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The publication of an article in the peer-reviewed journal JNBS is
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of the work of the authors and the institutions that support them.
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behaviour for all parties involved in the act of publishing: the author,
the journal editor, the peer reviewer, the publisher and the society of
society-owned or sponsored journals.

Uskudar University, as publisher of the journal, takes its duties of
guardianship over all stages of publishing extremely seriously and we
recognise our ethical and other responsibilities.

We are committed to ensuring that advertising, reprint or other
commercial revenue has no impact or influence on editorial decisions. In
addition, Editorial Board will assist in communications with other journals
and/or publishers where this is useful to editors. Finally, we are working
closely with other publishers and industry associations to set standards
for best practices on ethical matters, errors and retractions - and are
prepared to provide specialized legal review and counsel if necessary.

Duties of authors
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Guidelines for Journal Editors.)

Reporting standards

Authors of reports of original research should present an accurate
account of the work performed as well as an objective discussion of
its significance. Underlying data should be represented accurately in
the paper. A paper should contain sufficient detail and references to
permit others to replicate the work. Fraudulent or knowingly inaccurate
statements constitute unethical behavior and are unacceptable.
Review and professional publication articles should also be accurate
and objective, and editorial ‘opinion’ works should be clearly identified
as such.

Authors are required to state in writing that they have complied with
the Declaration of Helsinki Research Ethics in the treatment of their
sample, human or animal, or to describe the details of treatment.

Data access and retention

Authors may be asked to provide the raw data in connection with
a paper for editorial review, and should be prepared to provide
public access to such data (consistent with the ALPSP-STM
Statement on Data and Databases), if practicable, and should in
any event be prepared to retain such data for a reasonable time
after publication.

Originality and plagiarism

The authors should ensure that they have written entirely original
works, and if the authors have used the work and/or words of others,
that this has been appropriately cited or quoted.

Plagiarism takes many forms, from ‘passing off another’s paper
as the author’s own paper, to copying or paraphrasing substantial

parts of another’s paper (without attribution), to claiming results from
research conducted by others. Plagiarism in all its forms constitutes
unethical publishing behavior and is unacceptable.

Multiple, redundant or concurrent publication

An author should not in general publish manuscripts describing
essentially the same research in more than one journal or primary
publication. Submitting the same manuscript to more than one
journal concurrently constitutes unethical publishing behavior and is
unacceptable.

In general, an author should not submit for consideration in another
journal a previously published paper. Publication of some kinds of
articles (e.g. clinical guidelines, translations) in more than one journal is
sometimes justifiable, provided certain conditions are met. The authors
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publication, which must reflect the same data and interpretation of the
primary document. The primary reference must be cited in the secondary
publication. Further detail on acceptable forms of secondary publication
can be found at www. icmje.org.

Acknowledgement of sources

Proper acknowledgment of the work of others must always be
given. Authors should cite publications that have been influential in
determining the nature of the reported work. Information obtained
privately, as in conversation, correspondence, or discussion with
third parties, must not be used or reported without explicit, written
permission from the source. Information obtained in the course
of confidential services, such as refereeing manuscripts or grant
applications, must not be used without the explicit written permission
of the author of the work involved in these services.

Authorship of the paper

Authorship should be limited to those who have made a significant
contribution to the conception, design, execution, or interpretation of
the reported study. All those who have made significant contributions
should be listed as co-authors. Where there are others who have
participated in certain substantive aspects of the research project,
they should be acknowledged or listed as contributors.

The corresponding author should ensure that all appropriate
coauthors and no inappropriate coauthors are included on the paper,
and that all co-authors have seen and approved the final version of
the paper and have agreed to its submission for publication.

Hazards and human or animal subjects

If the work involves chemicals, procedures or equipment that have
any unusual hazards inherent in their use, the author must clearly
identify these in the manuscript. If the work involves the use of animal
or human subjects, the author should ensure that the manuscript
contains a statement that all procedures were performed in compliance
with relevant laws and institutional guidelines and that the appropriate
institutional committee(s) has approved them. Authors should include
a statement in the manuscript that informed consent was obtained for
experimentation with human subjects. The privacy rights of human
subjects must always be observed.

Disclosure and conflicts of interest

All authors should disclose in their manuscript any financial or other
substantive conflict of interest that might be construed to influence
the results or interpretation of their manuscript. All sources of financial
support for the project should be disclosed.

Examples of potential conflicts of interest which should be disclosed
include employment, consultancies, stock ownership, honoraria, paid
expert testimony, patent applications/registrations, and grants or
other funding. Potential conflicts of interest should be disclosed at the
earliest stage possible.
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Fundamental errors in published works

When an author discovers a significant error or inaccuracy in his/her
own published work, it is the author’s obligation to promptly notify the
journal editor or publisher and cooperate with the editor to retract or
correct the paper. If the editor or the publisher learns from a third party
that a published work contains a significant error, it is the obligation of
the author to promptly retract or correct the paper or provide evidence
to the editor of the correctness of the original paper.

Duties of editors
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Publication decisions
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then be in force regarding libel, copyright infringement and plagiarism.
The editor may confer with other editors or reviewers (or society
officers) in making this decision.

Fair play

An editor should evaluate manuscripts for their intellectual content
without regard to race, gender, sexual orientation, religious belief,
ethnic origin, citizenship, or political philosophy of the authors.

Confidentiality

The editor and any editorial staff must not disclose any information
about a submitted manuscript to anyone other than the corresponding
author, reviewers, potential reviewers, other editorial advisers, and
the publisher, as appropriate.

Disclosure and conflicts of interest

Unpublished materials disclosed in a submitted manuscript must
not be used in an editor’'s own research without the express written
consent of the author.

Privileged information or ideas obtained through peer review must be
kept confidential and not used for personal advantage.

Editors should recuse themselves (i.e. should ask a co-editor,
associate editor or other member of the editorial board instead
to review and consider) from considering manuscripts in which
they have conflicts of interest resulting from competitive,
collaborative, or other relationships or connections with any of
the authors, companies, or (possibly) institutions connected to
the papers.

Editors should require all contributors to disclose relevant
competing interests and publish corrections if competing interests
are revealed after publication. If needed, other appropriate
action should be taken, such as the publication of a retraction or
expression of concern.

It should be ensured that the peer-review process for sponsored
supplements is the same as that used for the main journal. ltems
in sponsored supplements should be accepted solely on the basis
of academic merit and interest to readers and not be influenced by
commercial considerations.

Non-peer reviewed sections of their journal should be clearly
identified.

Involvement and cooperation in investigations

An editor should take reasonably responsive measures when
ethical complaints have been presented concerning a submitted
manuscript or published paper, in conjunction with the publisher
(or society). Such measures will generally include contacting the
author of the manuscript or paper and giving due consideration of
the respective complaint or claims made, but may also include further
communications to the relevant institutions and research bodies, and
if the complaint is upheld, the publication of a correction, retraction,
expression of concern, or other note, as may be relevant. Every
reported act of unethical publishing behavior must be looked into,
even if it is discovered years after publication.

Duties of reviewers

(These guidelines are based on existing COPE’s Best Practice
Guidelines for Journal Editors.)

Contribution to editorial decisions

Peer review assists the editor in making editorial decisions and
through the editorial communications with the author may also
assist the author in improving the paper. Peer review is an essential
component of formal scholarly communication, and lies at the heart of
the scientific method. JNBS shares the view of many that all scholars
who wish to contribute to publications have an obligation to do a fair
share of reviewing.

Promptness

Any selected referee who feels unqualified to review the research
reported in a manuscript or knows that its prompt review will be
impossible should notify the editor and excuse himself from the
review process.

Confidentiality

Any manuscripts received for review must be treated as confidential
documents. They must not be shown to or discussed with others
except as authorized by the editor.

Standards of objectivity

Reviews should be conducted objectively. Personal criticism of the
author is inappropriate. Referees should express their views clearly
with supporting arguments.

Acknowledgement of sources

Reviewers should identify relevant published work that has not been
cited by the authors. Any statement that an observation, derivation,
or argument had been previously reported should be accompanied
by the relevant citation. A reviewer should also call to the editor’s
attention any substantial similarity or overlap between the manuscript
under consideration and any other published paper of which they
have personal knowledge.

Disclosure and conflict of interest

Unpublished materials disclosed in a submitted manuscript must not
be used in a reviewer’s own research without the express written
consent of the author. Privileged information or ideas obtained
through peer review must be kept confidential and not used for
personal advantage. Reviewers should not consider manuscripts
in which they have conflicts of interest resulting from competitive,
collaborative, or other relationships or connections with any of the
authors, companies, or institutions connected to the papers.
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- Original Article

Repeated benzodiazepines ingestions affected behavioral and neuro-
chemical profiles, with mild effect on histological integrities: modulatory

efficacy of Nigella sativa oil

Abstract

Background: Benzodiazepines (BZDs) are a class of depressant drugs that have enjoyed widespread use

in conventional clinical management of anxiety-related conditions such as panic disorders that require

therapeutic central relaxation and sedation. Meanwhile, prolonged administration of benzodiazepines even

at low doses has however been linked to variety of undesirable effects such as discontinuation relapse with

the associated risk of abuse and dependency. Aim: This study investigated the behavioral, histological

and biochemical outcomes of long-term low dose diazepam use and explored the potential role of nigella
sativa oil (NSO) in the amelioration of the associated side effects. Methods: Adult Wistar rats (n=32)
were randomized into four groups that received normal saline; diazepam; diazepam + NSO; or NSO only,

respectively for 14 days. At the end of the period of the various exposures, the rats were taken through

behavioral paradigms after which they were sacrificed for chemical and histological profiling. Results:

diazepam-exposed rats exhibited stress-related manifestations with relatively poor performance in memor-

y-related tasks. Repeated diazepam ingestion reduced brain antioxidant biomarkers while causing elevati-

on of brain oxidative stress markers. On histological observation, mild degenerative changes were evident

in the various brain regions of the diazepam-exposed rats. Conclusion: Interventional nigella sativa oil

administration showed therapeutic potentials by mitigating and reversing the observed effects of diazepam,

largely due to its antioxidant and anti-inflammatory effects as observed in the present study.

Keywords: Benzodiazepines, memory, behavior, oxidative stress, inflammation.

Introduction

The pharmacologic benefits of benzodiazepines
(BZDs) as psychoactive drugs in the clinical
management of sleep disorders!!), epilepsy, and
anxiety® 9 has contributed to their popularity.
In the central nervous system, benzodiazepines
work as positive allosteric modulators that bind
to GABAA receptors, inducing conformational
alterations that increase affinity for the GABA
molecule, and enhancing GABA-induced neu-
ronal hyperpolarization**. However, long-
term use of BZDs presents concomitant major
health risks such as addiction and dependence!" ¢,
thereby increasing its potential for abuse and
co-abuse with opioids and alcohol. BZD abuse
has been associated with cognitive decline!”,
hypothermia, respiratory suppression, coma,
and death “#. Typical of sedatives, they inhib-
it locomotor activity to varying levels leading
to a higher incidence of falls and making the
operation of machinery and vehicles potential-
ly hazardous™. Benzodiazepines are frequently
found in post-mortem blood samples of heroin
users and in those related to overdose of other
opioid substances where they appear co-admin-
istered to potentiate opioid effects®l. Despite
the level of awareness of the detrimental effects
of BZD abuse, an estimated 3% of adults are
still thought to have used BZDs for at least six
months at some point in their lives'®, a signifi-

cant portion of which may be without appropri-
ate medical prescription. In rodents, BZD use
has been associated with decreases in cerebral
blood flow, decreases in caudate nucleus size,
increases in lateral ventricular size!®), and de-
creases in dendritic spine density in pyramidal
neurons. However, the mechanism by which
BZDs exact these changes in the brain remains
elusive!”. The potential for benzodiazepine us-
age to cause certain detrimental effects is thus
established, it, therefore, becomes imperative to
discover and develop antidotes to counter these
effects and save lives. Acting through GABA
receptors, diazepam, like other BZDs, increas-
es the levels of GABA in the brain through
which it perpetuates its calming effect on the
central nervous system. Therefore, prolonged
diazepam use for longer than four weeks is not
recommended. Following a strong caution by
Penninx et al” against prolonged use of ben-
zodiazepines as monotherapy in the manage-
ment of anxiety and other related disorders with
the subsequent recommendation that it be used
only as a short-term adjunct, Nardi et al ! claim
that when carefully and judiciously prescribed,
benzodiazepines are effective and well toler-

How to cite this article: Imam A. Repeated benzodiaze-
pines ingestions affected behavioral and neurochemical
profiles, with mild effect on histological integrities: mo-
dulatory efficacy of Nigella sativa oil. J Neurobehav Sci
2024; 11:29-37.

Ethics committee approval: Ethics committee approval: Ethical review and approval for this study was
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ated. In a similar effort, Dubovsky and Marshall ! criticized
data presented in the literature as involving conflict of interest.
According to Silberman et al !'%, there is an overestimation of
the rate of abuse and dependence among patients without previ-
ous record of substance abuse while also concluding that dose
escalation is not necessary for long-term therapeutic benefits.
Hirschtritt et al 'l also opined that benzodiazepines are a safe
and effective option for the management of anxiety disorders
following necessary screening of patient for a history of sub-
stance abuse, active opioid medications, cognitive impairment
and age above 65 years, all of which contribute to negative
outcomes. Likewise, Prashant et al "%, in contradistinction to
findings by Penninx et al”, suggests the possibility of bias re-
porting in favor of the risks against the therapeutic benefits of
benzodiazepines. Nigella sativa oil (NSO) has been shown to
prevent or reverse indications of neurological damage induced
by various neurotoxins such as agricultural organophosphates in
healthy rodent brains!'* ¥, NSO contains thymoquinones, ribo-
flavin, and alkaloids as some of its bioactive ingredients which
confer neuroprotective properties amongst a host of other phar-
macological functions!'> ¥, The specific mechanism of action
of NSO has not been fully elucidated but is thought to be linked
to its antioxidant and anti-inflammatory properties!'> 4. This
study aims to determine the specific determinable histological,
biochemical, and behavioural changes of prolonged BZD (diaz-
epam) use in rats and the potential for NSO to prevent or reverse
them. Here, we show that prolonged oral ingestions of diazepam
surprisingly affected neurocognitive phenotypes with its central
mechanism of toxicity being oxidative stress and inflammation.
Meanwhile, a post-exposure intervention with the oil of nigella
sativa markedly restored the affected psycho-cognitive behav-
iors induced by diazepam, majorly by preserving the intrinsic
antioxidant and anti-inflammatory defense architectures in the
exposed brains.

Materials and methods

Ethics committee approval: Ethical review and approval for
this study was granted by the Ethical Review Committee of the
Faculty of Basic Medical Sciences on 21.04.2017, University of
Ilorin, with reference number UIL/UERC/AN2074.

Study subjects

This study used adult male Wistar rats (N = 32) (100 g — 120 g)
obtained from the murine breeding centre in Ogbomosho, Oyo
State, Nigeria, and housed in the animal facility of the Faculty of
Basic Medical Sciences, University of Ilorin in accordance with
the university’s Guide for the Care and Use of Laboratory Ani-
mals. There was an acclimatization period of seven days during
which animals were allowed free access to food and water.

Experimental Design

Experimental animals were assigned randomly as follows; n =
8 animals each in four groups (I - IV) with each group treated
as accordingly. Group I received 1 ml of normal saline /kg/day;
Group II received diazepam at 2 mg/kg/day only; Group III re-
ceived diazepam at 2 mg/kg/day with NSO at 1 ml/kg/day; and
Group IV received NSO at 1 ml/kg/day only. Oral administra-

tion was done once in a day for fourteen consecutive days.

Assessment of behavior and memory

Morris water maze procedure

The Morris water maze (MWM) was used to assess the spatial,
long-term (LTP) and short-term (STM) memories in a standard-
ized black pool filled with 23 °C — 24 °C water with dimen-
sions 60 cm depth X 136 cm diameter. The pool was divided
into quadrants and had a submerged circular platform. Standard
MWM protocols were followed!"® and trials were recorded by
video system. Trial sessions were given on days 11, 12 and 13.
On day 14, the LTM was assessed using the escape latency, du-
ration in seconds to navigate to the hidden platform while the
STM was recorded as the average escape latencies of two subse-
quent trials. After removal of the hidden platform, the percent-
age time spent in the platform quadrant constituted reference
memory (RM).

Open field test procedure

All rats were placed in a standardized well-lit box whose floor
was divided into 4 X 4 squares and observed for exploratory, lo-
comotor and anxiety-related behaviors. Time spent in the centre
before the commencement of motion (freezing time), the num-
ber of lines crossed within the testing period (line crossing fre-
quency). Anxious rats are less mobile and will also tend to avoid
the central squares.

Biochemical evaluations

Brain tissues harvested from each group were treated in 30%
sucrose solution after which they were homogenized (100 Mm
Tris-HCI1 [Ph 7.6]) in 0.1 M DDT) and centrifuged at 2500 revo-
lutions per minute for 10 min, and the resuting supernatant was
collected into labelled tubes for various assays.

Glutathione (GSH) Assay

Supernatant from homogenate of previously frozen brain sam-
ples was used for the assay following instructions from the re-
agent kit while the concentrations of reduced and oxidized glu-
tathione in fixed quantity of the brain tissue were calculated and
expressed as pmol of GSH/mg protein.

Quantification of Malondialdehyde (MDA)

Malondialdehyde as marker of lipid peroxidation shows the rate
of degradation of polyunsaturated fatty acids that are typical of
neuronal membranes. Through its reaction with thiobarbituric
acid (TBA) in the form of thiobarbituric acid reactive substance
(TBARS), the quantity of MDA is derived from the amount of
TBARS due to their MDA-TBA (1:2) adduct product of their
reaction. The concentration of TBARS was determined accord-
ing to a method of Mihara and Uchiyama and was expressed as
nmol/mg of protein.

Quantification of Superoxide dismutase activity
(SOD)

Superoxide dismutase activity is increased in situations of ex-
posure to oxidative stress in the cells which induces rapid syn-
thesis of the enzyme. The antioxidant enzyme breaks down
(dismutates) reactive oxygen species-derived superoxide radi-
cals into hydrogen peroxide and molecular oxygen which is its
mechanism of defense against cellular toxicity of superoxide
radicals. This SOD activity assay is based on the rate of inhibi-
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tion of nitroblue tetrazolium (NBT) in the biochemical reaction
where SOD competes with NBT for the superoxide radical gen-
erated by the xanthine-xanthine oxidase.

Immunohistochemical evaluations

Tumor necrosis factor alpha (TNF-a)
quantification assay

The principle of TNF- o assay is based on an immunoassay
technique that uses TNF-a—specific (anti-TNF-a) antibody. The
presence of TNF-a is then determined by its binding to the an-
ti-TNF-a antibody which has been mobilized in a microplate.
TNF-a is a marker of inflammation which assay is used to deter-
mine the presence or progression of inflammation and prolifer-
ation of tumor cells.

Interleukin-10 (IL-10) assay

IL-10 is an anti-inflammatory cytokine that is used as a marker
for inflammatory and autoimmune pathologies due to its role
in the prevention of these cellular events. Hippocampal tissue
homogenate was centrifuged at 14,000 x g at 4°C for 20 minutes
and sandwich ELISA was performed (BioSource International,
Camarillo, CA) with the limits of detection at 25 pg/ml, follow-
ing manufacturer’s instructions.

Nitric Oxide (NO) assay

The level of NO in the brain homogenate was measured with
Griess reagent in the form of nitrite. The Griess protocol which
was performed per manufacturer’s instruction is a two-step re-
action during which nitrite is reduced to nitrogen oxide which
then reacts with a second reagent that ends in a stable product
detectable at 540 nm absorbance.

Tissue processing and Histology

Alcohol dehydrated brain tissues were processed through xylene
to provide tissue transparency and subsequently paraffin embed-
ded. Serial sectioning of the whole brain at 5 pm was done fol-
lowed by staining with Cresyl violet for Nissl substance.

Statistical Analysis

Behavioural and biochemical data was analysed using one-way
analysis of variance (ANOVA) followed by a post hoc Bon-
ferroni’s multiple comparison test. Graphpad Prism software
(version 5.0, La Jolla, CA) was used to obtain results expressed
as mean + standard error with p < 0.05 considered statistically
significant.

Results

Diazepam led to poor cognitive and motor
behaviors

Marked reduction in line crossing frequency in the open field as-
say was recorded in animals that were given BZD. Meanwhile,
this trend was significantly reversed by treatment with NSO as
higher line crossing frequencies was observed in the interven-
tion group compared to the BZD exposed rats (Figure 1A). The
freezing period of the BZD rats was increased beyond that ob-

served in the control rats but co-administration with NSO mar-

ginally reduced it to levels comparable with the controls (Figure
10).
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Figure 1: Motor and Anxiety-like behaviors in rats after exposure to benzodiaze-
pines and Nigella sativa oil. Control: Normal Saline, BZD: Benzodiazepine, BZ-
D+NSO: Benzodiazepine + Nigella Sativa Oil and NSO: Nigella Sativa Oil. Single
asterisk (*) indicates significant (p<0.05) increase or decrease from the control
and or other groups

Short- and long- term memory (STM and LTM) behavioural as-
say as quantified by escape latency in the MWM showed delayed
escape latencies for the BZD exposed rats while NSO treatment
in co-exposed and sole ingestion rats caused reduction in the
latency to find the hidden platform, when compared with the
BZD exposed rats (Figure 2A). Reference memory (RM) was
quantified by the amount of time spent in the platform quadrant
after the platform was removed. We observed that BZD expo-
sure does not affect the time that the rats spent around the quad-
rant region compared to control. Nonetheless, reference memo-
ry was evidently improved by the ingestions of NSO, either in
co-exposure or NSO only, as the rats in these groups had higher
platform latency relative to the BZD and control (Figure 2C).
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Figure 2: Memory indices in rats after exposure to benzodiazepines and Nigella
sativa oil. Control: Normal Saline, BZD: Benzodiazepine, BZD+NSO: Benzodiaze-
pine + Nigella Sativa Oil and NSO: Nigella Sativa Oil.

The Journal of Neurobehavioral Sciences | Volume 11 | Issue 2 | April-August 2024 31



Imam: Nigella sativa modulate behavioral consequences of diazepam abuse

Benzodiazepine uptake reduces glutathione redox
activity

Exposures to BZD did not affect the brain concentrations of re-
duced glutathione (GSH) which is a trend observed across all the
test and control rats. However, in contrast to what is observed
in GSH, the brain concentrations of other glutathione isoforms
(glutathione peroxidase, glutathione S-transferase, and gluta-
thione reductase) were depleted following BZD exposure, al-
though only GST was significant (Figure 3). Interventions with
NSO shows a statistically significant potential for enhanced an-
tioxidant ability by boosting the concentrations of GPX, GST
and GR in the brains of the treated rats (p<0.05) (Figure 3).
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Figure 3: Glutathione redox activities in rats exposed to diazepam and Nigella sa-
tiva oil. Control: Normal Saline, BZD: Benzodiazepine, BZD+NSO: Benzodiazepine
+ Nigella Sativa Oil and NSO: Nigella Sativa Oil. Single asterisk (*) indicates signi-
ficant (p<0.05) increase or reduction from control and or other groups.

Benzodiazepines elevate levels of oxidant and
pro-inflammatory markers

Significant reduction in total antioxidant capacity was evident
in BZD treated rats but which was elevated NSO exposed rats,
albeit to non-statistically significant levels. This is supported by
observations of elevated levels of ROS, MDA and SOD accom-
panied by reduced levels of catalase in BZD treated rats (Fig-
ure 4). The levels of ROS were rather indistinguishable in the
BZD+NSO and NSO groups (Figure 4B), however additional
parameter comparison between the two groups showed lower
levels of MDA and SOD (Figures 4C and 4D) and higher levels
of catalase in the NSO group (Figure 4E). NSO clearly improved
the total antioxidant capacity and marginally lowered ROS and
MDA relative to the BZD group. The levels of some pro- and
anti-neuroinflammatory markers, cytokines and chemokines
released by activated macrophages and astrocytes, were inves-
tigated. Elevated concentrations of TNF-a in the BZD treated
group (p < 0.05) were consistent with increased likelihood of
ongoing inflammatory processes. Nitric oxide (NO) levels were
maintained at near control rat levels as contrasted with the dras-
tically lowered levels observed in the rats exposed to NSO in
both the NSO and BZD+NSO groups providing credence to
the NO reduction effect of NSO. Interleukin-10 (IL-10) levels
were however lowered in the BZD group and markedly elevated
(p<0.05) in the NSO group, indicative of greater anti-inflamma-
tory potential in the latter group (Figure 5).

g

2 250 10

'g = T s

Ll g il

% 100] 2

; z

E 1=

8 A cContol BZD BZDINSO NSO B
0.20- 250+

§ 0.15+ § G

& &

£ 0.10 g sl

s S 100

§ 0.05 § 504

pd

BZD BZD+NSO NSO

0.00-
Cc

Catalase (Wmg protein)

Figure 4: Antioxidant, oxidative and lipid peroxidation markers in rats exposed to
benzodiazepines and Nigella sativa oil. Control: Normal Saline, BZD: Benzodiaze-
pine, BZD+NSO: Benzodiazepine + Nigella Sativa Oil and NSO: Nigella Sativa Oil.

BZD BZD+NSO NSO

NO levels ng/mi

il

BZD BZDNSO NSO B

»  TNF Alpha (ngidi)

Control Control

IL-10 ng/mil

BZD BZD+NSO NSO

C Control

Figure 5: Pro and anti-inflammatory markers in rats exposed to benzodiazepines
and Nigella sativa oil. Control: Normal Saline, BZD: Benzodiazepine, BZD+NSO:
Benzodiazepine + Nigella Sativa Oil and NSO: Nigella Sativa Oil. Single asterisk
(*) indicates significant (p<0.05) increase from the control and or other groups.

Benzodiazepine uptake diminished
neurotransmitter levels to varying extents

The levels of the inhibitory neurotransmitter, gamma amino-
butyric acid (GABA), the receptor of which is acted upon by
BZDs, were depleted in the BZD exposed group (Figure 6A)
but markedly elevated above normal levels in the NSO group.
Similarly, acetylcholine (ACh) levels though depressed in BZD
exposed animals were significantly increased in the BZD-+N-
SO and NSO groups (Figure 6B). Co-administration of BZD
and NSO had a more profound recoil effect on the ACh levels
than on GABA. The levels of catecholamines and monoamines
were reduced in the BZD groups but consistently elevated in
the NSO only groups (Figure 7). Concentrations of serotonin
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and dopamine in the BZD+NSO group were higher than in the
control rats whereas lower levels of noradrenaline were record-

ed (p>0.05).
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Figure 6: GABA and ACh levels in rats after exposure to benzodiazepines and
Nigella sativa oil. Control: Normal Saline, BZD: Benzodiazepine, BZD+NSO: Ben-
zodiazepine + Nigella Sativa Oil and NSO: Nigella Sativa Oil. Single asterisk (*)
indicates significant (p<0.05) increase from the control and or other groups.
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Figure 7: Catecholaminergic neuromodulators in rats following exposure to ben-
zodiazepine and Nigella sativa oil. Control: Normal Saline, BZD: Benzodiazepine,
BZD+NSO: Benzodiazepine + Nigella Sativa Oil and NSO: Nigella Sativa Oil.

Benzodiazepine administration increases
neuronal metabolism and apoptosis

Caspase 3 and GLUT 4 levels were relatively elevated in the
BZD administered group which contrasted with those observed
in the NSO group that demonstrated lower levels than those ob-
served in the controls (Figure 8). The co-administration of NSO
with BZD lowered caspase 3 levels to a much larger extent than
observed with GLUT 4.
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Figure 8: Caspase 3 and Glut-4 levels in rats exposed to benzodiazepine and Ni-
gella sativa oil. Control: Normal Saline, BZD: Benzodiazepine, BZD+NSO: Benzo-
diazepine + Nigella Sativa Oil and NSO: Nigella Sativa Oil.

Histoarchitecture of various brain regions

Degenerative changes, although mild, were evident in all parts
of rat brains exposed to BZD (Figures 9 - 11). Cells in the mo-
tor cortex and putamen appear lighter stained and larger with
apparent intracellular vacuoles after treatment with BZD, com-
pared to the controls (Figure 9). The stain intensity in the brain
regions show a qualitative increase after the ingestion of NSO.
Purkinje cells were fewer and more dispersed in the cerebella of
BZD rats but were clearly more numerous and closely packed
in the control rats but more loosely packed in the BZD+NSO
rats. Individual cell boundaries of the hippocampal regions were
less distinct in the BZD group as well as fewer cells in the hilar
region than any of the other groups.

Figure 9: Representative photomicrographs of the caudate putamen, primary mo-
tor cortex and cerebellum of rats exposed to benzodiazepines and Nigella sativa
oil. Control: Normal Saline, BZD: Benzodiazepine, BZD+NSO: Benzodiazepine +
Nigella Sativa Oil and NSO: Nigella Sativa Oil.
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Figure 10: Representative photomicrographs of the frontal cortices, corpus callo-
sum and the piriform cortices of rats exposed to benzodiazepines and Nigella sa-
tiva oil. Control: Normal Saline, BZD: Benzodiazepine, BZD+NSO: Benzodiazepine
+ Nigella Sativa Oil and NSO: Nigella Sativa Oil.
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Figure 11: Representative photomicrographs of the hippocampus of rats exposed
to benzodiazepine and Nigella sativa oil. Control: Normal Saline, BZD: Benzodi-
azepine, BZD+NSO: Benzodiazepine + Nigella Sativa Oil and NSO: Nigella Sativa
oil.

Discussion

As highlighted by Griffin and colleagues™ in their review on
the beneficial pharmacological effects and clinical uses of BZDs
in various pathological and postoperative states, the effects
of BZDs are not always detrimental and undesired with some
benzodiazepine derivatives exhibiting anti-inflammatory prop-
erties!'”). However, this study shows that prolonged intake of
benzodiazepines even at a relatively low dosage may affect psy-
cho-cognitive behaviors and related functions, and these effects
may be associated to the marked reduction in antioxidant ca-
pacities, which was accompanied by non-proportional elevation
of oxidative stress and neuro-inflammatory biomarkers coupled
with imbalance in neurotransmitters concentrations in the brains
of the exposed rats. Oxidation related stress and neuro-inflam-
mation are associated with myriad of neurologic sequelae and
are positively identified where neurotoxicity is suspected !'% '
20151 This study also showed that co-administration of NSO po-
tentially alleviates or reverses the neurotoxic events generated
by the long-term use of BZD.

The Morris water maze was used as a standardized assay of hip-
pocampal-dependent learning memory in rodents, whereas, the
open field test was used to assess motor activity and anxiety-like
behaviors. The major observed behavioral changes in this study
were the registration of significantly lowered memory indices
quantified as short time, long time, and reference memory, as
well as the drastic reduction in normal locomotor activity in the
rats chronically subjected to BZD ingestion. These changes were
like those observed in other experiments from our lab, where we
exposed rats to low dosages of potentially neurotoxic chemicals
115161 or those in which the antioxidant capacity of rodents was
experimentally reduced ! 22, These neurological, cognitive
and motor findings were worrisome considering the ubiquity of
BZD prescription and the further unregulated abuse of the same
by people that have developed dependence and addiction.

The direct effects of BZD use could account for some of these
observations, as BZD activity characterised by binding to the
BZ1 is associated with anterograde amnesia and possibly poor

performance where memory tests are concerned . Central in-
flammatory responses also lead to “sickness behavior” charac-
terised in part by reduced locomotor and social activities. Para-
doxically, BZD in short-term use is useful as an anxiolytic in the
management of anxiety and social avoidance post social distress
in rodents 1. Here, rats exposed BZD were observed with fear
or anxiolytic-like behaviors and reduced exploratory/locomotor
abilities, as evidenced in the prolonged freezing periods and low
line crossing frequencies in the open field test. These effects on
motor and anxiety-like behaviors may in part be associated the
recruitment of circulating peripheral monocytes into the CNS
following chronic inflammation as reported above. Further cre-
dence to impaired behaviors of BZD-exposure is the reduced
antioxidant activity, increased oxidative stress markers, in-
creased inflammatory markers, altered neurotransmitters release
and brain histoarchitecture in the exposed rats.

Repeated oral ingestions of BZDs reduces the brain’s capacity
for antioxidant activity as demonstrated by a reduction in GPx,
GST and GR concentrations coupled with reduced total antiox-
idant capacity and catalase activity. Previous studies have con-
firmed the tendency for lowered antioxidant capacity to lead to
inflammatory response and oxidative stress before the body’s
response mechanisms have had an adequate chance to engage
compensatory changes . Upregulation of genes associated
with glutathione metabolism has been observed in the short-
term post glutathione depletion event although it was not linked
to an increase in GSH levels®]. An actual compensatory eleva-
tion of GSH was previously reported 48 hours post depletion
showing evidence of robust anti-inflammatory compensatory
mechanisms in the brain® 24, however this was most probably
due to their use of a once off depletion event rather than multiple
repeated insults used in our study. GSH levels in our study re-
mained rather low, yet it is a crucial element in the preservation
and recovery of neurons faced by oxidative stress!>> 2527, Fur-
thermore, marginal increases in the levels of ROS and MDA in
the BZD exposed rats provided further credence to the concept
of suppressed antioxidant activity.

Surprisingly, a key antioxidant enzyme, SOD recorded elevat-
ed activity in BZD exposed rat’s brain, probably as the body’s
compensatory mechanism in enhancing the depleted antioxidant
activity from other chemical systems. This result may be but-
tressed with the finding obtained in Sprague-dawley rats 24 —
48 hours post single event depletion of GSH ). However, in
our case this compensation could not re-establish balance as it
may have led to the production of H,O, while the downstream
enzymes, GPx and catalase, for its neutralisation remained sup-
pressed in activity. Zhang et al., 2018 ? also observed reduced
catalase activity in stressed rats although in their case, it was
also coupled with lowered SOD activity. The lowered GPx and
GST observed in this study thus rendered the BZD rats vulner-
able to chronic oxidative stress and accompanying pathological
changes. Synaptic dysfunction and depletion of neural connec-
tions associated with lowered antioxidant capacity are known to
impair learning memory”), as was observed in the behavioral
manifestation of impaired memory and reduced locomotor ac-
tivity of rats exposed to BZD in this study.

We have shown that prolonged use of benzodiazepines leads to
sustained neurological insult that depresses the brain’s protection
against exaggerated neuroinflammation and oxidative stress.
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This study also observed sustained high levels of pro-inflamma-
tory markers. Elevation in inflammatory cytokines/chemokines
has been widely associated with cognitive dysfunction, and as an
integral event in the genesis of neurotoxicity, neurodegenerative
diseases, and psychosis. TNF-a, a potent proinflammatory cyto-
kine often used as an indicator of inflammation **! was markedly
elevated in BZD exposed rats. TNF-a binds to TNF receptor 1,
initiating a cascade of chemical processes, part of which is cell
death through the death domain in the tail end of this receptor.
Nitric oxide which ordinarily is a vasodilator and anti-inflam-
matory molecule, is pro-inflammatory when produced in excess
amounts. The production of such cytokines and secondary mes-
sengers by activated microglia and astrocytes function to initiate
protective mechanisms for CNS tissue under normal physiolog-
ical conditions but lead to undesirable chemical, pathological
and physical changes when prolonged. Interleukin 10 (IL-10)
being an anti-inflammatory cytokine plays a crucial, and often
essential role in the prevention and remediation of inflammation
and pathologies of autoimmunity post inflammatory insult .
The right amounts of IL-10 have to be present to exert delicate
control moderating the extent neuroinflammation %3321 The
suppressed levels of IL-10 coupled with depressed anti-inflam-
matory markers in the BZD exposed brains of this study provid-
ed a plausible cause for the relatively unchecked inflammatory
response and resultant neurodegeneration.

Continuous use of BZD led to a reduction in the brain levels
of GABA, an inhibitory neurotransmitter and neuromodulator
that has a calming effect on the brain overall and has also been
linked to improved memory and relief of mental stressi®>34. A
decrease in GABA levels is associated with the display of anxi-
ety- and stress-like behaviors exemplified by fear to explore new
surroundings, avoiding the central squares, keeping to the walls
and generalised reduced locomotor activity. The concentrations
of dopamine, serotonin and monoamines were reduced in all
BZD rats, albeit not to statistically significant levels. The “bio-
genic amine hypothesis of depression” links low amine levels to
depression and anxiety, and forms the basis of amine elevation
in antidepressant management. Noradrenaline deficiency too is
linked to certain forms of cognitive and memory impairments
that involve projections from the locus coeruleus?®*>¢. Lowered
amines would thus disrupt the rats’ ability to learn and recall
resulting in poor memory-linked behavioural performances.
Previous studies have demonstrated that anxious and neuroin-
flamed rats demonstrate suppressed exploratory behaviour 3515
191 corresponding to lower line-crossing frequencies observed in
the current study. Our study showed lowered levels of acetycho-
line in the BZD exposed rats, which was subsequently restored
following interventional ingestions of NSO. Acetycholine (Ach)
has been identified as essential in the learning memory process-
es being related to the cognitive deficits of dementias such as
Alzheimer’s disease (AD), with an increase in ACh levels has
been shown to reverse some of the observed deficits 2.

Caspase 3 is a recognised marker that mediates programmed
neuronal death (apoptosis) during embryological brain develop-
ment and delays neuronal death following neurological insult
such as during ischemic injury or traumatic brain injury B7: 31,
The levels of caspase 3 in the brains of BZD exposed rats were
reasonably higher than those of controls. This depicts events
during neuronal cell death in rats exposed to extended dura-
tion treatment with BZD. GLUT-1 is one of the transporters of

glucose in capillaries supplying brain cells and thereby satisfy-
ing the energy demand of neurons in brain®®?.. Depletion of this
transporter results in the death of neurons due to starvation. In
this study result, BZD significantly reduced the level of GLUT-1
in exposed rats, thereby leading to cell death. High TNF-a level
as observed in the inflammatory result, is also associated with
excitotoxicity, which is one of the potential mechanisms that can
contribute to neuronal cell death.

The reduction in the levels of inflammation in rodent models af-
ter induction of brain injury is often associated with better func-
tional recovery outcomes. The functional and behavioral out-
comes investigated in this study were STM, LTM and RM in the
MWM, and locomotor activity as determined by the open field
test. It is evident that co-administration with NSO sub-served
this role as rats in the BDZ+NSO group outperformed the BZD
group in both the STM and LTM tasks. It can be concluded that
administration of NSO which as an anti-oxidant and anti-in-
flammatory agent to the injured brain prevented development of
psychological and behavioral phenotypes associated with CNS
insult. The rats treated with NSO alone further excelled at the
memory, locomotion and anxiety tasks compared to the control
animals, and demonstrated lower oxidative stress and pro-in-
flammatory marker levels, further confirming the efficiency of
NSO as an anti-oxidant and anti-inflammatory agent. This re-
sult corresponds with that of other studies showing the potency
of NSO against oxidative stress and neuroinflammation-driv-
en impaired memory and motor dysfunction” o 4! 41 NSO
also improved the levels of apoptosis markers; Caspase 3 and
GLUT-1, thereby preserving the histoarchitecture of the brains
treated with it. Various studies have reported the improvement
of memory and locomotion with increased neurotransmitters
activities™®*41. NSO increased GABA, ACh, Catecholamine,
Monoamine, Serotonin, and Dopamine neurotransmitters, when
administered together with/without BZD, modulating the de-
pleting effect of BZD on neurotransmitters levels, and generally
improving their activity in exposed rats.

Conclusion

In conclusion, prolonged ingestion of low dose benzodiazepines
leads to oxidative stress, neuro-inflammation with altered neu-
rotransmitters levels and degenerative changes in the brain as
evidenced by the reduction of antioxidant and anti-inflammatory
biomarkers. These elevation of inflammatory markers of oxida-
tive stress, and brain neurotransmitter level imbalance as well
as various region-specific cyto-architectural alterations were ob-
served across the brain. This leads to various manifestations of
behavioral impairment, including impaired memory, impaired
locomotion, and anxiety. Finally, interventional NSO demon-
strated therapeutic potentials against BZD dependency-linked
neurotoxicity affecting behavioural and psycho-cognitive abil-
ities by offering improvements in the areas studied.
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- Original Article

Thymogquinone Ingestions Reversed Inflammation Driven Glia activation
and Impaired Cognitive associated Behaviour in Cypermethrin Exposed

Rats

Abstract

Background: Pyrethroids pose health risks to humans. Therefore, it is imperative to assess the preventive

benefits of thymoquinone against neurotoxicity induced by cypermethrin- in the hippocampal dentate

gyrus. Methods: Forty male adult Wistar rats with an average weight of 180-200g were randomly al-

located to five (5) groups, and each comprising eight rats (n=8 per group). The groups were designated

as follows, through oral administrations for 14 days: 0.5ml phosphate- buffered saline (PBS) was given

to group one; Group two received 20mg/kg of cypermethrin (CYM); Group three received 10 mg/kg of

thymoquinone (THQ); Group four received 20 mg/kg of cypermethrin followed by 10mg/kg of thymoqui-

none (CYM-10mgTHQ); and Group five received 20 mg/kg and Smg/kg cypermethrin and thymoquinone

respectively (CYM-5 mgTHQ). Behavioral, histological, immunohistochemical, and biochemical analyses

were conducted post-treatment. Results: Cypermethrin administration caused the rise in pro-inflammatory

cytokine TNF-a, Nuclear Factor-kappa B (NF-kB) and increased expression of astrocytes, microglia, and

pro-apoptotic protein Bax. Additionally, cypermethrin reduced levels of anti-inflammatory cytokine IL-10

and acetylcholinesterase (AChE) activity. Cytoarchitectural disruption of dentate gyrus were observed.

Cognitive deficits were evident. Thymoquinone treatment attenuated TNF-a and NF-«B elevation, redu-

ced astrocyte, microglial, and Bax expression, and increased IL-10 and AChE. Conclusion: Thymoquino-

ne demonstrated anti-inflammatory and anti-apoptotic effects against cypermethrin-induced neurotoxicity,

improving cognitive function in rats.

Keywords: Pyrethroids, Astrocytes, Microglia, Dentate gyrus, NF-«B.

Introduction

Microglia play a major role in the protection
and repair of neurons. However, over-activa-
tion of microglia in response to neuronal insult
can lead to neuroinflammation, contributing to
the progression of neurodegenerative disorders
[1.2.31 Prolonged microglial activation results in
chronic neuro-inflammation, causing neuronal
loss and ultimately neurodegeneration®! partly
due to the rise in pro-inflammatory cytokines
and reactive oxygen species (ROS) 541,

In recent years, the widespread use of inorgan-
ic insecticides, such as pyrethroids, has raised
concerns due to their adverse effects on neu-
rological health %], Cypermethrin, a type 1I
pyrethroid, is known for its neurotoxic effects,
primarily through the prolonged opening of
voltage-gated sodium channels (VGSC) "% most
insecticides commercially developed act on the
sodium channel and the GABA system. Pyre-
throids slow the kinetics of both activation and
inactivation gates of sodium channels resulting
in prolonged openings of individual channels.
This causes membrane depolarization, repeti-
tive discharges and synaptic disturbances lead-
ing to hyperexcitatory symptoms of poisoning
in animals. Only a very small fraction (~1%,
and its ability to move across the blood-brain
barrier exacerbates its neurotoxicity '), Cyper-

methrin exposure has been linked with the rise
of pro-inflammatory cytokines, TNF-a, IL-1,
and apoptotic changes characterized by reduced
Bcl2 levels and increased Bax expression [,

Nigella sativa, has a long history of medici-
nal use and contains thymoquinone (THQ) as
its primary active component >4 THQ has
demonstrated various medicinal properties,
including anti-inflammatory and antioxidant
effects, making it a promising candidate for
neuroprotection '>¢). THQ has been shown to
mitigate oxidative and inflammatory damage
in brain tissue by down-regulating pro-inflam-
matory cytokines, inhibiting lipid peroxidation,
and preventing apoptosis ', Moreover, THQ
exhibits neuroprotective effects by maintaining
mitochondrial membrane potential, preventing
dopaminergic neuron degeneration, and reduc-
ing excitotoxicity!'®!%,

Given the potential neuroprotective properties
of THQ, this study aims to evaluate its effec-
tiveness in mitigating neuroinflammation and
associated cognitive deficits induced by cyper-
methrin exposure.
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Materials and Methods

This study was approved by the University of Ilorin ethical re-
view committee. Approval date 10th June 2021. Approval no
UERC/ASN/2021/2137. Identification Code UERC/BMS/182

Experimental Design

This study employed 40 adult male Wistar rats weighing between
180grams and 200 grams. The thymoquinone used in study
was acquired from the MedChemExpress (MCE) in the United
States of America (Catalog No: HY-d0803), while Ibukun Olu-
wa Agrochemical Distop based in Ilorin Nigeria sold the 10%
cypermethrin (EC) with a reference number ACEC20L068, and
accompanied by a NAFDAC Number: A5-0108. The animals
were housed in cages within the animal house of the faculty of
basic medical sciences, University of Ilorin. These animals were
maintained under normal day-night cycles, a standard chow diet
was provided, and had access to water freely.

The animals were allocated randomly into five groups, each
comprising eight rats (n=8 per group). The groups were desig-
nated as follows through oral administrations for 14 days: 0.5ml
phosphate- buffered saline (PBS) was given to group one; Group
two received 20mg/kg of cypermethrin (CYM); Group three re-
ceived 10 mg/kg of thymoquinone (THQ); Group four received
20 mg/kg of cypermethrin followed by 10mg/kg of thymoqui-
none (CYM-10mgTHQ); and Group five received 20mg/kg and
Smg/kg cypermethrin and thymoquinone respectively (CYM-
SmgTHQ). Following the treatment regimen, behavioral assess-
ments, histological examinations, immunohistochemistry analy-
ses, and biochemical evaluations were conducted. On the 14" of
the experiment, the animals were exposed to behavioural studies
using Y-maze paradigms and open field test.

Behavioral Assessments

The working memory index (i.e. Assessment of Spatial Memo-
ry) of experimental Wistar rats was evaluated using the Y-maze
paradigm adapted from™”, while motor-related behavior was as-
sessed using the open field test maze (OFT) 2,

Tissue Harvesting

Following the transcardial perfusion of these animals, the en-
tire brain was removed and subsequently post-fixed overnight
in 4% paraformaldehyde. The hippocampal CA regions were
then carefully removed and these tissues were placed in a 30%
sucrose solution for equilibration. 2 pm thick sections were ob-
tained from the paraffin-embedded tissue blocks and they were
later mounted onto glass slides.

Tissue Staining and Immunostaining Techniques

Hematoxylin and eosin staining techniques was utilized to
visualize the entire cellular architectural organization of the
hippocampus. Immunohistochemistry was employed to iden-
tify astrogliosis, characterized by increased expression of glial
fibrillary acidic protein (GFAP). Also, it was used to detect ac-
tivated microglia using ionized calcium-binding adapter mole-
cule 1 (Ibal). The presence of neuronal cell death was assessed
through the detection of Bax expression. The avidin-biotin com-
plex procedure was employed for the immunostaining, with all
antibody markers diluted at a ratio of 1:100. The tissue samples
were then processed, sectioned to a thickness of two microns

using a rotary microtome, and subjected for 40 minutes to heat
treatment at 90°C, to enhance tissue adherence. Quantification
of immunopositive cells was performed using the cell counter
tool in ImageJ software.

Biochemical Evaluation

The hippocampal tissue was extracted from rats in each exper-
imental group and homogenized in a 0.25M sucrose solution
using a mortar and pestle. The obtained homogenate underwent
centrifugation at 5000 revolutions per minute for ten minutes.
Subsequently, the resulting supernatant was gathered and pre-
served at -4°C. Following this, an analysis of inflammatory
markers including Tumor Necrosis Factor-alpha (TNF-a), Inter-
leukin-10 (IL-10), Nuclear Factor-kappa B (NF-kB), and Ace-
tylcholinesterase (AChE) was conducted. However, the assays
for Tumor Necrosis Factor-alpha, Interleukin-10, and Nuclear
Factor-kappa B utilized the sandwich enzyme-linked immuno-
sorbent assay (ELISA) principle, as outlined by Hornbeck 22
While A modified Ellman method was employed to determine
AChHE activity (23). The data obtained were analyzed using
GraphPad Prism 8.0, where a four-parameter logistic curve
(4PL-curve) was generated and used to extrapolate the values
of the samples.

Statistical Analysis

Analysis of the data was conducted with GraphPad Prism ver-
sion 8.0. To depict the data, the mean and standard error of the
mean (M £ SEM) were used. For comparison of mean differenc-
es among multiple groups, analysis of variance (ANOVA) was
applied. Subsequently, the Tukey post hoc test was employed to
ascertain significance at a threshold of p < 0.05.

RESULTS

Thymoquinone Improved Cognitive functions
following Cypermethrin Toxicity

The CYM group exhibited a significant decrease in percent-
age alternation (28.40 £ 1.27) compared to the PBS and THQ
groups (Fig. Al). Conversely, spontaneous alternation signifi-
cantly increased in both CYM-LTHQ and CYM-HTHQ groups
compared to the CYM group (Fig. 1A). While ambulation in
CYM-exposed animals was lower compared to PBS and other
experimental groups, this reduction did not reach statistical sig-
nificance (Fig. 1B). Rearing frequency was higher significantly
in the PBS group when compared to CYM. Additionally, there
was an increase in rearing frequency in the intervention groups
CYM-LTHQ and CYM-HTHQ compared to CYM-exposed an-
imals (Fig. 1C).
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Figure 1: (A): Spontaneous alternation, (B): Ambulation and (C): Rearing frequen-
cy.

PBS= Phosphate buffer saline; CYM = Cypermethrin; THQ = thymoquinone;
CYM-LTHQ = Cypermethrin before 5 mg of thymoquinone and CYM-HTHQ=
Cypermethrin before 10 mg of thymoquinone. Single asterisk (*) indicates
significant (p < 0.05) compared to PBS, Double asterisk (**) indicates significant
(p < 0.05) compared to CYM.

Thymoquininone Modulates Inflammatory
Responses in Cypermethrin Neurotoxicity

The concentration of TNF-o was higher in the CYM group
(12.00 + 0.86) compared to the other groups: PBS, THQ, CYM-
LTHQ, and CYM-HTHQ; however, the difference in these
groups were not significant. Subsequently, there was significant
reduction in IL-10 levels of CYM group (4.93 £+ 0.27) compared
to PBS (13.60 £ 2.05), and THQ groups (11.90 + 1.44). The
experimental groups; the CYM-LTHQ and CYM-HTHQ had
increased IL-10 levels than in the CYM group, nevertheless, the
difference in these groups were not significant. CYM exposure
increased Nf-kB concentration significantly to the PBS control
and the other experimental groups, except for the CYM-LTHQ
group, which was not significant (Table 1).

The AChE activity was significantly lower in CYM group (1886
+ 9.70) as compared to PBS group (2087 + 32.50), but not sig-
nificant when compared with the THQ group (2209 + 81.90).
However, there was a significant rise in AChE activities of
CYM-LTHQ and CYM-HTHQ groups as compared to the CYM
group (Table 1).

Histological and Immunohistochemistry

Observable distortion in the cellular arrangement of the dentate

gyrus and loss of cell shapes were noted in the CYM-treated
animals. Additionally, numerous necrotic-like pyknotic cells
were seen as well as loss of cells in the granular layer of the
CYM-exposed rats (Fig. 2A). THQ post-treatments restored the
integrity of the dentate gyrus and reduced the level of observ-
able pyknotic cells. High expression of GFAP was observed
in the CYM-treated rats, indicating astrocyte activation in this
group of animals (Fig. 2B). Similarly, there was an increase in
microglial expression in the dentate gyrus, as evidenced by high
Iba-1 expression in the CYM-exposed group of animals (Fig.
2C). Bax-positive cell expression was also high as a result of
CYM exposure (Fig. 2D). Post-treatment with THQ was ob-
served to lower the expression of GFAP, Iba-1, and Bax-positive
cells (Fig. 2D), thereby reducing the activation of astrocytes,
microglia, and apoptotic cell death.

Figure 2: Photomicrograph of dentate gyrus; A- H&E, B- Anti-GFAP, C- Anti-lba-1,
D- Anti-Bax.

PBS- (Phosphate buffered saline); CYM- (Cypermethrin); THQ- (Thymoquinone);
CYM-LTHQ- (Cypermethrin before 5 mg/kg of thymoquinone); CYM-HTHQ-
(Cypermethrin before 10 mg/kg of thymoquinone). Scale bar 100p

DISCUSSION

Inflammation is a common response to disruptions in tissue ho-
meostasis caused by various stimuli such as pathogens, tissue
injury, or contaminants, involving the activation of innate and
adaptive immunity ?**1. Cognitive impairment is a prevalent
manifestation of neurodegenerative diseases like Alzheimer’s
and Parkinson’s diseases, highlighting the urgent need for ther-
apeutic drugs to counteract the neurodegenerative processes
associated with cognitive deficits. Mitochondrial dysfunction,

Tablel: Effects of Thymoquinone on Cypermethrin-induced inflammatory responses and Acetylcholinesterase activity in

adult male Wistar rats

Groups TNF-a (pg/mL) IL-10 (pg/mL) NF-kB AChEs

N=6 (ng/mL) (unit/L)

PBS 6.82+1.40 13.60+2.05 1.40+0.12 2087+32.50
CYM 12.00+0.86 4.934+0.27* 2.20+0.11* 1889+9.70*
THQ 9.64+2.89 11.9041.44%* 1.0440.17%* 2209+81.90
CYM-LTHQ 8.31+1.00 7.68+1.56 1.90+0.20 2393+89.40
CYM-HTHQ 7.33+0.89 7.16£1.56 1.51+0.16%* 2626+43.30**

CYM-(Cypermethrin); THQ-(Thymoquinone); CYM-LTHQ-(Cypermethrin before Smg/kgb.w of thymoquinone); CYM-HTHQ-
(Cypermethrin before 10mg/kgbw of thymoquinone).a,b,c showing significant difference from PBS, CYM and THQ respectively

at p<0.05.
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neuroinflammation, oxidative stress, autophagic-lysosomal cas-
cade alterations, and excitotoxicity, are all known to play critical
roles in the process of neurodegenerative diseases. Acetylcho-
line (ACh) is a crucial neurotransmitter that regulates learning
and memory; its inhibition can lead to learning and memory
deficits as well as impairments in motor functions 2627,

In this study, exposure to cypermethrin markedly reduced AChE
activity, a typical effect of insecticides, and likely attributable to
the potent neurotoxic effects of cypermethrin. Pyrethroids like
organophosphates and other pesticides act as AChE-specific in-
hibitors due to their binding affinity for the enzyme’s ester site,
leading to its inactivation ?*%1, However, although AChE inhib-
itors are crucial in managing memory deficits, CYM-induced
inhibition of AChE did not enhance learning and memory in the
experimental rats, likely due to the induction of inflammation
and neuronal damage by CYM, established causes of cognitive
impairment. AChE inhibition caused by CYM and other insecti-
cides is a long-term effect. An increase in AChE activity would
likely reduce the concentration of acetylcholine neurotransmit-
ter, which is detrimental to learning and memory 2. However, it
might lead to reduced motor and anxiety-related behaviors such
as muscular paralysis, convulsions, bronchial constriction, and
death by asphyxiation 7). Induction of inflammation and loss
of dentate gyrus neuronal integrity are important factors con-
tributing to the spatial memory loss observed in this study. Thy-
moquinone intervention modulated neuroinflammation, which
caused the reduction in ROS generation and improved dentate
gyrus cytoarchitecture, thereby enhancing memory and motor
functions. These findings align with those of Kassab & El-Hen-
namy, 3% who reported increases in AChE and ATPase activities
in various brain regions of rats following exposure to arsenic.

Anti-inflammatory therapy has proven beneficial against many
diseases of microglial activation, ROS generation and inflam-
mation origins P32, In this study, thymoquinone modulated
inflammatory-mediated cognitive deficits by deactivating NF-
kB. NF-kB is a regulatory protein whose nuclear translocation,
following phosphorylation of its inhibitory agent 1kB, induces
the proliferation of pro-inflammatory cytokines; IL-1, TNF-a,
COX-2, iNOS, and vascular adhesion molecules. Prolonged
TNF-a release due to persistent NF-kB activation leads to com-
pensatory increases in cellular ROS generation. Excessive ROS
generation leads to decreased expression and activity of anti-
oxidant enzymes. Exposure of experimental rats to cyperme-
thrin caused increased levels of the NF-kB transcription factor
due to phosphorylation of the IkB inhibitory factor, eventually
leading to the stimulation of transcription and release of tumor
necrosis factor-alpha, as observed in this study. However, the
anti-inflammatory cytokine level was low due to cypermethrin
exposure, explaining its potential as a neurotoxicant that induces
toxicity, including inflammation. Previous research by Singh et
al., ™1 and Tiwari et al., P¥ found that cypermethrin exposure
caused the increase of prominent pro-inflammatory protein IL-1
in the striatum of adult rats, as well as increased levels of TNF-a
in the substantia nigra and striatum, respectively. The findings
revealed that administration of thymoquinone at two separate
doses of 5 mg/kg and 10 mg/kg respectively; body weights re-
duce the concentration of transcription factor NF-kB, indicating
an inhibitory action of thymoquinone on NF-kB. This suggests
that thymoquinone exerted its anti-inflammatory role on cyper-
methrin-induced neurotoxicity by deactivating NF-kB, leading

to a decrease in TNF-a levels and subsequent increase in IL-10
levels.

The anti-inflammatory effects of thymoquinone observed can
also be attributed to its ability to inhibit the phosphorylation of
IKB, as phosphorylation of IKB enables the activation of NF-
kB, allowing its translocation into the nucleus where it initiates
the downstream transcription of inflammatory proteins *3¢],
Also, Wang et al., B"'reported the anti-inflammatory role of thy-
moquinone, where they found that thymoquinone inhibited IL-
1B, TNF-a, NO, and PGE2 production, as well as suppressing
NF-kB.

Environmental toxins and heavy metals have been shown to
cause mild to severe damage in neuronal cyto-architectures,
such as pyknotic nuclei and neuronal cell shape deformation. In
this study, cypermethrin caused disorganization of the granular
layer in the dentate gyrus, with pyknotic cells, vacuolated cells,
and a loss of granule cell spherical shape. The evident pyknosis,
resulting from DNA fragmentation and chromatin condensation
causing nuclear disintegration and vacuolization, indicates that
dentate gyrus and hippocampal neurons undergo degeneration
from CYM neurotoxicity. This loss of morphological integrity
in the granule cells due to cypermethrin exposure may be at-
tributed to its lipophilic nature, enabling CYM, like other pyre-
throids, to cross the blood-brain barrier, where it alters sodium
channels in the nerve membrane Sallam et al., ** . Because the
dentate gyrus is crucial in hippocampal formation, a disruption
in its morphological integrity undoubtedly contributes to the
development and progression of memory loss, changes in per-
ception, and training, and a reduction in recollection capacity
B39, This strengthens the observed loss of cognitive function due
to cypermethrin despite a reduce AChE activity. Latuszynska et
al., ™ and Cao et al., Y, reported focal pyknosis in the cortex
cerebri and concentrations of neurocytes in the cytoplasm of the
stratum granulosum, hypothalamus, and cerebral cortex follow-
ing exposure of rats to a mixture of CYM and chlorpyrifos, were
in line with this study. Additionally, Ahmad et al., “? reported
graded degeneration of pyramidal neurons in the cerebral cortex
and Purkinje cell degeneration in the cerebellar cortex of rabbits
due to CYM administration.

Thymoquinone preserved the histoarchitecture and function
of the dentate gyrus against the neurodegenerative effects of
CYM. It also reduced the extent of vacuolated cells and chro-
matin condensation, thereby contributing to improved neuronal
connections of the hippocampal formation. Since lesions in the
dentate granule cells result in memory loss, restoring the lesions
is crucial for restoring memory impairment. Nigella sativa oil
has been reported to improve the histoarchitecture of the brain
by reducing neuronal cell degeneration in various brain regions
following dichlorvos exposure 9. In the study by Imam et al.,
(43), Nigella sativa oil, the parent compound of thymoquinone,
preserved cerebellar Purkinje cells after aluminum chloride ad-
ministration. The findings of this study are supported by those
of Adana et al., ™, who reported that thymoquinone preserved
hepatic cytoarchitecture in rats following cyclophosphamide ad-
ministration.

Astrocyte and microglial activation following CYM exposure
were observed in the dentate gyrus. Astrocyte activation induc-
es microglial cells to start secreting various immune response
factors, such as pro-inflammatory cytokines, chemokines, cy-
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totoxic factors, and mitochondrial fragmentation, causing a
corresponding increase in astrocyte activation #5447 The in-
crease in the NF-kB and TNF-a levels seen in this study may
be due to gliosis caused by CYM administration, as microglial
activation increases the production of inflammatory cytokines,
the stimulation astrocytes indicates increased ROS generation.
Thymoquinone modulated the regular functions of astrocytes
and microglia by reducing their hyperactivity, decreasing NF-
kB levels, and corresponding TNF-a levels, likely attributable to
THQ’s potent anti-inflammatory and antioxidant effects. Since
increased microglial activation leads to increased inflammato-
ry cytokines and ROS generation ¥, a reduction in microglial
activation due to THQ, can also be linked to a decrease in the
TNF-alpha levels, and the increase in IL-10 levels.

The effects of cypermethrin induced an increase in the prolif-
eration of the pro-apoptotic protein Bax, as well as a marked
increase in Bax immunopositive cells. Cypermethrin induces
apoptosis in the rat brain through the generation of ROS and cy-
totoxins, mitochondrial damage, the cytochrome c release, and
caspases 3 and 9 activation; these are important in extrinsic and
intrinsic process of apoptosis. Pandey et al.,*”) showed that cy-
permethrin administration caused increased expression of P53
and decreased Bcl-2 levels by inducing miR-200 and apoptosis
in neuronal cells. Raszewski et al., * reported that cypermethrin
and chlorpyrifos can induce apoptosis in human’s neuroblasto-
ma cell line SH-SYS5Y. Stressing that, they induce apoptosis by
increasing the activation.caspase-3. Singh et al., ** and Agrawal
et al., Breported that cypermethrin caused mitochondrial dam-
age and can lead to increased levels of the following enzymes
which include; cytochrome c, activation of caspase-3, as well as
the increased expression of Bax and COX-2, and P53 protein.

The increased Bax expression levels following exposure to cy-
permethrin in this study could be due to damage to mitochon-
dria and a subsequent increase in free radical generation, as cy-
permethrin has been shown to disrupt mitochondrial integrity
and increase ROS generation. Similar to the observation of this
study, Pandey et al.,*® demonstrated that cypermethrin treat-
ment raised P53 expression and lowered Bcl-2 levels in neural
cells by inducing miR-200 and death. Raszewski et al., ¥ dis-
covered that cypermethrin and chlorpyrifos increase caspase-3
activation, triggering apoptosis. Singh et al., 3 found that cyper-
methrin caused mitochondrial damage, resulting in higher levels
of cytochrome c, activating caspase-3, elevating COX-2 protein.
Thymoquinone reduced Bax immunopositive cell expression,
inhibiting its apoptotic action, suppressing its oligomerization,
and inhibiting mitochondrial release of apoptogenic chemicals.
Also, the antiapoptotic activity of thymoquinone may directly
block cytochrome ¢ production and hence inhibit the adaptor
molecule APAF-1 and activation of caspase-9. Thymoquinone
also acts as an anti-proliferative agent and regulates apoptosis in
cancer progression by decreasing Bcl-2 expression, increasing
Bax/BAD levels, and inducing tumor and cancer cell apoptosis
and autophagy. Thymogquinone suppresses the growth of malig-
nancies in various organs, such as the prostate and breast. An
earlier study found that thymoquinone ingestion decreased the
expression of both Bcl-2 and p53 genes, however, there was an
observable increment in the expression of the Bax/BAD gene
in MCEF-7 cells; but in non-cancer HEK293 cells, there was an
increase expression of Bel-2 and p53 genes and decrease in the
proliferation of Bax/BAD genes. Thymoquinone has been prov-

en to protect the cortex of rats against acrylamide-induced neu-
rotoxicity via MAP kinase signaling pathways.

CONCLUSION

In conclusion, this study underscores the detrimental actions of
cypermethrin exposure on cognitive function and neuronal in-
tegrity in experimental rats. Cypermethrin induced significant
alterations in AChE activity, inflammatory cytokine levels, den-
tate gyrus morphology, and apoptotic protein expression, which
have all contributed to the cognitive deficits and neuronal dam-
age.

However, thymoquinone (THQ) demonstrated promising neu-
roprotective effects against cypermethrin-induced toxicity. THQ
treatment mitigated the reduction in AChE activity, attenuated
inflammatory responses by modulating NF-xB signaling and
cytokine levels, preserved dentate gyrus histoarchitecture and
inhibited apoptotic pathways. These findings suggest that THQ
holds therapeutic potential in mitigating the neurodegenerative
effects associated with pesticide exposure.

Patient informed consent: There is no need for patient in-
formed consent

Ethical committee approval: This study was approved by the
University of Ilorin ethical review committee. Approval date
10th June 2021. Approval no UERC/ASN/2021/2137. Identifi-
cation Code UERC/BMS/182

Conflict of interest: There is no conflict of interest to declare
Financial support and sponsorship: No funding was received
Author contribution subject and rate

Abubakar Lekan Imam: 20%: Study conception and design

Akeem Ayodeji Okesina: 15%: Critical revision and writing of
the manuscript

Fatimo Ajoke Sulamon: 10%: study analysis and interpretation
Aminu Imam. 15%: Study analysis and interpretation
Ruqayyah Yetunde Ibiyeye: 10%: Data collection

Misturah Yetunde Adana: 10% critical review of the manuscript
Omoola Olasheu Oluwatosin: 10%: Referencing

Salihu Moyosore Ajao.: 10%: study supervision

References:

1. Aloisi, F. (2001). Immune function of microglia. Glia, 36(2), 165~
179. https://doi.org/10.1002/glia. 1106

2. Gotoh, T., Endo, M., & Oike, Y. (2011). Endoplasmic Reticu-
lum Stress-Related Inflammation and Cardiovascular Diseas-
es. International Journal of Inflammation, 2011, 1-8. https://doi.
org/10.4061/2011/259462

3. Su, X., Federoff, H. J., & Maguire-Zeiss, K. A. (2009). Mutant a-Sy-
nuclein Overexpression Mediates Early Proinflammatory Activity.
Neurotoxicity Research, 16(3), 238-254. https://doi.org/10.1007/
$12640-009-9053-x

4. Stoll, B. J., Hansen, N., Fanaroff, A. A., Wright, L. L., Carlo, W. A.,
Ehrenkranz, R. A., Lemons, J. A., Donovan, E. F., Stark, A. R., Tyson,
J. E., Oh, W., Bauer, C. R., Korones, S. B., Shankaran, S., Laptook, A.

42 The Journal of Neurobehavioral Sciences | Volume 11 | Issue 2 | April-August 2024



10.

11.

12.

14.

15.

16.

17.

18.

19.

Okesina: Thymogquinone Mitigates Cypermethrin-Induced Neuroinflammation and Cognitive Impairment

R., Stevenson, D. K., Papile, L.-A., & Poole, W. K. (2002). Changes
in Pathogens Causing Early-Onset Sepsis in Very-Low-Birth-Weight
Infants. New England Journal of Medicine, 347(4), 240-247. https://
doi.org/10.1056/NEJMo0a012657

Alvarez-Diaz, A., Hilario, E., Goiii de Cerio, F., Valls-i-Soler, A., &
Alvarez-Diaz, F. J. (2007). Hypoxic-ischemic injury in the immature
brain—key vascular and cellular players. Neonatology, 92(4), 227-235.

Mogi, M., Harada, M., Kondo, T., Riederer, P., Inagaki, H., Minami,
M., & Nagatsu, T. (1994). Interleukin-1p, interleukin-6, epidermal
growth factor and transforming growth factor-o are elevated in the
brain from parkinsonian patients. Neuroscience Letters, 180(2), 147—
150. https://doi.org/10.1016/0304-3940(94)90508-8

Casida, J. E., & Quistad, G. B. (1998). Golden Age of Insecticide
Research: Past, Present, or Future? Annual Review of Entomology,
43(1), 1-16. https://doi.org/10.1146/annurev.ento.43.1.1

Costa, L., G. (2008). Neurotoxicity of pesticides: A brief review. Fron-
tiers in Bioscience, 13(13), 1240. https://doi.org/10.2741/2758

Heudorf, U., Angerer, J., & Drexler, H. (2004). Current internal ex-
posure to pesticides in children and adolescents in Germany: Urinary
levels of metabolites of pyrethroid and organophosphorus insecti-
cides. International Archives of Occupational and Environmental
Health, 77, 67-72.

Narahashi, T. (1996). Neuronal Ion Channels as the Target Sites of
Insecticides. Pharmacology & Toxicology, 79(1), 1-14. https://doi.
org/10.1111/j.1600-0773.1996.tb00234 x

Gupta, S., & Bansal, S. (2020). Does a rise in BMI cause an
increased risk of diabetes?: Evidence from I n -
dia. PLOS  ONE, 15(4), e0229716.https://doi.org/10.1371/
journal.pone.0229716

Malkiewicz, K., Koteras, M., Folkesson, R., Brzezinski, J., Winblad,
B., Szutowski, M., & Benedikz, E. (2006). Cypermethrin alters glial
fibrillary acidic protein levels in the rat brain. Environmental Toxicol-
ogy and Pharmacology, 21(1), 51-55.

Chaieb, K., Kouidhi, B., Jrah, H., Mahdouani, K., & Bakhrouf, A.
(2011). Antibacterial activity of Thymoquinone, an active principle of
Nigella sativa and its potency to prevent bacterial biofilm formation.
BMC Complementary and Alternative Medicine, 11(1), 29. https://
doi.org/10.1186/1472-6882-11-29

Kouidhi, B., Zmantar, T., Jrah, H., Souiden, Y., Chaieb, K., Mah-
douani, K., & Bakhrouf, A. (2011). Antibacterial and resistance-mod-
ifying activities of thymoquinone against oral pathogens. Annals of
Clinical Microbiology and Antimicrobials, 10(1), 29. https://doi.
org/10.1186/1476-0711-10-29

Darakhshan, S., Bidmeshki Pour, A., Hosseinzadeh Colagar, A., & Si-
sakhtnezhad, S. (2015). Thymoquinone and its therapeutic potentials.
Pharmacological Research, 95-96, 138—158. https://doi.org/10.1016/].
phrs.2015.03.011

Elsherbiny, N. M., Maysarah, N. M., El-Sherbiny, M., & Al-Gayyar,
M. M. (2017). Renal protective effects of thymoquinone against so-
dium nitrite-induced chronic toxicity in rats: Impact on inflammation
and apoptosis. Life Sciences, 180, 1-8. https://doi.org/10.1016/].
1fs.2017.05.005

Isaev, N. K., Chetverikov, N. S., Stelmashook, E. V., Genrikhs, E.
E., Khaspekov, L. G., & Illarioshkin, S. N. (2020). Thymoquinone
as a Potential Neuroprotector in Acute and Chronic Forms of Cere-
bral Pathology. Biochemistry (Moscow), 85(2), 167—176. https://doi.
org/10.1134/S0006297920020042

Landucci, E., Mazzantini, C., Buonvicino, D., Pellegrini-Giampietro,
D. E., & Bergonzi, M. C. (2021). Neuroprotective Effects of Thymo-
quinone by the Modulation of ER Stress and Apoptotic Pathway in
In Vitro Model of Excitotoxicity. Molecules, 26(6), 1592. https://doi.
org/10.3390/molecules26061592

Sedaghat, R., Roghani, M., & Khalili, M. (2014). Neuroprotective

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

effect of thymoquinone, the nigella sativa bioactive compound, in
6-hydroxydopamine-induced hemi-parkinsonian rat model. Iranian
Journal of Pharmaceutical Research: IJPR, 13(1), 227-234.

Miedel, C. J., Patton, J. M., Miedel, A. N., Miedel, E. S., & Levenson,
J. M. (2017). Assessment of Spontaneous Alternation, Novel Object
Recognition and Limb Clasping in Transgenic Mouse Models of Am-
yloid-&#946; and Tau Neuropathology. Journal of Visualized Experi-
ments, 123, 55523. https://doi.org/10.3791/55523

Seibenhener, M. L., & Wooten, M. C. (2015). Use of the Open
Field Maze to Measure Locomotor and Anxiety-like Behavior in
Mice. Journal of Visualized Experiments, 96, 52434. https://doi.
org/10.3791/52434

Hornbeck, P. V. (2015). Enzyme-Linked Immunosorbent As-
says. Current Protocols in Immunology, 110(1). https://doi.
org/10.1002/0471142735.im0201s110

Pohanka, M., Sochor, J., Ruttkay-Nedecky, B., Cernei, N., Adam, V.,
Hubalek, J., Stiborova, M., Eckschlager, T., & Kizek, R. (2012). Au-
tomated assay of the potency of natural antioxidants using pipetting
robot and spectrophotometry. Journal of Applied Biomedicine, 10(3),
155-167. https://doi.org/10.2478/v10136-012-0006-y

Chen, W.-W., Zhang, X., & Huang, W.-J. (2016). Role of neuroinflam-
mation in neurodegenerative diseases (Review). Molecular Medicine
Reports, 13(4), 3391-3396. https://doi.org/10.3892/mmr.2016.4948

Kempuraj, D., Thangavel, R., Natteru, P. A., Selvakumar, G. P., Saced,
D., Zahoor, H., Zaheer, S., Iyer, S. S., & Zaheer, A. (2016). Neuroin-
flammation Induces Neurodegeneration. Journal of Neurology, Neu-
rosurgery and Spine, 1(1), 1003.

Imam, A., Sulaiman, N. A., Oyewole, A. L., Chengetanai, S., Wil-
liams, V., Ajibola, M. 1., Folarin, R. O., Muhammad, A. S., Shittu,
S.-T. T., & Ajao, M. S. (2018). Chlorpyrifos- and Dichlorvos-Induced
Oxidative and Neurogenic Damage Elicits Neuro-Cognitive Deficits
and Increases Anxiety-Like Behavior in Wild-Type Rats. Toxics, 6(4),
71. https://doi.org/10.3390/toxics604007 1

Pottoo, F. H., Ibrahim, A. M., Alammar, A., Alsinan, R., Aleid, M.,
Alshehhi, A., Alshehri, M., Mishra, S., & Alhajri, N. (2022). Thy-
moquinone: Review of Its Potential in the Treatment of Neurologi-
cal Diseases. Pharmaceuticals, 15(4), 408. https://doi.org/10.3390/
ph15040408

Black, J. A., & Waxman, S. G. (2012). Sodium channels and microg-
lial function. Experimental Neurology, 234(2), 302-315. https://doi.
org/10.1016/j.expneurol.2011.09.030

Lionetto, M. G., Caricato, R., Calisi, A., Giordano, M. E., & Schet-
tino, T. (2013). Acetylcholinesterase as a Biomarker in Environ-
mental and Occupational Medicine: New Insights and Future Per-
spectives. BioMed Research International, 2013, 1-8. https://doi.
org/10.1155/2013/321213

Kassab, R. B., & El-Hennamy, R. E. (2017). The role of thymoqui-
none as a potent antioxidant in ameliorating the neurotoxic effect of
sodium arsenate in female rat. Egyptian Journal of Basic and Applied
Sciences, 4(3), 160—167. https://doi.org/10.1016/j.ejbas.2017.07.002

Glasauer, A., & Chandel, N. S. (2014). Targeting antioxidants for can-
cer therapy. Biochemical Pharmacology, 92(1), 90-101. https://doi.
org/10.1016/j.bcp.2014.07.017

Pennathur, S. (2004). Mechanisms of oxidative stress in diabe-
tes: Implications for the pathogenesis of vascular disease and anti-
oxidant therapy. Frontiers in Bioscience, 9(1-3), 565. https://doi.
org/10.2741/1257

Singh, A., Tripathi, P., Prakash, O., & Singh, M. P. (2016). Ibuprofen
abates cypermethrin-induced expression of pro-inflammatory media-
tors and mitogen-activated protein kinases and averts the nigrostriatal
dopaminergic neurodegeneration. Molecular Neurobiology, 53(10),
6849-6858. https://doi.org/10.1007/s12035-015-9577-4

Tiwari, M. N, Singh, A. K., Ahmad, 1., Upadhyay, G., Singh, D., Pa-

The Journal of Neurobehavioral Sciences | Volume 11 | Issue 2 | April-August 2024 43



35.

36.

37.

38.

39.

40.

41.

42.

43.

44.

45.

46.

47.

48.

44

Okesina: Thymoquinone Mitigates Cypermethrin-Induced Neuroinflammation and Cognitive Impairment

tel, D. K., Singh, C., Prakash, O., & Singh, M. P. (2010). Effects of
cypermethrin on monoamine transporters, xenobiotic metabolizing
enzymes and lipid peroxidation in the rat nigrostriatal system. Free
Radical Research, 44(12), 1416—1424. https://doi.org/10.3109/10715
762.2010.512041

Liu, T., Zhang, L., Joo, D., & Sun, S.-C. (2017). NF-kB signaling in
inflammation. Signal Transduction and Targeted Therapy, 2(1), 17023.
https://doi.org/10.1038/sigtrans.2017.23

Mohammadi, H., Ghassemi-Barghi, N., Malakshah, O., & Ashari,
S. (2019). Pyrethroid exposure and neurotoxicity: A mechanistic ap-
proach. Archives of Industrial Hygiene and Toxicology, 70(2), 74—89.
https://doi.org/10.2478/aiht-2019-70-3263

Wang, D., Qiao, J., Zhao, X., Chen, T., & Guan, D. (2015). Thymo-
quinone Inhibits IL-1B-Induced Inflammation in Human Osteoar-
thritis Chondrocytes by Suppressing NF-kB and MAPKs Signaling
Pathway. Inflammation, 38(6), 2235-2241. https://doi.org/10.1007/
s10753-015-0206-1

Sallam, M. A., Ahmad, M., Ahmad, 1., Gul, S., Idrees, M., Bashir, M.
I., & Zubair, M. (2015). Toxic Effects of Cypermethrin on the Re-
productive Functions of Female Rabbits and Their Amelioration with
Vitamin E and Selenium. Pakistan Veterinary Journal, 35, 193—196.

El-Beltagy, A. E.-F. B., Elbakry, K. A., Elghazaly, M. M., Ali, L. S., &
El Dagaqqg, N. H. (2019). Adverse Effects of Deltamethrin on the Cer-
ebellum of Mothers Rats and their Offspring and the Possible Amelio-
rative Role of Melatonin. International Journal of Pure and Applied
Zoology, 7(4). https://doi.org/10.35841/2320-9585.7.55-74.

Latuszynska, J., Luty, S., Raszewski, G., Przebirowska, D., & To-
karska-Rodak, M. (2003). Neurotoxic effect of dermally applied
chlorpyrifos and cypermethrin. Reversibility of changes. Annals of
Agricultural and Environmental Medicine: AAEM, 10(2), 197-201.

Cao, D., Chen, N., Zhu, C., Zhao, Y., Liu, L., Yang, J., & An, L.
(2015). B -cypermethrin-induced acute neurotoxicity in the cerebral
cortex of mice. Drug and Chemical Toxicology, 38(1), 44—49. https://
doi.org/10.3109/01480545.2014.900072

Ahmad, L., Gul, S. T., Saleemi, M. K., Hussain, R., Naqgvi, S. N. H.,
Du, X., & Khan, A. (2021). The effect of different repeated doses of
cypermethrin on the behavioral and histological alterations in the
brain of rabbits (Oryctolagus cuniculi).

Imam, A., Sulaimon, F. A., Sheu, M., Busari, M., Oyegbola, C., Okesi-
na, A. A., Afodun, A. M., Adana, M. Y., & Ajao, M. S. (2022). Nigella
sativa oil ingestion mitigates aluminum chloride induced cerebella
oxidative, neurogenic damages and impaired motor functions in rats.
Anatomy Journal of Africa, 11(1), 2109-2121.

Adana, M., ET, O., Sunmonu, O., Bello, A., O.G., O., Imam, A., &
Ajao, M. (2022). Protective Potential of Thymoquinone on Cyclo-
phosphamide-Induced Hepatotoxicity in Rats. 2, 44-47. https://doi.
org/10.53994/NJBAMS.202221.1

Clark, D. P. Q., Perreau, V. M., Shultz, S. R., Brady, R. D., Lei, E.,
Dixit, S., Taylor, J. M., Beart, P. M., & Boon, W. C. (2019). Inflam-
mation in Traumatic Brain Injury: Roles for Toxic A1 Astrocytes and
Microglial-Astrocytic Crosstalk. Neurochemical Research, 44(6),
1410-1424. https://doi.org/10.1007/s11064-019-02721-8

Joshi, A. U., Minhas, P. S., Liddelow, S. A., Haileselassie, B., Andre-
asson, K. I., Dorn, G. W., & Mochly-Rosen, D. (2019). Fragmented
mitochondria released from microglia trigger Al astrocytic response
and propagate inflammatory neurodegeneration. Nature Neurosci-
ence, 22(10), 1635-1648. https://doi.org/10.1038/s41593-019-0486-0

Reid, J. K., & Kuipers, H. F. (2021). She Doesn’t Even Go Here:
The Role of Inflammatory Astrocytes in CNS Disorders. Frontiers
in Cellular Neuroscience, 15, 704884. https://doi.org/10.3389/fn-
cel.2021.704884

Lull, M. E., & Block, M. L. (2010). Microglial Activation and Chron-
ic Neurodegeneration. Neurotherapeutics, 7(4), 354-365. https://doi.
org/10.1016/j.nurt.2010.05.014

49.

50.

51.

Pandey, A., Jauhari, A., Singh, T., Singh, P., Singh, N., Srivastava, A.
K., Khan, F.,, Pant, A. B., Parmar, D., & Yadav, S. (2015). Transac-
tivation of P53 by cypermethrin induced miR-200 and apoptosis in
neuronal cells. Toxicology Research, 4(6), 1578—1586. https://doi.
org/10.1039/C5TX00200A

Raszewski, G., Lemieszek, M. K., Lukawski, K., Juszczak, M., & Rz-
eski, W. (2015). Chlorpyrifos and Cypermethrin Induce Apoptosis in
Human Neuroblastoma Cell Line SH - SY 5Y. Basic & Clinical Phar-
macology & Toxicology, 116(2), 158-167. https://doi.org/10.1111/
bept. 12285

Agrawal, S., Dixit, A., Singh, A., Tripathi, P., Singh, D., Patel, D.
K., & Singh, M. P. (2015). Cyclosporine A and MnTMPyP Alleviate
a-Synuclein Expression and Aggregation in Cypermethrin-Induced
Parkinsonism. Molecular Neurobiology, 52(3), 1619-1628. https://
doi.org/10.1007/s12035-014-8954-8.

The Journal of Neurobehavioral Sciences | Volume 11 | Issue 2 | April-August 2024



The Impact of Early Childhood Adversity on Neurodevelopment:

A Comprehensive Review

Abstract

Early childhood is a vital period for brain development, characterized by rapid growth and high plasticity.
Adverse experiences during this time, such as abuse, neglect, violence, and poverty, can significantly af-
fect neurodevelopment and have lasting impacts on mental health and behavior. This review explores the
influence of early adversity on brain development, emphasizing key mecha-nisms and outcomes. Research
indicates that early adversity causes alterations in brain regions like the prefrontal cortex, amygdala, hip-
pocampus, and corpus callosum, impairing cognitive functions such as learning, memory, and executive
functioning. Chronic stress disrupts the hypothalamic-pituitary-adrenal (HPA) axis, resulting in elevated
cortisol levels that hinder emotional regulation and heighten the risk of mental health disorders such as
depression and anxiety. Epigenetic changes show how adversity can modify gene expression, affecting
brain development without altering the DNA sequence. The repercussions of early adversity include cogni-
tive deficits, emotional and beha-vioral problems, and social development challenges. However, resilience
factors, including indivi-dual traits and supportive environments, can mitigate these negative impacts.
Robust study designs, such as longitudinal and multidisciplinary approaches, are crucial for understan-
ding the long-term effects of early adversity. Ethical considerations and precise measurement are vital for
protecting vulnerable populations. Policy implications suggest that findings should inform child welfa-
re, edu-cation, and mental health policies, focusing on early identification and intervention. Practitioners
should adopt trauma-informed approaches, implement early intervention programs, and support parents
and caregivers. Addressing early childhood adversity is crucial for promoting healthy neu-rodevelopment
and well-being. Comprehensive interventions can reduce adverse effects, support healthy development,

and contribute to a resilient society.

Keywords: Early Childhood Adversity, Neurodevelopment, Brain Development, Abuse, Neglect.

Introduction

The early years of childhood are crucial for
brain development, characterized by rapid
growth and high plasticity.!! During these for-
mative years, the brain undergoes significant
changes in structure and function, laying the
foundation for cognitive, emotional, and social
functioning throughout the lifespan. 2! Adverse
experiences during early Early childhood expe-
riences, such as abuse, neglect, and exposure to
violence, and living in poverty, can profoundly
impact neurodevelopment and have long-last-
ing consequences for mental health and behav-
ior. B! The impact of early adversity on brain
development is a critical area of research, ¥ as
understanding these effects can inform the de-
velopment of interventions and policies aimed
at mitigating the negative outcomes associated
with such experiences.

Early childhood adversity comprises various
forms of negative experiences that can disrupt
normal development. ¥ Abuse and neglect, for
example, can deprive children of the necessary
stimulation and security needed for healthy
brain development. ! Exposure to chronic
stress, whether due to familial instability, socio-

economic disadvantage, or traumatic events, can
alter the brain’s stress response systems, leading
to modifications in brain architecture and activ-
ity. ) These adverse experiences can trigger a
cascade of neurobiological changes that affect
cognitive, emotional, and social development.[®
Recent advancements in neuroimaging and
molecular biology have provided a deeper un-
derstanding of how early adversity affects brain
development. ! Studies indicate that early ad-
versity can cause changes in brain regions re-
sponsible for emotion regulation, executive
functioning, and social behavior, such as the
prefrontal cortex, amygdala, and hippocampus.
19 Additionally, chronic stress exposure can dis-
rupt the HPA axis, leading to long-lasting alter-
ations in stress hormone levels that affect brain
development. " Modifications in epigenetics,
which affect gene expression without changing
the DNA sequence, have also been identified as
a crucial mechanism linking early adversity to
long-term neurodevelopmental outcomes. ['%

How to cite this article: Alpugan Z. The Impact of
Early Childhood Adversity on Neurodevelopment: A
Comprehensive Review. J Neurobehav Sci 2024; 11:45-
59.

Ethics committee approval: There is no need for ethics committee approval.

The Journal of Neurobehavioral Sciences | Volume 11 | Issue 2 | April-August 2024

Zeynep Alpugan’

! Esenyurt University, Faculty
of Social Sciences, Psychology
Department

Received : 28.05.2024
Revised 02.07.2024
Accepted : 07.07.2024

Published : 30.08.2024

Orcid Zeynep Alpugan:
0000-0002-4260-5871

Address for Correspondence:
Dr. Zeynep Alpugan, Esenyurt
University, Faculty of

Social Sciences, Psychology
Department

E-mail: zalpugan@gmail.com

Access this article online

Website: https://dergipark.org.tr/tr/
journal/4383/issue/86769/1539116

DOI: 10.32739/uha.jnbs.11.1539116

Quick Response Code:

45



Alpugan: Impact of Early Adversity on Neurodevelopment

The consequences of early childhood adversity are far-reach-
ing, affecting various domains of development. (3] Cognitively,
children who experience early adversity may exhibit deficits
in learning, memory, and executive functions. " They face a
heightened emotional risk for mental health issues such as de-
pression, anxiety, and post-traumatic stress disorder (PTSD). ['%!
Behaviorally, these children may exhibit increased aggression,
impulsivity, and difficulties in social interactions. !'® The cu-
mulative effect of these developmental disruptions can lead to
significant impairments in academic achievement, interpersonal
relationships, and overall quality of life. (!

Nonetheless, not all children who encounter early adversity ex-
perience adverse outcomes. ['¥! Resilience, the capacity to adapt
successfully in the face of challenges, is vital in shaping de-
velopmental trajectories. [') Factors such as individual temper-
ament and intelligence, as well as environmental elements like
nurturing relationships and stable living conditions, can mitigate
the negative effects of early adversity. ®@ Programs and inter-
ventions that build resilience and offer supportive environments
have shown effectiveness in lessening the impact of early adver-
sity on neurodevelopment. 2!

This review aims to present a comprehensive overview of cur-
rent literature on the impact of early childhood adversity on neu-
rodevelopment. It will explore the definitions and prevalence of
early adversity, delve into the neurobiological mechanisms un-
derlying its effects, and discuss the cognitive, emotional, and
social outcomes associated with such experiences. Furthermore,
the review will emphasize resilience factors and protective in-
terventions that can mitigate the negative effects of early ad-
versity. By synthesizing existing research, this article seeks to
inform future studies and guide practitioners and policymakers
in addressing the needs of children exposed to early adversity.

Definitions

Early childhood adversity encompasses a range of negative ex-
periences that can disrupt normal development and have lasting
impacts on neurodevelopment and behavior. ??! Below are de-
tailed definitions of various forms of early adversity:

Abuse

Abuse refers to intentional acts that cause harm or potential
harm to a child. It includes three primary categories: physical
abuse, emotional abuse, and sexual abuse.

Physical Abuse

Physical abuse involves inflicting physical injury on a child
through actions such as hitting, shaking, burning, or otherwise
causing physical harm. These acts can result in visible injuries
like bruises, burns, fractures, or internal damage. Physical abuse
can also have long-term effects on a child’s physical and mental
health, leading to chronic pain, disabilities, and psychological
disorders. The repeated nature of physical abuse often exacer-
bates its impact, leading to a cycle of fear and trauma. **!

Emotional Abuse

Emotional abuse, also known as psychological actions that harm
a child’s self-esteem or emotional health are forms of abuse.
This form of abuse can be more challenging to recognize as it
does not leave visible marks but can be equally damaging. Emo-
tional abuse includes constant criticism, threats, rejection, iso-

lation, and manipulation. It can lead to severe consequences, in-
cluding Low self-worth, anxiety, depression, and struggles with
forming healthy relationships. Emotional abuse undermines a
child’s sense of security and belonging, often leading to long-
term emotional and psychological issues. ?*

Sexual Abuse

Sexual abuse involves engaging a child in sexual activities,
whether by direct contact or exploitation. This can include in-
appropriate touching, forced participation in sexual acts, or
exposure to sexual content. Sexual abuse can cause profound
physical and psychological trauma, including injuries, sexually
transmitted infections, and long-lasting emotional distress. Vic-
tims of sexual abuse often suffer from guilt, shame, and fear,
which can persist into adulthood and affect their mental health,
relationships, and overall well-being. Sexual abuse is a gross
violation of a child’s trust and safety, with devastating and en-
during effects. %

Understanding these definitions is crucial for identifying and
addressing the various forms of abuse that children may endure.
Each type of abuse requires specific interventions and support
to help children recover and thrive despite their adverse expe-
riences.

Neglect

Neglect is the failure to provide for a child’s basic needs, which
are essential for their physical, emotional, and cognitive de-
velopment. 2! Neglect can be as damaging as abuse and often
co-occurs with other forms of maltreatment. It includes various
types, each with specific implications for a child’s well-being:

Physical Neglect

Physical neglect encompasses the failure to meet a child’s essen-
tial physical needs, such as providing adequate food, shelter, and
clothing. Children subjected to physical neglect may suffer from
malnutrition, poor hygiene, and inadequate living conditions.
These children often face health issues due to improper nutri-
tion and living in unsafe or unsanitary environments. Physical
neglect can result in developmental delays and chronic health
problems, hindering the child’s ability to thrive both physically
and academically. "

Emotional Neglect

Emotional neglect refers to the failure to provide the essential
emotional support, love, and nurturing required for a child’s
healthy psychological development. This type of neglect is par-
ticularly insidious as it does not leave visible scars but deeply
impacts a child’s emotional and mental health. Children who
experience emotional neglect may feel unloved, unwanted, and
isolated. They may develop low self-esteem, depression, and
anxiety, and struggle to form secure attachments and trusting
relationships. Emotional neglect can impair a child’s ability to
regulate emotions and cope with stress, leading to long-term
psychological issues. 21

Educational Neglect

Educational neglect occurs when a caregiver fails to ensure that
a child receives an education. This can involve not enrolling a
child in school, allowing frequent absences, or failing to address
special educational needs. Educational neglect can have severe
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consequences for a child’s intellectual and social development.
Children who are educationally neglected are often at a disad-
vantage academically, which can limit their future opportuni-
ties and perpetuate cycles of poverty and disadvantage. They
may struggle with basic literacy and numeracy skills and are at
a higher risk of dropping out of school and experiencing social
exclusion. 2!

Medical Neglect

The failure to offer necessary medical treatment constitutes
medical neglect, which can include not seeking treatment for
illnesses and injuries, failing to provide prescribed medications,
or neglecting to attend regular health check-ups. Medical ne-
glect can lead to untreated health conditions, chronic pain, and
in severe cases, life-threatening situations. Children who do not
receive appropriate medical care may suffer from preventable
diseases, prolonged illnesses, and poor overall health. This ne-
glect can impact their physical development and quality of life,
as well as their ability to participate fully in educational and
social activities.

By understanding the different forms of neglect and their prev-
alence, researchers, practitioners, and policymakers can better
identify and address the needs of neglected children. Effective
interventions and support systems are essential to mitigate the
adverse effects of neglect and promote the healthy development
and well-being of affected children. %

Witnessing Domestic Violence

Witnessing domestic violence involves children observing vio-
lent or abusive behavior between caregivers or within the house-
hold. This adversity can significantly impact a child’s emotional
and cognitive development, often leading to long-term psycho-
logical trauma. The following outlines the effects and implica-
tions of such exposure:

Emotional Impact

Children who witness domestic violence are often exposed to
chronic stress and fear. These children may experience a con-
stant sense of anxiety and insecurity, as their home environment,
which should be a place of safety and stability, becomes unpre-
dictable and frightening. B! This persistent state of stress can
lead to mental health conditions including depression, anxiety,
and PTSD. Feelings of helplessness and powerlessness are com-
mon, as children may feel incapable of protecting themselves
or their non-abusive parent. Additionally, they might internalize
the violence, believing it is somehow their fault, which can lead
to intense feelings of guilt and shame.

Cognitive Impact

The cognitive development of children exposed to domestic vio-
lence can also be significantly affected. Chronic exposure to vi-
olence can impair the brain’s development, particularly in areas
responsible for learning, memory, and executive functioning.
These children might have difficulty concentrating, experience
delays in language development, and struggle with academic
performance. 3 The constant activation of the stress response
system can alter brain structures, such as the hippocampus and
prefrontal cortex, which are crucial for cognitive processes. As
a result, children may exhibit problems with attention, prob-
lem-solving, and impulse control.

Behavioral Impact

Witnessing domestic violence can lead to a range of behavior-
al issues. Children may exhibit aggressive behavior, mimick-
ing the violence they observe, or they may become withdrawn
and avoidant, attempting to escape their traumatic environment.
Some children might develop conduct disorders, showing a pat-
tern of disruptive and violent behavior. *# Others may become
overly compliant and exhibit heightened sensitivity to conflict,
constantly trying to avoid any situation that might lead to vio-
lence. These behavioral issues can affect their interactions with
peers and adults, leading to difficulties in forming healthy rela-
tionships.

Social Impact

The social development of children exposed to domestic vio-
lence can also be compromised. These children might strug-
gle with trust and attachment issues, finding it difficult to form
secure relationships with others. They may isolate themselves
socially or have trouble maintaining friendships due to their
emotional and behavioral difficulties. *¥ Furthermore, witness-
ing violence can normalize aggressive behavior, increasing the
risk that they might become perpetrators or victims of violence
in their own relationships as they grow older. The social stigma
associated with domestic violence can also lead to feelings of
isolation and shame, further hindering their social development.

Long-term Consequences

The long-term effects of exposure to domestic violence are sig-
nificant. Children who are raised in violent homes are more like-
ly to continue the cycle of violence in their adult lives, either as
victims or perpetrators. They may experience persistent mental
health issues such as depression, anxiety, and PTSD, which can
hinder their ability to function in various areas of life. Their ed-
ucational and occupational outcomes may also suffer due to the
cognitive and emotional challenges they encounter. Early inter-
vention and supportive services are essential to mitigating these
long-term effects and fostering resilience. [

Understanding the impact of exposure to domestic violence on
children is essential for developing effective interventions and
support systems. By providing a safe and supportive environ-
ment, fostering healthy relationships, and offering therapeutic
interventions, it is possible to help these children overcome the
adverse effects of their experiences and promote their emotional
and cognitive well-being.

Poverty

Poverty is a pervasive form of early childhood adversity that
affects millions of children worldwide. It encompasses more
than just a lack of financial resources, extending to inadequate
access to essential services and basic needs such as nutrition,
healthcare, education, and safe living conditions. 7 The impact
of poverty on a child’s development is profound, influencing
their physical health, cognitive abilities, emotional well-being,
and social relationships.

Global Prevalence

According to UNICEF, nearly 356 million children globally live
in extreme poverty, ¥ defined as living on less than $1.90 a day.
These children face severe deprivation, which can hinder their
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overall development and limit their future opportunities. In low-
and middle-income countries, the prevalence of child poverty
is particularly high, exacerbating the challenges these children
face in achieving healthy development.

Poverty in High-Income Countries

Child poverty is not limited to low-income countries; it is also
a significant issue in high-income countries. ! In these regions,
child poverty rates vary substantially, often influenced by eco-
nomic policies, social safety nets, and regional disparities. For
example, in the United States, the Census Bureau reports that
approximately 11 million children live in poverty, representing
about 16% of the child population. In European countries, child
poverty rates can range from below 10% in some nations to over
30% in others, highlighting the uneven distribution of resources
and support.

Impact on Physical Health

Children living in poverty are more susceptible to various health
problems due to poor nutrition, restricted access to healthcare,
and unsafe living environments. “ Malnutrition is prevalent, re-
sulting in stunted growth, weakened immune systems, and high-
er vulnerability to diseases. Overcrowded housing and exposure
to environmental toxins can lead to chronic health issues such
as asthma, lead poisoning, and infectious diseases. The limited
availability of healthcare services further worsens these condi-
tions, as children in poverty are less likely to receive preventive
care and timely medical treatment.

Impact on Cognitive Development

Poverty can severely impact cognitive development, hindering
a child’s ability to learn and achieve academic success. Children
in poverty often lack access to educational materials and enrich-
ing experiences that foster cognitive growth. The stress of living
in poverty can disrupt brain development, especially in areas re-
lated to memory, attention, and executive functions. “! Research
indicates that children from low-income families usually start
school with lower readiness levels, including poorer language
skills, general knowledge, and early math abilities, which can
continue to affect their educational progress.

Impact on Emotional and Social Development

The chronic stress of living in poverty can also negatively im-
pact a child’s emotional and social development. Children in
poverty are more prone to feelings of shame, low self-esteem,
and helplessness. They often exhibit higher levels of anxiety and
depression and are at a greater risk for behavioral problems. 12
The instability often accompanying poverty, such as frequent
relocations, changes in caregivers, and exposure to violence, can
disrupt a child’s sense of security and attachment, making it dif-
ficult to form healthy relationships. Social isolation and the stig-
ma of poverty can further intensify these emotional challenges.

Long-Term Consequences

The long-term consequences of growing up in poverty can be
far-reaching. As adults, individuals who experienced poverty as
children are more likely to have lower educational attainment,
reduced earning potential, and poorer health outcomes. 3 They
may also face a higher risk of involvement in the criminal jus-
tice system and perpetuate the cycle of poverty with their own

children. Addressing child poverty through comprehensive pol-
icies and targeted interventions is crucial for breaking this cycle
and promoting the well-being and potential of affected children.

Addressing Child Poverty

Efforts to address child poverty must be multifaceted, involving
economic support, access to quality education and healthcare,
and the provision of safe and stable living environments. So-
cial safety nets, such as food assistance programs, housing sub-
sidies, and healthcare access, play a critical role in mitigating
the effects of poverty. Additionally, early childhood education
programs and community support services can provide the nec-
essary resources and support to help children in poverty reach
their full potential. [*4

Understanding the prevalence and impact of poverty on chil-
dren’s development is essential for developing effective inter-
ventions and policies. By addressing the root causes of pover-
ty and providing targeted support, it is possible to improve the
outcomes and opportunities for millions of children worldwide.

Parental Mental Illness or Substance Abuse

Children growing up in households where a parent has a mental
health disorder or substance use disorder face unique challenges
that can significantly impact their development and well-being.
] The presence of parental mental illness or substance abuse
can create an unstable and unpredictable environment, leading
to various forms of stress and adversity for the child.

Prevalence

About 1 in 5 children in the United States live with a parent who
has a mental health condition, which can range from depression
and anxiety to more severe disorders such as bipolar disorder
and schizophrenia. ) Additionally, the Substance Abuse and
Mental Health Services Administration (SAMHSA) reports that
around 1 in 8 children live with at least one parent who has a
substance use disorder, including the abuse of alcohol, illegal
drugs, or prescription medications.

Impact on Emotional and Psychological
Development

The emotional and psychological development of children liv-
ing with a parent who has a mental health disorder or substance
use disorder can be profoundly affected. “7 These children of-
ten experience high levels of stress and anxiety, stemming from
the unpredictability and instability in their home environment.
Parental mental illness or substance abuse can result in incon-
sistent parenting, emotional unavailability, and impaired care-
giving. Children may feel neglected or unloved, leading to low
self-esteem, depression, and difficulty forming healthy attach-
ments.

Living with a parent who struggles with mental health issues
or substance abuse can also expose children to secondary trau-
matic experiences, such as witnessing parental conflict, domes-
tic violence, or even overdose incidents. These experiences can
contribute to the development of post-traumatic stress disorder
(PTSD) and other anxiety-related disorders. The chronic stress
associated with such environments can interfere with brain de-
velopment, particularly in areas related to emotion regulation
and stress response.
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Impact on Cognitive Development and Academic
Achievement

Children of parents with mental health disorders or substance
use disorders often face significant challenges in their cognitive
development and academic achievement. The chaotic and un-
stable home environment can hinder their ability to focus, learn,
and succeed academically. These children may have higher rates
of absenteeism and lower academic performance due to the lack
of support and encouragement from their caregivers. Addition-
ally, they may struggle with cognitive functions such as mem-
ory, attention, and executive functioning, which are critical for
academic success. [

The stress and trauma associated with living in such environ-
ments can also impair brain development, particularly in areas
responsible for cognitive processes. This can result in difficul-
ties with problem-solving, planning, and organizing tasks. Fur-
thermore, children may lack access to stimulating educational
materials and enriching experiences that promote cognitive
growth, further exacerbating the academic challenges they face.

Impact on Social Development and Relationships

The social development of children living with a parent who
has a mental health disorder or substance use disorder can also
be adversely affected. These children may experience social
isolation and stigma, as they may feel embarrassed or ashamed
of their family situation. They may have difficulty forming and
maintaining friendships, as their social interactions are often
disrupted by the chaos and instability at home. The lack of pos-
itive role models and supportive relationships can hinder their
ability to develop healthy social skills and trust in others. 14}

Children may also exhibit behavioral problems, such as aggres-
sion, defiance, or withdrawal, as coping mechanisms for dealing
with their stressful environment. These behaviors can further
alienate them from their peers and lead to disciplinary issues
at school. The absence of stable and nurturing relationships can
impact their ability to form secure attachments and develop
healthy interpersonal relationships later in life.

Long-Term Consequences

The long-term consequences of growing up with a parent who
has a mental health disorder or substance use disorder can be
significant. As adults, these individuals may be at higher risk
for developing their own mental health disorders or substance
use issues, perpetuating the cycle of adversity. * They may also
face challenges in their educational and occupational achieve-
ments, as well as in forming and maintaining stable relation-
ships. The intergenerational transmission of trauma and adversi-
ty underscores the importance of early intervention and support
for these children.

Addressing the Needs of Affected Children

Addressing the needs of children living with a parent who has
a mental health disorder or substance use disorder requires a
comprehensive and multifaceted approach. Providing access to
mental health services for parents is crucial in creating a more
stable and supportive home environment. Additionally, offer-
ing targeted support for children, such as counseling, support
groups, and educational assistance, can help mitigate the impact
of their adverse experiences. P!

Early intervention programs that focus on building resilience
and coping skills can empower children to navigate their chal-
lenging circumstances more effectively. Community-based sup-
port systems, including schools, healthcare providers, and social
services, play a critical role in identifying and supporting these
children. By fostering a network of care and support, it is possi-
ble to improve the outcomes and well-being of children affected
by parental mental illness or substance abuse. [*?!

Understanding the prevalence and impact of parental mental
illness and substance abuse on children is essential for develop-
ing effective interventions and policies. By addressing the root
causes and providing targeted support, it is possible to break
the cycle of adversity and promote the healthy development and
future success of affected children.

Natural Disasters and War

Natural disasters and war represent severe forms of early child-
hood adversity that can have devastating effects on children’s
development and well-being. ®3 The United Nations estimates
that over 420 million children live in conflict-affected areas, and
millions more are affected by natural disasters each year. These
experiences can profoundly impact children’s physical, emo-
tional, cognitive, and social development.

Impact of Natural Disasters

Natural disasters, such as earthquakes, hurricanes, floods, and
wildfires, can cause immediate and long-term disruptions in a
child’s life. 5 The impact of these disasters varies based on their
severity, duration, and the child’s proximity to the event. Com-
mon effects include:

Physical Health and Safety: Natural disasters can lead to in-
juries, loss of life, and damage to homes and infrastructure. &
Children may suffer from physical injuries or health issues re-
sulting from poor living conditions in temporary shelters. Lack
of access to clean water, food, and healthcare can exacerbate
these health problems, leading to malnutrition and increased
susceptibility to diseases.

Emotional and Psychological Impact: Experiencing a natural
disaster can be highly traumatic for children, leading to feelings
of fear, anxiety, and helplessness. % The sudden loss of loved
ones, homes, and familiar surroundings can result in severe
emotional distress. Children may develop post-traumatic stress
disorder (PTSD), depression, and anxiety disorders. The ongo-
ing stress and uncertainty can disrupt their sense of security and
stability, affecting their overall emotional well-being.

Cognitive and Educational Impact: Natural disasters can dis-
rupt education by damaging schools and displacing families. 7
Children may miss significant amounts of school, leading to de-
lays in learning and academic achievement. The stress and trau-
ma associated with the disaster can also affect cognitive func-
tions such as memory, attention, and problem-solving abilities,
further hindering their educational progress.

Social Impact: Displacement due to natural disasters often
results in the loss of community networks and social support
systems. 81 Children may be separated from friends, extended
family, and familiar environments, leading to social isolation.
The lack of stable social connections can impact their ability to
develop healthy relationships and social skills.
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Impact of War and Armed Conflict

War and armed conflict represent extreme forms of adversity,
exposing children to violence, displacement, and severe disrup-
tions to their lives. The impact of living in conflict-affected areas
includes:

Exposure to Violence: Children in war zones are often exposed
to violence, including bombings, shootings, and other acts of
aggression. 1 Witnessing or experiencing such violence can
lead to severe psychological trauma, including PTSD, anxiety,
and depression. The constant threat to their safety can result in
chronic stress and hypervigilance.

Displacement and Loss: Conflict often forces families to flee
their homes, leading to displacement and loss of belongings. !
Refugee and internally displaced children face harsh living con-
ditions in camps or temporary shelters, lacking access to basic
necessities such as food, clean water, and healthcare. The loss
of home and community disrupts their sense of stability and se-
curity.

Disruption of Education: Conflict can severely disrupt edu-
cation, with schools being damaged, closed, or repurposed for
military use. (Y] Children may miss years of schooling, which
affects their cognitive development and future opportunities. In
conflict zones, education systems may be inadequate or non-ex-
istent, further exacerbating the educational disadvantages faced
by these children.

Health and Nutrition: Children living in conflict-affected areas
are at higher risk of malnutrition and health problems due to
food shortages, lack of healthcare, and poor living conditions. (%!
The stress and trauma of living in a war zone can weaken their
immune systems, making them more susceptible to illnesses.

Social and Emotional Development: The loss of social net-
works and community support systems can impact children’s
social and emotional development. () Children in conflict zones
may struggle with forming and maintaining relationships, and
the pervasive atmosphere of fear and mistrust can hinder their
ability to develop social skills. The long-term emotional im-
pact of growing up in a war zone can affect their ability to lead
healthy, productive lives in the future.

Long-Term Consequences

The long-term consequences of experiencing natural disasters
or war during childhood can be profound and far-reaching. (4!
These experiences can affect a child’s development across multi-
ple domains, leading to enduring physical, emotional, cognitive,
and social challenges. As adults, individuals who experienced
such adversity as children may face ongoing mental health is-
sues, difficulties in educational and occupational achievements,
and challenges in forming and maintaining stable relationships.

Addressing the Needs of Affected Children

Addressing the needs of children affected by natural disasters
and war requires a comprehensive and coordinated approach.
1651 Humanitarian aid organizations play a crucial role in pro-
viding immediate relief, including food, shelter, healthcare, and
psychological support. Long-term interventions should focus on
rebuilding education systems, providing mental health services,
and supporting family and community resilience.

Psychosocial support programs are essential to help children
cope with trauma and rebuild their sense of security and sta-
bility. (] These programs should be culturally sensitive and tai-
lored to the specific needs of the affected children. Education
initiatives, such as temporary learning spaces and accelerated
learning programs, can help mitigate the disruption to children’s
education and support their cognitive development.

International cooperation and policy efforts are also critical in
addressing the root causes of conflict and promoting peace and
stability. By prioritizing the well-being of children in human-
itarian responses and development programs, it is possible to
improve the outcomes and future prospects of children affected
by natural disasters and war.

Understanding the prevalence and impact of natural disasters
and war on children is essential for developing effective in-
terventions and policies. ) By addressing the immediate and
long-term needs of these children, it is possible to promote their
resilience, recovery, and healthy development.

Brain Development Overview

The brain undergoes significant development from infancy
through early childhood, characterized by rapid growth and high
plasticity. Understanding the key stages of brain development
helps elucidate how early adversity can affect neurodevelop-
mental trajectories.

Infancy (0-2 years)

During infancy, the brain experiences a tremendous growth
spurt, forming approximately one million new neural connec-
tions every second. 8 This period is characterized by several
key developmental milestones that lay the foundation for future
cognitive, emotional, and social functioning. One of the most
significant processes during this time is synaptogenesis, the rap-
id formation of synapses, or connections between neurons, (6%
which facilitates communication within the brain. This process
is most intense in the first few years of life, allowing for the
rapid development of neural networks that underpin learning,
memory, and overall brain function.

Concurrently, myelination occurs, which is the development
of the myelin sheath. This fatty layer insulates axons, the long
projections of neurons, and speeds up neural transmission, "
enhancing the efficiency and speed of communication between
different parts of the brain. Myelination begins in the prenatal
period and continues well into adulthood, " but it is particularly
rapid during infancy. This rapid myelination supports the quick
development of motor skills and cognitive functions that are es-
sential for interacting with the environment.

Sensory and motor development also progresses significantly
during infancy. " The brain areas responsible for sensory and
motor functions mature early, enabling infants to gain control
over their movements and start processing sensory information
from their surroundings. This development allows infants to ex-
plore and interact with their environment, ’* which is crucial for
cognitive and physical growth. For example, as infants develop
their motor skills, they begin to reach for and manipulate ob-
jects, which helps them understand cause and effect and enhanc-
es their problem-solving abilities.

Additionally, the foundations of emotional regulation and at-
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tachment are established during infancy. Infants form bonds
with their primary caregivers, which are crucial for their emo-
tional and social development. " These early relationships in-
fluence the child’s ability to manage emotions and form secure
attachments. A secure attachment provides a sense of safety and
security, allowing the child to explore their environment and
develop independence. It also plays a vital role in the develop-
ment of social skills, empathy, and the ability to form healthy
relationships later in life. Emotional regulation, the ability to
manage and respond to emotional experiences appropriately, [’
begins to develop as infants learn to rely on their caregivers for
comfort and support.

Overall, the first two years of life are a period of remarkable
brain growth and development, with critical processes such as
synaptogenesis, myelination, sensory and motor development,
and the formation of attachment and emotional regulation laying
the groundwork for future cognitive, emotional, and social func-
tioning. Early experiences during this period can have lasting
effects, highlighting the importance of providing a nurturing and
stimulating environment to support optimal brain development.

Early Childhood (3-6 years)

In early childhood, the brain continues to develop at a rapid
pace, with significant advancements in cognitive, emotional,
and social functions. One of the key processes during this period
is synaptic pruning, where the brain begins to eliminate excess
synapses that are not frequently used. This process makes neural
networks more efficient by strengthening the essential connec-
tions that are used regularly. By refining these neural pathways,
the brain becomes more adept at processing information and
performing complex tasks. [’

Language development is particularly notable during early
childhood, as this period includes critical windows for language
acquisition. Children experience rapid growth in their vocabu-
lary, grammar, and communication skills. They begin to under-
stand and use language more effectively, which is crucial for
expressing thoughts, needs, and emotions. The ability to com-
municate fluently supports not only cognitive development but
also social interactions and learning.

Another significant development in early childhood is the mat-
uration of executive functions, which are primarily associated
with the prefrontal cortex. This area of the brain is responsible
for planning, decision-making, and impulse control. As these
executive functions develop, children become better at self-reg-
ulation and adaptive behavior. They learn to set goals, make
plans, and control their impulses, which are essential skills for
navigating their environment and interacting with others.

Social and emotional skills also undergo substantial develop-
ment during early childhood. Children learn to navigate social
interactions, develop empathy, and build relationships with their
peers. They begin to understand social norms and expectations,
which helps them function effectively in group settings. Emo-
tional regulation continues to mature, influenced by experienc-
es and interactions with caregivers and peers. Children learn to
manage their emotions, cope with challenges, and respond ap-
propriately to different social situations.

Overall, early childhood is a period of remarkable brain devel-
opment, characterized by synaptic pruning, language acquisi-

tion, maturation of executive functions, and the development of
social and emotional skills. These advancements lay the foun-
dation for future learning and behavior, highlighting the impor-
tance of providing a supportive and stimulating environment
during these formative years.

Critical Periods

Critical periods in brain development are specific times when
the brain is particularly sensitive to environmental influences.
Exposure to positive experiences during these windows can
promote optimal development, while exposure to adversity can
have detrimental effects. Understanding these critical periods is
essential for recognizing the impact of early adversity on neu-
rodevelopment.

Early Infancy (0-2 years)

During early infancy, the development of sensory and motor
systems is highly plastic, meaning the brain is especially respon-
sive to environmental inputs and experiences. Adequate sensory
stimulation and motor experiences are crucial for proper devel-
opment. Infants learn about the world through their senses and
movements, and these experiences help to shape the neural path-
ways that support sensory processing and motor skills. "7 For
example, visual and auditory stimuli, as well as opportunities
for grasping, crawling, and exploring, contribute to the matu-
ration of these systems. However, adverse experiences such as
neglect or sensory deprivation can lead to deficits in sensory
and motor development. Without adequate stimulation, the brain
may not develop the necessary connections to process sensory
information and coordinate motor actions effectively, potential-
ly leading to long-term impairments.

Attachment formation is another critical aspect of early infan-
cy. The formation of secure attachments with primary caregiv-
ers is vital during the first two years of life. Secure attachment
provides a sense of safety and security, which is essential for
healthy emotional and social development. Through consistent
and responsive caregiving, infants learn to trust their caregivers
and develop the ability to regulate their emotions. This secure
base allows them to explore their environment confidently and
engage in social interactions. Disruptions in attachment, due to
caregiver inconsistency, neglect, or maltreatment, can impair
emotional regulation and social functioning. Children who do
not form secure attachments may struggle with trust, experience
anxiety, and have difficulties forming healthy relationships later
in life.

The stress response system, particularly the HPA axis, is also
particularly sensitive during infancy. "®! The HPA axis plays a
crucial role in regulating the body’s response to stress. During
early infancy, chronic exposure to stress or trauma can dysreg-
ulate the HPA axis, leading to heightened stress sensitivity and
long-term health consequences. Infants exposed to high levels
of stress may exhibit increased levels of cortisol, the primary
stress hormone, which can affect brain development and func-
tioning. Dysregulation of the HPA axis can lead to difficulties in
managing stress, increased risk for anxiety and depression, and
other health problems later in life.

Overall, early infancy is a period of critical importance for the
development of sensory and motor systems, the formation of
secure attachments, and the regulation of stress responses. Ad-
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equate stimulation, consistent caregiving, and a stable environ-
ment are essential to support healthy development during these
formative years. Understanding the significance of these pro-
cesses highlights the importance of early intervention and sup-
port for infants who experience adverse conditions, to promote
their well-being and optimal development.

Early Childhood (3-6 years)

Early childhood, spanning ages 3 to 6, is a critical period for
various aspects of development, including language acquisition,
emotional regulation, and executive functions. During this time,
the brain continues to exhibit remarkable plasticity, making it
especially receptive to environmental influences and experienc-
es.

Language acquisition is particularly significant during early
childhood. This period is marked by rapid advancements in vo-
cabulary, grammar, and overall communication skills. Adequate
exposure to language through social interactions with care-
givers, peers, and educators is essential for developing these
skills. Children learn to understand and use language effective-
ly, which is crucial for expressing thoughts, needs, and emo-
tions. ") Neglect or a lack of linguistic stimulation can result in
language delays, making it challenging for children to achieve
later academic success. These delays can have long-term con-
sequences, affecting literacy, academic performance, and social
interactions.

Emotional regulation also develops significantly during early
childhood. The ability to manage and respond to emotional ex-
periences appropriately is shaped by positive interactions with
caregivers and peers. Children learn to identify, understand, and
manage their emotions through these relationships. They devel-
op skills such as empathy, self-soothing, and impulse control.
However, adverse experiences, such as exposure to domestic
violence or emotional neglect, can hinder the development of
emotional regulation skills. Children exposed to such adversity
may struggle with emotional and behavioral problems, including
anxiety, aggression, and difficulty forming healthy relationships.

The prefrontal cortex, which is responsible for executive func-
tions such as planning, decision-making, and impulse control,
undergoes significant maturation during early childhood. Expe-
riences that promote problem-solving, planning, and self-con-
trol are crucial for the development of these cognitive skills.
Activities that challenge children’s thinking, encourage explo-
ration, and require them to follow rules and make decisions sup-
port the maturation of executive functions. However, adversity,
such as chronic stress or instability, can impair the development
of these critical skills. Children exposed to high levels of stress
may find it difficult to focus, control impulses, and solve prob-
lems effectively, which can impact their academic performance
and social interactions.

Overall, early childhood is a period of profound growth and de-
velopment in language acquisition, emotional regulation, and
executive functions. Ensuring that children have access to a
nurturing and stimulating environment during these formative
years is essential for their overall development. Understanding
the critical nature of this period highlights the importance of
early intervention and support for children exposed to adverse
conditions, promoting their well-being and long-term success.

Recognizing these critical periods highlights the importance of
early intervention and support for children exposed to adversi-
ty. Providing a nurturing and stimulating environment during
these sensitive windows can help mitigate the negative effects
of adverse experiences and promote healthy neurodevelopment.
Understanding the timing and nature of these critical periods is
essential for developing effective strategies to support children
at risk and optimize their developmental outcomes.

Mechanisms Linking Early Adversity to
Neurodevelopment

Early adversity can significantly impact neurodevelopment
through various mechanisms, including changes in brain struc-
ture and function, alterations in stress response systems, and
epigenetic modifications. #% Understanding these mechanisms
is crucial for comprehending how adverse experiences in child-
hood can lead to long-term cognitive, emotional, and behavioral
outcomes.

Neurobiological Mechanisms

Early adversity can lead to profound changes in brain structure
and function. Neuroimaging studies have shown that children
who experience maltreatment, neglect, or other forms of adver-
sity often exhibit alterations in brain volume, connectivity, and
function. Key areas affected include the prefrontal cortex, the
amygdala, the hippocampus, and the corpus callosum. B!

The prefrontal cortex, which is involved in executive functions
such as planning, decision-making, and impulse control, is par-
ticularly vulnerable to the effects of early adversity. This region
of the brain is crucial for higher-order cognitive processes and
self-regulation. Studies have shown that children who expe-
rience significant adversity often have reduced volume in the
prefrontal cortex, which can impair their ability to plan, make
decisions, and control impulses. Additionally, altered connec-
tivity within this region has been associated with difficulties in
self-regulation, leading to increased risk for behavioral prob-
lems such as aggression, impulsivity, and difficulty in maintain-
ing attention and focus.

The amygdala, which plays a central role in processing emo-
tions and detecting threats, often shows increased volume and
hyperactivity in children exposed to adversity. This hyperactiv-
ity can lead to heightened emotional reactivity and increased
anxiety. The amygdala is essential for the emotional response
to threats and stress, and when it becomes overactive due to
chronic stress or trauma, it can result in a state of constant hy-
perarousal. This condition makes children more prone to anxiety
disorders, fearfulness, and difficulties in emotional regulation.
They may react excessively to perceived threats, even in safe
environments, which can further impair their social interactions
and overall emotional well-being.

The hippocampus, essential for memory formation and stress
regulation, may exhibit reduced volume in response to chron-
ic stress and trauma. The hippocampus is crucial for learning
and memory consolidation, and its reduced volume can impair
cognitive functions such as learning, memory, and spatial nav-
igation. Chronic exposure to high levels of stress hormones
like cortisol can damage hippocampal neurons, leading to dif-
ficulties in forming new memories and recalling information.
This impairment can hinder academic performance and make it
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challenging for children to cope with new learning experienc-
es. Furthermore, the hippocampus plays a role in regulating the
HPA axis and stress responses, so its damage can contribute to
difficulties in managing stress, perpetuating a cycle of chronic
stress and impaired cognitive function.

The corpus callosum, which facilitates communication between
the brain’s hemispheres, can also be affected by early adver-
sity. Adverse experiences can lead to reduced integrity of this
structure, impacting the coordination of cognitive and emotional
processes. The corpus callosum is essential for integrating infor-
mation between the left and right hemispheres of the brain, al-
lowing for coherent cognitive and emotional functioning. Dam-
age to this structure can result in deficits in tasks that require the
integration of verbal and spatial information, such as reading
and problem-solving. It can also affect emotional processing,
leading to difficulties in understanding and expressing emotions
appropriately. Children with compromised corpus callosum in-
tegrity may struggle with complex cognitive tasks and exhibit
inconsistent or inappropriate emotional responses.

Overall, the neurobiological mechanisms linking early adversity
to changes in brain structure and function underscore the critical
importance of early intervention and support. By understanding
how specific brain regions are affected, targeted therapeutic and
supportive strategies can be developed to mitigate these impacts
and promote healthy brain development. Early interventions
that provide stable, nurturing environments and address the spe-
cific needs of children exposed to adversity can help improve
their cognitive, emotional, and behavioral outcomes, ultimately
enhancing their resilience and well-being.

Stress Response Systems

The HPA axis is a central component of the body’s stress re-
sponse system, and early adversity, particularly chronic stress,
can dysregulate this system, leading to long-term alterations in
neurodevelopment. The HPA axis controls the release of corti-
sol, a hormone that helps manage stress, and dysregulation of
this system due to early adversity can result in several signifi-
cant impacts on a child’s development.

One major effect of HPA axis dysregulation is elevated corti-
sol levels. Chronic stress can lead to persistently high levels of
cortisol, which can be neurotoxic and cause damage to critical
brain regions such as the hippocampus and prefrontal cortex.
The hippocampus, involved in memory formation and stress
regulation, and the prefrontal cortex, responsible for executive
functions like decision-making and impulse control, are particu-
larly vulnerable to the damaging effects of prolonged high corti-
sol levels. This can result in impairments in cognitive functions,
such as difficulties with learning, memory, and problem-solving.
Additionally, high cortisol levels are associated with increased
vulnerability to mental health disorders, including anxiety and
depression, due to their impact on brain regions that regulate
mood and emotions.

Altered stress responsivity is another consequence of HPA axis
dysregulation. Children exposed to early adversity may develop
either an exaggerated or blunted stress response. An exagger-
ated stress response means that the child reacts excessively to
stressors, even those that are relatively minor or non-threaten-
ing. This heightened reactivity can manifest as increased anxi-
ety, hypervigilance, and difficulty calming down after a stressful

event. On the other hand, a blunted stress response indicates that
the child does not react adequately to stress, which can be equal-
ly problematic. This blunted responsivity can lead to a lack of
appropriate emotional reactions and difficulties in recognizing
and responding to danger, potentially putting the child at risk
in situations that require a rapid stress response. Both altered
stress responses can interfere with a child’s ability to cope with
everyday challenges and regulate their emotions effectively. ¥

Dysregulation of the HPA axis can also impact other neuroendo-
crine functions, influencing growth, immune function, and met-
abolic processes. For example, chronic stress and elevated cor-
tisol levels can suppress the immune system, making children
more susceptible to infections and illnesses. This suppression
can lead to frequent health issues that further disrupt a child’s
development and well-being. Additionally, chronic stress can af-
fect growth hormone production, potentially leading to growth
delays and other developmental concerns. Metabolic processes
can also be altered, increasing the risk of conditions such as obe-
sity and metabolic syndrome, which have their own long-term
health consequences.

The combined effects of these neuroendocrine disruptions high-
light the critical role of the HPA axis in linking early adversity to
long-term health outcomes. The impact of chronic stress on this
system underscores the importance of providing supportive en-
vironments and interventions for children who have experienced
significant adversity. Early interventions that reduce stress and
promote healthy coping mechanisms can help mitigate the nega-
tive effects of HPA axis dysregulation. For example, therapeutic
approaches that focus on building resilience, such as trauma-in-
formed care and mindfulness practices, can help children de-
velop better stress management skills and improve their overall
emotional and physical health. Addressing the root causes of
chronic stress, such as ensuring stable and nurturing caregiving
environments, can also play a vital role in supporting the healthy
development of children exposed to early adversity.

Epigenetics

Epigenetic mechanisms provide a crucial link between environ-
mental experiences and gene expression, and ecarly adversity
can lead to epigenetic changes that profoundly influence brain
development and function without altering the underlying DNA
sequence. These changes include DNA methylation, histone
modification, and the impact of non-coding RNAs, all of which
play significant roles in how genes are expressed in response to
environmental factors.

DNA methylation involves the addition of methyl groups to
DNA molecules, typically acting to suppress gene expression.
Early adversity, such as exposure to chronic stress or trauma,
can increase the methylation of specific genes, which can alter
their normal function. For instance, increased methylation of the
glucocorticoid receptor gene has been observed in individuals
who experienced early adversity. The glucocorticoid receptor
is critical for regulating the body’s response to stress, and its
reduced expression can impair the ability to manage stress ef-
fectively. This epigenetic change can lead to heightened stress
sensitivity and an increased risk for mental health disorders such
as anxiety and depression. 83

Histone modification is another epigenetic mechanism affected
by early adversity. Histones are proteins around which DNA is
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wound, and their modification can influence the accessibility of
genes for transcription. Adverse experiences can lead to chang-
es in histone acetylation or methylation, altering how tightly or
loosely DNA is coiled around histones. These modifications can
either enhance or suppress gene expression, impacting genes in-
volved in neural plasticity, stress regulation, and emotional reg-
ulation. For example, changes in histone modification may af-
fect genes that regulate synaptic connectivity and neural growth,
leading to altered brain structure and function. These changes
can contribute to difficulties in learning, memory, and emotional
regulation, highlighting the long-term impact of early adversity
on cognitive and emotional development.

Non-coding RNAs, which do not encode proteins but play roles
in regulating gene expression, are also influenced by early ad-
versity. These molecules, including microRNAs (miRNAs) and
long non-coding RNAs (IncRNAs), can affect the expression of
genes critical for brain development and function. Adverse ex-
periences can alter the levels and activity of non-coding RNAs,
impacting the regulation of genes involved in neural plasticity,
synaptic function, and stress responses. For example, specific
miRNAs may be upregulated or downregulated in response to
stress, leading to changes in the expression of target genes that
influence neuronal growth and connectivity. These alterations
can have lasting effects on brain development, potentially con-
tributing to cognitive deficits and increased susceptibility to
mental health disorders.

The epigenetic changes induced by early adversity are dynamic
and can be influenced by subsequent experiences and interven-
tions. This plasticity offers potential pathways for mitigating the
impact of early adversity. Positive experiences and supportive
interventions can reverse some of the adverse epigenetic mod-
ifications, promoting resilience and recovery. For instance,
enriched environments, nurturing caregiving, and therapeutic
interventions can lead to beneficial epigenetic changes that en-
hance neural plasticity and cognitive function. Understanding
the epigenetic mechanisms linking early adversity to neurode-
velopment underscores the importance of providing supportive
environments and targeted interventions for affected children.

Addressing these epigenetic changes through early intervention
and support can help improve developmental outcomes and re-
duce the long-term impact of early adversity. Interventions that
focus on creating stable, nurturing environments and promoting
positive experiences can counteract the negative effects of ad-
verse experiences on gene expression and brain development.
By targeting the underlying epigenetic mechanisms, it is possi-
ble to enhance resilience and promote healthy development in
children who have experienced early adversity.

Neurodevelopmental Outcomes of Early
Adversity

Early adversity has profound and multifaceted effects on neu-
rodevelopment, influencing cognitive, emotional, behavioral,
and social outcomes. Understanding these outcomes is crucial
for developing effective interventions and support systems to
mitigate the long-term impacts on children exposed to adverse
experiences. 5

Cognitive Outcomes

Early adversity can significantly impair cognitive development,
affecting learning, memory, and executive functions. Children

who experience maltreatment, neglect, or chronic stress often
exhibit deficits in these areas. For instance, adversity can hinder
the development of the hippocampus, a brain region critical for
memory formation and retrieval. This impairment can lead to
difficulties in learning new information and recalling previously
learned material, which negatively impacts academic perfor-
mance and overall cognitive abilities. Moreover, the prefron-
tal cortex, which is responsible for executive functions such as
planning, decision-making, and impulse control, can also be ad-
versely affected. Children exposed to early adversity may strug-
gle with tasks that require these executive functions, leading to
challenges in organizing their thoughts, controlling impulses,
and making informed decisions. These cognitive deficits can
persist into adolescence and adulthood, affecting educational
and occupational outcomes and overall life success.

Emotional and Behavioral Outcomes

The effects of early adversity on emotional regulation and men-
tal health are profound. Children who experience significant ad-
versity often struggle with emotional regulation, which is the
ability to manage and respond to emotional experiences appro-
priately. This can manifest as heightened emotional reactivity,
difficulty calming down, and challenges in coping with stress.
Consequently, these children are at an increased risk for men-
tal health disorders such as depression and anxiety. The chronic
stress associated with adverse experiences can lead to persistent
feelings of sadness, hopelessness, and worry, which can impair
daily functioning and quality of life. Behavioral issues are also
common among children exposed to early adversity. These chil-
dren may exhibit increased aggression, defiance, and conduct
disorders. The inability to regulate emotions and cope with
stress effectively can result in disruptive behaviors both at home
and in school. Such behavioral problems can lead to disciplinary
issues, social isolation, and further exacerbate emotional diffi-
culties, creating a cycle of maladaptive behavior and emotional
distress. (8

Social Outcomes

Early adversity can profoundly impact social development and
relationships. Children who experience adverse conditions of-
ten face challenges in forming and maintaining healthy rela-
tionships. Attachment theory suggests that secure attachments
formed in early childhood are critical for social development.
However, children exposed to neglect, abuse, or instability may
struggle to develop secure attachments, leading to difficulties
in trusting others and forming close relationships. These chil-
dren may exhibit social withdrawal, reluctance to engage with
peers, and difficulties in understanding social cues and norms.
The lack of positive social interactions can hinder the develop-
ment of social skills, such as empathy, cooperation, and effec-
tive communication. As a result, these children may experience
social isolation, bullying, and difficulties in building supportive
peer networks. The impact on social development can persist
into adolescence and adulthood, affecting the ability to establish
and maintain intimate relationships, friendships, and profession-
al connections.

Understanding the neurodevelopmental outcomes of early ad-
versity highlights the critical need for early intervention and
support. By addressing the cognitive, emotional, behavioral,
and social challenges faced by children exposed to adverse ex-
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periences, it is possible to mitigate the long-term impacts and
promote resilience. Interventions that provide stable, nurturing
environments, promote positive relationships, and offer thera-
peutic support can help improve outcomes for these children.
Early identification and targeted support are essential for fos-
tering healthy development and ensuring that children have the
opportunity to reach their full potential despite the challenges of
early adversity. ¢

Resilience and Protective Factors

Understanding resilience and the protective factors that can buf-
fer children from the adverse effects of early adversity is cru-
cial for developing effective support systems and interventions.
These factors can be broadly categorized into individual traits,
environmental factors, and specific interventions that collective-
ly promote positive neurodevelopmental outcomes. &7

Individual Factors

Certain individual traits can enhance a child’s resilience in the
face of adversity. Temperament plays a significant role; children
with a positive, easy-going temperament tend to cope better with
stress and are more likely to form positive relationships with
caregivers and peers. High intelligence is another protective fac-
tor, as it often correlates with better problem-solving skills and
adaptive coping mechanisms. Additionally, children with strong
self-regulation skills, including the ability to manage emotions
and behaviors, are better equipped to navigate stressful situa-
tions. These traits can help children remain resilient even when
exposed to significant challenges, reducing the negative impact
of early adversity on their development.

Environmental Factors

Supportive relationships and stable environments are critical
in mitigating the effects of early adversity. The presence of at
least one stable, caring, and supportive adult in a child’s life can
significantly enhance resilience. This relationship can provide
emotional security, model positive coping strategies, and offer
practical support during difficult times. Stable environments, in-
cluding consistent routines and safe living conditions, also play
a vital role in promoting resilience. Schools and communities
that offer supportive and nurturing environments can further
bolster a child’s ability to cope with adversity. These environ-
ments can provide opportunities for positive social interactions,
learning, and personal growth, helping children develop the
skills and confidence needed to overcome challenges.

Interventions

Effective interventions and programs can support neurodevelop-
ment in children exposed to early adversity. Trauma-informed
care is a comprehensive approach that recognizes the impact of
trauma on development and incorporates strategies to promote
healing and resilience. This approach can be applied in various
settings, including schools, healthcare, and social services, to
create supportive environments that address the needs of chil-
dren with traumatic experiences. Parenting programs that teach
caregivers positive parenting techniques and stress management
can also be beneficial. These programs can help caregivers
provide the stable, nurturing environment essential for healthy
development. Additionally, therapeutic interventions such as
cognitive-behavioral therapy (CBT) can help children process

and cope with their experiences, improving emotional regula-
tion and reducing the risk of mental health disorders. Commu-
nity-based programs that offer social support, recreational activ-
ities, and academic assistance can also play a significant role in
fostering resilience. By providing children with opportunities to
build positive relationships, develop skills, and achieve success-
es, these programs can counteract the negative effects of early
adversity.

Understanding the factors that contribute to resilience and im-
plementing effective interventions can help children exposed to
early adversity achieve better neurodevelopmental outcomes.
By focusing on individual traits, supportive environments, and
targeted interventions, it is possible to promote resilience and
support the healthy development of children who have faced
significant challenges.

Methodological Considerations in Research

Research on the impact of early adversity on neurodevelopment
employs various study designs, each with strengths and limita-
tions. Longitudinal studies follow individuals over time, offer-
ing insights into long-term effects and developmental trajecto-
ries but requiring significant resources and facing participant
attrition. Cross-sectional studies compare different individuals
at a single point, useful for identifying correlations but limited
in establishing causality. Experimental studies, including ran-
domized controlled trials (RCTs), test intervention effectiveness
and control for confounding variables, though ethical constraints
limit their feasibility with vulnerable populations.

Challenges in this research include ethical considerations, mea-
surement issues, and participant variability. Ethical concerns ne-
cessitate protecting vulnerable participants from harm, ensuring
informed consent, and maintaining confidentiality. Measurement
issues involve accurately capturing diverse adverse experienc-
es and neurodevelopmental outcomes, requiring sophisticated
tools such as neuroimaging and cognitive assessments. Partic-
ipant variability, due to differences in genetics, resilience, and
environmental contexts, complicates generalization, demanding
large, diverse samples and careful study design.

Future research should integrate multidisciplinary approaches
from neuroscience, psychology, genetics, and social sciences
to understand the complex interplay between biological, psy-
chological, and environmental factors. More longitudinal and
interventional studies are needed to track long-term effects and
evaluate intervention effectiveness. Advanced measurement
techniques, such as neuroimaging and biomarker analysis, can
enhance accuracy and reliability, identifying specific neural
pathways and mechanisms affected by early adversity. Addi-
tionally, exploring protective factors and resilience mechanisms
can inform interventions that promote healthy development in
at-risk children. Considering cultural and contextual factors is
crucial for generalizing findings and tailoring interventions to
specific settings. ¢!

Implications for Policy and Practice

Research on early adversity and neurodevelopment should in-
form child welfare, education, and mental health policies. Prior-
itizing early identification and intervention can mitigate adverse
effects. Child welfare policies should ensure timely support for
affected children, including funding for stable environments and
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trauma-informed care training for caregivers. Educational poli-
cies should integrate social-emotional learning (SEL) curricula
and provide resources for trauma-responsive school environ-
ments, including mental health services. Mental health policies
must expand access to evidence-based therapies, increase fund-
ing, and support community-based programs addressing poverty
and housing instability. (%)

Practitioners working with children who have experienced early
adversity can adopt several strategies. Creating safe, supportive
environments, building trust, and being sensitive to trauma signs
are essential aspects of trauma-informed care. Early intervention
programs, such as parent-child interaction therapy (PCIT), can
strengthen attachment and support emotional regulation. Incor-
porating SEL into schools helps children manage emotions and
build relationships. Providing access to therapies that address
trauma, like cognitive-behavioral therapy (CBT) and trauma-fo-
cused CBT (TF-CBT), is crucial.

Supporting parents through education and resources can help
caregivers create supportive environments. A collaborative ap-
proach among educators, social workers, and healthcare provid-
ers ensures comprehensive support. Additionally, practitioners
can advocate for policies and practices that support affect-
ed children by participating in policy discussions and raising
awareness. 0

Implementing these strategies and informing policies with re-
search findings can create environments that support healthy de-
velopment and resilience in children exposed to early adversity.

Conclusion

The review has explored the profound impacts of early child-
hood adversity on neurodevelopment, revealing how adverse
experiences can fundamentally alter brain structure, function,
and overall developmental trajectories. Neurobiological chang-
es, including alterations in the prefrontal cortex, amygdala,
hippocampus, and corpus callosum, demonstrate how early ad-
versity can impair cognitive functions such as learning, memo-
ry, and executive functioning. These structural and functional
changes underlie the observed deficits in cognitive development
and highlight the critical periods during which the brain is most
vulnerable to adverse experiences.

In examining the stress response systems, we found that dysreg-
ulation of the HPA axis due to chronic stress leads to elevated
cortisol levels, impacting emotional regulation and increasing
the risk of mental health disorders like depression and anxiety.
The role of epigenetics further elucidates how early adversity
can induce changes in gene expression, affecting brain devel-
opment and function without altering the DNA sequence. These
epigenetic changes can persist throughout life, influencing sus-
ceptibility to various neurodevelopmental and mental health is-
sues.

The review also highlighted the diverse outcomes of early ad-
versity, including cognitive deficits, emotional and behavioral
problems, and social development challenges. Children exposed
to early adversity often face significant hurdles in learning and
memory, emotional regulation, and social interactions, lead-
ing to long-term implications for their academic and personal
lives. The importance of resilience and protective factors was

emphasized, noting that individual traits such as temperament
and intelligence, along with supportive relationships and stable
environments, can buffer against the negative impacts of early
adversity.

Methodological considerations underscored the necessity of
employing robust study designs, such as longitudinal and mul-
tidisciplinary approaches, to capture the long-term effects and
complex interplay of factors influencing neurodevelopment.
Ethical considerations and measurement challenges were also
discussed, emphasizing the need for accurate and reliable as-
sessment tools and the importance of protecting vulnerable pop-
ulations in research.

Policy implications derived from these findings advocate for
early identification and intervention strategies in child welfare,
education, and mental health services. Policies should focus on
creating trauma-informed care systems, integrating social-emo-
tional learning (SEL) in schools, and expanding access to mental
health services. Practitioners are encouraged to adopt trauma-in-
formed approaches, provide early intervention programs, and
support parents and caregivers through education and resources.

In conclusion, addressing early childhood adversity is para-
mount for promoting healthy neurodevelopment and overall
well-being. The findings from this review underscore the crit-
ical need for comprehensive, multidisciplinary approaches that
incorporate individual, familial, and systemic interventions.
By fostering stable and nurturing environments, enhancing re-
silience through targeted interventions, and informing policies
with robust research, we can mitigate the detrimental effects of
early adversity and support the healthy development of affect-
ed children. This collective effort not only improves individual
outcomes but also contributes to the creation of a more resilient
and healthier society.
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- Review Article

Hormonal Underpinnings of Emotional Regulation: Bridging

Endocrinology and Psychology

Abstract

This review explores the intricate relationship between hormonal fluctuations and emotional regulation,
emphasizing the critical role of hormones in mood, stress responses, and psychological well-being. By
examining key hormones involved in emotional regulation—such as those from the Hypothalamic-Pi-
tuitary-Adrenal (HPA) axis, gonadal hormones (estrogen and testosterone), thyroid hormones, oxytocin,
and metabolic hormones like insulin, leptin, and ghrelin—we uncover how these biochemical messengers
impact emotional states and contribute to mood disorders. The paper discusses methodological challenges
and future research directions, highlighting the necessity for interdisciplinary approaches to deepen our
understanding of hormonal influences on emotional regulation.

The review underscores the importance of considering hormonal mechanisms in developing targeted treat-
ments for mood disorders, advocating for a holistic perspective that bridges endocrinology and psychology.
By integrating current research findings with clinical implications, our objective is to enhance the biologi-
cal foundation of emotional regulation, paving the way for innovative therapeutic strategies and improved
mental health care. This comprehensive overview aims not only to consolidate existing knowledge but also
to identify gaps in research, encouraging further exploration into the hormonal underpinnings of emotional
states. Through this endeavor, we aspire to contribute to a broader understanding of emotional regulation,

offering new perspectives on treating mood disorders and enhancing overall emotional well-being.

Keywords: Hormonal Regulation, Emotional Regulation, Mood Disorders, HPA Axis.

Introduction

Emotional regulation encompasses the myriad
strategies individuals deploy to manage and
modify their emotional experiences and expres-
sions [, This regulatory process is essential for
social adaptation®™ psychological well-being
¥l and overall mental health ™. It involves a
complex interplay between awareness ), under-
standing [, acceptance [7, and the modulation
of emotional responses ! to meet situational
demands and personal goals. While the cogni-
tive and behavioral aspects of emotional regula-
tion have been extensively explored, emerging
research underscores a critical yet often over-
looked dimension: the biological and hormonal
foundations of emotional states and their regu-
lation.

Hormones, as the biochemical messengers of
the body ), play a central role in regulating not
only physical processes but also emotional and
psychological states ['%. These substances, pro-
duced and secreted by various glands within the
endocrine system U, travel through the blood-
stream to target organs, exerting their effects on
mood, energy levels, and stress responses 2,
The influence of hormones on emotions can
be profound, with fluctuations or imbalances
in hormonal levels being linked to significant
changes in emotional regulation, mood disor-
ders, and overall mental health 3],

The interaction between hormones and emo-
tional regulation is complex and bidirectional
U4 On one hand, emotional states can influence
hormonal secretion !); for instance, stress trig-
gers the release of cortisol, a hormone that pre-
pares the body to respond to perceived threats.
On the other hand, hormones can modulate the
intensity and quality of emotional experiences
Uel; for example, variations in estrogen and pro-
gesterone levels across the menstrual cycle are
associated with changes in mood and emotional
sensitivity in many women.

This dual influence underscores the need for a
comprehensive understanding of the hormonal
mechanisms underlying emotional regulation
U7 Several key hormones have been identified
as major players in this process, including:

e Cortisol: Often referred to as the “stress
hormone,” cortisol plays a critical role in
the body’s stress response and has been
linked to emotional regulation and mood
disorders 18],

e Estrogen and Testosterone: These sex
hormones are known to influence mood
and emotional states, with imbalances be-
ing associated with depression and mood
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swings ",

*  Thyroid Hormones: Thyroxine (T4) and Triiodothyronine
(T3) regulate metabolism and energy levels, and their dys-

regulation can lead to mood disorders such as depression
[20]

*  Oxytocin: Dubbed the “love hormone,” oxytocin is in-
volved in social bonding, trust, and the modulation of social
behaviors and emotional responses 2.

Understanding how these and other hormones influence emo-
tional regulation offers a more holistic view of mental health,
bridging the gap between biological sciences and psychology.
By exploring the hormonal catalysts of emotional regulation, we
aim to provide insights into the underlying biological mecha-
nisms that shape our emotional experiences and offer new per-
spectives on treating mood disorders and improving emotional
well-being 221,

The Role of Hormones in Emotional Regulation

Hormones, the biochemical messengers of the body, serve
as critical components of the endocrine system, a network of
glands that coordinates and regulates a myriad of physiological
processes. These substances are secreted directly into the blood-
stream and transported to various organs and tissues, where they
exert their effects *1. Beyond their well-known roles in growth,
metabolism, reproduction, and homeostasis, hormones are in-

strumental in the complex domain of emotional regulation U4,
They act at the intersection of physiology and psychology, em-
bodying the connection between the body’s internal state and its
external expressions of mood and emotion 24,

The endocrine system’s interaction with the brain, particularly
through the hypothalamus and pituitary gland, underscores the
sophisticated level of coordination required to regulate emotion-

al states 1,

The hypothalamus, often considered the endocrine system’s
master regulator, plays a pivotal role in maintaining homeosta-
sis. It responds to a variety of signals from the brain and body,
adjusting hormone production and secretion in response. The pi-
tuitary gland, under the influence of the hypothalamus, secretes
hormones that regulate other glands in the endocrine system,
further influencing emotional regulation ¢

This hormonal influence on emotions is mediated through vari-
ous pathways and mechanisms:

1. Neurotransmitter Modulation: Many hormones interact
with neurotransmitters, the chemical messengers of the ner-
vous system, influencing mood, stress responses, and emo-
tional resilience. For instance, cortisol affects neurotrans-
mitter levels such as serotonin and dopamine, which are
directly linked to mood and pleasure, respectively 7,

2. Brain Structure and Function: Hormones can impact the
structure and function of brain regions involved in emo-
tional processing. Estrogen, for example, has neuroprotec-
tive effects and influences the activity of the amygdala and
prefrontal cortex, areas critical for emotional response and
regulation 2%,

3. Stress Response: HPA axis, a key player in the stress re-
sponse, demonstrates the direct impact of hormones on

emotional regulation. Activation of the HPA axis leads to
the release of cortisol, preparing the body for a “fight or
flight” response and influencing emotional states ).

4. Social and Bonding Hormones: Oxytocin and vasopressin
are hormones that play crucial roles in social bonding, trust,
and empathy, directly affecting social behavior and emo-
tional experiences in group settings .

Understanding the role of hormones in emotional regulation
not only requires a grasp of these biochemical mechanisms but
also an appreciation of the individual variability in hormonal re-
sponses. Factors such as genetic predispositions, environmental
influences, and lifestyle choices can affect hormone levels and
their impact on emotional regulation, contributing to the com-
plexity of this dynamic interplay.

Melatonin

Reflecting on the hormonal catalysts of emotional regulation, it
becomes evident that understanding, while extensive, remains
poised for deeper exploration. Emerging research, particularly
on the role of melatonin in synchronizing circadian rhythms and
its implications for mood and anxiety disorders, exemplifies the

dynamic nature of this field ®!. Such studies not only broaden
the perspective on hormonal influences beyond the traditional
realms but also illuminate potential pathways for innovative
therapeutic interventions. The exploration of melatonin’s impact
on emotional regulation underscores the necessity for interdis-
ciplinary research approaches that encompass the full spectrum
of hormonal activity. As advancements continue, incorporating
a broader array of hormonal interactions will be crucial in de-
veloping a more comprehensive understanding of their role in
emotional well-being and mental health 32!,

By exploring the multifaceted roles that hormones play in reg-
ulating emotions, we gain insights into the biological underpin-
nings of psychological states and behaviors. This knowledge is
instrumental in developing more nuanced approaches to mental
health care, emphasizing the importance of considering hor-
monal balance in therapeutic interventions for mood disorders
and emotional dysregulation %!,

Objective of the Review

The overarching objective of this review is to synthesize and
critically evaluate current research on the hormonal mechanisms
underlying emotional regulation. In the intricate interplay be-
tween the endocrine system and psychological states, hormones
emerge as pivotal regulators of mood, stress responses, and
overall emotional well-being. Despite the significant advances
in our understanding of this relationship, there remain gaps in
my knowledge regarding the precise mechanisms through which
hormones influence emotional regulation and how these pro-
cesses contribute to mental health disorders.

To address this, the review seeks to accomplish the following
specific aims:

1. Comprehensive Synthesis: Provide a comprehensive
overview of the current state of research on the hormon-
al regulation of emotions, summarizing key findings from
empirical studies, clinical trials, and meta-analyses. This in-
cludes examining the role of major hormones such as corti-
sol, estrogen, testosterone, thyroid hormones, and oxytocin
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in emotional regulation.

2. Mechanistic Insights: Delve into the biological and neuro-
chemical pathways through which hormones exert their in-
fluence on emotional regulation, highlighting the complex
interactions between the endocrine system and the brain.

3. Psychological and Behavioral Correlations: Explore the
psychological and behavioral implications of hormonal
effects on emotional regulation, including the impact on
mood disorders, stress-related conditions, and overall men-
tal health.

4. Identify Research Gaps: Identify gaps in the current liter-
ature where further investigation is needed. This involves
pinpointing areas where our understanding of hormonal in-
fluences on emotional regulation is limited, contradictory,
or evolving.

5. Future Directions: Offer recommendations for future re-
search, suggesting potential studies that could address the
identified gaps and contribute to a more nuanced under-
standing of how hormonal regulation intersects with psy-
chological health. This includes advocating for interdisci-
plinary research approaches that integrate endocrinology,
neuroscience, and psychology.

6. Clinical Implications: Discuss the potential clinical impli-
cations of understanding hormonal mechanisms in emotion-
al regulation. This includes considering how insights into
hormonal influences on emotions could inform therapeutic
strategies, improve diagnosis and treatment of mood disor-
ders, and lead to the development of personalized medicine
approaches.

By achieving these aims, this review intends to bridge the gap
between endocrinology and psychology, providing a holistic
perspective on the hormonal catalysts of emotional regulation.
We aspire to contribute to a deeper understanding of the biolog-
ical underpinnings of emotional states, offering a foundation for
future research and clinical practices aimed at enhancing emo-
tional well-being and mental health.

Hormonal Systems Involved in Emotional
Regulation

Cortisol and Emotional Regulation:
Hypothalamic-Pituitary-Adrenal (HPA) Axis

The HPA axis represents a major part of the body’s neuroendo-
crine system responsible for regulating stress responses, metab-
olism, immune function, and emotions. Activation of this axis
is a prime example of the body’s effort to maintain homeostasis
in the face of stress 4. The process begins in the hypothala-
mus, which releases corticotropin-releasing hormone (CRH) in
response to a stress signal. CRH then stimulates the pituitary
gland to secrete adrenocorticotropic hormone (ACTH), which
in turn prompts the adrenal glands to produce cortisol. Once re-
leased into the bloodstream, cortisol prepares the body to handle
stress by increasing glucose availability, enhancing the brain’s
use of glucose, and suppressing nonessential functions in a
fight-or-flight response 3%,

Cortisol’s Role in Stress Response

Cortisol plays a pivotal role in the body’s response to stress,

serving both to mobilize resources necessary to deal with stress-
ors and to restore equilibrium afterward. It affects various bodily
functions to increase alertness, energy levels, and the ability to
respond to environmental demands . However, cortisol’s in-
fluence extends beyond the physical, impacting emotional and
psychological states as well. It modulates areas of the brain in-
volved in emotional regulation, such as the amygdala and pre-
frontal cortex, affecting mood, motivation, and fear 7,

Impact on Emotional Regulation

While cortisol is essential for survival, its dysregulation can
lead to emotional and psychological disturbances. Chronic ac-
tivation of the HPA axis and prolonged exposure to high levels
of cortisol have been linked to a range of mental health issues,
including anxiety, depression, and post-traumatic stress disorder

(PTSD) B8, Such conditions often arise from or result in im-
paired emotional regulation, where individuals struggle to man-
age and respond to their emotional experiences effectively .

Excessive cortisol can impair the function of the hippocampus, a
brain region vital for memory and emotional regulation, leading
to difficulties in forming and retrieving memories and in manag-
ing emotional responses [*°. This can exacerbate the symptoms
of stress-related disorders, creating a feedback loop that further
hinders emotional regulation !,

Furthermore, variations in cortisol levels throughout the day,
known as the diurnal rhythm, are associated with mood fluc-
tuations. Disruptions in this rhythm, such as those seen in shift
workers or individuals with irregular sleep patterns, can nega-
tively affect emotional well-being 21,

Therapeutic Implications

Understanding the role of the HPA axis and cortisol in emo-
tional regulation opens pathways for therapeutic interventions.
Treatments that target HPA axis dysregulation, such as pharma-
cological agents that modulate cortisol levels or psychological
interventions that reduce perceived stress, hold promise for im-
proving emotional regulation and mental health 431,

Additionally, lifestyle interventions, including stress manage-
ment techniques, regular physical activity, and sleep hygiene,
can help normalize HPA axis function and enhance emotional
well-being (4,

Gonadal Hormones: Estrogen and Testosterone
in Emotional Regulation

Gonadal hormones, estrogen, and testosterone, produced by the
ovaries and testes respectively, play critical roles beyond their
reproductive functions. They are pivotal in modulating mood,
aggression, and emotional well-being, demonstrating the intri-
cate relationship between hormonal levels and psychological
states 1.

Estrogen and Mood

Estrogen is often termed a “mood enhancer” due to its positive
effects on brain function and mood. It interacts with serotonin
and other neurotransmitters involved in mood regulation, en-
hancing their availability and the sensitivity of their receptors
1461, Estrogen’s neuroprotective properties also support cognitive
functions, including memory and attention, which can indirectly
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influence emotional regulation and mood stability #7.

Fluctuations in estrogen levels, such as those occurring during
the menstrual cycle, pregnancy, or menopause, can significantly
affect emotional well-being [*¥]. For example, periods of rapid
estrogen decline are associated with mood swings, irritability,
and increased susceptibility to depression and anxiety. This un-
derscores the hormone’s complex role in modulating mood and
highlights the potential for hormonal interventions in treating
mood disorders, particularly those that manifest or worsen in
relation to menstrual cycle phases or menopausal transition 13,

Testosterone and Aggression

Testosterone is often associated with aggression, risk-taking
behaviors, and dominance. While it is simplistic to draw a di-
rect line between testosterone levels and aggressive behavior,
research suggests a correlation, particularly in males. High tes-
tosterone levels have been linked to increased irritability, impul-
sivity, and aggression, potentially exacerbating conflict in social
interactions and impacting emotional well-being .

However, the relationship between testosterone and aggression
is nuanced and influenced by environmental and social factors.
For instance, social challenges or threats can elevate testoster-
one levels, suggesting that its role in aggression may also be a
response to external stimuli rather than a direct cause %,

Testosterone and Mood

Apart from its links to aggression, testosterone plays a vital role
in mood regulation for both men and women. Low levels of tes-
tosterone (a condition known as hypogonadism) are associated
with depression, fatigue, and a decreased sense of well-being ©*!1.

Testosterone replacement therapy has been shown to improve
mood and energy levels in men with hypogonadism, indicating

the hormone’s importance in maintaining emotional equilibrium
[52]

Age-related changes

Furthermore, the critical examination of gonadal hormones in
emotional regulation invites attention to age-related hormonal
changes and their profound impacts on mood and well-being.
Particularly noteworthy is the concept of andropause, akin to
menopause in women, where men experience a gradual decline
in testosterone levels, potentially affecting emotional stability,

mood, and cognitive functions 3. This parallel underscores a
broader spectrum of hormonal influences across different stag-
es of life, highlighting the intricate balance between estrogen
and testosterone and their pivotal roles in maintaining emotional

regulation **, The exploration of andropause, alongside meno-
pause, accentuates the need for a gender-inclusive understanding
of hormonal transitions and their psychological implications. It
beckons further research into these age-related hormonal shifts,
aiming to unravel their complex relationship with mood disor-
ders and emotional well-being, thereby fostering a more holistic
approach to mental health across the lifespan %!,

Therapeutic Implications

Understanding the effects of estrogen and testosterone on
emotional regulation offers valuable insights for developing
gender-sensitive approaches to treating mood disorders and

emotional dysregulation. Hormonal therapies, such as estro-
gen replacement therapy during menopause or testosterone re-
placement therapy for hypogonadal men, may provide effective
strategies for improving mood and emotional well-being when
carefully managed B¢,

Thyroid Hormones and Emotional Regulation

The thyroid gland plays a vital role in maintaining the body’s
metabolic rate, energy production, and overall homeostasis. The
hormones it secretes, T4 and T3, influence nearly every organ
system, including the brain, where they impact neurotransmitter
activity, neurogenesis, and the overall health of neural tissue.
Given this extensive reach, it’s perhaps unsurprising that thyroid
hormone imbalances can profoundly affect mental health 57,

Hyperthyroidism and Mood Disorders

Hyperthyroidism, characterized by elevated levels of thyroid
hormones, can lead to symptoms that mimic anxiety and other
mood disorders. Individuals with hyperthyroidism often experi-
ence increased nervousness, restlessness, irritability, and mood
swings. The physiological state induced by excess thyroid hor-
mones can mimic a chronic stress response, leading to an en-
hanced sense of vigilance or agitation, which can exacerbate or
mimic the symptoms of anxiety disorders (%],

Additionally, hyperthyroidism can cause difficulty sleeping,
rapid heart rate, and other physical symptoms that further con-
tribute to emotional distress and dysregulation. The overlap of
these symptoms with anxiety and mood disorders makes accu-
rate diagnosis and treatment crucial B,

Hypothyroidism and Depression

Conversely, hypothyroidism, or insufficient thyroid hormone
production, is often associated with depression. Symptoms of
hypothyroidism, such as fatigue, lethargy, weight gain, and de-
creased concentration, closely parallel those of depressive dis-
orders, leading to challenges in distinguishing between the two
conditions. The reduced metabolic rate and energy production in
hypothyroidism can contribute to a lowered mood, diminished
motivation, and overall decreased sense of well-being 1.

Studies have shown that individuals with hypothyroidism have
a higher prevalence of depression than the general population.
Furthermore, even subclinical hypothyroidism, where hormone
levels are borderline low, has been linked to increased risk of
depression and cognitive dysfunction ',

Interactions between thyroid disorders and
autoimmune diseases

The intersection of thyroid disorders and autoimmune diseases
represents a complex layer in understanding hormonal influenc-
es on emotional regulation. Notably, autoimmune thyroiditis,
such as Hashimoto’s disease, exemplifies this complexity by
being intricately linked with an increased prevalence of mood
disorders 2. The autoimmune attack on thyroid tissue not only
disrupts hormonal balance but also introduces an inflammato-
ry response that may further exacerbate emotional dysregula-
tion 1. This association underscores the challenges faced in
diagnosing and treating mood disorders within the context of
concurrent autoimmune conditions. The bidirectional nature
of thyroid function and immune system activity invites a more
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nuanced approach to treatment, necessitating considerations be-
yond standard hormonal replacement therapies. It highlights the
importance of an integrated care model that addresses the auto-
immune component as a critical factor in restoring emotional
equilibrium and overall mental health 64,

Therapeutic Implications

The bidirectional relationship between thyroid function and
emotional well-being underscores the importance of screening
for thyroid dysfunction in patients presenting with mood disor-
ders. Proper diagnosis and treatment of thyroid conditions can
lead to significant improvements in mood and cognitive func-
tion. For example, thyroid hormone replacement therapy in hy-
pothyroidism often alleviates depressive symptoms, while treat-
ments that normalize thyroid hormone levels in hyperthyroidism
can reduce anxiety and agitation [¢],

Understanding the role of thyroid hormones in emotional regu-
lation and mood disorders highlights the necessity of a holistic
approach to mental health, considering the potential contribu-
tions of endocrine factors to psychological conditions. It also
points to the importance of interdisciplinary collaboration in the
diagnosis and treatment of mood disorders, ensuring that pa-
tients receive comprehensive care that addresses both the psy-
chological and physiological aspects of their condition ..

Oxytocin: Bonding, Trust, and Emotional
Regulation

Facilitation of Social Bonds

Oxytocin is integral to forming social bonds, including maternal
behaviors, pair bonding, and group cohesion. Its release during
childbirth and breastfeeding helps establish the initial moth-
er-infant bond, a critical aspect of human development ), Be-
yond maternal behaviors, oxytocin facilitates social bonding by
enhancing the rewarding aspects of social interactions and re-
ducing social anxieties, promoting feelings of contentment and
security in relationships 81,

Enhancement of Trust

Oxytocin’s role in trust is one of its most fascinating aspects.
Studies have shown that oxytocin increases individuals’ trust in
others in social and economic exchanges, even in the absence

of personal familiarity or when the risk of betrayal is high [,
This effect suggests that oxytocin acts on the brain’s reward and
fear systems, lowering defenses and inhibiting the fear respons-
es associated with social betrayal, thus facilitating cooperative
behaviors and trust %,

Regulation of Emotional Responses

Oxytocin also plays a significant role in regulating emotional
responses, particularly in the context of social interactions. It
can diminish the stress response, reducing levels of cortisol and
mitigating the fight-or-flight reaction in socially threatening sit-
uations. By doing so, oxytocin promotes calmness and reduces
anxiety, enhancing individuals’ ability to navigate social com-
plexities and maintain emotional balance 7.

Furthermore, oxytocin has been implicated in enhancing em-
pathy and the ability to read emotional cues in others, crucial
components of effective social communication and emotional

regulation. By facilitating a better understanding of others’ emo-
tional states, oxytocin strengthens social connections and pro-
motes prosocial behavior 7!,

Genetic factors influencing oxytocin receptor
function

Incorporating the nuanced role of genetic factors into the dis-
course on oxytocin and its impact on emotional regulation un-
veils a fascinating layer of complexity. Variations in the OXTR
gene, which encodes the oxytocin receptor, have been impli-
cated in modulating individual differences in social behavior,

emotional regulation, and susceptibility to mood disorders "2,
Studies suggest that certain polymorphisms within the OXTR
gene may influence the efficacy of oxytocin receptor signaling,
potentially affecting an individual’s capacity for social bond-

ing, empathy, and processing of social cues [*l. These genetic
variations could explain the wide range of responses to social
stressors and predispositions to conditions such as anxiety or
depression. Recognizing the influence of OXTR gene polymor-
phisms not only enriches our understanding of the biological
underpinnings of emotional and social regulation but also opens
the door to personalized medical approaches. Tailoring interven-
tions that consider an individual’s genetic makeup, particularly
in the context of oxytocin signaling, may enhance therapeutic
outcomes for mood disorders and improve strategies for enhanc-
ing social functioning and emotional well-being. This genetic
perspective underscores the importance of integrating genomics
with neuroendocrinology to pave the way for precision medi-
cine in psychiatry and behavioral health 74,

Therapeutic Implications

Given its profound effects on social behavior and emotional reg-
ulation, oxytocin has been investigated as a potential therapeutic
agent for a range of conditions characterized by social deficits
and emotional dysregulation, such as autism spectrum disorders,

social anxiety, and certain forms of depression ). While the
therapeutic application of oxytocin is still under investigation,
preliminary studies suggest that oxytocin administration can
enhance social cognition, improve emotional recognition, and
reduce social anxiety in some individuals 1.

However, the complexity of oxytocin’s effects and its varied in-
fluence depending on individual and contextual factors necessi-
tate further research to understand its potential as a therapeutic
tool fully. The promise of oxytocin lies not only in its capacity
to enhance social bonding and trust but also in its potential to
illuminate the neurochemical pathways that underlie these fun-

damental human experiences ",

Other Hormones: Linking Metabolic States to
Emotional Regulation

Insulin and Mood Regulation

Insulin, a hormone produced by the pancreas, plays a critical
role in glucose metabolism, allowing cells to absorb glucose
from the blood for energy. Beyond its metabolic functions, in-
sulin has been implicated in brain function and mood regula-

tion "8, Insulin receptors are widely distributed in the brain,
particularly in regions involved in mood and cognition, such as
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the hippocampus and prefrontal cortex. Dysregulation of insulin
signaling in the brain can lead to cognitive impairments and has
been associated with mood disorders .

Studies have suggested a link between insulin resistance—a
condition in which cells become less responsive to insulin—and
depression. Insulin resistance can disrupt the balance of neu-
rotransmitters and impair neuronal growth and survival, poten-
tially contributing to depressive symptoms. Moreover, the phys-
iological stress of managing chronic conditions like diabetes,
which involves insulin management, can also affect emotional
well-being, underscoring the complex relationship between in-
sulin regulation and mood &,

Leptin, Satiety, and Emotional Well-being

Leptin is a hormone produced by adipose (fat) tissue that sig-
nals satiety to the brain, helping to regulate energy balance and
body weight. Interestingly, leptin receptors are found in brain
areas involved in emotion and reward processing, suggesting
that leptin may influence mood and emotional responses. Low
levels of leptin have been associated with increased appetite and
reduced motivation, which can contribute to the development of
obesity (1

Emerging research indicates that leptin may play a role in mod-
ulating mood and cognitive functions, with leptin resistance (a
condition often seen in obesity) being linked to depressive-like
behaviors in animal models. Furthermore, leptin has been in-
vestigated for its potential antidepressant properties, with some
studies suggesting that leptin administration can produce antide-
pressant-like effects in certain contexts 2,

Ghrelin, Hunger, and Mood

Ghrelin, often referred to as the “hunger hormone,” is produced
in the stomach and signals the brain to stimulate appetite. Like
leptin, ghrelin’s influence extends beyond metabolic regulation

to affect mood and emotional states *31. High levels of ghrelin
have been associated with stress-induced eating and may en-
hance the rewarding aspects of food, linking hunger directly
with emotional states (84,

Interestingly, ghrelin has been shown to have anxiolytic and an-
tidepressant effects in animal models, suggesting that it plays a

complex role in emotional regulation . The hormone appears
to promote stress resilience and may have protective effects
against stress-induced depression. This relationship between
ghrelin and mood underscores the potential therapeutic implica-
tions of understanding and modulating ghrelin levels in treating
mood disorders and emotional dysregulation ¢,

Role of Vitamin D

Exploring the role of vitamin D in emotional regulation adds
a compelling dimension to the hormonal influences on mood
and mental health. Vitamin D, often referred to as the “sunshine
vitamin,” exerts hormone-like actions, with its receptors widely
distributed throughout the brain, indicating its potential impact
on neurological and emotional processes. Emerging evidence
has drawn a correlation between vitamin D deficiency and an
increased risk of mood disorders, including depression and anxi-
ety, as well as cognitive impairments. The neuroprotective prop-
erties of vitamin D, along with its influence on neurotransmitter

synthesis and brain plasticity, suggest a significant role in main-
taining emotional balance and cognitive function.?®”

Consequently, the potential for vitamin D supplementation as an
adjunctive treatment in mood disorders represents an area ripe
for further investigation. Research exploring optimal vitamin D
levels for emotional regulation and the efficacy of supplementa-
tion in improving mood disorder symptoms could provide valu-
able insights into non-traditional approaches to mental health
treatment. This burgeoning field underscores the necessity of
broadening our perspective on the hormonal underpinnings of
emotional well-being, integrating nutritional and hormonal ther-
apies into holistic psychiatric care %,

Mood Disorders: Hormonal Imbalances and
Their Impact

Depression and Hormonal Imbalances

Depression is a multifaceted mood disorder characterized by
persistent feelings of sadness, loss of interest, and a range of
emotional and physical symptoms. Research has identified sev-
eral hormonal systems implicated in depression, highlighting
the role of cortisol, thyroid hormones, and sex hormones in its
pathophysiology .

e Cortisol: Elevated cortisol levels, indicative of HPA axis
dysregulation, have been frequently observed in individu-
als with depression. The chronic stress response associated
with increased cortisol can exacerbate depressive symp-
toms, impairing emotional regulation and contributing to
the neurobiological changes seen in depression !,

e Thyroid Hormones: Both hyperthyroidism and hypothy-
roidism have been linked to depressive symptoms. Thyroid
hormone imbalances can affect neurotransmitter levels and
brain function, influencing mood and cognitive processes
central to depression !,

¢ Sex Hormones: Fluctuations in estrogen and testosterone
levels have also been associated with depression. For ex-
ample, postpartum depression has been linked to rapid hor-
monal changes after childbirth, and testosterone deficiency
in men can contribute to depressive symptoms P2,

Bipolar Disorder and Hormonal Fluctuations

Bipolar disorder, characterized by mood swings between man-
ic/hypomanic episodes and depressive episodes, has also been
associated with hormonal imbalances *3l. Research suggests
that the HPA axis may be overactive during manic phases and
underactive during depressive phases, indicating a complex re-
lationship between cortisol levels and bipolar symptomatology.
Additionally, thyroid dysfunction has been observed at a high-
er rate in individuals with bipolar disorder, with some studies
suggesting that thyroid hormone supplementation may stabilize
mood in certain cases 4.

Anxiety Disorders and Hormonal Dysregulation

Anxiety disorders, encompassing conditions like generalized
anxiety disorder, panic disorder, and social anxiety disorder,
have been linked to dysregulation in several hormonal systems.
The HPA axis is particularly relevant, as heightened and pro-
longed cortisol release in response to stress can increase suscep-
tibility to anxiety disorders . Furthermore, sex hormones like
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estrogen and progesterone have been implicated in anxiety, with
fluctuations during the menstrual cycle, pregnancy, and meno-
pause potentially affecting anxiety levels ¢,

In the exploration of hormonal influences on mood disorders,
the literature presents a landscape marked by both concordance
and contention. Notably, while a substantial body of research
underscores the link between cortisol levels and depression,
findings are not universally consistent. Some studies report ele-
vated cortisol levels in depressed individuals, suggesting a hy-
peractive HPA axis, whereas others document normal or even
reduced cortisol levels, particularly in cases of chronic depres-
sion. This discrepancy may stem from factors such as the stage
of depression, individual variability in stress response, and the
presence of comorbid conditions, which can obscure the rela-
tionship between cortisol and mood 7.

Furthermore, the role of gonadal hormones in mood disorders,
particularly depression, illustrates the field’s complexity. While
the decline in estrogen levels during menopause is often cor-
related with an increased risk of depression, the preventive and
therapeutic efficacy of estrogen replacement therapy (ERT) re-

mains a subject of debate 8. Some clinical trials suggest that
ERT can mitigate depressive symptoms in perimenopausal
women, yet other studies caution against potential risks and the
lack of long-term benefits, highlighting the need for personal-
ized treatment approaches ).

These examples of conflicting findings in the literature on mood
disorders underscore the challenges inherent in delineating the
hormonal underpinnings of emotional regulation. They reflect
the multifactorial nature of mood disorders, where hormonal
dysregulation interacts with genetic, environmental, and psy-
chosocial factors in complex ways. This complexity necessitates
a cautious interpretation of research findings and a critical con-
sideration of individual differences in hormonal sensitivity and
response mechanisms. 1%

Research Gaps and Future Directions

While significant advances have been made in understanding
the hormonal underpinnings of mood disorders, several research
gaps remain. The precise mechanisms by which hormonal im-
balances contribute to mood disorders, the role of individual
variability, and the effects of hormonal interventions on these
conditions are areas requiring further investigation. Future re-
search should also explore the interplay between hormonal sys-
tems and other biological, psychological, and environmental
factors in the development and treatment of mood disorders.

Stress-Related Disorders: The Role of HPA Axis
Dysregulation

Post-Traumatic Stress Disorder (PTSD)

PTSD is a condition characterized by persistent mental and
emotional stress following the experience or witnessing of a
traumatic event. Individuals with PTSD often exhibit a hyper-
active or hypoactive stress response, indicating dysregulation
of the HPA axis ", Research has shown that cortisol levels
in PTSD patients may be lower than average, contrary to what
might be expected in chronic stress conditions. This paradoxical
response suggests a complex alteration in the feedback mecha-
nisms regulating the HPA axis, possibly as an adaptive response

to prolonged exposure to stress hormones %%,

Furthermore, the sensitivity of glucocorticoid receptors within
the HPA axis may be increased in individuals with PTSD, lead-
ing to an enhanced feedback inhibition of cortisol production.
This altered feedback sensitivity can contribute to the symptoms
of PTSD, including heightened reactivity to stress, flashbacks,
and difficulty in extinguishing fear-related memories "%,

Other Stress-Related Disorders

Beyond PTSD, dysregulation of the HPA axis has been implicat-
ed in various stress-related disorders, including generalized anx-
iety disorder (GAD), acute stress disorder, and adjustment disor-
ders. In these conditions, chronic activation of the HPA axis can
lead to persistently elevated cortisol levels, which, over time,
may contribute to a range of physiological and psychological
effects. For example, chronic stress and elevated cortisol levels
can impair cognitive functions, such as memory and attention,
exacerbate mood disturbances, and increase vulnerability to
anxiety and depressive disorders ['*4.

HPA Axis and Resilience to Stress

It’s important to note that the relationship between HPA axis
functioning and stress-related disorders is not solely one of
pathology. Variability in HPA axis reactivity among individuals
can influence resilience to stress and susceptibility to stress-
related disorders ['%l. Factors such as genetic predisposition,
early life experiences, and environmental exposures can affect
HPA axis regulation, potentially moderating the impact of
traumatic events or chronic stress on psychological health 1%,

Therapeutic Implications

Understanding the role of HPA axis dysregulation in stress-re-
lated disorders offers potential avenues for treatment. Interven-
tions aimed at normalizing HPA axis function, such as psycho-
therapy, pharmacotherapy, and stress management techniques,
can be effective in reducing symptoms and improving outcomes
in individuals with PTSD and other stress-related conditions.
Additionally, research into HPA axis modulation presents op-
portunities for developing novel therapeutic strategies targeting
the biological underpinnings of stress resilience and vulnerabil-

ity 197,

Impact of Life Stages on Emotional Regulation

Puberty

Puberty marks a period of rapid physical and psychological de-
velopment, driven by surges in sex hormones including estrogen
in females and testosterone in males. These hormonal changes
can significantly impact emotional regulation during adoles-
cence, contributing to mood swings, increased emotional sen-

sitivity, and heightened vulnerability to stress ['%l. The neuro-
developmental changes occurring during puberty, influenced by
these hormonal fluctuations, can also affect risk-taking behavior
and social dynamics, further complicating emotional regulation
during this critical period [,

Menstruation

The menstrual cycle involves cyclical changes in hormone lev-
els, notably fluctuations in estrogen and progesterone, which
can affect emotional well-being. Many women experience pre-

66 The Journal of Neurobehavioral Sciences | Volume 11 | Issue 2 | April-August 2024



Yilmazer: Hormonal Underpinnings of Emotional Regulation

menstrual syndrome (PMS), characterized by mood swings, irri-
tability, and increased emotional sensitivity, in the days leading
up to menstruation "%, For some, these symptoms escalate to
premenstrual dysphoric disorder (PMDD), a more severe condi-
tion that significantly impairs emotional regulation and quality
of life. Understanding the hormonal basis of these conditions is
crucial for developing effective treatments and support mecha-
nisms [,

Pregnancy

Pregnancy is associated with substantial hormonal shifts, pri-
marily increases in estrogen and progesterone, which support
fetal development but can also influence maternal mood and
emotional regulation. While many women experience height-
ened emotions and mood swings, some may develop antenatal
depression or anxiety, underscoring the need for attention to

emotional well-being during pregnancy %, Postpartum, the
rapid hormonal withdrawal, particularly of estrogen and proges-
terone, can contribute to the development of postpartum depres-

sion in susceptible individuals '3l

Menopause

Menopause, the cessation of menstruation, involves significant
hormonal changes, most notably a decrease in estrogen levels.
These changes can lead to a range of physical and psychological
symptoms, including hot flashes, sleep disturbances, and mood

swings M4, The transition through perimenopause to meno-
pause can be particularly challenging for emotional regulation,
with an increased risk of developing depression or anxiety dis-
orders during this time. Perimenopausal women may experience
physical and psychological changes that can affect their psy-
chological well-being. To successfully adapt to these changes,
particular coping emotional regulation strategies are necessary.
A better emotion regulation was found to predict lower levels of
psychological disorders such as depression and anxiety during
the menopausal transition ['%],

Therapeutic Implications and Support

Recognizing the impact of life stages and associated hormonal
changes on emotional regulation is crucial for providing appro-
priate support and interventions. This may include hormonal
therapies, such as contraceptive pills to manage PMS/PMDD
symptoms 1 or hormone replacement therapy (HRT) during
menopause, as well as psychological support and lifestyle inter-
ventions to enhance emotional well-being. Tailoring support and
treatment to the individual’s needs and life stage can significant-
ly improve quality of life and emotional regulation '),

Methodological Considerations

Research Challenges in Studying Hormonal
Influences on Emotional Regulation

Complex Interactions

One of the foremost challenges in this research area is the com-
plexity of hormonal interactions within the human body. Hor-
mones operate within an intricate system of feedback loops and
networks that influence a wide range of bodily functions, in-

cluding mood and emotional regulation. The endocrine system’s
interconnected nature means that a change in one hormone can
cascade through the system, affecting others in unpredictable
ways. This complexity makes isolating the specific effects of
individual hormones on emotional regulation a formidable task.

Moreover, hormones interact not just with each other but also
with neurotransmitters and other biological systems, further
complicating their study. For instance, cortisol, the stress hor-
mone, interacts with neurotransmitters such as serotonin and
dopamine, which are directly linked to mood and emotion. The
dual roles of many hormones, affecting both physical and psy-

chological states, add another layer of complexity to their study
[118]

Individual Variability

Another significant challenge is the high degree of individual
variability in hormonal responses and their psychological im-
pacts. Factors such as age, sex, genetic background, lifestyle,
and even the time of day can influence hormone levels and their
effects on mood and behavior. For example, the menstrual cycle
can dramatically affect hormonal balance in women, influenc-
ing mood and emotional regulation ['"”). Similarly, stress levels,
diet, and exercise can modulate hormonal responses differently
across individuals 1201211,

This variability poses challenges for researchers attempting
to draw broad conclusions from study findings. It necessitates
large sample sizes and careful consideration of participant char-
acteristics to ensure that results are not unduly influenced by
individual differences !'?2.1

Subjective Measures of Emotion

Emotions are subjective experiences, often assessed through
self-report measures in research. While self-report instruments
can provide valuable insights into an individual’s emotional
state and regulatory strategies, they are also subject to biases
and inaccuracies. Participants may struggle to accurately recall
or articulate their emotional experiences, leading to potential
discrepancies in data collection.

Furthermore, the subjective nature of emotional experience
complicates the task of establishing clear, objective criteria
for emotional regulation and its dysregulation. This has led
researchers to explore alternative, more objective measures of
emotional regulation, such as physiological indicators (e.g.,
heart rate variability) and neuroimaging techniques, to comple-
ment self-reported data (23],

Measurement Techniques in Studying Hormonal
Influences on Emotional Regulation

Blood, Saliva, and Urine Testing

The quantification of hormone levels often relies on biological
samples such as blood, saliva, and urine. Each of these sampling
methods has its own set of advantages and challenges:

*  Blood Testing: Considered the gold standard for hormone
measurement, blood testing provides accurate and compre-
hensive hormone profiles. However, it is relatively invasive
and requires professional handling, making it less ideal for
frequent sampling or studies with large sample sizes ['*.
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e Saliva Testing: Saliva testing offers a non-invasive alter-
native for measuring certain hormones, including cortisol
and testosterone. It is particularly useful for studies requir-
ing multiple daily measurements or those focusing on the
stress response. Nevertheless, salivary hormone levels can
be influenced by various factors such as food intake and
oral health, potentially affecting accuracy 12,

e Urine Testing: Urine testing allows for the assessment of
hormone metabolites over extended periods, providing a
cumulative measure of hormonal output. This method can
be useful for evaluating overall hormonal balance but lacks
the specificity and temporal resolution needed for studying
acute hormonal responses to emotional stimuli 26127,

Functional Neuroimaging

Functional neuroimaging techniques, such as functional mag-
netic resonance imaging (fMRI) and positron emission tomogra-
phy (PET), have become invaluable in studying the brain’s role
in emotional regulation and the effects of hormones on brain
activity. These methods enable researchers to observe changes
in brain regions associated with emotional processing and reg-
ulation in response to hormonal fluctuations or manipulations.
While powerful, these techniques require substantial resources
and expertise and are subject to limitations related to interpre-
tation and the artificial nature of experimental conditions 2%,

Psychophysiological Measures

Psychophysiological measures, including heart rate variability
(HRV), skin conductance response (SCR), and electroenceph-
alography (EEG), offer objective insights into the body’s emo-
tional responses. These measures can provide indirect evidence
of hormonal effects on emotional regulation by capturing the
physiological correlates of emotional arousal and regulation
processes. However, they require careful interpretation as they
can be influenced by a variety of non-emotional factors !,

Ecological Momentary Assessment (EMA)

EMA involves the real-time assessment of emotions and behav-
iors in participants’ natural environments, often using digital
diaries or smartphone apps. This approach can capture the dy-
namic interplay between hormonal fluctuations and emotional
regulation in everyday life, offering high ecological validity.
The challenge lies in ensuring compliance and managing the ex-
tensive data generated 13,

Future Directions

Gaps in Research

Identifying gaps in the current research landscape on the hor-
monal influences on emotional regulation is essential for guid-
ing future investigations. This endeavor reveals areas that are
understudied or present conflicting findings, offering opportu-
nities for new discoveries and advancements. Here are several
notable gaps that we have identified, which require further ex-
ploration.

Long-term Effects of Hormone Therapy

One significant area that necessitates more research is the long-
term effects of hormone therapy on emotional regulation. While
hormone therapy is commonly prescribed for conditions like

menopause, hypogonadism, and gender transition, the enduring
impacts of these treatments on mood, emotional resilience, and
psychological well-being remain poorly understood. Studies
that track individuals over extended periods post-therapy could
provide valuable insights into these effects, informing clinical
practices and patient guidance 31,

Hormonal Interactions with the Microbiome

The interaction between hormonal systems and the gut micro-
biome presents an intriguing yet underexplored area. Emerging
research suggests a bidirectional relationship between gut bac-
teria and hormones, which could significantly impact emotional
regulation. Delving into how hormonal fluctuations influence
the microbiome and vice versa could unveil novel mechanisms
of emotional regulation and potential therapeutic targets 32,

Impact of Environmental Disruptors on
Hormonal Balance

The influence of environmental disruptors, such as chemicals
that mimic or interfere with the action of hormones, on emotion-
al regulation is another area requiring more attention. These sub-
stances, found in plastics, pesticides, and personal care products,
could have profound implications for hormonal health and, con-
sequently, emotional and psychological well-being. Non-chem-
ical factors, such as artificial light, radiation, temperature, and
stress exposure, have not been thoroughly studied, despite their
potential to significantly impact the endocrine system through
the modification of hormone function. Understanding the extent
of these impacts is crucial for public health measures and regu-
latory policies 133,

Hormonal Influences Across Diverse Populations

Much of the existing research on hormonal influences on emo-
tional regulation has focused on relatively homogenous pop-
ulations. There is a need for more studies that examine these
dynamics across diverse populations, including different ethnic-
ities, ages, and socioeconomic statuses 34, Such research could
uncover important variations in how hormonal changes affect
emotional regulation, leading to more inclusive and effective
treatment approaches.

Technological Innovations in Hormone
Measurement

Another gap lies in the need for technological innovations that
enable more accurate, non-invasive, and real-time monitoring of
hormone levels. Current methods, while effective, often require
invasive procedures or do not provide immediate results. Ad-
vances in wearable technology or biosensors could revolution-
ize the way hormones are studied, allowing for more dynamic
assessments of their impact on emotional regulation in real-life
settings '3,

Genetic and Epigenetic Factors in Hormonal
Emotional Regulation

Finally, the role of genetic and epigenetic factors in determining
individual sensitivity to hormonal fluctuations and their impact
on emotional regulation is an area ripe for exploration 3], Un-
derstanding the genetic underpinnings and how life experiences
alter gene expression related to hormonal responses could lead
to personalized treatment strategies and preventive measures for
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mood disorders and emotional dysregulation [13¢],

Potential Therapeutic Approaches

Understanding the hormonal basis of emotional regulation
opens promising avenues for developing new and more effective
treatments for mood disorders. By delineating how hormonal
imbalances contribute to conditions such as depression, anxi-
ety, and bipolar disorder, researchers and clinicians can tailor
therapeutic approaches that directly address these underlying
biological mechanisms. Here are several potential therapeutic
approaches that could emerge from a deeper understanding of
the hormonal influences on emotional regulation:

Hormone Replacement Therapy (HRT)

For mood disorders linked to hormonal deficiencies or imbal-
ances, such as those experienced during menopause or thyroid
dysfunction, hormone replacement therapy could offer relief.
By restoring hormonal balance, HRT has the potential to allevi-
ate mood disorder symptoms. However, its application must be
carefully considered, taking into account the individual’s health
profile and the risks associated with long-term hormone supple-
mentation 137,

Selective Hormone Modulator Treatments

Developing treatments that selectively modulate hormone re-
ceptors could provide targeted relief from mood disorders with-
out the broader effects of hormone replacement. For instance,
selective estrogen receptor modulators (SERMs) have been
explored for their potential to relieve symptoms of depression
and anxiety in postmenopausal women, offering a more nuanced
approach to hormone therapy 1381,

Pharmacological Agents Influencing Hormonal
Pathways

Pharmacological agents that influence hormonal pathways, such
as those affecting the HPA axis or the synthesis and metabolism
of sex hormones, could offer new ways to treat mood disorders.
Medications that modulate cortisol levels or the sensitivity of
cortisol receptors, for example, could be beneficial for stress-re-
lated mood disorders and those with a significant stress compo-

nent, like PTSD 13,

Lifestyle Interventions and Behavioral Therapies

A hormonal understanding of emotional regulation can also in-
form non-pharmacological treatments. Lifestyle interventions
that naturally balance hormone levels, such as diet, exercise, and
stress management techniques, could serve as preventive mea-
sures or adjunctive therapies for mood disorders. Additionally,
behavioral therapies that effectively reduce stress and improve
emotional regulation might indirectly influence hormonal bal-
ance, contributing to mood stabilization 401411,

Personalized Medicine Approaches

Insights into the hormonal underpinnings of mood disorders
could lead to personalized medicine approaches, where treat-
ments are tailored to the individual’s specific hormonal profile
and genetic predispositions. This could involve genetic testing
to identify vulnerabilities to hormonal imbalances and custom-
izing treatment plans that address these unique factors, poten-

tially increasing treatment efficacy and reducing side effects.

The prospect of personalized medicine in the realm of emotional
regulation and mood disorders represents a frontier of immense
potential, guided by the nuanced understanding of hormonal in-
fluences. Tailoring treatments to individual genetic profiles, hor-
monal states, and environmental contexts holds the promise of
revolutionizing mental health care. For instance, genetic varia-
tions affecting hormone receptor sensitivity or neurotransmitter
function could inform customized treatment strategies, optimiz-
ing the efficacy of hormone-based therapies, psychotropic med-
ications, and even lifestyle interventions. This approach neces-
sitates a comprehensive integration of genomic data, endocrine
assessments, and psychosocial evaluations, paving the way for
treatments that are not only more effective but also minimize
adverse effects. The move towards personalized medicine, root-
ed in the hormonal basis of emotional regulation, underscores
the importance of interdisciplinary research, combining insights
from endocrinology, genetics, and psychology to address the
complexities of mood disorders 142,

Combination Therapies

Finally, understanding the multifaceted role of hormones in
mood disorders suggests that combination therapies that address
both hormonal and non-hormonal aspects of these conditions
could be most effective. This might involve combining hor-
mone therapy with antidepressants, psychotherapy, and lifestyle
changes to tackle mood disorders from multiple angles.

Conclusion

This review has traversed the intricate landscape of hormonal
influences on emotional regulation, shedding light on the com-
plex interplay between various hormonal systems and their
impact on mood, stress responses, and overall psychological
well-being. Through an exploration from the foundational roles
of the HPA axis and gonadal hormones to the nuanced effects of
thyroid hormones, oxytocin, and metabolic hormones, the sig-
nificant interconnectedness of endocrine and emotional systems
has been underscored.

The challenges and methodological considerations delineated
within this text reveal the intricate variables researchers face in
elucidating the hormonal mechanisms underpinning emotional
regulation. Despite these obstacles, the identification of poten-
tial therapeutic avenues offers promising directions for develop-
ing more effective, personalized treatments for mood disorders,
rooted deeply in an understanding of hormonal regulation.

Highlighting gaps in current research, such as the long-term ef-
fects of hormone therapy on emotional regulation and the inter-
play between hormonal systems and the gut microbiome, sets a
clear roadmap for future investigations. These domains promise
to unlock further insights into how hormonal imbalances con-
tribute to emotional dysregulation and mood disorders, paving
the way for innovative treatments and interventions.

This examination into the hormonal catalysts of emotional reg-
ulation is not merely academic; it holds key implications for en-
hancing mental health care, offering new perspectives on treat-
ing mood disorders, and improving emotional well-being. As
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the field continues to unravel the complex relationships between
hormones and emotions, it moves closer to holistic, integrated
approaches to mental health that recognize the inseparable ties
between physical and psychological health.

Moreover, the dialogue surrounding hormonal therapy, particu-
larly in addressing mood disorders, invites a nuanced consider-
ation of its long-term implications on emotional regulation and
overall health. The potential of hormonal therapy to offer relief
for conditions characterized by hormonal imbalance under-
scores the necessity of rigorous, longitudinal research to fully
comprehend its benefits and risks. Such investigations are pivot-
al in establishing safe, effective protocols that consider the com-
plexities of hormonal interactions and their systemic effects.

The global implications of advancing our understanding of hor-
monal influences on emotional regulation extend far beyond the
realms of academic interest, holding promise for transformative
public health outcomes. As mental health disorders continue to
pose significant challenges worldwide, elucidating the hormon-
al underpinnings of emotional dysregulation offers a pathway
to more effective, holistic treatment approaches. Enhanced hor-
monal insights can inform public health strategies aimed at early
detection, prevention, and intervention, potentially reducing the
burden of mood disorders on individuals, families, and health-
care systems globally. Integrating hormonal health into mental
health care and public health initiatives could foster a more re-
silient, emotionally well-regulated population, highlighting the
broader societal and health-related benefits of this research.

This review’s exploration emphasizes the indispensable need
for a multidisciplinary approach in advancing our understanding
and treatment of mood disorders influenced by hormonal regula-
tion. Collaborations across endocrinology, psychology, neurolo-
gy, and genetics promise to illuminate the intricate mechanisms
at play, paving the way for innovative therapeutic strategies. By
embracing a holistic perspective that integrates diverse scientific
insights, the field can move towards personalized, comprehen-
sive care strategies that address the multifaceted nature of mood
disorders.

While comprehensive, this review represents a snapshot of a dy-
namic, evolving field. It invites further exploration, interdisci-
plinary collaboration, and innovative thinking to fully leverage
this knowledge for improving mental health outcomes. The fu-
ture of research in hormonal influences on emotional regulation
is rich with possibilities, challenging the scientific community to
expand understanding and to envision a future where emotional
well-being is accessible to all, guided by the intricate dance of
hormones that orchestrates our emotional lives.
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- Review Article

Intractable Epilepsia in Pediatric Populations: Surgical Approaches,
Results, and Therapy, A Comprehensive Systematic Review of the
Literature in Hemispherectomy

Abstract

A hemispherectomy is a surgical procedure in which the basal ganglia are retained but the entire cerebral

hemisphere is removed. This technique was used by Dandy in 1928 to remove a glioma. McKenzie, a

Canadian doctor, performed the first hemispherectomy on an epileptic patient in 1938. A comprehensive

review of the scientific literature was carried out using the recommended guidelines. Using PRISMA

(Preferred Reporting Items for Systematic Reviews) guidelines, this study carefully evaluated the scho-

larly literature on surgical outcomes and treatment regimens. We followed the EXCEL criteria, Rayyan

(Intelligent Systematic Review), and R software. Academic publications were found in databases such as
ScienceDirect and PubMed/MEDLINE Studies published in English up until January 2024. Our study
of epileptic patients with intractable epilepsy involved a total of 1157 patients, of whom 708 underwent

hemispherectomy. Table 1-2-3, and Figure 2,3,4, 5show the patients’ demographic breakdown: 195 pa-

tients, or 27.54%, had cortical dysplasia, seizures, or Rasmussen encephalitis; 305 patients, or 43.08%, had

seizures; 87 patients, or 12.29%, had strokes or Weber syndrome; 449 patients, or 72.8% of the patients,

out of 325 patients, had the Engel type 1 classification; and 232 patients, or 51.67% of the patients, had

Engel type 2. The results of this pediatric systematic review led us to the conclusion that, once an infant’s

nonexistent seizure count is reached, either through conservative or immunoregulatory therapy or brain sti-

mulation, hemispherectomy is the most stable course of action. Intractable epilepsy is essentially treatable.

Keywords: Intractable epilepsia, hemispherectomy, disconnections, syndromes, outcomes and treatments.

Introduction

A hemispherectomy is a surgical procedure in
which the basal ganglia are retained but the
entire cerebral hemisphere is removed. This
technique was used by Dandy in 1928 to re-
move a glioma. McKenzie, a Canadian doctor,
performed the first hemispherectomy on an ep-
ileptic patient in 1938. Patients who underwent
surgery experienced hemiplegia and intractable
epilepsy. Twelve infants with intractable epi-
lepsy and infantile hemiplegia underwent hemi-
spherectomy. 1. Hemispherectomies are among
the most significant surgical procedures used to
treat pediatric epilepsy. 16-21%. As a result, to
administer this treatment, a vertical parasagittal
route is employed in addition to the lateral as-
pect through the Sylvian fissure. Additionally,
this method prevents postoperative seizures in
up to 90% of instances. As a result, these hemi-
sphere abnormalities may cause or provoke dif-
ficult-to-cure epilepsy in a child at a young age.
in addition to CSF alterations being the main
1-15% issues. 2.

The most recent classification of epilepsy and
seizures was released in 2017 by the Interna-
tional League Against Epilepsy. This group of
seizures includes epileptic, hyperkinetic spasms
such as automatism, focal motor, myoclonic,
tonic or tonic-clonic, clonic, and atonic sei-
zures. These are categorized as just generalized

seizures that progress into focal onset seizures.
Myoclonic-atonic or generalized epileptic; fo-
cal, non-motor; behavioral or emotional; ab-
sence with myoclonic genesis in the eyelids;
and myolonic-tonic or clonic spasms. P!. More
and more epileptic patients are being connected
to a location that may be successfully removed
surgically, but is untreatable due to tumors, hip-
pocampal atrophy, or underlying focal cortical
dysplasia, thanks to the use of modern imaging
techniques like magnetic resonance imaging.
Accordingly, generalized epilepsy may also be
successfully surgically removed, in the same
way as the so-called infeasible spasms brought
on by underlying focal cortical dysplasia can
be treated surgically based on initial findings.
Sturge-Weber and megalencephalic syndromes
are categorized as catastrophic seizure diseas-
es requiring prompt hemispherectomy. and one
was the preoperative assessment, which identi-
fied the various regions of epileptic anomalies
by utilizing data from electroencephalograms,
positron emission tomography, magnetic reso-
nance imaging, and photon alone type emission
tomography. Further evidence suggests that ep-
ilepsy is also frequently seen in patients with
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Marfan type 1, in patients with brain tumors associated with
mesial temporal sclerosis that may be associated with or coexist
with focal cortical dysplasia, in patients with a variety of epilep-
sy-related syndromes, and in situations where the epilepsy site is
affected . Sometimes they will show signs of drug resistance.
Patients with concomitant medial temporal lobe cortical dyspla-
sia, Marfan type 1, and mesial temporal sclerosis may be treated

with medial temporal lobectomy .

This study intends to determine the effectiveness of the tech-
nique in connection to the location, frequency, and responsive-
ness to the intervention in order to better understand how hemi-
spherectomy has improved the treatment of intractable epilepsy
in pediatric patients.

Materials and methods

A comprehensive review of the scientific literature was carried
out using the recommended guidelines. Using PRISMA (Pre-
ferred Reporting Items for Systematic Reviews) guidelines, this
study carefully evaluated the scholarly literature on surgical
outcomes and treatment regimens. We followed the EXCEL cri-
teria, Rayyan (Intelligent Systematic Review), and R software.
Academic publications were found in databases such as Sci-
enceDirect and PubMed/MEDLINE by using the search phrases
“Hemispherectomy OR Intractable Epilepsy” AND “resection
by location”, “resection by Lobectomy”, “focal dysplasia resec-
tion”, and “associated syndromes”. Ethics approval: Not need,
or not applicable. Studies published in English up until January
2024.

The PICO framework (population, intervention, comparison,
and outcome) was used to the pediatric population with this type
of disorder, which ranges in age from 0.3M to 17 years.

Shown Figure 1.

r I

Research lies through d
L Y
g Articles 223 — Removed 16 duplicates
g
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Figure 1: PRISMA Flowchart Hemispherectomy in Pediatric Patients with Intrac-
table Epilepsia Study.

Search Strategy and Mesh Terms

The search strategy incorporated a comprehensive set of Mesh
terms related to Hemispherectomy in an Intractable Epilepsia.
(“Epilepsies, Partial/classification”’[Mesh] OR “Epilepsies,
Partial/complications”’[Mesh] OR “Epilepsies, Partial/congeni-
tal”[Mesh] OR “Epilepsies, Partial/diagnosis”’[Mesh] OR “Ep-
ilepsies, Partial/diagnostic imaging”[Mesh] OR “Epilepsies,
Partial/drug therapy”[Mesh] OR “Epilepsies, Partial/epidemi-
ology”’[Mesh] OR “Epilepsies, Partial/etiology”[Mesh] OR
“Epilepsies, Partial/genetics”[Mesh] OR “Epilepsies, Partial/
history”[Mesh] OR “Epilepsies, Partial/pathology”’[Mesh] OR
“Epilepsies, Partial/prevention and control”[Mesh] OR “Epilep-
sies, Partial/psychology”[Mesh] OR “Epilepsies, Partial/radio-
therapy”[Mesh] OR “Epilepsies, Partial/rehabilitation”’[Mesh]
OR “Epilepsies, Partial/surgery”’[Mesh] OR “Epilepsies, Par-
tial/therapy”[Mesh] )

(Total Hemispherectomy AND Hemispherectomy, Total OR
Partial Hemispherectomy AND Hemispherectomy, Partial OR
Functional Hemispherectomy AND Hemispherectomy, Func-
tional) AND  (“Hemispherectomy/instrumentation”[Mesh]
OR “Hemispherectomy/methods”’[Mesh] OR “Hemispherec-
tomy/rehabilitation”’[Mesh] OR  “Hemispherectomy/stan-
dards”[Mesh] )

Selection Criteria and Search Strategy

The publications were found through a systematic search tech-
nique that focused on English-language journals published be-
tween January 2023 and January 2024. Strict standards were
used in the selection procedure to ensure that articles about var-
ious forms of total hemisphere amputation were of high quality
and applicable. surgical intervention is the last resort for local-
ized seizure disorders associated with intractable epilepsy, or
partly in epilepsy linked to syndromes displaying this type of
illness.

Comprehensive Search Strategy Keywords

In addition to the Mesh terms, keywords including “Intracta-
ble Epilepsy “Syndromes,” “Hemiparesis,” “Seizures,” ‘“Partial
or total hemispherectomy and Pediatric epilepsy,” and “treat-
ments” were included in the search strategy.

Inclusion Criteria
Age range for children: 0.3 m to 17 yrs

Functional results, technique, care, and results of vertical in-
terhemispheric hemispherectomy following a pediatric hemi-
spherectomy

The purpose of hemispherectomy in Rasmussen encephalitis

Treatment for hemimegaloencephaly using hemisphere epilepsy
surgery

Forecast or estimate the functional outcomes and seizure activi-
ty after a juvenile hemispherectomy.

Exclusion Criteria

Non-pediatric patients can range in age and have ex-
tremely severe epilepsy that is uncontrollably worse.
ForPatientswithepilepsy,whohemispherectomyisnotappropriate.
Patients who are diagnosed with epilepsy but whose sei-
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zures are proven to be tumor-related by magnetic res-
onance imaging are not eligible for hemispherectomy.
papers that do not meet the requirements for intractable epilepsy
and were not treated.

Data Extraction

Standardized approaches were employed to collect data from
qualifying research, with a focus on each study’s methodol-
ogy, demographics, and characteristics of the intervention.
This search approach took into account a number of factors, in-
cluding the patient’s age, the intervention’s modalities, and the
functional outcomes following the surgical period, in order to
thoroughly locate the pertinent literature on hemispherectomy
in young patients with uncontrollable epilepsy.

Results

Our study of epileptic patients with intractable epilepsy in-
volved a total of 1157 patients, of whom 708 underwent hemi-
spherectomy. Table 1 and Figure 2,3,4 show the patients’ de-
mographic breakdown: 195 patients, or 27.54%, had cortical
dysplasia, seizures, or Rasmussen encephalitis; 305 patients, or
43.08%, had seizures; 87 patients, or 12.29%, had strokes or
Weber syndrome; 449 patients, or 72.8% of the patients, out of
325 patients, had the Engel type 1 classification; and 232 pa-
tients, or 51.67% of the patients, had Engel type 2. These pa-
tients are summarized in Table 2 and Figure 5 and Table 3. In
total, 1157 patients were present, and a total of 1161 people par-
ticipated in 29 trials, and 1102 of them experienced seizures;
the overall absence rate was 73.4%. Of the total, 16 papers (or
55%) offered relevant information about these seizures that oc-
curred after hemispherectomy. Furthermore, although there was
no significant difference (p=0.7) between this symptom and this
type of procedure, nearby seizures showed 85% of acquired eti-
ologies and another form of progressive development between
30%, 41%, and 29% consecutively. The two categories of ac-
quired and progressive etiologies were found to be greater than
the developmental etiologies, as evidenced by p=0.001. On the
other hand, 20 investigations found issues. in addition to a CSF
diversion of up to 14% in cases of hydrocephalus. Participants
had a 30-day mortality limit of 2.2% and who had no variance
in the types of hemispherectomies (p=0.8). "

Based on studies conducted at the Johns Hopkins Medical In-
stitution between 1968 and 1996. A group of young kids with
epilepsy underwent 27 surgeries: 7 patients had Sturge-Weber
syndrome, 24 surgeries were for cortical dysplasia, 67% were
for hemimegaloencephaly, and 89% of the surgeries were for
Rasmussen syndrome. Despite the fact that 67% of the partici-
pants of the vascular group did not experience seizures as a re-
sult of their subpar performance, an additional item was includ-
ed that included the frequency of seizures in addition to motor
and intellectual dysfunction. As a result, it showed that children
had better results both before and after surgery. [*l.

Remarkably, a review conducted between 1979 and 2020 using
19 publications revealed that newborns who had hemispherec-
tomy, or hemispherectomy with a range of 7% to 76%, did not
have seizures one year after surgery. Seizures become indepen-
dent in 40-70% of non-hemispheric type operations. Research
from hemispherectomy procedures demonstrates that they help

babies who have them from having seizures.!'!],

Techniques for functional surgery in the posterior
quadrant

This technique, similar to peri-insular hemispherectomy, makes
the opercular cortices and the central peri-Roland area visible.
The entire epithelium is intended to be punctured by the ex-
cision. A leptogenic lesion can be easily identified upon close
inspection, and the core region, which includes the motor and
sensory cortex, should be avoided. We also used somatosensory
or motor evoked potentials to do a magnetic resonance imaging
examination of the intraoperative anatomical surface based on
arteries and veins in order to achieve resection and guarantee
surgical safety. Similar to a periinsular hemispherectomy, the
functional posterior quadrantectomy involves removing the
mesial temporal region through the infra-insular window. The
mesial temporal excision enabled by the infra-insular window
in the superior temporal gyrus includes the uncus, amygdala,
and hippocampus areas. A step before surgery is the discon-
nection of the temporal and parietal neocortex or the occipital
lobes. The so-called infra-insular window extends posteriorly
down the temporal horn to the trigone of the lateral ventricle,
taking into account the preservation of the Labbe vein and the
branches of the middle cerebral artery. the cortical incision at a
higher level and the suprasylvian cortex, which is situated be-
hind the primary sensory core, respectively, through the tempo-
ral cingulate. Complete eradication using subpial aspiration of
the tainted area, a decision made at the cloister level. The third
stage is entry. The trans-parietal disconnection is located in the
superior diagonal cortical incision, directly behind the postcen-
tral gyrus. The excision was carried out along the falx and its
disconnection, up to the pia mater, till the sagittal position. A
posterior callosotomy, or the removal of the corpus callosum
inferiorly and at the superior level, would be the last operation.
The parietal and occipital temporal lobes remain anatomically
positioned after the procedure; however, they are completely
severed from both the contralateral hemisphere and the ipsilat-
eral frontal section of the lobe.!'.

The hippocampal and amygdala are removed during a temporal
lobectomy known as a functional hemispherectomy. The body
of the lateral ventricle is first made visible through a central ex-
cision. Subsequently, the anterior basal frontal area and the peri-
callosal cerebral artery separate the corpus callosum from the
ventricle. At last, the corpus callosum is severed from the ventri-
cle by performing the subpial disconnection. Lastly, the anterior
basal frontal region and the subpial level of the cingulum gyrus

divide the corpus callosum from the ventricle. %,

Anterior temporal lobectomy

Compared to adult patients, we have a different understanding
of the pathology of the pediatric temporal lobe. Although the
underlying cause of refractory seizures is more likely to be neo-
plastic lesions or congenital problems like cortical dysplasia, the
pathological basis of mesial temporal sclerosis is a less common
finding in adults than in children. This results in changes to the
degrees and frequency of approaches of the temporal lobe. For
adults with refractory epilepsy, Anterior temporal lobectomy
(LBTA) is the most prevalent resection method, with a lower
percentage of procedures performed in the infantile form. It is
noteworthy that these techniques are derived from the seminal

78 The Journal of Neurobehavioral Sciences | Volume 11 | Issue 2 | April-August 2024



Encarnacion-Santos: Intractable Epilepsia in Pediatric Populations: Surgical Approaches, Results, and Therapy

work of Spencer et al. from the middle of 1984. Consequently,
we observed certain differences, including the degree of hip-
pocampal resection and the extension of the temporal neocor-
tical excision, which usually happens less than 4 and less than
6 cm from the front temporal lobe, respectively, on the domi-
nant side. The modifications to the procedure will be based on
the results of the electrophysiological test and the preoperative
photographs. The surgery has a comparatively low 0-5% fatality
rate, according to LBTA, while the review’s morbidity ranged
from 0-9.3. Common problems include the visual field, infec-
tion, and so-called neuropsychological alterations, namely the
decline in verbal memory that results from removal of the dom-
inant hemisphere. The contralateral hemisphere is attributed to
the cognitive alterations in children, and the LBTA results are
positive. Though verbal memory may deteriorate, children may
experience better neuropsychological alterations than adults. !4,

B strokes /Sturge-Weber syndrome [l Seizures or cortical dysplasia
B patients [ years

Rasmussen syndrome

2500

2000

1500

1000

500

Figure 2. Research on hemispherectomy-treated intractable epilepsy and the
most common disorders associated with it in children.

Table 1: Intractable Epilepsia in the Pediatric Population: Hemispherectomy as the Optional Treatment

. strokes /
Procedure / Rasmussen Seizures or Sturee—
Authors years Type of study patients Anatomical and cortical g Follow up P=value
. syndrome . Weber
Functional dysplasia
syndrome
71 two lost from
Palma et al. [, 2019 Retrospective 92 Hemispherectomy 10 38 sei- follow-up,  0.43
zure-free  73.3%
Hemispherectomy
Marras et al.l. 2010 Retrospective 13 and functional 6 3 2 2-7years  N/A
hemispherectomy

Vedantam et al. [, 2018 Retrospective 208  Hemispherectomy 83 33 20 62.5% 0.01

Prospective
Reinholdson et al. 31, 2015  observational 12 Hemispherectomy  N/A 47 1 2 years N/A

study

Schram et al. ¢, 2012 Retrcﬁl/);ctlve 96  Hemispherectomy  N/A N/A N/A 1 year N/A

retrospective
Pinto et al. ['7], 2014 observational 36  Hemispherectomy — N/A 22 N/A 1 year 0.001

study

Multicenter .
Roth et al. U8, 2021 study 48  Hemispherectomy — N/A 28 N/A 51 months  .0001
Otsuki et al. 1), 2013 N/A 18  Hemispherectomy  N/A 13 N/A N/A N/A
Lettori et al. 2%, 2008  prospective 19  Hemispherectomy 6 N/A 3 1 year N/A
Jonas et al. P, 2004 Consli)s;;twe 15  Hemispherectomy 21 39 27 2 years N/A
Loddenkemper .

2007  Case reports 14  Hemispherectomy N/A N/A N/A 6 months N/A

et al. 2,
Cook et al. 3, 2004 Conslf:i;;tlve 14  Hemispherectomy 32 55 27 0.5-2 years  N/A
BS Carson et al. 24, 1996 Review 52  Hemispherectomy  N/A N/A N/A N/A N/A
Pulsifer et al. 2!, 2004 Crossectional 71  Hemispherectomy 37 27 7 2'1}:;?;7'5 0.05
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Procedures for Surgery

Benjamin Carson et al. First, a frontal lobectomy was per-
formed, and then a temporal lobectomy involving the removal
of the occipital lobe was performed. The coagulopathy was the
main focus, not how long the surgery took. With a frontal lobec-
tomy, there was no need to interfere with the anterior circula-
tion because the majority of hemisphere bleeding happens in the
midline. In order to preserve the ventricular system, the anterior
cerebral artery branches were coagulated, and decortication was
also performed. This left the thalamus and basal ganglia intact,
along with a thin layer of white matter covering the ependymal
surface. The identical trigonal area was exposed to CSF fluid
leakage following a complete temporal lobectomy of the brain.
gel foam and surgical mesh obstructed. It is necessary to build a
ventricular surface because the cortical veins are bleeding more
frequently. because they apparently enlarge as they drain into
the sagittal sinus. In order to prevent hemimegaloencephaly in
children, a parasagittal cortical canal connecting the anterior
falx to the posterior extension of the occipital lobe is required.
By blocking the cortical veins, this canal significantly reduc-
es bleeding. Once cortical tissue is removed at the parasagittal
level, the remaining portions of the cerebral venous system that
enter the sagittal sinus need to clot and divide. After hemostasis
is achieved, clean the region thoroughly, apply Gelfoam, and
refrain from performing surgery on young children as this could
cause cardiovascular instability.*%

Figure 3.a: Complete and subtotal hemispherectomy; blue regions show jerks
caused by stimulation; red and yellow spots show the locations of seizure initia-
tion. b, hemispherectomy subtotal c, Frontal lobectomy after posterior quadran-
tectomy, seen from an operating perspective. c, the posterior quadrantectomy’s
final cortical incision margin, indicated in several anatomical areas.

Rasmussen encephalitis

RE is a rare condition that is thought to exist in a smaller popu-
lation undergoing hemispherectomy; of the 32-39 documented
cases of hemispherectomy, it accounts for a significant percent-
age of patients undergoing surgery, ranging from 1% to 42%. The
primary inflammatory process associated with RE is Rasmussen
syndrome has been reported to develop after a head injury or
infection, and progressive unilateral hemisphere dysfunction is
known to happen frequently along with inflammatory and his-

tological imaging abnormalities. RdE affects children, but it is
not normal for them; hence, there may be unilateral focal onset
seizures that worsen. Autoantibodies against the glutamate re-
ceptor type 3 (GIuR3) N-methyl-D-aspartate receptor (NMDA)
linked to RAE and other severe forms of epilepsy are related to
it. drifting, similar to classic partial epilepsy where hemiparesis
is the final symptom caused by a progressive decrease of uni-
lateral hemisphere function. Language function is also affected
if the dominant hemisphere is damaged. An MRI shows areas
of inflammation along with a consistent reduction. There have
been several, but unevenly successful, attempts at immunomod-
ulatory therapy to stop the illness, including plasma exchange,
calcineurin inhibitors, high doses of corticosteroids, and intrave-
nous immunoglobulin + immunoglobulin. Hemispherectomy is
still the standard of care, however. 91,

Figure 4. a) Hemimegaloencephaly. Axial T2w MRI shows extensive growth of the
left hemisphere with enlargement of the white matter throughout the hemisphere,
b) left porencephalic frontotemporal cyst affecting the basal ganglia and thala-
mus of the left ventricle with the dilated and exvacuo sylvian fissure, c) MRI of
Sturge-Weber disease, axial T1w with gadolinium with cortical gyri in atrophic
cerebral hemisphere. d) Rasmussen encephalitis. Preoperative axial FLAIR im-
ages, the subcortical white matter signal areas of the right insula are intensified,
temporal and frontal lobes with parenchymal gliosis, with slight hemiatrophy of
the right hemisphere.

Otsuki et al. [19]. Weil et al. [27].
729 e

7.2%
Arifin et al. [28]

Reinholdson et al.

7.2%

Kwan et al. [39]

Kestle et al. [29]
1 7.1%

Terra-Bustamante...

Maehara et al. [31]
719 C

71%

Limbrick et al. [32]

71%

Jietal. [37].
72%

Abraham et al. [33]
7.2%

Torres et al. [34]
7.1%

Granata et al. [36] A ‘,g s
719 y iy

Kumar et al. [35]

Figure 5 samples of people who had hemispherectomy treatments that went well
according on the Engel type 1 and type 2 classifications.

80 The Journal of Neurobehavioral Sciences | Volume 11 | Issue 2 | April-August 2024



Encarnacion-Santos: Intractable Epilepsia in Pediatric Populations: Surgical Approaches, Results, and Therapy

Table 2 According to Engel’s classification, studies concentrated on peri-insular hemispherectomy, which was followed by

death and neurological changes such hemiparesis.

Neurological

. . Follow . .
Author year Kind of study Patients Procedure Engel1 Engel 2 u Mortality alterations P=value
Weil Observational Peri-insular
et al £7 2014 Study 69 Hemispherectomy 59 N/A 2 N/A N/A 0.009
. retrospective . .
Arifin 2019  observational 19 Peri-insular 12 13 6 N/a  Hemipares g
et al. 8 Hemispherectomy sis 5
study

Kestle . .. . .
ot al. 29 1999  retrospective 16 Peri-insular 8 9 3 N/A Hemiparesis N/A
Villemure B Clinical Trial 43 Peri-insular 34 N/A 9 1 N/A N/A
Machara Retrospective/ .. . .
ot al. B 1998 N/A 14 Peri-insular 6 12 4 N/A  Hemiparesis N/A
Limbrick . -
ot al. 2 2008  retrospective 35 Peri-insular N/A 28 2 N/A N/A N/A
Qb;a}éi]m 2016 Retrospective 45 Peri-insular 41 43 4 N/A NA  NA
Torres . . .. . .
ot al. B4 2007  Clinical article 13 Peri-insular 10 12 3 N/A Hemiparesis N/A
g‘:ffﬂ 2013 Retrospective 14 Peri-insular 11 12 3 1 NA  NA
gf:fagg 2009 Retrospective 11 Peri-insular 6 8 7 N/A NA  0.002
Jietal.B7, 2017  retrospective 83 Peri-insular 69 70 2 N/A N/A 0.019
Terra-Busta- . ..
mante et al. 5% 2005  retrospective 16 Peri-insular 62 N/A N/A N/A N/A N/A
Kwan 2007 Comparative Peri-insular N/A  N/A 72 N/A  Hemiparesis .001
et al. B Study
Reinholdson Prospective 14 Motor
ot al. 13 2015  observational 12 Hemispherectomy 1 6 2 years and speed  N/A

o study impairment
gt;ﬂ([}g] 2013 18  Hemispherectomy 6 19 11 NA NA  NA

Invasive monitoring

Patients with temporal lobe epilepsy should have craniotomy
and dural opening procedures under long-term invasive sur-
veillance. The polarity of phase inversion in the somatosensory
evoked recordings after the median nerve is electrically stimu-
lated should also be determined in order to identify the central
sulcus. This is because direct cortical stimulation validates the
precentral motor convolution. 64 Ad-Tech Medical Device Co.
The frontal and temporal lobe surfaces are covered by electrode
surface subdural grids, which are positioned according to the
speech regions determined by FMRI, the seizure semiological
data, and EEG recordings in the interictal and ictal scalp, or
interictal peak sources... Ipsilateral subdural strips covered the
temporal lobes anterio,r temporal tip and inferior surface. Five

days of monitoring is recommended to detect the occurrence of
interictal epileptiform discharges and ictal seizures in patients.
This is accomplished by utilizing frameless stereotaxic naviga-
tion to place electrodes at depth in order to collect ictal data
from the anterior parts of the temporal lobe, which may be sup-
plied via subdural grids, specifically in the anterior and posterior
hippocampus. Consequently, the motor, sensory, and language
capacities were mapped in one or two sections as well as the
third and fourth days after the grid was implanted. employing
intraoperative electrocorticography in specific circumstances to
carry out neocortical excision; sufficient data had already been
obtained from the functional cortex and the so-called regions of
epileptogenic; and the data from intrusive monitoring was used
to make the decision to remove the hippocampal region.",
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Table 3. Investigations based on the kind of hemispherectomy, the pathophysiology, and the intervention

Auth anatomic functional peri-insular hemimegaloen- ventriculoperito- P=val
uthors hemispherectomy hemispherectomy hemispherectomy cephaly neal shunt value

Pinto et al.l'”} 19 4 5 15 0.001
Roth et al. I8 N/A N/A N/A 17 N/A 0001
Otsuki et al. "] N/A N/A N/A 16 N/A N/A
Lettori et al.[2! 19 5 N/A 11 N/A N/A
Jonas et al.l?!l N/A N/A N/A 16 N/A N/A
Weil et al. 27 3 67 N/A 11 N/A 0.009
Arifin et al.?®! N/A N/A 23 1 N/A N/A

A study employed a database of eighty-nine children who had
surgery for temporal lobe epilepsy. Out of this group, 77 had an-
terior temporal lobectomies, and the other group had preopera-
tive resections modified to address an epileptogenic region or le-
sion. Thirteen underwent lesionectomy plus hippocampectomy,
twenty underwent amylohippocampectomy with a P=0.023 with
77%, and thirty-three underwent satisfactory results in 74% of
cases. and 14 patients who underwent lateral temporal lesionec-
tomy, which ended their seizures, and whose logistics revealed
the factors of an amygdalohippocampectomy with a P=0.021
and surgery on their left side with a P=0.017 as significant sam-
ples of a poor control of convulsions. The acceptable control
exhibited just a modest reduction in verbal memory following
the left procedures, and was independent of the histological di-
agnosis, even though the neuropsychological impairment was
evident following the right temporal resections. Both contralat-
eral functioning and attention improved after surgery.[*!l.

Discussion

Based on the ctiologies, the demographic data displayed in the
study photographs varied from prior studies that demonstrated
hemispherectomy as a treatment, indicating a substantial de-
crease in seizures in 90% of cases of hemispheric disconnec-
tions in children. more than successful in treating uncontrolla-
bly occurring seizures. Records indicated that 73% of the 186
patients who had hemispherectomy for disconnection recovered
from their seizures. 78 individuals revealed that 85% of the 92
juvenile epileptic patients in the research who underwent dis-
connection were seizure-free at follow-up. . Observing mal-
formations of cortical development in 25-72% of children in the
magnetic resonance imaging, the contralateral type anomalies
in the altered hemispheres shown in the preoperative magnet-
ic resonance imaging with an extensive insular or subcortical
heterotopic gray matter recognized as poor predictive factors of
seizures. 1. According to reports, somatic constitutional muta-
tions of genes like AKT1, AKT3, DEPDC5, MTOR, NPRL2/3,
PIK3CA, PIK3R2, and TSC1/2 are related to a continuous
phenotype of malformations of cortical development, such as
cortical dysplasia type II UP TO MEGALENCEPHALY OR
DYSPLASTIC MEGALENCEPHALY. MTOR is a key regula-
tor of cell growth, proliferation, and survival, autophagy, tran-
scription, and protein synthesis in mammals. In 79% of type 11
patients, the brain mosaic rate was less than 5%, indicating a
mutation. Up to 50% of the remaining individuals have dys-
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plastic tissue mutations, with mosaic rates ranging from 6.5%
to 18.6%. Of these, 50% carry constitutional alterations, with
41% of type II individuals unable to identify the source of these
mutations. 4. The incidence increased from 1.2 per 100,000 and
other admissions in 2000 to 2.2 per 100,000 between 2009 for
a p=0.05, according to the literature, in a study of 552 admis-
sions admitted to hospitals for hemispherectomy procedures.
The average age was 6.7 years with a range of 0-20. revealed a
notable rise in the overall cost, from $42,807 in 2003 to $57,443
in 2009 (adjusted in 2009 currency; p=0.015). demonstrating
no in-hospital mortality or postoperative complications in 5 pa-
tients, or 0.9%. nonetheless, revealed a rise in the use of ven-
tricular shunts during hemispherectomy hospital stays, with a
p-value of 0.056 for an increase in ventricular shunt usage from
6.7% to 16.5%. There was a higher rate of blood transfunctions
(OR 3.7, p = 0.01) but a reduced incidence of mortality (OR
of 0.08, p = 0.04).M. A structural lesion in intractable epilepsy
will require surgery to be postponed in order to avoid the sig-
nificant blood loss that is linked with intraoperative morbidity
or fatality in infants receiving immunomodulatory treatment. If
hemispherectomy is used in children, the literature states that
the recovery period for hemimegaloencephaly is seven weeks. It
is uncommon to do a functional hemispherectomy on newborns
weighing less than 12 months. In inflammatory epilepsy, Ras-
mussen’s encephalitis with a paradigmatic immune system re-
sulted in a 50% reduction in seizures when steroid pulse therapy
was used in 81% of cases, as opposed to 42% in tacrolimus cases
or 42% in steroid therapy cases. blood-stream immunoglobulin.
demonstrating that young patients can release up to 71% after
hemispherectomy, compared to 8% and 5% with tacrolimus re-
spectively. This was not observed when receiving intravenous
immunoglobulin treatment. 6!,

Limitations

According to this study, the outcome of left-sided amygdalohip-
pocampectomy patients was not satisfactory in terms of seizures
(P = 0.017). It was also highlighted how verbal memory im-
pairment might develop after temporary resections for left sur-
geries that cause cognitive or neuropsychological damage, and
how functional hemispherectomy in newborns under 12 months
of age is uncommon. neglecting to mention that there is a 2.2
fatality rate from hydrocephalus diversion in 14% of pediatric
patients, and that evaluations of language or reading behavior
are scarce? Furthermore, it was not possible to ascertain in the
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adolescent population the length of time for both the preopera-
tive initial rehabilitation and the postoperative follow-up after
hemispherectomy.

Conclusion

The results of this pediatric systematic review led us to the
conclusion that, once an infant’s nonexistent seizure count is
reached, either through conservative or immunoregulatory ther-
apy or brain stimulation, hemispherectomy is the most stable
course of action. Intractable epilepsy is essentially treatable.
technique that has demonstrated a 90% success rate in stopping
seizures with infrequently repeating interventions.

An MRI shows areas of inflammation and progressive atrophy.
To treat the disorder, immunomodulatory therapy has included
calcineurin inhibitors, intravenous immunoglobulin plus high
doses of corticosteroids, and/or plasma exchange, with varied
degrees of success. Patients with epilepsy who undergo hemi-
spherectomy have a good chance of recuperating normally from
the procedure since children’s recovery and adaption are signifi-
cantly better than adults. Hemispherectomy also causes a kind
of cognitive harm.
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