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ABSTRACT 

 Thought Process is the manipulation of information acquired either through 

senses or stored in memory from previous experience, facilitating an individual to 

respond to the immediate situation. The statement afore, gives a layman definition of 

‘Thinking’ or ‘Thought Process’, however the technocrats in today’s world are trying to 

engulf all those concepts that were once only relating to the domains of Biology, 

Physiology, Anatomy and even psychology, decades ago and have greatly succeeded in 

achieving the same, which is evident while exploring the hot research areas of today, 

such as Machine Learning, Artificial Intelligence, Brain Computer Interface and Bio 

Inspired Robotics etc. this paper is the outcome of a detailed study about how the 

Nanometer Scale DNA Robots accelerate through the blood stream of a living host, 

activate it using the brain and use it for targeted drug delivery, making it to work and 

controlling its moves entirely by the human thoughts. Thus this paper falls under the 

broad discipline of Engineering Psychology, as it places its feet both on the shore of 

Robotics and in the sea of Psychology, explaining the physiology of thought process 

which is both the heart of this concept and its steering wheel. 
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INTRODUCTION 

 Targeted/controlled drug delivery system aims to improve both the temporal as well 

as spatial resolution of the Therapeutic Molecules. It is seen that the last two decades have 

witnessed extensive progress in the field of Brain Computer Interface (BCI), on account of 

which a wide range of devices were been able to be controlled by mere mental activity. As 

such BCI allows both healthy as well as disabled people to control robotic prostheses and 

robots through simple action of moving a cursor on the screen and navigating in virtual 

reality. This could be done by the help of a combination of Signal Processing and Machine 

Learning Algorithms applied to various neurophysiological signals that may be recorded both 

invasively as well as non invasively, thereby decoding the mental activity from the brain 

activity. 
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 In order to facilitate the establishment of a direct control interface to DNA Robots, 

they were manufactured to be electronically remote controlled [1]. In order to facilitate drug 

delivery, metal nanoparticles were added to the robotic gates that could get heated up and 

open when exposed to an electromagnetic field. The EEG patterns associated with cognitive 

states were used to remotely trigger and activate these nanobots. 

ADMINISTERING DRUGS: THE USUAL WAY Vs TARGETTED DRUG 

DELIVERY 

Therapeutic drugs could be administered through certain conventional ways namely through 

the following ways, namely; Intravenous (IV), oral, intramuscular, subcutaneous and 

intrathecal. However in many of these methods, the drug diffuses through the blood stream 

over time and might cause certain side effects until it wears off, while targeted drug delivery 

refers to administering the drug to the exact affected organ/part of the body. These nanobots 

are built out of DNA and therefore they are called as the DNA Bots. They are made in the 

form of shell like shapes so as to tether drugs into it. The metal nanoparticles covering the 

gate are made out of iron oxide. The opening and closure of the gate denotes the controlled 

exposure of the hyman body to these drugs. 

CONTROLLING NANOBOTS BY THOUGHT 

To understand how nanobots could be thought controlled, it is inevitable to study the 

physiology of thought process. 

i. Thought Process – A Cognitivist’s Perspecive: 

 

Cognitivists view thinking as information processing that occurs between a stimulus event 

and a response to the event. Thinking is a constructive process, in the sense that it helps us 

to form a new representation of any object or event by transforming available information. 

It is usually initiated by a problem and it goes through a sequence of mental activities, 

such as inferring, abstracting, reasoning, imaging, judging, problem solving and creative 

thinking 

  

ii. The Physiology of thought process: 

 

Thinking as an active process involves manipulation of internal representations of the 

eternal world. It is the result of joint activity of the receptors, connectors and effectors ie., 

sense organs, nerves and muscles. Of these, the most important factors are the neural 

mechanism and hence the human brain is regarded as the ‘Organ of Thinking’. In thinking, 

the primary function of the brain is to retain information derived from past experiences, to 
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receive incoming information and to relate appropriate information and to direct both 

sources to deal with the circumstances at hand. 

 

First, the brain carries out all the thinking functions with the help of its many specialized 

areas. Most brain areas have highly specific functions. Second, the various specialized 

areas are coordinated by executive processes in the frontal lobes, the prefrontal cortex. 

Third, in addition to frontal areas, many other brain areas outside the frontal cortex play 

their own specialized roles in intelligent activity and thinking. Fourth, the brain is creative 

in more ways than we usually appreciate, and that creativity is widely distributed. 

 

When the thinking process is intense, corresponding changes can be observed in different 

parts of our body, like limbs, heart and also in the activities of the speech organs. We 

usually notice increased heart rate when we are involved too much in a mental activity or 

when there is too much mental effort. It is also revealed that during thinking, the thinker 

shows some motor reactions such as moving the body this way or that, lowering or raising 

the shoulders, pressing one hand against the other, lifting fingers etc. perhaps these 

movements are done to the dynamic presence of certain images or concepts in the mind. 

 

Early experiments revealed that thinking is commonly accompanied by electrical activity 

in the muscles of the throat. Later works with electromyographic equipment revealed that 

the muscular phenomena are not the actual vehicles of thinking but they merely facilitate 

the appropriate activities in the brain when an intellectual task is particularly happening. 

 

Psychologists differ in their views on what thinking really is. To some psychologists, 

thinking is silent speech. To some others, thinking is a string which puts together linguistic 

elements sub-vocally. Thinking is accompanied by electrical activity in the muscles 

responsible for organs of articulation and in the brain. However it was proved later that 

thinking and speaking arise separately. Further it was revealed that the activities that serve 

as elements of thinking are internalised or give rise to visible bodily movements. To 

Lashley, thinking is more or less a skilled activity it often proceeds so quickly that there is 

not enough time for impulses to be transmitted from the Central Nervous System to a 

peripheral organ and back again between consecutive steps. Rather than regarding the 

components of thinking as derivatives of verbal and non verbal motor acts, Cognitive 

Psychologists see the components of thinking as unique central processes, governed by 

principles that are peculiar to them. According to them thinking came to be described in 

terms of how information is organised, stored, retrieved and transmitted to find solution to 

problems. 

 

Experts like B.F.Skinner thought that the whole body is involved in the thinking process, 

along with activities in the brain and therefore ‘thought is simply behaviour – verbal or 
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non verbal, covert or overt’. Thinking is internalized or ‘fractional’ versions of motor 

responses. Recent studies show the existence of a gastric ‘brain’, a set of neural networks 

in the stomach. When you think of food, the neuromuscular processes in the stomach and 

brain work simultaneously. This indicates that when people think, the whole body and not 

the brain alone, gets involved. 

 

Metacognition is a fundamental concept in the development of thinking. There are many 

different definitions for this term, including: ‘thinking about thinking’, ‘awareness of the 

process of learning’, ‘knowing what we know and what we don’t know’. Metacognitive 

thinking helps the executive processes to slow down, analyse, double check and learn from 

self research; it brings together individual’s various talents and abilities in coordinated 

action. 

 

SYSTEM FUNCTIONING 

 

The experimental setup is said to have consisted of five components namely; a headset, 

which was used for collecting EEG data from the subject, the SLACC algorithm [1] that 

would search for patterns associated with cognitive load and rest states which runs on a 

computer, a waveform generator that would be remotely controlled by the computer, 

producing high-frequency AC through a coil and the DNA origami robots, injected into the 

living creature fitted within the coil. Data collection is found to have been carried out 

separately from this setup. For training and testing the classifier algorithm Support Vector 

Machine and Liner Discriminant Analysis algorithms are found to be used and the 

experiments are seen to be conducted on Adult B. discoidalis insects. Robots were injected 

using a Hamilton syringe to the insect’s abdomen, after which the insects were inserted into 

the coil such that the abdomen was exactly in the middle of the coil’s length. 

 

PROS AND CONS OF THE SYSTEM 

A great advantage of these robots is that they integrate a solid shell, fabricated from DNA 

origami, with gates made of complementary DNA strands. The shell could be reversibly 

closed or opened by controlling gate strand hybridization, using strand displacement, aptamer 

binding, etc. However as the robots do not enter cells efficiently and remain mostly 

extracellular, they can only support payloads that engage cell surface targets. This seems to 

be an inherent drawback of the system, how so ever it should be noted that any therapeutic 

outcome could arguably be achieved from outside the cell, since almost all endogenous 

signals operate through cell surface receptors. 
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CONCLUSION 

 

The brain activity has been chosen as the signal of choice in this paradigm being a 

physiological parameter with which the system has been demonstrated. BCI technology is 

becoming more widespread and accessible and so are heart monitoring applications for 

mobile devices. The study is merely an attempt to bring to light the concept of how thout 

process has been employed in the task of drug delivery and also to review all previous work 

carried out in this unique area of research. This paper throws light on the possibilities for 

such new therapeutic strategies, and encourage building on such drafts in order to achieve 

optimal designs. 
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