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Abstract

Introduction, Problem Statement, and aim: Psychiatry is a relatively newer medical specialty which studies the human
mind. Nanotechnology has recently taken the world by storm. This includes the study of psychiatric disorders. Depression
has established itself as a leading cause of morbidity and mortality worldwide with frightening statistics. In this paper, we
aim to explore the contributions of nanotechnology in the evolvement of the study and treatment of depression. We also
aim to see to it that awareness of the existence of such technologies is raised so that all researchers and scientists,
irrespective of background, are guaranteed access to this ever-evolving knowledge, despite it being at its infancy.
Research Methodology: The authors searched all accessible databases (Scopus, PubMed, Google Scholar, etc.) and
downloaded all available papers on the topic. This resulted in the exclusion of some closed-access publications,
duplications, and non-peer reviewed articles. Following this, we assessed whether or not the papers were addressing the
topic in the manner that aligned with our aim for this paper.

Having selected all papers available that aligned with our aims, the papers were divided equally between the
aforementioned authors. Each of whom looked into the papers assigned to them and summarized the data existent within
the paper. Following this, the authors gathered all the data they have collected through the aforementioned process and
edited the work so as to create a readable review. Applications of Nanopsychiatry in depression: In this paper, we
looked into the possible applications of Nanopsychiatry in combating depression. We illustrate the possible implications
of nanotechnology in the delivery of antidepressants to patients in a timely and effective manner.
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“The future of psychiatric treatments depends on Nanotechnology”(1)

Introduction:

In 1808, the term ‘psychiatry’ was first coined (2) by JC Reil (1759-1813) (2-4). Depression is a mental
health disorder that causes significant morbidity and mortality. In fact, approximately speaking, around 5% of
adults suffer from the illness (5). Whenever the functionality of the brain is discussed, the works of Wundt
and James are discussed, these being a) structuralism and b) functionalism, respectively (1,6).

As is well known in the field of mental health, a number of causes can be attributed to mental disorders. These
include, but are not limited to, the following: i) environmental factors, ii) genetic factors, iii) social stigma, iv)
social issues, V) stress, etc.

Data indicates that neuropsychiatric disorders (of which, depression is one) carry a heavier burden in higher-
income countries as opposed to their lower-income counterparts (7). It also clearly states that unipolar
depression is highly likely to lead the world charts of burden of disease (7).

Aim:
The aim of this paper is to illustrate the manners in which nanotechnology can be applied in the treatment of
depression. This is a look into the future of the treatment of depression.

Problem Statement/Justification:
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Rates of depression are at an all-time-high. With that being said, it is of the upmost importance that we, as
providers of healthcare, namely, mental healthcare, work, in an aggressive manner, towards seeing to it that
all sensible options of treatment are explored ‘no stone left unturned’ so as to see to it that we not only
improve outcomes (decreased morbidity and mortality rates), but also increase our power to predict and
prevent depression.

With evidence suggesting that long-term levels of treatment-resistant-depression (TRD) manifesting
themselves at approximately 40% (8), it is of crucial importance that the topic is explored.

In this paper, we aim to address the former point by exploring the latest nanotechnological options for
addressing depression.

Research Methodology:

The authors searched all accessible databases (PubMed, Google Scholar, etc.) and downloaded all
downloadable papers on the topic. This resulted in the exclusion of some closed-access publications.
Following this, we assessed whether or not the papers were addressing the topic in the manner that aligned
with our aim for this paper.

Having selected all papers available that aligned with our aims, the papers were divided equally between the
aforementioned authors. Each of whom looked into the papers assigned to them and summarized the data
existent within the paper.

Following this, the authors gathered all the data they have collected through the aforementioned process and
edited the work so as to create a readable review.

Limitations to this include the inaccessibility of a number of papers (due to paid walls, nation-wide
restrictions, etc....).

Depression:
‘Far more than any other type of illness, mental disorders are subject to negative judgments and
stigmatization.’(9)

The DSM-V (10) divides depression into:

i) Disruptive mood dysregulation

ii) Major Depressive Disorder (including major depressive episode)
iii) Persistent Depressive Disorder (dysthymia)
iv) Premenstrual dysphoric disorder
v) Substance/medication-induced depressive disorder
vi) Depressive disorder due to another medical condition
vii) Other specified depressive disorder
viii) Unspecified depressive disorder

Data indicates that the lifetime prevalence rate of Major Depressive Disorder (MDD) ranges between 4 and
14% (11). This further ‘hammers down’ our aforementioned statement discussing the seriousness of
depressive disorders and the threat they bring to the well-being of the world.

Treatment of depression:
For the time being, anti-depressants manifest themselves as the first-line treatments immediately following
diagnosis (1,11). Antidepressants are divided into: a) SSRIs, b) cyclic drugs, and ¢) MAOIs with SSRIs being
the go-to treatment for all depressed patients (12). These medications, despite being first-line, have a, at best,
moderate (40-60%) effect on major depressive episodes, with even lower remission rates (30-45%) (11,13—
15).
Furthermore, it is urged that individuals diagnosed with depression undergo psychotherapy (16), namely:

i) CT
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ii) CBT
iii) IPT
iv) CBASP
v) PST
vi) PI

CT and CBT were developed by Beck and colleagues’(17,18), IPT was developed by Klerman and Weissman
(19,20), McCullough developed CBASP (21,22), PST was developed by Gath, Catalan, Mynors-Wallis, and
colleagues (23), and Pl was developed by Hobson; after which it was further developed by Guthrie and
Shapiro (16,24-26).

Back in 2020, Radaic and colleagues clearly illustrated the available routes for utilization when it comes to
drug delivery (27)

Of the commonly used drugs in psychiatry in general is haloperidol (28); ergo, it is important that we look
into nanotechnological applications of the drug. In 2007, Budhian and colleagues PLGA and PLA filled with
haloperidol were created using Sonication and homogenization methods (29). Following this train of thought,
it is logical to assume that the same methodology may be applicable towards other medications; ergo,
allowing for the use of this technology in the delivery of antipsychotic drugs (30).

What is Nanotechnology?:

Nanotechnology is art of studying matter of miniscule size (1-100 nm) and manifesting innovation in that
field.

The notion can be traced back to when Zsigmondy (the 1925 Nobel Prize Laureate in Chemistry) first
introduced the idea of a ‘nanometer’ (31).

However, the pivot point of nanotechnology can be traced back to the legendary Richard Feynman, who was
the 1965 Nobel Prize Laureate in Physics and the deliverer of the famous 1959 “There’s Plenty of Room at
the Bottom” where he clearly illustrated his idea of manipulating matter at a smaller (atomic) level than was
then believed possible (31). Of course, it is of importance that we understand that particle size is of the
importance as it should approximately be 100 nm (32).

Despite this, it was only in the 1970s that the term ‘nanotechnology’ was coined; this can be attributed to the
Japanese scientist Norio Taniguchi (31).

By the 1980s, nanotechnology had gained traction on a number of fronts and this era can be termed the
‘golden era of nanotechnology’ (31). Using the available data at the time, Eric Drexler of Massachusetts
Institute of Technology (MIT) wrote ‘“Engines of Creation: The Coming Era of Nanotechnology’” in 1986
(33).

Another pivotal point in the evolution of nanotechnology was with the magnificent work of lijima of Japan,
who developed carbon nanotubes in the early 1990s (34).

Of the historically significant moments regarding the evolution of nanotechnology was when President
William (Bill) Clinton of the United States promoted the support of research in the rapidly evolving science
that is nanotechnology when addressing Caltech back in January of 2001 (31).

Another point in time where the United States (US) government played a significant role in seeing to it that
nanotechnology receives the attention it deserves was when President GW Bush signed the ‘21 Century
Nanotechnology Research and Development Act’, which resulted in creation of the ‘National Nanotechnology
Initiative’ (NNI) (31). Nowadays, this is part of a hierarchy with the President’s Cabinet-level National
Science and Technology Council (NSTC) residing at its pinnacle (35).

Another critical implication of nanotechnology is in the delivery of topically-administered drugs which are
infamous for possessing a low bioavailability (36).
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What is Nanopsychiatry:
Nanopsychiatry is a newly, yet rapidly emerging science which looks into the usage of nanoparticles in the
designing of drugs, tools for diagnosis, and treatments for a number of psychiatric/neurologic illnesses (1). It
is a branch of nanomedicine which is the science that looks into the application of nanotechnology into
advancement of the well-being of humans (37). For the purpose of assessing and tracking some of the
physiological mechanisms of a typical brain, nanomaterials have become a crucial component of experimental
neurophysiology (38). Of the leading reviews in this field is the one done by Sanchez and colleagues who
clearly illustrated what Nanopsychiatry is and all the possible applications (39).
One of the many reasons why this science has manifested itself as innovative and a source of interest is the
fact that nanoparticles possess the capability to pass a number of biological barriers (e.g. the Blood-Brain-
Barrier (BBB)), marking them as potential drug delivery systems (40). With a significant number of
psychiatric diseases being treated via antipsychotic/ anti-depressive drugs (41), it is of the upmost importance
that we see to it that we utilize these as much as possible.
With a focus on crossing the BBB, a number of drugs are currently available with nanofromulations. A
number of drugs currently being investigated have reached the clinical trial stage (42).
Recommendations:
i) The immediate conduction of research projects pretraining to the application of nanotechnology in
psychiatric practice
ii) The immediate allocation of financial and logistical resources towards the conduction of the
aforementioned researches

Authors’ Note:

All authors contributed equally to the formulation of this work.
The opinions presented herein are not necessarily reflective of their affiliated institutions. They are of the
authors alone.
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