











Nine Months in Orbit:

How Two Astronauts Endured a Spacecraft Crisis

Written By: Risa Farber

n March 18th, 2025, Suni Wil-
O liams and Butch Wilmore finally

returned to Earth on a SpaceX
capsule after spending nine months
trapped in space. The NASA astronauts’
original ship, a Boeing Starliner, had
originally docked at the International
Space Station on June 6th last year, fer-
rying the two astronauts to space for a
short 8-day jaunt.! However, upon land-
ing, it was discovered that the return
vehicle was experiencing some helium
leaks and thruster malfunctions, caus-
ing the trip to be extended.? After the
astronauts’ return date was delayed
over and over, along with NASA’s re-
curring statement that they were fine
on the ISS, the two were finally able to
return on a SpaceX Dragon capsule.

During the initial flight into space, five
of the twenty-eight thrusters on Starlin-
er failed. These thrusters are incredibly
important, since they are used to ma-
neuver the ship. Williams and Wilmore
were able to land aboard the ISS safely,
but the failure raised major concerns
about the ship’s ability to return to
Earth without fully functioning thrust-
ers. Before leaving the ISS, it was cru-
cial to ensure that the thrusters were

working properly, since they are used
during docking and undocking.? With-
out them, precious air could be lost
to space, compromising the carefully
controlled environment inside the ship.
Testing revealed some issues with the
seal around the thrusters, which pre-
vented them from receiving the prop-
er amount of propellant. Interestingly,
while five thrusters failed during the
original launch, only one failed during
in-space testing. This led the engineers
to suggest that the spacecraft may have
settled in a way that improved the seal,
or that the leaks were small and incon-
sistent.* Regardless, the malfunctioning
thrusters posed a major obstacle to re-
turning the astronauts home safely.

There was another issue on board: be-
fore Starliner initially took ofl from
Earth, a small helium leak was detect-
ed in the fuel tanks. Helium is used to
help stabilize the fuel, but because it
has such a small atomic size, it can very
easily slip through small cracks that are
invisible to the naked eye and leak out.
However, Starliner and other space-
craft are always designed to be able to
withstand some levels of malfunction-
ing—a concept in engineering called
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redundancy—so they deemed the ship
safe enough to launch. Unfortunately,
upon landing at the ISS, two more leaks
were discovered.” These helium leaks,
in combination with the thruster mal-
functions, led to the astronauts’ return
being definitively postponed for their
safety. The ship itself was returned to
Earth, empty of passengers, on Septem-
ber 6th, 2025.6 '

In the days leading up to the decision
to return the spacecraft and in the time
spent on the ISS since, Williams and
Wilmore spent their time conducting
important research for NASA. In all of
their statements, the space agency con-
sistently stated that the astronauts were
happy to have their trip extended, as
it allowed them to continue with their
projects.” One such topic was the Plant
Water Management (PWM) investiga-
tion. This research was centered around
the goal of growing plants in space, an
activity vital for future life in space. On
Earth, gravity helps to transport water
through the soil to the roots of plants,
but in space, where there is micrograv-
ity, water essentially just floats around
in blobs. PWM’s goal is to be able to
transport water to plants without using



pumps or other moving parts.® By using
a plant simulation with artificial roots
that simulated capillary action (when
water inexplicably moves up a tube of
a small diameter, seemingly against the
pull of gravity’), the astronauts were
able to test different soil conditions and
how they impacted the hydration and
aeration of the “plant” based on con-
ditions of microgravity."” Ultimately, it
was found that despite the micrograv-
ity, capillary action still occurred, and
water was successfully absorbed into
the plant simulations."

Building on the information from the
Plant Water Management investigation,
the astronauts also worked on the Veg-
etable Production System, known sim-
ply as Veggie. This is essentially a small
garden on board the ISS, which allows
for more variety in diet and nutrients
available to astronauts as longer visits
to the ISS were becoming more com-
mon.”® Wilmore specifically worked
on adding a light sensor to the facility,
allowing future crew members to have
better control over the amount of light
being used.

To aid astronauts in various techno-
logical tests, NASA developed three
Astrobees, free-floating, 12.5-inch cube
robots that can test technology and
help with various chores around the
ISS, such as inventory and document-
ing experiments. Throughout her time
aboard, Williams used the Astrobees to

test docking maneuvers and remote-
ly map the interior of the capsule by
sending the robot into spaces that she
either could not go or fit into."* These
robots move around the microgravity
environment using fans that rotate in
all directions, and operate using the
U.S. Operating Segment (USOS) vi-
sion-based navigation.” They are con-
trolled by onboard astronauts using a
remote, or even by supporting workers
on the ground. The use of these robots
allows for further development in dif-
ferent technologies and experiments,
along with simply making the chores
of the astronauts on board significantly
casier.'®

These projects and activities kept the
two astronauts occupied and enter-
tained throughout their nine-month
stay on the ISS. Over the months, sev-
eral other crews arrived and departed
from the ISS, meaning Williams and
Wilmore were never truly “stuck” on
board. However, NASA did keep de-
laying their departure, despite the ob-

jections of people back on the ground,

including their families. Despite being
described as “stranded,” nine months
aboard the ISS is a fairly typical period
to be living there, with trips for other
astronauts lasting for over a year."

Additionally, there are always multiple
ships docked on the ISS at the same
time, including some from NASA,
SpaceX, and Northrop Grumman. So

then why did Williams and Wilmore’s
mission keep getting extended? Boeing
official Mark Nappi said back in August,
“I think we all knew that it was going
to go longer than that. We didn’t spend
a lot of time talking about how much
longer, but I think it’s my regret that we
didn’t just say ‘Were going to stay up
there until we get everything done that
we want to go do.”™*

What began as a routine test flight be-
came an unexpected endurance mis-
sion — one that tested not only the
spacecraft’s hardware, but also the
adaptability of the astronauts aboard.
Over nine months, Suni Williams and
Butch Wilmore didn’t just wait for a
ride home: they pushed forward vital
research, helped test emerging tech-
nologies, and brought a sense of pro-
fessionalism to an otherwise uncertain
situation.

While the delays surrounding Starliner
raised questions about Boeing’s readi-
ness, they also highlighted the impor-
tance of redundancy, transparency,
and flexibility in space operations. And
through it all, the astronauts’ extended
stay provided NASA with critical in-
sights into the systems that will support
life on long-duration missions, from
sustainable food sources to autono-
mous robotics. In space, not everything
goes according to plan. But sometimes,
the detours end up taking us further
than we ever expected.
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Animal Testing in the 21st Century:
A Necessary Sacrifice or Needless Cruelty?

Written By: Yuliya Tarnovetska
[llustration By: Daniel Nitu

he moral debate surround-
I ing the use of animals in
scientific research has been
present since the late 17th centu-
ry, after Descartes proposed that
animals were material mecha-
nisms lacking intellectual or spir-
itual elements and therefore were
perfect alternatives to using hu-
mans in scientific experiments.
This led to many mixed views and
arguments from the public, espe-
cially at a time when no legal re-
strictions existed for the welfare
of animals. It was only in 1635 that
Ireland passed “An Act Against
Plowing by the Tayle, and Pulling
the Wool Off Living Sheep,” one
of the first known pieces of leg-
islation to protect the rights of
animals."? Still, even this was seen
as an economic and political ploy
rather than an effort to enforce
better care.

Currently, the line between nec-
essary sacrifice for scientific ad-
vancement and animal cruelty is
still unclear — and more blurred
than ever. Both sides of this moral
dilemma can be seen interwoven
in many instances throughout his-
tory. In 1957, thalidomide, a drug
intended to treat insomnia, head-
aches, and nausea, was released to
the market after undergoing test-
ing in rodents. It was primarily
used by women experiencing nau-
sea during pregnancy; however, a
period of phocomelia, a rare con-
genital defect characterized by the
absence of intermediate segments
of the extremity, and other birth
defects quickly followed.® Thalid-
omide was found to be the cause
and was subsequently withdrawn
from the market. This resulted in
large controversies surrounding
the predictive ability of animal
testing and furthered the cause for
a complete halt to using animals
in research. However, this event
simultaneously propelled the im-

portance of extensive
preclinical trials on
animals. Not only was
thalidomide never
tested on pregnant
rodents, but it was
also overlooked
that rodents themselves
are less sensitive to tha-
lidomide compared with
other species. The use
of an incorrect animal
model, coupled with the
lack of preclinical inves-
tigations, was part of the
underlying cause for this
unsafe medication. This
led to the increased regula-
tion of preclinical testing of
drugs, including the necessity
of testing on two different animal

species, increasing the chance of

detecting toxicity to humans.

It becomes apparent that re-
search with animals is crucial to
biomedical advancements and
understanding human diseases,
as well as developing treatments,
especially since the alternative ap-
proaches that exist cannot yet ful-
ly replicate the implications and
processes of an entire system.’
Still, instances of tremendous an-
imal cruelty in research labora-
tories across the globe reinforce
the need for stricter and more
thorough animal welfare regu-
lations. Footage released from a
toxicology laboratory in Germany
depicted monkeys fixed by their
necks who were forced to watch
the experiment, resulting in high
levels of intense stress. This was
completely unnecessary to the ex-
periment and a deep form of mal-
treatment. The actions of these
researchers harmed their own
study since physiological stress
changes resulted in unreliable
data and results.” Jane Goodall
spoke about this same laborato-
ry in a letter after witnessing the
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footage, calling out their
injustices. She elaborates on

how dogs and cats were kept in
small cages, with many lying on
cement floors covered with blood
smears. Meanwhile, monkeys were
pulled forcefully

from their cages onto restraining
chairs, experiencing violent and
abusive treatment from the lab
assistants. While this specific lab-
oratory was closed after active pe-
titioning, two more laboratories
under the same animal testing
corporation still exist in Germany.

Current alternative methods in-
clude testing cells and tissues in
test tubes or cell cultures, 3D tis-
sue culture, computational and
mathematical models for toxic-
ity testing, stem cell research,
non-invasive diagnostic imaging,
and clinical research. The Nine
U.S. Government Principles ad-
opted in 1985, which serve as
the foundation for the humane
care of animals in biomedical re-
search, uphold the principle of



using the minimum number of
animals scientifically necessary,
championing the replacement of
animal models with non-animal
models.! However, it seems that
only a minuscule fraction of the
billions spent by governments and
corporations for Research & De-
velopment is invested in the de-
velopment of non-animal testing
alternatives. It becomes possible
that the inadequacy of current
alternative methods to animal
testing is, in part, due to a lack
of funding and opportunity to ex-
pand.” This issue has been taken
on by individual states, like Mary-
land, which has shown a way to
solve this problem. In 2023, Gov-
ernor Wes Moore signed Senate
Bill 560 into law, an act requiring
animal research laboratories to es-
tablish and contribute grants and
loans for state-funded, human-rel-
evant animal testing alternatives
research.® Providing more mone-
tary emphasis on the development
of alternative meth-

ods can lead to

N
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possible through the creation of
personalized skin grafts for burn
victims or patients with skin dis-
eases.” This eliminates the need
for animal testing and provides a
phenomenal blueprint for other
major cosmetic companies.

The debate around using animal
models in research is complex
and multi-faceted. Addressing
concerns about animal welfare

can take the form of stricter reg-
ulations for animal use in labora-
tories as well as investment into
biotechnology that eliminates the
unnecessary use of animals in re-
search.
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Using Methane Hydrates as an

Energy Source

Written by Lylie Bechtel

n recent years, a profusion of new

energy sources have entered the

market as the world diversifies its
power supply. Scientists have contin-
ued to explore various hydrocarbon
energies, as well as improving re-
newable methods like photovoltaic
solar panels and geothermal heating,.
To explore untapped hydrocarbon
sources outside of traditional oil
and gas, researchers have been ex-
perimenting with extracting energy
from non-traditional forms of hydro-
carbons from tar sands in Canada to
anthracite coal in the U.S. One par-
ticularly interesting potential source
of hydrocarbon energy is locked away
at the bottom of the ocean: Methane
hydrates, sometimes referred to as
gas hydrates, are composed of meth-
ane gas (CH4) enclosed within a crys-
talline structure of solid ice (H20).
These molecular structures require
two conditions to form, which are
seldom found together in nature: low
temperature and moderate to high
pressure. While there exist a few en-
vironments on Earth meeting these
deepwater
near continental margins (particu-

requirements, regions
larly between 350 and 5,000 meters
below sea level) are where the most
abundant methane hydrate resourc-
es are located. In fact, 95.5% of the
world’s methane hydrate reserves
are located in continental margins.
In addition to the conducive condi-
tions, the deep sea has a low suscep-
tibility to warming climate over long
timescales, meaning that methane
hydrates can be preserved here for

centuries [Methane Hydrates & Cli-
mate Change]!

The process of forming methane hy-
drates begins with deep sea microbial
activity. Microorganisms inhabiting
deep sediment layers convert organic
substances, typically the remnants of
plankton, into methane gas [World
Ocean Review]|. It should be noted
that the deep open ocean does not
contain many methane hydrates, de-
spite featuring the optimal tempera-
ture and pressure conditions, because
of the lack of organic matter for mi-
crobes to metabolize into methane.
Instead, this methane gas is formed
deep within the organic-matter-rich
sediment of the ocean floor, where
temperatures reach up to 30 degrees
Celsius due to heat emitted by the
mantle. As the methane travels up
through increasingly cool layers of
sediment, the gas crystallizes into
methane hydrates, becoming locked
within “cages” of solid ice.

Aside from their unique structure,
methane hydrates attract research-
ers and countries alike due to their
enormous potential as an energy
source. The amount of natural gas
stored in these hydrates far exceeds
known conventional natural gas de-
posits. In fact, estimates suggest that
methane hydrates contain twice the
amount of carbon as all of the known
global fossil fuel resources combined
[NOAA]! Conventionally consumed
natural gas is composed of roughly
95% methane, which means infra-
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structure for using methane gas for
energy already exists, making this
resource an even more plausible
substitute. Theoretically, if technol-
ogy and resources were devoted to
this source of energy, methane hy-
drates have the potential to provide
as much energy as natural gas does
today.

Researchers in Japan, India, the
United States and other countries
are working to further the develop-
ment of methane hydrate energy
technologies. Japan, in particular,
is looking to exploit this resource
to increase their domestic energy
production and lean away from a re-
liance on imported energy. In 2022,
Japan — the world’s 5th largest oil
consumer — imported roughly 97%
of their energy supply in the form of
liquified natural gas and crude oil to
meet domestic demand. Essentially,
the country relies heavily on oil and
natural gas from other places, and is
currently experimenting with using
methane hydrates, an extremely po-
tent form of hydrocarbon energy, to
reduce this dependence. Although
research and infrastructure are still
quite primitive, some scientists be-
lieve that extracting natural gas from
methane hydrates could be economi-
cally feasible in the near future.

A number of entities are exploring
various methods of extracting meth-
ane gas from these frozen hydrocar-
bons. Mining technology has been
tested under laboratory conditions,
with the first successful extraction of



natural gas from methane hydrates
occurring in 2008 by Japanese and
Canadian scientists [World Ocean
One project
methane hydrates’ potential for en-
ergy is being carried out through a
partnership between United States
federal
agencies and the government of Ja-
pan. Researchers are exploring per-

Review]. exploring

and state governmental

mafrost methane hydrates on the
North Slope of Alaska at the Alaska
Gas Hydrates Production Testing
site. A member of the Alaska Depart-
ment of Natural Resources involved
in the project, Diane Shellenbaum,
explains that “gas hydrates are an
enormous potential resource on
the North Slope of Alaska, one that
could provide a significant source of
energy and support for Alaskans and
our country in the future” [USGS].
Building out this resource in Alas-
ka could have extremely positive
impacts on local communities, pro-
viding jobs and an independent lo-
cal energy source. Another project,
JAPEX, is exploring the viability of
pore-filling type methane hydrates
found in the Daini-Atsumi Knoll, a
submarine geologic formation locat-
ed off the coast of Japan. In 2013, this
project led to massive breakthroughs
of successfully extracting and pro-
ducing usable natural gas from meth-
ane hydrates [ JAPEX]. Another test
in 2017 solidified the ability to extract
methane from these hydrates, even
leading to sustained gas production
for weeks after the initial test. These
tests speak to the technological devel-
opments currently underway towards
the viability of methane hydrates as
an alternative energy source.

While this research provides an excit-
ing opportunity for Japan and other
countries, there is debate regarding
how responsible it is to exploit meth-
ane hydrates instead of pouring the
same time and resources into more

renewable forms of energy. Valid
concerns surround dependence on
hydrocarbon energy sources in the
age of the Anthropocene and green-
house gas-induced climate change.
Firstly, methane hydrates contain
methane gas, which is a greenhouse
gas four times more potent than CO2
and, according to the Environmen-
tal Defense Fund, has more than 80
times the warming power of carbon
dioxide for the first 20 years after
reaching the atmosphere. Thus, en-
couraging the usage of a new highly
potent hydrocarbon resource with
reserves larger than those of existing
fossil fuels would certainly contrib-
ute to anthropogenic climate change
in deeply harmful ways. Additionally,
the stability of this resource has nev-
er been a significant issue historical-
ly. However, due to anthropogenic
climate change, warming waters may
pose a threat to the preservation of
methane hydrates. In fact, in 2008,
British and German scientists located
a gas seep 350 meters off the conti-
nental shelf near Spitsbergen, and
believed melting methane hydrates
were the reason for the seep [World
Ocean Review|. Certain models also
predict that as the Arctic Ocean con-
tinues to warm, methane hydrates
will melt, releasing carbon and fur-
ther contributing to global warm-
ing and ocean acidification [World
Ocean Review]. This phenomenon
could be in part prevented by not us-
ing this resource and further contrib-
uting to climate change and warming
waters.

Methane hydrates are an exciting po-
tential hydrocarbon energy source
that could replace conventional fossil
fuel sources and allow populations
without domestic fossil fuel sources
to reduce their energy imports. How-
ever, there are certainly environmen-
tal concerns with the idea of exploit-
ing this resource, especially in the
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current era of anthropogenic climate
change. It remains to be seen wheth-
er methane hydrates will win out.
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The Amazin
Biomedical

Written by Rokhyatou Toure
Illustration by Nina Kornfeld

S s you get up from your seat
and walk down the theater

aisle, you are still lost in a
world of fiction, emotionally at-
tached to characters and their abil-
ities. Marvel Cinematic Universe
(MCU) movies have this effect on
their viewers, having them leave the
theater feeling like superheroes,
still without the associated abilities.
With current biomedical engineer-
ing (BMLE) research development,
scientists have mimicked Marvel su-
perheroes to some extent. Infamous
for his charisma, his webs and his
responsibility, Spiderman has had a
place in the MCU heart since 1960
when his developer, Stan Lee, took
to the comics. Who wouldn’t want to
be the amazing man himself? Possi-
bly you, given science’s attempts to
turn fictional superheroes into real-
ity through the advancement of bio-
medical engineering? This is evident
in today’s scientific research. Let’s
take a look!

1. Spiderman’s Power:
Synthetic Webbing:
Sglderman (2002):
Times

quare Balloon Scene. Spi-
derman saves Mary from the fall.
(1:09:50). Fired from his web shoot-
ers, synthetic web fluid polymer at-
taches to a firm-strength surface.
The liquid from the fluid instanta-
neously solidifies when it is in con-
tact with air. This scene shows the
precision and accuracy of the web’s
function.

Science’s Endeavor:
A 2022 Massachusetts Institute of
Technology (MIT) News publication
describes the work on a two-dimen-
sional (2D)polymer sheet that is
stronger than steel and lighter than
plastic. What makes this 2D sheet
unique is its irreversibility, remain-
ing stable and intact when formed.
The properties of this ultrastrong
2D polymeric material are high ten-
sile strength, elasticity, and durabil-

Exploration of

ngineering

ity—an excellent applicant for med-
ical applications. BME researchers
have also considered a more bioma-
terial approach, relying on organic
molecules and complex intermolec-
ular structures produced by spiders.
Based on the types of spider fibers,
BME researchers from the Universi-
ty of Kragujevac in Serbia discovered
that spider silk’s biomaterial is sim-
ilar to tissue structures in repairing
and regenerating musculoskeletal
tissues.

Tomorrow:
Such findings lead to the question:
What does this look like for science?
For Me?

Spider silk is currently used as a
material suture to catalyze wound
healing—silk advances cell growth
(Mazurek L, etal. 2022). In tissue en-
gineering, silk spiders and synthetic
webbing can regenerate damaged
tissues such as bones and cartilage
as cells repair themselves. Both spi-
der webbing and synthetic 2D sheets
are still in the works as scientists aim
towards promising applications. For
science, the more engineers advance
in biomedical research, the deeper
scientists dive into using synthetic
or biomaterial approaches in med-
icine, surgery, and even robotics.
This means you are one step closer
to shooting webs from your wrist to-
ward the soda from across your room
and taking a sip.

2. Spider-Man’s Power:

Superhuman Strength
At first glance, Peter Parker may not
seem like the strongest of heroes, but
what sets him apart from other su-
perheroes in the MCU is his ability to
climb walls. According to the Marvel
database, “Spider-Man possesses su-
perhuman strength with the ability to
lift to 10 tons.” This talent is only pos-
sible through Spiderman’s exoskele-
ton suits and superhuman strength.
Like Spiderman, geckos have spatu-
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lae on their feet—200 nm wide—pro-
viding them with a grip that binds to
the molecular structure of a surface,
thus creating a temporary attraction
that is strong enough to maintain the
gecko’s body weight. You may think
that spatulae work like a vacuum, but
they do not. In the comic Ultimate
Spider-Man #1 (2000), after a spider
bites Spiderman and develops his
powers, he accidently climbs a brick
wall for the first time. Spiderman’s
ability indicates his strength and ad-
hesion to maintain balance and his
weight in heightened situations.

Science’s Endeavor:

A group of Stanford engineers devel-
oped a robotic hand, known as the
“farmHand,” with a gecko-inspired
grip. This robot hand can grasp ob-
jects such as a basketball, a singular
egg from a carton, dishes, grapes,
and even mechanical tools firmly,
with a grip similar to that of a human
hand. These various objects display
the precision and strength of the ro-
botic hand as it latches on to objects
through its grippy, non-stick finger,
which is constructed based on the
microscopic flaps of a gecko. How
does this work? Well, according to
Van der Waals, it is caused by a weak
intermolecular force that arises from
subtle differences in the positioning
of electrons.

Tomorrow:
You may wonder, “What does this
look like for science?” “Me?” Given
that this project has already been de-
veloped, the question isn’t when it
will be used, but how it will be used.
Possible applications to Thai non-
sticky super grip are incredibly bene-
ficial to prosthetics development. As
biomedical engineers continue to fo-
cus on understanding how muscles,
tendons, and bones work together to
move, they have been inspired by the
gecko-grip to further their research
in prosthetics in hopes of improving
human strength for people with dis-
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abilities. Today, it may be a humanis-
tic robotic hand; tomorrow, it may be
a robotic human.

3. Spider-Sense:
Spidey Senses

In the 2018 Avengers: Infinity
War (2018), Peter Parker is on the
school bus when his arm hair spikes
up as he suspects Thanos’s spaceship.
Legend has it that he has the ability
to sense danger before it occurs. In
the MCU, Spiderman’s sensation is
shown as a feeling in the back of his
skull that launches his kinesthetic
and reflexive ability; He can detect
environmental cues such as atmo-
spheric movement and pressure.

Science’s Endeavor:
In Neuroscience, neural interface
systems allow neuroscientists to in-
terlink the nervous system with one’s
special awareness. At the University
of Chicago, neuroscientists have
begun developing Neural Interface
Systems (NISs) that connect an ex-
ternal device to the human brain to
aid those with motor and sensory

skills through simulations. Like Spi-
derman, who has heightened senses
depending on his environment, NIS
performs similar job disabilities but
in this case, “spidey senses” are pres-
ent during events rather than before.
With advancements in technologies

like the NIS and the complexities of

scientific research, perhaps one day,
it will be possible to sense movement
or sound before they occur.

Tomorrow:

“Sensors + brain? I don’t know about
this.”

NISs are still being improved and
tested in clinical trials, and proper
regulations, ethical, and social fu-
ture work will enhance the human
brain’s ability to detect and react to
stimuli more quickly, similar to Spi-
der-Man’s ability. If you think you
have fast reflexes, wait until you can
implement NISs in your daily rou-
tine!

The progression of BME research
attempts to make human life easi-
er, from synthetic and biomaterial
webbing for wound healing to im-
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provement in human prosthetics to
exploring the possibilities of bionic
minds. Yet, in a way, it forges us to
have superheroes’ abilities. Thanks
to this groundbreaking research, fic-
tional heroes in the future may not
seem so fictional.
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s/ g/ e’ve all been there, leaning on
the bathroom counter in front

of the mirror on January Ist, looking at
those hopeful eyes staring back at you.
You convince yourself that this year,
you're going to journal, eat healthier,
and go to the gym every day. You said
that last year... and the year before,
but this time is going to be different!
Because new year, new me, right? For
the first few weeks, you stick to the plan
and follow it religiously. You even start
watching motivational videos and follow
fitness influencers. Fast forward a couple
of months, and you’re back in front of
the mirror of self-reflection.

Exhales in disappointment. You look
the same. “Why aren’t I making any
progress?”

For many people, this frustration leads
to a search for shortcuts. What if there
was a way to speed up muscle growth?
How could you look like those models on
Instagram?’

In comes performance-
enhancing drugs (PEDs)—the black
market currency of the fitness world. The
human body and its hormone regulation
system are tightly regulated by receptor
cells and regulation pathways. In this
endocrinological  system,  naturally
produced hormones like testosterone
can be thought of as investments the
body makes to generate a profit of muscle
synthesis [1]. Like any economy, there
are loopholes and ways to counterfeit.
Steroids are like some new BREAKING
NEWS: GET RICH QUICK scheme or

an obscure cryptocurrency your friend
got roped into. Desperate times call for
desperate measures... right? At first,
everything is fantastic—you grow a ton
of muscle, become stronger, and recover
faster [1]. But just like the market, there
are always corrections and crashes. The
body fights back, trying to correct the
hormone economy, driving it into chaos
and extended battles.

The most common type of these forged
hormones  is  anabolic-androgenic
steroids  (AAS). Androgens are a
group of hormones responsible for
developing and maintaining male sexual
characteristics, and anabolic refers to
muscle synthesis. In other words, AAS
are chemical compounds designed to
improve muscle growth by amplifying
androgenic signaling. These steroids are
typically introduced into the endocrine
market via injection or pills [1].

Once in the bloodstream, AASs
circumvent the body’s natural regulatory
system, acting as counterfeit currency.
Under normal conditions, testosterone
is the legitimate currency of muscle
growth—it fuels muscle repair and
protein synthesis through carefully
calculated exchanges [2].

However, no market is
to loopholes. AASs infiltrate and
overwhelm this system, flooding the
market with synthetic androgens that
bypass regulations and natural feedback
loops. To reach target markets in tissues,
these compounds are transported
using binding proteins. These can be
thought of as inspectors allowing only
specific currencies through the border;
in this case, the counterfeit bills are
indistinguishable from legitimate ones.
When these compounds bind toandrogen
receptors, the AAS-receptor complex is
transported into the cell nucleus where
it changes gene expression. The binding
of the complex to the DNA results in
upregulation (increased expression) of
growth factors, promoting gains and
driving rapid muscle synthesis. This
upregulation effect works in tandem with
downregulation (decreased expression)
of proteins and hormones that inhibit
muscle  growth.  These inhibitory
structures are the system’s natural checks
and balances to maintain homeostasis
[3]. Although there is a surge in muscle
growth, inflation of the system using
AAS has consequences. The body notices
a change and is forced to compensate
in ways that could lead to endocrine
disruption and other harmful effects.

impervious

Inflated markets might initially thrive, but
the body cannot ignore an oversupply of
androgens forever. The hypothalamus is
asmall region at the base of the brain near
the center and is the central regulator
of the endocrine system. As one of the
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most important regulators of hormones,
the hypothalamus detects increased
levels of androgens in the blood and
steps in to try and restore balance. This
restoration is accomplished by reducing
its production of gonadotropin-releasing
hormone (GnRH)—a key neurohormone
that controls the release of reproductive
hormones testosterone, estrogen,
and progesterone. These negative
feedback loops are the body’s equivalent
of  government-imposed  economic
cutbacks. By reducing GnRH, it slows
the production of natural androgens
in an attempt to bring the body back
to hormonal balance. In adolescents,
reduced GnRH can delay puberty and
sexual maturation, much like a financial
downturn stalling economic growth. In
adults, chronically low GnRH levels can
lead to infertility, suppressed natural sex
hormone production, and diminished
libido [4].

And it doesn’t end there. You thought
you were done with your middle school
acne phase. Remember your assortment
of pimple patches and zit cream? Well,
they could come back. Androgen binds
to sebaceous glands; located in the skin,
they are responsible for homeostasis,
lubrication, and defense against the
environment and infections [5]. When
too much binding occurs, the sebaceous
glands increase oil production. This
excess sebum clogs pores, traps bacteria,
and triggers inflammation. These effects
can occur on the face as well as the chest,
back, shoulders, neck, and arms [6].

Sometimes, people find that risk worth
it. There have been many professional
athletes who have tried to outsmart drug
tests. Early in the use of PED testing,
athletes would use substances that these
tests weren’t screening for. An example
of this is the BALCO scandal, where
athletes used an undetectable steroid,
tetrahydrogestrinone  (THG).  This
substance went undetected by typical
screening methods because it was a
chemically modified steroid.

Another challenge in drug testing
is distinguishing between natural
(endogenous) and synthetic (exogenous)
testosterone. To identify who used
synthetic testosterone, labs relied on the
testosterone to epitestosterone, a non-
anabolic testosterone isomer, ratios in
urine. Athletes microdosed or paired
testosterone with epitestosterone to keep
their levels undetectable. This forced
testers to adapt and move towards a more
precise method—carbon isotope analysis.
Using gas chromatography combustion
isotope ratio mass spectrometry (GC-
C-IRMS), a highly specific analytical
technique to determine the origin of
a substance, scientists could analyze
carbon-13 levels, revealing whether the
testosterone came from a natural or



synthetic source [7].

There is a large stigma against steroids,
and it is becoming a very notorious term
thrown around in the bodybuilding
and sports industry. Although there are
very large risks in using non-prescribed
AAS, they can be extremely helpful in a
clinical setting. These drugs are useful in
conditions such as hypogonadism. This
is a condition where the body doesn’t
produce enough testosterone, causing
the same effects as low GnRH from
excessive unprescribed AAS usage. The
solution is treatment with testosterone
to raise its concentration in the blood
to a healthy amount [8]. It has been
established that AASd increases muscle
protein synthesis, meaning practical
use is in patients with autoimmune
diseases associated with atrophy. Human
Immunodeficiency Virus (HIV) and
Acquired Immunodeficiency Syndrome
(AIDS) are examples of when AAS can
be used to counteract muscle wasting
and preserve lean body mass [9]. In
these conditions, prescribed steroids
bring testosterone up to a baseline level
instead of increasing it from an already
normal level to a dangerous one.

Not all steroids are related to building
muscles. Corticosteroids are commonly
used steroids to treat inflammation.
AASs are used to promote/maintain
muscle synthesis while corticosteroids
are cortisol agonists. This means that
they are substances that mimic the
action of cortisol, a hormone produced
in the adrenal glands. Corticosteroids
are used to treat many conditions
including asthma, autoimmune diseases,
and allergic reactions. These compounds
bind to intracellular receptors, forming
a complex that relocates into the
nucleus—once there, the complex
binds to specific DNA sequences and
upregulates anti-inflammatory genes
while downregulating pro-inflammatory
genes [l0]. Steroids often have the
negative connotation of being illicitly
used as PEDs, but that is not always the
case. When steroids are used in proper
clinical settings under a physician’s
watch, there are many conditions that
can be treated.

Anabolic steroids are a high-risk, high-
reward game—one that often ends in
collapse. The attraction of having a
summer-ready beach bod and impressing
everyone at the gym is understandable,
but the body, much like a well-regulated
economy, is built to resist external
inflations. Athletes who chase these
shortcuts are taking out high-interest
loans on their own bodies. But not all
steroids deserve the same judgment.
In clinical settings, AASs are essential
when prescribed properly. They can
restore testosterone levels in patients
with hypogonadism or counteract muscle

wasting in conditions like in HIV and

AIDS. Corticosteroids are extremely
important in managing inflammation
whether it’s asthma, autoimmune
disorders, and allergic reactions. Still,
those seeking quick fixes in the gym
might profit now, but the effects will
certainly catch up sooner than expected.
Some gamble with their long-term
health, others with their reputations, and
many with their very ability to produce
hormones naturally. At the end of the
day, real progress comes from hard work
and dedication—it’s a cliche for a reason.
So maybe a little more patience when it
comes to your fabulous glow-up would
do you some good.
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illions of people worldwide suffer

from amputations. Regardless of

the cause—trauma, illness, or genetic
factors— the impact of losing a limb is
very detrimental towards mobility and
the patient’s quality of life. According
to the National Limb Loss Informa-
tion Center, an estimated 185,000 or
more amputations take place in the US
cach year, which alone fuels the need
for cutting-edge prosthetics. Although
they are successful in regaining some
function, traditional prosthetic limbs
do not offer the intuitive control and
sensory input that neuroprosthetics are
designed for and hope to offer.

Prosthetic limbs have been around for
thousands of years; in which the ear-
liest ones were discovered in ancient
Egypt and Rome and have advanced
well into the modern day, including the
FDA approval of the cochlear implant
in the 1990s. These early prosthetics
were rudimentary, made of metal and
wood, and only partially functional.
They mainly served as the stand-alone
piece for the missing part, rather than
the seamless connection of function,
neural circuitry, and biological signal-
ing pathways that neuroprosthetics are
being researched for. Significant prog-
ress was made in the 20th century with
the creation of mechanical prosthetics
and, subsequently, myoelectric limbs,
which regulate movement via electrical
signals from remaining and untouched
muscles. However, the need for more
sophisticated neuroprosthetic systems
is highlighted by the fact that these
devices frequently demand intensive
training and are unable to offer re-
al-time sensory feedback that our mo-
tor and sensory neurons are so natural
at doing.

Recent developments in biotechnol-
ogy and neuroengineering have pro-
pelled the prosthetics industry’s speedy
rise. As researchers create increasingly
complex devices that interface with the
nervous system, the market for neu-
roprosthetics is anticipated to grow
dramatically. People with neurologi-
cal conditions and spinal cord injuries
who might benefit from brain-machine
interfaces (BMIs) and other assistive
technologies are also in need of such
technology, hence the need for neu-
roprosthetic research goes beyond the
prosthetics that can immensely ben-
efit amputees. BMI's are systems that
allow direct communication between
the brain and an external device, like
a computer or robotic tool. They are
able to work through recording brain
activity through various ways like EEG
or intracortical electrodes placed as im-
plants onto brain tissue for recording
signals. These records of the brain firing
to any stimulus and detecting patterns
are then converted to translation algo-
rithms and commands that machines
can understand and detect.

The ability to establish direct connec-
tions with brain networks is one of the
most intriguing advancements in neu-
roprosthetics. Researchers are making
progress in allowing neurological im-
pulses and synapses in the brain to drive
prosthetic limbs through the use of
implanted electrodes and non-invasive
signal amplification techniques. The
discipline of physical medicine and re-
habilitation (PM&R) with this research,
which aims to improve the quality of life
and restore function for people with
impairments, has a lot of potential as a
result of this integration. With rehabil-
itation techniques that improve motor

learning and neuroplasticity, PM&R
professionals are essential in assisting
patients in adjusting to neuroprosthetic
devices. PM&R professionals and doc-
tors can assist people in regaining their
independence and enhancing their
general well-being by integrating neu-
roprosthetics into rehabilitation pro-
grams.

Yet again, the hope to advance in the
development of neuroprosthetics is
mostly driven by research within bio-
technology and neuroengineering. In
order to enhance the connection be-
tween prosthetic limbs and the neuro-
logical system, researchers are creating
new materials and methods. The adop-
tion of biocompatible electrodes, which
are not harmful to living tissue and
improve signal transmission and lessen
inflammation, is one such development
that makes it possible to control pros-
thetic limbs more precisely and ensure a
smoother linkage between sensory neu-
rons and brain circuitry.

A very up and coming field is bioelec-
tronic medicine which combines neu-
roscience, engineering, and molecular
biology to use the manipulation of the
body’s electrical signals, which is ul-
timately initiating the movement of
ions through action potentials, to tar-
get and treat diseases. Instead of using
new drugs, through the use of electrical
stimulation to alter cerebral activity, this
method has been investigated in stroke
and spinal cord injury rehabilitation pa-
tients, increasing the range of possible
uses for neuroprosthetic technology.
Specific ways in which bioelectronic
medicine works is through identifying
a neural pathway and tissues involved
within diseases and attaching a device
which can record, stimulate, or block



signals and ultimately help alleviate the
dysfunction.

Multiple significant researched devices
demonstrate the revolutionary effects
of neuroprosthetics. An example is the
DEKA arm, which is a sophisticated
prosthetic limb created with support
from the Defense Advanced Research
Projects Agency (DARPA). This device
provides improved proprioceptive feed-
back, enabling users to perceive the
position and motion of their prosthetic
limb. Proprioception is essential for ex-
ecuting intricate and specific tasks, like
holding objects with the appropriate
strength and coordination. This task,
although seemingly easy and automatic
to us, is done through the connection of
our parietal lobe and the motor cortex
within the frontal lobe, which are sepa-
rated by a line called the central sulcus.

Another notable instance includes
brain-computer interfaces (BCls) and
allows people with quadriplegia to ma-
nipulate robotic arms through their
thoughts. Quadriplegia is the loss
of motor and sensory function in all
four limbs and is usually due to paral-
ysis caused by damage to the cervical
or neck region of the spinal cord. In
“Neuroprosthetics” by Science Direct, a

study was done where scientists inserted
microelectrode arrays into the motor
cortex of a patient, enabling them to
control a robotic arm with high accura-
cy. These advancements showcase the
ability of neuroprosthetics to regain
independence and enhance the quality
of life for those with significant motor
disabilities.

Although there has been encouraging
advancement in neuroprosthetics, nu-
merous challenges persist within the
field. A significant challenge is attaining
flawless integration of artificial limbs
with the nervous system while avoiding
lasting complications that can come
with technology. Existing electrode
technologies encounter problems like
signal deterioration and immune reac-
tions, which restricts their prolonged
efficiency and use.

A further challenge is the steep price of
neuroprosthetic devices, which could
limit availability for numerous patients
and communities with access to less
resources. Initiatives are in progress to
create more cost-effective options by
innovating in 3D printing and open-
source prosthetic designs. Further-
more, current studies are investigating
methods to improve the durability and
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dependability of neuroprosthetic inter-
faces. These include the implementa-
tion of wireless power and data transfer
through infrared light or ultrasound
which can get rid of infections. Addi-
tionally, biomaterials that reflect the
texture and softness of the brain can
lessen the development of scar tissue
or any malfunctions within the immune
response.

However, the future holds a bright look
for the area of neuroprosthetics, which
seems to be set for ongoing advance-
ments. Progress in artificial intelligence
(Al) and machine learning is antici-
pated to enhance the flexibility and
reaction capability of neuroprosthetic
devices. Moreover, advancements in re-
generative and rehabilitation medicine,
like neural tissue engineering as well as
stem cells, could eventually allow for
the repair of lost neural connections,
further connecting biology, technology,
and neuroscience.

Neuroprosthetics signifies a modern in-
tersection of neuroscience, engineering,
and rehabilitation medicine. Although
the field is still developing, note-wor-
thy advancements have already been
achieved in improving the function-
ality and usability of prosthetic limbs.
Through ongoing research and tech-
nological progress, neuroprosthetics
could transform the lives of amputees
and those with neurological disabilities,
providing enhanced independence and
mobility. As scientists enhance the links
between neural pathways and motor
skills, the outlook for neuroprosthetics
appears ever more encouraging, open-
ing a new age of service-based innova-
tion.
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migraine isn’t just a bad

headache—it’s the result of a

complex neurological domino
effect. But why does the brain react
this way, and what makes some peo-
ple more susceptible than others?

Almost everyone has experienced
a headache at some point - charac-
terized by discomfort or pain in the
head, scalp, or neck (National Insti-
tute of Neurological Disorders and
Stroke, 2023). However, migraines
go far beyond ordinary headaches.

They are recurrent, often debilitat-
ing episodes accompanied by symp-
toms such as nausea, dizziness, and
sensitivity to light and sound. While
the experience varies from person
to person, migraines are a distinct
and complex neurological condi-

tion that continues to be a subject of

scientific investigation (Johns Hop-
kins, 2019).

A migraine progresses cyclical-
ly through four stages: prodrome,
aura, attack, and post-drome (Er-
ickson, 2021). However, not ev-
eryone experiences all four stag-

es during a migraine. The first
stage, prodrome, starts from 24
to 48 hours before a migraine,
characterized by subtle changes
like mood swings and neck stiff-
ness. The second stage, aura,
can occur during or before the at-
tack and includes visible symptoms
from hallucinating various shapes
and lights to numbness across the
body. The attack stage lasts between
4 and 72 hours and will be charac-
terized by a violent throbbing across
the head. At this moment, the body
will be very sensitive to light, sound,
smell and touch. Lastly, postdrome,
the body can feel drained, but can
be susceptible to more pain by sud-
den head movements. Despite their
prominence and debilitating im-
pact, the exact cause of migraines
remains unclear, though several the-
ories have been proposed to explain
their origins.

One theory revolves around the hy-
pothalamus, located in the lower
middle part of the brain, responsi-
ble for maintaining homeostasis by
regulating body temperature, hor-
mone release, blood pressure, and
much more (Schwaller, 2025). In re-
cent years, research has increasing-
ly pointed to the hypothalamus as a

key player in triggering migraines
(Schwaller, 2025). The limbic system
is a group of interconnected brain
regions that help regulate emotions
and behavior. Increased limbic activi-
ties were observed when approaching
the next attack that reached its peak
during the attack. During a migraine
episode, the hypothalamus appears
to play a central role in initiating the
cascade of neurological events that
lead to pain and other symptoms.
Therefore, this theory suggests that
ongoing psychologically conditions
can impair the hypothalamus’s ability
to regulate the limbic system, poten-
tially triggering migraines.

Another theory suggests that mi-
graines may be linked to changes in
the body’s vascular system. The pul-
sating mechanism of the headache
is thought to be caused by mechani-
cal changes in the vessels (Mason &
Russo, 2018). Studies have shown that
migraine attacks were associated with
the release of vasoactive peptides,
which cause the blood vessels to va-
sodilate, widen, which can lead to

Genetics have shown
to play a big role in mi-
gmines.

increased blood flow and decreased
blood pressure (Mason & Russo,
2018). However, this theory has been
shot down because vascular changes
have been viewed as an epiphenome-
non that is not sufficient or necessary
to induce migraine.

Now you may wonder who is prone
to these migraines? Do they target a
specific age range or population?
Genetics have shown to play a big
role in migraines. Itis estimated that
60% of the reason for migraines is
because of their parents’ genes (The
Migraine Trust, n.d.).

These genes make people more sen-
sitive to changes in the environment
which triggers migraines. Thus,
some preventative measure to take
against migraines include over the
counter medications like acetamin-
ophen or finding relief through reg-
ular exercise that can increase levels
of other hormones, a regular sleep
schedule, and overall maintaining a
balanced lifestyle (“Migraine Infor-

28

mation, Prevention, & Treatments
NYC | Mount Sinai - New York,”
n.d.).

In essence, migraines are far more
than ordinary headaches but the
precise cause of migraines remains
elusive as theories still circulate to-
day. Understanding why migraines
occur and who is most vulnerable
helps guide effective prevention and
treatment strategies. As research
continues to unfold, a clearer pic-
ture of migraine mechanisms may
offer new hope for those who suffer
from these often debilitating epi-
sodes.

1. Erickson, N. (2021, March 24). What
are the stages of a migraine? Retrieved from
Mayo Clinic Health System website: https://
www.mayoclinichealthsystem.org/home-
town-health/speaking-of-health /what-are-
the-stages-of-a-migraine

2. Johns Hopkins. (2019). How a Migraine
Happens. Retrieved from Johns Hopkins
Medicine website:  https:/ /www.hopkins-
medicine.org/health /conditions-and-diseas-
es/headache /how-a-migraine-happens

3. Mason, B. N., & Russo, A. F. (2018).
Vascular Contributions to Migraine: Time
to Revisit? Frontiers in Cellular Neurosci-
ence, 12.  https://doi.org/10.3389/fn-
cel.2018.00233

4. Migraine Information, Prevention, &
Treatments NYC | Mount Sinai - New York.
(n.d.). Retrieved from Mount Sinai Health
System website: hitps://www.mountsinai.
org/care/pain-management/services/mi-
graine

5. National Institute of Neurological Dis-
orders and Stroke. (2023, January 20).
Migraine. Retrieved from www.ninds.nih.
gov website: hitps:/ /www.ninds.nih.gov/
health-information /disorders/migraine

0. Schwaller, F. (2025). Migraine is more
than a headache — a radical rethink offers
hope to one billion people. Nature.com.
https://doi.org/10.1038/d41586-025-
00456-x

7. The Migraine Trust. (n.d.). Genetics and
migraine. Retrieved from The Migraine Trust
website:  hitps://migrainetrust.org/under-
stand-migraine /genetics-and-migraine/



What Does it Mean to Design the
Perfect Baby?

Written by Kathryn McElvany
[llustration by Elizabeth Torna

( ; ene editing has been a curiosity since
its shocking launch in 2018, particu-
larly in regard to ‘designer’ babies,

which is when parents select ‘desirable’ traits
for their baby such as eye color. Although ed-
iting phenotype traits—or traits that we can
see, like eye color—has not been developed,
the technology’s uses and consequences are
widely uncertain given its novelty. Even still,
this technology has shown signs of finding
a cure for human immunodeficiency virus-
es, commonly known as HIV. Furthermore,
the implementation of this technology has
already been approved by the US Food and
Drug Administration (FDA) for gene treat-
ment for sickle cell anemia (Harris, 2024).
On the other hand, it draws concerns from
some scholars and scientists who predict
that this technology will lead to increased
discrimination, reinforcing already existing
barriers for marginalized groups and widen-
ing the wealth gap in the world. Regardless,
gene editing is a revolutionary technology
that requires research and ethical thought.

To understand the current discussion sur-
rounding gene editing, it is important to
understand what it is and how it works. Your
genes are made of deoxyribonucleic acid,
or simply DNA, which is a genetic code or
sequence that is composed of three compo-
nents: sugar deoxyribose, phosphate groups,
and nitrogenous bases. One of these compo-
nents—the nitrogenous bases cytosine (C),
thymine (T), adenine (A), and guanine (G)—
makes up the building blocks of your DNA
and determines this code (DNA | Definition,
Discovery, Function, Bases, Facts, & Structure
| Britannica, n.d.). Your DNA contains all of
your genetic information that determines
characteristics like your eye color and hair
texture as well as genetically passed-down
health conditions. Your genome is the com-
plete set of your DNA that is encapsulated
in a single cell. In genome editing, CRISPR
technology (clustered regularly interspaced
short palindromic repeat), credited to the
collaborative efforts of Emmanuelle Char-
pentier and Jennifer Doudna at UC Berkeley,
searches for the precise DNA sequence or
trait that is desired to be changed and then
deletes it (using ribonucleic acid and a Cas9
nuclease) (CRISPR Timeline, 2015). Then, a
synthetic piece of DNA is placed in the de-
leted DNA’ spot. The transition from the
removal of the old DNA to its replacement
occurs smoothly and naturally due to a natu-
rally occurring repair mechanism (homolo-
gy-directed repair) (Harrison & Hart, 2018).

Continuing, the main forms of gene editing
are therapeutic technologies used on adults
and gene editing used on fetuses. Therapeu-
tic techniques are generally uncontroversial
and have been successful in numerous stud-
ies. For instance, when clinical trials to treat
HIV used gene editing in adults, it was seen
as an “important medical step forward” (US
National Library of Medicine, 2018) (Doxzen
& Halpern, 2020). The concerns with gene
editing are focused primarily on the rise of
gene editing concerning babies, also known
as germline genome editing. Here, genes will
be altered when the baby is in the single-cell
stage of development and then placed in a
womb via in vitro fertilization (IVF). This is
particularly alarming in scientific and broad-
er communities because “scientists engi-
neering heritable changes to human beings
touches on something core to the human ex-
perience. This kind of genome editing goes
beyond the conventional concerns about the
safety and effectiveness of the technology”
(Doxzen & Halpern, 2020).

“ He thought that he
would be awarded prizes
for his work, but in real-
ity the reaction was quite

the opposite ”

After the introduction of this technology
in 2018, when a scientist at the Southern
University of Science and Technology in
Shenzhen, China, He Jiankui, “announced
the birth of twins who had undergone gene
editing at the single-cell stage in order to
prevent HIV infection,” the national and
international response was largely negative,
condemning his actions (Meyer, 2020). He

Jiankui developed and launched his scien-

tific endeavors without the awareness of
the international scientific community. Dr.
Doudna expressed in 2019 that “He was na-
ive about the public reaction to his work. He
thought that he would be awarded prizes for
his work, but in reality the reaction was quite
the opposite” (CRISPR Co-Inventor Jennifer
Doudna Talks Ethics and Biological Frontiers
| McCoy Family Center for Ethics in Society,
2019). There has since been the introduction
of regulations regarding these ‘designer ba-
bies,” such as the World Health Organization
(WHO), which developed a report released
in 2019 where WHO Director-General Dr.
Tedros Adhanom Ghebreyesus said, “Hu-
man germline genome editing poses unique
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and unprecedented ethical and technical
challenges. I have accepted the interim rec-
ommendations of WHO’ Expert Advisory
Committee that regulatory authorities in all
countries should not allow any further work
in this area until its implications have been
properly considered” (Statement on Gov-
ernance and Oversight of Human Genome
Editing, n.d.).

The most prominent issue is that this tech-
nology, like many new technologies, begins
as inaccessible to most and further perpet-
uates existing barriers for marginalized
groups. One of the examples of germline
genome editing is in regards to fetuses that
pose the risk of being deaf and restoring
hearing. Although some activism for deaf
people fights against germline genome
editing, others are in favor of it. Similar to
cochlear implants to improve hearing, this
technology will likely be offered to the pub-
lic for individuals to choose whether or not
to use it. Furthermore, a concern that arises
when thinking about germline genome edit-
ing is further marginalizing and stigmatizing
people with disabilities as well as people with
other ‘undesirable’ traits. By choosing to de-
lete or edit these traits out, “it could readi-
ly slide into selection against people with
chronic disabilities who view their own lives
as quite worth living but whom society deval-
ues.” Then, those communities will become
smaller, more isolated, and more stigma-
tized. Choosing to keep or delete traits may,
in extreme cases, lead to eugenics (Doxzen &
Halpern, 2020).

Noted by the White House, IVF treatment
can be very costly, ranging from $12,000 to
$25,000 per cycle, and multiple cycles might
be needed to become pregnant. This makes
IV pregnancy plans expensive and inacces-
sible (Fact Sheet, 2025). Germline genome
editing requires IVF as part of the process,
making germline genome editing inaccessi-
ble to most. In 2012, only 1.5% of US births
were IVF babies. Likely, IVF rates would in-
crease with the increased use of germline
genome editing, but “the technical require-
ments of germline genome editing, along
with the necessity of using IVF for imple-
mentation, assure that for the foreseeable
future, access to the technology will be very
costly” (Doxzen & Halpern, 2020).

Continuing, often when new technology is
introduced to the public, it is costly and inac-
cessible to most. As wealth gaps in the world



persist, “today’s global crisis of inequality is
reflective of decades of policymaking that
have deliberately prioritized the interests
of the powerful against the needs of the
global majority — the technical sphere
merely extends this power imbalance”
(Digitally-Divided-Technology-Inequali-
ty-and-Human-Rights.pdf, n.d.). Accord-
ing to the International Monetary Fund
(IMF), one of the “main factor[s] driving
the recent increase in inequality across
countries has been technological progress
(see Chart 2). This factor alone explains
most of the increase in the Gini coefficient
[which is a measure of inequality] from the
early 1980s, supporting the view that new
technology, in both advanced and develop-
ing countries, increases the premium on
skills and substitutes for relatively low-skill
inputs” (IMF Survey: Technology Widen-
ing Rich-Poor Gap, n.d.). Then, following
trends in technology, the introduction and
use of germline genome editing will also
exacerbate inequalities, leaving this tech-
nology as a privilege for the wealthy (Dox-

“ Part of the path
Jorward is education

>

zen & Halpern, 2020).

With these considerations, it calls into
question how we as a society will move
forward with or without this technology.
Because germline genome editing is in its
primary phases, the United Nations Edu-
cational, Scientific and Cultural Organiza-
tion, commonly referred to as UNESCO,
calls for the “need for public education
and engagement in genomic research [and
that]| managing public access to, use of, and
knowledge of genomic information is in-
creasingly important [46, 47].” Additional-
ly, “while experts cannot determine the val-

ue of the human genome for individuals, as
this is a matter of construction, the public
cannot determine broad social values with-
out the agreement of experts [48]; thus,
social valuation must always be negotiated
to shape the nature of the global common

ood of human genomes” (Gaydarska et
al., 2024). Even co-founder of CRISPR Dr.
Doudna said that “Part of the path forward
is education. It has to be about teaching
young people about [gene-editing technol-
ogy] — what it is, how it works and how to
think about using it responsibly” (CRISPR
Co-Inventor Jennifer Doudna Talks Ethics
and Biological Frontiers | McCoy Family
Center for Ethics in Society, 2019). With-
out the proper research and knowledge,
it is difficult to grapple with the potential
implications of germline genome editing.
Continuing this conversation, we, as well
as scientists, must consider what we want
to support in our societies and ask broad-
er questions of wealth and what we value.
To make the best consideration possible
and to continue ongoing discussions of this
literature, it is necessary to strengthen our
education and healthcare systems and to
continue to be informed about gene edit-
ing and beyond.
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ost of the fundamental

laws that govern the uni-

verse have already been
uncovered. From Newton’s clas-
sical mechanics to Einstein’s the-
ories of relativity, the theoretical
framework explaining motion,
energy, and physical interac-
tions has been well-established
for hundreds of years (Carroll).
As a result, 2lst-century physics
is no longer about discovering
new laws from scratch. Instead,
physicists focus on pushing the
boundaries of existing theories,
seeking to confirm elusive theo-
ries through experiments and ob-
servation. Concepts such as dark
matter, quantum entanglement,
and gravitational waves remain
ambiguous  (Strassler), either
purely theoretical or weakly con-
firmed by experiments. The chal-
lenge lies in the sheer volume of
data—often petabytes worth—that
must be analyzed and processed.
These difficulties are particularly
pronounced at the two extremes
of the physical spectrum: the vast
universe and the subatomic world
of quantum mechanics (Garisto).

In the past, groundbreaking dis-
coveries often stemmed from
simple experiments. Galileo, for
instance, demonstrated the con-
stant acceleration of objects un-
der gravity by rolling different
balls down an inclined plane,
overturning Aristotelian physics,
which posited that heavier objects
fall faster. At the same time, New-
ton established the foundation of
optics and the wave-particle na-
ture of light by passing sunlight

through a prism and observing
the different colors emitted from
it (Crease). However, with many
groundbreaking theories estab-
lished in modern society, today’s
research  requires instruments
with higher precision and com-
plex mechanisms, and they tend
to generate volumes of data that
scientists struggle to understand
or analyze comprehensively. Since
today’s physics is focused on de-
termining the true nature of rare,
weak, or theoretically predicted
but unobserved phenomena, im-
plementing artificial intelligence
becomes the top priority.

Artificial intelligence has become
more predictive and accurate in
hypothesizing experimental re-
sults, saving time and resources in
many fields. It is capable of pick-
ing the most sustainable exper-
imental methods and analyzing
complex datasets, so scientists
don’t have to manually compute
every single one of them (Sahay).
CERN, The European Organiza-
tion for Nuclear Research, has
incorporated A.l. and machine
learning technology in the early
21th century, detecting rare par-
ticle collisions and identifying
patterns in enormous datasets
from the Large Hadron Collider
(Meglio). It has also collaborated
with DeepMind and Google Brain
to improve simulation speed and
detector calibration. The part-
nership between intelligent ma-
chines and human physicists has
transformed scientific practice
by enabling discoveries that were
previously impossible. A notable
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example of the benefits of Al in
modern physics was its contribu-
tion to a breakthrough in achiev-
ing quantum entanglement.

Quantum entanglement—a phe-
nomenon in which the state of
one particle instantaneously in-
fluences another, regardless of
distance—was famously described
by Einstein as “spooky action at
a distance.” (Allison) Generally,
experimentalists use entangle-
ment swapping to establish the
entanglement between two
dependent particles. They first
collect entangled photon pairs
by shooting a high-energy laser
through a non-linear crystal or
atomic vapors from Cesium or
Rubidium (Eshun, et al.). Then,
the photon states are aligned us-
ing beam splitters and polarizers,
and a high-precision Bell-state
measurement is conducted using
superconducting nanowire detec-
tors or photodiodes. It will focus
on two photon pairs, assuming
photon A and B are initially en-
tangled, same with photon C and
D: The scientist’s ultimate goal is
to ensure that photons B and C
are entangled at the end (You).

in-

A Bell-state measurement is a type
of quantum measurement that
identifies the entangled state of
each of the individual (four in to-
tal) photons, where through com-
putational analysis, it will give 0 or
I as a result. If the measurement
succeeds, it establishes the entan-
glement between the previously
independent photons (Hilaire, et
al.). Time synchronization systems






simplest solution that works, ap-
plying it to other quantum ex-
periments could make quantum
communication systems, in gen-
eral, easier to build and operate
smoothly. It has completely revo-
lutionized scientists’ approach to
complex quantum systems, shift-
ing the focus from human intu-
ition-based methods to Al-driven
optimization (Yongjun, Xu, et
al.). By reducing the reliance on
the Bell-state measurement appa-
ratus, which has a low success rate
and a complicated procedure, ex-
perimentalists can reduce the cost
and effort and still reliably pro-
duce entangled links. This aligns
with the words from a CERN phys-
icist, “The more we can rely on
simple technology, the more we
can increase the range of applica-
tions,” implying that a simple en-
tanglement scheme could lead to
a broader application of quantum
networks (Allison). This case is
undoubtedly a crucial demonstra-
tion of how artificial intelligence
can serve as a creative partner
that maximizes efficiency in sci-
entific research. Krenn remarked
that PyTheus’s solution funda-
mentally altered their under-
standing of entanglement, reveal-
ing what was necessary and, just
as importantly, what was not. This
insight, previously overlooked by
modern physicists, underscores
Al’s potential to drive discoveries.
Similar Al programs have already
been employed in particle collid-

ers, accelerating the detection of

gravitational waves and other elu-
sive phenomena.

Overall, Al enhances time syn-
chronization, leverages machine
learning algorithms to analyze
successful entanglements, and
improves the reliability of entan-
glement swapping. By optimizing
Bell-state measurements, Al also
increases the number of identi-
fied photons, thereby improving
efficiency. Ultimately, artificial

intelligence is being used in a cut-
ting-edge quantum mechanics ex-
periment to develop a new method
of producing entangled particles.
The Al used intuitive pattern rec-
ognition and optimization to de-
vise a solution that simplified the
method of the experiment, a re-
sult that human researchers then
verified. The results not only have
implications for the real world in
terms of future quantum tech-
nologies but also raise questions
about the impact of Al on the re-
search process (Yongjun, Xu, et
al.). This example shows that Al
can act as a creative ‘co-pilot’ for
scientists, opening up new possi-
bilities for physics experiments.
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Rejoyn, the FDA Digital Antidepressant:
Should We Be Skeptical?

Written by Gayatri Bulsara

Te shortage of psychiatric care has long
posed a barrier to mental health care—
an issue that existed well before the
COVID-19 pandemic brought it into sharper
focus. The pandemic only made things worse,
with the number of American adults report-
ing anxiety and depressive symptoms increas-
ing by four-fold [1]. As a result, telehealth
services have been on the rise for digital
psychiatric care. According to the Economic
American Association, digital health apps,
apps to boost morale, and online therapy
raised $5.1 billion of venture capital invest-
ment in 2021, double the sector attracted the
year before [2].

While digital mental health services may
seem promising initially or can be seen as
temporary solutions before seeking medical
advice, studies show that few have demon-
strated therapeutic efficacy at the clinical level
or received FDA approval [3]. Several studies
have found that only 4% of users who have
downloaded a mental health app continued
to utilize the apps after only two weeks [1-3].

What is Rejoyn?

However, after the landmark clinical trial
reached success, recently, on March 30th,
2024, the U.S. Food and Drug Administration
(FDA) approved the marketing and usage
of Rejoyn (formally known as CT-152) [4]. It
became the first novel digital antidepressant
prescribed medication aimed for release in
the later half of 2024 [4]. Rejoyn, can be pre-
scribed by physicians to patients over the age
of 22 for the reduction of symptoms for Major
Depressive Disorder (MDD) [5]. It functions
as a supplemental therapy, with the 6-week
treatment plan consisting of Cognitive Be-
havioral Therapy (CBT)-based Lessons, Emo-
tional Faces Memory Task Exercises, and Per-
sonalized Reminders and Messaging [5].

This app was evaluated through a 13-week re-
mote, randomized, and controlled trial con-
sisting of 386 participants with MDD from the
ages of 22 to 64 who were receiving antide-
pressant medication. The clinical trial found
individuals treated with Rejoyn demonstrat-
ed a significant reduction in MDD symptoms
and severity compared to the control, with no
side effects [3].

Discovering Rejoyn’s
Promised Benefits
While standalone therapies can be effective
for treating MDD, many patients experience
only a partial improvement in their symp-
toms. Only a third of patients with MDD see a
reduction in depressive symptoms with solely
antidepressants as their single line of treat-

ment [1]. The FDA approval of Rejoyn offers
a promising new treatment option for clini-
cians, especially given its accessibility through
everyday devices.

Rejoyn is hypothesized to target neural net-
works affecting depression and alter the
brain’s neuroplasticity to reduce MDD symp-
toms [5]. “Rejoyn has a neuromodulatory
mechanism designed to act like physical ther-
apy for the brain by delivering personalized,
consistent brain-training exercises designed
to help improve connections in the brain re-
gions affected by depression,” says Dr. Brian
lacoviello, researcher at the Department of
Psychiatry of Icahn School of Medicine at
Mount Sinai [5]. The app focuses on cogni-
tive-emotional training (known as Emotional
Faces Memory Task), in which participants
are asked to identify and compare emotions
on displayed faces. Research demonstrates
that these exercises lower symptoms for
MDD and stimulate the amygdala and the
dorsolateral prefrontal cortex (dIPFC), the
key brain regions involved in depression.
Thus, when strong and balanced connections
are established, the amygdala and dIPFC are
able to work better together to regulate and
process emotions more effectively [4].

Addressing the Concerns: What
Does the Future of Digital
Psychotherapy Look like?

While digital mental health tools are growing in
popularity, Rejoyn represents a novel but contro-
versial step forward, raising questions about its ef-
fectiveness, accessibility, and ethical implications.

Since Rejoyn is designed as a combination
psychotherapy w ith other antidepressants,
its dependency on an adjunctive medication
makes it challenging to evaluate whether re-
duction in MDD symptoms is due to the an-
tidepressants or the digital app itself. There
are also broader regulatory limitations and
safety concerns sunoundmg the rapid rise of
mental health apps such as Rejoyn. Rejoyn
lacks emergency features, such as real-time
monitoring, emergency response features, or
built-in crisis support, which are key factors
that should be considered when making ser-
vices available for individuals with MDD [4].

More importantly, Otuska also stated that
they will attempt to make the prescrip-
tion-only model “accessible and affordable”,
but this raises concerns regarding pricing and
whether or not insurance pr oviders will cover
digital psychotherapies [5]. This will only ex-
acerbate further socioeconomic disparities,
as barriers such as smartphone access, lan-
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guage limitations, and digital literacy can lim-
it the app’s accessibility across diverse popula-
tions. Experts such as Dr. John Torous M.D.,
director of the digital psychiatry division at
Harvard Medical School, also highlight an-
other critical issue: despite introduction to
digital psychotherapy, people will continue
to struggle with loneliness and connection,
which are problems technology itself cannot
solve alone [2].

Given these ongoing challenges, the future of
digital p@vchotheraples like Rejoyn remains
uncertain and should be used with careful
skepticism. While such tools hold promise
for expanding mental health support, their
efficacy, accessibility, and ethical implications
demand future research and progression.
Without differentiating the app’s therapeu-
tic value from its adjunctive medication, and
without critical safety features or equitable
access, platforms from Rejoyn risk becom-
ing more commercial rather than clinical. As
mental health care moves into the digital era,
it is essential to prioritize human connection,
transparency, and inclusivity, which are val-
ues that technology alone cannot guarantee.
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