer and HIV, according to Quartz.10 
Cambridge-based biotech companies have 
recently launched a trial using CRISPR 
therapy for the inherited blood disorder 
beta-thalassemia.11,12 However, these trials 
truly are just the tip of the iceberg. Many 
scientists believe that CRISPR technolo-
gies could be key to developing therapies 
for thousands of other diseases.5,9

With these rapid advancements in ge-
nome engineering, it’s incredibly import-
ant to consider the vast ethical compli-
cations which arise from the use of these 
technologies. Many individuals have mor-
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al objections to germline editing or chang-
ing the genome of the embryo and future 
generations.13 Germline therapy would 
make it impossible to obtain informed 
consent, since the patient isn’t even born 
yet.14 Additionally, while few people would 
disagree with using gene editing to cure a 
devastating disease, many would object 
to using it for prophylactic purposes. If it 
were possible to reduce the chance of con-
tracting Alzheimer’s from 5% to 1% using 
CRISPR, would it be ethical to administer 
patients this treatment? If only the rich 
can afford these optional therapies, are the 
less fortunate going to be left behind?9,15 
Balancing these key factors will be crucial 
in the successful deployment of genome 
editing tech, and scientists and ethicists 
around the world are grappling with these 
difficult questions.

In summary, CRISPR is a revolutionary 
technology and has the potential to im-
prove the quality of life of billions. How-
ever, the scientific and medical communi-
ty must agree on a set of moral standards 
which define the way gene editing thera-
peutics can be used in humans. In the age 
of CRISPR, how far is too far?

Sreekar Mantena is a first year in Weld 
Hall.
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Americans Must Fix 
Their Health Habits 
Now—or Face the 
Consequences 
Tomorrow

by Alec Kennison
Currently in the United States, 70.2% of the Amer-

ican population is either obese or overweight.1 Obe-
sity is defined as having a BMI of 30+, while being 
overweight signals a BMI of 25+.2 This may not be a 
surprise to many, but we have to examine this statis-
tic closely to understand the harmful health impacts 
it could have on society. Heart disease—the number 
one cause of death in the United States3—is primari-
ly caused by the negative health effects that arise from 
obesity.4 Ultimately, we must educate ourselves on the 
potentially life-threatening health consequences of 
obesity. 

Many factors contribute to this health epidemic, but 
many are tied to the convenience and enjoyment fac-
tor; many sources of entertainment and enjoyment are 
unhealthy and easily accessible. 

One of those many issues that contributes towards 
the widespread obesity in the United States is that the 
food which contributes towards obesity is easily acces-
sible. With the growing popularity of fast foods, the 
opportunities to lead an unhealthy lifestyle are becom-
ing greater than ever before.5 Fast food restaurants are 
omnipresent in highways, cities, and the countryside.6 
This convenient accessibility to the unhealthy food 
served at fast food restaurants, when combined with 
the food’s relative affordability, makes it easy for peo-
ple to order an unhealthy meal at a fast food restau-
rant. In the United States, 34% of children between 
the ages of 2 and 19 consume fast food daily.7 This is 
extremely unhealthy as fast food is comprised of many 
of the worst and most unhealthy ingredients such as 
palm oil, high fructose corn syrup, and partially hy-
drogenated oil.8 Eating this food consistently can lead 
to the obesity and harmful heart effects. In addition, 
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fast food is addictive and can create 
unhealthy patterns in a person’s life. Its 
convenience, relatively cheap prices, and 
addictive nature of its ingredients such 
as sugar makes it relatively easy to be-
come hooked on fast food.9 A prolonged 
addiction to the unhealthiness of fast 
food can eventually create consistent 
unhealthy habits, which often can con-
tribute to obesity and weight-gain. Eat-
ing fast food occasionally—just once a 
week—is permissible; however, eating 
fast food more than twice a week has 
been proven to cause weight gain and 
insulin resistance among young adults.10

Another cause of obesity in America 
is the presence of digital and electronic 
forms of entertainment.11 The increase 
in popularity of these forms of inactive 
entertainment like television, video 
games, and online entertainment causes 
many people to remain physically stag-
nant throughout the day. This idleness 
can have harmful health impacts. The 
disuse of a person’s muscles can increase 
the person’s blood glucose levels, as the 
inactive muscles no longer need to take 
up as much sugar from the blood to 
function.11

Obesity can lead to consequences like 
heart disease, Type 2 Diabetes, and in-
creased risk of certain cancers.12 In ad-
dition, many people who struggle with 
obesity are more at risk for depression 
and anxiety.13 The bottom line is this: 
obesity can ultimately cause undesired 
negative health effects, which can hurt 
people both physically and mentally.

While there are several reasons why 
people struggle with obesity, there are 
still many changes that can be made to 
improve that person’s health regardless 
of his or her background. Healthier eat-
ing habits and daily exercise can be im-
plemented into most people’s lives and 
can result in drastic positive health ef-
fects. If healthy eating is not affordable 
depending on a person’s situation, there 
are many cheap options. Brown rice, 
whole-wheat pasta, whole-wheat bread, 
and non-fat yogurt all cost less than $2 
for a typical standard size at a super-
market store.14 There are also many oth-
er cheap and healthy options available. 
And if these foods are still not afford-
able, at the very least

some form of exercise can be imple-
mented into almost all people’s lives. 
Taking even just a thirty-minute walk 
daily has many health benefits like a de-
creased risk of high-blood sugar and a 

healthier body composition.15 
If Americans are more educated on 

obesity’s significant health effects, they 
may be more likely to make healthier 
decisions. In addition, by understand-
ing the causes of the problem, Ameri-
cans can identify specific bad practices 
in their lives and start making commit-
ted changes to these habits. Ultimate-
ly, a movement for Americans to per-
form more healthy habits, like former 
First-Lady Michelle Obama’s “Let’s 
Move!” campaign, may lead to greater 
positive health effects around the coun-
try, making us healthier as a whole.16

Alec is a first-year in Thayer.
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