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Message from the Editor-in-Chief E#&HIE

Dear Readers,

Welcome to the summer edition of Science Focus! As always, we bring
you amazing and sometimes unexpected discoveries through the ages.

Would you choose a natural tan from performing outdoor activities or a
fake tan? In this issue, you can read about the science behind fake tan
while sunbathing on the beach next time. You can also learn more about
a surprising connection between bacteria in the gut and muscle mass,
the discovery of a widely used anti-cancer drug, and the contribution
of bacteria to an oxygenated atmosphere. For those of you who are
budding physicists, we have articles on Enrico Fermi and the James
Webb telescope.

Finally, | would like to thank those of you who have participated in this
year’s “Science in Lyrics” Writing Competition. The number of entries
doubled! Many congratulations to our prize winners, and | am sure they
will appreciate your comments and encouragements on Instagram.

Yours faithfully,
Prof. Ho Yi Mak
Editor-in-Chief
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“Science in Lyrics” Writing Gompetition 2024 -
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Visit our Instagram page for the winning entries. To check out what other songs
the contestants have written on, scan the QR code for the Spotify playlist!
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Fun in Summer Science Activities EA# 2178 H
Any plans for this summer? Check out the following event!
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Antarctica 3D

The Hong Kong Space Museum is currently
featuring the breathtaking 3D Dome Show
Antarctica 3D, which takes viewers on an awe-
inspiring journey through the coldest, driest, and
windiest place on Earth. The documentary includes
never-before-seen footage that showcases a vibrant
underwater world beneath the ice, vast penguin
colonies, and the largest congregation of whales
ever filmed. However, the movie is not just a visual
spectacle as it serves as a wake-up call to the urgent
need to protect Antarctica's fragile ecosystem
which is susceptible to global warming. Narrated
by Benedict Cumberbatch, this fully immersive 3D
Dome Show is not to be missed!

Period: Now-January 13, 2025
Time: 2:00PM and 6:30 PM (Mon, Wed to Fri)

12:30 PM and 5:00 PM (Sat, Sun and public holiday)
Venue: Space Theatre, Hong Kong Space Museum

Admission fee: Standard admission: $32 (stalls),
$24 (front stalls)

Concession admission: $16 (stalls),
12 (front stalls)

Remark: Please refer to the museum’s website for more details.
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The history of life on Earth saw many pivotal
moments, but perhaps none, other than the origin of
life itself, is more significant than the Great Oxidation
Event (GOE). Marking the period when the early
Earth’s atmosphere started to fill with free oxygen, the
GOE set the foundation for the rise of aerobic life and
ultimately, present-day humans [1, 2].

Imagine traveling back to 4.5 billion years ago,
when Earth had just formed. The atmosphere was
vastly different from what we have today - it consisted
of water vapor, carbon dioxide, and methane, but
not oxygen. Consequently, the earliest life forms that
emerged approximately 3.8 billion years ago were
anaerobic.

But the entire game changed when a group of
bacteria diverged from their anaerobic ancestors
around 3.4 billion years ago [3, 4]. These unique microbes
developed one of the most crucial innovations in the
history of life on Earth — oxygenic photosynthesis — and
evolved into what we now know as cyanobacteria
(commonly called blue-green algae, although they
are not technically algae) (Figure 1).

Figure 1 A stromatolite fossil of
cyanobacteria. The layered
structure was formed from mats of
cyanobacteria.
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Through oxygenic photosynthesis, oxygen was
generated as a by-product of water splitting. Initially,
the oxygen levels in the atmosphere remained
low, as the first oxygen released into seawater
by cyanobacteria was quickly sequestered by
chemical reactions with other elements, such as iron
[2] (Figure 2). Over a period of 200-300 million years
[1], seawater oxygen levels gradually increased,
possibly due to a rapid expansion of cyanobacterial
populations [3, 4], until the accumulated oxygen
began to escape into the atmosphere. The escaped
oxygen displaced the abundant methane, kicking
off the GOE that took place between 2.4 and 2.1
billion years ago [1].

The implications of an oxygenated atmosphere

Figure 2 Banded iron formation as evidence of the GOE.
Iron (Il) ions in the ocean are thought to be oxidized and
precipitated as red iron (Ill) oxides in the GOE [6].
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The implications of an oxygenated atmosphere
were immense for both Earth's climate and its
inhabitants. Methane, a greenhouse gas, traps heat
from sunlight and keeps the Earth warm enough for
organisms to survive. Therefore, when methane was
displaced by oxygen, global temperatures dropped,
causing Earth to enter a series of ice ages known as
the Huronian glaciation [8]. Meanwhile, ultraviolet
radiation (UV) from the Sun split oxygen molecules
(Oy) into individual atoms, which then reacted
with other oxygen molecules to create ozone (O),
forming the ozone layer that now protects life on
Earth from harmful UV radiation.

The omnipresence of oxygen on Earth also
fundamentally changed the planet’s biological
landscape. To the anaerobic bacteria and archaea
of the time, oxygen was toxic. This led to a mass
extinction in which most anaerobes were wiped out.

However, some survivors found ways to
adapt and even thrive in the newly oxygen-rich
environment. They developed ingenious solutions in
terms of oxygen binding, aerobic respiration, and
oxygen detoxification. To protect themselves from
oxygen, these anaerobic organisms made use of
certain proteins to bind oxygen and incorporate
it into other molecules they need such as melanin
[9]. Scientists believe that some of these ancient
proteins eventually evolved into oxygen-transporting
respiratory pigments found in animal blood today
[9, 10]. For example, hemocyanin was likely derived
from the oxygen-binding protein tyrosinase. These
organisms also harnessed the power of oxygen
as the terminal electron acceptor in respiration,
which releases much more energy than anaerobic
respiration. On the other hand, they evolved more
effective versions of detoxifying enzymes, including
superoxide dismutase and catalase (footnhote 1),
to deal with the harmful reactive oxygen species
resulting from aerobic respiration [1].

For those unable to adapt, alternative strategies
were employed. Some chose to remain in anaerobic
environments, while others “acquired” the ability
to perform aerobic respiration by engulfing smaller
aerobically respiring cells, as suggested by the famous
endosymbiotic theory [11, 12]. The latter gave rise to
the ancestors of eukaryotic cells, with the engulfed
aerobically respiring cells eventually becoming today's
mitochondria.

And the story of cyanobacteria did not end with
the GOE - the endosymbiotic theory also suggests
that they were engulfed by early non-photosynthetic
eukaryotes [11] and became chloroplasts in modern
plants and algae.

1. Editor’s note: Superoxide dismutase converts harmful superoxide
radicals (O:"') to molecular oxygen (O:z) and hydrogen peroxide
(H202). Catalase further converts H.O: to O: and water.
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Check out the following articles to learn more
about mitochondria!
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Fun fact: Is there
transplatin? NH3//,, ‘\\\Cl

Yes, it is a stereoisomer C|( \N H
of cisplatin with no 3
anti-tumor activity [4]. transplatin
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The Chicago Pile Experiment

Fermi’s Paradox

Fermi Problem

A Mistake in Fermi’s Nobel Prize
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Physics Books in HKUST Library
HXEEEEMHEE

To get a sense of this estimation method, let’s try to
solve this problem: What is the order of magnitude
of the number of physics books (including e-books)
in the HKUST Library?

ERMERR [BRMEE]I WL EREUTRIRE :
EREBNRAZEEEYESZER (BEETS)
HENHER?

A)10  B)100  C)1,000

D) 10,000

This is an open-ended question. You are free to
tackle the problem in your own way, and make
any useful assumptions, e.g. science books can
be generally divided into four subjects. A basic
fact: The six-story HKUST Library has a collection of
2,442,592 books (including e-books).
ER—EMRMABE (RULABECHNG EMHE B
BEEAERNRERR BOBRERBDEBZERBAUD K
MERIBE - LUT—HEAER BHAEZERESE
BHRABHEESE HIWH2,442,59248 L (BFFE
2) o

=

Example solution: REfR—fl:
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In the vast realm of space, a revolutionary tool
has been geared up to propel our exploration of
the cosmos - the James Webb Space Telescope. Set
up as a successor to the Hubble Space Telescope,
Webb was launched in December 2021 with the aim

of uncovering the formation of galaxies, stars,

: q m E 5 m E B B and planets [1]. As an extremely long duration is
needed for the light from a very distant object

SPACE

to reach us, the observation we make today is
actually reflecting their appearance in the past,
providing us a peek into the early

universe. Observing the conditions
during the formation of the first

ElHh - =10
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galaxies enables scientists to trace
the origins of our own galaxy, along with the planets
and stars it encompasses.

Named after a prior administrator of NASA [2],
Webb represents key advancements in the usage
of space telescopes, and is the largest and most
intricately designed observatories ever sent into

space. The main component of the telescope,
known as the primary mirror, functions to
capture red and infrared light to facilitate the
observation of far-off objects that are highly
redshifted (footnote 1) [3, 4]. The mirror then
reflects the light onto a smaller secondary mirror,
where it is redirected to scientific instruments for
interpretation.

A large primary mirror can reveal more details of
a far-off object by collecting more light signals from
it. Webb has a light collecting area
6.25 times greater than that of the
Hubble Space Telescope [4], but
one of the biggest challenges
was the technical restriction of
launching such a large mirror into
space. To overcome this hurdle,
the telescope was innovatively designed
to be a folding telescope - much like
origami — where the mirror would unfold
once they had detached from the launch
vehicle.

Webb is also an incredible feat of
engineering that has the capability of adjusting its focus
with very fine precision. The primary mirror is made up of
18 hexagonal segments of beryllium [3], whose position
can be adjusted independently by the tiny mechanical
motors called actuators behind each segment.
Controlled by the team on the ground, adjustments as
fine as about 1/10,000th of the width of a human hair
can be made to produce focused, sharp images [5].



Designed to detect infrared light from distant
sources, Webb itself requires extremely low
temperatures in order not to interfere with those faint
heat signhals. To shield the telescope from heat and
light from external sources such as the Sun, Earth, and
Moon, scientists designed a five-layered sunshield as
large as a tennis court to allow the telescope to work at
extremely cool temperatures below -220°C by passively
deflecting heat from between the sunshield layers [6].

Since its launch in 2021, Webb has not only
provided us with an array of findings and breathtaking
images, but also context to the images captured
previously by Hubble. One such image was that of the
Pillars of Creation, captured in the Eagle Nebula (Figure
1). While Hubble had captured the brown clouds of
the structure, Webb was able to leverage its infrared
imaging to capture also the individual new stars
forming within it [7].

Figure 1 Hubble telescope (left) vs. James Webb Space
Telescope (right) on the Pillars of Creation [7].

Photo credit: NASA, ESA, CSA, STScl; Joseph DePasquale (STScl), Anton
M. Koekemoer (STScl), Alyssa Pagan (STScl)

In addition, Webb was able to capture images
of the most distant galaxies known to scientists [8].
There were also data that shed light on the collision of
galaxies (Figure 2) [9], and the atmospheres of planets
inside and outside our solar system [10-12].

Figure 2 NGC 3526, the spiral galaxy shown in this image as
the wreckage of a collision between two similarly massive
galaxies occurred around 500 million years ago [13].

Photo credit: ESA/Webb, NASA & CSA, L. Armus, A. Evans

The James Webb Space Telescope marks a historic
leap in humans’ quest to understand the universe. Its
innovative design and cutting-edge technology make
it an ideal tool to revolutionize our comprehension of
the cosmos. Keep up with the latest discoveries by the
James Webb Space Telescope - one of the greatest
scientific feats of today’s day and age!

1. Cosmological redshift: It was discovered in 1920s by the
cosmologists Georges Lemaitre and Edwin Hubble that the
universe is expanding, meaning that every object is becoming
further apart in the universe, so the incoming light waves from far
objects have to travel an increasing distance before reaching
us [14]. As aresult, the wave is stretched in terms of wavelength
and appears “redder” towards the infrared side of the spectrum.

Webb Gallery: A Collection of Stunning Images!

The Cosmic Cliffs. The image depicts the edge of a star-
forming cavity within a cluster, called NGC 3324, located in
the Carina Nebula. The ultraviolet radiation and intense winds
from the young stars in the center of the cavity carve the area
into what is called the “Cosmic Cliffs” [15, 16].

Photo credit: NASA, ESA, CSA, STScl

The Ring Nebula. A dying star which previously expelled its
outer layers in concentric circles now ionizes and heats up
its ejected gas to form this colorful ring-shaped planetary
nebula. The bright ring is mainly composed of molecular
hydrogen gas [17, 18].

Photo credit: ESA/Webb, NASA, CSA, M. Barlow (University College
London), N. Cox (ACRI-ST), R. Wesson (Cardiff University)
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Uranus and its moons. The wider image (left) depicts the
planet Uranus along with 14 of its 27 moons, and some distant
background galaxies. The close-up (right) shows Uranus and
its rings in great detail, surrounded by nine of its moons [19, 20].

Photo credit: NASA, ESA, CSA, STScl
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Introduction

For those of you who wear glasses, you should have
experienced the frustration on a scorching summer
day. Can you recall the annoyance of sweat trickling
down your temples, fogging up your lenses and
obscuring your vision? During physical activities, your
glasses constantly slip down your nose, interrupting your
focus and hindering your performance. Besides, have
you noticed how glasses can sometimes make your
eyes appear smaller and less expressive?

Unfortunately, myopia, or short-sightedness, is a
common problem among teenagers. In Hong Kong,
the rate of myopia is about 18% in 6-year-old, and 62%
in 12-year-old students [1]. While glasses are a common
solution, if you're tired of being restricted by glasses,
contact lenses are an alternative option.

The History of Contact Lenses

The prototype of contact lenses has been around
for centuries. Leonardo da Vinci first conceived the idea
of wearing a huge glass hemisphere filled with water
in front of the eyes to correct eyesight in 1508 [2]. It was
not until 1887 that we are technologically capable of
creating the first glass lenses in direct contact with the
cornea [3]. Unfortunately, these glass lenses were very
uncomfortable and inconvenient to wear, and could
only be worn for a few hours [4].

By Jane Yang 1585 {&

From the 1930s, the development of polymer
chemistry provided a new option for producing
contact lenses [3, 4]. Poly(methyl methacrylate) (PMMA)
was the first polymer used to make thinner contact
lenses with better clarity, flexibility, and lighter weight.
Despite the huge improvement in comfort level, PMMA
lenses were still rigid and considered uncomfortable to
wear [4, 5].

Other than rigidity, contact lenses made of PMMA
have a more serious drawback: The oxygen can
barely pass through the lenses [4, 5]. Low oxygen
transmissibility can cause complications like corneal
swelling, corneal neovascularization (the formation of
new blood vessels into the transparent cornea) and loss
of corneal transparency [6]. Therefore it is important to
choose a material with a high oxygen transmissibility [7].

Contact Lenses Today

Soft contact lenses made of hydrogel are the
most common types of contact lenses used today [4].
Hydrogel consists of a hydrophilic (water-loving) but
insoluble cross-linked polymer network (see Figure
1). Due to the highly electronegative atoms such as
oxygen atoms in the polymer, water molecules can
be trapped in the network to create a soft, flexible
jelly-like structure by forming hydrogen bonds with the
electronegative atoms in the structure. As a result, the
material can absorb as much as 85 to 90 percent of

water by weight [3].

Poly(2-hydroxyethyl methacrylate) (pHEMA)
was found suitable to make soft hydrogel lenses
due to its higher oxygen transmissibility [4]. To
further enhance the oxygen transmissibility,
co-polymers were created by adding other
monomers to the hydrogel mix to modify the
properties of the material. But still, the lenses could
not be worn for extended periods [4].

Further efforts led to the development of
silicone hydrogel contact lenses [4]. Silicones,



Figure 1 Hydrophilic cross-linked polymer network in hydrogel.

which have an even higher oxygen transmissibility than
water, are polymers that contain silicon and oxygen.
The use of silicone hydrogel enabled the invention
of continuous-wear contact lenses, which can be
worn overnight. However, silicone is a hydrophobic
(water-repelling or lipid-loving) material so it is prone
to problems like sticking to the eye surface which is
covered by the tear film lipid layer [8]. After a few
attempts to increase the hydrophilicity, bioengineers
eventually solved the problem also by modifying the
polymer.

Contact Lens Solutions

Contact lens solutions play a vital role in maintaining
the cleanliness and functionality of contact lenses.
They are specifically designed to disinfect, clean, and
store the lenses, ensuring optimal comfort and vision
for wearers. These solutions contain various chemical
compounds that serve specific purposes.

There are two main types of contact lens cleaning
solutions: peroxide solutions and multi-purpose
solutions [4, 9]. They differ by the way they disinfect.
Peroxide solutions utilize hydrogen peroxide (H,O,) as a
disinfectant, typically at a 3% concentration. To make
them safe for the eyes when lenses are reinserted after
disinfection, a neutralization catalyst, such as platinum,
palladium, or silver, present in the contact lens case
is used to speed up the degradation of peroxide into
water and oxygen.

Multi-purpose solutions commonly contain
disinfection agents such as polyhexamethylene
biguanide or polyquaternium-1 [4, 9]. These polymers
possess optimal antimicrobial properties, and are

derived from monomers with

stronger antimicrobial activity but too

harsh to be applied to the eyes before
polymerization. It is speculated that
polyhexamethylene biguanide works by
selectively binding and condensing bacterial

DNA, eventually blocking cell division [10, 11].
Polyquaternium-1 was found to cause leakage of
cellular contents in ocular pathogens by disrupting
the cell membrane [12, 13].

In addition to disinfection, contact lens solutions
also include other compounds to maintain lens
cleanliness and performance [4, 9]. Bisphosphonates
help break down proteins that accumulate on the
lens during wear, while moisturizing and conditioning
chemicals ensure that the lenses remain in good
condition while stored. There are also buffers to keep
the pH gentle on the eyes, and preservatives to
increase shelf life.

Tried-and-True Techniques & Tips for Beginners

For those who are new to contact lenses, the
prospect of putting them on and taking them off can
be quite intimidating. The thought of touching your eye
or inserting a foreign object into it may seem daunting,
but fear not! There are techniques that can make this
process easier and potentially less frightening.

Since most contact lenses sold today are
hydrophilic, you should use a dry hand to put on
contact lenses so that the lenses will not stick to your
hand. When you remove contact lenses, using a wet
hand will make the task easier, but always make sure
you wash your hands thoroughly before handling
contact lenses.

It is advised not to
use eyedrops when
wearing contact
lenses because
that may cause
problems with
the lenses [14].
Nevertheless, you
may consider
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wetting drops or

preservative-free

lubricating drops

approved by your

eye doctor if you often

feel dry with contact lenses

on. However, never use peroxide

solution as wetting eyedrops — eyedrops and contact
solution are not the samel!

Conclusion

Contact lenses are a great alternative to glasses
for those who feel bothered by the inconvenience
and discomfort of wearing glasses. There are also
lenses of different colors and graphic diameters for
people who want to change their eye appearance.
By understanding the different types of contact lenses
available and how to wear them properly, you can
make an informed decision about which contact
lenses are right for you.
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How Do Hibernating Squirrels
S’ruy Nuscular Durlng Winter?

Have you ever wondered how animals like some
squirrels, bears, and hedgehogs survive the winter
months? Well, they become torpid for up to several
months with a minimal demand of food and water [1].
This amazing ability is called hibernation, during which
breathing, heartbeat, and most metabolic processes
slow down, and body temperature significantly drops
to conserve energy. Interestingly, hibernating animals
are capable of maintaining their muscle mass without
eating, have you ever wondered why?

To address our question, one needs to appreciate
that the integrity of various tissues, including muscle,
is maintained by a steady supply of amino acids,
which are building blocks of proteins. When animals
feed normally, the diet is the major source of amino
acids. During hibernation, however, animals may turn
to breaking down their own tissues in order to obtain
a sufficient amount of amino acids to make new
proteins for survival. An alternative, “wasteful” route for

amino acids involves their
degradation into
ammonia and

then urea in

the liver.

Urea

B 1R

eventually enters the bloodstream and is excreted
in urine. How can hibernating animals minimize such
“wasteful” mechanism that may reduce muscle mass?

A recent study showed the gut microbiota of
hibernating squirrels may be the key. It was known that
urea in the bloodstream can be transported into the
gut lumen [2]. There, the gut microbiota can salvage
urea by producing ureases to metabolize it back into
carbon dioxide and ammonia. The latter is then used
by the same microbiota to resynthesize amino acids
[3]. Such a mechanism minimize the wastage of amino
acids during hibernation. As a result, the squirrels
end up with more muscles than before and wake up
stronger for the breeding season right after the cold
winter [4].

Now, let's turn to its implications for humans [3].
Muscle wasting is a common condition in the elderly
suffering from age-related muscle loss and bedridden
patients under prolonged inactivity. It is also prevalent
in developing countries, as millions of people lack a
diet with sufficient protein. Isn’t this condition similar to
what we saw in hibernating animals? Yes, you guessed
it: We can potentially harness the gut bacteria in
the hibernating squirrels to maintain muscle mass in
humans.

Human gut microbiota is plastic such that it can
be shaped by diet. A classic example is the transfer
of beneficial gut bacteria such as Bifidobacterium
from mother to infant through breastfeeding [5]. Breast
milk also contains human milk oligosaccharides, a
prebiotic (or food) for Bifidobacterium, to facilitate
the colonization of the bacteria to provide health
benefits to infants [6]. In another case to promote
healthy growth in undernourished children, scientists
have developed microbiota-directed foods to
repair their immature gut microbiota by increasing
the representation of growth-promoting bacterial



taxa [7]. In light of these stories, researchers are now
exploring the possibilities of developing oral probiotic
supplements to introduce the bacteria that produce
ureases such as the genus Alistipes in hibernating
squirrels, or genetically designed bacteria to the
human gut to promote the breakdown of urea and
muscle replenishment [3]. These approaches could
be promising in combating muscle wasting by
manipulating our gut microbiota.

Hibernation is a fascinating animal behavior that
involves many unusual physiological and microbial
processes. By studying hibernating animals and the
mechanisms of related processes, we may be able to
develop new therapies for treating human disease and
promoting patients’ quality of life. It might also come in
handy in the future for space travel where prolonged
inactivity is involved [3]. Who knows?
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The Modern Bronze Age:

Fake Tar

Wi%ﬂﬂ%ﬁf E Fﬁ

By Aastha Shreeharsh

“Sun-kissed

skin”, “radiant”,

“bronze”, and a

“healthy glow” - these

are just a few of the many

descriptors trending on social

media and in the beauty industry

worldwide, especially in Western

countries. While this look could possibly be achieved by

a few sun-drenched days at the beach, many people
are now opting for sunless alternatives to tanning.

Q: That seems recent — so what’s up with the title?

While it is true that the original Bronze Age lasted
for many centuries and fake tanning is a relatively
recent phenomenon, the “Modern Bronze Age” is
just a term used by popular media to describe the
era of the fake-tan - playing on the word “bronze”
to describe the generally desired outcome of a fake
tan. From celebrities to the former US president Donald
Trump (footnote 1) [1], it seems that sunless tanning
products, such as tanning beds, lotions, and sprays, are
in extensive use. Many people from countries where a
sunny day is a rarity turn to fake tanning as a solution,
and they have the scientist Eva Wittgenstein to thank
for her discovery.

Q: How did one stumble upon a fake tan?

As with many scientific discoveries, one did not set
out to find or develop a fake tan. While investigating
the oral application of a chemical compound known
as DHA (dihydroxyacetone; not to confuse with the
omega-3 fatty acid (docosahexaenoic acid) in fish oil)

for children with glycogen defects, she observed the
noticeable coloration of skin where the DHA spilled.
This was not the first time this skin-browning effect was
noticed by scientists - German scientists in the 1920s
had already done so - but it was the first time for DHA to
be considered for cosmetic purposes [2]. Wittgenstein
researched this further and published a paper in 1960
to explain how DHA produced an “artificial tan” [3].

Q: Wow! So, you're telling me, | can just use a lotion
at home and get a tan without having to suffer
outside during the summer. How does that work?
Could it also offer me sun protection?

This may come as a surprise, but this process of skin-
browning follows the same reaction responsible for
the browning of bread and roast meat, known as the
Maillard reaction. Our skin is composed of a few layers,
and the outer surface comprises a layer of dead skin
cells. The Malillard reaction between the amino acids
in this outer layer and the colorless DHA produces the
brown pigment melanoidins [2].

Nevertheless, the process is not instantaneous. After
two to three hours, the skin begins to acquire a tan and
the reaction carries on for another one to three days [2,
4]. Once formed, melanoidins can't be washed off by
water, soap, or moisturizer until the skin cells are shed. [2,
4]. The browning effect can last for one week [2, 4].

However, unlike the pigment melanin in natural
tanning, melanoidins don’t offer much ultraviolet (UV)
protection on their own (Figure 1). It’s estimated that
most of these sunless tanners can offer only a meager
SPF of 3, which is not nearly enough sun protection [2].
Therefore, it’s extremely important to wear sunscreen
with adequate SPF when going outdoors, with or
without a sunless tan.

Q: That story does not fill me with a whole lot of
confidence about fake tanning, and the cosmetic
industry has a history of being misleading to sell us
products. What do scientists have to say about its
safety?



Figure 1 Chemical structures of the three major types of
melanoidin resulted from the Maillard reaction between DHA
and assorted amino acids (left) [5], and the stoichiometric
structure of melanin (right). The highly conjugated m-bonding
(alternating single and double bonds) ring system of melanin
enables the molecule to absorb UV effectively.

Perhaps the idea that the same reaction governing
the fake tanning process also takes place during the
roasting of meat may have been a bit off-putting.
According to scientists, there is no significant cause for
concern - with some caveats. One study from 2008
suggested that our skin may become more susceptible
to UV radiation after the application of tanning
products, as a UV exposure after the application of 20%
DHA solution on porcine skin resulted in the formation
of 180% more harmful free radicals, which are generally
believed to cause premature skin aging and wrinkling
[6]. Fortunately, most over-the-counter tanning lotions
contain only 3-5% of DHA, and precautions can always
be taken by using sunscreen and avoiding the sun
after applying a self-tanner [2]. Another point to note
is that, the US Food and Drug Administration (FDA) has
approved DHA only for external application, meaning
that a self-tanning lotion may be a safer choice than a
spray because DHA is not likely inhaled or ingested into
the body [7]. Overall, self-tanning is considered as a
safer alternative to tanning naturally.

Q: Awesome! Can | give my pet a spray tan?

Okay, it’s unlikely many readers were thinking about
this, but apparently, someone was. In 2008, one study
found that using 5% DHA on Mexican hairless dogs
can result in severe contact dermatitis, causing blisters
and epidermal necrosis [8]. So, if you love your pet, it’s
possibly best to forego the spray tan! (An obvious but
necessary disclaimer on animal cruelty: It’s not a good
idea to use this on animals you do not love either.)

Q: Well, that’s a bit scary. Can it hurt us humans?

Apart from the caveats above, with any cosmetic
product, there is a chance it does not react well to your
skin — which is why you should always test a product on
a small patch of skin.

In another way, the whole concept of fake tanning
may have hurt us. Historically, “sun-kissed” skin was
associated with labor in the scorching heat - not
considered very attractive. The idea that a tan is
undesirable is one that is still bandied about in many
Asian households, but amongst countries with colder
climes, tans came to be associated with luxury as it
meant you could afford to enjoy more tropical vacation
spots [9]. The invention of the fake tan has perhaps
made unattainable, short-lived beauty standards
and trends more attainable for some; or, perhaps, it
helps instead of hurts in some regions — making darker,
tanner skin more the norm as we see those with fairer
complexions seek tanner complexions that were once
frowned upon.

1. Trump has been the star of frenzied media coverage for many
reasons aside from his distinct appearance and mannerisms; in
this context, it is referring to his vibrant, orange complexion. He
claims that accusations of him using fake tanning products are
fake news, yet there is much debate surrounding the validity of
such claims [1].

The Science of Sunscreen

Check out our Instagram posts for more information
about UV radiation and SPF!
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