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Introduction

The nanoscale was first praised for its disparate nature by Richard P. Feynman in his
famous 1960 lecture “There’s Plenty of Room at the Bottom™; he referred to it as a new field
within physics, one with the unique properties of quantum physics and efficiency of bottom-up
manufacturing. He even theorized that future surgeries would be performed by tiny robots within
the body, a goal that is almost within reach of modern day researchers [1]. From this came the
desire to observe and test the properties of compounds and elements at the nanoscale.
Nanoparticles can be composed of metal, carbon, ceramic, semiconductor materials, polymers,
and lipids, each with a plethora of shapes and sizes within the 1-100 nm range [2]. Carbon, for
instance, can be rolled into tubes with single or multiple layers, with or without branches, or
manipulated to form hexagonal spheres; the spheres, or fullerenes, have incredible strength and
electrical conductivity, while the tubes can be used as gas adsorbents and catalyst supports. They
can also be utilized in tandem, such as having a polymeric core coupled with a lipid shell, to
combine various desired traits [3]; the limitless combinations have facilitated breakthroughs in
the medical, pharmaceutical, architectural, and even textile industries. Understanding the change
in properties associated with size and shape has been studied to properly apply the structures to a
function, providing scientists with an adaptable means of developing technology.
Nanotechnology has the capacity to change the pharmaceutical field by incorporating specialized
delivery systems reliant on nano sized devices or capsules, changing the relationship between
medical tools and drugs. The precision of nanostructures have allowed researchers to make
significant breakthroughs with neural tissue growth in vivo and in vitro, as well as creating
devices capable of interfacing with neural networks. This paper will discuss the ethics associated
with brain augmentation by analyzing current technologies that fall under this classification and
similar nanotechnologies in development, using a utilitarian lens to analyze the compounding
changes these particles may have on society.

Common Brain Augmentations

Defining a brain augmentation can be a daunting task, with various viewpoints coming
together to create a grey area. While some envision cybernetic implants replacing organs for
increased performance, others would consider the biochemical benefits of exercise and proper
nutrition as food for brain growth. Alternatively, some might see a casual game of sudoku as an
amplification of their mental capabilities. This is where neuroplasticity and bodily maintenance
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comes into play, rivaling the binary nature of computerized implants with the organic, neural
complexity of the brain. Before discussing the innovative technologies that promise a better
brain, it's important to acknowledge the many ways our species has maintained a heightened
level of intelligence. The cognitive level of modern individuals supersedes primal instincts
enough to suggest we are actively improving our minds throughout our lives. By defining these
practices, and contrasting them with emerging technologies, we hope to give a clearer view of
how brain augmentation through nanoparticles would be classified.

Education

The strongest form of brain augmentation is education; passing down information
through the generations has lifted our species from primitive hunter gatherers to the pinnacle of
Earthborn evolution. Training our progeny, and learning from peers and elders, has led to an
elaborate form of intelligence molding known as schooling. The growing field of neuroscience
allows us to map the brain and record patterns, letting researchers explore the minute changes
that occur when we practice a technique. One group of scientists used whole-brain magnetic-
resonance imaging to record brain waves and determine their association to specific behaviors.
They taught individuals to juggle while recording their brain waves, with the goal of visualizing
neuroplasticity in real time. During this experiment, they noticed structural and transient changes
in the brain regions responsible for processing and storing complex motion [4]. This suggested a
physical change in brain topography, or learning-induced plasticity, through an external stimulus.
Physical changes occurring in the brain could considered an improvement, albeit one that is
accomplished through non-invasive and non-pharmacological techniques, warranting its status as
the primary method of improving our intelligence.

Recreation

Certain behaviors or activities might not be viewed as educational, yet they still provide
our brains with constructive stimuli. To the brain, there may be no difference between self-
learning and being taught by another; one experiment chose to explore the effects of performing
repeated tasks without instruction. These researchers had participants play Super Mario half an
hour a day minimum for thirty days, monitoring their cerebral structure throughout the trial.
Considerable increases in grey matter were noticed in the right hippocampal formation, right
dorsolateral prefrontal cortex, and bilateral cerebellum; these indicated a transition from
egocentric navigation techniques towards allocentric ones, while the volume of grey matter
increase was correlated with the participants desire to continue the task [5]. These topographic
changes in the brain can be more specifically associated with strategy formulation, working
memory, motor skills, and navigational skills, showing a clear improvement to the subject’s
mental capabilities through an external stimulus. Like education influencing neuroplasticity,
repetitive tasks coupled with motivation, like video games, can have significant effects on the
brain.
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Nutrition

Eating fish because its brain food, or taking a walk to clear the mind, are common tropes
seen amongst health-conscious individuals. The merits of eating healthy cannot be denied, and
their influences on the brain and, subsequently, intelligence, are significant. A study that
explored nutrients and their effects on the brain and cognition identified various compounds that
can augment or hinder brain function. Flavonoids, for example, have been shown to enhance
cognitive function in the elderly, whereas saturated fats have shown opposite effects [6]. These
augmentations may be viewed as maintenance rather than improvement, but it's important to
consider the longevity and fragility of neural networks in the brain; improvements may only be
possible with proper nutrition, showing both preventative and constructive avenues towards
intellectual growth. Diseases like Alzheimer’s, where neurons have lost the insulation needed to
fire properly, are a great example of nutritional maintenance correlating with brain
augmentation; the natural loss of myelin sheaths on neurons can be remedied by the addition of
beneficial omega-3 fatty acids in one’s diet. Exploring the traditional methods of mental
providence, and how they relate to physical changes in the brain, provides a depth of
understanding necessary for the evaluation of ethically questionable nanotechnologies.

Exercise

Inducing positive brain changes through neuroplasticity and healthy living can be
expanded to include exercise as a tool. Working out contributes to both mental and biochemical
health by forcing the individual to focus on a strenuous task, providing a stimulus to the brain
and the body. Research shows that cardiorespiratory activity can contribute to the augmentation
of brain structure while reducing the loss of both grey and white matter brain tissue [7].
Additionally, these regions of the brain are associated with memory and cognitive ability,
providing a precise correlation of topographic changes in the brain with the resulting behavioral
alterations. It's also suggested that immediate brain function was improved through
cardiorespiratory activity, providing a short-term benefit which may have compounding effects
on overall cognitive growth. Considering the benefits of exercise, and its how those contributions
are translated to brain topography, is necessary when looking at how nanotechnology will be
applied to the brain. Using it as a model for healthy cognitive growth would be useful for the
efficacy and precision of augmentative nanotechnologies.

Drugs

Pharmaceutical routes of improving brain function are becoming increasingly significant,
with many behavior-altering compounds already integrated to everyday life. Stimulants like
caffeine and methylphenidate are commonly used for focus, or treating focus disorders. Lately,
prescription stimulants have been increasingly used by students without mental illness for their
‘intelligence-boosting’ effects. Studies have shown that this class of drug can improve
declarative memory, with the potential to improve upon memory consolidation [8]. Interestingly,
research has trended towards trials on people without attention disorders, with results that
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suggest cognitive enhancement is also achieved by healthy individuals. While the effects of
stimulants do mitigate the symptoms of an attention deficit disorder, they also improve
prefrontal-dependent actions in the brain, allowing for augmentative applications. Other drugs
have shown potential for brain augmentation as well, such as ampakines, which were designed
for Alzheimer treatment but show potential for enhancing intelligence. They act by binding to
glutamatergic AMPA receptors, causing it to ramp up activity by decreasing its sensitivity; this
leads to an increase in synaptic responses and improves upon long-term potentiation function [9].
While the FDA has not approved any ampakines, their potential for cognitive enhancement and
memory preservation is being explored by both military contractors and non-government labs.
These noticeable trends in pharmaceuticals previously used for symptom prevention may lead to
a new definition, or revolution, between treatment and augmentation through drugs.

Targeted Nanocapsules and Neuromodulation

Nanoparticles have the capacity to change how drugs are delivered, altering their
strength, side effects, and applications. Using the novel attributes of nano-scale molecules, many
drugs can be delivered to specific targets in the body, as well as allowing for increased
permeability; additionally, they can be programmed to release the drug through time or stimuli
based parameters [10]. The mechanisms can range from controlled chemical reactions acting as
an engine to magnetic particles being manipulated via an external signal, showing diverse
techniques stemming from various scientific fields. These technologies significantly augment the
benefits of drugs while limiting side effects, making the interactions with our bodies more
constructive.

Neuromodulation and the Blood Brain Barrier

Manipulating the brain to treat psychological disorders can be dangerous work, and
reducing invasiveness is ideal for recovery. Generally known as neuromodulation, this can be
done through drugs as well as applied electric stimuli. The implants required to facilitate
electricity treatments can be harmful to the body, and many drugs can’t cross the blood brain
barrier, making it difficult to develop efficient treatments. Many studies have been done on the
development of nanocapsules capable of transporting drugs across the blood brain barrier; one
such technology utilizes external ultrasonic waves to release the drugs from the nanocapsules
[11]. Another uses polymeric nanoparticles coated with either covalently attached targeting
ligands or plasma-protein associated surfactants, allowing for receptor mediated uptake in to the
brain [12]. These unique nanoencapsulation technologies can be employed to increase drug
permeability and targetability, providing a highly adaptable delivery system for any drugs that
influence the central nervous system directly. Additionally, their usage in rat trials has shown the
capacity to treat seizures immediately with high uptake of drugs and no side effects.

Metal Nanoparticles for Brain Stimulation
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While drugs are prevalent in treating disorders involving the central nervous system, non-
pharmaceutical options are possible because of the electrochemical nature of neurons. Rather
than inducing specific firing patterns through drugs, stimuli such as electricity and magnetism
are focused on the brain. For example, deep brain stimulation (DBS) involves implanting
electrodes within the brain and a power source under the skin, allowing the patient to receive
constant electrical signals to specific brain regions; these signals induce firing amongst neurons
near the electrode [13]. While DBS has been proven as neuromodulation techniques, it requires a
physical connection to the patient and are limited by the focus of the device. To combat this,
researchers have developed a method of neuromodulation without implants or drugs. Iron oxide
nanoparticles at the 22nm range were equipped with polymeric coating to increase
biocompatibility and dispersion, then injected into the mice; the size of the particles and
properties of the coating allowed them to cross the blood-brain barrier. Once in the brain,
researchers exposed the rat to focused external magnetic fields (EMF) to induce magnetothermia.
The heat from magnetothermia can be used to force TRPV1 neurons to fire, and can be turned on
or off indirectly through the EMF device. Additionally, the study showed that the nanoparticles
remained in the brain for up to a month [14]. This provides a non-invasive, non-pharmaceutical,
and long-lasting method of neuromodulation through inexpensive materials.

Growing, Augmenting, and Decoding Brain Tissue

Nanotechnology has also been applied towards neural treatments through drug-free
alternatives involving stem cells, capable of inducing tissue regeneration in vivo and in vitro.
Often times brain trauma results in tissue loss, leading to literal holes in the grey matter that
aren’t naturally healed by the body. Damaged or separated brain regions can pose many
psychological and physiological issues, affecting the central nervous system and cognition of the
individual [15]. Designing treatments that combat the physical problem rather than the symptoms
would allow this technique to be applied to a broad range of brain disorders. Similarly, creating
devices capable of performing the function of lost brain tissue, at the same capacity or improved,
would create opportunities to both treat and study the brain and its compatibility with bionic
devices.

Regenerating Neurons

While stem cells have been proven to treat illnesses involving tissue degradation or loss,
the complex nature of cell potential, as well as the conditions needed to properly induce
differentiation, make them difficult to develop. For instance, if neural stem cells developed
improperly, glial cells could be formed instead of network-forming neurons. The potential to
cause improper tissue growth has led many scientists to seek the precision of nanoparticles. One
group of researchers has developed a method to regenerate the brain matter in these holes within
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the body by using a self-healing hydrogel embedded with neural stem cells. After the gel is set in
a shape, it can be drawn into a syringe and retain its shape after injection; it does this through
nanoscale interactions between the individual components of the hydrogel. The hydrogel is set to
fit a gap in a patient’s brain, loaded with neural stem cells, and injected directly; as the stem cells
develop into mature neurons, the hydrogel is degraded, leaving a complete neural network
behind [16]. While this was developed to treat loss of grey matter, it could conceivably be used
to treat underdeveloped brain regions, or even augment them. Culturing tissue outside the body is
another method of growing neurons, but the three dimensional structure of brain tissue is
difficult to reproduce, resulting in improper cell differentiation and linking. The difficulty in
creating a three-dimensional scaffold for neuron growth with the same proportions and attributes
as brain tissue has been surmounted through the nanowires. These structures can provide
electrical signals necessary for the development of neurons and various muscle cells, as well as
monitoring pH and standing as a free structure [17]. This is a huge step towards the development
of stem cell treatments for brain disorders, as well as furthering our knowledge of neurons and
how they can be integrated with machinery to create improved tissues. Developing cybernetic
augmentations capable of melding organics with artificial intelligence is dependent on our
understanding of neurons, how they fire, and how neural networks are formed.

Computer Brain Interfaces

As scientists unravel the electrical properties of neurons, and how the brain perceives and
organizes these signals, studies have begun to interface the brain with computing devices. While
cochlear, retinal, and epilepsy-treating implants are widely used and can be considered neural
implants, they lack both nanoscale technology and cognitive immersion. Implants that interact
with the regions of the brain responsible for memory are being increasingly studied on; one
group of researchers have created a neural prosthesis with the purpose of restoring or augmenting
memory. The device uses the information within the brain, analyzes it, and mimics it with
electrical stimulation to restore the relay of information from that brain region [18]. Trials on rats
have shown considerable success, implying that memory-restoring prosthetics may be developed,
once scientists have a comprehensive understanding of the neural language. Other forms of
implants that can precisely monitor brain waves are of interest as well. Recently, scientists
developed an electronic mesh that can be injected to the brain for a variety of uses. It monitors
neurons at the nanoscale, allowing them to monitor brain waves in situ and in vivo, bridge
regions of the brain that have been separated, and relay the level of mechanical stress back to the
researchers [19, 20]. This could be applied to disease prevention, research on brain wave pattern,
and even the integration of neural implants with precise regions of the brain. Being able to bridge
regions of the brain without surgery could also provide a non-invasive alternative to emerging
tissue regeneration treatments. Alternatively, the ability to monitor brain waves could be applied
towards P300 studies. P300 waves are associated with recognition; it could be likened to the
feeling you get when you recognize someone’s face. One study tested this by having individuals
steal an item from a set of items, then recorded their brain waves while showing them a visual
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display of all the object. A significant P300 signal was correlated with the subject being shown
the item they stole [21]. These involuntary associations are trackable in the brain and can provide
in-depth information about a person’s likes and dislikes; integrating the patterns associated with
P300 waves could allow us to augment memory retrieving skills, or perhaps gauge an
individual’s preferences indirectly.

Decoded Neurofeedback

While more research on brain wave patterns need to be done to truly decipher them,
technologies have already been developed that can record a task-associated brain wave and
transfer it to a separate individual. Known as decoded neurofeedback, it allows information to be
shared without personal contact. Using functional magnetic resonance imaging to monitor brain
waves, trial participants learned to control their brain waves in a specific way while the
information was fed to other participants; after a few days, the results indicated an improvement
in perception that was related to the task performed by the original participants [22]. Being able
to convert a person’s mastery of a skill, or muscle memory, to a format that can be instilled in a
brain could improve on education exponentially, allowing anybody to learn the recorded task.
Alternatively, it could be used to record someone at their peak prowess, allowing them to access
that level of mental proficiency later in their lives. Similarly, intellectual preservation of the
elderly and disabled could end mental deterioration, allowing people to live rich and productive
lives. Another study used a similar method of information analysis and re input to teach rats
short-term memory tasks. Information gathered from rats already proficient at the task were
delivered through the internet and translated in to electrical stimulus used on new rats [23].
These rats, who had never performed the task, were now as proficient as the memory-donor rats,
showing a successful assimilation of hippocampal firing patterns with the brain.

Ethical Implications of Brain Augmentation

Noting the spectrum of ways in which the human brain can be augmented, ethical issues
regarding nano brain augmentation specifically overlap to an extent with the more traditional
ways of achieving brain augmentation. That being said, nanotechnology pushes the envelope
further and increases the realm of possibility when thinking about brain treatment and
enhancement. We examine the ethics of nano brain augmentation using a utilitarian framework
when possible and speculate problems that could arise in the future. Specifically we look at the
ethics regarding health and safety, social justice, privacy and autonomy, humanness, and
speculate into the future of human life.

Health and Safety

The potential health risks and benefits to nano brain augmentation is the first
consideration from an ethical perspective. A novel problem that surfaces immediately is our lack
of knowledge on the long-term effects of nanoparticle and nanomaterial accumulation in the
body. The precise targeting of nanoparticles used for drug delivery and their minimal size for
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minimally invasive procedures are among the salient benefits in using nanomaterials [10].
However, the differences in chemical behavior and evidence of adverse side effects in the body
from nanoparticles weighs in on the balance of risk and benefit [2]. This issue is common among
most medical treatments that pose a high potential benefits with common side effects as well. So
when it comes to risk-benefit analysis of nanomaterials, especially in drug delivery, we must
compare the risks associated with nanoparticles and the eliminated side effects from drugs.

Aside from the components of nanotechnologies for brain augmentation, the higher
degrees of brain augmentation may pose benefits of increased memory and intelligence, but also
place healthy subjects under unnecessary risk when undergoing elective brain augmentation.
Obviously, there are elective procedures like cosmetic surgery that pose unnecessary health risks
to patients, but these procedures do not involve altering the brain of a human that could
fundamentally change the identity of a person [24, 25, 26]. Problems of informed consent stem
from this issue [25]. How can a person consent to elective brain augmentation if they take on an
alternative identity after the procedure has been done? When brain augmentation is applied for
treatment purposes, is the risks of altered identity worth trying to cure a mental illness or
neurological condition?

Based on the risks posed by the use of nhanomaterials and the implementation of bain
augmentation in human subjects, new regulatory measures should be taken. Current regulations
regarding nanomaterials are mainly based on size limitations, but further research should be done
to determine long-term effects of nanoparticle accumulation. Also, human subjects used in trials
should mainly be for treatment purposes only as the unnecessary risks posed to healthy subjects,
we feel, exceed the possible benefits of brain augmentation.

Social Justice

As nanotechnologies begin to penetrate the field of healthcare and progress further, we
explore possible effects on local and global justice. Due to the extensive funding for research and
development in nanotechnology, the problem of overall accessibility arises [26]. Wealthier
countries are likely to have brain augmentation nanotechnologies more readily available relative
to poorer countries. Inequality is a pressing issue as it is today and nanotechnology has the
potential to fuel the issue. With greater accessibility in wealthier countries comes greater
implementation and implantation of brain augmentation could expand the global divide further
[25]. Also contributing to the global divide would be the greater likelihood of wealthier
countries developing newer more advanced technologies as well.

Within wealthier countries exists socioeconomic inequality amongst individuals too.
People of higher socioeconomic status would most likely be the initial segment of the population
to be able to afford expensive brain augmentation procedures [26]. If brain augmentation can
increase one’s ability to reach greater socioeconomic standing, then inequality will increase
locally in addition to the ever increase global divide. Thus, even if these nanotechnologies are
accessible to the mass population, the affordability of brain augmentation could prevent low and
middle-class people from taking advantage of the technology.
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However, the implications on local and global inequality is under the assumption that
mere access and affordability determine whether a person is able to obtain brain augmentation.
However, since many nanotechnologies are targeted toward medical treatment rather than
enhancement, it brings up the question of whether or not this distinction will have an effect of
who is able to receive brain augmentation in the first place. This leads to a foundational ethical
issue of how we define treatment versus enhancement, a distinction that is by no means clear cut
and not a novel discussion [27, 28, 29]. For instance, prescription drugs like adderall and ritalin
used for the treatment of patients with ADHD can easily be considered a form of enhancement
when used by individuals who are not prescribed the drug. ADHD medications have been shown
to increase productivity in people without ADHD, and thus has been widely used in competitive
academic environments to enhance normal cognition [27]. Drugs and nanotechnologies
developed as medical treatments can easily be converted to a form of cognitive enhancement,
thus, illustrating the blurry boundary between treatments and enhancements.

That being said, many would consider the use of drugs like Adderall for cognitive
enhancement an unethical action. Nanotechnologies for brain augmentation expands on this
discussion based on the breadth of technologies currently available and others in development. A
great deal of nanotechnologies for brain augmentation act as treatments for things like brain
tumors, neurological conditions, and physical disabilities. An injectable scaffold for increased
neuron growth in a damaged area of the brain can be turned into an enhancement when injected
into a healthy human being for an increased neuronal network [17]. Aside from potential
treatment technologies, nano brain augmentation stems into uncharted territory when considering
applications for enhancement purposes only [26, 30]. Whether we consider brain enhancement to
be ethical is obviously subject to debate. One take on this issue suggests cognitive enhancement
through nanotechnology should be viewed as just another way that our uniquely innovative
species tries to improve itself [31]. For this perspective, an individual using education, exercise,
and good nutrition as modes of cognitive enhancement are ethical, and thus, cognitive
enhancement in general should be considered ethical as well. On the other end, nanotechnology
for brain enhancement could be seen as unethical to people who view it as a means to gain an
unfair advantage over the general population.

In consideration of nanotechnologies for medical treatment through brain augmentation,
we believe they will only be accessible to people with the need for medical treatment. Just as
drugs are medically prescribed as treatments rather than enhancements, nanotechnologies for
treatment purposes may only be accessible in this fashion and limit the inequality issues posed
prior. However, when thinking about nanotechnologies in development for brain enhancement
such as computer chips for increased memory, limiting access to these technologies would be
unfeasible as they directly oppose the purpose for the development in the first place. From this,
the inequality issues locally and globally come into play and could have extensive effects on
driving the wealthy into an even more prestigious class while leaving everything else worse off
[25, 32].
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These issues, we see, as more immediate effects of brain augmentation. However, there is
a possibility that brain enhancement nanotechnologies could lead to decreased inequality in the
more distant future. For instance, the unequal access to higher education in developing areas of
the world creates a sort of poverty trap. Wealthier countries have greater access to higher
education and thus, have people that can improve their intelligence with the resources available.
Closing the gap in education between the developed and developing world has been difficult do
to the high costs, but if brain augmentation nanotechnologies become affordable over time and
available to everyone, whether it is paid for or subsidized, brain augmentation procedures could
eliminate the need for higher education since the knowledge could be given to people in
developing countries with one procedure. Overall, this would level the playing field in terms of
available information among people to pursue interests rather than just survive.

The initial unequal distribution of nano brain augmentation could also lead to
discrimination between those with and without brain augmentation [32]. People without nano
brain augmentation could view people with it as having an unfair advantage. On the other end,
people with brain augmentation may view non-augmented people as inferior. This could have
serious implications in the workplace especially if people with augmented brains are more
desirable, thus having greater access to higher level jobs [32].

Privacy and Autonomy

The surface level issues of limiting access to brain augmentation bring human autonomy
into question. If we consider complete autonomy as something that should be had by all humans,
then people should be able to choose if they want an augmented brain or not. Restricting access
to certain people and allowing access to others infringes on individuals’ control over their own
body [33]. Also, the discrimination between those with and without brain augmentation would
only be possible if information is publically available on who has nano brain augmentation.
Should information like this be kept private, or would people with brain augmentation make the
information known to employers as an asset that they would bring to the job?

However, these issues of autonomy and privacy are superficial in the grand scheme of
things. Implanting nanotechnologies into the brain that can track thoughts, experiences, and
overall brain activity invades a person’s privacy at a much deeper level [33]. Who would have
access to the information recorded by the implanted devices? The individual with the implant
should be able to access all of the information collected on them and should be able to control
who else has access to it as well. However, this most likely will not be the case. A simple
comparison is our cellphones. While we hold much private information on our cellphones, the
information can be accessed from the people who ultimately control our phones. Likewise, the
people who developed the technology implant could have access to much more private
information, that being a person’s brain, rather than just cell phone data. Furthermore, if
implanted computer brain interfaces can be hacked from an outside source, will that person be
able to remotely trace and control the brain activity of a person with nano brain augmentation?
While these questions may be somewhat farfetched based on the currently available
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technologies, we do not think they are out of the realm of possibility, and thus needs to be
considered by those who weigh the potential risks and benefits of obtaining brain augmentation.

Humanness

Nanotechnologies for brain augmentation are broad in scope including nano drug carries,
nanoscaffolds with cultured neurons, nano-bionic devices, and nano computer-brain interfaces.
As we increasingly incorporate foreign materials into our bodies for various reasons, we may
begin to question what it means to be human [29]. At what point does nano brain augmentation
lead us to becoming more machine and less human? Nano-drug carriers do not pose much of an
issue because they are just an addition to make drug treatments more effective. Nanoscaffolds
cultured with neurons to incorporate into our neural network takes nano brain augmentation a
slight step further by incorporating foreign matter. However, since it involves organic tissue as
the main component with biodegradable nanoscaffolds, the ethical dilemma between man vs
machine keeps humans nearer the man side and less machine. As we branch into nano-bionic
devices that could increase synaptic activity, perform brain maintenance, or restore function to
part of the brain, some may find this to be more unnatural, thus making a human being less
human. We think these nanotechnologies would be ethically acceptable since there are non-nano
brain augmentation devices like cochlear implants that are by no means natural, but are socially
accepted. Cochlear implants did have a major paradigm shift in deaf culture and how we view
deafness, but did not lead us to consider individuals with cochlear implants as something other
than human [30]. The nano computer brain interfaces are amongst the most progressive methods
for brain augmentation and is where the most pressing ethical implications for what being human
entails. For instance, nanochips to increase intelligence, transfer and record thoughts, or modified
carbon nanotubes to create artificial synapses in the brain fundamentally alter the way in which
we conceptualize the brain [18]. Many consider the brain, consciousness, and emotion, to be key
aspects to what make us human and impacting one or all of these things through nano brain
augmentation may lead people to question what we are now what we could become [24].

We hypothesize that defining the the concept of humanness will be difficult once nano
brain augmentation has the potential to copy and download a person’s consciousness.
Researchers suggest there is no reason why this would not be feasible in the future due to brain
mapping technologies and current augmentation techniques already in development. They simply
view the human mind as a complex computer that depends on electrochemical processes [34].
The major limitation to downloading consciousness is the computing capacity necessary to
mimic the brain, however, with the doubling of computing power year after year, scientists
believe computers will be capable of processing information as the brain does [34]. If and when
this becomes available, the concept of humanness will need to be revised. If we are able to
download consciousness, humans could ultimately become immortal, and live through many
different bodies or machines. However, the implication of how new information would be
absorbed after inputting a person’s consciousness into another being or machine is difficult to
comprehend. At this point, is human consciousness taken over by machines? Do humans
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becomes trapped within machines unable to escape? Or do humans become immortal, retaining
individual consciousness and roaming the earth until the end of time? These are science fiction
type questions, but are questions that could be asked in the future and if they are, we could be
looking at a fundamental change in the human species altogether.

Future Perspective

If nanotechnology continues to progress, the first problem that is likely to vanish is brain
conditions altogether. Nanotechnology could develop new treatments or interventions to treat
mental illnesses or cancers in the brain to the point where they become irrelevant issues to
human life. Additionally, the adverse side effects from current drug treatments could be
eliminated entirely in the future with nanoparticles for efficient targeted drug delivery, assuming
nanoparticles do not have detrimental side effects of their own.

The elimination of incurable neurological conditions would most likely further motivate
humans to pursue elective brain augmentation procedures for enhanced neural activity. Our brain
capacity and potential could be improved exponentially with stronger synaptic connections,
greater neuronal density, and nano computer chips to input and store knowledge in our brains
that we had not previously learned.

Of course, if learning could be achieved instantaneously through uploading information
to the brain, then education altogether will be antiquated. Would education even be necessary in
society? Perhaps children would still go to school to interact with other kids and experience
different topics to determine their specific interests, and then once defining their interests, their
brains could be augmented to direct their future accordingly.

As a species that has always been motivated to improve ourselves, brain augmentation
offers a mode of unfathomable improvement. We believe that eventually, the adapting and
augmenting of our brains using nanotechnology will become the norm in society. Referring back
the issue of what makes us human, rather than thinking brain augmentation makes us something
other than human, it could be viewed as an accelerated evolutionary step that actually makes us
human.

Conclusion

The development of restrictions and regulations on nanomaterials based on their safety
and capacity for brain augmentation will be a defining moment for science. While incredible
potential for drug modification exists, the long-term effects of nanoparticles on the body and the
environment are largely unknown. Widespread usage of nano-modified drugs could scar
generations of people with debilitating illnesses, like the thousands of malformed babies
resulting from thalidomide treatment [35]. Bioaccumulation of these particles could endanger
many species, like when DDT was introduced as a pesticide without understanding it’s disastrous
effects on wildlife [36]. Similarly, the division between medical tools and drugs blurs as
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nanodevices become capable of interacting with the body through non-pharmaceutical means
like heat and magnetism. These changes may alter how pharmaceutical products are marketed
and regulated, subsequently changing their availability between countries and socioeconomic
strata. As neuroscience expands alongside nanotechnology, integrating machinery with the
central nervous system has become increasingly easier. Implants capable of treating brain
diseases may be expanded to increase intelligence and memory recollection, creating the need for
regulations and a distinction between treatment and enhancement. This can be expanded to
question the idea of humanity, and the extent at which cognitive modification changes the
individual, thus fouling the role of consent in such procedures. One’s individuality and their
ability to consent would be change for both the doctor and the patient, making elective
modifications an ethical quandary. Similarly, the advances in P300 signals have made the brain
much more predictable, allowing for breaches in privacy on a cognitive level. Brain implants
could be used to monitor various aspects of your thoughts and intentions, as well as discern
information from you through recognition signals. ldeas and skills could be transferred through
decoded neurofeedback to promote education, but also have the capacity to facilitate the theft of
intellectual property. The exponential growth of technology emphasizes the need to characterize
nanotechnology as a unique field while providing a specialized set of regulations with it to
protect society and the environment.
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