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Scanning the snack aisles of a grocery store, your eyes may dart
to the vast selection of intensely colorful packaging: chips,
cereals, gummies — the harsh overhead lights of the
supermarket illuminate the blazing red glare of your
favorite prepackaged foods, urging you to pick them up.
These treats are reliable — their red coloring indicates
the vibrant flavor you love, so you know exactly what
you're getting each time you purchase these favorites.

Or do you?

The petroleum-based dye Allura Red AC (Red-40) is
infamous for its presence in products like drinks,
snacks, clothing, and makeup. Red-40 can last for

an extended period of time, which appeals to

mass producers. Many consumers, however,
disregard the often severe implications Red-40

can have on digestive health and neurological

well-being.

A study, published by the National Library of Medicine in 2016, estimated the average exposure of food dyes
across the United States and found that 100% of Americans over the age of two consume Red-40 across a two-
week period. The trial, recording data on the consumption of food over two weeks, was meant to measure the

chronic exposure that Americans experience to the color additive.

When Red-40 is consumed, the body views it as a foreign substance, which can trigger an immune response in the
digestive tract. With the consumption of Red-40 being so high in the United States, many Americans’ digestive

system can become chronically inflamed.

A recent 2023 findingz saw a correlation between early-onset colon cancer and the rise in Red-40 consumption.
Such persistent inflammation due to repetitive exposure to Red-40 can lead to colorectal carcinogenesis, when

cells in the colon and rectum undergo genetic changes and eventually become cancerous.

Further, Red-40 consumption, paired with a high-fat diet, reduces the variation of microorganisms, or alpha
diversity, and the changes in the composition of the microorganisms, or beta diversity, in the gut. The gut’s
microbiome is crucial for digestion, and changes to alpha and beta diversity of its microorganisms can increase

the risk for colon cancer.

Beyond the digestive system, food dyes impact behavior. A review in 20223 examining clinical trials on the
correlation between consumption of food dyes like Red-40 and changes in adolescent behavior found that 64% of

the trials saw a positive correlation.

This change in behavior can present itself through hyperactivity and lack of focus. Because the nervous system
doesn’t fully develop until an individual reaches their mid-2os, children are more susceptible and sensitive to the

dangers of Red-40 consumption.

With Red-40 being so widely-available, it’s nearly impossible for consumers to avoid Red-40. Researchers,

however, do agree that consuming Red-40 within the recommended daily intake of 7 mg/kg is safe. In any case,

it’s important for Americans, especially adolescents, to be aware of its CH;

prevalence as well as its potential wellness impacts.
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https://pmc.ncbi.nlm.nih.gov/articles/PMC4975380/#S12
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BEYOND GENETICS: HOW SLEEP, DIET
AND EXERCISE AFFECTS YOUR HEIGHT

Scientists from Tufts University have determined that 60-80 percent of human height is
determined by genetics. There are, however, many factors outside of your parents that play a role
too. Namely, how much protein you consume, how much HGH (human growth hormones) you
secrete, and how much you sleep. There are countless other factors too since height is a polygenic

trait—a characteristic influenced by two or more genes.

HGH (human growth hormone) is a peptide hormone made from amino acids. Amino acids are
compounds that are found in foods like meat, fish, and eggs. These are proteins, which are made
from amino acids. HGH has various functions, such as promoting gluconeogenesis, a process that
breaks down proteins to produce glucose and height and causes the release of another hormone
called IGF-1. HGH eventually acts on the epiphysis, which is the part of the bone that is
clongated, leading to growth.

HGH release is closely related to sleep hygiene. According to J. R. Davidson and other researchers
at the Toronto Western Division of the Toronto Hospital in Canada, sleep deprivation will result
in HGH release being nullified on the night of sleep following deprivation. HGH does not actually
increase epiphyseal growth directly: it is part of a feedback loop with the aforementioned
hormone IGF-1 (Insulin-like Growth Factor 1). When HGH is released, it acts on the liver to
release IGF-1, which more directly stimulates epiphyseal plates by promoting the cells of the bones
called chondracytes to enlarge in a process called endochondral ossification, which advances bone
formation. In fact, Professor at Masaryk University P. Grasburger’s 2016 paper shows that higher
protein intake positively correlates with an increase in height since the hormones responsible are

made from amino acids, derived from proteins.

Pictured: Chemical Structure of Human
Growth Hormone

Left: Space-filling, all atom representation
Right: Ribbon representation of protein

Another key factor contributing to height growth is exercise. Exercise increases HGH not only in
the short term but also increases the amount of HGH released over a 24 hour period, especially if
the exercise is intensive. It is, however, important to keep in mind the complexity of the matter, as

frequent running can 1ead to blunted HGH release over time in response.

It must be emphasized that the interactions between hormones, cells, genetics, and the
environment is an extremely intricate process that is constantly being studied with new findings.
Youn Jee and her team from the National Institute of Child Health and Human Development
describe this phenomenon perfectly, calling height a “black box”, highlighting the complexity of

human nature.

THE EVER CHANGING
BIFREL TOWER

We all know the Eiffel Tower. It’s the iconic Parisian landmark, the centerpiece of tourist activities.
But did you know that its height actually changes? According to La Tour Eiffel, the structure was
originally 300 meters tall (984 feet), and, with TV and radio antennas, it’s only gotten bigger. But
aside from the antennas, the tower itself is also changing in size. Thanks to seasonal temperature
fluctuations, the metal structure expands and contracts with the weather. The Eiffel Tower is made
of puddled iron, a version of wrought iron, which is an iron precursor to steel that contains small
amounts of carbon. The process of creating puddled iron has four key steps: first, melting, in which
pig iron—an iron made directly from smelting raw iron with high carbon-dioxide levels—is heated
up in a furnace; second, stirring, where a person known as a “puddler” constantly stirs the melted
pig iron; third, oxidization, which involves oxidizing impurities and removing them from the

metal; last, shingling, where hammers roll the doughy metal mass into shape.

The puddled iron of the Eiffel Tower weighs a total of 7300 tons. Because of thermal expansion, all
7300 tons of puddled iron expand when the temperature increases—higher temperatures mean
higher kinetic energy of the iron atoms, leading to the expansion of the metal. The annual
temperatures in Paris are sometimes unpredictable, but according to Paris Discovery Guide,
summer temperatures generally stay around 70 to 80 degrees Fahrenheit. The warm heat causes
thermal expansion in the puddled iron, and the Tower can sometimes grow about 15 centimeters
taller. In the winter, with colder temperatures of 20 to 30 degrees Fahrenheit, the Eiffel Tower

shrinks about 15 centimeters down to its original height.

Thanks to the properties of puddled iron, everyone can observe this phenomenon of ever-changing

size in this world-famous monument.

LT
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THE FUTURE OF GENE THERAPY

HOW GENE EDITING SAVED A BABY'S LIFE

Earlier this year, scientists reached an amazing milestone. They used Clustered Regularly

Interspaced Short Palindromic Repeats (CRISPR) gene editing to save the life of a baby.

This past February, a team at the Children’s Hospital of Philadelphia (CHOP) and Penn Medicine

treated a 1o-month-old infant, nicknamed KJ, who had carbamoyl phosphate synthetase 1 (CPS1) deficiency.
When a person lacks CPS1, their body cannot break down proteins properly. This leads to a buildup of excess
amino acids and toxic ammonia in the bloodstream and brain. Without treatment, this can result in brain
damage or even death. Using recent research developments from UPenn along with help from scientists at the
Innovative Genomics Institute (IGI), the team at CHOP and Penn Medicine designed a personalized in vivo

(inserted directly into the body) CRISPR therapy that repaired the faulty gene inside KJ's liver cells.

N

This treatment was historic because it marks the first time that doctors used in vivo gene editing to save a
human life. K] had spent nearly his entire first year hospitalized on a strict protein-restricted diet. Usually, a

case like this would call for a liver transplant. KJ, however, was too young to undergo such a major procedure,

forcing the doctors to look for a different solution. So, the rescarch team, led by Dr. Rebecca Ahrens-Nicklas of

CHOP and Dr. Kiran Musunuru of Penn Medicine, developed an N-of-1 therapy — a treatment designed for one
specific patient. The treatment was delivered through an IV infusion and involved sending an mRNA package
coding for a modified CRISPR/Casg base editor (a gene-editing tool that changes one DNA base to another)
direct]y to his liver, where the defective gene was active. There, the mRNA instructed the liver cells to produce
the modified protein. A custom-designed guide RNA was used to direct the base editor

to the location of the mutation in KJ's DNA. It corrected the faulty DNA base,

restoring the function of the CPSt gene. Within weeks of KJ's first treatment, he was

able to consume more protein in his diet without accumulating toxic ammonia. K]

continued to safely receive treacments over the next few months, helping him better process

the protein and return his ammonia levels back to normal.

The potential benefits of this breakthrough go far beyond just one individual. KJ's

recovery shows us what might be possible with patient-specific CRISPR treatments.
Scientists believe a similar approach could help people with other rare ailments,
too, such as muscular dystrophy, cystic fibrosis, or even some types of cancer.
Though K] is just one baby, the possibilities of CRISPR technology could very well

help millions.
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TC LAUNCH A COASTER

HOW COASTERS GET WICKED FAST WICKED QUICKLY

On March I;th, 1997, the roller coaster Superman: The Escape 0fficially opened to the public at Six Flags Magic
Mountain. Boasting a 415-foot (126 m) vertical spike, it was also the first ever roller coaster to break the

100 mile-per-hour barrier. A feat like this could not have been accomplished with only gravity, however.
Just before this giant tower, there was a long straight track. This track contained electromagnetic fins

that propelled the ride to its top Speed in about 7 seconds. This type of launch is called a linear synchronous
motor system (LSM). These launches work by using electromagnets powered by alternating currents

that rotate the magnetic field. The magnetic field rotation is synchronized with the magnetic field on

permanent magnets attached to the train, creating thrust and launching the roller coaster.

Despite its popularity, there are other ways to launch roller coasters. Before coaster manufacturer
Intamin used LSMs on Superman and its sister coaster Tower of Terror at Dreamworld, Premier
Rides used linear induction motor (LIM) magnets to launch their coasters. The first LIM
coasters, Flight of Fear at Kings Island and Kings Dominion, also used electromagnets
powered by AC power, a slightly different application. When the electromagnets on the
track switch polarity, they create loops of electric current, or eddy currents, on fins made
of aluminum (or another metal) on the train. The train, by design, lies slightly behind
the field on the track, creating propulsion as the fields repel. This launch is rarely
used nowadays, however, because of the energy cost and lower efficiency of

eddy currents. Its use of cheap aluminum and simple operation, however,

keep it alive on 27 coasters globally.

Magnetic launches are by far the most common modern-day launches, but
there are many other launch systems. The first launch coasters, made by
Arrow Dynamics (also known for making the first steel tube track,
the basic shape of steel coasters) and Schwarzkopf; used primitive
systems. Arrow used an electrical winch system, where a cable was
wrapped around a push-car. When the launch was activated, the
winch would wind the cable in, slowly pushing the push-car
and train forwards. Schwarzkopf used a weight-drop
system, where a large 40-ton weight would be
dropped, pulling a cable connected to the
train. This was used in coasters such as
King Cobra at Kings Dominion,
and MonteZOOMa’s
Revenge at Knott’s

Berry Farm.

Continuing Kings Dominion’s streak of new launch systems, they opened
HyperSonic XLC in 2001. This ride used a compressed air launch system. Air

is pumped into a tank (usually built within the structure of a large “cop hat”),
raising the pressure inside of it. Inside an adjacent tank is a piston, with a cable
connected to a push-car. When the pressure is released, the piston goes up, pulling
the cable and the push car. This method is ridiculously powerful, creating some

of the fastest launches of all time. At Fuji-Q Highland in Japan, S&S built the
coaster Dodonpa (the name cannot be directly translated, but the word “dodon”
comes from onomatopoeia for the sound an explosion makes). This coaster
launched riders at a speed of 106.9 mph (172 km/h) in just 1.8 seconds. I,

however, was actually shut down a couple of years ago due to reports of back injuries.

One final launch system is arguably the greatest. This launch system powered
not only the fastest coaster of all time, but also the two tallest coasters. The
hydraulic launch. The first one, Xcelerator, was built at an Anaheim theme
park (Knott’s Berry Farm, again). The launch uses very similar technology

to the compressed air launch, but instead of air, it utilizes hydraulic

fluid. The release of pressure pushes a winch and cable attached to

a push-car. This technology launches both the tallest coaster in

the world (Kingda Ka) and the fastest coaster (Formula Rossa).

For most of roller coaster history, rides were propelled by gravity.
A chain would pull a train up a wooden structure, and

the coaster would slowly roll down the hill. While this

method still has its place in modern day coasters,

newer magnetic launch systems are arguably the

most influential innovation since steel coasters

themselves were invented.
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THE MATTER OF LITHIUM ON
ALZHEIMER’S DISEASE

Alzheimer’s disease (AD) is a progressive neurological disorder commonly present in the elderly.
Our current understanding of the disorder suggests that buildup of amyloid-beta (AB) plaques
— protein fragments that build up between nerve cells in the brain — impairs
cognitive functions, leading to symptoms like worsening memory and language
deterioration. Recently, a study published by the scientific journal Nature

by Aron et al. examined the impact of Lithium (Li) levels in brain tissues

from AD patients and in the brain of an AD mouse model, and found that

a loss of Li homeostasis — the regulation of Lithium — in the brain represented

an early—onset incident towards the pathogenesis (development) of AD.

Analytical Chemistry tools to measure the elemental composition of cells — namely,
inductively coupled plasma mass-spectrometry (ICP-MS) and laser absorption
plasma mass-spectrometry (LA)-ICP-MS — aided Aron et al in their research. They
discovered that AB plaques from human brain tissues were highly abundant

with Li-ions compared with plaque—free brain tissues. This iinding was further
supported by an animal model, where Li was sequestered by transgenic mice.

When mice were fed with a Li-deficient diet, an acceleration of\cognitive decline
and an increase in AP deposition in the brain were observed. On the contrary, treatment
with a Li salt, or lithium orotate, decelerated AD pathological alteration and memory
loss in both AD and wild-type (normal) aging mice. In the article, Aron et al.
concluded that endogenous Li in the brain may play an important physiological role
as a neuron protective agent, and the imbalance of Li homeostasis represents an early

event in the development of AD.

Our common wisdom recognizes the Li-ion as a key ingredient in the battery and
energy industry, but the iindings by Aron et al. open up a new avenue of research,
which could potentially lead to breakthroughs in the development of diagnostic
techniques when monitoring the early onset of AD in aging populations and
novel medical treatments for AD patients. With only two antibody medicines,
Decanemab and Donanemab, yet approved by the US Food and Drug
Administration as treatments for slowing down human AD progression, many

questions remain: what is the next cure for AD? A Li salt may be the answer!

THE LOST SAMI LANGUAGES
OF FINLAND

Sami, also known as Saami, is a language originating from the northern Scandinavian peninsula, a region

in northern Europe which includes Sweden, Norway, and Finland, among other countries. It consists of a

total of 9 surviving dialects out of 13. Many of the surviving dialects, however, are still at risk of extinction:

a language is extinct once all of its native speakers have died, and most of the dialects have fewer than 1000
: native speakers, with one dialect, Ter Sami, consisting of only 2 surv1v1ng native speakers. Sami has roots "o -
b%‘the Uralic language family, which consists of lan inni

e all once dialects of Séml*' oken in

ﬁcn out (g:

only has knowledge of three.

.’
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1. Gene editing technology that saved baby KJ's life 2. Toxic substance that builds up in CPS1 deficiency
3. Element linked to Alzheimer's disease prevention 4. Protein deposits found in Alzheimer's patients
5. Type of launch system used in modern roller coasters 6. Launch system that powered the fastest coaster ever
7. What happens to the Eiffel Tower in summer heat 8. Type of iron used to construct the Eiffel Tower
9. Region where Sami languages originated ~ 10. Language family that includes Sami and Finnish
11. First name of the Red-40 dye compound  12. Gut bacteria affected by food dye consumption
13. HGH is an example that affects human height  14. Dietary factor that influences growth and height
15. Bone cells that enlarge during growth



