


Journal of Associated Medical Sciences

Aims and scope
The Journal of Associated Medical Sciences belongs to the Faculty of Associated Medical Sciences (AMS), Chiang Mai University,
Thailand. The journal aims explicitly to provide a platform for medical technologists, radiologic technologists, occupational therapists,
physical therapists, speech-language pathologists, and other related professionals to distribute, share, and discuss their research findings,
inventions, and innovations in the areas of:
1. Medical Technology
2. Radiologic Technology
3. Occupational Therapy
4. Physical Therapy
5. Communication Disorders
6. Other related fields
Submitted manuscripts within the journal’s scope will be processed strictly following the journal’s double-blinded peer review
process. Therefore, the final decision can be completed in 1-3 months on average, depending on the number of rounds of revision.

Objectives
The Journal of Associated Medical Sciences aims to publish integrated research papers in medical technology, physical therapy,
occupational therapy, radiologic technology, and related research under peer review via a double-blinded process by at least two

Peer review process

By submitting a manuscript to the Journal of Associated Medical Sciences, the authors agree to subject it to the confidential
double-blinded peer-review process. Editors and reviewers are informed that the manuscripts must be considered confidential. After a
manuscript is received, it is assigned by a specific Associate Editor. The Associate Editor prepares a list of expert reviewers, which may
include some suggestions by the Editor-in-Chief. Authors can indicate individuals whom they would like to have excluded as reviewers.
Generally, requests to exclude certain potential reviewers will be honored except in fields with a limited number of experts.

All potential reviewers are contacted individually to determine availability. Manuscript files are sent to at least two expert
reviewers. Reviewers are asked to complete the review of the manuscripts within 2 weeks and to return a short review form. Based on
the reviewers’ comments, the Associate Editor recommends a course of action and communicates the reviews and recommendations
to the Editor-in-Chief for a final decision.

The Associate Editor considers the comments made by the reviewers and the recommendation of the Editor-in-Chief, selects
those comments to be shared with the authors, makes a final decision concerning the manuscripts, and prepares the decision letter
for signature by the Editor-in-Chief. If revisions of the manuscripts are suggested, the Associate Editor also recommends who should
review the revised paper when resubmitted. Authors are informed of the decision by e-mail, appropriate comments from reviewers and
editors.

Publication schedule
The Journal of Associated Medical Sciences is published three issues a year
Issue 1: January-April
Issue 2: May-August
Issue 3: September-December

Access Policy and Archiving

The Journal of Associated Medical Sciences publishes three issues a year. The articles are available online to the public,
supporting and exchanging knowledge. They can be accessed free of charge through DOI at https://he01.tci-thaijo.org/index.php/
bulletinAMS/index based on the Thailand Citation Index (TCI) online service.

Types of Manuscripts
Manuscripts may be submitted in the form of review articles, original articles, or short communications as an approximate
guide to length:
* Review articles must not exceed 20 journal pages (not more than 5,000 words), including 6 tables/figures and references
(maximum 75, recent and relevant).
» Research articles must not exceed 15 journal pages (not more than 3,500 words), including 6 tables/figures and references
(maximum 40, recent and relevant).
¢ Short communications, including technical reports, notes, and letters to the editor, must not exceed 5 journal pages (not
more than 1,500 words), including 2 tables/figures and references (maximum 10, recent and relevant).

Ownership and Revenue Sources
The Journal of Associated Medical Sciences is supported by the Faculty of Associated Medical Sciences, Chiang Mai University,
Thailand.

Journal History

The Journal of Associated Medical Sciences was established in 1968 as the Bulletin of Chiang Mai Associated Medical Sciences.
For over 48 years, printed versions from Vol. 1, No. 1 to Vol. 49 were published. To advance internationally and strengthen academic
quality, the journal title was changed to Journal of Associated Medical Sciences (J Assoc Med Sci, JAMS) in 2017 with Vol. 50, No. 1 and
onwards, with online access only.



Language
Manuscripts must be prepared in English, and a native speaker must proofread and edit. American or British usage is accepted,
but not a mixture of these.

Publication Fee
The Journal of Associated Medical Sciences does not charge for submitting and publishing an article. All articles published in
the journal are open-access and freely and widely available to all readers via the journal website.

Informed Consent Policy

All manuscripts based on research involving human participants or using human blood, tissues, other samples, and medical
records must be submitted with a clearance certificate with an approval number from the Institutional Ethics Committee. Informed
consent must be signed to participate in the study after proper and sufficient explanation from the researchers. Subjects must be allowed
to ask if they have questions, and they must be answered truthfully. The subject, not the researcher, decides whether to participate in
the study. Adults have the legal capacity to sign the informed consent. If the subjects are children, their parents or guardians must sign
the informed consent. All consent must be voluntarily given without any influence

Advertising and Direct Marketing
The Journal of Associated Medical Sciences does not require advertising and direct marketing activities, including soliciting

manuscripts conducted on the journal’s behalf.

Editorial Board
Editor-in-Chief
Preeyanat Vongchan
preeyanat.v@cmu.ac.th
Associate Editor

Araya Yankai
araya.yankai@cmu.ac.th

Khanittha Punturee
khanittha.taneyhill@cmu.ac.th

Montree Tungjai
montree.t@cmu.ac.th

Singkome Tima
singkome.tima@cmu.ac.th

Suchart Kothan
suchart.kothan@cmu.ac.th

Supaporn Chinchai
supaporn.c@cmu.ac.th

Thanusak Tatu
thanusak_tat@nation.ac.th

Editorial Board
Cecilia Li-Tsang
cecilia.li@polyu.edu.hk

Christopher Lai
Chris.Lai@singaporetech.edu.sg

Clare Hocking
clare.hocking@aut.ac.nz

Darawan Rinchai
drinchai@gmail.com

David Man
David.Man@polyu.edu.hk

Elizabeth Wellington
Wellington@warwick.ac.uk

Fuming Zhang
ZHANGF2@rpi.edu

Ganjana Lertmemongkolchai
ganja_le@kku.ac.th

Hans Baumler
hans.baeumler@charite.de

Hong Joo Kim
hongjoo@knu.ac.kr

Isamu Shibamoto
isamu-s@seirei.ac.jp

Jourdain Gonzague
gonzague.jourdain@phpt.org

Chiang Mai University, Thailand.

Chiang Mai University, Thailand.

Chiang Mai University, Thailand.

Chiang Mai University, Thailand.

Chiang Mai University, Thailand.

Chiang Mai University, Thailand.

Chiang Mai University, Thailand.

Nation University, Thailand.

Hong Kong Polytechnic University, Hong Kong.

Singapore Institute of Technology, Singapore.

Auckland University of Technology, New Zealand.

The Rockefeller University, United States of America

Hong Kong Poly Technic University, Hong Kong.

University of Warwick, United Kingdom.

Renssellaer Polytechnic Institute, United State of America.

Chiang Mai University, Thailand.

Universitatsmedizin Berlin, German.

Kyungpook National University, South Korea.ganja_le@kku.ac.th

Seirei Christopher University, Japan.

French National Research Institute for Sustainable Development (IRD), France.



Kesara Na Bangchang
kesaratmu@yahoo.com

Leonard Henry Joseph
L.HenryJoseph@brighton.ac.uk

Marc Lallemant
marclallemant@gmail.com

Masahiro Hosoda
m_hosoda@hirosaki-u.ac.jp

Mohamad Warda
mohamad.warda@atauni.edu.tr

Montree Tungjai
montree.t@cmu.ac.th

Nicole Ngo Glang Huang

nicole.ngo-giang-huong@phpt.org

Prawit Janwantanakul
prawit.j@chula.ac.th

Roongtiwa Vachalathiti
roongtiwa.vac@mabhidol.ac.th

Rumpa Boonsinsukh
rumpa@g.swu.ac.th

Sakorn Pornprasert
sakorn.pornprasert@cmu.ac.th

Sophie Le Coeur
sophielecoeur0@gmail.com
Srijit Das
s.das@squ.edu.om

Sugalya Amatachaya
samata@kku.ac.th

Supan Fucharoen
supan@kku.ac.th

Tengku Shahrul Anuar
tengku9235@uitm.edu.my

Thanaporn Tunprasert
T.Tunprasert2@brighton.ac.uk

Timothy R. Cressey
Tim.cressey@phpt.org

Valerie Wright-St Clair
vwright@aut.ac.nz

Witaya Mathiyakom
mcnitt@usc.edu

Zhirong Zhong
zhongzhirong@126.com

Business manager
Kantaphon Promkam

Treasurer
Angsumalee Srithiruen

Webpage Administrative Staff

Nopphorn Puangsombat
Kantaphon Promkam
Tippawan Sookruay

Disclaimer

Thammasart University, Thailand.

University of Brighton, United Kingdom.

Drugs for Neglected Diseases Initiative (DNDi), Switzerland.

Hirosaki University, Japan.

Ataturk University, Tirkiye.

Chiang Mai University, Thailand.

French National Research Institute for Sustainable Development (IRD), France.

Chulalongkorn University, Thailand.

Mahidol University, Thailand.

Srinakharinwirot University, Thailand.

Chiang Mai University, Thailand.

French Institute for Demographic Studies (INED), France.

Sultan Qaboos University, Oman.

Khon Kaen University, Thailand.

Khon Kaen University, Thailand.

Universiti Teknologi MARA, Malaysia.

University of Brighton, United Kingdom.

French National Research Institute for Sustainable Development (IRD), France.

Auckland University of Technology, New Zealand.

University of Southern California, United States of America.

Southwest Medical University, Luzhou, China

Journal website

Homepage https://www.tci-thaijo.org/index.php/bulletinAMS/index

Journal E-ISSN:
2539-6056

Editorial Office

Faculty of Associated Medical Sciences, Chiang Mai University
110 Inthawaroros Road, Suthep, Muang, Chiang Mai, 50200
Phone 053 935072 Facsimile 053 936042

Every effort is made by the Editor-in-Chief and the Editorial Board of the Journal of Associated Medical Sciences to see
that no inaccurate or misleading data, opinion, or statement appears in the Journal. However, they wish to clarify that the data
and opinions appearing in the articles and advertisements herein are the responsibility of the contributor, sponsor, or advertiser
concerned. Accordingly, the Editor-in-Chief and the Editorial Board accept no liability whatsoever for the consequences of any
such inaccurate or misleading data, opinion, or statement.



Vol. 58 No. 3 : September - December 2025

Content
1 Development of one channel-football formation neural network (OC-FFNet) for classification the breast
ultrasound images
Titipong Kaewlek »%**, Thanatpat Jansaengsri®, Yosita Leeju’, Satawee Bootsapawanich®
1 0 Hepatotoxic effects of sildenafil-containing “Tiger King” herbal supplement in a rat model: An in vitro and in vivo
study
Rana A. Al-Saadi*, Tuga M. Abdul-Saheb, Ban Thabit, Nisreen Khazaal Flayyih, Ula Al-Kawaz
25 Sensory processing patterns link alcohol consumption in undergraduate students
Natcha Chaikhamla®, Nalinee Yingchankul?, Tiam Srikhamjak?, Pornpen Sirisatayawong®”
33 Development and validation of a self-assessment instrument for sodium intake in the population aged 30-44 years
in 4*" Regional Health, Thailand
Krich Ruangchai* and Artitaya Wangwonsin
43 Integrated long-term care model for dependent elderly in Mahasarakham Province, Thailand
Weerasak Aneksak?, Chai Meenongwar?, Choosak Nithikathkul?*
52 The effect of low voltage high frequency electric pulses on the extracellular conductivity, cell permeability, and
time-depended manner of MCF7 cell line
Zeinab Shankayi*?, S. Mohammad Firoozabadi®", Mahmoud Ashouri Mendi?
60 Prevalence of hepatitis B virus infection among pregnant women attending prenatal care at Mae Sai Hospital in
Thailand: A retrospective cross-sectional study
Nisarat Saowaros®’, Phirada Mukphet’, Sunarin Inthra?, Sittiporn Suwannamit®, Krung Phiwpan®”
65 Effect of task-oriented approach based activities to improve balance among children with cochlear implant
M. Arun Kumar and Harry Pryya S*
72 Effect of postural breath technique (PBT) compared with postural stretching technique (PST) on body flexibility in
healthy participants with poor flexibility: A randomized controlled trial
Wut Yi Nway?, Settapong Nongharnpitak?, Yodchai Boonprakob®*”
85 Speech therapy for children with cleft lip and palate: Telepractice combined with face-to-face via Application for
Articulation Therapy-Thai (AAT-T) in the pandemic of Covid-19
Sasalaksamon Chanachai* and Benjamas Prathanee®?”
92 A systematic review of the effects of executive function interventions on executive functions and language skills in

school-age children with specific language impairment

Natwipa Wanicharoen, Thanasak Kalaysak®, Supaporn Chinchai



Content

102

111

122

129

137

147

156

163

173

184

191

Medial longitudinal arch collapse of flexible flatfoot during running

Supoj Tangwanicharoensuk and Siriporn Sasimontonkul”

Edge-based Al approach for blood vessel segmentation in coronary X-ray angiography

Mohd Osama*? and Rajesh Kumar*

Airway clearance techniques for pneumonia patients: A survey of Thai physical therapists

Chatchai Phimphasak*?, Hathaichanok Makphin®, Dhissanuvach Chaikhot?, Kittipun Aronpharungsunti,
Jaturong Chimpalee®, Arunrat Srithawong®, Sahachat Aueyingsak*®*

Determining the optimal frequency and current intensity of microcurrent stimulation for postural sway induction:
A pilot study

Wonjong Yu'! and Haneul Lee?”

Understanding occupation-based practice among Thai occupational therapy students: A mixed-methods study

Rapeepat Boonphirom*?, Tharathep Aocibumrung?, Supaluck Phadsri**

Correlations between plasma clusterin levels and liver fibrosis in people living with HIV

Nopparat Deesophon?, Janya Khattiya?, Warisara Sretapunya®, Chareeporn Akekawatchai*>*

Impact of self-reflection training using Kawa model on quality of life and academic performance among under-
graduate occupational therapy students

Punitha* and Sofia Williams

Effects of distal robot-assisted therapy combining with task-oriented training on paretic upper extremity functions
in clients with sub-acute stroke: A preliminary study

Pakpoom lJitrungruangchai, Sopida Apichai, Jananya P Dhippayom”™

The preparation of Au decorated on ZnO nanorods by comparative DCMS/HIPIMS techniques for antibacterial
activity

Sukon Kalasung?, Saksorn Limwichean? Pitak Eiamchai?, Mati Horprathum? Noppadon Nuntawong?,

Viyapol Patthanasettakul?, Artitaya Yatsomboon®”

Active ageing level and interest in activities among older people in community group membership, Chiang Mai,
Thailand

Donyaporn Srijomthong, Supawadee Putthinoi, Autchariya Punyakaew”

Extended verbal fluency in older adults: Results of a 2-minute test across animal, object, and food categories with
frequently listed words

Nicha Kripanan*, Somjit Ruamsuk, Thanwarat Artayakul, Isara Suttichujit



Content

204

216

221

228

237

248

254

263

269

278

288

Translation, cross-cultural adaptation and psychometric properties of the Thai version of the Trunk Control Meas-
urement Scale for children with cerebral palsy

Arisa Parameyong*, Jitapa Chawawisuttikool, Sirinun Boripuntakul, Sauwaluk Dacha

Effect of a multisensory integration intervention on policewomen with migraine

Beniel Raja Gnanadurai and Sharon Magadalene JDR”

Psychometric properties of the Thai version of Allen Cognitive Level Screen-5 (Thai ACLS-5) for individuals with
schizophrenia

Kaewalin Sriyuang and Pornpen Sirisatayawong”

Factor associated with dental caries in alcohol dependences, Thailand

Namsukh Kongkalai**, Prapornpan Utamachote?, Supatra Sang-in®

The performance evaluation of the Dirui MUS3600 and FUS3000PIus automated urine analyzers utilized in the
AMS CMU EQA unit’s urinalysis proficiency testing program

Tanyarat Jomgeow’, Jirapat Narkdee, Nattawinan Piewlueng

Deep neural network-based prediction of RNA aptamers targeting E6 protein of high-risk human papilloma virus

Bundit Promraksa®’, Yingpinyapat Kittirat', Dujdao Boonyod?, Chawisa Phetumpai®, Malinee Thanee? Anchalee Techasen?

Performance of line probe assay and phenotypic drug susceptibility testing in detecting drug-resistant tuberculosis

Phu Thien Truong?, Tran Ngoc Minh Le?*, Van Thi Hue Tran**“, Tung Thanh Phan*

Proficiency testing results of CD4+ T cell determination in Thailand

Saowanit Chairatanapiwong®’, Panida Kulawong?®, Puwadon Lawapakul’, Panida Pongpunyayuen®, Phennapha Klangsinsirikul?

Implications of bilirubin testing and the prevalence of abnormal liver function tests among rural adults in Mae Ka
Subdistrict, Chiang Mai, Thailand

Fahsai Kantawong®®, Khanittha Punturee’, Suwatsin Kittikunnathum®, Pharisa Nanthawong?®, Kanya Preechasuth?,
Chayada Sitthidet Tharinjaroen?, Witida Laopajeon®, Rujirek Chaiwongsa®, Nutjeera Intasai®, Tanyarat Jomgeow?

Enhanced detection of Trypanosoma evansi in Cattle: Superior performance of LAMP compared to PCR and CAT-
T/T. evansi test

Wuttichote Jansaento?, Mallika Osiriphan?, Nattharinee Kongta®, Wittawat Modethed*, Thanakorn Rompo?, Suwit Duangmano®>”

Icaritin Delivered by Hyaluronic Acid-modified Liposome Enhanced Apoptosis and Anti-Metastasis of Huh7 Liver
Cancer Cells

Xiaoduan Sun*?3, Xin Long?, Ruilin Lu®, Sawitree Chiampanichayakul®’, Songyot Anuchapreeda®®’, Siriporn Okonogi’, Yan Lin?,
Zhirong Zhong*", Singkome Tima*%”"



Content

298

307

313

321

329

335

345

354

361

376

Prevalence and associated factors of pre-frailty and frailty among Thai community-dwelling older adults aged 65
years and above

Sukwida Manorangsan*?, Pawan Chaiparinya?, Sirima Mongkolsomlit®, Sujitra Boonyong*”

Frequencies of major blood group antigens and phenotypes among blood donors inAl-Jouf, Saudi Arabia.

Sanaa Hussein®”, Maram Alruwili®, Dina Alruwaili, Layali Alruwaili’, Wasan Alblaihed?, Joury Alsarrah?, Abozer Elderdery?,
Motea Eskandar?, Kamal Alruwaili?, Hamoud Alruwaili?, Fawaz Alenazy?, Albadawi Talha®, Fadia Alruwaili?

A modifying respiratory muscle device: development and pilot testing.

Raoyrin Chanavirut’, Rattakarn Yensano? Ponlapat Yonglitthipagon', Saowanee Nakmareong?, Lapasrada Chaipattaranun®,
Warisara Jaratpongtakul*

Efficacy of rehabilitation in improving social cognition and behavioral outcomes of pediatric traumatic brain injury:
An integrative review

Bandita Gupta® and Ishika Upadhyay

Normative nasalance in Indians speaking Malayalam and Kannada: Influence of native language, gender, and vowels

Anjitha A Prabhu and Deepthi KJ*

Reliability and validity of the Thai version of the 2007 revised Developmental Coordination Disorder Questionnaire

Natewimon Nantiwat, Sureelak Sutchritpongsa, Amornrat Penphattrarakul, Prakasit Wannapaschaiyong, Nattha Ketudat,
Pat Rojmahamongkol

Serotype distribution of dengue virus in Trang Province, Southern Thailand, 2024

Suwandee Sapcharoen®’, Ativet Sawetadul’, Tipattaraporn Panich?, Khatayut Nigapruke®

Wearable inertial sensors for clinical gait analysis in Parkinson’s disease: A test-retest reliability study

Thanakorn Angkurasiripaiboon®?, Chernkhuan Stonsaovapak®, Maria Justine*, Akkradate Siriphorn*”

The feasibility of fabricated 3D-printed immobilization masks for radiotherapy: mechanical and dosimetric analysis

Kochakorn Phantawong®’, Nongnapat Singthuan?, Kanjana Pinichsai’, Somchat Taertulakarn?

Effect of home-based isometric handgrip training on vascular function in middle-aged women with elevated pulse
pressure

Worrawut Usupharach*?, Hataichanok Boonpim?, Sawitri Wanpen? Raoyrin Chanavirut?, Ponlapat Yonglitthipagon?,
Saowanee Nakmareong?”



Journal of Associated Medical Sciences 2025; 58(3): 1-9

Scopus Indexed & Thai-Journal Citation Index Centre (TCI)

Journal of Associated
Medical Sciences

Journal of Associated Medical Sciences

Journal homepage: https://www.tci-thaijo.org/index.php/bulletinAMS/index

Development of one channel-football formation neural network (OC-FFNet) for
classification the breast ultrasound images

Titipong Kaewlek “***, Thanatpat Jansaengsri!, Yosita Leeju’, Satawee Bootsapawanich?

IDepartment of Radiological Technology, Faculty of Allied Health Sciences, Naresuan University, Phitsanulok Province, Thailand.
2Medical Physics Program, Department of Radiological Technology, Faculty of Allied Health Sciences, Naresuan University, Phitsanulok

Province, Thailand.

3Interdisciplinary Health and Data Sciences Research Unit, Faculty of Allied Health Sciences, Naresuan University, Phitsanulok Province,

Thailand.

ARTICLE INFO ABSTRACT

Article history: Background: Breast cancer is a leading global health issue, with increasing
Received 7 March 2025 incidence and mortality rates. In Thailand, it is the most common cancer among

Accepted as revised 15 April 2025
Available online 18 April 2025

Keywords:
Breast cancer detection, ultrasound
image, convolutional neural networks,

football formation model, deep learning.

* Corresponding contributor.

Author’s Address: Department of Radiological
Technology, Faculty of Allied Health Sciences,
Naresuan University, Phitsanulok Province,
Thailand.

E-mail address: titipongk@nu.ac.th

doi: 10.12982/JAMS.2025.067

E-ISSN: 2539-6056

women, highlighting the need for better diagnostic methods. Traditional imaging
techniques like mammography and ultrasound have limitations that hinder early
detection. Recent advances in artificial intelligence (Al), particularly convolutional
neural networks (CNNs), offer promising solutions for enhancing breast cancer
detection in ultrasound images.

Objective: This study aims to develop a one-channel Al model for detecting breast
cancer in ultrasound images, inspired by football formations to structure the CNN
layers.

Materials and methods: The dataset comprises 18,000 breast ultrasound images
categorized into normal, malignant, and benign cases. Data preprocessing involved
image resizing, enhancement, and augmentation to address class imbalances. The
proposed Al model, the One-Channel Football Formation Neural Network (OC-FFNet),
was designed based on four distinct football formations: 4-3-3, 4-2-3-1, 4-4-2, and
5-4-1. Each formation guided the structuring of CNN layers, incorporating DenseNet-
based modified dense blocks and transition layers. Model training was conducted
with batch sizes ranging from 64 to 256 and epochs between 50 and 150. Performance
evaluation metrics included accuracy, precision, recall, specificity, F1-score, false
positive rate, and area under the curve (AUC).

Results: The models based on the 4-3-3 and 4-4-2 formations exhibited the highest
classification performance, achieving an accuracy of 0.999, precision of 0.999, recall
of 1.000, specificity of 0.999, F1-score of 0.999, and AUC of 0.999. The 4-2-3-1
model attained an accuracy of 0.963, while the 5-4-1 model achieved an accuracy
of 0.968. Prediction times were consistent across all models, indicating computational
efficiency. The findings suggest that formations with balanced positional distributions,
such as 4-3-3 and 4-4-2, required fewer training iterations and larger batch sizes to
achieve optimal performance.

Conclusion: The integration of football formation strategies into CNN architecture
represents a novel approach to Al model design. The results indicate that strategically
structured CNNs can improve breast cancer detection in ultrasound images.

Introduction

Breast cancer represents significant global health
concern, with its incidence and mortality rates escalating
in numerous countries. In 2022, the World Health
Organization (WHO) reported approximately 2.3 million
new cases of breast cancer worldwide, resulting in 670,000
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deaths.! This malignancy has now surpassed lung cancer
as the most diagnosed cancer globally. The rising trend
underscores the imperative for enhanced awareness, early
detection, and comprehensive management strategies to
mitigate the disease’s impact.

In Thailand, breast cancer has emerged as the most
prevalent cancer among women. The National Cancer
Institute reported over 140,000 new cancer diagnoses
in 2022, with breast cancer accounting for a substantial
proportion of these cases. The annual incidence rate stands
at 37.8 per 100,000 population, equating to approximately
22,158 new cases in 2020, which constituted 22.8% of
all female cancer cases. This upward trajectory in breast
cancer incidence necessitates targeted public health
interventions and resource allocation to address the
burgeoning burden effectively.?

Diagnostic modalities for breast cancer primarily
include mammography and breast ultrasound.?
Mammography, while considered the gold standard,
exhibits reduced sensitivity in women with dense breast
tissue, potentially leading to false-negative results and
delayed diagnoses. Such delays can exacerbate disease
progression and complicate treatment outcomes.
Moreover, mammography involves exposure to ionizing
radiation and requires breast compression, which may
causediscomfortand detersome women from participating
in regular screening programs. These limitations highlight
the need for alternative or adjunctive imaging techniques
to improve diagnostic accuracy and patient compliance.*

Breast ultrasound serves as a complementary
diagnostic tool, particularly advantageous in detecting
malignancies obscured in dense breast tissue that
mammography might miss. Its non-invasive nature and
absence of radiation exposure make it a favorable option
for many patients. However, ultrasound is operator-

dependent, andits efficacy canvary based on the technician’s
expertise. Integrating ultrasound into routine screening,
especially for high-risk populations, could enhance early
detection rates and improve prognostic outcomes.?*

In recent years, artificial intelligence has been
increasingly developed and applied to support medical
diagnosis, particularly using convolutional neural networks,
which are known for their powerful image analysis
capabilities. Convolutional neural networks consist of
multiple layers designed to extract hierarchical features
from input data, enabling high accuracy in complex
pattern recognition tasks.>® Notably, the research team
observed that the layered structure of convolutional
neural networks bears a conceptual similarity to football
formations, where each layer corresponds to specific
positional roles such as goalkeeper, defender, midfielder,
and forward.! This analogy provides a novel perspective
on designing artificial intelligence architectures by aligning
neural network layers with strategic football positions,
thereby enhancing interpretability and potential model
optimization.

For example, the widely recognized 4-4-2 football
formation,’*'* which comprises four defenders, four
midfielders, and two forwards, can be mapped to the
layers of a convolutional neural network as follows: four
layers in the defense block, four layers in the middle
block, and two layers in the forward block (Figure 1).
This mapping is not merely conceptual but is strategically
employed to organize the neural network layers to emulate
hierarchical decision-making processes akin to positional
roles on a football field. Such an approach aids in the
systematic construction of convolutional neural networks,
where each block is tailored to extract features relevant
to specific tasks, thus enhancing the model’s learning and
predictive performance.

Figure 1. Workflows of this study.



T. Kaewlek et al. Journal of Associated Medical Sciences 2025; 58(3): 1-9 3

Additionally, the research team is investigating other
football formations, encompassing both offensive and
defensive strategies, to evaluate the efficacy of these
architectural analogies in breast cancer detection. By
experimenting with varied formations, such as 4-3-3 for
more aggressive feature extraction or 5-4-1 for robust
defensive classification layers, the research aims to
identify optimal configurations that balance sensitivity
and specificity in diagnostic outcomes.*** This exploration
of diverse configurations may reveal insights into the most
effective architectures for accurate and efficient breast
cancer detection using ultrasound images. The strategic
alignment of football formations with neural network
layers thus not only facilitates conceptualization but also
serves as a foundation for optimizing artificial intelligence
model structures for medical imaging applications.’>'’

The primary objective of ongoing research is to
develop a one-channel artificial intelligence model tailored
for breast cancer detection in ultrasound imagery. This
model aims to accurately differentiate between normal
and abnormal breast tissues by emulating the strategic
organization inherent in football formations. By leveraging
artificial intelligence’s analytical prowess, this approach
aspires to enhance diagnostic precision, facilitate early
intervention, and ultimately improve patient outcomes in
breast cancer care.

Materials and methods
Data collection

The images utilized in this study were obtained from
the online database Kaggle.com. Allimages were confirmed
to be breast ultrasound scans and categorized into three
groups: normal breast tissue, malignant tumors, and
benign tumors. The dataset consisted of images collected
from female patients aged 25 to 75 years. Each image
had an average resolution of 500 x 500 pixels and was
stored in PNG format. A total of 9,282 breast ultrasound
images were sourced from two Kaggle databases,*®*° with
permission granted by the data owners for unrestricted
use, eliminating the need for additional consent. The
dataset comprised 266 images of normal breast tissue and
9,016 images of abnormal breast tissue, including both
malignant and benign tumors.

Inclusion criteria

The study included single breast ultrasound images
that were confirmed to depict either normal breast tissue
or abnormal breast tissue, including malignant and benign
tumors.

Exclusion criteria

Images diagnosed with pathological conditions
unrelated to breast masses were excluded from the study
to maintain dataset specificity.

To ensure uniformity, all selected images were
resized to a consistent matrix size. Image enhancement
and noise reduction techniques were subsequently
applied to improve image quality and ensure suitability for
breast tissue classification.

To address class imbalance and enhance the
robustness of the artificial intelligence model, image
augmentation techniques were applied to both normal
and abnormal breast ultrasound images. Augmentation
methods included rotation, translation, and zooming. This
approach generated an equal number of images across
classes, resulting in 9,000 images of normal breast tissue
and 9,000 images of abnormal breast tissue, for a total of
18,000 images.

The dataset was divided into three subsets as follows:

» Training set: 70% of the images (12,600 images)

were used to train the artificial intelligence model.
= Validation set: 20% of the images (3,600 images)

were allocated for model validation to optimize hy-

perparameters and prevent overfitting.

= Testing set: 10% of the images (1,800 images) were

reserved for evaluating the model’s performance
and generalization capability.

Development of the football formation-based artificial
intelligence model
Concept and design
The proposed artificial intelligence model was
developed using a one-channel convolutional neural
network architecture, with its internal structure based on
DenseNet.? The model design was inspired by football
formations, categorized into offensive and defensive
strategies. Four football formations were selected for
implementation:
Attacking formations:
4-3-3 and 4-2-3-1: These formations are recognized
as highly effective offensive strategies and are
widely adopted by top-tier football clubs such as
Manchester City, Real Madrid, Liverpool, and Bayern
Munich.
Defensive formations:
5-4-1 and 4-4-2: These formations are well-
established defensive strategies commonly employed
by elite football clubs, including Manchester City,
Real Madrid, and Liverpool.

Architecture of the one-channel football formation
neural network (OC-FFNet)

The one-channel football formation neural network
(OC-FFNet) was designed to align with football formations,
where the number of blocks within the network
corresponded to the number of players in each position.
The architecture was primarily based on DenseNet,
incorporating dense blocks and concatenation layers to
enhance feature propagation and reuse.?®

Key components of dense block

The fundamental components of dense block
include:

1. Batch normalization

2. Activation function

3. Convolutional layer

4. Concatenation layer
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Moadified dense block structure in OC-FFNet

Each modified dense block in the OC-FFNet consists
of six layers:

1. Batch normalization

2. RelU activation function

3. Convolutional layer

4. Batch normalization

5. RelU activation function

6. Convolutional layer

Transition layers

At the initial stage of the model, the architecture
comprises an input layer, convolutional layers, and max
pooling layers. Between each position block, transition
layers are incorporated to facilitate information flow. Each
transition layer consists of:

1. Batch normalization

2. Convolutional layer

3. Average pooling

Final processing layers

Before producing the final model output, the
following layers are included:

1. Global average pooling layer

2. Flatten layer

3. Softmax function

Football formation-based network structure

The number of blocks within different sections of the
network was determined based on each football formation
(Further details are provided in Figure 2):

4-3-3 Formation: 4 Defensive blocks, 3 Midfield
blocks, 3 Forward blocks

4-2-3-1 Formation: 4 Defensive blocks, 2 Defensive
midfield blocks, 3 Attacking midfield blocks, 1 Forward
block

5-4-1 Formation: 5 Defensive blocks, 4 Midfield
blocks, 1 Forward block

4-4-2 Formation: 4 Defensive blocks, 4 Midfield
blocks, 2 Forward blocks

Each model was trained using batch sizes ranging
from 64 to 256, with the number of training epochs varied
between 50 and 150.

Figure 2. illustrates the structure of four football formation networks, the structure of a modified dense block
in OC-FFNet and the transition layer in OC-FFNet.

Performance evaluation

The models’ performance in detecting breast cancer
in ultrasound images was evaluated using a confusion
matrix. The classification outcomes were defined as
follows:

True positives (TP): The model correctly identifies
and classifies breast cancer in ultrasound images.

True negatives (TN): The model correctly identifies
normal images without misclassifying them as cancerous.

False positives (FP): The model incorrectly detects breast
cancer in a normal image or misclassifies a benign lesion.

False negatives (FN): The model fails to detect breast
cancer in an image that contains a malignant tumor.

To assess model performance, the following metrics
were calculated: accuracy, precision (positive predictive
value), sensitivity (recall), specificity, F1-score, false
positive rate (FPR), and area under the curve (AUC).
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Evaluation of the performance of four football formation
models

Tables 1 to 2 present the performance evaluation
of artificial intelligence models developed using four
football formations: 4-3-3, 4-2-3-1, 4-4-2, and 5-4-1. These
models were evaluated using various batch sizes ranging
from 64 to 256 and training epochs ranging from 50 to
150. The performance metrics included accuracy, positive
predictive value (precision), sensitivity (recall), specificity,
F-1 score, false positive rate, and the area under the curve.
Additionally, the prediction time for 1,800 test images was
recorded.

The 4-3-3 formation model exhibited optimal
performance with a batch size of 128 and 100 epochs.
It obtained an accuracy of 0.999, a precision of 0.999, a
sensitivity of 1.000, a specificity of 0.999, an F-1 score of
0.999, a false positive rate of 0.001, and an AUC of 0.999.
The prediction time for this model was 6.588 seconds.
The 4-2-3-1 formation model demonstrated optimal
performance using a batch size of 64 and 150 epochs.
It achieved an accuracy of 0.963, a precision of 0.927, a
sensitivity of 1.000, a specificity of 0.932, an F-1 score of
0.962, a false positive rate of 0.068, and an AUC of 0.963.
The prediction time for this model was 5.122 seconds, as
shown in Table 1.

Table 1. The performance of attacking formations (4-3-3 and 4-2-3-1 football formation models)

Batch size Epoch Accuracy Precision Sensitivity Specificity F1-score Falser;)::itive AUC gr:;
50 0.500 1.000 0.500 0.000 0.667 0.000 0.500 5.044
64 100 0.998 0.997 1.000 0.997 0.998 0.003 0.998 4.918
150 0.967 1.000 0.939 1.000 0.968 0.000 0.967 4.956
- 50 0.500 1.000 0.500 0.000 0.667 0.000 0.500 6.329
N 128 100 0.999 0.999 1.000 0.999 0.999 0.001 0.999 6.588
N 150 0.803 0.606 1.000 0.717 0.754 0.283 0.803 4.917
50 0.500 1.000 0.500 0.000 0.667 0.000 0.500 6.360
256 100 0.500 1.000 0.500 0.000 0.667 0.000 0.500 6.660
150 0.988 0.977 1.000 0.977 0.988 0.228 0.988 4.701
50 0.547 0.853 0.529 0.621 0.653 0.379 0.547 5.102
64 100 0.850 0.966 0.784 0.955 0.866 0.045 0.850 5.088
150 0.963 0.927 1.000 0.932 0.962 0.068 0.963 5.122
- 50 0.762 0.523 1.000 0.677 0.687 0.323 0.762 4.943
2 128 100 0.545 1.000 0.524 1.000 0.678 0.000 0.545 4.871
+ 150 0.937 0.880 0.993 0.892 0.933 0.108 0.937 4.940
50 0.788 0.577 1.000 0.703 0.732 0.297 0.788 4.935
256 100 0.500 0.000 0.000 0.500 0.000 0.500 0.500 5.189
150 0.928 0.857 1.000 0.875 0.923 0.125 0.928 4.962

The 5-4-1 formation model achieved its best The models based on the 4-4-2 and 4-3-3 formations

performance using a batch size of 64 and 150 epochs.
It recorded an accuracy of 0.968, a precision of 0.994, a
sensitivity of 0.945, a specificity of 0.994, an F-1 score of
0.969, a false positive rate of 0.006, and an AUC of 0.968.
The prediction time for the test images was 5.327 seconds.
The 4-4-2 formation model demonstrated the highest
performance using a batch size of 128 and 100 epochs.
Specifically, it achieved an accuracy of 0.999, a precision of
0.999, a sensitivity of 1.000, a specificity of 0.999, an F-1
score of 0.999, a false positive rate of 0.001, and an AUC of
0.999. The prediction time for the test images was 6.647
seconds, as shown in Table 2.

exhibited the highest accuracy and AUC values, indicating
superior predictive performance. The 4-2-3-1 model
also demonstrated strong performance, although its
specificity and false positive rate were comparatively
lower. In contrast, the 5-4-1 formation model showed
slightly lower accuracy and AUC metrics. Notably, the
consistency in prediction times across most models
suggests that computational efficiency was maintained
regardless of the formation strategy employed. However,
the faster prediction time of the 4-2-3-1 model warrants
further investigation to understand the underlying factors
contributing to this difference.
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Table 2. The performance of defensive formations (5-4-1 and 4-4-2 football formation models)

Batch size Epoch Accuracy Precision Sensitivity Specificity F1-score Falser::)esitive AUC .{s'::;

50 0.609 0.894 0.569 0.754 0.696 0.246 0.609 5.410

64 100 0.529 1.000 0.515 1.000 0.680 0.000 0.529 5.400

150 0.968 0.994 0.945 0.994 0.969 0.006 0.968 5.327

- 50 0.500 1.000 0.500 0.000 0.667 0.000 0.500 9.030
< 128 100 0.967 0.933 1.000 0.938 0.966 0.063 0.967 5.405
" 150 0.912 0.823 1.000 0.850 0.903 0.150 0.912 5.353
50 0.548 0.963 0.526 0.783 0.681 0.217 0.548 5.276

256 100 0.726 0.979 0.650 0.957 0.781 0.043 0.726 5.189

150 0.756 0.511 1.000 0.672 0.677 0.328 0.756 5.267

50 0.495 0.990 0.497 0.000 0.662 1.000 0.495 5.415

64 100 0.994 0.999 1.000 0.999 0.999 0.001 0.999 5.928

150 0.497 0.996 0.499 0.000 0.665 1.000 0.498 5.196

~ 50 0.751 0.917 0.688 0.875 0.786 0.125 0.751 6.706
N 128 100 0.999 0.999 1.000 0.999 0.999 0.001 0.999 6.647
N 150 0.980 0.999 0.963 0.999 0.980 0.001 0.980 6.635
50 0.500 1.000 0.500 0.000 0.667 0.000 0.500 5.089

256 100 0.500 1.000 0.500 0.000 0.667 0.000 0.500 5.033

150 0.500 1.000 0.500 0.000 0.667 0.000 0.500 6.723

This study introduces a novel approach to artificial
intelligence model development, representing the first
instance in which football formation strategies have been
utilized as a structural basis for designing and constructing
convolutional neural network architectures. By analyzing
the spatial arrangement of football formations, the
research team identified the interconnected positioning of
players within various tactical strategies. This observation
led to the hypothesis that the number of players in each
position could be mapped onto the number of layers
used for feature extraction in the hidden layers of the
convolutional neural network model.

In football strategy planning, coaches select
formations based on their emphasis on either offensive
or defensive play. Tactical formations have evolved
significantly over time. During the 20th century, the
5-3-2 formation was predominantly employed for
defensive strategies, whereas the 4-2-4 formation gained
prominence in the 1950s for its offensive effectiveness,
achieving considerable success during that period®. In
contemporary football, formations such as 4-3-3, 4-4-2,
and 3-5-2 are widely implemented to optimize match
performance.®®

Empirical studies by Forcher have indicated that
the 4-4-2 and 4-2-3-1 formations are among the most
frequently utilized strategies in professional football.
Additionally, research published in 2019* and 2023%*
demonstrated that the 4-2-3-1 formation significantly
influences the physical and tactical performance of wingers
in amateur football. Zhang et al.?® further examined

the impact of formations on the physical and technical
performance of players in the Chinese Super League,
concluding that formation selection has a direct effect on
match outcomes. Case studies have also highlighted this
impact; for example, in the 2009 UEFA Champions League
Final, FC Barcelona secured a 2-0 victory over Manchester
United by employing their signature 4-3-3 formation.”
Furthermore, defensive formations, such as the 4-5-1
strategy, have been strategically implemented to reinforce
defensive stability.?®

Each football formation offers distinct strategic
advantages, rendering them suitable for different styles
of play. In this study, football formations were integrated
into the artificial intelligence model’s architecture in a
unidirectional manner, consistent with the convolutional
neural network framework. The dense block structure
was adapted from DenseNet and the number of modified
dense blocks in the hidden layers was determined based
on the number of players in each position.?® Specifically,
defenders, midfielders, and forwards were assigned
distinct layers, while the goalkeeper was designated as the
input layer.

In the development of the football formation model,
each group of players sequentially transitions into the
next layer: the defense block transitions into the midfield
block, which subsequently transitions into the Forward
Block. Following feature extraction, the processed
data is propagated to the fully connected layers, which
incorporate batch normalization with ReLU activation and
global average pooling to mitigate data redundancy before
classification using the Softmax function.
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The artificial intelligence models based on the four
football formations were trained to distinguish between
normal and cancerous breast ultrasound images.
The performance of these models was influenced by
hyperparameter configurations, including batch size
and the number of training epochs. The results indicate
that the 4-3-3 and 4-4-2 formations achieved optimal
classification performance when trained with a batch size
of 128 and 100 epochs. In contrast, the 4-2-3-1 and 5-4-1
formations yielded the best results with a batch size of 64
and 150 epochs.

These findings suggest that formations with a higher
number of defense and midfield blocks necessitateasmaller
batch size and an increased number of training iterations
to attain optimal performance. Conversely, formations
such as 4-3-3 and 4-4-2, which exhibit a balanced number

of blocks, perform effectively with a larger batch size
and fewer training iterations. Furthermore, the models
exhibited similar prediction times across all formations,
indicating that computational efficiency was maintained
regardless of the selected formation.

Table 3 provides a comparative analysis of the breast
cancer detection performance in this study relative to
related research. The proposed model demonstrates
superior performance compared to the study conducted
by Rakibul Islam, which utilized the EDCNN method to
classify breast ultrasound images into three categories:
normal, benign, and malignant. Their study evaluated
classification performance across three distinct image
datasets, with the highest performance observed on the
BUSI dataset, achieving an accuracy of 87.82%, a sensitivity
of 85.33%, and a precision of 87.33%%.

Table 3. Comparison of our proposed models and previous work.

Authors Study Model

Method

Test dataset
(Images)

Training and  Performance
validation dataset (%)
(Images)

Islam?* Normal, benign, and

malignant classification

EDCNN Deep

learning

BUSI Dataset 156 624 ACC 87.82
SEN 85.33

PRE 87.33

ACC 85.69
SEN 78.00
PRE 84.00

ACC 85.69
SEN 78.00
PRE 84.00

UDAIT Dataset 33 130

UDAIT Dataset 33 130

Umapathi?>  Normal, benign, and SRAD Deep

malignant classification

learning

60 100 ACC99.99
AUC 99.00
SEN 94.10

SPEC96.12

Our Normal and breast
proposed cancer classification

OC-FFNet Deep
(4-4-2)

learning

ACC99.99
AUCO0.99
PRE 99.99
SEN 100.00
SPEC 99.99
F-199.99

1,800 16,200

OC-FFNet Deep
(4-3-3)

learning

1,800 16,200 ACC99.99
AUC 0.99
PRE 99.99
SEN 100.00
SPEC 99.99

F-199.99

OC-FFNet Deep
(5-4-1)

learning

1,800 16,200 ACC 96.80
AUC0.968
PRE 99.40
SEN 94.50

SPEC 99.40

F-196.90

OC-FFNet Deep
(4-2-3-1)

learning

1,800 16,200 ACC96.30
AUC0.963
PRE 92.70

SEN 100.00

SPEC93.20

F-196.20

Note: ACC: accuracy, AUC: area under the curve, PRE: precision, SEN: sensitivity, SPEC: pecificity, F-1: F-1 score.
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Additionally, the performance of the proposed
model is comparable to that of Umapathi’s study, which
employed the SRAD method for breast ultrasound image
classification. Umapathi’s model achieved an accuracy of
99.99%, a sensitivity of 99.00%, a specificity of 84.00%,
and an area under the curve (AUC) of 99.00%.2

However, while both studies utilized artificial
intelligence models to classify breast ultrasound images
into three categories—normal, benign, and malignant, our
study combined benign and malignant images into a single
category.’®® Future research will focus on evaluating the
proposed artificial intelligence model’s effectiveness in a
three-class classification setting. Nevertheless, this study
utilized a larger dataset than both studies, which likely
contributed to reducing the risk of overfitting during
model training.

Furthermore, certain studies specifically assess the
ability to differentiate between benign and malignant
breast ultrasound images to evaluate classification
performance.

Limitations

The dataset utilized in this study exhibited a high
degree of similarity between images, presenting challenges
in distinguishing between normal and cancerous cases. To
mitigate this issue, image augmentation techniques were
implemented to expand the dataset and enhance the
model’s ability to recognize subtle differences. Enhancing
the diversity of both normal and cancerous ultrasound
images would further improve the artificial intelligence
model’s learning process. A more varied dataset could
contribute to better generalization and higher classification
accuracy in real-world applications.

Using the proposed method, the augmented images
may not clearly represent the target population. Future
testing should include a greater number of images with
similar characteristics or apply minimal augmentation to
ensure better representation in the study.

Conclusion

The development of artificial intelligence model
architectures based on football formations, incorporating
modifications to the dense block structure in accordance
with the number of players in each formation, yielded
notable performance results. Among the four formations
examined, the 4-4-2 and 4-3-3 models exhibited the highest
efficiency, as their balanced distribution of modified dense
blocks enhanced feature extraction capabilities. This
structural advantage resulted in superior performance
compared to the 4-2-3-1 and 5-4-1 formations.
Nonetheless, all four models effectively distinguished
between normal and cancerous breast ultrasound images
when optimal parameter configurations were applied.
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Hepatotoxic effects of sildenafil-containing “Tiger King” herbal supplement in a rat
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ARTICLE INFO ABSTRACT

Article history: Background: The global market for erectile dysfunction (ED) treatments has seen a
Received 7 January 2025 rise in herbal supplements marketed as natural alternatives to prescription medications.
Accepted as revised 10 April 2025 However, many of these products contain undeclared pharmaceutical ingredients,
Available online 26 April 2025 posing significant health risks.

Keywords:
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medicine, liver injury, sildendfil citrate.

Objective: This study aimed to investigate the chemical composition and potential
hepatotoxic effects of “Tiger King,” a purported Chinese herbal supplement for

sexual enhancement, using both in vitro and in vivo experiments.

Materials and methods: Chemical analysis of “Tiger King” tablets was performed
using thin-layer chromatography and colorimetric tests. Antioxidant activities were
evaluated using DPPH and FRAP assays. /n vivo studies were conducted using male
Wistar rats (N=20) divided into four groups: control, clomiphene, low-dose “Tiger
King” (5 mg/kg) or TK1, and high-dose “Tiger King” (10 mg/kg) or TK2. Treatments
were administered orally for 30 days. Serum testosterone levels, sperm parameters,
oxidative stress markers, liver and kidney function tests, and histopathological

changes were assessed.

Results: Chemical analysis revealed the presence of sildenafil in “Tiger King” tablets,
with no detectable amounts of the claimed herbal ingredients. In vivo studies
showed significant increases in sperm count and testosterone levels in treated
groups. However, oxidative stress markers (MDA, GSH) were significantly altered,
and liver function tests (ALT, AST, ALP, bilirubin) were elevated in treatment groups
with ALT increased by 17.8% (from 45.0+1.1 to 53.0+1.1 U/L), AST by 12.5%
(from 120.0+1.1 to 135.0+1.1 U/L) in the high-dose TK2 group. Histopathological
examination revealed mild to moderate changes in liver, kidney, and reproductive
organs of treated animals, including hepatic steatosis, renal glomerular congestion,
and glandular atrophy in reproductive tissues.

Conclusion: This study provides evidence that “Tiger King” contains undeclared
sildenafil and lacks the advertised herbal components. Its use is associated with
improved reproductive parameters but also with significant biochemical and
histopathological changes which draw attention to potential health risks of adulterated

herbal supplements.
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Introduction

The global market for erectile dysfunction (ED)
treatments has seen a significant surge in the availability
of herbal supplements marketed as “natural” alternatives
to prescription medications.'especially with regard to the
treatment of erectile dysfunction (ED These products,
often promoted as safer options, have raised concerns
among healthcare professionals and regulatory bodies due
to the potential presence of undeclared pharmaceutical
ingredients and their associated health risks. One such
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product, “Tiger King”, a purported Chinese herbal remedy
for sexual enhancement, has gained popularity in various
countries, including Israel, Australia, Canada, and the
United States.>* Recent investigations have found a
disturbing trend in the composition of these “herbal”
supplements. Numerous reports have detected the
presence of phosphodiesterase type 5 (PDE-5) inhibitors
and their analogues in products labeled as “100%
natural” or “herbal”.>® Sildenafil, the active ingredient in
Viagra®, and its analogues are frequently found in these
supplements, often in varying and potentially dangerous
doses.”® This adulteration poses significant health risks,
particularly as consumers may be unaware of the actual
contents of these products.

The case of “Tiger King” is particularly alarming.
Chemical analyses conducted by health authorities in
the United States, Israel, Australia, and Canada have
consistently revealed the presence of sildenafil in these
tablets, with doses ranging from therapeutic levels to
potentially harmful amounts exceeding 200 mg per tablet.®
More concerning is the complete absence of the herbal
ingredients listed on the product label, further emphasizing
the questionable nature of these supplements. However,
and while the efficacy of sildenafil in treating ED is well-
established, its safety profile, particularly in uncontrolled
doses and in combination with undisclosed ingredients,
remains a subject of concern. Recent case reports have
suggested a possible link between sildenafil use and
hepatotoxicity, a connection not widely recognized
or reported in standard prescribing information.2013
These cases raise important questions about the safety
of sildenafil, especially in patients with pre-existing
liver conditions or when consumed in unregulated
supplements. Similarly, recent studies have demonstrated
the importance of rigorous testing methodologies when
evaluating reproductive parameters and drug safety.'

The potential for hepatotoxicity associated with
sildenafil is particularly worrisome given the prevalence of
liver disease globally and the tendency of many patients
to seek “natural” remedies without medical supervision.
The mechanism by which sildenafil might induce liver
injury remains unclear, with hypotheses ranging from
idiosyncratic reactions to dose-dependent toxicity in
susceptible individuals.?* Despite these concerns, there
is @ small number of controlled studies investigating the
hepatotoxic potential of sildenafil, particularly in the
context of adulterated herbal supplements like “Tiger
King”. In this respect, we hypothesized that the undeclared
presence of sildenafil in “Tiger King” supplements may
cause health risks, particularly hepatotoxicity, despite
potential benefits for sexual function. Therefore, this study
aims to address this critical knowledge gap by investigating
the potential hepatotoxic effects of “Tiger King” and its
primary active ingredient, sildenafil, in a controlled animal
model.

Materials and methods:

In vitro studies

Chemical analysis

Thin-layer chromatography was performed using silica
gel 60 F254 plates (Merck, Germany). The mobile phase
consisted of ethyl acetate:methanol:ammonium hydroxide
(85:10:5 v/v/v)."> Samples were prepared by dissolving
one TK tablet in 10 mL of methanol, sonicating for 15
minutes, and filtering through a 0.45 um membrane filter.
Ten microliters of the sample solution and authenticated
sildenafil standard (Sigma-Aldrich, USA) were applied
to the TLC plate. After development, the plates were
visualized under UV light at 254 nm and 366 nm.*® Sildenafil
identification was confirmed by co-chromatography
with reference standard (Rf=0.68+0.02) and subsequent
phosphomolybdic acid reagent spray followed by heating
at 105 °C for 5 minutes. The presence of sildenafil was
indicated by a blue spot.””

In addition to TLC analysis, colorimetric tests were
also performed such as Dragendorff’s test (for alkaloids),*®
vanillin-sulfuric acid test (for ginseng saponins),’® and
ninhydrin test (for amino acids and peptides),? as well as
the visual inspection for synthetic dyes.?* All tests were
performed in triplicate to ensure reproducibility. Standard
solutions of sildenafil, tadalafil, yohimbine, ginseng extract,
and Cordyceps extract were used as positive controls.?

The TK tablets were ground into fine powder
using a clean mortar and pestle (Figure 1). For in vitro
experiments, the powder was dissolved in methanol (10
mg/mL), sonicated for 15 minutes, and filtered through
a 0.45 um membrane filter. For chemical analysis, 10 pL
of this solution was used for TLC analysis and appropriate
dilutions were made for other assays.

Figure 1. Tiger king tablets from the local market.
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Antioxidant activities

The antioxidant activities of “Tiger King” were evaluated
using multiple assays. The 2,2-diphenyl-1-picrylhydrazyl
(DPPH) radical scavenging assay was performed to measure
free radical scavenging capacity.?® The ferric reducing
antioxidant power (FRAP) assay was used to assess the
supplement’s reducing power.* To ensure measurement
consistency, all assays were performed in duplicate, with
ascorbic acid and Trolox as positive controls.

In vivo studies
Animal model and treatment

Male Wistar rats (8-10 weeks old, weighing 200-250 gm)
were used for the in vivo studies. Animals were housed
under standard laboratory conditions (12 hrs light/dark
cycle,22+2°C, 55+5% humidity) with free access tofood and
water. Rats were randomly divided into four groups (N=5
per group): control, clomiphene, low-dose “Tiger King”
(5 mg/kg), high-dose “Tiger King” (10 mg/kg). Treatments
were administered orally once daily for 30 days. For oral
administration, TK tablets were ground into fine powder
and dissolved in sterile saline (10 mg/mL). The solution was
sonicated for 15 minutes and filtered through a 0.45 um
membrane filter. Fresh solutions were prepared daily and
administered via oral gavage according to the designated
doses for each treatment group. All animal procedures
were approved by the Institutional Ethics Committee and
conducted in accordance with international guidelines for
the care and use of laboratory animals.

Sperm parameters

On day 29, rats were euthanized, and epididymal
sperm were collected. Sperm count was determined
using a hemocytometer. Sperm motility was assessed
using computer-assisted sperm analysis (CASA). Sperm
morphology was evaluated by examining Eosin-Nigrosin
stained smears under a light microscope, counting at least
200 sperm per sample and classifying them as normal or
abnormal based on head, midpiece, and tail morphology.

Biochemical analysis

Blood samples were collected via cardiac puncture,
and serum was separated by centrifugation. Liver function
was assessed by measuring serum levels of alanine
aminotransferase (ALT), aspartate aminotransferase
(AST), alkaline phosphatase (ALP), and total bilirubin
using commercial kits. Oxidative stress markers, including
malondialdehyde (MDA), reduced glutathione (GSH), and

superoxide dismutase (SOD) activity, were measured in
liver homogenates using spectrophotometric methods.

Histopathological changes

Liver and testicular tissues were fixed in 10% neutral
buffered formalin, embedded in paraffin, sectioned at 5
pm thickness, and stained with hematoxylin and eosin
(H&E). Slides were examined under a light microscope by a
pathologist blinded to the treatment groups. Liver sections
were assessed for signs of hepatotoxicity, including
steatosis, inflammation, and necrosis. Testicular sections
were evaluated for changes in seminiferous tubule
morphology, spermatogenesis, and interstitial tissue.

Statistical analysis

All data were analyzed using SPSS version 27 (IBM,
USA). Data normality was assessed using Shapiro-Wilk
test and the results are presented as meantSD. One-way
analysis of variance (ANOVA) followed by Tukey’s post-hoc
test was used to compare differences between groups. For
fertility rate, Chi-square test was employed. The p<0.05
was considered statistically significant. Graphs were
generated using GraphPad Prism 9 (GraphPad Software,
USA).

Results
Chemical analysis

Thin-layer chromatography (TLC) and colorimetric
tests were performed to detect the presence of key
compounds in the Tiger King (TK) supplement. The results
are summarized in Table 1. The TLC analysis revealed
a prominent spot (Rf=0.68) under UV light at 254 nm,
characteristic of sildenafil. This spot also gave a positive
reaction with phosphomolybdic acid spray reagent which
additionally confirms the presence of sildenafil. No
spots corresponding to tadalafil or other common PDE-5
inhibitors were observed under UV light at 366 nm. The
Dragendorff’s reagent, used to detect alkaloids such as
yohimbine, did not produce any orange-brown spots,
which indicates the absence of these compounds. Also,
the vanillin-sulfuric acid reagent, typically used to detect
ginseng saponins, did not produce any characteristic purple
spots, which qualitatively means the absence of ginseng
in the sample. Moreover, the ninhydrin reagent, used to
detect amino acids and peptides found in Cordyceps, did
not produce any purple spots. The visual inspection under
normal and UV light (366 nm) revealed the presence of
synthetic dyes, likely used for tablet coloration.

Table 1. Qualitative chemical analysis of Tiger King (TK).

Compound Method of detection Result

Sildenafil TLC + UV (254 nm) Present
Tadalafil TLC + UV (366 nm) Absent
Yohimbine Dragendorff’s reagent Absent
Ginseng saponins Vanillin-sulfuric acid reagent Absent
Cordyceps markers Ninhydrin reagent Absent
Synthetic dyes Visual + UV (366 nm) Present
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Antioxidant activities

The DPPH radical scavenging activity of TK extract
exhibited a concentration-dependent response (Figure 2A).
At the lowest concentration tested (10 pg/mL), TK
showed 15.3+1.2% inhibition, increasing to 84.2+1.9% at
the highest concentration (200 pug/mL). In comparison,
ascorbicacid (AA), used as a positive control, demonstrated
higher activity, 38.5+1.7% inhibition at 10 ug/mL and
98.9+0.5% at 200 pg/mL. The calculat