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Introduction 

As the world recuperates from the Coronavirus and 
moves forth, life is beginning to take a familiar yet 
divergent take from the pre-pandemic years. Similarly, 
The Natural Sciences Society has returned to the 
traditional weekly sessions since the start of this 
academic year and the journal is now making its first 
appearance since 2019! We are thrilled to be bringing 
to you this collection of articles written by students 
across the whole school that delve into the depths of 
modern science.  
 
Society Sessions: 
 
As we return to the classrooms, the Natural Sciences 
Society moves back into the science block. The sessions 
involved an armada of topics that explored the 
boundaries of natural sciences to incorporate ideas 
from a multitude of other disciplines such as space 
physics, medicine, psychology, and more. The resulting 
products are bespoke and creative sessions that 
capture the curious nature of many of our attendees. 
Since we, the new presidency team, have taken over, 
our focus has been on encouraging debates over talks. 
The debates have successfully encouraged us to think 
from diverse perspectives when presenting arguments 
for a side. We believe that this is a key skill for all 
students wishing to pursue STEM as a career, especially 
as recent groundbreaking advancements in science and 
technology are pushing us to rethink the contemporary 
shape of philosophy, morals, and ethics. 
 
The Journal: 
 
We faced many challenges during the production of this 
journal, especially since the pandemic saw us emerge 
from the dark with minimal assets to aid in the creation 
of this year’s edition. For a start, this journal has been 
made completely from scratch as we had no digital 
templates to work with. Despite these challenges, we 
are delighted to announce the first digital version of the 
journal. As the workplace moves to the virtual realm, 
we felt that it is appropriate to move our platform for 
access online. We hope that this change will allow the 
journal to reach to a wider audience within, and beyond 
the school. 
 
Despite the hurdles, we have been able to produce a 
journal jam-packed with many in-depth articles.  
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According to google, randomness is “The quality or state of 
lacking a pattern or principle of organization; 
unpredictability.” 
 
In our society, we rely on the idea of randomness for 
countless things, from board games to military drafts. 
Randomness prevents bias, helps ensures that decisions 
are fair and justifiable, and keeps our lives interesting. But 
are things actually random? 
 
Take something such as a coinflip for example. Coinflips 
are viewed by almost everyone to be a fair way to decide 
things, such as who serves first in tennis, because of its 
seemingly random nature.  
 
However, coinflips aren’t actually random if you think 
about it. If we knew the initial conditions, the force the coin 
was thrown with, and countless other precise details about 
the flip, then technically we could calculate which side the 
coin would land on before it had even landed. 
 
In fact, coin flipping machines have even been built to 
ensure the same result every single time. 
 

 
Figure 1: Coin Flipping Machine as shown 

 

Now imagine this concept of predictability on a completely 
different scale. Not to just to a singular coin, but to the 
entire universe. Yes, it sounds bizarre, but this is what 
French scholar Pierre-Simon de Laplace suggested in 1814 
– that if a “demon” of some sort knew the precise location 
and momentum of every single atom in the universe, it 
would be able to calculate both the past and the future at 
any time by using the laws of classical physics. 
 
This theory was a major issue, because if it was indeed 
true, it would mean that we humans would have no free 
will. Anything that had taken or will take place would be 
completely predetermined. 
 
The theory does make some sense after thinking about it, 
and at the time it sparked a huge controversy which led to 
many other developments in science in order to disprove it. 
Here, I will attempt to explain three important arguments 
against Laplace’s demon. 
 
The first argument is that Laplace’s demon is incompatible 
with quantum mechanics. One way is because of 
Heisenberg's Uncertainty Principle. The principle states 
that we cannot measure BOTH the location and the 
momentum of a particle with absolute precision. Basically, 
the more precisely we measure the location of a particle, 
the less accurately we know about the momentum, and 
vice versa. This means that Laplace’s demon cannot 
possibly exist, as it wouldn’t be able to know both the 
momentum and location of any atoms at all. This 
argument also further reinforces the butterfly effect 
argument, which we’ll cover later. 
 
Quantum mechanics also states that there are certain 
things which are completely impossible to predict. For 
example, radioactive decay – it is impossible to predict 
when a specific radioactive atom will decay. The reason for 
this is because at that subatomic level, chances are 
determined by, well, nothing. In other words, it’s 
impossible to predict something if you have no other 
information on it. Everything we know on a quantum level 
is probabilistic – there is a chance of one thing happening 
and a chance of another. 
 

Conquering Laplace's Demon: The Perception of 
Randomness 

Bright Lan  
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Quantum mechanics also states that there are certain 
things which are completely impossible to predict. For 
example, radioactive decay – it is impossible to predict 
when a specific radioactive atom will decay. The reason for 
this is because at that subatomic level, chances are 
determined by, well, nothing. In other words, it’s impossible 
to predict something if you have no other information on it. 
Everything we know on a quantum level is probabilistic – 
there is a chance of one thing happening and a chance of 
another. 
 
A which slit the particle would pass through. 

 
Figure 2: Variation of the double slit experiment  

Another potential argument against Laplace’s demon is 
the butterfly effect. To explain it simply, the butterfly effect 
is when small changes in the initial conditions can amplify 
and result in a huge change over time.  
 
I’ll give you a historic example: in the 11th century, Gregory 
IX, who was Pope at the time had a strong disliking for 
cats, and ordered for them to be exterminated, claiming 
that they were associated with the devil. Many cats were 
then killed, and he died. But this change would have a 
much bigger impact over time. The reason for this is 
because there were less cats, less rats were being eaten. 
As a result, there was an increase in the rat population, 
meaning the spread of the bubonic plague and black death 
would be much larger, causing countless deaths. We can 
even see this in weather forecasts – even with today’s 
incredible technology, it’s almost impossible to consistently 
forecast the weather accurately over 10 days in advance, 
because of the small flaws in our data amplifying over 
time, resulting in huge inaccuracies. 
 
However, this argument is invalid if we assume that 
Laplace’s demon does know everything infinitely 
accurately, because that means there would be no 
variations at all. However, this is impossible, due to 
Heisenberg’s principle, as explained in the previous 
paragraph. 
 
 
 

The final argument against Laplace’s demon is due to the 
laws of thermodynamics. In thermodynamics, there are 
reversible and irreversible processes. For a process to be 
reversible, it would need to be able to get the system to 
exactly where it was before the change, without any 
change in the universe. This simply isn’t possible – 
reversible processes are merely theoretical. For example, if 
I leave some ice out in the sun, it will melt – but it won’t 
return to its frozen form without any external change. The 
actual reasoning behind this is because of the 2nd law of 
thermodynamics – the entropy of a closed system can only 
increase. In this case, the entropy of the water is higher 
than that of the ice. 
 
However, irreversible processes cannot, as stated in the 
name, be reversed, and make up all the processes which 
happen in our universe. This completely disproves 
Laplace’s demon, which relies on the premise of 
reversibility, supposedly being able to reconstruct the past 
from the present. 
 
In conclusion, although Laplace’s demon is widely 
regarded as an incorrect theory, it’s still an extremely 
important one, because of the very need to disprove it. It 
has led to countless developments in science, especially in 
the field of thermodynamics, and has sparked debates all 
around the world in both physics and philosophy. Even in 
recent years, people are still coming up with new theories 
against it, clearly showing its significance. But if, somehow, 
free will was indeed just an illusion, just like in Laplace’s 
theory, you still shouldn’t lose any sleep over it. 
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You might not know it, but your immune system is one of 
the most indispensable, intricate, and important systems 
in your body. For many people, it seems to just be a tool 
to efface the virus that’s been bothering you for far too 
long. But it’s more than that.  
 
Your immune system operates across your entire body, 
head to toe, ensuring you live on another day. While it is 
essential for your survival, it can also cause you harm. 
The actions of your immune system can even have fatal 
consequences. But let’s take a step back, and look at 
what happens, right from the beginning.  
 
It’s another beautiful day for your cells, when suddenly, 
the sky ruptures, and countless bacteria cascade into the 
inner workings of your hand, ready to obliterate 
infrastructure and kill civilians. You examine the nail that 
just pierced your finger, now bleeding, and causing you 
nothing more than a mild annoyance. Meanwhile, the 
army of invaders beneath the skin begin to traverse your 
tissues, plunder your provisions, and release extremely 
harmful toxins. As the cells perish, their insides, including 
strands of DNA, spill out in the midst of the invasion, and 
the ones that survived release chemical messengers that 
alert the immune system.  
 
Your first line of cell defence is the Macrophage (literally 
meaning ‘Big Eater’). Macrophages, as suggested by their 
name, are large cells that can devour many pathogens. 
Using enzymes, they engulf the bacteria in a process 
known as phagocytosis, releasing microbial products 
which others can use. All the while, they release 
cytokines, small messenger proteins that play a crucial 
role in the response to infection. Receptors cover the 
surfaces of these immune cells, allowing them to detect 
not only the presence of danger, but also the direction to 
the battlefield, allowing for a 360° navigation system. 
 
Despite this, these adaptations aren’t enough to wipe out 
the invaders. In this case, the next line of defence 
consists of cells called Neutrophils. After receiving the 
cytokine ‘distress 
a target bacterium, and when it does so, it can change 
shape, and also gather other complement proteins. 
Eventually, the bacterium is covered with complement 
proteins, which inhibit the basic metabolic processes of 

signals’, they too begin to devour the bacteria, but with 
much less care about collateral damage.  Neutrophils 
operate on a fixed timer, before they are exhausted of their 
weapons and die, and for good reason. Neutrophils are able 
to ‘explode’, unleashing a toxic chemical ‘net’ that traps and 
kills the bacteria. These phagocytes form the basic cell 
defense of your immune system, called the Innate Immune 
System – responsible for recognizing pathogens by their 
fundamental features (such as flagella in bacteria), and 
destroying them with speed.  
 
Another key immune response is the opening of your blood 
vessels, which allows for fluid to trickle onto the battlefield. 
This is called inflammation, and it serves many purposes. 
For one, it restricts infection to one area while removing 
damaged/dead tissue. Inflammation brings heat, which 
creates sub-optimal conditions for the bacteria, and in turn, 
aids the fight. While you experience pain from the pressure 
on nerve cells, immune cells utilise the flow as an 
expressway around the battlefield. Inflammation works by 
making the cells in blood vessels change their shape. This 
means that the liquid part of your blood, known as plasma, 
can flow into the tissue, like a tap being turned on and 
gushing with water. This liquid is filled with special attack 
proteins called complement proteins.  
 
The complement system, in essence, is a group of over 30 or 
so complement proteins, which fulfils 3 purposes: 
 
It inhibits pathogens, activates/guides other immune cells, 
and rips holes into enemies until they die. The shape of a 
complement protein determines how it interacts and what 
functions it can perform. 
 
Complement proteins are passive by default, but can 
become activated, and change the shape of other proteins, 
thereby activating them. You can imagine this like a forest 
fire – lighting one tree on fire can lead to rapid spread. Take 
the rather unintuitively named complement protein, C3. 
When it is activated, it splits into two proteins, C3a and C3b. 
C3a performs a similar role to cytokines, acting as a distress 
signal. However, C3b actively attempts to attach itself to 
the body’s solution to combat the ever-mutating pathogens. 
T Cells have to be ‘tested’ in the Thymus before being 
available for their main function, to ensure that they don’t 
connect to your own body cells. When a Dendritic Cell rubs 
against the right T Cell, it connects, and a second signal is 

Immunology: The War Underneath your Skin 
Jawad Uddin  
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the bacterium. These structures can gather a few more 
specific complement proteins to form Membrane Attack 
Complexes, which rip holes into the bacteria, spilling their 
insides out in a cascade. Even without the hole-ripping, 
complement proteins can make it much easier for 
phagocytes to engulf the pathogens, because they are 
positively charged, in contrast to the negative charge of 
cell and bacteria membranes.  
 
At this point, the wound has been partially closed by 
platelets, carried by the blood flooding the tissue. You see 
this as a thin layer of crust on your finger. This improvised 
barrier stops more pathogens from entering your body, 
and stops blood loss, allowing new skin cells to begin 
properly closing off the wound, albeit slowly.   
 
Up until now, we’ve been looking at the Innate Immune 
System, at the forefront of the infection, which is bulkily 
built to brute force any infection regardless of the specific 
build of pathogen. But sometimes, even this isn’t enough, 
and this is where we begin to move to what is called the 
Adaptive Immune System. Your Adaptive Immune 
System is responsible for producing the superweapons 
that come in if your Innate Immune System is prone to  
being overwhelmed. It is the ‘Cell Intelligence’, 
recognising only the specific pathogens without 
recognising other things, or even worse, your own body 
cells. The activation of the Adaptive Immune System 
begins with the Dendritic Cell, large cells with long, floppy 
‘arms’. They are adapted to grab and process antigens, 
which are essentially any foreign molecular structures. 
 
The processing of these antigens involves identifying 
whether the pathogen is a bacterium, virus, fungus, or 
parasite, and sampling the levels of cytokines or dying 
civilian cells.  
 
Once the Dendritic Cell has collected enough samples, it 
stops sampling and begins travelling through the 
motorway of your immune cells known as the Lymphatic 
system.  The Dendritic Cell is looking for a T Cell, but not 
just any T Cell. It is looking for the T Cell which has the 
receptors that bind to this specific antigen. Perhaps the 
most amazing thing about the T cells is that, among 
them, there is one cell for every possible antigen in the 
Universe. This is achieved by the random mixing of parts 
of the genetic code.  
 
Combinations of different genes lead to different 
proteins, leading to differently shaped receptors. This is  
 

sent from the Dendritic Cell to confirm the activation of the T 
Cell, which thus becomes a Helper T Cell. The Helper T Cell 
rapidly reproduces until there are thousands, where they will 
split into two groups. The first group travels back to the 
battlefield and reactivates ‘exhausted’ Macrophages, while 
the second group is activating the next line of defence, the B 
Cells. 
 
The purpose of B Cells is to produce antigen-specific 
immunoglobulin (also known as antibodies) which target 
pathogens, binding to their antigens, and either killing them, 
or marking them out for phagocytosis. Just like T Cells, there 
are many combinations of receptors on B Cells, and when 
the right one is found, the B Cell will reproduce and make 
antibodies, sometimes at rates of around 2000 per second.   
 
As the antibodies swarm the rapidly declining army of 
bacteria, the war draws to a close. Most of your Helper T 
Cells will realise that they are no longer needed as the battle 
signals decline, and kill themselves through a calm and 
dignified process called apoptosis, leaving intact cell bodies 
that can be later swept up by Macrophages. However, a few 
will remain to guard the tissue for the years and decades to 
come, and these are known as Memory T Cells. Similarly, 
some B Cells will become Memory B Cells, producing low 
levels of antibodies, and being available for re-activation 
should the invader ever return. And this makes you 
immune.   
 
In summary, the Immune System is a multi-layered defence 
with intelligent solutions to the ever-changing outside 
environment, and perhaps a proof that many unintelligent 
bodies can work together to do something intelligent. It’s 
incredible when you can grasp the beauty of the system that 
works to keep you alive another day, all without you ever 
having to lift a finger.   
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Why do we feel emotions? 
 
The limbic system controls how we process emotions. It 
also helps us to remember things for a long time and for 
motivation.  The amygdala allows the brain to detect 
potential threats, so the brain can create a fight-or-flight 
response. If the amygdala is damaged, this can lead to 
losing control of emotions or not being to recognise them 
as well. The hippocampus is where memories are formed. 
The cingulate gyrus is needed for motor skills but also 
predict stimuli that can cause unpleasant effects. If 
there’s damage to the limbic system, this could cause the 
person to be more aggressive or anxious.  
 
Before, emotions were really important as we required 
fear to escape dangerous animals. However, emotions 
are still crucial because it affects us every day. Fear is 
needed in order to stay away from dangerous animals 
meaning that you would stay safe. It allows you to build 
deeper and stronger relationships especially when they 
tell you about their emotions. The way you feel drives you 
to do things that you enjoy (causing you to have hobbies) 
and to avoid things that you do not. Our lives would be 
really different without being able to be happy, sad, 
angry, scared, excited and so on.  
 

 
Figure 3: Annotation of the Limbic System within the 
brain 
 
 
 

Why do we feel happiness? 
 
Nerve fibres emit substances which cause you to feel 
happy. One example is serotonin. It moves around 
the body due to the circulation system. It helps to boost 
your mood and makes it easier when you are rejected. 
This is why the group of antidepressants SSRIs aim to 
increase serotonin levels. Dopamine is a neurotransmitter 
that is released when an achievement is made such as 
eating a good meal or shopping. Illegal drugs such as 
cocaine causes more dopamine to be released. 
Endorphins relieve pain and stress but they also increase 
the amount of pleasure that you feel and they are 
released when you eat and drink. However, the pleasure 
that they give is really short.  
 
Small activities can be done in order to increase 
happiness. Working out can release more serotonin and 
endorphins showing the benefits of exercising. Dopamine 
levels could increase after eating chicken and dairy 
because they contain tyrosine. Playing music and 
meditation helps you feel more pleasure because more 
endorphins are released.  
Why do we feel anger?  
 
The amygdala causes us to feel anger by releasing 
hormones and catecholamines (a neurotransmitter 
needed to feel stress). Afterwards, energy is also released 
so you are ready for a fight or flight response. This causes 
you breathe and have your heart beat faster.  
 
The prefrontal cortex makes you think about what 
decision you should make. However, when you are angry, 
the amygdala makes us react before thinking. Therefore, 
in order to reduce anger, you need to find ways to reduce 
the work of your amygdala. However, this takes a long 
time meaning that it is easy to become angry again while 
you recover.  
 
Anger can help to improve your performance athletically 
such as in a sporting event, to be more determined to 
solve problems and achieve what we want, improve 
negotiation skills, and to be more observant about 
potential dangers.  
 

Why do we feel emotions, and can we control them? 
Raphael Dadula  
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Another way is to find patterns in times when you are 
angry and to avoid those scenarios such as taking a bus 
or train when you feel mad when driving. Clearly, 
counselling would be the best option to control anger as 
you would be talking to specialists.  
 
Why do we feel scared?  
 
Like anger, the amygdala creates a response activating 
the body for a fight or flight response. You end up 
breathing faster, your heart beats quicker, and your blood 
pressure increases. The hippocampus processes the 
threat to ensure that it is a real one. For example, the 
hippocampus would react to a shark chasing you 
differently to a shark inside an aquarium. You might find 
horror movies scary because it feels too real.  
 
Fear does help us to stay safe as without it, we would not 
care about any potential dangers. It also helps to prepare 
for achieving goals, finding out the extremes of a 
situation, and to evaluate the different options that you 
have. However, it can lead to phobias – fearing 
something excessively.  
 
One way of trying to control fears is Cognitive Behavioral 
Therapy (CBT).  This is also used if you are anxious or if 
you have eating disorder. You communicate to a therapist 
weekly and you tell them about how you feel. The 
therapist uses the information to find ways to help 
change how you feel which would then help you to get 
over certain fears. This could take a short time and it 
educates you for the rest of your life. Other ways involve 
looking at statistics to see if the fears are irrational, 
distract yourself by exercising, and/or breathing slowly. 
Overall, in order to stop feeling scared of something, you 
need to make sure that your hippocampus no longer 
recognizes something as dangerous.  
 
Emotional disorders  
 
Clinical depression: Feeling sad for long periods of time 
such as weeks. It exists because there are not enough 
neurotransmitters released. Severe depression is when it 
is nearly impossible to live life normally. It cannot be 
diagnosed for sure but there are physical symptoms such 
as an underactive thyroid or feeling less energy than 
normal. Depression can be treated with exercises or CBT 
as mentioned before. However, antidepressants could be 
a last resort such as SSRIs as explained before. PTSD 
(Post Traumatic Stress Disorder): It is caused when the 
amygdala causes you to feel an overwhelming sense of 
fear. 
 
Despite this, if anger is not controlled properly, this can 
be problematic as it can affect your relationships with  
 

other people. Exercise and focusing on how you breathe 
could help to reduce anger levels. 
 
Also, the prefrontal cortex (which tries to recognise that 
something is not a threat) fails to do its job. Adrenaline is 
released even though the threat is not real.  In real life, 
PTSD is caused by traumatic events like the death of a 
loved one, abuse, or assault. It can be treated through CBT 
or psychological therapies. The NHS provides IAPT 
(Improving Access to Psychological Therapies) services 
which lets people access counselling. SSRIs can also be 
used as treatment, but it is a last resort.  
 
Can we control our emotions?  
 
We cannot physically control how much neurotransmitters 
are released or how the amygdala reacts to a certain 
event. However, techniques can be used in order to 
feel/avoid certain emotions. Exercise helps to make you 
feel happier but also feel less stressed, scared, or angry. 
SSRIs (selective serotonin reputable inhibitors) can be 
used to avoid feeling sad and stressed. Therapy is 
available in order to control certain emotions better. In 
conclusion, while we cannot actually control what the 
brain does with emotions, we can use techniques to guide 
it in the right direction.  
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A hologram is a three-dimensional image generated 
using photographic projection; they exist freely in space. 
They represent a recording of information regarding the 
light that came from the original scene as scattered in a 
range of directions rather than from only one direction, as 
in a photograph. This allows the scene to be viewed from 
a range of angles, despite being flat 2D films, made to 
look 3D through stereoscopic view where 2 images are 
seen with each eye, so depth is created. This is also done 
through motion parallax through which when the object 
moves at a constant speed across the frame, the part of 
the frame closest to the viewer appears to be moving 
faster. This makes it look physically tangible.   
  
The process of producing a hologram, uses light 
interference or wave optics. Despite being recorded on a 
photographic film, the process is different from normal 
photography because it uses geometric optics of a light 
field rather than capturing an image from a lens.   
  
A hologram is created using a laser beam. This is 
because all the waves are coherent and of the same 
wavelength, which allows for an interference pattern to 
be made. The laser beam is shone through a beam 
splitter, splitting it into the object and reference beam. 
These are both shone through lenses, causing them to 
spread out. The object beam will bounce off the object 
that needs imaging and shine onto the holographic film. 
The reference beam will then go straight onto the 
holographic film. At this point, the reference beam is 
coherent, but not the object beam, so an interference 
pattern is formed on the holographic film, encoding 
specific 3D information about the object. This is typically 
how a reflection hologram is created, where only selected 
wavelengths are reconstructed. A hologram projector will 
work in the same way but will create a picture through 
refraction as light passes through the recorded 
interference pattern.   A transmission hologram is 
created, where all wavelengths of light are diffracted. 
Since the reference beam is sent through the back of the 
film, the recorded scene appears to be behind the film, 
and can become extremely sharp if replayed by a 
laser.(such as work of Paula Dawson ‘To Absent Friends’)  
 

 Recording a hologram requires the interference pattern 
to be stationary during exposure, so they’re often made of 
static sculptures. A pulse laser produces an ultra-short 
flash of light, which freezes the motion in that instance, 
enabling this a hologram of a live subject to be taken. 
(seen in the works of Ana Maria Nicholson, the Strata 
series by Sally Weber)  
  
Holography has been used in many areas and has 
potential to be used more broadly such as security of 
museums. Holograms can be used by artists, as artworks 
and historical artefacts from around the world can be 
viewed anywhere as a holograph. This will protect the 
structural integrity and safety of many valuable pieces 
and enable people to access and view the work. 
Holograms are harder to reproduce than static images. 
This can add to security to labels on credit cards, images 
on currencies and important documents such as 
passports and id cards. Holograms provide a means for 
higher data storage for images used in entertainment, 
cinemas, decoration in parties and help reduce animal 
cruelty in zoos too.   
  
With further development, they can also be used in 
Biomedical applications, as a potentially safer and less 
invasive tool than current machines, to detect problems 
within the human body. This will help doctors as they can 
have clearer images of a human organ.  
  
Holograms are a developing technology, which will break 
barriers and smoothen our daily lives. Despite the 
futuristic aspects imbedded in holograms, they execute a 
key role in our present and will be used by people of all 
ages for a range of multi-purposes, at which it is able to 
facilitate. at This consists of, education, artistic 
expression, accompanied with a capture of euphoric 
memories.   
 
 
 
 

What is a Hologram? 
Shreeya Agarwal 
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A Brief History of Genetic Engineering: 
 
When you hear the term genetic engineering nowadays, 
people tend to think about flashy ideas such as super 
soldiers, or perfect people. And while genetic engineering 
may be able to achieve this in the future, right now, it 
seems science fiction. But the same thing happened with 
genetic engineering in the first place. If you’d said that we 
would be able to change plants and animals, for our own 
benefit, no one would have believed you, but nowadays, the 
effects of genetic engineering are commonplace. Genetic 
engineering is a very deep rabbit hole, and one we need to 
be weary of, because one way or another, it will change the 
future.  
 
Humans have been engineering life for thousands of years. 
Through selective breeding, we strengthened useful traits 
and plants and animals. We became very good at this but 
never truly understood how it worked. Until we discovered 
the code of life. Deoxyribonucleic acid, DNA, a complex 
molecule, guides the growth, development, function and 
reproduction of everything alive. Information is encoded in 
the structure of the molecule. Four nucleotides (Adenine, 
Cytosine, Guanine and Thymine) are paired and make up a 
code that carries instructions. Change the instructions and 
you change the being carrying it. As soon as DNA was 
discovered people tried to tinker with it. In the 1960s, 
scientists bombarded plants with radiation to cause 
random mutations in the genetic code. The idea was to get 
a useful plant variation by pure chance. Sometimes, it 
actually worked too. In the 1970s, scientists inserted DNA 
snippets into bacteria, plants, and animals to study and 
modify them for research, medicine, agriculture and for 
fun. The earliest genetically modified animal was born in 
1974, making mice a standard tool for research, saving 
millions of lives. In the ‘80s, we went commercial. The first 
patent was given for a microbe engineered to absorb oil. 
Today we produce many chemicals by means of 
engineered life like life-saving clotting factors growth 
hormones and insulin, all things we had to harvest from the 
organs of animals before that. The first food modified in 
the lab went on sale in 1994 in the form of the Flavr Savr 
tomato, a tomato given a much longer shelf life via an 
extra gene that suppresses the build-up of a rotting 
enzyme. 

 
Then, we moved onto the big leagues, our firsthand at 
playing God. In the 1990's there was also a brief foray into 
human engineering. To treat maternal infertility, babies were 
made to carry genetic information from three humans 
making them the first humans ever to have three genetic 
parents. Nowadays, IVF (in-vitro fertilization) is 
commonplace. We kept improving and advancing our 
technology until we managed to create super muscled pigs, 
fast-growing salmon, featherless chickens and see-through 
frogs. And while all of this is already very impressive until a 
few years back, gene editing was extremely expensive, 
complicated and took a long time to do.    
 
This has now changed with a revolutionary new technology 
now entering the stage. CRISPR. Maybe you’ve heard of it 
before, but its full potential, when implemented, is game-
changing. CRISPR shrunk the costs of engineering by 99%. 
Instead of a year, it now takes a few weeks to conduct 
experiments and basically anybody with a lab can do it. It's 
hard to get across how big a technical revolution CRISPR is. It 
literally has the potential to change humanity forever. 
 
Why did this sudden revolution happen and how does it 
work? 
 
Bacteria and viruses have been fighting since the dawn of 
life. Bacteriophages hunt bacteria. In the ocean, phages kill 
them every single day.  Phages do this by inserting their own 
genetic code into the bacteria and taking them over to use as 
factories. The bacteria try to resist but fail most of the time 
because their protection tools are too weak. But sometimes, 
bacteria survive an attack. Only if they do so can they 
activate their most effective antivirus system. They save a 
part of the virus DNA in their own genetic code in a DNA 
archive called CRISPR. Here it's stored safely until it's 
needed. When the virus attacks again, the bacterium quickly 
makes an RNA copy from the DNA archive and arms a secret 
weapon, a protein called Cas9.      
 
A modified version of Cas9 was even built that changes just a 
single letter, fixing the disease in the cell. Currently, gene 
therapy is in the clinical trial stage, but maybe in just a few 
more years, we could cure 1000’s of diseases.  But all of 
 

Genetic Engineering: The Future is Here 
Arjun Jadhav 
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these medical applications have one thing in common. 
They are limited to the individual and die with them, except 
if you use them on reproductive cells or very early embryos. 
 
The protein now scans the bacterium's inside for signs of 
the virus invader by comparing every bit of DNA it finds to 
the sample from the archive. When it finds a 100 percent 
perfect match it's activated and cuts out the virus DNA 
making it useless, protecting the bacterium against the 
attack. What's special is that Cas9 is very precise, almost 
like a DNA surgeon. This is essential because it means that 
there is less risk of harm when used on others. But this is 
all useless until we find a way to utilise CRISPR.  
 
The true revolution began when scientists figured out that 
the CRISPR system is programmable. You can just give it a 
copy of DNA you want to modify and put the system into a 
living cell. If the old techniques of genetic manipulation 
were like a map, CRISPR is like a GPS system. Aside from 
being precise, cheap and easy, CRISPR offers the ability to 
edit life cells to switch genes on and off and target and 
study particular DNA sequences. It also works for every 
type of cell, microorganisms, plants, animals or humans. 
But despite the revolution CRISPR is for science, it is still 
just a first-generation tool. More precise tools are already 
being created and used as we speak.  
 
In 2015 scientists use CRISPR to cut the HIV virus out of 
living cells from patients in the lab, proving that it was 
possible. Only about a year later they carried out a larger-
scale project with rats that had the HIV virus in basically all 
of their body cells. By simply injecting CRISPR into the rat's 
tails, they were able to remove more than 50% of the virus 
from cells all over the body. In a few decades, CRISPR 
therapy might cure HIV and other retroviruses. Viruses that 
hide inside human DNA like herpes could be eradicated 
this way. CRISPR could also defeat one of our worst 
enemies, cancer. Cancer occurs when cells refuse to die 
and keep multiplying while concealing themselves from 
the immune system. CRISPR gives us the means to edit 
your immune cells and make them better cancer hunters. 
Getting rid of cancer might eventually mean getting just a 
couple of injections of a few thousand of your own cells 
that have been engineered in the lab to heal you for good. 
The first clinical trial for a CRISPR cancer treatment on 
human patients was approved in early 2016 in the US. Not 
even a month later, Chinese scientists announced that they 
would treat lung cancer patients with immune cells 
modified by CRISPR in August 2016.   
 
And then there are genetic diseases. There are thousands 
of them, and they range from merely annoying to deadly or 
entail decades of suffering. With a powerful tool like  
CRISPR, we may be able to end this. Over 3,000 genetic 
diseases are caused by a single incorrect letter in your 
DNA. A modified version of Cas9 was even built that  

changes just a single letter, fixing the disease in the cell. 
Currently, gene therapy is in the clinical trial stage, but 
maybe in just a few more years, we could cure 1000’s of 
diseases. But all of these medical applications have one 
thing in common. They are limited to the individual and die 
with them, except if you use them on reproductive cells or 
very early embryos.   
 
Designer Babies: The future of humanity? 
 
CRISPR can, and probably will, be used for much more the 
creation of modified humans, designer babies and will mean 
gradual but irreversible changes to the human gene pool. The 
means to edit the genome of a human embryo already 
exists, though the technology is still in its early stages. But it 
has already been attempted twice in 2015 and 2016, 
Chinese scientists experimented with human embryos and 
were partially successful on their second attempt. They 
showed the enormous challenges we still face in gene editing 
embryos but also that scientists are working on solving them. 
Unfortunately, like it or not, genetic engineering will affect 
you.  
 
Modified humans could alter the genome of our entire 
species because their engineered traits will be passed on to 
their children and could spread over  generations slowly 
modifying the whole gene pool of humanity. It would start 
slowly; the first designer babies would not be overly 
designed, it's more likely that they will be created to 
eliminate deadly hereditary diseases which run in a family. 
The future from here is an ethical and moral dilemma. As 
technology progresses and gets more refined, more and 
more people may argue that not using genetic modification 
is unethical, because it condemns children to preventable 
suffering and death and denies them to cure. But as soon as 
the first engineered kid is born, a door is opened that can't 
be closed anymore. Early on, vanity traits will mostly be left 
alone, but as genetic modification becomes more accepted 
and our knowledge of our genetic code enhances, the 
temptation will grow. If you make your offspring immune to 
Alzheimer’s, why not also give them an enhanced 
metabolism? Why not throw in perfect eyesight? How about 
height or muscular structure? Flowing hair? How about giving 
your child the gift of extraordinary intelligence? Huge 
changes are made as a result of the personal decisions of 
millions of individuals that accumulate. This is a slippery 
slope. While some designer babies might be made solely to 
prevent a certain disease, others would be improved in the 
race to ideal “perfection”. This would cause a toxic society 
where imperfections would be disgusting.   
 
Modified humans would become the new standard, but as 
engineering becomes more normal and our knowledge 
improves, we could solve the single biggest mortality risk 
factor, ageing. Two-thirds of the 150,000 people who die  
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today will die of age-related causes. Currently, we think 
aging is caused by the accumulation of damage to 
ourselves, like DNA breaks and the system's responsible 
for fixing those wearing off over time. But there are also 
genes that directly affect aging. A combination of genetic 
engineering and other therapy could stop or slow down 
aging, maybe even reverse it. We know from nature that 
there are animals immune to aging. Maybe we could even 
borrow a few genes for ourselves. Some scientists even 
think biological aging could be something that eventually 
just stops being a thing. We would still die at some point, 
but instead of doing so in hospitals at age    we might be 
able to spend a few thousand years with our loved ones. 
Research into this is in its infancy, and many scientists are 
rightly skeptical about the end of aging. The challenges are 
enormous, and maybe it is unachievable. 
 
But it is conceivable that people alive today might be the 
first to profit from effective anti-aging therapy. All we might 
need is for someone to convince a smart billionaire to 
make it their next problem to solve. On a bigger scale we 
certainly could solve many problems by having a modified 
population. Engineered humans might be better equipped 
to cope with high-energy food, eliminating many diseases 
of civilization like obesity. In possession of a modified 
immune system with a library of potential threats, we 
might become immune to most diseases that haunt us 
today. Even further into the future, we could engineer 
humans to be equipped for extended space travel and to 
cope with different conditions on other planets, which 
would be extremely helpful in keeping us alive in our 
hostile universe.   
 
What path will Genetic Engineering follow?  
 
A few major challenges still await us. Some technological, 
some ethical. Many of you reading might feel 
uncomfortable and fear that we will create a world in which 
we will reject non-perfect humans and preselect features 
and qualities based on our idea of what's healthy, as I 
suggested above. The thing is we are already living in this 
world. Tests for dozens of genetic diseases or 
complications have become standard for pregnant women 
in much of the world. Often, the mere suspicion of a 
genetic defect can lead to the end of pregnancy. Take 
Down Syndrome for example, one of the most common 
genetic defects. In Europe, about ninety percent of all 
pregnancies where it is detected are terminated. The 
decision to terminate pregnancy is incredibly personal, but 
it is important to acknowledge the reality that we are 
preselecting humans based on medical conditions. There is 
also no use in pretending this will change, so we have to 
act carefully and respectfully as we advance the technology 
and can make increased selections. But none of this will 
happen soon.     
 

As powerful as CRISPR is, and it is, it's not infallible yet. 
Wrong edits still happen as well as unknown errors that 
could occur anywhere in the DNA and might go unnoticed. 
The gene edit might achieve the desired result of disabling a 
disease, but also might accidentally trigger unwanted 
changes. We just don't know enough yet about the complex 
interplay of our genes to avoid unpredictable consequences. 
Working on accuracy and monitoring methods is a major 
concern as the first human trials begin. And since we've 
discussed a possible positive future, there are darker visions 
too.       
 
Imagine what a state like North Korea could do if they 
embraced genetic engineering. Could a state cement its rule 
forever by forcing gene editing on their subjects? What would 
stop a totalitarian regime from engineering an army of 
modified super soldiers? It is doable in theory. Scenarios like 
this one are far off into the future, if they ever become 
possible at all. But the basic proof of concept for genetic 
engineering like this already exists today. The technology 
really is that powerful. These might be a tempting reason to 
ban genetic editing and related research, but that would 
certainly be a mistake.       
 
Banning human genetic engineering would only lead to the 
science wandering off to a place with jurisdiction and rules 
that we are uncomfortable with. Only by participating can we 
make sure that further research is guided by caution, reason, 
oversight, and transparency.       
 
Do you feel uncomfortable now? Most of us have something 
wrong with them.  
 
In the future that lies ahead of us, would we have been 
allowed to exist? 
   
The technology is certainly a bit scary, but we have a lot to 
gain, and genetic engineering might just be a step in the 
natural evolution of intelligent species in the universe. We 
might end disease; we could extend our life expectancy by 
centuries and travel to the stars. There is no need to think 
small when it comes to this topic.   
 
Whatever your opinion on genetic engineering, the future is 
approaching no matter what. What has been insane science 
fiction is about to become our new reality, a reality full of 
opportunities and challenges which we must approach with 
an open mind.   
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In December of 1951, news of the first-ever nuclear 
reactor capable of producing electricity had broken out. 
Since then, nuclear energy sources have been considered, 
by many, to be an excellent replacement for fossil fuel-
based sources; producing more energy per unit kg of fuel 
as well as no release of Carbon Dioxide. Despite these 
advantages, considering world events, with tragic 
bushfires ravaging Australia in 2020, the melting of ice 
glaciers in Iceland and most recently a heatwave with 
temperatures in London reaching up to 40.3 degrees 
Celsius, we must take drastic steps to slow down the 
effect of Climate change, which includes finding cleaner 
sources of energy. This article sheds light on both the 
widely known and unknown consequences of nuclear 
fission reactors and whether it is possible to find a 
completely green source of energy.   
 
How do Nuclear Fission reactors work?   
 
Comprehending the impact which these reactors have, 
involves an understanding of their function and how they 
carry it out. They work on the principle of radioactive 
decay, which is when an unstable nucleus releases 
radiation, in order to become more stable. Instability in a 
nucleus could be due to several reasons, such as an 
excess or dearth of subatomic particles such as protons or 
neutrons which causes forces within the nucleus to be 
unbalanced (however, the case we will focus on is the 
former). Nuclear fission is the process by which a neutron 
strikes a larger nucleus, causing it to split producing 2 
smaller nuclei as well as 2 or 3 neutrons as well as 
copious amounts of energy. If a neutron produced in this 
fission reaction can strike another nucleus, it will cause 
this to split as well resulting in a chain reaction. 
 
One of the most famous equations ever created is E=mc2 
stating that Energy and mass are different forms of each 
other and that Energy = mass times the speed of light 
squared. This means that a very small mass can be 
converted into a large amount of energy. This principle is 
critical in fission reactions; if one was to measure the  
mass of the individual products and the neutrons after the 
fission reaction, one would see this mass is slightly less 
than the mass of the nucleus before, which is called the  

mass defect. This is due to some of the mass being 
converted to energy, which is then harnessed.   
 

 
Figure 1.1: A diagram illustrating the process of nuclear fission 
 
Within a nuclear reactor:  
Nuclear reactors use a similar process of creating 
electricity to fossil fuels; using energy to heat water and 
producing steam, which turns the turbine and in turn 
rotates a generator. Such reactors consist of 4 main 
components: fuel rods, control rods, a moderator, and a 
coolant, each of which has a distinct function in ensuring 
the production of this energy.   
 
The components:  
 
The fuel rods are rods containing the Uranium 235 nuclei, 
which are surrounded by the moderator. Upon impact of a 
neutron with the Uranium 235 nucleus, it produces a 
Uranium 236 nucleus (which is unstable and therefore 
splits). The moderator plays an important role in this as it 
reduces the speeds of neutrons from 13200 m/s to 2200 
m/s, which increases the probability of a neutron hitting 
the fuel rod, making a successful fusion reaction more 
likely. The moderator, most commonly heavy water, is 
carefully chosen as it must not absorb the neutrons, but 
rather just slow them down by a considerable amount for 
the reason stated above. 
 

Nuclear Reactors: A Perfect Source of Energy? 
By Aaditya Nandwani 
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 The control rods are the most crucial parts of this reactor, 
as they control the rate of the fission reactions taking 
place. When not lowered, the number of neutron collisions 
with the fuel rods is greater, which means the rate of 
nuclear fission is also greater, however, an uncontrolled 
rate of fission can prove to be dangerous.  
 
When the control rods are lowered, they absorb neutrons 
and therefore decrease the number of neutron collisions 
with the fuel rods, decreasing the rate of fission reactions 
taking place which means the electricity output is lower, 
however rendering the reactor safer. Therefore, there is 
always a fine balance between ensuring the rate of 
reaction is enough (to meet the financial goals) while 
making sure that it is not too high (to ensure the safety of 
the workers).  
 
Finally, the coolant transfers the thermal energy produced 
in the process to the electrical generator, where the 
electricity is produced.  
  

 
Figure 1.2: An illustration of the workings of a fission 
reactor 
Environmental issues concerning nuclear reactors:  
 
Nuclear reactor accidents:  
 
Nuclear accidents are catastrophic events, releasing 
significant amounts of nuclear radioactive waste into the 
surrounding environment, causing the tragic destruction of 
marine and land ecosystems. 
 
Despite numerous safety features implemented; events 
such as Chernobyl still took place (mainly due to a mix of 
human error and an unexpected failure of the machines), 
which have had a profound impact. This section will focus 
on the effects on agriculture and farming, the effects on 
lakes and finally the effects on plants and animals.   
 
After the Chernobyl accident, the amount of radioactive 
iodine in the soil had reached an all-time high. Despite this 
level decreasing after the accident (due to multiple factors  

such as the wind carrying these isotopes and the quick 
decay time), it still had a profound effect. For example, the 
iodine levels in the thyroid gland of humans had 
increased, resulting in hyperthyroidism. Furthermore, it 
affected the reproductive abilities of trees, especially 
those in the exclusion zone.  
 
The Chernobyl accident also heavily contaminated water 
bodies, with radioactive Caesium as well as radioactive 
Iodine and radioactive Strontium. There were large 
concerns about the accumulation of radioactive caesium 
in aquatic food webs, as the amount of Cs 137 in fishes 
was at a peak. Despite these levels evenutally decreasing, 
in certain lakes in Russia, the levels of Caesium in water 
bodies remain high, which is seen by the persistently high 
levels of radioactive Caesium in fishes.  
 
The accident had disastrous effects on human health as 
well as other wildlife. Workers in the Pripyat reactor 
received high amounts of gamma radiation (2-20 Gy), 
which resulted in acute radiation syndrome, a disease 
where a person has been exposed to large amounts of 
penetrative ionising radiation (which can penetrate the 
skin to reach sensitive organs and cause cell death), which 
resulted in death. Furthermore, due to increased uptake of 
radioactive iodine by the thyroid (because of the milk of 
cows which grazed on radioactive grass), the ionising 
radiation caused mutations, and therefore thyroid cancer. 
Finally, the Chernobyl accident caused visible 
deformations in many animals in the exclusion zone.  
 

 
Figure 2.1: Thyroid cases in Ukraine and Belarus 
 
Mining for Uranium  
 
Obtaining Uranium consists of mining and processing, 
which have a severe effect on the environment. There are 
several different types of mining processes, such as 
underground mining (where large underground tunnels are 
vertically built, and the Uranium is then removed by 
breaking it up and then bringing it to the surface). The 
energy demand required in mining is very large, which is 
often provided through the burning of fossil fuels (which  
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releases CO2 and other greenhouse gases into the 
environment).  
 
When processing the Uranium ore, by a process of 
leaching, it has a considerable impact (mainly due to the 
waste products created). The mill tailings (which is waste 
containing metals such as radioactive forms of radium, 
eventually form a toxic mixture of different gases, for 
example, radioactive radon).  
  
There have been particular concerns within the scientific 
community about radon gas on the environment, 
especially on human health. As explained by a Stanford 
University published article, radon gas has links to causing 
lung cancer: the radon gas can be converted into smaller 
radioactive particles which get stuck in the lung linings 
and continue to decay, releasing ionising radiation; this 
eventually leads to cancer due to the mutation of DNA in 
these cells. Furthermore, other problems such as its easy 
ability to be carried away from the mill tailings by the 
wind, and also its long half-life means that mill tailings 
have to be controlled safely for long periods of time. 

Figure 2.2: A picture of mill tillings from Uranium 
extraction 
Nuclear waste:  
 
Furthermore, nuclear waste presents itself as a prominent 
problem; due to its effects on the environment and 
difficulties in disposal and storage. There are numerous 
proposed solutions to storing nuclear waste; such as 
underground or in the oceans. However, if the sealed 
container gets damaged this could result in leakages of 
highly radioactive elements with half-lives. The ionising 
radiation released could cause genetic deformations/ 
mutations and furthermore death of plants and animals.  
Due to the long half-life of the waste nuclei (for example 
strontium 90), the rate of decay is much slower so more of 
this dangerous ionising radiation is released into the  
 

environment. Nuclear waste, similarly, has adverse effects 
on human health. 
 
For example, caesium 137, a soluble radioactive isotope, 
may be released as a waste product. This can be absorbed 
by internal organs such as the reproductive organs and will 
decay, releasing high-energy gamma photons (gamma 
radiation). These can then cause damage and inhibit 
reproductive abilities. Furthermore, it is widely known that 
ionising radiation (which is released by such isotopes) is 
capable of causing cancer. 

Figure 2.3: A picture of nuclear waste 
What is nuclear fusion and could we generate electricity 
from this?  
 
Nuclear fusion is the process by which two smaller lighter 
nuclei fuse together, in order to produce a larger nucleus 
which is more stable (releasing energy). This is the process 
which takes place in the centre of stars, and in fact, keeps 
them in a stable condition (due to the outward force of 
radiation pressure balancing the inward gravitational 
force). Similar to fission, fusion also works on the principle 
of the mass-energy equivalence theorem. If you were to 
measure the mass of the two smaller nuclei, the sum of  
these masses is greater than the mass of the larger nuclei 
formed, this difference is called the mass defect. By 
E=mc2, we know that this mass has been converted to 
energy which is liberated (released) in the form of binding 
energy.  
 
At present, a proper nuclear fusion reactor has not been 
made that can successfully produce electricity on a 
commercial scale, however, there have been big strides in 
our technology. There are 2 main models for the nuclear 
fusion reactor: Magnetic confinement reactors and Inertial 
confinement reactors. 
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How close are we to a viable nuclear fusion reactor?   
 
A viable nuclear fusion reactor would release more energy 
in the fusion reaction, than the energy taken in. There are 
several promising solutions which have been announced. 
Scientists hope that by 2040, we will have such a reactor 
which is economically viable and operational.  
 
A large difficulty in making a nuclear fusion reactor is 
holding the initial ingredients for fusion in place. These 
nuclear reactors work by heating deuterium and tritium 
(isotopes of hydrogen) to high temperatures which 
produce Plasma, which is a soup of ionised particles. 
However, the plasma cannot touch the wall of the 
container as it would simply vaporise them. In order to 
hold the plasma in place, this type of reactor uses strong 
magnetic fields. Because the plasma contains ions (which 
are electrically charged), it means that the magnetic fields 
produced can guide the ions and keep the Plasma in a 
fixed position. A magnetic confinement reactor works in 
the following way:  
 
Inside the reactor; a stream of neutral particles is released 
by the accelerator. This stream works to heat the 
deuterium and tritium to very high temperatures  
 
The plasma is contained within a tokamak (which is a 
doughnut-shaped vessel). The transformer, which is 
connected to the tokamak, produces magnetic fields 
which squeeze the plasma so that the deuterium and 
tritium fuse to produce Helium.   
 
The blanket modules absorb the heat produced in the 
fusion reaction and transfer it to the exchanger where 
water is converted into steam. This steam drives the 
turbine which in turn rotates the generator, producing 
electricity.   

Figure 3.1: A tomahawk: a torus shaped vessel that uses magnetic fields to 
shape and squeeze the plasma  

release of radioactive isotopes that emit alpha, gamma or 

Inertial confinement is a new, experimental procedure 
which physicists are testing however, so far magnetic 
confinement is a more sound method. This process uses 
192 laser beams which are shot at a small capsule called 
a hohlraum (inside which is a capsule of hydrogen). These 
X-rays collide with this smaller capsule and cause it to 
implode. This is meant to model the high pressure and 
high-temperature conditions at the centre of the stars and 
cause the deuterium and tritium nuclei to fuse and form 
Helium.   
 
Furthermore, there are other promising solutions being 
developed such as SPARC which is also a magnetic 
confinement Tokamak, however, would be much smaller 
in size and can be built in a shorter timeframe (potentially 
allowing us to achieve viable fusion by 2025)  
 
How would our planet benefit from the production of 
viable nuclear fusion?  
 
One reason we would benefit is due to no release of 
Carbon Dioxide. In 1900, the percentage of CO2 levels in 
the atmosphere was 0.285%, however, the percentage of 
C02 levels in 2020 was 0.039%. Such numbers, which 
may not seem to have much significance, are largely 
worrying when looking at them in the context of the global 
temperature.  

Figure 3.2:  An image showing the melting of glaciers- a catastrophic 
effect of climate change. 

An increase in greenhouse gas levels results in an 
enhanced greenhouse effect, where radiation from the sun 
is absorbed by these gases (however not reflected back 
into space). This causes an increase in the average 
temperature on the Earth, which has caused climate 
change. The drastic effects of this on our environment 
have been recently seen for example the melting of 
glaciers which has resulted in the flooding of coastal areas 
and disrupting ecosystems. However, this is avoided when 
using energy made from nuclear fusion. Also, there is no  
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beta radiation (all 3 of which are destructive ionising 
radiation forms).  Furthermore, nuclear fusion produces 4 
times as much energy as nuclear fission reactions, 
allowing for more electricity production in nuclear fusion 
reactors. 
 
What limitations will we face in the development of 
nuclear fusion:  
 
The main difficulty we have had in producing a viable 
fusion reactor is the input-to-output ratio i.e. making sure 
the energy released is more than the energy taken in (With 
the current record being only 65%). The challenges being 
faced are:  
 
Initiating a burning plasma (which is plasma which can 
maintain itself at the same temperature and spark fusion), 
requires heating it to temperatures higher than the core of 
the sun- which needs technologies we haven’t developed 
yet  
 
If the walls of the reaction container are not kept at the 
same temperature (near absolute zero), it could cause 
damage to the blanket modules and cause the 
decommissioning of the nuclear facility.  
 
In conclusion, the stark reality of the destructive nature of 
climate change has led us to re-evaluate the way we live, 
especially our energy consumption. Attempts to reduce 
our energy consumption, such as turning off the lights 
after leaving a room, are successful in slowing down the 
rate at which this situation is growing, but more radical 
approaches are needed to reverse this. It is clear that 
current forms of energy production such as burning fossil 
fuels have severe effects on the environment, and so does 
nuclear fission. 
 
Although nuclear fusion is not perfect (with recent articles 
indicating the radioactive waste which is produced due to 
neutrons colliding with the blanket, requires careful 
disposal), it is the best option which we have and the 
entire scientific community are optimistic that we can 
reverse climate change and sustain this beautiful, unique 
planet for future generations to come.    
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What is Parkinson’s disease?  
 
Parkinson’s disease (PD) is a condition that affects the 
brain.[1] It develops when the nerve cells in a part of the 
brain called the substantia nigra do not work as well as 
usual – they start to degenerate.[2] They produce a 
neurotransmitter called dopamine, which is used to 
control movement throughout the body. If the nerve cells 
are damaged or dead, dopamine is not produced in high 
enough quantity, therefore restricting the brain’s ability to 
properly control the bodies movement.[3] This type of 
Parkinson’s is called Idiopathic Parkinson’s disease, which 
is the type most people have.  
 
 
 
 
 
 
 
 
 
 
 
 
People who usually experience symptoms or are 
diagnosed with Parkinson’s are in their over 50s, so this 
disease largely affects the older generation. However, it 
does also affect the younger generation, 10%-20% of 
those diagnosed with Parkinson’s disease are under 50. 
This is called Young Onset Parkinson’s disease (YOPD), 
this usually progresses much slower than in old people 
because of things like better physical health.[4][6]  
 
Another type of Parkinson’s is Vascular Parkinsonism, this 
chronic condition is where the nerve cells in some regions 
of the brain have been damaged due to restricted blood 
supply to the brain, usually from small strokes. Although 
the symptoms are much like PD, they do not necessarily 
progressively get worse. However, the life expectancy of 
those with Vascular Parkinsonism is said to be less that of 
the people with PD and the general population. [7]  

 
A few drugs can cause Parkinsonism as well. Neuroleptic 
drugs, mainly used to treat schizophrenic patients, can 
stop the intended action of dopamine from the brain 
which cause the symptoms of Parkinson’s in the patient. 
Fortunately, patients who suffer from this only have to 
experience this short term, as most recover within months, 
or within a few weeks/days of stopping the drug intake.  
 
There are also a few other types of Parkinsonism such as 
Normal pressure hydrocephalus, Progressive supranuclear 
palsy and Multiple system atrophy. All of which are quite 
rare for a patient to have, and all affect the 
efficiency/ability to move in some way.[5]  
 
What are the symptoms?  
 
As with any disease, symptoms vary over patients and 
people will experience them differently. However, most 
sufferers experience some of these main symptoms. 
Tremors are one of them, these are unconscious shaking 
of areas of the body. Most commonly in hands and fingers, 
they twitch and spasm even when in rest. A specific tremor 
in the fingers is also called pill-rolling tremor. This is the 
most common tremor associated with PD, and its usually 
one of earliest onsetting symptoms.[8] 
 
Another main symptom is slowed movement, also known 
as bradykinesia. This slowness of movement is apparent in 
different ways, for example you might take shorter strides 
while walking or find it difficult getting up out of a chair. 
This may also cause a reduction of automatic movements 
such as blinking. Bradykinesia makes simples tasks 
difficult and time- consuming; it can be even more 
frustrating as this slowness of movement is unpredictable, 
you may move perfectly well one moment and then need 
help the next.[9]  
 
Muscle stiffness also known as rigidity, is also one of the 
main symptoms. This is basically where there is stiffness 
and inflexibility in the muscles, making it difficult to move 
about and make facial expressions, resulting in a ‘mask-
like’ face. Someone can also experience painful muscle 
cramps.[10]  

Can we cure Parkinson’s Disease? 
Najifa Naba 
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Parkinson’s symptoms usually start off pretty small and 
mild, but gradually get worse as the disease progresses. 
Other symptoms such as anosmia, balance problems, 
depression and anxiety can also be symptoms of PD, 
however these are not always immediately associated 
with PD. But these three main symptoms, clearly tie the 
patient with the diagnosis of Parkinson’s disease.  
 
What causes it?  
 
Although we know that the cause of Parkinson’s is the loss 
or damage of nerve cells that produce dopamine, it still 
isn’t clear what exactly causes the degeneration of those 
nerve cells. Some scientists believe that genetics could 
play a part. A number of genetic factors have shown a 
pattern as to some people who are morse susceptible to 
PD. A genetic factor could be for example a specific 
mutated gene, that puts the person at a higher risk of 
developing PD. It is also suggested that Parkinson’s could 
be passed down through families, but the disease is rarely 
inherited like this.[11]  
 
Some also believe that environmental factors play a part 
as to why these nerve cells die. Exposure to certain 
pesticides or herbicides, such as paraquat, have shown 
strong links to getting Parkinson’s. As well as exposure to 
certain solvents and metals, however long-term exposure 
is not easily measured, and evidence remains mostly 
inclusive.[12] Traumatic head injuries have also been 
associated with Parkinson’s, long after the actual injury 
has taken place. Examples of this could be head injuries 
because of playing boxing, and later developing PD after 
retiring. It is assumed that the head injures would’ve 
permanently damaged the nerve cells in the substantia 
nigra, therefore preventing it from producing dopamine. 
However, the actual reasons are still unclear. 
 
 
 
 
 
 
 
 
 
 
 
 
 
Overall, the deterioration of dopamine producing nerve 
cells is believed to be caused by a mixture of 
environmental, genetic factors and lifestyle choices. It’s 
the way these factors interact with each other, that make 
someone more prone to developing PD.[13]  
 

Known cures – ways of managing?  
  
At the present, there is no known cure to Parkinson’s 
disease, however there are many treatments that help 
patients deal with their symptoms and to sustain their 
quality of live. There are many supportive therapies 
available for Parkinson’s patients, one of the which is 
physiotherapy. This therapy aims to relieve muscle 
stiffness and joint pain, though things like intensive group 
exercise classes or individual stretching exercises. The 
ultimate goal is to make moving easier, especially for 
patients experiencing bradykinesia, and to improve 
balance and flexibility. In physiotherapy, they also 
encourage and teach the importance of exercise and 
staying fit for PD patients. It is suggested that 2.5 hours of 
exercise a week can slow down the progression on 
Parkinson’s symptoms. Physiotherapy is very good for 
patients with Parkinson’s, as it preserves their quality of 
life, but also gives allows the patient to have 
independence.[16] Other therapies include occupational 
therapy, speech and language therapy and diet advice.  
  
Medication is also used to manage some of the symptoms 
of Parkinson’s, such as tremors and walking problems. 
The medication available however, isn’t always useful to 
everyone and the advantages of the medication usually 
decrease as the disease progresses. These medications 
help with dopamine production or substitute in for it. One 
of the main types of medication is Levodopa, which is 
absorbed by nerve cells in your brain and then is converted 
into dopamine. This increased dopamine increases the 
movement control the brain has over the body, and 
improves the symptoms quite dramatically at first. 
However, as the disease progresses, the effectiveness of 
the drug decreases and higher doses need to be issued. 
There are also side effects including light-headedness and 
nausea, and long-term usage is linked to problems such as 
dyskinesias.  
 
Another main type of medication is dopamine agonists, 
this is used as a substitute to dopamine, and it mimics the 
effect of it in the brain. They are less effective than 
levodopa but are longer lasting and are often token with 
levodopa to reduce the dosage therefore lowering the side 
effects.  Although many of the side effects are similar to 
that of levodopa, they also include hallucinations, 
especially among the elderly, confusion/sleepiness and 
the development of compulsive behaviours such as, 
gambling and compulsive shopping. An additional main 
type of medication is Monoamine oxidase-B inhibitors, 
such as selegiline and rasagiline, which are used to inhibit 
the enzyme MAO-B that breaks down dopamine. They are 
an alternative to levodopa, although not as effective. They 
can also be used alongside levodopa, which helps prevent 
the effectiveness of it wearing off. These inhibitors also  
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have some side effects which include, headaches, nausea 
and high blood pressure. They also increase the risk of 
hallucinations when given with levodopa. COMT inhibitors 
also inhibit another enzyme that breaks down levodopa, 
and is often used in the later stages of the 
disease.[14][15] 
 
Future research and possible cures?  
 
Ever since the discovery of Parkinson’s disease in 1817 
[17], there has been ongoing research around the disease 
and ways to cure it. Treatments and medication are in 
place that make living with Parkinson’s easier, however 
there have been some important discoveries that could 
bring us closer to figuring out the cure. For example, after 
studying a donated tissue in the 1980s, Parkinson’s UK 
Brain Bank found evidence suggesting that the dopamine 
producing nerve cell are damaged by oxidative stress. We 
now know they play a key role in the degeneration of nerve 
cells, and Parkinson’s UK is developing a drug to help 
combat this stress.[18] Recent research at the University 
of Helsinki, have discovered a molecule called BT13, that 
could help cure Parkinson’s. It has signs of being able to 
increase levels of dopamine and also preserving 
dopamine-producing nerve cells. They tested this molecule 
on mice, and it showed an boost in their dopamine levels 
and it also triggered a specific receptor in their brains that 
protect the nerve cells. This molecule could lead to a new 
drug that helps prevent the progression of the symptoms 
of PD and maybe even stop it.[19]  
 
Research on BT13 was based on past research on a 
molecule called glial cell line-derived neurotrophic factor 
(GDNF). This molecule is a naturally produced protein in 
the brain, it is believed to support the survival of many 
brain cells including dopamine-producing nerve cells. 
Research has shown that GDNF has the ability to 
encourage the nerve cells to regenerate and pause the 
progression of Parkinson’s. The clinical trials involving 
GDNF were inconclusive and not clear-cut, however they 
increased scientists understanding of the effects of GDNF 
and it showed promising signs of being able to restore 
degenerated nerve cells. Although GDNF has potential, it is 
quite a large protein and has to be inserted into the brain 
through surgery. However, BT13 is a smaller molecule and 
could be easily passed to the brain through pills or 
injections.[20]  
  
 

Scientists haven’t found a clear answer as to why 
dopamine-producing nerve cells degenerate, however one 
suggestion is that damaging agents that build up in cells 
over time, cause problems. It has been suggested, based 
on past research, that in the brain cells of those with 
Parkinson’s, a buildup of a protein called PARIS decreases 
the protection these brain calls have against damaging 
agents. In a recent study, researchers from the US tested 
natural compounds and drugs including farnesol (a natural 
compound found in fruits), to see if any stopped the build 
up of PARIS. They tested farnesol on mice, and it showed 
that mice with a farnesol rich diet, had less damage to the 
dopamine-producing nerve cells than those with a normal 
diet. This shows that farnesol has a possibility of playing a 
protective role to these nerve cells and preventing them 
from degenerating. [21]  
  
So overall, although no miracle drug has been discovered, 
each year scientists are getting closer and closer to 
developing long lasting treatment that would stop the 
progression of Parkinson’s and stop it symptoms. 
Hopefully in the near future letting patients have a long 
and Parkinson’s free life.  
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Introduction 
 
Respiratory diseases are diseases of the airways and other 
parts of the lung than often block or limit the access of air 
to the rest of the respiratory system. They are very deadly 
diseases as they block the supply of the most important 
gas to the human body, used in every single cell to provide 
its energy, Oxygen. COPD alone killed 3.23 million people 
in 2019 in the US, this is 5 times higher than the number of 
people killed by COVID-19 there, yet there is still no viable 
cure for the disease. Until now the world of medicine had 
no knowledge of what triggers respiratory diseases like 
COPD but now with the recent discovery of microbiomes in 
the lung, we finally have hope of curing this persistently 
destructive disease. [1] 
 
How does COPD work? 
 
In order to understand how the lung microbiome affects or 
triggers respiratory diseases like COPD, we first have to 
understand what the disease is. Chronic Obstructive 
Pulmonary Disease is a respiratory disease which 
decreases airflow and gas exchange in the lungs in various 
ways. It does this by majorly: 

- Airways and air sacs lose their elastic quality as 
opposed to normal airways which could inflate like 
a balloon and store more air (emphysema). 

- Walls between many of the air sacs are destroyed 
leading to a breach in the lungs pressure 
(emphysema).  

- Walls of airways become thick and inflamed 
leaving less space for air (chronic bronchitis). 

- Mucus produced from goblet cells in the trachea 
can become thick or more abundant leading to 
clogged airways (chronic bronchitis). 

Most people’s COPD includes a mixture of emphysema and 
chronic bronchitis (different types of symptoms in COPD). 
[2] 
 
What is a microbiome? 
We also must understand what a microbiome is, A 
microbiome is the community of micro-organisms living 
together in a particular habitat. Everything on this planet 
has a microbiome from an apple to a blue whale’s tongue.  

It is unclear what role microbiomes play in a living body 
and how they influence the organs they inhabit but we 
do notice that the composition of a microbiome changes 
from external factors. For example, the bacteria 
composition of the gut microbiome changes depending 
on the individual’s diet and those with similar and 
healthy diets often have similar microbiomes which 
have a large diversity of bacteria while those with very 
unhealthy diets often have similar microbiomes with low 
bacteria diversity. [3] 
 
How does the lung micro biome affect COPD? 
 
Like the gut microbiome, the Lung microbiome is also 
affected by the external factors but these factors are not 
so much diet-related but more like Physical activity or 
smoking. Physical activity often causes heavy breathing 
and this would result In the migration of some micro-
organisms and smoking can lead to a build-up of tar in 
the lungs and involves inhaling toxic chemicals, these 
chemicals and tar could lead to the death and 
extermination of some species of micro-organisms 
leading to less diversity of micro-organisms in the lung 
microbiome. Air quality is also another factor that could 
affect the lung microbiome as often high levels of 
Carbon dioxide in the air as a result of high pollution 
could make the conditions in the lungs more acidic than 
ideal conditions leading to death of certain microbiome 
species in the lungs. [3] 
 
Changes in the microbiome of the lungs also often 
coincide with the development of respiratory diseases 
and so it is widely hypothesized that changes in the lung 
microbiome either participates or directly results in the 
development of a respiratory disease. Different 
respiratory diseases also correlate with specific changes 
in the lung microbiome composition with a lot more non-
cultivable bacteria in the microbiome of an individual 
with a respiratory disease when compared to a healthy 
person’s lung microbiome. 
 
 
 
 

How is the lung microbiome significant to respiratory 
diseases? 

Harsha Pendyala 
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Proteobacteria 
 
In COPD patients especially high levels of proteobacteria 
are found in the lung microbiome of the patient and the 
more severe cases of the disease are known to have even 
higher percentages of proteobacteria, which leads to the 
hypothesis that proteobacteria in lung microbiome dictate 
the severity of the respiratory disease and are involved in 
its pathogenesis. [5] Proteobacteria are bacteria that are 
gram-negative strains of bacteria. This means they are  

Figure 1: An image illustrating gram-positive and gram-negative bacteria 

 
bacteria that do not retain crystal violet dye in the Gram 
staining protocol and therefore contain traces of 
lipopolysaccharide in the outer membrane. Due to this 
abnormal structure Proteobacteria are often more resilient 
and cannot be killed as easily as gram-positive bacteria. 
This then means that they can develop resistance to 
various antibiotics and drugs that humans use to try kill 
them quicker. [7] Hence, resulting in very deadly strains of 
bacteria. The majority of the WHO global list (priority list of 
antibiotic resistant bacteria) are Gram-negative bacterial 
pathogens. Therefore, it makes sense that a higher 
presence of Proteobacteria in the lung microbiome would 
lead to a more severe case of COPD. While we don’t know 
for certain whether the Proteobacteria’s presence is a 
result of the respiratory disease or a factor that contributes 
to the development of COPD, the history of the 
proteobacteria phylum and its current reputation allows us 
to conclude that it is highly likely Proteobacteria are 
involved in the development of COPD. 
 
Microbiome changes in COPD exacerbations 
 
An acute exacerbation of COPD is a sustained worsening of 
a person's symptoms from their usual stable state (beyond 
normal day-to-day variations) which is sudden in onset. 
COPD exacerbations are associated with symptoms of 
worsening shortness of breath, cough and sputum 
production, and worsening of airway obstruction 

We do not currently know what triggers the onset of 
these sudden exacerbations but in a study conducted by 
Zhang Wang he sampled the lung microbiome in 
specific places in various patients’ lungs, during a COPD 
exacerbation and in a normal state for the COPD patient. 
[3] He also sampled a healthy human’s lung microbiome 
in those specific places as a control to compare the 
other samples against. 
 
The results from the study found that in general there 
were similar changes to the lung microbiome in the 
patients that were experiencing exacerbations to normal 
COPD state, but when examining the airway 
microbiomes of those patients whose airway obstruction 
was getting worse during an exacerbation there was a 
distinct bacterial community that was not present in 
either the healthy or the patient with COPD. [3] This 
suggests that changes in the lung microbiome could be 
associated with enhanced airway inflammation and 
disease progression. 
 
Overall, considering the rising levels of Proteobacteria in 
the lung microbiome being correlated with the severity 
of COPD and the lung bacterial community found in the 
airway during a COPD exacerbation, it is quite likely that 
the lung microbiome and its health is a contributing 
factor to the development of many respiratory diseases. 
However, it is not certain as we do not yet know how 
bacterial colonies and micro-organisms interact together 
or their gene expressions. But it is important to 
remember that just 20 years ago humans thought that 
the lungs were a sterile organ since our microscopy 
technology didn’t allow us to look into a human’s lungs. 
Now we know that the human lungs are filled with 
micro-organisms and bacteria. We have made 
monumental advances in respiratory diseases and 
microbiology leading to what we know today. It will not 
take us long to figure out how bacteria interact with 
each other, and we will find a permanent cure for 
respiratory diseases. 
 
What can we do now? 
 
While we do not know how bacteria interact with each 
other now, we can gather more data about microbiomes 
and respiratory diseases and potentially map the 
development of a respiratory disease finding certain 
bacterial groups that are biomarkers for certain 
respiratory diseases and using these to test whether an 
individual has a respiratory disease or is at risk of 
getting one. 
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For all the devastation that the COVID-19 pandemic has 
caused, it will be over remarkably quickly, compared with 
historical disease outbreaks, thanks to the abundance of 
safe and efficacious vaccines we now have. Humanity’s 
greatest thinkers have been searching for the ever-elusive 
explanations behind pandemics for millennia: Aristotle 
suggested pathogens appeared spontaneously; 
Renaissance apothecaries posited that illnesses were 
brought on by particular arrangements of the stars; Pope 
Clement VI declared that the Black Death was a form of 
heavenly retribution for our sins.  
 
Of course, our salvation from coronavirus is not a well-
timed divine deliverance, but rather the product of 
researchers’ and scientists’ work in sequencing SARS-
CoV-2’s genetic code, identifying the genetic regions 
coding for proteins which would work best as the target of 
a vaccine, and then growing the final product in vast 
bioreactors (Gallo–Ramírez, Nikolay, Genzel and Reichl, 
2015). 
 
Every stage of this process needed synthetic biology’s 
insights. It’s a fast-growing area of research, escaping 
precise definition, but at its heart is the application of an 
engineering mindset to key biological building blocks and 
processes, most commonly DNA and protein synthesis. A 
landmark 2009 report by the Royal Academy of 
Engineering defined it as “aiming to design and engineer 
biologically based parts, novel devices and systems as 
well as redesigning existing, natural biological systems” 
(RAENG 2009). 
 
Evolution has created organisms which are incredibly 
good at what they do, but often in a messy way, and 
synthetic biology rewires Mother Nature’s highly efficient 
natural mechanisms to our benefit. The field has 
flourished over the last decade thanks to two linked 
developments: the advent of CRISPR Cas9-based gene 
editing technologies which allow DNA to be edited almost 
as easily as positioning a cursor on a computer screen, 
and the continued tumble in costs of reading and writing 
DNA in a similar fashion to the exponential progressin 
computing described by Moore’s Law (see Fig. 1). 

 

 
Figure 1: the cost of DNA sequencing has fallen precipitously 

Together with exciting developments in machine learning 
which allow the near-perfect prediction of how proteins 
fold up, synthetic biology now promises a dazzling array of 
practical applications. It has been touted as a partial 
solution to our climate crisis by providing alternative 
energy sources, a way of “optimising” crops to better take 
up fertilisers, and, as alluded to at the start ofthis article, 
a means to make vaccines more responsive to novel 
variants and mutations than ever before. 
Life, almost as we know it. 
 
Synthetic biology centres around DNA because of its 
fundamental role in coding for proteins, the cell’s 
workhorses which catalyse reactions, carry molecules 
around and replicate the very DNA which explains how to 
make them. By tinkering with an organism’s genome, its 
cells can be coaxed into producing proteins which they 
wouldn’t normally, like the now-common practice of using 
Escherichia coli bacteria, or yeast, to produce human 
insulin.xiiAlternatively, the goal might simply to make the 
cells synthesise a modified version of a natural protein, as 
in the case of crop optimisation. 
 
Unfortunately for scientists, though, the assembly line-like 
nature of protein synthesis limits their ability to create 
completely new proteins.6A given 3-letter DNA sequence, 
no matter how extravagantly edited, can only ever code 
for one of the 20 amino acids that natural tRNA delivers 
(22 if you count very rare ones). That’s not a problem for  
nature –a typical protein might be 400 amino acids long, 

A Brave New World of Science: The Potential of 
Synthetic Biology 

Rohan Selva-Radov 
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so there are theoretically 10250 average-sized proteins 
that might be made, more than enough to satisfy the 
curiosity of 4.5 billion years of evolution (though many 
would not be proper, three-dimensional proteins that fold 
up). 
 
However, for engineers eager to find a new way of 
catalysing a reaction, or pharmacologists seeking cancer 
silver bullets, the 20-amino acid limit isa hindrance. Why? 
It stops them from using biological synthesis techniques, 
like the one for insulin mentioned above, to make 
products containing novel amino acids (nAAs). These 
nAAs can be engineered for a variety of improved 
properties, particularly when it comes to developing 
cancer drugs which are highly effective at killing their 
targets but have minimal side effects. By modifying 
existing amino acids, or creating entirely new ones, 
differently-shaped proteins which bind to the target with 
much higher specificity than purely natural ones can be 
developed, creating a whole new class of anti-tumour 
treatments. 
 
So, whilst the uses mentioned earlier were about 
manipulating the language of life, by editing and fine-
tuning DNA to do our bidding, perhaps the most exciting 
and unusual application of synthetic biology is in creating 
a new cellular vocabulary entirely. As we’ve seen, there is 
a clear rationale for extending the genetic alphabet: doing 
so would allow for biological synthesis of proteins 
containing nAAs, which are often superior to their natural 
counterparts. Even adding a single extraunnatural base 
pair (UBP) would make a big difference –having six 
distinct nucleobases increases the maximum number of 
amino acids able to be coded for from 43 per DNA triplet, 
to 63 (there are 20, rather than 64, amino acids coded for 
naturally because of redundancy and the inclusion of 
“stop” codes). These additional 152 spaces could then be 
assigned to various nAAs, and eventually a cell might be 
reprogrammed to produce novel proteins. 
 
Rewriting the alphabet 
 
Back in 2014, a team of researchers at the Scripps 
Research Institute in California designed an extra base 
pair, named XY (middle diagram, Fig. 2). UBPs had been 
theorised about since the 1990s, and many of the first 
ones were simply isomers of natural DNA bases, but 
these were frequently miscopied by DNA polymerases 
during in vitrotrials, and so never got to an in vivo 
stage.xivThe new UBP, 15 years in the making, was 
completely unrelated to the AT/CG pairs, and had its 
nucleobases held together by hydrophobic forces, rather 
than hydrogen bonds(compare with the CG in top 
diagram, Fig. 2). The team, led by Floyd Romesberg,  
added a single UBP into a plasmid which was inserted 

into an E. coli cell line to see how well the UBP could be 
replicated in vivo.Because the XY pair was artificial, the 
E.colicells could never have had the necessary metabolic 
machinery (think enzymes) to synthesise the new 
nucleobases. This meant the bacteria’s growth medium 
had to be continuously “topped up” with X and Y bases for 
the cells to use in DNA replication. 
 
 

 
Figure 2: the first-and second-generation UBPs 

This dependence on an external UBP source has, for all its 
extra complications, an important benefit: the E. colicells 
would never be able to survive in the wild, eliminating 
concerns about a semisynthetic organism (SSO) going 
rogue Jurassic Park-style. Now, although the E. colicells 
weren’t able to make the UBPs themselves, their own, 
endogenous polymerases were able to catalyse the 
modified plasmid’s replication, once the UBPs had been 
delivered to the cell. After leaving the cells to double 24 
times, the Dr Romesberg’s team re-sequenced the 
bacterial chromosome and calculated that the E. coliwas 
able to duplicate its unnatural DNA segment with 99.4%  
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accuracy, comparable to the natural error rate of many 
DNA polymerases. 
 
Despite being heralded as an astonishing achievement by 
many fellow scientists who hadn’t believed that in 
vivoreplication of artificial DNA would ever be possible, 
this initial proof-of-concept was not practical for 
biosynthetic applications –the E. coli “grew poorly and, 
more problematically, required growth under controlled 
conditions and even then was unable to indefinitely store 
the unnatural information”. Essentially, the SSOs grew 
slowly and were only able to achieve the impressive 0.6% 
error rate under extremely favourable conditions, both 
unhelpful caveats for a bioengineer looking to use them 
for mass production of novel proteins. 
 
In 2017, another group of researchers also led by Dr 
Romesberg realised that the Cas9 enzyme (mentioned 
earlier) now used ubiquitously in biotechnology to edit 
DNA could be reapplied to its initial purpose: removing 
errors in bacterial DNA. Skimming over the details, Cas9 
is essentially a programmable restriction enzyme that 
allow bacteria to develop immunity against invading 
bacteriophages (viruses that infect bacteria), by latching 
onto, and then snipping away at, the hostile DNA. It’s 
pretty complicated,but essentially the bacteria stores 
genetic information from previous bacteriophage attacks 
in its own DNA, and uses that as a guide for the Cas9 
enzyme to identify a second attempted hijacking. Dr 
Romesberg’s lab identified the DNA mutations which 
arose most frequently from E. colimiscopying the UBPs, 
and then used other plasmids to introduce into the cells a 
Cas9 complex targeted at these common errors. In other 
words, the scientists used the same repurposed biological 
system as an automatic DNA spell-checker, eliminating 
UBP replication mistakes in vivo, as they’d employed to 
insert those very UBPs in vitro. Pretty clever! 
 
Along with other marginal improvements like modifying 
the chemistry of one of the UBPs slightly (bottom 
diagram, Fig. 2), this change was enough to allow the 
cells to maintain multiple UBPs in the correct position 
indefinitely. Although still needing a supply of XY 
triphosphates8(A, Fig. 3), these E. colicells were able to 
use their normal RNA polymerase procedure to transcribe 
the UBPs to mRNA and tRNA (C, Fig. 3). These, in turn, 
were incorporated into the usual translation phase of 
protein synthesis in ribosomes –except that the unnatural 
tRNA anticodons are matched up with equally unnatural 
nAAs (remember them?) via a modification of the tRNA-
ligase enzyme used to do the job naturally (D, Fig. 3). And 
so it is that we end up with a protein containing 
manmade nAAs being synthesised by a respiring, 
reproducing, living cell, albeit one that has had virtually 
 

every aspect of its protein synthesis machinery artificially 
augmented. 
 

 
Figure 3: schematic of the novel protein synthesis process. Note nAA is 
identical to nnAA –yes, there are too many acronyms! 

Taking control of the dice 
 
Of course, all this aggressive manipulation of E. coliis 
necessary only if you want it to produce novel proteins. 
Other researchers see a very different potential in the use 
of UBPs, returning DNA to its original purpose –data 
storage. Our digital age is swimming in information, with 
estimates suggesting 40x more bytes of data exist than 
stars in the observable universe. Although a lot of this is 
transient, data (from particle physics labs, for instance) 
are increasingly being stored for long periods of time, on 
hard drives and magnetic tape. These media  are cheap, 
but storing just a tenth of the data forecast to exist by 
2025 would take up 1.5 million cubic metres of space! 
DNA storage is about 40 million times more compact 
than electronic means, so its attraction as a way of 
holding data is obvious –and made more potent by the 
fact that whilst industrial hard drives have a lifespan of 
five years, DNA has been successfully recovered from 
organisms which are over half a million years old. 
 
Since this data-storing DNA wouldn’t need to inhabit living 
organisms, there are fewer biological barriers to entry. A 
group led by Shuichi Hoshikaat the University of Chicago 
has developed not one, but two extra UBPs (Fig. 4) so that 
they are able to work in terms of doublets, rather than 
triplets (82 gives exactly the same number of 
combinations as traditional DNA does with 43), and thus 
condense their information further still. A challenge here 
is the ability to synthesise their new DNA at low enough 
costs to make it competitive with hard drives –they are 
still around a million times pricier than the pennies 
needed to work with digital data storage. 
 
But it is an amazing testament to human ingenuity that 
we might even realistically consider the prospect of  
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storing information in DNA at all. Thanks to exponential 
progress, DNA sequencing costs have fallen a millionfold 
in the last two decades. Perhaps being 106 times too 
expensive isn’t such a hurdle at all.  
 

 
Figure 4 –“hachimoji” UBPs developed by Dr Hoshika’s lab. Note that 
these are held together with hydrogen bonds, with the donors in blue and 
acceptors in red. 

The work of researchers like Dr Hoshikaand Dr 
Romesberg show that there is nothing especially unique 
about how ordinary DNA is structured –it’s just what 
natural selection happened to stumble its way to. It’s not 
unreasonable to imagine that by the middle of this 
century, we might have created various parallel systems 
of life, with mutually incompatible building blocks in 
differing UBP combinations, and all synthetically, 
biologically engineered. Picture a gleamingly sterile 
factory, with neat lines of shining steel tanks stretching 
for as far as the eye can see. Each is its own insular 
microbial world: one might churn out cancer silver bullets, 
whilst its neighbour is a “bacterial disco” where novel 
protein production is stimulated by colourful flashing 
lights. Prefer food to medicine? Opposite, microalgae 
grow a nutritionally supercharged meat substitute, and 
for those with a sweet tooth, a row along we see yeast 
colonies brewing a fragrant vanilla flavour. 

Synthetic biology offers us a chance to rethink how we 
feed a growing world and keep an aging population in 
good health; to redesign where we get our energy from 
and where our data ends up; and ultimately, to reshape 
Nature as it suits us. For all the Utopian prospects ahead, 
though, there are risks –perhaps most disturbing is the 
vision articulated by Aldous Huxley in his 1932 sci-fi 
classic Brave New World. It envisages a future in which 
humanity goes so far as to engineer babies’ embryonic 
development with exposure to various chemicals, so as to 
create uniform and discrete castes of civilisation. That 
scenario might seem as technologically implausible as it 
is ethically chilling, but today’s advancements in synthetic 
biology lay the groundwork for a future where human life 
itself might be re-engineered. 
 
It’s barely been the blink of an evolutionary eyelid since 
our ancestors looked up at the heavens for favour when it 
came to the perennial problems of famine or disease. 
Today, it is the human race, or more accurately its 
scientists, who hold the cards. In short, we have gone 
from praying to God, to playing God. 
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Imagine nothingness. It is pitch black, but black does not 
exist yet. Nothing does not exist yet. This is the universe 
around 13.7 billion years ago. There is only an initial 
singularity, containing all the energy and spacetime of the 
Universe. This is one theory of what was the beginning of 
the universe. 
  
“Cosmology is as old as humankind” 
  
We as humans have always been intrigued by where the 
universe came from, where we came from, offering 
various opinions, however, before science, this was a topic 
governed by religious ideals, but we have records of 
cosmology existing even before religion could form. 
Cosmology is defined as the science of the origin and 
development of the universe. Early civilizations would 
record their examinations of the sky and other natural 
phenomena, providing us now with evidence of their 
curiosity towards the universe and how it works. Looking 
at physical past records, archaeologists have found the 
earliest evidence dating to a lunar calendar found in Sub-
Saharan Africa on a bone fragment, dated to about 
20,000 BC.  
 

 
 
A record of petroglyphs, rock drawings, of cosmological 
spectacles were found, which were made by the Native 
Americans, around a millennium ago recording the 
supernova of AD 1006, which formed the Crab Nebula. 
Similarly, another faded (the right below photo depicts 
and enhanced photograph) yet originally coloured in red 
and yellow, petroglyph perhaps records the 1066 
appearance of Halley’s comet. Soon, after civilizations  

 
grew, culture and religion formed to create a harmonic 
amalgamation between science and religion; this is 
known as the period of Mythical Cosmology. 
 

 
 
“Myths are early science” 
 
Early Mesopotamian creation myths dating to the 
beginning centuries of the second millennium B.C. 
including in Sumerian literature, titled today as 
“Gilgamesh and the Netherworld” offer an approach in 
which it is assumed that the universe and gods already 
existed and a long time ago, the heavens and earth were 
one until they were split apart. Egyptian mythology offers 
that the universe was created by Atum, the center of the 
sun-God. In the beginning, the universe was an infinite 
ocean of waters called Nun, and then Atum created 
himself into a form of a mythical bird. Old Chinese 
mythology has interpretations of a cosmic egg from which 
the universe expanded. Soon formed more modern world 
religions including Abrahamic religions and other Dharmic 
religions that still have many believers today.  
 
“In the beginning, God created the heavens and the Earth”  
 
The first sentence in the Bible starts with the creation of 
the universe. The universe was created by God in 
Christianity within seven days, with similar beliefs in other 
Abrahamic religions including Islam and Judaism. Islam 
also offers a phrase “The heavens, we have built them 
with power. And verily, we are expanding it”, in the Qur’an 
which there has been a historical debate about, whether it 
can be interpreted that the universe is expanding 
according to Islam. Eastern viewpoints held various 
different creation stories and Buddhism offering the idea 
of the universe being cyclical in nature and the universe  

Backwards into the Big Bang 
A Short Summary of the History of Cosmology 
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as being eternal. Hinduism itself does not have a singular 
creation story, but multiple stories, with one similar to the 
concept within Buddhism of the universe existing in 
cosmic cycles, and another interpretation being similar to 
the Chinese origin story of an expansion of a cosmic egg. 
The Hindu scripture questions the beginning of the 
universe within the Rig Veda, “The devas (semi-gods) were 
born later than this world's creation, so who knows from 
where it came into existence?” While often most religions 
focus on who created the universe i.e., the supernatural 
forces and the purpose of humans within it, scientists are 
perplexed by the concept of the Universe itself and the 
natural forces that created it. This was what early 
philosophers wondered. 
 
“Science was born as a result and consequence of 
philosophy” 
 
Furthermore, turning to philosophy, we see various 
philosophers offering their thoughts on the beginning of 
science, with cosmology not being regarded a 
mainstream field of physics and astronomy until around 
the 1960, which is quite surprising. In the western world, 
the inherited viewpoint till the seventeenth century came 
from Aristotle and Ptolemy, which was that the sun and 
other planets revolved around the Earth (the Earth was 
considered the center of the universe). However, 
philosophy at this time within the western world was 
governed ultimately by the Roman Church, hence when 
Bruno, an Italian cosmologist in the 1600 did not propose 
a geocentric model of the universe, he was tried for 
heresy, as this went against the Bible. There were 
multiple advancements after these within science.  
 
“The big-bang theory requires a recent origin of the 
Universe that openly invites the concept of creation” 
 
Within science, up till the 20th Century, there were two 
main theories on the beginning of the universe; the most 
accepted one by scientists is currently the Big Bang 
Theory. The Big Bang Theory explains how the universe 
expanded from an initial state of high density and it 
explains the large abundance of light elements that exist, 
CMB (cosmic microwave background) radiation as well as 
the large-scale structure. According to the Big Bang 
Theory, the Universe inflated exponentially from a micro-
object into a macro-object within a short period of 
expansion. 
 
When a child gazes up at the sky in wonder staring at the 
blinding luminous orb in the sky, the sun, the child is 
looking at an image of the sun from 8 minutes ago, 
because it takes light 8 minutes for light to reach us from 
that distance. Similarly, when we investigate the distant  
 

universe, we note that the image we see is history; it is an 
image from is how long it took the light to travel to us. 
 
When we look 13.7 billion years ago, we are still able to 
observe the Big Bang through CMBR or Cosmic Microwave 
Background Radiation, which we now measure using the 
satellite COBE. This was first seen by Penzias and Wilson 
who were working at the AT&T Bell Laboratories trying 
study radio waves and communication, when they first 
noticed a background polluting noise. Unable to 
understand what it was at that that time, they 
misunderstood it to be a polluting noise in the 
background. However, in reality, it was the universe giving 
out noise in the form of radio waves, which when they 
measured was equal in size, in every direction the 
antenna was pointed towards. This was later concluded to 
be CMBR. When looking at the origin of the universe, we 
see that in the beginning, when the universe expanded, 
the universe let out a lot of light, which stretched to 
become radio waves eventually. Whenever we look in the 
universe, it is lit with light that came from the Big Bang 
itself. Other phenomena observed in the 1920s by Edwin 
Hubble was red shift from which it can be deduced that 
the universe was expanding. Red shift is defined as when 
the wavelength of light is stretched so that it is shifting 
towards the red part of the spectrum.  
 
“The Steady State theory is aesthetically and 
philosophically pleasing to many people, to whom it is a 
matter of regret that observations indicate that it is not 
the correct model” 
 
The alternative main theory was called the Steay-state 
theory and it was proposed by the British scientists, Sir 
Hermann Bondi, Thomas Gold. It gave an alternative 
understanding for the universe; according to it, the 
universe was continually expanding, however at the same 
density, thus arguing the fact that the universe has no 
beginning or end in time and the universe is preserved in 
a steady state, since new galaxies and clusters of galaxies 
are being formed at a rate that compensates for 
diminishing caused by cosmic expansion. In short, in the 
steady state model, matter is being created at a constant 
rate through infinite time and has through the past of the 
whole word. However, the Steady State theory was proven 
to probably be wrong, after the Big Bang theory was 
further provided with supporting evidence of the CMBR. 
 
“Scientific knowledge is in perpetual evolution; it finds 
itself changed from one day to the next.” 
  
It is not necessary either however, that the Big Bang 
Theory is fully correct, although it is widely supported 
within the scientific community, hence it is still named as 
a theory. There are various criticisms of the Big Bang  
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Theory. One of them includes the fact that the First Law of 
Thermodynamics, “Matter or energy cannot be created or 
destroyed” would be violated. However, proponents 
emphasise that since the laws of science slowly unravel 
as we look at the beginning of the universe, it is not 
necessary to believe that the first law of thermodynamics 
applies regardless. Other criticisms include the fact that 
the law of entropy (systems of change become more 
disorganised over periods of time) may be violated, the 
absence of cosmic bodies that should have formed, the 
theory of relativity is violated as well, in relation to 
travelling faster than the speed of light. Therefore, it is not 
vital for the theory to be fully accurate and in the future, 
there may be further developments on this theory, or 
further evidence may change the theory that is supported, 
with additional theories. These different theories could 
then have different implications for the future. There are 
also unanswered questions still left, such as what 
happened before the Big Bang and what caused the Big 
Bang to happen. 
 
 “Somewhere, something incredible is waiting to be 
known” 
 
There are many theories that exist as well, in replacement 
of the Big Bang Theory. These theories also impact the 
future of the universe and thus the end of the universe, 
with there being various endings thus predicted as well. 
The Ekpyrotic model, which suggests that the universe 
resulted from a collision of two three-dimensional worlds 
on a fourth dimension. The Eternal Inflation theory 
illustrates that inflation of the universe will never stop and 
that the new universes are being formed into existence, 
called the multiverse. Another theory is that the 
oscillating model of the universe which suggests that 
there is an infinite series of Big Bangs, followed by Big 
Crunches; this is essentially a cyclic model. When we find 
more evidence, we will further be able to note what will 
happen to the universe and what caused its beginning.  
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The SC Maglev trains in Japan are the fastest trains that 
have ever existed and can reach speeds of up to 
603km/h. However, this is achieved not by conventional 
rail, but instead by the almost sci-fi process of magnetic 
levitation, which is the process by which a vehicle travels 
levitated from a guideway by using electromagnetic 
forces between superconducting magnets onboard the 
vehicle, and coils on the ground. But how does this work? 
To answer this, we need to look at several questions:  

1. What is an electromagnet and how does a Maglev 
train utilize this? 

2. How does a Maglev train achieve propulsion?  
3. How does a Maglev train achieve levitation? 
4. How is a Maglev train guided across a track? 

1.1: What is Electromagnetic Induction? 
When a wire carries a current, this induces a magnetic 
field around the wire, and this is a result of the electrons 
moving within the wire. This wire is usually wound into a 
coil, and due to the flow of current, this magnetizes the 
core and creates an electromagnet. By changing the 
direction of the electric current, the north and south poles 
can be switched.  For electromagnetic induction to occur, 
all we need is a coil and a magnet. When the magnet 
moves into a coil of wire, an EMF (electromotive force) is 
induced across the ends of the coil because there is a 
change in the magnetic flux. However, the problem with 
normal electromagnets is that they heat up extremely 
quickly and this can cause a high loss of electrical energy, 
and a constant power supply is required to maintain this 
electric field. It is for this reason that maglev trains 
choose to use superconducting magnets.  
 
1.2: Earnshaw’s Theorem 
Levitation can only occur when an object is in motion – 
static levitation (e.g. hovering), cannot occur as this 
breaks Earnshaw’s theorem, which states that it is not 
possible to achieve static levitation using any 
combination of fixed magnets and electric charges. 
However, there is a technical loophole in this rule, which 
involves the use of diamagnetic materials, and these are 
 

 
exempted because they only exhibit repulsion against a 
magnetic field, whereas Earnshaw’s theorem requires 
materials that have both repulsion and attraction.  
 
1.3: Superconducting Electromagnets 
The limitations of normal electromagnets with regards to 
both Earnshaw’s theorem and the issues of energy loss 
mean that diamagnetic materials need to be used to 
achieve levitation. 
Superconducting electromagnets are therefore required, 
as these are considered “perfect diamagnets”, and this 
causes an incredibly strong magnetic field. The way this 
works is that the temperature of the conductor is lowered 
below a critical limit, and after this the material suddenly 
produces a huge amount of current flow with almost no 
resistance; this keeps energy loss much lower than 
normal electromagnets.  
Furthermore, this only needs to be charged once with an 
exciting current, so the short-circuiting coils produce a 
circulating DC current that can last “forever” as long as 
the temperature stays extremely low. 
Superconductors also expel a magnetic field from their 
interior in a phenomenon known as the Meissner Effect, 
and they are able to have such highly conductive 
electrical properties (superconductivity) because when 
electrons travel in solids with no resistance, they couple 
together to form Cooper pairs. These pairs of electrons 
travel through a solid as a unit.  
 
 1.4: How do Maglev Trains utilize this technology? 
In a Maglev train, there is a huge current of 700kA which 
flows through these coils, which are made from an alloy 
of niobium and titanium. The critical temperature of this 
superconductor is 9.2K, and it is therefore an engineering 
challenge to keep this at a low temperature to ensure the 
superconductive properties remain. Therefore, an onboard 
liquid helium refrigeration system is utilized, which is at 
4.5K. This is circulated around the conductor and after 
passing over the conductor, this helium is then 
evaporated.  To bring the helium back to its cooler liquid 
state, the principles of the Gifford-McMahon Refrigeration 

The SC Maglev Train: The engineering of the fastest 
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Cycle are applied, and a helium compressor and 
refrigeration unit are used. However, the superconductor 
can still absorb heat from the surroundings via radiation, 
and to prevent this, a radiation shield is installed on the 
outside of these conductors. Although this itself presents 
a problem – as heat can now transfer via convection – 
liquid nitrogen is used to cool the radiation shield and a 
vacuum is maintained within the radiation shield.  
 
2.1: How does a Maglev Train achieve propulsion?  
Achieving propulsion in a maglev train is relatively simple. 
Normal electromagnets called propelling coils are placed 
inside a guideway. These are of alternating polarity and 
provide a force on the superconducting electromagnets 
inside the train. By quickly alternating the polarities of the 
normal electromagnets, we ensure that the net force is 
always in the forward direction. By controlling the 
frequency of this switching, we can control the speed of 
the train. 
 
3.1: Faraday’s Law and Lenz’s Law  
Faraday’s Law dictates that the magnitude of an induced 
EMF is directly proportional to the rate of change in 

magnetic flux and is given by the formula 𝜀 = 𝑁 , where 

𝜀 is the induced EMF (in volts), N is the number of turns in 
the coil, 𝜙 is the magnetic flux (in Wb) and t is the time 
interval (in secs).  
When combined with Lenz’s Law, which states that an 
induced EMF will act in a direction to produce effects that 

oppose the change causing it, the equation 𝜀 = −𝑁  is 

obtained, which shows that when a bar magnet passes 
through a coil, an EMF is induced within that coil due to a 
change in magnetic flux. The resultant induced current 
has now created its own electric field, and so the coil’s 
magnetic field will act In the opposite direction to the bar 
magnet’s magnetic field.  Maglev trains use this simple 
principle to achieve levitation too.  
 
3.2: The application of Faraday’s Law in Maglev Trains 
A pair of superconducting electromagnets within the train 
together will create an electric field that is like that of a 
normal bar magnet with a north and south pole. 
Therefore, we can visualize the train as a large bar 
magnet travelling between 2 guideways.  
Within each guideway, there exist a series of unpowered 
figure-8 shaped coils. If a bar magnet moves parallel to 
these coils, the varying magnetic flux will induce an EMF 
on both the loops according to Faraday’s Law. However, 
because the loop is twisted, the direction of these EMFs is 
induced is 0, so no current flows through the loop.  
 

When the bar magnet is offset slightly downwards, then 
the bottom loop will face a higher strength of magnetic 
flux than the top loop, meaning it will induce a higher EMF 
on the bottom. This higher strength causes a net flow of 
current through the loop, and a net resultant force will 
form which acts upwards. As the force upward increases, 
the difference between the EMF values and thus current 
flow reduces, causing the force on the loop to reduce until 
the upward force is equal to the gravitational pull – at this  
point, balance Is achieved, and levitation has occurred. 
The higher the speed, the higher the levitation. The SC 
Maglev train hovers 3.9 inches above the ground, and 
uses retractable wheels, because the train cannot levitate 
when at rest, so needs to reach the critical threshold of 
approximately 150km/h before levitation can occur.  
 
4.1: How is a Maglev Train guided across a track? 
Guidance is crucial because the train needs to be 
centered along the track and maintain lateral stability, 
and this can be easily achieved by connecting the figure 
8-shaped coils together across the track, so when the 
train passes through the center of the track, then the 
induced EMFs on the left and right coil will be equal, and 
so no current will flow through the interconnecting coils.  
Therefore, if the magnet moves slightly off the center, an 
EMF difference will form between the right and left coils, 
and so current flows between them. This current flow will 
alter the current flow in both bottom loops of the coils, 
and thus their respective pole strengths. This will 
eventually cause a resultant force in the opposite 
direction, and this reduces current flow until it reaches 0 
again, and the train is stabilized. 
 
Conclusion: 
This type of maglev technology (called EDS) is still in the 
trial stage, and it’s being developed by Japanese 
engineers is the most expensive infrastructure project in 
Japanese history. Whilst the physics behind it is 
straightforward, the implementation is more difficult. In 
particular, the energy required to keep the 
superconductors at such low temperatures is very high, 
and this can be expensive. To power the train, inductive 
power collection is used, where electricity is transferred 
from the underground coils to the power collection coils in 
the train without any material contact, and whilst this 
would make energy use more efficient and reduce 
maintenance costs, it’s a very novel technology and so it 
remains to be seen whether this SC Maglev technology 
can be commercially viable. In any case, this specific 
technology could either prove to be a quantum leap for 
the railway industry, or else be consigned to the history.  
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With 40-45% of pregnancies being unplanned, the need 
for effective, reversible and safe contraception is of 
paramount importance. In recent years, transdermal, oral 
and injectable methods for suppressing spermatogenesis 
have been trialled but have yet to be licensed. Various 
biosocial blockades will have to be overcome when 
developing a marketable male contraceptive. 
 
History of contraception and research inequality 
 
The pill. Despite maintaining its euphemistic nature, it 
has long acted as a symbol of female liberation, with 
63.6% of married or in-union women around the world 
relying on some form of birth control. Of this 63.6%, only 
10.3% use male-centric methods. (United Nations). This 
poses the question, vehemently fought over amongst the 
scientific and political intelligentsia: Are women 
biologically more adept to warding off the sometimes-
debilitating side-effects, or is this a case of social disparity 
underpinning research and development, and 
subsequently engaging in a self-perpetuating cycle of 
medical misogyny? 
 

 
Figure 1: Contraception in the United Kingdom over time  

Evident from the above schematic, the history of 
contraception has been disproportionately aimed at 
women. In the 1960s, this was an immense step forward 
in feminism, engendering a multitude of social 
repercussions. For example, the average age of women at 
marriage has been on the incline since the 1970s, 
perhaps as the message of reproductive autonomy  
 

translated to a more general belief in the self-sufficiency 
of women. 
 

 
 
The average age of women at their first instance of giving 
birth also follows a similar trend, demonstrating that the 
pill, although only playing a small role in this multifaceted 
paradigm, enabled women to have a more fulfilled and 
varied life before children. The role of women in society 
was beginning to change. 
 
So, when did contraception switch from a venerated 
emancipator to a point of feminist contention? In order to 
understand this, it is best to first visit why males, in both 
pre-clinical and clinical trials, are preferred in almost all 
areas of research. Historically, doctors were trained under 
the assumption that there was no fundamental difference 
between male and female physiology, except for 
reproductive function and general morphology.(Keitt & 
Marts, 2004)From an endocrinological perspective, males 
are typically believed to be hormonally less variable as 
they do not menstruate. This was later discounted when a 
meta-analysis, undertaken in 2014, found that male mice 
have as much, if not more, variation as female mice. 
(Nowogrodzki, 2017). This misconception risks biasing 
the entire drug pipeline towards men, and, in turn, having 
potentially serious health consequences for women. A 
report issued by the US General Accounting Office found 
that eight of the ten drugs removed from the US market  
As highlighted previously, the development of hormonal 
male contraception would hopefully give rise to an 

The delay of Male Contraception: Societal Echo-
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between 1997 and 2000, were withdrawn because of 
side effects that occurred exclusively, or predominantly, in 
women. Notably, cardiac disturbances engendered by use 
of the antihistamine Seldane and the anti-heartburn drug 
Propulsid proved fatal. (Nowogrodzki, 2017).This is just a 
snapshot of the stream of biologically biased precedents, 
which have led to males been advantaged in many, if not 
all, areas of medicine. From a social perspective, it is 
therefore of little surprise that women were also 
burdened with contraception. Biologically, however, is 
there valid scientific infrastructure underpinning this 
reasoning for the widespread disparity between the use of 
contraceptive between females and males? Why, after all, 
has it taken us so long to find a marketable male 
alternative? From a biological and statistical perspective, 
researchers find they are more likely to preclude 
conception by preventing the release of an egg, a singular 
monthly event, in comparison to stopping 
spermatogenesis, which occurs 1500 times per second 
(Dell'Amore, 2010). There is also a plethora of interacting 
psychosocial and cultural reasons which offers a 
paradigm for why there is a glaringly obvious gap in the 
market. A literature search carried out on the following 
databases, PsychINFO, ASSIA, Scopus, ScienceDirect, 
Ingenta, Medline and ISI, for the time period 1990-2012, 
established the core factors: 1. acceptability; 2. trust; 3. 
fear of side-effects; 4. perceptions of contraceptive 
responsibility; and 5. fear of losing connotations of 
masculinity. (Van Wersch, Eberhardt, & Stringer, 2012). 
Despite this, a recent survey of the average age of women 
at birth and marriage in England and Wales (Parliament 
UK) 104 sexually active British men found that one third 
would consider hormonal contraception such as the pill or 
the implant. Notwithstanding this relatively low 
percentage, this is interestingly the same proportion of 
British women currently on the medication. Another 
illuminating statistic generated by the survey found that 
80% of sexually active British men felt that contraception 
should be a shared responsibility. (Campo-Engelstein, 
2019). There is hope left on the horizon, therefore, for an 
egalitarian contraceptive landscape. 
 
Why is male contraception needed? 
 
With 40-45% of pregnancies worldwide being unplanned 
(Gava & Meriggiola , 2019), it is therefore statistically 
desirable to stop both the sperm and the egg at the 
source. Furthermore, current male methods of 
contraception -coitus interruptus, periodic abstinence 
(akin to the rhythm method), condom use and vasectomy 
–are somewhat lacking. Condoms are only 82% effective 
with typical use. This means 18out of 100 people will 
become pregnant in 1 year when male condoms are used 
as contraception. (NHS, 2020) Vasectomies, the least 
popular method of male-centric contraception, is invasive 
and not reliably reversible. (Patel & Smith, 2016) 

increasingly gender-equal society and a more inclusive 
field of medical research. It would relieve women of the 
financial and health-related burdens of contraception, 
especially in countries with privatised healthcare. 
Additionally, the increased accessibility of a male 
hormonal contraceptive would communicate to the 
general populace that both female and male reproductive 
autonomy are equally important. (Campo-Engelstein, 
2012) 
 
Despite this multitude of reasons in favour of a new 
hormonal male contraceptive, the sole development of 
the drug does not guarantee a significant usage, and 
therefore does not warrant a meaningful impact. A 
precedent that should be acknowledged is the uptake of 
vasectomies. Tubectomies, the female equivalent, are 
performed 10 times more frequently worldwide(United 
Nations), despite reduced efficacy, increased expense and 
heightened risk of surgical complications. (Campo-
Engelstein, 2019) 
 

 
 
Action mechanism for male contraception 
 
The objective of any male hormonal contraception is to 
temporarily preclude spermatogenesis, or at least 
significantly reduce its rate, resulting in azoospermia for 
the former instance, and severe oligozoospermia for the 
latter(⩽1 million/ml). 
 
In order to comprehend how this mechanism would be 
achieved, it is best to first understand the biological 
process that engenders the creation of sperm. The 
hypothalamus secretes gonadotrophin-releasing hormone 
(GnRH), which subsequently stimulates the anterior  
 
1486 months, reflecting the high efficacy of the drug. 
(Contraceptive efficacy of testosterone-induced 
azoospermia in normal men, 1990) 
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pituitary to release luteinizing hormone (LH) and follicle 
stimulating hormone (FSH). These hormones then 
encourage Leydig cells within the testes to produce 
testosterone, which is then secreted into the blood 
plasma. This testicular presence of testosterone supports 
Sertoli cells in spermatogenesis. Subsequently, 
spermiation, the release of sperm from the Sertoli cells, 
occurs. Sperm are then free to voyage through the 
seminiferous tubules and into the epididymis. 
 
Generally, the male contraception drugs in development 
target the endocrine system, specifically LH and FSH. 
These are both inhibited, resulting in the reversible 
inhibition of spermatogenesis and testosterone 
production. This decrease in levels of testosterone, in 
conjunction with that of FSH, results in a reduction in the 
function of the Sertoli cell and subsequently the 
maturation of the germ cell. As androgen-dependent 
physiological functions must be maintained, an androgen 
is included in the contraceptive method. (Gava & 
Meriggiola, 2019) 
 
Multiple routes  
 
The research into male contraception can be divided up 
into the following subsections:(Gava & Meriggiola , 2019) 

 
Injectable regimes using testosterone only 
 
In addition to its current use as HRT for men with low 
levels of testosterone and transgender men, testosterone 
ethanoate has also been trialled in two WHO (World 
Health Organisation)-supported multicentre efficacy 
studies. 271 healthy, fertile volunteers were administered 
200mg TE weekly via intramuscular injection, resulting in 
65% of men becoming azoospermic within 6 months. The 
subsequent efficacy phase lasted 12 months, in which 
time the men were instructed to use only the TE as a form 
of contraception. Only one pregnancy occurred during the  

 
Due to the nuanced social factors present in terms of the 
uptake of male contraception, it is also of paramount 
importance that the reasons why participants would drop 
out of the study are evaluated. A key reason given was 
due to a dislike of the injection schedule. As this study 
included participants from around the world, this could be 
due to different cultural perceptions of injections. Data 
obtained by the UN found that contraceptive injections 
aimed at females were the most popular method in Africa 
at 9.8% (United Nations). This is perhaps due to its 
relative convenience; it requires less trips to the clinic in 
an area sparsely populated with healthcare services. 
Additionally, it has been conjectured that there would be 
less uptake of injectable methods in the west, where it 
can be seen as a breach of bodily autonomy. In addition 
to these behavioural, cross-cultural barriers, researchers 
have also been met with a biological difference between 
the response of Asian and Caucasian participants to the 
drug. The second multicenter study revealed non-
suppression to the oligozoospermic threshold (⩽3 
million/ml) occurred in 8 out of 242 men from non-Asian 
centers compared with none of the 115 men from the 
Asian centres. (Gava & Meriggiola , 2019) 
 
Injectable regimes using testosterone combined with 
other molecules 
 
The androgen-progestin combination to suppress male 
fertility was first developed to examine the synergistic and 
additive effects of the two steroids. They work by 
suppressing the secretion of gonadotropins, and thus 
spermatogenesis. Progestins on their own are not 
sufficient in inducing profound suppression of 
gonadotropins, and hence infertility. Similarly, 
supraphysiological doses of androgens such as 
testosterone are not reliable in suppressing 
spermatogenesis to the point of reaching the 
oligozoospermic or azoospermic threshold. The use of 
progestin in a contraceptive acts as an in-built safety 
mechanism, ensuring the supraphysiological serum 
androgen levels are not reached.(Meriggiola, Farley, & 
Mbizvo, 2013)These aforementioned synergic and 
additive effects on the hypothalamus-pituitary axis results 
in more rapid and profound gonadotropins and sperm 
suppression compared with each compound administered 
alone. (Gava & Meriggiola , 2019)After two successful 
smaller studies using a progestin-androgen cocktail for 
suppressing spermatogenesis, WHO and CONRAD 
developed a multinational phase II efficacy study. 200mg 
injectable norethisterone enanthate (NETE)and 1000mg 
testosterone undecanoate where combined, to be  
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administered once every 2 months by 320 participants, 
274 of which entering the oligozoospermic threshold of 
⩽1 million/ml within 24 weeks. Despite a promising start, 
with a relatively high efficacy of 98.43%, concerns over 
the reported frequency of moderate to severe mood 
changes lead to an external safety review committee 
recommending stopping further injections before the 
planned end of the study. The research exhibited a high 
rate of reversibility at 94.8% after 52 weeks, but due to 
the severity and permanence of this consequence, this 
statistic is still worrying for some.(Behre, et al., 2016) 
 
Oral regimes 
 
Despite the pill being an effective contraceptive option for 
females, researchers have been met by a blockade in 
their development of the male equivalent. Oral 
testosterone is rapidly metabolized by the liver and 
preparations of testosterone such as methyl testosterone 
carry concern for hepatotoxicity. (Yuen, Nguyen, Swerdloff 
, & Wang, 2020)However, a recent study of a novel 
androgen, dimethandrolone undecanoate (DMAU), 
demonstrated that a single dose of up to 400 mg daily 
was safe, well-tolerated, and suppressed serum 
testosterone, LH, and FSH to levels consistent with 
effective contraception.  
 
108Some disadvantages of this drug are the fact it 
requires concomitant food administration for effective 
absorption. Additionally, the drug induced mild 
androgenic side effects such as weight gain, headaches 
and decreased libido. (Thirumalai, et al., 2019) 
 
Summary  
 
Despite promising developments in multiple male 
contraceptive regimes, the politically charged gap in the 
market remains. The overriding question: Is this delay a 
symptom of a societal echo-chamber, or a biological 
stalemate?  
 
Or perhaps, both.  
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