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Abstract- Reliable, sensitive, and accurate tests are needed to assess animal models of brain
injury. The Garcia score is a neurobehavioral measure that has been used in many murine
studies. However, despite its widespread use, there are no detailed video descriptions of the
steps to properly perform and grade the Garcia test on rats. Consequently, there has been
significant variation in its performance and reliability, calling for greater standardization. The
Garcia score is comprised of six measures: spontaneous activity, symmetry in the four limbs,
forepaw outstretching, climbing, body sensation, and response to vibrissae touch. Each
component is scored with a minimum of zero or one and a maximum of three, with the highest
total score of 18. This report systematically and clearly describes how each component of the
Garcia score is performed and graded with an accompanying video illustration.
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Nicholas J. Contillo, BS ¥, Nathan P. McMullen, MS ®, Stephanie A. Coffman, MD ¥, Fatima Ryalat, MD ",
Zhidan Xiang, PhD ©, Debra . Diz, PhD ¢ & Stacey Q. Wolfe, MD *

Abstract- Reliable, sensitive, and accurate tests are needed to
assess animal models of brain injury. The Garcia score is a
neurobehavioral measure that has been used in many murine
studies. However, despite its widespread use, there are no
detailed video descriptions of the steps to properly perform
and grade the Garcia test on rats. Consequently, there has
been significant variation in its performance and reliability,
caling for greater standardization. The Garcia score is
comprised of six measures: spontaneous activity, symmetry in
the four limbs, forepaw outsiretching, climbing, body
sensation, and response to vibrissae touch. Each component
is scored with @ minimum of zero or one and a maximum of
three, with the highest total score of 18. This report
systematically and clearly describes how each component of
the Garcia score is performed and graded with an
accompanying video illustration. The purpose of this report is
to assist researchers in implementing the Garcia test and to
help standardize the use of this measure across studies.
Keywords: garcia score, behavioral, brain injury.

[ INTRODUCTION

brain function. Reliable, sensitive, and accurate
tests are needed to assess animal models of
brain injury. The Garcia score is a neurobehavioral
measure that has been used in many murine studies [1].
However, despite its widespread use, there are no
detailed video descriptions of the steps to
properly perform and grade the Garcia test on rats.

3 ehavioral testing is a critical element of assessing
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Consequently, there has been significant variation in its
performance and reliability. This video-illustrated article
enumerates the Garcia score's methodology in clear
detail to assist researchers and help standardize its use
across studies. The methodology described has been
tested and validated repeatedly in clinical experiments
completed by experienced technicians in our lab.

[I.  GENERAL OVERVIEW

The Garcia score is comprised of six measures:
spontaneous activity, symmetry in the four limbs,
forepaw outstretching, climbing, body sensation, and
response to vibrissae touch. Each component is scored
with a minimum of zero or one and a maximum of three.
The overall score is the sum of the scores for each
component—the highest possible is 18. (Table 1) A
higher score indicates that the animal is closer to
baseline or “normal” behavior. A lower score indicates
greater neurobehavioral deficit. The following is a
detailed description of each component of the Garcia
test and how it is scored. Spontaneous activity is often
performed first to avoid changes from testing fatigue,
but the remaining components can be completed in any
order. The explanations center around a rat model, but
this is also valid (and commonly used) for murine
models. A video is provided to demonstrate the
performance and grading of this test.

Video link: https://drive.google.com/file/d/1-UEtnk7twwy
Ez0 oHy5IcKGASFCdgsiV/view?usp=sharing

[1I.  ACCLIMATION

A period of time prior to beginning the Garcia
test is necessary to allow the rats to acclimate to the rat
handler and their surroundings. This involves bringing
the rat into the room in which the testing takes place and
letting it relax in its cage, then placing it on the testing
table, and holding and interacting with it. This allows the
rat to become accustomed to its handler and
environment, in turn ensuring that performance on the
Garcia test is not impacted by external factors that may
have otherwise agitated the rat if acclimation had not
been achieved. The length of the acclimation period
may vary and is complete only when the rat becomes

© 2024 Global Journals
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calm, indicated by grooming itself while held by the
handler and cessation of frantic or agitated movement.
At this time, the rat is ready for the Garcia test.

[V. SPONTANEOUS ACTIVITY

Place the rat in its cage for the beginning of the
Garcia test, to perform spontaneous activity first (0:04 in
video). The goal is to observe the rat approach all four
walls of the cage within a 5-minute time span. Typically,
an awake rat will do this within a few seconds. If the rat
approaches all four walls or corners, it will be scored a
3. If it explores one or two walls, it will receive a 2. If it
does not explore any and/or circles in place, it will
receive a score of 1. A score of 0 is given to a rat that
does not move.

V. SYMMETRY IN THE FOUR LIMBS

Symmetry in the four limbs is another
component of the Garcia score which measures
coordination and strength in each limb without an
applied stimulus (0:46). The rat is suspended by its tail
and its spontaneous movements are observed for at
least 30 seconds. A rat will receive a 3 if it extends and
moves each of its limbs equally. This can be observed if
you begin by noting a side preference and subsequently
examining each limb as the rat moves. The rat will
receive a 2 if one paw extends but is markedly slower or
more strained than the contralateral side. If there is
essentially no movement on one side with minimal
twitching, the rat will receive a 1. A score of 0 is given if
the rat cannot move its limbs. A helpful tip for this test is
to allow proper time between assessments to accurately
assess symmetry.

VI. FOREPAW OUTSTRETCHING

Forepaw outstretching is another component of
the Garcia test which measures strength and
coordination in the forepaws (1:19). The rat is
suspended slightly by the tail so that the forepaws are
still contacting the table, but the hind paws are not. The
technician pushes the rat forward so that the rat may
begin walking on their forepaws three separate times.
The rat will receive a score of 3 if both forelimbs are
outstretched and the rat walks symmetrically. A score of
2 is if one side outstretches less than the other, or if
there is some deviation in walking. The rat will receive a
1 if a forelimb significantly lacks the ability to help the rat
move forward, but still twitches to some degree. A score
of 0 is given if one forelimb does not move. To ensure
accuracy, an important tip is to avoid applying an
unequal force in any direction so that symmetry between

the forepaws can be assessed.
VII.  CLIMBING

Climbing is another component of the Garcia
test which tests strength and balance (1:53). This

© 2024 Global Journals

necessitates a grid wall. The rat is placed on the center
of the grid and allowed to climb to the top while the
technician holds the grid upright in such a manner that it
is perpendicular to the table. This is completed for three
trials. The rat will receive a 3 if it reaches the top of the
grid in three trials with symmetric gripping power. It will
receive a 2 if it reaches the top in three trials with
asymmetric gripping power; for example, the rat may
move towards the right while climbing to the top. The rat
will receive a 1 if it tends to circle or move downwards
instead of climbing upwards. A score of 0 is given if the
rat fails to move. A helpful tip for this test is to
standardize the grid wall in its position and incline
because data can be skewed profoundly without
consistency among serial testing.

VIII. BoDY PROPRIOCEPTION

Body proprioception is another component of
the Garcia test which measures coordination and
strength in each limb without an applied stimulus (2:32).
It is similar to testing symmetry in the movement of
limbs, but tests whether the rat will respond to an
applied stimulus to each side of its lower body. If the rat
responds to each side equally, it will receive a 3. It will
be given a 2 if it reacts more slowly to one side. The rat
will receive a 1 if it does not react to one side. It is also
important for this test to allow proper time between
assessments to accurately assess symmetry in
response to the applied stimulus.

IX. RESPONSE TO VIBRISSAE TOUCH

Vibrissae touch is the remaining component of
the Garcia test which tests symmetry in motor response
to a stimulus applied to the whiskers (3:00). It entails
slightly elevating the rat by its tail about 1-2 inches off
the table in such a way that the hindlimbs are
suspended but the forelimbs are still contacting the
table. Once the rat is no longer moving, the technician
slowly approaches one side sweeping a probe caudally
to cranially along the whiskers. This procedure is
repeated on the contralateral side. A response from the
rat is any blinking, startling, or turning its head ipsilateral
to the stimulus. The rat will receive a score of 3 if it
responds equally to the stimulus on both sides. A score
of 2 is given if there is a slower response on one side. It
will receive a 1 if there is no response on one side. This
test is technically the most challenging, and observing
the reaction can be difficult due to its subtlety. Being
mindful of the positioning and ensuring that the rat is
calm and facing directly opposite from the technician
while still achieving an easily visualized side-profile will
provide the most consistent and efficient results.

X. CONCLUSION

The Garcia score is a widely used, validated,
multi-component measure of neurobehavior in rodent



models of cerebral injury. This article systematically and
clearly explains and illustrates the proper performance
and grading of this test so that researchers can

implement and standardize this measure across
studies.
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Table 1: Garcia Score Grading System — Brief description of how each component of the Garcia test is scored.

Spontaneous | Symmetry in Forepaw o Body Response to
Activity the Four Outstretching Climbing Proprioception Vibrissae
Limbs Touch
Explores all four | Extends and Both forelimbs Reaches top Responds to each | Responds to
walls/corners  |moves all limbs outstretched, with symmetric side equally each side
equally walking gripping power equally
symmetrically
Explores one or two| One forelimb One forelimb Reaches top |Reacts more slowly to| Reacts more
walls extends but |outstretches less, or with one side slowly to one
slower/ strained| some deviation in asymmetric side
walking gripping power
Moves but does not| No movement [One forelimb lacking| Circles or | Does not react to one [Does not react
explore any walls | on one side, movement but moves side to one side
minimal twitches downward
twitching
Does not move [Does not move| Does not move one | Fails to move N/A N/A
forelimbs forelimb

Abbreviations: none

© 2024 Global Journals
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Abstract- In this work we will explore the fact that according to recent studies published in
specialist medical journals, during the early morning sleep-wake hours, during the early morning
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A Neural Networks and Rules based System used to Find
a Correlations, and Therefore Try to Maintain the State of
Health, in Patient Affect by Multiple Sclerosis at the
Origins of Well-Being at a Certain Time Daily Time with
Clinical and the Musculoskeletal Exams

Prof. PhD Eng. Francesco Pia

Abstract- In this work we will explore the fact that according to
recent studies published in specialist medical journals, during
the early morning sleep-wake hours, during the early morning
sleep-wake hours. The idea we propose is the clinical-
musculoskeletal monitoring of a certain number of MS patients
for twenty-four hours so that they can collect data to train a
neural network with an appropriate learning algorithm suitable
for the purpose. The patients will first be hypothesized as such
in the present work and in the subsequent ones a virtual
patient will be developed, only in the last step will real patients
be used whose data will be housed in the virtual container
necessary o be able to present it to the learning system. This
learning system will be created for two main purposes: the first
is to find the real connection between the state of well-being
and certain hours of the day, the second is to find other
correlations between clinical tests and tests that highlight the
state of well-being, or less, skeletal muscle. In this work,
especially in the next two, collaboration with clinical entities
capable of giving the right scientific and operational support
will be fundamental in order to "#ransform' the various patients
into useful data for the neural system which will be described
in the next work. In the following pages we would limit
ourselves to describing the main idea with the pros and cons
of the choices of concept and method, the tools and methods
to use them for the desired purposes of the work in its widest
extension and finally the expected results. It should be
underlined that the work in its entirety, when achieved, can be
used by any pharmaceutical companies interested in the
contents, in the results achieved or achievable in order to
create drugs or concrete treatment methods, if only to improve
the standard of living of the patients and their families,
lightening the burden that hospitals and various treatment
centers are called upon to bear on a daily basis. Furthermore,
two more articles are planned: the second after this with the
formalization of the chosen software and various simulations
with virtual patients and clinical examinations and finally the
third with real and concrete patients and clinical data acquired
in actual hospital clinics.

Keywords. Glia.

Author: Gonnosfanadiga (SU), ltaly. e-mail: piafranc@hotmail.com
www.gofundme.com keywords “Artificial intelligence vs Multiple
Sclerosis”

I [NTRODUCTION

he undersigned has always studied, as a child,
Tand with over a dozen works in which he is the

sole author, [1]-[11], and is himself suffering from
a secondary progressive form of MS that is blocking him
as well as many patients and families around the world.
He opened a fundraiser on "www.gofundme.com" with
keyword "Artificial Intelligence vs Multiple Sclerosis" and
in addition to thanking you, the author will make every
effort to ensure that the funds raised are spent on the
next steps which are certainly expensive.

In this article we will describe a system based
on NNs and filters with production rules to train a
system, therefore the NN with back-propagation
learning algorithm, with three layers of perceptrons so
that the state of well-being can be associated with the
time [12] and therefore find some correlation that
connects the two variables.

This is the first of a series of articles that will be
written as the research continues. This is the first, the
second will instead be based on the description of
representation algorithms of the software that will be
used for recognition and therefore with a broader
description of the set of patients and the type of NN.
Based on the second, the third will be created where
real patients will be used instead of the virtual patient
encapsulator. But all of this will be linked above all to
raising funds for the continuation of the project, funds
that cannot be taken for granted given the size and
breadth of the undertaking. It must also be said about
the scheme found in the next paragraph, that is, it is very
summary and schematic, this is because the problems
that will be found in the second step, therefore with
virtual patients and in the third with real patients, many
difficulties will be encountered and many precautions
will be taken to overcome them; therefore making further
graphs is currently useless because the difficulties are
now unclear and many, all this is done by the
undersigned who has therefore himself witnessed this
pathology of what is hypothesized about the timetable

[12].
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The following must also be considered: the
incidence of MS on males and females, age, weight,
residence... and other known indications, let's suppose
that the incidence is 2 females and 3 males, this ratio is
better implicitly present in the sample to be presented to
the NN during the training phase so that this parameter
is also learned.

Then, let's say that the training must be done on
"healthy" patients? validation on "sick" patients? And the
test on "sick but not too sick" patients. A schift must be
made on the inputs because they are very many so
there is a risk of either over-fitting the net or not fishing
well given the small number of the output numerically
speaking because it is still an evoked potential,
therefore there are not a thousand inputs comparable to
those we would have in output, therefore it will be
necessary to appropriately choose a range to evaluate
the inputs especially in the first NN.

[I. METHODS AND TOOLS

This paragraph will describe the main scheme
of the setup that will be used, also in the next works and
the present one which mainly describes the idea, and

PATIENT SET
(Redl, Virtual)

]

—
1

CLINICAL EXAMES

IN3llvd

BLOD
OXIMETRY

the second one which involves the use of neural
networks and the drafting of an algorithm especially by
virtue of the fact that the patients will be virtually
encapsulated while the third will be much more
challenging because the use of 'real' patients and
interfacing with hospital realities with the related costs
will be expected.

The following diagram is a particularly "simple"
example because it only represents the preliminary
project that will be described, represented in the figures
fig. 1, 2. All this is obviously simple compared to the
scale of the overall project. It is believed, as was said in
the introduction, that it is not very useful to describe in
depth these blocks which are part of the design
represented in fig. 17 as the difficulties that will be
encountered will not be few and above all the methods
used to describe and create the various components will
not be simple, and the type of representation and its
creation that one will want to follow is unpredictable.

ARRAY OF CLINICAL OUTPUT

ROLE BASED
FILTER

EXAMES

EVOCATED POTENTIALS

ado23d IN3lLvd
Il
AVHYY LN3l1lvd

ELECTROMIOGRAPHY

Fig. 1: This figure represents the original idea to train a neural network to distinguish an MS patient from a healthy
one, as well as "'memorizing" the cases seen in training.

For evoked potentials and electromyography, a
filter based on output rules will be used, hoping to limit
the number of inputs, and since they are numerous, it
will be necessary to ensure that the NN [72]-[44] has a
variable and selectable range for the inputs both in
terms of position and as breadth; these aspects will
concern the second job, not the first. Up to now we have
discussed the project idea and mentioned the other two
or three that will follow.

© 2024 Global Journals

At this point the first neural network should be
able to diagnose multiple sclerosis but that's just not
what we would like. The following figure further
highlights the potential of the diagnosis issued in figure
fig. 1. An important factor for patient selection is the
impact of MS on the male/female ratio which must be
represented in the set of patients and therefore implicit
in the selected sample. Training and validation should
be assumed on healthy patients or testing on MS



patients. Over-fitting must be avoided thanks to a schift
on the inputs and to represent the output a little widely
and the inputs must be appropriately chosen with a
scissor variable in amplitude and position.

NEW PATIENT

The next figure fig. 2 shows the system
mentioned in the introduction, i.e. a system capable of
indicating significant parameters to be indicated to the
clinician.
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Fig. 2: This figure represents the second part of the system which could give important indications to the clinical
doctor when outputs are ready.

In order to clarify better, is the training carried
out on "healthy ?" patients and validation on those "sick
?" and the Test is a middle ground a little nuanced a little
healthy a little sick and assuming that the system in fig.7
is able to distinguish a healthy patient from a sick one,
then where does the information reside?

The information and the result of the correct
training of NN n°1 of the successful leamning of the
problem unknown until that moment; and up to this
moment after having carried out the training: then an
average is taken of the input vectors of the arrays of the
patients of the healthy ones even if on the average the
clue could be hidden, the truth the input of interest
appears: therefore presenting a new case and at this
point the network will say whether he is healthy or sick
and the difference is made between the representative
vector of the new case minus the average of healthy?,
sick?, so we will see what are the variables in play that
determine this difference between the representative
vectors.

The schemes proposed in fig. 7 and 2 should
be considered a cliché that can also be used for other
pathologies, this aspect is very important to point out.

[11.  CONCLUSION

As we intend to proceed after the pressing first
step, at the end of this predominantly descriptive work
on the idea of using NNs, two other steps are basically
envisaged: the second will concern the IT setup of the
entire set of objects relating to both the patients virtual
and rule filters and also an intermediate step with the
necessary simulations with a lot of work required. Once
the correct functioning of the virtual patient encapsulator
and the entire system has been verified, and the
presence of sufficient funds has been verified, we will
move on to talking about non-invasive experiments on
real patients, then we will try to actually carry out the
procedure that should respond, in part, to the question
in the title of this work, thus giving indications to clinical
doctors who are experts in the sector covered in this
article.
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Modifications and Optimization of an Autologous
Intracerebral Hemorrhage Rat Model

Optimization of an Autologous Rat ICH Model

Brock R. Yager BS ®, Sasha A. Kondrasov BS °, Jack Jestus BS *, Sidish Venkataraman MD @,
Nicholas J. Contillo BS ¥, Nathan P. McMullen MS ®, Stephanie A. Coffman MD*, Fatima Ryalat MD PhD ",
Zhidan Xiang PhD ®, Debra I. Diz PhD ¢ & Stacey Q. Wolfe MD *

Abstract- Objective: To date, no novel drug therapies have
proven effective in improving outcomes after intracerebral
hemorrhage (ICH). This has been slowed, in part, by a lack of
reliable  preclinical models that recapitulate the
pathophysiological consequences of ICH. Limited descriptions
of the methodology of preclinical models may play a role in
this failed translation. The current study aimed to improve the
autologous blood injection model of ICH and provide a
comprehensive methodology to facilitate a reliable preclinical
model that bridges the translational research gap.

Methods: A modified single-injection protocol for an
autologous-blood ICH model was developed and tested. This
rodent ICH model produces injury in the basal ganglia of adult
rats via a stereotaxically-assisted right-sided single-injection of
fresh autologous whole blood. A comprehensive step-wise
description of the methodology is presented and documented
in a written and visual format with supporting pictorial material,
to prevent common mistakes that result in failed hematoma
formation. Rates of successful hematoma formation using the
single-injection protocol, outlined here, were compared to
those using the traditional double-injection protocol.

Results: Successful hematoma formation was observed in 48
of 52 animals (92.3% success rate) using the single-injection
protocol, compared to 19 of 40 animals (47.5% success rate)
using a modified double-injection protocol. (¥2 = 22.94, p <
0.00001). This was replicated in both male and female
Sprague Dawley and (mRen2) 27 rats that exhibit
cardiometabolic dysfunction, confirmed with hemoglobin
assay.

Conclusions: The current report highlights a detailed
description of the protocol and outlines pitfall avoidance
learned throughout its development so that laboratories
worldwide can use this technique while minimizing waste in
research time and money.
Keywords: intracerebral
cardiometabolic  syndrome,
MREN2-27 transgenic rat.
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I. [NTRODUCTION

ntracerebral hemorrhage (ICH) accounts  for
approximately 20% of all strokes, and outcomes are
often catastrophic, resulting in 30-day mortality up to
40%' and 6-month functional independence of only
20%.2 In addition to direct tissue damage at the time of
the initial hemorrhagic event, there is profound
secondary injury as the body responds to the presence
of the hematoma, including cytotoxic and excitotoxic
factors, oxidative stress, ferroptosis, and inflammatory
pathways.®>* While there has been some preclinical
success in identifying therapeutic targets for secondary
injury, no clinical studies have demonstrated success
with any trialed therapies to date; in part due to lack of
preclinical models that reliably recapitulate the
comorbidities seen in patients with ICH.>67
Multiple preclinical ICH models have been
developed over time, including cortical vessel avulsion,?
microballoon,® bacterial collagenase™ and several
variations of an autologous blood injection,'™* each with
distinct advantages and shortcomings. A comparative
study of the cortical vessel avulsion model, the bacterial
collagenase injection model, and an autologous blood
injection model showed that while the models
demonstrate similar temporal patterns of injury,
differences in cell death, inflammatory cell infiltration,
and microglial reaction showed autologous blood
injection to most closely mimic spontaneous human
ICH." Cortical vessel avulsion demonstrated a mixed
pathology of ischemia and hemorrhage, whereas,
bacterial collagenase elicited a more intense and
prolonged inflammatory reaction.'®
Various modifications of a single-injection
technique include blood injection via a permanently
implanted needle into the basal ganglia,''bolus injection
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through a stereotaxically-placed intracerebral needle,®
direct circuit from an intra-arterial femoral catheter to
simulate hemorrhage induced at arterial pressure,’ and
utilization of a microinfusion pump to deliver a
consistent volume of blood at a specified rate.® Each
model aimed to improve reliability and to better simulate
human pathology. However, techniques based on a
single continuous injection often face issues with
retrograde egress of blood along the needle tract,
inconsistent and insufficient hematoma volume,
subarachnoid and subdural extension of blood, and
overall meager reproducibility-'"'8

To address the shortcomings of the single-
injection technique, a double-injection modification was
devised to allow for the formation of a “clot barrier” with
time  between injections, thus facilitating a more
reproducible and stable hematoma during the second
injection.™ This model as initially described was
performed with a stereotaxically directed catheter
permanently placed into the basal ganglia with fresh
autologous blood from a femoral artery cutdown and
cannulation.” Femoral artery sampling does allow for
fresh blood to be delivered, but requires an extended
duration of anesthesia, which may confound ICH
outcomes® and impairs post-surgical behavioral
evaluation®' critical to ICH studies.?

Our lab focuses on translational study of ICH
with emphasis on biologic variables such as sex, age,
and common ICH comorbidities like hypertension,
insulin resistance and obesity. To accomplish these
goals, we tested the modified double-injection
autologous blood method against an optimized single-
injection technique® in order to produce a reliable and
cost-effective model in rats that best recapitulates
human pathology in ICH. We present here our
troubleshooting efforts and a granular, stepwise
methodology that is not present in the current literature.
This knowledge avoids a steep learning curve requiring
significant time, expense, and animal expenditure.

[I.  MATERIAL AND METHODS

All procedures were conducted in compliance
with the NIH Guide for the Care and Use of Laboratory
Animals and approved by the Institutional Animal Care
and Use Committee at Wake Forest School of Medicine
(protocol number A19-089). Matched Hanover Sprague-
Dawley (SD) normotensive rats and hypertensive
(MREN2)27 rats with cardiometabolic syndrome to
recapitulate human disease® ages 12-55 weeks, both
male and female, were used for the development of this
model. Rats were randomly selected into the double-
injection model (n=10 per group (male SD, female SD,
male (MREN2)27, female (MREN2)27): n=40 total) or
the optimized single-injection model (n=13 per group
(male SD, female SD, male (mREN2)27, female

© 2024 Global Journals

(mMREN2)27). n=52 total). Ages were matched to
account for the biologic variable of age.

Same sex litter mates were housed together in
pairs in ventilated cages and maintained on a regular
diurnal light cycle (12:12 light:dark) with ad libitum
access to food and water. All animals were housed in
the Animal Resources Program facilities at Wake Forest
Baptist Health, accredited by AAALAC (The Association
for Assessment and Accreditation of Laboratory Animal
Care International). Animals underwent either the double
injection method™ or the optimized single-injection
model described below. Following the procedure,
animals underwent behavioral testing (Garcia score and
Corner Turn) at 1 day and 3 days and were sacrificed at
72 hours. Brains were perfused with PBS, and serial
cutting or hemoglobin assay was performed to evaluate
hematoma location and volume.

a) Stepwise Optimized Single-Injection Methodology

Pre-Surgical Phase

1.1 Weigh the rat to calculate medication doses.

1.2 Transfer the rat to the anesthesia induction chamber
and initiate the induction procedure with an oxygen
flow rate equivalent to the volume of the chamber,
approximately 1-2 L/min, and up to 3% MAC
vaporized isoflurane until the rat is completely
immobilized and has lost its righting reflex.

1.3 Remove rat from the induction chamber and transfer
to the stereotaxic apparatus. Position the rat prone
on a heating pad at the base of the stereotaxic
frame and place the rat's nose into a gas adaptor
stereotaxic nose cone for maintenance anesthesia.

1.4 Reduce the anesthetic to 1.5% MAC and ensure that
the circuit is open to the stereotaxic nose cone
adaptor. Rats weighing over 400g may require up to
2.5% MAC maintenance anesthesia.

1.5 Apply ophthalmic lubricating ointment for corneal

protection.
1.6 Position the rat with all midline structures in
alignment; forepaws directed anteriorly, and

hindpaws directed posteriorly. The stereotaxic nose
cone should be adjusted to ensure the nose, head,
and spine are in line and parallel to the floor without
angulation (Figure 1). The stereotaxic machine may
be used to ensure that the bregma and lambda are
in the same plane. Gauze may be used to support
the head as needed. Ensure the nose fits snugly
into the chamber. This is critical as movement
throughout the procedure due to inadequate
maintenance anesthesia may displace the
stereotaxic apparatus and lead to poorly formed
hematomas.

1.7 Place a protective earpiece to prevent otic damage
with the headband wire directed posteriorly.

1.8 Ensure the blink reflex is absent and affix the head
in the stereotaxic apparatus such that it is centered



in the sagittal, coronal, and axial planes. Confirm
that the head is secure before proceeding.

1.9 Apply heat to the tail to dilate the tail veins. This may
be achieved by placing the tail under a nitrile or
latex glove filled with water and heated in a water
bath at 40°C, not to exceed 43°C.

1.10 Shave the surgical site with clippers and use tape to
clear the site of hair. Disinfect the surgical site with
povidone-iodine solution or equivalent and use
appropriate drapes for aseptic technique. At this
point we aseptically inject weight appropriate SQ
buprenorphine 0.01 mg/kg for post-operative pain
control.

1.11Program the automated syringe pump (we use
Harvard Apparatus Model 11 Elite Syringe Pump;
Holliston, MA) with an injection rate of 10 pL/min,
injection volume of 100 uL, and syringe volume of 1
mL.

1.12 Attach the shortest possible segment of PE20
polyethylene catheter tubing (PE20; 1.D. 0.38 mm,
O.D. 1.09 mm; Intramedic Clay Adams; Sparks,
MD) to a 1 mL syringe with a blunt 26-gauge
needle. Flush with non-heparinized saline and
ensure an uninterrupted stream with  minimal
resistance to light finger pressure. If there is
resistance, ensure that the needle is not occluded
by pieces of plastic tubing, which can be avoided
by pulling the needle back in the tubing. Using
another 26-gauge needle, pre-dilate the distal end
of the tubing to facilitate attachment to the Hamilton
needle.

1.13Prepare a second set of flushed and pre-dilated
tubing to use as a back-up, in case clotting or
occlusion of the tubing occurs during the injection.

Surgical Phase

1.14Make a 2 cm midline scalp incision starting at the
posterior aspect of the eyes and extending caudally
to the lambda. Incise the periosteum laterally and
locate the bregma, which often appears V-shaped
(Figure 2).

1.15Mobilize the periosteum laterally, until it cannot be
mobilized any further. The burr hole will be at the
junction pf the posterior-most aspect of the bregma
intersecting where the periosteum remains attached
at is lateral aspect, approximately 4.5mm in females
and 5mm male rats. (Figure 2). Use a circular
motion with a 1 mm burr drill (75,000 rpm) to make
the smallest burr hole that will accommodate the
needle. The depth of the skull is approximately 1-
1.5 mm deep at this location. We then place sterile
bone wax to seal the hole and prevent blood
egress.

1.16 Affix a Hamilton needle (26 gauge with hub; 50.8
mm length; #7784-08; Reno, NV) to the stereotaxic
frame and insert the stylet to maintain patency of the
needle during stereotaxic placement. Set the needle

at a 20-degree angle along the coronal plane to the
right of midline. Do not attach the needle too low on
the stereotaxic frame as the needle will collide with
the animal when positioning. With the stylet in place,
carefully advance the needle through the center of
the burr hole 6mm in males and 5.5mm in females
deep to the surface of the skull. Note: The
stereotaxic placement of the Hamilton needle into
the striatum is completed prior to the collection of
venous blood.

1.17Using aseptic technique, disinfect the distal tail of
the rat with alcohol and use sharp scissors to snip
the distal-most 0.5-1 mm of the tail. Collect 0.2 mL
of venous blood directly into a needleless 1 mL
syringe. Note: after tail snip, it may be necessary for
one lab technician to gently massage the tail from
proximal to distal while another collects blood into
the upright distal tip of the syringe. Avoid contacting
the syringe with the epithelium of the tail. Remove
any air bubbles that form in the syringe during blood
collection, as air will induce clotting. A tail vein blood
draw is another viable option (22-gauge needle or
smaller), but we found this to prolong overall
surgical time.

1.18 Connect the syringe containing fresh autologous
blood to the flushed tubing with fluid-to-fluid
interface, avoiding any air bubbles. Advance blood
to the end of the tubing. Affix the syringe with freshly
collected blood to the automated pump and P20
polyethylene catheter tubing connected to the 26
gauge Hamilton needle flushed with saline. Note: air
bubbles promote hematogenous clotting and must
be avoided.

1.19Withdraw the Hamilton needle 0.5 mm to reach a
final depth of 5.5mm in males and 5mm in females,
creating a potential space for hematoma formation.

1.20Remove the stylet from the stereotaxically placed
Hamilton needle and connect the pre-dilated P20
tubing. A drop of saline may be needed to lubricate
the needle and facilitate attaching the blood-filled
tubing.

1.21 Perform a small bolus injection to get the blood to
the end of the needle (one tap of the advance arrow
button).

1.22 Begin the injection of 100 pL at 10 yL/min. ***Note:
To ensure successful injection, note the starting
volume of blood in the syringe and monitor for
progression at a rate of 10 yL/min. Inspect the site
of the burr hole periodically to monitor for egress of
blood. If impeded flow through the tubing is
suspected, manually advance the microinfusion
pump to dislodge any early clot formation within the
tubing. If this maneuver is unsuccessful, discard the
occluded tubing and connect the back-up tubing to
the apparatus. Adjust the microinfusion pump
settings to account for the lost blood volume and
resume the injection. Note the new starting volume
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upon infusion resumption and continue to monitor
for signs of injection failure. As this protocol carries
a very low risk of intraventricular hematoma
extrusion, we advise repeating portions of the
injection ad libitum in the event of suspected
injection failure.

1.23 After the injection has completed, allow 5 minutes
for consolidation of the hematoma. Then, reinsert
the stylet, pull back the needle 2mm and wait 2
minutes, then we remove the Hamilton needle
slowly over the course of 1 minute to prevent reflux
of injected blood along the needle tract.

1.24 Reapproximate the scalp edges and suture the
incision. When suturing is complete, turn off the
anesthetic, remove the rat from the stereotaxic
apparatus, and transfer the rat from the stereotaxic
apparatus to a heated recovery chamber for
observation.

1.25Flush the Hamilton syringe needle with saline
between each animal and clean with 70% ethanol. It
is recommended to use new tubing on every animal
to prevent clotting. Do not reuse the syringe
following injection, this creates a high risk of
clotting.

Total procedural duration including total time
under anesthesia is approximately 30-40 minutes.

I11. RESULTS

Of the 40 animals subjected to the double-
injection method, successful hematoma formation was
observed in only 19 animals, yielding a 47.5% success
rate. Of the 21 unsuccessful procedure attempts, 13
failed due to lack of hematoma/insufficient hematoma
volume, 1 due to intraventricular extension, and 7 had
visible blood egress along the needle tract. Due to the
unacceptably high failure rate of the double-injection
protocol, the modified single-injection method was
adopted and implemented in a total of 52 animals.
Successful hematoma formation was observed in 48
animals, yielding a 92.3% success rate, which was
significantly greater than that observed with the double-
injection method (x2 = 22.94, p < 0.00001). Of the 4
unsuccessful procedure attempts, 3 were deemed
unsuccessful due to lack of hematoma/insufficient
hematoma volume, 0 due to intraventricular extension,
and 1 due to blood egress along the needle tract. Brain
slices were imaged and characterized (Figure 3). Brain
homogenization was performed on 14 animals with
7mRENs and 7 SDs. Hemispheric hemoglobin
concentrations collected at 72 hours after ICH for SDs
were 0.138 with a standard deviation of 0.018 and for,
MRENs were 0.168 with a standard deviation 0.022
(Figure 4). Behavioral testing demonstrated both Garcia
scores at 1-day (p<.001) and 3-day (p=.023) and
Corner Turn1-day (p=.017) and 3-day (p=.009) post-
ICH were significantly different from baseline.
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IV.  DISCUSSION

We developed a protocol to address
shortcomings in existing ICH models: an autologous,
single-injection rat model that reliably creates consistent
basal ganglia ICH and allows for assessment of
behavioral, physiologic, and histologic outcomes in a
transgenic rat model to mimic human disease. This
100uL venous injection can be performed in 30 minutes
per animal by new and emerging laboratories with
relatively low costs. As with previous studies, we initially
encountered complications necessitating method
modification to achieve reproducibility. Through a
discussion of these complications and our means of
overcoming them, we hope to remove barriers
encountered by new researchers in order to further the
field of ICH research.

For the collection of autologous blood, we
found that the tail snip was the most efficient method,
minimizing the duration of anesthesia, reducing the
amount of handling between collection and injection,
and reliably performed by all lab members. Further, it
can be repeated as needed during the procedure
without additional tail cutting and does not impair post-
ICH functional evaluation. Early application of heat
through a glove filled with warmed water improves the
ease of collection.

The presence of more than one lab member to
allow tasks to be completed simultaneously, including
collecting the blood, flushing and connecting the tubing,
and programming the pump was an additional means to
minimize the opportunity for clotting. Most importantly,
we found that transitioning to a continuous injection
model helped circumvent the above complication, as
the injection is completed in a single continuous infusion
and provided more reliable results.

To overcome the concern for reflux along the
needle tract described in previous studies, we found
that the burr hole must be no larger than 1.5mm, initial
stereotaxic placement of the Hamilton needle to a depth
of 6 mm (male) and subsequent retraction by 0.5 mm to
reach a final depth of 5.5 mm created a potential space
for hematoma formation, minimizing reflux along the
needle.

One complication encountered, as noted
above, was clot formation within the blood collection vial
and the injection tubing. Minimizing the amount of
handling and the amount of time elapsed between
blood acquisition and blood injection is imperative to
prevent clot formation, regardless of the method being
used. Ensuring that there is no air in the syringe or
tubing is essential to prevent clotting. It is also critical to
visually monitor the blood delivery throughout the
injection period. By noting the starting volume of the
syringe and ensuring that it is advancing appropriately
through the infusion period, we prevented episodes
where the appropriate volume of blood had inadvertently



not been injected. A simple bump forward with the
pump if blood infused is slower than pump
measurements usually dislodges any forming clot and
infusion can continue uninterrupted. Having a spare
flushed tubing prepared to replace any clotted tubing,
as well as having extra saline for flushing the tubing, is
critical. Again, as this model carries a low chance of
hematoma rupture into the ventricle, and we have found
that if in doubt that the full 100 yL was infused into the
brain parenchyma, it is better to re-inject that volume.
Failure to do this was the most common reason for
failed ICH creation at the beginning of our model
development.

V. CONCLUSIONS

This is the first paper that clearly details an
autologous single-injection ICH model in rats with >90%
rate of reproducibility. This basal ganglion ICH model
results in accompanying neurobehavioral deficits on
both the Garcia and corner turn testing. Importantly, we
outline the pitfalls and proposed means of overcoming
such complications in using this model. We hope for this
report to facilitate other labs in reproducing the model
effectively and efficiently and ultimately lower the
expense of developing a translational animal model of
ICH. This model is a form of pragmatic science that
aims to recapitulate human disease, allowing for
identifying possible biomarkers and potential targets for
therapeutic interventions in a disease that causes
significant morbidity and mortality.
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Figure 1: The rat is positioned with all midline structures in alignment; forepaws directed anteriorly, and hind paws
directed posteriorly. The nose, head, and spine are in line and parallel to the floor without angulation. The nose is
positioned within the apparatus adequately for anesthetic inhalation without leak.
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MODIFICATIONS AND OPTIMIZATION OF AN AUTOLOGOUS INTRACEREBRAL HEMORRHAGE RAT MODEL
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Figure 2: The incision (dashed line, left image) is approximately 2 cm long, midline on the scalp, from the back of the
eyes to the lambda. After the incision is made, the periosteum is dissected and the bregma located, with the burr
hole (star, right image) placed at the posterior-most point of the bregma and 5 mm to the right of the midline, where
the periosteum remains attached to the skull. Original artwork by author Stephanie A. Coffman.
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Figure 3: Graph (left) demonstrates mean total hemoglobin concentration in the ipsilateral hemisphere after induced
autologous-ICH, demonstrating consistent hematoma volume and images (right) display serial brain sections
demonstrating consistent basal ganglia hematoma.

Table 1: Comparative results of success rate and reasons for procedural failure in our experience of single-injection
and double-injection methods for ICH creation.

Single-Injection Double-Injection X value
Method" Method P

# successful attempts 48 19

22.94 <0.00001
# unsuccessful attempts 4 21
Lack of hematoma or insufficient 3 13

volume

Intraventricular extension 0 1
Blood egress along needle tract 1 7

*Optimized single-Injection model described by current manuscript.
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Absiract- The aim of the research was to study key issue
aspects of features of simulation of inflammatory pain through
AMPA receptor subunits of exosome origin in mice. The
mechanism of functional modulation of AMPARs by their
auxiliary subunits will benefit from further efforts to reach a
tipping point where it will be useful for the development of
improved therapies. Lipids require special attention because
they may play an important role in the function of the AMPAR
accessory subunit. Structural studies should only provide
snapshots of complexes in action. Therefore, functional
studies and molecular dynamics simulation approaches are
expected to play an equally important role. Native AMPAR
complexes contain more than one type of accessory subunits.
Structural and functional studies of additional AMPAR subunits
with complex molecular compositions, including lipids, will be
required in the future. Given the strong functional modulation
imposed on AMPAR by a specific accessory subunit, its
regulation is expected to have significant effects on circuit
activity, cognition, learning, and memory. The function of TARP
y-8 in hippocampal LTP has been extensively studied, but the
role of additional non-TARP subunits in synaptic plasticity is
only now being elucidated. The specific underlying molecular
mechanisms that regulate circuit dynamics will be important
questions to be addressed in the future. a-Amino-3-hydroxy-5-
methyl-4-isoxazolepropionic acid-type (AMPA-type) glutamate
receptors (AMPARSs) play a crucial role in synaptic plasticity
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within the central nervous system. While there is anatomical
evidence suggesting the presence of AMPAR expression in
the peripheral nervous system, the functional significance of
these receptors in vivo remains unclear. To address this
knowledge gap, we used mice with specific deletions of key
AMPAR subunits, GluA1, exclusively in peripheral pain-sensing
neurons (nociceptors). Importantly, we maintained the
expression of these subunits in the central nervous
system. The nociceptor-specific deletion of GIuA1 resulted in
the disruption of calcium permeability and a diminished
response to capsaicin stimulation in nociceptors. The deletion
of GIuA1, led to reduced mechanical hypersensitivity and
sensitization in models of chronic inflammatory pain and
arthritis. Further investigation unveiled that GluA1-containing
AMPARs played a regulatory role in the nociceptors'
responses to painful stimuli in inflamed tissues, influencing the
excitatory signals transmitted from the periphery into the spinal
cord.

Keywords. simulation, inflammatory, pain, AMPA receptor
subunits, exosome origin.

[.  INTRODUCTION

of excitatory synaptic transmission in the vertebrate
nervous system. Glutamate receptor subunits are
classified based on their pharmacological properties,
biological role and sequence into those that are
sensitive to the following: 1) a-amino-3-hydroxy-5-
methyl-4-isoxazolepropionic acid (AMPA; GluA1-4). 2)
neurotoxin kainate (GluK1-5); and 3) N-methyl-D-
aspartic acid (NMDA; GIuN1, GIuN2A-D, GIuN3A-B).
Important structural details of glutamate receptors were
determined first by solving the structure of the ligand-
binding domain and N-terminal domain, and then the
structure of the complete tetrameric GIuA2 subtype of
AMPA receptor. Structures in the presence of various
agonists, partial agonists, and antagonists, combined
with spectroscopic measurements, electrophysiological
measurements, and site-directed mutagenesis, have
provided insight into the relationship between structure
and function. The binding domain is a bilobed structure
to which the agonist binds in the cleft between the two
lobes. Two linker peptide chains connect the lobes, and
the lobes can close to enclose the agonist. One lobe
forms the dimer interface with a second copy of the
ligand-binding domain within the tetrameric structure,
and the second lobe is associated with the ion channel
domain. When the dimer interface is intact, the force
generated by the closing of the lobes can affect the ion
channel and likely open the gate, allowing ions to pass
through the channel. Complexities arise from the
tetrameric structure and subtle differences between
glutamate receptor subtypes, but the general pattern of
channel activation is likely the same for this receptor
class [1-5].
The mechanism of channel activation by partial
agonists remains unclear. Single-channel recording
measurements of AMPA receptors have shown that

‘ onotropic glutamate receptors are the main mediators
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three or four conductance levels can be observed from
a single channel, and these conductance levels are the
same for full and partial agonists. Populations with
higher conductance levels are favored at higher agonist
concentrations, but at any given concentration, higher
conductance levels are more common among full than
partial agonists. The concentration dependence is
consistent with a model in which each subunit has a
gate that promotes ionic conduction, and the more the
gate is open, the higher the conductivity. However, since
conductance levels are similar for all agonists, this
suggests that gate opening is an all-or-none process.
That is, the signal from the ligand-binding domain leads
to a coordinated change in the structure of the channel
region. The question then becomes whether this change
is caused by a particular conformation of the ligand-
binding domain (e.g., complete closure of the lobe), or
whether multiple conformations can cause the same
change, perhaps with different probabilities, or may be a
combination of the two changes models [6-8].

Initial crystal structures of the GIuA2 ligand-
binding domain in the presence of partial agonists
indicate a correlation between the degree of flap closure
and ligand efficiency, suggesting that multiple
conformations may control channel opening. Full
closure results in a high probability of closing, while
partial closure results in a significantly lower probability
of opening. However, subsequent studies have shown
that at least some partial agonists can induce multiple
flap closures, and even the correlation in crystal
structures between flap opening and efficacy is not
always maintained. Most strikingly, the crystal structures
of NMDA receptor partial agonists have a completely
closed lobe, suggesting that partial agonism is
fundamentally different for NMDA and AMPA receptors.
Another view of partial agonism is that the stability of
complete flap closure determines effectiveness. That is,
partial agonists can potentially exist in dynamic
equilibrium between two or more conformations. Some
conformations may have a relatively open lobe
orientation, while other conformations may be closed to
the same extent as full agonists. According to this
hypothesis, activation of the channel would require a
completely closed form, and the stability of this form
would determine efficiency. The binding of some weak
partial agonists such as iodowillardiine (IW) is consistent
with this idea, as a wide range of lobe closures have
been observed in crystal and NMR structures and there
is evidence of large-scale dynamics in the NMR spectra.
In addition, mutations that reduce AMPA efficiency
exhibit a range of lobe orientations measured by single-
molecule FRET. On the other hand, kainate, a weak
partial agonist, represents a structural barrier to flap
closure. The isoprenyl group of kainate appears to block
flap closure due to an apparent steric conflict with the
GluA2 side chain of Leu-650. Mutation of Leu-650 to
threonine increases the potency of kainate, likely



reducing the steric interaction between this position and
isoprenylkainate.  Additionally, little  evidence  of
dynamics on microsecond to millisecond time scales in
the presence of kainate has been observed in NMR
studies. However, the structures of GIUA3 and GluA4 are
more closed than those of GIUA2 in the presence of
kainate, and the D651A mutation of GIUA3 results in
even greater closure of the lobe by rotation of the Leu-
650 side chain (GIuA2 numbering) [9-14].
a-Amino-3-hydroxy-5-methyl-4-isoxazolepropi-

onic acid-type (AMPA-type) glutamate receptors
(AMPARSs) play a crucial role in synaptic plasticity within
the central nervous system. While there is anatomical
evidence suggesting the presence of AMPAR
expression in the peripheral nervous system, the
functional significance of these receptors in vivo remains
unclear. To address this knowledge gap, we used mice
with specific deletions of key AMPAR subunits, GluAT1,
exclusively in  peripheral pain-sensing neurons
(nociceptors).  Importantly, we  maintained the
expression of these subunits in the central nervous
system. The nociceptor-specific deletion of GIuA1
resulted in the disruption of calcium permeability and a
diminished response to capsaicin stimulation in
nociceptors. The deletion of GluA1, led to reduced
mechanical hypersensitivity and sensitization in models
of chronic inflammatory pain and arthritis. Further
investigation unveiled that GluA1-containing AMPARs
played a regulatory role in the nociceptors' responses to
painful stimuli in inflamed tissues, influencing the
excitatory signals transmitted from the periphery into the
spinal cord. Consequently, the application of AMPAR
antagonists to the periphery alleviated inflammatory pain
by specifically targeting calcium-permeable AMPARs,
without affecting physiological pain or causing central
side effects. Exosomes, nanoscale particles secreted by
cells (typically ranging from 30 to 150 nm in size), carry
a diverse array of biological molecules, including nucleic
acids, proteins, and lipids. These exosomes are
recognized for their crucial roles in facilitating
intercellular communication. Leveraging their inherent
stability, low immunogenicity, and impressive tissue/cell
penetration capabilities, exosomes show promise as
advanced platforms for targeted drug and gene
delivery. Despite their potential, practical applications of
exosomes may encounter limitations, such as
inadequate targeting ability or low efficacy in specific
cases. To address these challenges, various strategies
have been employed to engineer exosomes derived
from cells, aiming to enhance their selectivity and
effectiveness in drug and gene delivery. To address this
issue, we used mice specifically lacking of the key
AMPAR subunits, GIuA1, in peripheral, pain-sensing
neurons (nociceptors), while preserving expression of
these subunits in the central nervous system.
Nociceptor-specific deletion of GIuA1 led to disruption
of calcium permeability and reduced capsaicin-evoked

activation of nociceptors. Deletion of GIuAl, led to
reduced mechanical hypersensitivity and sensitization in
models of chronic inflammatory pain and arthritis. We
generated exosomes containing GIuA1 and introduced
them to mice around nociceptors, observing a reverse
effect compared to GIuA1 deletion. Mice treated with
exosomes were more sensitive to pain [15-19].

Cysteine trapping studies (i.e., introducing two
cysteines to determine whether a disulfide can form)
have been used to determine the proximity of different
parts of a protein or the proximity of two proteins or
subunits. A criticism of this method is that proteins are
dynamic structures and very rare conformations can
potentially be captured. In this case, the disadvantage
of the method may turn out to be an advantage. Partial
agonists can activate the channel through a relatively
rare transition to a fully closed lobe conformation, and
then cysteine capture should be able to stabilize this
form for further analysis by X-ray crystallography, NMR
spectroscopy, and radioligand binding. Here we show
that upon binding of glutamate, iodovyladiine, kainate,
and CNQX, the A452C/S652C ligand-binding domain of
GIuA2 can be captured in a gated manner [20-24].

The Fast excitatory synaptic transmission in the
mammalian brain is largely mediated by AMPA-type
ionotropic glutamate receptors (AMPARS), which are
activated by the neurotransmitter glutamate. At
synapses, AMPAR function is regulated by accessory
subunits, a diverse set of membrane proteins
associated with the core pore-forming AMPAR subunits.
Each accessory subunit provides distinct functional
modulation of AMPARs, ranging from regulation of
transport to modeling ion channel opening kinetics.
Understanding the molecular functioning of these
complexes is essential to deciphering synaptic
modulation and its global role in cognitive activities such
as learning and memory [25-29].

lonotropic glutamate receptors (iGluRs) are
ligand-gated ion channels that are activated by the
neurotransmitter glutamate. Among them, the flagship of
fast excitatory synaptic transmission is AMPA-type iGIuR
(AMPAR), which transmits signals on a millisecond time
scale. The pore-forming subunits of AMPAR, known as
GluA1-4, are composed of four domains. The N-
terminal domain (NTD) in the extracellular space is
furthest from the membrane. The function of the NTD is
the least understood but is critical for subunit assembly
as well as receptor clustering and synaptic localization.
The C-terminal region of the NTD forms a short linker
that connects the NTD to the ligand-binding domain
(LBD). When bound to glutamate, the LBD undergoes
conformational changes that lead to channel closure.
The LBD binds to the transmembrane domain (TMD),
which consists of three membrane segments (M1, M3
and M4) and a reversible helical loop (M2). In the
primary structure of DNPN M1-3 is divided into two
fragments: S1 and S2. The TMD forms an ion channel in
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the membrane that conducts cations when it is open
[30-34].

The pore-forming AMPAR subunits assemble
into homo- and heterotetramers. A structural feature that
generally distinguishes AMPARs and iGIuRs from other
ligand-gated cation-permeable tetrameric ion channels
is the change in symmetry between the extracellular
domains and the TMD; The NTD and LBD form dimers,
and the TMD is a tetramer. Ligands that connect the
LBD to the TMD and are part of the triggering
mechanism compensate for this change in symmetry.
Moreover, the transition between DTN and LBD involves
domain swapping; Within each subunit, the NTD dimer
partners differ from the LBD dimer partners. Free NTD-
LBD linkers allow such domain substitution. Among the
iGluRs, the architecture of GluD1 is distinct and does
not exhibit domain switching, maintaining the flexibility of
the NTD-LBD linker [35-38].

The biochemical property that distinguishes
AMPARs and kainate receptors (KARs) from NMDARs is
their solubility in detergents. NMDARs require much
more aggressive cleaning agents to dissolve them than
AMPARs and KARs. The properties of the membrane
surrounding the receptors and the mechanism of
receptor docking are likely to vary significantly between
iGIuR subtypes. Lipids are often found in ion channel
structures. In fact, cholesterol and fatty acids modulate
the function of NMDAR and KAR ion channels,
respectively.  Cholesterol  deficiency in  cultured
hippocampal neurons results in redistribution of
synaptic AMPARs. However, it was only recently that
lipids were found to be associated with AMPARs [39-
43].

Lipid density was observed in a
heterotetrameric AMPAR architecture consisting of
GluA1 and GIuA2 in complex with TARP y-8. These lipids
must have been transferred from HEK cells in which the
receptor complex was expressed. Interestingly, the
lipids surrounding the GIuA2-CNIH3 complexes are
organized differently than the lipids of the GluA1-GluA2-
TARP-y-8 complex. These observations have led to the
hypothesis that lipids may play a functional role in the
assembly and action of accessory subunits and that
they may play different roles in different classes of
AMPAR accessory subunit complexes [44-46].

TARPs were required to keep the channel gate
open in the detergent because no free TARP structures
supported the open gate architecture despite being
bound to an agonist plus a desensitizing blocker or
potentiating toxin. AMPAR-TARP complexes exhibit
higher open probabilities and longer residence times at
higher conductance levels than AMPARs without TARP,
suggesting that TARP stabilizes the conformation of
open and activated channels. The allosteric relationship
between agonist binding and blockade can be
disrupted by detergent, as is known to occur with
nicotinic acetylcholine receptors. Therefore, it is possible
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that TARP recruits lipids into the complex and creates a
membrane-mimicking environment [48-52].

Some complex-stabilizing lipids may be absent
in non-neuronal cells but are present in brain lipids. This
is supported by the observation that different detergent
conditions were optimal for AMPAR solubilization in the
brain compared to recombinant expression systems
such as Sf9 and HEK cells. Identification of the lipid
composition of native AMPARs will be challenging but
may be critical to understanding the function of AMPAR
accessory subunit complexes [53-54].

The postsynaptic receptor cycle is a complex
and poorly understood cell biological process. Although
it is clear that disruptions in the interactions between
many of the dozens of proteins that mediate exo- and
endocytosis can influence synaptic function and
plasticity, a clear interpretation of the outcomes requires
a much more complete understanding of the role that
these proteins play in post activity synaptic. The proteins
such as NSF, synaptobrevin, and amphiphysin play
roles in the presynaptic vesicle cycle, little is currently
known about the postsynaptic localization or function of
these proteins. The unexpected finding that NSF directly
interacts with  AMPARs suggests that other proteins
involved in vesicle fusion or endocytosis also serve dual
functions as receptor chaperones or play other
important roles in maintaining PSD integrity [55-59].

Although there is still no consensus regarding
AMPAR cycling rates and the direct role of constitutive
turnover in rapid forms of synaptic plasticity, it is likely
that regulated endocytosis and exocytosis will become
an important mechanism for rapidly influencing synaptic
strength. It is possible that AMPAR components cycle
too slowly to play a role in LTP and LTD (as suggested
by half-life studies). Alternatively, long-term modulation
of the relative rates of exo- and endocytosis may play an
important role in homeostatic forms of plasticity such as:
Synaptic scaling or activity- or development-dependent
modifications. in the location of receptors acting over
time. Finally, it remains to be seen that the role of the
regulation of AMPAR-binding proteins plays in fast and
slow forms of central synaptic plasticity. It is unclear
whether introducing more receptors into the membrane
without the resources to trap those receptors at the
synapse would be beneficial. It is possible that long-
term changes in the number of receptors at the synapse
require both the delivery of more receptors to the
membrane and an increase in the ability to bind and
immobilize these receptors [60-64].

1. GOAL

The aim of the research was to study and
analyze the key issue aspects of features of simulation
of inflammatory pain through AMPA receptor subunits of
exosome origin in mice.



[II. MATERIALS AND METHODS

Animals are used to the surveillance camera.
The rats were injected subcutaneously (s.c.) with 15 ml
of a 5% formaldehyde solution (formalin) onto the dorsal
surface of the hind paw. The time spent licking the
formalin-injected paw was recorded at 5-minute intervals
up to 45 minutes after the formalin injection. Rats were
injected with 50 ml of 5% formaldehyde and grimaces
were counted at intervals ranging from 1 minute to 60
minutes, starting immediately after formaldehyde
injection. Gusts at 5-min intervals were summed as
average gusts per minute. The observer was not
informed about treatment methods or genetic
background.

In contrast to mechanical hyperalgesia, mice
developed  CFA-induced  thermal hyperalgesia,
calculated as the percentage reduction in paw
withdrawal latency in the inflamed paw compared to the
contralateral non-inflamed paw. SNS GluA1-/- and
GluA1-/-+. exosomes (P < 0.05) at similar levels (P >
0.05 between genotypes). SNSGIuA2-/— mice did not
differ from their GIuA1—/—+ exosome-bearing
littermates in CFA-induced thermal and mechanical
hypersensitivity.

Construction of a plasmid and stable MSC cell
line overexpressing GIuA2. Mouse bone marrow
mesenchymal stem cells (BMSCs) were cultured in
minimal alpha essential medium (MEM) (Gibco)
containing 10% fetal bovine serum (Bl) and 1%
penicillin-streptomycin. GEN button) at 5% CO2 and 37
°C. All plasmids were provided by Genome Ditech, and
the mouse GIuA2 coding sequence was cloned into the
PGMLV-4931  vector (Genome Ditech). GIuA2
overexpression plasmid or control plasmid and Lenti-HG
mixture were transfected into 293T cells using HG
transgene reagent (Genome ditech). The cell culture
medium was then replaced with fresh medium 20 hours
after transfection. After 48 hours of incubation, the
medium was collected and viruses were isolated by
sequential centrifugation. The viruses were then used to
infect BMSCs, and puromycin was used to screen for
stable cells resistant to puromycin. The effect of gene
overexpression was confirmed by gPCR and Western
blotting as described below.

Characterization of BMSC-derived exosomes
overexpressing GluA2. BMSC-derived exosomes (Exo)
and GluA2-overexpressed BMSC-derived exosomes
(GluA2) were purified using an Optima XPN-100
ultracentrifuge (Beckman Coulter). To observe the
morphology, images were taken using a transmission
electron microscope (TEM). Zeta potential and exosome
size were determined using  Zetaview-based
nanoparticle tracking assay (NTA) technology (Particle
Metrix). Exosome markers were identified using Western
blotting. Protein was measured using a BCA protein
quantitation kit (Key GEN).

Al animal experiments were checked and
approved by local authorities (taking into account
international animal welfare regulations). All behavioral
measurements were performed on awake, unrestrained
adult mice of both sexes of the same age (>3 months)
by persons blinded to the genotype of the mice
analyzed. Before analysis, rats were habituated to the
experimental setup several times. Nociceptive testing in
rat models of acute and chronic pain was performed as
previously described in detail (Supplementary Methods).
All animal experimental protocols were approved by the
local institutional review board. All behavioral
measurements were performed on adult mice of both
sexes, awake, unrestrained, and of the same age (>3
months). Before analysis, rats were habituated to the
experimental setup several times. In all experiments, the
genotypes of the mice analyzed were not taken into
account.

The latency of paw withdrawal in response to
noxious heat and pressure gradient was determined
using the plantar test with a sensitivity of 0.1 s (n 7-14
per group). Nociceptive thresholds and dimensions of
each hindpaw were recorded before and at specified
intervals after intraplantar injection of CFA (20 pl). The
dimensions of the hind paw were measured using a
caliper and a plethysmometer. Paw edema was
calculated as the change in paw volume (length-width-
height) using a plastinometer as described in detail by
Cirinoetal.

The nociceptive tail flick reflex was induced by
noxious heat applied through an infrared light source
with a sensitivity of 0.1 s as previously described.
Formalin test and capsaicin test Formalin (1%, 20 L) or
capsaicin (0.06%, 10 L) was injected into the plantar
surface of the right hind paw and the duration of
nocifentive behavior including lifting, licking, or flinching
of the paw. the injected paw was measured within 5
minutes after capsaicin injection or at 5-minute intervals
for 50 minutes after formalin injection as previously
described.

All data are presented as mean SEM. Student's
t tests or analysis of variance (ANOVA) for random
measures followed by Fisher's postdoc LSD tests were
used to determine statistically significant differences (p
= 0.05).

V. RESULTS AND DISCUSSION

Activation of mGIuR1 as a mechanism for
removing CP-AMPARs from synapses is common in
other systems. For example, VTA dopamine neurons
express CP-AMPAR LTD, which is induced in vitro by
mGIuR1 agonists or in vivo by a positive allosteric
modulator of mGIuR1. Later, the same group provided
evidence that the GIuA2 subunit, which replaces
internalized CP-AMPARs, is rapidly synthesized in
response to mMGIUR1 activation through the mTOR
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pathway. More detailed information about the regulatory
mechanism of GIuA2 synthesis and subsequent
synaptic inclusion is still missing.

Another important feature of the VTA synapse is
the cocaine-induced enhancement (and consequent
CP-AMPAR expression) appears to persist for at least a
week rather than returning to baseline levels later. It has
not been directly demonstrated that this potentiation is
still mediated by CP-AMPARs, but since the total
amount of AMPARs is assumed to be unchanged, the
remaining potentiation is likely still mediated by the
greater conductance of CP- relative to CI-AMPARAS.
Otherwise, cell viability is reduced 24 hours after injury in
cultured neurons, making it difficult to assess surface or
synaptic CP-AMPAR expression at later time points. In
addition, GluA2 mRNA levels begin to decline 6 hours
after ischemic stroke in vivo, promoting CP-AMPAR
expression after this time. Although transport of specific
subunits triggers a switch to CP-AMPAR after further
disease/ischemia, this transition is largely supported by
changes in GIuA2 gene expression. A similar
mechanism may underlie the persistence of cocaine-
induced VTA plasticity, although the results do not
support this. Changes in GIuA1 and GluA2 mRNA
expression have been reported under these conditions
[65-69].

Chronic pain is a common and poorly
understood medical problem. Plasticity of synaptic
transmission in the nervous system during peripheral
organ inflammation or nerve injury is an important
component of the cellular basis of chronic pathological

pain. Glutamate acts as an important excitatory
neurotransmitter at several key synapses in the
somatosensory  nociceptive  pathway,  activating

ionotropic and metabotropic receptors there. Recently,
a-amino-3-hydroxy-5-methyl-4-isoxazolepropionic  acid
(AMPA-type) glutamate receptors (AMPARs) have
emerged as important mediators of synaptic plasticity in
the brain. Unlike NMDA-type glutamate receptors, which
always mediate Ca2+ influx when activated, AMPARs
are an activity-dependent switch that controls
glutamate-induced Ca2+ influx into neurons. This
activity-dependent change is mediated by the regulated
expression and binding of the GIuA2 subunit (previously
called GluR-B or GIuR2), which mediates low Ca2+
permeability to AMPAR channels. In contrast, the GIuA1
subunit (previously called GIluR-A or GluR1) is highly
expressed in regions with high densities of calcium-
permeable AMPARSs, including components of pain
pathways. Although global genetic deletions of AMPAR
subunits demonstrated that GluA1-containing AMPARs
play an important role in chronic pain mechanisms, they
were unable to determine anatomical localization. In
fact, AMPARs are expressed in several important
modulatory regions of somatosensory pathways that
mediate pain, such as: peripheral nociceptive neurons,
the dorsal horn of the spinal cord, the ventral horn, and
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several brain regions that control sensory and emotional
pain. and emotional. emotional pain. However, the
different relative contributions of these regions to central
sensitization and chronic pain remain unclear. All
peripheral sensory neurons use glutamate as a major
transmitter, and large subpopulations of dorsal root
ganglion (DRG) sensory neurons are known to express
MmRNA or be immunoreactive for ionotropic and
metabotropic glutamate receptors. Electron microscopy
studies have provided compelling evidence that AMPAR
subunits are transported to the peripheral processes of
sensory neurons, and recent ex vivo anatomical and
electrophysiological data also indicate a presynaptic
localization and functional involvement of AMPAR
subunits in vertebral terminals. However, the functional
role of AMPARs located in the central and peripheral
terminals of sensory neurons in whole-body nociceptive
modulation in vivo remains unclear. Moreover, because
AMPARs are also expressed in peripheral sympathetic
neurons, Schwann cells, and keratinocytes, the use of
pharmacological agents alone does not allow for a
comprehensive analysis of the contribution of AMPARs
at different sites to pain modulation in vivo [70-74].

The mechanism of functional modulation of
AMPARs by their auxiliary subunits will benefit from
further efforts to reach a tipping point where it will be
useful for the development of improved therapies. Lipids
require special attention because they may play an
important role in the function of the AMPAR accessory
subunit.  Structural  studies should only provide
snapshots of complexes in action. Therefore, functional
studies and molecular dynamics simulation approaches
are expected to play an equally important role. Native
AMPAR complexes contain more than one type of
accessory subunits. Structural and functional studies of
additional AMPAR subunits with complex molecular
compositions, including lipids, will be required in the
future. Given the strong functional modulation imposed
on AMPAR by a specific accessory subunit, its
regulation is expected to have significant effects on
circuit activity, cognition, leaming, and memory. The
function of TARP y-8 in hippocampal LTP has been
extensively studied, but the role of additional non-TARP
subunits in synaptic plasticity is only now being
elucidated. The specific underlying  molecular
mechanisms that regulate circuit dynamics will be
important questions to be addressed in the future [75-
79].

Exosomes are nanosized vesicles secreted by

various cell types, including neurons, into the
extracellular space. These vesicles carry a cargo of
proteins, lipids, and nucleic acids, facilitating

intercellular communication. Recent investigations have
uncovered the presence of AMPA receptors, crucial for
synaptic transmission, within exosomes, suggesting a
novel mechanism of information transfer between
neurons.



Here, we analyzed transgenic mice that lack the
essential GIuA1 subunit of AMPAR, specifically in the
peripheral arm of the somatosensory pain pathway, i.e.,
the nervous system. System. The results showed that

exosome derivatives containing GluaA1, restores
nociceptive effects in GIuA1 knockout mice.
Central and somatic signals received by

nociceptors in paraplegia, and the consequences of
bringing nociceptors into a stable hyper functional state.
Nociceptors receive injury-related signals in the spinal
cord (highly activated postsynaptic dorsal horn (DH)
neurons, activated glial cells, and infiltrating immune
cells) and in the dorsal root ganglion (DRG) (from other
DRG neurons, satellite glial cells, blood, etc.).
Nociceptors have strong excitatory effects on pain
pathways (referred to as DG neurons) and on circuits
supporting somatic and visceral functions. LTP at DG
synapses can be generated by somatic and peripheral
AS, as well as after-discharge, which is facilitated by the
hyper functional state of the nociceptor. Nociceptor
activity causes central  sensitization, promotes
spontaneous and evoked pain, and enhances somatic
and visceral reflexes. Nociceptor activity also results in

positive feedback interactions with postsynaptic
neurons, other somatic DRGs, inflammatory cells
(microglia, infiltrating macrophages, and T cells),

astrocytes, and satellite glial cells. PN - Proprioceptive
Neuron:Proprioceptive neurons are specialized sensory
neurons responsible for conveying information about the
position and movement of body parts to the central
nervous system (CNS). They play a crucial role in
proprioception, which is the sense of the relative
position of neighboring parts of the body. IN -
Interneuron:Interneurons  are neurons that transmit
signals between other neurons, acting as connectors or
relays within the nervous system. In the context of the
DRG, interneurons could be involved in processing and
modulating sensory information before it reaches the
spinal cord or higher brain centers. They contribute to
the integration and coordination of signals within neural
circuits [80-84].

CFA-induced mechanical hypersensitivity was
tested by applying gradual point pressure to von Frey
hairs, and the minimum force producing a pull-off
response in at least 2 out of 5 applications of von Frey
hairs was termed threshold. Answer. While exosome
SNS-GIuA1-/-+ mice developed significant mechanical
hypersensitivity (reduced von Frey capillary threshold) 4,
12, 24 and 48 hours after CFA injection compared to
their respective baseline values.

Changes in paw withdrawal latency (PWL) in
response to infrared heat in the inflamed paw
represented as the percentage decrease over the
contralateral uninflamed paw. P< 0.05.

During exosome formation, the plasma
membrane is invaginated and intracellular multivesicular
bodies with intraluminal vesicles are formed. This

endocytic pathway from the donor cell is followed by
transport of transmembrane and intra vesicular proteins
from the Golgi complex, leading to the formation of early
endosomes. After maturation and differentiation, they
become late endosomes. They are degraded by fusion
with  lysosomes, the plasma membrane or
autophagosomes, releasing intraluminal vesicles into
the extracellular environment as exosomes (40-150 nm
in diameter).

Exosomes interact with recipient cells through
their surface receptor molecules and ligands. Some
exosomes remain on the cell membranes of donor cells
after secretion, while others interact with recipient cells.
Internalization of exosomes occurs through a raft- or
caveolae-mediated membrane integration process or
clathrin-dependent endocytosis. Micropinocytosis and
phagocytosis have also been described as methods for
internalization of exosomes by recipient cells. This
process of physiological integration into target recipient
cells is believed to have therapeutic potential as a
targeted delivery system to effectively carry out
biological ~ functions.  However, the exosome
components responsible for cell type or organ
specificity remain unclear.

Exosomes have great therapeutic potential for
various diseases due to their intracellular transport
ability. Nanomedicine technologies have given impetus
to the study of the use of the pathogenic value of
exosome particles in various diseases. Nanomedicine
targeted drug delivery system focuses on the sustained
release of exosomes to exert biological activity at the
target site. Exosomes are used as vectors or carrier
molecules to trigger a biological response.

Under certain physiological circumstances,
exosomes exhibit very low immunogenicity and the
ability to bypass the physiological blood-brain barrier.
Thanks to the stable lipid bilayer, the cargoes contained
in exosome vesicles are protected from the action of
native immune cells and digestive enzymes. Artificial
exosome vesicles transport the cargoes with which they
are loaded to the site of action through various
mechanisms of endocytosis or membrane fusion.
Electric vehicles are made up of different types of cells
and tissues. When injected into a specific diseased
tissue, EVs trigger tissue regeneration and homeostasis
under certain conditions. EVs derived from
mesenchymal stromal cells exhibit cell viability, cell
trophism, anti-inflammatory, immunomodulatory, and
therapeutic effects. They support neo angiogenesis and
cell proliferation. Exosomes exhibit the same targeting
effect as the parent cell.

AMPA receptors belong to the family of
ionotropic glutamate receptors and are crucial for the
transmission of excitatory signals in the brain. This
article provides an overview of AMPA receptor structure
and function, emphasizing their contribution to synaptic
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plasticity and their involvement in various neurological
disorders.

Moreover, these structural insights have
unveiled the dynamic nature of AMPA receptors,
showcasing conformational changes that occur during
various stages of receptor function. The GIuA1-GluA4
subunits exhibit unique structural features that contribute
to the diversity in their functional roles within the receptor
complex.

Studies utilizing X-ray crystallography and cryo-
electron microscopy have elucidated key interactions
between the individual subunits and their binding sites
for glutamate, the neurotransmitter that activates AMPA
receptors. GIUA2, in particular, plays a crucial role in
regulating calcium permeability, impacting the overall
signaling properties of the receptor.

The intricate architecture of AMPA receptors
extends beyond the individual subunits, as auxiliary
proteins like TARP (transmembrane AMPA receptor
regulatory proteins) and cornichons have been identified
as modulators of receptor activity. These auxiliary
proteins influence ftrafficking, synaptic localization, and
channel properties, further highlighting the complexity of
AMPA receptor function.

Understanding the structural dynamics of AMPA
receptors has significant implications for
pharmacological interventions targeting neurological
disorders. Drug design efforts can benefit from precise
knowledge of the receptor's three-dimensional
arrangement, allowing for the development of
compounds that selectively modulate specific aspects
of AMPA receptor function.

In summary, recent strides in structural biology
have unraveled the intricacies of AMPA receptor
architecture, emphasizing the importance of the
arrangement of GluA1, GIuA2, GIuA3, and GluA4
subunits in  determining the receptor's functional
properties. These revelations pave the way for a deeper
understanding of synaptic transmission and open
avenues for the development of novel therapeutic
strategies targeting neurological conditions associated
with aberrant AMPA receptor activity.

Mechanisms of AMPA Receptor Function: Upon
glutamate  binding, AMPA  receptors  undergo
conformational changes that lead to channel opening,
allowing the influx of cations, predominantly sodium
ions. The rapid activation and subsequent
desensitization of AMPA receptors contribute to the fast
nature of excitatory neurotransmission. Moreover, the
regulation of AMPA receptor trafficking and localization
is critical for synaptic plasticity, synaptic strength, and
learning and memory processes.

Synaptic Plasticity and AMPA Receptors: Long-
term potentiation (LTP) and long-term depression (LTD)
are forms of synaptic plasticity that underlie learning and
memory. AMPA receptors play a central role in these
processes by modulating the strength of synaptic
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connections. The dynamic regulation of AMPA receptor
trafficking, insertion, and removal from the synapse
contribute to the fine-tuning of synaptic strength and
plasticity.

AMPA Receptors in Neurological Disorders:
Dysregulation of AMPA receptor function has been
implicated in various neurological disorders, including
epilepsy, Alzheimer's disease, and mood disorders.
Understanding the molecular mechanisms underlying
AMPA receptor dysfunction in these conditions provides
potential targets for therapeutic intervention. Modulators
of AMPA receptor activity, such as positive allosteric
modulators and selective agonists, are being explored
as potential treatment options.

Therapeutic Implications: Given the crucial role
of AMPA receptors in synaptic transmission and
plasticity, targeting these receptors holds promise for
therapeutic interventions in  neurological disorders.
Researchers are actively investigating novel compounds
and strategies to modulate AMPA receptor function
selectively. The development of subtype-specific
modulators and precise regulation of AMPA receptor
activity may offer more targeted and effective
therapeutic approaches.

The role of the AMPA receptor in painful
sensations. AMPAs are transmembrane proteins made
up of 4 subunits (tetramers). There are 4 different
subunits in the AMPAR family, GluR1-4. Each subunit
contains approximately 900 amino acids and 4 main
components: a large amino-terminal extracellular
domain, an adjacent ligand-binding domain, a
transmembrane domain, and a carboxy-terminal
cytoplasmic domain. Most native AMPARs are
heterothermies, meaning they are made up of a
combination of different subunits. The synthesis of
AMPAR subunits and their assembly into functional
receptors begins in the rough endoplasmic reticulum. A
group of proteins called AMPAR transmembrane
regulatory proteins (TARPs) facilitate the transport of
AMPARs from the endoplasmic reticulum to the plasma
membrane and anchor these receptors at the synapse.
Transport of AMPARs to and from the synaptic
membrane occurs in a highly regulated manner. For
example, phosphorylation of residue S831 in GIuR1 by
Ca/calmodulin-dependent protein kinases (CaMKIIl) and
protein kinase C has been shown to result in transport of
GIuR1 subunits into the synapse. By adjusting the
number and type of AMPARs on the synaptic surface, a
postsynaptic neuron can modify its excitability, that is,
its response to presynaptic signals [85-89].

Electrophysiological — properties of  AMPA
receptors. Most functional AMPAs are located on the
postsynaptic surface. When bound to glutamate, they
are permeable to Na and K ions, but usually not to Ca2
ions. Each AMPAR, when open, conducts a miniature
excitatory postsynaptic current inward. Each of these
small incoming currents depolarizes the cell membrane



to a small extent. When enough AMPARs bind
glutamate and open, these miniature excitatory
postsynaptic currents can sum and create a large
depolarizing force, causing the neuron to fire an action
potential. 3 Thus, AMPAR opening in response to
glutamate provides the cellular basis for excitatory
synaptic transmission. In addition, a subset of AMPARs,
receptors without GIuR2 subunits, are Ca2+ permeable.
Most of these calcium-permeable AMPARs (CPARs) are
composed of GIuR1 homo tetramers, but they can also
be formed by assembling a combination of GIluR1, 3,
and 4 subunits. CPARs conduct faster and larger inward
currents than AMPARs. impermeable to calcium. CPARs
not only exhibit faster and stronger postsynaptic
currents, but through Ca2 influx they can also activate
Ca2-dependent signaling cascades that lead to long-
term changes in synaptic strength. Thus, CPARs act as
surrogates for NMDA receptors and likely play a similar
role in processes such as memory formation and central
sensitization. AMPA receptors and pain. Given the
critical role of AMPARs in determining the strength of
synaptic transmission in various neurological systems, it
is not surprising that they are involved in pain
transmission. In recent years, animal studies have
focused on the first synaptic contact in the pain
pathway, namely the synapse between the primary
afferent neuron and the dorsal horn neuron. Using
sophisticated electrophysiological recordings, the spinal
cord neurons expressing AMPARs receive primary
afferent inputs of nociceptive origin. During this time,
Polgar and his colleagues were able to provide eight
quantitative estimates of AMPAR. They observed that,
for example, in lamina I-Il of the dorsal horn, all neurons
expressed GluR2 AMPAR subunits, whereas only 65% of
these neurons expressed GIuR1 subunits. In lamina Ill,
100% of neurons express GIuR2 and 80% express
GluR1. They found that GIuR3 and GluR4, although in
smaller amounts, are also expressed in dorsal horn
neurons. They also showed that these AMPARs are
localized to postsynaptic density proteins, proteins that
function as structures on the postsynaptic surface. Thus,
their finding suggests that AMPARs are not only
expressed by spinal cord neurons but likely play an
active role in synaptic transmission between peripheral
nociceptive neurons and spinal cord neurons [90-95].
The discovery of AMPARs at the synaptic site of
the pain pathway is the first step in determining the
importance of these receptors in pain. The next steps
are to identify specific AMPAR changes that occur
during pain and show that these changes contribute to
the experience of pain. Larsson and Broman recently
showed that during acute pain (induced by capsaicin),
there is an increase in the number of GIuR1 subunits
recruited to synaptic sites. This is an important finding
because the dominant AMPARs in GIuR1 tend to be
Ca?" permeable receptors, which can trigger long-term
cellular changes. According to their model, inflammation

caused by capsaicin leads to the transmission of pain
signals to the C-fiber neuron in the form of action
potentials. The flooding of these action potentials is
sufficient to recruit CPAR to the synaptic site of the
dorsal horn neuron. The accumulation of CPAR in turn
induces long-term memory at this synapse between the
C-fiber and the spinal neuron, facilitating subsequent
pain transmission. Thus, Ca®'permeable AMPARs act
as surrogates for NMDA receptors to mediate central
pain  sensitization. Additional evidence for the
accumulation of Ca?* -permeable AMPARs during pain
conditions comes from studies focusing on chronic
pain. Ca?"permeable AMPARs accumulated at spinal
cord synapses in several rodent models of chronic pain.
After administration of Freund's complete adjuvant, a
proinflammatory agent, to the paws of rats or mice,
these rodents exhibited long-lasting (2 weeks)
mechanical allodynia and thermal hyperalgesia. After
the onset of chronic pain, Luo and his colleagues
dissected the spinal cords of these mice and found that
not only did the number of GIuR1 subunits in spinal cord
neurons increase, but also the active part of this subunit
(phosphorylated). fraction) was also increased. Thus,
their results indicate that chronic pain activates AMPAR
GIuR1 and recruits it to the cell surface. dorsal horn
neurons. Two additional studies showed that not only
did the number of GIuR1 subunits increase, but there
was also a concomitant decrease in the number of
GluR2 and GIuR3 subunits at the synapse between the
peripheral nociceptive neuron and the dorsal horn
neuron. Regulation of the soluble factor N-
ethylmaleimide fusion protein, a protein required to
transport GIuR2 subunits to the cell surface, was
actually downregulated due to chronic pain. Moreover,
Tao's group showed that GluR2-containing AMPARSs can
subsequently be internalized or cleared from the
synaptic site over time through activation of the NMDA
receptor. Thus, a complex signaling cascade begins to
emerge from these studies. First, chronic pain induces
intense  AMPAR-mediated  synaptic  transmission
between the peripheral nociceptive neuron and the
dorsal horn neuron, activating NMDA receptors and
causing Ca?" influx. Ca influx in turn activates a number
of downstream signaling proteins, including kinases and
other transport proteins, to replace Ca-impermeable
AMPARs with Ca®" permeable AMPARs in the cell
membrane. Finally, administration of Ca®"permeable
AMPARs allows for increased Ca®' influx, thereby
improving synaptic  transmission from  peripheral
neurons to spinal cord neurons. This pathway partially
underlies the mechanism of central sensitization [96-99].
Modulation of AMPA receptors leads to changes in pain
sensitivity. If AMPA receptors are involved in spinal cord
pain pathways, and more specifically in the synaptic
contact between a nociceptive afferent neuron and a
spinal cord neuron, modulation of these receptors
should lead to changes in pain sensitivity in animals. In

© 2024 Global Journals

E Year 2024

(A)



E Year 2024

(A)

fact, researchers have been trying to administer
intrathecal glutamate receptor blockers to treat pain for
many years. The reason for this approach was to
interrupt all synaptic transmission between peripheral
nerves and spinal nerves by blocking AMPARs. For
example, Sang and colleagues showed that
tezampanel, a nonspecific AMPAR blocker, can be used
to reduce mechanical hyperalgesia in a rodent model of
inflammatory pain. This treatment modelimpairing pain
transmission—requires chronic administration of the
drug. However, chronic administration of an AMPAR
antagonist results in unacceptable side effects by
interfering with normal nociceptive and non-nociceptive
sensory transmission and motor functions. In addition,
these drugs can penetrate the cerebrospinal fluid and
disrupt synaptic transmission in the brain. However,
recent studies on the role of CPARs in the induction and
maintenance of central sensitization have shed new light
on the therapeutic potential of AMPAR blockade.
Therefore, therapeutic AMPAR blockade may require a
different strategy aimed at disrupting the molecular
mechanisms of central sensitization rather than
disrupting complete synaptic transmission. This strategy
may only require proactive blocking of signaling events
that lead to accumulation of CPARs or selective
antagonism of CPARs themselves. In support of this
strategy, the examined pain perception in mice carrying
genetically modified GIuR2 as part of an investigation
into the mechanism of central sensitization in the spinal
cord. They genetically modified GluR2 subunits to
render these receptors unable to be internalized.
Consequently, these mutated GIuR2 receptors remained
on the cell membrane longer and displaced GluR1
receptors. Remember that CPARs require the absence
of GluR2 and the presence of GIuR1. This mutation
essentially results in a decrease in the amount of CPAR
on the cell surface. Interestingly, but perhaps
unsurprisingly, rodents with this mutation exhibited less
chronic pain. Using a different genetic approach,
examined the effect of selective deletion of GIuR1 or
GluR2 on the acute pain threshold in mice. for
transmission. signs of acute pain. However, in a model
of chronic inflammatory pain, genetic deletion of GluR1
subunits in mice resulted in a higher pain threshold, and
deletion of GluR2 had the opposite effect. Because
GluR2 is Ca2-permeable without AMPARS, these genetic
data suggested that altering the number of Ca-
permeable AMPARs at synaptic surfaces may alter pain
transmission. The difference lies in the chronic nature of
the pain. Although CPARs are interesting for acute pain
signaling, they are likely to play an important role in
chronic pain due to their influence on central
sensitization [100-104].

AMPA receptors mediate fast excitatory
synaptic transmission in the mammalian central nervous
system when activated by the neurotransmitter
glutamate at the postsynaptic membrane. The receptors
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are composed of four subunits GluA1-GluA4, which can
combine with each other in various combinations to
form glutamate-activated ion channels with different
physiological properties. However, AMPA receptor
function is also influenced by concomitant factors, such
as the TARP family of AMPA receptor transmembrane
regulatory proteins. For example, TARP y8 allows AMPA
receptors that have been desensitized due to the
chronic presence of glutamate to return to an open state
[105-107].

NMDA receptors are well expressed on the cell
surface and function when double cysteine mutations
are introduced into NR1 or NR2 to block lobes. The
GluA2 A452C/S652C mutation is highly expressed but
does not reach the cell surface. However, when
expressed in bacteria, the GluA2 LBD with these
mutations’ folds correctly and the agonist binding site
remains intact. Assuming that the protein is correctly
folded but does not translocate to the cell surface, the
transport defect may be due to a defect in dimer or
tetramer formation or a conformational state (e.g.,
desensitization). The L483Y mutation appears to
promote tetramerization and stabilize the interface
between LBD dimers. Despite the formation of
tetramers, the lack of desensitization of L483Y mutants
limits their penetration to the cell surface. The formation
of the A452C/S652C disulfide destabilizes the interface
between LBD dimers and likely has the opposite effect
on tetramerization (or even dimerization) [108-112].

The use of a disulfide bond demonstrated that it
is possible to obtain an almost completely closed form
of the GIuA2 LBD in the presence of several partial
agonists. This suggests that the flocs may exhibit
transitions to multiple conformations, as previously
suggested by dynamic NMR measurements and single-
molecule  FRET  experiments.  Although these
experiments do not directly address the conformation
required for channel activation, previous studies
showing that partial agonists can adopt a range of
conformations suggest that this ensemble may
determine efficacy. The finding that the fully closed form
is part of this set is consistent with the idea that the
stability of the fully closed form determines
performance.

Activation of AMPA receptors begins with
agonist binding and general movement of the LBD,
which in turn causes displacement of the ion channel
gate and the passage of cations through the channel
pore. Closure of the LBD bipartite structure is at least
partially responsible for channel opening. Single-
channel recording experiments showed that full and
partial agonists can activate AMPA receptor channels at
the same three or four different conductance levels. At
saturating agonist  concentrations and  without
desensitization, partial agonists exhibit lower currents
than full agonists because lower conductance levels fill
preferentially than those observed with full agonists. The



different levels of conductance were thought to be due
to the activation of separate gates on each of the four
subunits. That is, the highest level of conductance is
achieved with the gates open for all four subunits, the
next highest level of conductance is with three gates
open, and so on. At saturating concentrations of
agonists, all four subunits are occupied, so in the
absence of desensitization, the occupancy of lower
conductance states by partial agonists suggests that
the activation channel is not automatically triggered
upon agonist binding, but rather that the channel is
open. The gate to one subunit is associated with
conformational equilibrium, the energy levels of which
change upon agonist binding. Partial agonism is based
on a number of crystal structures that correlate lobe
orientation in the GluA2 LBD with efficiency. The more
sheet closures observed in a set of crystal structures,
the higher the efficiency. Conduction states were shown
to be identical for full and partial agonists, and the
population of conductance levels followed a bionomic
distribution. The success rate of a bio name can be
viewed as a measure of effectiveness. The efficiency
coefficient, in turn, correlates with the relative orientation
of the LBD flaps. This hypothesis has been called the
explanation because the relatively fixed degree of gate
closure determines the likelihood of gate activation. An
alternative, but not mutually exclusive, dynamic model is
that each subunit has a conformational set that is
modified by the binding of full and partial agonists. For
full agonists, the conformational set primarily favors a
closed valve state and gate activation for the subunit,
whereas partial agonists include a fully closed state as
well as a distribution of more open states with less
frequent gate activation for the subunit. this subunit. In
the simplest version of the model, the fully closed state
of the LBD would be the trigger to activate the channel
gate, and the probability of achieving a fully closed LBD
would determine the effectiveness [113-118].

The half-life of AMPAR in cultured spinal
neurons, measured by pulse receptor labeling or
surface biotinylating, is approximately 30 hours. In
contrast, a recent report using an antibody pulse to label
surface receptors on live human embryonic kidney
(HEK) cells and hippocampal neurons in culture showed
that the labeled receptors were internalized very quickly,
with a constant of time of approximately 40 minutes.
These internalized receptors were colocalized with
proteins, associated with clathrin-coated pits. This
suggests that receptor endocytosis occurs much more
rapidly than receptor degradation, leaving the majority of
internalized AMPARs intact (and possibly functional).
This, in turn, raises the possibility that internalized
AMPARs may be recycled back to the synaptic
membrane. Although constitutive cycling models of
receptors at the NMJ emphasize a slow, stately
exchange of receptors over a period of days, these
recent studies suggest that central AMPARs may

constantly travel between extracellular and intracellular
compartments, although direct tests provide proof of
this. require the reappearance of receptors on the
synaptic membrane. Another reason for caution in
interpreting the discrepancy between half-life and
internalization rates is the possibility that the method
used to measure internalization itself (the binding of
antibodies to AMPARs in living cells) influences the rate
of receptor internalization. For example, it would be
good to know whether the receptor half-life decreases
with antibody treatment. An interesting observation in
cells treated with hypertonic sucrose or transfected with
a dominant negative dynamin mutant (both
manipulations intended to inhibit endocytosis) was that
constitutive AMPAR internalization was significantly
reduced, the percentage of AMPAR but the total surface
area was not increased. This observation led to propose
that the internalization and insertion rates of the
constituent receptors are somehow linked, such that a
change in one result in coordinated changes in the
'other, and that the total number of surface receptors
remains constant. This interpretation could explain the
lack of effect on basal transmission observed with
subsequent blockade of exocytosis, but is in direct
contradiction to the findings that exocytosis blockers
had a profound effect on basal transmission. Insulin
treatment reduced the number of surface receptors on
cultured HEK or hippocampal neurons, and this
reduction was sensitive to agents that disrupt
endocytosis. Additionally, insulin treatment and LTD
blocked in hippocampal slices. This suggests that
certain agents (such as insulin and activity) are able to
transiently uncouple endocytosis and exocytosis and
produce a net gain or loss of cell surface receptors.
These results are supported by the accompanying
report that cerebellar LTD (and reduction in insulin-
mediated  synaptic  transmission) was  strongly
attenuated by inhibitors  of  clathrin-mediated
endocytosis, whereas basal transmission was not
affected. The reports suggest that the synaptic plasticity
mechanisms from different brain regions (hippocampus
and  cerebellum), using different  transduction
mechanisms, might ultimately converge on the same
cellular mechanism to control the number of AMPARs
expressed at synaptic sites [119-123].

The CP-AMPARs have been implicated in
pathological processes such as ischemia for many
years, their role in “normal” physiological memory
processes has only recently been recognized, and CP-
AMPARs are now emerging as an important additional
property of various forms of synapses. The subunit
composition of synaptic AMPARs can change quite
rapidly due to the movement of certain subunits.
Compared to the wealth of knowledge about AMPAR
trafficking in general, little is known about the specific
mechanisms that regulate synaptic inclusion of CP-
AMPARs. As mentioned above, GluA1-dependent
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mechanisms, already identified as important for LTP
expression but previously thought to apply primarily to
GluA1/GIuA2 heteromers, may be synonymous with CP-
AMPAR transport immediately following LTP induction
and perhaps other forms of plasticity that also include
the CP-AMPAR insert [124-127]. Internalization of GluA2,
which is part of CP-AMPAR expression, may share
mechanisms with the induction of LTD (which does not
involve synaptic CP-AMPAR expression). It will be
important to see how signaling pathways upstream of
AMPAR subunits and the accessory proteins are
specific for CP-AMPAR expression. Unraveling the
details of the illicit trade requires a modern cell culture
system that can be used for high-resolution imaging in
combination with acute genetic manipulation. Although
such a system is clearly available for hippocampal
neurons, research on other types of neurons has lagged
in this regard. However, it is already clear that there are
many similaries between the neurons of the
hippocampus, VTA and lateral amygdala.

V. (CONCLUSION

So, the Modulation of AMPA receptors leads to
changes in pain sensitivity. The AMPA receptors are
involved in spinal cord pain pathways, and more
specifically in  the synaptic contact between a
nociceptive afferent neuron and a spinal cord neuron,
modulation of these receptors should lead to changes in
pain sensitivity in animals. In fact, researchers have
been trying to administer intrathecal glutamate receptor
blockers to treat pain for many years. The reason for this
approach was to interrupt all synaptic transmission
between peripheral nerves and spinal nerves by
blocking AMPARs. For example, Sang and colleagues
showed that tezampanel, a nonspecific AMPAR blocker,
can be used to reduce mechanical hyperalgesia in a
rodent model of inflammatory pain. The nociceptor-
specific deletion of GIuA1 resulted in the disruption of
calcium permeability and a diminished response to
capsaicin stimulation in nociceptors. The deletion of
GluA1, led to reduced mechanical hypersensitivity and
sensitization in models of chronic inflammatory pain and
arthritis. So, the GluA1-containing AMPARs played a
regulatory role in the nociceptors' responses to painful
stimuli in inflamed tissues, influencing the excitatory
signals transmitted from the periphery into the spinal
cord.
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Redefining Psychopathology from an
Anatomical and Functional Perspective

Michael Raymond Binder, M.D.

Abstract- After more than a century of scientific study and
philosophical debate, the distinction between psychological
and psychiatric illness remains unclear. The challenge of
distinguishing between these seemingly different forms of
pathology continues to cause errors in patient referral, delays
in therapeutic progress, and, in some cases, an actual
worsening of symptoms due to the application of inappropriate
treatment techniques. The fundamental cause of the confusion
has been a lack of clarity about the anatomy of the cognitive-
emotional system and the mechanism by which psychological,
emotional, and behavior abnormalities are produced. Also
lacking is an understanding of how intrapsychic tension affects
neurophysiology and vice-versa, as this too is dependent
upon a more comprehensive understanding of the cognitive-
emotional system. In this discussion, the anatomical and
functional relationship between the mind and the brain will be
more clearly elucidated, and the different forms of
psychopathology will be more clearly defined. Achieving a
better understanding of human psychophysiology and greater
clarity about what pathological processes are being treated
could streamline the care of patients and lead to a more
speedy and sustained resolution of symptoms. It could also
increase patient confidence and patient compliance, two
factors that are sorely lacking in an era in which less than half
of all patients are receiving the help they really need. Also
presented will be an evidence-based way to objectively
determine which patients are at increased risk of developing
any of a wide range of psychiatric and chronic medical
conditions and the measures that they can take to reduce that
risk before symptoms even begin.

Keywords: pathophysiology of psychiatric disorders,
neuronal hyperexcitability, biomarkers, mood stabilizers,
genetic engineering, cognitive-emotional system, mind-
brain duality, neurosis, psychotherapy, stigma.

[. INTRODUCTION

fter more than a century of scientific study and
philosophical debate, psychological, emotional,

and behavioral disorders are still being classified
descriptively and treated with various psychological,
behavioral, and medical techniques without a clear
understanding of what pathological process is being
treated or how the therapy imparts its therapeutic
effects. Unsurprisingly, treatment outcomes continue to
be unacceptably poor [1, 2], and patient faith in the
behavioral healthcare system continues to be
concerningly low, with nearly half of all symptomatic
persons failing to seek professional help [3]. Moreover,
their lack of faith in the behavioral healthcare system is

Author: Adult and Adolescent Psychiatry, 5 Revere Drive, Suite 200,
Northbrook, USA. e-mail: mbinder@drmichaelbinder.com

partly shared by third-party payers, as behavioral health
services continue to be reimbursed at lower rates than
most other health conditions. In the meantime, the
mental health of the world’s population continues to
decline, and the mental health crisis affecting many
subpopulations continues to spin out of control. This
underscores the need for a radical change in the way
that mental illness is understood and the way that
various therapies are matched to patients who present
for treatment.

In this article, the multifaceted disorder called
“psychopathology” will be defined in a radically new
way. It will be reconceptualized as a group of
psychological, emotional, and behavioral abnormalities
that can be divided into two structurally different but
functionally overlapping categories; namely, those that
are rooted in psychological abnormalities, and those
that are rooted in biological abnormalities. Based on this
reconceptualization, which is guided by a more
comprehensive understanding of the anatomy of the
cognitive-emotional  system, the assessment of
psychological, emotional, and behavioral disorders will
be markedly simplified, and the treatment of these
disorders will become far more targeted. In a field that
continues to rely on symptoms rather than pathology to
guide treatment, the new paradigm that will be
discussed could be transformative. We will see how it
could completely reshape the way that psychiatric
disorders are treated, reduce the stigma of mental
illness, and bring an end to the mental health crisis.

[I. ANATOMY OF THE COGNITIVE-
EMOTIONAL SYSTEM

The logical place to start in reconceptualizing
mental illness is with a reevaluation of the structural and
functional anatomy of the cognitive-emotional system.
Although many of the early pioneers in the medical field,
such as Socrates, Plato, Descartes, Popper, and Eccles,
believed that the essence of the mind was different than
that of the brain, the concept of a mind-brain duality was
largely replaced by the reductionist view that all
psychopathology could ultimately be understood
through a more comprehensive understanding of brain
structure and function. Yet despite moderns advances in
neuroscience, we are still no closer to distinguishing the
psychological from the biological underpinnings of
psychiatric disorders.
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However, the recent explosion of near-death
testimonials is beginning to reshape the way we
conceptualize  the  cognitive-emotional  system.
According to researchers who have studied these
experiences, consciousness continues even after the
brain stops working and the heart stops beating [4-9].
Most of those who claim to have had a near-death
experience (NDE) say that they had left their physical
bodies and continued to think, perceive, and remember
things that, based on a reductionist view of brain
function, would have been physically impossible [4-9].
However, many of these accounts have been
corroborated by factual information that the NDErs
could not possibly have known had they not actually
separated from their physical bodies and retained their
cognitive, sensory, and memory functions [4-9]. The
evidence is now so strong that, in 2022, the New York
Academy of Sciences published a multidisciplinary
consensus statement concluding that “NDEs are not
hallucinations or illusions but rather evidence that life
continues after death” [10].

In an effort to experimentally explore the
possibility that the mind is a separate entity that interacts
with the brain, Cerf et al. [11] found that willful thoughts
and their associated emotions readily stimulated
specific neurons when subjects were asked to perform
specific mental tasks. Conversely, Wilder Penfield [12],
about a century earlier, had found that stimulating the
brain in specific places caused his patients to
experience specific thoughts and emotions. More
recently, it was demonstrated that the behavior of
laboratory animals could be influenced by stimulating or
inhibiting  specific neurons [13, 14]. These later
experiments helped clarify the means by which the
touch of Penfield's electrical probe was stimulating
related thoughts and emotions. Taken together, these
observations provide compelling evidence that the mind
and the brain are separate entities that influence each
other.

Another line of evidence in support of a mind-
brain duality is the tremendous explanatory power that it
has. To begin with, it seems intuitively obvious that the
mind and the brain are not the same thing. Notice that in
referring to the brain, one naturally says “my brain” just
as one says ‘my heart,” “my lungs,” or “my kidneys.”
Thus, one naturally refers to the brain as a body-part
rather than as “the self.” That begs the question: who
am 1? Also, it is intuitively obvious that we train our
brains rather than being robotically led around by our
brains. We teach our brains to coordinate walking,
talking, reading, writing, and complex athletic
movements. Though most of us come into the world
with a fully functioning brain, we cannot perform any of
the aforementioned skills until we teach our brains to
help us perform them. So that raises the question: who
is doing the teaching?

© 2024 Global Journals

The same question was asked by Nobel Prize
laureate Francis Crick in his thought-provoking article,
“Function of the Thalamic Reticular Complex: The
Searchlight Hypothesis” [15]. In the article, Crick
references the pioneering work of Anne Treisman and
her colleagues, which suggests that there is an
"attentional searchlight” that scans and then selects
information coming into the thalamic reticular nucleus
(TRN). Recall that the thalamus is the central hub of the
brain where nearly all sensory input is relayed directly
[15]. The searchlight is not proposed to light up areas of
a completely dark landscape but rather, like a
searchlight at dusk, is thought to illuminate those parts
of a dimly lit landscape that are of particular interest to it.
According to the investigators, it does this by stimulating
select assemblies of cells in the TRN. Although the
collaterals of these cells are largely (if not entirely)
inhibitory, specialized burst activity allows them to
enhance the activation of select neural networks when
stimulated [16]. The mechanism by which this occurs is
based on the unique physiology of thalamic neurons.
Elegant studies on thalamic slices from the guinea pig
have confirmed that when hyperpolarized thalamic
neurons are stimulated, they respond by producing a
single spike (or short burst of rapid spikes) followed by a
brief period during which they are unresponsive to
continued stimulation [17-19]. This implies that when the
attentional searchlight turns its attention to a point of
interest, the excitatory phase initiates a wave of inhibition
that tumns down irrelevant information, while the
refractory phase allows activity in select circuits to be
turned up. In this way, the TRN allows the searchlight,
which could be nothing other than the human mind, to
scan the information coming into the thalamus, highlight
select inputs, and then shift attention to other areas of
potential interest. This could explain how, on a
psychophysiological basis, the mind is able to
contemplate or, conversely, repress various thoughts,
emotions, and images. It suggests that the mind, like a
pilot seated in the cockpit of an airplane, interacts with
the brain in much the same way that we interact with our
computers. The TRN would be the computer monitor,
and the individual neurons would be the keys on the
keyboard. Furthermore, the high degree of specificity of
various neuron-types [20], and the equally precise
topography of the TRN [15, 20, 21], could help explain
why damage to specific neurons causes functional
deficits that can only be recovered by training other
neurons to take over the functions of the damaged
neurons.

Another line of evidence for a mind-brain duality
is the ability of mental and emotional stress to
dysregulate brain function. What we call “stress” cannot
logically be experienced by the brain because the brain
is merely a collection of fats, proteins, and
carbohydrates. Stress is a human emotional experience,



and this experience, like other emotional experiences,
such as love, joy, fear, and anger, cannot possibly be
attributed to the physical components of the brain.
However, from the perspective of a mind-brain duality,
the stressed mind, like a whirling wind, could be hyper-
activating specific circuits in the brain. This effect would
be akin to using mental effort to increase the force with
which a muscle contracts.

I1I. MIND-BRAIN COMMUNICATIONS

However, this raises the same question that
René Descartes was asked in the 17th century: if the
mind is neither visible nor tangible, how could it
communicate with the physical brain?

The answer to this question appears to be
provided by several key discoveries that were made in
biology, chemistry, and physics over the last few
centuries. From the field of biology came the discovery
of the neuron; from the field of chemistry came the
discovery of electrochemical processes; and from the
field of physics came the discovery of electromagnetic
energy. Taken together, these discoveries seem to
provide the answer to the mind-brain problem. The mind
and the brain could communicate with each other via
the induction of magnetic fields. The mind, being an
energy body, could induce magnetic fields as it thinks
and emotes; and the brain, being an electrical organ,
could induce magnetic fields as neurons depolarize and
repolarize. Of course, the idea that electromagnetic
energy could communicate intelligible information
should come as no surprise to us. Electromagnetic
signals are the means by which television programming
is relayed to our television sets and intelligible
information is relayed across the internet. The idea of
mind-brain communication via electromagnetic energy
is also supported by the fact that all forms of sensory
input, including vibration (sound), mechanical (touch),
and chemo (taste), are converted into electrical signals
en-route to the brain. This conversion prepares the
information to be relayed to the mind via
electromagnetic energy.

V. INTEGRATING MENTAL PROCESSES
WITH NEUROLOGICAL PROCESSES

The sharing of electromagnetic energy by the
mind and the brain helps to explain, for the first time, the
psychophysiological distinction between conscious,
preconscious, and unconscious thoughts as described
by the renowned Austrian psychiatrist Sigmund Freud.
Although Freud used his structural theory of the psyche
to better understand and treat his patients, he did not, in
his work, relate it to the workings of the brain [22].
However, a mind-brain duality of the cognitive-emotional
system offers a coherent anatomical and functional
explanation of these three operations of the mind.
Conscious mental processing would describe the state

in which neurologically-induced magnetic fields were
fully synchronized with mentally-induced magnetic
fields; preconscious mental processing would describe
the state in which neurologically-induced magnetic fields
were partially synchronized with  mentally-induced
magnetic fields; and unconscious mental processing
would describe the state in which neurologically-
induced magnetic fields were minimally or completely
unsynchronized with mentally-induced magnetic fields.
This could help explain why, for instance, there is
sometimes a delay between the time that one tries to
recall someone’s name and the time that one actually
recalls the name. The delay would represent the time
that it took for neurological signals that had previously
been associated with the person’s name to synchronize
with the mental signals that were attempting to
reactivate them. The mind-brain duality could also
explain why most of our thought-life would, as Freud
theorized, be unconscious. The mind, being a body of
electromagnetic  energy, would be processing
information millions of times faster than the brain.

Now then, if we were to seriously consider the
possibility of a mind-brain duality, the brain would be
reduced to a neurological switchboard that primarily
relays electrical signals between the mind and the body.
If this were the case, it would logically redirect our
attention to the mind as the chief source of
psychopathology. However, that would raise the
question of what, from a psychological standpoint,
psychopathology really is.

At its most fundamental level, “psycho,”
meaning psychological, and “pathology,” meaning
disease, refers to unhealthy ways of thinking. But that
raises the question of what one means by “unhealthy.”
To answer that question, we must delve into the purpose
of life because the true health of the psyche involves an
actualization of who we really are and where we are
ultimately going. Of course, there are countless different
philosophies about this, but there is only one that fully
resonates with the human spirit. That is the belief that life
is eternal because the idea of permanent annihilation is
contrary to the eternal concepts of faith, hope, and love.
In addition, if there were no life after death, it would
render all pain, sorrow, and suffering in this life
meaningless. It would also render all of our relationships
meaningless, all of our accomplishments meaningless,
and the whole dying process meaningless. On the other
hand, if life continued after death, everything that we
experience in this life would have eternal value. Being
kind to others would have eternal value because our
relationships would continue forever; working hard
would have eternal value because it would teach us the
value of etermnal rest; the experience of suffering would
have eternal value because it would create gratitude for
eternal happiness; and the dying process would have
eternal value because it would help us truly appreciate
all that we have been given. Therefore, one form of
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unhealthy thinking would be to assume a nihilistic
attitude—a belief that life is limited to this world and that,
contrary to the eternal concepts of faith, hope, and love,
there is nothing to look forward to beyond the grave. In
its most pathological form, this would include a lack of
respect for the moral code or the dignity of other human
beings.

Until recently, there had been little scientific
evidence that life continued after death. However, as
previously discussed, the rapidly growing body of NDEs
is beginning to change all that. NDEers consistently
affirm that consciousness, memories, and relationships
continue even after the mind leaves the body. These
reports provide evidence that is even stronger than
traditional scientific investigation because most of them,
though being independent of one another, concur with
one another, even across diverse languages, cultures,
and religions. Moreover, the observers typically have
nothing to gain. On the contrary, they often have much
to lose because their testimonies tend to be frowned
upon and discounted by those who have never had
such experiences. This contrasts sharply with traditional
scientific research, which is often reported by only one
observer (or handful of observers), is generally accepted
by others based on faith in the scientific process, and is
typically supported by monetary grants. Another
observation that supports the validity of NDEs is that the
impressions made on experiencers almost universally
affirm what theologians have been saying for thousands
of years...that the purpose of life on earth is to grow in
closeness to God and one’s fellow human beings.

A duality of mind and brain makes this spiritual
growth possible because it implies that the mind has
two natures; it has a carnal nature that overseas the
physical body, and it has a moral nature that aligns with
moral precepts. The carnal mind would relate to Freud’s
concept of the “id,” and the moral mind would relate to
Freud's concept of the “superego.” However, just as the
carnal mind would be troubled if the body's sense
organs were to convey painful signals to it, the moral
mind would be troubled if it were to violate its moral
obligations. This can create intrapsychic conflict
because we cannot always satisfy our moral obligations
without incurring some degree of camal discomfort.
According to Freud, this intrapsychic conflict could be
repressed and then re-emerge as various behavioral
and somatic symptoms that he referred to as
‘neuroses.” The problem with this theory, however, is
that intrapsychic conflict is a normal consequence of our
functional anatomy. It would be abnormal not to feel
conflicted at times. That raises the question of whether
Freud’'s patients had some overlapping problem that
was driving their symptoms.

© 2024 Global Journals

V. THE MuLTI-CIrRCUIT NEURONAL
HYPEREXCITABILITY HYPOTHESIS OF
PSYCHIATRIC DISORDERS

An emerging hypothesis contends that a
pathological hyper-reactivity or “hyperexcitability” of the
neurological system could abnormally amplify and
perpetuate the thoughts and emotions with which the
mind is grappling. According to the Multi-Circuit
Neuronal Hyperexcitability (MCNH) hypothesis [23],
psychiatric symptoms are the consequence of a
pathological hyperactivity of the brain circuits that
correspond to them. Thus, for example, abnormally-
elevated and persistent feelings of anxiety would be the
consequence of pathological hyperactivity in anxiety
circuits; abnormally-elevated and persistent feelings of
depression would be the consequence of pathological
hyperactivity in depressive circuits; abnormally-elevated
and persistent feelings of anger would be the
consequence of pathological hyperactivity in irritability
circuits; etc... Beyond causing mental and emotional
symptoms, pathological hyperactivity in specific brain
circuits could cause somatic symptoms, such as
migraine headaches, musculoskeletal pain, and irritable
bowel [24]. Without any knowledge of this, and in the
absence of any demonstrable end-organ disease, it
would have been logical for Freud to assume that such
symptoms were purely psychosomatic in nature.

It is also noteworthy that the term “neurosis” did
not originate with Freud. Rather, it originated with Sir
William Cullen about a century earlier [25]. Cullen, a
Scottish physician, coined the term to describe a
“general affection of the nervous system.” Cullen
hypothesized that this abnormality was rooted in a
sickness (osis) of a nerve, (neuron); hence the term
neurosis. Cullen divided neuroses into four basic types:
melancholia (depressive), mania (euphoric), dementia
(schizophrenic), and idiotism (deranged) [25]. These
would roughly correspond to the different degrees and
manifestations of psychopathology caused by different
levels of neuronal hyperexcitability [20].

An associated finding that can likewise be
explained by neuronal hyperexcitability is the tendency
for psychiatric symptoms to cycle. Because the
neurological system is highly interconnected, the
chances that one hyperexcitable circuit would, like a
short-circuit in a wired electrical system, aberrantly fuel
hyperactivity in another circuit would tend to increase as
the level of excitation in the system increased. This
could help explain why the frequency of symptom-
cycling tends to increase as one’s level of stress and,
over time, the frequency of psychiatric episodes
increases due to the kindling effect of persistent stress
on untreated neuronal hyperexcitability [26]. However,
due to synaptic pruning, the number of neuron-to-
neuron connections decreases dramatically from early



childhood to early adulthood [27]. This could help
explain why children who develop psychiatric symptoms
tend not to show any symptom-cycling until
adolescence or early adulthood. On the other hand,
childhood is generally a time of relatively low stress;
hence, even in children who inherit the genes for
neuronal hyperexcitability, there is often not enough
excitation in the system to precipitate any symptom-
cycling (or perhaps any psychiatric symptoms) until the
child’s stress levels begin to rise appreciably. This could
help explain why most children who inherit the genes for
neuronal hyperexcitability do not become symptomatic
until adolescence, when the stress of transitioning from
childhood to adulthood begins to fan the flames of
neuronal hyperexcitability.

Beyond these observations, the aberrant circuit-
induction hypothesis could help explain why different
persons tend to have their own characteristic cycling
frequency. The average adult brain has between 73 and
89 billion neurons [28], and with each neuron forming
connections with up to 15,000 other neurons [29] there
is a lot of room for variance in the number of neuron-to-
neuron connections that any individual’s brain can have.
Persons with a greater number of neuron-to-neuron
connections would be expected to cycle more rapidly
than persons with fewer connections, and those with the
fewest connections would be expected to cycle the least
rapidly or perhaps not at all [30].

The idea that most of the common psychiatric
disorders are rooted in a hyperexcitability of the
neurological system is also supported by the effect that
neuronal hyperexcitability would have on the mind-brain
dynamic and, consequently, one’s thoughts, emotions,
and behavior. Stress in the mind would tend to
overstimulate the brain. The hyperactive brain would
then further stimulate the mind, thus creating a vicious
cycle of mutual overstimulation between the mind and
the brain. As the emotional tension continued to ramp
up, various cognitive-emotional states would be
experienced, and various defense mechanisms would
be employed. The specific constellation of thoughts,
emotions, defense mechanisms, and willful choices
would determine which specific psychiatric syndrome
(or syndromes) a particular individual would have [24].
In some cases, the level of neuronal hyperexcitability
could be so high that various psychiatric symptoms
could be induced even in the absence of any significant
environmental stress or intrapsychic conflict. Of course,
the pattern of neuronal firing could change at any time,
thus explaining why a given individual could be
diagnosed with one psychiatric syndrome at one point in
time, and a different psychiatric syndrome at another
point in time.

Although William Cullen did not elaborate on
neurosis in this much detail, he recognized that it could
cause a wide range of psychopathology from major
depressive disorder to bipolar disorder and from

generalized anxiety disorder to schizophrenia. In
contrast, Freud divided psychopathology into two basic
types: neurosis, in which he hypothesized that “the ego
suppresses part of the id out of allegiance to reality,”
and psychosis, in which the ego “lets itself be carried
away by the id and detached from part of reality.” From
the perspective of the MCNH hypothesis in conjunction
with a mind-brain duality of the cognitive-emotional
system, this would translate to the mildly hyperexcitable
brain allowing the mind to remain partially in control of
one’s thoughts and emotions (i.e., neurosis), and the
severely hyperexcitable brain completely usurping the
mind’s willful thoughts and emotions (i.e., psychosis).

Although any mental, emotional, or biological
factor that increases neuronal excitability could, in
theory, precipitate psychiatric symptoms, most of the
candidate genes that have been linked to the major
psychiatric disorders code for proteins that are involved
in the regulation of neuronal firing [31-43]. This suggests
that a constitutional hyperexcitability of the neurological
system is, in the vast majority of cases, the underlying
driver of psychiatric symptoms and that that
constitutional abnormality is the consequence of gene
variants whose protein products fail to adequately
regulate the firing of neurons.

VI. STRUCTURAL AND FUNCTIONAL
INTEGRATION OF PSYCHOPATHOLOGY

The difference between the MCNH classification
of psychopathology and the Freudian classification of
psychopathology is that the former integrates
psychological and neurological function in
conceptualizing the pathology. Accordingly, it divides
psychopathology into two functionally distinct groups:
psychosocial (due to extreme self-centeredness,
immorality, and lack of respect for the dignity of others);
and neuropsychiatric (due to neuronal hyperexcitability).
Some of those in the first group may actually have hypo-
excitable neurological systems [30], thus causing them
to be relatively unemotional, matter-of-fact, and
insensitive to the feelings of others [44, 45]. Such
persons have been referred to clinically as "primary
psychopaths” [45].

In contrast, persons in the second group are
constantly hounded by recurrent signals from their
hyperexcitable brains, thus causing their thoughts and
emotions to keep replaying like a broken record. This
may include physical restlessness, emotional
hypersensitivity, persistent or cyclic anxiety, depression,
irritability, euphoria, distractibility, impulsivity, insomnia,
energy changes, persistent grief, substance misuse,
somatic symptoms, or any other symptom that
characterizes the common psychiatric disorders. If the
neuronal hyperexcitability were in the mild-to-moderate
range, the affected person would manifest what Freud
called “neurosis.” If the neuronal hyperexcitability were
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in the moderate-to-severe range, the affected person
would manifest what Freud called “psychosis.”
Hallucinations would occur when neuronal signaling in
the associated sensory pathways became so high that
the input was perceived as coming from the
environment. Similarly, delusional thinking would occur
when the intensity of internally-driven thoughts and
emotions, which is normally lower than that of
environmentally-driven thoughts and emotions, became
so high that it was thought to reflect external rather than
internal reality.

Of course, psychosocial and neuropsychiatric
forms of psychopathology are by no means mutually
exclusive. A person who is morally approbate could also
have a hyperexcitable neurological system. In such
cases, the neuronal hyperexcitability trait would tend to
accentuate any psychopathic tendencies, especially as
the individual began to encounter the stress of
adolescence. However, due to the activating effect of
neuronal hyperexcitability, such individuals, who have
been referred to clinically as “secondary psychopaths,”
would tend to be highly reactive, anxious, and impulsive
in comparison to the cold, callous, and calculating
nature of primary psychopaths [44-46]. Yet because of
the aforementioned differences in age-of-onset and

emotional temperament, it can appear as though
primary psychopathy is more genetically-based,
whereas secondary psychopathy is more

environmentally-based. What is more likely, however, is
that both are equally genetically-based but with
neurophysiological traits that are at opposite ends of the
neuronal excitability spectrum: hypo-excitable neurons
in the primary psychopath, and hyper-excitable neurons
in the secondary psychopath [30]. This would allow
primary psychopathy to grow out of a hedonistic
disrespect for others in comparison to secondary
psychopathy, which would grow out of a defensive
disrespect for others. Primary psychopathy would be an
emotional under-reactivity that was relatively unaffected
by environmental stress, whereas secondary
psychopathy would be an emotional hyper-reactivity that
was highly affected by environmental stress.

Acquiring a better understanding of these two
disorder-types is  important  because  primary
psychopathy, being an emotional deficit, would not be
very amenable to pharmacotherapy, whereas secondary
psychopathy, being an emotional disturbance, would be
highly amenable to brain-calming drugs. The other
reason that distinguishing between these two disorder-
types is important is that a hyperexcitable brain,
irrespective of a person's moral disposition or reason for
seeking treatment, tends to both instigate and
exacerbate intrapsychic tension [21]. Hence, attempting
to psychotherapeutically treat psychopathology that is
fueled by neuronal hyperexcitability can further stimulate
circuits that are already pathologically hyperactive, thus
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placing affected persons at risk for regression. This risk
would be greatest in those patients with the highest
levels of neuronal excitability, irrespective of their
symptom-based diagnosis.

Although the neurophysiological underpinnings
of psychopathology were unclear to Freud, he learned
clinically that he should limit his psychoanalytic practice
to neurotic-range patients (i.e., those who would have
had only mild or moderate levels of neuronal
hyperexcitability). In such patients, he assumed that
intrapsychic conflict was the primary driver of the
symptoms; hence, he believed that their symptoms
could be reduced if they could resolve their intrapsychic
conflicts. Although this may be true, intrapsychic conflict
is a normal part of life and, therefore, should not in itself
be considered pathological. What creates the
psychiatric symptoms is the abnormal amplifying effect

that neuronal hyperexcitability has on cognitive-
emotional processes.
VII. HOW TO IDENTIFY THE NEURONAL

HYPEREXCITABILITY TRAIT

That raises an important question: is there
some objective way to determine whether a person’s
neurological system is hyperexcitable? If so, correcting
that abnormality as a first-line intervention in affected
persons would not only streamline treatment, but it
would also reduce the risk of regression in the event that
complementary psychotherapy were needed.

Until recently, there had been no objective way
to identify the neuronal hyperexcitability trait. However,
an explosion of recent studies has identified a link
between resting vital-sign measurements and the later
development of various psychiatric and general medical
conditions. In a longitudinal study involving more than
one million men in Sweden, Latvala et al. [47] found that
subtle elevations in resting heart rate (RHR) were
predictive of the later development of generalized
anxiety disorder, obsessive-compulsive disorder, and
schizophrenia. Similarly, Blom et al. [48] found that
adolescent girls with emotional disorders had increased
resting respiratory rates (RRR) in comparison to healthy
controls. Persons with higher resting heart and
respiratory rates have also been found to be at
increased risk of developing a wide range of chronic
medical conditions, including diabetes [49-52], high
blood pressure [53-55], cardiovascular disease [56-61],
cerebrovascular disease [62-64], cancer [64-66],
dementia [67], and all-cause mortality [64, 68]. The
subtle vital-sign elevations with which these conditions
are associated are thought to be the consequence of a
tonic elevation in basal neurological activity in those
persons who inherit the genes for neuronal
hyperexcitability [69]. This is the MCNH explanation for
why the lifespan of persons with severe mental iliness
tends to be much shorter than the general population



[69]. The reason that psychiatric symptoms tend to
precede the development of diagnosable physical
abnormalities is that the cognitive-emotional system is
more expressive of neuronal excitation than other
organs and systems of the body [70]. The physical
consequences tend to be delayed because they
express the gradual erosive effects of neuronal
hyperexcitability, which can take years or even decades
to develop.

Thus, there is mounting evidence that the
neuronal hyperexcitability trait can be identified
objectively [30, 69]. It has been estimated that, in the
absence of any significant cardiorespiratory disease,
confounding medications, or substances of abuse, an
RHR above 75 beats/min or an RRR above 15
breaths/min is indicative of the neuronal hyperexcitability
trait. Notably, in the more than 300 consecutive
outpatients that | have studied thus far, resting heart and
respiratory-rate measurements have proven to be more
sensitive in detecting the neuronal hyperexcitability trait
than formal clinical assessments. Then again, any
person who presents for treatment is likely to be a
carrier of the neuronal hyperexcitability trait, else he or
she would probably not be presenting for treatment.
This is also important to understand from a medical
standpoint because, as previously discussed, the
neuronal hyperexcitability —trait increases one'’s
vulnerability to developing any of a wide range of
general medical conditions. Hence, treating the
abnormality early in life may be as important medically
as it is psychiatrically.

VIII. DiscussioN

In the hope of streamlining treatment and
improving clinical outcomes, the goal of this article was
to differentiate the various forms of psychopathology as
opposed to the different diagnostic categories that are
described in the Diagnostic and Statistical Manual of
Mental Disorders. What was discovered was that re-
evaluating psychopathology from an anatomical and
functional perspective yielded a very simple dichotomy
of illness-types; namely, 1) psychosocial pathology due
to extreme self-centeredness, immorality, and lack of
respect for the dignity of others; and 2) neuropsychiatric
pathology due to a hyperexcitability of the neurological
system. This is based on a mind-brain duality of the
cognitive-emotional  system and the emerging
hypothesis that psychiatric symptoms are driven by a
pathological elevation in the activity of the neuronal
circuits that correspond to them.

A major barrier to effective treatment in
behavioral healthcare continues to be the application of
various treatment techniques without a clear
understanding of how those techniques confer their
therapeutic effects or even what pathological process
they are treating. Many patients who are being treated

with psychotherapy alone should also be treated with
medication, and many patients who are being treated
with medication should be treated with different kinds of
medication than they are currently being prescribed.
This not only continues to delay clinical improvement but
it also drains clinical resources and continues to
perpetuate a lack of public confidence in the behavioral
healthcare system. Moreover, when psychotherapy
targets psychological symptoms that are actually rooted
in neuropathology, the therapist and the patient may
never get around to addressing the unhealthy attitudes
and dysfunctional core beliefs that should be the
primary focus of psychotherapy. This underscores the
need to more accurately distinguish symptoms that are
rooted in psychology from those that are rooted in
biology.

As previously discussed, the vast majority of
patients who present for psychotherapy are actually
suffering from a neurologically-based abnormality;
namely, neuronal hyperexcitability. Yet some of these
patients may not be open to the idea that their
symptoms are neurologically-based. Also, some of them
may fear the stigma of taking medication for what they
perceive to be a purely psychological problem. For such
patients, resting vital-sign measurements may provide
the kind of objective evidence that they need to believe
that medical intervention is appropriate. These
measurements may also help clinicians either validate or
invalidate their subjective clinical impressions.

For those patients whose symptoms are
primarily rooted in neuronal hyperexcitability, both
natural and pharmacological interventions should be
discussed. Natural interventions include stress-
reduction, establishment of an early sleep schedule,
moderate exercise, avoidance of caffeine and other
psychostimulants, minimization of refined sugar, and
meditative practices. For patients with low-to-moderate-
range neuronal hyperexcitability, these interventions may
be adequate. However, for those with higher levels of
neuronal hyperexcitability, natural interventions may
neither be sufficient nor practically doable because of
the disruptive effect that higher levels of neuronal
hyperexcitability have on self-discipline. Also, the
majority of these patients have chronic insomnia, which
robs their brains of their primary way to reduce their
excitability. For all of these reasons, pharmaceutical
agents that reduce neuronal excitability will usually be
needed in such patients. These drugs, which in
neurology are known as “anticonvulsants” but in
psychiatry are known as “mood stabilizers,” are fast-
acting, safe, and non-addictive. Also, unlike
antidepressants, mood stabilizers can easily be stopped
and started, and they are generally effective in long-term
use without the need for further dosage adjustment or
medication changes.

Although mood stabilizers, which could more
aptly be called “neuroregulators” [71] in light of their
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neurophysiological effects, have been in psychiatric use
for more than fifty years, they have been sorely
underutilized due to the traditional practice of symptom-
based treatment. Fortuitously, however, the increasing
acceptance of the “bipolar spectrum” as a dimensional
diagnostic classification is helping to identify more
patients who could benefit from neuroregulator therapy
[72]. Note, however, that this is still a symptom-based
treatment approach. What is desperately needed in
psychiatry is a deeper understanding of mental illness
that would allow a shift from symptom-based treatment
to pathology-based treatment. The MCNH hypothesis in
conjunction with a mind-brain duality of the cognitive-
emotional system offers such a paradigm shift because
it identifies the core biological abnormality that drives
the symptoms not just of bipolar spectrum disorders but
of virtually all of the common psychiatric disorders.
Moreover, because the MCNH approach to treatment
focuses on correcting the electrical abnormally that
underlies the chemical imbalances in psychiatric
disorders, neuroregulators can safely be combined with
one another in a technique called “focused
neuroregulation” [73]. Unlike with other psychotropic
drugs, combining neuroregulators caries little risk of
creating new chemical imbalances because it simply
normalizes brain function. This far exceeds the safety,
tolerability, and long-term effectiveness of other classes
of psychotropic drugs, such as antidepressants,
antipsychotics, and psychostimulants, which attempt to
reduce symptoms by correcting chemical imbalances in
specific  neuronal circuits.  Finally, all of the
neuroregulators that have demonstrated benefit in
reducing neuronal excitability are now available in
generic form, thus helping to make neuroregulation
more affordable than any other treatment approach.
Never has there been such an opportunity to save lives,
reduce costs, and resolve the mental health crisis.

IX. DIRECTIONS FOR FUTURE RESEARCH

Urgently needed are controlled studies to
evaluate the effectiveness of neuroregulator therapy in
comparison to symptom-based treatment for a variety of
psychiatric disorders, including unipolar depressive
disorders. These studies should include an evaluation of
the sensitivity and specificity of resting heart and
respiratory-rate measurements in identifying which
patients would benefit most from neuroregulator
therapy. Also needed are family, twin, and adoption
studies aimed at identifying the familial distribution of
neuronal hyperexcitability, a trait that may, in some
carriers, manifest only as soft signs of psychiatric illness
or upper-end-of-normal resting vital signs. If confirmed
by these studies, the informal clinical observations that
have thus far identified an autosomal dominant
distribution of the neuronal hyperexcitability trait could
have enormous implications for genetic engineering as
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a means of correcting the gene abnormalities that,
based on a classic Mendelian distribution, appear to be
isolated single nucleotide polymorphisms [74].

X. CONCLUSION

Based on the MCNH hypothesis in conjunction
with a mind-brain duality of the cognitive-emotional
system, the assessment, referral, and treatment of
psychiatric disorders could potentially be streamlined,
as the new paradigm divides psychopathology into just
two groups: those who have psychosocial pathology,
and those who have neuropsychiatric pathology. It also
provides the first objective way to identify what is
believed to be the core neurophysiological abnormality
in the vast majority of patients who present for
psychiatric treatment. Along with this, it identifies the
wide-ranging utility of a sorely underutilized class of
generic drugs that are known to be faster acting, safer,
and more continuously effect than any other class of
psychotropic medications. The clinical application of
these insights could markedly simplify treatment, more
rapidly reduce symptoms, and potentially change the
face of modern psychiatry.
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Abstract- Background: Traumatic injuries are the leading cause of death in the age group of 1 to
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Five-year Retrospective Study on Severe
Traumatic Brain Injury in ICU Conditions of a
Middle-Income Country

Dragan Svraka “, Anita Djurdjevic Svraka ° & Dragan Milosevic °

Abstract- Background: Traumatic injuries are the leading cause
of death in the age group of 1 to 45 years in the United States
of America and globally in the age group of 15 to 49 years.
The World Health Organization (WHO) estimates that almost
90% of deaths caused by trauma occur in low- or middle-
income countries, where 85% of the world's population. The
primary aim is to assess the safety of barbiturate coma use in
traumatic brain injury (TBI) patients without invasive intracranial
pressure monitoring. The study aimed to investigate etiological
factors, health outcomes, and the effects of barbiturate
infusion on neurotrauma and describe the characteristics of
the TBI population. Data from 55 patients with isolated severe
TBI were analysed.

Methods: A retrospective observational study was conducted
on 55 patients who suffered from severe traumatic brain injury
(TBI) between the years 2017 and 2022. Before being admitted
to the intensive care unit, all patients received clinical
examination and care from an anesthesiologist and

Rotterdam score at the beginning of barbiturate therapy, and
the control Rotterdam score after 72 hours. The study also
presents the general demographic characteristics of TBI
patients, including gender, age, and etiological factors of
trauma.

Results: Vehicle accidents are far ahead (52.7 %) of other
accidents; the demographic with the highest prevalence of
severe Traumatic Brain Injury (TBI) diagnoses is individuals in
their fourth decade (31-40y). Patients treated with barbiturate
infusion for barbiturate comma showed significant
improvement in their computerised tomography head scan,
with their Rotterdam score values shifting from the initial
Rotterdam score | (4.06+0.12; mean+SD ) to the control
score values of Rotterdam score Il (3.35+0.13; mean=SD) p
<0.001.

Conclusion: The safety of a patient in a barbiturate coma is
reflected in the absence of evidence that such treatment,
without modern monitoring of intracranial pressure, has an

neurosurgeon, along with laboratory and radiological  jmpact on unwanted outcomes.
assessments. As per our clinic's protocol, all patients with Keywords: trauma brain injury, barbiturate coma
severe TBI were treated with barbiturate coma. During this . . ’ ’
) . epidemiology of trauma.
treatment, we monitored various parameters such as
electrolyte disturbances, support for vasoactive therapy, the
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I. BACKGROUND

rain injuries are a leading cause of death and
Bdisability, particularly among young people, in

both developed and developing countries.
Approximately 1.19 million people die each year as a
result of road traffic crashes. It's disheartening to know
that road traffic injuries are the leading cause of death
among children and young adults aged 5 to 29 years
old. What's even more surprising is that low- and
middle-income countries account for 92% of the world's
fatalities on the roads despite having only 60% of the
world's vehicles. It's important to note that pedestrians,
cyclists, and motorcyclists are the most vulnerable road
users and account for over half of all road traffic deaths.
Additionally, road traffic crashes cost countries 3% of
their gross domestic product worldwide. That's why the
United Nations General Assembly has set an ambitious
goal of reducing the number of deaths and injuries from
road traffic crashes by 50% globally by 2030[1].
Traumatic brain injuries are typically categorised using
scoring systems derived from clinical examinations of
the patient (e.g. Glasgow coma scale) or radiological
diagnostics (e.g. Rotterdam score). The goal of treating
patients with severe neurotrauma in intensive care units
is to prevent any secondary brain injuries while
continuously monitoring vital functions. The choice of
sedatives administered to reduce increased cerebral
metabolic demands stemming from the injury is
dependent on the experience of the physician and the
adopted ICU treatment protocol for neurotrauma. The
primary aim is to assess the safety of barbiturate coma
use in TBI patients without invasive intracranial pressure
monitoring. The secondary objective is to investigate the
etiological factors and health outcomes and describe
the characteristics of the population with traumatic brain
injury.

[I. METHODS

A retrospective observational study was
conducted on patients with severe traumatic brain injury
(TBI) at a five-year time point from 2017 to 2022.To
conduct the study, the Ethics Committee of the
University Clinical Center of the Republic of Srpska in
Banja Luka (number: 01-19-126-2/22; date 26/04/2022)
granted consent according to the Helsinki declaration
for patients treated with barbiturate-induced coma due
to traumatic brain injury. Patient information was
obtained by reviewing printed and electronic medical
records through the Clinical Information System (CIS)
and the Radiological Information System (PACS).

The study aimed to investigate etiological
factors, health outcomes, and the effects of barbiturate
infusion on  neurotrauma and describe the
characteristics of the TBI population. Data from 55 ICU
patients with isolated severe TBI were analysed.

© 2024 Global Journals

a) Sampling Strategy

Al patients included in the study (n 55)
received clinical examination and care from an
anesthesiologist and neurosurgeon, as well as
laboratory and radiological assessments before being
admitted to the intensive care unit.

The criteria for patient selection included a
primary diagnosis of traumatic brain injury requiring
continuous barbiturate infusion for deep sedation,
admission to the ICU within 12 hours of the injury,
availability of comprehensive clinical and laboratory
records, and access to radiological CT scans before
and after cessation of the barbiturate infusion.

There are several criteria for excluding patients
who have sustained traumatic brain injury but do not
have it as their primary injury. These factors include
severe traumatic damage to other organs or organ
systems, limited use of barbiturate infusion, a short
duration of continuous barbiturate infusion (less than 72
hours), admission to the ICU more than 12 hours after
the trauma occurred, the need for extensive transfusion,
incomplete medical documentation, and an inability to
obtain insight into radiological CT diagnostics.

b) The Adopted ICU Treatment
Neurotrauma

Due to the severity of the traumatic brain
injuries, upon admission, we implemented a
comprehensive treatment plan that included anti-
edematous therapy with 20% mannitol at a dosage of
1g/kg. Additionally, we initiated continuous barbiturate
therapy (barbiturate-induced deep sedation) at a rate of
4g/12h for adult patients, 12,5 mg/kg/h, and 3-5
mg/kg/h for pediatric patients. We continuously
monitored hemodynamics invasively and non-invasive
hemodynamic and respiratory parameters throughout
the treatment process. A clinical neurological
examination was conducted every six hours, and CT
diagnostics were performed as necessary based on
clinical assessments. Control CT diagnostics and
suspension of the barbiturate infusion were determined
by experienced anesthesiologists and neurosurgeons
based on clinical and neurological stability achieved
over 48 hours. Our team also evaluated the Rotterdam
score, which was assessed by a radiologist who
reviewed both the admission and control CT scans.
Compliance with the adopted protocol for administering
barbiturates is of paramount importance in the treatment
of traumatic brain injuries (TBI), as the inability to
measure intracranial pressure poses a significant
challenge in monitoring therapy. This limitation
undermines the ability to evaluate the treatment's
efficacy, thus impeding optimal patient care.

To ensure stable hemodynamics and achieve
the desired cerebral perfusion pressure (CPP), we
maintain a sufficient mean arterial pressure (MAP) by
administering vasoactive drugs and providing adequate

Protocol  for
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volume replacement. It is crucial to constantly monitor
the MAP by placing an arterial line. For pain
management, we prescribe opioid medication, and
anticonvulsive drugs are initiated once barbiturate
infusion is stopped.

c) Statistical and Data Processing

In conducting our observational studies, we
followed the STROBE guidelines. We used the statistical
program SPSS (IBM® Statistics, Version 20) to process
our data. We reported the mean +/- standard deviation
or the median (interquartile range) for continuous data.
Categorical data was compared using the Chi-square

Percent

vehicle accident

pedestrian

test. To test the significance of individual parameters
and correlations between variables, we employed T-
tests and Spearman Correlation. P-values of g0.05
were considered to be statistically significant.

[1I. RESULTS

Vehicle accidents are far ahead (52,7%) of other
accidents that most often lead to isolated neurotrauma,
surpassing pedestrian accidents (23,6 %), accidental
falls (10,9 %), or crash injuries (12,7 %). — Figure1.

accidental fall crash injury

trauma etiology
[ |

Figure 1: Bar chart of TBI aetiology by per cent of the examined patient

The demographic with the highest prevalence of
severe Traumatic Brain Injury (TBIl) diagnoses is
individuals in their fourth decade (31-40y), followed by
those in their third decade (21-30y). The average age of
our patients is 39 years old, and children up to 16 years
old represented 12.7% of our study. Males make up the
majority of TBI patients across all age groups (74,6 %),
except for the second decade (11 to 20 years old),
where females are more commonly diagnosed.— Figure
2.
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Figure 2: Gender distribution by age intervals in patients with severe TBI

After analysing the data, it was discovered that
motor vehicle accidents are the leading cause of
traumatic brain injuries. Thoracic trauma was found to
be the most common type of injury (65%). Interestingly,
cervical injuries were more significant for victims who
were inside vehicles (p 0.03). On the other hand,

pedestrians involved in accidents were more prone to
skull bone fractures (84.6%). The study also revealed
that a considerable proportion of patients admitted to
the ICU due to vehicular accidents had consumed
alcohol (15.8%). These findings are further supported by
the data presented in Table 1.

Table 1: Categorical Data of Trauma Aetiology, Type of non-dominant injury with severe TBI patients, and mortality

Vehicle P . Crash Mortality
. * edestrian .
accident p (%) p* Injury p* p*
(%) § (%) (%)
Alcohol abuse 15.8% 0.7 7.7% 0.4 11.1% 0.6 % 0.1
Fracture of o o o .
calvana 76.4% 0.3 84.6% 0.7 22.2% 0.6 80% 0.3
Cervical injury 31.6% 0.03 23.1% 0.9 0% - 30% 0.6
Toracic trauma 65.8% 0.08 53.8% 0.7 66.7% 0.4 70% 0.4
Mortality 18.2% 0.9 38.5% 0.03 0% - - -

*Chi-square test for categorical data with sig P < 0.05

Patients treated with barbiturate coma showed
significant  improvement in  their computerised
tomography head scan, with their Rotterdam score
values shifting from the initial Rotterdam score |
(4.06+0.12; mean=SD ) to the control score values of
Rotterdam score Il (3.35+0.13; mean=SD) p <0.007.

© 2024 Global Journals

Moreover, those who received neurosurgery within the
first 24 hours, TBI patients with vasoactive support
during barbiturate infusion, and surviving TBI patients
displayed a significantly more favourable Rotterdam
score |l compared to their Rotterdam score | upon
admission(p 0.001; p 0.001; p < 0.001).— Table 2.



Table 2: The initial Rotterdam score (Rotterdam score |) and the control Rotterdam score (Rotterdam score |l) are
based on the patient's hemodynamic stability at ICU admission, neurosurgery, vasopressors, duration of barbiturate
infusion, and survival

Rotterdam scor | Rotterdam scor I *
(mean+SD) (mean=+SD) P

Total (mean=SD) 4,06+0.12 3.35+0.13 <0.001
Hemodynamically stable
on ICU admission
(n 21, 38%) 4.1+0,8 3.4+1 0.2
Hemodynamically
unstable on ICU
admission 4+1 3.2+0.9 0.2
(n 34, 62%)
The neurosurgical
operation performed in
the first 24 hours 46+0.8 3.6+0.8 0.001
(n 16, 29%)
The neurosurgical
operation was not
performed in the first 24 384009 3341 0.02
hours
(n 39, 71%)
There was no vasoactive
support during the
barbiturate coma 4.6+0.9 4111 0.2
(n 16, 29%)
There was vasoactive
support during the
barbiturate coma 3.8+£0.9 3.1+0.8 0.001
(n 39, 71%)
Surviving
(n 45, 82%) 3.9+09 32+09 <0.001
Deceased
(n 10, 18%)

*T-test (95% Cl, Sig 0,05)

4.6=0.7 4.3=1 0.4

[t has been observed that patients who have infusion (p=0.007 for hypokalemia; p=0.006 for
severe traumatic brain injury and are receiving hypernatremia). The duration of mechanical ventilation
barbiturate infusion may be more likely to develop and barbiturate infusion are crucial factors that can
hypokalemia (29 cases) compared to hypernatremia (17 affect the length of treatment in the intensive care unit
cases). The extent of electrolyte imbalances seems to  (p<0.001). However, these elements do not significantly
be directly linked to the duration of the barbiturate impact the mortality rate (p=0.3; p=0.5). -Table 3.

Table 3: The impact of the duration of barbiturate infusion and mechanical ventilation on electrolyte disturbances
and treatment length in the ICU for severe TBI patients

Total Hypokale  Normokale Hypematrem Normonatre lelr?g[h le?t;t
(media mia mia * ia mia * 9
n+IQR)  (n29) (n 26) P (n17) (n 38) P p**  pr*
Length of bar-
biturate infuseion
by days 4(6) 5(1) 3(4) 0.007 5(2) 3(2) 0.006 <0.001 0.3
(median=I1QR)
Length of mech-
anical ventilation ¢, 10(7) 10511) 02 10(7) 10(10) 06 <0001 05

by days
(median=IQR)

*Spearman Correlation (95% CI; <0.05)
** Chi-Square test (Sig <0.05)
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IV. DISCUSSION

Traumatic brain injuries (TBI) are a significant
public health concern as they affect a large number of
people in their most productive years. The care and
treatment of TBI are both long-term and costly, and the
outcomes of treatment in intensive care units worldwide
are uncertain and vary greatly. Often called the "silent
epidemic," [2] TBI continues to be a growing public
health issue, causing the highest impact on death and
disability among all trauma-related injuries globally [3].
According to our study, TBI was more prevalent in men.
This result is consistent with previous research on TBI by
Majdan [4]. One of the reasons for this trend is that men
tend to use seat belts less frequently while driving and
protective equipment less often at work. Additionally,
they are more likely to consume alcohol, which can
increase the risk of trauma-related injuries.

The average age of our patients is 39 years old,
and children up to 16 years old represented 12.7% of
our study. These demographic findings are similar to
those of a significant epidemiological cross-sectional
analysis conducted by Majdan et al. on TBI among
residents of European Union countries[5]. However, the
study showed substantial differences in TBI incidence
rates among different EU countries, partly attributed to
the varying methodologies used to process and
manage medical data. The same authors also studied
TBI epidemiological data in Belgium for over ten years.
Their findings indicated a slight increase in the incidence
of TBlI among individuals over 65 years old and a
significant decrease in the incidence among those
under 65 years old[6].

This kind of data is an increasingly frequent
finding in TBI studies, and it is impossible to explain it
only by an increase in the proportion of older people in
the general population [7].

Our research provides a comprehensive
overview of how vehicle accidents affect individuals. It
includes detailed information about the percentage of
pedestrian injuries, crash injuries, and mortality rates
resulting from these accidents. Additionally, it highlights
the percentage of cases involving alcohol abuse,
fracture of skull bones, cervical injury, thoracic trauma,
and mortality rates.

The study's findings varied depending on the
region and were greatly influenced by living conditions
and cultural factors. It is worth noting that over the past
decade, incidents of ftraffic-related trauma have
decreased in the USA, Europe, and Japan. However,
incidents of TBI caused by falls among those over 65
years have increased significantly, as reported in studies
[7,8,9].

Providing sufficient volume replacement and
administering vasoactive drugs as necessary is
essential to ensure the best possible outcome. It is
crucial to continuously monitor the mean arterial

© 2024 Global Journals

pressure (MAP) by inserting an arterial line. Studies have
shown that hypotension is associated with a twofold rise
in mortality in traumatic brain injuries compared to
controls [10].

Elevated intracranial pressure (ICP) is a fatal
event associated with TBI. In treating patients with TBI,
basic therapeutic measures must be implemented
regardless of the availability of ICP monitoring [11].
According to our research, barbiturate infusion is a
viable treatment option where invasive intracranial
pressure monitoring is not feasible. Our findings indicate
that patients who received this treatment exhibited
noteworthy enhancements in their control head CT
scans. All TBI patients with severe injuries experienced a
marked improvement in their control Rotterdam score
values compared to their initial Rotterdam score.
Patients suffering from severe traumatic brain injury and
undergoing barbiturate infusion treatment may be at a
higher risk of developing hypokalemia, as opposed to
hypernatremia. The severity of electrolyte imbalances is
proportional to the duration of barbiturate infusion. The
duration of mechanical ventilation and barbiturate
infusion can influence the length of treatment within the
intensive care unit. However, these factors do not seem
to affect the mortality rate significantly.

The study has certain limitations due to the
retrospective nature of the analysis. Despite a five-year
duration, it is not appropriate to conduct this research in
a single centre, mainly if it is carried out in a middle-
income country that lacks a national cohort of trauma
patients.

V. CONCLUSION

This study is valuable in helping to understand
the nature of TBI and identify specific areas that require
attention and intervention to reduce their occurrence
and severity. By analysing this data, we can gain insight
into the severity of trauma illnesses and develop
effective therapies to improve treatment outcomes. The
safety of a patient in a barbiturate coma is reflected in
the absence of evidence that such treatment, without
invasive monitoring of intracranial pressure, has an
impact on unwanted outcomes.

The ongoing research in this area should
emphasise neuroinflammation as a hidden metabolic
parameter. Additionally, it should focus on developing
medications such as growth factors and stem cells that
promote neuronal growth and repair.

Abbreviations:

TBI — traumatic brain injury
ICU — intensive care unit

CT - computed tomography
MAP — mean arterial pressure
ICP — intracranial pressure
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BENEFITS

TO THE INSTITUTION
GET LETTER OF APPRECIATION

Global Journals sends a letter of appreciation of author to the Dean or CEO of the University or Company of which
author is a part, signed by editor in chief or chief author.

" EXCLUSIVE NETWORK
GET ACCESS TO A CLOSED NETWORK

At
|‘ ; A FMRC member gets access to a closed network of Tier 1 researchers and
- scientists with direct communication channel through our website. Fellows can
reach out to other members or researchers directly. They should also be open to

reaching out by other.

CERTIFICATE
CERTIFICATE, LOR AND LASER-MOMENTO

Fellows receive a printed copy of a certificate signed by our Chief Author that may
be used for academic purposes and a personal recommendation letter to the dean

of member's university.
Credibility Reputation

DESIGNATION
GET HONORED TITLE OF MEMBERSHIP

Fellows can use the honored title of membership. The “FMRC” is an honored title
which is accorded to a person’s name viz. Dr. John E. Hall, Ph.D., FMRC or William

Walldroff, M.S., FMRC.

RECOGNITION ON THE PLATFORM
BETTER VISIBILITY AND CITATION

All the Fellow members of FMRC get a badge of "Leading Member of Global Journals" on the Research
Community that distinguishes them from others. Additionally, the profile is also partially maintained by our team for
better visibility and citation. All fellows get a dedicated page on the website with their biography.
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FUTURE WORK
GET DISCOUNTS ON THE FUTURE PUBLICATIONS

Fellows receive discounts on the future publications with Global Journals up to 60%. Through our recommendation
programs, members also receive discounts on publications made with OARS affiliated organizations.

GJ INTERNAL ACCOUNT
UNLIMITED FORWARD OF EMAILS

Fellows get secure and fast GJ work emails with unlimited storage of emails that
they may use them as their primary email. For example,

john [AT] globaljournals [DOT] org.

PREMIUM TOOLS
ACCESS TO ALL THE PREMIUM TOOLS

To take future researches to the zenith, fellows receive access to all the premium
tools that Global Journals have to offer along with the partnership with some of the

! best marketing leading tools out there.

CONFERENCES & EVENTS
ORGANIZE SEMINAR/CONFERENCE

Fellows are authorized to organize symposium/seminar/conference on behalf of Global Journal Incorporation
(USA). They can also participate in the same organized by another institution as representative of Global Journal.
In both the cases, it is mandatory for him to discuss with us and obtain our consent. Additionally, they get free

research conferences (and others) alerts.

EARLY INVITATIONS

EARLY INVITATIONS TO ALL THE SYMPOSIUMS, SEMINARS, CONFERENCES
All fellows receive the early invitations to all the symposiums, seminars, conferences and webinars hosted by

Global Journals in their subject.
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PUBLISHING ARTICLES & BOOKS
EARN 60% OF SALES PROCEEDS

| Fellows can publish articles (limited) without any fees. Also, they can earn up to
70% of sales proceeds from the sale of reference/review
books/literature/publishing of research paper. The FMRC member can decide its

price and we can help in making the right decision.

REVIEWERS
GET A REMUNERATION OF 15% OF AUTHOR FEES

Fellow members are eligible to join as a paid peer reviewer at Global Journals Incorporation (USA) and can get a
remuneration of 15% of author fees, taken from the author of a respective paper.

ACCESS TO EDITORIAL BOARD
BECOME A MEMBER OF THE EDITORIAL BOARD

Fellows and Associates may join as a member of the Editorial Board of Global Journals Incorporation (USA) after
successful completion of three years as Fellow and as Peer Reviewer.

Credibility Reputation

AND MUCH MORE
GET ACCESS TO SCIENTIFIC MUSEUMS AND OBSERVATORIES ACROSS THE GLOBE

All members get access to 5 selected scientific museums and observatories across the globe. All researches
published with Global Journals will be kept under deep archival facilities across regions for future protections and
disaster recovery. They get 10 GB free secure cloud access for storing research files.
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AMRC

ASSOCIATE OF MEDICAL RESEARCH COUNCIL

ASSOCIATE OF MEDICAL RESEARCH COUNCIL is the membership of Global Journals awarded to individuals that
the Open Association of Research Society judges to have made a 'substantial contribution to the improvement of
computer science, technology, and electronics engineering.

The primary objective is to recognize the leaders in research and scientific fields of the current era with a global
perspective and to create a channel between them and other researchers for better exposure and knowledge
sharing. Members are most eminent scientists, engineers, and technologists from all across the world. Associate
membership can later be promoted to Fellow Membership. Associates are elected for life through a peer review
process on the basis of excellence in the respective domain. There is no limit on the number of new nominations
made in any year. Each year, the Open Association of Research Society elect up to 12 new Associate Members.
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BENEFITS

TO THE INSTITUTION
GET LETTER OF APPRECIATION

Global Journals sends a letter of appreciation of author to the Dean or CEO of the University or Company of which
author is a part, signed by editor in chief or chief author.

" EXCLUSIVE NETWORK
GET ACCESS TO A CLOSED NETWORK
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‘ ‘F A AMRC member gets access to a closed network of Tier 2 researchers and
~ scientists with direct communication channel through our website. Associates can
reach out to other members or researchers directly. They should also be open to

reaching out by other.

CERTIFICATE
CERTIFICATE, LOR AND LASER-MOMENTO

Associates receive a printed copy of a certificate signed by our Chief Author that
may be used for academic purposes and a personal recommendation letter to the

dean of member's university.
Credibility Reputation
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_ B title which is accorded to a person’s name viz. Dr. John E. Hall, Ph.D., AMRC or

William Walldroff, M.S., AMRC.
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RECOGNITION ON THE PLATFORM
BETTER VISIBILITY AND CITATION

All the Associate members of AMRC get a badge of "Leading Member of Global Journals" on the Research
Community that distinguishes them from others. Additionally, the profile is also partially maintained by our team for

better visibility and citation.
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FUTURE WORK
GET DISCOUNTS ON THE FUTURE PUBLICATIONS

Associates receive discounts on future publications with Global Journals up to 30%. Through our recommendation
programs, members also receive discounts on publications made with OARS affiliated organizations.

GJ ACCOUNT
UNLIMITED FORWARD OF EMAILS

Associates get secure and fast GJ work emails with 5GB forward of emails that
they may use them as their primary email. For example,

john [AT] globaljournals [DOT] org.

PREMIUM TOOLS

ACCESS TO ALL THE PREMIUM TOOLS
To take future researches to the zenith, fellows receive access to almost all the
premium tools that Global Journals have to offer along with the partnership with

© some of the best marketing leading tools out there.

CONFERENCES & EVENTS

ORGANIZE SEMINAR/CONFERENCE

Associates are authorized to organize symposium/seminar/conference on behalf of Global Journal Incorporation
(USA). They can also participate in the same organized by another institution as representative of Global Journal.
In both the cases, it is mandatory for him to discuss with us and obtain our consent. Additionally, they get free

research conferences (and others) alerts.

EARLY INVITATIONS
EARLY INVITATIONS TO ALL THE SYMPOSIUMS, SEMINARS, CONFERENCES

All associates receive the early invitations to all the symposiums, seminars, conferences and webinars hosted by

Global Journals in their subject.
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PUBLISHING ARTICLES & BOOKS
| EARN 60% OF SALES PROCEEDS

|
Associates can publish articles (limited) without any fees. Also, they can eamn up to
30-40% of sales proceeds from the sale of reference/review

books/literature/publishing of research paper

REVIEWERS
GET A REMUNERATION OF 15% OF AUTHOR FEES

Associate members are eligible to join as a paid peer reviewer at Global Journals Incorporation (USA) and can get a
remuneration of 15% of author fees, taken from the author of a respective paper.

AND MUCH MORE
GET ACCESS TO SCIENTIFIC MUSEUMS AND OBSERVATORIES ACROSS THE GLOBE

All members get access to 2 selected scientific museums and observatories across the globe. All researches
published with Global Journals will be kept under deep archival facilities across regions for future protections and
disaster recovery. They get 5 GB free secure cloud access for storing research files.
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PREFERRED AUTHOR GUIDELINES

We accept the manuscript submissions in any standard (generic) format.

We typeset manuscripts using advanced typesetting tools like Adobe In Design, CorelDraw, TeXnicCenter, and TeXStudio.
We usually recommend authors submit their research using any standard format they are comfortable with, and let Global
Journals do the rest.

Alternatively, you can download our basic template from https://globaljournals.org/Template

Authors should submit their complete paper/article, including text illustrations, graphics, conclusions, artwork, and tables.
Authors who are not able to submit manuscript using the form above can email the manuscript department at
submit@globaljournals.org or get in touch with chiefeditor@globaljournals.org if they wish to send the abstract before
submission.

BEFORE AND DURING SUBMISSION

Authors must ensure the information provided during the submission of a paper is authentic. Please go through the
following checklist before submitting:

1. Authors must go through the complete author guideline and understand and agree to Global Journals' ethics and code
of conduct, along with author responsibilities.

2. Authors must accept the privacy policy, terms, and conditions of Global Journals.

Ensure corresponding author’s email address and postal address are accurate and reachable.

4. Manuscript to be submitted must include keywords, an abstract, a paper title, co-author(s') names and details (email
address, name, phone number, and institution), figures and illustrations in vector format including appropriate
captions, tables, including titles and footnotes, a conclusion, results, acknowledgments and references.

5. Authors should submit paper in a ZIP archive if any supplementary files are required along with the paper.

Proper permissions must be acquired for the use of any copyrighted material.

7. Manuscript submitted must not have been submitted or published elsewhere and all authors must be aware of the
submission.

w

o

Declaration of Conflicts of Interest

It is required for authors to declare all financial, institutional, and personal relationships with other individuals and
organizations that could influence (bias) their research.

POLICY ON PLAGIARISM
Plagiarism is not acceptable in Global Journals submissions at all.

Plagiarized content will not be considered for publication. We reserve the right to inform authors’ institutions about
plagiarism detected either before or after publication. If plagiarism is identified, we will follow COPE guidelines:

Authors are solely responsible for all the plagiarism that is found. The author must not fabricate, falsify or plagiarize
existing research data. The following, if copied, will be considered plagiarism:

e  Words (language)

e Ideas

e  Findings

e Writings

e Diagrams

e Graphs

e llustrations

e |Lectures
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e  Printed material

e  Graphic representations
e Computer programs

e  Electronic material

e Any other original work

AUTHORSHIP POLICIES

Global Journals follows the definition of authorship set up by the Open Association of Research Society, USA. According to
its guidelines, authorship criteria must be based on:

1. Substantial contributions to the conception and acquisition of data, analysis, and interpretation of findings.
2. Drafting the paper and revising it critically regarding important academic content.
3. Final approval of the version of the paper to be published.

Changes in Authorship

The corresponding author should mention the name and complete details of all co-authors during submission and in
manuscript. We support addition, rearrangement, manipulation, and deletions in authors list till the early view publication
of the journal. We expect that corresponding author will notify all co-authors of submission. We follow COPE guidelines for
changes in authorship.

Copyright

During submission of the manuscript, the author is confirming an exclusive license agreement with Global Journals which
gives Global Journals the authority to reproduce, reuse, and republish authors' research. We also believe in flexible
copyright terms where copyright may remain with authors/employers/institutions as well. Contact your editor after
acceptance to choose your copyright policy. You may follow this form for copyright transfers.

Appealing Decisions

Unless specified in the notification, the Editorial Board’s decision on publication of the paper is final and cannot be
appealed before making the major change in the manuscript.

Acknowledgments

Contributors to the research other than authors credited should be mentioned in Acknowledgments. The source of funding
for the research can be included. Suppliers of resources may be mentioned along with their addresses.

Declaration of funding sources

Global Journals is in partnership with various universities, laboratories, and other institutions worldwide in the research
domain. Authors are requested to disclose their source of funding during every stage of their research, such as making
analysis, performing laboratory operations, computing data, and using institutional resources, from writing an article to its
submission. This will also help authors to get reimbursements by requesting an open access publication letter from Global
Journals and submitting to the respective funding source.

PREPARING YOUR MANUSCRIPT

Authors can submit papers and articles in an acceptable file format: MS Word (doc, docx), LaTeX (.tex, .zip or .rar including
all of your files), Adobe PDF (.pdf), rich text format (.rtf), simple text document (.txt), Open Document Text (.odt), and
Apple Pages (.pages). Our professional layout editors will format the entire paper according to our official guidelines. This is
one of the highlights of publishing with Global Journals—authors should not be concerned about the formatting of their
paper. Global Journals accepts articles and manuscripts in every major language, be it Spanish, Chinese, Japanese,
Portuguese, Russian, French, German, Dutch, Italian, Greek, or any other national language, but the title, subtitle, and
abstract should be in English. This will facilitate indexing and the pre-peer review process.

The following is the official style and template developed for publication of a research paper. Authors are not required to
follow this style during the submission of the paper. It is just for reference purposes.
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Manuscript Style Instruction (Optional)

e  Microsoft Word Document Setting Instructions.

e  Font type of all text should be Swis721 Lt BT.

e Pagesize: 8.27" x 11", left margin: 0.65, right margin: 0.65, bottom margin: 0.75.

e  Paper title should be in one column of font size 24.

e Author name in font size of 11 in one column.

e  Abstract: font size 9 with the word “Abstract” in bold italics.

e  Main text: font size 10 with two justified columns.

e Two columns with equal column width of 3.38 and spacing of 0.2.

e  First character must be three lines drop-capped.

e The paragraph before spacing of 1 pt and after of 0 pt.

e Line spacing of 1 pt.

e Large images must be in one column.

e The names of first main headings (Heading 1) must be in Roman font, capital letters, and font size of 10.
e The names of second main headings (Heading 2) must not include numbers and must be in italics with a font size of 10.

Structure and Format of Manuscript

The recommended size of an original research paper is under 15,000 words and review papers under 7,000 words.
Research articles should be less than 10,000 words. Research papers are usually longer than review papers. Review papers
are reports of significant research (typically less than 7,000 words, including tables, figures, and references)

A research paper must include:

a) Atitle which should be relevant to the theme of the paper.

b) A summary, known as an abstract (less than 150 words), containing the major results and conclusions.

c) Up to 10 keywords that precisely identify the paper’s subject, purpose, and focus.

d) Anintroduction, giving fundamental background objectives.

e) Resources and techniques with sufficient complete experimental details (wherever possible by reference) to permit

repetition, sources of information must be given, and numerical methods must be specified by reference.
f)  Results which should be presented concisely by well-designed tables and figures.
g) Suitable statistical data should also be given.
h) All data must have been gathered with attention to numerical detail in the planning stage.

Design has been recognized to be essential to experiments for a considerable time, and the editor has decided that any
paper that appears not to have adequate numerical treatments of the data will be returned unrefereed.

i)  Discussion should cover implications and consequences and not just recapitulate the results; conclusions should also
be summarized.

j)  There should be brief acknowledgments.

k) There ought to be references in the conventional format. Global Journals recommends APA format.

Authors should carefully consider the preparation of papers to ensure that they communicate effectively. Papers are much
more likely to be accepted if they are carefully designed and laid out, contain few or no errors, are summarizing, and follow
instructions. They will also be published with much fewer delays than those that require much technical and editorial
correction.

The Editorial Board reserves the right to make literary corrections and suggestions to improve brevity.
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FORMAT STRUCTURE

It is necessary that authors take care in submitting a manuscript that is written in simple language and adheres to
published guidelines.

All manuscripts submitted to Global Journals should include:
Title

The title page must carry an informative title that reflects the content, a running title (less than 45 characters together with
spaces), names of the authors and co-authors, and the place(s) where the work was carried out.

Author details
The full postal address of any related author(s) must be specified.
Abstract

The abstract is the foundation of the research paper. It should be clear and concise and must contain the objective of the
paper and inferences drawn. It is advised to not include big mathematical equations or complicated jargon.

Many researchers searching for information online will use search engines such as Google, Yahoo or others. By optimizing
your paper for search engines, you will amplify the chance of someone finding it. In turn, this will make it more likely to be
viewed and cited in further works. Global Journals has compiled these guidelines to facilitate you to maximize the web-
friendliness of the most public part of your paper.

Keywords

A major lynchpin of research work for the writing of research papers is the keyword search, which one will employ to find
both library and internet resources. Up to eleven keywords or very brief phrases have to be given to help data retrieval,
mining, and indexing.

One must be persistent and creative in using keywords. An effective keyword search requires a strategy: planning of a list
of possible keywords and phrases to try.

Choice of the main keywords is the first tool of writing a research paper. Research paper writing is an art. Keyword search
should be as strategic as possible.

One should start brainstorming lists of potential keywords before even beginning searching. Think about the most
important concepts related to research work. Ask, “What words would a source have to include to be truly valuable in a
research paper?” Then consider synonyms for the important words.

It may take the discovery of only one important paper to steer in the right keyword direction because, in most databases,
the keywords under which a research paper is abstracted are listed with the paper.

Numerical Methods

Numerical methods used should be transparent and, where appropriate, supported by references.

Abbreviations

Authors must list all the abbreviations used in the paper at the end of the paper or in a separate table before using them.
Formulas and equations

Authors are advised to submit any mathematical equation using either MathJax, KaTeX, or LaTeX, or in a very high-quality
image.

Tables, Figures, and Figure Legends

Tables: Tables should be cautiously designed, uncrowned, and include only essential data. Each must have an Arabic
number, e.g., Table 4, a self-explanatory caption, and be on a separate sheet. Authors must submit tables in an editable
format and not as images. References to these tables (if any) must be mentioned accurately.
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Figures

Figures are supposed to be submitted as separate files. Always include a citation in the text for each figure using Arabic
numbers, e.g., Fig. 4. Artwork must be submitted online in vector electronic form or by emailing it.

PREPARATION OF ELETRONIC FIGURES FOR PUBLICATION

Although low-quality images are sufficient for review purposes, print publication requires high-quality images to prevent
the final product being blurred or fuzzy. Submit (possibly by e-mail) EPS (line art) or TIFF (halftone/ photographs) files only.
MS PowerPoint and Word Graphics are unsuitable for printed pictures. Avoid using pixel-oriented software. Scans (TIFF
only) should have a resolution of at least 350 dpi (halftone) or 700 to 1100 dpi (line drawings). Please give the data
for figures in black and white or submit a Color Work Agreement form. EPS files must be saved with fonts embedded (and
with a TIFF preview, if possible).

For scanned images, the scanning resolution at final image size ought to be as follows to ensure good reproduction: line
art: >650 dpi; halftones (including gel photographs): >350 dpi; figures containing both halftone and line images: >650 dpi.

Color charges: Authors are advised to pay the full cost for the reproduction of their color artwork. Hence, please note that
if there is color artwork in your manuscript when it is accepted for publication, we would require you to complete and
return a Color Work Agreement form before your paper can be published. Also, you can email your editor to remove the
color fee after acceptance of the paper.

TIPS FOR WRITING A GOOD QUALITY MEDICAL RESEARCH PAPER

1. Choosing the topic: In most cases, the topic is selected by the interests of the author, but it can also be suggested by the
guides. You can have several topics, and then judge which you are most comfortable with. This may be done by asking
several questions of yourself, like "Will | be able to carry out a search in this area? Will | find all necessary resources to
accomplish the search? Will | be able to find all information in this field area?" If the answer to this type of question is
"yes," then you ought to choose that topic. In most cases, you may have to conduct surveys and visit several places. Also,
you might have to do a lot of work to find all the rises and falls of the various data on that subject. Sometimes, detailed
information plays a vital role, instead of short information. Evaluators are human: The first thing to remember is that
evaluators are also human beings. They are not only meant for rejecting a paper. They are here to evaluate your paper. So
present your best aspect.

2. Think like evaluators: If you are in confusion or getting demotivated because your paper may not be accepted by the
evaluators, then think, and try to evaluate your paper like an evaluator. Try to understand what an evaluator wants in your
research paper, and you will automatically have your answer. Make blueprints of paper: The outline is the plan or
framework that will help you to arrange your thoughts. It will make your paper logical. But remember that all points of your
outline must be related to the topic you have chosen.

3. Ask your guides: If you are having any difficulty with your research, then do not hesitate to share your difficulty with
your guide (if you have one). They will surely help you out and resolve your doubts. If you can't clarify what exactly you
require for your work, then ask your supervisor to help you with an alternative. He or she might also provide you with a list
of essential readings.

4. Use of computer is recommended: As you are doing research in the field of medical research then this point is quite
obvious. Use right software: Always use good quality software packages. If you are not capable of judging good software,
then you can lose the quality of your paper unknowingly. There are various programs available to help you which you can
get through the internet.

5. Use the internet for help: An excellent start for your paper is using Google. It is a wondrous search engine, where you
can have your doubts resolved. You may also read some answers for the frequent question of how to write your research
paper or find a model research paper. You can download books from the internet. If you have all the required books, place
importance on reading, selecting, and analyzing the specified information. Then sketch out your research paper. Use big
pictures: You may use encyclopedias like Wikipedia to get pictures with the best resolution. At Global Journals, you should
strictly follow here.
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6. Bookmarks are useful: When you read any book or magazine, you generally use bookmarks, right? It is a good habit
which helps to not lose your continuity. You should always use bookmarks while searching on the internet also, which will
make your search easier.

7. Revise what you wrote: When you write anything, always read it, summarize it, and then finalize it.

8. Make every effort: Make every effort to mention what you are going to write in your paper. That means always have a
good start. Try to mention everything in the introduction—what is the need for a particular research paper. Polish your
work with good writing skills and always give an evaluator what he wants. Make backups: When you are going to do any
important thing like making a research paper, you should always have backup copies of it either on your computer or on
paper. This protects you from losing any portion of your important data.

9. Produce good diagrams of your own: Always try to include good charts or diagrams in your paper to improve quality.
Using several unnecessary diagrams will degrade the quality of your paper by creating a hodgepodge. So always try to
include diagrams which were made by you to improve the readability of your paper. Use of direct quotes: When you do
research relevant to literature, history, or current affairs, then use of quotes becomes essential, but if the study is relevant
to science, use of quotes is not preferable.

10. Use proper verb tense: Use proper verb tenses in your paper. Use past tense to present those events that have
happened. Use present tense to indicate events that are going on. Use future tense to indicate events that will happen in
the future. Use of wrong tenses will confuse the evaluator. Avoid sentences that are incomplete.

11. Pick a good study spot: Always try to pick a spot for your research which is quiet. Not every spot is good for studying.

12. Know what you know: Always try to know what you know by making objectives, otherwise you will be confused and
unable to achieve your target.

13. Use good grammar: Always use good grammar and words that will have a positive impact on the evaluator; use of
good vocabulary does not mean using tough words which the evaluator has to find in a dictionary. Do not fragment
sentences. Eliminate one-word sentences. Do not ever use a big word when a smaller one would suffice.

Verbs have to be in agreement with their subjects. In a research paper, do not start sentences with conjunctions or finish
them with prepositions. When writing formally, it is advisable to never split an infinitive because someone will (wrongly)
complain. Avoid clichés like a disease. Always shun irritating alliteration. Use language which is simple and straightforward.
Put together a neat summary.

14. Arrangement of information: Each section of the main body should start with an opening sentence, and there should
be a changeover at the end of the section. Give only valid and powerful arguments for your topic. You may also maintain
your arguments with records.

15. Never start at the last minute: Always allow enough time for research work. Leaving everything to the last minute will
degrade your paper and spoil your work.

16. Multitasking in research is not good: Doing several things at the same time is a bad habit in the case of research
activity. Research is an area where everything has a particular time slot. Divide your research work into parts, and do a
particular part in a particular time slot.

17. Never copy others' work: Never copy others' work and give it your name because if the evaluator has seen it anywhere,
you will be in trouble. Take proper rest and food: No matter how many hours you spend on your research activity, if you
are not taking care of your health, then all your efforts will have been in vain. For quality research, take proper rest and
food.

18. Go to seminars: Attend seminars if the topic is relevant to your research area. Utilize all your resources.

19. Refresh your mind after intervals: Try to give your mind a rest by listening to soft music or sleeping in intervals. This
will also improve your memory. Acquire colleagues: Always try to acquire colleagues. No matter how sharp you are, if you
acquire colleagues, they can give you ideas which will be helpful to your research.
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20. Think technically: Always think technically. If anything happens, search for its reasons, benefits, and demerits. Think
and then print: When you go to print your paper, check that tables are not split, headings are not detached from their
descriptions, and page sequence is maintained.

21. Adding unnecessary information: Do not add unnecessary information like "I have used MS Excel to draw graphs."
Irrelevant and inappropriate material is superfluous. Foreign terminology and phrases are not apropos. One should never
take a broad view. Analogy is like feathers on a snake. Use words properly, regardless of how others use them. Remove
guotations. Puns are for kids, not grunt readers. Never oversimplify: When adding material to your research paper, never
go for oversimplification; this will definitely irritate the evaluator. Be specific. Never use rhythmic redundancies.
Contractions shouldn't be used in a research paper. Comparisons are as terrible as clichés. Give up ampersands,
abbreviations, and so on. Remove commas that are not necessary. Parenthetical words should be between brackets or
commas. Understatement is always the best way to put forward earth-shaking thoughts. Give a detailed literary review.

22. Report concluded results: Use concluded results. From raw data, filter the results, and then conclude your studies
based on measurements and observations taken. An appropriate number of decimal places should be used. Parenthetical
remarks are prohibited here. Proofread carefully at the final stage. At the end, give an outline to your arguments. Spot
perspectives of further study of the subject. Justify your conclusion at the bottom sufficiently, which will probably include
examples.

23. Upon conclusion: Once you have concluded your research, the next most important step is to present your findings.
Presentation is extremely important as it is the definite medium though which your research is going to be in print for the
rest of the crowd. Care should be taken to categorize your thoughts well and present them in a logical and neat manner. A
good quality research paper format is essential because it serves to highlight your research paper and bring to light all
necessary aspects of your research.

INFORMAL GUIDELINES OF RESEARCH PAPER WRITING
Key points to remember:

e  Submit all work in its final form.
e Write your paper in the form which is presented in the guidelines using the template.
e Please note the criteria peer reviewers will use for grading the final paper.

Final points:

One purpose of organizing a research paper is to let people interpret your efforts selectively. The journal requires the
following sections, submitted in the order listed, with each section starting on a new page:

The introduction: This will be compiled from reference matter and reflect the design processes or outline of basis that
directed you to make a study. As you carry out the process of study, the method and process section will be constructed
like that. The results segment will show related statistics in nearly sequential order and direct reviewers to similar
intellectual paths throughout the data that you gathered to carry out your study.

The discussion section:

This will provide understanding of the data and projections as to the implications of the results. The use of good quality
references throughout the paper will give the effort trustworthiness by representing an alertness to prior workings.

Writing a research paper is not an easy job, no matter how trouble-free the actual research or concept. Practice, excellent
preparation, and controlled record-keeping are the only means to make straightforward progression.

General style:

Specific editorial column necessities for compliance of a manuscript will always take over from directions in these general
guidelines.

To make a paper clear: Adhere to recommended page limits.
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Mistakes to avoid:

e Insertion of a title at the foot of a page with subsequent text on the next page.

e Separating a table, chart, or figure—confine each to a single page.

e  Submitting a manuscript with pages out of sequence.

e In every section of your document, use standard writing style, including articles ("a" and "the").
e Keep paying attention to the topic of the paper.

e Use paragraphs to split each significant point (excluding the abstract).

e Align the primary line of each section.

e Present your points in sound order.

e Use present tense to report well-accepted matters.

e Use past tense to describe specific results.

e Do not use familiar wording; don't address the reviewer directly. Don't use slang or superlatives.
e Avoid use of extra pictures—include only those figures essential to presenting results.

Title page:

Choose a revealing title. It should be short and include the name(s) and address(es) of all authors. It should not have
acronyms or abbreviations or exceed two printed lines.

Abstract: This summary should be two hundred words or less. It should clearly and briefly explain the key findings reported
in the manuscript and must have precise statistics. It should not have acronyms or abbreviations. It should be logical in
itself. Do not cite references at this point.

An abstract is a brief, distinct paragraph summary of finished work or work in development. In a minute or less, a reviewer
can be taught the foundation behind the study, common approaches to the problem, relevant results, and significant
conclusions or new questions.

Write your summary when your paper is completed because how can you write the summary of anything which is not yet
written? Wealth of terminology is very essential in abstract. Use comprehensive sentences, and do not sacrifice readability
for brevity; you can maintain it succinctly by phrasing sentences so that they provide more than a lone rationale. The
author can at this moment go straight to shortening the outcome. Sum up the study with the subsequent elements in any
summary. Try to limit the initial two items to no more than one line each.

Reason for writing the article—theory, overall issue, purpose.

e Fundamental goal.

e To-the-point depiction of the research.

e Consequences, including definite statistics—if the consequences are quantitative in nature, account for this; results of
any numerical analysis should be reported. Significant conclusions or questions that emerge from the research.

Approach:

0 Single section and succinct.

An outline of the job done is always written in past tense.

Concentrate on shortening results—limit background information to a verdict or two.

Exact spelling, clarity of sentences and phrases, and appropriate reporting of quantities (proper units, important
statistics) are just as significant in an abstract as they are anywhere else.

O O O

Introduction:

The introduction should "introduce" the manuscript. The reviewer should be presented with sufficient background
information to be capable of comprehending and calculating the purpose of your study without having to refer to other
works. The basis for the study should be offered. Give the most important references, but avoid making a comprehensive
appraisal of the topic. Describe the problem visibly. If the problem is not acknowledged in a logical, reasonable way, the
reviewer will give no attention to your results. Speak in common terms about techniques used to explain the problem, if
needed, but do not present any particulars about the protocols here.
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The following approach can create a valuable beginning:

0 Explain the value (significance) of the study.

0 Defend the model—why did you employ this particular system or method? What is its compensation? Remark upon
its appropriateness from an abstract point of view as well as pointing out sensible reasons for using it.

0 Present a justification. State your particular theory(-ies) or aim(s), and describe the logic that led you to choose
them.

0 Briefly explain the study's tentative purpose and how it meets the declared objectives.

Approach:

Use past tense except for when referring to recognized facts. After all, the manuscript will be submitted after the entire job
is done. Sort out your thoughts; manufacture one key point for every section. If you make the four points listed above, you
will need at least four paragraphs. Present surrounding information only when it is necessary to support a situation. The
reviewer does not desire to read everything you know about a topic. Shape the theory specifically—do not take a broad
view.

As always, give awareness to spelling, simplicity, and correctness of sentences and phrases.
Procedures (methods and materials):

This part is supposed to be the easiest to carve if you have good skills. A soundly written procedures segment allows a
capable scientist to replicate your results. Present precise information about your supplies. The suppliers and clarity of
reagents can be helpful bits of information. Present methods in sequential order, but linked methodologies can be grouped
as a segment. Be concise when relating the protocols. Attempt to give the least amount of information that would permit
another capable scientist to replicate your outcome, but be cautious that vital information is integrated. The use of
subheadings is suggested and ought to be synchronized with the results section.

When a technique is used that has been well-described in another section, mention the specific item describing the way,
but draw the basic principle while stating the situation. The purpose is to show all particular resources and broad
procedures so that another person may use some or all of the methods in one more study or referee the scientific value of
your work. It is not to be a step-by-step report of the whole thing you did, nor is a methods section a set of orders.

Materials:
Materials may be reported in part of a section or else they may be recognized along with your measures.
Methods:

0 Report the method and not the particulars of each process that engaged the same methodology.

0 Describe the method entirely.

0 To be succinct, present methods under headings dedicated to specific dealings or groups of measures.

0 Simplify—detail how procedures were completed, not how they were performed on a particular day.

0 If well-known procedures were used, account for the procedure by name, possibly with a reference, and that's all.
Approach:

It is embarrassing to use vigorous voice when documenting methods without using first person, which would focus the
reviewer's interest on the researcher rather than the job. As a result, when writing up the methods, most authors use third
person passive voice.

Use standard style in this and every other part of the paper—avoid familiar lists, and use full sentences.
What to keep away from:

0 Resources and methods are not a set of information.
0 Skip all descriptive information and surroundings—save it for the argument.
0 Leave out information that is immaterial to a third party.
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Results:

The principle of a results segment is to present and demonstrate your conclusion. Create this part as entirely objective
details of the outcome, and save all understanding for the discussion.

The page length of this segment is set by the sum and types of data to be reported. Use statistics and tables, if suitable, to
present consequences most efficiently.

You must clearly differentiate material which would usually be incorporated in a study editorial from any unprocessed data
or additional appendix matter that would not be available. In fact, such matters should not be submitted at all except if
requested by the instructor.

Content:

0 Sum up your conclusions in text and demonstrate them, if suitable, with figures and tables.

0 Inthe manuscript, explain each of your consequences, and point the reader to remarks that are most appropriate.

0 Present a background, such as by describing the question that was addressed by creation of an exacting study.

0 Explain results of control experiments and give remarks that are not accessible in a prescribed figure or table, if
appropriate.

0 Examine your data, then prepare the analyzed (transformed) data in the form of a figure (graph), table, or
manuscript.

What to stay away from:

0 Do not discuss or infer your outcome, report surrounding information, or try to explain anything.
0 Do notinclude raw data or intermediate calculations in a research manuscript.
0 Do not present similar data more than once.
0 A manuscript should complement any figures or tables, not duplicate information.
0 Never confuse figures with tables—there is a difference.
Approach:

As always, use past tense when you submit your results, and put the whole thing in a reasonable order.
Put figures and tables, appropriately numbered, in order at the end of the report.

If you desire, you may place your figures and tables properly within the text of your results section.
Figures and tables:

If you put figures and tables at the end of some details, make certain that they are visibly distinguished from any attached
appendix materials, such as raw facts. Whatever the position, each table must be titled, numbered one after the other, and
include a heading. All figures and tables must be divided from the text.

Discussion:

The discussion is expected to be the trickiest segment to write. A lot of papers submitted to the journal are discarded
based on problems with the discussion. There is no rule for how long an argument should be.

Position your understanding of the outcome visibly to lead the reviewer through your conclusions, and then finish the
paper with a summing up of the implications of the study. The purpose here is to offer an understanding of your results
and support all of your conclusions, using facts from your research and generally accepted information, if suitable. The
implication of results should be fully described.

Infer your data in the conversation in suitable depth. This means that when you clarify an observable fact, you must explain
mechanisms that may account for the observation. If your results vary from your prospect, make clear why that may have
happened. If your results agree, then explain the theory that the proof supported. It is never suitable to just state that the
data approved the prospect, and let it drop at that. Make a decision as to whether each premise is supported or discarded
or if you cannot make a conclusion with assurance. Do not just dismiss a study or part of a study as "uncertain."
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Research papers are not acknowledged if the work is imperfect. Draw what conclusions you can based upon the results
that you have, and take care of the study as a finished work.

0 You may propose future guidelines, such as how an experiment might be personalized to accomplish a new idea.

0 Give details of all of your remarks as much as possible, focusing on mechanisms.

0 Make a decision as to whether the tentative design sufficiently addressed the theory and whether or not it was
correctly restricted. Try to present substitute explanations if they are sensible alternatives.

0 One piece of research will not counter an overall question, so maintain the large picture in mind. Where do you go
next? The best studies unlock new avenues of study. What questions remain?

0 Recommendations for detailed papers will offer supplementary suggestions.

Approach:

When you refer to information, differentiate data generated by your own studies from other available information. Present
work done by specific persons (including you) in past tense.

Describe generally acknowledged facts and main beliefs in present tense.

THE ADMINISTRATION RULES
Administration Rules to Be Strictly Followed before Submitting Your Research Paper to Global Journals Inc.

Please read the following rules and regulations carefully before submitting your research paper to Global Journals Inc. to
avoid rejection.

Segment draft and final research paper: You have to strictly follow the template of a research paper, failing which your
paper may get rejected. You are expected to write each part of the paper wholly on your own. The peer reviewers need to
identify your own perspective of the concepts in your own terms. Please do not extract straight from any other source, and
do not rephrase someone else's analysis. Do not allow anyone else to proofread your manuscript.

Written material: You may discuss this with your guides and key sources. Do not copy anyone else's paper, even if this is
only imitation, otherwise it will be rejected on the grounds of plagiarism, which is illegal. Various methods to avoid
plagiarism are strictly applied by us to every paper, and, if found guilty, you may be blacklisted, which could affect your
career adversely. To guard yourself and others from possible illegal use, please do not permit anyone to use or even read
your paper and file.
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Please note that following table is only a Grading of "Paper Compilation" and not on "Performed/Stated Research" whose grading
solely depends on Individual Assigned Peer Reviewer and Editorial Board Member. These can be available only on request and after

CRITERION FOR GRADING A RESEARCH PAPER (COMPILATION)
BY GLOBAL JOURNALS

decision of Paper. This report will be the property of Global Journals.

Topics

Abstract

Introduction

Methods
Procedures

Result

Discussion

References

XXI

Grades

Clear and concise with
appropriate content, Correct

format. 200 words or below

Containing all background
details with clear goal and
appropriate  details, flow
specification, no grammar
and spelling mistake, well
organized sentence and

paragraph, reference cited

Clear and to the point with
well arranged paragraph,
precision and accuracy of
facts and figures, well

organized subheads

Well organized, Clear and
specific, Correct units with
precision, correct data, well
structuring of paragraph, no
grammar and spelling
mistake

Well organized, meaningful
specification, sound
conclusion, logical and
concise explanation, highly

structured paragraph
reference cited
Complete and correct

format, well organized

Unclear summary and no
specific data, Incorrect form
Above 200 words

Unclear and confusing data,
appropriate format, grammar
and spelling errors with
unorganized matter

Difficult to comprehend with
embarrassed text, too much
explanation but completed

Complete and embarrassed
text, difficult to comprehend

Wordy, unclear conclusion,
spurious

Beside the point, Incomplete

No specific data with ambiguous
information
Above 250 words

Out of place depth and content,
hazy format

Incorrect  and unorganized

structure with hazy meaning

Irregular format with wrong facts
and figures

Conclusion is not  cited,
unorganized, difficult to

comprehend

Wrong format and structuring
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