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Message from the Chairman of the Opening Ceremony, AAT48

Pansiri Phansuwan
Emeritus Professor, PhD, PFHEA

Chairman of The Commission on Higher
Education Standards (CHES), Ministry of
Higher Education, Science, Research, and
Innovation (MHESI), Thailand

Dear Colleagues, Distinguished Guests,
and Honored Delegates,

Welcome to the 48" Annual Conference of the
Anatomical Association of Thailand (AAT48), proudly co-
hosted by the Department of Anatomy, Faculty of Medicine,
Srinakharinwirot University.

I am thrilled to celebrate the remarkable success of this year’s gathering. Welcoming
over 200 delegates from across the globe marks a historic milestone for the AAT and
highlights the internationalization of this conference. This event underscores the vital
importance of international research exchange. Robust collaboration among anatomical
societies worldwide yields highly fruitful outcomes, driving innovation and advancing
medical science beyond borders.

As we look to the future, we must continuously strengthen the quality of research and
anatomical teaching. This mission is perfectly captured by the profound motto of our
Srinakharinwirot University: "Education is Growth." By elevating our educational standards
and embracing global partnerships, we nurture the intellectual and professional growth of our
entire scientific community.

I extend my deepest gratitude to the organizing committees from the Anatomical
Association of Thailand and the Department of Anatomy, Faculty of Medicine,
Srinakharinwirot University for their tireless dedication. To all participants and contributing
authors, thank you for bringing your expertise to this forum.

I wish you a highly productive conference and continued growth in your professional
endeavors.
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Message from the Dean of the Faculty of Medicine,
Srinakharinwirot University

Nantana Choomchuay, M.D.
Assistant Professor

Esteemed delegates, honored guests, and respected
colleagues,

It is a great honor to warmly welcome you to the 48™
Annual Conference of the Anatomy Association of Thailand
(AAT48), held under the theme "Anatomy 360°".

On behalf of the Faculty of Medicine, Srinakharinwirot
University, I wish to express my sincere appreciation for

your presence and your steadfast commitment to advancing
knowledge in our field. This conference serves as a testament to our collective dedication to
pushing the boundaries of discovery—from classical anatomical research into innovative,
emerging frontiers.

Throughout this event, we invite you to explore anatomy through a holistic lens, bridging
tradition with innovation to gain a deeper understanding of the human body. We are proud to
host a diverse community of scholars, researchers, and professionals united by a shared

pursuit of excellence and the development of meaningful global partnerships.

In closing, I would like to extend my heartfelt gratitude to the organizing committee, our
partners, and everyone whose hard work has made this event possible.

I wish you all a productive, inspiring, and memorable conference.
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Message from the President of the Anatomy Association of Thailand

Sutisa Thanoi, Ph.D.
Professor

On behalf of the Anatomy Association of Thailand
(AAT), it is my great honour and pleasure to warmly
welcome all distinguished guests, esteemed speakers, and
participants to the 48™ International Conference of the AAT
(AAT48). This year’s conference is proudly co-hosted in
collaboration with the Department of Anatomy, Faculty of
Medicine, Srinakharinwirot University. I would like to
express my sincere gratitude to our partner institution for its
invaluable contributions in making this event possible.

Under the theme of “360°: Revolving Perspectives for Advancing Anatomy”, the
conference highlights recent advances and future directions in anatomical sciences, including
gross and microscopic anatomy, clinical anatomy, neuroscience, cell and molecular biology,
and anatomical education. Through plenary and special lectures, panel discussions, technical
seminars, and oral and poster presentations, we aim to foster insightful discussion and
promote knowledge exchange. We are confident that this distinguished gathering will inspire
insightful discussions and facilitate the sharing of cutting-edge research in anatomy.
Furthermore, we are also proud to present the Young Anatomical Researcher Awards and the
Distinguished Anatomy Teaching Awards, which recognise excellence and contributions to
the field.

As President of AAT, I would like to extend my deepest appreciation to distinguished
speakers, dedicated participants, and delegates, whose presence is essential to the success of
this conference. I would also like to express my sincere gratitude to all sponsors, both national
and international, for their generous support. In addition, I warmly thank the organising
committee for their tireless efforts and meticulous planning.

I am delighted to welcome you to Pattaya, Chonburi, one of Thailand’s most beloved
destinations. I hope you will have the opportunity to enjoy its unique charm and create
memorable experiences during your stay.

Once again, thank you for being part of AAT48. May this conference be both
intellectually rewarding and an enjoyable experience for all.
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Message from the Chair of the Scientific Committee

Krai Meemon, Ph.D.
Associate Professor

Ladies and Gentlemen,

On behalf of the Scientific Committee of the 48"
International Conference of the Anatomy Association of
Thailand (AAT48), it is my great honor and pleasure to
warmly welcome all participants to this year’s conference.
The AAT48 conference is held from May 13-15, 2026, in
Chonburi Province, Thailand, under the theme “Anatomy
360°”. This year’s meeting offers a dynamic and
comprehensive scientific program, featuring 9 distinguished
invited speakers, 3 expert panelists in a panel discussion, and a total of 72 research
presentations comprising 22 oral and 50 poster presentations. Together, these contributions
highlight the breadth and vitality of current research in anatomical sciences.

The scientific program spans a wide spectrum of topics, including gross and clinical
anatomy, histology and cell biology, neuroscience, developmental biology, and advances in
anatomical education. We are delighted to provide a platform that fosters meaningful
knowledge exchange, encourages interdisciplinary collaboration, and strengthens
professional connections within our community.

In addition to the scientific sessions, participants will have the opportunity to visit
exhibitions from leading companies, showcasing the latest technologies and innovations in
anatomical and biomedical sciences.

As Chair of the Scientific Committee, I would like to express my sincere appreciation to
all invited speakers, panelists, presenters, delegates, and supporting staff. Your valuable
contributions are essential to the success of this conference and to the continued advancement
of our field.

I hope that you will find the conference both enriching and inspiring, and that your stay
in Chonburi, one of Thailand’s most vibrant and welcoming destinations, will be both

enjoyable and memorable.

Thank you for being part of AAT48.
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Message from the Chair of the Organizing Committee

Sirinun Pongmayteegul, Ph.D.
Assistant Professor

Dear Colleagues and Participants,

On behalf of the organizing committee, it is my great
pleasure to welcome you to the 48" Annual Conference of
the Anatomy Association of Thailand (AAT48). This year,
we are proud to host this gathering under the theme
"Anatomy 360°."

The idea behind "Anatomy 360°" is simple: it is about
looking at our field from every perspective. We want to honor our traditional foundations
while embracing the new technologies and teaching methods that are shaping our future. This
conference is a space for all of us to bridge that gap—sharing our knowledge and exploring
what comes next together.

Our program covers a wide range of topics, from fundamental research to modern
clinical applications. Beyond the academic sessions, I hope this event serves as a warm,
friendly platform for us to reconnect, exchange ideas, and launch new collaborations that will
benefit our students and the entire anatomy family.

I would like to express my sincere thanks to the organizing committee and the staff at
the Department of Anatomy, Srinakharinwirot University, for their hard work. I also extend
my deepest gratitude to our sponsors and all attendees for your support in making this

conference a success.

I hope you find the sessions valuable and truly enjoy your time with us at AAT48.
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Plenary Lecture — 1

Professor Dr. Michael Aschner

Department of Molecular Pharmacology, Albert Einstein College
of Medicine, Bronx, NY, USA
e-mail: michael.aschner@einsteinmed.edu

Modeling Metal Neurotoxicity Across Species:
Insights from Caenorhabditis elegans

Exposure to neurotoxic metals remains a major environmental and occupational health concern, with strong
links to neurodevelopmental and neurodegenerative disorders. A central challenge in the field is identifying
conserved cellular and molecular mechanisms that underlie metal-induced nervous system dysfunction across
species. Work from our laboratory has leveraged Caenorhabditis elegans as a genetically tractable and
anatomically defined model to dissect fundamental pathways of metal neurotoxicity, with a particular focus on
manganese, mercury, and other redox-active metals.

Using C. elegans, we have shown that metal exposure disrupts dopaminergic and glutamatergic signaling,
induces oxidative stress, and alters mitochondrial and proteostatic homeostasis, pathways that are highly conserved
in mammalian systems. Importantly, our studies highlight a pivotal role for glial cells in regulating metal uptake,
sequestration, and neuronal vulnerability. Genetic manipulation of metal transporters, antioxidant defenses, and
stress-response pathways in the worm has enabled the identification of modifiers that predict metal sensitivity in
higher organisms.

Collectively, these findings demonstrate that C. elegans provides a powerful cross-species platform for
linking environmental metal exposure to neuroanatomical and cellular outcomes relevant to human disease. By
integrating insights from a simple nervous system with mammalian and human data, this work advances our
understanding of conserved mechanisms of metal-induced neurotoxicity and supports the use of C. elegans for
mechanistic discovery and translational risk assessment.

Dr. Aschner serves as the Harold and Muriel Block Chair in Molecular Pharmacology at Albert Einstein College
of Medicine. He served on numerous toxicology panels (Institute of Medicine, US Environmental Protection
Agency, Center for Disease Control, FDA, National Academy of Sciences, US Department of Defense) and was a
member and chair of the Neurotoxicology and Alcohol study section (NIH). He served as President of the Society
of Toxicology, President of the Academy of Toxicological Sciences, and President of the International
Neurotoxicology Association. He is a recipient of an Honorary Doctorate from the University of Cordoba in
Argentina. Research in his lab is designed to (1) shed novel mechanistic insight into metal-induced
neurodegeneration; (2) identify targets for genetic or pharmacologic modulation of neurodegenerative disorders;
(3) increase knowledge of the pathway involved in oxidative stress; (4) develop improved research models for
human disease using knowledge of environmental sciences.
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Professor Dr. Wouter H. Lamers

Department of Anatomy & Embryology, Maastricht University,
Maastricht, The Netherlands

e-mail: wouterhlamers@gmail.com

The Developmental Appearance of Skeletal Muscles in the
Human Arm and Back: A Developmental Analysis

LC Sprik!, P Zhang', TIM Verlindenl, M Kressel?, JPJM Hikspoors', GMC Mommen',

G Morosan-Puopolo®, SE Kéhler!, Y Wu*, WH Lamers'”

' Dept of Anatomy & Embryology, Maastricht University, Maastricht, The Netherlands

2 Institute of Anatomy I, University of Erlangen-Nuremberg, Erlangen, Germany

3 Dept of Anatomy and Molecular Embryology, Ruhr University Bochum, Bochum, Germany

4 Dept of Digital Medicine, Biomedical Engineering College, Army Medical University, Chongqing, China

A comprehensive timeline of the morphogenesis and topography of human limb and back muscles is
presently not available. In week 4.5-5.5 of development, myoblasts originating in somites C5-T1 migrate into the
forelimb and start primary myogenesis. The ingrowth of a terminal nerve branch distinguishes the pre-muscle from
other cell masses. We first observed the primary dorsal and ventral pre-muscle masses. From these, four secondary
dorsal and two secondary ventral pre-muscle masses emerge. Each pre-muscle mass differentiates into a
functionally related set of muscles (e.g., flexors or abductors). At ~6 weeks, the first individual muscles in the
shoulder region appear. In the arm, individual muscles become distinguishable in the 8th week. Muscle splitting
proceeds in a proximo-to-distal and superficial-to-deep sequence, but secondary myogenesis started
simultaneously at 8 weeks in all muscle masses. Resolving the sequence and topographical location of the splitting
events allowed the construction of a dendrogram of the lineages of the muscle masses of the arm. Too few or too
many splitting events can account for the observed variations in limb muscle development. Apparently, most adult
variations originate in the 8th week of development.

Undisputed features of the intrinsic back muscles are their epaxial origin and innervation by the dorsal rami
of the spinal nerves. Our earlier reconstructions (Mekonen et al., 2016) had revealed that the intrinsic back muscles
also develop by serial splitting. Two serial splits result in the development of three longitudinal muscle columns.
Development is most advanced cranially and laterally. We now report that the lateral and intermediate columns
each split once more, whereas the medial column is subject to two additional rounds of splitting. We could localize
all intrinsic back muscles except the spinalis in 8-week-old embryos. The course of the proximal part of the dorsal
root of the spinal nerve lies between the medial and intermediate columns. Next, we linked these developmental
features to adult anatomy, using the “sectional anatomic” approach of the American and Chinese Visible Human
series. The columns, as identified in the embryo, persist in the adult. Muscles of the medial and intermediate column
follow, in addition to an interspinal or intertransverse course, a transversospinal course. If identifiable, the spinalis
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muscle usually presents as a caudal extension of the semispinalis muscle. We will present a dendrogram of the
adult intrinsic back muscles that is based on their development.

Primary myotubes extend from end to end of the muscle from the earliest times and attach directly to the
tendon. In contrast, newly formed secondary myotubes are short cells that insert solely into the primary myotubes
by a series of complex interdigitating folds along which adhering junctions occur.

Wouter H. Lamers obtained his MD degree from the University of Amsterdam in 1974 and his PhD degree from
the same university in 1980 on a dissertation titled “Multihormonal control of enzyme clusters in liver
ontogenesis”. In 1981-1982, he was a visiting assistant professor at the Department of Biochemistry of Case
Western Reserve University in Cleveland, OH. He returned to Amsterdam to study structure-function relations in
developing and adult liver, with a focus on the regulation of zonation of gene expression in this organ. Ammonia-
detoxifying enzymes served as a paradigm. He also took up human cardiac embryology as his scientific hobby.
WHL’s Hirsch index is 90. Since 1991, WHL has been a professor of Anatomy and Embryology in the Academic
Medical Center of the University of Amsterdam and, since 2001, also a professor of Developmental Biology at
Maastricht University. WHL was director/vice chairman of the Center for Liver and Gastrointestinal Research,
director of the graduate school Metabolism and Nutrition, chairman of the Dutch Society of Anatomists, and served
on several Dutch science committees. After retiring, WHL began to compose a pictorial atlas of human
development, with an emphasis on three-dimensional modeling and corresponding accounts of the highlights
observed in these models. Thus far, this project has produced 40 publications in peer-reviewed journals.
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Professor Dr. Keiichi Akita

Department of Clinical Anatomy, Graduate School of Medical
and Dental Sciences, Institute of Science Tokyo

1-5-45 Yushima, Bunkyo-ku, Tokyo, Japan

e-mail: akita.fana@tmd.ac.jp

Morphological Continuity of Smooth and Skeletal Muscles
from the Pelvic Floor to the Anal Canal:
Revealing Unresolved Questions in Clinical Anatomy

A precise understanding of the muscular organization of the pelvic floor and anal canal is important for
clarifying their anatomical relationships. We investigated the three-dimensional architecture of pelvic floor
skeletal muscles and the histological organization of associated smooth muscle structures by combining
macroscopic dissection, histology, and immunohistochemistry.

A major morphological feature of the pelvic floor is the continuity and bundle sharing among skeletal
muscles. The levator ani and external anal sphincter (EAS) are not clearly separated but are continuous, and fine
connecting bundles link the levator ani, EAS, bulbospongiosus, ischiocavernosus, superficial transverse perineal
muscle, and external urethral sphincter. In parallel, smooth muscle components form a continuous morphological
system. In males, smooth muscle structures extend from the rectal longitudinal muscle toward the central pelvic
floor and the rectourethral region, with hypertrophic smooth muscle tissue contacting the levator ani
anterolaterally. In females, smooth muscle fibers derived from the internal anal sphincter (IAS) and longitudinal
muscle extend anteriorly into the vaginal vestibule and perineum and spread over the anterior surface of the EAS
and levator ani.

Within the anal canal, in addition to the canonical layers of the IAS, longitudinal muscle, and EAS, an
additional smooth muscle layer was identified on the luminal side of the IAS, corresponding to Treitz’s muscle
(M. submucosae ani). This structure appears to be formed by a localized directional change of the superficial-most
IAS bundles, most frequently on the anterolateral wall, and is not uniformly distributed. Near the lower end of the
anal canal, the longitudinal muscle becomes attenuated and disperses into the EAS, creating a distinct gap between
the IAS and EAS. The spatial relationship between these layered muscular arrangements and the distribution of
anal glands in the lower anal canal was also examined.

These findings indicate that the pelvic floor and anal canal constitute a continuous, layered sphincteric
muscle complex, characterized by close structural continuity between skeletal and smooth muscle elements. Such
continuity may provide an anatomical basis for coordinated anorectal function.

Dr. Keiichi Akita is Dean of the Faculty of Medicine at the Institute of Science Tokyo (Science Tokyo), where he
also serves as Professor and Chair of the Department of Clinical Anatomy. He graduated from Sapporo Medical
University in 1987 and received his PhD in Anatomy from Tokyo Medical and Dental University in 1991. Since
Jjoining Tokyo Medical and Dental University in 1991, he has held a series of academic and leadership positions
in anatomy. His academic and professional career has been centered on clinical anatomy and medical education.
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Professor Dr. Gavin P Reynolds

Biomedical Sciences Research Centre,
Sheffield Hallam University, Sheffield, UK
e-mail: gavin.reynolds@shu.ac.uk

Uric Acid — Bad for the Body, Good for the Brain

Uric acid is well known as the cause of gout — a form of inflammatory arthritis due to deposits of sodium
urate crystals in joints. It is also increasingly recognised as a risk factor in cardiovascular disease, in which it
contributes to atherosclerotic plaques and vascular inflammation, and metabolic syndrome, as well as being an
indicator of kidney disease. Uric acid is, for humans and some primates, the end product of purine metabolism,
while for most animals it is metabolised further into the less toxic allantoin. What might be the evolutionary
advantage of the higher concentrations of this toxic metabolite in humans? The answer remains unclear, but it may
relate to its antioxidant action. The crystalline deposits of the sodium salt of uric acid are clearly toxic and pro-
inflammatory, but the soluble form accounts for much of the circulating antioxidant capacity of the body, as well
as having ion-chelating effects. These potentially protective properties of uric acid are particularly implicated in
neurodegenerative diseases but may also be involved in psychiatric disorders.

The neuroprotective effects of uric acid have been most studied in relation to Parkinson’s disease (Liu H,
Reynolds GP. NPJ Parkinsons Dis. 2025;11:325). Originating in a deficit in uric acid observed in the substantia
nigra in the PD brain, multiple studies have identified reductions in blood concentrations in PD patients. We
observed that hospital admissions for PD were associated with an approximately 20% reduction in serum uric acid,
compared to both vascular dementia and a healthy control group (Liu H et al. J Neural Transm. 2020;127:779-
783).

Further studies have been undertaken in Alzheimer’s disease (AD), another neurodegenerative disorder.
Here too, there is evidence for deficits in uric acid; we found hospital admissions for AD were associated with
similar reductions of approximately 20% vs vascular dementia (Liu H et al. J Alzheimers Dis. 2023;92:1283-
1287). Interestingly, differentiating AD and PD was the influence of agricultural work, which was over-
represented in PD but not AD by approximately 66%. This effect may reflect exposure to neurotoxic pesticides
that target the dopaminergic neurons lost in PD.

More recently, evidence has accumulated pointing to uric acid having a role in psychiatric disorders such as
depression. Here, the findings are not always consistent, with negative reports as well as observations of uric acid
deficits in depression. We have undertaken a small study of adolescents hospitalized for depression and anxiety
symptoms. Those showing a rapid recovery of symptoms appeared to have higher serum concentrations of uric
acid than those who remained symptomatic.

What might be the underlying mechanisms relating low circulating uric acid to both neurodegenerative
disease and recovery of depressive symptoms? Notably, both oxidative stress and neuroinflammation have been
implicated in neurodegenerative disease and psychiatric disorders such as depression. Uric acid may have effects
on both these processes, which are themselves closely linked—oxidative stress can be both a consequence of, and
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a contributor to, inflammation. Thus, there is strong evidence for a neuroprotective action of uric acid in the human
brain, for which its role in increasing the risk of peripheral disease is the price we pay.

Gavin Reynolds is Honorary Professor in the Biomolecular Sciences Research Centre at Sheffield Hallam
University and Professor Emeritus, previously Chair of Neuroscience, at Queen’s University Belfast. His main
research interests are in the neurotransmitter pathology of schizophrenia, with a focus on the epigenetic effects of
environmental risk factors and the relationship between psychiatric and physical illness, and the mechanisms
underlying the effects of antipsychotics and other psychiatric drugs. Additional interests include neurodegenerative
disease mechanisms and the biological effects of substance abuse. He has approximately 400 research

publications, including papers in Nature and The Lancet, with an h-index of 87 and >28000 citations (Google
Scholar).
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Professor Dr. Vincent Van Waes
Marie and Louis Pasteur University

INSERM, UMR 1322 LINC, Besangon, France
e-mail: vincent.van_waes@univ-fcomte.fr

Transcranial Direct Current Stimulation (tDCS) to Treat
Psychiatric Disorders: Insights from Preclinical Studies

Non-invasive brain stimulation is opening new perspectives for the treatment of neuropsychiatric disorders,
yet the neural mechanisms underlying its therapeutic effects remain poorly understood. Among these approaches,
transcranial direct current stimulation (tDCS) has attracted attention for its capacity to modulate cortical
excitability and influence large-scale brain networks involved in cognition and emotion. Understanding how tDCS
alters brain function requires mechanistic investigations that cannot be fully achieved in humans alone. In this talk,
I will present a series of preclinical studies conducted at the LINC (Laboratory for Integrative Research in
Neuroscience and Cognitive Psychology, INSERM, Besancon, France) using rodent models to investigate the
behavioral and neural consequences of repeated tDCS. These studies explore how stimulation modulates neural
activation patterns and corticostriatal circuits associated with cognitive and affective processes relevant to
neuropsychiatric disorders. I will also discuss the methodological challenges and translational limitations of
current animal models of tDCS, and propose future directions aimed at strengthening the bridge between
preclinical neuroscience and clinical applications. Together, these findings highlight the essential role of
experimental models in advancing the mechanistic understanding and therapeutic development of non-invasive
brain stimulation.

Vincent Van Waes is Professor of Neuroscience at Marie and Louis Pasteur University (France) and Director of
the Integrative Research Laboratory in Neuroscience and Cognitive Psychology (LINC, INSERM UMR 1322). He
obtained a Master’s degree in Cognitive Science and a Ph.D. in Neuroscience from the University of Lille, with a
European doctoral label in collaboration with Sapienza University of Rome (Italy). He completed postdoctoral
training at the Chicago Medical School (North Chicago, USA) before joining Marie and Louis Pasteur University
in 2010. Promoted to Full Professor in 2017, he served as Co-Director of LINC from 2018 to 2025 and has been
Director of the unit since 2025.
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Dr. Amarin Narkwichean

Deputy Dean for Administration and Human Resources
Faculty of Medicine, Srinakharinwirot University
Honorary Associate Professor

School of Life Sciences, University of Nottingham
e-mail: amarin@g.swu.ac.th

Creating Life in the Lab:
Clinical Embryology in the Era of Individualised Medicine

Assisted reproductive technology (ART), particularly in vitro fertilisation (IVF), has transformed the clinical
landscape of human reproduction, translating fundamental embryological principles into real-world therapeutic
interventions. Traditionally, embryology has been taught within a deterministic and generalised framework;
however, contemporary IVF practice reveals a far more complex and dynamic reality, where each embryo, gamete,
and patient represents a unique biological system requiring individualised management.

This presentation explores the evolving concept of clinical embryology within the IVF laboratory,
emphasising the transition from standardised protocols to precision reproductive medicine. Key stages of the IVF
process—including gamete handling, fertilisation techniques (e.g., intra-cytoplasmic sperm injection), embryo
culture, and selection—will be discussed from both anatomical and clinical perspectives. Particular attention will
be given to how emerging technologies have reshaped embryological practice beyond textbook paradigms.

Recent advances in artificial intelligence (Al), time-lapse imaging, and predictive analytics have enabled a
more objective and data-driven approach to embryo assessment and treatment planning. Al-assisted models can
integrate patient-specific variables, including ovarian reserve, hormonal profiles, and etiological factors, to
optimise ovarian stimulation protocols and predict reproductive outcomes [ 1]. Furthermore, machine learning tools
are increasingly used in embryo selection, where morphokinetic and morphological data are analysed to improve
implantation prediction and reduce inter-observer variability [2]. These innovations signal a paradigm shift toward
individualised IVF strategies, where treatment is tailored not only to the embryo but also to the patient’s unique
biological context.

Beyond embryo selection, personalisation extends to critical aspects such as endometrial receptivity and
timing of embryo transfer. Emerging molecular and Al-driven approaches enable highly precise identification of
the window of implantation, significantly improving clinical pregnancy rates in selected patient populations [3].
Collectively, these developments highlight the movement from probability-based treatment toward predictive and
personalised reproductive care.

However, the integration of advanced technologies into embryology raises important ethical and societal
considerations. The increasing capability to select embryos based on genetic and developmental potential
challenges traditional concepts of human development, reproductive autonomy, and equity of access. Anatomists
and medical educators play a crucial role in bridging foundational science with these evolving clinical and ethical
dimensions.

In conclusion, clinical embryology is undergoing a transformative shift—from observational science to an
actively engineered and individualised discipline. IVF laboratories are no longer merely sites of observation but
are becoming hubs of precision medicine, where embryology, technology, and ethics converge to shape the future
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of human reproduction. This presentation aims to provide anatomists with a contemporary perspective on
embryology, highlighting its expanding role in modern medicine and its implications for education, research, and
clinical practice.
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Special Lecture — IV

Dr. Luca Lo Piccolo

Center of Multidisciplinary Technology for Advanced Medicine,
Faculty of Medicine, Chiang Mai University, Thailand

e-mail: lopiccolo.l@cmu.ac.th

YEATS2-Dependent Regulation of Neuronal Metabolism
Underlies Dopaminergic Neuron Vulnerability

Over the past several years, our work has focused on defining how YEATS family proteins shape neuronal
physiology through metabolic regulation. In this talk, I will summarize our findings identifying YEATS2 as a key
regulator of neuronal metabolic homeostasis required for dopaminergic neuron resilience. Using neuron-specific
loss of YEATS?2 in Drosophila, we show that disruption of YEATS2-dependent gene programs leads to metabolic
imbalance, altered GPCR signaling, and pathological elevation of intracellular calcium. These defects
preferentially compromise dopaminergic neurons, resulting in their functional impairment and degeneration, while
other neuronal populations are largely spared. As dopaminergic neurons are lost, brain dopamine levels decline,
destabilizing neural circuit activity and giving rise to seizure-like behavior, stress hypersensitivity, and locomotor
dysfunction. Restoration of dopaminergic signaling with L-DOPA suppresses seizure-like activity, indicating that
dopamine loss acts as a downstream mediator of circuit hyperexcitability rather than the primary lesion. Consistent
with this model, direct correction of calcium imbalance through genetic or pharmacological modulation of ER
calcium handling preserves dopaminergic neurons and rescues behavioral phenotypes. Together, these findings
define a YEATS2-dependent metabolic pathway that links neuronal metabolic stress to selective dopaminergic
vulnerability, with potential implications for understanding mechanisms of neuronal resilience in
neurodegenerative disorders such as Parkinson’s disease.

Keywords Calcium homeostasis, Dopaminergic neuron vulnerability, Neuronal metabolism, Neuronal resilience,
YEATS2

Dr. Luca Lo Piccolo is a researcher at the Center of Multidisciplinary Technology for Advanced Medicine
(CMUTEAM), Faculty of Medicine, Chiang Mai University, where he leads the Functional Genomics Unit (FGU).
His work focuses on understanding how epigenetic regulation intersects with neuronal metabolism to shape brain
function in both health and disease. By integrating functional genetics, epigenetics, and RNA biology, his research
seeks to uncover the molecular mechanisms underlying neurodevelopmental and neurodegenerative disorders,
with particular emphasis on motor neuron diseases and epilepsy. Using Drosophila and complementary cellular
models, his laboratory investigates chromatin regulators, including YEATS domain—containing proteins, repeat
expansion—associated toxicity, and stress pathways such as endoplasmic reticulum stress. Moreover, through
scalable in vivo platforms combined with computational approaches, his group aims to identify and validate novel
therapeutic strategies for neurological disorders.
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Special Lecture — V

Professor Dr. S Eleonore Kohler
Maastricht University, FHML, The Netherlands
Anatomy & Embryology, UNS 50, 6229ER
e-mail: leo.koehler@maastrichtuniversity.nl

Human Gut Development:
How to Teach a Complex Embryological Process

Human gut development is characterized by a so-called “physiological hernia” of part of the intestines into
the umbilical cord during week 6 of development. At week 10, this hernia is resolved in all normally developing
fetuses. The establishment of the adult configuration of the gut has been described in a 270-degree rotation model,
which is mostly based on malformations and reverse engineering of normal development. Computer-based
reconstructions of historical histological sections of human embryos and fetuses question the rotation model and
instead explain the processes as a combination of differential growth and a slide-and-stack-type return of intestinal
loops into the abdominal cavity.

For teachers, it is challenging to explain these complex processes, and they must decide where to simplify
without losing the gist of the message. Nowadays, we are helped by interactive 3D models, but while these can be
very instructive when used correctly (i.e., spending sufficient time on them to understand), they may still
overwhelm students. Discussing models between teachers and researchers can result in creative solutions to teach
complex processes and concepts that foster student engagement. One possible solution to explain gut herniation
and return to the abdominal cavity will be presented.

S. Eleonore Kéhler, PhD, is a biologist and Professor of Clinical Anatomy with extensive experience in anatomy,
embryology, and health professions education. She earned her Biology degree from Géttingen, Germany (1986)
and completed her PhD at the University of Basel, Switzerland (1990), focusing on site-directed mutagenesis of
aspartate aminotransferase. After postdoctoral and senior research positions in Germany and Switzerland, she
joined Maastricht University in 2002, where she has served as Head of the Department of Anatomy and
Embryology since 2007 and was appointed Full Professor in 2017 within the School of Health Professions
Education (SHE). Her research interests include human developmental anatomy, amino acid metabolism in
inflammatory diseases, and self-determination in learning, alongside significant contributions to teaching,
program management, and curriculum development in biomedical and health sciences education.
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Special Lecture — VI

Associate Professor Dr. George W Yip
Department of Anatomy, Yong Loo Lin School of Medicine,
National University of Singapore,

4 Medical Drive, Block MD 10, Singapore 117594

e-mail: georgeyip@nus.edu.sg

Evolution of Anatomy Teaching in Medical Education

The study of anatomy is of fundamental importance in medical education. A good knowledge of human
anatomy provides a strong foundation for clinical practice. The teaching of anatomy has evolved to meet the needs
of the modern curriculum, which focuses on clinical relevance as well as horizontal and vertical integration. With
advances in technology, medical students of today have access to a wide range of educational resources that can
aid them in their learning of human anatomy. These include electronic books, pre-recorded lectures and videos,
3D-printed anatomical models, virtual reality, and other digital tools, amongst others. In this presentation, I will
share the transformation of anatomy teaching at the National University of Singapore in recent years. Additionally,
I will demonstrate how our Silent Mentor Programme has provided the opportunity to not only impart knowledge
of human anatomy but also to inculcate humane values such as respect, gratitude, kindness, altruism, and
professionalism in our medical students.

Dr George Yip is an Associate Professor and currently heads the Department of Anatomy in the Yong Loo Lin
School of Medicine, National University of Singapore. He has taught Gross Anatomy, Embryology, and Histology
through lectures, tutorials, and practical classes for more than 25 years. He is currently involved in developing
new teaching materials and digital tools for anatomy education, including e-textbooks and an anatomy chatbot.
He is also a member of the Undergraduate Steering Committee, the Curriculum Enhancement Taskforce, and the
Curriculum Implementation Taskforce in the medical school. Over the years, he has received awards for teaching
excellence and outstanding mentorship.
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Panel Discussion — 1

From Anatomical Research to Clinical Application:
Bridging the Gap between Structure and Practice
Associate Professor Dr. Niyom Laoopugsin

Faculty of Medicine, Western University, Thailand
e-mail: niyomacupuncture@gmail.com

Abstract

Background: Anatomy has long been regarded as the cornerstone of medical education. However, a significant
gap remains between anatomical knowledge acquired during preclinical training and its application in clinical
practice. Bridging this gap is essential for improving diagnostic accuracy, procedural safety, and patient outcomes.
Objective: To explore how anatomical research can be effectively translated into clinical practice and to highlight
strategies for integrating anatomical knowledge into patient care and medical education. Methods: This
presentation reviews current trends in anatomical research, including cadaveric studies, imaging-based anatomy,
and emerging digital technologies such as three-dimensional visualization and artificial intelligence. Clinical case
examples are used to demonstrate the application of anatomical principles in various specialties, including surgery,
radiology, and orthopaedics. Results: Translational approaches in anatomy enhance clinical reasoning by linking
structural knowledge with pathophysiology and clinical presentation. The integration of anatomy into clinical
training through case-based and simulation-based learning improves learner engagement and competency.
Additionally, anatomical research contributes to innovations in surgical techniques and diagnostic procedures,
ultimately improving patient safety and outcomes. Conclusion: Anatomy should be viewed not merely as a
foundational science but as a dynamic and clinically relevant discipline. Strengthening the integration between
anatomical research and clinical application is crucial for advancing medical education and healthcare delivery in
the modern era.

Keywords Anatomy, Clinical application, Translational medicine, Medical education, Patient safety
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Panel Discussion — I1

MD-KKU Skeletal Collection:
A Documented Northeastern Thai Reference
for Clinical Application and Anthropological Research
Professor Dr. Sitthichai lamsaard
Department of Anatomy, Unit of Human Bone Warehouse for Research, Faculty of Medicine,

Khon Kaen University, Khon Kaen 40002, Thailand
e-mail: sittia@kku.ac.th

Abstract

The MD KKU skeletal repository (known as UHBWR: unit of human bone warehouse for research, housed
on the 7™ floor, department of anatomy, faculty of medicine, Khon Kaen University), represents a documented
reference collection of human skeletons from Northeastern Thailand donors, confirmed by official ID cards,
governmental death certificates, and hospital records for precise biological profiles, including chronological age
at death. UHBWR expanding resource now comprises 2018 complete skeletons (1371 males, 647 females), with
an average age of 65.57 £ 13.91 years (range: 15-106 years)—males at 66.13 + 13.59 years (18-103 years) and
females at 64.41 + 14.50 years (15-106 years). The average stature is 161.80 = 8.16 cm (range: 140—190 cm), with
males at 165.24 = 6.95 cm (147-190 cm) and females at 155.76 £ 6.46 cm (140-180 cm). This provides
unparalleled data on regional skeletal variation, pathology, trauma, and osteological markers

Building on its foundational role through the body donation program, the UHBWR has supported
groundbreaking research in clinical research, forensic anthropology, and osteology, including age, sex, and stature
estimation standards tailored to Southeast Asians, skeletal morphology, and pathology. This work has yielded
numerous publications, conference presentations, and method validations that highlight population-specific
differences from global standards. As the largest collection in Northeastern Thailand, the focused archive addresses
the critical gaps in regionally representative samples for bioarchaeology, clinical research, forensic applications,
and comparative studies across other ancestries.

We warmly invite national and international collaborators to leverage this unique, accessible resource for
innovative projects on human skeletal biology. Access requests and partnerships are facilitated via our website:
https://www.anatomymdkku.com/executive-committee-of-unit-of-huma. Join us in advancing global skeletal
research, forensic sciences, and clinical applications through UHBWR.

Keywords UHBWR, Documented skeletal collection, Forensic anthropology, Osteological analysis, Clinical
applications
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Panel Discussion — I11

Statistical Approaches in Forensic Anthropology Research:
Principles, Applications, and Practical Considerations

Assistant Professor Suthat Duangchit

Department of Physiology, Faculty of Medical Science, Naresuan University, Phitsanulok, 65000,
Thailand

e-mail: suthatd@nu.ac.th

Abstract

The construction of a biological profile from skeletal remains is a fundamental objective in forensic
anthropology, and methodological validity depends upon the appropriate application of statistical procedures at
each analytical stage. Before proceeding to inferential analysis, measurement reliability must be quantified using
the Technical Error of Measurement (TEM), relative TEM (rTEM), Intraclass Correlation Coefficient (ICC), and
Cohen's Kappa (x), which collectively assess intra- and inter-observer consistency across continuous and
categorical data. Osteometric variables are subsequently characterised through descriptive statistics, comprising
means, standard deviations, and 95% confidence intervals, stratified by sex and age cohort. Intergroup differences
are evaluated using independent samples t-tests for sexual dimorphism, paired t-tests for bilateral asymmetry, and
one-way ANOVA with post-hoc correction for multi-group comparisons, with effect size indices reported to
convey practical significance. For age estimation, cluster analysis is applied to classify individuals into empirically
defined age groups based on skeletal indicators, after which intergroup differences are examined using appropriate
comparative tests. Sex estimation is performed using Discriminant Function Analysis (DFA) and Binary Logistic
Regression (BLR), both yielding classification equations for applied casework, with diagnostic performance
reported as accuracy, sensitivity, specificity, and area under the receiver operating characteristic curve (AUC).
Stature estimation utilises linear regression, with model adequacy assessed by the coefficient of determination (R?)
and Standard Error of Estimate (SEE). Emerging machine learning algorithms, including Random Forest, Support
Vector Machine, and Artificial Neural Networks, extend analytical capacity for high-dimensional pattern
recognition. Regardless of approach, method selection must be guided by data structure, sample size, and
population specificity, with full disclosure of underlying assumptions and limitations.

Keywords Forensic anthropology, Biological profile, Age estimation, Sex estimation, Stature estimation
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From Dental Waste to Neural Identity: Revealing the Intrinsic
Transcriptomic Priming Underlying Neuronal Differentiation
of Human Stem Cells from Apical Papilla

Anupong Thongklam Songsaad'”, Surachet Benjathummarak?, Tarinee Chodchavanchai’, Tatcha Balit*,

Amarin Thongsuk?, Nisarat Ruangsawasdi’, Charoensri Thonabulsombat?

! Department of Anatomy, Faculty of Dentistry, Mahidol University, Bangkok, Thailand

2 Center of Excellence for Antibody Research, Faculty of Tropical Medicine, Mahidol University, Bangkok,
Thailand

3 Department of Anatomy, Faculty of Science, Mahidol University, Bangkok, Thailand

4School of Medicine, Walailak University, Nakhon Si Thammarat, Thailand

5 Department of Pharmacology, Faculty of Dentistry, Mahidol University, Bangkok, Thailand

*Corresponding author, e-mail: Anupong.son@mahidol.ac.th

Abstract

Human stem cells from apical papilla (h\SCAPs) are isolated from the apical papilla of impacted third molars,
typically discarded during routine tooth extraction. These stem cells are derived from an ectomesenchymal origin
and are physiologically associated with odontogenic differentiation during tooth development. Interestingly,
previous studies demonstrated that hSCAPs can acquire neuronal-like phenotypes under defined experimental
conditions. However, whether this plasticity represents forced lineage conversion or instead reflects an intrinsic
developmental predisposition remains unclear. Therefore, the present study hypothesized that neuronal
differentiation of hSCAPs represents the unmasking of a pre-existing neural gene profile embedded within their
developmental lineage, rather than an artificially induced fate transition. hSCAPs were subjected to neuronal
induction using both 2D (monolayer culture) and 3D (neurosphere formation, followed by neurogenic maturation)
procedures. Across neuronal differentiation paradigms, cells developed characteristic neuronal-like morphologies
with elongated processes and prominent Nissl substance. Immunofluorescence analyses confirmed the expression
of neuronal markers, while depolarization-evoked intracellular Ca** responses indicated coordinated neuronal-like
physiological properties. To investigate the molecular basis of this differentiation capacity, whole-transcriptome
sequencing was performed on undifferentiated hSCAPs. Baseline transcriptomic profiling revealed a dual
developmental signature. In addition to odontogenic-associated regulators (DSPP and DMP]I), consistent with
their dental identity, hNSCAPs exhibited an endogenous neural gene profile with enrichment of pathways related to
axon guidance, synaptic organization, and cortical development. Transcriptional regulators involved in neuronal
specification (PRDMS8 and NFIB) were constitutively expressed before neuronal induction, suggesting intrinsic
neurodevelopmental potential. Synaptic modulators (RGS4), together with plasticity-associated regulators
(MALATI and AHNAK), further support the presence of a neural regulatory network. Persistent expression of
neural stemness-associated genes (VES and SOX2) also indicates a latent neural priming state consistent with their
ectomesenchymal origin. Together, these findings suggest that neuronal differentiation of hSCAPs reveals a
developmentally encoded neural potential and highlight hASCAPs as promising cell sources for neural regeneration
research.

Keywords Human stem cells from apical papilla, Neural crest-derived stem cells, Neuronal differentiation,
Neural priming, Transcriptome
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Sections of Brain Plastinated with P40:
An Instructional Resource for Sectional Anatomy

Jessy JP'*, Jayashri Pandey?, Renu Dhingra!

' Department of Anatomy, All India Institute of Medical Sciences, New Delhi, India
2 Department of Pediatrics, Sushila Tiwari Hospital, Haldwani, Uttarakhand, India

3 Department of Anatomy, All India Institute of Medical Sciences, New Delhi, India
*Corresponding author, e-mail: jesjp07@gmail.com

Abstract

Background: Plastination preserves biological tissues while maintaining near-natural morphology and is widely
used in anatomical teaching and research. Polyester resin, particularly P40, is well-suited for neural tissue because
it enhances differentiation between gray and white matter. P40 sheet plastination produces thin, transparent
sections that facilitate detailed anatomical visualization and radiological correlation. Objective: To standardize
the P40 sheet plastination technique for brain slices and to compare its effectiveness with S10 plastination in terms
of tissue preservation, shrinkage, and gray—white matter differentiation. Methods: Human brain slices were
plastinated using the P40 sheet plastination technique under two impregnation conditions: room temperature and
cold temperature (—25°C). The outcomes were evaluated based on (i) percentage tissue shrinkage, (ii) clarity of
gray—white matter differentiation, (iii) visibility of vascular structures, and (iv) delineation of key anatomical
landmarks. Gray—white differentiation and structural clarity were assessed using predefined qualitative criteria
based on visual contrast and anatomical distinguishability. The results were compared with sections prepared using
the S10 silicone plastination technique. Descriptive statistical analysis was performed to compare shrinkage
between the two temperature conditions. Results: Room temperature impregnation resulted in faster processing
but showed a higher mean percentage shrinkage compared to cold impregnation at —25°C. P40 plastinated sections
demonstrated clearer visual contrast between gray and white matter based on qualitative assessment criteria,
allowing improved identification of anatomical landmarks such as the anterior commissure, external capsule, and
claustrum. Vascular structures were also more distinctly visualized. In comparison, S10/Silicon plastinated
sections showed lower transparency and reduced gray—white contrast, limiting their effectiveness for detailed
sectional anatomy. Conclusion: P40 sheet plastination provides thin, transparent brain sections with improved
gray—white matter differentiation and anatomical clarity compared to S10 plastination. Cold temperature
impregnation reduces tissue shrinkage and enhances specimen quality. These findings support the use of P40
plastinated brain slices as durable and effective teaching tools for sectional and radiological anatomy.

Keywords Brain, Plastination, P40, S10, Gray—white matter differentiation, Sectional anatomy
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Efficacy of Sida cordifolia Root Extract against
Pentylenetetrazole-Induced Kindling in Swiss Albino Mice:
A Histomorphometric and Neurobehavioral Study

Naveen Kumar BD'*, Tejaswi HL!, Ravi M?

! Department of Anatomy, Adichunchanagiri Institute of Medical Sciences, Adichunchanagiri University,
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*Corresponding author, e-mail: drnaveenanatomy@gmail.com

Abstract

Epilepsy is a chronic neurological disorder characterised by recurrent, unprovoked seizures arising from
abnormal electrical activity in the brain and is often associated with oxidative stress and neuronal damage. Sida
cordifolia L. has been traditionally used in the management of epilepsy and other neurological disorders; however,
its antiepileptic potential lacks adequate scientific validation. Hence, the current study was undertaken to evaluate
the therapeutic efficacy of a hydroalcoholic root extract of Sida cardifolia (HASC) in a Pentylenetetrazol (PTZ)-
induced kindling model in Swiss albino mice, to assess its antiepileptic and neuroprotective effects. Kindling was
induced by intraperitoneal administration of Pentylenetetrazole (40mg/kg) on alternative days for 11 days.
Animals received group-specific treatments throughout the experimental period. Racine’s scale score assessed
seizure severity. Neuroprotective effects were evaluated through histopathological examination of the
hippocampus (CA1 & CA3 regions). Antioxidant status was determined by measuring catalase, glutathione
peroxidase, and lipid peroxidation levels. The data were statistically analysed using one-way ANOVA followed
by Tukey's test as a post hoc test. p-value<0.05 was considered statistically significant. Repeated PTZ
administration significantly increased seizure activities, reflected by elevated cumulative Racine’s scale score (p
< 0.01), and induced marked pyramidal neuronal necrosis in the hippocampus compared to the normal control
group. Co-administration of HASC significantly reduced seizure score (p < 0.05) and preserved neuronal
architecture in the CA1 and CA3 regions of the hippocampus. Furthermore, HASC restored antioxidant enzyme
levels and significantly reduced lipid peroxidation (p < 0.05), indicating potent antioxidant activity. The selected
dose, ranging from 200-400mg/kg of Sida cardifolia extract in the present experiment, corresponds to a human
equivalent dose of approximately 65mg/kg (3.9g/day) based on surface area conversion. HASC demonstrated
significant antiepileptic, antioxidant, and neuroprotective effects in the PTZ-induced kindling model. These
findings suggest that Sida cordifolia root extract may be a promising adjunct or alternative therapeutic strategy for
managing epilepsy.

Keywords Antioxidant, Epilepsy, CAl, CA3, Hippocampus, Hydro alcoholic root extract of Sida cardifolia,
Pentylenetetrazole, Kindling
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Investigating the Neuroprotective and Anxiolytic Effects of
Cannabidiol (CBD) and Brahmi Combinations in
A Chronic Unpredictable Mild Stress (CUMS) Model:
A Behavioral and Proteomic Analysis
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Abstract

Background: Anxiety disorders are among the most prevalent mental disturbances, often triggered by chronic
stress. Prolonged stress exerts a profound lead to neuroinflammation and subsequent alterations in the brain.
Previous studies provided evidence that Cannabidiol (CBD) and Brahmi have neuroprotective effects and reduce
anxiety-like behaviour in rodents. Aim(s): This study aimed to investigate the neuroprotective and anxiolytic
effects of combined Brahmi and CBD treatments in chronic unpredictable mild stress (CUMS)-exposed rats.
Methods: Six-week-old male Sprague Dawley rats were initially categorized into control and CUMS groups. Each
main group was further subdivided into six cohorts to receive either a vehicle or extract, including 20 mg/kg of
Brahmi extract, combinations of Brahmi with low (2.5 mg/kg) or high (5 mg/kg) doses of CBD-enriched extract
(CBDE), and Brahmi combined with low or high doses of CBD isolate (CBDI). All rats were measured for
locomotor, anxiety-like behaviours, and cognitive function on the last day of the protocol, using an open field test
(OFT), elevated plus maze test (EPM), and novel object recognition, respectively. Hippocampal histological
changes were evaluated using haematoxylin and eosin (H&E) staining. The differential proteomes in the
hippocampus were analyzed using LC-MS/MS. After that, MS/MS data were identified and quantified using
Mascot MS/MS ions search and searched against the NCBI protein database. Results: Combination treatment of
CBD and Brahmi partially restored locomotor activity and anxiety-like behaviour compared with CUMS rats,
while cognitive function was maintained or slightly elevated. Histological analysis revealed that extract treatment
mitigated neuronal cell loss. Proteomic analysis identified 1,376 proteins shared across all CUMS groups.
Functional enrichment analysis revealed that these proteins were primarily involved in the synaptic vesicle cycle,
the AMPK signaling pathway, autophagy-animal, and the IL-17 signaling pathway. Conclusion: The combination
of CBD and Brahmi extract effectively mitigates chronic stress-induced behavioural deficits and hippocampal
neuronal damage, suggesting that the treatment exerts neuroprotective and anxiolytic effects.

Keywords Anxiety, CUMS, Hippocampus, CBD, Brahmi
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Repeated Anodal tDCS Drives Temporal Reorganization of
Corticostriatal Circuits
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Abstract

Transcranial direct current stimulation (tDCS) is a non-invasive neuromodulation technique that delivers a
weak, constant electrical current across the scalp to modulate cortical excitability. Although tDCS has
demonstrated therapeutic potential in affective and addictive disorders, its circuit-level neural mechanisms remain
incompletely understood. In the present study, we examined the spatiotemporal dynamics of neuronal activation
induced by repeated anodal tDCS in mice, using a stimulation protocol closely aligned with those applied in
clinical settings. Female Swiss mice were randomly assigned to a tDCS group, in which a stimulation electrode
was surgically affixed to the skull (1 mm lateral and 1 mm anterior to bregma) for current delivery, or to a SHAM
group that underwent the same procedure without electrical stimulation. Animals received 1, 4, 8, or 10 sessions
of anodal stimulation (0.2 mA, 20 min per session, twice daily with sessions spaced approximately 4 h apart).
Neuronal activation was quantified bilaterally using c-Fos immunohistochemistry across four rostrocaudal levels,
encompassing 26 cortical regions and 23 striatal sectors. A single stimulation session induced robust, lateralized
cortical activation beneath the anode, particularly within primary sensory and motor cortices, while striatal regions
remained unresponsive. With repeated stimulation, cortical c-Fos induction progressively attenuated despite
unchanged stimulation parameters, with residual activity primarily confined to associative and motor cortices.
Notably, striatal recruitment emerged only after 10 repeated sessions, at which point activation became bilateral
and spatially distributed across both dorsal and ventral subdivisions of the caudate—putamen and nucleus
accumbens. Furthermore, striatal activation correlated with activity in anatomically corresponding cortical regions,
indicating coordinated engagement of corticostriatal circuits after repeated stimulation. Together, these findings
reveal a temporally staged transition from focal cortical activation to distributed corticostriatal circuit recruitment
following repeated tDCS, providing a mechanistic framework for the cumulative therapeutic effects of
neuromodulation.

Keywords Transcranial direct current stimulation, Psychiatric disorders, Animal model, Mice, C-Fos,
Neuronal activation, Corticostriatal circuits
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Abstract

The Catechol-O-methyltransferase (COMT) rs4680 polymorphism has been extensively investigated in the
pathophysiology of major depressive disorder (MDD). This variant involves a guanine (G) to adenine (A)
substitution, resulting in a Vall58Met amino acid change. However, its specific influence on susceptibility to
suicidal behavior (SB), particularly suicide attempts (SA), among patients with MDD remains inconsistent. This
study aimed to evaluate the association between COMT rs4680 polymorphism and SB risk in MDD through a
systematic review and meta-analysis. A systematic search of PubMed, ScienceDirect, and Scopus was conducted
through February 2026. Eligible studies examined the relationship between COMT rs4680 polymorphism and SB
in MDD using standard diagnostic criteria and reported Hardy-Weinberg equilibrium assessments. Two
independent reviewers screened studies, extracted data, and assessed methodological quality using the Newcastle-
Ottawa Scale. Pooled odds ratios (ORs) with 95% confidence intervals (ClIs) were calculated using fixed- or
random-effects models according to heterogeneity (I?) across different genetic models. From 1,750 screened
records, four case-control studies met the inclusion criteria, comprising 243 MDD patients with SB and 685
controls. All studies showed a low overall risk of bias. The meta-analysis demonstrated a significant association
under the recessive model (AA vs. AG+GQG), indicating an increased risk of SB (OR = 1.56, 95% CI: 1.12-2.18,
p = 0.009, I> =37.30%). This association was stronger when specifically comparing patients with SA to controls
without SA (OR = 1.70, 95% CI: 1.18-2.46, p = 0.004, I = 44.20%). While other genetic models showed no
significant associations, subgroup analysis of the Caucasian populations demonstrated a similar but non-significant
trend. The COMT rs4680 AA genotype is associated with an increased risk of SB, particularly SA, in patients with
MDD. However, these findings should be interpreted with caution, given the limited evidence base. Further large-
scale studies are required to confirm this association.

Keywords 154680, Major depressive disorder, Suicidal behavior, Genetic polymorphism, Meta-analysis
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Abstract

Anxiety disorders are common psychiatric conditions frequently associated with prolonged stress.
Prolonged stress promotes inflammatory responses and glutamatergic excitotoxicity in the hippocampus. The
endocannabinoid system (ECS) plays a critical role in regulating inflammatory signaling and glutamatergic
transmission. Previous studies have demonstrated that cannabidiol (CBD) can reduce anxiety-like behaviors
through modulation of the ECS. This study aimed to investigate the effects of CBD-enriched hemp extract (CBD-
E) and CBD isolate (CBD-I) on behavioral and molecular alterations in rats with chronic unpredictable mild stress
(CUMS)-induced anxiety. Male Sprague—Dawley rats were divided into six groups (n = 12/group): control, CUMS,
CUMS administered with CBD-E (2.5 and 5 mg/kg), and CBD-I (2.5 and 5 mg/kg). Rats received oral
administration of CBD-E or CBD-I while anxiety-like behaviors were induced by CUMS for 14 consecutive days.
Behavioral assessments, including the open field test (OFT), elevated plus maze (EPM), and novel object
recognition test (NOR), were performed on the last day of the stress induction period. Following behavioral testing,
rats were sacrificed for hippocampal histological examination and proteomic analysis focusing on ECS-related,
inflammatory-related, and excitotoxicity-related proteins. CUMS induced anxiety-like behaviors, as indicated by
an increased closed arms entry in the EPM and a decreased percentage of normal hippocampal neurons compared
with the control group. In contrast, CUMS rats treated with CBD-E and CBD-I showed a decreased number of
closed-arm entries and a trend toward increased percentage of normal neurons compared with the CUMS group.
Proteomic analysis revealed that CUMS increased TNF-o-related inflammatory proteins and disrupted ECS-
related and excitotoxicity-related proteins, including decreased CB1 receptor expression and increased voltage-
gated calcium channel and NMDA receptor subunits, as well as TNF-a. Conversely, CBD administration partially
reversed these protein alterations. These findings suggest that CBD-E and CBD-I attenuate anxiety-like behaviors,
improve hippocampal neuronal abnormalities, and partially restore stress-induced protein alterations.

Keywords Anxiety, Cannabidiol, Hemp, Endocannabinoid, Excitotoxicity
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Abstract

Background: Cadaveric dissection is the cornerstone of anatomy education, but students often face difficulty in
three-dimensional spatial understanding. Virtual dissection tables offer interactive visualization and may enhance
learning when integrated with traditional teaching. Objective: To compare learning outcomes between
conventional dissection hall teaching and conventional teaching supplemented with Pirogov virtual dissection
table sessions among first-year MBBS students. Methods: A comparative interventional educational study was
conducted among 100 first-year MBBS students. Participants were randomly assigned to two groups of 50 each.
Group A received conventional dissection teaching, while Group B received conventional teaching supplemented
with Pirogov virtual dissection table sessions. The assessment was conducted over a duration of 2 hours, covering
selected topics in each anatomical region, like the upper limb, thorax, abdomen, head, and neck. Learning outcome
was assessed using pre and post-tests of 20 MCQs. The assessment method between the two groups was the same
to have a meaningful comparison. Mean scores, standard deviations, and mean change in scores were calculated.
Within-group improvement was analysed using a paired t-test, and between-group comparison of mean change
scores was performed using an independent t-test. Results: Both groups showed significant improvement after
teaching (p<0.001). There was no statistically significant difference in pre-test scores. Student performance means
the overall score, which is the difference in post-test scores between the two groups. Mean change score in Group
A was 3.5 + 1.8, whereas Group B showed a significantly higher mean change score of 6.8 + 2.0. The difference
in mean change in score between groups was statistically significant (t = 8.67, p < 0.001). Conclusion: Blended
learning, incorporating both conventional dissection hall teaching and Pirogov virtual dissection table sessions,
results in significantly greater improvement in student learning compared to conventional teaching alone.
However, further studies employing diverse assessment strategies are recommended to comprehensively evaluate
the relative effectiveness of these teaching modalities.

Keywords Anatomy education, Virtual dissection table, Blended learning, MBBS, Educational intervention
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Abstract

Formalin, a ubiquitous fixative in immunohistochemistry (IHC), is a recognized carcinogen that frequently
obscures antigenic sites through protein crosslinking. This study evaluated the comparative efficacy of
immunohistochemical reactions using alcohol-based fixatives (Zero Formalin; ZF) and benzalkonium chloride-
based fixatives, both formulated to be formalin- and phenol-free. The investigation revealed that alcohol-based ZF
solutions effectively preserved the immunoreactivity of both vimentin and Antigen Kiel-67 (Ki-67). Conversely,
benzalkonium chloride-based fixatives supported the expression of vimentin alone, failing to maintain Ki-67
integrity. Quantitative analysis demonstrated that the median H-score for vimentin protein in the jejunum and
ileum showed no statistically significant deviation between tissues fixed with alcohol-based solutions and those
fixed with conventional 10% formalin (p > 0.05). Furthermore, the median Ki-67 positivity index in the small
intestine remained statistically comparable between alcohol-based fixatives and the formalin gold standard (p >
0.05). In conclusion, alcohol-based ZF formulations demonstrated superior effectiveness in IHC reactions relative
to benzalkonium chloride-based alternatives. These novel solutions offer a high-fidelity, safer methodological
alternative to conventional formalin, effectively mitigating occupational biohazard exposure while maintaining
protein integrity.

Keywords Immunohistochemistry, Ki-67, Vimentin, Zero Formalin

Background exposure while maintaining high-quality tissue
Immunohistochemistry ~ (IHC) s a preservation for gross and microscopic anatomy.
foundational diagnostic modality in clinical and The small intestine, a long, convoluted organ,
veterinary pathology for classifying neoplasms, is composed of four distinct layers: the mucosa,
directly impacting patient prognosis and therapeutic submucosa, muscularis externa, and serosa/
interventions (1). The fixative is the most critical adventitia (5). Ki-67, a nuclear antigen, detects
reagent in this process, as it must preserve tissue proliferating cells, primarily those at the base of the
architecture while maintaining the integrity of intestinal crypts (6). Vimentin, a 57 kDa
antigenic epitopes (2). While 10% neutral buffered intermediate filament protein, is generally expressed
formalin is the current "gold standard" due to its in mesenchymal cells within the lamina propria,
cost-efficiency and rapid action, its use carries including fibroblasts, macrophages, and endothelial
significant health risks, including carcinogenicity cells (7).
(3). Furthermore, formalin-induced crosslinking The objective of this research was to compare
necessitates complex antigen retrieval (AR) the THC efficacy of these novel formalin-free and
protocols to unmask epitopes (4). phenol-free fixatives against traditional methods.
To address these concerns, researchers at
Chulalongkorn University have developed "Zero Materials and Methods
Formalin" (ZF) preservatives. These solutions aim Fixatives solution preparation
to provide a safer laboratory environment for Four experimental fixative formulations were
students and technicians by reducing hazardous used: Zero Formalin Formula 1 (ZF1), Zero
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Formalin for histology (ZF Histo) (alcohol-based),
as well as BZCU and BZ+Ramanoir (benzalkonium
chloride-based). The precise chemical compositions
are currently protected under Petty Patent
Application Number 2403004132.

Sample preparation

Intestinal tissues (duodenum, jejunum, and
ileum) were harvested from three domestic pigs (Sus
domesticus) via the Veterinary Diagnostic
Laboratory at Chulalongkorn University. Samples
were fixed for 24-36 hours in one of five solutions,
which were 1) 10% Formalin, 2) ZF1, 3) ZF Histo,
4) BZCU, or 5) BZ+Ramanoir. Following fixation,
tissues underwent standard dehydration and paraffin
embedding. Sections were cut at 4 pm and mounted
on gelatin-coated slides for further IHC procedure.

Immunohistochemistry staining

The sections were deparaffinized in xylene
and rehydrated through graded ethanol dilutions.
For vimentin, antigen retrieval was performed
using a citric acid buffer, pH 6.0, microwave
method at 500 watts for 5 minutes (2 times). While
Ki-67, antigen retrieval was performed using a
citric acid buffer, pH 6.0, microwave method at 800
watts for 5 minutes, defrost mode for 3 minutes,
and 400 watts for 5 minutes (4 times). Endogenous
peroxidase activity was inhibited by immersing the
sections in 3% (v/v) H202 in methanol at room
temperature. Non-specific background staining was
reduced by incubation with 1.5% normal horse
serum (Vector Laboratories, CA, USA) for 30
minutes. The sections were incubated overnight at
4°C with a 1:100 dilution of mouse monoclonal
antibody to Vimentin (sc-6260, Santa Cruz
Biotechnology, TX, USA) or Ki-67 (GA626,
Agilent Dako, CA, USA). Subsequently, the
sections were applied with the secondary
biotinylated horse anti-mouse antibody (Vector
Laboratories, CA, USA) at a dilution of 1:200.
Then, both immunoreactive staining were
performed using horseradish peroxidase avidin
biotin complex (ABC kits, Vector Laboratories,
CA, USA) and the 3,3' diaminobenzidine
tetrahydrochloride (DAB Peroxidase substrate kit,
Vector Laboratories, CA, USA) as the chromogenic
substrate. The tissue slides were counterstained
using Mayer's hematoxylin. Finally, the tissue
slides were mounted using glycerol gelatin media.
All tissue slides were visualized using Panoramic
scan and software Slideviewer (3DHISTECH,
Budapest, Hungary).
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Evaluation of immunoreaction

Vimentin and Ki-67 expression were
analyzed using CellQuant software (3DHISTECH,
Budapest, Hungary). The results were presented as
the H-score and positivity index of the staining,
respectively. Moreover, a positive index of Ki-67
was calculated from the division of positive cells
by all intestinal cells in the slide. Furthermore, the
expression of vimentin was digitally categorized
into three levels (high, moderate, and low) and
calculated as H-score = (% high x3)+(% moderate
x2)+(%low x1), following previous immuno-
histochemical studies (8,9).

Statistical analysis

All statistical analyses and data visualizations
were conducted using R software (version 4.5.1).
All quantitative data, including H-score and
Positive Index, were expressed as median and
interquartile range (IQR). The normality of data
distribution was assessed using the Shapiro-Wilk
test. Due to the non-normal distribution of the data,
non-parametric statistical methods were used for all
comparisons to ensure consistency across the study.
For each organ type (duodenum, jejunum, and
ileum), statistical significance among the groups
(Formalin, ZF, ZF Histo, BZCU, and
BZ+Ramanoir) was determined using the Kruskal-
Wallis H test. When significant differences were
detected, a Dunn’s post-hoc test with Benjamini-
Hochberg (BH) adjustment for multiple
comparisons was performed to identify specific
differences between groups. A p-value of less than
0.05 was considered statistically significant.

Results and Discussion
Qualitative evaluation

Vimentin expression was identified mainly in
the cytoplasm of mesenchymal cells, fibroblasts
within the lamina propria, endothelial cells,
muscularis externa, and lymphatic nodules in ileal
Peyer’s patches (10,11). On the other hand, Ki-67
immunoreactivity was localized mainly in the
nuclei of proliferative epithelial stem cells in the
crypts of Lieberkiihn, lymphocytes, and duodenal
submucosal fibroblasts. (12). The results of
vimentin immunostaining were depicted in Figures
1-3, while the results of Ki-67 immunostaining
were shown in Figures 4-6

Quantitative assessment

Quantitative analysis of vimentin, an
intermediate filament cytoskeletal protein, was
demonstrated in Table 1. Vimentin, the marker to
identify mesenchymal cells such as fibroblasts,
endothelial cells, and smooth muscle cells, was
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evaluated using H-scores to measure color intensity
as well as the proportion of positive cells. Statistical
results indicated significant regional variance; in
the duodenum, both alcohol-based (ZF1, ZF Histo)
and benzalkonium chloride-based fixatives (BZCU,
BZ+Ramanoir) showed H-scores that differed
significantly from the 10% formalin control (p <
0.05). However, high-fidelity preservation was
achieved in the jejunum using ZF1 and in the ileum
using ZF Histo, as these alcohol-based formulations
showed no significant statistical difference
compared to conventional formalin (p > 0.05). This
efficacy suggests a mechanistic superiority for
alcohol-based fixatives, which function as protein
precipitants to preserve antigenic sites more
effectively than the crosslinking mechanism of
formalin. Furthermore, the use of alcohol-based
fixation may lower the requirement for traditional
antigen retrieval (AR) steps, offering a potential
reduction in overall tissue processing time while
maintaining diagnostic integrity.

The quantitative evaluation of Antigen Kiel-
67 (Ki-67) focused on its role as a nuclear marker
for cellular proliferation. Efficacy was determined
by the positivity index (Ki-67 index), which
measures the percentage of immunoreactive cells
within the tissue sections (Table 2). Statistical
analysis demonstrated that alcohol-based fixatives
(ZF1 and ZF Histo) maintained high-fidelity
preservation, as their positivity indices showed no
significant statistical deviation from conventional
10% formalin across the small intestine segments
(p > 0.05). In stark contrast, benzalkonium chloride
(BAC)-based fixatives (BZCU and BZ+Ramanoir)
exhibited a complete failure to preserve the Ki-67
epitope, resulting in a statistically significant
reduction in immunoreactivity compared to the
formalin gold standard (p < 0.05). This disparity
likely arises from the mechanistic limitations of
BAC; as a quaternary ammonium compound
(QAC), it functions by denaturing proteins and
disrupting cell membranes, a process that appears
to induce the total loss of specific antigenic sites
like Ki-67. Furthermore, the use of alcohol-based
fixatives presents a superior alternative due to their
ability to precipitate proteins rather than denature
them, while avoiding the environmental risks and
potential carcinogenic byproduct formation
associated with QACs.

The qualitative and quantitative results
underscore the significant impact of fixative
selection on antigenic integrity. Vimentin, a
mesenchymal marker found in fibroblasts and
endothelial cells, was successfully preserved across
all tested solutions, though regional differences
were noted; specifically, alcohol-based and
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benzalkonium chloride (BAC)-based H-scores in
the duodenum differed from the formalin control.
However, alcohol-based fixatives such as ZF1 and
ZF Histo demonstrated high-fidelity preservation in
the jejunum and ileum, showing no significant
difference from the formalin gold standard.

In contrast, the Ki-67 proliferation index
revealed a stark divergence: while alcohol-based
fixatives yielded results comparable to formalin,
BAC-based fixatives (BZCU and BZ+Ramanoir)
resulted in a near-total loss of immunoreactivity.
This failure is attributed to the mechanism of BAC
as a quaternary ammonium compound (QAC),
which denatures proteins and disrupts cell
membranes, thereby eliminating specific epitopes
like Ki-67. Alcohol-based fixatives, functioning as
protein precipitants, preserve antigenic sites more
effectively, rendering secondary antigen retrieval
(AR) unnecessary and reducing processing time.

While formalin remains the benchmark, its
carcinogenic nature and the necessity for unmasking
cross-linked antigens present significant drawbacks.
Although alcohol-based fixatives are substantially
safer (13), they may occasionally induce tissue
shrinkage or brittleness (14,15). Furthermore,
BAC-based alternatives pose environmental risks
to marine ecosystems and may facilitate the
formation of the carcinogen N-nitrosodimethyl-
amine (NDMA) at high levels (16).

Conclusion

In conclusion, alcohol-based fixatives (ZF1
and ZF Histo) provide a highly effective and viable
alternative to conventional formalin-based solutions
for tissue fixation in immunohistochemistry. They
offer comparable diagnostic accuracy for
mesenchymal and proliferation markers while
ensuring a significantly safer working environment
by eliminating exposure to carcinogenic
formaldehyde and phenol. Furthermore, by
avoiding the environmental toxicity and antigenic
degradation associated with benzalkonium chloride-
based alternatives, alcohol-based formulations
emerge as the superior choice for modern,
sustainable, and high-performance histological
processing.
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Fig. 1 Immunohistochemical expression of vimentin
protein in swine duodenum with various fixative
solutions. A: Fixed with 10% Formalin. B: Fixed with
ZF1. C: Fixed with ZF Histo. D: Fixed with BZCU. E:
Fixed with BZ+Ramanoir. F: Negative control. The
red double-headed arrows show the boundary layers
of tunica mucosa (M), and tunica submucosa (s). The
asterisks show key structures of villi (*), and
Brunner’s (duodenal) glands (**). The colored
arrowheads show positive staining of lamina propria
(Yellow arrowheads), and endothelial cells (Pink
arrowheads). Scale bar =20 um.
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Fig. 2 Immunohistochemical expression of vimentin
protein in swine jejunum with various fixative
solutions. A: Fixed with 10% Formalin. B: Fixed with
ZF1. C: Fixed with ZF Histo. D: Fixed with BZCU. E:
Fixed with BZ+Ramanoir. F: Negative control. The
red double-headed arrows show the boundary layers
of tunica mucosa (M), tunica submucosa (s), and
muscularis externa (ME). The asterisks show key
structures of villi (*), and plicae circulares (**). The
colored arrowheads show positive staining of lamina
propria (Yellow arrowheads), endothelial cells (Pink
arrowheads), and muscularis externa (Green
arrowheads). Scale bar =20 um.
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Fig. 3 Immunohistochemical expression of vimentin
protein in swine ileum with various fixative solutions.
A: Fixed with 10% Formalin. B: Fixed with ZF1. C:
Fixed with ZF Histo. D: Fixed with BZCU. E: Fixed
with BZ+Ramanoir. F: Negative control. The red
double-headed arrows show the boundary layers of
tunica mucosa (M), and tunica submucosa (s). The
asterisks show key structures of villi (¥), and Peyer’s
patches (**). The colored arrowheads show positive
staining of lamina propria (Yellow arrowheads), and
lymphatic nodules (Pink arrowheads) in Peyer’s
patches. Scale bar = 20 um.
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Fig. 4 Immunohistochemical expression of Ki-67
protein in swine duodenum with various fixative
solutions. A: Fixed with 10% Formalin. B: Fixed with
ZF1. C: Fixed with ZF Histo. D: Fixed with BZCU. E:
Fixed with BZ+Ramanoir. F: Negative control. The
red double-headed arrows show the boundary layers
of tunica mucosa (M), and tunica submucosa (s). The
asterisks show key structures of villi (*), and
Brunner’s (duodenal) glands (**). The colored
arrowheads show positive staining of epithelial cells
in crypts of Lieberkihn (Green arrowheads),
lymphocytes in lamina propria (Red arrowheads),
Brunner’s (duodenal) glands (Orange arrowheads).
Scale bar =20 um.
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Fig. 5
protein in swine jejunum with various fixative
solutions. A: Fixed with 10% Formalin. B: Fixed with
ZF1. C: Fixed with ZF Histo. D: Fixed with BZCU. E:
Fixed with BZ+Ramanoir. F: Negative control. The
red double-headed arrows show the boundary layers
of tunica mucosa (M), tunica submucosa (s), and
muscularis externa (ME). The asterisks show key
structures of villi (*), and plicae circulares (¥*). The
colored arrowheads show positive staining of
epithelial cells in crypts of Lieberkiihn (Green
arrowheads), and lymphocytes in lamina propria (Red
arrowheads). Scale bar =20 pm.
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Fig. 6 Immunohistochemical expression of Ki-67
protein in swine ileum with various fixative solutions.
A: Fixed with 10% Formalin. B: Fixed with ZF1. C:
Fixed with ZF Histo. D: Fixed with BZCU. E: Fixed
with BZ+Ramanoir. F: Negative control. The red
double-headed arrows show the boundary layers of
tunica mucosa (M), and tunica submucosa (s). The
asterisks show key structures of villi (*), and Peyer’s
patches (**). The colored arrowheads show positive
staining of epithelial cells in crypts of Lieberkiihn
(Green arrowheads), lymphocytes in lamina propria
(Red arrowheads), and lymphatic nodules (Pink
arrowheads) in Peyer’s patches. Scale bar =20 pm.
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Table 1 The H score of vimentin protein in swine
small intestine tissues with various fixative solutions
(median + IQR). Different superscript letters within a
column indicate statistical significance (p < 0.05)

Group of | Duodenum | Jejunum Ileum

fixatives

10% 107.17 + | 11034 + | 82.62 <+

Formalin | 2.08" 2.09° 2.21°

ZF1 96.59 £ | 112.76 + | 101.67 +
2.57° 3.52° 3.17°

ZF Histo | 93.99 £+ | 88.09 + | 81.65 =+
1.97° 2.75° 1.73*

BZCU 8739 + | 8679 + | 8327 +
2.35% 2.02° 2.42°

BZ+ 82.08 + | 7748 + | 8475 =+

Ramanoir | 3.90° 3.07° 2.70°

Table 2 The positivity index of Ki-67 protein in swine
small intestine tissues with various fixative solutions
(median £ IQR). Different superscript letters within a
column indicate statistical significance (p < 0.05)

Group of | Duodenum | Jejunum Ileum
fixatives
10% 9286 + | 88.02 + | 9444 <+
Formalin | 10.40° 15.88* 15.09*
ZF1 8331 + | 7588 + | 8128 =+
11.16* 19.66 18.00°
ZF Histo | 88.12 + | 87.55 + | 78.16 =+
24.02* 19.92° 37.87°
BZCU 6.06 + | 2.88 + | 3.21 +
18.10° 9.95° 10.80°
BZ+ 0.38 + | 041 +| 856 =+
Ramanoir | 1.55° 0.55° 9.76"
Acknowledgements

We would like to thank Veterinary Diagnostic
Laboratory Large Animal Teaching Hospital,
Faculty of Veterinary Science, Chulalongkomn
University, for tissue samples. This study was
supported by Faculty of Veterinary Science
Research grant 2026 (RI 6/2026) and Innovation
and Invention grant, Ratchadaphiseksomphot
Endowment Fund (CU_GI_68 004_3100_001).

References

1. Painter JT, Clayton NP, Herbert RA. Useful
immunohistochemical markers of tumor
differentiation. Toxicol Pathol 2010;38(1):131-
41.

2. Lenz J, Machacova D, Koneé¢na P, Fiala L,
Kyllar M, Tichy F. Effects of different fixatives
over different fixation times, including
Antigenfix, on immunohistochemical studies.
Acta Veterinaria Brno 2022;91:179-88.

36

10.

11.

12.

Proceedings of the Anatomy Association of Thailand
May 13-15, 2026

Sinha N, Nayak MT, Sunitha JD, Dawar G,
Rallan N, Gupta S. Comparative efficacies of a
natural fixative with a conventional fixative. J
Oral Maxillofac Pathol 2017;21(3):458.

van Essen HF, Verdaasdonk MAM, Elshof SM,
de Weger RA, van Diest PJ. Alcohol based
tissue fixation as an alternative for formal-
dehyde: influence on immunohistochemistry.
Journal of Clinical Pathology 2010;63(12):
1090.

Eyhab R, Al-Samawy E, Hussein D, Kadhim,
Taher I, Alhmadi H, et al. Histo-Morphometric
Compression Finding of the Small Intestine in
Rats and Rabbit According to Different Foods.
2021; 9:433-7.

Saxena R, Darnell AJ. Proliferation in the
normal gastrointestinal tract: an immunohisto-
chemical study with Ki-67. Journal of Histo-
technology. 2012;35(1):22-6.

Yin S, Chen F-f, Yang G-f. Vimentin immuno-
histochemical expression as a prognostic factor
in gastric cancer: A meta-analysis. Pathology-
Research and Practice. 2018;214(9):1376-80.
Prapaiwan N, Manee-In S, Thanawongnuwech
R, Srisuwatanasagul S. Anti-Miillerian hormone
levels in serum and testes of male dogs:
relations with neuter status and bilateral
abdominal cryptorchidism. Theriogenology
2023;208:171-7.

Srisuwatanasagul K, Prapaiwan N,
Srisuwatanasagul S, Kunavongkrit A,
Roongsitthichai A. Immunohistochemical study
of Ki-67 protein, androgen receptor, and
estrogen receptor beta in testicular tissues of
male pigs immunocastrated with different times
of GnRH vaccination. Anat Histol Embryol
2018;47(5):475-80.

Lalioti V, Gonzalez-Sanz S, Lois-Bermejo I,
Gonzalez-Jiménez P, Viedma-Poyatos A,
Merino A, et al. Immunolocalization studies of
vimentin and ACE2 on the surface of cells
exposed to SARS-CoV-2 Spike proteins.
bioRxiv 2021:442648.

Brzozowa-Zasada M, Wyrobiec G, Piecuch A,
Jasiniski D. Vimentin immunoexpression and its
prognostic activity in colon cancer among
Caucasian patients. Prz Gastroenterol 2022;
17(2):123-9.

Nayak J, Mohanty P, Lenka A, Sahoo N,
Agrawala S, Panigrahi SK. Histopathological
and Immunohistochemical Evaluation of CDX2
and Ki67 in Colorectal Lesions with their
Expression Pattern in Different Histologic
Variants, Grade, and Stage of Colorectal
Carcinomas. J Microsc Ultrastruct 2021;9(4):
183-9.



48"AAT International Conference

13.

14.

15.

16.

Rahman MA, Sultana N, Ayman U, Bhakta S,
Afrose M, Afrin M, et al. Alcoholic fixation
over formalin fixation: A new, safer option for
morphologic and molecular analysis of tissues.
Saudi Journal of Biological Sciences 2022;
29(1):175-82.

Mayur Ramabhai Chaudhari MP, Keyurkumar
Gulabbhai Patel. Comparative Evaluation of
Formalin and Alcohol-Based Fixatives on
Tissue Morphology and Immunostaining in
Routine Histopathology. Journal of Heart Valve
Disease 2025;30(7):31-4.

Titford ME, Horenstein MG. Histomorphologic
assessment of formalin substitute fixatives for
diagnostic surgical pathology. Arch Pathol Lab
Med 2005;129(4):502-6.

Mohapatra S, Yutao L, Goh SG, Ng C, Luhua'y,
Tran NH, et al. Quaternary ammonium
compounds of emerging concern: Classification,
occurrence, fate, toxicity and antimicrobial
resistance. Journal of Hazardous Materials
2023;445:130393.

37

Proceedings of the Anatomy Association of Thailand
May 13-15, 2026



48™AAT International Conference Proceedings of the Anatomy Association of Thailand
May 13-15, 2026

0-10

Determining Accurate Sizing and Safe Trajectory of
Lateral Mass Screws in the First Cervical Vertebra of the
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Abstract

Background: The first cervical vertebra (C1) consists of an anterior and posterior arch, and a lateral mass.
Instrumental fixation of the lateral mass to stabilize the C1 vertebra is required in conditions of atlantoaxial
instability, including fractures, dislocations, and congenital anomalies. C1 bears a complicated relationship with
the vertebral artery and cervical spinal cord, which are at critical risk of injury in a misdirected screw. Objective:
To identify safe screw trajectories and optimum screw dimensions of the C1 lateral mass screws in the Emirati
population. Methods: Computed Tomography images of the Cervical Spine in 160 Emirati adults, >18 years
(M=80; F=80) were reviewed in the Department of Radiology, Rashid Hospital, Dubai. We studied screw
dimensions and trajectories at three entry points: A) Centre of lateral mass, B) Junction of posterior arch and lateral
mass, C) Through posterior arch. Results: Screw entry at Point A and Point B allows screws of intraosseous lengths
18-20mm in Emiratis. Medial angulation of 15-20° allows for maximum bone purchase. We recommend cephalic
angulations of 19° in males and 16° in females. Screw entry at Point C with zero inclination allows for an
intraosseous screw length of 28.0mm from the posterior arch to the anterior cortex of the lateral mass. Mean height
of posterior arch at the vertebral artery groove was 3.2+0.4mm in males and 3.0+0.4mm in females. Conclusion:
We recommend lateral mass screws of 3.5-4.0 mm width at all points, with screw lengths depending on the entry-
point and angulation. A notching technique is recommended if screw entry through point C is considered. This is
the first study reporting on the feasibility of C1 screw placement in the Emirati population. Pre-operative knowledge
of screw sizes minimizes the risk of inadvertent injury to neurovascular structures in the vicinity of the C1 lateral
mass.

Keywords C1, Lateral mass, Screw, Atlas
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Abstract

The original Thiel embalming method is renowned for producing cadavers with lifelike flexibility and color.
However, the original protocol is hindered by its complex multi-step preparation and high chemical costs of around
£3,000 per cadaver. Additionally, the occasionally over-softened visceral tissues can be suboptimal for
foundational anatomical study in undergraduate programs. This study aimed to develop a promising single-
solution modified Thiel protocol using accessible commercial-grade chemicals to reduce costs and preparation
complexity while improving visceral tissue firmness. Twelve cadavers (7 males, 5 females; age range 6293 years)
were embalmed using a simplified, single-solution formula. The total material cost was reduced by approximately
90% (from ~£3,000 to ~£300 per cadaver). After a three-month immersion period, cadaver quality was evaluated
using objective joint range-of-motion (ROM) measurements (n=12) and a structured questionnaire (4-point Likert
scale) completed by a diverse group of stakeholders (n = 56). The modified protocol maintained realistic tissue
properties with a significantly simplified workflow. Objective ROM testing demonstrated excellent joint mobility,
including shoulder flexion (121.7° + 24.3°) and knee flexion (123.7° £+ 23.3°), which are comparable to values
observed in live individuals. Quantitative evaluations showed high mean scores for tissue color (3.37 + 0.62) and
limb flexibility (3.35 £+ 0.76). The increased visceral firmness prevented the "collapse" of hollow organs,
facilitating clearer structural identification. Medical specialists provided a high validation score of 3.71 + 0.49 for
surgical training suitability. This single-solution protocol offers a cost-effective alternative, reducing expenses
tenfold. By balancing lifelike flexibility with improved visceral stability, it provides a versatile educational tool.
Future research will incorporate objective tissue stiffness testing and histological analysis to further validate long-
term preservation quality.

Keywords Thiel embalming, Body preservation, Education
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Abstract

Sex estimation is the most fundamental step in establishing a biological profile for personal identification
in forensic anthropology. Among all skeletal elements, the human skull is recognized as the second most reliable
indicator for sex estimation, surpassed only by the pelvis, owing to its distinct sexual dimorphism in both structural
size and muscle attachment robusticity. However, genetic and geographical variations render sex prediction
equations population-specific, and applying equations derived from one population to another often results in a
marked decrease in accuracy. Currently, no region-specific forensic anthropological database exists for the
Northeastern Thai population, which possesses unique genetic characteristics that may differ from other Thai
regions. Therefore, this study aimed to develop a sex estimation equation specifically for this population. A total
of 100 dry skulls (50 males and 50 females) were examined from the Unit of Human Bone Warehouse for Research
(UHBWR), Department of Anatomy, Faculty of Medicine, Khon Kaen University. All specimens were from
individuals aged 20 years or older. Five craniometric parameters were measured: Bregma—Basion (P1), Bregma—
Nasion (P2), Basion—Nasion (P3), Nasion—Prosthion (P4), and Lambda—Nasion (P5). Statistical analysis was
performed using independent #-tests and stepwise discriminant function analysis. The results revealed that mean
values of all five parameters were significantly higher in males than in females (p < 0.001), consistent with the
known effects of sex hormones on skeletal development. Stepwise DFA identified P1 and P5 as the most significant
predictors, yielding the equation: D = 0.916(P1) + 1.654(P5) - 39.623. This equation achieved an overall
classification accuracy of 86.0%, with 88.0% accuracy for males and 84.0% for females. Cross-validation
confirmed the model's stability at 84.0%, indicating robustness and generalizability. In conclusion, the derived
equation provides a reliable and population-specific tool for sex estimation from cranial measurements, with
potential application in forensic identification cases within the Northeastern Thai population.

Keywords Forensic anthropology, Biological profile, Sex estimation, Human skulls, Northeastern Thailand

Background high reliability is attributed to its distinct sexual

Identifying individuals from skeletal remains dimorphism, which is evident in both structural size
is a core mission in forensic anthropology, playing and the robusticity of muscle attachment sites [2].
a vital role in the judicial process, criminal Currently, Thailand has several established
investigations, and the identification of unknown standards for sex estimation from various skeletal
persons. The first and most fundamental step in elements, such as the femur, in the Northern Thai
establishing a biological profile is sex estimation, as population [3] or the mandible in the Central Thai
it significantly narrows the scope of the population [4]. In addition, several studies have
investigation [1]. The skull is traditionally investigated sex estimation from cranial structures
recognized as the second most reliable indicator for in Thai populations, including analyses of maxillary
sex estimation after the pelvis, although some suture length and three-dimensional craniometric
studies suggest that certain postcranial elements approaches, further emphasizing the importance of
may provide comparable or higher accuracy. This population-specific standards [5,6]. However, these
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approaches may have limitations in accuracy
compared to the use of a complete skull and may be
insufficient for highly complex identification cases.
A crucial factor affecting the precision of predictive
equations is "population specificity", as the skull
exhibits significant genetic and geographical
variations. Consequently, applying an equation
developed for one population to another often
results in a marked decrease in accuracy [7]. For the
Northeast (Isan) region, which has a large
population and unique genetic characteristics that
may differ from those in the Northern or Central
regions, there is still a lack of region-specific
forensic anthropological databases. Using equations
derived from other populations may lead to errors in
sex estimation. Therefore, this study aims to analyze
the cranial morphology of this population to develop
efficient and accurate equations for practical
application in the field.

Materials and Methods

A total of 100 dry skulls were collected,
consisting of 50 male and 50 female specimens in
well-preserved condition. Each specimen included
recorded information on age, sex, and ancestry, with
all individuals being at least 20 years old. The
samples were obtained from the Unit of Human
Bone Warehouse for Research (UHBWR),
Department of Anatomy, Faculty of Medicine,
Khon Kaen University. This study was approved by
the Center for Ethics in Human Research, Khon
Kaen University (Approval No. HE681653).
Inclusion criteria were well-preserved adult skulls
(>20 years) with complete anatomical landmarks
and documented information on sex, age, and geo-
graphical origin, without pathological conditions or
damage affecting cranial morphology. Exclusion
criteria included incomplete or damaged skulls, the
presence of pathological conditions affecting cranial
structure, and missing or incomplete donor
information. The skulls were measured according to
five parameters (Fig. 1) using a digital caliper with
an accuracy of 0.01 mm, including:

P1 = Distance between Bregma-Basion
P2 = Distance between Bregma—Nasion
P3 = Distance between Basion—Nasion
P4 = Distance between Nasion—Prosthio
P5 = Distance between Lambda—Nasion

All measurements were performed by two
trained observers. Interobserver reliability was
assessed using the intraclass correlation coefficient
(ICC) based on a two-way random-effects model
with absolute agreement. The data collected were
analyzed using IBM SPSS Statistics version 26.0.
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All measurements are presented as mean + standard
deviation (SD). Descriptive statistics and
independent #-tests were performed to assess mean
differences between male and female populations.
Discriminant function analysis was conducted to
develop predictive equations and assess the
classification accuracy for sex estimation.

(a)

Fig. 1 Five measurements (P1-P5) used in this study:
(a) distance between Bregma—Basion (P1), Bregma—
Nasion (P2), and Basion—Nasion (P3); (b) distance
between Nasion—Prosthion (P4) and Lambda—Nasion

Results

In this study, interobserver reliability for all
parameters was excellent, with ICC values ranging
from 0.992 to 0.998 (95% CI: 0.986-0.999).

The results of this study indicated that all
parameters in males were significantly higher than
those in females (Table 1), with statistically
significant  differences observed across all
measurements (p < 0.001).

The discriminant function analysis developed
for sex estimation demonstrated high performance,
achieving an overall accuracy rate of 86%. The
classification was determined using the following
predictive equation (Table 2). The sectioning point
for this model was set at 0; a calculated score (D)
greater than 0 classified the individual as male,
while a score less than 0 classified the individual as
female.

According to the classification matrix (Table
2), the discriminant function equation demonstrated
high predictive performance. The sensitivity
(accuracy in identifying males) was 88.0% (44 out
of 50), while the specificity (accuracy in identifying
females) was 84.0% (42 out of 50). To further
evaluate the reliability of the model, a cross-
validation test was performed, yielding a sensitivity
of 88.0%, a specificity of 80.0%, and a consistently
high overall accuracy of 84.0%. The minimal
disparity between the original and cross-validated
results confirms the robustness and generalizability
of the model for sex estimation within the
Northeastern Thai population.
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Table 1 Descriptive statistics and independent #-test statistics for sex differences in dry skull measurements

May 13-15, 2026

Parameter Total (n=100) Male (n=50) Female (n=50) f-score p-value
Mean £ SD (cm) Mean £ SD (cm) Mean £ SD (cm)

Pl 13.33+0.53 13.60 + 0.44 13.06 +0.48 5.930 <0.001

P2 11.03+0.51 11.23+0.41 10.82 +0.53 4318 <0.001

P3 9.72+0.53 10.01 +0.46 9.43+0.43 6.483 <0.001

P4 6.84 £ 0.55 7.11+0.45 6.58 £0.51 5.464 <0.001

P5 16.56 +0.61 16.95 +0.45 16.18 + 0.49 8.118 <0.001

Table 2 Discriminant function models and classification accuracy rates for sex estimation using the stepwise method

Original analysis

Cross validation

Discriminant
function equation a(c)c\’::::l Sensitivity | Specificity a(c)::::il Sensitivity | Specificity
oy (%) (%) oy (%) (%)
(%) (%)
D=0916(P1) +
1.654(P5) - 39.623 86.0 88.0 84.0 84.0 88.0 80.0

Discussion

In this study, interobserver reliability for all
parameters was excellent, with ICC values ranging
from 0.992 to 0.998 (95% CI: 0.986-0.999),
indicating high consistency between observers. This
strong agreement confirms that the measurements
are reproducible and not influenced by individual
variability between raters, thereby strengthening the
validity and generalizability of the results.

The present study demonstrated significant
sexual dimorphism in the cranial structures of the
Northeastern Thai population. All measured
parameters (P1-P5) were significantly larger in
males than in females (Table 1), with p-values less
than 0.001. This morphological divergence is
primarily driven by the influence of sex hormones
on skeletal development. Testosterone in males
promotes prolonged periosteal apposition and the
development of more prominent muscle attachment
sites, such as the nuchal lines and mastoid processes
[8-10]. In contrast, estrogen in females tends to limit
bone lateral growth and leads to earlier fusion of
cranial base synchondroses, resulting in a generally
smaller and more gracile skull compared to males
[11,12].

In this study, the discriminant function
analysis yielded a classification equation with an
overall accuracy of 86.0%. This accuracy rate is
notably higher than previous studies in Thai
populations using other skeletal elements, such as
the mandible (79.3%) [4]. Although some
international studies, such as research on Japanese
populations using cranial measurements, reported a
higher accuracy of 93.9% [7], our result of 86.0%
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classification accuracy for males (88.0%) compared
to females (84.0%). This suggests that male crania
in the Northeastern Thai population exhibit more
pronounced "robust" features that the model can
identify more easily. The cross-validation results
demonstrated a slight reduction in accuracy, with a
4.0% shrinkage observed in females (from 84.0% to
80.0%). This level of reduction is considered
acceptable and indicates good model stability,
suggesting that the equation is not overfitted and can
be generalized to similar populations.

The variation in results across different
studies highlights the importance of population
specificity. Factors such as genetics, environmental
conditions, and lifestyle contribute to unique
skeletal patterns [13,14]. Therefore, the sex
estimation equation developed here is an
appropriate tool for forensic use in Northeastern
Thailand.

Conclusion

In conclusion, this research provides a vital
regional database and a high-accuracy tool for sex
estimation. By utilizing these specific human skull
parameters, forensic anthropologists can develop a
more precise biological profile, significantly
improving the efficiency of human identification in
the Thai justice system.
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Abstract

Background: Retroperitoneal vascular variants involving the inferior vena cava (IVC) and renal vessels are
frequently identified on multidetector computed tomography (MDCT), yet their influence on surgical exposure is
often described only qualitatively. This study introduces the Anatomy-Based Surgical Risk Tier (ABSRT)
framework, conceptually derived from hazard stratification principles in occupational health, to systematically
classify vascular variants as structural hazards within the operative field. Objective: The framework evaluates
variants based on their spatial relationship to the renal hilar aortocaval surgical corridor, specifically focusing on
the operative window, defined as the anatomical space between the aorta, IVC, and renal hilum where vascular
control is achieved. Methods: A retrospective review of 4,424 contrast-enhanced abdominal MDCT obtained from
a university hospital in Northeastern Thailand database over a ten-year period was conducted to identify and
categorize complex variants. Variants were classified into three tiers: Tier 1 (low risk), located posterior to or
outside the operative field; Tier 2 (moderate risk), adjacent to the field but not crossing the operative window; and
Tier 3 (high risk), traversing the operative window or crossing major vascular structures. Results: identified 12
patients (0.27%) with complex variants, including left-sided IVC (n=1), duplicated IVC (n=6), duplicated IVC
with interiliac vein (n=1), duplicated IVC with circumaortic left renal vein (n=1), double right renal artery (RRA)
(pre- and postcaval RRA) (n=2), and solitary precaval RRA (n=1). According to the ABSRT framework, seven
cases (58.30%) were classified as Tier 1, two (16.70%) as Tier 2, and three (25.00%) as Tier 3. Left-sided and
duplicated IVC variants were consistently classified as Tier 1, whereas precaval RRA variants were categorized
as Tier 3. Conclusion: The proposed ABSRT framework provides a structured and clinically applicable anatomical
approach for interpreting MDCT findings, translating anatomical variation into actionable surgical risk within the
renal hilar aortocaval corridor. This systematic stratification may support preoperative planning and improve
surgical safety in retroperitoneal procedures.

Keywords Inferior vena cava anomalies, Precaval right renal artery, Renal vascular variants, Surgical risk,
Multidetector computed tomography
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Abstract

This study evaluates the correlation between two esophageal measurement techniques in cross-breed horses:
gastroscopic examination (internal) and equine weight tape (external). While gastroscopy is recognized as a precise
method for determining actual esophageal length, its routine application requires specialized anatomical
knowledge and equipment. Therefore, this study aims to determine if external measurement can serve as a reliable
and practical alternative for clinical assessment. Therefore, this pilot study aims to assess the correlation between
esophageal length measurements obtained through two methods. The measurements are based on three anatomical
segments of the esophagus. The cervical esophagus, from the throat latch (pharyngeal region) to the thoracic inlet
(the entrance to the chest cavity). The thoracic esophagus, from the thoracic inlet to the 12" rib (or the margin of
the diaphragm). The abdominal esophagus, from the 12 rib to the left 15% rib. The means of the esophagoscopy
technique and the measuring equine weight tape technique are 111.88 £14.97 centimeters and 119.63 £ 14.83
centimeters, respectively. And the correlation was found to be R = 0.922 (p-value < 0.001). The external
measurement of esophageal segments is clinically important for approximate lesion localization, guiding safe
instrumentation such as nasogastric intubation and gastroscopy. It is reducing the risk of esophageal injury,
particularly in the thoracic and abdominal regions. It serves as a reference for detecting abnormalities such as
strictures or dilatation of the esophagus. Meanwhile, endoscopy offers distinct advantages in providing direct
visualization of the mucosal lining and ensuring accurate overall length measurements.

Keywords Esophagus, Anatomy, Endoscope, Esophageal length

Background The cervical esophagus in a horse starts at the
The esophagus is a muscular tube that forms pharyngeal region. This area is located where the
part of the gastrointestinal tract. In horses, the head meets the neck, just behind the mandible,
esophagus is relatively long compared to those of referred to as the throat latch. The thoracic
many other animals (dog, cat, buffalo, and cattle). esophagus starts at the thoracic inlet and then
The esophagus runs the entire length of the neck, extends down the chest cavity, passing behind the
connecting the pharynx in the throat to the stomach heart and the lungs, and through the diaphragm. The
in the abdomen. This anatomical arrangement abdominal esophagus starts at the diaphragm and
ensures that food and water can be transported then extends to the esophageal hiatus into the
efficiently from the mouth to the stomach, even abdominal cavity. It is short and connects to the
when the horse is grazing with its head down. The stomach at the lower esophageal sphincter (LES) or
anatomy of the esophagus is commonly divided into cardiac sphincter. The length of the esophagus in
three parts based on its location and anatomical horses, including light horses and ponies, generally
relationships: the cervical, thoracic, and abdominal ranges from approximately 125 to 200 centimeters.
esophagus. (Koénig and Liebich, 2020; DeVito, This length can vary based on the side and breed of
2020) the horses or ponies. (AL-Taai, 2022; Stick, 2012)
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The cervical esophagus is superficially
located and accessible for palpation; it is important
for the detection and management of choke or
esophageal obstruction. In contrast, the thoracic
esophagus lies deep in the thoracic cavity, and it is
closely associated with heart and lungs. Instrument
insertion was performed under sedation technique.
If they error, they may result in mediastinitis and
pleuritis. The abdominal esophagus is functionally
important for anti-reflux via the lower esophageal
sphincter (LES).

In addition to pathological changes of the
esophagus, such as stricture or dilatation, the
functional length of the esophagus may be altered.
It may result in an inaccurate estimation of insertion
depth during gastroscope or nasogastric tube
placement.

Although esophageal endoscopy (gastro-
scopy) is considered the gold standard for
visualization and accurate measurement, it has
limitations in distinguishing the boundary between
the thoracic and abdominal esophagus, particularly
at the esophageal hiatus, where anatomical
landmarks cannot be clearly identified from
endoscopic images alone. As a result, localization of
lesions in the distal esophagus may remain
uncertain. (Drozdzewska et al., 2020; Loftin et al.,
2017).

Other methods for measuring the esophagus
in horses, like barium swallow studies and imaging
techniques (such as ultrasound or radiography), may
also be used. Using an equine weight tape measure
is a non-invasive approach because it is a method to
estimate the length of the esophagus from outside
the horse’s body. Measure from the throat (below
the larynx) along the neck, across the chest cavity,
and to the 12" rib. This technique can be particularly
useful for a quick, rough estimate in field conditions
where advanced diagnostic tools are unavailable.

This pilot study aimed to compare the
accuracy and correlation between esophageal
endoscopic measurement and external measurement
by the equine weight tape method for determining
the esophagus length in cross-breed horses.

Materials and Methods
Subjects

Eight cross-breed horses at faculty veterinary
medicine of Mahanakorn University of technology
are the sample will be selected for this pilot study.

Methods

A flexible gastroscope (Endoscope-Olympus
CV-60; model OSF-V60) is inserted through the
horse’s nasopharynx and advanced down the
esophagus (fasting 12-24 hours, sedation with
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xylazine hydrochloride 0.5 mg/kg 1V). The
gastroscope allows visualization of the esophageal
lining and can also measure the length of the
esophagus with a measurement scale.

External measurement by equine weight tape
to identify anatomical landmarks. The throat latch is
the area where the throat meets the base of the neck,
where the esophagus starts. The thoracic inlet is the
anatomical area where the neck transitions into the
thoracic region, just above the withers. The
diaphragm in a horse is a large, dome-shaped muscle
located between the ribcage, and its upper border
aligns roughly with the 12® Rib, which is a
landmark for the diaphragm. The abdominal
esophagus is short and connects to the stomach, and
its upper left border aligns roughly with the 15" Rib.
All procedures were approved by the Animal Care
and Use Committee of Mahanakorn University of
Technology (ACUC-MUT-2025-006.1).

Table 1 The physical appearance of cross-breed horses

Chest Point of
Weight  Height nes shoulder-
Sample size
(kg) (cm) buttock
(cm)
(cm)
H1 313 126 158 134
H2 466 150 172 152
H3 362 144 168 142
H4 295 154 155 138
H5 389 154 166 148
H6 290 146 165 148
H7 382 152 184 159
HS8 180 136 138 142
Mean 334.65 145.52  163.25 145.38

Table 1 presents the physical appearance (weight,
height, chest size, body length) and size of the eight
samples. The sample population had an average
weight of 334.65 kg, an average height of 145.52
cm, and an average chest circumference of 163.25
cm. The body length, measured from the highest
point of the shoulder to the highest point of the
buttocks, was 145.38 cm.

Data collection

Record the measurement from both methods
for each horse. A veterinary anatomist team
performed all procedures.

Statistical Analysis

The paired t-tests are used to compare the
meaning of the two methods. The Pearson
correlation analysis determines the strength and
direction of the relationship between the two sets of
measurements.
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Results and Discussion

The results obtained from external
measurement using an equine weight tape in eight
horses are presented in Table 2.

Table 2 The length of each part of esophagus externally
using a measuring equine weight tape

Sample Cervical Thoracic Abdominal
(cm) (cm) (cm)
Hl 33 66 14
H2 56 66 16
H3 42 70 14
H4 38 62 17
H5 52 72 20
He6 56 80 14
H7 60 78 24
H8 52 74 20
Mean 48.63 71 17.38

Table 2 The eight sample horses had an approximate
length of 48.63 cm from the throat to the entrance of
the thoracic inlet refer cervical part, and 71 cm from
the thoracic inlet to the 12% rib refer thoracic part.
And the average length from the 12 rib to the 15%
rib was 17.38 cm refer abdominal part.

The results of esophageal length
measurement using gastroscopy, based on internal
visualization (A-E) in Fig. 1 and scale markings on
the endoscope, are presented in Table 3.

-A- -B- -C- -D- -E-
Abdominal Cardia

Pharyngo-
I 1 of stomach

Cervical

Thoracic
Jjunction

LLL

Fig. 1 The mucosal surface of esophagus

Fig 1A shows the location of the proximal end
of the esophagus (pharyngoesophageal junction).
Fig. 1B-C-D shows the mucosal surface of the
cervical, the thoracic and the abdominal part of
esophagus, respectively. Fig. 1E shows the terminal
end of the esophagus at the cardiac sphincter. But
the endoscopic technique cannot measure each
esophageal portion.

Based on the results of both measurement
methods, external measurements consistently
produced greater esophageal length values
compared to endoscopic measurements. This
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discrepancy may be attributed to the inclusion of
overlying anatomical structures, including skin,
muscle, and skeletal components, in the external
approach. Correlation analysis revealed a variable
relationship between the two methods, as illustrated
in Fig. 2, from which the corresponding equation
was derived.

The mean esophageal length measured by
esophagoscopy was 111.88+14.97 cm, while the
external measurement using equine weight tape was
119.63£14.83 cm (Table 4). A paired t-test revealed
a statistically significant difference between the two
methods (t=-3.732, df = 7, p = 0.007); the external
method overestimates.

Table 3 Esophagus length measurements

Esophagoscopy Equine weight
Sample scale (cm) tape (cm)

H1 94 99

H2 106 122
H3 95 112
H4 100 100
H5 120 124
Ho6 130 136
H7 130 138
H8 120 126

Mean 111.88 119.63

Table 4 The paired t-tests compare means of the two
methods

Mean N sp ¢
Error
Pair
-esophagoscopy 111.88 8 1497 529
-Equine weight 119.63 8 14.83 524
tape

The systematic overestimation of esophageal
length by external measurement (+ 17.4 cm) reflects
the anatomical reality of measuring across muscular
and skeletal structures. While the endoscope follows
a relatively linear internal trajectory (Fig. 2).

@ Weight Tape (External) [em] = 0.914*x + 17.4 R% = 0.851

100 -

Fig. 2 The Linear regression of the relationship between
the two measurement methods.
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In addition, Pearson’s correlation analysis
(Table 5) was conducted to evaluate the strength and
direction of the relationship between the two
measurement methods. The result showed a strong
positive correlation between esophagoscopy and
measuring tape measurements (r=0.922, p=0.001).

Table 5 The Pearson correlation analysis between the two
sets of measurements

Esophagoscopy ~ Measuring
tape

Esophagoscopy

Pearson 1 0.922%*
Correlation .001

Sig (2-tailed) 8 8

N
Measuring tape

Pearson 0.922%%* 1
Correlation .001

Sig (2-tailed) 8 8

N

Conclusion

The external measurement using anatomical
landmarks remains essential, particularly in field
practice, where physical palpation of the ribs
provides a reliable reference. Meanwhile,
endoscopy offers distinct advantages in providing
direct visualization of the mucosal lining and
ensuring accurate overall length measurements.
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Discrepancy Between Anatomical Renal Artery Length and
Functional Surgical Space: A Preliminary Cadaveric Study
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Abstract

Background: Renal artery length is frequently reported in anatomical and surgical studies and is often considered
during operative planning. However, in minimally invasive renal surgery, the arterial segment actually available
for vascular clamping may be limited by the spatial relationships within the renal hilum, particularly by
overlapping with the renal vein. Objective: This study aimed to evaluate the discrepancy between the anatomical
renal artery length and the functional surgical space (FSS) relevant to arterial clamping. Methods: Ten cadavers
(20 arteries) were examined. The anatomical renal artery length was measured from the aortic origin to the first
branching point. The functional surgical space of the renal artery (FSS-RA) was measured and defined as the
longest uninterrupted arterial segment visible from an anterior approach without venous retraction, with visibility
defined as the absence of renal vein overlapping along the entire segment. Clamp feasibility was defined as FSS
>15 mm. Median values were used to describe the measurements because of the skewed distribution of functional
space. Results: The median anatomical renal artery length was 31.44 mm, whereas the median FSS-RA was only
7.01 mm. Clampable main renal arteries (FSS >15 mm) were observed in 5 kidneys (25%). Notably, 12 kidneys
(60%) demonstrated anatomically adequate arterial length (=20 mm) but insufficient functional surgical space
(<15 mm). Conclusion: A substantial discrepancy exists between anatomical renal artery length and the FSS. In
this study, FSS is presented as an applied anatomical parameter that may better represent the clampable arterial
segment within the renal hilum than conventional morphometric measurements. This preliminary cadaveric study
suggests that FSS-RA may better represent the clampable arterial segment within the renal hilum; however, further
studies with larger samples and standardized assessment are warranted.

Keywords Renal artery, Functional surgical space, Vascular clamping
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Abstract

Background: Diabetes mellitus (DM) induces systemic inflammation and oxidative stress that affect multiple
organs, including the respiratory system. Although pulmonary and bronchial changes in DM are well documented,
the trachea remains poorly studied. As a structurally distinct airway segment with pseudostratified ciliated
epithelium and C-shaped hyaline cartilage rings, the trachea may be particularly susceptible to early metabolic
insults. Identifying early tracheal structural changes could improve understanding of airway complications in DM.
Objective: To determine whether short-term (4 weeks) streptozotocin (STZ)-induced hyperglycemia leads to early
histopathological alterations in the rat trachea. Methods: Male Sprague—Dawley rats were randomly assigned to
diabetic-short (DM-S) and control-short (C-S) groups (n = 12 per group). Diabetes was induced by a single
intraperitoneal injection of streptozotocin (60 mg/kg) and confirmed by persistent hyperglycemia (>300 mg/dL).
After 4 weeks, tracheal tissues were collected, processed as semithin sections (1.5 um) for light microscopy,
stained with hematoxylin and eosin and toluidine blue, and evaluated by blinded observers using qualitative and
semi-quantitative assessment based on predefined histopathological criteria. Results: Compared with C-S rats,
DM-S rats showed early tracheal epithelial changes, including focal desquamation, partial ciliary loss, and
epithelial flattening, accompanied by mild lymphocytic infiltration. Occasional goblet cell metaplasia and slight
submucosal gland hypertrophy were observed, while cartilage structure remained intact. Semi-quantitative
assessment based on predefined criteria demonstrated increased epithelial injury and inflammatory changes in
DM-S rats compared with C-S rats. Conclusion: Short-term DM induces early histopathological alterations in the
trachea, suggesting that airway remodeling in diabetes may begin earlier than previously recognized. These
findings highlight an underexplored aspect of diabetic airway involvement and provide preliminary evidence of
early tracheal susceptibility to metabolic injury.

Keywords Diabetes mellitus, Trachea, Histopathology, Streptozotocin, Airway remodeling

50


mailto:sani.bai@mahidol.ac.th

48"AAT International Conference Proceedings of the Anatomy Association of Thailand
May 13-15, 2026

0-17

Homogeneity of Mammary Epithelial Cells in
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Abstract

Mammary epithelial cells (MECs) are specialized cells essential for milk biosynthesis and secretion. As the
global dairy sector faces increasing sustainability challenges related to greenhouse gas emissions, water
consumption, and ethical concerns, cell-based milk production has emerged as a promising alternative. Goat milk
provides a valuable biological model due to its high cellular content, comparable nutritional profile to cow milk,
and superior digestibility in sensitive populations. Unlike tissue-based isolation, milk-derived MECs offer
naturally purified sources with minimal contamination by non-milk-producing cells. MEC subtype composition
and spatial distribution within culture are critical for scalable production. This study investigated whether distinct
MEC subtypes exist in milk-derived cultures and validated a robust counting methodology. Mammary epithelial
cells were characterized by cytokeratin-18 (CK-18) and DAPI: CK-positive cells (milk-producing luminal
epithelium) and CK-negative cells (non-producing cell types). Since this population exploration was laborious, we
established a standardized counting protocol by validating three critical parameters: inter-examiner reliability,
counting methodology (manual vs. ImageJ-assisted), and sampling area coverage. The agreement of each examiner
and two counting methods ensures our robust observation system. In fact, CK-negative cells represented <1% of
total cells—substantially lower than in tissue-derived cultures (7-33%)—and proportions remained consistent
across all sampling areas. Together with a good agreement of each area coverage counting, it suggested that
producing MECs were a majority and were homogenously distributed within the culture. These findings
demonstrate that this current isolation and culture offer a significant advantage in purification and a homogenously
distributed culture.

Keywords Breast, Capra milk, Cellular agriculture, Mammary epithelial cells, Myoepithelial cells

Background plays a vital role in supporting infant development
Goat milk has gained attention as an and elderly health, and it is widely used as a key
alternative to cow’s milk, offering similar nutritional ingredient in medical nutrition products for treating
value and better tolerance in individuals with cow’s malnutrition, particularly in developing countries
milk allergy or digestive problems. Besides, milk where access to protein and calcium is limited.
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Despite its importance, the dairy industry
faces sustainability challenges including greenhouse
gas emissions, water use, and climate change.
Laboratory-based milk production has therefore
emerged as a promising alternative. Since some cell
lines lose their ability to produce milk components
over time, the continuous source of milk-producing
cells, primary mammary epithelium cells (MECs),
is one of the big challenges for industrial scale. Even
though MECs can be isolated from both tissue and
milk, the latter has the advantage of lower
contamination from non-producing cells. With milk
as a non-invasive source, MECs could be
continuously harvested from live animals.

Within milk, MECs can be classified by their
function into two types: milk-producing cells and
non-producing cells. The proportion and
distribution of these MECs within each culture
directly affect the scalability of the production
procedure. This current study aimed to investigate
the composition of types of MECs and their
distribution within the culture.

Materials and Methods
Isolation and culture of goat mammary epithelial
cells

Fresh goat milk was collected and centrifuged
at 300 x g for 10 min at 4°C. The pellet was washed
four times with PBS and resuspended in
DMEM/F12 supplemented with 10% FBS, 1%
penicillin-streptomycin, and 10 ng/mL EGF. Cells
were cultured in T25 flasks at 37°C with 5% CO..
The media was changed every three days until
reaching ~80% confluence.

Characterization of cells

To characterize milk-producing cells, isolated
cells were seeded in 96-well plates and stained with
a specific marker CK-18. After 80% confluence,
cells were fixed with 4% paraformaldehyde and
permeabilized with 0.1% Triton X-100. Then, they
were incubated with rabbit anti-human CK-18
(1:200, Abcam) and donkey anti-rabbit IgG
AlexaFluor 555 (1:200, Abcam). Nuclei were
counterstained with DAPI (1:500). Images were
acquired with a fluorescence microscope and
analyzed using Imagel. Cells that stained both CK-
18 and DAPI were classified as CK-18 positive
cells, while others were classified as CK-18
negative cells.

Cell homogeneity

Cell populations were randomly captured
under 400x magnification for 30 areas from each
goat at the 3, 5™ and 7" passage using Leica
Application Suite X (LAS X). The number of
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positive and negative CK-18 cell of each area were
independently counted by three examiners using
ImageJ and averaged to calculate the proportion.
The agreement of person, counting technique, and
area coverage was validated. To validate both
examiner and counting techniques, three examiners
were trained with an example morphology image
and assigned to do a preliminary count within the
same picture for 50 pictures across all goat samples
using manual counting and assisted software.
Regarding the area coverage, three counting
procedures under 400x magnification, including 30
random areas (R30), 60% coverage area of the well,
and 100% coverage (whole well capture), were
carried out on 5 goats at the 3%, 5™, and 7™ passage

(Fig. 1).

a. b. c.

Fig. 1 The sampling area coverage methods: 30
random areas (a), 60% coverage (b), and 100%
coverage (C).

Statistical analysis

Both positive and negative CK-18 cells were
photographed with an Inverted Microscope DMi8
(Leica Microsystem, Wetzlar, Germany) equipped
with a motorized stage. These cells were used to
present as a proportion in each goat sample from
three passages to represent the homogeneity of
milk-MECs. The effect of one factor was
investigated using Student’s t-test, while the
relationship between two factors was tested with the
Chi-squared test. Additionally, the agreement
between the two counting methods was examined
by Pearson’s correlation and Bland—Altman
analysis.

Results and Discussion

In the mammary gland, luminal mammary
epithelium forms a sphere surrounded by
myoepithelium. This structure, called an acinus,
stores secret milk. To secrete milk toward the
nipple, myoepithelium contracts each acinus to pool
milk within the gland cistern in preparation for
sucking. Since these MECs are lining both the
secretory (alveolar) portions and the conducting
(ductal)  portions, their  desquamation is
hypothesized to cause the presence of MECs in
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milk. In addition to MECs, milk also contains many
types of somatic cells, including red blood cells,
lymphocytes, macrophages, and monocytes. Our
isolation depends on the differences in cell
attachment. Then, suspension cells such as
lymphocytes and red blood cells were expected to
be excluded by the washing step after 24 hours of
culture. Regarding adherent cells, monocytes and
macrophages within the organ are mostly
considered terminally differentiated cells incapable
of proliferation. These would be outnumbered by
other proliferative cells such as MECs and
fibroblasts. This fibroblast cell is a common
adherent cell found in mammary gland tissue
culture. However, our previous publication
confirmed the absence of fibroblasts when using
milk-cell isolation. This current isolation yielded
only one type of morphology, which was a
monolayer of cuboidal to polygonal cells. These are
consistent with our previous publication, in which
the isolation techniques did not yield fibroblast cells
(Vimentin-positive cells). Therefore, this suggested
that MECs could be solely isolated from milk, and
their growth was enhanced by our culture procedure.
Mammary epithelial cells are classified by
their function into two main types: luminal
epithelium and myoepithelium. Since the luminal
epithelium cell type is responsible for milk
synthesis, its presence affects production. These
cells are characterized by colocalization of
cytokeratin-18 and nucleus staining (DAPI). Unlike
luminal epithelium, CK-18-negative cells were
recorded as a separate population, which may
include basal or myoepithelial Cells (Fig. 2). Lack
of this specific subtype of MECs identification is
our limitation, and it should further be confirmed by
the colocalization of cytokeratin 14 and alpha-
smooth muscle actin. To further investigate their
proportion and distribution, counting was required.
Interestingly, nucleus size varies, and non-milk-
producing cells were assumed to present a very
small proportion. These factors could directly affect
the counting accuracy, especially the software-
assisted counting procedure. To validate the
counting technique, we focused on inter-examiner
reliability, counting methodology (manual vs.
ImageJ-assisted), and sampling area coverage.
According to the result, there was no
significant effect of three examiners on the number
of counts in all three categories, including CK-18
positive cell, CK-18 negative cell, and Total cell (p-
value = 0.984, 0.348, and 0.982) (Fig. 3). The cell
counts from the two counting procedures showed no
significant difference in all three categories (CK-18
positive, CK-18 negative, and total cell; p-values =
0.828, 0.812, and 0.381) (Fig. 4) and strongly
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correlated (Table 1). Interestingly, the mean bias
(cell?’’mL) from Bland—-Altman analysis was close to
zero with a narrow limit of agreement. This
suggested that counting MECs could be assisted by
ImagelJ with our settings.

Fig. 2 Immunofluorescence staining of mammary
epithelial cells isolated from goat milk, showing CK-18
(red) and nucleus (DAPI, blue). (a) Overall cell
population under low magnification, (b) Representative
field showing CK-18 positive and negative cells, and (c)
Image analysis (ImageJ) highlighting identified nuclei
for quantification.

40

3s

Average Number of Cell

0

Total CK-1% Positive Cell

Fig. 3 Average cell counts of total cells, CK-18-positive
cells, and CK-18-negative cells from three independent
examiners.

Table 1 Bland Altman analysis of area 2 counting
methods

The mean difference
between 2 counting
methods
Cell types R? Means Limits of
Bias Agreement
(cell/c | Lower | Upper
m?)
CK-18 Pos 0.99 -0.79 -4.75 3.17
CK-18 Neg | 0.59 0.14 -0.76 1.04
Total Cell 0.99 -0.72 -3.76 231
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Regarding population distribution within
culture, heterogeneous distribution with a low
number of MEC types could interfere with the study
of the population. To validate this, the agreement
between two different-sized sampling areas (area of
coverage) was carried out through Bland-Altman
analysis. Even though the mean bias of CK-18
positive and total cells is high, that of negative cells
was close to zero with a narrow limit of agreement
(Table 2). The high density of CK 18 - positive cells
in the center (60% coverage) would be responsible
for the high mean bias and the wide limit of
agreement between R30 and 60% coverage. In
contrast, there was no relationship between area
coverage and cell proportion (p-value = 0.0877, Fig.
5). This suggested that each MEC type was
homogenously distributed with culture area,
validating the use of R30 for assessing the cell
proportion in further research. This robust
methodology could be scaled toward batch
monitoring of Laboratory-based milk production.

a0

s - Pt =0

15 305 30.0

Average Number of Cell

CK-18 Positive Cell

Fig. 4 Comparison of average cell counts (total, CK-18-
positive, and CK-18-negative) between ImagelJ-assisted
(white bars) and manual counting (black bars).

Table 2 Bland Altman analysis of area coverage

The mean difference between
2 counting areas
Cell types Means Limits of Agreement
Bias
(cell/cm?) Lower | Upper
R30 and 60% coverage
CK-18 Pos 83 -287.96 453.97
CK-18 Neg 0.76 -3.60 5.13
Total cell 83.50 -286.11 -293.38
R30 and 100% coverage
CK-18 Pos 10.27 -236.36 256.91
CK-18 Neg 0.92 -4.05 5.89
Total cell 10.92 -239.38 161.38
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Laboratory-based milk production requires
cells that can continually produce. Although many
MEC cell lines have been established, some have
lost the capability to produce milk components.
Then, sustainable harvesting from primary tissue
could address these challenges. Invasive technique
and batch variability limited the use of primary cells
in a laboratory context. Using mammary gland
tissue culture of dairy cow, the proportion of CK-18
positive cells ranged from 3 to 7 percent of the total
cell population. The other types of cells accounted
for less than 5 percent during early culture, but this
increased to approximately 30 percent in the late
culture. In contrast, the current culture showed
consistently high proportions of CK-18 positive
cells. The average proportion of CK-18 positive
cells from three passages accounted for 99 percent
of the population (Fig. 5).

PROPORTION OF MEC TYPE

Random aop 100 P

DEK18 Ros WOK-15 Neg

Fig. 5 Average proportions of CK-18-positive cells (white
bars) and CK-18-negative cells (black bars) across three
sampling areas.

Conclusion

This current technique could isolate MEC
from milk and also promote the growth of CK-18
positive cells. Since CK-18 is a maker for luminal
mammary epithelial cells, the majority type across
three passages could be milk-producing cells. With
these findings, we could establish a reproducible
and ethically non-invasive method for isolating and
maintaining goat MECs in vitro. Besides, their
homogeneous distribution together with a robust
counting system also benefits monitoring other
aspects of cellular function.
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Abstract

Background: High-fat diet (HFD)-induced hypercholesterolemia impairs male reproductive function by
promoting oxidative stress and suppressing testosterone synthesis. While statins possess antioxidant and anti-
inflammatory properties beyond lipid-lowering, their effects on male reproductive dysfunction remain
controversial. Objective: Therefore, we aimed to investigate the impact of simvastatin on sperm quality, testicular
function, and oxidative stress in hypercholesterolemic rats. Methods: Male Wistar rats (n=18) were divided into
normal diet (ND), HFD, and HFD plus simvastatin (40 mg/kg/day, oral gavage) groups. After 12 weeks of
treatment, body weight, lipid profiles, sperm parameters, testicular histopathology, and testicular antioxidant
enzyme activities were assessed. Data was analyzed using one-way ANOVA with Tukey’s post-hoc test. Results:
HFD increased body weight, serum cholesterol, and low-density lipoprotein levels (P<0.001 vs ND).
Concurrently, sperm concentration and viability were markedly reduced (P<0.001, P<0.05 vs ND, respectively),
accompanied by increased abnormality in testicular histopathology (P<0.05 vs ND) and decreased antioxidant
enzymes, i.e., superoxide dismutase and catalase (P<0.05 vs ND), indicating oxidative stress. Simvastatin
effectively reduced cholesterol and low-density lipoprotein levels (P<0.001 vs HFD) and increased sperm
concentration (P<0.05 vs HFD). Simvastatin, however, failed to restore testicular histology and antioxidant
enzyme activities of the testis. Conclusion: Despite simvastatin's effective lipid-lowering and improved sperm
concentration, simvastatin showed limited protective effects on testicular oxidative stress and reproductive
parameters in hypercholesterolemic rats. These findings revealed differential statin efficacy beyond cholesterol
reduction, warranting comparative mechanistic studies to optimize therapeutic approaches for HFD-related male
reproductive dysfunction.
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Background

Hypercholesterolemia induced by high-fat
diet (HFD) consumption is associated with an
increased incidence of metabolic disorders,
characterized by elevated total cholesterol (TC),
low-density lipoprotein cholesterol (LDL-C), and
triglyceride (TG) levels, often accompanied by
reduced high-density lipoprotein cholesterol (HDL-
C) (1). In parallel, accumulating evidence indicates
that HFD intake contributes to male infertility,
which has become an increasingly significant global
public health concern. This effect is mediated, in
part, through reductions in testosterone levels,
impaired spermatogenesis (2,3), and alterations in
testicular morphology (4,5).

A HFD is also strongly associated with
increased production of reactive oxygen species

(ROS), which can overwhelm endogenous
antioxidant defense systems. Excessive ROS
generation leads to lipid  peroxidation,

mitochondrial dysfunction, and DNA damage (6,7).
Such oxidative imbalance has been closely linked to
reduced sperm concentration, decreased sperm
motility, and compromised fertility outcomes (8).
Furthermore, experimental studies demonstrate that
HFD-induced metabolic disturbances elevate
oxidative stress markers while concomitantly
suppressing antioxidant enzyme activities in
testicular tissue (6,7).

Statins are widely used lipid-lowering agents
for the prevention and treatment of cardiovascular
diseases. They exert their effects by inhibiting 3-
hydroxy-3-methylglutaryl coenzyme A (HMG-
CoA) reductase, the rate-limiting enzyme in
cholesterol ~ biosynthesis, thereby  reducing
endogenous cholesterol synthesis. As the most
widely prescribed lipid-lowering agents, they are
particularly valuable for obese patients, who often
face additional risks such as hypertension and high
cholesterol. These drugs improve lipid metabolism

and reduce inflammation, thus enhancing
cardiovascular health (9).
Simvastatin, a lipophilic =~ HMG-CoA

reductase inhibitor, is widely used in the
management of hypercholesterolemia. Beyond its
lipid-lowering effects, simvastatin has been reported
to exert pleiotropic actions, including anti-
inflammatory and antioxidant properties (10,11).
Recent evidence suggests that statins may also
protect against obesity-related organ damage
through oxidative stress inhibition. Chen et al.
(2025) recently demonstrated that atorvastatin,
another HMG-CoA reductase inhibitor, protected
against HFD-induced testicular dysfunction by
reducing oxidative stress, enhancing testosterone
synthesis, and preserving blood-testis barrier
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integrity in mice (7). However, the impact of statins
on male reproductive function remains
controversial. Clinical and experimental studies
have demonstrated inconsistent effects of
simvastatin on sperm parameters, testosterone
levels, and oxidative stress markers (12,13). While
some reports suggest potential adverse effects,
others indicate neutral or minimal impacts on semen
quality (14,15). The differential effects between
various statins (e.g., lipophilic simvastatin versus
atorvastatin) and across different experimental
models warrant further investigation.

This study aimed to investigate the effects of
simvastatin on male reproductive dysfunction
induced by HFD—induced hypercholesterolemia in
male rats.

Materials and Methods
Animals and treatment

Eighteen male Wistar rats (Rattus
norvegicus), aged 7 weeks and weighing 250-350 g,
were obtained from Nomura Siam International Co.,
Ltd., Bangkok, Thailand. The animals were housed
under specific pathogen-free conditions with
controlled environmental parameters, including a
temperature of 22 + 1 °C, relative humidity of 50 +
5%, and a 12-h light/dark cycle, with ad libitum
access to food and water. All experiments were
approved by Naresuan University Animal Care and
Use Committee (NUACUC), Phitsanulok, Thailand
(ethical approval number: NUAE 660101), and
were conducted in accordance with institutional
guidelines for the care and use of laboratory
animals. After a 7-day acclimatization period, the
rats were randomly assigned into three groups:
receiving a normal diet (ND), a high-fat diet group
(HFD), receiving high fat diet (HFD), and receiving
HFD + simvastatin 40 mg/kg/day (HFD+SIM) by
oral gavage for 12 weeks. Body weight, food, and
water intake were recorded daily throughout the
experimental period. Behavioral observations were
performed regularly to assess the general health and
welfare status of the animals.

Lipid profile analysis

After 12 weeks of treatment, the rats were
fasted for at least 12 hours and subsequently
anesthetized with 100 mg/ml sodium thiopental by
intraperitoneal injection. Then, serum was collected
from thoracic inferior vena cava. Then, the serum
was isolated by centrifugation at 3,000 rpm for 10
minutes at 4°C. The levels of TC, LDL-C, TG, and
HDL-C were measured in the serum obtained from
the blood samples. These assessments were
performed using the enzyme-linked immunosorbent
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assay (ELISA) method at the Biolab Medical
Technology Clinic in Phitsanulok, Thailand.

Sperm collection and sperm quality evaluation
Rats were sacrificed, and the testes were
collected and weighed. Semen was obtained from
the cauda epididymis and diluted in 2 mL of
prewarmed phosphate-buffered saline (PBS; pH 7.4,
38°C). A 10 pL sample was placed on a Makler
counting chamber, where mature spermatozoa were
observed and counted under 100X magnification
using a light microscope. The counted sperm was
used to calculate sperm concentration (x10°
cells/mL) based on a previously described method
(16). Sperm viability was assessed using eosin-
nigrosin staining, where unstained sperm were
classified as live and those stained pink or red as
dead. The percentage of live sperm was calculated
to determine sperm viability, as previously
described (17). Sperm motility was assessed
microscopically and expressed as the percentage of
motile sperm. Observations were performed under a
light microscope at a magnification of 100X. At
least 200 spermatozoa were counted per sample, and
the number of motile sperm was recorded to
calculate the percentage of sperm motility.

Testicular  histopathological  analysis
hematoxylin and eosin (H&E) staining
The left side of the testicle was promptly
preserved in 4% paraformaldehyde solution (pH
7.4). After fixation, the samples were dehydrated
through a graded series of ethanol, cleared in xylene,
and embedded in paraffin. Serial cross-sections of 3
um thickness were obtained using a rotary
microtome (Leica RM2235, Leica Biosystems,
Germany). A minimum of two sections per animal
were prepared for the staining method. The sections
were deparaffinized and rehydrated. For H&E
staining, sections were stained with hematoxylin for
8 min, rinsed under running tap water, and
differentiated and blued in 1% lithium carbonate
solution. After washing, the sections were
counterstained with eosin for 30 sec, dehydrated
through graded ethanol, cleared in xylene, and
mounted with a coverslip using a synthetic resin.
The slides were observed and photographed using a
light microscope to assess the histopathological
alterations. Two sections per rat were analyzed for
seminiferous tubule abnormalities, including
separation of the germinal  epithelium,
vacuolization, luminal sloughing of germ cells,
irregularly shaped seminiferous tubules, and tubular
atrophy. The degree of histopathological alteration
was expressed as the percentage of affected

using
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seminiferous tubules relative to the total number of
tubules examined.

Assessment of testicular antioxidant defense

Testicular antioxidant defense was evaluated
by measuring the activities of superoxide dismutase
(SOD), catalase (CAT), and glutathione peroxidase
(GPx) using commercially available assay kits
according to the manufacturer’s instructions
(Cayman Chemical, Ann Arbor, MI, USA; Item No.
706002 for SOD, 707002 for CAT, and 703102 for
GPx).

Briefly, testicular tissues were homogenized
in cold phosphate buffer (pH 7.4) and centrifuged at
10,000xg for 15 min at 4°C to obtain the
supernatant. The resulting supernatants were used
for the determination of antioxidant enzyme
activities. Total protein concentration was
determined using a standard protein assay, and
enzyme activities were normalized to protein
content.

SOD activity was determined based on its
ability to inhibit the reduction of tetrazolium salt by
superoxide radicals generated by xanthine oxidase
and hypoxanthine. The absorbance was measured at
460 nm using a microplate reader, and SOD activity
was expressed as units per milligram of protein
(U/mg protein).

CAT activity was assessed by measuring the
decomposition rate of hydrogen peroxide (H:0:).
The reaction was terminated using a catalase
inhibitor, followed by the addition of chromogenic
substrate, and the absorbance was read at 540 nm.
CAT activity was expressed as units per milligram
of protein (U/mg protein).

GPx activity was determined using a coupled
enzymatic reaction in which GPx reduces
hydroperoxide while oxidizing reduced glutathione
(GSH) to oxidized glutathione (GSSG). Glutathione
reductase then converts GSSG back to GSH with the
concomitant oxidation of NADPH to NADP". The
decrease in absorbance due to NADPH consumption
was monitored at 340 nm, and GPx activity was
expressed as units per milligram of protein (U/mg
protein).

Statistical analysis

Data analysis was conducted using Prism
software (Version 9.0, GraphPad Software, CA,
USA). Experimental results are presented as mean +
standard deviation (SD). Statistical comparisons
between groups were performed using one-way
ANOVA followed by Tukey’s post hoc test for
multiple comparisons. Differences were defined as
statistically significant if the P-value was less than
0.05.
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Parameters ND HFD HFD+SIM
Food intake (g/day) 23.72+1.74 18.72 £ 1.16%*** 19.44 & 0.54%**
Water intake (mL/day) 34.71+£2.96 21.46 £ 0.99%%** 20.75 £ 1.84%%*
Body weight gain (%) 92.71 +20.84 121.40 +£9.10%* 124.40 + 20.68*
Absolute testicular weight (g) 2.07+0.06 1.99+0.21 1.93+0.16
Relative testicular weight (%) 0.42+0.03 0.33 £ 0.02%%* 0.33 £ 0.02%**

The effects of simvastatin on metabolic parameters in HFD-induced hypercholesterolemic rats. Mean + Standard deviation;
*P<0.05 vs ND, **P<0.01 vs ND, ***P<0.001 vs ND; One-way ANOVA followed by Tukey’s post hoc test. (n=5-6/groups).

Results
Simvastatin did not affect animal behavior, but
reduced food and water intake in HFD-induced
hypercholesterolemic rats

All animals remained clinically normal
throughout the experimental period. No observable
alterations were noted in the skin, fur, eyes, or
mucous membranes. In addition, no signs of
behavioral abnormalities or treatment-related
adverse effects were observed in any group,
including tremors, convulsions, salivation, diarrhea,
lethargy, coma, or mortality. Moreover, both food
and water intake were reduced in the HFD and
simvastatin-treated groups compared with the ND
group (P <0.001, Table 1).

Simvastatin did not significantly affect body weight
gain and testicular weights in HFD-induced
hypercholesterolemic rats

After 12 weeks of HFD feeding, male Wistar
rats in both the HFD and HFD+SIM groups showed
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Fig. 1 Effects of simvastatin on (A) total cholesterol,
(B) LDL-C, (C) triglycerides, and (D) HDL-C in HFD-
induced hypercholesterolemic rats. Mean + Standard

deviation; ***P < 0.001; One-way ANOVA followed
by Tukey’s post hoc test. (n=5-6/groups).
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increased body weight gain (P < 0.01, P < 0.05,
Table 1) and relative testicular weights (P < 0.001,
P < 0.001, Table 1) compared to the ND group.
These findings suggested that weight gain was
associated with reduced testicular weight.
Moreover, simvastatin treatment did not result in
significant weight loss throughout the experimental
period.

Simvastatin lowered the lipid profile in HFD-
induced hypercholesterolemic rats

Administration of a high-fat diet for 12
weeks, the HFD group markedly increased serum
TC and LDL-C levels (P < 0.001 vs ND group, Fig.
1A and 1B). Treatment with simvastatin 40
mg/kg/day lowered serum TC and LDL-C (P <
0.001 vs the HFD group; Fig. 1A and 1B). However,
no significant differences were observed in serum
TG or HDL-C levels among the groups (Fig. 1C and
1D).

Simvastatin increased sperm concentration but did
not improve sperm viability or motility in HFD-
induced hypercholesterolemic rats

In this study, compared with the ND group,
HFD-induced hypercholesterolemia reduced sperm
concentration (P < 0.001, Fig. 2A) and viability (P
< 0.05, Fig. 2B), but sperm motility remained
unchanged (Fig. 2C).

Supplementation with simvastatin at a dose of
40 mg/kg/day significantly increased sperm
concentration in HFD rats (P < 0.05). However, no
significant improvement was observed in sperm
viability or motility.

Simvastatin did not alter testicular histopathology
in HFD-induced hypercholesterolemic rats

Structural abnormalities of the seminiferous
tubules were evaluated according to predefined
histopathological criteria (Fig. 3).

The percentage of normal seminiferous
tubules decreased in the HFD group compared with
the ND (P < 0.05, Table 2). Conversely, testicular
abnormalities were increased in the HFD group (P
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< 0.05, Table 2). Oral administration of simvastatin
did not significantly restore testicular normality or
reduce the percentage of abnormalities compared
with the HFD group (Table 2).
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Fig. 2 Effects of simvastatin on sperm quality: (A) sperm
concentration, (B) sperm viability, and (C) sperm motility
in HFD-induced hypercholesterolemic rats. Mean +
Standard deviation; *P<0.05, ***P<0.001; One-way
ANOVA followed by Tukey’s post hoc test. (n=5-
6/groups).

Table 2 Histopathological alterations of seminiferous tubules

asterisk).

Discussion
Lipid-lowering effects of simvastatin

As indicated by the results, hypercho-
lesterolemia was successfully induced in rats by an
HFD, as demonstrated by dramatic increases in
body weight gain, serum total cholesterol, and LDL-

Parameters ND HFD HFD+SIM

Normal seminiferous tubules (%) 74.34 +£1.50 65.19+6.31%* 71.45+5.93

Abnormal seminiferous tubules (%) 25.66+1.50 34.81 + 631% 28.55+5.93
Vacuolization (%) 23.97 £1.63 26.80 + 7.86 2543 +5.19
Separation (%) 0.67 +0.68 6.68 + 8.04 1.45+1.09
Luminal sloughing (%) 0.33+£0.42 021+021 0.42+0.51
Irregular (%) 0.69 +0.33 1.12+0.71 1.24 +1.56
Atrophy (%) 0.00 +0.00 0.00 = 0.00 0.00 +0.00

The effects of simvastatin on histopathological alterations of seminiferous tubules in HFD-induced hypercholesterolemia
rats. Mean + Standard deviation; *P<0.05 vs ND; One-way ANOVA followed by Tukey’s post hoc test. (n=5/groups).

Simvastatin did not enhance testicular antioxidant
defense in HFD-induced hypercholesterolemic rats

Our findings demonstrated a reduction in
testicular antioxidant defense capacity (Fig. 4) in
hypercholesterolemic male rats. Specifically, SOD
and CAT activities (Fig. 4A, 4B) significantly
decreased compared with the ND group (P<0.05),
whereas GPx activity (Fig. 4C) showed no
significant difference. Simvastatin treatment did not
significantly alter SOD, CAT, or GPx activities
compared with the HFD group.

60

C levels. Simvastatin is a second-generation
lipophilic statin that is rapidly absorbed after oral
administration, reaching peak plasma
concentrations approximately 1-2 hours post-dose
(18). The recommended adult dosage typically
ranges from 10 to 40 mg per day, while the 80 mg
dose is restricted to patients who have been
receiving this regimen chronically without evidence
of muscle toxicity (19).

In the present animal study, administration of
simvastatin at a dose of 40 mg/kg/day significantly
reduced serum total cholesterol and LDL-C levels.
This lipid-lowering effect is consistent with the
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known mechanism of simvastatin as an inhibitor of
HMG-CoA reductase, which suppresses hepatic
cholesterol synthesis and enhances LDL receptor
expression, thereby increasing LDL clearance from
the circulation (20). Similarly, Chen et al. (2025)
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Fig. 4 Effects of simvastatin on antioxidants level; (A)
SOD, (B) CAT, and (C) GPx in HFD-induced
hypercholesterolemic rats. Mean + Standard deviation;
*P<0.05; One-way ANOVA followed by Tukey’s post
hoc test. (n=5/groups).

demonstrated that atorvastatin treatment (3,6, and
12 mg/kg/day) produced dose-dependent reductions
in serum cholesterol and triglycerides in HFD-fed
mice (7), confirming the efficacy of HMG-CoA
reductase inhibitors in managing diet-induced
hyperlipidemia across different species and statin
types.

In the present study, exposure to HFD-
induced hypercholesterolemia resulted in a
significant increase in body weight gain in rats,
consistent with the obesogenic effects of HFD
observed in rodent models of metabolic syndrome
and diet-induced obesity (21). HFD feeding elevates
overall energy intake and promotes adiposity,
leading to progressive weight gain compared to
animals fed a standard diet. Interestingly, despite the
increased body weight, we observed reduced daily
food and water intake in the HFD-induced hyper-
cholesterolemic group. Although HFDs are energy
dense, rats often consume less food by mass while
maintaining or increasing total caloric intake, which
reflects compensatory feeding behavior to satisfy
energy requirements while reducing the volume of
intake. Additionally, alterations in satiety hormones
and central appetite regulation secondary to HFD
feeding may suppress both food and fluid intake
(22).
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Effects on sperm parameters and testicular
morphology

Consumption of an HFD contributes to the
development of various metabolic disorders with
high global prevalence and is associated with
impaired male reproductive function, which
includes reduced sperm quality, testicular
dysfunction, and morphological changes (3,23,24).
Previous studies demonstrated that HFD reduced
sperm quality and impaired testicular morphology
(3,25,26). These findings are consistent with the
present study, further supporting the detrimental
effects of HFD on semen parameters and testicular
structures.

Notably, Chen et al. (2025) reported similar
findings in mice fed a 60% HFD for 8 weeks,
showing reduced sperm count and motility,
increased sperm deformity rates, and abnormal
testicular morphology with decreased Johnsen
scores. Additionally, they also demonstrated that
atorvastatin treatment at 6 and 12 mg/kg/day
significantly improved these parameters in a dose-
dependent manner (7). In contrast, our findings
showed that while simvastatin (40 mg/kg/day)
significantly increased sperm concentration, it did
not improve sperm viability or motility. This
discrepancy may reflect important differences
between the two statins, the animal models
employed (rats versus mice), or the duration of
treatment (12 weeks versus 8 weeks).

A systematic review reported that statin
therapy exerts variable effects on sperm
concentration, motility, viability, and morphology,
with several studies indicating that simvastatin
administration does not significantly alter these
parameters  in  individuals = with  hyper-
cholesterolemia (14,15). Conversely, long-term
treatment with pravastatin, another HMG-CoA
reductase inhibitor, has been associated with
reduced sperm motility after 6 and 12 months of
therapy (13). These inconsistent findings across
different  statins  suggest that individual
pharmacological properties—such as lipophilicity,
tissue penetration, and pleiotropic effects—may
differentially influence reproductive outcomes (27).

Effects on testicular histopathology

The testicles can be damaged by metabolic
disorders associated with hyperlipidemia; previous
studies have also reported that high-fat and high-
cholesterol  diet-induced obesity can impair
testicular  morphology (3). In particular,
experimental evidence from a 12-week HFD-
induced obesity model showed marked structural
changes in testicular tissue, characterized by
reduced seminiferous tubular diameter and
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epithelial height, reflecting impaired spermatogenic
architecture (28). However, oral administration of
simvastatin at a dose of 40 mg/kg did not ameliorate
the histopathological alterations in spermatogenic
cell integrity or restore the structural organization of
the seminiferous tubules in hypercholesterolemic
rats.

This finding contrasts with the results of Chen
et al. (2025), who demonstrated that atorvastatin
treatment  significantly — improved testicular
histology, restored the thickness of the seminiferous
epithelium, and increased Johnsen scores in HFD-
fed mice (7). The protective effect of atorvastatin on
testicular morphology was associated with
enhanced expression of tight junction proteins
(Occludin and ZO-1) at the blood-testis barrier and
reduced apoptotic markers (decreased BAX/BCL2
ratio). These molecular changes were not observed
with simvastatin in our study, suggesting potential
mechanistic differences in how different statins
interact with testicular tissue.

Testicular oxidative stress and antioxidant defense

Excessive production of reactive oxygen
species (ROS) plays a crucial role in the
histopathological alterations observed in the
testicular structures. Elevated ROS levels can
enhance lipid peroxidation and concurrently impair
the endogenous antioxidant defense system (29),
thereby contributing to oxidative imbalance and
subsequent structural damage within the testicular
tissue. This oxidative imbalance impairs membrane
integrity, mitochondrial function, and DNA stability
in germ cells. Consequently, elevated ROS levels
can compromise sperm quality by reducing
functional capacity, decreasing motility, and
inducing DNA damage, ultimately leading to
diminished fertility potential (29-31).

In our study, HFD-induced hyper-
cholesterole-mia significantly reduced testicular
antioxidant enzyme activities (SOD and CAT) while
increasing oxidative stress, indicating the increase
of oxidative stress within the testicular micro-
environment. Notably, despite its lipid-lowering
efficacy, simvastatin administration did not
significantly increase SOD, CAT, or GPx activities
in the testis of HFD-induced hypercholesterolemic
rats.

This finding is particularly striking when
compared to the results of Chen et al. (2025), who
demonstrated that atorvastatin treatment
significantly restored testicular SOD and GSH-px
activities and reduced malondialdehyde (MDA)
levels (a lipid peroxidation marker) in HFD-fed
mice (7). Moreover, Chen et al. (2025) provided
mechanistic evidence that atorvastatin’s protective
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effects were mediated through the inhibition of
oxidative stress and mitochondrial dysfunction, with
concomitant downregulation of inflammatory
markers (COX2 and iNOS) and restoration of
antioxidant-related gene expression (SOD1, SOD2,
GPX1, GPX2) (7). The inability of simvastatin to
restore antioxidant capacity in our study suggests
that the beneficial effects observed may not be
mediated through restoration of the endogenous
antioxidant defense system, at least under the
present experimental conditions.

Previous reports have indicated that the
antioxidant effects of different statins are variable
and appear to be dose-, tissue-, and model-
dependent, with significant changes observed in
oxidative stress biomarkers. (32). The lipophilic
properties of simvastatin may result in different
tissue distribution and cellular uptake compared to
atorvastatin, potentially explaining the differential
effects on testicular oxidative stress markers.
Additionally, the duration of treatment (12 weeks in
our study versus 8 weeks in Chen et al.) and species
differences (rats versus mice) may contribute to the
observed variations in antioxidant response.

Comparison of simvastatin and atorvastatin effects

The divergent outcomes between our study
and that of Chen et al. (2025) highlight important
considerations regarding statin selection for
managing obesity-related reproductive dysfunction.
While both simvastatin and atorvastatin are
lipophilic HMG-CoA reductase inhibitors, they
differ in their pharmacokinetic profiles, tissue
penetration, and pleiotropic effects. Atorvastatin
demonstrated robust protective effects across
multiple endpoints—including oxidative stress
reduction, testosterone synthesis enhancement,
blood-testis barrier preservation, and apoptosis
inhibition (7). In contrast, simvastatin in our study
showed more limited benefits, primarily affecting
sperm concentration without restoring oxidative
balance or histological integrity.

These differences may be attributed to several
factors: (1) differential bioavailability and tissue
distribution between the two statins; (2) variations
in their antioxidant potencies independent of
cholesterol-lowering effects; (3) species-specific
responses (rats versus mice); (4) differences in
dosing regimens and treatment durations; or (5)
distinct mechanisms of mitochondrial protection.
Chen et al. (2025) proposed that atorvastatin's
protective effects were primarily mediated through
mitochondrial oxidative stress inhibition (7), a
mechanism that warrants investigation for
simvastatin in future studies.
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Study limitations and future directions

This study has several limitations that should
be acknowledged. First, the study involved
administering simvastatin at the start of an HFD,
representing a preventive rather than a therapeutic
model. Consequently, pathological alterations in the
male reproductive system, including oxidative stress
and testicular dysfunction, may not have been
sufficiently established, which could explain the
absence of significant differences observed among

groups. Although statins inhibit HMG-CoA
reductase and reduce circulating cholesterol
levels—a key precursor for testosterone

biosynthesis—compensatory mechanisms within
Leydig cells may preserve androgen homeostasis
under normal physiological conditions.
Furthermore, the pleiotropic antioxidant and anti-
inflammatory effects of statins are more pronounced
in the presence of elevated oxidative stress, which
may not have been fully developed in this
preventive model. In addition, the relatively small
sample size (n=6 per group) may limit the statistical
power and generalizability of the findings. Second,
important molecular markers associated with
oxidative stress were not evaluated. Specifically,
direct indicators of lipid peroxidation, such as
malondialdehyde (MDA) (7), as well as markers of
inflammatory responses and apoptosis signaling
pathways (7,33), were not assessed. In addition,
circulating testosterone levels were not measured,
which limits the interpretation of the endocrine
contribution to the observed alterations in
spermatogenesis and testicular structure. The
measurement of testosterone would have been
particularly valuable given Chen et al's (2025)
demonstration that atorvastatin  significantly
increased serum testosterone levels and upregulated
key steroidogenic enzymes (StAR and P450scc) in
HFD-fed mice (7).

Future studies should address these
limitations by including a larger sample size and
performing comprehensive  biochemical and
molecular analyses. Measurement of oxidative
stress biomarkers (e.g., MDA and antioxidant
enzyme activities), inflammatory cytokines (e.g.,
TNF-a, IL-6), apoptosis-related signaling markers
(e.g., BAX/BCL2 ratio, caspase activation), and
serum testosterone levels would provide deeper
mechanistic insight. Additionally, direct
comparison studies between different statins
(simvastatin, atorvastatin, and other HMG-CoA
reductase inhibitors) under identical experimental
conditions would help elucidate the specific
mechanisms underlying their differential effects on
testicular function. Investigation of mitochondrial
function markers, blood-testis barrier integrity
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proteins (Occludin, ZO-1), and dose-response
relationships would further clarify the therapeutic
potential of statins in preventing obesity-related
male reproductive  dysfunction. Integrating
endocrine, histological, and molecular evaluations
will allow for a more complete understanding of the
pathways underlying testicular dysfunction and
impaired  spermatogenesis in  HFD-induced
hypercholesterolemic rats.

Conclusion

Simvastatin (40 mg/kg/day) effectively
reduced serum lipid levels and increased sperm
concentration in hypercholesterolemic rats but
failed to restore testicular antioxidant defenses,
sperm viability, motility, or histological integrity. In
contrast to atorvastatin, which comprehensively
protects testicular function through oxidative stress
inhibition (7). These findings revealed that
simvastatin appears to provide limited reproductive
protection, even though it effectively lowers lipid
levels. Critical differences in efficacy among these
statins underscore the need for direct comparative
studies to guide statin selection in hyper-
cholesterolemic ~ and  dyslipidemic  patients
concerned about male fertility.
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Histological and Proteomic Alterations of the Human
Placenta Associated with Maternal Exposure to High and
Low Seasonal Particulate Matter (PM) Levels
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Abstract

Exposure to fine particulate matter (PM) is associated with adverse pregnancy outcomes, yet the underlying
placental mechanisms remain unclear. In this study, pregnant women who delivered during the low PM season
(January to February 2023) were classified as the control group, whereas those who delivered during the high
PM2.5 season (March to April 2023) were classified as the PM2.5-exposed group. The mean PM2.5 concentration
at the Mae Sai, Chiang Rai province monitoring station during January—February 2023 was 45.60 pg/m?, whereas
it increased to 172.77 pg/m* during March—April 2023. All participants were healthy pregnant women with no
history of smoking or alcohol consumption, and provided written informed consent at Mai Jun Hospital, Chiang
Rai province. Placental tissues were collected at delivery from both the control and PM2.5-exposed groups (n =
10 per group) and subsequently analyzed to assess structural, molecular, and oxidative alterations. The histological
analyses using hematoxylin and eosin, Masson’s trichrome, and Periodic Acid—Schiff staining revealed
pronounced villous and placental membrane abnormalities, along with increased collagen deposition in PM2.5-
exposed placentas. Proteomic profiling identified significant alterations (unpaired t-test, p < 0.05) in proteins
involved in antioxidant activity, superoxide metabolic process, and iron ion homeostasis, with pathway enrichment
highlighting ferroptosis-related processes. The expression of key proteins was validated by Western blot analysis.
Consistently, the ferroptosis driver transferrin receptor was upregulated, while the antioxidant and ferroptosis-
suppressive proteins GPX4 and SOD1 were dysregulated (unpaired t-test, p <0.05). MDA levels were significantly
elevated in the PM2.5-exposed group (unpaired t-test, p < 0.05). Finally, no significant differences were observed
in infant clinical outcomes, including birth weight and head circumference, between the groups (unpaired t-test, p
> 0.05). Together, these findings demonstrate that PM2.5 exposure induces placental structural changes and
activates ferroptosis-associated oxidative stress pathways, providing mechanistic insight into how air pollution
may impair placental function and contribute to adverse pregnancy outcomes.

Keywords Air pollution, Ferroptosis, Histopathology, Oxidative stress, Placenta
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Sildenafil Attenuates Venous Congestion-induced
Hepatic Mitochondrial Injury and Fibrosis in A Rat Model of
Pulmonary Arterial Hypertension
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Abstract

Background: Pulmonary arterial hypertension (PAH) causes sustained venous outflow obstruction that extends
to the liver, resulting in congestive hepatopathy, mitochondrial dysfunction, and fibrotic remodeling. Although
sildenafil, a phosphodiesterase type 5 (PDES5) inhibitor, is widely used in PAH treatment, its effects on
mitochondrial integrity in congestive hepatopathy remain unclear. Objective: This study investigated whether
sildenafil attenuates hepatic mitochondrial dysfunction and fibrotic remodeling in a monocrotaline (MCT)-induced
rat model of pulmonary arterial hypertension. Methods: Male Sprague—Dawley rats (n=6/group) were assigned
to three groups: control, MCT (60 mg/kg, single subcutaneous injection), and MCT plus sildenafil (30 mg/kg/day,
oral gavage for 21 days). Liver tissues were collected for relative weight measurement and histopathological
analysis. Hepatic congestion and fibrosis were evaluated using hematoxylin and eosin and Masson’s trichrome
staining. Liver mitochondrial function was assessed in isolated liver mitochondria by measuring reactive oxygen
species (ROS) production using DCFH-DA fluorescence, mitochondrial swelling under basal and CaCl.-
stimulated conditions by monitoring absorbance at 540 nm, and mitochondrial membrane potential (A¥m) using
JC-1 fluorescence with red-to-green ratio analysis. Statistical analysis was performed using one-way ANOVA
followed by Tukey’s post-hoc test. Results: MCT increased relative liver weight (p<0.01), induced sinusoidal
dilation and central venous congestion, and enhanced perisinusoidal collagen deposition. These structural
alterations were accompanied by marked mitochondrial dysfunction, including increased ROS production
(p<0.0001), exaggerated mitochondrial swelling (p<0.01), increased susceptibility to Ca?*-induced permeability
transition (p<0.01), and reduced A¥Ym (p<0.05) compared with control. When compared to MCT, sildenafil
treatment significantly attenuated collagen accumulation (p<0.01), reduced mitochondrial ROS (p<0.0001),
stabilized mitochondrial swelling responses (p<0.05), and restored A¥Ym toward control levels (p<0.05).
Conclusion: Congestive hepatopathy in PAH is closely linked to mitochondrial injury driven by anatomically
mediated venous congestion. Sildenafil mitigates liver injury likely by preserving mitochondrial structural and
functional integrity, thereby limiting progression from passive congestion to fibrotic remodeling.

Keywords Pulmonary arterial hypertension, Congestive hepatopathy, Hepatic mitochondria, Sildenafil,
Monocrotaline
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Targeting Piezo1-Regulated Mitophagy Immunometabolic
Pathway in An Organoid Model of Osteoarthritis
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Abstract

Background: Osteoarthritis (OA) is a progressive degenerative joint disease characterized by cartilage
degradation, subchondral bone remodelling, and chronic inflammation. Mechanosensitive ion channels,
particularly Piezol, play a critical role in maintaining cartilage homeostasis under physiological conditions by
regulating calcium signalling; however, under inflammatory conditions, aberrant Piezol activation leads to
calcium overload, metabolic dysregulation, and mitochondrial dysfunction, thereby promoting osteochondral
degeneration. Objective: This study investigated the Piezol-HIF-1a—mitophagy immunometabolic axis using a
three-dimensional (3D) osteochondral organoid model. Methods: Human mesenchymal stem cell-derived
chondrocytes and RAW 264.7-derived osteoclasts were co-cultured to generate scaffold-free 3D organoids.
Osteoarthritic-like conditions were induced using lipopolysaccharide (LPS). Results: A well-characterized
bioactive nutraceutical compound with antioxidant and anti-inflammatory properties was applied to modulate
mechanotransduction and mitochondrial homeostasis. Piezol pathway activation and mitophagy regulation were
evaluated using calcium influx assays, along with gene and protein expression analyses of HIF-1a, GLUT1, and
LDHA, and mitophagy markers including PINK1, Parkin, LC3B, and p62. Organoid maturation was confirmed
by histological staining and extracellular matrix markers (COL2A1, ACAN), while inflammatory and catabolic
responses were assessed via IL-1B, TNF-o, MMP-13, and ADAMTS-5. LPS stimulation resulted in increased
Piezol activation, intracellular calcium influx, glycolytic reprogramming, impaired mitophagy, and elevated
inflammatory mediator expression. Nutraceutical treatment restored calcium homeostasis, enhanced mitophagic
flux, reduced inflammation, and preserved extracellular matrix integrity. Conclusion: These findings demonstrate
that Piezol dysregulation drives OA progression via mitophagy-dependent immunometabolic pathways,
highlighting this axis as a potential disease-modifying therapeutic target.

Keywords Osteoarthritis, Organoid, Piezol-mediated pathway, Inflammation, Mitophagy
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Phenylallylpentane-2,4-Dione Derivatives Ameliorated
LPS-Induced Inflammation Independent of
NF-kB Signaling Pathway in BV-2 Cell Culture
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Abstract

Alzheimer’s disease (AD) is a neurodegenerative disease that is the most common cause of dementia.
Nowadays, it is widely recognized that neuroinflammation plays an important role in the progression of the disease.
Several harmful substances, including amyloid beta (AP) and lipopolysaccharide (LPS), could trigger the
activation of microglia and subsequent inflammation through the activation of the nuclear factor-xB (NF-«B)
signaling pathway. B-diketone is a pharmaceutical scaffold reported to have a wide range of biological activities,
including anti-inflammation and anti-oxidation. Recently, a series of phenylallylpentane-2,4-dione derivatives (the
CINNAs), which contain the B-diketone scaffold, has been synthesized as a part of an ongoing project. Due to
previously reported activities of this scaffold, this work aimed to preliminarily assess the biological activities of
three CINNA compounds (CINNA4, CINNAS, and CINNAG). The anti-oxidation activity was initially
investigated using the DPPH radical scavenging assay, while the LPS-induced BV-2 cell culture model was used
to investigate the anti-inflammatory activity. Specifically, MTT cytotoxicity assay and western blot analysis were
used to investigate the effects of the CINNAs on LPS-induced cytotoxicity and inflammatory responses,
respectively. From the results of the DPPH assay, none of the CINNAs possess any significant radical scavenging
activity compared to the known antioxidant L-ascorbic acid. In contrast, CINNAS5 and CINNAG6 appeared to have
protective effects against LPS-induced cytotoxicity in the MTT assay. Following this, both compounds at 40 pM
concentration were investigated for their anti-inflammatory activity. From western blot analysis, both compounds
could decrease the production of tumor necrosis factor (TNF)-a, a pro-inflammatory cytokine, compared to the
LPS group. Despite this, they did not affect the activation of NF-kB, in a statistically significant way. In conclusion,
CINNAS and CINNAG6 could ameliorate LPS-induced inflammation in BV-2 cell culture independent of NF-kB
signaling pathway, and so investigation of their effects on other signaling pathways should be further conducted
to elucidate their molecular mechanisms.

Keywords Alzheimer s disease, Microglia, BV-2 cell line, Neuroinflammation, Drug discovery

Background (CNS), and subsequent neuroinflammation in

Alzheimer’s disease (AD) is one of the response to AP as the major player in the
neurodegenerative  diseases characterized Dby development of AD (1,2). Therefore, the current
progressive memory loss and cognitive decline. trend in drug discovery of AD is to find compounds
Previously, the aggregation of its characteristic that could modulate various steps of the
abnormal proteins, beta amyloid (AB) plaques and neuroinflammation process, for example, the
neurofibrillary tangles (NFTs), in the brain were activation of pro-inflammatory signaling pathways
thought to be the main perpetrators that drive and the production of reactive oxygen species
neurodegeneration, however, recently, more (ROS) and reactive nitrogen species (RNS) (3).
evidence pointed to the activation of microglia, the Besides A itself, researchers have also employed
resident immune cells in the central nervous system lipopolysaccharide (LPS), a bacterial endotoxin, as
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Fig. 1 The general structure of B-diketone scaffold (A)
and compounds containing the scaffold mentioned in
this work (B).

an inducer of microglial activation in a cell culture
model. This is due to the ability of LPS that could
bind to toll-like receptor (TLR) 4, whose resultant
dimerization triggers the activation of the nuclear
factor-kB (NF-«B) signaling pathway. As the name
implies, NF-«kB is the transcription factor that is able
to translocate into the nucleus and induce the
production of pro-inflammatory mediators, ranging
from cytokines such as tumor necrosis factor (TNF)-
o and interleukin (IL)-6, to enzymes such as
cyclooxygenase (COX)-2 and inducible nitric oxide
synthase (iNOS) (4,5).

B-diketone (Fig. 1A) is a pharmaceutical
scaffold reported to have a wide range of biological
activities, including anti-oxidation and anti-
inflammation (6). In particular, curcumin (Fig. 1B),
a pleiotropic natural compound that contains the
scaffold in its structure, was found to have
significant potency in both regards. In terms of anti-
inflammatory activity, curcumin was reported to
ameliorate neuroinflammation in BV-2 microglial
cell culture through the inhibition of NF-kB, among
other possible pathways (7,8). Moreover,
subsequent molecular docking studies revealed that
curcumin exerts its effect via the interactions with
pro-inflammatory molecules such as TNF-o,
the aforementioned cytokine, and myeloid
differentiation protein 2 (MD-2), which is an LPS-
binding component of TLR4 (9). There is evidence
that curcumin owes its diverse activity to the f-
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diketone scaffold that could tautomerize into the
enol form, which is optimal for target binding (9). In
a similar vein, the enol form of curcumin was also
found to be important for its antioxidant activity,
along with the hydroxyl and methoxy substituents
(10). Therefore, B-diketone proves to be an
attractive scaffold for the discovery of anti-
neuroinflammatory compounds.

Recently, a team of researchers led by Sripha
had synthesized a series of phenylallylpentane-2,4-
dione derivatives as a part of an attempt to discover
anti-neuroinflammatory ~ compounds for  the
treatment of AD (11). Because of their -diketone
scaffold, preliminary investigations have been
conducted to assess their protective effects against
LPS-induced cytotoxicity in BV-2 cell culture, from
which several candidates have been identified. This
work aimed to further investigate a group of selected
candidates: CINNA4, CINNAS, and CINNAG6 (Fig.
1B) for their protective effects against LPS-induced
inflammation through NF-kB signaling pathway.

Materials and methods
In vitro DPPH radical scavenging assay
2,2-diphenyl-1-picrylhydrazyl (DPPH), a
stable free radical compound, was used to
biochemically investigate the antioxidant activity of
the CINNAs. Firstly, DPPH (Sigma-Aldrich, MA,
USA) was dissolved in methanol to obtain the
working solution at a concentration of 0.2 mM.
After that, 100 pL of CINNA compounds and
ascorbic acid (positive control) at various
concentrations were combined with 100 pL of
DPPH working solution in a 96-well plate. After
incubating in the dark for 30 min, the absorbance
was measured at 517 nm using the multimode
microplate reader (BioTek, VT, USA).

Cell culture and treatments

BV-2 microglial cells (Cytion GmbH,
Heidelberg, Germany) were cultured in Dulbecco’s
Modified Eagle’s Medium (DMEM) with 10% fetal
bovine serum (FBS), 1% penicillin/streptomycin,
and 1% HEPES buffer (Thermo Fischer Scientific,
MA, USA) in a T75 flask. The cells were maintained
in the COz2 incubator at 37°C with 5% COa. The
medium was changed every 48 hours, and the
passaging/subculture was conducted once the cells
reached 80% confluency.

For the experiments, the cells were
subcultured into protocol-appropriate well plates
and incubated for 24 hr. After that, the cells were
treated according to their designated groups. The
Control group received no treatment. The LPS
group was treated only with 10 ng/mL LPS (Thermo
Fischer Scientific, MA, USA). Lastly, the CINNA
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groups were co-treated with LPS and CINNAs at
selected concentrations. All groups were then
incubated for another 24 hr before the cells were
collected or the assay continued.

Table 1 The ICsy obtained from DPPH Radical
Scavenging Assay for CINNA4, CINNAS, CINNASG,
and L-ascorbic acid

Compounds ICso (M)
CINNA4 <500
CINNAS <500
CINNAG6 <500

L-ascorbic acid 15.118

MTT cytotoxicity assay

The MTT assay was used to assess the
protective effects of CINNAs against LPS-induced
cytotoxicity in the cell line model. Briefly, the BV-
2 cells were subcultured into a 96-well plate with the
initial seeding density of 1.8 x 10%well and treated
according to the general protocol. After 24-hour
incubation, the medium was replaced with 0.5
mg/mL MTT solution (Thermo Fischer Scientific,
MA, USA). The plate was further incubated in the
dark for 2 hr before the remaining MTT solution was
replaced with dimethyl sulfoxide (DMSO) to
dissolve the crystallized formazans. The absorbance
was measured at 570 nm using the multimode
microplate reader.

Western blot analysis

To investigate the effects of CINNAs on the
expression of TNF-a (a pro-inflammatory cytokine)
and the activation of NF-xkB, BV-2 cells were
subcultured into a 12-well plate with an initial
seeding density of 1.2x10%well and treated
according to the general protocol. After a 24-hour
incubation period, the cell pellets were collected and
lysed to obtain their proteins. Following the
preparation of protein samples, the proteins were
separated by size using SDS-PAGE electrophoresis,
then transferred to a polyvinylidene difluoride
(PVDF) membrane (Bio-Rad, CA, USA). The
membrane was incubated with primary antibodies
(p-NF-kB and NF-xB from Cell Signaling
Technology (MA, USA). TNF-a and B-actin
(internal control) from Abcam (Cambridge, UK))
overnight at 4°C. Following that, it was further
incubated with horseradish peroxidase (HRP)-
conjugated  secondary  antibodies  (Abcam,
Cambridge, UK) for 1 hr at room temperature. The
signals for proteins of interest were visualized using
SuperSignal™ West Pico PLUS Chemiluminescent
Substrate (Thermo Fischer Scientific, MA, USA).
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Lastly, the blot image analysis was performed using
ImageJ software (National Institutes of Health, MD,
USA).

Statistical analysis

The values of results are presented as mean +
SEM of biologically independent experiments. The
statistical analysis was performed using IBM SPSS
Statistics 22 program. The comparison between
groups was analyzed by ANOVA followed by LSD
post-hoc test. p-value < 0.05 was considered
significant.

Results and discussion
CINNAs did not exhibit antioxidant activity in
DPPH radical scavenging assay

Before the experiments in the cell culture
model, the CINNAs were preliminarily assessed for
their radical scavenging capabilities, as ROS
production is another important mechanism in the
event of microglial activation besides the release of
pro-inflammatory modulators. Here, the DPPH
radical scavenging assay was employed for such a
purpose, and L-ascorbic acid, a known antioxidant,
was used as a positive control. As seen in Table 1,
the ICso of L-ascorbic acid was found to be
approximately 15.118 uM. This is in line with the
results obtained from previous literature (12,13),
confirming the validity of the assay. On the other
hand, it was found that none of the CINNAs possess
any significant free radical scavenging activity; all
are estimated to have ICs, over 500 pM.

Despite these results, it is important to
consider that the neutralization of DPPH radicals
mainly relies on the donation of hydrogen atoms
from the antioxidants: the so-called ‘hydrogen atom
transfer  (HAT)’  mechanism.  Particularly,
compounds with hydroxyl or phenolic substituents,
which possess mobile hydrogen atoms, tend to be
very effective at scavenging DPPH radicals (10,13).
Therefore, the three CINNAs, which lack such
functional groups, might not be able to demonstrate
their antioxidant activity via this assay. As such,
further investigations, for example, in the cell
culture model, might be needed to confirm their
antioxidant activity via other mechanisms, e.g.,
direct inhibition of ROS- or RNS-producing
enzymes.

CINNAS5 and CINNAG6 exerted protective effects
against LPS-induced cytotoxicity in BV-2 cell
culture

MTT cytotoxicity assay was used to
investigate the protective effects of CINNAs against
LPS-induced cytotoxicity. As shown in Fig. 2A, for
the LPS-treated group, exposure to LPS for 24 hr
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resulted in a significant decrease in cell viability
compared to the control group (*: p< 0.05). When
comparing the cell morphology between both
groups, it could be observed that there are noticeable
clumps of cell debris in the LPS-treated group
compared to the control. In addition, the cells also
appear more circular and less branched, signifying
their activated state (Fig. 2B (upper-left and upper-
right)). In contrast, co-treatment of LPS with
CINNAs could mitigate such negative effects to a
varying degree. Out of the three compounds at three
different  concentrations, CINNAS5 at the
concentrations of 20 and 40 uM, and CINNAG6 at the
concentrations of 20, 40, and 60 uM were found to
significantly increase cell viability of the BV-2 cells
compared to the group that was treated with LPS
alone (#: p < 0.05). Therefore, CINNAS and
CINNAG at the same concentration: 40 uM, which
exhibited similar levels of protective effects (Fig.
2B (lower-left and lower-right)), were selected to be
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Fig. 2 The protective effects of CINNAs against LPS-
induced cytotoxicity in BV-2 microglial cells. (A) The
bar plot represents the cell viability of BV-2 microglial
cells in each group after 24 hr exposure to LPS with or
without the CINNAs compared to the control group.
The results are expressed as mean + SEM (n = 6 with at
least 3 technical replicates; *: p <0.05 compared to the
control group and #: p < 0.05 compared to the LPS-
treated group) (B) The morphology of BV-2 cells in
selected groups (from upper-left, clockwise: the control
group, the LPS-treated group, the LPS + CINNAG6 (40
uM) group, and the LPS + CINNAS (40 uM) group).
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further investigated for their anti-inflammatory
effects in the next steps of experiments.

CINNAS5 and CINNAG attenuated LPS-induced
pro-inflammatory cytokine release independent of
NF-kB signaling pathway

In the event of microglial activation, several
pro-inflammatory modulators are released to
eliminate the harmful substances and recruit more
immune cells to the site of inflammation. While this
is initially beneficial, a prolonged inflammatory
environment could result in cellular damage and
death. In this experiment, the western blot analysis
was used to investigate the protective effects of the
CINNAs against LPS-induced release of the
cytokine TNF-a. It was observed that treatment with
LPS dramatically increased the relative protein
expression of TNF-a compared to the control group
(not shown). However, co-treatment with both
CINNAS and CINNAG6 resulted in a significant
reduction of its expression compared to the group
receiving LPS alone (#: p < 0.05, Fig. 3). For this
reason, it could be concluded that CINNAS and
CINNAG6 could attenuate LPS-induced pro-
inflammatory cytokine release.

As previously mentioned, it has been
established that LPS could trigger microglial

activation mainly via TLR4/NF-xB signaling
& &
‘:’Q "o’“
& &
& &
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Relative protein expression of TNF-a/B-actin
(Fold change compared to LPS Group)

LPS LPS + CINNAS 40 yM LPS + CINNAG 40 uM

Fig. 3 The protective effects of CINNAS and CINNA6
(40 uM) against LPS-induced expression of TNF-a in
BV-2 microglial cells. The results are expressed as
mean + SEM (n = 3; #: p <0.05 compared to the LPS-
treated group).
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Fig. 4 CINNAS and CINNAG6 did not appear to
affect the activation of NF-kB signaling pathway.
The results are expressed as mean + SEM (n = 3; *:
p <0.05 compared to the control group).

pathway, and that curcumin could inhibit the
activation of NF-kB through binding with the LPS-
binding component of TLR4, MD-2. To investigate
whether the anti-inflammatory activity of CINNAS
and CINNA6 was also mediated through the
inhibition of NF-kB. The activation of NF-kB,
signified by the increased phosphorylated form in
relation to the protein total form, was also monitored
using western blot analysis. As seen in Fig. 4,
treatment with LPS resulted in a significant increase
in NF-kB activation compared to the control group.
Despite this, both CINNAS5 and CINNAG6 seemed to
affect the LPS-induced NF-kB activation in
statistically significant ways.

Even though NF-kB is the major signaling
pathway involved in LPS-induced inflammation,
microglial activation could also trigger the
activation of other signaling pathways, both
dependent and independent of TLR4. In particular,
the activation of TLR4 also leads to the activation of
mitogen-activated protein kinases (MAPKSs), which,
in turn, activate activator protein-1 (AP-1), a
transcription factor that could induce pro-
inflammatory mediator expression in a similar
manner to NF-kB. Moreover, the initial release of
pro-inflammatory cytokines through NF-«B could
also induce the activation of MAPKs in a positive
feedback loop (5,14). Therefore, more research is
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needed to determine the molecular mechanisms of
CINNAS and CINNAG in alleviating LPS-induced
cytokine production.

Conclusion

In summary, the phenylallylpentane-2,4-
dione derivatives, here dubbed the CINNAs, were
investigated to determine their antioxidant and anti-
inflammatory activities due to their reportedly
biologically active P-diketone scaffold. From the
results of the DPPH assay, it could be concluded that
none of the compounds possess any appreciable free
radical scavenging activity. In contrast, the results
in the MTT assay implied the protective effect of
CINNA 5 and CINNAG6 against LPS-induced
cytotoxicity in BV-2 cell culture model. Further
western blot analysis confirmed the ability of both
compounds to ameliorate the LPS-induced
expression of the cytokine TNF-a. In spite of that,
CINNAS and CINNAG6 did not appear to mediate
such activity through the major pro-inflammatory
signaling pathway, NF-kB. Thus, the molecular
mechanisms by which both compounds could
inhibit TNF-a remain determined.
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Abstract

Ginger (Zingiber officinale Roscoe) is among the most commonly used herbal remedies during pregnancy,
primarily for the management of nausea and vomiting. Its major bioactive constituents — gingerols and shogaols
— confer antioxidant and anti-inflammatory activities, suggesting potential relevance to fetoplacental physiology.
Despite its widespread use, dose-dependent safety data in the context of maternal and prenatal development remain
insufficient. This study aimed to assess the maternal and prenatal safety profile of ginger extract across a range of
clinically relevant doses using a rat prenatal developmental toxicity model. Time-mated female Wistar rats were
randomly allocated to four groups (n = 5/group): a vehicle control (10% propylene glycol, 1 mL/kg/day) and three
ginger extract-treated groups receiving 250, 500, or 1000 mg/kg/day by oral gavage from gestational day (GD) 1
through GD 21, representing a range of clinically relevant exposures. At GD 21, maternal body weight and weight
gain were recorded. Fetoplacental outcomes — including the number of viable fetuses, fetal and placental weights,
sex-specific fetal weights, fetal linear dimensions (nose—vertex, vertex—rump, shoulder—rump, and vertex—
shoulder distances), placental diameter, and umbilical cord length — were systematically evaluated. Data were
analyzed using one-way ANOVA with Tukey's post hoc test. No statistically significant differences were observed
between any ginger extract-treated group and the vehicle control in maternal body weight gain, fetal body weight,
placental weight, number of viable fetuses, or sex-specific fetal weights (p > 0.05). All fetoplacental morphometric
parameters remained comparable across all groups. Oral administration of ginger extract at doses up to 1000
mg/kg/day throughout gestation did not induce maternal toxicity or adverse fetoplacental outcomes. However,
these findings should be considered preliminary given the small sample size per group, and further investigation
encompassing internal fetal visceral and skeletal examination, as well as histopathological analyses, is required.

Keywords Zingiber officinale, Ginger extract, Prenatal toxicity, Fetoplacental development, Developmental

safety
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Abstract

Background: Acute stress is known to induce significant hepatic injury through oxidative and inflammatory
mechanisms. Resveratrol (RSV), a natural polyphenolic compound, possesses antioxidant and anti-stress
properties that may confer hepatoprotection. However, its role in stress-induced hepatic microstructural alterations
remains inadequately explored. The goal was to document the histomorphology of the liver in an acute restraint
stress-induced rat model, and the objective was to observe the microanatomical changes after the administration
of resveratrol (RSV). Methods: Eighteen pathogen-free male Wistar albino rats (n=6 per group) were divided into
three groups: control (vehicle), stress (restraint stress for 6 hours/day for 14 days), and treatment (restraint stress
for 14 days followed by RSV administration at 10 mg/kg body weight orally for another 14 days). Restraint stress
was induced using well-ventilated restrainers without causing pain. Liver tissues were processed for
histopathological evaluation using hematoxylin and eosin staining, and injury was assessed using standard scoring
systems. Results: The present study observed that there was a loss of lobular architecture in the liver of the stress-
induced group. The hepatic cords were disorganised along with the sinusoidal dilation. Granular and hydropic
degeneration of hepatocytes was marked in these groups, and there were focal areas of necrosis, particularly in the
perivenular region. The central veins of the hepatic lobules were grossly dilated, suggesting hepatic injury. In the
post-treatment group, the hepatic lobular architecture was restored. The hepatic cords looked organized, and
sinusoids were not dilated. Conclusion: There were no focal areas of necrosis, and there was reversal of dilatation
of the central vein, which is suggestive of hepatoprotective activity of RSV in the acute restraint stress-induced
animal model. However, the limitation of this study design is that RSV was administered after the cessation of
stress, and a better interpretation can be drawn if both are given in parallel.

Keywords Antioxidant activity, Hepatoprotective, Liver injury, Resveratrol, Stress
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Abstract

Chronic stress impairs male reproductive function by disrupting spermatogenesis and sperm quality. Bacopa
monnieri (Brahmi) reduces stress, while Thai mixed berries exhibit protective effects against stress-induced
testicular damage. This study aimed to investigate the protective effects of Brahmi and Thai mixed berries against
chronic stress-induced reproductive damage in rats. Male Sprague-Dawley rats (7 weeks old) were randomly
assigned to four groups (n = 5-6 rats per group): Control, Chronic Unpredictable Mild Stress (CUMS), CUMS-
Berries, and CUMS-Brahmi+Berries. Chronic stress was induced in all CUMS groups via a 14-day CUMS
protocol. The Control and CUMS groups received reverse osmosis by oral gavage once daily during the same
period. Rats in CUMS-Berries group received Thai mixed berry extract containing total anthocyanins (0.043 mg/g
extract’kg BW), while rats in CUMS-Brahmi+Berries group received Brahmi (20 mg/kg BW) and the Thai mixed
berries. Post-treatment, reproductive parameters, including testicular weight, sperm concentration, and histological
evaluation of seminiferous tubule stages, were assessed. The results showed a significant decrease in testicular
weight and sperm concentration in the CUMS group compared with the Control group. Testicular weight was
significantly improved in the CUMS-Berries group, while sperm concentration was significantly improved in the
CUMS-Brahmi+Berries group compared with the CUMS group. CUMS group showed altered seminiferous
epithelial stage distribution, with increased early stages and reduced middle and late stages, indicating disrupted
spermatogenesis and meiotic arrest. Notably, treatment with the combination of Brahmi and Thai mixed berries
restored these parameters to levels comparable to the Control group. In conclusion, chronic stress impairs male
reproductive function, whereas Thai mixed berries, particularly in combination with Brahmi, attenuate these
effects.

Keywords Chronic stress, Thai mixed berry, Brahmi, Testicular function, Sperm quality
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Abstract

Depression has been associated with dysfunction in various organ systems, including the male reproductive
system. Dexamethasone (DEX), a corticosteroid, induces depression through elevated cortisol levels, which can
impair testicular function. Changes in testicular morphology and sperm quality can serve as indicators of testicular
dysfunction. This study aimed to investigate the protective effects of combined Gamma-oryzanol (GO) and
Curcumin (Cur), natural compounds with antioxidant and anti-inflammatory properties, on DEX-induced
depression. Male Sprague—Dawley rats (6 weeks old) were divided into five groups (n = 4-5 rats per group). Rats
in the DEX and treatment groups were induced into depression by DEX (1.5 mg/kg daily for 28 days). The Control
and DEX groups received reverse osmosis water. The treatment groups received GO+Cur at low dose (5+25
mg/kg), GO+Cur at high dose (10+50 mg/kg), and fluoxetine (Flx,10 mg/kg). At the end of the experiment, testis
weight, sperm concentration, and testicular morphology were evaluated. Testis weight and sperm concentration
were significantly decreased in the DEX and DEX+FIx groups compared with the Control group. GO+Cur
administration at both doses significantly improved testis weight compared with the DEX+FIx group. Notably,
high-dose GO+Cur restored sperm concentration compared with all other depressive groups. Histological analysis
revealed that DEX induced seminiferous tubules abnormalities, including germinal epithelium separation,
vacuolization, luminal sloughing of germ cells, tubular irregularity, and atrophy. Compared with the DEX group,
the DEX+high-dose GO+Cur group exhibited fewer histological abnormalities and a higher number of normal
seminiferous tubules. In conclusion, co-administration of GO and Cur, particularly at a high dose, attenuates DEX-
induced testicular damage by improving sperm concentration and preserving the normal structure of seminiferous
tubules. These findings suggest that combined GO and Cur may better support reproductive function under DEX-
induced depressive conditions compared to standard antidepressants like Flx.

Keywords Depression, Sperm concentration, Seminiferous tubule, Gamma-oryzanol, Curcumin
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Abstract

Background: Sweet syndrome is a neutrophil-mediated inflammatory disorder that primarily affects the skin,
while its involvement in large vessels such as the aorta remains insufficiently characterized. Objective: This case-
based vascular pathology study aimed to examine whether neutrophil-associated inflammation is associated with
structural remodeling of the aortic wall through integrated anatomical, histological, and ultrastructural analyses.
Methods: Aortic specimens (n = 4), including one case with clinically confirmed Sweet syndrome and three
normal controls, were obtained from a limited number of cadaveric specimens and comparatively analyzed.
Control specimens were selected to be comparable in age and sex. Where available, underlying conditions and
tissue preservation conditions were also considered to minimize potential confounding effects. Histological
evaluation was performed using hematoxylin—eosin and Masson’s trichrome staining to assess tissue architecture
and collagen distribution. Ultrastructural alterations were further investigated using scanning electron microscopy.
Results: Affected aorta exhibited a pronounced expansion of the tunica adventitia and disorganization of smooth
muscle fibers within the tunica media. Masson’s trichrome staining demonstrated increased collagen deposition
and extracellular matrix accumulation, consistent with active fibrotic remodeling. Ultrastructural examination
revealed fragmented smooth muscle fibers, irregularly arranged collagen bundles, and the presence of activated
fibroblasts, indicating disruption of extracellular matrix organization and compromised structural integrity of the
vascular wall. These features were not observed in normal cadaveric aortas. Collectively, the findings provide
anatomical and histopathological evidence that neutrophil-associated inflammation is closely linked to
extracellular matrix remodeling and collagen reorganization within the aortic wall. Such structural alterations may
reduce vascular integrity and suggest a potential, yet underrecognized, involvement of large vessels in Sweet
syndrome. Conclusion: This study underscores the value of integrating histological and ultrastructural approaches
to elucidate inflammation-driven vascular remodeling and to broaden current understanding of systemic
manifestations associated with neutrophilic inflammatory disorders.

Keywords Sweet syndrome, Aorta, Extracellular matrix remodeling, Collagen deposition, Histopathology
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Abstract

Background: Chronic stress has become increasingly prevalent in modern society, negatively impacting both
physical and mental health, including the digestive system. Prolonged stress can disrupt intestinal function and
alter gut microbiota balance, leading to gastrointestinal dysfunction. Probiotics, particularly Lactobacillus species,
have been reported to restore microbial balance and enhance intestinal health, offering a promising approach to
mitigating stress-related gastrointestinal disorders. Objective: To investigate the effects of probiotic
supplementation on anxiety-related responses and histological changes in the small intestine of rats subjected to
chronic unpredictable mild stress (CUMS). Methods: Twenty male Sprague—Dawley rats were randomly assigned
to experimental groups: control, probiotic-treated, stress-induced (CUMS), CUMS with probiotics, and CUMS
with fluoxetine. The probiotic used was Lactobacillus rhamnosus (CPF01), administered orally at a dose of 1
mL/day (10° CFU/day) for 28 days after CUMS induction. A CUMS protocol was employed to induce chronic
stress. Results: Stress exposure was associated with significant body weight loss in the CUMS group compared
to the control group. Notably, probiotic supplementation during CUMS induction showed a tendency toward
higher body weight gain compared to both the CPFO1-control (non-CUMS) and control groups. By histo-
pathological examination, CUMS stress exposure resulted in marked alterations in the small intestine, including
reduced villus height, epithelial disorganization, shortened intestinal glands, increased epithelial degeneration, and
a decreased goblet cell count. In contrast, both the CUMS with probiotics and non-CUMS with probiotics receiving
groups showed improved intestinal morphology, characterized by increased villus height, restored epithelial
organization, elongated intestinal glands, regenerated epithelial cells, and an increased number of goblet cells.
Conclusion: These findings suggested that chronic stress impairs intestinal structure and function. Probiotic
supplementation may effectively improve intestinal morphology and support gut health under stressful conditions,
highlighting its potential as a therapeutic intervention.

Keywords Chronic unpredictable mild stress, Probiotics, Small intestine, Inflammation
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Abstract

Background: Nowadays, stress is a burgeoning health concern, particularly among adolescents and working
adults. Beyond its psychological impact, chronic stress significantly impacts metabolic organs, especially the
liver—a vital organ for detoxification and metabolism that is highly susceptible to stress-induced oxidative damage
and inflammatory responses. Cannabidiol (CBD), derived from Hemp (Cannabis sativa), and Brahmi (Bacopa
monnieri) are medicinal plants known for their potential anxiolytic, antioxidant, and anti-inflammatory properties,
making them suitable candidates for development into preventive health products. Objective: To investigate the
effects of CBD extract and Brahmi on histopathological changes in the liver tissue of rats subjected to chronic
unpredictable mild stress (CUMS). Methods: Forty-two male Sprague-Dawley rats were divided into seven groups
(n=6 per group): Control (CA), Stress-induced (UA), Stress-induced treated with Brahmi (UB), Stress-induced
treated with CBD isolate (UD), Stress-induced treated with CBD-enriched hemp extract (UG), Stress-induced
treated with a combination of Brahmi and CBD isolate (UJ), and Stress-induced treated with Brahmi and CBD-
enriched hemp extract (UL). Brahmi extract (20 mg/kg) and CBD (isolate or enriched hemp extract at 5 mg/kg)
were administered orally. The animals were subjected to a chronic unpredictable mild stress (CUMS) protocol for
14 days to induce physiological stress. Results: Compared to the control group, stress exposure resulted in marked
histopathological alterations in the liver, including disorganized hepatocyte arrangement, increased sinusoidal
width, cellular degeneration, white blood cell infiltration, and the presence of intracellular fat vacuoles. In contrast,
treatment with CBD and Brahmi demonstrated notable hepatoprotective effects, evidenced by improved
hepatocyte architecture, reduced sinusoidal dilation, and a more organized cellular arrangement. Conclusion:
These findings indicate that chronic stress induces significant liver tissue damage. CBD and Brahmi exhibit potent
hepatoprotective potential alongside their known anti-inflammatory, anxiolytic, and antidepressant properties.
These botanical agents serve as promising therapeutic alternatives with significant potential for development into
health products for disease prevention.

Keywords Stress, Liver, Cannabidiol (CBD), Hemp, Brahmi
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Abstract

Background: Chronic stress contributes to gastrointestinal dysfunction via the brain—gut axis, leading to gastric
mucosal irritation, inflammation, and structural damage. Proton pump inhibitors (PPIs) are widely used for
treatment but may cause adverse effects. Therefore, alternative therapies from locally cultivated medicinal plants
with fewer side effects are of interest. Bacopa monnieri (Brahmi) and cannabidiol (CBD) from hemp have
demonstrated anti-stress and anti-inflammatory properties. Objective: To evaluate the effects of Brahmi extract
and CBD extracts on gastric mucosal pathology in rats subjected to Chronic Unpredictable Mild Stress (CUMS).
Methods: Forty-two male Sprague Dawley rats were assigned to seven groups (n = 6/group): control group
receiving corn oil (1 ml/kg), stress group receiving corn oil (1 ml/kg), stress + Brahmi extract (20 mg/kg), stress
+ CBD isolate (5 mg/kg), stress + CBD-enriched hemp extract (5 mg/kg), stress + Brahmi extract (20 mg/kg)
combined with CBD isolate (5 mg/kg), and stress + Brahmi extract (20 mg/kg) combined with CBD-enriched
hemp extract (5 mg/kg). All treatments were administered via oral gavage once daily for 14 days. After CUMS
induction, gastric tissues from the fundus were stained with hematoxylin and eosin (H&E). Mucosal and
submucosal thickness, as well as parietal cell density per gastric area, were measured. Data were expressed as
mean + SD and analyzed using one-way ANOVA with GraphPad Prism, with statistical significance at p < 0.05.
Results: Chronic stress was significantly reduced in mucosal thickness compared with controls. Treatment with
Brahmi (20 mg/kg) alone and in combination with CBD-enriched hemp extract (5 mg/kg) significantly restored
mucosal thickness. Changes in submucosal thickness and parietal cell density were observed but were not
statistically significant. Conclusion: Brahmi extract, particularly when combined with CBD-enriched hemp
extract, may protect against stress-induced gastric mucosal damage, suggesting its potential as an alternative
therapeutic strategy for stress-related gastric inflammation.

Keywords Cannabidiol, Bacopa monnieri, CUMS, Gastric histopathology, Gastric mucosal
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Abstract

Background: High-fat diet (HFD) consumption drives non-alcoholic fatty liver disease, leading to steatohepatitis
characterized by hepatic steatosis, inflammation, and cellular injury. Centella asiatica standardized extract (ECa
233), containing 88.19% triterpenoid glycosides (madecassoside and asiaticoside), has shown metabolic benefits,
but its hepatoprotective effects against HFD-induced steatohepatitis remain unrevealed. Objective: To investigate
the hepatoprotective effects of ECa 233 on biochemical and histopathological changes in HFD-induced
steatohepatitis. Methods: Male Wistar rats were divided into three groups (n = 5/group): normal diet (ND), HFD,
HFD + ECa 233 (30 mg/kg/day). Rats were treated daily by oral gavage for 12 weeks. Body weight, liver index
and serum biochemical parameters were investigated. Formalin-fixed liver sections were evaluated using
hematoxylin-eosin (for hepatocellular degeneration) and Masson’s trichrome staining (for collagen deposition),
with blinded histopathological assessment. Results: HFD significantly increased body weight gain and liver index
(»<0.001 vs ND). Serum triglycerides, total cholesterol, low-density lipoprotein cholesterol (LDL-cholesterol),
aspartate aminotransferase (AST), and alanine aminotransferase (ALT) were also significantly increased (p<0.001
vs ND). Histology showed micro- and macro-vesicular steatosis, lobular inflammation, hepatocellular ballooning,
megamitochondria formation, and increased collagen deposition in HFD-fed rats. Pronounced reductions in
triglycerides, total cholesterol, LDL-cholesterol, AST, and ALT were observed (p<0.001 vs HFD). Histo-
pathological evaluation also showed reduced micro- and macro-vesicular steatosis, lobular inflammation,
hepatocellular ballooning, megamitochondria formation, and collagen deposition (p<0.01 vs HFD). Conclusion:
ECa 233 attenuates HFD-induced steatohepatitis and improves biochemical and histopathological alterations in
HFD-fed rats. These findings suggest that ECa 233 may have beneficial effects in HFD-associated liver injury.
Further studies are required to elucidate the underlying mechanisms.

Keywords Centella asiatica, ECa 233, High-fat diet, Steatohepatitis, Hepatoprotection
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Abstract

Background: Long-term high-fat diets (HFD) consumption triggers oxidative stress and inflammation,
contributing to testicular and sperm damage, and may lead to male infertility. Mulberry fruit is rich in anthocyanins
with potent antioxidant properties that can mitigate these effects. However, research specifically comparing the
efficacy of dried mulberry fruit (AIMF) and standardized extract of mulberry fruit (SEM) remains limited.
Objective: To evaluate comparative protective effects of dMF and SEM against HFD-induced male reproductive
dysfunction in rats. Methods: Twenty-four male Wistar rats were divided into four groups (n=6/group): Normal
diet (ND), HFD, HFD+dMF (100 mg/kg/day), and HFD+SEM (100 mg/kg/day). During the 90-day oral daily
administration period, body weight and testicular weight were recorded. Sperm were collected from the caudal
epididymis to evaluate sperm parameters. Testicular tissues were examined histopathologically for changes in
seminiferous tubules using standardized scoring methods. Results: Compared to the ND group, the HFD group
showed significantly increased testicular abnormalities: germ cell separation (p=0.0149) and vacuolization within
seminiferous tubules (p=0.0002), along with reduced sperm concentration (p=0.0009), motility (»=0.0008),
viability (p=0.0021), and normal morphology (»<0.0001). Both dMF and SEM interventions offered protection;
however, SEM implied superior protective effects: with more comprehensive restoration of sperm concentration
(p=0.0197), motility (p=0.0001), and morphology (p=0.0009) compared to the HFD group. Furthermore, SEM
was especially effective in preserving testicular cell structure, with a significant reduction in vacuolization
compared to both HFD (p=0.0006) and dMF-treated groups (p=0.0212). Conclusion: SEM demonstrates superior
protective efficacy over dMF in mitigating HFD-induced male reproductive dysfunction while preserving sperm
quality and testicular integrity, positioning SEM as a promising natural intervention for HFD-related male
infertility. Further studies are required to elucidate the underlying molecular mechanisms of SEM.

Keywords: Mulberry fruit extract, Sperm quality, Male reproductive dysfunction, High-fat diet
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Background

The global rise in long-term high-fat diet
(HFD) consumption has led to a dramatic increase
in the prevalence of metabolic syndrome, which has
become a major public health concern worldwide
(1,2). Prolonged HFD intake promotes excessive
lipid accumulation (3), resulting in an imbalance
between pro-inflammatory and anti-inflammatory
cytokines (3,4,5). This state of chronic low-grade
inflammation, coupled with enhanced oxidative
stress, serves as a central driver for metabolic
disturbances (6,7).

Besides cardiovascular  consequences,
emerging evidence indicates that HFD-induced
metabolic dysfunction is a major contributor to male
reproductive impairment (8,9,10). At the structural
level, HFD-induced metabolic abnormalities lead to
ectopic lipid deposition within the testicular
parenchyma, triggering localized oxidative stress
that disrupts the blood-testis barrier (BTB)
(10,11,12). These pathological changes impair the
function of Sertoli and Leydig cells, which are
essential for supporting spermatogenesis and
testosterone production (11,13,14). Consequently,
HFD consumption is closely associated with
testicular atrophy, impaired spermatogenesis,
reduced sperm quality, and increased sperm DNA
damage (8,10,15,16).

The overproduction of reactive oxygen
species (ROS), notably through electron leakage in
the mitochondrial electron transport chain within the
testicular microenvironment, is a major cause of
these effects (17,18). The high content of
polyunsaturated fatty acids in the membranes of
germ cells makes the testes highly susceptible to
lipid peroxidation (19,20). In HFD models, this
oxidative surge is frequently accompanied by a
compromised cellular defense system, characterized
by reduced activity of essential antioxidant enzymes
such as superoxide dismutase (SOD), catalase
(CAT), and glutathione peroxidase (GPx) (21,22).
This exhaustion of the testicular antioxidant defense
system creates a vicious cycle of oxidative damage
that culminates in germ cell apoptosis (22).

Mulberry fruit (Morus alba L.), originally
cultivated in the Himalayan foothills of southern
China and now widely grown throughout Southeast
Asia, including Thailand, has attracted considerable
scientific interest due to its rich phytochemical
composition (23). It is abundant in anthocyanins,
flavonoids, and other polyphenolic compounds with
potent antioxidant and anti-inflammatory properties
(24,25,26). Previous studies have reported that
mulberry  supplementation  improves lipid
metabolism, attenuates oxidative stress, and
enhances metabolic homeostasis in experimental
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models of diet-induced metabolic disorders (27,28,
29,30). Furthermore, both dMF and various
mulberry extracts have demonstrated protective
effects across multiple organ systems, including the
cardiovascular system, the liver (31,32), and
potentially the male reproductive system by
mitigating oxidative damage to sperm (33).

While mulberry-derived compounds are
hypothesized to protect testicular cytoarchitecture
from oxidative insults, comparative evidence
regarding whether dMF or standardized extract of
mulberry fruit (SEM) provides superior protection
against HFD-induced reproductive damage remains
limited. The bioavailability and therapeutic efficacy
of bioactive compounds can differ substantially
between whole fruit preparations and standardized
extracts due to differences in compound concen-
tration, matrix effects, and intestinal absorption.
Understanding these differences is critical for
optimizing therapeutic interventions and informing
evidence-based recommendations for managing
HFD-induced reproductive dysfunction.

Therefore, the present study aimed to evaluate
and compare the protective effects of AMF and SEM
against HFD-induced male reproductive dys-
function in rats. By systematically assessing sperm
parameters and testicular histopathology, this study
is expected to provide further insight into the
relationship between HFD-induced metabolic
disturbances and male reproductive impairment, as
well as to explore the comparative potential of
different mulberry preparations as natural
interventions  for  mitigating ~ HFD-induced
reproductive damage. It was hypothesized that
SEM, which contains a higher concentration of
bioactive compounds such as anthocyanins, may
exert greater protective effects against HFD-
induced reproductive alterations compared with
dMF.

Materials and Methods
Plant sample preparation and anthocyanin content
determination

dMF was prepared by the Department of
Pharmacy and Natural Products, Thailand Institute
of Scientific and Technological Research (TISTR),
Bangkok, Thailand. Fresh mulberries (Morus alba
L.) were collected, freeze-dried, and mechanically
processed into dMF powder.

SEM was prepared using 70% ethanol
extraction at room temperature for 72 hours. The
extraction solvent was subsequently removed
through controlled evaporation under reduced
pressure at 40°C to ensure product purity. The
resulting extract was stored at —20°C in the dark
until use to maintain stability.
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Total anthocyanin content was quantified
using the pH differential method as previously
described by Chaiwong et al. (2021) (31). The
results were expressed as cyanidin-3-glucoside
equivalents (mg/100 g of sample). The antioxidant
activity of both formulations was evaluated using
the DPPH radical scavenging assay, and the ICsq
value was determined from the dose-response
curve.

Animals and experimental design

Twenty-four male Wistar rats (8-week-old,
weighing 250-300 g) were obtained from Nomura
Siam International Co. Ltd., Bangkok, Thailand. All
animal procedures were approved by Naresuan
University Animal Care and Use Committee
(NUACUC), Phitsanulok, Thailand, with an ethical
protocol number of NU-AEE 670303.

The rats were housed in environmentally
controlled conditions (22+1°C, and 12 h light/dark
cycle) with food and water provided ad libitum.
After a 7-day acclimatization period on a standard
laboratory diet, rats were randomly divided into four
groups (n=6/group) and treated by oral gavage
administration for 90 consecutive days as follows:

Group 1 Normal diet (ND): rats received
vehicle (distilled water) and were fed a normal diet
(protein 28.2%, carbohydrate 52%, total fat 19.8%,
energy density 4.2 kcal/g).

Group 2 High-fat diet (HFD): rats received
vehicle and were fed a HFD supplemented with
sugar (protein 26.5%, carbohydrate 14.3%, total fat
59.28%, sodium chloride 0.1% w/w, propylene
glycol, energy density 5.35 kcal/g).

Group 3 HFD+dMF: rats were fed HFD, and
dried mulberry fruit (100 mg/kg/day) was
administered by gastric gavage tube once daily as an
aqueous suspension. The selected doses were based
on previous studies (Chaiwong et al., 2021) (31).

Group 4 HFD+SEM: rats were fed with HFD
and received standardized extract of mulberry fruit
(100 mg/kg/day) administered by gastric gavage
tube once daily as an aqueous suspension.

Throughout the experiment period, rats were
weighed weekly and monitored daily for general
health status, behavioral changes, and adverse
effects. Food intake was recorded weekly. On the
91 day, rats were fasted for 6-8 hours before being
euthanized under anesthesia. Immediately following
euthanasia, testis and caudal epididymis were
rapidly collected and weighed for evaluation.

Sperm quality analysis

After the rats were sacrificed, the caudal
epididymis was rapidly removed and placed in pre-
warmed 1x phosphate-buffered saline (PBS, 37°C)
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to obtain sperm suspension. All parameters were
evaluated under a light microscope at 20x
magnification, with a total of 200 spermatozoa
analyzed per sample.

Sperm concentration and motility

A 20 pL aliquot of sperm suspension was
loaded into a Makler counting chamber.
Concentration was calculated by counting
spermatozoa in rows 2, 5, and 8, with results
expressed as 10° cells/mL. Concurrently, sperm
motility was assessed via video recordings and
categorized into progressive motility, non-
progressive motility, or immotile.

Sperm viability

Sperm viability was evaluated using the
Eosin-Nigrosin staining method. A 20 pL drop of
sperm suspension was mixed with an equal volume
of Eosin-Nigrosin (1:1 ratio) on a glass slide. The
percentage of viable (unstained) spermatozoa cells
was recorded.

Sperm morphology

A 20 pL aliquot of sperm suspension was
smeared onto a glass slide and processed using the
Diff-Quik staining assay. The proportion of
morphologically normal and abnormal
spermatozoa, including specific head, neck, and tail
defects, was quantified.

Testicular histopathological assessment

Testicular tissues were cut and fixed in 10%
Neutral Buffered Formalin immediately after
collection. Following fixation, the tissues were
processed using standard histology procedures:
dehydration through graded alcohol series, clearing
in xylene, and embedding in paraffin wax. Tissue
blocks were sectioned at 3 pm thickness using a
rotary microtome. The tissue sections were
deparaffinized, rehydrated, and stained with
hematoxylin and eosin.

Histopathological evaluation was performed
under a light microscope at 10x magnification by
two independent observers blinded to the treatment
groups. For each animal, at least 100 seminiferous
tubules were examined and scored according to the
following criteria:

1. Normal: Intact seminiferous tubules with
orderly arranged germ cells at different stages of
spermatogenesis, complete  spermatogenic
epithelium, and no pathological changes.

2. Vacuolization: Presence of clear vacuoles
within the seminiferous epithelium, indicating
cytoplasmic damage or fluid accumulation.
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3. Germ cell separation: Detachment of germ
cells from the basement membrane and Sertoli
cells, with loss of normal cellular adhesion.

4. Luminal sloughing: Presence of detached germ
cells or cellular debris within the tubular lumen,
indicating severe epithelial disruption.

5. Irregularity: Distortion of tubular shape,

uneven thickness of the seminiferous
epithelium, or disorganized cellular
arrangement.

6. Atrophy: Reduced tubular diameter, thinning of
the germinal epithelium, and decreased number
of germ cells.

Results were expressed as the percentage of
tubules exhibiting each pathological feature.

Statistical analysis

Data were expressed as means + standard
deviation (SD). Statistical analyses were performed
using GraphPad Prism software version 10
(GraphPad Software, CA, USA). The differences
between multiple groups were assessed using one-
way analysis of variance (ANOVA) followed by
Tukey’s post hoc test for multiple comparisons. A
p-value <0.05 was considered statistically
significant. All measurements were conducted by
investigators blinded to the treatment groups, where
applicable.

Results
Anthocyanin contents of mulberry fruit extract

Anthocyanin was higher in SEM compared
with dMF. SEM contained 1,608.88 mg/100 g of
cyanidin-3-glucoside equivalents, whereas dMF
contained 1,250 mg/100 g, representing
approximately a 28.7% increase in anthocyanin
concentration in the standardized extract. Despite
differences in  anthocyanin  content, both
preparations exhibited comparable antioxidant
capacity in the DPPH radical-scavenging assay. The
IC,, values were identical at 0.24 mg/mL, indicating
similar in vitro free radical scavenging potency
between SEM and dMF.

The relatively high anthocyanin content may
provide a biochemical basis for the antioxidant
properties of the preparations and could potentially
be linked to their observed biological effects in this
study (Table 1).

Animal welfare and general observations
Throughout the 90-day experimental period,
all animals exhibited normal behaviors, with no
visible alterations to their skin, fur, eyes, or mucous
membranes. No adverse effects such as tremors,
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convulsions, salivation, diarrhea, lethargy, coma, or
mortality were observed in any experimental group.

Table 1 Extraction yield and antioxidant properties of
dMF and SEM

ATCN DPPH Yield
Sample (mg/ ICso © Storage
100g) | (mg/mL) &
dMF 1,250.0 024 | 20 °C
powder 0
SEM
(70% 1,608.8 o
Ethanol 3 0.24 1.62 4°C
extract)

*ATCN: Total anthocyanin content expressed as
cyanidin-3-glucoside equivalents.

Effects of dMF and SEM on body weight and
relative testicular weight in HF D-treated rats

After 90 days of treatment, no significant
differences in final body weight were observed
among the experimental groups (Table 2). However,
relative testicular weight (testis weight/body weight
ratio) was significantly reduced in the HFD+SEM
group compared to both the ND group (p =0.0312)
and the HFD group (p = 0.0287). Neither the HFD
alone nor the HFD+dMF treatment significantly
affected relative testicular weight compared to the
ND group (Table. 2).

Effects of dMF and SEM on sperm parameters in
HFD-treated rats

To determine whether HFD consumption and
subsequent interventions affected spermatogenesis,
comprehensive sperm quality parameters were
evaluated (Table 2).

HFD-induced sperm damage

Rats fed an HFD exhibited marked
deterioration in sperm quality across all parameters
compared to the ND group (Table 2). Specifically,
the HFD group showed: 39.6% reduction in sperm
concentration (p = 0.0009); 40.1% reduction in
sperm viability (p = 0.0021); 57.7% reduction in
progressive motility (p = 0.0008); and 30.7%
reduction in normal sperm morphology (p<0.0001).
Correspondingly, the proportion of immotile
spermatozoa was significantly elevated in the HFD
group compared to the ND group (p = 0.0077). No
statistically significant differences were observed in
non-progressive motility across any experimental
groups.
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Table 2 Body weight, relative testicular weight and sperm quality parameters in HFD-fed rats at 90 days
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Group
Parameters ND HFD HFD+dMF 49 HFD+SEMq
Initial weight (g) 224.94+47.26 183.41+50.98 215.944+62.43 216.04+69.58
Final weight (g) 529.17+£52.48 534.46+58.19 544.22435.29 573.50+59.51
Relative testicular weight (%) 0.39+0.03 0.41£0.05 0.36+0.03 0.32+0.04™*
Sperm quality parameters ND HFD HFD+dMF ¢ HFD+SEM
Sperm concentration (10%/ml) 31.17+4.79 18.83+5.53" 25.00+3.52 25.00+7.77*
Sperm viability (%) 38.08+10.13 22.83+4.427" 28.17+5.38 36.00£2.00"
Number of viable sperm (10%ml) 14.25+2.97 5.55+1.17"" 7.39+1.54™ 8.87+1.65™"#
Sperm progressive (%) 44.45+5.07 18.79+8.18™" 36.89+11.16 49.07£12.17%
Sperm non progressive (%) 13.86+10.12 10.80+7.79 11.17+£7.09 11.81+7.67
Sperm immotile (%) 41.70£12.29 70.4014.94™ 51.94+17.76 39.11+6.78*
Normal sperm morphology (%) 76.17+6.84 52.7543.01™ 64.67+2.40™# 66.00+£6.07""##
Sperm head defect (%) 16.33+6.31 35.83+4.59™" 27.17+2.54™# 23.33+4.65%#
Sperm neck defect (%) 7.50+1.52 11.42+2.85" 8.17+1.91 10.67+2.23

Values represent mean+SD of 6 rats in each group. Statistical significance was denoted as follows: *p<0.05, ** p <0.01,
##% 1) <0.001 vs ND group; * p <0.05, and # p <0.01, #* p <0.001 vs HFD group.

Table 3 Histopathological changes of seminiferous tubules in HFD-fed rats at 90 days

Group

Parameters ND HFD HFD+dMF 9 HFD+SEM,
INormal (%) 57.28+5.49 40.30+10.59™ 45.07+6.33" 44.81+6.13"
Epithelial separation (%) 14.58+5.16 26.78+7.34" 22.45+6.96 19.40+5.35
Vacuolization (%) 24.89+2.82 37.4245.18™ 33.69+2.01" 25.97+5.53##48
Luminal sloughing (%) 0.70+0.45 0.56=0.44 0.35+0.27 1.29+0.44"%%
Irregular (%) 3.15+2.98 2.15£1.59 1.75+1.41 4.62+3.55
Tubular atrophy (%) 0.00+0.00 0.18+0.22 0.07+0.10 0.07+0.11

Values represent mean+SD of 6 rats in each group. Statistical significance was denoted as follows: * p<0.05, ** p<0.01,
##% p<0.001vs ND group; # p<0.05, #* p<0.001 vs HFD group; and 3 p<0.05, % p<0.01 vs dMF group.
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Fig. 1 Representative histopathological
features of seminiferous tubules. (A) ND
group showing normal seminiferous tubule
architecture; (B) HFD group displaying
separation of the germinal -epithelium
(black arrows) and luminal sloughing of
germ cells (red circle); (C) HFD+dMF
group; and (D) HFD+SEM group
exhibiting vacuolization (red arrowhead).
All images were captured at 10x
magnification for analysis. Scale bars
represent 100 um.
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Protective effects of SEM

Supplementation with SEM significantly
ameliorated HFD-induced sperm damage across
multiple parameters (Table 2). Compared to the
HFD group, the HFD+SEM group demonstrated:
significant restoration of sperm concentration (p =
0.0197); significant improvement in sperm viability
(p=0.0078); significant enhancement of progressive
motility (p = 0.0001); and significant increase in
normal sperm morphology (p = 0.0009). Further-
more, SEM treatment significantly reduced the
proportion of immotile spermatozoa compared to
the HFD group (p=0.0036).

Protective effects of dAMF

The HFD+dMF group showed partial
protective effects, with significant improvement
only in normal sperm morphology compared to the
HFD group (p = 0.0025). Other sperm parameters
(concentration, viability, and motility) in the dMF-
treated group did not reach statistical significance
compared to the HFD group, although trends toward
improvement were observed (Table 2).

Effects of dMF and SEM on testicular histo-
pathology in HF D-treated rats

Histopathological examination revealed that
the observed impairments in sperm quality were
closely associated with structural damage within the
seminiferous tubules (Fig. 1, Table 3).

HFD-induced testicular damage

The HFD group exhibited significant
histopathological alterations compared to the ND
group, characterized by decreased percentage of
normal tubular structures (p = 0.0039), increased
germ cell separation (p = 0.0149), and increased
vacuolization within seminiferous tubules (p =
0.0002) (Figure 1, Table 3).

Protective effects of SEM

Treatment with SEM effectively preserved
testicular histological integrity. Compared to the
HFD group, the HFD+SEM group demonstrated a
significant reduction in vacuolization (p = 0.0006)
and a trend toward improved overall tubular
histopathology. Notably, SEM treatment also
showed superior protective effects compared to
dMF treatment, with significantly reduced
vacuolization in the HFD+SEM group versus the
HFD+dMF group (p = 0.0212). However, the
HFD+SEM group exhibited a modest but significant
increase in luminal sloughing compared to both the
HFD group (p=0.0266) and the HFD+dMF group (p
= 0.0035). Despite this finding, the overall
protective profile of SEM on testicular architecture
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was superior, as evidenced by the comprehensive
improvements in sperm parameters (Fig. 1, Table 2).

Protective effects of dMF

The HFD+dMF group showed partial
histological protection with trends toward reduced
pathological changes, though these improvements
were generally less pronounced than those observed
with SEM treatment (Fig. 1, Table 3).

Summary of comparative efficacy

Taken together, these findings demonstrate
that while both mulberry preparations offer
protective effects against HFD-induced
reproductive dysfunction, SEM provides superior
and more comprehensive protection by preserving
both testicular architecture and sperm functional
parameters.

Discussion

The findings of the present study are
consistent with the hypothesis that SEM may exert
greater protective effects against HFD-induced male
reproductive dysfunction than dMF. First, the SEM-
treated rats exhibited the highest sperm quality
across all measured parameters, which would be
inconsistent with true testicular atrophy. Second,
histopathological analysis revealed superior
preservation of seminiferous tubule integrity in the
SEM group, with a significant reduction in
vacuolization: a pathological feature often
associated with lipid accumulation and cellular
edema (34). Third, the HFD group, despite having
normal testicular weight, showed severe functional
impairment, suggesting that maintenance of
testicular mass under HFD conditions may reflect
pathological lipid deposition rather than healthy
tissue. In the present study, although HFD
consumption did not significantly alter the gross
testicular weight, it induced profound functional
impairment, as evidenced by the marked decline in
sperm concentration and motility. This suggests that
biochemical and cellular changes occurred prior to
any observable macroscopic alterations in organ
mass. Thus, the “leaner” testicular phenotype
observed with SEM treatment may represent a
functionally superior state characterized by reduced
lipid burden and inflammation, rather than tissue
loss.

The superior protective efficacy of SEM
compared to dMF observed across multiple
reproductive parameters represents a key finding of
this study. While dMF provided partial
improvements (primarily in sperm morphology),
only SEM-treated rats exhibited comprehensive
restoration of sperm concentration, motility,
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viability, and testicular histopathology approaching
normal levels. This disparity in therapeutic efficacy
can be attributed to several factors related to
bioavailability and  bioactive compound
concentration (35). Our findings are consistent with
previous reports indicating that ethanolic extraction
can significantly enhance the concentration of
bioactive polyphenols from mulberry fruit
compared to unprocessed forms (Chaiwong et al.,
2021) (31).

First, the standardization and concentration of
bioactive compounds play a critical role. Our
analysis  confirmed that SEM  contains
approximately 28.7% higher total anthocyanin
content (1,608.88 mg/100 g) compared to dMF
(1,250 mg/100 g). The quantification of these
compounds using the pH differential method aligns
with established protocols for characterizing
mulberry-derived antioxidants, which have been
shown to correlate with systemic protective effects
against metabolic stress (Chaiwong et al., 2021)
(31). Anthocyanins have been extensively
documented to possess potent antioxidant properties
and exert protective effects on male reproductive
function through multiple mechanisms (36, 37, 38).
These compounds can scavenge ROS, activate
endogenous antioxidant defense systems such as the
Nrf2/ARE pathway, and suppress pro-inflammatory
signaling cascades, including NF-kB activation (24,
26). Such mechanisms are particularly relevant in
the context of HFD-induced reproductive
dysfunction, where excessive ROS production and
chronic inflammation are primary pathogenic
drivers (17,18,21,22).

Second, bioavailability considerations are
crucial. In dMF, anthocyanins and other
polyphenolic compounds remain embedded within
the complex plant matrix, including cell wall
structures, and bound to proteins and carbohydrates.
This structural encapsulation can significantly limit
their liberation during gastrointestinal digestion and
subsequent intestinal absorption (35). In contrast,
the ethanol extraction process used to produce SEM
effectively releases these bioactive compounds from
the plant matrix, concentrating them into a more
readily bioavailable form. This enhanced
bioavailability likely enables SEM to deliver a more
potent antioxidant surge within the testicular
microenvironment, thereby more effectively
counteracting HFD-induced oxidative stress and
inflammatory damage.

Third, the standardization of SEM ensures
consistent bioactive compound composition across
batches, which may contribute to more reliable and
reproducible therapeutic effects compared to whole
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fruit preparations that can vary based on growing
conditions, harvest timing, and storage (23,35).

Beyond anthocyanins, mulberry extracts
contain additional bioactive compounds, including
flavonoids, resveratrol, and phenolic acids that may
act synergistically to provide comprehensive
metabolic protection (23,25,26). These compounds
have been shown to improve lipid metabolism
(27,28,39), reduce hepatic steatosis (29,30,31),
attenuate systemic inflammation (24,31), and
enhance endothelial function (27)—all processes
that indirectly support male reproductive health by
improving the overall metabolic milieu.

The observation of modest but significant
increases in luminal sloughing in the SEM-treated
group warrants discussion. Luminal sloughing,
characterized by the presence of detached germ cells
within the tubular lumen, can reflect -either
pathological epithelial damage or a physiological
process of cellular turnover and renewal. In the
context of our findings, several considerations
suggest that this observation does not negate SEM's
overall protective efficacy. First, the SEM group
simultaneously exhibited the most significant
improvements in all functional sperm parameters
and a substantial reduction in other pathological
features, particularly vacuolization. Second, the
degree of luminal sloughing observed was modest
and significantly lower than the severe epithelial
disruption typically associated with testicular
pathology. Third, some degree of germ cell
shedding into the lumen is a normal component of
spermatogenesis, particularly during the renewal of
the spermatogenic epithelium. It is possible that
SEM's enhancement of testicular metabolic activity
and cellular turnover may transiently increase this
physiological process. Nevertheless, further
investigation is warranted to fully elucidate the
significance of this finding.

The clinical implications of our findings are
noteworthy. With the global increase in obesity and
metabolic syndrome, male infertility associated with
diet-induced metabolic dysfunction has become an
increasingly prevalent concern (1,2,8,9). Our results
suggest that SEM, as a concentrated and
standardized natural product, holds promise as a
therapeutic intervention for men with HFD-related
reproductive impairment. The superior efficacy of
standardized extracts over whole food preparations
underscores the importance of bioavailability
optimization and dose standardization in the
development of nutraceutical interventions.

Study limitations and future directions
This study has several limitations that should
be acknowledged. First, although sperm parameters
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and testicular histopathology demonstrated clear
improvements, the underlying mechanisms were not
explored. In particular, oxidative stress biomarkers,
antioxidant enzyme activities, inflammatory
cytokines, and hormonal profiles were not assessed.

Second, this study employed a single dose
(100 mg/kg/day) for both dMF and SEM. While this
approach allowed direct comparison at equal doses,
dose-response studies would be valuable to
determine optimal therapeutic dosing for each
preparation and to assess whether higher doses of
dMF might achieve efficacy comparable to SEM.

Third, the study was conducted over 90 days
with assessment at a single endpoint. Longer-term
studies examining the durability of protective
effects, as well as time-course studies to identify the
carliest protective changes, would provide valuable
information about treatment duration requirements
and mechanisms of action.

Fourth, while histopathological assessment
and sperm quality analysis are important endpoints,
actual fertility outcomes were not evaluated. Future
studies incorporating mating trials and assessing
pregnancy rates, litter sizes, and offspring health
would strengthen the translational relevance of these
findings.

Fifth, the mechanisms by which SEM reduces
relative testicular weight while improving sperm
parameters and testicular architecture remain
speculative. Direct measurement of testicular lipid
content, inflammatory markers within testicular
tissue, and assessment of blood-testis barrier
integrity would help clarify whether this represents
beneficial lipid clearance or other tissue remodeling
processes.

Finally, although our current data highlights
the benefits of SEM, directly measuring
anthocyanin and flavonoid levels in plasma or
testicular tissue would provide definitive evidence
regarding the comparative bioavailability of both
mulberry preparations.

Future research should further extend these
findings by incorporating detailed molecular
pathway analyses, including oxidative stress
pathways (including Nrf2/ARE and Keapl
signaling), antioxidant enzyme activities (i.e., SOD,
CAT, GPx), inflammatory pathways (i.e., NF-kB,
MAPK, TNF-a, IL-1B, IL-6), and hormonal
regulation to provide deeper insight into the
protective effects of SEM. Additionally, dose-
response studies, long-term follow-up assessments,
fertility outcome measures, and pharmacokinetic
evaluations would provide a more comprehensive
understanding of the therapeutic potential and
optimal application of SEM in HFD-related male
reproductive dysfunction.
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Conclusion
This study demonstrates that long-term HFD
consumption significantly impairs male

reproductive function, through deteriorated sperm
quality and testicular damage. SEM exhibits
superior protective efficacy compared to dMF,
comprehensively restoring sperm parameters and
preserving testicular integrity. The enhanced
therapeutic profile of SEM is attributed to its 28.7%
higher anthocyanin content and improved
bioavailability through standardized extraction.
These findings establish SEM as a promising
evidence-based intervention for diet-induced male
reproductive dysfunction. Future investigations
should elucidate underlying molecular mechanisms,
optimize therapeutic dosing, and evaluate long-term
fertility outcomes to fully translate these findings
into clinical practice.
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Abstract
Background: Breast and lung malignancies are the most prevalent causes of cancer-related mortality worldwide,

and they are frequently exacerbated by the development of resistance to targeted therapies. Although epidermal
growth factor receptor (EGFR) tyrosine kinase inhibitors (TKIs) such as gefitinib demonstrate initial efficacy,
long-term outcomes are often hindered by intrinsic resistance mechanisms, including wild-type EGFR
overexpression in breast cancer and acquired mutations such as T790M in lung cancer. Therefore, the identification
of novel chemosensitizers represents a pressing clinical requirement. B-eudesmol (BE), a naturally occurring
sesquiterpene, demonstrates potential anticancer properties; however, its ability to resensitize resistant tumors to
gefitinib has yet to be characterized. Objective: The objective is to examine the combined cytotoxic effects of BE
and gefitinib, as well as their influence on surface EGFR expression in cancer cells exhibiting drug resistance.
Methods: MDA-MB231 cells, characterized by triple-negative breast cancer (TNBC) and wild-type EGFR
overexpression, along with NCI-H1975 cells, which exhibit EGFR T790M mutation in non-small cell lung cancer
(NSCLCQ), were subjected to treatment with gefitinib, BE, or a combination of both agents for durations of 24 and
48 h. The MTT assay was employed to assess cell viability. The impact of BE (0—320 uM) on the localization of
surface EGFR was evaluated through flow cytometry. Results: The BE single treatment exhibited moderate
cytotoxicity, with CCso values at 24 h 0f 448.6 uM for MDA-MB231 and 204.5 uM for NCI-H1975. Co-treatment
with a sublethal concentration of gefitinib (30 pM) combined with BE (320 uM) showed a significant reduction
in cell viability in MDA-MB231 cells, yielding values of 73.1 + 3.43% and 59.4 + 2.48% at 24 and 48 h.,
respectively. In contrast, gefitinib administered alone produced cell viability rates of 91.2 + 2.35% and 79.6
3.14% at the same time points (p < 0.05). In NCI-H1975 cells, the combination treatment exhibited cell viability
of 86.4 + 8.5% at 24 h and 77.6 + 7.7% at 48 h Notably, in NCI-H1975 cells, this combination showed a tendency
toward enhanced cytotoxicity at the 48-h mark. Flow cytometric analysis revealed that surface EGFR levels in
MDA-MB231 cells remained largely unaffected (relative MFI: 100% vs. 105.6% for control and 320 uM BE,
respectively), whereas BE treatment reduced the mean fluorescence intensity (MFI) of surface EGFR in NCI-
H1975 cells by approximately 26.3% compared to the control. Conclusion: BE effectively enhances the sensitivity
of drug-resistant cancer cells to gefitinib, especially in the wild-type EGFR-overexpressing triple-negative breast
cancer model. Moreover, the observed decrease in surface EGFR levels in NCI-H1975 suggests potential
modulation of the receptor by BE. The precise underlying mechanisms warrant further investigation, underscoring
BE as a potentially effective chemosensitizer for resistant EGFR-driven cancers.

Keywords S-eudesmol, Gefitinib, Epidermal growth factor receptor (EGFR), Combination therapy
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Background

Breast and lung cancers remain the leading
causes of cancer-related mortality worldwide.
According to the American Cancer Society 2025,
despite significant therapeutic advancements,
clinical outcomes are often constrained. Triple-
negative breast cancer (TNBC), lacking key
hormonal and HER2 receptors, represents the most
aggressive phenotype and is frequently hindered by
drug resistance. Simultaneously, non-small cell lung
cancer (NSCLC), accounting for approximately
85% of all lung cancer cases, is primarily driven by
specific genetic alterations, particularly the aberrant
activation of the epidermal growth factor receptor
(EGFR). In the targeted treatment of these
malignancies, gefitinib has been established as a
standard EGFR tyrosine kinase inhibitor (EGFR-
TKI). Although it demonstrates a robust initial
objective response rate of 70-76% (1), its long-term
clinical efficacy is inevitably compromised by the
rapid emergence of drug resistance.

A substantial body of evidence establishes
EGFR as a critical determinant driving disease
progression and drug resistance (2-4). The clinical
significance of EGFR-targeted therapy is
particularly pronounced in Asian populations,
where the prevalence of EGFR mutations reaches
40-60%. However, the therapeutic outcome of TKIs
is strictly dictated by the EGFR mutational status.
Gefitinib yields robust responses in tumors
harboring classical sensitizing mutations, such as
the L858R substitution, but fails against tumors that
have acquired the secondary T790M mutation. This
mutation alters the receptor's structure, causing
steric hindrance that prevents gefitinib from
binding, thereby driving acquired drug resistance.
Conversely, tumors expressing wild-type (WT)
EGFR, a characteristic frequently observed in
TNBC, exhibit intrinsic resistance to gefitinib
because the receptor lacks the structural alterations
required for optimal drug sensitivity.

Given these limitations, single-agent EGFR
inhibition consistently fails to yield satisfactory
clinical outcomes. To overcome both intrinsic and
acquired resistance mechanisms, combination
therapy has been strongly advocated as a pivotal
clinical strategy (3,4). Consequently, the discovery
of novel bioactive compounds capable of acting as
chemosensitizers is an urgent medical necessity.
Such combination regimens can effectively bypass
resistance networks and resensitize tumors to TKI
therapy.

Natural products represent a cornerstone of
anticancer drug discovery, with sesquiterpenes
garnering significant attention for their anti-
neoplastic properties (5-7). For instance, 3-elemene,
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a representative sesquiterpene, has been shown to
downregulate EGFR expression and induce
programmed cell death in glioblastoma models (8).
Previous studies have demonstrated that BE induces
apoptosis via the Bcl-2 protein family (9) and
suppresses cancer cell metastasis by blocking the
epithelial-mesenchymal transition (EMT) (10).
However, to the best of our knowledge, no prior
research has investigated the direct modulatory
effect of BE on EGFR signaling pathways or its
potential to overcome EGFR-TKI resistance.

Building upon the structural and functional
similarities within the terpene family, we
hypothesized that BE could effectively sensitize
drug-resistant cancer cells to gefitinib therapy.
Therefore, the present study aimed to investigate the
synergistic cytotoxic effects of combining BE with
gefitinib in two distinct resistant models: MDA-
MB231 cells (representing intrinsic resistance via
WT EGFR) and NCI-H1975 cells (representing
acquired resistance driven by the T790M mutation).
Furthermore, we sought to elucidate the underlying
molecular mechanisms of this combination strategy,
specifically evaluating its impact on surface EGFR
presentation and the induction of cellular apoptosis.
Ultimately, this research endeavors to provide a
novel preclinical rationale for utilizing BE as a
chemosensitizer to improve clinical outcomes in
refractory EGFR-driven malignancies.

Materials and Methods
Chemicals and reagents

Synthetic BE  was purchased from
ChemFaces Biochemical. A total of 100 mg of BE
was dissolved in 95% ethanol to prepare an 80 mM
stock solution, which was stored at -20°C. Gefitinib
(ZD1839) was purchased from Selleckchem,
dissolved in dimethyl sulfoxide (DMSO) to yield a
stock concentration of 10 mM, and stored at -20°C.
For the quantification of surface receptor
expression, the fluorescent-conjugated antibody
Alexa Fluor 488-0-EGFR (Biolegend, Cat#35298)
was utilized.

Cell lines and culture

Breast cancer (BC) cell lines MCF-7 (#HTB-
22) EGFR WT, Low expression of EGFR, MDA-
MB231 (#HTB-26) EGFR WT, Overexpression of
EGFR, and human lung cancer cell lines A549
(#CCL-185) EGFR WT, NCI-H1975 (#CRL-5908)
EGFR mutation T790M were obtained from ATCC.
Cells were cultured in Dulbecco's modified Eagle's
medium (DMEM) (BC cell line), Ham's F-12K
(Kaighn's) Medium (A549), and Roswell Park
Memorial Institute (RPMI) 1640 Medium (NCI-
H1975) supplemented with 10% fetal bovine serum
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(FBS) and 1% penicillin/streptomycin. All cells
were maintained in a humidified incubator at 37°C
with 5% COz. The culture medium was renewed
twice a week, while cells were trypsinized with
0.25% trypsin-EDTA and subcultured in the culture
medium.

Cell viability assay (MTT Assay)

The cytotoxic effects of BE and gefitinib were
determined using the MTT assay. Briefly, cells were
seeded 1x10* cells/well into 96-well plates and
incubated for 24 h to allow for attachment. To assess
the cytotoxicity of the individual agents, cells were
treated with varying concentrations of gefitinib (0—
60 uM) or BE (0-600 uM) for 24 and 48 h. Based
on the cell viability data from these single
treatments, sublethal concentrations yielding
approximately 80%-70% cell viability were selected
for the subsequent combination assays. After the
respective treatment periods, MTT reagent was
added to each well, and the plates were further
incubated for 3 h. The culture medium containing
the MTT reagent was then discarded, and the
resulting formazan crystals were dissolved in
DMSO. Finally, the absorbance was measured at
570 nm, with a reference wavelength of 690 nm,
using a microplate spectrophotometer (BioTek
Instruments, USA), and the half-maximal cytotoxic
concentration (CCso) was determined to evaluate the
cytotoxicity of BE. Briefly, cells were treated with
various concentrations of BE for 24 and 48 h, and
the percentage of cell viability was plotted against
the logarithmic concentrations of the treatment. The
CCso values were then calculated using non-linear
regression analysis with GraphPad Prism version 8
software.

Flow cytometry analysis

To evaluate the effect of BE on the surface
expression of EGFR, flow cytometry analysis was
performed. Briefly, cells were seeded and
subsequently treated with varying concentrations of
BE (0-320 pM) or epidermal growth factor (EGF)
100 ng/ml for BC cell line and 30 ng/ml for the lung
cancer cell line, serving as a positive control for
EGFR internalization for 24 h. Following the 24 h.
incubation, the cells were harvested using 0.25%
Trypsin-EDTA. The trypsinization process was
strictly controlled and kept as brief as possible to
minimize surface receptor cleavage, washed twice
with cold phosphate-buffered saline (PBS), and
resuspended in a staining buffer consisting of 2%
fetal bovine serum (FBS) in PBS. To specifically
detect surface-localized EGFR, the cells were kept
intact without permeabilization. The cell suspension
was then incubated with Alexa Fluor 488-a-EGFR
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antibody for 30 min at 4°C in the dark, according to
the manufacturer’s protocol. Finally, the cells were
washed to remove unbound antibodies, and the
surface EGFR fluorescence intensity was quantified
using a flow cytometer (Cytoflex S, Beckman
Coulter Life Sciences, USA).

Statistical analysis

The mean and standard error of the mean
(Mean + SEM) from at least three independent
experiments were calculated. PRISM GraphPad
PRISM 8 was used to test the significant differences
between the two groups using one-way ANOVA
and post-test with Dunnett’s test. p value <0.05 was
considered as the significant differences (*
demonstrating p < 0.05, **demonstrating p < 0.01,
***demonstrating p<0.001 and ****demonstrating
p <0.0001).

Results
Cytotoxic effect of gefitinib on cancer cells
Baseline sensitivity was established by
evaluating the cytotoxic effects of gefitinib on
MCF-7, MDA-MB231, A549, and NCI-H1975
cancer cell lines over 24 and 48 h using the MTT
assay. Fig. 1 illustrates that gefitinib treatment
results in a reduction in cell viability that is both
dose- and time-dependent, although the response
profiles varied among the different cell lines. After
24 h of treatment (Fig. 1 A), the inhibitory effect was
modest across all cell lines. However, extending the
treatment duration to 48 h (Fig. 1B) demonstrated
varying degrees of drug sensitivity among the cell
lines. Specifically, A 549cells exhibited a greater
reduction in cell viability starting at a gefitinib
concentration of 30uM (p < 0.0001). In contrast,
MDA-MB 231and NCI-H 1975cells have less
response to gefitinib after 48h of treatment. These
findings confirmed the gefitinib resistance of the
triple-negative breast cancer and the T790M
mutation characteristic of TKI monotherapy

Cytotoxic effect of BE on BC and lung cancer cells

The cytotoxic potential of BE as a single
treatment was further elucidated by assessing CCso
in relation to the drug-resistant cell lines, MDA-
MB231 and NCI-H1975. Fig. 2 illustrates that BE
treatment decreased cell viability in a manner
dependent on concentration; nonetheless, the
sensitivity exhibited differences between the two
cell lines. In the context of TNBC (Fig. 2A), BE
demonstrated comparatively low cytotoxicity. The
determined CCso values were 448.6 uM at 24 h and
452.0 uM at 48 h. In contrast, the EGFR-mutant
lung cancer cell line NCI-H1975 (Fig. 2B) exhibited
greater sensitivity to BE in comparison to MDA-
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MB231. The CCso values were established at 204.5
uM after 24 h, subsequently decreasing to 166.2 uM
following 48 h of treatment. The observed reduction
in CCso signifies a time-dependent increase in
cytotoxicity within lung cancer cells. The observed
CCso values in both cell lines suggest that BE
exhibits moderate potency against these resistant
phenotypes when administered as a standalone
treatment. The results obtained, along with the
restricted effectiveness of Gefitinib as a standalone
treatment, underscore the justification for exploring
the synergistic capabilities of co-treatment with BE
and Gefitinib.
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z - AS549
= - HI975
|
-
<
=
0 T T T T T T T T T
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= 1004 -+ NCI-HI1975
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z
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0 01 1 10 20 30 40 S50 60
Gefitinib (u31)

Fig. 1 The effect of gefitinib on the viability of BC and
lung cells. Cells were treated with indicated concentrations
of gefitinib for (A) 24 h and (B) 48 h. Cell viability was
determined by MTT assay. *, **, *** and **** denote p <
0.05, p<0.01, p<0.001 and p <0.0001, respectively Data
are presented as Mean + SEM from three independent
experiments (n=3).

Effect of combination treatment with gefitinib and
BE

To examine the potential of BE in sensitizing
drug-resistant cancer cells to TKI therapy, a
combination treatment strategy was assessed in both
MDA-MB231 and NCI-H1975 (Fig. 3). Cells were
subjected to a consistent sub-lethal concentration of
gefitinib (30 pM) in conjunction with varying
concentrations of BE at 160, 240, and 320 pM for
MDA-MB231 cells (Fig. 3A), and at 80, 160, and
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240 puM for NCI-H1975 cells (Fig. 3B) over periods
of 24 and 48 h.
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Fig. 2 The half-maximal cytotoxic concentration (CCs)
for (A) MDA-MB231 and (B) NCI-H1975. Cells were
subjected to treatment with varying concentrations of BE
ranging from 0 to 600 pM, and the effects were assessed at
24 and 48 h. from three independent experiments (n=3).

Gefitinib monotherapy at a concentration of
30 uM demonstrated a limited inhibitory effect in
both cell lines. In MDA-MB231 cells, the viability
was recorded at 91.2 +2.35 at 24 h. and 79.6 + 3.14
at 48 h. Similarly, NCI-H1975 cells exhibited
viabilities 0f 86.4 £ 8.5 at 24 h and 77.6 + 7.68 at 48
h.

Upon combination with BE, cytotoxicity
exhibited a significant enhancement, although the
degree of enhancement varied. In the MDA-MB231
model, co-treatment with the highest concentration
of BE (320 uM) led to a statistically significant
reduction in cell viability when compared to
gefitinib alone at both 24 and 48 h (p < 0.05), with
viability decreasing to 73.1 + 3.43 and 59.4 + 2.48,
respectively. In the NCI-H1975 model, inclusion of
BE (up to 240 uM) exhibited a trend indicative of
increased cytotoxicity, particularly resulting in a
further decrease in cell viability at the 48-h time
point.
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Effect of BE on the surface expression of EGFR in
MDA-MB231 cells

To assess the impact of BE on the surface
localization of EGFR, MDA-MB231 cells were
analyzed through flow cytometry. Fig. 4 illustrates
the preliminary result that treatment with EGF at a
concentration of 100 ng/ml, utilized as a positive
control, led to a significant decrease in surface
EGFR levels. This outcome confirms ligand-
induced receptor internalization and validates the
assay system. Following this validation, the
evaluation of BE revealed that treatment with
varying concentrations (0-320 puM) for 24 h
did not substantially alter the mean fluorescence
intensity (MFI) and the percent of positive cells of
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" = 48h
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2
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0=
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w48 h
z
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=
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=
© s0
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Gefitinib (M) 0 30 - - - 30 30 30
p-eudesmol (uM) 0 80 160 240 80 160 240

Fig. 3 The cytotoxic effects of the combination treatment
of gefitinib and BE in drug-resistant cancer cells. Cells
were subjected to treatment with a sub-lethal concentration
of gefitinib (30 pM) alone and varying concentrations of
BE for durations of 24 and 48 h. The assessment of cell
viability was conducted utilizing the MTT assay, with
results expressed as a percentage in relation to the
untreated control group. Data are expressed as the Mean +
SEM derived from three independent experiments (n=3).
Statistical significance is indicated by *p < 0.05,
demonstrating a notable difference compared to the
gefitinib-only group at the specified time points.
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Fig. 4 Effect of BE on surface EGFR expression in MDA-
MB231 cells. Cells were treated with the indicated
concentrations of BE (0-320 uM) or EGF (100 ng/ml)
(positive control) for 24 h. The levels of surface-localized
EGFR were quantified via flow cytometry. (A)
Representative flow cytometry histogram of EGFR
expression (B), the percentage of EGFR-positive cells, and
(C) MFI of surface EGFR. Data are presented as the Mean
+ SEM from two independent experiments (n=2).
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surface EGFR compared to the control: 95% ethanol
(0 uM). The results suggest that BE neither down-
regulates nor induces the internalization of surface
EGFR in MDA-MB231 cells.
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Fig. 5 Effect of BE on surface EGFR expression in NCI-
H1975 cells. Cells were treated with the indicated
concentrations of BE (0-320 uM) or EGF (30 ng/ml), a
positive control, for 24 h. The surface expression of EGFR
was analyzed via flow cytometry. The bar graphs illustrate
(A) Representative flow cytometry histogram of EGFR
expression, (B) The percentage of EGFR-positive cells,
and (C) MFI of surface EGFR. Data are presented as the
Mean + SEM from two independent experiments (n=2).

100

Proceedings of the Anatomy Association of Thailand
May 13-15, 2026

Effect of BE on surface EGFR expression in NCI-
HI1975 cells

To further examine the effect of BE on
surface EGFR expression in lung cancer, NCI-
H1975 cells were assessed through flow cytometry.
Fig. 5 demonstrates the preliminary results that
treatment with EGF at 30 ng/ml, utilized as a
positive control, showed a reduction trend in the
percentage of MFI. Treatment with BE at
concentrations from 0 to 320 pM did not influence
the percentage of EGFR-positive cells, which
remained consistently elevated across all groups.
However, further confirmation is needed.

Discussion

The emergence of both intrinsic and acquired
resistance to EGFR-TKIs, especially gefitinib,
provides a significant challenge in the treatment of
breast and lung cancers. We examined the chemo-
sensitizing potential of BE to overcome this
challenge. To elucidate the efficacy of BE in TKI
resistance, we confirmed the cytotoxic effect of
gefitinib in low and high EGFR expression in both
breast and lung cancer cell lines. followed by the
cytotoxic effect of BE on the overexpressed EGFR
in MDA-MB231 and NCI-H1975 cells.

Our initial cell viability tests revealed that
A549 and MCF7 were sensitive to gefitinib, while
MDA-MB231 and NCI-H1975 demonstrated
notable drug resistance. The EGFR-overexpressing
WT model (MDA-MB231) and the mutation-driven
acquired resistance in the T790M model (NCI-
H1975) are highly consistent with previous findings
(11,12). These two cell lines have distinct EGFR
profiles, which is the primary reason gefitinib
cannot completely eradicate them. This finding
strongly supports previous research showing that
TKI resistance is primarily caused by aberrant
EGFR status, whether via WT overexpression in
MDA-MB231 or the T790M secondary mutation in
NCI-H1975 (2-4).

As a consequence, these two resistant cell
lines were selected as in vitro models for our
subsequent combination studies. Single-agent
treatments exhibited limitations in eliminating
MDA-MB231 cells; however, the therapeutic
potential of BE as a chemosensitizer was effectively
demonstrated in the combination regimen. The
combination of administration of gefitinib with 320
uM BE significantly decreased cell viability in
intrinsically resistant MDA-MB231 cells at both 24
and 48 h. compared to gefitinib alone (Fig. 3A). In
T790M-mutated NCI-H1975 cells, combination
therapy demonstrated a reduction trend in cell
survival compared to single-agent gefitinib when
cultured with BE for 48 h. This slight decrease in
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NCI-H1975 indicates that a higher dose of the
combination agents might be necessary to fully
address the significance of the drug resistance
imposed by the T790M mutation. The other
mechanism of cell death induction may be involved
in the combination treatment with BE.

To confirm the important role of EGFR
expression and cell survival, we quantified surface
EGFR expression utilizing flow cytometry. The
cytometric analysis demonstrated that BE treatment
slightly downregulated the mean fluorescent
intensity of EGFR presented on the plasma
membrane of NCI-H1975 cells (preliminary results)
(Fig. 5C). Interestingly, the reduction of surface
EGFR at higher concentrations appears to
correspond with the decrease in cell viability
observed in the BE-alone treatment. Moreover, it is
well-documented that EGF binding provokes rapid
receptor endocytosis and subsequent lysosomal
degradation (13,14). Consistent with this, the
decreasing trend of surface EGFR observed in our
resistant lung cancer model suggests that BE might
promote receptor internalization or modulation.
However, whether this process explicitly involves
protein degradation pathways warrants further
investigation.

Furthermore, p-elemene, a sesquiterpene
compound, has been extensively reported to
robustly downregulate EGFR expression and
attenuate its downstream signaling in various cancer
models (8,15). This parallel indicates that BE likely
has a similar modulatory effect, potentially by
enhancing EGFR internalization or obstructing its
transport to the cell surface. BE effectively reduces
the functional reserve of EGFR at the membrane,
dismantling the primary compensatory survival
network and neutralizing the resistance associated
with both WT overexpression and the T790M
mutation. These results present a promising novel
combination strategy to enhance clinical outcomes
in patients with refractory EGFR-driven
malignancies.

Conclusion

The emergence of resistance to tyrosine
kinase inhibitors (TKIs) constitutes a significant
challenge in oncological therapy. This study
illustrates that BE, a bioactive sesquiterpenoid,
exhibits essential anticancer properties and can
enhance the effectiveness of Gefitinib. The findings
demonstrate that the combination of BE and
Gefitinib produces an increased cytotoxic effect
than either agent individually, with the most
significant sensitization noted in MDA-MB231
cells. However, the observed reduction in surface
expression in NCI-H1975 is an important finding
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for further elucidating the relationship between
EGFR localization, protein degradation, and the cell
apoptosis pathway.
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Abstract

Type 1 diabetes is a chronic immune-mediated disorder characterized by the destruction of insulin-producing
pancreatic beta cells due to autoimmune mechanisms. During disease progression, pancreatic beta cells are
exposed to damaging factors, such as proinflammatory cytokines and hyperglycemia, which promote oxidative
stress and cellular damage. Autophagy plays a critical role in maintaining beta cell homeostasis and survival under
stress conditions. Melatonin exhibits potent antioxidant properties and has been widely studied for its therapeutic
potential in metabolic disorders, with evidence suggesting that it may improve oxidative homeostasis by
influencing autophagy-related pathways. Therefore, this study aimed to investigate the effects of melatonin on
autophagy-associated alterations in pancreatic beta cells in a rat model of type 1 diabetes. Male Wistar rats were
randomly divided into four groups: control, diabetic, diabetic treated with melatonin (10 mg/kg), and melatonin-
only (10 mg/kg). Type 1 diabetes was induced by a single intraperitoneal injection of streptozotocin (60 mg/kg),
and melatonin was administered intraperitoneally for eight weeks. Pancreatic tissues were collected at the end of
the experimental period. Insulin expression and the autophagy-associated marker p62 in the islets of Langerhans
were evaluated by double immunohistochemical staining, while pancreatic insulin levels were analyzed by
Western blotting. The results demonstrated that diabetic rats exhibited a significant reduction in insulin expression,
accompanied by a decreased number of p62-positive cells in the islets of Langerhans. In contrast, melatonin-treated
diabetic rats showed a significant increase in insulin expression along with enhanced p62 immunoreactivity. These
findings indicate that melatonin treatment partially restores insulin expression in pancreatic beta cells of type 1
diabetic rats and is associated with altered p62 immunoreactivity, suggesting a modulatory effect on
autophagy-related pathways. Such modulation may contribute to improved beta cell survival and insulin
production. Further studies incorporating additional markers of autophagic flux are warranted to elucidate the
precise molecular mechanisms by which melatonin regulates autophagy in pancreatic beta cells.

Keywords Melatonin, Type I diabetes, Pancreatic beta cell, Autophagy, P62
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Abstract

Autophagy is a cellular self-digestion pathway responsible for the degradation of damaged cellular
components. Impaired autophagy, leading to the accumulation of damaged organelles, may contribute to the
development of various pathological conditions. Decreased autophagy has been closely associated with the
progression of several diseases, including hepatocellular carcinoma. Autophagy also plays an essential role in
regulating the function of pancreatic beta cells and insulin target tissues and has been reported to be inhibited in
various tissues, including the liver, in type 1 diabetes. Curcumin has been reported to induce autophagy and protect
against liver injury caused by oxidative stress. In this study, the effects of curcumin on the autophagy pathway in
the liver of a type 1 diabetic rat model were investigated. The expression levels of LC3B and Beclin-1, key markers
of autophagosome formation, were determined using an enzyme-linked immunosorbent assay (ELISA), while the
level of p62, a marker of autophagic clearance, was assessed by Western blot analysis. Diabetes was induced in
male rats by a single intravenous injection of streptozotocin (60 mg/kg body weight). The rats (n = 6) were divided
into three groups: control, diabetic group (DM), and diabetic supplemented with curcumin (200 mg/kg body
weight; DMC group). Curcumin was administered by oral gavage for 12 weeks, after which liver tissues were
collected for analysis. The levels of LC3B and Beclin-1 were markedly decreased in the DM group compared with
the control group (p < 0.01), indicating impaired autophagy. In addition, hepatic p62 expression was significantly
increased in the DM group (p < 0.05), suggesting defective autophagic clearance. In contrast, curcumin
supplementation significantly increased LC3B and Beclin-1 expression while markedly reducing p62 expression
in the DMC group (p < 0.01). These findings suggest that curcumin restores autophagic activity and enhances
autophagic clearance, highlighting its therapeutic potential as an autophagy-related antioxidant for the prevention
and treatment of diabetes-induced hepatic injury.

Keywords Curcumin, Autophagy, p62, LC3B, Beclin-1
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Abstract

Type 1 diabetes mellitus is a chronic inflammatory disorder characterized by insulin deficiency and
persistent hyperglycemia, which can lead to structural and functional damage in multiple organs, including the
liver. Hepatic injury in diabetes is largely attributed to oxidative stress and inflammation mediated by Kupfter cell
activation. Melatonin, a pineal hormone with potent antioxidant and anti-inflammatory properties, has been
reported to protect against diabetic complications; however, its effects on hepatic inflammation in type 1 diabetes
remain unclear. This study aimed to investigate the effects of melatonin on hepatic inflammation by examining
Kupffer cell infiltration in a rat model of streptozotocin-induced type 1 diabetes. Male Wistar rats were divided
into four groups (n = 3 per group): control, diabetic, melatonin-treated diabetic, and melatonin-only. Type 1
diabetes was induced by a single intraperitoneal injection of streptozotocin (60 mg/kg). Melatonin (10 mg/kg) was
administered intraperitoneally for eight weeks, with the dose selected based on previous studies demonstrating its
anti-inflammatory and antioxidant efficacy in diabetic animal models. Liver tissues were collected and analyzed
by immunohistochemical staining for ED1, a Kupffer cell marker, followed by semiquantitative densitometric
analysis. The diabetic group showed a significant increase in ED1-positive Kupffer cells compared with the control
group, indicating pronounced hepatic inflammation. In contrast, melatonin treatment significantly reduced the
number of ED1-positive cells, suggesting suppression of Kupffer cell activation and infiltration. The melatonin-
only group showed no significant difference compared with the control group. Overall, melatonin administration
markedly attenuated diabetes-induced hepatic inflammation by reducing Kupffer cell activation and preserving
liver architecture. These findings suggest that melatonin exerts hepatoprotective effects through its antioxidant and
anti-inflammatory mechanisms and may represent a potential therapeutic agent for preventing liver injury in type
1 diabetes. Future studies that include standard drug-treated positive control groups will be important for direct
comparison and confirmation of these effects.

Keywords Melatonin, Type 1 diabetes, Liver injury, Inflammation, Kupffer cell
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Abstract

Background: Medical illustration has traditionally played a vital role in conveying complex anatomical concepts
and facilitating effective clinical communication. With the emergence of artificial intelligence (Al), the field of
medical visualization is undergoing transformation. Al-driven tools enable rapid generation, customization, and
enhancement of anatomical visuals, offering new possibilities for teaching and learning. This systematic review
explores the role of Al-generated medical illustrations and evaluates their influence on medical education.
Methods: A systematic search was conducted in PubMed, Scopus, Web of Science, and IEEE Xplore for studies
published between 2010 and 2025, following PRISMA guidelines. Only peer-reviewed articles were included;
grey literature, abstracts, and editorials were excluded. Studies were included if they described the development,
application, or evaluation of Al-generated medical illustrations in educational or clinical contexts. Data were
extracted on publication trends, Al technologies, educational outcomes, and limitations. Results: From 739
records, 57 studies met the inclusion criteria. Quality was assessed using the Mixed Methods Appraisal Tool
(MMAT 2018). Publications increased after 2018, peaking in 2023—-2025. Deep learning models, especially CNNs,
predominated, with generative adversarial networks (GANs) used for image synthesis and natural language
processing (NLP) mainly for annotation tasks. Tools such as DALL-E, Midjourney, Stable Diffusion, and Adobe
Firefly were reported. Most studies (72%) involved undergraduates, with fewer (28%) postgraduates. About 68%
reported improved engagement and understanding, though 11.5% noted concerns about accuracy, reliability, and
ethics. Conclusion: Artificial intelligence is reshaping medical illustration by enabling scalable, dynamic, and
engaging resources. Despite its benefits, validation of anatomical accuracy and educational effectiveness remains
essential. Future research should develop standardized evaluation frameworks and integrate Al-driven tools with
evidence-based educational strategies. Further studies should examine long-term learning outcomes,
interdisciplinary integration, and faculty training requirements. Emphasis on ethical governance, data
transparency, and reproducibility will strengthen adoption and ensure responsible use across diverse educational
settings globally in both resource-rich and resource-limited institutions worldwide.

Keywords Artificial intelligence, Anatomical accuracy, Deep learning, Educational technology, Medical
illustration, Medical education, Visual learning
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Abstract

Oxidative stress contributes to cellular injury and delays wound healing, particularly in fibroblasts, which
are essential for tissue repair. Sesamin, a lignan compound derived from sesame seeds, has been reported to possess
antioxidant and cytoprotective properties. This study aimed to investigate the protective effect of sesamin against
hydrogen peroxide (H202)—induced oxidative stress in L929 mouse fibroblast cells as a wound healing model.
Cells were pretreated with sesamin (30, 40, and 50 uM) for 24 h, followed by a 3-h H202 exposure. Cell viability
was evaluated using the MTT assay. Cell migration was assessed by the wound scratch assay. In addition, reactive
oxygen species (ROS) levels were evaluated using the DCFH-DA assay. Results showed that 50 pM sesamin
pretreatment significantly enhanced basal 1929 cell viability (p < 0.05) but unexpectedly reduced migration
compared with the control. In addition, sesamin (30-50 uM) showed a trend toward attenuating H>Oz-induced
cytotoxicity and significantly decreased ROS levels. These results demonstrate sesamin's proliferative and
antioxidative potential but reveal antimigratory effects and insufficient cytoprotection against H2Oz-induced
cytotoxicity, limiting its overall efficacy as a wound healing therapeutic in this fibroblast model.

Keywords Sesamin, Oxidative stress, Wound healing, Fibroblast, Cell migration

Background can reduce ROS, enhance endogenous antioxidant
Oxidative stress is a critical factor enzyme activity, and protect cells from oxidative
contributing to cellular damage and impaired tissue stress—induced apoptosis [5-7]. However, the
repair. It occurs when reactive oxygen species protective effects of sesamin against oxidative stress
(ROS) production exceeds cellular antioxidant in fibroblasts remain unclear. Therefore, this study
defenses, causing lipid peroxidation, protein aimed to investigate the effects of sesamin on H20:-
modification, DNA damage, and mitochondrial induced cell death and migration in L929 mouse
dysfunction [1,2]. Hydrogen peroxide (H202), a fibroblasts.
common oxidative stress inducer, readily penetrates
the cell membrane to generate secondary ROS. This Materials and Methods
reduces cell viability and impairs cellular function. Cell Culture
In wound healing, fibroblasts play an L929 mouse fibroblast cells (NCTC clone
essential role in proliferation, migration to the 929) were cultured with Minimum Essential
injured site, and extracellular matrix synthesis. Medium (MEM) supplemented with 12% horse

Oxidative stress has been shown to impair fibroblast
proliferation and migration, thereby delaying wound
closure and tissue repair [3,4]. Therefore,
decreasing oxidative damage in fibroblasts is
essential for accelerating wound healing processes.
Sesamin is a natural lignan compound
isolated from sesame seeds (Sesamum indicum) and
has been reported to possess antioxidant, anti- 0.1%).
inflammatory, and cytoprotective properties.
Previous studies have demonstrated that sesamin

serum and 1% penicillin-streptomycin. 1929 were
maintained at 37°C in a humidified atmosphere of
95% air and 5% COz. The L929 cells were sub-
cultured at 80% confluence. Sesamin was dissolved
in dimethyl sulfoxide (DMSO) and diluted with cell
culture medium (final DMSO concentration <
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Sesamin was isolated and purified by the
Thailand Excellence Center for Tissue Engineering
and Stem Cells, Department of Biochemistry,
Faculty of Medicine, Chiang Mai University,
Thailand. Ground sesame seceds were repeatedly
extracted with hexane to obtain a lignan-rich crude
extract. The extract was separated by column
chromatography using a hexane—ethyl acetate
gradient, and sesamin-containing fractions were
further purified by repeated chromatography and
ethanol recrystallization to yield highly pure
sesamin crystals. Identity and purity were confirmed
by NMR, MS, and HPLC against an authentic
standard.

MTT assay

L929 cells were seeded into 96-well plates at
a density of 1 x 10* cells/well and were cultured at
37°C and 5% of COz. Optimal proliferative dose-
response of sesamin (10-60 puM, 24 h) and toxic
dose-response of H202 (100-400 uM, 3 h) were
determined prior to the prevention experiment. The
cells were pretreated with sesamin (30, 40, and 50
uM) for 24 h before being exposed to H202 300 uM
for 3 h. Then, the medium was replaced with 100 pL
MTT solution (1 mg/mL in serum-free medium) and
incubated for 4 h at 37°C. Formazan crystals were
solubilized with 100 ul DMSO, and the absorbance
was measured using a microplate reader (BioTek
Synergy H1 Hybrid Microplate Reader, BioTek
Instrument, Winooski, VT, USA) at a wavelength of
570 nm.

Wound Scratch assay

L929 cells were seeded into 24-well plates at
a density of 1 x103 cells/well and allowed to reach
approximately 80% confluence. After that, cells
were arrested for 24 h in a serum-free medium
before a linear scratch wound was generated on the
confluent cell monolayer using a sterile 200 pL
pipette tip. The plates were washed with phosphate-
buffered saline (PBS) to remove detached cells and
then pretreated with 50 pM sesamin, which was
selected based on the MTT dose-response results.
Images of the scratch area were captured using an
inverted light microscope at 0, 12, and 24 h after
scratching. Wound closure was quantified using
Imagel software (NIH, USA).

DCFH-DA assay

2" 7'-dichlorodihydrofluorescein ~ diacetate
cells. L929 cells were seeded in 96-well plates at a
density of 5x10° cells/well, then pretreated with
sesamin (30, 40, and 50 pM) for 24 h before
exposure to H202 (300 uM) for 3 h. After that, the
cells were washed with PBS and incubated with
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DCFH-DA (10 uM) in fresh medium at 37°C for 30
min. The fluorescence was measured at an
excitation of 488 nm and an emission of 525 nm
using a fluorescence microplate reader (BioTek
Synergy H1 Hybrid Microplate Reader, BioTek
Instruments, Winooski, VT, USA).

Statistical analysis

Data were plotted using GraphPad Prism 7.0
(GraphPad Software, Inc.). All values are presented
as mean + SEM. Statistical differences among more
than two groups were analyzed by one-way analysis
of variance (ANOVA), and pairwise comparisons
were assessed using a paired t-test, as appropriate.
When ANOVA indicated a significant effect,
Bonferroni’s post hoc test was used to identify
differences between groups. A p-value of <0.05 was
considered statistically significant.

Results and Discussion
Cell viability

Concentrations of sesamin were selected
based on preliminary dose-response experiments.
Enhancement was observed at 50 uM (p < 0.05 vs.
the control group, Fig. 1). Additionally, H20O; at 300
UM was chosen as the toxic dose, reducing viability
by ~50% (p < 0.01 vs. the control group, Fig. 2).
showed a non-significant trend toward preserving
cell viability following H202 exposure (Fig. 3).

In this study, 24 h pretreatment with sesamin
failed to attenuate H.O-induced loss of viability in
L929 cells. In contrast, sesamin (1 uM) with 3 h
pretreatment protected SH-SYS5Y neuronal cells
from H>O:2-induced oxidative stress [8]. These
findings highlight that both cell type and treatment
time may affect the antioxidant efficiency of
sesamin. Future investigations should evaluate
strategies to enhance cytoprotection in fibroblast
models relevant to wound healing.

Cell migration

The wound scratch assay was used to assess
the effect of sesamin on L929 fibroblast migration.
Incubation with 50 pM sesamin did not significantly
affect wound closure, as indicated by wider wound
widths at 12 h and 24 h compared with the control
group (n=6, Fig. 4).

These findings contrast with the study in
endothelial cell migration for angiogenesis [9] but
align with its downregulation of MMP-1 and MMP-
3, key mediators of cell migration, in synovial
fibroblasts [10], suggesting a shared antimigratory
mechanism across fibroblast lineages. However, the
potential protective effect of sesamin against H2O»-
inhibited migration requires further investigation,
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particularly in other fibroblast models and under
different dosing and exposure conditions.

DCFH-DA assay

ROS production in 1929 cells was quantified
using the DCFH-DA assay. Exposure to H2O:2
significantly elevated ROS levels compared with the
control (p < 0.001). However, pretreatment with
sesamin (40 and 50 pM) significantly attenuated
these elevated ROS levels when compared with the
H2Os-treated group (p < 0.05, Fig. 5). These
findings align with previous reports demonstrating
the potent antioxidative properties of sesamin.
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Fig. 1 Effects of sesamin on the viability of cells. L929
cells were pretreated with sesamin (10-60 uM) for 24 h
before being evaluated by MTT assay. The data are
presented as means+SEM (n=3). *p < 0.05 compared with
the control group.
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Fig. 2 Effect of H,O, on cell viability. L929 cells were
exposed to H,O, (100-350 uM) for 3 h before being
evaluated by MTT assay. The data are presented as
means+SEM (n = 3). *p <0.05 and **p < 0.01compared
with the control group.

109

Proceedings of the Anatomy Association of Thailand

May 13-15, 2026
2007
150
100~

Cell viability (% of control)

[iE
HO, (300N - - + + + +

Sasamin (M) - 50 - an 40 50

Fig. 3 Protective effect of sesamin against H,O,-induced
cell death. 1929 cells were pretreated with sesamin (30,
40, and 50 pM) for 24 h, followed by exposure to H,0O,
for 3 h. Cell viability was evaluated using the MTT
assay. The data are presented as means+SEM (n=6). **p
< 0.01, *p <0.05 compared with the control group and
##tp < 0.01 compared with H,O,-treated group.
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Fig. 4 Sesamin inhibits the migration of L929 cells.
Representative images are recorded after 12 and 24 h
0of L929 treatment with sesamin 50 uM compared with
non-treatment control in the wound scratch assay (scale
bar = 100 um). The graph is presented as means+tSEM
(n=06).
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Fig. 5 Effect of sesamin on reactive oxygen species
(ROS) production. The ROS levels were measured and
expressed as a percentage of the control. Cells were
pretreated with sesamin (50 uM), H,0O, (300 uM), and
sesamin (30, 40, and 50 uM) followed by H,O, (300
uM). Data are expressed as mean+SEM (n=6). ***p <
0.001 compared with control and #p < 0.05 compared
with H,O,-treated group.

Conclusion

Sesamin significantly reduced H202-induced
ROS in L929 fibroblasts. However, sesamin did not
significantly rescue H2O»-induced cytotoxicity and
did not affect migration under the tested conditions.
These findings suggest selective protection from
oxidative stress without improving overall wound
healing. Moreover, this discrepancy suggests that
sesamin may differentially affect specific phases of
wound healing, particularly the inflammatory and
proliferative phases.
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Abstract

Urolithiasis, characterized by the formation of calculi within the kidneys, is a painful urological disorder
that may lead to progressive deterioration of renal function. Despite the availability of various therapeutic
approaches, the prevention of stone recurrence and preservation of renal function remain significant clinical
challenges. Sulfated galactans (SG), sulfated polysaccharides isolated from Gracilaria fisheri, exhibit various
therapeutic properties, including antioxidant and anticancer activities. The determination of molecular structure is
essential to ensure reproducibility and to enhance the biological activities of sulfated polysaccharides. In this study,
we investigated the microstructural properties and anti-urolithiasis activity of SG from G. fisheri. SG were isolated
using three extraction techniques: cold water, hot water, and autoclave-assisted extraction, yielding CWSG
(10.18%), HWSG (39.56%), and AASG (20.15%), respectively. Following isolation and partial purification, the
physicochemical and microstructural characteristics of the extracts were analyzed using gel filtration
chromatography (GFC), high-performance liquid chromatography (HPLC), Fourier-transform infrared (FTIR)
spectroscopy, and scanning electron microscopy coupled with energy-dispersive X-ray spectroscopy (SEM—-EDX).
The anti-urolithiasis activity was evaluated using calcium oxalate crystal nucleation and aggregation assays. GFC
and HPLC analyses indicated that the molecular weights of CWSG, HWSG, and AASG ranged from 840 to 1670
kDa and that these extracts were primarily composed of xylose, fructose, and galactose. FTIR analysis confirmed
that CWSG, HWSG, and AASG exhibited structural features characteristic of heterogeneous polysaccharides.
Furthermore, SEM—-EDX analysis revealed that the extracts possessed sheet-like structures with irregular shapes
and contained carbon, oxygen, and sulfur elements. All extracts demonstrated anti-urolithiasis activity by
inhibiting crystal nucleation and aggregation and by modifying crystal morphology and size. The nucleation
inhibition rates of CWSG, HWSG, and AASG were 100.35%, 95.86%, and 110.89%, respectively, while the
aggregation inhibition rates were 54.43%, 41.27%, and 99.02%, respectively. Notably, AASG exhibited the highest
anti-urolithiasis activity. These findings highlight the potential application of AASG as a functional food
component for the management of urolithiasis.

Keywords Sulfated galactan, Different extractions, Microstructure analysis, Crystal morphology, Nucleation
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Abstract

Edible insects, particularly crickets, are increasingly promoted as sustainable protein sources due to their
high nutritional value and low environmental impact. In addition to essential nutrients, cricket proteins contain
bioactive peptides that have cationic, hydrophobicity, and a-helix, which enhance cancer apoptosis. Despite the
growing use of cricket-derived products in food and nutritional supplements, their biological effects on mammalian
cells, including cancer cells, remain poorly understood. This study investigated the effects of cricket protein lysate
(concentration range from 0.1-1000 pg/ml) on the human breast cancer cell line MCF7, focusing on cytotoxicity,
lysosomal responses, mitochondrial integrity, and the expression of epithelial-mesenchymal transition (EMT)-
related genes. MCF7 cells were exposed to increasing concentrations of cricket protein lysate. Cellular
morphology and viability were evaluated to assess cytotoxicity. Lysosomal activity was examined using lysosomal
staining to detect changes in lysosomal accumulation and organization. Mitochondrial integrity was assessed by
measuring the expression of TOMM?20, a mitochondrial outer membrane protein. Quantitative real-time PCR was
performed to analyze the expression of EMT-associated genes, including E-cadherin, N-cadherin, vimentin, Snail,
and Twist. Cricket protein lysate induced concentration-dependent morphological changes and significantly
reduced cell viability, with pronounced cytotoxicity at higher concentrations. Lysosomal staining revealed
increased lysosomal accumulation at intermediate doses, indicating cellular stress, whereas severe disruption of
lysosomal organization was observed at the highest concentration. A concentration-dependent decrease in
TOMM20 expression suggested mitochondrial dysfunction. Gene expression analysis demonstrated modulation
of EMT-related markers, with reduced E-cadherin and increased expression of N-cadherin, vimentin, Snail, and
Twist at sublethal concentrations. In contrast, the highest concentration resulted in broad suppression of gene
expression, consistent with severe cytotoxic injury. Cricket protein lysate induces cellular stress and cytotoxicity
in MCF7 cells and modulates EMT-associated gene expression, indicating that cricket-derived protein components
may influence cancer cell physiology. Further studies are required to identify the active components and clarify
their underlying mechanisms.

Keywords Anticancer effect, Crickets, Breast cancer, Stem cells
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Abstract

Neurodegenerative diseases represent a significant global health challenge, characterized by the progressive
loss of neuronal cells. Moreover, adult neurogenesis in the central nervous system is restricted, resulting in limited
regenerative capacity. Dental tissues derived from mesenchymal stem cells, specifically human stem cells from
the apical papilla (hNSCAPs), present a promising alternative candidate due to their ectomesenchyme origin and
migratory neural crest stem cells derivative. Therefore, these cells could serve as a potential source for neuronal
differentiation. Interestingly, Quercetin, which is a flavonoid compound that could activate SIRTI, which is a
central modulator of neuronal differentiation. Therefore, this study aims to demonstrate the synergistic effect of
Quercetin on neuronal differentiation. hNSCAPs triggered neuronal differentiation by using Quercetin co-treatment
with neuronal induction medium. hSCAPs were isolated from human third molars and characterized with
mesenchymal stem cell properties. The cytotoxicity of Quercetin (0-80 uM) was assessed by using a colorimetric
(MTT) assay. To evaluate neurogenic-enhancing potential, h\SCAPs were induced by neurogenic induction with
non-cytotoxic concentrations of Quercetin co-treatment, followed by qRT-PCR for neuronal-associated markers.
These findings demonstrated that hSCAPs revealed self-renewal ability, expressed mesenchymal stem cell markers
(CD73+, CD90+, CD105+, and CD34-), and presented multilineage differentiation abilities, indicating
characteristics of mesenchymal stem cells. The cytotoxicity of Quercetin was not observed at 0-20 uM. These
non-cytotoxic concentrations were performed in co-treatment with neurogenic induction. Firstly, the neurogenic
induction can trigger the differentiation of hSCAPs into immature neuronal-like cells (increased TUBB3).
Specifically, 1.25 uM of Quercetin co-treatment significantly promoted TUBB3 expression when compared with
neurogenic induction. Furthermore, the highest number of Cresyl violet positive cells, which presented neuronal-
like morphologies, was observed at 1.25 uM of Quercetin, which indicated their neurogenic differentiation
enhancing potential. Taken together, Quercetin could serve as a synergistic neuronal enhancer to mitigate the
neuronal loss of neurodegenerative diseases.

Keywords Quercetin, Human stem cell from apical papilla, Neuronal differentiation, Co-treatment

Background and spinal cord. Despite advancements in medical

Neurodegenerative diseases represent a science, current therapeutic modalities remain
significant global health challenge, serving as a largely unsuccessful in arresting the neuro-
primary cause of permanent disability and mortality, degenerative process (2). Effective treatment is
affecting over three billion individuals worldwide further complicated by the central nervous system’s
(1). This heterogeneous group of disorders, (CNS) inherently limited regenerative capacity and
including stroke, Alzheimer’s disease, Parkinson’s the physiological barrier presented by the blood-
disease, and various cerebrovascular conditions, is brain barrier (BBB), which prevents nearly 98% of
characterized by the progressive loss of neuronal small-molecule drugs and 100% of large-molecule

structure, function, and cell number within the brain
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pharmacological agents from reaching target neural
tissues (3).

Neurogenesis, the intricate process of
generating functional neurons from neural stem
cells (NSCs), is highly active during embryonic
development but becomes severely restricted in the
adult brain (4). While embryonic neurogenesis is
marked by rapid and widespread expansion, adult
neurogenesis is spatially confined to two specific
anatomical niches: the subventricular zone (SVZ) of
the lateral ventricles and the subgranular zone
(SGZ) of the hippocampal dentate gyrus (5,6).

To overcome the limitations of adult
neurogenesis and the ethical concerns surrounding
stem cell sources, mesenchymal stem cells (MSCs)
derived from dental tissues have emerged as a
promising alternative. Among these, stem cells from
the apical papilla (hSCAPs) isolated from the
immature tissue at the tips of developing tooth roots
represent an exceptionally early and potent stem cell
population (7). hSCAPs exhibit superior
proliferative rates and colonogenic capacities
compared to other MSCs (8). Critically, hSCAPs
originate from the migratory neural crest cells,
which is reflected in their constitutive expression of
neural markers including B-III tubulin, Nestin, and
GFAP. This inherent neurogenic predisposition,
combined with their ease of isolation from discarded
third molars and significant immunomodulatory
properties, positions hSCAPs as an ideal candidate
for neuro-regenerative medicine (9).

In addition, the efficacy of stem cell-based
therapies can be significantly enhanced through the
use of bioactive compounds. Quercetin, a natural
flavonoid found abundantly in various fruits and
vegetables, has attracted substantial interest due to
its potent antioxidant and neuroprotective
properties. Notably, Quercetin possesses the ability
to cross the BBB and has been shown to modulate
the proliferation and differentiation of neural
progenitor cells. At the molecular level, Quercetin
acts as an SIRTI activator, a pathway previously
implicated in promoting neuronal development (10).

Therefore, this study aims to investigate the
potential of Quercetin to enhance the neuronal
differentiation of human stem cells from apical
papilla (hSCAPs). By utilizing the synergistic
effects of Quercetin co-treatment with neuronal
induction to enhance the neurogenic differentiation
potential of hRSCAPs.

Materials and Methods
Isolation and characterization of hSCAPs

Apical papilla tissues were extracted from
human third molars (n=3, 18-21 years old), followed
by a dual enzymatic disaggregation method. The
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ethical consideration and research protocol were
approved by the Ethics Committee on Human
Rights Related to Human Experimentation of
Faculty of Dentistry/Faculty of Pharmacy, Mahidol
University (COE. No. MU-MOU 2024/DT081).

These isolated cells were performed
characterization of MSCs properties, including
plastic adherent ability, cell morphology, colony-
forming unit (CFU), cell surface markers analysis
(CD34, CD73, CD90, and CDI105) by flow
cytometry, and multilineage differentiation abilities
(osteogenic, adipogenic, and  neurogenic
differentiation). In addition, investigation of ecto-
mesenchyme origin and migratory neural crest
derivatives was performed by using immunocyto-
chemistry (nestin and B-111I tubulin).

Cell viability of Quercetin-treated hSCAPs

After characterization, the cytotoxicity of
Quercetin-treated hSCAPs was assessed by
colorimetric (MTT) assay. hSCAPs were seeded at
a density of 10,000 cells/well in a 96-well plate.
After 24 hours, the cells were incubated with various
concentrations of Quercetin (0, 1.25, 2.5, 5, 10, 20,
40, and 80 puM), which dissolved with dimethyl
sulfoxide (DMSO) for 30 hours. The vehicle group
was used to determine the cytotoxicity of this
solvent by adding DMSO equal to the amount of
DMSO of the highest Quercetin concentration
(0.4% v/v).

The neuronal-enhancing potential of Quercetin co-
treatment

To demonstrate the neuronal differentiation
ability, hNSCAPs at a density of 100,000 cells/well in
a 6-well plate were cultured with neurogenic
induction, which served as a positive group, and
compared with basal medium (negative group).
Moreover, the non-cytotoxic concentrations of
Quercetin  were co-induced with neurogenic
induction. The neuronal induction protocol was
divided into 2 phases: phase I for 24 hours, and
phase II for 6 hours (Table 1).

To evaluate the neuronal-enhancing potential
of Quercetin co-treatment, the expression of
neuronal-associated genes was performed by qRT-
PCR, including NES and TUBB3, which are early-
neural progenitor and immature neurons markers,
respectively. The potential validated gene of the
positive control was further investigated with
Quercetin co-treatment.

Furthermore, the optimal concentration of
Quercetin co-treatment was identified by the
identification of Nissl bodies, which are the typical
hallmark of neuronal-like cells, by Cresyl violet
staining. The number of Cresyl violet positive cells
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was compared among the negative, positive, and
Quercetin co-treatment groups.

Statistical analysis

The individual experiment was performed in
triplicate (n=3). The data were expressed as mean +
SEM. Statistical significance was determined using
a One-Way ANOVA followed by post hoc Tukey’s
multiple comparison test for cell viability, TUBB3
expression, and percentage of Cresyl violet positive
cells. Comparison of gene expression between
negative and positive groups was analyzed by an
unpaired t-test. All statistical analyses with
significance set at *p < 0.05 using GraphPad Prism
software.

Table 1 Neuronal induction protocol

Design Induction phase I Induction phase 11
(24 hours) (6 hours)
Negative | - DMEM/F/12 - DMEM/F/12
- 10% FBS - 1% Antibiotic-
- 1% Antibiotic- antimycotic
antimycotic
Positive | - DMEM/F/12 - DMEM/F-12
- 10% FBS - 1% Antibiotic-
- 1% Antibiotic- antimycotic
antimycotic - 2% DMSO
- 1% B-mercaptoethanol - 1% BHA
- 0.5% bFGF
Quercetin | - DMEM/F/12 - DMEM/F-12
co-treatment |- 1(0% FBS - 2% DMSO
- 1% Antibiotic- - 1% Antibiotic-
antimycotic antimycotic
- 1% B-mercaptoethanol - 1% BHA
- 0.5% bFGF - Quercetin
- Quercetin (non-toxic
(non-toxic concentrations)
concentrations)
Results

Characterization of hSCAPs

According to the International Society for
Cell & Gene Therapy (ISCT) minimal criteria, the
isolated cells from human apical papilla tissues need
to be characterized with MSC properties (11).
Firstly, the isolated cells from human apical papilla
tissues presented plastic adherent ability and
fibroblast-like morphology (Fig 1A). The cells
reveal colony-forming units, indicating that cells
have self-renewal ability (Fig 1B). The isolated cells
showed positive expression of nestin (Fig 1C), and
B-III tubulin (Fig 1D) indicated ectomesenchyme
origin and migratory neural crest derivative. The
cells were highly expressed as MSCs markers, more
than 95% of CD73, CD90, and CDI105, and
negatively expressed CD34 (less than 2%) (Fig 1E).
Multilineage  differentiation  properties  were
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elucidated. The cells presented calcium nodules,
lipid droplet accumulation, and Nissl substance,
indicating osteogenic, adipogenic, and neurogenic
differentiation,  respectively  (Fig. 1H-1F).
Therefore, the isolated cells were characterized as
MSCs, namely hSCAPs.

E co73 T €090+ T CO105+

{E..

HSCs marker

Fig. 1 The characterization of hSCAPs. (A) Bright field
microscopic image. (B) Colony-forming unit. (C-D)
Immunocytochemistry of nestin and B-III tubulin staining.
(E) Cell surface antigen molecule by flow cytometry.
(F) Osteogenic differentiation by Alizarin red staining.
(G) Adipogenic differentiation by Oil Red O staining.
(H) Neurogenic differentiation by Cresyl violet staining.
Scale bar: (A), (C), (D) =200 pum, (B) =5 mm., (F), (G) =
100 pm, and (H) =20 pm.

The cytotoxicity of Quercetin-treated hSCAPs

To investigate the cytotoxicity of Quercetin
treatment, hSCAPs were incubated with Quercetin
concentrations of 0-80 uM for 30 hours. After
treatment, Quercetin at 0-20 pM showed non-
cytotoxicity on hSCAPs, whereas 40 and 80 uM
decreased their cell viability (Fig. 2). Therefore, the
non-cytotoxic ~ concentrations ~ were  further
investigated in subsequent experiments.

150+

100+

kk

i
Fkk

% Cell Viability
g

Ctl Veh1.2525 5 10 20
Quercetin (uM)

40 80

Fig. 2 The cell viability of Quercetin-treated hSCAPs for
30 hours .MTT assay was used to determine cell viability .
Data were expressed as the mean + SEM; n =3, ™"p <
0.001, compared with the control group. **p < 0.001,
compared with the vehicle group.


https://www.google.com/search?q=International+Society+for+Cell+%26+Gene+Therapy+%28ISCT%29&rlz=1C1GCEA_enTH1155TH1155&oq=ISCT+%28%29+minimal+criteria&gs_lcrp=EgZjaHJvbWUyBggAEEUYOTIICAEQABgWGB4yCAgCEAAYFhgeMgcIAxAAGO8FMgcIBBAAGO8FMgoIBRAAGIAEGKIEMgcIBhAAGO8FMgcIBxAAGO8F0gEHMzIwajBqNKgCAbACAfEFEHSKmb1tzKs&sourceid=chrome&ie=UTF-8&mstk=AUtExfBxvs-2g2NX05X41dCyOm1Ix9kv6VHEzlLnaXoDo6RwEH7k5mNvHbL0jVmOiKIgK8Kp9a6Q6iJC4uJl0LXnFrQsekdfE1D0gsIfBArHzXuFm3LESdKMeTs63_ZmZG0PLrokPSpDr-5xNztZzXFFtWIYILrgmTV5uazGirBURydUpBT8EUTfVzTaOi1mtXJDAOfWXtN9tYpX7wSXkjuWW-QpIQeMY3TD9gv4Jd4Brd8TMqWoTzT5nly4eikWUGJ0DKt2MjFEk7bjptaUZuc7_paQm901dlGrmuQ9o-JsvALCft-DiT3Zvgnhrz_wVvwbdA&csui=3&ved=2ahUKEwid1LKayPiSAxUGj68BHfmRJVcQgK4QegQIARAB
https://www.google.com/search?q=International+Society+for+Cell+%26+Gene+Therapy+%28ISCT%29&rlz=1C1GCEA_enTH1155TH1155&oq=ISCT+%28%29+minimal+criteria&gs_lcrp=EgZjaHJvbWUyBggAEEUYOTIICAEQABgWGB4yCAgCEAAYFhgeMgcIAxAAGO8FMgcIBBAAGO8FMgoIBRAAGIAEGKIEMgcIBhAAGO8FMgcIBxAAGO8F0gEHMzIwajBqNKgCAbACAfEFEHSKmb1tzKs&sourceid=chrome&ie=UTF-8&mstk=AUtExfBxvs-2g2NX05X41dCyOm1Ix9kv6VHEzlLnaXoDo6RwEH7k5mNvHbL0jVmOiKIgK8Kp9a6Q6iJC4uJl0LXnFrQsekdfE1D0gsIfBArHzXuFm3LESdKMeTs63_ZmZG0PLrokPSpDr-5xNztZzXFFtWIYILrgmTV5uazGirBURydUpBT8EUTfVzTaOi1mtXJDAOfWXtN9tYpX7wSXkjuWW-QpIQeMY3TD9gv4Jd4Brd8TMqWoTzT5nly4eikWUGJ0DKt2MjFEk7bjptaUZuc7_paQm901dlGrmuQ9o-JsvALCft-DiT3Zvgnhrz_wVvwbdA&csui=3&ved=2ahUKEwid1LKayPiSAxUGj68BHfmRJVcQgK4QegQIARAB
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The potential of Quercetin co-treatment on
enhancing neuronal differentiation of hSCAPs

To investigate the enhancing effect of
Quercetin on neuronal differentiation, hSCAPs were
co-treated with neurogenic induction and
non-cytotoxic  concentrations of  Quercetin
(0-20 uM) for 30 hours. The significant difference
of NES expression between negative and positive
groups was not observed (Fig. 3A). Interestingly,
the positive group showed significantly increased of
TUBB3 (Fig. 3B), indicating that the neurogenic
induction induced differentiation of hSCAPs into
immature neuronal-like cells.

Moreover, Quercetin co-treatment showed
evidence of neuronal differentiation ability of
hSCAPs. Quercetin co-treatment at 1.25 uM
resulted in the highest expression of TUBB3.
Whereas Quercetin co-treatment 20 pM showed a
significant decrease of TUBB3, when compared
with the positive group (Fig. 3C). Therefore,
Quercetin co-treatment 1.25 uM could serve as an
optimal concentration of Quercetin co-treatment.

Under Cresyl violet staining, the
undifferentiated cells presented fibroblast-like
morphology with dark spots of nucleoli and pale
staining of nuclei in the negative group (Fig. 4A,
black asterisks), whereas the positive (Fig. 4B, black
arrows) and Quercetin co-treatment 1.25 pM groups
(Fig. 4C, black arrows) revealed the differentiated
cells, which exhibited neuronal-like morphologies
with intensely purple-stained Nissl substance.
To quantify the percentage of Cresyl violet-positive
cells, the differentiated cells were counted to report
the neuronal differentiation  ability.  The
differentiated cells of the positive group were higher
than those of the negative group. Interestingly,
Quercetin co-treatment at 1.25 pM exhibited the
highest percentage of Cresyl violet positive cells
when compared with the positive and negative
groups (Fig. 4D).
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Fig. 3 Optimal concentration of co-treatment-Quercetin
with neuronal induction for 30 hours . The positive group
showed a decreasing trend of (A) NES and a significant
increase of (B) TUBB3. (C) Quercetin at 1.25 pM showed
the highest expression of TUBB3. Data were expressed as
the mean + SEM; n =3, *p<0.05, compared with the
negative group. “p < 0.05, #*p < 0.001, compared with the
positive group.
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Fig. 4 Characterization of neuronal-like cells by using
Cresyl violet staining among (A) negative, (B) positive,
(C) Quercetin co-treatment 1.25 puM groups. (D) The
typical neuronal hallmark, which presented with intense
purple of Nissl body were quantify into the percentage of
Cresyl violet positive cells. Scale bar: 100 um. Data were
expressed as the mean £ SEM; n =3, ***p < 0.001,
compared with the negative group. **p < 0.001, compared
with the positive group.

Discussion

hSCAPs showed MSCs' properties following
the International Society for Cellular Therapy
(ISCT) minimal criteria (11) including plastic
adherent abilities and morphology of MSCs (Fig.
1A). The colony-forming units indicated that they
have self-renewal ability (Fig. 1B). The isolated
cells present positive expression of MSCs surface
markers and Negative expression of hematopoietic
markers (Fig. 1E). In addition, the apical papilla-
isolated cells demonstrated osteogenic, adipogenic,
and neurogenic differentiation to indicate
multilineage differentiation properties. (Fig. 1F-
1H). The apical papilla-isolated cells were show
positively stained with nestin (Fig. 1C) and B-III
tubulin (Fig. 1D), indicating their migratory neural
crest derivative and ectomesenchyme origin (9).
Altogether, this finding verified that human apical
papilla-isolated cells were characterized as MSCs,
namely hSCAPs.

The cell viability was observed to show
cytotoxic effect at 40 and 80 pM, whereas it showed
non-cytotoxicity in Quercetin 0-20 pM for 30 hours
(Fig. 2). Furthermore, the vehicle group, which
contained a DMSO concentration equivalent to that
used in the highest Quercetin concentration (80
uM), demonstrated that the 0.4% DMSO (solvent)
was non-toxic to the cells. These results confirm that
the cytotoxicity observed at high concentrations was
induced by Quercetin itself rather than the solvent.
The cellular toxicity of Quercetin at 40-80 uM was
described by the hormetic dose-response effect,
leading to positive responses (associated with
beneficial effects) at low concentrations and
negative responses (associated with toxic effects) at
high concentrations (12).

According to the results, a positive medium
enhances neuronal-like cells derived from hSCAPs
to a significant increase in TUBB3 expression. On
the other hand, NES expression was not significantly
different. The results indicate that the positive group
was not associated with enhancing neuronal
differentiation in the early stage, but rather
enhanced the cells' drive to neurons, resulting in the
immature stage.

Moreover, Quercetin co-treatment at 1.25 uM
triggered neuronal differentiation of hSCAPs, which
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presented the highest expression of TUBB3, acting
as immature neuronal-like cells. Quercetin
concentration at 20 puM significantly decreased
TUBB3, indicating that high concentrations of
Quercetin may exert inhibitory effects on the TrkB
signaling pathway, which is essential for driving
neuronal differentiation (13). Furthermore, high
concentrations of flavonoid compounds could
induce irreversible cell-cycle arrest, acting as a
molecular brake that counteracts the pro-neurogenic
effects observed at lower doses. This two-phase
response accounts for the down-regulation of
TUBB3 at high dosages, echoing findings from
previous studies on human umbilical cord-derived
MSCs differentiation (14). However, further study
should be required to demonstrate the underlying
mechanism of Quercetin treatment. In addition, the
quantification results of the percentage of Cresyl
violet positive cells revealed the highest number of
neuronal-like cells in Quercetin co-treatment at 1.25
uM.

Previous studies have established that
Quercetin possesses the capacity to permeate the
BBB, a critical pharmacokinetic property for
neurotherapeutic agents (10). Beyond its ability to
facilitate neuronal differentiation, Quercetin
demonstrates potent neuroprotective effects by
mitigating neuronal damage and apoptosis (15).
These effects are largely mediated through the
activation of SIRTI1, a central modulator of
neurogenesis. Mechanistically, Quercetin promotes
neuro-regeneration by enhancing neurite outgrowth,
elevating intracellular cyclic adenosine mono-
phosphate (cAMP) levels, and modulating key
signaling cascades, including the PI3K/Akt and
AMPK pathways (10,16).

However, to further confirm the underlying
mechanism, the future study will observe the SIRT1
receptor in hSCAPs to confirm the binding
mechanism of Quercetin. Furthermore, neuronal-
like cells derived from Quercetin-treated hSCAPs
will be further investigated in functional neuronal
activities by using calcium imaging, impedance
measurement, and patch clamp assays.

Conclusion
This finding suggests that Quercetin can serve
as a neuronal enhancer of hSCAPs, which present

alternative therapeutics for neurodegenerative
diseases.
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Abstract

Oligodendrocytes generate myelin sheaths around axons in the central nervous system, enabling rapid nerve
conduction and maintaining efficient neuronal communication. Because myelin synthesis and maintenance are
energetically demanding, oligodendrocytes require substantial metabolic support. Aging is associated with
mitochondrial dysfunction and reduced energy production, which may impair myelin maintenance and
myelination. However, how aging affects morphology, myelinating capacity, and metabolic features of individual
oligodendrocytes remains poorly understood due to technical challenges in analyzing their detailed structure. In
this study, we investigated the ultrastructural morphology of individual oligodendrocytes in the corpus callosum
of an aged mouse (18-month-old). Serial block-face scanning electron microscopy was used to generate large-
volume datasets for three-dimensional reconstruction of individual oligodendrocytes. Nuclei, myelinated axons,
and mitochondria were automatically segmented using the deep-learning-based automated segmentation-UNIEM
with subsequent proofreading, followed by manual segmentation of oligodendrocyte cell bodies and processes.
Three-dimensional analysis of 19 oligodendrocytes in aged mice revealed that individual oligodendrocytes formed
myelin sheaths around axons with diameters ranging from 359 to 1707 nm, with corresponding myelin thicknesses
ranging from 102 to 1039 nm. Individual oligodendrocytes showed distinct preferences for axons within specific
diameter ranges. Based on myelin thickness, oligodendrocytes could be broadly categorized into two groups: thin-
myelin and thick-myelin oligodendrocytes. Cells forming thicker myelin sheaths exhibited larger cell body and
nuclear volumes and a greater total mitochondrial volume compared with those forming thinner myelin sheaths,
although the relative mitochondrial volume within cells was similar between groups. In addition, the number of
myelin-forming branches per oligodendrocyte was significantly reduced in aged mouse (19 oligodendrocytes)
compared with young mouse (11 oligodendrocytes) in Tanaka et al., 2021. Together, these findings demonstrate
that aging alters the structural organization and myelinating capacity of individual oligodendrocytes and reveals
heterogeneity in mitochondrial and morphological features associated with myelin thickness at the single-cell
level.

Keyword Oligodendrocyte, Aging, Serial block-face scanning electron microscopy, Central Nervous System,
Corpus Callosum
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Abstract

Background: Chronic stress is a major risk factor for anxiety and depressive disorders, leading to behavioral and
physiological alterations as well as disruptions in the gut—brain axis. The chronic unpredictable mild stress
(CUMS) model is widely used to induce depressive-like behaviors in rodents, which can be assessed using the
sucrose preference test as an indicator of anhedonia. Chronic stress has also been associated with alterations in
platelet levels. Probiotics, such as Lactiplantibacillus plantarum 299V (299V), have been reported to exert
antidepressant effects. Fluoxetine (Flu), a selective serotonin reuptake inhibitor widely used for stress -related
disorders, served as a reference treatment. Furthermore, Lacticaseibacillus rhamnosus (CPF01) and
Limosilactobacillus fermentum (CPF02) may modulate the gut—brain axis and alleviate stress-related disorders;
however, their mechanisms remain unclear. Objective: This study aimed to evaluate the effects of
Lacticaseibacillus rhamnosus and Limosilactobacillus fermentum on attenuating depressive-like behaviors and
altering blood chemistry in rats subjected to CUMS. Methods: Eight-week-old male Sprague—Dawley rats were
divided into eight groups: Control, CPF01, CPF02, CUMS, CUMS+CPF01, CUMS+CPF02, CUMS+299V, and
the CUMS+Flu groups. Rats in control groups were not subjected to CUMS, while depressed rats were exposed
to CUMS for 56 days. In the probiotic-supplemented group, rats were orally administered CPF01, CPF02, 299V,
or Flu during the final 28 days of the experiment. Depressive-like behavior was assessed using the Sucrose
Preference Test (SPT), and blood chemistry parameters were analyzed at the end of the study. Results: CUMS-
induced depressive-like behavior, as indicated by reduced sucrose preference. Probiotic supplementation
attenuated these behavioral changes. Treatment with probiotics did not significantly affect complete blood count
(CBCQ), liver function, or kidney function parameters. However, CUMS reduced platelet volume, whereas
probiotic treatment restored platelet volume toward normal levels. Conclusion: These findings suggest that
supplementation of probiotics, Lacticaseibacillus rhamnosus (CPF01) and Limosilactobacillus fermentum
(CPF02), alleviates CUMS-induced depressive-like behaviors, potentially through modulation of the gut-brain
axis and restoration of platelet volume.

Keywords Chronic unpredictable mild stress (CUMS), Lacticaseibacillus rhamnosus, Limosilactobacillus
Sfermentum, Sucrose preference test, Blood chemistry
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Abstract

Major depressive disorder is associated with dysregulation of the hypothalamic—pituitary—adrenal axis and
excessive glucocorticoid exposure, which can lead to neuronal damage and molecular alterations in brain regions
involved in emotional and cognitive regulation. Curcumin, a bioactive polyphenolic compound obtained from
Curcuma longa, has been widely recognized for its antidepressant, antioxidant, and neuroprotective activities.
Despite these beneficial properties, its therapeutic application is limited due to poor aqueous solubility, restricted
penetration across the blood—brain barrier, and rapid metabolic degradation. In our previous study, administration
of nano-curcumin significantly alleviated depressive-like behaviors in rats. However, the underlying histological
and molecular mechanisms remain unclear. Therefore, this study aimed to evaluate the therapeutic effects of nano-
curcumin in a dexamethasone-induced depression model and to investigate its impact on neuronal histology and
molecular pathways. An experimental depression model was established through dexamethasone administration
(1.5 mg/kg). Nano-curcumin treatment (100 mg/kg) and fluoxetine (10 mg/kg) were subsequently applied to assess
its potential neuroprotective effects. Histological analysis was performed to evaluate neuronal morphology in the
hippocampus and entorhinal cortex. In addition, proteomic analysis was conducted to identify differentially
expressed proteins associated with signaling pathways involved in neuronal function and stress responses.
Histological findings showed that dexamethasone exposure neuronal damaged characterized by shrunken cell
bodies, and pyknotic nuclei in both brain regions. Nano-curcumin attenuated these alterations, indicating a
protective effect against glucocorticoid-induced neurotoxicity. Proteomic analysis revealed significant alterations
in proteins associated with the mitogen-activated protein kinase (MAPK) signaling pathway, including proteins
associated with cellular stress responses, apoptosis regulation, and neuronal plasticity. These findings suggest that
nano-curcumin exerts antidepressant effects by regulating neuronal survival and stress responses via the MAPK
pathway, highlighting its therapeutic potential for stress-related depressive disorders.

Keywords Depression, Nano-curcumin, Neuroprotective effects, Mitogen-activated protein kinase (MAPK)
signaling pathway, Proteomics
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Abstract

Changes in cognitive abilities across the lifespan are a key focus of contemporary neuroscience. While
crystallized intelligence is generally preserved with age, executive function and memory often decline. The left
rostral middle frontal gyrus (LRMFG), a core region of the frontal cortex, plays an important role in executive
processing and higher-order cognitive control. However, the relationship between age, cognitive performance, and
structural variation in this region remains unclear. This study examined associations between LRMFG cortical
thickness, age, and cognitive performance using data from the publicly available LEMON dataset, comprising 227
healthy participants, including a young (N= 153, 25.1 + 3.1 years, range 2035 years, 45 female) and an elderly
group (N= 74, 67.6 £ 4.7 years, range 59-77 years, 37 female). High-resolution T1-weighted MP2RAGE MRI
was analysed alongside cognitive assessments: the Trail Making Test (TMT) for visuomotor speed and executive
function, the California Verbal Learning Test (CVLT) for verbal learning and memory, and the Wortschatztest
(WST) for crystallized intelligence. Cortical thickness was measured using 3D Slicer. Measurements were
performed independently by two observers and repeated twice, with averaged values used for analysis. Inter-
observer reliability demonstrated moderate agreement (ICC = 0.59; F = 2.45). A modest negative association was
observed between age and LRMFG thickness (r = —0.20, p = 0.003), indicating age-related thinning. Significant
differences in thickness were observed across TMT categories (visuomotor speed: H=16.92, p < 0.001; executive
function: H = 13.46, p = 0.004), with lower thickness associated with poorer performance. LRMFG thickness also
showed a modest positive association with verbal memory, based on a composite CVLT score (r = 0.18-0.20, p <
0.05). No significant association was observed with WST scores. These findings suggest that LRMFG cortical
thickness is modestly associated with age, executive function, and memory, but not with crystallized intelligence.

Keywords Cortical thickness, Ageing, Executive function, Verbal memory, Magnetic resonance imaging
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Abstract

Parkinson's disease (PD) is a neurological condition that becomes more severe over time and primarily
impacts the elderly. Its pathogenesis encompasses genetic and environmental interactions that promote the
excessive generation of reactive oxygen species (ROS) and free radicals, leading to oxidative stress. These
processes disrupt cellular homeostasis and damage organelles, ultimately leading to neuronal apoptosis. There is
currently no cure for Parkinson’s disease, and although levodopa remains the most effective symptomatic
treatment, its long-term use is often associated with motor complications such as dyskinesia and motor
fluctuations. Fish protein hydrolysates contain bioactive compounds that reduce free radicals and cell death. This
study sought to assess the neuroprotective efficacy of tuna blood hydrolysate (TBH) by investigating its capacity
to mitigate apoptosis in a cellular model of Parkinson’s disease. Differentiated SH-SY5Y cells displaying
dopaminergic neuron-like characteristics were employed and exposed to MPP* to model Parkinsonian
neurotoxicity. The results showed that TBH, especially the pepsin-digested formulation, greatly lowered the
amount of ROS inside cells, as shown by the DCFDA fluorescence assay, which measures intracellular ROS
generation. Moreover, Western blot analysis demonstrated that TBH influenced apoptosis-related signaling by
decreasing pro-apoptotic proteins (BAX, cytochrome c, cleaved caspase-9, and cleaved caspase-3) and increasing
the anti-apoptotic protein BCL-2 in comparison to the MPP*-treated group. These findings suggest that TBH
protects against MPP*-induced neuronal damage by attenuating oxidative stress and modulating the mitochondrial
apoptotic pathway. TBH may therefore be a promising natural neuroprotective candidate for further investigation
in PD-related research.

Keywords Parkinson's disease, Tuna blood hydrolysate, Neuroprotection, Oxidative stress, Apoptosis
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Abstract

Thoracic spinal disorders, such as scoliosis, often require surgical stabilization using pedicle screw fixation.
Accurate identification of the pedicle screw entry point is essential to prevent injury to the spinal cord and
surrounding critical structures. This study aimed to investigate the incidence and anatomical position of the
nutrient foramen in the posterior elements of upper thoracic vertebrae and to evaluate its potential as an anatomical
landmark for posterior pedicle screw placement in a northeastern Thai population. A total of 600 dry thoracic
vertebrae from T1 to T6 (100 vertebrae at each level) were examined from 100 adult skeletons (50 males and 50
females) aged 20 years and older. The position of the nutrient foramen was measured using three anatomical
reference points: the distance to the inferior border of the superior articular facet (OA), the lateral border of the
lamina (OB), and the midline of the spinous process (OC). Statistical analysis was performed using SPSS. The
highest incidence of the nutrient foramen was observed at T1 (84.5%), whereas the lowest incidence was found at
T6 (41.0%). Significant sex-related differences (P < 0.05) were identified in all measured parameters at the T1 and
T3 levels. Significant bilateral asymmetry was observed at T3 (LC vs. RC, p=0.01), while no significant
asymmetry was found at the other vertebral levels. These findings provide morphometric data on the distribution
of nutrient foramina in the upper thoracic vertebrae (T1-T6). When present, the nutrient foramen may serve as a
useful anatomical landmark for posterior pedicle screw placement, potentially improving surgical accuracy and
safety in the northeastern Thai population.

Keywords Thoracic vertebrae, Spinal cord, Nutrient foramen, Pedicle screw, Surgical anatomy, Thai population

Background root damage, and vascular complications [3].
Thoracic spine disorders, including traumatic Traditional anatomical landmarks for pedicle screw
injuries, degenerative diseases, and congenital insertion have relied heavily on the intersection of
deformities, present substantial challenges in spinal anatomical lines and surface features, which can
surgery. Pedicle screw fixation is widely utilized for vary across populations and are affected by
the surgical management of these conditions due to pathological changes [4].
its superior biomechanical stability and ability to The nutrient foramen is a consistent
achieve three-dimensional deformity correction [1]. anatomical feature of the vertebrae and has attracted
Nevertheless, the complex morphology of the attention as a potential surgical reference point.
thoracic vertebrae and their proximity to critical These foramina serve as entry points for nutrient
neurovascular structures render accurate screw vessels supplying the vertebral body and exhibit
placement technically demanding [2]. relatively consistent distribution patterns [5].
The reported rates of pedicle screw Previous studies have demonstrated population-
misplacement in thoracic vertebrae surgery range specific ~ variations in  vertebral anatomy,
from 3% to 44.2%, with potentially devastating highlighting the importance of region-specific
complications including spinal cord injury, nerve anatomical data for surgical planning [6].
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Although several investigations have
examined thoracic vertebral morphometry in
different populations [7], limited data are available
regarding nutrient foramen patterns in Southeast
Asian populations, particularly in Thailand. Most
existing studies have focused on European and
North American populations, which may limit their
applicability to Thai patients [8].

Therefore, this study aims to determine the
incidence and position of nutrient foramina in the
posterior thoracic lamina of the northeastern Thai
population. The findings are expected to provide
population-specific anatomical data, supporting
improved safety and accuracy in thoracic pedicle
screw placement.

Fig. 1 Anatomical landmarks: distance from nutrient
foramen to the inferior border of the superior articular
facet (OA), distance from nutrient foramen to the lateral
border of the laminae (OB), and distance from nutrient
foramen to the midline of the spinous process (OC).

Materials and Methods

This anatomical study examined 600 dried
upper thoracic vertebrae (T1-T6) obtained from 100
complete adult skeletons (50 males, 50 females)
collected at the Unit of Human Bone Warehouse for
Research (UHBWR), Department of Anatomy,
Faculty of Medicine, Khon Kaen University. All
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specimens were from individuals aged 20 years or
older at the time of death. Only well-preserved
vertebrae without pathological deformities or
damage were included in the study. The position of
the nutrient foramen on the posterior lamina was
measured bilaterally using a digital vernier caliper
with an accuracy of 0.01 mm. All measurements
were performed independently by two observers,
and the mean value was used for analysis. When
more than one nutrient foramen was present on a
single lamina, all foramina were identified. The
foramen selected for measurement was the one that
showed the most symmetrical position relative to
the corresponding foramen on the contralateral side,
to allow consistent bilateral comparison. The mean
value of the three measurements was used for
analysis. The following parameters were measured
relative to three anatomical landmarks, including
distance from nutrient foramen to the inferior border
of the superior articular facet (OA), distance from
nutrient foramen to the lateral border of the laminae
(OB), and distance from nutrient foramen to the
midline of the spinous process (OC) (Fig. 1).
Statistical analysis was performed using SPSS
software. The following analyses were performed:
descriptive statistics (mean, standard deviation, and
range) for all measurements; an independent t-test
for comparisons between male and female
specimens; a paired t-test for bilateral comparisons
between the left and right sides; and an ANOVA for
assessment of inter-level variations (T1-T6). The
level of statistical significance was set at P < 0.05.

Results

The analysis of 600 dry upper thoracic
vertebrae (T1-T6) identified distinct patterns in
nutrient foramen distribution by vertebral level and
gender. The highest incidence was at T1 (84.5%),
followed by T2 (72.0%) and T3 (53.5%), while the
lowest was observed at T6 (41.0%). The data of
gender-specific analysis showed a higher incidence
of nutrient foramina in males across most vertebral

Table 1 Incidence and distribution of nutrient foramen on the posterior thoracic laminae (T1-T6): a gender-specific bilateral

analysis
T Male (NZS(?) Female (NZSF)) Total (%)
level Left (%) Right (%) Left (%) Right (%)

T1 92.0 (46/50) 90.0 (45/50) 74.0 (37/50) 82.0 (41/50) 84.5 (169/200)
T2 84.0 (42/50) 78.0 (39/50) 58.0 (29/50) 68.0 (34/50) 72.0 (144/200)
T3 64.0 (32/50) 52.0 (26/50) 50.0 (25/50) 48.0 (24/50) 53.5(107/200)
T4 48.0 (24/50) 48.0 (24/50) 44.0 (22/50) 40.0 (20/50) 45.0 (90/200)
TS5 56.0 (28/50) 52.0 (26/50) 50.0 (25/50) 54.0 (27/50) 53.0 (106/200)
T6 38.0 (19/50) 56.0 (28/50) 32.0 (16/50) 38.0 (19/50) 41.0 (82/200)
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levels, with the largest disparity at T1 (92.0% left,
90.0% right in males vs. 74.0% left, 82.0% right in
females). A similar trend was observed at T2.

Furthermore, the bilateral distribution
analysis revealed general symmetry in males, except
at T6 (38.0% left, 56.0% right), while females
showed symmetry at all upper thoracic vertebrae
(T1-T6), as shown in Table 1.

These results suggest that the nutrient
foramen may serve as a useful anatomical landmark
for identifying the pedicle screw entry point when
present. Nevertheless, at levels with a low incidence
or absence of the nutrient foramen—findings that
may normally occur among individuals—reliance
on additional anatomical landmarks may be
necessary for accurate determination of the thoracic
pedicle screw entry point.

Statistical analysis revealed significant
correlations and differences in upper thoracic
vertebrae measurements, with varying degrees of
bilateral symmetry across vertebral levels and
gender. In males, T4 displayed the highest level of
bilateral symmetry, with a correlation of r = 0.76
between the left (LA) and right (RA) sides. In
contrast, T5 showed significant paired differences in
the left (LB) and right (RB) sides, resulting in a
correlation of r =-0.04. In females, different patterns
were displayed. The strongest correlations were
observed at T3 and T6, with values of r=0.82 and
r=0.77, respectively. Similar to the males, T6 also
exhibited notable paired differences in LB and RB,
resulting in a correlation of r = -0.16. Overall, the
upper thoracic vertebrae (T1-T6) demonstrated
significant asymmetry at T3, with a left-right
comparison yielding p <0.01. T4 and T5 showed the
strongest correlations, as detailed in Table 2.

The findings emphasize  significant
anatomical differences and bilateral correlations in
the position of the nutrient foramen, which may
have important implications for thoracic pedicle
screw placement and planning of surgical
techniques. The observed sex-specific and level-
specific patterns provide valuable reference data for
improving the accuracy and safety of thoracic
pedicle screw placement in the northeastern Thai
population.

Morphometric analysis demonstrated significant
sex-related differences in nutrient foramen positions
across the thoracic vertebrae, most prominently in
the upper thoracic levels (T1-T4). For LA
measurements, males exhibited significantly greater
values, particularly at T1, T3, and T4 (p <0.01). RA
measurements also showed significant sex
differences at T1 (p <0.01), T3 (p=0.01), and TS (p
= 0.01). Similarly, LB values were consistently
larger in males, with statistically significant

127

Proceedings of the Anatomy Association of Thailand
May 13-15, 2026

differences observed at T1 and T2 (p < 0.01) and at
T3 (p=0.01). RB measurements demonstrated
significant differences at T1 (p < 0.01) and T3 (p =
0.01). RC measurements exhibited the greatest
absolute values among all parameters and showed
significant sex differences at T1 and T4 (p < 0.01),
as shown in Table 3.

These results prove that a consistent pattern
was observed across all parameters, demonstrating
greater distances in males compared with females,
with the most pronounced differences in the upper
thoracic levels (T1-T4). All parameters showed
statistically significant inter-level variation (p <
0.01) in both sexes, indicating region-specific
distribution patterns of the nutrient foramen along
the upper thoracic vertebrae.

Discussion

This  study provides comprehensive
morphometric data on nutrient foramen distribution
in upper thoracic vertebrae of the Northeast Thai
population. Our findings reveal the highest
incidence of nutrient foramen at T1 (84.5%),
consistent with previous Asian population studies
[9,10].

Significant gender dimorphism was observed,
particularly in the upper thoracic region (T1-T4).
Male specimens showed consistently larger
measurements, most notably at T1 (LA: 6.05+1.57
mm vs 5.00+£1.26 mm, p=0.001) [11]. The precise
mapping of nutrient foramen positions provides
reliable landmarks for surgical navigation, with
consistent bilateral symmetry observed in most
levels except T6 [12].

Regional  variations revealed unique
characteristics in the Northeast Thai population
compared to other Asian populations. Mean LA
distances at T1 were smaller than those reported in
Korean (male: 6.89+1.62 mm, female: 5.85+1.33
mm) and Chinese populations (male: 6.72+1.58
mm, female: 5.67+1.29 mm) [13,14]. These
population-specific  variations emphasize the
importance of regional anatomical data for surgical
planning [15].

Bilateral analysis showed asymmetrical
patterns, particularly at T6 in males (left: 38.0%,
right: 56.0%). Strong correlations were observed in
the upper thoracic region, with the highest
correlation at T4 between LA & RA (r=0.761) in
males and T3 and T6 (r=0.824, r=0.772) in females
[16].

In some vertebrae, more than one nutrient
foramen may be present on the lamina. In the
present study, when multiple foramina were
identified, the foramen selected for measurement
was the one that most closely corresponded in
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position to the nutrient foramen on the contralateral
side to allow symmetrical bilateral comparison.
Nevertheless, smaller accessory foramina may also
occur and should be recognized during anatomical
evaluation or surgical procedures.

Clinical recommendations include utilizing
consistent nutrient foramen patterns in T1-T4 as
surgical landmarks and considering gender-specific
approaches in surgical planning [17]. The
comprehensive analysis contributes new insights
into thoracic vertebral anatomy specific to the Thai
population, supporting the trend toward precision
spine surgery [18].

Conclusion

This study concludes that the nutrient
foramen can serve as an anatomical landmark for
determining the entry point in upper thoracic pedicle
screw placement when the nutrient foramen is
identifiable. However, its application should be
considered in relation to the vertebral level, patient
sex, and the possibility of absence of the nutrient
foramen. In cases where the nutrient foramen cannot
be identified, additional anatomical landmarks are
required. In the present study, data from three
anatomical reference points were collected to
provide alternative guidance for determining the
pedicle screw entry point.

The findings of this study provide
fundamental anatomical data for surgeons and
population-specific information regarding the
position of the nutrient foramen in the Northeastern
Thai population, which may contribute to improved
accuracy and safety in thoracic pedicle screw
placement in the future.
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Table 2 Bilateral correlation analysis and paired differences of nutrient foramina measurements in upper thoracic vertebrae

Male (N=30) Female (N=50) Overall (N=100)
Correlation P- Correlation P- Correlation p-

(1) Mean  SD value (1) Mean SD value () Mean  SD value
Tl
LA &ERA 0.16 016 209 062 0.33 013 121 033 039 003 175 088
LE &EB 0.14 009 19 097 0.35 025 121 022 0.47 006 167 073
LC &RC 0.44 011 168 066 0.35 049 172 010 0.50 015 172 043
T2
LA &RA 037 059 181 007 0.39 007 149 082 039 030 169 018
LE &EB 041 014 142 039 0.66 -022 114 033 0.56 002 131 091
LC&RC 0.535 024 137 032 0.61 -0.04 143 088 0.62 016 139 040
T3
LA &ERA 0.27 021 236 0.90 0.82 010 122 0.6 058 016 193 062
LE &RB 0.07 019 155 058 025 068 114 004 021 040 139 010
LC&RC 0.40 061 145 007 0.54 -0.66 110 004 0.47 063 129 001
T4
LA &RA 0.76 003 167 0935 0.60 -059 225 038 0.68 029 194 046
LE &EB 0.38 032 100 025 0.42 -0.20 122 058 0.36 008 112 072
LC &RC 0.67 -0.19 123 058 0.50 -017 201 078 0.62 -0.18 160 057
T5
LA &ERA 0.70 014 197 0.6 0.74 029 151 049 0.73 020 176 051
LE &EB -0.04 -0.17 132 058 0.64 033 074 012 0.29 024 110 022
LC&RC 0.45 014 173 073 0.82 -0.02 130 093 0.67 009 154 094
T6
LA &RA 0.56 127 308 0.18 0.77 -050 182 043 0.60 051 271 040
LE &EB 0.26 034 134 040 -0.16 -0.70 184 029 0.18 049 154 016
LC&RC 0.73 036 172 048 0.47 046 148 038 0.66 001 163 098

1: Paired Sample Correlation, LA: Distance from nutrient foramen to the inferior border of the superior articular facet on the left side.,
RA: Distance from nutrient foramen to the inferior border of the superior articular facet on the right side., LB: Distance from nutrient
foramen to the lateral border of the laminae on the left side., RB: Distance from nutrient foramen to the lateral border of the laminae
on the right side., LC: Distance from nutrient foramen to the midline of the spinous process on the left side., RC: Distance from nutrient
foramen to the midline of the spinous process on the right side
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Table 3 Comparative analysis of bilateral nutrient foramina measurements in male and female upper thoracic
vertebrae: mean values and standard deviations

Male Female Male Female
Parameter T Level P-value Parameter T Level P-value
Mean SD  Mean SD Mean SD  Mean SD
T1 6.05 157 300 126 0.00 T1 618 121 488 121 0.00
T2 7.93 160 720 121 0.08 T2 800 165 746 173 0.18
T3 900 200 741 1.87 0.00 T3 801 205 728 215 0.01
LA RA
T4 1041 167 847 212 0.00 T4 963 242 Be4 210 0.18
T3 10.70 228 977 184 0.11 T3 1100 254 912 223 0.01
T6 11.16 274 939 235 0.05 T6 1051 295 1019 177 0.68
P-value <0.01% <0.01* P-value <0.01*% < 0.01%
T1 5.81 155 437 111 0.00 T1 598 143 422 132 0.00
T2 4.12 130 301 130 0.00 T2 3.88 13 327 134 0.53
T3 354 1.14 284 0.86 0.01 T3 314 111 236 084 0.01
LB RB
T4 332 105 287 0386 0.11 T4 278 07y 1011 122 0.83
T5 302 095 257 0094 0.08 T3 312 082 261 090 0.04
T6 308 248 249 0091 0.03 Té 362 123 317 115 0.21
P-value <0.01% <0.01* P-value <0.01*% < 0.01%
T1 16.34 168 1464 140 0.00 T1 1632 152 1519 152 0.00
T2 1420 145 1351 132 0.03 T2 1463 120 135 158 0.00
T3 1278 144 1198 125 0.03 T3 1333 144 1239 165 0.04
LC RC
T4 1296 113 1177 147 0.00 T4 13.18 136 1215 195 0.06
T5 1290 1352 1241 170 027 T3 1318 176 1200 181 0.02
Té 1283 237 1198 149 022 T6 1252 180 1210 156 0.41
P-value < 0.01% <0.01* P-value <0.01% < 0.01%

*significant differences between Thoracic level in each parameter (one-way ANOVA, p < 0.05)
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Abstract

The human carotid body is a small peripheral chemoreceptor located at the carotid bifurcation. It detects
changes in arterial oxygen, carbon dioxide, and pH and relays this information to the central nervous system to
help maintain homeostasis. This study investigated the gross anatomical nerve supply of the human carotid body
in Thai cadavers. Fifty-four cadavers, including 42 embalmed cadavers and 12 soft cadavers, were examined by
dissection. Nerve branches entering the carotid body were identified, traced proximally to their origins, and
counted. The main nerve supply arose from the carotid sinus branches of the glossopharyngeal nerve and the
superior laryngeal branches of the vagus nerve. The median number of carotid sinus branches was 3, with an
interquartile range of 2 to 4. The median number of superior laryngeal branches, pharyngeal branches, and
sympathetic branches was 2, with an interquartile range of 0 to 3. The carotid sinus branches and superior laryngeal
branches each gave rise to as many as 6 branches, whereas the pharyngeal and sympathetic branches contributed
as many as 5. Communicating branches to the carotid sinus branches were also identified from the superior
laryngeal, pharyngeal, and sympathetic branches. No statistically significant side-to-side differences were
observed. The human carotid body receives complex and variable neural innervation, with the carotid sinus and
superior laryngeal branches as the principal contributors.

Keywords Human carotid body, Carotid sinus branches, Superior laryngeal branches, Pharyngeal branches,
Sympathetic branches

Background fibers, and the hypoglossal nerve (8). Tubbs et al.
The human carotid body (CB) is a small reported CSN contributions from the pharyngeal

structure located at the carotid bifurcation (1). It has branches of CN IX and Sym fibers (9). Toorop et al.

a complex innervation that includes the carotid sinus also identified branches of CN IX and Sym fibers as

branches (CSN) of the glossopharyngeal nerve (CN contributors to the CSN (3).

IX), the superior laryngeal (SLN) and pharyngeal However, gross anatomical dissection studies

(PN) branches of the vagus nerve (CN X), and examining the number of nerve branches supplying

sympathetic (Sym) fibers (1-3). The CB functions the CB remain scarce. Further anatomical

primarily as a peripheral chemoreceptor, investigation is therefore needed to clarify the

maintaining arterial homeostasis by detecting number of nerves supplying the CB.

changes in arterial oxygen (O:), carbon dioxide

(CO2), and pH, thereby helping to prevent Materials and Methods

hypoxemia (4,5). These chemical signals are Cadaveric specimen

transmitted to the central nervous system through Fifty-four subjects (42 embalmed cadavers

sensory nerve fibers, which in turn promote and 12 soft cadavers) were collected from the

activation of the sympathetic nervous system (6). Department of Anatomy, Faculty of Medicine
Previous microdissection studies have shown Siriraj Hospital, Mahidol University. These

that the neural connections of the CB are complex. cadavers were recruited for this study with approval

Monfared et al. reported contributions from the SLN of the Committee of Siriraj Institutional Review

and the superior cervical ganglion (7). Schulz et al. Board, Faculty of Medicine Siriraj Hospital,

described nerve branches associated with the CSN, Mabhidol University (SIRB No 652/2567).

including contributions from CN IX, CN X, Sym
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Sample collection

Inclusion criteria comprised Thai embalmed
and soft cadavers obtained from the Faculty of
Medicine Siriraj Hospital, Mahidol University, with
an intact CB and preserved surrounding nerve
endings. Cadavers were excluded if there was
history or evidence of neck surgery, or any injury
involving the CB, internal carotid artery, or external
carotid artery that could compromise the integrity of
the CB and its nerve endings.

The human cadaveric dissection

Cadavers were positioned supine with the
neck extended. The CN IX, CN X, common carotid
artery, internal carotid artery, external carotid
artery, and CB were exposed by removing overlying
connective tissue and fat. After the CB was
identified, all nerve fibers terminating within the CB
were identified and traced proximally to their parent
nerves. Then record the number of nerve supply,
nerve branches, and their communication on the
case record form.

For this study, the CSN was operationally
defined as the branch arising from CN IX that
coursed to the carotid bifurcation and entered the
CB. The CSN was followed proximally as it
ascended along the medial aspect of the ICA to join
the main trunk of CN IX inferior to the jugular
foramen. The CN IX was defined as the main
glossopharyngeal trunk receiving the CSN below
the jugular foramen (Fig. 1).

The SLN was operationally defined as the
branch arising from CN X at the level of the inferior
vagal ganglion that coursed toward the carotid
bifurcation and contributed fibers to the CB. The
SLN fibers were traced proximally to their origin
from the CN X at the lower portion of the inferior
vagal ganglion.

The PN were defined as vagal branches
arising from the upper portion of the inferior vagal
ganglion and coursing to the pharynx, including any
branches that provided communicating fibers to the
CSN.

The Sym contributions were defined as nerve
branches entering the CB from the posterior aspect
of the carotid bifurcation and were traced
proximally to the superior cervical ganglion,
running deep to the CN X.

Statistical analysis

Normality was assessed using the Shapiro-
Wilk test. The number of nerves supplying the
human carotid body was summarized as the median
with interquartile range (IQR). Comparisons
between the right and left sides were performed
using the Wilcoxon signed-rank test. A p-value
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< 0.05 was considered statistically significant. All
analyses were conducted using IBM SPSS
Statistics, version 30.

Results and Discussion

Fig. 1 The carotid sinus branch of the glossopharyngeal
nerve supplies the carotid body. CB: Carotid body, CSN:
Carotid sinus branches.

Baseline characteristics are presented in
Table 1, with no statistically significant difference
in gender between types of cadavers. The mean +
SD of age (years) was 71.50+12.99 and ranged from
51-91 in soft cadavers, while in embalmed cadavers
it was 77.62+11.83 and ranged from 50-97, with no
statistically significant difference between the two
types of cadavers.

Table 1 Demographic characteristics of cadavers

Soft Embalmed p-
Baseline cadavers cadavers value
(n=12) (n=42)

Gender, n 0.73
(%)

Male 9 (75%) 27 (64.3%)

Female 3 (25%) 15 (35.7%)
Age (years), 71.50+12.99  77.62+11.83  0.16
Mean £+ SD (51-91) (50-97)
(min-max)

The number of nerve supply of the human carotid
body

The number of nerves supplying human CB is
presented in Table 2. The IQR number of CSN
branches was 3 (2-4), whereas that of the SLN, PN,
and Sym branches was 2 (0-3).

Comparisons between cadaveric types are
presented; the CSN and the IQR numbers were 3 (2—
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4) on both types. For SLN, it was 2 (0.25-3) on soft
cadavers and 2 (0-3) on embalmed cadavers. For
PN, the values were 2 (0—2.75) on soft cadavers and
2 (0-3) on embalmed cadavers. For Sym, the values
were 2 (0.25-2.75) on soft cadavers and 2 (0-3) on
embalmed cadavers. No statistically significant
differences between types were observed.
Side-to-side comparisons are presented in
Table 3. For CSN, the IQR number was 3 (2—4) on
both sides. For SLN, it was 2 (0-3) bilaterally. For
PN, the values were 1.5 (0-2.25) on the right and 2
(0-3) on the left. For Sym, the values were 2(0-3)
on the right and 1 (0-2) on the left. No statistically
significant side-to-side differences were observed.

Table 2 The number of nerves supplied to the human

carotid body
Cadavers
(n=54)
Number of MeantSD min, Median Q1-Q3
nerve max
supply
CSN 2.82+1.79 0-6 3.00 2.00-4.00
SLN 1.96+1.72 0-6 2.00 0.00-3.00
PN 1.58+1.44 0-5 2.00 0.00-3.00
Sym 1.57£1.45 0-5 2.00 0.00-3.00
CSN anast. 0.36+0.73 0-3 0.00 0.00-0.00
PN
CSN anast. 0.21+0.61 0-3 0.00 0.00-0.00
SLN
CSN anast. 0.48+0.88 0-3 0.00 0.00-1.00
Sym

CSN: Carotid sinus branches, PN: Pharyngeal branches,
SLN: Superior laryngeal branches, Sym: Sympathetic

branches, anast.: anastomosis

Discussion

Previous studies have investigated the
microdissection of the nerve supply to the CB, but
the number of contributing nerve branches has not
been reported. These studies suggest that the
innervation of the CB is complex and may involve
CN IX, CN X, Sym fibers, and the hypoglossal
nerve (7,8). They also described contributions to the
CB through nerve branches associated with the
CSN, including the SLN and PN of CN X, as well
as Sym fibers (3,9). In the present study, the
principal nerve supply to the CB arose from the CSN
and SLN, with median numbers of 3 and 2 branches,
respectively, on both sides. The PN and Sym fibers
provided additional contributions, with median
numbers of 1.5 and 2 branches on the right.
Consistent with previous reports, branches
associated with the CSN, including the SLN and PN
of CN X and Sym fibers, were observed to
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contribute to the CB. These findings may improve
understanding of the functional relationship
between the CB and its nerve supply. Additionally,
this information may be relevant for surgical
procedures involving the carotid bifurcation and
help reduce the risk of nerve injury during surgery.
Further studies with larger sample sizes are essential
to confirm the reproducibility of these findings.
Moreover, the use of different cadaver preservation
methods may help clarify the influence of various
factors on anatomical observations.

Conclusion

In conclusion, this study showed that the
human CB receives a complex and variable nerve
supply. The primary contributions arose from the
CSN and SLN, whereas the PN and Sym fibers
provided secondary input.
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Table 3. A comparison of the number of nerves supplying the human carotid body between sides in cadaveric specimens

Left

Right

p-value
0.97
0.69
0.75
0.30
0.74

0.81

(Q1-Q3)
2.00-4.00
0.00-3.00
0.00-3.00
0.00-2.00

Median
0.00-1.00

min, max

Mean+SD
2.81+1.68
2.00+1.70

Q1-Q3
2.00-4.00
0.00-3.00

Median

min, max

Mean+SD

Number of nerve supply

CSN
SLN
PN

3.00
2.00
2.00

0-6
0-5

3.00
2.00
1.50
2.00
0.00
0.00
0.00

0-6
0-6
0-5

2.83+1.91

1.93+1.75

0-4
0-5

1.61£1.37
1.43£1.41
0.39+0.76
0.22+0.66
0.43+0.86

0.00-2.25
0.00-3.00

1.56+1.53

00
0.00

1.

0-5
0-3

1.72+1.50
0.33+0.70
0.20+0.56
0.54+0.91

Sym

0-3

0.00-0.00
0.00-0.00
0.00-1.00

CSN anast. PN

0.00-0.00
0.00-0.25

00
00

0.

0-3

0-2
0-3

CSN anast. SLN
CSN anast. Sym

0.52

0.

0-3

CSN: Carotid sinus branches, PN: Pharyngeal branches, SLN: Superior laryngeal branches, Sym: Sympathetic branches, anast.: anastomosis

p <0.05 was considered statistically significant
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Abstract

Background: Hilar clamping is a fundamental step in minimally invasive partial nephrectomy; however, the actual
availability of clampable arterial space under operative conditions remains poorly characterized. Objective: This
study introduces the concept of functional surgical space (FSS) to evaluate the anatomical feasibility of renal artery
clamping. Methods: Twenty kidneys from ten cadavers were examined. The renal artery length was measured
from the aortic origin to the first branching point. The functional surgical space of the renal artery (FSS-RA) was
defined as the longest uninterrupted arterial segment visible from an anterior approach without venous retraction.
Clamp feasibility was defined as FSS >15 mm. Kidneys were classified into three categories: Type I (main renal
artery clampable), Type II (main artery not clampable but at least one segmental or accessory artery clampable),
and Type III (no clampable arterial segment). Results: Type I anatomy was observed in 5 kidneys (25%). Type 11
configuration, indicating the potential for selective or accessory arterial clamping, was identified in 7 kidneys
(35%). The remaining 8 kidneys (40%) demonstrated no clampable arterial segment under baseline exposure
conditions (Type III). These findings suggest that although direct hilar clamping of the main renal artery is feasible
in only a minority of kidneys, alternative selective clamping strategies may be anatomically possible in a
substantial proportion of kidneys. Conclusion: FSS assessment provides a practical anatomical framework for
evaluating the feasibility of renal artery clamping. This preliminary cadaveric study highlights the importance of
considering spatial hilar anatomy when planning vascular control strategies.

Keywords Renal artery, Functional surgical space, Hilar anatomy, Partial nephrectomy, Minimally invasive
surgery
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Abstract

Background: Diabetes mellitus (DM) is associated with systemic microvascular dysfunction, leading to impaired
tissue perfusion and progressive structural changes in multiple organs. The parathyroid gland, with its dense
microvascular network, is particularly vulnerable to diabetic microangiopathy. Clinically, DM is linked to
disturbances in calcium—phosphate metabolism and may alter parathyroid hormone (PTH) secretion, contributing
to bone and mineral disorders. Pathophysiologically, microangiopathy may compromise parathyroid perfusion and
cellular function; however, histopathological evidence supporting these changes remains limited. Objective: To
qualitatively and semi-quantitatively evaluate microvascular-associated histopathological changes of the
parathyroid gland in streptozotocin (STZ)-induced diabetic rats compared with non-diabetic controls. Methods:
A comparative histopathological study was conducted using male Sprague—Dawley rats (n =24) divided into
control and diabetic groups. DM was induced by intraperitoneal injection of STZ (60 mg/kg). Rats were sacrificed
at 4 weeks (short-term) and 24 weeks (long-term) after induction. Parathyroid tissues were perfused with normal
saline, fixed in Bouin’s solution, embedded in paraffin, sectioned, and stained with hematoxylin and eosin. Slides
were coded and examined under light microscopy. Five non-overlapping high-power fields per gland were
evaluated using a semi-quantitative morphological scoring system (graded 0-3) assessing (1) capillary lumen
integrity, (2) vascular wall thickness and distortion, and (3) extent of perivascular and stromal alterations. Scores
from each parameter were summed up to generate a total histopathological score. All evaluations were performed
independently by two blind anatomists. Statistical analysis was performed using non-parametric tests. Differences
between groups were analyzed using the Mann—Whitney U test (p < 0.05). Results: The controls exhibited
preserved cord-like architecture, uniformly patent capillaries, thin vascular walls, and compact stroma. Chief cells
showed uniform cytoplasm and nuclei. In contrast, diabetic rats exhibited irregular, narrowed capillary lumens,
thickened, distorted vascular walls, and perivascular stromal expansion. Stromal pallor and separation of
parenchymal cords were frequently observed. Parenchymal cells exhibited cytoplasmic vacuolation, increased
nuclear variability, and architectural disorganization. These alterations were more pronounced in long-term DM,
as reflected in higher semi-quantitative morphological scores. No evidence of vascular thrombosis or necrosis was
detected. Conclusion: DM induces duration-dependent microvascular-associated histopathological alterations in
the parathyroid gland, accompanied by progressive parenchymal and stromal changes. These findings support the
role of microvascular disruption in structural remodeling during diabetes.

Keywords Diabetic angiopathies, Parathyroid glands, Microcirculation, Histopathology, Streptozotocin
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Epithelium and Skeletal Muscle in Long-Term Diabetic Rats:
Implications for Dysphagia
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Abstract

Diabetes mellitus (DM) is associated with gastrointestinal complications, including esophageal dysmotility
and dysphagia. While most studies focus on distal esophageal abnormalities and reflux-related pathology,
structural changes in the upper esophagus—predominantly composed of skeletal muscle and essential for
swallowing initiation—remain poorly characterized. Chronic hyperglycemia may induce microvascular injury,
inflammation, and neuromuscular remodeling, impairing esophageal function. This study aimed to investigate
histopathological remodeling of the epithelial, inflammatory, and muscular components of the upper esophagus in
a long-term streptozotocin (STZ)-induced DM rat model and its relevance to dysphagia. Twelve male rats were
divided into DM and control groups (n = 6 each). After 24 weeks, upper esophageal specimens were paraffin-
embedded, sectioned (5 serial sections, 6 um), and stained with hematoxylin and eosin. Structural changes were
evaluated using a semi-quantitative scoring system for epithelial (A1-A3), inflammatory (B1), and muscular (C1—
C2) remodeling (score 0-3). Five non-overlapping representative fields per section were analyzed under light
microscopy at X100 (overall architecture) and x400 (cellular detail), and mean scores were calculated. Trained
anatomists independently assessed all slides in a blinded manner. DM rats demonstrated pronounced upper
esophageal remodeling. Compared to controls, the epithelium showed severe architectural distortion with
hyperkeratinization and focal disruption (A1, score 3), along with basal cell hyperplasia and uneven thickening
(A2-A3, score 2). Moderate mononuclear inflammatory infiltration with stromal fibrosis was observed in the
lamina propria and submucosa (B1, score 2). The muscular layer exhibited fiber size variability, moderate
hypertrophy, increased inter-fiber spacing, and early disorganization (C1-C2, score 2). In conclusion, long-term
DM induces epithelial, inflammatory, and neuromuscular remodeling in the upper esophagus, providing
morphological evidence of impaired neuromuscular integrity and supporting a mechanistic basis for DM-related
dysphagia.

Keywords Diabetes mellitus, Esophagus, Dysphagia, Histology, Rats
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Abstract

Diabetes mellitus (DM) is a chronic metabolic disorder associated with multiple systemic complications;
however, gastrointestinal involvement, particularly diabetic enteropathy, remains insufficiently characterized. The
jejunum is a key site of nutrient absorption and mucosal defense and is especially vulnerable to diabetic injury.
This study aimed to quantitatively evaluate epithelial, stromal, and microvascular alterations in the jejunal mucosa
of streptozotocin-induced diabetic rats. Twenty-four male Sprague-Dawley rats were divided into control and DM
groups, and jejunal tissues were examined after 4 weeks using hematoxylin and eosin (H&E), periodic acid—Schiff
(PAS), Masson’s trichrome, and toluidine blue staining. Morphometric analyses revealed that DM rats exhibited
distorted villi, epithelial disruption, mild inflammatory infiltration, and increased intraluminal cellular debris,
accompanied by significant increases in total wall thickness, mucosal thickness, villus height, and crypt depth.
PAS staining demonstrated a marked reduction in goblet cell mucin area fraction, indicating impaired mucosal
protection and increased epithelial cell loss. Toluidine blue staining revealed abnormal Paneth cell morphology
with increased accumulation of secretory granules, suggesting altered secretory activity and functional
differentiation. In addition, Masson’s trichrome staining showed increased collagen accumulation in the lamina
propria and narrowing of mucosal capillary lumens, reflecting early microangiopathic and fibrotic remodeling
under diabetic conditions. Collectively, these findings demonstrate that short-term diabetes induces significant
structural and cellular alterations in the jejunum, leading to disrupted epithelial homeostasis, compromised
mucosal barrier integrity, and progressive stromal remodeling, which may contribute to the development of
diabetic enteropathy.

Keywords Diabetes mellitus, Streptozotocin, Jejunum, Goblet cell, Histopathology

Background injury. Jejunal damage contributes to bacterial

Diabetes mellitus (DM) is a chronic metabolic overgrowth, mucosal inflammation, and impaired
disorder characterized by persistent hyperglycemia absorption, leading to  maldigestion and
resulting from either insulin deficiency or insulin malnutrition, which together reduce patients’
resistance (1) .Globally, approximately 589 million quality of life (6-9). The epithelial lining primarily
adults aged 20-70 years were affected by DM in consists of enterocytes, goblet cells, Paneth cells,
2024, and this number is projected to rise to 853 and enteroendocrine cells, each performing
million by 2050 (2) .While the vascular, renal, and specialized yet interdependent roles in enzymatic
neural complications of diabetes have been digestion, mucosal protection, innate defense, and
extensively investigated, gastrointestinal (GI) hormonal regulation, respectively (10-12). The
involvement, particularly diabetic enteropathy lamina propria of the jejunum contains fibroblasts,
(DE), has received comparatively less attention, fenestrated capillaries, central lacteals, and diverse
despite being a common and devasting conditions immune cells that support nutrient absorption and
(1, 3-5). The jejunum, a primary site of nutrient mucosal defense (12).

absorption, is particularly vulnerable to diabetic
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Despite increasing recognition of diabetic
enteropathy, the quantitative relationships between
jejunal  histopathological changes, epithelial
secretory  dysfunction, and lamina propria
remodeling remain poorly defined. Previous studies
have demonstrated that diabetes induces significant
jejunal morphophysiological alterations, including
increased villus height and crypt depth, which
reflect a compensatory response to chronic
hyperglycemia (14). Evidence suggests that diabetes
triggers the up-regulation of advanced glycation
end-products (AGEs) and their receptors (RAGE)
throughout the small intestine, leading to structural
remodeling and tissue injury (9). Moreover,
integrated quantitative evidence linking epithelial
secretory  dysfunction  with  stromal and
microvascular remodeling in early-stage diabetes
remains limited. Therefore, this study aimed to
provide a comprehensive histopathological and
morphometric analysis of these alterations in the
jejunum  of short-term  streptozotocin-induced
diabetic rats, with an integrated analysis of epithelial
and structural changes. The findings provide insight
into the histopathology of diabetic enteropathy and
may inform strategies to prevent gastrointestinal
complications in diabetes patients.

Materials and Methods

Twenty-four male Sprague-Dawley rats aged
5-8 weeks (weighing 200-270 g) were randomly
assigned to the control (n=12) and diabetes (DM;
n=12) groups using a computer-generated
randomization sequence and maintained for 4
weeks. Diabetes was induced by a single
intraperitoneal injection of streptozotocin (60
mg/kg) dissolved in 0.1 Molar of citrate buffer,
while control rats received the same concentration
and volume of citrate buffer alone. Rats with fasting
blood glucose levels exceeding 300 mg/dL at 72
hours post-injection were confirmed as diabetic. All
animals were sacrificed 4 weeks after induction.

At the end of the experimental period, animals
were deeply anesthetized by halothane inhalation
and perfused with 0.9% sodium chloride (NaCl),
followed by 0.1 M phosphate buffer solution (PBS).
Jejunal tissues were then fixed in Bouin’s solution
for routine histological and morphometric analyses.
Selected samples were fixed in 2.5% glutaraldehyde
for high-resolution cellular evaluation. The small
intestine was subsequently excised and measured.
The jejunum was defined as the segment beginning
distal to the first 12 cm from the pylorus,
corresponding to the duodenojejunal flexure. A 15-
cm mid-jejunal portion was initially identified, from
which a 0.5-cm segment was collected at the same
anatomical level (exactly 15 cm distal to the
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gastroduodenal junction) in all rats to ensure
consistency. For histological analysis, three
representative sections were selected from each
tissue sample with a section interval of 30 um to
ensure that distinct villi and crypts were measured.
This standardized section interval was employed as
a reproducible technique to minimize measurement
bias and support the validity of the morphometric
data. Tissue samples approximately 0.5 cm in length
were fixed in fixatives for at least 24 hours before
histological and morphometric processing.

Paraffin-embedded tissue sections were
stained with Hematoxylin and Eosin (H&E) for
general histological evaluation, Periodic Acid-
Schiff (PAS) stain to identify mucin granules in
goblet cells, Masson’s trichrome stain to visualize
collagen fibers within the mucosal layer, and
toluidine blue to assess Paneth cell secretory
granules. Digital images were acquired using a light
microscope equipped with a digital imaging system
(Olympus Optical Co., Ltd., Tokyo, Japan).
Quantitative measurements were performed using
ImageJ software (National Institutes of Health,
USA).

Measurements were conducted on multiple
non-overlapping fields per section, with at least
three sections analyzed per animal. Morphometric
parameters included total wall thickness (measured
from the villus tip to the outer border of the serosa),
mucosal thickness (measured from the villus tip to
the muscularis mucosae), villus height (measured
from the villus tip to the villus-crypt junction), and
crypt depth (measured from the villus-crypt junction
to the crypt floor). Only well-oriented, longitudinal-
sectioned villi and crypts were included in villus
height and crypt depth measurement. Capillary
profiles were considered circular when the ratio of
maximum to minimum luminal diameter was less
than 1.5, and the mean minimal luminal diameter
was calculated for both groups.

Goblet cell mucin content was quantified as a
percentage area fraction on PAS-stained sections.
Paneth cell secretory granules were quantified at the
crypt base on toluidine blue-stained sections, while
collagen deposition was quantified as the lamina
propria area fraction on Masson’s trichrome-stained
sections using gland-based delineation. All
parameters were analyzed using region-of-interest
(ROI)-based area fraction analysis with identical
threshold settings across all samples. All
measurements were performed blindly to minimize
assessment bias.

Quantitative data were expressed as mean =+
standard deviation (SD). The sample size was
determined based on previous studies (4, 8)
demonstrating sufficient power in morphometric
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analyses in diabetic rat models with similar
experimental designs. Data normality was assessed
using the Shapiro-Wilk test. Statistical comparisons
between control and DM groups were performed
using a two-tailed independent r-test with SPSS
software version 20.0 (SPSS Inc., Chicago, IL,
USA). Bonferroni correction was applied to control
the family-wise error rate. Differences were
considered statistically significant when p < 0.05.
All experimental procedures were approved by the
Siriraj Institutional Animal Care and Use
Committee, Faculty of Medicine Siriraj Hospital,
Mahidol University, Bangkok, Thailand, and
conducted in accordance with international
guidelines for the care and use of laboratory
animals.

Results and Discussion

All STZ-injected rats (n=12) maintained
fasting blood glucose levels above 300 mg/dL
throughout the 4-week experimental period,
confirming the persistent state of severe diabetes.

Histopathological examination revealed a
preserved four-layered jejunal structure in both
groups. The mucosa consisted of columnar
epithelium with well-defined villi and crypts.
Control rats displayed tall, slender wvilli and
regularly arranged tubular glands (Fig. 1A), whereas
DM rats exhibited distorted villi, focal epithelial
detachment from the basement membrane, villous
hyperplasia, mild inflammatory infiltration of the
lamina propria, and intraluminal cellular debris (Fig.
1B). To quantify these alterations, total wall
thickness, mucosal thickness, villus height, and
crypt depth were measured. Both villus height, crypt
depth, total wall thickness, and mucosal thickness
were significantly increased in the diabetic group
(Table 1), consistent with previous studies reporting
that diabetes mellitus is associated with enhanced
intestinal epithelial proliferation, leading to villus
elongation and crypt hyperplasia (13-15).
Interestingly, the observed increases in villus height,
crypt depth, mucosal thickness, and total wall
thickness in STZ-induced diabetic rats do not
signify improved intestinal health but rather
represent compensatory hyperplasia and structural
remodeling. This intestinal growth adaptation is
likely driven by hyperphagia, a hallmark of diabetes
where increased food intake triggers the expansion
of the absorptive surface area to satisfy energy
demands and the elevated levels of glucagon-like
peptide 2 (GLP-2), which stimulates epithelial cell
proliferation during the early stages of the disease
(18,19). Consequently, while the structures appear
larger, they reflect a pathological response to
metabolic stress and nutrient malabsorption. Such
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morphological alterations have been reported to
involve activation of the canonical Wnt/B-catenin
signaling pathway (13, 16-17). In addition, insulin
deficiency—induced hyperphagia increases nutrient
exposure in the intestine and elevates circulating
glucagon-like peptide-2 (GLP-2), a potent
intestinotrophic hormone that further promotes
crypt epithelial proliferation (18-19). Together,
these mechanisms contribute to increased villus
height, crypt depth, and mucosal hyperplasia
observed under diabetic conditions.

Goblet cells scattered among enterocytes
were identified by PAS staining. In control rats,
goblet cells exhibited a typical wine-glass
morphology with basally located round-to-oval
nuclei and abundant mucin granules (Fig. 2A). In
contrast, DM rats showed pale staining, indicating
reduced mucin content, together with disrupted
surface epithelium and cellular debris within the
lumen (Fig. 2B). Quantitative analysis demonstrated
a significant reduction in goblet cell mucin area
fraction in the jejunum of DM rats (Table 2). This
finding is consistent with previous reports showing
decreased expression of trefoil factor 3 (TFF3) in
diabetes, suggesting a reduction in goblet cell
population (20). Moreover, several studies have
reported a significant decrease in goblet cell
numbers in diabetic conditions (21,22). This
reduction may be partly attributed to increased
epithelial cell loss mediated by inflammatory
cytokines (23,24). Among these, tumor necrosis
factor-a (TNF-a) plays a key role by activating
death receptor signaling and caspase-8, while
mitochondrial stress further contributes to apoptosis
through the activation of caspase-9 and caspase-3
(25). Together, these pathways may accelerate
epithelial cell loss and contribute to goblet cell
depletion and impaired mucosal barrier integrity
under diabetic conditions.

Toluidine blue staining revealed typical
Paneth cell morphology in control rats,
characterized by pyramidal-shaped cells with
basally located round nuclei and densely stained
apical secretory granules (Fig. 3A). In contrast, DM
rats exhibited swollen Paneth cells with irregular
nuclei and heterogeneous, pale-stained apical
secretory granules (Fig. 3B). These morphological
alterations were further confirmed by H&E staining
in the insets of Figure 3A and 3B; while control rats
exhibited dense eosinophilic granules, diabetic rats
showed a noticeable reduction in granule density.
The demonstration of Paneth cell degranulation and
secretory dysfunction suggests a significant
impairment in the synthesis and secretion of
antimicrobial proteins.
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Quantitative analysis showed a tendency
toward increased accumulation of Paneth cell
secretory granules in DM rats (Table 2), although
this difference did not reach statistical significance.
This morphological alteration is consistent with
previous reports suggesting suppression of the
Notch/Hes1 signaling pathway under diabetic
conditions, which biases intestinal stem cell
differentiation toward secretory lineages, including
Paneth cells (20,27). Nevertheless, reduced
expression of antimicrobial peptides derived from
Paneth cells indicates impaired functional
differentiation (26). Collectively, these findings
suggest that DM disrupts epithelial lineage balance,
resulting in the accumulation of morphologically
altered but potentially functionally impaired Paneth
cells, which may compromise intestinal barrier
integrity.

Persistent hyperglycemia has been suggested
to activate convergent mechanisms that damage the
intestinal mucosa, particularly through excessive
production of reactive oxygen species (ROS).
Increased ROS generation induces oxidative stress,
which has been associated with reduced antioxidant
enzyme activity and elevated oxidative stress
markers in the diabetic small intestine (28,29).
Elevated ROS levels impair mitochondrial function,
disrupt the electron transport chain, and reduce ATP

synthesis, thereby further amplifying ROS
production (28). In addition, oxidative stress may
interfere  with endoplasmic reticulum (ER)

homeostasis, leading to cellular dysfunction and
epithelial injury under diabetic conditions (30).
Highly secretory epithelial cells, particularly goblet
and Paneth cells, are especially vulnerable to ER
stress (31). Dysregulated inositol-requiring enzyme
1 alpha (IREla) signaling has been reported to
impair mucin and antimicrobial protein synthesis

and promote epithelial apoptosis, ultimately
compromising mucosal barrier integrity and
predisposing to intestinal inflammation and

bacterial overgrowth in diabetes (8,20,26,29).

In addition, Masson’s trichrome staining was
used to evaluate collagen accumulation and
capillary diameter in the jejunum. In control rats, the
lamina propria consisted of loose connective tissue
with sparse collagen fibers (Fig. 4A) and minimal
collagen deposition around capillaries (Fig. SA). In
contrast, diabetic rats exhibited mild collagen
accumulation within the lamina propria (Fig. 4B)
and increased perivascular collagen deposition (Fig.
5B). Quantitative analysis confirmed a significant
increase in collagen accumulation in lamina propria
collagen area fraction in the DM group,
accompanied by significant narrowing of mucosal
capillary lumens (Table 3). Previous studies have

141

Proceedings of the Anatomy Association of Thailand
May 13-15, 2026

shown that DM promotes excessive formation of
advanced glycation end products (AGEs) binding to
the receptor for advanced glycation end products
(RAGE), thereby inducing oxidative stress and
chronic inflammation, primarily via nuclear factor-
kappa B signaling (32). These processes contribute
to endothelial dysfunction and microangiopathic
remodeling, characterized by basement membrane
thickening and increased collagen deposition in the
lamina propria (33,34). Moreover, DM promotes a
profibrotic intestinal environment through increased
transforming growth factor-B expression and

extracellular ~ matrix  deposition,  including
fibronectin and type IV collagen, leading to
progressive intestinal fibrosis and structural

remodeling (21). These structural damages impair
absorptive function and compromise the mucosal
barrier against pathogens, collectively contributing
to the development and progression of diabetic
enteropathy

This study has several limitations. The
relatively short duration of diabetes induction (4
weeks) may not fully represent chronic intestinal
remodeling. In addition, functional assessments of
intestinal absorption and barrier integrity were not
performed. Future studies incorporating longer
follow-up periods, functional permeability assays,
and molecular analyses are warranted to further
elucidate the pathogenesis of diabetic enteropathy.

Conclusion
Short-term  diabetes  mellitus  induces
significant histopathological alterations in the

jejunum, including epithelial hyperplasia, goblet
cell mucin depletion, Paneth cell morphological
dysfunction, and progressive stromal remodeling.
These changes reflect early disruption of epithelial
homeostasis, impaired mucosal defense
mechanisms, and progressive microvascular and
fibrotic alterations. Collectively, such pathological
remodeling may contribute to intestinal barrier
dysfunction and the development of diabetic
enteropathy. These findings highlight the
vulnerability of the jejunal mucosa to early diabetic
injury and emphasize the importance of early
gastrointestinal ~ monitoring and  preventive
strategies in the clinical management of diabetic
patients.
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Fig. 1 Light micrograph showing the four layers of the jejunal wall, villus height, and crypt depth in
the short-term control (A) and diabetic (B) groups with H&E staining. M : Mucosa: SM: submucosa:
ML: Muscular layer; SE: Serosa; Vi: Villi; C: Crypt; CD: Cell debris; Red stars: Disrupted surface
epithelium; Green stars: Hyperplasia; Yellow arrowheads: Epithelial detachment from the basement
membrane; White asterisks: Mild inflammatory cell infiltration. (10X)
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Fig. 2 Representative PA S-stained jejunal sections showing the villi of short-term control (A) and
diabetic (B) groups. Thick black arrows indicate goblet cells; Vi: villi; L: jejunal lumen; red star:
disrupted surface epithelium; CD: cell debris. Diabetic rats exhibit reduced goblet cell mucin content

compared with controls. (20X)

Fig. 3 Light micrographs showing cross-section of the jejunal mucosa crypt of the short-term control
(A) and diabetic (B) groups with toluidine blue staining. Thick black arrows: Paneth cells; White
arrowheads: Paneth cells swelling with irregular nuclei; Orange stars: Heterogeneous secretory
granules in Paneth cells. (100X). Insets (A, B) show high-magnification views of Paneth cells (Blue
dotted lines) using H&E staining, clearly demonstrating the eosinophilic secretory granules at the
crypt base. (20X)

R el e R
Fig. 4 Light micrographs showing the lamina propria of the jejunal mucosa of the short-term rats in
control (A) and diabetic (B) groups with Masson’s Trichrome staining. LP: Lamina propria; MM:
Muscularis mucosae; C: Crypts: SM: Submucosa; Black arrow with tails: Collagen fiber. (60X)
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Fig. 5 Light micrographs showing the fenestrated capillaries in the lamina propria of the jejunal
mucosa in control (A) and diabetic (B) groups with Masson’s Trichrome staining. Cap: Capillaries in
the lamina propria of the jejunum. (100X)

Table 1 The Quantitative analysis of total wall thickness, mucosal thickness, villi height and crypt depth (um)

Parameters Control (n = 90) DM (n =90)
Total wall thickness 599.99 £70.42 642.43 £103.73*
Mucosal thickness 516.80 + 66.50 551.11 +£83.81*
Villi height 357.02 £+ 54.36 402.10 £+ 54.66*
Crypt depth 130.86 + 18.72 141.04 £21.76*

Results expressed as Mean+SD
*p <0.05, compared to age-matched control rats in the same duration.

Table 2 The Quantitative analysis of the percentage area of goblet cells and secretory granules of Paneth cells

Parameters Control (n = 90) DM (n = 90)
% area of goblet cells 4.90 +1.87 3.50+1.81*
% area of secretory 1.88+1.19 2.63+1.43
granules of Paneth cells

*p <0.05, compared to age-matched control rats in the same duration

Table 3 The Quantitative analysis of capillary diameter in lamina propria (um) and of the percentage area of
collagen accumulation in lamina propria

Parameters Control (n = 90) DM (n =90)
Capillary diameter 5.05£0.80 4.50+£0.77*
% area of collagen 2.70 £1.49 6.60 +2.63*
accumulation

Results expressed as MeantSD
*p < 0.05, compared to age-matched control rats in the same duration
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Abstract

Sex estimation of skeletal remains is a critical component of forensic identification. Although the hip bone
provides high accuracy for morphological assessment, this approach requires substantial expertise and may be
limited by subjectivity. Morphometric approaches offer greater objectivity and require less technical expertise. In
recent years, these measurements have increasingly been applied to digital images, allowing skeletal structures to
be quantified without direct handling of physical specimens. Three-dimensional imaging techniques are
increasingly used in forensic anthropology; however, they often require specialized equipment and technical
expertise. In contrast, two-dimensional imaging approaches are more accessible and practical for many forensic
applications, although they may not fully capture the complexity of three-dimensional anatomical structures. This
study investigates the auricular surface of the hip bone as an alternative region for sex estimation using
morphometric image analysis and evaluates the level of accuracy achievable from two-dimensional (2D) images.
A total of 140 dry hip bones from 70 Thai adults (35 males and 35 females), including both left and right sides,
from the Osteology Research and Training Center, Chiang Mai University, were photographed in anatomical
position from a superior view. The auricular surface area was measured using image analysis software
(MATLAB). Descriptive statistics and discriminant function analysis were applied to assess sex differences and
classification accuracy. The results demonstrated that males exhibited significantly larger auricular surface areas
than females (10.95+ 1.61 mm? in males and 9.19 =+ 1.64 mm? in females, p < 0.05). Discriminant function analysis
yielded an overall classification accuracy of 74.3%, with accuracies of 71.4% and 77.1% for males and females,
respectively. The measurement of auricular surface area may therefore serve as a complementary tool for sex
estimation in forensic contexts within the Thai population. Further studies with larger sample sizes are needed to
improve classification accuracy and validate this approach.

Keywords 2D image, Auricular surface, Image analysis, Morphometric, Sex estimation
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Abstract

Background: Estimation of sex and stature from skeletal remains is one of the fundamental pillars of forensic
anthropology. The femur is a highly reliable bone for such assessments. However, conventional methods typically
rely on key variables such as maximum femoral length and femoral head diameter. In many forensic scenarios,
these landmarks are frequently damaged due to severe fractures, trauma, or burning. Therefore, identifying novel
alternative localized markers that remain preserved in fragmented remains is essential. Methods: This study
utilized three-dimensional computed tomography (3DCT) to generate reconstructed models of 200 dry femora.
Morphometric analysis of the intertrochanteric length (INTL) was performed, defined as the linear distance from
the superior part of the greater trochanter (from the inferior margin of the impression for gluteus medius insertion)
to the lowest point of the tip of the lesser trochanter. Sex estimation was conducted using discriminant function
analysis, and stature estimation was calculated through linear regression equations derived from the correlation
between INTL and maximum femoral length (MFL) using SPSS statistical software. Results: Statistical analysis
demonstrated that INTL is a significant indicator of sexual dimorphism, achieving a classification accuracy of
83%. For stature estimation, a strong positive correlation was observed between INTL and MFL (r = 0.68). The
regression equation predicting femoral length from INTL yielded a standard error of estimation (SEE) of 1.90 cm,
indicating a reliable level of precision for stature reconstruction. Conclusion: The findings demonstrate that INTL
is a valuable and reliable metric for estimating both sex and stature. With high classification accuracy and a
significant correlation with total femoral length, INTL provides a practical alternative for forensic practitioners
when conventional landmarks are compromised by trauma or fragmentation.

Keywords Forensic anthropology, Computed tomography, Femur, Sex estimation, Stature estimation, 3DCT
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Abstract

Biological identification is a fundamental task in archacology, anthropology, and forensic science. Sex
determination is typically the first step when a skeleton is discovered, as it provides the basis for subsequent
estimation of other biological characteristics, such as age, stature, and ancestry. The cranium, particularly the
cranial base, is frequently recovered at forensic scenes due to its dense composition of compact bone and protection
by surrounding soft tissues. This inherent robustness makes the cranial base especially valuable in cases involving
severe fragmentation or thermal damage. This study aimed to determine sex using osteometric parameters derived
from the cranial base in a Thai population. A total of 100 adult Thai dry crania (50 males and 50 females), obtained
from the Osteology Research and Training Center (ORTC), Faculty of Medicine, Chiang Mai University, were
examined. Four cranial base triangular perimeters, derived from ten linear measurements obtained using a digital
vernier caliper, were analyzed using discriminant function analysis to develop sex determination equations. The
results demonstrated cross-validated classification accuracies ranging from 73% to 90%. These findings indicate
that osteometric analysis of the cranial base can provide reliable accuracy for sex determination and may be
particularly useful in cases where only the cranial base is preserved. Nevertheless, further studies incorporating
larger sample sizes are recommended to improve the robustness and generalizability of the derived equations.

Keywords Biological identification, Cranial base, Forensic science, Osteometric, Sex determination
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Abstract

Sex determination is essential for fragmented remains. While the medial clavicle is a robust indicator,
manual histomorphological analysis is time-consuming and subjective. To overcome these limitations, artificial
intelligence is integrated into the analytical process. This study investigated histomorphological techniques for
identifying sex-related differences through the analysis of histological images. The research utilized medial
clavicle samples of documented sex, age, and cause of death from 17 Thai cadavers, comprising 12 males and 5
females, with ages ranging from 41 to 92 years. Cortical bone sections were subjected to decalcification in nitric
acid solutions for a duration of 14 to 16 days, followed by standard histological processing and staining with
hematoxylin and eosin. High-resolution digitized images were captured using an Olympus BX63 motorized
microscope integrated with cellSens imaging software. Damaged tissue sections were excluded, and all viable
images were preserved in Tagged Image File Format. These histological images were employed to train
computational models within the MATLAB environment to identify sex-specific characteristics. The training
dataset included 68 standardized images, and model performance was evaluated based on classification accuracy.
Results indicated that transfer learning facilitated superior performance. This study applied pre-trained deep
learning architectures to discern sex-related variations in medial clavicle morphology. The most effective model
derived from the AlexNet architecture achieved accuracy rates of 75.00%, 80.00%, and 73.17% across three
separate validation trials. Furthermore, the top-performing model based on the VGG-16 architecture
demonstrated enhanced accuracy rates of 80.00%, 85.00%, and 73.17%, respectively. These histological findings
underscore the forensic potential of intelligent computing systems for sex determination. This research
establishes a foundational framework for future advancements in forensic identification using microscopic
imaging and deep learning techniques. Importantly, Al-identified sex-specific features focused on the size and
shape of secondary osteons, reflecting distinct micro-anatomical patterns and bone remodeling variations
between sexes.

Keywords Sex determination, Medial clavicle, Histomorphology, Artificial intelligence, Deep learning
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Abstract

Diabetes mellitus is associated with progressive microvascular and neuropathic complications affecting
peripheral tissues, including the skin; however, duration-dependent histopathological alterations in plantar skin
remain incompletely characterized. This study evaluated such changes in the plantar skin of male Sprague-Dawley
rats with Streptozotocin (STZ)-induced diabetes and compared short- and long-term effects with time-matched
controls. Male Sprague-Dawley rats (approximately 200-250 g) were divided into four groups: short-term control
and diabetic groups (4 weeks, n = 6 each), and long-term control and diabetic groups (24 weeks, n = 6 each). All
animal procedures received ethical approval, obtained from the Institutional Review Board, Faculty of Medicine
Siriraj Hospital, Mahidol University (COA No. 009/2565). After STZ administration (STZ 60 mg/kg, single
intraperitoneal dose), hyperglycemia was confirmed by fasting blood glucose > 250 mg/dL. At 4 or 24 weeks,
plantar paw skin was harvested, fixed, embedded, sectioned, and stained with hematoxylin and eosin. Histological
evaluation focused on epidermal morphology (keratinocyte density, stratum structure); dermal microvasculature
(arterioles and capillaries). Both short- and long-term control groups exhibited preserved epidermal stratification,
well-interdigitated rete ridges, a compact stratum corneum, and densely organized dermal collagen bundles.
Vascular structures appeared structurally intact, with no duration-related changes observed in non-diabetic
animals. The short-term diabetic group demonstrated early architectural disruption, including mild irregular
epidermal thickness, reduced collagen compactness, and subtle vascular wall prominence. In contrast, the long-
term diabetic group exhibited more pronounced changes, including distorted epidermal architecture with flattened
rete ridges, uneven keratinization, and marked dermal collagen disorganization, along with vascular wall
thickening and luminal narrowing. These changes corresponded with increased semi-quantitative morphological
scores in diabetic groups. These findings provide histopathological evidence of progressive structural changes in
the plantar skin of STZ-induced diabetic rats, supporting the impact of chronic hyperglycemia on peripheral
cutaneous tissues.

Keywords Diabetes mellitus, Streptozotocin, Plantar skin, Cutaneous histopathology, Sprague-Dawley Rats
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Abstract

Background: Ureteral duplication is a rare anomaly of the urinary tract, with an incidence of 0.5% to 3%. Bilateral
double ureters are even rarer, occurring in 1 of 500 individuals. Case scenario: A 45-year-old lady presented to
the outpatient department with complaints of lower abdominal pain and intermittent heavy menstruation. Clinical
examination revealed mild tenderness in the right iliac fossa (RIF) and a vague, ill-defined swelling in the same
region. Result: The ultrasound (USG) and contrast-enhanced computed tomography (CECT) of the abdomen
revealed a right adnexal mass suggestive of carcinoma of the ovary. Findings in other organs were within normal
limits. Intraoperative findings revealed a carcinomatous lesion of the right ovary adherent to the uterus and the
ileocecal region. A hysterectomy with bilateral salpingo-oophorectomy was performed. During the dissection of
the right ovarian tumor, the incomplete right -sided duplicated ureters were identified incidentally. The left side
ureter was single. The imaging study did not comment on any ureteral anomalies. Discussion: Ureteric duplication
is associated with the ectopic ureterocele, vesicoureteral reflux, and urinary infection. Imaging studies might also
miss the abnormality until the pathology is evident. The imaging diagnosis of complete ureteral duplication can
be easily missed and is difficult to identify by routine CT examination. latrogenic ureteral injuries appear to be
more prevalent in gynecological and general surgical procedures, with the majority of gynecological injuries
occurring during abdominal hysterectomy and salpingo-oophorectomy. Conclusion: Therefore, the surgeons
should be more careful while performing hysterectomy and any pelvic operations, to avoid iatrogenic injury of the
ureter, as it adds to morbidity. Moreover, surgeons should be meticulous in dissection and confirm identification
of the ureter, as the higher incidence of renal-ureteral abnormalities in women, and sometimes it may be confused
with the round ligament.

Keywords Right-sided ureteral duplication, Ureteral abnormality, Vesicoreflux

151


https://www.sciencedirect.com/topics/medicine-and-dentistry/urinary-tract
https://www.sciencedirect.com/topics/medicine-and-dentistry/ureter-duplication
https://www.sciencedirect.com/topics/medicine-and-dentistry/abdominal-hysterectomy

48" AAT International Conference Proceedings of the Anatomy Association of Thailand
May 13-15, 2026

P-37

Unilateral Innominate Foramen in Parietal Bone Near
Mastoid Angle: A Rare Osteological Variant
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Abstract

Background: Parietal foramina are paired openings located near the sagittal suture at the posterior aspect of the
parietal bones. These foramina normally transmit emissary veins that connect extracranial veins to the superior
sagittal sinus. The mastoid foramen, present in the mastoid part of the temporal bone, transmits an emissary vein
connecting extracranial veins with the sigmoid sinus. The present case report describes a unilateral innominate
foramen in the left parietal bone at the mastoid angle, observed in a dry adult human female skull during routine
osteological examination in the department of Anatomy at AIIMS Raebareli, India. The foramen was oval in shape,
located near the mastoid angle of the parietal bone, and exhibited smooth, well-defined margins. It measured
approximately 3.1 mm in the transverse diameter and 2.4 mm in the vertical diameter, as determined using a digital
vernier calliper. Objective: To identify and document the presence of a unilateral innominate foramen in the
parietal bone and its clinical significance. Results: The surrounding skull structures appeared normal, with a sulcus
extending from the mastoid foramen to the innominate foramen. The unusual location of this foramen in the
parietal bone is clinically significant due to its potential association with vascular variations and increased
vulnerability to injury during surgical procedures. Furthermore, Neurosurgical approaches to the posterior cranial
fossa through the asterion require awareness of such rare foraminal variants in order to avoid procedural
complications. Management of Dural arteriovenous fistulas often involves access through emissary veins,
particularly those associated with the transverse and sigmoid sinuses. Therefore, endovascular surgeons should
consider the possibility of anatomical variations such as that observed in this case. When a probe was passed
through the innominate foramen, it reached the intracranial junction of the transverse and sigmoid sulci. The
unusual location of the foramen represents a persistent aberrant embryonic vascular channel during
intramembranous ossification, which normally regresses as cranial bone development progresses. Conclusion:
This case highlights the importance of recognizing rare anatomical variations and contributes to the existing
literature by providing detailed morphological observation. Awareness of this anomaly is essential for anatomists,
radiologists, and neurosurgeons in order to prevent potential surgical and diagnostic complications.

Keywords Parietal foramen, Mastoid foramen, Emissary vein, Asterion, Dural arteriovenous fistula
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Abstract

Background: Foramen spinosum is one of the foramina of the skull that lies bilaterally close to the spine of the
sphenoid in the middle cranial fossa. Recurrent meningeal branch of the mandibular nerve, middle meningeal
artery and vein usually pass through it. Hypoglossal canal is a paired bony canal lying deep to the occipital
condyles, directed anterolaterally through which the hypoglossal nerve, meningeal branch of ascending pharyngeal
artery, and emissary veins of the basilar plexus pass. Duplication of the foramen spinosum, along with duplication
and triplication of the hypoglossal canal in the same skull, is a rare osteological variant that may lead to variation
in the course of contents. The presence of duplication and triplication of these structures becomes clinically
significant for surgeons approaching the middle and posterior cranial fossae. Objective: To study clinical
implications of variation in the foramen spinosum and hypoglossal canal. Result: We report a case with
duplication of the left foramen spinosum, having a maximum diameter of 3.3 mm and 2.7 mm located just medial
to the spine of the sphenoid. The same skull showed duplication of the left hypoglossal canal with a maximum
extracranial diameter of 6.5mm and triplication of the right hypoglossal canal with a maximum diameter of 7.6
mm located lateral to the occipital condyles. Conclusion: Coexistence of variation in two types of foramina would
certainly make it much more clinically significant during skull base surgery to approach the middle meningeal
artery and hypoglossal nerve in the middle and posterior cranial fossa, respectively. Surgeons should be cognizant
of these variants while doing surgical procedures involving the middle meningeal artery and transcondylar
approach for the hypoglossal nerve to avoid further complications.

Keywords Foramen spinosum, Hypoglossal canal, Duplication, Triplication
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Abstract

Prostate calcifications are frequently detected on imaging, yet their volumetric characteristics and clinical
associations remain insufficiently quantified. This study aimed to determine the prevalence and volumetric
characteristics of prostate calcifications using three-dimensional (3D) image segmentation. Specifically, this study
aimed to quantify the volume and number of prostatic calcifications on CT imaging and evaluate their association
with prostate cancer and benign prostatic hyperplasia (BPH) in Thai men. A retrospective analysis of CT imaging
from 277 patients was performed. Among these, 167 patients (60.3%) showed unremarkable findings, 61 (22.0%)
had prostatic enlargement, 4 (1.4%) had prostate cancer, and 21 (7.6%) demonstrated isolated calcifications, with
several patients presenting combined findings. Overall, calcifications were identified in 28 patients (10.1%),
including 18 patients with isolated calcifications (6.5%), 8 with calcifications associated with prostatic
enlargement (2.9%), 1 with calcifications associated with prostate cancer (0.4%), and 1 with calcifications
associated with both enlargement and cancer (0.4%). Three-dimensional segmentation was performed using 3D
Slicer, where DICOM images were imported, and calcifications were segmented. Volumetric measurements were
calculated using the Segment Statistics module. Calcification volumes demonstrated wide variability among
patients. Correlation analysis showed no significant association between patient age and calcification volume
(Spearman’s p-0.21 to 0.07, p > 0.05). In contrast, the number of calcification sites showed a strong positive
correlation with total calcification volume (p = 0.763, p < 0.00001). The overall mean calcification volume was
341.5 £ 428.9 mm?, with progressively larger volumes observed as the number of calcification sites increased;
patients with four sites demonstrated the highest mean volume (1498.9 + 1124.1 mm?®). In conclusion, a higher
number of calcification sites is strongly associated with greater total volume, suggesting that multi-site
calcifications may reflect increased pathological severity. The ongoing research is evaluating whether these
volumetric patterns can predict disease severity by integrating imaging data with broader clinical and laboratory
parameters.

Keywords Prostatic calcification, Prostate cancer, Benign prostatic hyperplasia, Computerized tomography
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Abstract

Background: High-fat diet (HFD)-induced dyslipidemia is strongly associated with oxidative stress and chronic
inflammation, which contribute to impaired spermatogenesis and reduced sperm quality. These pathophysiological
changes involve increased lipid peroxidation, disruption of the blood—testis barrier and altered testicular
microenvironment. Standardized extract of Centella asiatica (ECa 233) contains bioactive triterpenoids with well-
documented antioxidant and anti-inflammatory properties that may mitigate these mechanisms. However, its
protective effects on male reproductive function under metabolic stress remain unclear. Objective: To investigate
the effects of ECa 233 on reproductive outcomes (including testicular weight, histopathology, sperm concentration,
and sperm viability) in HFD-fed rats. Methods: Male Wistar rats were divided into five groups (n=4-6/group):
normal diet, HFD, HFD+ECa 233 (10 mg/kg/day), HFD+ECa 233 (30 mg/kg/day), and HFD+simvastatin (40
mg/kg/day), administered orally for 12 weeks. Serum lipid profiles, body weight gain, and relative testicular
weight were measured. Sperm concentration and viability were assessed from cauda epididymis samples, and
testicular histopathology was evaluated using hematoxylin and eosin staining. Results: HFD rats exhibited marked
dyslipidemia, with significantly increased body weight gain (p<0.05), alongside decreased relative testicular
weight (p<0.05), sperm concentration and viability (»p<0.05), and testicular histopathology abnormalities (»<0.01)
compared with ND. ECa 233 at 30 mg/kg/day significantly reduced triglycerides, total cholesterol, and low-density
lipoprotein cholesterol (p<0.05), with efficacy comparable to simvastatin; however, it did not significantly improve
male reproductive parameters or testicular morphology. Conclusion: ECa 233 effectively ameliorated HFD-
induced dyslipidemia but did not significantly improve male reproductive function under the present experimental
conditions. This dissociation suggests that metabolic improvement alone may be insufficient to reverse
reproductive damage, which may require longer treatment duration, earlier intervention, or direct modulation of
testicular oxidative and inflammatory pathways. Further studies with larger sample sizes and mechanistic
investigations are warranted.

Keywords Centella asiatica, ECa 233, High-fat diet, Dyslipidemia, Oxidative stress, Male reproductive function
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Abstract

The clivus is a sloping portion of the cranial base extending from the dorsum sellae to the anterior margin
of the foramen magnum. Numerous osteological and radiological investigations have described anatomical
variations of the clivus and adjacent cranial base structures, including the fossa navicularis magna, condylus tertius,
and basilar processes. Nevertheless, certain variations remain insufficiently characterized. In particular, the median
basilar canal (MBC) has received limited attention, with only a single previous osteological investigation reported.
Furthermore, the basilar tubercles of the clivus (BTC), a morphological feature recently described by our group,
have not previously been investigated in osteological specimens and currently lack prevalence data in the literature.
Accordingly, the present study aimed to investigate variations of the clivus, with particular emphasis on the MBC
and BTC, through osteological examination supplemented by radiological confirmation. A total of 161 dry skulls
of unknown sex and age from the osteological collection of the College of Medicine and Health, University of
Birmingham, were examined. Each specimen was systematically inspected for anatomical variations of the clivus
and surrounding cranial base structures. The MBC was the most frequently observed variation, identified in 24
specimens (14.9%). The BTC were identified in 13 specimens (8.1%). Additional variations included fossa
navicularis magna in 8 specimens (5.0%), basilar processes in 3 specimens (1.9%) (unilateral, n=2; bilateral, n=1),
tubercle at the anterior margin of the foramen magnum in 2 specimens (1.2%), and condylus tertius in 2 specimens
(1.2%). This study provides further osteological and radiological evidence of anatomical variations in the clivus
and confirms the presence of the median basilar canal on CT imaging. Moreover, it presents the first prevalence
data for the basilar tubercles of the clivus, supporting their recognition as a distinct anatomical variant of the cranial
base.

Keywords Clivus, Skull base, Anatomical variation, Computed tomography
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Abstract

Background: Hyperostosis frontalis interna (HFI) is characterized by irregular thickening of the endocranial
surface of the frontal bone and is most commonly seen in elderly women. It is usually asymptomatic and often
goes unrecognized clinically because it occurs on the internal surface of the skull. HFI has been linked to aging,
female sex, postmenopausal hormonal changes, obesity, and endocrine imbalance. Although generally benign,
marked thickening may affect neurosurgical planning, radiologic interpretation, and forensic identification. While
it is often detected incidentally on imaging, it is less frequently reported in anatomical dissection studies.
Objective: The present case describes an extensive form of HFI identified during routine cadaveric dissection.
Method: During gross anatomical dissection of a 75-year-old female donor who died of heart failure, marked
thickening of the inner table of the frontal bone was observed following removal of the calvaria. Result: The
endocranial surface demonstrated irregular, nodular, and uneven bony overgrowth predominantly confined to the
frontal bone. The lesion did not cross the midline and showed no destructive or lytic features. Mild extension into
the anterior parietal bone was noted; however, the principal distribution remained within the frontal region. The
temporal and occipital bones were not involved. The outer table appeared grossly unremarkable. Based on its
morphology and distribution pattern, the findings were consistent with hyperostosis frontalis interna. Conclusion:
This case highlights the importance of recognizing HFI during anatomical dissection and underscores its relevance
in anatomical education and clinical awareness. Accumulation of further cadaveric reports may contribute to a
better understanding of its pathogenesis and epidemiologic characteristics.

Keywords Hyperostosis frontalis interna, Calvarial hyperostosis, Anatomical variation
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Abstract

Sex estimation is a fundamental aspect of forensic anthropology, aiding in the identification of unknown
individuals. While molecular techniques such as proteomics and genomics provide high accuracy, they can be
costly and sensitive to environmental conditions. Osteological methods remain essential, particularly when well-
preserved skeletal remains, such as the pelvis and skull, are unavailable. This study investigates the potential of
the atlas (C1) vertebra for sex estimation in a Central Thai sample. A total of 130 first cervical vertebrae (65 males,
65 females) were analyzed using digital calipers. Twelve osteometric measurements were obtained and assessed
through univariate and multivariate statistical analyses. The same observer took all measurements three times, and
intra-observer reliability was confirmed using the intraclass correlation coefficient (ICC), which ranged from 0.912
to 0.980. Statistical assumptions for multivariate analysis were tested and met. Significant differences (p < 0.05)
were found in nearly all measurements, except for the width of the superior articular facets. Male atlas
measurements were consistently larger than those of females. The univariate discriminant function using the width
of the left inferior articular facet showed the highest classification accuracy of 76.9%. A stepwise discriminant
function including the width of the fovea and the width of the left inferior articular facet achieved 76.2% accuracy.
The direct multivariate function incorporating all twelve variables provided the highest accuracy of 77.7%, with
comparable sensitivity and specificity. Compared with previous studies in different populations, the findings
emphasize the necessity of developing population-specific discriminant functions. Atlas-based osteometric
analysis provides a useful alternative with moderate accuracy for sex estimation when primary indicators are
unavailable. Further research with larger sample sizes and additional anatomical variables is recommended to
refine the accuracy of these models. These findings contribute to forensic anthropology, physical anthropology,
and bioarchaeology, offering valuable population-specific data for sex determination in Thai individuals.

Keywords Atlas morphometrics, Sex estimation, Thai sample, Physical anthropology, Osteometric analysis

Background The seven cervical vertebrae play important

Sex determination is one of the most roles in head positioning (13). The atlas (C1) is an
important aspects of forensic anthropological atypical cervical vertebra. The atlas has neither a
studies (1-9). Several studies have compared vertebral body nor a spinous process. It consists of
molecular methods, such as proteomic and genomic two lateral masses, each composed of a transverse
methods, with osteological methods (10). Although process, a superior articular facet, and a tubercle for
molecular studies have high accuracy and the transverse ligament (13). Between the transverse
sensitivity, there are many limitations (11-12). process and the superior facet is the foramen
Genomics-based methods require a sufficient transversarium, through which the vertebral artery
amount of uncontaminated DNA and are relatively passes to supply blood to the brain. The right and
expensive. In addition, environmental factors such left lateral masses are connected by the anterior and
as sunlight, high temperature, and humidity can posterior arches. The superior articular facet of C1
degrade DNA more easily than skeletal structures. is connected to the occipital condyles of the skull,
Therefore, osteological methods remain widely used which then form a joint called the craniovertebral
(10-12). joint. In contrast, its inferior facet is connected to the

superior facet of the axis (C2). Furthermore, the
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atlas has another articular facet at the midline of its
anterior arch that receives the anterior articular facet
of the dens of the axis (13-14).

Previous studies have unanimously concluded
that the pelvic bone is the best indicator for
determining sex (5-6, 8-9, 15-16). However, the
long bones, skull, and pelvic girdle have larger
surface areas than the cervical vertebrae and contain
more destructible chemical substances in their
cortex, making them less likely to remain intact
(8,17). Among the seven cervical vertebrae,
previous research has preferentially focused on C1
(atlas), C2 (axis), and C7 because of their distinct
morphologies (8,13-14). Therefore, the atlas was
selected as the focus of this study. Krishan et al. (18)
described two main approaches for sex
determination in forensic anthropology.
Morphological methods rely on visual assessment of
skeletal features and are useful for rapid preliminary
evaluation; however, their accuracy depends on the
preservation of the remains. In contrast, metric
methods quantify size differences between males
and females using imaging techniques such as CT,
MRI, or radiography. These data can then be
analyzed using statistical approaches, such as
discriminant analysis, to develop predictive models
for sex estimation (2,18). Metric methods rely on
measurable size differences between sexes. These
measurements can be obtained from CT scans, MRI,
or radiography and analyzed using discriminant
analysis to develop predictive models for sex
estimation. The accuracy of this approach depends
on which statistical method is used (2,18). For these
reasons, the osteometric method is most commonly
used for sex determination (2). Previously, the
assessment of the cervical vertebrae for sexual
dimorphism involved measuring three parameters:
maximum body height, the anterior-posterior of the
vertebral foramen, and the transverse diameter of
the vertebral foramen (2,8,19). However, the C1
vertebra has no vertebral body; it is not possible to
measure the vertebral body height of the C1 vertebra
(8,13-14). Previous studies have reported that the
most dimorphic parameter is the maximum cervical
vertebral body height, followed by the cervical
transverse diameter and cervical anterior-posterior
diameter (2,8,19). In  morphological sex
determination studies, the accuracy differs across
different populations (1-2, 4-5, 16, 18-20) reported
that the same discriminant function shows different
accuracy when used in two populations (5). Thus,
the functions derived from previous sex estimation
studies are population-specific and cannot be
applied to other population groups.

This study aimed to generate a discriminant
function by using twelve measurements of the atlas
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from people living in the central region of Thailand
and to investigate the sexual dimorphism of the atlas
among the Thai population.

Materials and Methods

Osteometric data were collected from 130
human first cervical vertebrac (atlas vertebrae)
obtained from a recognized osteological collection
at the Department of Anatomy, Faculty of Medicine,
Siriraj Hospital, Mahidol University, Bangkok,
Thailand. This collection comprises skeletal
remains of individuals with known sex, age, and
origin. Ethical approval was granted by the Siriraj
Institutional Review Board (SIRB) under protocol
No. 763/2554 (Exempt). The sample included 65
male and 65 female atlas vertebrae. All individuals
in the study were confirmed adults, with ages at
death ranging from 20 to 69 years. Only specimens
without pathological deformities or postmortem
damage were selected to ensure anatomical
normality. All measurements were taken directly
from the vertebrae using a digital sliding caliper
with a precision of 0.01 mm and recorded to the
nearest millimeter (Fig. 1A-1C). All measurements
were performed three times by a single primary
observer to ensure consistency. Inter-observer
reliability was additionally assessed among trained
anatomists. The intraclass correlation coefficient
(ICC) was calculated to assess intra-observer
reliability. The results showed excellent reliability,
with ICC values ranging from 0.912 to 0.98 across
all variables. Inter-observer reliability among
anatomists trained in the measurement protocol used
in this study ranged from 0.91 to 0.96. Post hoc
power analysis was conducted using G*Power
3.1.9.7 (21). The analysis, based on an effect size of
(V) =0.67, o = 0.05, two groups, and 12 response
variables, yielded a statistical power of 0.99 for a
sample size of 100. Our study included 130
participants, further strengthening the statistical
power beyond the calculated requirements. All
statistical analyses were performed using IBM SPSS
Statistics version 30.0. Before discriminant function

analysis, assumptions including normality,
homogeneity of variance-covariance matrices,
independence, linearity, multicollinearity, and

absence of outliers were tested and confirmed to be
met. These preliminary checks confirmed that the
data were appropriate for the use of multivariate
discriminant analysis.

Results and Discussion

Descriptive ~ statistics for all measured
dimensions of the first cervical vertebra (atlas),
including means, SDs, and ranges for males and
females, are summarized in Table 1. For example,
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the width of the superior articular facet ranged from
18.2-24.5 mm in males (mean+SD: 21.3+1.5 mm)
and 16.1-22.0 mm in females (mean+SD: 19.0+1.3
mm), demonstrating clear sexual dimorphism. All
measurements were significantly larger in males
than in females, with mean differences reaching
statistical significance at the p < 0.01 level. This
consistent pattern of sexual dimorphism indicates
that the atlas exhibits measurable morphological
differences between sexes in the studied population.

Each of the twelve linear measurements was
subjected to discriminant function analysis using

univariate, stepwise, and direct multivariate
approaches to evaluate their effectiveness in sex
estimation.  Univariate discriminant function

analysis revealed that all variables contributed to sex
discrimination, although with varying levels of
accuracy (Table 2). Among the individual
measurements, the width of the left inferior articular
facet (M7) demonstrated the highest average
classification accuracy of 76.90%.

Each dimension was multiplied by its co-
efficient and added to the corresponding constant.
For example, the discriminant function score(y) for
the width of the left inferior articular facet was
calculated as follows:

Y =0.906 (M7) - 13.80

The discriminant function derived from this
parameter showed satisfactory performance, with a
sensitivity of 78.69% (95% CI: 67.60-89.60%) and
a specificity of 75.36% (95% CI: 64.62-86.18%),
respectively, suggesting that inferior articular facet
dimensions may be informative indicators of sex-
related differences in atlas morphology. These
findings likely reflect functional and biomechanical
differences related to load transmission and
articulation with the axis, which tend to be more
pronounced in males.

The stepwise discriminant functional analysis,
incorporating all twelve variables, selected only two
measurements, the width of the fovea (M3) and the
width of the left inferior articular facet (M7), as the
most discriminative predictors (Table 3). The
resulting function achieved an average accuracy of
76.20%, with a sensitivity of 75.76% (95% CI:
66.20-85.80%) and a specificity of 76.56% (95%
CI: 66.30-86.70%), respectively.

Y = 0.255(M3) + 0.843(M7) -15.088.

The retention of only two variables in the
optimal model suggests that specific articular
foraminal dimensions capture the majority of sex-
related variation in the cervical vertebra, while
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limited
This

measurements  contribute
discriminatory =~ power.

additional
independent

parsimonious model may be advantageous in
forensic contexts where incomplete or fragmented
number

remains restrict the of measurable

parameters.

1A

Fig. 1 shows the locations of measurements. All
primary measurements were performed by a single
investigator to minimize variability. Inter-observer
reliability was additionally assessed in order to
eliminate inter-observer partiality.l: Length of right
superior articular facet (M1), 2: Width of right superior
articular facet (M2), 3: Width of fovea (M3), 4:
Distance between the lateral edges of the superior facet
(M4), 5: Length of the vertebral foramen (M5), 6:
Length of left inferior articular facet (M6), 7: Width of
left inferior articular facet (M7), 8: Distance between
the lateral edges of the inferior facet (M8), 9: Length of
left superior articular facet (M9), 10: Width of left
superior articular facet (M10), 11: Length of right
inferior articular facet (M11), 12: Width of right
inferior articular facet (M12).
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percentages of all functions. The primary
discriminant function- including all twelve atlas
measurements- achieved the highest average
accuracy of 77.70%; however, this level of accuracy
is considered moderate in forensic contexts.
Functions based on subsets of measurements
demonstrated lower accuracy, with inferior facet
variables (75.40%) outperforming the fourth
function, which includes the distance between the
lateral edges of the facet and the length of the
vertebral foramen (70%), and the second function-
the superior facet dimensions (66.20%). The best
discriminant function obtained by the direct method
was as follows:

Y =0.007 (M1) + 0.017(M2) + 0.264(M3) -0.072
(M4) + 0.075(MS5) + 0.183(M6) + 0.292(M7) +
0.089(M8) + 0.087(M9) +0.104(M10) -0.050(M11)
+0.299(M12) -19.585

The sensitivity and specificity of the function
from the direct discriminant function analysis were
77.27% (95% CI: 67.1-87.5%) and 78.13% (95%
CI: 68.1-88.1%), respectively. These results
reinforce the importance of inferior facet
morphology as a discriminator of sex, whether using
single-measure or stepwise approaches.

The classification accuracies obtained in this
study are comparable to those reported in previous
research, although variations across studies
highlight the population-specific nature of atlas-
based sex estimation. Rozendaal (8) reported
accuracy rates ranging from approximately 66.9%—
74% accuracy for males and 70.2%—79.5% accuracy
for females using measurements from multiple
cervical vertebrae in European populations, with
multivariate approaches exceeding 80% accuracy
when several vertebral levels were included (8).
Similarly, studies in Brazilian and Turkish
populations using computed tomography or logistic
regression models have reported higher accuracies
(approximated ~ 81-89%), particularly = when
vertebrae beyond the atlas were analyzed (2,7). The
somewhat lower accuracy observed in the present
study may be attributed to the exclusive focus on the
first cervical vertebra, differences in measurement
techniques, and population-specific  skeletal
characteristics.

Further support for population specificity is
provided by studies demonstrating substantial
variation in atlas dimensions across ancestry groups.
Marino (22) reported the accuracy rates of the
functions were 77-85% and 75-85%, respectively.
The researcher further validated those equations by
using the first collection and the other two
collections of samples. The accuracy rate over a
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total of 234 samples ranged from 60% to 85%.
Moreover, Marino (22) generated additional, race-
specific equations that achieved 68%—92% accuracy
among 200 samples, which emphasizes that sex
estimation equations should be population-specific
to be more accurate (22).

One of the factors associated with atlas
morphology is head posture because it influences
the cervical vertebral column and craniofacial
morphology (23). Other factors might include
anatomically adjacent bony landmarks such as the
second cervical vertebra (5), the occipital condyle
(15), and the foramen magnum (24), which are
significantly different between males and females.

The discriminant functions from this study
cannot be used for sex determination in children;
however, Johnson et al (25) reported that the spinal
canal diameter does not significantly increase after
the fourth year of age, whereas the height of the first
cervical vertebra continues to increase until 14 years
of age in girls and 18 years of age in boys (25).

Population-specific characteristics are crucial
in estimating the sex of an unidentified vertebra
using measurements of the first cervical vertebra.
Therefore, discriminant functions should be applied
appropriately, ensuring that the functions used for
classification are derived from vertebrae of the same
population as the unknown specimen (26,27).

In summary, the present study demonstrated
that measurements of the first cervical vertebra can
be used for sex estimation with moderate accuracy
in a central Thai population. Among the evaluated
approaches, direct multivariate discriminant
analysis produced the highest overall accuracy,
while the width of the left inferior articular facet
emerged as the most informative single
measurement. These results reinforce the
importance of developing and applying population-
specific discriminant functions and support the
forensic utility of the atlas when more sexually
dimorphic skeletal elements are unavailable. In
forensic applications, classification accuracy in the
range of 75-80% is generally considered moderate
and should be interpreted with caution.

Conclusion
Until now, no study has generated any

equation using the dimensions of an atlas from the
Thai population in the central area of Thailand for
sex determination. This research conducted 12
univariate equations, a multivariate discriminant
function from the enter method, and another
function from the stepwise method. This study
concluded that the discriminant function from the
enter method using all 12 measurements provided
77.7% accuracy. The discriminant function from the
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stepwise method using the width of the fovea and
the width of the left inferior articular facet reached
an accuracy rate of 76.2%. When more reliable
indicators, such as the pelvis or skull, are
unavailable, these equations may serve as
supportive tools for sex estimation in the Thai
population for physical anthropology, forensic
anthropology, and bioarchaeology instead. Future
research could apply these sex-determining
functions to larger sample sizes of the Thai
population.
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Table 1 Basic statistics of all measurements (in mm.) and p-value for differences in means between males and females
with each variable

Male Female p-
Measurement Mean Min Max S.D. Mean Min Max S.D. value
M1 21.94 17.54 26.29 2.04 20.55 15.28 25.56 249 0.001
M2 10.98 8.99 14.41 1.17 10.81 8.66 14.10 1.10 0.392
M3 9.13 5.74 13.52 1.53 8.52 6.19 11.06 1.12 0.011
M4 46.75 39.80 51.86 2.41 45.65 40.70 51.90 2.70 0.015
M5 29.79 25.51 35.39 2.08 28.27 21.94 37.31 244 0.000
Mé 16.85 1342 19.24 1.26 16.23 13.72 18.36 1.04 0.003
M7 15.87 12.66 18.95 1.15 14.60 12.81 17.62 1.05 0.000
M8 44.49 37.00 50.63 2.48 42.16 38.11 48.21 2.23 0.000
M9 21.95 17.15 27.61 2.22 20.48 14.46 26.97 2.57 0.001
M10 11.01 9.37 13.20 1.00 10.71 9.06 12.68 0.91 0.073
M11 16.85 13.39 20.07 1.25 16.35 13.33 18.11 1.01 0.013
M12 15.89 13.39 17.86 1.04 14.74 12.37 17.19 1.04 0.000

Table 2 Univariate discriminant function analysis from both sexes

Measurement Unstandardized Constant Centroid Sectioning point  Accuracy (%)
coefficient

M1 0.439 -9.334 M = 0.306 0.000 60.0
F =-0.306

M2 0.880 -9.591 M =0.075 0.000 51.5
F =-0.075

M3 0.747 -6.588 M =0.225 0.000 59.2
F=-0.225

M4 0.391 -18.068 M=0.215 0.000 61.5
F=-0.215

M5 0.441 -12.796 M =0.334 0.000 65.4
F=-0.334

Mé 0.865 -14.307 M = 0.269 0.000 60.8
F =-0.269

M7 0.906 -13.800 M =0.575 0.000 76.9
F =-0.575

M8 0.424 -18.389 M = 0.495 0.000 70.8
F =-0.495

M9 0.416 -8.823 M =0.305 0.000 61.5
F =-0.305

M10 1.051 -11.407 M =0.158 0.000 54.6
F =-0.158

M11 0.881 -14.630 M =0.222 0.000 56.9
F=-0222

M12 0.962 -14.742 M =0.553 0.000 74.6
F =-0.553
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Table 3 Stepwise discriminant function analysis from both sexes

Function Unstandardized  Standardized Constant Centroids Sectioning Average
variables coefficient coefficient point accuracy (%)
M7 0.843 0.930 -15.088 M=0.611 0.000 76.20

M3 0.255 0.342 F=-0.611

Table 4 Direct discriminant function analysis from both sexes

Unstandardized Standardized Constant Centroids Sectioning Average accuracy
Functions and Variables coefficient coefficient point (%)
Function 1
(All twelve variables) -19.585 M =0.688 0.00 77.70
M1 0.007 0.016 F=-0.688
M2 0.017 0.019
M3 0.264 0.354
M4 -0.072 -0.183
M5 0.075 0.170
M6 0.183 0.211
M7 0.292 0.322
M8 0.089 0.210
Mo 0.087 0.208
M10 0.104 0.099
M11 -0.050 -0.057
M12 0.299 0.311
Function 2
(Superior facet variables) -14.888 M=0.375 0.00 66.20
M1 0.166 0.378 F=-0.375
Mo 0.257 0.618
M2 0.165 0.187
M10 0.379 0.361
Function 3
(Inferior facet variables) -17.306 M=0.622 0.00 75.40
M11 -0.044 -0.050 F=-0.622
M6 0.235 0.272
M12 0.465 0.483
M7 0.462 0.510
Function 4
(Distance between the lateral edges of
the facet and length of vertebral
foramen variables) -16.669 M=0.530 0.00 70.00
M8 0.418 0.984 F=-0.530
M4 -0.121 -0.310
M5 0.144 0.327
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Real-time Personalized Posture and Gait Analysis

Atthaboon Watthammawut'*, Jitchon Polprayoon', Raksawan Poonkham', Monsicha Somrit?*
! Department of Anatomy, Faculty of Medicine, Srinakharinwirot University

2 Department of Anatomy, Faculty of Science, Mahidol University

*Corresponding authors, e-mail: atthaboon@g.swu.ac.th, monsicha.som@mahidol.edu

Abstract

Background: Traditional posture and gait analysis systems have historically relied on expensive, laboratory-grade
hardware such as motion capture or high-latency cloud-based processing. These limitations have restricted
clinical-grade assessment to specialized institutions and facilities, creating barriers to accessibility, patient privacy,
and real-time biofeedback in community health settings. Furthermore, the traditional systems have also required
extensive training and education in the associated fields to use and, hence, restrict their usage to the wider
populace. Therefore, for a basic postural and gait analytical system, we have developed a reactive application that
was able to conduct and examine squat kinematics, ergonomic sitting posture, and shoulder symmetry with posture
and gait analyses, and ultimately provide assessment results in real-time with a high level of confidence.
Objective: To develop and deploy a high-fidelity, offline posture analyzer capable of providing real-time
musculoskeletal feedback across multiple platforms without the need for specialized sensors or active internet
connectivity. Methods: The application was engineered using a localized WebAssembly (WASM) architecture,
utilizing a computer vision engine for skeletal tracking. The system was optimized for cross-platform deployment,
including PC, web-based interfaces, and offline-capable mobile applications for Android and iOS. The framework
in the prototype stage was specifically adapted for the Faculty of Medicine Health Promotion event at
Srinakharinwirot University (January 8, 2026), focusing on three primary clinical assessments: squat kinematics,
ergonomic sitting posture, and shoulder symmetry (Scapular Dyskinesis screening). The participants that were
analysed and tracked was 151, all anonymously without retention of any unique identifying data. Results: The
localized Al approach achieved near-zero latency on consumer-grade hardware while maintaining high-fidelity
joint-angle accuracy (average of 85.3 % confidence for all joint assessments), while scores provided to the
participants were based on measurements that were over 80% confidence, and had provided postural assessment
feedback scoring that visibly corresponded to the human assessors’ observations. During the University health
event, the system provided immediate, actionable biofeedback to participants, successfully identifying postural
deviations associated with injury risk in all 151 participants. Conclusion: This development represents a new
frontier in personalized health analysis by transitioning Al from cloud-dependent, inaccessible systems to local,
user-centric devices. By offering a high-utility, cross-platform solution, this framework increases accessibility to
clinical-grade posture monitoring, facilitating early intervention and preventative care in public health.

Keywords Artificial intelligence, Computer vision, Musculoskeletal system, Patient teaching and feedback,
Postural and gait assessment, Real-time feedback
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Abstract

Embryology is the study of developmental dynamics in the human body. Its difficulty is the lack of realistic
images demonstrating how structures change. Moreover, human embryos and fetuses are rarely available.
Previously, alternative models such as chick and pig embryos were used by serial sectioning and whole mounting.
Their development has partially been translated into human embryonic development, but 3D changes have been
visualized inadequately. Recently, computer-aided 3D reconstruction has solved the problem. 3D models used in
the prototype were reconstructed by the Department of Anatomy, Faculty of Medicine, Kasetsart University,
Thailand, and the Department of Anatomy & Embryology, Faculty of Health, Medicine and Life Sciences,
Maastricht University, the Netherlands. Although 3D PDFs are easily accessible, they can provide only a stage-
by-stage 3D model. The developmental dynamics are limited for visualization. Therefore, the goal is to provide
3D models of human development simultaneously. As virtual experience is popular currently, it is selected as a
prototype for embryology classrooms due to its potential. Our prototype of a virtual classroom in embryology is
still developing. More comments on user experience are required.

Keywords Embryology, Virtual reality, Design thinking
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Abstract

Among various methods of delivering medical education, the didactic teaching method has been the most
common approach in the past. However, with the advancement in the medical curriculum, additional teaching
methods like Problem-Based Learning (PBL) were introduced, which are aimed at improving students’ learning
and critical thinking in real-world applications. This study aimed to investigate medical students’ perspectives
towards the PBL method and didactic lectures for better academic performance and long-term retention of
knowledge. The study was conducted among 100 medical undergraduate students exposed to PBL and didactic
teaching in a health science academy of Nepal with the help of a structured questionnaire. The results suggest that
78% of students prefer both the didactic lectures and the PBL methods for learning medical subjects. However,
only 8% of students choose the PBL method while 14% of students believe the didactic lectures are better. Further,
we ask for more effective teaching methods for the students in the basic medical science and clinical science
subjects. The results recommend 70% of students prefer the didactic lectures, which they assume are appropriate
for gaining in-depth knowledge, while 10% choose the PBL method, and 30% wish both the PBL and didactic
lectures as considered effective for the basic science subjects. In contrast, 96% of students choose PBL in the
clinical subjects while only 4% choose both the PBL and the didactic lecture method. None of the students prefer
the didactic teaching method in the clinical subjects. To conclude, the combined method of teaching, comprising
didactic lectures and PBL, is preferred in basic science subjects, while PBL is the most common choice among
students in clinical subjects.

Keywords Students’preferences, Lecture methods, Medical students
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Abstract

Anatomy education is undergoing global reassessment as institutions seek fairer evaluation systems and
more meaningful laboratory experiences. This study examined whether anatomy assessments are equitable across
examination modalities, whether cadaveric laboratory teaching produces measurable learning gains, and what
longitudinal evidence supports the adoption of a reformed scoring scheme. A retrospective analysis (2019-2025)
was conducted using individual student score records from 2,597 undergraduate health sciences students enrolled
in Thai (n=2,315) and English-medium (n =282) programmes at Mahidol University, Faculty of Science. Scores
were equilibrated to a 50:50 lecture-to-laboratory weighting for cross-year comparability. Statistical analyses
included independent t-tests, Pearson correlation, and scenario modelling. Across both programmes, lecture
examination scores (Thai 64.1%; international 59.7%) were consistently 12-13 percentage points lower than
laboratory scores, identifying a structural bottleneck confirmed by a 29:1 asymmetry in lecture-only versus
laboratory-only failure rates. Onsite examinations produced significantly lower scores than online formats (62.5%
vs 66.1%, p <0.001, Cohen's d = 0.26), reflecting modality-driven rather than knowledge-driven score differences.
Laboratory performance improved steadily each semester under cadaver-based instruction (mean +3.77%,
p <0.001), confirming cumulative skill acquisition as the mechanism. Modelling of an alternative 80:0:20 scheme
(lecture examination: laboratory examination: laboratory performance) projected improved pass rates in 2024-
2025 without compromising academic standards, with 2025 Thai programme scores converging to within 0.2
points. These findings provide longitudinal evidence that anatomy assessment reform is both justified and data-
ready. A lecture-weighted framework enhances fairness, while reconceptualizing the cadaveric laboratory as a
joyful, performance-based learning scaffold offers a sustainable direction for contemporary health sciences
anatomy education.

Keywords Anatomy education, Assessment fairness, Cadaveric laboratory, Examination reform, Undergraduate
health sciences

Background evidence-based questions: (1) Did examination
Anatomy has long been taught through two modality create inequitable cohort advantages? (2)

pillars: the lecture theatre and the cadaveric Does cadaveric laboratory teaching produce

laboratory. Both are under contemporary scrutiny. quantifiable learning gains? (3) Is a reformed

Online assessment during the COVID-19 pandemic 80:0:20 scoring scheme safe and fair to implement?

disrupted the comparability of anatomy scores

across cohorts. Growing recognition of laboratory Materials and Methods

examination anxiety raises questions of fairness. Participants

Resource constraints additionally prompt faculty to Retrospective cohort study using complete

question whether cadaveric teaching remains individual student score records (2019-2025) from

educationally justified [1,2,3]. two parallel second-year anatomy courses at the
Rather than designing an intervention, this same Department of Anatomy, Faculty of Science,

study exploits seven years of natural variation Mahidol University: the Thai-medium programme

across 2,597 individual records to answer three (n=2,315; Medical Technology, Radiologic
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Technology, Public Health; 7 cohort-years) and the
English-medium international programme (n =282;
identical content; 7 cohort-years). Total: n=2,597
records. Ethical declaration: this study involved
secondary analysis of anonymized student
assessment data collected as part of routine
educational practice. No identifiable personal
information was accessed. According to MU-CIRB
self-assessment guidelines, the project did not meet
the definition of human subject research; therefore,
institutional ethical approval was not required.

Assessment structure

The assessment structure changed across
three distinct periods, as summarized in Table 1.
From 2019 to 2022, the lecture examination and
laboratory examination each carried 40 points
(40%), with laboratory performance accounting for
20 points (20%); examination delivery shifted from
online to onsite, and cadaveric specimens were
progressively introduced. In 2023-2024, the lecture
examination weight increased to 50 points (50%),
the laboratory examination remained at 40 points
(40%), and laboratory performance was reduced to
10 points (10%). By 2025, the lecture examination
had risen further to 60 points (60%), and the
laboratory examination had been reduced to 30
points (30%), reflecting the trajectory towards a
lecture-weighted framework.

Table 1 Assessment structure by period. Each
examination split two equal parts of midterm and final
scores (e.g., 30 pts Exam = 15 pts of midterm scores + 15
pts of final scores; 40 pts Exam = 20 pts of midterm scores
+ 20 pts of final scores; 50 pts Exam = 25 pts of midterm
scores + 25 pts of final scores; 60 pts Exam = 30 pts of
midterm scores + 30 pts of final scores).

Period | Lec Lab Lab Mode | Cada
Exam | Exam | Perfor ver
mance
2019- | 40pts | 40pts | 20 pts | Online | No to
2022 (40%) | (40%) | (20%) to Yes
Onsite
2023- S0pts | 40pts | 10pts | Onsite | Yes
2024 (50%) | (40%) | (10%)
2025 60pts | 30pts | 10pts | Onsite | Yes
(60%) | (30%) | (10%)
Statistical analysis
All components were converted to a

percentage of maximum points for each respective
assessment period (2019-2022: 40/40/20; 2023—
2024: 50/40/10; 2025: 60/30/10), enabling direct
cross-year comparison. An equilibrated total
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(Equilibrated total=0.5 x Lecture % + 0.5 x Lab %)
was applied to all cross-year comparisons,
standardizing the lecture-to-laboratory ratio to 1:1
and removing the cross-year weighting confound.
Reform scenario modelling was conducted by
applying the formula: 80:0:20 score = Lecture% x
0.80 + Lab Performance % x 0.20 to each student
record. Pass rates and grade-band distributions were
then computed for each cohort year and programme
under both the actual and modelled schemes,
enabling direct comparison. No assumptions
regarding student behavior change under the
reformed scheme were made; the modelling is
purely arithmetic. All analyses were performed
using Python (version 3.12) with pandas and
scipy.stats libraries. Statistics: independent t-tests,
Pearson r, one-sample t-tests (o= 0.05) [13].

Results
Participant summary

Descriptive statistics for both programmes are
summarized in Table 2. The Thai programme
enrolled 2,315 students and the international
programme 282 students, giving a combined total of
2,597 records across 14 cohort-years. Mean lecture
examination scores were 64.1% (SD 14.2) for the
Thai programme and 59.7% (SD 14.1) for the
international programme, compared with laboratory
examination scores of 77.1% (SD 14.7) and 72.5%
(SD 15.3), respectively. Laboratory performance
scores were markedly higher in both programmes
(Thai 93.2%; international 99.2%), reflecting the
near-ceiling nature of this component. The lecture—
laboratory gap was virtually identical across both
programmes (-13.0% and -12.8%), and overall pass
rates exceeded 92% in both groups.

Table 2 Descriptive statistics by programme

Thai Inter- Combined
national

n (students) 2,315 282 2,597
Lecture 64.1+14.2% | 59.7+14.1% 63.5%
score
(mean £ SD)
Lab exam 771+ 14.7% | 72.5£15.3% 76.5%
score
(mean £ SD)
Lab 932+7.1% | 99.2+3.1% 94.0%
performance
(mean + SD)
Lecture-lab -13.0% -12.8% -13.0%
gap
Overall pass 95.4% 92.6% 95.0%
rate
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Assessment fairness: examination modality

Onsite examination produced significantly
lower lecture scores than online (62.5% vs 66.1%;
t=6.07, p<0.001, Cohen's d=0.26) and
dramatically lower laboratory performance scores
(89.8% vs 97.9%; d=1.41, very large effect)
[4,5,6]. These differences reflect structural modality
advantages rather than genuine knowledge
differences. The international programme showed
no significant lecture difference (p =0.83; n.s.) (Fig.

1.

(A) Locture Examination (B) Laboratory Performance

Fig. 1 Online vs onsite examination effect (Thai
programme, n=2,315). (A) Lecture scores (d=0.26). (B)
Laboratory performance (d=1.41). Diamonds =
mean + 95% CL

The lecture bottleneck and failure asymmetry

Lecture and laboratory scores were strongly
correlated (Thai »=0.776; international »=0.808;
p<0.001), confirming that both assessments
evaluate the same underlying anatomical knowledge
construct. Despite this construct equivalence, 11.6%
of Thai students and 16.3% of international students
failed the lecture examination while passing the
laboratory examination, whereas only 0.4% showed
the reverse pattern — a 29:1 asymmetry. To clarify
directionality: for every one student who passes the
lecture but fails the laboratory, approximately 29
students pass the laboratory but fail the lecture. This
asymmetry demonstrates that laboratory
examination failure is rare among students who
demonstrate anatomy knowledge through written
assessment; the bottleneck operates over-
whelmingly in the lecture direction. Students who
pass the laboratory but fail the lecture demonstrably
possess anatomy knowledge, as confirmed by their
laboratory performance scores (mean 91-99%)
reflecting consistent semester-long engagement and
competence. The higher lecture failure rate reflects
the elevated written examination difficulty relative
to specimen-identification tasks in this cohort,
combined with the anxiety-suppressing effect of the
cadaveric examination setting acting as construct-
irrelevant variance (Fig. 2) [7,8].
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(A) Lecture vs Lab Score — Thal Programme (n=2,315) (B) Fallure Pattern by Programme
100

w

Fig. 2 The lecture-laboratory failure asymmetry. (A)
Lecture vs laboratory score scatter (n=2,315,
r=0.776). (B) Failure-pattern proportions by
programme: 29:1 lecture: lab asymmetry.

Cadaveric laboratory as a learning scaffold

Laboratory examination scores improved
consistently from midterm to final assessment
across all 7 years (mean +3.77%; t=15.21,
p<0.001). Lecture examination scores showed no
consistent within-semester progression
(mean —0.46%; p=0.056, n.s.), and the laboratory
improvement was significantly greater than the
lecture improvement (p <0.001). This specificity of
improvement to the laboratory component is
consistent with a cumulative cadaveric scaffold
mechanism. In this curriculum, laboratory sessions
progress through the body systems in anatomical
structured sequence — from musculoskeletal to
neurovascular, and later the internal organ systems
in the semester — so that each laboratory session
builds directly upon spatial understanding
established in previous sessions. The three-
dimensional tactile encounter with prosected
cadaveric material integrates the knowledge
introduced in lectures into a cohesive, embodied
anatomical understanding that matures as the
semester advances. Lecture examination scores do
not show the same within-semester progression
because written examination content and difficulty
are calibrated independently for each sitting, and
written recall of anatomy does not benefit from the
same progressive spatial consolidation that repeated
cadaveric exposure provides. The absence of lecture
score improvement, therefore, reflects the nature of
written examination calibration rather than a failure
of lecture teaching (Fig. 3) [9,10,11].
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(A) Within-Semester Progression by Ye:

Final Lab Score Density (n=2,31

BEIER -Li,i |
]

Final Lab Score (%)

Fig. 3 Cadaveric laboratory teaching within semester
score progression. (A) Within-semester lab and lecture
score progression by year. (B) Midterm — final lab
progression density (n=2,315): systematic upward
shift.

The 80:0:20 reform scheme

Modelling the 80:0:20 scheme (80 pts lecture:
0 pts lab exam: 20 pts lab performance) showed pass
rate improvements in 2024 and 2025 for both
programmes. In 2025 (67% lecture weight), the Thai
programme means scores converged to within 0.2
points under both schemes (71.5 vs 71.3), and the
pass rate was higher under 80:0:20 (94.6% vs
91.4%). International programme 2025 pass rate
improved from 73.9% to 82.6% (+8.7 percentage
points). Score reductions in 2019-2023 reflect the
removal of generous lab examination credit, not a
structural flaw in the reform (Fig. 4).

A) Pass Rate: Actual vs 80:0:20 Modelled
3 & (1) Score Change

Fig. 4 Modelled 80:0:20 scoring scheme vs actual pass
rates. (A) Actual vs 80:0:20 pass rates 2019-2025. (B)
Mean score changes by lecture proficiency group:
effect converges to zero as lecture weight increases.

Cross-programme structural consistency

The lecture-laboratory gap averaged -13.0%
in the Thai programme and -12.8% in the
international programme across all 7 years, both
modalities, and both languages. This virtually
identical gap confirms the structural origin of
performance asymmetry: it is intrinsic to anatomy
assessment design, not to cohort ability, language of
instruction, or cultural context (Fig. 5) [12].
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(A) Score Trends 2019-2025 (B) Lecture-Lab Gap by Year

§ 10
5 /\\,_x\/ i 1
w{ - g
4 %

g -2

Fig. 5 Thai vs international programme: score trends and
structural gap. (A) Lecture and laboratory score trends
2019-2025. (B) Lecture-lab gap per year: near-identical
across both programmes (-13.0% vs -12.8%).

Discussion
Assessment Fairness

Two structural inequities emerge. First,
online cohorts (2019-2021) benefited from a
modality advantage (-13-16 percentile points for lab
performance; d=1.41) unrelated to anatomy
knowledge. Second, the 29:1 failure asymmetry
means laboratory examination systematically
disadvantages students with strong conceptual
knowledge but performance anxiety. Both inequities
are corrected by the 80:0:20 scheme [4,5].

Joyful learning in the anatomy laboratory

The consistent within-semester laboratory
improvement (+3.77%, every cohort year of the
international ~ programme) demonstrates  the
educational value of cadaveric laboratory teaching:
tactile, three-dimensional encounter with prosected
material consolidates spatial knowledge initiated by
lectures and produces measurable, repeated learning
gains. In this context, “joyful learning” refers to a
cluster of empirically supported pedagogical
conditions — reduced evaluative threat, intrinsic
motivation, collaborative inquiry, and active
engagement with authentic material — that the
educational psychology literature associates with
deeper processing and sustained knowledge
retention [9,10]. The problem is not the laboratory
examination format per se, but its current
deployment as a high-stakes summative event in a
setting that generates disproportionate anxiety
relative to the lecture context, as evidenced by the
very large modality effect (d=1.41) on laboratory
performance scores and the near-ceiling continuous
performance scores (93-99%) that confirm students
are competent and engaged outside the summative
examination context. Reconceptualising the 20-
point laboratory component through a structured
formative rubric — pre-session preparation, in-
session identification and clinical correlation, post-
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session reflection — preserves the educational
scaffold while removing the summative threat that
suppresses performance, transforming the cadaveric
laboratory from a feared examination venue into a
site of joyful, evidence-based enquiry.

Evidence-based reform pathway

The 2025 convergence data confirm
implementation safety. Three steps are proposed for
2026: (1) increase lecture examination to 80 points
and remove the summative laboratory identification
examination; (2) implement a structured 20-point
laboratory ~ performance  rubric  capturing
preparation, identification, clinical relations, and
reflection; (3) standardize examination difficulty
across years using item banking and standard-
setting protocols, as current between-year variance
(F=12.9, p<0.001) undermines fair cohort
comparisons [13].

Conclusion

Several limitations of this study warrant
acknowledgement. First, this is a retrospective
observational study; no experimental manipulation
of assessment schemes was conducted, and the
80:0:20 modelling is arithmetic rather than
prospective. Second, the COVID-19 pandemic
(2019-2021) introduced online examination as a
confounding variable that cannot be fully
disentangled from secular trends in cohort ability or
examination difficulty. Third, no direct measure of
student anxiety was collected; the anxiety
mechanism is inferred from the pattern of score
differences across modalities and semesters rather
than from validated psychological instruments.
Future prospective studies incorporating anxiety
inventories and a controlled implementation of the
reformed scheme would strengthen the causal
interpretation. Fourth, all data derive from a single

institution and two parallel programmes;
generalizability to other curricula and cultural
contexts requires validation. This 7-year

longitudinal analysis of 2,597 individual student
records provides convergent evidence supporting
anatomy assessment reform. The cadaveric
laboratory is educationally essential and should be
reimagined as a structured, joyful learning scaffold
rather than a summative examination venue. Current
assessment is  structurally unfair: lecture
examination weight should drive the grade. The
80:0:20 scheme is safe, fair, and data-ready for
implementation in 2026.
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A Variation-Based Translational Anatomy Education Model
Using Pancreaticoduodenal Arterial Networks
to Support Clinical Reasoning
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Abstract

Anatomy education is often focused on factual knowledge, with limited integration into clinical reasoning.
This study proposes a variation-based translational anatomy education model using pancreaticoduodenal arterial
networks to bridge this gap. This study aimed to evaluate a variation-based translational anatomy education model
integrated with cadaveric dissection and digital learning to improve conceptual understanding and explore its
potential to support clinical reasoning among second-year medical students. A cadaveric study of 32 specimens
was conducted to classify pancreaticoduodenal arterial variations, which were translated into structured learning
objectives and an assessment blueprint linking anatomical variation to clinical reasoning tasks. Ninety-one second-
year medical students participated in a multimodal instructional intervention incorporating dissection, three-
dimensional visualization, video modules, and scenario-based assessment. Student performance was analyzed
using item analysis and internal consistency reliability (Cronbach’s alpha = 0.78). Predominant arterial variations
were identified and used to support instructional design. Students demonstrated high accuracy in identifying
collateral circulation pathways (95%), while moderate performance in recognizing splenic artery branching (68%)
indicated conceptual gaps. Recall-based classification accuracy reached 84%. Scenario-based questions assessing
clinical application showed moderate accuracy (74—79%) but demonstrated greater discriminatory capacity than
recall-based items, suggesting differentiation in levels of understanding. Most students reported positive
perceptions of instructional usefulness (84%), improved understanding (78%), preference for multimodal learning
(74%), and clearer visualization of future clinical roles (72%). A variation-based anatomy education model
integrating dissection and digital learning may support the development of clinical reasoning through assessment-
aligned instruction. This approach suggests a shift from memorization toward more clinically integrated
understanding while maintaining assessment quality.

Keywords Anatomical variation, Dissection, Digital learning, Clinical reasoning, Educational assessment
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Abstract

The ethical use of human tissues in medical education, research, and public engagement requires clear
regulatory frameworks to ensure respect for donors and public trust. In Thailand, however, the governance of
human tissue remains largely decentralised, with individual universities and medical institutions developing their
own internal regulations. While these institutional policies guide practices such as body donation, cadaveric
dissection, and specimen handling, significant inconsistencies exist across institutions. More importantly, several
emerging issues remain insufficiently addressed, including the use of human tissues for photography, digital
dissemination, and potential commercial applications. In contrast, countries such as the United Kingdom have
established comprehensive national legislation, notably the Human Tissue Act 2004, which provides standardised
guidance on consent, storage, use, and public display of human tissues. The absence of an equivalent legislative
framework in Thailand creates uncertainty for educators, researchers, and institutions, and may expose them to
ethical and legal risks. This perspective argues that the current challenges cannot be fully resolved through
institutional policies alone and require national-level legal oversight. A unified legislative framework would
provide consistent standards for consent, handling, documentation, imaging, and permissible uses of human tissues
across the country. The Anatomy Association of Thailand (AAT), as the principal professional body representing
anatomical sciences in Thailand, is well-positioned to initiate dialogue among academic institutions, policymakers,
and legal authorities. As a first step, AAT could convene expert panels, conduct nationwide consultations, and
develop policy recommendations to support the drafting of future legislation. Establishing a comprehensive legal
framework would strengthen ethical governance, ensure respect for donors, and align Thailand with international
standards in anatomical science and medical education.

Keywords Human tissue, Legislation, Ethics, Body donation
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Lowering the Barrier to 3D Anatomical Modeling:
A Free macOS Photogrammetry Application
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" Human Anatomy Unit, Department of Biomedical Sciences, College of Medicine and Health,
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Abstract

Three-dimensional (3D) anatomical models are increasingly incorporated into medical education, surgical
training, and anatomical research. Despite their growing importance, the production of high-quality 3D models
from physical specimens often requires costly commercial software or technically complex workflows, which limit
accessibility, particularly in resource-constrained settings. This project describes the development of a macOS-
based photogrammetry application designed to simplify and democratize anatomical 3D reconstruction. The
application leverages Apple’s RealityKit PhotogrammetrySession framework to generate 3D models from standard
digital photographs. Through a streamlined graphical interface, users select an image set, choose a reconstruction
detail level, and export a USDZ model without requiring command-line operations or proprietary platforms.
Preliminary testing on osteological and cadaveric specimens demonstrated that accurate and visually detailed 3D
reconstructions can be achieved using conventional photographic setups. By reducing technical barriers and
simplifying the reconstruction process, this tool has the potential to expand access to 3D anatomical modeling in
teaching laboratories, research, and digital archiving. Although the application is currently under active
development, it is intended for future open-source release to encourage broader adoption within the anatomical
community.

Keywords Photogrammetry, 3D reconstruction, Digital anatomy, Education
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