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Possible role of artificial intelligence in radioprotection
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Acute radiation syndrome: A multifactorial and complex
challenge

Exposure to ionizing radiation (like X- and gamma rays),
depending upon the absorbed dose, leads to a variety of biological
manifestations which are classically referred to as acute and chronic
effects [1]. A number of signs which appear, at different time points
post whole body exposure, are the resultant of a complex (when
more than one or few factors determine the outcome and may not be
manageable with single agent) biological response involving a number
of molecular mediators, pathways, inter cellular and tissue interactions
resulting from systemic response [2]. Unlike the bacterial infection or
a metabolic disorder (like type 1 diabetes), the target is not singular
and soon after the radiation exposure the number of mediators which
appear on the landscape of tissues become very large and the response
becomes multifactorial [3,4]. A number of human pathologies like
cancer, neurodegenerative disorders and normal ageing have also
been recognised to be multi-factorial and complex [5,6]. Unlike these
pathologies, the pace with which the complexity increases with time
makes acute radiation syndrome difficult to manage and hence lethal
[7]. In fact a large number of molecules of natural, synthetic origin
and complex natural products have been tested for radioprotection
but due to variety of reasons including toxicity at effective doses and
bioavailability, as of now no agent is available which is safe and effective
for human applications [8]. The temporally changing cellular and tissue
landscapes, poses a major hurdle in developing protective strategies and
does not fall into the realm of one pill therapy.

Artificial intelligence in biology

Use of computational methods (both chemo- and bio-informatics)
for analysing large data sets is nothing new and the large number of
softwares available commercially and in public domain serve the
purpose of screening small molecules, analysing large data obtained
from genomic, proteomic and metabolomics studies etc. [9]. Many
of the programmes which analyse large data sets use supervised
learning methods (use of training data sets) [10,11]. However, with
the advancements made in the field of machine and deep learning
techniques, now it is possible to use these methods in conjunction with
approaches like neural networks (a series of algorithms structured in
a layered fashion which mimics the functioning of human brain and
improve its decision making capacity by changing its input without the
need of additional algorithms) to devise what is popularly known as
artificial intelligence (AI). In fact AT has been proposed to help in better
decision making in diverse fields including detection of malignant from
benign tumor [12]. Similarly a number of researchers have proposed
that using machine and deep learning methods, it is possible to come
out with an algorithm which can detect cancer from medical and non-
medical data sets.
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The need of artificial intelligence for understanding
the complexity of radiation biology and developing
countermeasures

However, the point that is being envisaged here is a step forward
in developing AI to an extent that it would reliably mimic the normal
as well as pathophysiology of radiation syndrome and be able to assess
different molecular pathways, cellular, tissue-tissue interactions and
systemic responses which appear and disappear temporally on the
landscape of the biological tissues. In fact, given to the complexity that
a mammalian system exhibits at delayed time points, it is very difficult
to achieve ideal radioprotection without understanding the temporal
changes in the biology after IR exposure. It is conceivable that when
a large number of factors which are interacting in a complex way
determine the outcome then the only way to understand the complexity
is to use a computational device capable of processing and predicting
a large number of probabilities and provide the best possible solution.
The unprecedented optimism associated with AI is that it works
on itself and improves without any supervision thereby improving
decision making capability. This view may sound optimistic, that Al
would be able to predict the complexity and be able to suggest possible
targets for countermeasures, but if the answer lies in understanding the
complexity and when large number of mediators add to that complexity
then resorting to Al should be an interesting option if not the only
option.

Al platforms for radiation syndrome and other complex
diseases: The possibility

Living organisms exhibit a staggering complexity and a large
number of molecular and cellular networks function simultaneously
and influence each other in a manner which is neither continuous nor
periodic with an ultimate goal to restore the homeostasis [13]. The
future of all endeavours including biology, medicine, and environment
belongs to efforts involving teaming up of man and machine. It is worth
noting that whether living or non-living, all the matter is made up
of atoms and it can be anticipated that by utilizing a combination of
supervised, unsupervised machine and deep learning techniques it is
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possible to make a system (may or may not be consciousness) [14,15]
intelligent enough to work and improve its performance on its own.
The computing industry is amongst the fastest growing industries
and AI is undoubtedly the future. In spite of all the apprehensions
that are associated with AI like the possibility of building AI without
losing control over it and will machine ever take over the human race
etc., in today’s world, the power of intelligence and automation is
comprehensible. Keeping in view the gains we are making with AI, Al
can be expected to be improved upon in a direction which makes the
machines more and more intelligent. Considering the pace with which
the field of AI is progressing, it is undoubtedly a matter of a decade
or two before we would be having a device with machine and deep
learning methods equipped with quantum computing capabilities (In
quantum computing, unlike the binary bit which can be realized with
a two state system, qubit is the simplest two state quantum mechanical
system displaying quantum features like coherent superposition which
makes it more efficient in terms of computing) This device would be
capable enough to understand the human biology (from the complexity
point of view and understanding the foundations which forms the basis
for this complexity) in health and pathological scenarios which may
reliably predict solutions for multifactorial pathologies like radiation
induced lethality and other complex diseases like cancer.

Is there a chance that AI will accurately predict?

The higher life forms exhibit extreme complexity and pose a real
challenge to any efforts trying to understand it. Unlike a machine,
human brain (for simplicity sake a comparison of the decision making
that works in peripheral tissues is being made here with the brain)
probably does not process all aspects of a problem in parallel, at least
consciously before arriving at a solution. Imagine a situation if an AI
has to recognise a cat, it needs an image of a cat which it will process for
shape, size, texture etc. and matching with all the animals that possibly
could match and finally figure out that it’s a cat. However, we humans
probably don’t do information processing in this manner but we have
memories stored and as soon as we see a cat with our eye we recognize
it as a cat. As our intelligence is the outcome of a combination of a
number of senses (olfaction, hearing, vison, sense of touch etc.) and
of course the brain. The way a human brain solves a problem is more
or less not well understood but what is conceivable is that we just end
up in connecting two or more relevant information together resulting
in either a solution or making sense of an issue. The processing or the
computational aspect which leads to connecting of two different sets
of information is not well understood. If it involves more than just a
computational aspect and processing of information then probably AI
without human consciousness and of course without that ‘unknown
ability’ to just bring relevant pieces of information together may fall
short in completely understanding the biology and predicting solutions.
It is interesting to witness whether just by increasing the computational
capability along with machine and deep learning methods it is possible
to understand the complexity of life and predict solutions. However,

even though different organisms and humans are evolved and shaped
the way they are by nature, working through billions of years without
abeyance and our intelligence which makes us a dominant species (in
terms of the apparent control we have over the existence of other living
organisms and of course our own and the biosphere) depends to a little
extent on our ability to process the information from computational
point of view and to a larger extent on our ability to recognize and
use the right things for right purpose (like use of calculator, flights for
large distance travel, computers for processing large data sets). In a
situation where this aspect becomes a major factor, there AI with mere
computational ability (ability to do many calculations per second) may
not be able to understand and predict the outcome of the biological
events. Nevertheless, it is interesting to contemplate if AT would help
in complete understanding of human biology and guide us in devising
strategies for complex diseases including radiation syndrome.
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