PROCEEDINGS

The 46 of the Pharmacological and

Therapeutic Society of Thailand
Annual Meeting

Innovative and Sustainable
Pharmacological Approaches for Combating

Non-Communicable Diseases (NCDs)

15-17 May 2025
The Bed Vacation Hotel
Songkhla

7R | —
7/ 1 THE PHARMACOLOGICAL FACULTY OF SCIENCE
!‘\ 35, AND THERAPEUTIC SOCIETY OF THAILAND PRINCE OF SONGKLA UNIVERSITY

o Tt



This publication includes abstracts of the invited speakers and poster abstracts and papers presented
at the 46t Annual Meeting of the Pharmacological and Therapeutic Society of Thailand under the
theme “Innovative and Sustainable Pharmacological Approaches for Combating Non-Communicable
Diseases (NCDs)”. The conference was held at the Bed Vacation Hotel, Songkhla from May 15-17,
2025, organized by Pharmacology Program, Division of Health and Applied Science, Faculty of
Science, Prince of Songkla University, Songkhla, Thailand.

Published by: The Pharmacological and Therapeutic Society of Thailand (PTST)

© 2025 The Pharmacological and Therapeutic Society of Thailand (PTST) and Pharmacology
Program, Division of Health and Applied Science, Faculty of Science, Prince of Songkla
University.
All rights reserved.

Disclaimer

Matters of copyright of all images and text associated with the abstracts and papers within the
Proceedings of the 46" Annual Meeting of the Pharmacological and Therapeutic Society of Thailand
(PTST) are the responsibility of the authors. The PTST does not accept responsibility for any
liabilities arising from the publication of any of the submissions.

Copyright

Reproduction of this document or parts thereof by any means what soever is prohibited without the
written permission of the Pharmacological and Therapeutic Society of Thailand (PTST).

National Library of Thailand Cataloging in Publication Data

Proceedings of the 46t Annual Meeting of the Pharmacological and Therapeutic Society of
Thailand. -- Songkhla : The Pharmacological and Therapeutic Society of Thailand, 2025.
100p.

I. Pharmacology. 2. Chronic disease. 3. Pharmaceutical chemistry. | Title.

615.19
ISBN 978-616-94260-2-8




Table of Contents

Welcome Message from the Chair of Organizing Committee
Wandee Udomuksorn

Welcome Message from the President of PTST
Rattima Jeenapongsa

Conference Schedule

Chiravat Sadavongvivad’s Memorial Lecture

Mechanism Underlying Aortic Degeneration and Introduction of a
Clinical Trial using Tricaprin and Beta caryophyllene
Nobuhiro Zaima

Plenary Session |

Effects of Methotrexate on Blood Pressure and Wave Reflection in
Rheumatoid Arthritis: A Randomized Controlled Trial
Sara Tommasi & Julie-Ann Hulin

Symposium |I: Update and trends in CVS pharmacology

Update Drug Treatment Regimen for CVS Disease
“Guideline-Directed Medical Therapy in Heart Failure”
Thanapon Nilmoje

Symposium ll: Update kratom situation and pharmacology trend

Kratom-Drug Interactions: A Pharmacokinetic Perspective on the
Complexities of its Use in Clinical Practice
Verawan Uchaipichat

Studies of Kratom Plant Effects on Central Nervous System Using
Digital Platforms

Ekkasit Kumanrist

Plenary Session Il

Update and Trends in DM Type Il Treatment

Noppadol Kietsiriroje

Plenary Session Il

How to do DM Remission?
Thanasak Yimkerd

Proceedings of 46t PTST Annual Meeting, |5-17 May 2025



Symposium lll: Update and trends in cancer therapy & precision
medicine in cancer

Targeting Cancer Stem Cells; Insights into Molecular Pharmacology,

Structure-Activity Relationship of Natural Product-Derived

Compounds

Pithi Chanvorachote

Preclinical Approach Using the Patient-Derived Cell Lines with
Integrative Genomic Profiling and Network Pharmacology in
Precision Cancer Care

Sarinya Kongpetch

Symposium IV: Update and trends in pharmacogenomics

Update on Pharmacogenomics of Severe Cutaneous Adverse
Reactions: From Bench to Clinical Implementations
Wichittra Tassaneeyakul

Symposium V: Young pharmacologists forum

Health and Clinical Data Science: Using Modern Tools to Fine-Tuned
Clinical Pharmacotherapeutic Practice
Warit Ruanglertboon

Poster Abstracts

A0l A Predict Optimal Dosage Regimens of Photoactivated
Curcumin in Bacterial-Resistant Infection Therapy: A Design
of Extensive Release of Oral Dosage Form and Long-Acting
Intramuscular Injection
Teerachat Saeheng, Kesara Na-Bangchang

A02 Hawm Gra Dang Ngah Rice Extract Attenuates Oleic Acid-
Induced Hepatic Steatosis in HepG2 Cells Through Modulation
of mMTOR/ERK Signaling
Wanwipha Woonnoi, Chakkapat Aenglong, Wiwit Suttithumsatid,
Kodchakon Yinsen, Jirawat Seatan, Supita Tanasawet, Wanida Sukketsiri

A03 Therapeutic Potential of Astilbin in Nonalcoholic Fatty Liver
Disease: Attenuation of Oxidative Stress, Inflammation, and
Lipid Accumulation
Saharat Kattiyanon, Piman Pocasap, Sarinya Kongpetch,
Auemduan Prawan, Laddawan Senggunprai, Kampeebhorn Boonloh

A04 Beta-Caryophyllene Reduces Oxidative Stress and
Inflammation in Hydrogen Peroxide-Induced Human Dermal
Fibroblasts
Chanachinat Booraphet, Wanwipha Woonnoi, Wiwit Suttithumsatid,
Supita Tanasawet, Wanida Sukketsiri

Proceedings of 46t PTST Annual Meeting, |5-17 May 2025



A05

A06

A07

A08

A09

Al0

All

Passion Fruit Seed and Roselle Calyx Extracts Suppress Lipid
Accumulation and Inflammation in Oleic Acid-Induced
Hepatosteatosis in HepG2 Cells

Kodchakon Yinsen, Wanwipha Woonnoi, Wiwit Suttithumsatid,
Supita Tanasawet, Wanida Sukketsiri

Sangyod Rice and Rice Bran Extracts Attenuate Inflammation
in Skin Keratinocytes

Nattawadee Yingbut, Wanwipha Woonnoi, Wiwit Suttithumsatid,
Supita Tanasawet, Wanida Sukketsiri

Validation of Mouse Xenograft Model for Non-Small Cell Lung
Cancer Using Combination of Conventional Tumor Volume
Measurement and Bioluminescence in-vivo Imaging

Werayut Yingmema, Varisa Pongrakhananon, Ausana Wongtayan,
Nipaporn Simsom, lksen lksen, Vudhiporn Limprasutr

Pharmacokinetic Profiling of Plant-Derived M2 Monoclonal
Antibody Against Botulinum Toxin Type B in a Mouse Model
Nipaporn Simsom, Kornchanok Sangprasa, Ausana Wongtayan,
Werayut Yingmema, Diga Albrian Setiadi, Waranyoo Phoolcharoen,
Vudhiporn Limprasutr

Preliminary Study of the Anti-Ulcerative Colitis Effects of
Pluchea indica Leaf Extract in a Rat Model
Janejira Pusarattanawong, Boonyakorn Boonsri, Kornsuda Thipart

Effect of Inhaled B-Caryophyllene on Nicotine-Induced
Vascular Degeneration.

Mayo Higashihara, Tomoko Sumi, Wanida Sukketsiri, Tatsuya Moriyama,
Nobuhiro Zaima

Abdominal Aortic Hypoperfusion Can Induce Medial Arterial
Calcification in Aorta

Tomoko Sumi, Mayo Higashihara, Wanida Sukketsiri, Tatsuya Moriyama,
Nobuhiro Zaima

Poster Papers

FOl

F02

Study of the Free Radical Scavenging Capacity of Standardized
Centella asiatica (ECa 233) Extract and its Triterpenoids by
Electron Paramagnetic Resonance Spectroscopy

Tatchagrit Yosfungku, Paranee Yatmark, Pimtip Sanvarinda,

Mayuree H. Tantisira, Noppawan Phumala Morales

Effect of Various Concentrations of Ethanol on Antioxidant

Activity of Tiliacora triandra Extract
Latiporn Udomsuk, Supaluk Krittanai

Proceedings of 46t PTST Annual Meeting, |5-17 May 2025

20

21

22

23

24

25

26

27

34



FO3

F04

FO5

F06

FO7

Strengthening CIK Cells via Dendritic Cells to Mitigate CIK
Cell Exhaustion and Cellular Senescence Induced by
Cholangiocarcinoma

Nathawadee Sawatpiboon, Sunisa Duangsa-ard, Kanda Kasetsinsombat,
Adisak Wongkajornsilp

Effects of the Dried Powder of Kai-Ka Min on a GERD Mouse
Model with Limiting Food Access through Alternating Feeding
and Fasting Conditions

Hussanee Suksakorn, Boonyakorn Boonsri, Sukanya Dej-adisai,
Wandee Udomuksorn |, Kornsuda Thipart

Sangyod Rice Extract Reduces Lipid Accumulation in Adipose
Tissue of Streptozotocin-Induced Diabetic Rats

Furoida Moolsup, Wanwipha Woonnoi, Wanthanee Hanchang,

Jirawat Saetan, Tulaporn Wongtawatchai, Wanida Sukketsiri,

Supita Tanasawet

Effects of Spatholobus Littoralis Hassk Root Ethanolic Extract
on Anxiety-like Behaviors in Mice

Syamsun Jaya, Jintana Sattayasai, Siriporn Tiamkao, Dhanu Gaysonsiri,
Charshawn Lahnwong, Wirote Rodson, Thanawat Kaewkamson,
Kutcharin Phunikhom

Investigation of the Effect of Hypoxic Preconditioning of
Clinical-Grade Human Adipose-Derived Mesenchymal Stem
Cells Exosome (ADSC-Exos) on Carrageenan (CA)-Induced
Paw Edema in a Rat Model

Thitiya Phuagpan, Scarlett Desclaux, Natnaree Siriwon, Nirada Srianake,
Kasem Rattanapinyopituk, Pongsatorn Meesawatsom,

Ruedee Hamstapat

Organizing Committee

Sponsors

Proceedings of 46t PTST Annual Meeting, |5-17 May 2025

40

54

62

70

82

91

100



Welcome Message from
the Chair of Organizing Committee

Welcome Address

Distinguished Guests, Esteemed Colleagues, and
Friends,

It is with great honor and enthusiasm that |
welcome you all to the 46" Annual Meeting of
the Pharmacological and Therapeutic
Society of Thailand, a gathering of exceptional
minds dedicated to advancing the field of |
pharmacological science. Our theme this year,
"Innovative and Sustainable
Pharmacological Approaches for
Combating Non-Communicable Diseases (NCDs)", underscores our shared
commitment to addressing some of the most pressing health challenges of our time.

As we embark on this journey together, we are excited to explore updates and
trends in cardiovascular pharmacology, delve into the evolving landscape of Type 2
diabetes treatments, and examine the therapeutic potential of Kratom. Moreover, we will
highlight the transformative possibilities of precision medicine, an approach that epitomizes
the future of tailored healthcare.

This event represents not only an opportunity to exchange knowledge and insights but
also a chance to forge collaborations that can drive meaningful change. Together, we will discuss
breakthroughs, challenge established paradigms, and pave the way for sustainable and impactful
pharmacological solutions.

Your dedication to innovation and your passion for improving human health are the
cornerstones of progress. | encourage you to engage wholeheartedly in the presentations,
discussions, and workshops over the course of this meeting. Let us harness the collective
brilliance in this room to envision and create a healthier, more equitable future.

Once again, welcome to this exciting and pivotal conference. Let us make the 46™
Annual Meeting of the Pharmacological and Therapeutic Society of Thailand a landmark in our
shared journey toward transformative healthcare.

Thank you. Let the dialogue begin!

\W omade \))\ow\ JL,,so‘FV\

Assistant Professor Wandee Udomuksorn, Ph.D.
Chair of the Organizing Committee
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Welcome Message

Rattima Jeenapongsa

President, Pharmacological and Therapeutic Society of Thailand

Dear Colleagues, Guests, and Friends,

It is a great honor to welcome you to the 46" the Pharmacological and Therapeutic
Society of Thailand Annual Meeting held on 15 to 17 May 2025, co-hosted by Faculty of Science,
Prince of Songkla University. This year, we convene under the theme "Innovative and Sustainable
Pharmacological Approaches for Combating Non-Communicable Diseases (NCDs)," a theme
that underscores our collective mission to drive transformative research and therapeutic
advancements in addressing global health challenges.

As we navigate an era of rapid scientific progress, the burden of non-communicable
diseases (NCDs) continues to rise, necessitating a multi-faceted, evidence-based, and sustainable
approach to their prevention and treatment. This meeting serves as a platform for leading
researchers, clinicians, and policymakers to share knowledge, collaborate on cutting-edge
therapies, and pave the way for future breakthroughs in pharmacology and therapeutics.

This year’s program features an outstanding lineup of symposia that reflect the breadth
and depth of innovation in pharmacological sciences. We will explore novel drug development
strategies, precision medicine, phytopharmacology, cardiovascular and metabolic diseases,
oncology, and the transformative role of data science in healthcare.

The discussions at this meeting will shape the future of pharmacology and therapeutics by
addressing both current challenges and emerging opportunities in NCD management. Through
scientific exchange, we hope to foster stronger collaborations, inspire new research directions,
and promote sustainable and patient-centered approaches in pharmacotherapy.

Warm Regards,

Associate Professor Rattima Jeenapongsa, Ph.D.
President, The Pharmacological and Therapeutic Society of Thailand (PTST)
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The 46t the Pharmacological and Therapeutic Society of Thailand Annual Meeting

“Innovative and Sustainable Pharmacological Approaches for
Combating Non-Communicable Diseases (NCDs)”’
15-17 May 2025 @ The Bed Vacation Hotel, Songkhla, Thailand

Day | (Thu 15 May 2025)

Time

Sessions

08.00 - 08.30

Registration

08.30 - 09.00

Welcome Ceremony

Professor Anchana Prathep, Ph.D.

Dean of Faculty of Science, Prince of Songkla University

Assistant Professor Wandee Udomuksorn, Ph.D.

Chair of the Organizing Committee (PTST2025)

Associate Professor Rattima Jeenapongsa, Ph.D.

President of the Pharmacological and Therapeutic Society of Thailand
Moderated by Assistant Professor Sucharat Tungsukruthai, Ph.D.

09.00 - 10.00

[Eng] Chiravat Sadavongvivad Memorial Lecture

“Mechanism Underlying Aortic Degeneration and Introduction of a Clinical Trial Using
Tricaprin and Beta caryophyllene”

Professor Nobuhiro Zaima, Ph.D.

Department of Applied Biological Chemistry / Graduate School of Agriculture / Agricultural Technology
and Innovation Research Institute, Kindai University, Japan

Moderated by Associate Professor Supita Tanasawet, Ph.D.

10.00 - 10.15

Technical Seminar |
Building Interactive Class: The Application of Teaching Tools
CHEN YAYI, Chengdu Techman Software Co., Ltd

10.15-10.30

Morning Coffee break (In room)

1030 -11.30

[Eng] Plenary session I: Novel targets in addressing cardiovascular problems: from
synthesis to potential drug development

[Online]

“Effects of Methotrexate on Blood Pressure and Wave Reflection in Rheumatoid Arthritis:
A Randomized Controlled Trial”

Dr. Sara Tommasi and Dr. Julie-Ann Hulin

Flinders University, Australia

Moderated by Dr. Warit Ruanglertboon

11.30-12.00

[Thai] Ouay Ketusingh Honorary Award Ceremony and Award Lecture
e Professor Boonjua Thoranin, Ph.D., Department of Pharmacology, Faculty of Medicine Siriraj
Hospital, Mahidol University
e Associate Professor Mingkwan Na takuathung, Ph.D., Department of Pharmacology, Faculty of
Medicine, Chiang Mai University
Moderated by Professor Uraiwan Panich, M.D., Ph.D.

12.00 - 13.00

Lunch

13.00 - 1345

[Thai] Symposium |: Update and trends in CVS pharmacology

Update Drug Treatment Regimen for CVS Disease
“Guideline-Directed Medical Therapy in Heart Failure”

Assistant Professor Thanapon Nilmoje, M.D.

Division of Internal Medicine, Faculty of Medicine, Prince of Songkla University
Moderated by Associate Professor Wanida Sukketsiri, Ph.D.

1345 - 1430

[Thai] Symposium Il: Update kratom situation and pharmacology trends

“Kratom-Drug Interactions: A Pharmacokinetic Perspective on the Complexities of its Use
in Clinical Practice”

Associate Professor Verawan Uchaipichat, Ph.D.

Department of Clinical Pharmacy, Faculty of Pharmaceutical Science, Khon Kaen University

Moderated by Assistant Professor Somchai Sriwiriyajan, Ph.D.

1430 - 15.15

[Thai] Symposium Il: Update kratom situation and pharmacology trends

“Studies of Kratom Plant Effects on Central Nervous System Using Digital Platforms”
Associate Professor Ekkasit Kumarnsit, Ph.D.

Division of Health and Applied Science, Faculty of Science, Prince of Songkla University

Moderated by Assistant Professor Somchai Sriwiriyajan, Ph.D.

15.15-15.30

Technical Seminar Il
“Exploration of Exosome Profiling with Flow Cytometry and Immunoassays: Key Tools for
Early-Stage Drug Discovery and Biomarker Identification”
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Atchara Chothiphirat, Senior Technical Application Specialist for Cell & Cellular Analysis Products,
Gibthai Co., Ltd.

15.30 - 1545 Afternoon refreshments

15.45 - 17.30 Poster Session

17.30 - 18.30 Annual Member Meeting (2nd Call)
The Pharmacological and Therapeutic Society of Thailand

18.30 - 20.30 Social dinner and Honoring Ceremony

Proceedings of 46th PTST Annual Meeting, 15-17 May 2025




Day 2 (Fri 16 May 2025)

Time

Sessions

08.30 - 09.00

Registration

09.00 - 10.00

[Thai] Plenary session Il: Update biology & pathology and treatments regimen for
NCDs

“Update and Trends in DM Type Il Treatment”

Assistant Professor Noppadol Kietsiriroje, M.D. (Endocrine and metabolism), Ph.D.

Division of Internal Medicine, Faculty of Medicine, Prince of Songkla University

Moderated by Assistant Professor Supattra Limsuwannachote, Ph.D.

10.00-10.15

Technical Seminar Il
“Novel Biobank Potential with Smart Freezers”’
Pornwarin Ouncharoen, Scion Associated Limited Partnership

10.15-10.30

Morning Coffee break (In room)

10.30 - 12.00

[Thai] Plenary session lll: Frontiers of prevention and non- pharmacological
interventions for NCD

‘“How to do DM Remission?”

Dr. Thanasak Yimkerd, M.D. (Endocrine and metabolism)

Diet doctor Thailand & Diet doctor clinic

Moderated by Assistant Professor Wandee Udomuksorn, Ph.D.

12.00 - 13.00

Lunch

13.00 - 1345

[Thai] Symposium lll: Update and trends in cancer therapy & precision medicine in
cancer

“Targeting Cancer Stem Caells; Insights into Molecular Pharmacology, Structure-
Activity Relationship of Natural Product-Derived Compounds”

Professor Pithi Chanvorachote, Ph.D.

Department of Pharmacology & Physiology, Faculty of Pharmaceutical Sciences, Chulalongkorn
University

Moderated by Assistant Professor Sucharat Tungsukruthai, Ph.D.

1345-14.30

[Thai] Symposium lll: Update and trends in cancer therapy & Precision medicine in

cancer
“Preclinical Approach Using the Patient-Derived Cell Lines with Integrative

Genomic Profiling and Network Pharmacology in Precision Cancer Care”
Associate Professor Sarinya Kongpetch, Ph.D.

Department of Pharmacology, Faculty of Medicine, Khon Kaen University

Moderated by Assistant Professor Sucharat Tungsukruthai, Ph.D.

14.30 - 14.45

Technical Seminar IV
“Accelerating Pharmacological Research Through Technology Integration”
Mr. Aas Mohammad, Sales manager (Asia Pacific), Fortis Trading Co.,Ltd.

14.45 - 15.00

Afternoon refreshments

15.00 - 15.45

[Thai] Symposium IV: Update and trends in pharmacogenomics

‘“Update on Pharmacogenomics of Severe Cutaneous Adverse Reactions: From
Bench to Clinical Implementations”

Professor Wichittra Tassaneeyakul, Ph.D.

Department of Pharmacology, Faculty of Medicine, Khon Kaen University

Moderated by Dr. Warit Ruanglertboon

15.45 - 16.15

[Thai] Symposium V: Young pharmacologists forum

“Health and Clinical Data Science: Using Modern Tools to Fine-Tuned Clinical
Pharmacotherapeutic Practice”

Dr. Warit Ruanglertboon

Pharmacology Program, Division of Health Science Faculty of Science, Prince of Songkla
University

Moderated by Dr. Kornsuda Thipart

16.15 - 16.45

Poster Award Announcement and Closing Ceremony
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Day 3 (Sat 17 May 2025)
08.30 - 09.00 Registration
09.00-1030 Knowledge Sharing for Pharmacology Teaching
10.30 - 1045 Morning refreshments
1045 - 1200 Knowledge Sharing for Pharmacology Teaching
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Chiravat Sadavongvivad’s Memorial Lecture

Mechanism Underlying Aortic Degeneration and
Introduction of a Clinical Trial using
Tricaprin and Beta caryophyllene

Nobuhiro Zaima

Department of Applied Biological Chemistry | Graduate School of Agriculture /
Agricultural Technology and Innovation Research Institute, Kindai University, Japan

E-mail: zaimanobuhiro@gmail.com

Abstract

Blood flow supplies essential compounds for cells which is basic building blocks of our
body. Collapse of the circulatory system will have serious problems on vital functions and
cardiovascular disease is the leading cause of death worldwide. Maintaining of healthy blood
vessel can be effective strategy for preventing the cardiovascular diseases. Among the initiators
of the cardiovascular diseases, aortic degeneration is widely observed in several cases including
atherosclerosis and aneurysms. We reported the aortic degeneration can be caused by several
factors such as genetic mutation (NEJM 2008), focal aortic hypoperfusion (Plos One 2015),
smoking (Biotech. Histochem. 2017), unbalanced diets (J. Vasc. Res. 2018, Adipocyte 2021),
menopause (Sci. Rep. 2019), and malnutrition (Adipocyte 2021). Here, | introduce our research
data and some experimental animal models to investigate the relationship between aortic
degeneration and the contributing factors.

As second topic, | would like to introduce potential strategies to establish prevention
methods for cardiovascular diseases. We found aortic degeneration and cardiovascular diseases
can be attenuated by functional food factors such as fish oil (Sci. Rep. 2016, Food & Function
2021, 2022, ). Lipid Res. 2022), beta-caryophyllene (Biomed. Pharmacother. 2022), tricaprin
(Biomed. Pharmacother. 2022, Nature Cardiovasc. Res. 2025), turmerone (Fitoterapia 2025).
Here, | introduce basic research and some clinical studies and devices for preventing aortic
degeneration.

Because aortic degeneration can be caused by multiple factors, availability of several
options for prevention is desirable to establish prevention methods for cardiovascular diseases.
| would like to discuss about potential strategies for preventing cardiovascular diseases in this
session.

Keywords: Aortic degeneration, animal models, aneurysm, tricaprin, beta-caryophyllene
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Plenary session I: Novel targets in addressing cardiovascular problems: from synthesis
to potential drug development

Effects of Methotrexate on
Blood Pressure and Wave
Reflection in Rheumatoid
Arthritis: A Randomized
Controlled Trial

Sara Tommasi & Julie-Ann Hulin

Flinders University, Australia

E-mail: sara.tommasi@flinders.edu.au
julieann.hulin@flinders.edu.au

Abstract

Observational studies suggest that methotrexate (MTX) treatment is independently
associated with lower cardiovascular risk in rheumatoid arthritis (RA) patients when compared
to other disease-modifying antirheumatic drugs (DMARDs). Such effect seems to be primarily
associated with a reduction in blood pressure (BP), however a cause-effect relationship between
MTX and BP lowering remains to be demonstrated.

We conducted a controlled comparative study of treatment-naive newly diagnosed RA
patients commenced on subcutaneous methotrexate (Group |, n=31, age 5715 years, 65%
females, Disease Activity Score-28 — C-reactive protein, DAS28-CRP=4.7%1.2) or the DMARD
comparator sulfasalazine (Group 2, n=31, 54%17 years, 61% females, DAS28-CRP=5.0%0.8).
Clinic systolic (SBP, primary study endpoint) and diastolic BP (DBP), augmentation index (Alx,
a marker of arterial stiffness) and DAS28 were measured at baseline and after one and six
months of treatment (ClinicalTrials.gov: NCT03254589). After | month, there was no between-
group difference in the changes in SBP and DBP (delta= -4.9mmg; 95%CI=-10.6, 0.7, p=0.08 and
delta=-3.1 mmHg; 95%CI=-7.1, 1.0, p=0.14, respectively). There was a significant reduction in
DAS28CRP (delta=-0.67; 95%Cl=-1.24, -0.10, p=0.03), but not DAS28ESR (delta=-0.46;
95%Cl=-1.15, 0.24, p=0.19), for group | vs. group 2. After 6 months, group | had a significant
reduction in SBP versus group 2 (delta=-7.4 mmHg; 95%Cl=-14.0, -0.8, p=0.03), without
significant between-group differences in changes in DBP, Alx, or DAS28. There was a significant
effect of single nucleotide polymorphisms (SNPs) rsI801133 (methyl tetrahydrofolate
reductase) and rs2231| 142 (ATP-binding cassette subfamily G member 2) on BP changes during
methotrexate treatment.

This study provides the first evidence that MTX causes a significant reduction in SBP at
6 months in RA patients. This effect is not mediated by changes in wave reflection or disease
activity. Further research is warranted to identify the mechanisms involved in the MTX-induced
BP-lowering effects and whether such effects mediate the cardiovascular risk reduction during
MTX treatment.
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Symposium I: Update and trends in CVS pharmacology

Update Drug Treatment Regimen for
CVS Disease

“Guideline-Directed Medical Therapy in
Heart Failure”

Thanapon Nilmoje

Division of Internal Medicine, Faculty of Medicine, Prince of Songkla University,
Thailand

E-mail: Worknaponyorwor@gmail.com

Abstract

Heart failure (HF) remains a major cause of morbidity and mortality and represents
the common endpoint of diverse cardiovascular insults. It is classified by left ventricular
ejection fraction (LVEF) into three phenotypes as HFrEF (reduced): LVEF < 40%, HFmrEF
(mildly reduced): LVEF 40 - 49%, HFpEF (preserved): LVEF = 50%

Guideline-Directed Medical Therapy (GDMT) aims to reduce sudden cardiac death
and HF hospitalizations across all LVEF categories. Four classes of medications form the
foundation of GDMT: RAS inhibitors (ARNI / ACEl / ARB), Beta-blockers, Mineralocorticoid
receptor antagonists, SGLT2 inhibitors.

In HFrEF, all four drug classes carry a Class | recommendation. Until recently, HFmrEF
and HFpEF lacked comparable evidence; however, the 2023 European Society of Cardiology
and Thai heart failure guidelines elevated SGLT2 inhibitors to Class | in HFmr and HFpEF,
solidifying their role across the EF spectrum.

Originally developed for glucose lowering in type 2 diabetes, SGLT2 inhibitors
demonstrated unexpected cardiovascular benefits after rigorous outcome trials became
mandatory post-2008. The landmark EMPA-REG OUTCOME trial first revealed reductions in
HF events. Subsequent studies—DECLARE-TIMI 58, DAPA-HF, and EMPEROR-Reduced—
confirmed their efficacy in HFrEF. More recent trials, EMPEROR-Preserved and DELIVER,
extended these benefits to HFpEF, addressing a long-standing therapeutic gap.

In summary, contemporary HF management hinges on early initiation of the four
GDMT pillars, with SGLT2 inhibitors now recognized as a transformative therapy that
improves outcomes across all LVEF-defined HF phenotypes.

Proceedings of 46t PTST Annual Meeting, 15-17 May 2025 3


https://www.hindawi.com/journals/ijad/2012/728983/
https://www.hindawi.com/journals/ijad/2012/728983/
mailto:Worknaponyorwor@gmail.com

Symposium ll: Update kratom situation and pharmacology trends

Kratom-Drug Interactions: A
Pharmacokinetic Perspective on the
Complexities of its Use in Clinical
Practice

Verawan Uchaipichat

Division of Clinical Pharmacy, Faculty of Pharmaceutical Sciences, Khon Kaen
University, Khon Kaen, Thailand

Email: veruch@kku.ac.th

Abstract

Kratom (Mitragyna speciosa), a traditional herbal product widely used for its stimulant
and analgesic properties, has gained increasing global attention due to its potential for
therapeutic use and challenging drug interaction profile. Despite its traditional use, Kratom
has the potential for addiction, leading to differing legal classifications across countries. In
Thailand, Kratom was banned under the Narcotics Act since 1943 but was recently delisted
from Schedule 5, making its use legal. This regulatory change, along with increased accessibility,
may contribute to a rise in herb-drug interaction cases due to more widespread consumption.
This presentation reviews the pharmacokinetic aspects of Kratom-drug interactions, focusing
on the inhibitory effects of its key active alkaloids—mitragynine and 7-hydroxymitragynine—
on major drug-metabolizing enzymes, particularly cytochrome P450s (CYPs) and UDP-
glucuronosyltransferases (UGTs). Numerous studies have explored how its extract and active
components affect various CYP isoforms, with the strongest inhibitory activity observed on
CYP2Dé6 and CYP3A enzymes. Notably, potential interactions between Kratom and other
drugs—likely due to the inhibition of CYP3A, CYP2D6, or P-glycoprotein—have been
implicated in several fatal incidents. Investigations into UGT inhibition have been more limited,
with earlier studies focusing on UGTIAI and UGT2B7—where 7-hydroxymitragynine
demonstrated significant inhibition and mitragynine showed only modest effects. Recent work
from our laboratory expanded this understanding by evaluating the impact of these alkaloids
on a broader panel of UGT isoforms. Results demonstrated varying degrees of inhibition on
UGT activities, with the most potent effects observed for mitragynine on UGTIA3 and 7-
hydroxymitragynine on UGT I A9. This presentation provides a pharmacokinetic perspective
on Kratom’s interaction potential, emphasizing the clinical importance of drug-metabolizing
enzyme inhibition and the challenges involved in its co-administration with therapeutic drugs.

References
I. Tanna et al, 2023. Drug Metab Dispos 51:923-935.
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Keywords: Herb-drug interaction, drug-metabolizing enzyme, 7-hydroxymitragynine,
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Symposium ll: Update kratom situation and pharmacology trends

Studies of Kratom Plant Effects on
Central Nervous System Using Digital
Platforms

Ekkasit Kumarnsit

Division of Health and Applied Sciences, Faculty of Science, Prince of Songkla
University, Thailand

Email: ekkasit.k@psu.ac.th

Abstract

The effects of bioactive compounds can be investigated in many different ways. Digital
platforms have been invented and introduced to drug discovery and pharmaceutical sciences
in purposes to make a disruptive change in scientific research. By using equipment that
biosignals can be detected and digitized, the data can be recorded in digital platform. This is
to process the data using basic or modern algorithm together with program coding. This
would allow for the analysis of big data. In Thailand, the use of kratom plant has been highly
controversial. It’s important to determine kratom plant’s effects on the central nervous
system (CNS). Kratom plant extracts were administered to animal models. Animal behaviors
and physiological changes including cardiac autonomous activity and electrical brain signals
were digitally recorded and stored in PC for offline analysis. For example, Fast Fourier
transform was used for frequency analysis of animal’s brain waves. With the results analyzed,
kratom plant extracts were clearly confirmed to attenuate severities of ethanol withdrawal,
methamphetamine dependence and produce antidepressant-like activity. Modified computer
program coding was also applied to analyze animal’s brain waves to examine kratom’s effect
on sleep-wake pattern. Altogether, these data are useful in terms of drug discovery. This
platform is ideal for high throughput processing. In particular, new bioactive compounds can
be studied using digital platform in addition to that of conventional methods.

Keywords: Kratom plant, drug discovery, central nervous system, digital data, data
processing
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Plenary Session ll: Update biology & pathology and treatments regimen for NCDs

Update and Trends in DM Type Il Q

Treatment 1
|

Noppadol Kietsiriroje

Division of Internal Medicine, Faculty of Medicine, Prince of Songkla University,
Songkhla, Thailand

Email: Noppadol.k@psu.ac.th

Abstract

Diabetes treatment before 2015 was full of limitations. There were few types of
medications available, offering a certain level of effectiveness in reducing blood sugar but
without proven benefits in reducing the risk of cardiovascular disease or slowing kidney
deterioration. The side effects of these drugs included hypoglycaemia and weight gain.
Attempts to lower blood sugar to the target range with these limited medications may result
in a serious adverse outcome: an increased rate of cardiovascular death among patients. The
arrival of two drug classes, SGLT?2 inhibitors and GLP-I receptor agonists, marked a turning
point. For the first time in the history of diabetes treatment, there were medications that
could reduce cardiovascular disease events and slow kidney deterioration in diabetic patients.
Importantly, these benefits were not solely due to blood sugar reduction but resulted from
the drugs' mechanisms of action through other metabolic factors, including significant weight
loss. This shifted the paradigm of diabetes care from focusing solely on blood sugar control
to reducing the risk of cardiovascular and kidney diseases, or cardio-kidney-metabolic (CKM)
syndrome. Furthermore, the remarkable weight loss efficacy of GLP-| receptor agonists led
to the development of new weight loss drugs, potentially addressing the root cause of diabetes
and CKM-related conditions, which is obesity,

Keywords: SGLT?2 inhibitor, GLP-| receptor agonist, type 2 diabetes, obesity, cardio-kidney-
metabolic syndrome
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Plenary Session lll: Frontiers of prevention and non-pharmacological interventions for
NCD
How to do DM Remission?

Thanasak Yimkerd
Diet doctor Thailand & Diet doctor clinic, Thailand

E-mail: dietdoctor.mail@gmail.com

Abstract
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Symposium lI: Update and trends in cancer therapy & precision medicine in cancer

Targeting Cancer Stem Cells; Insights
into Molecular Pharmacology, Structure-
Activity Relationship of Natural Product-
Derived Compounds

Pithi Chanvorachote

Department of Pharmacology and Physiology, Faculty of Pharmaceutical Sciences,
Chulalongkorn University, Bangkok, Thailand

Email: pithi.c@chula.ac.th

Abstract

Cancer stem cells (CSCs) play a pivotal role in tumor drug resistance and
metastasis, significantly contributing to cancer-related mortality. These cells possess the
unique ability to self-renew and differentiate into various specialized cell types. Advances
in understanding CSC-associated molecular mechanisms have led to the development of
targeted therapeutic strategies, with growing evidence highlighting their signaling pathways
as potential drug targets. Preclinical studies indicate that inhibiting CSC pathways can
enhance the effectiveness of conventional treatments, prompting ongoing clinical trials for
CSC-targeting inhibitors. Our research focuses on lung cancer, emphasizing the
therapeutic potential of bioactive compounds derived from natural sources such as plants
and marine organisms. Among our promising lead compounds are resveratrol, a
polyphenol found in grapes, blueberries, and cranberries, and Renieramycin T, an alkaloid
isolated from the blue sponge Xestospongia sp. To optimize drug efficacy, we employ
chemical modifications to establish Structure-Activity Relationships (SAR), enabling the
development of more potent derivatives. By integrating molecular pharmacology with
computational modeling, our studies identify key CSC-associated targets, including Protein
Kinase B/mTOR and B-Catenin, while also predicting compound-protein interactions.
Given the significant role of CSCs in tumor progression and their association with poor
patient prognosis, discovering novel therapeutic agents targeting CSC pathways holds
great promise for improving cancer treatment outcomes.

Keywords: Cancer stem cells, natural sources, structure-activity relationship
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Symposium lll: Update and trends in cancer therapy & precision medicine in cancer

Preclinical Approach Using the Patient-
Derived Cell Lines with Integrative
Genomic Profiling and Network
Pharmacology in Precision Cancer Care

Sarinya Kongpetch

Department of Pharmacology, Faculty of Medicine, Khon Kaen University, Khon
Kaen, Thailand

E-mail: sarinyako@kku.ac.th

Abstract

Cancer cell lines serve as a powerful tool for defining the mechanism of cancer growth
and metastasis, as well as for developing therapeutic interventions to attack cancer
vulnerabilities. Notably, genomic profiling of diverse tumor types has dramatically enhanced
the ability to identify oncogenic alterations that can be targeted for therapy. Here, we showed
the model of cholangiocarcinoma (CCA), a biliary tract carcinoma with complex and very
heterogeneous malignancy. We established CCA cell lines that were derived from CCA
patients in Srinagarind Hospital. Those established CCA cell lines with unique characters may
serve as valuable tools for better developing new therapeutics for the patients. The CCA cell
lines presented many targetable mutations with preclinical and clinical evidence. At least five
actionable mutations (ARIDIA, BRCAI, PIK3CA, KRAS, and ATR mutations) were identified.
Then, we utilized synthetic lethality-based therapy to explore the sensitivity of poly (ADP-
ribose) polymerase inhibitors (PARPi) in CCA cell lines that harbored DNA damage repair
(DDR) deficiency. Analyzing publicly available databases for potential alterations in epigenetic
and DDR genes in CCA patient samples revealed mutations in multiple genes, indicating their
possible sensitivity to PARPi. We found that CCA cells with a high accumulation of mutations
in epigenetic and other DDR-related genes demonstrated greater sensitivity to PARPI.
Moreover, we identified flavonoids with anti-PARP activity by integrating molecular docking,
transcriptomic analysis, and network pharmacology. These preclinical approaches could
provide potential benefits as a valuable tool for drug testing to develop precision practice in
oncology.

Keywords: Network pharmacology, genomic profiling, precision cancer care, targetable
mutations, DNA damage repair
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Symposium IV: Update and trends in pharmacogenomics

Update on Pharmacogenomics of
Severe Cutaneous Adverse Reactions:
From Bench to Clinical
Implementations

Wichittra Tassaneeyakul

Department of Pharmacology, Faculty of Medicine, Khon Kaen University, Khon
Kaen, Thailand

E-mail: wichitt@kku.ac.th

Abstract

Severe cutaneous adverse reactions (SCARs) are a group of adverse reactions
resulting from drug-induced T cell-mediated hypersensitivity, characterized by severe skin
eruptions and varying degrees of systemic involvement. These reactions consist of several
distinct disease entities, including Stevens—Johnson syndrome (§JS), toxic epidermal necrolysis
(TEN), drug reaction with eosinophilia and systemic symptoms (DRESS), acute generalized
exanthematous pustulosis (AGEP), and generalized bullous fixed drug eruption (GBFDE). SJS
and TEN are characterized by widespread blistering cutaneous eruptions, atypical targets, and
extensive mucosal erosions. DRESS is a multisystem hypersensitivity reaction with a diffuse,
infiltrative maculopapular eruption, visceral organ inflammation, and hematological
abnormalities. AGEP and GBFDE are milder forms of SCARs. AGEP is characterized by the
abrupt onset of numerous sterile pustules with painful erythema, classically following
administration of antibiotics with a short latency period. GBFDE manifests as rapid onset of
widespread erythematous patches and frequently recurs at the same sites as previous
occurrences.

The top five causative drugs of SCARs in Thailand include allopurinol, co-trimoxazole,
phenytoin, carbamazepine, and amoxicillin. Several factors have been identified as risks for
these severe adverse drug reactions, including genetic factors, drug-related factors, patient-
related factors, and environmental factors. Among them, genetic variants of the human
leukocyte antigens (HLA) and drug-metabolizing enzymes have been extensively studied. HLA-
B*15:02 is associated with carbamazepine-induced SJS/TEN, HLA-B*58:01 with allopurinol-
induced SCARs, HLA-B*57:01 with abacavir-induced SCARs, and CYP2C9*3 with phenytoin-
induced SCARs. To date, HLA variants associated with SCARs induced by co-trimoxazole,
dapsone, phenytoin, and beta-lactam antibiotics have also been reported. Updated information
about the risks of SCARs, the discoveries of these HLA markers, as well as clinical
implementation of the HLA genetic tests will be discussed in the meeting.

Key words: Pharmacogenomic, drug-induced severe cutaneous adverse drug reaction, HLA
testing

Proceedings of 46t PTST Annual Meeting, 15-17 May 2025 12


mailto:wichitt@kku.ac.th

Symposium V: Young pharmacologists forum

Health and Clinical Data Science: Using
Modern Tools to Fine-Tuned Clinical
Pharmacotherapeutic Practice

Warit Ruanglertboon

Division of Health and Applied Sciences / Research Center in Mathematics and
Statistics with Applications, Faculty of Science, Prince of Songkla University, Hat Yai,
Songkhla, Thailand

E-mail: warit.r@psu.ac.th

Abstract

Pharmacology has significantly evolved by integrating multiple dimensions of science
and technology, becoming essential to both basic scientific understanding and clinical
practice. Recent advancements in artificial intelligence, data science, and statistical learning
have prominently featured in pharmacological applications, particularly in managing real-
world clinical data. These advancements effectively address common data-quality
challenges, such as incomplete entries and data entry errors, which are prevalent in
unstructured hospital-level data. This presentation demonstrates practical applications of
data science in pharmacology through illustrative examples, including landmark Cox
proportional hazard analysis, linear mixed-effects modelling, and support vector machines.
Emphasis is placed on essential data wrangling skills, such as regex-based cleaning
techniques for drug names, ensuring high-quality data analysis.

The first case study involves patients treated with sorafenib, analysed using actual
clinical trial data. Real-world challenges, particularly dose adjustments due to adverse
events, led approximately 40% of patients to experience dose interruptions and 30% to
require dose reductions. Using landmark Cox proportional hazard analysis, the association
between early dose adjustments and patient outcomes was examined. An extension of this
analysis employed alternative data-wrangling methods to explore whether concurrent use
of proton pump inhibitors with sorafenib impacted cancer survival outcomes. The third
case study utilised the same dataset but employed machine learning techniques, including
random forest and decision tree analyses. Integrating these machine learning methods with
traditional statistical analyses demonstrated robust capabilities in enhancing predictive
accuracy and clinical decision-making.

The presentation concluded with an analysis of a local hospital dataset, focusing on
the efficacy of the long-established drug allopurinol over a decade of clinical use. Extensive
data manipulation provided insights into the drug’s performance, validated through linear
mixed-effects models and predictive efficacy analyses using support vector machine
techniques.
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A Predict Optimal Dosage Regimens of Photoactivated
Curcumin in Bacterial-Resistant Infection Therapy: A
Design of Extensive Release of Oral Dosage Form and Long-
Acting Intramuscular Injection
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Abstract

Photoactivated curcumin is a promising antibiotic candidate for treating bacterial
resistance, demonstrating a favorable safety and efficacy profile. However, current
formulations of curcumin used in clinical trials have not succeeded in providing adequate drug
concentrations for combating bacterial infections. Physiologically-based pharmacokinetic
(PBPK) modeling is a bottom-up approach used to predict drug disposition. This method
leverages existing knowledge from in vitro and in vivo studies, employing a mathematical
framework that describes the anatomical, biological, and molecular processes involved in
pharmacokinetics (PK). By integrating the relationship between drug exposure and
efficacy/toxicity (pharmacodynamics — PD) into the PBPK model, it becomes possible to create
a practical framework for simulating dose-finding strategies tailored to specific patient
populations, such as the elderly, pediatrics, pregnant women, and obese individuals. In addition
to predicting doses, PBPK modeling can aid in designing novel formulations and exploring
alternative routes of administration for various clinical scenarios. When PBPK modeling is
combined with well-defined PD modeling (for example, anti-infective activity) or PK/PD
indices, it becomes a powerful tool for rationalizing dose-finding strategies for new
antimicrobial candidates. The objective of this study was to develop comprehensive whole-
body PBPK models to determine appropriate dosing regimens for photoactivated curcumin
as an antimicrobial treatment for bacterial-resistant infections. We built a whole-body PBPK
model using Simbiology® (a MATLAB® product) based on in vitro data and human
physiological parameters. A virtual population of 100 patients (comprising 50 females and 50
males) was created through a Monte Carlo simulation, with participants aged between 18 and
60 years. The assumptions of our model included: |) similarities in the pharmacokinetic and
physicochemical properties between photoactivated curcumin and curcumin (with only minor
changes after photoactivation), 2) blood-flow-limited characteristics for all organs (due to the
hydrophobic nature of the compound), 3) instantaneous distribution of the compound into
tissues (assumed to be well-stirred), 4) no absorption of the compound in the large intestine
(indicating high absorption in the small intestine), and 5) no enterohepatic recirculation (with
minimal curcumin present in feces). We validated our developed model against clinical data
from a study of curcumin administered at oral doses of 4000, 6000, and 8000 mg, comparing
pharmacokinetic parameter profiles and graphical data. This verified model was utilized to
simulate novel dosing strategies for formulations of photoactivated curcumin. The results
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showed that the once-daily and twice-daily oral dosing regimens for photoactivated curcumin
were influenced by absorption rates and water solubility properties. Considering long-acting
intramuscular dosing, a weekly dose of 1500 mg with a first-order release rate from the
intramuscular depot (K;,) of 0.012/h, and a weekly dose of 1250 mg with a K, of 0.015
resulted in adequate drug exposure. In conclusion, PBPK modeling serves as a valuable tool
for optimizing dosing strategies of photoactivated curcumin under various clinical conditions.
The weekly intramuscular injection may enhance patient compliance in diseases requiring long-
term treatment while also reducing selective pressure and drug resistance.

Keywords: Photoactivated curcumin, controlled release formulation, physiologically-based
pharmacokinetic model, bacterial-resistant infection.
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Hawm Gra Dang Ngah Rice Extract Attenuates Oleic Acid-
Induced Hepatic Steatosis in HepG2 Cells Through
Modulation of mMTOR/ERK Signaling
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Abstract

Fatty liver disease is characterized by the accumulation of fat, mainly in the form of
triglycerides, within liver cells, leading to cellular injury and subsequent inflammation. Current
primary treatments mainly focus on lifestyle changes, highlighting a need for direct
pharmacological options. Hawm Gra Dang Ngah rice (HGR) is a red rice variety cultivated in
Thailand's southern border region, yet its biological properties have not been thoroughly
studied. Therefore, this research investigates the effects and mechanisms of action of HGR
extract against oleic acid (OA)-induced hepatosteatosis in HepG2 cells. Intracellular reactive
oxygen species (ROS) production and apoptosis was measured using a 2.7'-
dichlorofluorescin-diacetate and Hoechst 33342 staining. Lipid accumulation in OA-induced
HepG2 cells was measured using Oil Red O staining and a triglyceride kit. Protein and gene
expression were evaluated using Western blot and real-time RT-qPCR, respectively. The
results demonstrated that ROS in OA-induced HepG2 cells were reduced following exposure
to 50 and 100 pg/mL HGR extract, similarly to the positive drugs metformin and atorvastatin.
This reduction was achieved by upregulating the expression of nuclear respiratory factor |
and nuclear factor erythroid 2-related factor 2. HGR extract decreased the number of
apoptotic cells by suppressing the caspase-3 pathway. It also decreased hepatic inflammation
by downregulating the mRNA expression of tumor necrosis factor-alpha, interleukin (IL)- 18,
and IL-6, while upregulating the anti-inflammatory cytokine IL-10. Additionally, HGR extract
and the positive drugs decreased lipid accumulation in OA-induced HepG2 cells by regulating
key molecules involved in lipid metabolism, including CD36, peroxisome proliferator-activated
receptor gamma (PPARy), PPARa, carnitine palmitoyltransferase |, fatty acid synthase, and
adipose triglyceride lipase. Additionally, HGR extract significantly inhibited the
phosphorylation of the mTOR and ERK pathways, which contributes to decreased lipid
accumulation and inflammation in hepatocytes. These findings suggest that HGR extract
mitigates hepatosteatosis by decreasing inflammation, apoptosis, and lipid accumulation,
highlighting its potential as a therapeutic agent for hepatosteatosis.
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Therapeutic Potential of Astilbin in Nonalcoholic Fatty
Liver Disease: Attenuation of Oxidative Stress,
Inflammation, and Lipid Accumulation
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Abstract

Nonalcoholic fatty liver disease (NAFLD), driven by oxidative stress, inflammation,
insulin resistance, and obesity, poses significant economic and public health challenges.
Effective treatment is hindered by limited pharmacological options, demanding a multifaceted
approach. Astilbin (ASB), a flavonoid glycoside derived from diverse botanical sources, shows
promise with antioxidant, anti-inflammatory, and metabolic benefits. However, the underlying
mechanisms in NAFLD remain to be elucidated. This study aimed to investigate the
antioxidant and anti-inflammatory properties of ASB and to evaluate its therapeutic potential
for ameliorating intracellular lipid accumulation in an experimental model of NAFLD. ASB
cytotoxicity was evaluated in Raw 264.7 and HepG2 cells via MTT assay. Raw 264.7 cells were
used to assess antioxidant and anti-inflammatory effects; superoxide (O,") levels were
quantified by chemiluminescence after phorbol myristate acetate (PMA) stimulation, and nitric
oxide (NO) levels by Griess assay after lipopolysaccharide (LPS) stimulation. To mimic
NAFLD conditions, palmitic acid (PA)-induced lipotoxic in HepG2 was conducted, lipid
droplets were visualized using Oil-Red-O staining. Protective effects of ASB were assessed
against these stimuli. All experiments were performed in triplicate. Statistical significance was
determined using one-way ANOVA followed by Student-Newman-Keuls analysis (p < 0.05).
ASB exhibited ICs, values of 755.3 + 2.53 uM (HepG2) and 547.9% 2.35 pM (Raw 264.7);
sublethal doses (= 200 uM) were used for further study. ASB suppressed PMA-induced O,
formation and prevented LPS-induced morphological changes and decrease NO levels in a
dose-dependent manner. Furthermore, ASB (200 pM) reduced lipid droplets by 35%
(p < 0.002), similar to metformin's 42% reduction (p < 0.001), countering the 74% increase
seen with PA alone (p < 0.001). Given oxidative stress and inflammation are critical in NAFLD
pathogenesis. ASB exhibits antioxidant and anti-inflammatory effects and reduces lipid
accumulation. Thus, clinical research into ASB's application for NAFLD and related metabolic
disorders is warranted.

Keywords: Non-alcoholic fatty liver disease (NAFLD), astilbin, steatosis, oxidative stress,

inflammation, metabolic disorders
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Abstract

Skin aging is influenced by multiple factors, including inflammation and oxidative stress,
which lead to structural and functional impairments. Beta-caryophyllene (BCP), a bicyclic
sesquiterpene, exhibits pharmacological properties such as anti-inflammatory and antioxidant
effects, which are crucial mechanisms in delaying skin aging. However, studies investigating the
anti-aging effects of BCP remain limited. Therefore, this study aimed to explore the protective
effects and underlying molecular mechanism of BCP against oxidative damage in human dermal
fibroblasts (HDFs). MTT assays revealed that BCP (0—1000 pM) showed no cytotoxicity.
Under hydrogen peroxide (H,O;) exposure, BCP significantly reduced reactive oxygen
species (ROS) production, as demonstrated by DCFH-DA staining, and mitigated apoptosis,
as evidenced by Hoechst 33342 staining. Mechanistically, BCP upregulated nuclear factor
erythroid 2-related factor 2 (Nrf2) and heme oxygenase-l (HO-I), thereby enhancing
antioxidant defenses. Gene expression analysis revealed that BCP increased levels of fibrillin-
I, collagen type |, collagen type Ill, and elastin, while reducing the expression of pro-inflammatory
markers interleukin (IL)-18, IL-6, and tumor necrosis factor-alpha (TNF-ct). Western blotting
further demonstrated that BCP suppressed the mTOR, Akt, ERK, and p38 signaling pathways,
which are associated with oxidative stress and inflammation. Additionally, BCP inhibited the
expression of nuclear factor-kappa B (NF-kB). Collective, these findings suggest that BCP
mitigates oxidative stress, apoptosis, and inflammation by inhibiting the ERK, p38 MAPK,
mTOR, Akt, and NF-kB pathways, supporting the potential development of BCP as an active
ingredient in anti-aging skincare formulations.

Keywords: Beta-caryophyllene, oxidative stress, inflammation, human dermal fibroblast, skin
aging
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Abstract

Fatty liver disease is characterized by excessive triglyceride accumulation within liver
cells, leading to cellular injury and inflammation. In Thailand, passion fruit (Passiflora edulis) and
roselle (Hibiscus sabdariffa L.) are popular both as foods and traditional remedies. Despite
their widespread use, little is known about the combined effects and molecular mechanisms
of ethanol extracts from passion fruit seeds and water extracts from roselle, especially when
administered with standard medications. This study therefore aims to evaluate the efficacy
and underlying molecular pathways of these extracts, alone and in combination with
metformin and atorvastatin, in an in vitro model of hepatosteatosis. HepG2 cells were exposed
to oleic acid and high-glucose culture media to induce fatty liver conditions. Mechanistically,
the extracts reduced intracellular reactive oxygen species (ROS) and apoptosis-related cell
death. They also decreased triglyceride accumulation by downregulating CD36 gene
expression, thereby limiting fatty acid uptake. Additionally, the extracts suppressed acetyl-
CoA carboxylase (ACC) expression and promoted beta-oxidation via activation of carnitine
palmitoyl transferase 1A (CPT1A). Synergistic activation of peroxisome proliferator-activated
receptor gamma coactivator-1 a (PGC1 a) and nuclear respiratory factor 1 (NRF-1) further
contributed to reduced lipid accumulation. Furthermore, the extracts inhibited the
Akt/mTOR signaling pathways and suppressed nuclear factor-kappa B (NF-kB) activation,
leading to decreased production of pro-inflammatory cytokines such as tumor necrosis factor-
alpha (TNF-a), interleukin (IL)-6, and IL-1B. These findings suggest that passion fruit seed and
roselle extracts, alone or in combination with standard drugs, may serve as therapeutic agents
against fatty liver disease by targeting oxidative stress, inflammation, and lipid metabolism.

Keywords: Passiflora edulis, Hibiscus sabdariffa, non-alcoholic fatty liver disease, free radical,
apoptosis

Proceedings of 46t PTST Annual Meeting, 15-17 May 2025 20


mailto:wanida.su@psu.ac.th

A06

Sangyod Rice and Rice Bran Extracts Attenuate
Inflammation in Skin Keratinocytes

Nattawadee Yingbut', Wanwipha Woonnoi', Wiwit Suttithumsatid>’, Supita Tanasawet',
Wanida Sukketsiri""

I"Division of Health and Applied Sciences, Faculty of Science, Prince of Songkla University, Hat Yai, Songkhla 901 10, Thailand

2 Department of Pharmacognosy and Pharmaceutical Botany, Faculty of Pharmaceutical Sciences, Prince of Songkla University, Songkhla
90110, Thailand

3 Phytomedicine and Pharmaceutical Biotechnology Research Center, Faculty of Pharmaceutical Sciences, Prince of Songkla University,
Songkhla 90110, Thailand.

*E-mail: wanida.su@psu.ac.th

Abstract

Skin inflammation arises from exposure to allergens, irritants, or pathogens, with
epidermal keratinocytes playing a pivotal role by releasing pro-inflammatory cytokines and
chemokines. Sangyod rice (Oryza sativa L.), a red-pigmented variety cultivated in Phatthalung
province, contains bioactive compounds in its bran-traditionally discarded as animal feed-that
exhibit anti-inflammatory, antioxidant, and antimicrobial properties. This study evaluated the
effects of Sangyod rice extract (SRE) and its bran hydrolysate (SRB-H) on lipopolysaccharide
(LPS)-induced inflammation in human keratinocytes (HaCaT). Cytotoxicity assays confirmed
both SRE and SRB-H were non-toxic at concentrations up to 1000 pg/mL. At concentrations
of 50—100 pg/mL, SRE and SRB-H attenuated LPS-induced inflammation by reducing reactive
oxygen species (ROS) and nitric oxide (NO) production. SRE and SRB-H reduced apoptotic
cell death by downregulating caspase-3 expression. ELISA analysis revealed significant
reductions in TNF-a and IL-6 levels, demonstrating anti-cytokine activity. Mechanistically, SRE
and SRB-H inhibited LPS-induced activation of the Akt and p38 MAPK pathways, key
regulators of inflammatory signaling. Immunofluorescence and western blot analyses further
demonstrated suppressed nuclear factor-kappa B (NF-kB) nuclear translocation and reduced
expression of toll-like receptor 4 (TLR4) and inducible nitric oxide synthase (iNOS),
accompanied by decreased production of pro-inflammatory mediators. The findings
underscore SRE and SRB-H as potent inhibitors of keratinocyte-mediated inflammation,
primarily through modulation of the Akt/p38 MAPK/NF-kB axis. By targeting multiple
inflammatory pathways, Sangyod rice derivatives offer promising therapeutic potential for skin
conditions such as atopic dermatitis, where keratinocyte dysregulation contributes to
pathology. Further research is warranted to validate these effects in clinical settings and to
optimize formulations for topical or systemic application.

Keywords: Sangyod rice, Sangyod rice bran, lipopolysaccharide, human epidermal
keratinocytes, HaCaT
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Abstract

Lung cancer is a major public health concern in Thailand and worldwide, with the
highest prevalence and mortality among the ten most common cancers. Non-small cell lung
cancer (NSCLC) accounts for 85% of all lung cancer cases. In drug discovery and development,
preclinical in-vivo studies, such as the mouse xenograft model, are essential for evaluating the
efficacy of candidate drugs before clinical trials. Tumor volume measurement by caliper is a
conventional method, while bioluminescence in-vivo imaging, which detect luciferase activity in
tumor cell by converting D-luciferin to Oxyluciferin and light detected by special camera is
beneficial for monitoring tumor growth in cancer study, offers real-time tumor monitoring.
This study aims to determine the optimal NSCLC cell number for a mouse xenograft model
by using both measurement techniques. A luciferase-expressing A549 cell line (A549-luc) was
injected subcutaneously into the right flank of four BALC/cAJcl-nu (nude) mice at two doses:
2x10° cells and 5x10° cells. Tumor growth was monitored biweekly using caliper to measure
tumor volume (TV), calculated as 0.5 x length x width? Additionally, biweekly imaging was
performed using the IVIS Spectrum In-Vivo Imaging System. Mice were injected intraperitoneally
with 150 mg/kg luciferin, and imaging was conducted |0 minutes later under isoflurane
anesthesia. Image was captured by IVIS CCD camera and analyzed for bioluminescence
intensity, expressed as photons per second (p/s), using the living image software. The results
showed that tumor volume reached 50 - 100 mm® within four weeks in 5x10° cells group and
within five to six weeks in the 2x10° cells group. Moreover, the 5x10° cells group exhibited a
more consistent tumor growth rate, both in volume and bioluminescence intensity, compared
to the 2x10° cells group. In conclusion, 5x | 0° A549-luc cells provide an optimal tumor growth
rate, making this dosage suitable for xenograft models in lung cancer research.

Keywords: Non-small cell lung cancer (NSCLC), xenograft, nude mice, bioluminescence
imaging, tumor volume
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Abstract

Botulism is a potentially fatal illness caused by the neurotoxins produced by Clostridium
botulinum, which was responsible for a significant outbreak in 2006 and remains a public health
concern in Thailand. The botulinum toxin affects the nervous system, leading to difficulty
breathing, muscle paralysis, and, in severe cases, death. Among the various toxin serotypes,
botulinum neurotoxin types A and B are the primary causes of foodborne botulism in humans,
with symptoms that may persist for weeks or months. The standard treatment, botulinum
antitoxin, is crucial for reducing mortality; however, its availability is limited in many countries,
including Thailand. Plant-produced monoclonal antibodies (mAbs) have emerged as a
promising therapeutic approach. The M2 mAb, produced in plants, has demonstrated high
affinity for binding to botulinum toxin type B. This study aimed to determine the
pharmacokinetic profile of plant-produced M2 mAbs following intravascular administration in
a mouse model. Male ICR mice (n=12/group) were administered M2 mAbs at a dose of 100
pg/mouse. Blood samples were collected from subgroups of four mice at 12 time points, and
serum M2 mAb concentrations were analyzed using ELISA technique. Pharmacokinetic
analysis, performed using PKSolver program, showed rapid absorption (t,. = 0.17 h) and a
prolonged elimination half-life (t;, = 86.36 h). The area under the concentration-time curve
(AUC) was 1183.38 ug*h/mL, indicating sustained systemic exposure. These results suggest
that M2 mAbs are a long-acting monoclonal antibody with the potential for an infrequent
dosing regimen while maintaining therapeutic efficacy. Further studies will focus on evaluating
its neutralization potency and therapeutic efficacy. These pharmacokinetic findings support
the continued development and clinical investigation of plant-produced anti-botulinum toxin
type B mAbs.

Keywords: Botulinum neurotoxin type B, M2 monoclonal antibody, mouse,
pharmacokinetics, plant-derived
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Abstract

Ulcerative colitis (UC) is a chronic inflammatory condition that affects the colon.
Although current treatments primarily focus on managing symptoms and controlling
inflammation, there is no definitive cure. Pluchea indica, a plant containing a variety of bioactive
compounds, has shown anti-inflammatory properties. However, specific studies examining its
potential for treating UC are lacking. This study aims to investigate the effects of P. indica leaf
extract (PIE) on its anti-ulcerative colitis activity in a rat model of dextran sulfate sodium
(DSS)-induced colonic inflammation. Wistar rats were assigned to four groups: control, DSS,
treatment (PIE), and sulfasalazine (SSZ) as anti-inflammatory drug. Prior to colitis induction,
rats in the control and DSS groups received distilled water (DW), while those in the PIE and
SSZ groups were orally administered PIE (150 mg/kg) and SSZ (30 mg/kg), respectively, for 14
consecutive days. On day 7 of treatment, colitis was induced in the DSS, PIE, and SSZ groups
by providing 3% DSS in drinking water for 7 days. The severity of UC was assessed daily based
on body weight loss, fecal consistency and bleeding. The DSS group exhibited significant body
weight loss, altered fecal consistency, and increased fecal bleeding (p < 0.05) compared to
control group, all these changes indicated the severity of colitis. Histological analysis of the
colon using H&E staining revealed tissue injuries in the DSS group, characterized by epithelial
damage and crypt abnormalities. In contrast, the PIE-treated group showed significant
improvements in body weight loss, fecal consistency, and bleeding (p < 0.05) compared to
DSS group. Furthermore, both the PIE- and SSZ-treated groups exhibited a marked reduction
in histopathological alterations. These findings suggest that PIE has notable anti-ulcerative
colitis effects and support its development as a natural alternative medicine for the prevention
of colonic inflammation, particularly UC.

Keywords: Pluchea indica, ulcerative colitis, colonic inflammation, dextran sulfate sodium
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Abstract

B-caryophyllene (BCP) is a volatile bicyclic sesquiterpenoid commonly found in various
spices. It has been reported to act as an agonist of several receptors, including the cannabinoid
type 2 (CB2) receptor. Orally administered BCP has been reported to have multiple
physiological activities such as anti-inflammation, anti-oxidation, and analgesic effects.
However, the effect of inhaled volatile BCP on biological activity remain largely unknown. We
previously reported that inhaled BCP was transferred into the serum and organs of mice. In
the liver of mice, dynamic changes of metabolites were observed, suggesting inhaled BCP can
affect biological activities after incorporated into body. In this study, we evaluated the effect
of inhaled BCP on nicotine-induced vascular degeneration. For the experiment, 4-week-old
ddY mice were divided into 4 groups (Control group: no BCP inhalation + water, BCP group:
[0 mL BCP inhalation + water, Nicotine group: no BCP inhalation + 0.5 mg/mL nicotine
solution, Nicotine + BCP group: 10 mL BCP inhalation + 0.5 mg/mL nicotine solution). After
5 days of acclimatization, nicotine solution administration and BCP inhalation were initiated;
BCP inhalation was performed three times a week for 60 minutes. Two weeks after the start
of nicotine solution administration and BCP inhalation, aortae were collected for EVG staining,
Immunohistochemical staining and vascular tensile rupture tests. In the nicotine group,
destruction of elastic fiber and aortic stiffness of the aorta were induced with increased matrix
metalloproteinase-2 (MMP-2), an enzyme that degrades elastic fibers. These were attenuated
by BCP inhalation. BCP was detected in the aorta of animals which inhaled BCP. The rate of
elastic fiber destruction of BCP in cultured ex vivo aortae were blocked by AM630, an inhibitor
of the CB2 receptor. These results suggest that inhaled BCP can attenuate nicotine-induced
aortic degeneration.

Keywords: B-caryophyllene, vascular degeneration, inhalation
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Abstract

Medial arterial calcification is a chronic systemic vascular disorder. The hallmark of
medial arterial calcification is ectopic deposition of calcium phosphate within the medial layer
of the aorta. Medial arterial calcification causes arterial stiffness which leads to several
cardiovascular diseases including heart failure, left ventricular hypertrophy, and diastolic
dysfunction. The development of medial arterial calcification has been reported to be
associated with aging, diabetes, and chronic kidney disease. However, the mechanisms
underlying the development of medial calcification remain unclear. In this study, we found that
aortic hypoperfusion can induce medial arterial calcification. Six-week-old male Sprague-
Dawley rats were catheterized into the abdominal aorta and ligated the aorta on the catheter
to induce aortic hypoperfusion. After the treatment, the rats were dissected at 6, 12, 24, and
48 hours, and the abdominal aorta was analyzed pathologically and observed using a scanning
electron microscope (SEM/EDS). The area of calcium deposition significantly increased 24 and
48 hours after treatment compared to the control group. The rate of destruction of elastic
fibers significantly increased after 6, 12, 24, and 48 hours of treatment compared with the
control group. The area of positive areas for nucleus in the arterial media was significantly
reduced after 6, 12, 24, and 48 hours of treatment compared with the control group. Calcium
phosphate crystals were deposited within the medial layer of the aorta. These data suggest
aortic hypoperfusion can induce medial arterial calcification.

Keywords: Aortic medial calcification, vascular degeneration, animal models
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Abstract

Centella asiatica is an herbaceous plant that has been used traditional medicine in
several cultures. Recently, its standardized extract named ECa 233 contains >80% w/w of its
pentacyclic triterpenoids which have been reported to exhibit antioxidant activity; however,
its mechanisms of action remain unclear. This study investigates the radical scavenging activity
of ECa 233 and its pentacyclic triterpenes (asiatic acid, asiaticoside, madecassic acid, and
madecassoside) against |, |-diphenyl-2-picrylhydrazyl (DPPH) and hydroxyl radicals (-OH)
using electron paramagnetic resonance (EPR) spectroscopy. For DPPH radical scavenging
activity, ECa 233 exhibited a half-maximal inhibitory concentration (ICs,) of approximately 7.8
mg/ml accounting for Trolox equivalent antioxidant capacity of 4.2 nmol per ECa 233 at | mg.
It also showed hydroxyl radical scavenging activity, with an ICs, of 3.8 mg/ml. These findings
suggest that ECa 233 inhibits the Fenton reaction. In contrast, the pentacyclic triterpenes
demonstrated no scavenging activity in either assay at their highest concentration.

Keywords: antioxidant, Centella asiatica, iron chelators, EPR spectroscopy

Introduction

Centella asiatica (L.) Urban (known as bua-bok in Thai) is a perennial herb widely
distributed in tropical regions. Traditionally, its leaves have been used in medicine across
various cultures, such as Chinese, French Pharmacopoeia, and Indian Ayurveda. Its therapeutic
effects have been recommended for skin diseases, cognitive improvement.' Research has
identified that the primary active compounds in the standardized extract of C. asiatica, known
as ECa 233, include = 80% w/w of pentacyclic triterpenoid glycosides, with a ratio of 1.5 + 0.5:1
of madecassoside to asiaticoside.” Its bioactive compounds have demonstrated therapeutic
potential against several diseases, including neurodegenerative, dermatological, and
cardiovascular disorders. Therefore, their underlying mechanisms are proposed to be related
to antioxidant and anti-inflammatory effects.' Additionally, studies have confirmed that ECa
233 is safe with minimal toxicity in both animal and human models.**
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Previous research on ECa 233 in an animal model of B-thalassemia revealed a significant
reduction in iron accumulation and oxidative stress (submitted manuscript). However, the
precise mechanisms underlying its iron-chelating properties, as well as those of its key active
compounds, remain unclear. While the antioxidant potential of C. asiatica extract, including
ECa 233 and its main components, has been assessed in several studies, their specific radical
scavenging properties have not yet been fully characterized.

Electron paramagnetic resonance (EPR) spectroscopy is a highly sensitive and precise
technique for analyzing compounds with unpaired electron spins by detecting their distinct
EPR spectra. This method has been widely applied in various fields, including drug discovery,
particularly for evaluating antioxidant activity. Using the spin trapping method, EPR
spectroscopy enables the quantification and characterization of radical scavenging activity in
different compounds, making it a valuable tool for measuring interactions with various radical
species.’

In this study, the free radical scavenging activity of ECa 233 and the primary bioactive
compounds of C. asiatica, including asiatic acid, asiaticoside, madecassic acid, and
madecassoside, were investigated against DPPH radicals and hydroxyl radicals using EPR
spectroscopy. The findings from this research may provide further insights into the
mechanisms of action of ECa 233 and its active compounds in mitigating oxidative stress-
related diseases, and whether triterpenoids or other compounds contribute to the
antioxidant activity in the extract.

Methods

ECa 233 and its pentacyclic triterpenoids

ECa 233 (Siam Herbal Innovation Co., Ltd., Thailand), asiatic acid (AA) and asiaticoside
(AO) (Sigma, St. Louis, MO, USA), as well as madecassic acid (MA) and madecassoside (MO)
(PhytoLab GmbH & Co. KG, Germany), were freshly prepared in 100% methanol.

DPPH scavenging assay

A stable radical, |,l-diphenyl-2-picrylhydrazyl (DPPH, Sigma, St. Louis, MO, U.S.A),
was used to evaluate the radical scavenging activity of the test compound as a hydrogen donor.
The 50 pl of 0.75 mM DPPH solution and 50 pl of the test compound, in total volume of 200
ul of methanolic solution, were combined in the reaction mixture. Test compounds were
compared with Trolox as the standard antioxidant. The final concentration of ECa 233 ranged
from 2—10 mg/ml, and the concentrations of other test compounds ranged from 3.125—-1000
UM. The mixtures were transferred to capillary tubes and analyzed using an EPR spectrometer
(E500, Bruker, U.S.A.). The EPR measurement conditions were as follows: central field 337+5
mT, modulation frequency 100 kHz, modulation amplitude |.5 G, microwave power 7 mVV,
gain | 1.5 dB, scan time 60 s, and recorded at 0, 2, 5, and 10 minutes.®

Hydroxyl radical scavenging assay

The Fenton reaction was used to generate hydroxyl radicals from ferrous sulfate and
hydrogen peroxide. 5,5-Dimethyl-L-pyrroline-N-oxide (DMPO, Sigma, St. Louis, MO, U.S.A))
was purified by activated carbon and used as the trapping agent. The reaction mixtures were
prepared in the following sequence: 10 pl of 0.25 mM ferrous sulfate, 10 pl of deionized water,
20 pl of 1.12 M DMPO, 10 pl of the test compound, followed by 50 pl of 0.25 mM hydrogen
peroxide. The final concentration of ECa 233 ranged from 0.625-10 mg/ml, and the
concentrations of other test compounds ranged from 12.5-2000 puM. Deferiprone (Def; iron
chelator) and salicylic acid (SA; antioxidant) were used as positive controls for inhibiting the
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Fenton reaction. DMPO-OH adducts were recorded as the EPR spectra after adding hydrogen
peroxide. The EPR measurement conditions were as follows: central field 336.7+5 mT,
modulation frequency 100 kHz, modulation amplitude 1.5 G, microwave power 5 mW, gain
I3 dB, scan time 40 s, and recorded at 0, 40, 80, and 120 seconds.®

Data analysis

The area under the peak of the EPR spectra in the DPPH and hydroxyl radical
scavenging assays was calculated using EPRStudio software (BRUKER Xepr, Bruker, U.S.A.)
through double integration. The scavenging activity of the test compounds was expressed as
an inhibition percentage by comparing the area under the peak of the control reaction with
or without the test compounds. The ICs, value was obtained by comparing the inhibition
percentage against the antioxidant concentration.

Results

DPPH radical scavenging activity

Figure | illustrates the typical EPR spectra of DPPH radicals in methanol. The radical
scavenging activity of the test compounds was determined by the reduction in the area under
the peak. The spectra remained stable until the addition of test compounds, with ECa 233 and
Trolox exhibiting a noticeable reduction in peak area. ICs, calculations revealed that | mg/ml
of ECa 233 had an equivalent hydrogen-donating capacity to 4.24 nmol of Trolox. Therefore,
the Trolox equivalent of other test compounds can be determined from their EPR spectra.
Additionally, the DPPH scavenging activity and percentage inhibition of the test compounds
are summarized in Table I.

DPPH

DPPH + 25 pM Trolox

AU —

DPPH + 8 mg/ml ECa 233

335 340
Magnetic field (mT)

Figure |. EPR spectra of DPPH radical, before and after addition of test compounds
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Table 1. ICs, percentage of inhibition of DPPH, and trolox equivalent capacity by ECa 233 and its
pentacyclic triterpenoids

DPPH
Test % .
. Trolox equivalent
compound 1Cso maximum capacit
Inhibition pacity
Trolox 33.3+£09 uM 686 % 1.6 -
ECa 233 7.9 £ 0.5 mg/ml 60.4 £ 0.7 4.24 nmol/mg
Asiatic acid - 7.1 £22 -
Asiaticoside - 49 2.1 -
Madecassic acid - 48 +0.2 -
Madecassoside - 114+£04 -

DPPH radical scavenging activity of test compounds. Data represents the % maximum inhibition of the DPPH radical at 10
minutes for Trolox (50 pM), ECa 233 (10 mg/ml), and other test compounds (1000 pM). Values are expressed as mean *
S.D. from three independent experiments.

The DPPH radical scavenging kinetics of the test compounds were assessed to gain
insight into their mechanisms of action (Figure 2). The scavenging activity of a mixture of
MO and AOQ, at a ratio of 1.5 £ 0.5:1, was comparable to that of 1.2 mg/ml ECa 233 at similar
concentrations. Overall, all test compounds followed a similar trend in DPPH radical
scavenging activity. ECa 233 demonstrated a more pronounced reduction in the area under
the peak compared to triterpenoids. However, despite reaching their maximum solubility in
methanol, triterpenes exhibited lower hydrogen-donating activity than Trolox at its lowest
concentration.
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Figure 2. Kinetic curves of DPPH radical scavenging activity for each test compound at 0, 2, 4, 6, 8, and 10
minutes. Values are expressed as mean * S.D. from three independent experiments.

Hydroxyl radical scavenging activity

The EPR spectra of hydroxyl radicals, generated by the Fenton reaction and detected
using the spin-trapping technique with DMPO, exhibited a characteristic 1:2:2:] pattern.
Additional minor peaks were attributed to carbon-centered radicals due to the presence of
methanol (Figure 3). The radical scavenging activity of the test compounds was evaluated
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based on the reduction in the area under the peak. In the presence of deferiprone and ECa
233, a reduction in the area under the peak was observed immediately after the addition of
the test compounds. In contrast, SA gradually inhibited hydroxyl radical formation, reaching
maximum inhibition at 40 seconds post-addition. These results suggest that ECa 233 inhibits
the Fenton reaction through the same mode of action as deferiprone, namely iron chelating
activity.

ICso calculations indicated that | mg/ml of ECa 233 exhibited a hydroxyl radical
scavenging capacity equivalent to 10 nmol of SA and an iron chelation capacity equivalent to
21 nmol of deferiprone. Based on these findings, the EPR spectra of other test compounds
can be used to determine their hydroxyl radical scavenging activity, deferiprone equivalent,
and percentage inhibition, as summarized in Table 2. The other triterpenes exhibited no
scavenging activity, as evidenced by the absence of any reduction in the area under the peak
(data not shown).
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Figure 3. EPR spectra of hydroxyl radical, before and after addition of test compounds

Table 2. ICs, Percentage of Inhibition of hydroxyl radical, and scavenging and iron chelation activity
by ECa 233 and its derivatives

Hydroxyl radical
Test . . . .
% Maximum Deferiprone equivalent | Scavenging
compound 1Cso s etes . N
inhibition capacity capacity

Deferiprone 38+39uM 719+ 1.0 - -
Salicylic acid - 624 +20 - -
ECa 233 3.8 £ 0.2 mg/ml 658+ 1.8 10 nmol/mg 21 nmol/mg
Asiatic acid - Nd - -
Asiaticoside - Nd - -
Madecassic acid - Nd - -
Madecassoside - Nd - -
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Hydroxyl radical scavenging activity of test compounds. Data represents the % maximum inhibition of the hydroxyl
radical at 40 seconds for SA (50 pM), at 0 seconds for ECa 233 (10 mg/ml), and for other test compounds (100-200 pM).
Nd=Not detectable. Values are expressed as mean * S.D. from three independent experiments.

Discussion

A previous study by Tamatam and Naika’ on the antioxidative activity of C. asiatica in
methanol solution demonstrated a concentration-dependent DPPH radical scavenging effect,
reaching up to 2 pg/ml. In comparison, our study suggests that standardized extracts may
exhibit higher radical scavenging activity than crude extracts due to the controlled presence
and quality of bioactive compounds. Notably, this is the first EPR spectroscopy study on the
standardized extract of C. asiatica (ECa 233), providing evidence that ECa 233 can scavenge
reactive oxygen species through its hydrogen-donating properties and inhibition of the Fenton
reaction.

Antioxidant and free radical studies are complex due to the unique characteristics of
each reactive oxygen species, including their reactivity at low concentrations and extremely
short half-lives. Conventional antioxidant assays may not always provide clear or
comprehensive results, as they are often limited to specific experimental models. The
development of EPR spectroscopy has expanded the ability to study a wide range of free
radical species in different assay systems. Combined with spin-trapping techniques, which
extend the half-life of radicals, EPR spectroscopy offers a highly sensitive method for
characterizing radicals. Unlike traditional spectrophotometry, it is not affected by sample
color interference, making it a powerful tool for antioxidant research.’

Previous in vitro and in vivo studies on metabolic syndrome and neurological diseases
have shown that the pentacyclic triterpenoids in C. asiatica exhibit enzymatic antioxidant and
anti-inflammatory activities through the upregulation of Nrf-2 and the reduction of
inflammatory cytokines.® Our findings support these results, suggesting that ECa 233 and its
triterpenes may help mitigate oxidative stress and inflammation through multiple pathways.

Additionally, our previous study in an animal model of B-thalassemia demonstrated a
significant reduction in iron accumulation and oxidative stress following ECa 233
administration. The current study further clarifies the mechanism of ECa 233, highlighting its
ability to inhibit the Fenton reaction. However, further research on the iron-chelating activity
and effects on lipid radicals of ECa 233 and its triterpenes is needed to fully elucidate their
mechanism of action.

Although ECa 233 demonstrated potent radical scavenging activity, its triterpenes did
not exhibit significant radical inhibition, despite being major constituents. This suggests that
the remaining 20% of ECa 233 may contain compounds with strong scavenging activity,
warranting further investigation.

Conclusion

Our findings provide a qualitative analysis of the free radical scavenging activity of ECa
233 and its triterpenes. Although this study did not confirm significant radical scavenging
activity of the triterpenes, their antioxidant properties may act through multiple pathways to
combat oxidative stress-related diseases, such as metabolic syndrome, neurological disorders,

and B-thalassemia.
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Abstract

Tiliacora triandra (Yanang) is a popular medicinal plant in Thailand and the Southeast
Asia due to its numerous therapeutic properties, such as antipyretic, detoxification, and
promoting overall health. Studies have shown that T. triandra contains various bioactive
compounds, including phenolic compounds and flavonoids, which are antioxidants that play a
crucial role in preventing cellular damage caused by free radicals. These compounds also have
the potential to reduce the risk of diseases such as cardiovascular diseases, cancer, and other
chronic conditions. This study aimed to investigate and compare phenolic compounds,
flavonoids, and antioxidant activity levels in T. triandra roots and leaves. The results showed
that roots of T. triandra had higher phenolic content, total flavonoid content, and antioxidant
activity than its leaves. From the experiments, it was found that 80% ethanol (EtOH) was the
most effective solvent in root extracts, yielding the highest phenolic content (33.2 + 1.5 mg/g
gallic acid equivalent) and the highest flavonoid content (1.26 * 0.03 mg/g quercetin
equivalent). Thus, it can be concluded that 80% EtOH extract of T. triandra root exhibited
the strongest antioxidant activity (72.68 + 0.57 %) by using DPPH assay. The findings from
this study will contribute to a better understanding of T. triandra and promote its future use
in healthcare and the herbal industry.

Keywords: Tiliacora triandra, Phenolic compounds, Flavonoids, Antioxidant activity

Introduction

Antioxidants, in chemical terms, are compounds that can prevent or slow down the
process of oxidation. Oxidation occurs in various forms, such as the process that causes iron
to rust, makes apples turn brown, or causes vegetable oil to become rancid. Oxidation can
also occur in the human body, such as the breakdown of proteins and fats from the food we
consume, exposure to air pollution, breathing, cigarette smoke, and UV radiation, all of which
generate free radicals that can damage the body.' No single compound can completely
prevent oxidation. Different mechanisms may require different antioxidants to halt the
oxidation process. Antioxidants can help reduce the risk of several diseases, especially chronic
conditions like cancer, diabetes, cardiovascular diseases, and Alzheimer’s disease. They also
help slow down the processes that lead to aging. Normally, the body can remove free radicals
before they cause harm, but if free radicals are produced too quickly or in excess, beyond
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what the body can neutralize, it can negatively affect health. Free radicals are commonly
found in nature, such as in phenolic compounds, nitrogen compounds, flavonoids, and
carotenoids. Phenolic compounds are substances found in many plants, such as pepper, chili,
ginger, garlic, shallots, onions, legumes, seeds, grains, rice, and sesame.” These phenolic
compounds have antioxidant properties, are water-soluble, and help protect against diseases
such as coronary heart disease and cancer. They work by neutralizing free radicals and metal
ions, which can accelerate the oxidation of fats and other molecules.

T. triandra, commonly known as Yanang, is a woody vine in the Menispermaceae
family. Its round, flexible stems are green when young and turn gray as they mature. It is used
to twine around other plants. The leaves are simple, and the flowers are arranged in
branched panicles. The fruit is glossy green when immature and turns reddish-orange when
ripe. The seed is hard, with a single seed that can be used for planting. The root of T. triandra
has an underground tuber and is large in size. Its taste is bitter and slightly astringent, and it
is used to relieve fever and treat various types of fevers, including intermittent fever, febrile
diseases, red fever, malaria, and chickenpox. It is also used to detoxify the body, alleviate
hangovers, improve heart function, and balance the body’s elements.’ Additionally, T. triandra
root helps treat heart diseases, expel toxins, and relieve wind-related ailments. Although
pharmacological investigations of this plant have been previously reported, data pertaining
to its extraction using solvents of varying concentrations remain incomplete. Therefore, this
study aimed to compare the amounts of phenolic compounds, flavonoids, and antioxidant
activity in the root of T. triandra. The findings will help enhance the value of the plant and
lead to commercial production, facilitating further research and development in the field.

Methods

Chemicals and reagents

Reference standards, gallic acid, and quercetin were obtained from Biopurify
(Chengdu, China). I,1-diphenyl-2-picrylhy-drazyl (DPPH) was obtained from Sigma (MO,
USA). Folin- Ciocalteu phenol reagent and Griess reagent were purchased from Loba
Chemie, Mumbai, India.

Plant extract preparation

Different parts of T. triandra, including leaves and roots, were collected at Institute
of Science, Suranaree University of Technology, Nakhon Ratchasima, Thailand, in January
2025. All samples were dried at 50°C for 48 h and ground into powder using a mortar and
pestle. A sample powder (100 mg) of each part was extracted using distilled water and
various concentration of EtOH (40% and 80%) in a sonic bath. The sample was centrifuged
at 10,000 rpm in microcentrifuge, and the supernatant was collected. The extraction process
was repeated four times. The extracts were evaporated and re-dissolved in | mL of various
concentrations of EtOH, which were used in subsequent experiments. All extractions were
performed in triplicate.

Quantification of total phenolic and flavonoid contents

The aluminium chloride colorimetric assay used by Amorim et al.*was employed to
determine the total flavonoid content with slight modification. Standard solutions of
quercetin (0.19—-100 pg/mL) were prepared in methanol. The absorbance of the reaction
mixture was measured at 405 nm using a microplate spectrophotometer. The total flavonoid
content was estimated by comparing the absorbance value to the quercetin standard curve
and expressed as milligrams of quercetin equivalent per gram of sample dry weight (mg QE/g
DW). All analyses were performed in triplicate. The regression equation for the quercetin
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standard curve was y=0.0105x+0.0646 and R*=0.997.

The total phenolic content of T. triandra extracts was determined using the Folin-
Ciocalteu colorimetric method described by Everette et al.” with slight modification. The T.
triandra extracts or methanol (blank) were separately mixed with the Folin-Ciocalteu re-agent
(I:5, v/v) in 96-well plates, shaken for | min, and kept in the dark at 25°C for 6 min. The
mixture was added to 7% Na2CO3, incubated in the dark at 25°C for 30 min, and measured

at 760 nm using a microplate reader. The total phenolic content was estimated by comparing
the absorbance value to the gallic acid standard curve and expressed as milligrams of gallic
acid equivalent per gram of sample dry weight (mg GAE/g DW). All analyses were performed
in triplicate. The regression equation for gallic acid standard curve was y = 0.0041x + 0.1476
and R* = 0.9974.

DPPH radical scavenging capacity and FRAP assay

DPPH radical changes color from violet to shades of yellow after being quenched by
an antioxidant. The antioxidant ability of AE extracts was determined by the DPPH radical
scavenging assay. Briefly, a working DPPH (0.2 mM) solution was prepared in methanol. The
DPPH solution was mixed with T. triandra extracts at different concentrations (1:1) or with
methanol as control. The reaction mixtures were incubated at 25°C for 30 min in the dark.
The mixture of each extract with methanol was represented as blank. The free radical
scavenging capacity was determined by measuring the absorbance at 490 nm. Ascorbic acid
was used as an antioxidant standard.®

Statistical analysis
All experiments were performed in triplicate and the data are expressed as the mean
* standard deviation (SD).

Results

The total phenolic contents of T. triandra roots and leaves extracted with distilled
water, 40% EtOH, and 80% EtOH was showed in Table I. The results showed that T.
triandra roots extract has rich phenolic contents when compared with the leaves. T. triandra
roots extracted with 80% EtOH had the highest total phenolic contents (33.2 + .50 mg/g
gallic acid equivalent).

Table 1. Total phenolic contents of T. triandra roots and leaves extracted with various extraction

solvents
Extraction solvent Total phenolic content mg/g gallic acid equivalent
T. triandra roots T. triandra leaves
Distilled water 13.6 £ 0.50 0.01 +0.02
40% EtOH 13.1 £0.06 0.06 + 0.01
80% EtOH 332+ 1.50 1.85 + 001

In addition, the total flavonoid contents of T. triandra roots and leaves extracted with
various extraction solvents were also investigated. The results showed that T. triandra leaves
extracted with 80% EtOH had the highest total flavonoid contents 3.71 + 0.05 mg/g quercetin
equivalent, as shown in Table 2.
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Table 2. Total flavonoid content of T. triandra roots and leaves extracted with various extraction
solvent

. Total flavonoid content mg/g quercetin equivalent
Extraction solvent
T. triandra roots T. triandra leaves
Distilled water 0.23 £ 0.07 0.03 £ 0.01
40% EtOH 0.55 + 0.01 0.11 £0.01
80% EtOH .26 + 0.03 3.71 £0.05

DPPH assay was used to investigate the antioxidant activities of T. triandra. In this
study, the concentration of ascorbic acid standard was 0.1 mg/ml, while the roots extract
and leaves extract concentrations in the DPPH assay were 0.5 mg/ml. The antioxidant
activities of T. triandra were showed in Table 3.

Table 3. The percentage radical scavenging activity of T. triandra roots and leaves extract with
various extraction solvent compared with ascorbic acid

. DPPH scavenging activity (%)
Extraction solvent
T. triandra roots T. triandra leaves
Distilled water 72.55 + 0.74 71.52 + 0.67
40% EtOH 7231 £ 1.12 57.4 £ 0.67
80% EtOH 72.68 + 0.57 70.85 + 0.45

Discussion

The study found that 80% ethanol (EtOH) is the most effective solvent for extracting
bioactive compounds from T. triandra roots. Specifically, 80% EtOH was able to extract the
highest amounts of phenolic compounds and flavonoids compared to other solvents. The
phenolic content extracted was as high as 33.2 + |.5 mg/g gallic acid equivalent, and the
flavonoid content was 1.26 + 0.03 mg/g quercetin equivalent. These findings are consistent
with previous research indicating that phenolic compounds and flavonoids are important
substances with strong antioxidant activity, playing a significant role in preventing cell damage
caused by oxidation.”® Phenolic compounds and flavonoids are secondary metabolites found
in plants, known for their various biological activities, including antioxidant, anti-
inflammatory, and anticancer properties.” Their extraction efficiency depends significantly on
the solvent used, as different solvents have varying polarities that influence the solubility of
these compounds. Studies have shown that aqueous ethanol solutions, particularly 70-80%
ethanol, can maximize the extraction of phenolic and flavonoid compounds due to the
combined solubility effects of both water and ethanol.'” Regarding antioxidant activity,
measured using the DPPH assay, the crude extract from T. triandra roots using 80% EtOH
showed the highest antioxidant activity at 72.68 + 0.57%. This was similar to other solvents
but significantly higher than that obtained from distilled water and 40% ethanol. The DPPH
assay is a widely used method for evaluating the free radical scavenging ability of natural
compounds, and results from this study suggest that the phenolic and flavonoid content in T.
triandra extracts directly contribute to their antioxidant potential.'' The reason 80% EtOH
yielded the best results may be due to the optimal proportion of water and ethanol, which
effectively extracts both phenolic compounds and flavonoids, as they dissolve well in both
water and alcohol. Other studies have also found that mixed solvents enhance the extraction
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of bioactive compounds by improving solvent penetration into plant cells and increasing the
diffusion rate of solutes.'” This experiment highlights the significant impact of solvent
selection on the efficiency of bioactive compound extraction and antioxidant activity.
Specifically, mixed solvents like 80% EtOH can extract a wider range of compounds and are
more effective than single solvents. Therefore, it can be concluded that 80% ethanol is the
most suitable solvent for extracting T. triandra roots and leaves for various applications, such
as producing extracts with high antioxidant activity for use in the food and pharmaceutical
industries."

Conclusion

The phenolic and flavonoid content in T. triandra root was higher than leaves.
Therefore, the root is a more attractive resource than the leaves. 80% EtOH is the most
suitable solvent for the extraction of T. triandra active compounds, especially phenolic and
flavonoid, in both roots and leaves groups when compared with distilled water and 40%
EtOH. The T. triandra leaves also had antioxidant property. However, the total phenolic and
flavonoid contents of leaves are much lower than those of roots. To extend the current
knowledge, future research should focus more on identifying and understanding other active
compounds found in T. triandra. In addition, improving the extraction process should be
explored further to increase both the number of useful compounds obtained and the
potential health benefits of the extracts.
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Abstract

Cytokine-induced killer (CIK) cells show promise in targeting cholangiocarcinoma
(CCA), but their efficacy is limited by exhaustion and senescence. This study investigated
whether co-culturing CIK cells with HubCCAI cells induced these dysfunctions and explored
counteractive strategies using mature dendritic cells (mDCs) and sunitinib-primed mDCs.
Peripheral blood mononuclear cells (PBMCs) were isolated and used to generate CIK cells.
CD3"CD56" subset was isolated from CIK cells. CIK cells were pre-treated with mDCs or
sunitinib-primed mDC:s. Following pre-incubation, the CIK cells were exposed to cancer cells
for 72 h. After exposure, phenotypic markers (CTLA-4, PD-1, TIM-3, KLRGI, CD28, CD57,
perforin, and granzyme B) were analysed using flow cytometry. Flow cytometry analysis
revealed that exposure to HubCCAI cells reduced CIK cell viability and increased markers
of senescence and exhaustion. However, pre-treatment with mDCs or sunitinib-primed
mDCs mitigated these effects, preserving anti-tumor cytotoxicity of CIK cells. These findings
suggested that mDC-based strategies may enhance the therapeutic efficacy of CIK cells in
cancer treatment.

Keywords: Exhaustion, senescence, dendritic cells, sunitinib, CIK

List of abbreviations

APC Allophycocyanin

APC-Cy7 Allophycocyanin-Cy7

CCA Cholangiocarcinoma

CIK cells: Cytokine-induced killer cells

E:T: Effector to target ratio

FBS: Fetal bovine serum

FITC: Fluorescein isothiocyanate

FOXP3: Forkhead box P3 (transcription factor)
GM-CSF: granulocyte-macrophage colony-stimulating factor
HubCCAI: Human cholangiocarcinoma cells

iDC Immature Dendritic cells

IFN-Y: Interferon-gamma
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IL-2: Interleukin 2

mDCs: Mature Dendritic cells

mDCSu: Mature Dendritic cells combine with Sunitinib

NK cells Natural killer cells

OKT3: Anti-CD3 monoclonal antibody

PBL: Peripheral blood lymphocytes

PBMC: Peripheral blood mononuclear cells

PBS: Phosphate-buffered saline

PC5 Phycoerythrin-Cy5

PC5.5 Phycoerythrin-Cy5.5

PC7 Phycoerythrin-Cy7

PE: Phycoerythrin

PerCP Peridinin-Chlorophyll-Protein Complex

RPMI: Roswell Park Memorial Institute (medium)

Thi cells: T helper | cells

TNF-a: Tumor necrosis factor alpha
Introduction

Cholangiocarcinoma (CCA) is an aggressive malignancy of the biliary epithelium with
high recurrent rate and limited response to conventional therapies.' One promising avenue of
research in cancer therapy is cellular immunotherapy using cytokine-induced killer (CIK) cells.
CIK cells have shown promise in targeting tumors like CCA. CIK cell, especially the most
potent CD3"CD56" subset, was especially effective due to its dual T cell and NK cell
functionality, exerting strong anti-tumor activity through non-MHC-restricted’ cytotoxicity,
and IFN-y secretion.?

However, the therapeutic efficacy of CIK cells in CCA has often been interrupted by
immune dysfunction, particularly exhaustion and senescence. T cell exhaustion is a state of
dysfunction arising from chronic antigen stimulation in the tumor microenvironment, leading
to a progressive loss of T cell function.* Exhaustion has been characterized by the upregulation
of inhibitory receptors such as PD-1, CTLA-4, and Tim-3, which impaired cytokine production
and cytotoxic activity.” On the other hand, T cell senescence has been observed in the natural
lifespan or aging process of the immune system. T cell senescence could be identified by the
downregulation of costimulatory molecules (CD27 and CD28), and the upregulation of CD57
and KLRG-1.® These phenomena might contribute to the limited effectiveness of CIK cells in
combating CCA. Given the significant challenges posed by exhaustion and senescence, there
is a need to develop strategies to either prevent or reverse these dysfunctions in CIK cells.
Denderitic cells (DCs) have been described as professional antigen-presenting cells that played
a significant role in both immune tolerance and the response to cancer."” Enhancement of
anti-tumor cytotoxic activity of CIK cells after exposure to DCs was due to the improved
activation and expansion of tumor-specific T cells.” Sunitinib, a multi-targeted tyrosine kinase
inhibitor, has shown promising results in the treatment of advanced cholangiocarcinoma. Its
ability to simultaneously inhibit key pathways involved in tumor growth and angiogenesis
makes it a rational therapeutic option for this aggressive cancer.®’

We have reported sunitinib-primed mDCs enhanced the anti-tumor activity of CIK
cells by promoting Thl markers, leading to a stronger anti-tumor response.'®'' This study
investigated whether co-culturing CIK cells with HubCCA| would induce exhaustion or
senescence, particularly in the CD3"CD56" subset. It also explored a potential strategy to
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counter this dysfunction through the pre-incubation of CIK cells with either mDCs or
sunitinib-primed mDCs. The changes in biomarkers associated with T cell exhaustion and
senescence were monitored whether this treatment could restore the efficacy of CIK cell-
based immunotherapy against CCA. The findings of this study would provide insight into the
development of more effective therapeutic strategies.

Methods

Ethic statement
The studies have been approved by the Siriraj Institutional Review Board (SIRB) of the
Faculty of Medicine, Siriraj Hospital, Mahidol University (COA no Si 213/2010).

Generation of CIK cells

PBMCs were isolated from healthy donor blood using Ficoll density gradient
centrifugation. After washing, cells were counted, seeded at 2 x 10° cells/mL, and incubated
for 2 h at 37°C, 5% CO,. Non-adherent cells (peripheral blood lymphocytes, PBLs) were
collected and cultured in RPMI-1640, 10% FBS, penicillin, streptomycin, 1000 IU/mL human
recombinant IFN-y (R&D Systems, Canada). PBLs were adjusted to | x 10° cells/mL and
incubated for 24 h at 37°C, 5% CO,. After incubation, 50 ng/mL anti-CD3 monoclonal
antibody (OKT3) (BioLegend, USA) and 300 IU/mL IL-2 (Amoytop Biotech, China) were
added. The culture was continued for 21 d to generate CIK cells, with 300 IU/mL IL-2 added
every 2-3 d until harvesting.

Purification of CD3*CD56" subset

After generating CIK cells for 2 weeks, CD3" cells were isolated using CD3
MicroBeads (Miltenyi Biotec, Germany). The CD3" cells were isolated for CD3"CD56" subset
using CD56 MicroBeads (Miltenyi Biotec, Germany).

Generation of mature dendritic cells

After PBMC preparation, the adherent monocytes were collected and incubated in
RPMI-1640, 10% FBS, 100 U/mL penicillin, and 100 pg/mL streptomycin. The monocytes were
cultured at 37°C with 5% CO,, for 2 weeks. They were induced into immature dendritic cells
(iDCs) with 400 U/mL GM-CSF (Amoytop Biotech, China) and 500 IU/mL IL-4 (Amoytop
Biotech, China) for 5-7 d. The maturation to mature dendritic cells (mDCs) was induced by
10 ng/mL TNF-a (Amoytop Biotech, China) for 24-48 h. For sunitinib-priming condition, |
MM sunitinib (Sigma, St. Louis, MO) was added | d before maturation induction.

CIK cells pre-treated with mature dendritic cells (mDC) or combined with sunitinib
exposure to HubCCA| cells

In this experiment, CIK cells were first activated by co-culturing with mDCs or
Sunitinib-primed mDCs at a 10:1 ratio for 5 d. After activation, the CIK cells were collected,
centrifuged, and resuspended in fresh RPMI-1640. These pre-treated cells were then added
to HubCCAI at a 10:| effector-to-target (E:T) ratio and incubated for 72 h. As a control,
untreated CIK cells were also co-cultured with HubCCA| under the same condition.

Cell viability using trypan blue exclusion

After co-culture, the cell suspension was gently removed, centrifuged, and
resuspended. An aliquot (10 pL) was stained with trypan blue and counted using a
hemocytometer to determine the number of viable CIK cells.
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Flow cytometry analysis

After 72-h co-culture with HubCCAI, CIK cells were harvested and washed. Cells
were stained for CD3, CD56, and exhaustion/senescence markers (e.g., CTLA-4, PD-I)
(BioLegend, U.S.). Staining was performed at room temperature in the dark for 30 min. Cells
were then fixed and permeabilized and incubated for 20 min in the dark. Intracellular staining
for perforin (BioLegend) and granzyme B (R&D Systems) was performed for | h. Finally, cells
were washed and analyzed using flow cytometry (CytoFLEX, Beckman Coulter).

FACS Analysis

Flow cytometry data were analyzed using FlowJo v10.7.1. Singlets were selected by
gating FSC-A vs. FSC-H to exclude doublets, and debris was excluded based on FSC and SSC
characteristics. The selected population was used for further analysis. Marker-positive
populations were identified by comparison with unstained controls, and the percentage of
positive cells was calculated for each marker, including CTLA-4, PD-1, Tim-3, KLRGI, CD28,
CD57, perforin, and granzyme B.

Statistical Analysis

Data from experiments performed in triplicate were normalized by setting the 0-h
value of each condition to |. Fold-changes at subsequent time points were calculated relative
to their respective baseline values. Statistical analysis was performed using one-way ANOVA
followed by Tukey's post hoc test or an unpaired two-tailed t-test for pairwise comparisons.
Graphs were generated using GraphPad Prism v8.3.0 (GraphPad Software, San Diego, USA).
A p-value < 0.05 was considered statistically significant.

Results

Modulation of CD3*CD56" population during CIK cell generation

From the analysis of alterations in cell proportions during CIK cell generation, three
distinct data sets represent different cell subsets (CD3'CD56', CD3CD56’,
and CD3'CD56). The CD3'CD56" subset gradually increased during CIK cell generation,
peaking on day 20. The CD3*CD56 subset rose during the first 3 d and gradually decreased,
while the CD3"CD56" subset was relatively stable (Figure 1A).

Cell viability

CIK cells initially exhibited ~95% viability before co-culture. At 24 h, viability slightly
dropped to 86.7-90.1%, and at 48 h, it remained around 93-94.6%. A more significant decline
was observed at 72 h (76.7-82.3%). Exposure to cancer cells resulted in a gradual decrease in
viability over time, though not statistically significant, especially in CIK cells pre-treated with
Sunitinib-primed mDCs (Figure |B).

Phenotype analysis of CD3'CD56" subset after exposure to HubCCAI

Purified CD3"CD56" cells were co-cultured with HubCCAI cells for 72 h and
analyzed for CTLA-4, PD-I, TIM-3, KLRGI, CD28, CD57, perforin, and granzyme B (Figure
2). The analysis revealed a significant upregulation of CD57 (p < 0.05), granzyme B (p < 0.05),
and a downregulation of CTLA-4 (p < 0.05), PD-1 (p <0.01), Tim-3 (p < 0.01) and KLRGI (p
< 0.001) in CD3*CD56" cells after co-culture, compared to untreated CD3*CD56" cells at
72 h (Figure 3).
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Figure 3. The phenotypic changes of CD3*CD56* cells were assessed after 72 h exposure to HubCCAl.
Normalized data were analyzed using an unpaired t-test with a 95% confidence interval. Significance
levels were indicated as follows: * (P < 0.05), ** (P < 0.01), *** (P < 0.001), and **** (P < 0.0001).

CIK pretreated with mDCs or sunitinib-primed mDCs partially prevented dysfunction
from HubCCA|I exposure

CIK cells were categorized under the following conditions: CIK, CIK+CCA,
CIK+mDC+CCA, and CIK+mDCSU+CCA (Figure 4). The CIK+CCA group showed a
significant increase in the levels of exhaustion markers CTLA-4 (p < 0.05), PD-1 (p <0.0001),
and Tim-3 (p < 0.0001); senescence markers KLRGI (p < 0.01), CD28 (p < 0.05), and CD57
(p < 0.05); as well as perforin (p < 0.01) and granzyme B (p < 0.0001) (Figure 5), when
compared to the CIK group.

Pretreatment of CIK cells with mDCs or sunitinib-primed mDCs (mDCSU) showed
that both CIK+mDC+CCA and CIK+mDCSU+CCA significantly reduced the levels of CTLA-
4, PD-1, Tim-3, KLRGI, CD28, perforin, and granzyme B, but not CD57 (Figure 5).
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Figure 4. Histogram of various markers on CIK cells under different conditions after HubCCA| exposure.

These conditions included untreated CIK cells (CIK + HubCCAI, A); mDC-pretreated CIK cells
(CIK/mDC + HubCCAl, B); and sunitinib-primed mDCs-pretreated CIK cells (CIK/mDCSU +
HubCCAI, C).
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Figure 5. The phenotype of CIK cells was analyzed after 72-h HubCCA| exposure. Normalized data were
calculated, and statistical analysis was performed using one-way ANOVA followed by Tukey’s test
for multiple comparisons. Statistical significance was indicated as follows: * (P < 0.05), ** (P < 0.01),
##* (P < 0.001), and **** (P < 0.0001), with a 95% confidence interval.

CIK pretreated with mDCs or sunitinib-primed mDCs partially prevented dysfunction
of CD3'CD56" subset from HubCCA| exposure

The CD3*CD56" subset was analyzed under the following conditions: CD3*CD56",
CD3*CD56" + HubCCAIl, mDC(CD3*CD56") + HubCCAI, and mDCSU(CD3*CD56%) +
HubCCAI (Figure 6). This experiment demonstrated that the CD3"CD56" subset in the
CD3*CD56" +CCA group showed a slight increase in the levels of exhaustion markers CTLA-
4 (p < 0.001) and PD-1 (p < 0.01), and senescence markers KLRGI (p < 0.05), with no
significant changes observed in Tim-3, CD28, CD57, perforin, or granzyme B compared to
the CIK group (Figure 7).

Pre-treatment of CD3"CD56" cells with mDCs or sunitinib-primed mDCs (mDCSU)
revealed that the treated CD3*CD56" subset showed a significant reduction in CTLA-4.
Notably, only the mDCSU(CD3*CD56") + HubCCAI group showed a significant decrease in
PD-I. No significant change was observed in KLRGI level (Figure 7).
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Figure 6. The histogram of various markers on CD3*CD56" cells under different co- conditions after
HubCCAI exposure. These included untreated CD3*CD56" cells (CD3*CD56" + HubCCAl, A);
mDCs pre-treated CD3*CD56" cells (mDC(CD3*CD56%) + HubCCAl, B); and sunitinib-primed
mDCs pre-treated CD3*CD56* cells (mDCSU(CD3*CD56%) + HubCCAl, C).
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Figure 7. The phenotype of the CD3"CD56" subset under different pre-treatment conditions was assessed
after HubCCAI exposure. Normalized data were calculated, and statistical analysis was performed
using one-way ANOVA followed by Tukey’s test for multiple comparisons. Statistical significance
was indicated as follows: * (P < 0.05), ** (P < 0.01), *** (P < 0.001), and **** (P < 0.0001), with a

95% confidence interval.
Discussion

PBMCs typically consist of 10-30% monocytes'?, while CD3"CD56" cells generally
represent around |-5%’, varying between individuals. CD3'CD56" cells combine the
properties of both T cells and natural killer (NK) cells, enabling them to target and destroy
tumor cells”>. CD3'CD56" cells exhibited strong cytolytic activity against tumors. When
activated, these cells released cytotoxic enzymes and cytokines, enhancing their tumor-killing
potential.'”"® For CIK cell generation, the CD3*CD56" population typically consists of about
20-30%, peaking around day 20 before stabilizing. CIK cells have been considered a promising
tool in cancer immunotherapy due to their potent cytotoxic effects and ability to kill without
MHC restriction."* However, after prolonged exposure to tumor antigens, CIK cells may
become exhausted and senescent.

Co-culture with HubCCAI induced an exhausted/senescent phenotype in CIK cells,
marked by increased exhaustion (CTLA-4, PD-I, Tim-3) and senescence (KLRGI, CD57)
markers; however, cells also showed increased level of CD28 and effector markers (Perforin,
Granzyme B). Despite reduced immune function, CIK cells retained some cytotoxic activity.'>
' However, compared to total CIK cells, CD3"CD56" subset showed fewer elevated markers
after cancer exposure. Specifically, only CTLA-4, KLRGI, and PD-l were significantly
increased, indicating a more resistant phenotype to tumor-induced senescence.

There has been limited information regarding the downregulation of inhibitory
receptors on CD3"CD56" cells after stimulation. CCA exposure might trigger CD3*CD56*
cells, which were more sensitive than other subsets, toward cytotoxic activation as a rapid,
innate-like response, thus downregulating inhibitory receptors like CTLA-4 and KLRGI to
preserve energy for cytotoxic functions. This would aim for a short-term burst of cytotoxicity
against tumor cells at the cost of later exhaustion or functional decline."”
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CD57 is a marker of more mature NK cells, which possesses higher levels of perforin
and granzyme B compared to CD57~ NK cells, but exhibits lower cytokine responsiveness
and reduced proliferative capacity. CD57* NK cells have been shown to express slightly lower
levels of KLRG | compared to CD57" NK cells, suggesting that as NK cells mature, there may
be a tendency to downregulate certain inhibitory receptors.'®

T cell senescence in immune dysfunction is marked by telomere shortening, reduced
telomerase activity, and increased levels of markers such as KLRGI| and CD57."”* Effector
T cells with CD57'KLRGI* were less differentiated and had better proliferative capacity than
did CD57'KLRGI" cells.*’ KLRGI was linked to reduced IFN-y production and increased cell
death in NK cells, with KLRG activation involving the AMP-activated protein kinase (AMPK)
enzyme.”” Additionally, CD28 and CD27 loss led to decreased production of key cytokines
(IL-2, IFN-y, TNF-a), compromising the immune response of senescent T cells.”

PD-I is not solely a marker of T cell dysfunction.?® It is an inhibitory receptor that
functions through ITIM and ITSM motifs, which inhibit T cell proliferation and cytokine
production.”” LAG-3, CTLA-4, and other inhibitory receptors suppressed T cell function by
interacting with MHC class Il molecules, reducing TCR signaling, and contributing to
exhaustion in chronic infections and cancer.”® TIM-3, when co-expressed with other
inhibitory receptors like PD-1, further inhibits T cell activation and cytokine production,
promoting overall T cell exhaustion.”

Sunitinib has been shown to have significant immunomodulatory effects, particularly in
the context of DC function and the reduction of immunosuppressive cells such as myeloid-
derived suppressor cells (MDSCs) and regulatory T cells (Tregs).”® The combination of
sunitinib with other immunotherapies enhances a more potent overall immune response.”
CIK cells pre-treated with mDCs or sunitinib-primed mDCs showed reduced CTLA-4, PD-1,
Tim-3, and KLRGI, along with decreased CD28, perforin, and granzyme B. Despite this, the
presence of perforin and granzyme B suggested some preservation of effector function. This
was consistent with the information that co-culturing CIK cells with mDCs enhanced CIK cell
activation through the binding of CD80 and CD86 to CD28 on CIK cells, increasing cytokine
production (such as IFN-y) and anergy preventing.’® This would resist exhaustion and immune
suppression, allowing them to maintain their cytotoxic function in the tumor environment.’'
Moreover, this interaction promoted the differentiation of memory-like CIK cells, offering
long-term immunity and potentially preventing tumor recurrence.’'

This result showed that both CIK co-culture with mDC and CIK co-cultured with
sunitinib-primed mDC conditions exhibited similar markers, with a slight difference observed
only in the lessening of PD-l. CIK cytotoxicity increased after co-culture with mDCs and
was highest when co-cultured with sunitinib-primed iDCs or mDCs, compared to untreated
CIK cells."" Sunitinib-primed DCs enhanced the anti-tumor activity of CIK cells by inducing a
Thl phenotype and suppressing Th2/Th17 phenotypes, particularly in the CD3*CD56"
subset.'"*? Notably, immunoregulatory markers such as PD-L| and IDO were decreased."

Additionally, no harmful effect from sunitinib was observed, even at higher
concentrations.>® To enhance the effectiveness of cancer immunotherapy, further studies
are needed to better understand and modulate CIK cells, their interactions with inhibitory
receptors, and their relationships with other immune components.

Conclusion
CIK cells co-cultured with HubCCAl (CIK+CCA) showed increased levels of

inhibitory receptors associated with exhaustion and senescence, indicating impaired immune
function and reduced anti-tumor activity. Pre-treatment with mDCs or sunitinib-primed
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mDCs (CIKmDC+CCA and CIKmDCSU+CCA) significantly reduced these markers, helping
preserve CIK cell function. Analysis focused on the CD3*CD56" subset, which demonstrated
greater resistance to tumor-induced exhaustion, with no significant upregulation of Tim-3,
and CD57. Additionally, PD-1 showed a lower than CIK group. Notably, CTLA-4 level was
reduced by both pre-treatments, while PD-1 reduction was observed only in the sunitinib-
primed mDC group.

Co-culturing CIK cells with mDCs prevented exhaustion and suppression by the
tumor microenvironment, enhancing their tumor-fighting ability and longevity, ultimately
improving CIK cell-based cancer immunotherapies. However, outcomes depend on individual
responses.
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Abstract

Previous reports indicate that alternating feeding and fasting conditions can lead to
overeating and gastric distension, which cause changes in the lower esophageal mucosa that
contribute to the progression of gastroesophageal reflux disease (GERD). Controlling dietary
patterns is a first-line approach for managing GERD symptoms. Kai-Ka Min (KK), a nodulose
root of turmeric, has been suggested to relieve acid reflux symptoms, according to personal
communication. However, no scientific report currently exists on the effects of KK in the
treatment of GERD. This study investigates the effects of KK on GERD in a mouse model
with limited food access through alternating feeding and fasting conditions. To induce GERD,
female C57BL/6 mice were alternatively fed and fasted for 56 days and then treated with
distilled water as the control, propylene glycol as the GERD model, 40 and 80 mg/kg body
weight (BW) of KK, and 20 mg/kg BW of rabeprazole as the positive control, once daily for
6 weeks. Food intake was recorded throughout the experimental period. At the end of the
experiment, gastric distension and histological examination of esophageal tissue were
performed. In the model group with alternating feeding and fasting, a significant increase in
both weekly and average food intake, as well as gastric distention (p < 0.05), was observed
compared to the control group. Both of 40 and 80 mg/kg KK groups showed significant
reductions in food intake and gastric distension (p < 0.05). The histological examination of the
esophageal tissue revealed epithelial thinning, along with disorganization and exfoliation of the
keratin layers. Interestingly, KK improved these histological alterations compared to the
model group, similar to those in the control and rabeprazole-treated group. In conclusion, KK
alleviated GERD induced by alternating feeding and fasting, plausibly by reducing food intake,
gastric distension, and esophageal tissue damage, suggesting its potential as a therapeutic
option for GERD.

Keywords: Gastroesophageal reflux disease, alternating feeding and fasting, overeating,
Kai-Ka Min
Introduction

Gastroesophageal reflux disease (GERD) is an upper gastrointestinal (Gl) disorder
characterized by the backflow of gastric contents into the esophagus.' GERD is one of the

Proceedings of 46t PTST Annual Meeting, 15-17 May 2025 54


mailto:kornsuda.t@psu.ac.th

most common disorders, and its global prevalence has increased by 77.53%, from 441.57
million cases in 1990 to 783.95 million cases in 2019.> The typical symptoms of GERD include
heartburn and regurgitation of acid reflux. Although the exact pathophysiology of GERD is
poorly understood, it is though to involve impaired lower esophageal sphincter (LES) resting
tone, transient LES relaxations (TLESRs), reduced esophageal acid clearance, and delayed
gastric emptying.’ Moreover, some studies have reported that several risk factors can trigger
GERD, including excessive body mass index (BMI) and dietary controls that can lead to over
food consumption, resulting in gastric distension and may be a plausible mechanism causing
GERD.** However, GERD can lead to some complications such as reflux esophagitis, which
results from esophageal injury by frequent reflux of gastric contents and is associated with
inflammation, esophageal stricture, and an increased risk of developing Barrett's esophagus
and then cause esophageal adenocarcinoma.”®

Based on animal experimental studies of GERD models, previous models often
required surgical procedures to induce reverse flow, allowing gastric or duodenal contents to
reflux into the esophagus, but these models did not reflect physiological conditions, making it
difficult to control the amount and concentration of the refluxed contents. However, recent
studies suggest that GERD can be induced through various dietary controls, with the
frequency of food consumption playing a critical role in triggering GERD. Additionally,
excessive food consumption leads to gastric distension, which increases intragastric pressure
and promotes the relaxation of the LES. This process facilitates acid reflux, resulting in
esophageal mucosal damage and triggering an inflammatory response, which may contribute
to the progression of GERD.

Currently, lifestyle modifications, such as dietary changes, body positioning including
keeping the head elevated while sleeping and maintaining an upright posture for at least 2—3
hours after meals, and reducing body weight, serve as the first-line approach for managing
GERD symptoms. Pharmacologic treatment primarily focuses on reducing gastric acid
secretion through proton pump inhibitors (PPIs), which are considered first-line therapies for
GERD.” However, there are certain limitations, including refractory symptoms, relapse,
resistance, and adverse effects associated with long-term use.® Recently, there is increasing
evidence to suggest the efficacy of focusing on the bioactive compounds of medicinal plants,
which have been found to offer health benefits and alternative medicine in improving and
treating GERD progression.’

Turmeric (Curcuma longa Linn.), a member of the Zingiberaceae family, has been
utilized for centuries in traditional folk medicine in China, India, and Thailand to alleviate
symptoms such as bloating, indigestion, diarrhea, and the treatment of stomach ulcers.'*" Its
bioactive compound, particularly curcumin'®, a polyphenolic yellowish pigment, is known for
its antioxidant, and anti-inflammatory activities, as well as its potential in promoting ulcer
healing by reducing acid secretion and enhancing mucus production.'> Furthermore, turmeric
also contains components derived from adventitious roots, which are nodulose roots. These
roots are round in shape and yellow in color, commonly known as "Kai-Ka Min" by local
farmers in the southern part of Thailand. According to personal communications, the
consumption of fresh Kai-Ka Min is believed to help alleviate symptoms of acid reflux and may
be beneficial in the treatment of GERD. However, the pharmacological effects of Kai-Ka Min
on GERD have not yet been scientifically investigated. Thus, this study aims to evaluate the
effects of Kai-Ka Min on GERD, focusing on gastric distension and histological changes in a
mouse model under time- and food-limited conditions through alternating feeding and fasting.

Methods

Kai-Ka Min (KK) preparation
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The fresh KK root was obtained from the local market in the southern part of
Thailand. Raw KK samples were washed, sliced to a 2 mm thickness and then lyophilized using
a freeze-dryer. Dried KK was ground to be KK powder using blenders and the powder was
stored at 4 °C until use.

Animals

Five-week-old female C57BL/6 mice, weighing 18-24 g were obtained from Nomura
Siam International, Bangkok, Thailand. All mice were housed at the Laboratory Animal Service
Center, Prince of Songkla University, Thailand. They were maintained in a temperature-
conditioned room (25+2°C) with a |2-hour light-dark cycle and a relative humidity of 55+ 10%.
Food and water were provided ad libitum. All mice were acclimatized to the laboratory
conditions for one week before the experiment. The experiment was approved by the
Institutional Animal Care and Use Committee of Prince of Songkla University, (MHESI
68014/704, Ref. AR045/2024).

Induction of GERD in experimental animals

Following one week of acclimatization, GERD was induced by limiting food access
through alternately feeding and fasting for 56 consecutive days.” Distilled water (DW),
propylene glycol (PG), and KK were administered daily by gavage, starting on day 14 of the
experiment. All mice were randomly divided into five groups, each consisting of seven mice:
Group | was the control group; mice were administered oral DW once daily with unlimited
access to food and water. Group 2 was the model (GERD) group; mice with GERD were
orally given PG once daily for 6 weeks. Groups 3 and 4 were the low- and high-dose of KK
groups; mice with GERD were orally administered KK at doses of 40 and 80 mg/kg body
weight (BW) orally once daily for 6 weeks, respectively. Group 5 was the Rabeprazole (Rb)
group as a positive drug; mice with GERD were orally administered Rb at a dose of 20 mg/kg
BW'* once daily for 6 weeks (Figure 1). Throughout the experimental period, BW and food
intake were recorded daily. At the end of the experiment, mice were anesthetized with
thiopental sodium (100 mg/kg BW) via intraperitoneal injection. Subsequently, the esophagus
and stomach were then collected for further analysis.

[l Feeding
[l Fasting
Day 7d d 24 3d 44 5 ed 7d 14d 28d s6d
Start Start Sacrificed
experiment treatment Examined by
, - / p - Gastric distention
SDW, PG, KK 40 and 80 mg/kg, Rb 20 mg/kg) _ Histological examination
————————————————— BW and food intake were recorded -.-.=. ... ...
Figure |I. Schematic diagram of the experimental for a GERD mouse model with limiting food access through

alternating feeding and fasting conditions (DWV: Distilled water, PG: Propylene glycol, KK: Kai-Ka
Min, Rb: Rabeprazole)

Gastric distention

After the mice were sacrificed, the stomach was carefully dissected and washed with
ice-cold normal saline solution. The size of the stomach was then measured by its length, from
the margin of the forestomach to the pylorus and its width, from the pylorus to the margin
of the body of the stomach using a Vernier caliper and expressed as square millimeters (mm?).
The gastric distention was evaluated by measuring the differences in stomach size between
experimental groups.
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Histological examination

Following sacrifice, the esophageal tissues were immediately collected and fixed in 10%
neutral-buffered formalin. The esophagus tissues were then dehydrated, cleared, and
embedded in paraffin blocks. Paraffin-embedded esophageal tissues were cut into 5-pm-thick
sections and stained with hematoxylin and eosin (H&E) for histological evaluation.
Histopathological changes were examined under a light microscope at 40x magnification.

Statistical analysis

Data were expressed as mean * standard error of the mean (SEM). Statistical analysis
was performed using a one-way analysis of variance (ANOVA), followed by post-hoc Tukey’s
test using SPSS software. The results with p < 0.05 were considered statistically significant.

Results

Effect of KK on BW and food intake in a GERD mouse model with limiting food access
through alternating feeding and fasting conditions

As previously mentioned, overconsumption can lead to gastric distension, contributing
to GERD development. BW, weekly and average of food intake were measured for each
group. The results showed that the average of BW did not differ significantly among the
groups. Food intake in the control group remained consistent throughout the experiment.
Compared to the control group, the model group exhibited a significant increase in both
weekly food intake, observed from week 2 to week 8 of the experimental period, and average
food intake (Figure 2A-B), confirming that limiting food access through alternating feeding
and fasting in mice effectively developed a model for overeating, a potential trigger for GERD.
Interestingly, both of 40 and 80 mg/kg KK groups, but not the Rb group, exhibited lower
weekly and average food intake compared to the model group throughout the experimental
period (Figure 2A-B).
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1.00 1.00
0.00 + 0.00
1 2 3 4 5 6 7 8 Control Model KK40 mg/kg KK S0 mg/kg Rb20 mg/kg

Weeks
OControl ®WModel OKK40mgkg ®SKKS80mgkg ®Rb20mgkg
Figure 2. Effect of KK on food intake in a GERD mouse model with limiting food access through alternating

feeding and fasting conditions. (A) weekly food intake and (B) average food intake in the five
experimental groups. Data were presented as mean + SEM (n = 7). "p < 0.05 when compared with
the control group and *p < 0.05 when compared with the model group, using one-way ANOVA with

Tukey’s post hoc test. KK: Kai-Ka Min, Rb: Rabeprazole.

Effect of KK on gastric distention in a GERD mouse model with limiting food access
through alternating feeding and fasting conditions
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At the end of the experiment, gastric distension was measured to evaluate its
association with food intake (Figure 3). The model group exhibited significant gastric
distention compared to the control group, suggesting that alternately feeding and fasting can
cause overeating in mice, leading to increased gastric distention. Treatment with KK (40 and
80 mg/kg) and Rb administration resulted in a significant reduction in gastric distension,
suggesting the potential efficacy of treatments in managing overeating and gastric distension.

120.00 -

100.00 - #

80.00 -

60.00 -

40.00 -

Gastric distention (mm?)

20.00 -

0.00

Control Model KK 40 mg/kg KK 80 mg/kg Rb 20 mg/kg

Figure 3. Gastric distention was assessed in each group at the end of the experiment. Data were presented
as mean + SEM (n = 7). "p < 0.05 when compared with the control group and b < 0.05 when
compared with the model group, using one-way ANOVA with Tukey’s post hoc test. KK: Kai-Ka
Min, Rb: Rabeprazole.

Effect of KK on histological changes in a GERD mouse model with limiting food access
through alternating feeding and fasting conditions

H&E-staining was performed to examine the histological changes in the esophageal
tissues (Figure 4). In the control group, normal esophageal tissue characteristics were
observed, including an intact esophageal epithelium and well-organized keratin layers. In the
model group, the esophageal epithelium appeared thinner, with disorganized and exfoliated
keratin layers. Alternatively, treatment with KK effectively improved these histological
alterations.

_ ontrolr
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Figure 4. Histological examination of the esophageal tissues from each experimental group was conducted
following alternating feeding and fasting conditions using H&E staining (n = 3). Images were captured
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at a magnification of x40 with a scale bar of 20 ym, black arrow indicated the loss of epithelial cells.
KK: Kai-Ka Min, Rb: Rabeprazole.

Discussion

The present study aims to evaluate the effects of KK on GERD in a mouse model
under limited food access through alternating feeding and fasting conditions. Our results
indicated that the mice with GERD exhibited increased weekly and average food intake, gastric
distension, and esophageal tissue injury. Treatment with KK significantly reduced gastric
distention, associated with a decrease in both weekly and average food intake in alternating
feeding and fasting-induced GERD mice model. Furthermore, KK improved histological
damage, including the esophageal epithelium and keratin layers of the esophageal tissue.

Evidence from scientific studies increasingly shows that the consumption of a large
meals and dietary patterns such as alternating feeding and fasting conditions contribute
overconsumption of food during feeding periods." This factor further increases the amount
of food in the stomach, leading to gastric distension, increased intra-abdominal pressure, and
relaxation of the LES, all of which can contribute to the pathogenesis of GERD.'® Furthermore,
previous studies have reported a significant decrease in the pH value of gastric secretions in
mice under alternating feeding and fasting conditions, which may lead to further injury to the
esophageal lining and the development of reflux esophagitis and other complications of GERD.
'“!” The results of this study are consistent with these findings, showing a significant increase
in both weekly and average food intake as well as an enlargement of gastric distension in the
GERD-induced mice with limited food access under alternating feeding and fasting conditions.
Treatment with KK resulted in a significant alleviation of these effects, as evidenced by a
reduction in gastric distention and a decrease in both weekly and average food intake. Previous
reports have proposed that turmeric contain bioactive compounds, primarily curcuminoids
with curcumin as the main active component.'® It has been shown to enhance digestion, reduce
bloating and abdominal discomfort."” Additionally, curcumin affects Gl peristalsis by
promoting LES contraction and gastric emptying, which in turn reduced gastric distention and
increased gastric pH.'>'**® Moreover, curcumin administration was associated with
improvement in Gl disorders including digestive symptoms, abdominal pain, and GERD.'**
These findings support the effectiveness of KK as a management strategy for GERD, especially
in cases exacerbated by overeating and gastric distention.

An increase in food intake due to overeating can lead to gastric distention, which
subsequently increases intra-abdominal pressure, relaxes the LES, and promotes the reflux of
gastric contents into the esophagus. This reflux can trigger inflammation and further
contribute to the development of esophageal injury and impairment of the esophageal mucosal
barrier, which are key features of GERD.'*'” Consistent with previous studies'*', histological
analysis of the esophageal tissue of the mice with GERD under limited food access through
alternating feeding and fasting conditions revealed esophageal lesions characterized by a
thinning of the epithelial layer, the presence of cellular debris, and disorganization and
exfoliation of the keratin layers. Interestingly, treatment with KK alleviated these histological
changes and promoted recovery from esophageal injuries, with results comparable to those
of the control and standard treatment group treated with rabeprazole. As mentioned,
curcumin is the main bioactive compound of turmeric and has been reported to exhibit anti-
inflammatory properties.”? Previous studies have indicated that curcumin exerts
gastroprotective effects in gastroesophageal disease by protecting against tissue damage,
inhibiting the expression of inflammatory cytokines, reducing acid secretion, increasing mucus
production, and alleviating gastric and esophageal injury in both human and animal
models.'>”?* These results suggest that the bioactive compound found in the KK has
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therapeutic effects, potentially protecting against inflammation and esophageal tissue damage
associated with GERD.

Conclusion

In conclusion, this study demonstrates that KK is effective in alleviating gastric
distension, reducing food intake, and improving esophageal tissue injury in a mouse model of
GERD induced by alternating feeding and fasting. These results suggest that KK may be a
promising nutraceutical for managing GERD, particularly when exacerbated by dietary
patterns and gastric distention. However, further studies are needed to explore the underlying
mechanisms through which KK exerts these protective effects, including identifying the active
compounds, its impact on inflammatory pathways, and evaluating its long-term efficacy to fully
establish its therapeutic potential.
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Abstract

Recently, Sangyod rice extract (SREE) has been reported to inhibit adipocyte
differentiation in vitro. However, its in vivo effect on visceral fats has not yet been reported.
This study examined the effects of SREE on adipogenic gene expression and lipid metabolism
in perirenal and epididymal fat tissue of type 2 diabetic (T2DM) rats. Five groups of male
Sprague-Dawley rats (n=7) were assigned as follows: normal control (NC) group, T2DM
control (DM), T2DM treated with the standard drug metformin 200 mg/kg (DMM?200), and
T2DM treated with SREE 250 mg/kg (DMS250) or SREE 500 mg/kg (DMS500). The result
demonstrated that DMM200, DMS250, and DMS500 significantly upregulated the expression
of major adipogenic transcription factors, such as peroxisome proliferator-activated receptor
gamma (PPAR-y) and CCAAT/enhancer-binding protein (C/EBP)-a (C/EBPa) in visceral fat
compared to the DM group. The mRNA expression level of C/EBP was reduced in DMM200,
and DMS500, while the C/EBPy level showed a significant reduction only in DMM200 group
compared to the DM group. Moreover, high-dose SREE and metformin treatments
significantly reduced mRNA levels of glucose transporter 4 (Glut4), insulin receptor (InSR),
fatty acid synthase (FASN), and adipose triglyceride lipase (ATGL) compared with the DM
group. However, no significant difference in Glut4, FASN, and ATGL expressions were
observed between DMS250 and DM groups. In conclusion, these findings suggest that SREE
holds promise as a therapeutic approach for managing adipose tissue function in T2DM.

Keywords: Sangyod rice, type 2 diabetic, perirenal fat, epididymal fat, adipogenesis, lipid
metabolism

Introduction

Type 2 diabetes mellitus (T2DM), a multifactorial metabolic disorder, poses a
significant global health crisis characterized by tissue insulin resistance, impaired insulin
secretion, and inadequate compensatory insulin response.’ The development of T2DM in
relation with high-fat diets (HFDs) consumption contributes to adipocyte hypertrophy and
lipid metabolism dysfunction, exacerbating insulin resistance and T2DM. The disruption of
systemic lipid homeostasis promoting adipogenesis via lipogenic genes such as peroxisome
proliferator-activated receptor gamma (PPAR-y) and CCAAT/enhancer binding protein
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(C/EBP) isoforms (a, B, and y). PPAR-y, a key regulator of adipocyte differentiation, induces
the formation of lipid droplet and upregulates lipogenic enzymes. Concurrently, C/EBPa
stabilizes PPAR-y, while C/EBPB and C/EBPy initiate adipogenesis by stimulating PPAR-y during
early differentiation."” Lipid metabolism is governed by enzymes including adipose triglyceride
lipase (ATGL), which hydrolyzes triglycerides into free fatty acids, and glucose transporter
protein (Glut4), is known to facilitate insulin-stimulated glucose uptake through insulin
receptor (InSR) signaling. Previous studies reported that the impairment of Glut4
translocation and InSR dysfunction cause insulin resistance, while reduced ATGL activity and
increased the expression of fatty acid synthase (FASN), contributing to lipid accumulation.’

Metformin is widely recognized as the first-line medication for managing type Il
diabetes because of its proven effectiveness, favorable safety profile, good tolerability, and
minimal risk of hypoglycemia.** Recent studies have demonstrated that metformin can prevent
weight gain and the accumulation of fat mass in obese mice fed a high-fat diet.”®

Sangyod rice, a red-to-violet pigmented rice, contains high levels of phenolic
compounds and flavonoid.” and possess various pharmacological activities, such as
antihypertension'®, modulation of spatial learning and memory'', inhibition of adipocyte
growth in 3T3-LI cells’, and amelioration of insulin resistance in hepatic cells in vitro."
However, the potential of Sangyod rice extract (SREE) in ameliorating adipose dysfunction in
vivo T2DM models remains unexplored. Therefore, this study investigated whether SREE
modulates adipogenesis and lipid metabolism in T2DM rats.

Methods

Animal experimentation
Male 5-week-old Sprague-Dawley rats were sourced from Nomura Siam International,

Thailand. They were housed under standard conditions, with a temperature of 22 + 1°C and
a |12-hour light-dark cycle. The rats had ad libitum access to food and water. Following a one-
week acclimatization period, experimental procedures approved by the Animal Ethics
Committee of Naresuan University (NU-AE650710). The rats were randomly into two dietary
regimens: one group was fed a normal diet, and the other a high-fat diet (HFD) as previously
described by Hanchang et al."? Following three weeks of dietary intervention, the rats on the
HFD were received an intraperitoneal injection of streptozotocin (STZ) at 35 mg/kg body
weight, whereas the rats on the normal diet group were injected with the vehicle (citrate
buffer). Five days post-STZ injection, rats with fasting blood glucose concentrations 2200
mg/dL were classified as T2DM models and selected for further experiments. The diabetic
rats were then divided into five groups, each containing seven rats: Group |, the Normal
control group (NC); Group ll, the Diabetic control group (DM); Group lll, the Diabetic rats
treated with 200 mg/kg body weight of metformin (DMM200); Group |V, the Diabetic rats
treated with 250 mg/kg body weight of SREE (DMS250); and Group V, the Diabetic rats
treated with 500 mg/kg body weight of SREE (DMS500). SREE was extracted, solubilized in
50% polyethylene glycol, and administered orally to the respective groups, as described in the
previous study by Hanchang et al.'” During the 30-day treatment period, fasting blood glucose,
body weight, and food and water intake were monitored regularly.” After that, the rats were
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fasted overnight and euthanized with thiopental sodium at a dose of 100 mg/kg body weight.
Perirenal fat and epididymal fat tissues were collected for further analysis.

Histology
Perirenal and epididymal adipose tissues were fixed with freshly prepared in 4%

paraformaldehyde (Sigma-Aldrich) and embedded in paraffin wax. The 5-um-thick sections
were obtained using a rotatory microtome (Leica, Germany) and rehydrated through a graded
ethanol series at concentrations of 100%, 95%, and 75%, respectively. The tissues sections
were subsequently stained with Masson’s trichrome. Histological alterations were examined
by a DP73 light microscope (Olympus, Tokyo, Japan).

Analysis of mMRNA expression by real-time PCR
Total RNA was extracted from perirenal and epididymal adipose tissues using TRIzol

reagent (Invitrogen Life Technologies), following optimized protocols tailored for lipid-rich
tissues. cDNA synthesis was performed using the Superscript VILO c¢cDNA synthesis kit
(Thermo Fisher Scientific Inc., Waltham, MA, USA). Quantitative PCR analysis was conducted
using the SensiFAST SYBR NO-ROX kit (Thermo Fisher Scientific) on a BIOER real-time PCR
detection system (Hangzhou Bioer Technology, China) to quantify mRNA expression of
PPAR-y, C/EBPa, C/EBPB, C/EBPy, Glut4, InSR, FASN, and ATGL, with B-actin serving as the
endogenous control. The primer sequences and amplification protocol were previously
described by Woonnoi et al.’ Relative mRNA expression was determined by the 2-22<T
method, with B-actin expression used for normalization.

Statistical analysis

All data are presented as mean values * standard error of the mean. One-way ANOVA
was conducted to identify variances among multiple groups, followed by the Duncan post hoc
test. Statistical significance was determined at a threshold of P < 0.05.

Results

Effects of SREE on perirenal fat and epididymal fat weight in T2DM rats
The results showed that the weights of perirenal fat and epididymal fat in the DM

group did not differ significantly from those in the NC group. Additionally, there were no
significant differences in the weights of the DMM200, DMS250, and DMS500 groups compared
to the DM group (Figure ).

Effects of SREE on histological changes in adipose tissue of T2DM rats

Histological findings revealed that the adipose tissue of diabetic rats exhibited
hypertrophy, characterized by enlarged size of fat cells, and increased fibrosis, as
demonstrated by the blue-green staining of collagen bundles around blood vessels and
adipocytes, compared to the adipose tissue of NC rats. In contrast, the DMM200, DMS250,
and DMS500 groups showed less pronounced alterations in adipose tissue architectures
compared to the DM group (Figure 2).
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Figure |. Effects of SREE on perirenal fat and epididymal fat weight in T2DM rats. All values are presented as
mean * SEM, with n = 7 per group. The groups are defined as follows: NC: Normal control rats,
receiving a normal diet and 50% polyethylene glycol, DM: Diabetic rats, receiving HFD and 50%
polyethylene glycol, DMM200: Diabetic rats, receiving HFD and 200 mg/kg body weight (BW) of
metformin, DMS250: Diabetic rats, receiving HFD and 250 mg/kg BW of SREE, and DMS500:
Diabetic rats, receiving HFD and 500 mg/kg BW of SREE
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Figure 2. Effects of SREE on histological changes in adipose tissue of T2DM rats. The groups are defined as
follows: NC: Normal control rats, receiving a normal diet and 50% polyethylene glycol, DM:
Diabetic rats, receiving HFD and 50% polyethylene glycol, DMM200: Diabetic rats, receiving HFD
and 200 mg/kg BW of metformin, DMS250: Diabetic rats, receiving HFD and 250 mg/kg BW of
SREE, and DMS500: Diabetic rats, receiving HFD and 500 mg/kg BW of SREE. Scale bar = 40 pm

Effects of SREE on the expression of adipogenic gene in adipose tissue of T2DM rats
We assessed the mRNA levels of key adipogenic genes, including PPAR-y, C/EBPa,

C/EBPB, and C/EBPy. Notably, the expression of PPAR-y and C/EBPa was significantly
decreased in the DM group compared to NC group. In contrast, the DMM200, DMS250, and
DMS500 groups showed a significant increase in PPAR-y and C/EBPa compared to the DM
group (Figure 3A-B). Regarding C/EBPB, its expression was elevated in the DM group
compared to the NC group. However, this increase was significantly attenuated in the
DMM200, and DMS500 groups compared to the DM group. No significant difference was
observed for DMS250 compared to the DM group (Figure 3C). For C/EBPy, the gene
expression was higher in the DM group than in the NC group. The DMM200 group showed
a significant decrease in C/EBPy expression compared to the DM group. In contrast, no
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significant changes were observed in the DMS250 and DMS500 group relative to the DM
group (Figure 3D).
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Figure 3. Effects of SREE on the expression of adipogenic transcription factors genes in adipose tissue of
T2DM rats. All values are presented as mean + SEM, with n = 7 per group. Different lowercase
letters denote statistical significance (p < 0.05). The groups are defined as follows: NC: Normal
control rats, receiving a normal diet and 50% polyethylene glycol, DM: Diabetic rats, receiving HFD
and 50% polyethylene glycol, DMMZ200: Diabetic rats, receiving HFD and 200 mg/kg BW of
metformin, DMS250: Diabetic rats, receiving HFD and 250 mg/kg BW of SREE, and DMS500:
Diabetic rats, receiving HFD and 500 mg/kg BW of SREE

Effects of SREE on the gene expression of lipid metabolism enzyme in adipose tissue
of T2DM rats

We evaluated the expression of key enzymes involved in lipid metabolism, including
Glut4, InSR, FASN, and ATGL (Figure 4A-D). The expression of InSR was significantly
upregulated in the DM group compared with the NC group. However, the DMM200 and
DMS500 groups exhibited a significant decrease in InSR expression compared with the DM
group (Figure 4A). The expression of Glut4 was significantly elevated in the DM group
compared with the NC group. In contrast, DMM200 and DMS500 treatments resulted in a
significant reduction in Glut4 expression compared with the DM group, whereas DMS250 did
not differ significantly from the DM group (Figure 4B). Additionally, both FASN and ATGL
gene expressions were significantly upregulated in the DM group. In response to treatment,
the DMM200 and DMS500 groups showed a significant decrease in FASN and ATGL expression
compared with the DM group. However, DMS250 did not exhibit a significant change in FASN
and ATGL expression compared with the DM group (Figure 4C, D).
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Figure 4. Effects of SREE on the gene expression of lipid metabolism enzyme in adipose tissues of T2DM rats.
All values are presented as mean + SEM, with n = 7 per group. Different lowercase letters denote
statistical significance (p < 0.05). The groups are defined as follows: NC: Normal control rats,
receiving a normal diet and 50% polyethylene glycol, DM: Diabetic rats, receiving HFD and 50%
polyethylene glycol, DMM200: Diabetic rats, receiving HFD and 200 mg/kg BW of metformin,
DMS250: Diabetic rats, receiving HFD and 250 mg/kg BW of SREE, and DMS500: Diabetic rats,
receiving HFD and 500 mg/kg BW of SREE

Discussion

Our previous studies demonstrated that SREE mitigates insulin resistance in hepatic
cells and reduces hepatic steatosis in diabetic rats through mechanisms involving adenosine
monophosphate-activated protein kinase (AMPK), mechanistic target of rapamycin (mTOR),
and mitogen-activated protein kinase (MAPK) signaling pathways.'> Additionally, SREE reduced
the proliferation of 3T3-LI cells during the early phase of adipocyte differentiation by
downregulating the expression of mTOR and Akt, and it also inhibited lipid accumulation in
adipocytes.” However, its effects on visceral adipose tissues, which play a critical role in
systemic insulin sensitivity and lipid homeostasis, remain unexplored. In this study, we
investigated the impact of SREE on adipogenesis and lipid metabolism in perirenal and
epididymal adipose tissue of T2DM rats.

Our findings provided a significant insight into histology and gene expression of two
primary visceral fat depositions including perirenal and epididymal fats from T2DM rats. The
observed upregulation of PPAR-y and C/EBPa expression in visceral fats by SREE consistent
with their role as crucial regulators of adipocyte differentiation and lipid storage. PPAR-y
activation promotes adipogenesis, redirecting lipid deposition to adipose tissue and reducing
the accumulation of ectopic fat in organs. C/EBPa sustains PPAR-y expression and directly
upregulates InSR, enhancing adipose insulin sensitivity."? SREE’s modulation of C/EBPB/y aligns
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with their role in initiating adipogenesis by priming PPARy expression, particularly under
diabetic stress. Our previous study reported that Sangyod rice extract inhibits adipocyte
differentiation in 3T3-L| adipocytes by suppressing key adipogenic transcription factors PPAR-
v, C/EBPa, C/EBPB, sterol regulatory element-binding protein (SREBP) -lc (SREBP-Ic),
SREBP-2.’

Our study revealed significant alterations in the expression of key lipid metabolism
enzymes in the perirenal and epididymal fat tissues of T2DM rats treated with SREE. The
increased expression of Glut4 and InSR in the DM group compared to the NC group reflects
compensatory mechanisms to enhance glucose uptake and insulin signaling under diabetic
conditions. However, treatment with DMM200 and DMS500 reduced Glut4 and InSR
expression, suggesting improved glucose utilization and reduced metabolic stress in adipose
tissues. These results are consistent with those of Woonnoi et al.’, who reported that
Sangyod rice extract inhibits glucose uptake by suppressing the expression of Glut4 and InSR
mRNA in 3T3-LI adipocytes. Similarly, elevated FASN and ATGL levels in the DM group
indicate heightened lipogenesis and lipolysis, characteristic of disrupted lipid metabolism in
diabetes. SREE treatment, particularly at higher doses (DMS500), significantly decreased FASN
and ATGL expression, reflecting its role in restoring lipid homeostasis by modulating adipocyte
lipid synthesis and breakdown.'*"® These findings were consistent with previous studies
showing that improved lipid metabolism reduces ectopic fat deposition and lipotoxicity,
mitigating insulin resistance.'® However, the absence of significant changes in lipid metabolism
enzymes such as Glut4, FASN, and ATGL in the DMS250 group suggests that the lower dose
of SREE may not be sufficient to induce substantial alterations in these pathways.

Conclusion

This study demonstrates that SREE modulates adipogenesis and improving lipid
metabolism in perirenal and epididymal fat deposition of T2DM rats. The upregulation of key
adipogenic transcription factors, including PPAR-y and three isoforms of C/EBP and
modulation of lipid metabolism enzymes suggest that SREE may mitigate metabolic
dysfunctions associated with T2DM on adipose tissue function. These findings provide an
insight into the therapeutic potential of SREE in managing T2DM. Future research should
explore the translational relevance of these effects to human T2DM.

Acknowledgement

This research was supported by National Science, Research and Innovation Fund (NSRF)
and Prince of Songkla University (Grant No. SCI6601041S).

References

I.  Galicia-Garcia U, Benito-Vicente A, Jebari S, Larrea-Sebal A, Siddigi H, Uribe KB, et al. Pathophysiology of
type 2 diabetes mellitus. Int | Mol Sci. 2020; 21(17): 6275.

2. Hajer GR, Van Haeften TV, Visseren FL. Adipose tissue dysfunction in obesity, diabetes, and vascular
diseases. Eur Heart J. 2008;29(24):2959-2971.

Proceedings of 46t PTST Annual Meeting, 15-17 May 2025 68



Wang T, Wang J, Hu X, Huang X], Chen GX. Current understanding of glucose transporter 4 expression
and functional mechanisms. World ] Biol Chem. 2020; | 1(3):76-98.

Yang L, Jia X, Fang D, Cheng Y, Zhai Z, Deng W, et al. Metformin Inhibits Lipid Droplets Fusion and Growth
via Reduction in Cidec and Its Regulatory Factors in Rat Adipose-Derived Stem Cells. Int ] Mol Sci.
2022;23(11):5986.

American Diabetes A. Standards of Medical Care in Diabetes-2019 Abridged for Primary Care Providers.
Clin. Diabetes. 2019;37(1):11-34.

Yerevanian A, Soukas AA. Metformin: Mechanisms in Human Obesity and Weight Loss. Curr. Obes. Rep.
2019;8(2):156-164.

Kaplanian M, Philippe C, Eid SA, Hackl MT, Metz M, Beghini M, et al. Deciphering metformin action in obese
mice: A critical re-evaluation of established protocols. Metab. Clin. Exp. 2022;128:154956.

Liu J, Aylor KW, Chai W, Barrett EJ, Liu Z. Metformin prevents endothelial oxidative stress and
microvascular insulin resistance during obesity development in male rats. Am. J. Physiol. Endocrinol. Metab.
2022;322:E293-E306.

Woonnoi W, Suttithumsatid W, Muneerungsee N, Saetan ], Tanasawet S, Sukketsiri W. Sangyod rice extract
inhibits adipocyte growth and differentiation via mTOR, Akt, and AMPK pathways. ] Funct Foods.
2023;111:105913.

. Jan-On G, Sangartit W, Pakdeechote P, Kukongviriyapan V, Senaphan K, Boonla O, et al. Antihypertensive

effect and safety evaluation of rice bran hydrolysates from Sang-Yod rice. Plant Foods Hum
Nutr. 2020;75:89-95.

. Wangpradit N, Prom-in S, Kumar J, Chua KH, Ugusman A, Yahaya MF, et al. Modulation of spatial learning

and memory of obese mice by germinated Sang-Yod rice. | Nutri Med Diet Care. 2020; 6: 042.

. Hanchang W, Woonnoi W, Saetan J, Suttithumsatid W, Tanasawet S, Sanprick A, et al. Sangyod rice extract

mitigates insulin resistance in HepG2 cells and hepatic steatosis in diabetic rats via AMPK/mTOR/MAPK
signaling pathways. Food Biosci. 2024;61: 104662.

. Madsen MS, Siersbzk R, Boergesen M, Nielsen R, Mandrup S. Peroxisome proliferator-activated receptor y

and C/EBPa synergistically activate key metabolic adipocyte genes by assisted loading. Mol Cell Biol.
2014;34(6):939-954.

. Hu S, Cassim Bawa FN, Zhu Y, Pan X, Wang H, Gopoju R, et al. Loss of adipose ATF3 promotes adipose

tissue lipolysis and the development of MASH. Commun Biol. 2024;7(1):1-12.

. Guo §, Yan K, Fang X, Ni Y, Ma W, Zhao R. a-Lipoic acid alleviates hepatic lipid deposition by inhibiting

FASN expression via miR-3548 in rats. Nutrients, 2021;13(7):2331.

. Trouwborst |, Bowser SM, Goossens GH, Blaak EE. Ectopic fat accumulation in distinct insulin resistant

phenotypes; targets for personalized nutritional interventions. Front Nutr. 2018;5:77.

Proceedings of 46t PTST Annual Meeting, 15-17 May 2025 69



F06

Effects of Spatholobus Littoralis Hassk Root Ethanolic Extract
on Anxiety-like Behaviors in Mice

Syamsun Jaya!, Jintana Sattayasai', Siriporn Tiamkao', Dhanu Gaysonsiri', Charshawn
Lahnwong', Wirote Rodson', Thanawat Kaewkamson', and Kutcharin Phunikhom"”

! Department of Pharmacology, Faculty of Medicine, Khon Kaen University, Khon Kaen 40002, Thailand

*E-mail: kutcha_s@kku.ac.th

Abstract

Anxiety disorders are among the most prevalent mental health conditions worldwide,
significantly impacting daily life and well-being. Spatholobus littoralis Hask., a medicinal plant rich
in flavonoids, polyphenols, and other bioactive compounds, has been traditionally used in
herbal medicine and is hypothesized to exert anxiolytic effects. However, empirical evidence
supporting these effects remains limited. This study aimed to evaluate the effects of
Spatholobus littoralis Hask. ethanolic extract (BE) on anxiety-like behavior in mice. Male
outbred Mlac: ICR mice were randomly assigned to four groups and forced fed with distilled
water (0.05 mL/kg body weight), fluoxetine (20 mg/kg body weight), BE 100 mg/kg body
weight, or BE 200 mg/kg body weight for 14 days. Anxiety-like behaviors were assessed using
the elevated plus maze (EPM) and light-dark box (LDB) tests on days |, 7, and |4. The results
demonstrated that no significant differences in body weight were observed among the mice
groups treated with BE. However, the administration of BE 200 mg/kg significantly increased
the time spent in the open arms of the EPM and the light compartment of the LDB, as well as
the total number of entries and crossings, compared to control (distilled water) and other
treatment groups on day 4. These findings suggest that BE 200 may exert anxiolytic effects.

Keywords: Anxiety, Spatholobus littoralis Hask, elevated plus maze, light-dark box, anxiolytic
effects

Introduction

Anxiety disorders have been increasingly prevalent over the past three decades,
affecting approximately 4.05% of the global population, or 301 million individuals, with a rise
of over 55% from 1990 to 2019." In fact, anxiety is a natural response to perceived threats;
however, when symptoms become excessive, persistent, and disruptive to daily life, it is
classified as generalized anxiety disorder (GAD), characterized by physical symptoms such as
dizziness, nausea, and increased heart rate, alongside emotional disturbances like persistent
worry, social withdrawal, and intrusive thoughts, ultimately impairing cognitive function.?
Suicidal ideation demonstrates a significant association with anxiety disorders, as over 70% of
individuals with a history of suicide attempts have experienced anxiety, which can develop due
to stress, underlying medical conditions such as diabetes, comorbid depression, genetic
susceptibility, childhood trauma, and substance use disorders.>”

The underlying pathophysiology of anxiety disorders is complex, involving
dysregulation of neurotransmitter systems, including serotonin, norepinephrine, and gamma-
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aminobutyric acid (GABA) and abnormalities in brain regions such as the amygdala and
prefrontal.® Therefore, these complex mechanisms highlight the challenges involved in fully
understanding and treating anxiety disorders. Recent studies have shown that conventional
drugs with anxiolytic and antidepressant effects, such as benzodiazepines (BZs; e.g., diazepam),
selective serotonin reuptake inhibitors (SSRIs; e.g., fluoxetine), and selective norepinephrine
reuptake inhibitors (SNRIs; e.g., venlafaxine), are commonly used to treat anxiety, with
alternatives available including buspirone, pregabalin, and moclobemide.” However, these
treatments are associated with adverse effects, including motor dysfunctions, sleep
disturbances, pharmacological dependence, abuse potential, and sexual dysfunction.'®"
Consequently, alternative treatments for anxiety disorders using natural products like plant-
based therapies are gaining attention due to their antioxidant, anti-inflammatory and
neuroprotective properties which can reduce the symptoms of GAD.'? Furthermore, natural
products have been reported to exhibit more efficacy than side effects."

Spatholobus littoralis Hassk., commonly known as Bajakah Tampala, is a medicinal plant
traditionally used in Southeast Asia, particularly in Indonesia, to treat conditions such as fever,
diarrhea, and joint pain, and it contains bioactive compounds like flavonoids, saponins, and
phenolic acids, with its root extract showing a notably high flavonoid content of 59.38%.'*'¢
Although some studies highlight its medicinal properties, its potential effects on neurological
conditions, particularly anxiety disorders, remain largely unexplored. Hence investigating its
potential as a natural treatment for anxiety could provide valuable insights into alternative
therapeutic approaches.

Behavioral tests are commonly used to assess the effects of both acute and chronic
stress on brain functions, behaviors, and neurochemical changes, while also aiding in
understanding anxiety disorders through mechanisms like neurotransmitter dysregulation,
neuroinflammation, HPA axis alterations, and neuroplasticity.'”'® The elevated plus maze
(EPM) and light-dark box (LDB) tests are commonly used, where increased time in open arms
(EPM) or the light compartment (LDB) indicates reduced anxiety.”'*** We hypothesized that
administration of Spatholobus littoralis Hassk. ethanolic extract (BE) would exert significant
anxiolytic effects in mice, as evidenced by increased time spent in the open arms of the EPM
and the light compartment of the LDB test — both established indicators of reduced anxiety-
like behavior. Therefore, this study aimed to evaluate the potential of BE in anxiety-like
behaviors in mice, thereby supporting its candidacy as a natural therapeutic agent for anxiety
disorders.

Methods

Spatholobus littoralis Hassk ethanolic extract

Bajakah Tampala (Spatholobus Littoralis Hassk) roots were obtained from Andalas
Medicinal Plants store, Banjarmasin, South Kalimantan, Indonesia and extracted at the
Department of Pharmacology Laboratory, Faculty of Medicine, Khon Kaen University,
Thailand. Bajakah ethanolic extract (BE) was produced by soaking 2kg of the sawdust in vessels
with (1:3) 70% ethanol and covered tightly for three days. Subsequently, it was stirred and
closed again tightly. It was filtered using many layers of gauze to obtain the filtrate. Re-
maceration of the pulp was carried out using 70% ethanol. The filtrate was concentrated and
dried using a rotary evaporator and freeze dryer. The dried powdered extract was eventually
collected and weighed.

Experimental animals
Male outbred Mlac: ICR mice, aged between 6-8 weeks, and weighing between 25-35
grams were procured from the Northeast Laboratory Animal Centre (NELAC), Khon Kaen,
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Thailand and fed — food (obtained from NELAC) and water ad libitum, under controlled
conditions of a 12-h dark/light phase (lights on from 06:00—18:00) under 54% relative humidity
at 20.2 °C. The mice received unlimited access to food and water for |4 days. The
experimental protocol was reviewed and approved by the Institutional Animal Care and Use
Committee of Khon Kaen University, based on the Ethic of Animal Experimentation of
National Research Council of Thailand on 25 October 2024. Record No. IACUC-KKU-
113/67, Reference No. 660201.2.11/822 (120).

Grouping and treatments

Mice were randomly divided into 4 groups consisting of 5 mice in each group and
treated differently. The mice were forced-fed via oral gavage with distilled water (DWV)
0.05ml/10g body weight/day (Group |) as a control group, fluoxetine (as positive control) at
20mg/kg body weight/day (Group 2), low dose of BE, 100mg/kg body weight/day (Group 3),
high dose of BE, 200mg/kg body weight/day (Group 4) and during treatment all mice were
kept in their home cages located in the housing room. The experimental groups and
treatments are illustrated in Figure 1.

EPM EPM EPM
LDB LDB LDB
1 7 14

DAY

Mice group 1, 2, 3, 4

1 Distilled water (DW) 0.05mL/10g body weight/day, p.o

1 2 Fluoxetine 20 mg/kg body weight/day, p.o
A 3 BE 100 mg/kg body weight/day, p.o
4 BE 200 mg/kg body weight/day, p.o

Administration of DW, Fluoxetine and BE for 14 days (oral route/day)

Figure |. Experimental design of the study

Behavioral tests

Elevated plus maze (EPM) test

The EPM test is known as the main method for assessing anxiety-related behaviors in
rodents. A plus-shaped apparatus with two open arms (30 x10 cm) without any wall, and two
enclosed arms of the same size with 5 cm high side walls and end wall, and the central arena
(10 x 10 cm) interconnecting all the arms were used in this experiment. The maze was raised
from the ground by 60 cm. This test was conducted by placing the mouse in the central arena
with its head directed towards one of the enclosed arms and allowed to explore freely for a
duration of 5 minutes. A camera was used to record the activity of each mouse.*""*

Light dark box (LDB) test
The LDB test is also a well-known and widely used method for evaluating anxiety-like
behavior in rodents. The testing apparatus, a plexiglass box with two compartments: a safe
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small dark compartment, taking up one-third of the box (dimensions: W40 x L20 x H20 cm),
and the remaining two-thirds of the box which was lighted by a 60-Watt white incandescent
bulb (W40 x L20 x H20 cm) and a small opening door (dimensions: W8 x H12 cm) connecting
the two compartments (W20 x H20), were used in this experiment. The mice were
positioned in the center of the light area, facing the dark side. The following behaviours were
noted and recorded by using a camera during a 5-minute observation period: (1) the duration
of time spent in the light compartment (with all four legs), and (2) the number of crossings
from the dark area to the light area.”"”

Toxicity tests

During treatment, mice were weighed daily and abnormal behaviors, if existed, were
recorded. All mice were euthanized using the cervical dislocation technique and the blood
was withdrawn via cardiac puncture method to measure alanine aminotransferase (ALT) and
creatinine levels at the clinical chemistry laboratory unit of Srinagarind Hospital, Faculty of
Medicine, Khon Kaen University, using UV kinetic enzymatic method for ALT and Jaffe
colorimetric method for creatinine.

Statistical analysis

All data were expressed as mean + SEM and analyzed by one-way ANOVA followed
by Tukey’s multiple comparison post-hoc test. The comparison between 2 groups was
analyzed using a two-tailed student t-test. All analyses were carried out using the GraphPad
Prism version 8.01 for Windows (San Diego, California, USA). Results were considered
significant at p<0.05.

Results

The effects of Spatholobus Littoralis Hassk ethanolic extract (BE) on body weight

Daily monitoring of mice over a |4-day period revealed distinct patterns in body
weight changes across different treatment groups. Mice treated with fluoxetine showed a
temporary weight loss on Day 3 (38.40 + 2.205 g) and Day 4 (38.60 + 2.206 g), followed by
gradual recovery from Day 5 (39.60 * 1.720 g) onward. In contrast, mice receiving BE 100
and BE 200 showed no significant weight differences compared to the control group (distilled
water). However, their body weights were significantly different from the fluoxetine-treated
group (41.20 + 1.020 g for BE 100; 43.40 + 1.030 g for BE 200). After Day 7, body weights in
all groups stabilized, suggesting an adaptation period as shown in Figure 2. These findings
indicate that BE extract does not cause weight loss, unlike fluoxetine, making it a potentially
safer option in terms of body weight regulation. In addition, no abnormal behaviors or any
signs of discomfort could be observed.
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Figure 2. The effect of BE on body weight. Data represent mean (g) + SEM (n = 5/group). ##p < 0.01, when
compared to control group (distilled water); **p < 0.01 and ****p < 0.0001 when compared to
positive control group (Fluoxetine); one-way ANOVA with Tukey’s multiple comparisons post-hoc
test.

The effects of BE on the time spent in open arms (s) and total number of entries in

EPM

The administration of BE exhibited notable anxiolytic effects in the EPM test, as
indicated by the time spent in the open arms (s) (Figure 3A) and the total number of entries
(Figure 3B). On Day I, BE 200 (30.50 *+ 3.227 s) showed a significantly lower time spent in
the open arms compared to both the control group (52.50 * 0.866 s) and the positive control
(fluoxetine; 0.25 + 5.105 s), indicating that anxiolytic effects had not yet developed. By Day 7,
all treatment groups (fluoxetine, BE 100, and BE 200) exhibited an increase in time spent in
the open arms compared to the control group, with mean + SEM for BE 100 (54.33 + |.764
s) and BE 200 (46.50 + 7.365 s). Among them, fluoxetine showed the highest increase 85.00
* 6.083 s). In addition, both BE 100 and BE 200 demonstrated significant differences when
compared to the positive control. However, on Day 14, only the BE 200 group (41.40 + 3.501
s) maintained a significant increase in time spent in the open arms compared to both the
control (17.00 £ 2.121 s) and the positive control (24.00 + 2.887 s).

With regards to the total number of entries, no significant differences were observed
among any groups on Days | and 7. However, by Day 14, only the BE 200 group (17.80 *
1.463) exhibited a significantly higher number of entries compared to the positive control
(12.250 £ 0.479), even though no significant difference was found compared to the control
group. These findings suggest that while fluoxetine showed the most immediate anxiolytic
effect by Day 7, BE 200 demonstrated a progressive and sustained effect, becoming more
pronounced by Day |4. Furthermore, the total number of entries in the EPM test signifies
that the mice remained active during the experiment.
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Figure 3. The effect of BE on A) the time spent in open arms (s), B) total number of entries in EPM. Data
represent mean * SEM (n = 5/group). ##p < 0.01 and ##H##H#p < 0.0001 when compared to control
group (distilled water); *p < 0.05 and **p < 0.0l when compared to positive control group
(Fluoxetine); one-way ANOVA with Tukey’s multiple comparisons post-hoc test. The comparison
between two groups was analyzed using a two-tailed student t-test.

The effects of BE on the time spent in the light compartment (s) and the number of
crossings from the dark area to the light area in LDB

In this study, the effect of BE on anxiety-like behaviour was also evaluated using the
LDB test across three different time points — Day |, Day 7, and Day 14, as indicated by the
time spent in the light compartment (s) (Figure 4A) and the total number of crossings from
the dark area to the light area (Figure 4B). On Day |, there were no significant differences
among all groups, except for the mice treated with BE 200 (7.50 *+ 0.500 s), which showed a
slight anxiolytic effect compared to the control group (5.00 + 1.00 s). By Day 7, the BE 200
group (109.00 + 21.00 s) exhibited the highest time spent in the light compartment (s)
compared to all other groups, including the control group (2.33 * 0.882 s) and the positive
control group treated with Fluoxetine (3.50 * 0.500 s). On Day |4, when compared to the
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control group (2.00 + 0.577 s), all treatment groups (Fluoxetine 20, BE 100, and BE 200)
showed significant differences (19.00 + 1.528 s for Fluoxetine, 56.66 + 1.764 s for BE 100 and
73.66 * 2.66 for BE 200). Furthermore, the BE 100 and BE 200 groups spent significantly more
time in the light compartment compared to the positive control group, suggesting that BE 200
has a considerable anxiolytic effect.

The number of crossings into the light compartment in LDB test provides insights into
the anxiolytic effects of BE over |, 7, and 14 days of treatment. Furthermore, it also indicates
that the mice were still active during the experiment. On Day |, there was no significant
difference between the control and treatment groups, indicating that the anxiolytic effects
might be time-dependent. By Day 7, when compared to the control group (1.75 + 0.750), the
BE 200 treatment group showed a significant increase in the number of crossings (10.50 +
2.500), demonstrating the most pronounced effect. Moreover, there was also a significant
difference between the positive control (1.33 * 0.33) and the BE 200 group. The anxiolytic
effects were more evident by Day 14 where both the BE 100 (8.66 *+ 0.88) and BE 200 groups
(10.00 £ 1.826) showed a significantly increased number of crossings compared to the control
group (1.00 % 0.00) and the positive control (2.75 + 0.479). However, there was no significant
difference between the mice group treated with fluoxetine and the control group. Therefore,
these results suggest that BE has an anxiolytic effect over time, particularly BE 200.
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Figure 4. The effect of BE on A) the time spent in the light compartment (s), B) the number of crossings
from the dark area to the light area in LDB. Data represent mean + SEM (n = 5/group). #p < 0.05,
#HHp < 0.01, ###H#p < 0.001 and ##H###p < 0.0001 when compared to control group (distilled water);
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*b < 0.05, ¥*p < 0.01, **p < 0.00] and ****p < 0.00] when compared to positive control group
(Fluoxetine); one-way ANOVA with Tukey’s multiple comparisons post-hoc test. The comparison
between two groups was analyzed using a two-tailed student t-test.

The effects of BE on ALT and creatinine Levels

The effects of BE on ALT levels (Figure 5A) and creatinine levels (Figure 5B) were
evaluated to assess potential hepatic and renal toxicity. In this study, there were no statistically
significant differences in ALT levels among the treatment groups (fluoxetine; 293.667 * 27.425
U/L, BE 100; 284.250 + 50.878 U/L, and BE 200; 67.400 * 16.842 U/L) compared to the control
group (213.750 + 85.387 U/L), indicating no evidence of hepatic toxicity. Similarly, creatinine
levels did not differ significantly between any of the treatment groups (fluoxetine; 0.360 *
0.063 pg/dL, BE 100; 0.390 + 0.052 pg/dL, and BE 200; 0.282 + 0.045 pg/dL) and control group
(0.280 * 0.050 pg/dL), suggesting no evidence of renal toxicity. These findings suggest that
administration of BE at both 100 mg/kg and 200 mg/kg does not induce detectable liver or
kidney damage under the experimental conditions. The lack of change in ALT supports the
hepatic safety of BE, while stable creatinine levels indicate preserved renal function.
Furthermore, the absence of toxicity in the fluoxetine-treated group aligns with its known
safety profile at the administered dose. Overall, the results imply that BE is unlikely to exert
adverse effects on liver or kidney function at the tested dosages.
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Figure 5. The effect of BE on A) ALT level (U/L), B) Creatinine level (ug/dL). Data represent mean * SEM
(n = 5/group). One-way ANOVA with Tukey’s multiple comparisons post-hoc test was used and
the comparison between two groups was analyzed using a two-tailed student t-test. The p < 0.05
is considered as significantly statistical difference.

Discussion

Spatholobus Littoralis Hassk ethanolic extract (BE) contains several bioactive
compounds, including flavonoids, terpenoids, saponins, tannins, and phenolic compounds
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which are known for their antioxidant and anti-inflammatory properties.”**** These
compounds, particularly flavonoids have been shown to interact with neurotransmitter
systems such as gamma-aminobutyric acid (GABA), serotonin, and dopamine, which are
crucial for mood regulation and anxiety responses.”**® The presence of these bioactive
molecules suggests that BE might be able to exert anxiolytic effects.

For a plant-based compound to exhibit anxiolytic properties, it must possess the ability
to modulate the central nervous system, particularly the neurotransmitter systems involved
in anxiety regulation.”” Compounds with antioxidant and anti-inflammatory properties are
often beneficial in reducing anxiety, as both acute and chronic stress, as well as anxiety, have
been linked to oxidative damage and neuroinflammation.’*** Additionally, a plant extract must
be bioavailable and capable of crossing the blood-brain barrier (BBB) to effectively interact
with brain receptors.’**® Flavonoids exert neuroprotective effects on the central nervous
system, thereby offering therapeutic potential for neurodegenerative diseases, including mood
disorders.***” The presence of bioactive molecules like flavonoids in BE suggests that it meets
these criteria, making it a viable candidate for further investigation as an anxiolytic agent.
Furthermore, low toxicity levels of plant-based extracts are essential in drug development to
ensure safety and tolerability.’® In this study, the levels of ALT, a liver enzyme used as a
biomarker for hepatocellular injury,” and creatinine, a waste product indicative of kidney
function, were measured to assess potential hepatic and renal toxicity.” Elevated ALT levels
may indicate liver damage, while increased creatinine levels suggest impaired renal function.
#49 However, there were no statistically significant differences in ALT or creatinine levels
between the treatment groups (fluoxetine, BE 100, and BE 200) and the control group,
indicating the absence of liver or kidney toxicity. Notably, the observed ALT and creatinine
levels remained within a low and physiologically normal range, supporting the conclusion that
BE is well-tolerated at the tested doses. In addition, during 14 days of treatment, all mice were
normally alive and no abnormal behaviors and/or any signs of abnormalities could be observed.
These findings further reinforce the potential of BE as a safe and promising anxiolytic candidate
for future therapeutic applications.

In the body weight analysis, treatment with BE did not result in any significant changes
in the mice body weight, indicating that it does not have weight-altering effects. This stability
in body weight suggests that BE may offer a safer alternative to synthetic anxiolytics unlike
fluoxetine, which caused a temporary reduction in body weight. The weight loss induced by
fluoxetine may be attributed to its serotonergic activity, which influences appetite and
metabolism. In both mice and humans, fluoxetine can suppress appetite, leading to weight
reduction.”* In contrast, BE does not appear to interfere with metabolic pathways to the
same extent, indicating that it may be less likely to cause side effects such as weight loss,
making it a preferable option for long-term use.

The EPM and LDB tests are widely used to assess anxiety-like behaviour in animal
models because they rely on natural conflict responses. The EPM test measures the animal’s
preference for the open arms (associated with fear and anxiety) versus the closed arms (which
provide safety), making it a reliable tool to evaluate anxiety.* Similarly, the LDB test exploits
the natural aversion of animals to bright light, with increased exploration of the light
compartment indicating reduced anxiety. Both tests are essential for assessing anxiolytic
effects because they mimic the internal conflict between fear and exploration.”* In this study,
BE treatment resulted in a progressive increase in the time spent in the open arms of the EPM
and the light compartment of the LDB, reflecting a decrease in anxiety. The greater number
of crossings and entries further supports the anxiolytic potential of BE, likely due to its
neurochemical modulation, which encouraged more exploration and reduced avoidance
behaviour.”
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The overall results of this study suggest that BE has a significant anxiolytic effect,
particularly at the higher dose, as evidenced by increased time spent in the open arms of the
EPM and the light compartment of the LDB, as well as a higher number of entries and
crossings. This effect was sustained over time, with BE 200 showing a more pronounced
anxiolytic effect by Day 14, in contrast to fluoxetine, which exhibited a more immediate but
shorter-lasting effect. Furthermore, fluoxetine treatment did not significantly alter the number
of crossings in the LDB test. The previous study also reported no significant differences in
light/dark transitions (total number of crossings) following repeated fluoxetine treatment (at
doses of 10 mg/kg and 20 mg/kg) in mice. This lack of effect may be attributed to the
habituation process whereby mice become more accustomed to the testing environment,
exhibit reduced exploratory behavior and greater passivity.® These findings indicate that BE
may act as a gradual and sustained anxiolytic, with its effectiveness increasing over time. Some
anxiolytic drugs, including plant-based compounds like BE, can have a longer onset of action
due to the time required for them to accumulate in the body, interact with receptors, and
produce therapeutic effects.’® In contrast to fast-acting drugs, which often provide immediate
relief through direct neurotransmitter modulation, slower-onset compounds may work by
gradually altering neurotransmitter balance or reducing neuroinflammation, leading to more
sustained, long-term benefits.>' This delay in onset can also be a result of the time it takes for
the compounds to cross the blood-brain barrier and reach therapeutic concentrations within
the brain.”> The progressive anxiolytic effects of BE may be due to its bioactive compounds
which resulted in synergistic effects that may modulate neurotransmitter systems and HPA
(hypothalamic-pituitary-adrenal) axis and reduce oxidative stress and inflammation. However,
the neurotransmitter levels (e.g., serotonin), corticosterone levels in the HPA axis, or markers
of oxidative stress and inflammatory cytokines were not evaluated in this current study.
Therefore, evaluating these parameters in future studies would help clarify the mechanisms
underlying BE’s anxiolytic effects and further support its potential as a natural alternative to
current pharmacological treatments for anxiety.

Conclusion

In conclusion, this study investigates the anxiolytic effects of BE in a mouse anxiety
model, with results suggesting potential efficacy, particularly at the higher dose of 200 mg/kg
(BE 200). Specifically, this higher dose increased the time spent in the open arms of the EPM
test and the light compartment of the LDB test, which indicates reduced anxiety. However,
no significant differences in body weight were observed among the treated groups. Overall,
these findings support the potential anxiolytic properties of BE, possibly through
neurotransmitter modulation and antioxidant activity, highlighting the need for further
investigation into its mechanisms and therapeutic potential.

Acknowledgement

The authors would like to thank the Northeast Laboratory Animal Centre (NELAC)
for giving a permission to conduct our research and providing necessities during our research.

References

I.  Javaid SF, Hashim 1}, Hashim MJ, et al. Epidemiology of anxiety disorders: global burden and
sociodemographic associations. Middle East Curr Psychiatry. 2023;30:44.

2. Mishra AK, Varma AR. A Comprehensive Review of the Generalized Anxiety Disorder. Cureus.
2023;15(9):e46115.

Proceedings of 46t PTST Annual Meeting, 15-17 May 2025 79



20.

21.

22.

23.
24.

25.

26.

27.

Cho §), Hong JP, Lee JY, Im JS, Na KS, Park JE, et al. Association between DSM-IV anxiety disorders and
suicidal behaviors in a community sample of South Korean adults. Psychiatry Investig. 2016;13(6):595-600.
Drake KL, Ginsburg GS. Family factors in the development, treatment, and prevention of childhood anxiety
disorders. Clin Child Fam Psychol Rev. 2012;15:144-62.

Nepon |, Belik SL, Bolton |, Sareen J. The relationship between anxiety disorders and suicide attempts:
findings from the National Epidemiologic Survey on Alcohol and Related Conditions. Depress Anxiety.
2010;27(9):791-8.

Arora |, Mal P, Arora P, Paul A, Kumar M. GABAergic implications in anxiety and related disorders.
Biochem Biophys Res Commun. 2024;724:150218.

Martin El, Ressler K], Binder E, Nemeroff CB. The neurobiology of anxiety disorders: brain imaging,
genetics, and psychoneuroendocrinology. Psychiatr Clin North Am. 2009;32(3):549-75.

Ressler K], Nemeroff CB. Role of serotonergic and noradrenergic systems in the pathophysiology of
depression and anxiety disorders. Depress Anxiety. 2000;12 Suppl 1:2—-19.

Bourin M. Experimental anxiety model for anxiety disorders: relevance to drug discovery. Adv Exp Med
Biol. 2020;1191:169-84.

Chang Y, Xie X, Liu Y, Liu M, Zhang H. Exploring clinical applications and long-term effectiveness of
benzodiazepines: An integrated perspective on mechanisms, imaging, and personalized medicine. Biomed
Pharmacother. 2024;173:116329.

Gosmann NP, Costa M de A, Jaeger M de B, et al. Incidence of adverse events and comparative tolerability
of selective serotonin reuptake inhibitors, and serotonin and norepinephrine reuptake inhibitors for the
treatment of anxiety, obsessive-compulsive, and stress disorders: a systematic review and network meta-
analysis. Psychological Medicine. 2023;53(9):3783-3792.

Urbanska N, Ashaolu TJ, Mattova S, Simko P, Kiskova T. The Potential of Selected Plants and Their
Biologically Active Molecules in the Treatment of Depression and Anxiety Disorders. International Journal
of Molecular Sciences. 2025; 26(5):2368.

Ko YH, Kim SK, Lee SY, Jang CG. Flavonoids as therapeutic candidates for emotional disorders such as
anxiety and depression. Arch Pharm Res. 2020;43(11):1128-43.

Iskandar D, Warsidah W. Qualitative phytochemical screening and antioxidant activity of ethanol root
extract of Spatholobus littoralis Hassk. | Food Med Plants. 2020;1(1):13-5.

Kirana SY, Febriyanti R, Amananti W. Determination of total flavonoid content of Bajakah tampala and
Kalalawit roots using the reflux. Indones ] Chem Sci Technol. 2023;6(1):56—64.

Rousdy SW, Rusmiyanto E, Wardoyo P, Ifadatin S. Anti-inflammatory activity of Bajakah stem (Spatholobus
littoralis Hassk.) ethanolic extract in carrageenan-induced paw edema mice. ] Biodjati. 2022;7(1):66—74.
Petkovi¢ A, Chaudhury D. Encore: behavioural animal models of stress, depression and mood disorders.
Front Behav Neurosci. 2022;16:931964.

Planchez B, Surget A, Belzung C. Animal models of major depression: drawbacks and challenges. ] Neural
Transm. 2019;126:1383—1408.

Alqurashi GK, Hindi EA, Zayed MA, Abd El-Aziz GS, Alturkistani HA, lbrahim RF, et al. The impact of
chronic unpredictable mild stress-induced depression on spatial, recognition and reference memory tasks
in mice: behavioral and histological study. Behav Sci (Basel). 2022;12(6): 1 66.

Kabdy H, Baslam A, Baba AA, Laaradia MA, Aboufatima R, Belbachir A, et al. Anxiolytic and antidepressant
effects of the essential oil of Moroccan Cannabis sativa in mice exposed to unpredictable chronic mild
stress: behavioral and biochemical evidences. S Afr ] Bot. 2024;165:70-78.

Coltri LP, Bonassoli VT, Milani H, Oliveira RMW. Evaluation of anxiety-like behaviors following ethanol
withdrawal in mice: effects of cannabidiol. Acta Sci Health Sci. 2020;42.

Polissidis, A., Zelelak, S., Nikita, M., Alexakos, P., Stasinopoulou, M., Kakazanis, Z.-Il., & Kostomitsopoulos,
N. Assessing the exploratory and anxiety-related behaviors of mice. Do different caging systems affect the
outcome of behavioral tests? Physiology & Behavior. 2017; 177: 68-73.

Takao K, Miyakawa T. Light/dark transition test for mice. ] Vis Exp. 2006:13;(1):104.

Sianipar RNR, Suryanegara L, Fatriasari W, Arung ET, Kusuma IW, Achmadi SS, Azelee NIV, Hamid ZAA.
The roles of selected flavonoids from bajakah tampala (Spatholobus littoralis Hassk.) stem on cosmetic
properties: A review. Saudi Pharmaceutical Journal. 2023; 31: 382-400.

Iskandar D, Widodo N, Warsito, Masruri, Rollando, Antang YPP. Phenolic content, Antioxidant, Cytotoxic
of Fractions of Spatholobus Littoralis Hassk from Kalimantan, Indonesia. Journal of Hunan University
(Natural Science). 2022; 49 (3).

Farzaei MH, Bahramsoltani R, Rahimi R, Abbasabadi F, Abdollahi M. A systematic review of plant-derived
natural compounds for anxiety disorders. Curr Top Med Chem. 2016;16(17):1924—42.

Khan A, Mazumder A, Saini J. The challenging role of flavonoids as a potential phytochemical to treat
anxiety. ] Nat Remedies. 2023;23(2):383.

Proceedings of 46t PTST Annual Meeting, 15-17 May 2025 80



28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44,

45.

46.

47.

48.

49.

50.

51.

52.

Phootha N, Yongparnichkul N, Fang Z, Gan R, Zhang P. Plants and phytochemicals potentials in tackling
anxiety: a systematic review. Phytomed Plus. 2022;2(4).

Gabriel de Oliveira M, Kelle da Silva Moreira L, Turones LC, et al. Mechanism of action involved in the
anxiolytic-like effects of Hibalactone isolated from Hydrocotyle umbellata L. ] Tradit Complement Med.
2021;12(4):318-28.

Dash UC, Bhol NK, Swain SK, et al. Oxidative stress and inflammation in the pathogenesis of neurological
disorders: mechanisms and implications. Acta Pharm Sin B. 2025;15(1):15-34.

Hanrahan JR, Chebib M, Johnston GA. Flavonoid modulation of GABA(A) receptors. Br ] Pharmacol.
2011;163(2):234-45.

Juszczyk G, Mikulska J, Kasperek K, Pietrzak D, Mrozek W, Herbet M. Chronic stress and oxidative stress
as common factors of the pathogenesis of depression and Alzheimer's disease: the role of antioxidants in
prevention and treatment. Antioxidants (Basel). 2021;10(9):1439.

Machado JA, Araljo DB, Lima-Maximino M, Siqueira-Silva DH, Tomchinsky B, Cueto-Escobedo |, et al.
Flavonoids as anxiolytics in animal tests: bibliometry and meta-analysis of the effects of flavonoids on
anxiety-like behavior in animal tests. BioRxiv. 2024;05(27):596117.

Banks WA, Rhea EM, Reed M|, Erickson MA. The penetration of therapeutics across the blood—brain
barrier: classic case studies and clinical implications. Cell Rep Med. 2024;5(11):101760.

Sanchez-Martinez |D, Valdés A, Gallego R, et al. Blood-Brain Barrier Permeability Study of Potential
Neuroprotective Compounds Recovered From Plants and Agri-Food by-Products. Front Nutr.
2022;9:924596.

Bellavite P. Neuroprotective Potentials of Flavonoids: Experimental Studies and Mechanisms of
Action. Antioxidants (Basel). 2023;12(2):280.

Wrébel-Biedrawa D, Grabowska K, Galanty A, Sobolewska D, Podolak I. A Flavonoid on the Brain:
Quercetin as a Potential Therapeutic Agent in Central Nervous System Disorders. Life. 2022; 12(4):591.
Aydin A, Aktay G, Yesilada E. A Guidance Manual for the Toxicity Assessment of Traditional Herbal
Medicines. Nat Prod Commun. 2016;1 [ (11):1763-1773.

Thakur S, Kumar V, Das R, Sharma V, Mehta DK. Biomarkers of Hepatic Toxicity: An Overview. Curr
Ther Res Clin Exp. 2024;100:100737.

Avila M, Mora Sanchez MG, Bernal Amador AS, Paniagua R. The Metabolism of Creatinine and lts
Usefulness to Evaluate Kidney Function and Body Composition in Clinical Practice. Biomolecules. 2025;
15(1):41.

Yang RZ, Park S, Reagan W], et al. Alanine aminotransferase isoenzymes: molecular cloning and quantitative
analysis of tissue expression in rats and serum elevation in liver toxicity. Hepatology. 2009;49(2):598-607.
Ibrahim, M., Hassan, W,, Saeed, M. Nephrotoxicity Evaluation of Captopril and Enalapril in Rats:
Comparative Study. Egyptian Journal of Veterinary Sciences, 2024; 55(1): 69-81.

Chiu Y], Tu HH, Kung ML, Wu HJ, Chen YW. Fluoxetine ameliorates high-fat diet-induced metabolic
abnormalities partially via reduced adipose triglyceride lipase-mediated adipocyte lipolysis. Biomed
Pharmacother. 2021;141:111848.

Sun BK, Kim JH, Choi JS, Hwang §J, Sung JH. Fluoxetine decreases the proliferation and adipogenic
differentiation of human adipose-derived stem cells. Int ] Mol Sci. 2015;16(7):16655—68.

Yen TT, Fuller RW. Preclinical pharmacology of fluoxetine, a serotonergic drug for weight loss. Am ] Clin
Nutr. 1992;55(1 Suppl):1775-180S.

Walf AA, Frye CA. The use of the elevated plus maze as an assay of anxiety-related behavior in rodents.
Nat Protoc. 2007;2(2):322-328.

Campos-Cardoso R, Godoy LD, Lazarini-Lopes W, et al. Exploring the light/dark box test: protocols and
implications for neuroscience research. | Neurosci Methods. 2023;384:109748.

Gencturk S, Unal G. Rodent tests of depression and anxiety: construct validity and translational relevance.
Cogn Affect Behav Neurosci. 2024;24(2):191-224.

Cryan JF, Sweeney FF. The age of anxiety: role of animal models of anxiolytic action in drug discovery. Br
J Pharmacol. 201 I;164(4):1129-61.

Amodeo LR, Greenfield VY, Humphrey DE, et al. Effects of acute or repeated paroxetine and fluoxetine
treatment on affective behavior in male and female adolescent rats. Psychopharmacology (Berl).
2015;232(19):3515-3528.

Akyuz E, Arulsamy A, Aslan FS, et al. An expanded narrative review of neurotransmitters on Alzheimer’s
disease: the role of therapeutic interventions on neurotransmission. Mol Neurobiol. 2025;62:1631-74.
Wu D, Chen Q, Chen X, et al. The blood-brain barrier: structure, regulation and drug delivery. Signal
Transduct Target Ther. 2023;8:217.

Proceedings of 46t PTST Annual Meeting, 15-17 May 2025 8l



FO7

Investigation of the Effect of Hypoxic Preconditioning of
Clinical-grade Human Adipose-Derived Mesenchymal Stem
Cells Exosome (ADSC-Exos) on Carrageenan (CA)-Induced
Paw Edema in a Rat Model

Thitiya Phuagpan', Scarlett Desclaux', Natnaree Siriwon?, Nirada Srianake', Kasem
Rattanapinyopitul’, Pongsatorn Meesawatsom®, Ruedee Hamstapat'”

I Department of Pharmacology, Faculty of Science, Mahidol University, Bangkok, Thailand

2 Chakri Naruebodindra Medical Institute, Faculty of Medicine Ramathibodi Hospital, Mahidol University, Bangkok, Thailand
3 Department of Pathology, Faculty of Veterinary Science, Chulalongkorn University, Bangkok, Thailand

4 Department of Pharmacology, Faculty of Pharmacy, Mahidol University, Bangkok, Thailand

*E-mail: ruedee.hem@mahidol.ac.th

Abstract

Human mesenchymal stem cell (MSC)-derived exosomes have been widely studied to
be utilized as cell-free therapies for treating various diseases due to their regenerative, anti-
inflammatory, and immunomodulatory properties. The paracrine effects of MSC-derived
exosomes are also shown to contribute to these therapeutic benefits. Adipose-derived
mesenchymal stem cells (ADSCs) can be simply isolated from adipose tissue, which is much
less invasively collected from donors or patients. It has been reported that the contents of
exosomes can be modulated by preconditioning cell culture conditions, such as hypoxia and
selection of culture medium. In this study, we investigated the effect of ADSC-derived
exosome (ADSC-Exos) cultured under hypoxic preconditioning in a clinical-grade, chemically
defined formulation medium, compared to normoxic conditions, using a CA-induced rat paw
edema model. The characteristics of ADSC-Exos were confirmed prior testing in animal using
western blot. Acute paw inflammation was induced by intraplantar (i.p.l.) injection of 100 pL
of 1% w/v CA into the right hind paw of male Wistar rats. One hour after CA injection,
animals received either i.p.l. treatment with phosphate-buffered saline (PBS) or exosomes
(100 pg), or an intraperitoneal injection of indomethacin (10 mg/kg). The anti-inflammatory
effects of ADSC-Exos were assessed by pain-related behavioral tests (von Frey filament and
weight-bearing tests) at 0, 3, 6, and 24 hours after CA induction. Histological analysis of the
inflamed hind paw was also conducted to assess inflammatory cells infiltration. The results
showed that both normoxic and hypoxic ADSC-Exos groups exhibited significant pain
attenuation; however, the normoxic condition showed significantly greater pain reduction
compared to the hypoxic condition. Similarly, histological findings revealed that normoxic
ADSC-Exos appeared to exert superior anti-inflammatory effects. These findings are
inconsistent with previously published studies, which reported that exosomes derived under
hypoxic preconditioning demonstrated greater therapeutic potential than those obtained
under normoxic conditions. Further studies are needed to investigate the factors that may be
responsible for the inconsistency observed in the present findings.

Keywords: Adipose-derived mesenchymal stem cells (ADSCs), exosomes, anti-
inflammation, hypoxic, normoxic, carrageenan (CA)-induced paw edema, pain
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Introduction

Mesenchymal stem cells (MSCs), a type of cell-based therapy has been used due to its
therapeutic potential for the treatment of several human diseases, including bone and cartilage
diseases, neurodegenerative disease, acute brain injury and so on."? This due to its ability to
regulate the inflammatory and regenerative environment in inflamed tissues.’ Owing to
these unique properties, MSCs hold tremendous promise for treating inflalmmatory diseases.
MSCs can be derived from different tissue sources including bone marrow, adipose tissue,
dental tissue, placenta and umbilical cord. Adipose tissue serves as a common MSCs source
which are easily and extensively isolated compared to other tissue. Several studies found that
the potential of MSCs is mediated through their paracrine secretions including growth factors,
chemokine as well as extracellular vesicles (EVs) that may be responsible for intercellular
communication, especially exosomes that contain important cargo such as complex protein,
nucleic acid, lipid, and miRNA.*?

Several studies demonstrated the promising results of MSCs-derived exosome
treatment in various diseases such as skin injury, spinal cord injury, lung fibrosis, bone and
cartilage defects.® The properties of exosomes can be varied depending on the tissue source
of MSCs, as well as cell culture methods.”® In general, MSCs are typically cultured under
normoxic conditions (21% oxygen). However, in physiological conditions, MSCs thrive in
hypoxic environments — e.g. 1-9% in the bone marrow, 5-9% in the adipose tissue and 1-6%
in umbilical cord blood.”"" It has been suggested that culturing MSCs in hypoxic conditions
can mimic physiological environments, which can reduce cellular senescence and alter its
therapeutic activity.'> Recently, several studies demonstrated that hypoxic preconditioning
could affect the physiological function of MSCs as well as the release, cargo, and biological
effects of exosomes." In spinal cord injury, they found that ADSCs-hypoxia exosomes were
more effective than normoxia in terms of faster healing, greater endothelial cord formation
and grater vascular density in spinal cord.'" In a bone fracture healing model, hypoxic
exosomes can promote therapeutic potential by enhancing the production of miR-126, which
plays an important role in the bone fracture healing process. "> However, the majority of
previous studies on MSCs demonstrated the efficacy and biological activities of cells cultured
in medium containing fetal bovine serum (FBS), which is non-compliance for clinical use. FBS
contains undefined mixture of proteins and therefore causes batch-to-batch variations and
inconsistency quality of exosomes. Moreover, the presence of xenoproteins in FBS that are
carried over into harvested exosome fractions may trigger immune response in human
recipients. Therefore, in this study, the standardized production procedures of ADSC-Exos
under hypoxic preconditioning in clinical-grade chemically defined medium in comparison with
normoxic conditions were conducted and their efficacy were determined in a CA-induced rat
paw edema model.

Methods

ADSC-Exosome isolation and characterization

Human MSCs from adipose tissue were collected from the Faculty of Medicine,
Ramathibodi Hospital, Mahidol University. MSCs from adipose tissue, which is considered left
over tissue was obtained according to protocol approved by the human research ethics
committee (COA. No. MURA2023/712).

Harvested cells were cultured in NutriStem®XF Basal Medium, 5.5% PLTGold® Human
Platelet Lysate and 0.6% MSC Nutri®Stem XF Supplement. Cells are plated into a sterile flask
at the density of 0.1-0.5 mcell/cm? and cultured at 37 °C, 95% humidity and 5% CO, in
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normoxia (20% O,) or hypoxia (3% O,). Immunophenotypes of human MSCs were defined
with flow cytometry by their surface marker profile, including CD73*, CD105%, CD90*, CD3
, CD34 and CD45", as well as their differentiation potential to osteocytes and adipocytes
were also assessed by Oil Red O staining and Alizarin red staining, respectively.

For ADSC-Exos isolation and characterization, collected cell culture supernatant was
centrifuged at 300 g for 10 minutes, and at 16,500 g for 30 minutes. The supernatant was
collected and filtered through a 0.22 pm pore size filter to remove cell debris. The remaining
supernatant was centrifuged at 100,000 g for 30 minutes and the exosomes were collected in
the pellet. Resuspend the purified exosomes with phosphate-buffered saline (PBS) for further
characterization. Surface marker proteins of exosomes were identified with western blot
using antibodies specific for CD63, TSG101, and CD8I according to International Society for
Extracellular Vesicles (ISEV) guidelines. The presence of exosome cargos was also tested with
western blot using specific antibodies targeting Transforming growth factor-p (TGF-B) and
Matrix metalloproteinase-9 (MMP-9).

CA and drug preparation

The 1% WIV solution A-CA was prepared in 0.9% saline and stored at room
temperature for 24 hours before use. Indomethacin was prepared in 0.01% carboxymethyl
cellulose (CMC) containing 0.01% tween 80. It was used as a positive control in this study due
to its well-established anti-inflammatory and analgesic properties.

Experimental groups design

All animal care and experimental procedures were approved by the Institutional
Animal Care and Use Committee (IACUC) of the Faculty of Science, Mahidol University
(Protocol No MUSC67-013-718). The 6-7-week-old male Wistar rats were anesthetized with
5% isoflurane and maintained at 2-3% during CA-induction. Acute inflammation was induced
by intraplantar injection with 100 pL of 1% w/v CA at the right hind paw. After | hour of CA
induction, animals were divided into four different groups as shown below. For the positive
control group, animals were intraperitoneally injected with 10 mg/kg of indomethacin, while
the remaining groups received an intraplantar injection with either PBS as a control vehicle
or human normoxic- or hypoxia-ADSCs exosomes at a dosage of 100 pg/100 pL. One
additional group of animals were assigned as a negative control group, in which animals
received an intraplantar injection with 100 pL normal saline (NSS), followed by 100 uL PBS
after | hour post-NSS injection.

Twenty rats were divided into 5 groups:

(1) CA + PBS (n=4)

(2) CA + Indomethacin (10 mg/kg) (n=4)

(3) CA + Normoxic-ADSCs Exos (n=4)

(4) CA + Hypoxic-ADSCs Exos (n=4)

(5) NSS + PBS (n=4)

Pain-related behavior assessment

Two pain-related behavior tests, including von Frey filament test (VF) and weight
bearing test (WB) were conducted at various time points to determine the pain-relieving
efficacy of the human ADSCs exosomes. The paw withdrawal thresholds (PWT) were
measured to assess the mechanical allodynia by using von Frey filament (Touch Test® Sensory
Evaluator). In brief, animals were placed individually in wire mesh cages, in which a series of
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filaments (2, 4, 6, 8, 10, 12, 14, 16 grams) were applied onto the midplantar area of the right
hind paw. The smallest filament that evoked paw withdrawal responses on 3 trials was
recorded. The cut-off value for negative response was set at 16 grams to avoid the injury to
the animal hind paw. Asymmetric weight distribution (weight bearing test) was also utilized to
index musculoskeletal discomfort caused by paw edema. This test measures the weight
distributed between the right and left hind paw. Animals were placed into the Perspex
container, and each paw was rested on a transducer pad, which recorded as animal’s weight
distribution. The average percentage of different weight distributed on the operated limb was
determined. All animals were investigated in pain-related behaviors at 0, 3, 6, and 24 hours
after CA-induction (Figure 1).

CA
induction
l Treatment  WB/VF WB/VF WB/VF
| | | | | | .
Hour | ] 1 i i } >
-1 0 1 3 6 24
Baseline pain Euthanasia

assessment

Figure |. Schematic diagram summarizing the experimental design

Histological examination

After euthanasia with an overdose of thiopental sodium (150 mg/kg) and xylazine (5
mg/kg) via intraperitoneal injection, the right hind paw was dissected and cut in half. Paws
were fixed in 4% paraformaldehyde for 72 hours, followed by decalcification in 20%
ethylenediaminetetraacetic acid (EDTA) with continuous stirring for at least 2 months. After
finishing tissue processing, tissue will be embedded in paraffin. Then the tissue section (5 pm
thick) was stained with hematoxylin and eosin (H&E) and visualized under a light microscope.

Statistical analysis

Data were analyzed using the GraphPad Prism version 8.0 (GraphPad Software Inc,,
San Diego, CA, USA). All data were expressed as the mean and standard error of the mean
(MEAN + SEM). Statistical significance was determined using two-way repeated measures
ANOVA follow by post hoc Tukey’s multiple comparison. *p < 0.05 were considered
statistically significant.

Results

Characterization of normoxic- and hypoxic-ADSCs for its identity, purity and potency

The identity of ADSCs cultured under normoxic and hypoxic conditions were
characterized according to the extracellular markers specified by the International Society of
Cell and Gene therapy (ISCT) that specified >95% expression of CD73, CD105 and CD90.
Both normoxic and hypoxic-ADSCs showed higher than 95% expression of MSC markers
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(Figure 2A) and showed less than 2% of CD3, CD34, and CD45 positive population (Figure
2B), which demonstrates that both normoxic and hypoxic cell culture condition produces
pure MSC population. The potency of MSCs were evaluated by its ability to differentiate into
osteocytes and adipocytes in differentiation medium. Both normoxic and hypoxic cultured
ADSCs showed ability to differentiate into osteocytes and adipocytes as shown in figure 2C.

A B

Normoxic "’

Hypoxic A ,\

Hypoxic

Normoxic

Osteocyte

Figure 2. Characterization of ADSCs cultured in normoxic and hypoxic conditions A) Identity of MSCs
according to ISCT B) purity of MSC population C) potency of MSCs in differentiating into osteocytes
and adipocytes. The scale bar is 60um.

Characterization of exosomes harvested from ADSCs cultured in normoxic and hypoxic
conditions

The protein content of exosomes was characterized to determine the identity of the
harvested material. CD63, CD81 and TSG101 are tetraspanins, enriched in exosomes and are
commonly used as markers. Exosomes harvested from normoxic and hypoxic cultured
ADSCs were positive for CD63, CD8I and TSGI0I, as well as TGF- and MMP-9.
Interestingly, exosomes harvested from hypoxic-ADSCs showed lower CD63 expression
than in normoxic conditions. In addition, MMPs, along with other proteinases and glycanases
are known to degrade proteoglycans, collagen and ECM molecules. '® They were found to be
related in the pathogenesis of many diseases, especially joint disorders such as osteoarthritis
and rheumatoid arthritis. Exosomes secreted from immune cells (B cells, T cells and dendritic
cells) can trigger the upregulation of MMPs, which drives the progression of joint
inflammation.'” Since, it has been reported that MMP-9 is carried in exosomes derived from
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MSCs, so we performed western blot analysis to determine the presence of this enzyme.'®
Our western blot data showed that a trace amount of MMP-9 is present in the exosome
derived from hypoxic and normoxic conditioned MSCs at comparable amounts. This confirms
that neither preconditioning method upregulated MMP-9 cargo in MSC-derived exosomes,
which could be unfavorable as a treatment modality for joint inflammation.'” TGF-B, on the
other hand, has been demonstrated to be crucial in cartilage homeostasis and has
chondrogenic regenerative potential for repairing cartilage degeneration. Hence, we
determined the presence of TGF-B cargo, and found that the cytokine is present in both
hypoxic and normoxic conditioned exosomes (Figure 3).

CD63
CD81 -

TSG101
TGFB — “

MMP-9

Figure 3. Western blot analysis of exosomal surface proteins markers including CDé63, CD8I, TSGI0I, TGF-
B and MMP-9 harvested from normoxic (N; left) and hypoxic (H; right) ADSCs.

Normoxic- and hypoxic-ADSCs exosomes reduced CA-induced pain-related behaviors.

The pain relief of normoxic- and hypoxic-ADSCs exosome on CA-evoked mechanical
allodynia and weight bearing asymmetry were evaluated by von Frey filament test and weight
bearing test respectively. The negative control group (CA + PBS) exhibited a significant
reduction in paw withdrawal thresholds (PWT) and %weight on injured hind limb compared
with the positive control group of CA+10 mg/kg of indomethacin. Interestingly, treatment
with normoxic-ADSCs exosome for 6 hours exhibited a significant pain-reliving effect as
indicated by the significant increase in the PWT (Figure 4A) and % weight on an injured hind
limb (Figure 4B) compared to the negative control group (CA+PBS). However, a significant
pain alleviation was observed in both pain-like behavioral tests after treatment with both
normoxic-and hypoxic-ADSCs exosomes at 24 hours post CA-injection. Surprisingly, this
effect was significantly more pronounced after treatment with normoxic-ADSCs exosomes
than those with hypoxic-ADSCs exosomes.

Histological findings for the effect of normoxic- and hypoxic-ADSCs exosomes on paw
edema tissue induced by CA.

To assess the anti-inflammatory efficacy of normoxic- and hypoxic-ADSCs exosomes,
a histopathological examination was investigated based on inflammatory cell infiltration in the
plantar area as shown in Figure 5. Macroscopic appearance of paw edema in each treatment
group was captured and assessed, compared to the control group (NSS + PBS). Visually, anti-
inflammatory effect of normoxic-ADSCs exosomes appeared to be greater in comparison to
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hypoxic- ADSCs exosomes treated groups when compared to CA+PBS group (Figure 5A).
Consistent with this observation, microscopic images of soft tissue of the rat hind paw stained
with H&E revealed that normoxic-ADSCs exosomes treated group showed a marked anti-
inflammatory effect comparable to those positive control group (CA + indomethacin) as

observed by a pronounced reduction in the inflammatory cell infiltration in the hind paw tissue
(Figure 5B).

>
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Figure 4. Pain-related behavior assessment of normoxic- and hypoxic-ADSCs Exosome at 0, 3, 6, and 24
hours post-CA induction. (A) von Frey filament test (B) weight bearing test. Data represented as
the mean £ SEM in each group and were analyzed using a two-way ANOVA with Tukey's multiple

comparisons test. *p < 0.05, ***p < 0.001, ***¥p < 0.0001 vs CA+PBS group shows statistical
significance.

Right hind paw

= 50pm} ZT 50 um*

NSS+PBS CA+PBS CA+ indomethacin CA+Nor-ADSCs Exo CA+Hyp-ADSCs Exo
(n=4) (n=4) (n=4) (n=4) (n=4)

Figure 5. Effect of normoxic- and hypoxic-ADSCs exosomes on paw edema induced by CA in rats. (A)
Representative photographs of the macroscopic appearance of paw edema in each group (n=4) after
treatment at 24 hours after CA-induction. (B) Representative histological sections of right hind paw
tissue in H&E staining.
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Discussion and Conclusion

A growing body of evidence suggests that MSCs-derived exosomes hold great promise
for several therapeutic applications, particularly in regenerative medicine. However, much less
attention has been paid to standardize the production procedures of MSCs-derived exosomes
and investigate whether this procedure could modulate the therapeutic efficacy of exosomes.
It has been demonstrated that MSCs-derived exosomes cultured under serum-free chemically
defined media exhibited higher expression of regeneration-related cytokines and fewer pro-
inflammatory cytokines, compared to serum containing media, which in turn could enhance
wound healing and angiogenesis.”® Our findings demonstrated that the expression of
exosome-associated markers (CD63, TSGIOI, and CD81) and cargo proteins (TGF-f and
MMP-9) of ADSC-Exos harvested from normoxic and hypoxic conditions were similar.
However, a more quantitative assay to evaluate specific protein content may uncover the
variation between normoxic and hypoxic preconditioned exosomes, as their therapeutic
efficacy in attenuating inflammation shown in this study is distinct.

Interestingly, while several other findings reported the beneficial effect of hypoxic
preconditioning in promoting anti-inflammation, angiogenesis and repair by modulating the
miRNA and proteomic profiles®" ?, we found that exosomes harvested from hypoxic-ADSCs
were able to reduce inflammation to less extent than that of exosomes harvested from
normoxic conditions. The hypoxic conditions have been shown to upregulate hypoxia-
inducible factor (HIF)-alpha, a key regulator of inflammation, which in turn can influence the
quantity and expression of exosome cargos.” Hypoxic condition has also been reported to
cause alteration in sorting and rearrangement of the cytoskeleton and extracellular matrix of
exosomes, which influences the reprogramming of recipient cells.** Numerous studies indicate
that miRNA-containing exosomes can be upregulated under hypoxic conditions.”** Since the
biological activities of exosomes are influenced by various factors such as hypoxic and cell
culture conditions, it is possible that the differences of these factors among studies could
attribute to the conflicting finding observed in this study. However, as this study is preliminary,
more research is required to thoroughly comprehend this conflicting finding.
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® Chengdu Techman Software Co., ® N.Y.R. Limited Partnership

Ltd.

® Scion Associated Limited ® Harikul Science Co., LTD.

Partnership

®  Fortis Trading Co., Ltd. ® Thai Tasaki Engineering Co., Ltd.
®  Gibthai Co., Ltd. ® Nexbio (Thailand) Co., Ltd.

® S-square enterprise Ltd. ® Ricoh (Thailand) Co., Ltd.

® Empire Scientifique Co., Ltd. ® Haad Thip Public Co., Ltd.

® Theera Trading Co., Ltd.
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TECHMAN

Founded in 1998, Techman is a famous brand in China for physiology
instruments and software, specializing for medical teaching and research. With
27 years of experience, it offers best cost effective solutions for animal behavior,
physiological data acquisition and analysis, isolated tissues, and virtual
experiments.

< info@tme.com.cn @) www.tme.com.cn

Linkedin WhatsApp

[ DataLab- 420N Biosi

50 (€

Four plug and play channels
o

Animal Physiology Lab

The built-in resources can help to gain
core physiological concepts through
Q experimentationfor both research and
) education purpose.

Droplet count input

) © © © Bl 5 ..
@ @j Q/‘ @ ------- ’ Q o o Human Physiology Lab
o | e [N A user-friendly learning platform that
. : ° . contains complete human physiology
o :
ECG interface - Information Dlsplay' lessons and experiments.
o Stimulus output
Autio Qutput

g " " 3
L Virtual Online Course }

600+ ready-made lessons
Comprehensive curriculum, like a virtual
medical school.

Online Learning

Simulated Interaction Operation Process =

Principle Demostration

Behavior Analysis Software

Open field

Tail suspension

Water maze

Forced swimming

Novel object recognition
T/Y/O maze

NIBP for Rat/Mouse
by tail cuff method

Not only on PCs but also on mobile devices to
support the students learn anywhere andanytime.

@ Lower-cost and Animal-friendly

Trajectory Activity pie chart

Trajeclory map Activity line chart
A

~

2

-

Nursing

Pharmacolos
Clinical Medicine %

Molecular Biclogy
Analomy Medical Laboralory Science
Physiology

Pahogeni Micrbiclogy Immunology

sical Medicineand Rebabblaion  Pathophysiology

Velerinary Medicine

No need animals or medicines, reducing the cost and
meet ethical and environmental requirements.

Diverse Recognition
Methods

200+ Analysis
Indicators and Charts

Compatibale with Mac OS,
Windows, Linux

Langendorff Heart

Animal Hypoxia Chamber Automatic Organ Bath Vascular Ring Perfusion

Perfusion
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——3Smart Freezer Refrigerator

09.10.15
09:28

09.10.15
09:28

Model: Smart Freezer EVO Model: X-cold
> Working temperature: -180°C > Working temperature: +4°C
> Application: Robotic storage of > Application: Preservation of samples

cryotubes in LN2 vapor phase

Freezer VITROCELL

Model: Nexus Advanced in vitro exposure systéms

> Working temperature: -20, -40, -80°C > Application: Inhalation Research
> Application: Preservation of samples > Application: Skin Exposure
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O O O Enterprise Ltd

www.ssquareenterprise.com

PowerlLab is complete data acquisition solutions for your research
Accurate, reliable, powerful and easy to use —we provide you with the tools you need to succeed.

ADINSTRUMENTS

making science easier

o=y
g:mab i

PowerLabC PowerLab LabChart [l "7

| RS T=linstrumentation to scientists and the preclinical research community to advance research,

science and medicine.

26 1RWD
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o Automated Stereotaxic

Stereotaxic Laser Speckle

cintica
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Tail Flick Unit Plethysmometer
Rodent Surgical Monitor
SMENTALAB
AN

High-end mobile EEG
system for research and bio-

Spirometers and Oximeters medical recordings.

#
Lt TATION ﬂ

BioMﬁg
€
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1

\;’relements

nating fechmokoges b (e Scsnce

ePatch 1-channel patch clamp amplifier for
voltage-clamp and current-clamp
measurements.

OFFICIAL DISTRIBUTOR

S-Square Enterprise Ltd.,Part.
800/359 Moo 11 Nawamin Rd.
Khannayao, Bangkok Thailand 10230
Tel. 0-2947-8170

Phone/LinelD: 0818672491
E-mail: s2somkiat@yahoo.co.th
www.ssquareenterprise.com




A = g ay o
- usHn Wesiia msads Mina
»” RTIS Fortis Trading Co.,Ltd.

e PHYSICS EXPERIMENTS

e MEDICAL SIMULATION

e ANATOMY MODEL

RESEARCH AND EDUCATION FOR LIFE SCIENCE

HUMAN PHYSIOLOGY

e ANIMAL PHYSIOLOGY

e HARDWARE AND SOFTWARE DATA ACUISITION

9, 11 Soi Phetkasem 48 Yaek 4 - 7 Bangduan Pasricharoen Bangkok 10160
Tel.0-2869-6803, 08-7486-0008 Fax 0-2869-6814
E-mail : fortis.th@gmail.com www.fortistrading.co.th




AD Gibthai_21x14.85 cm

applied
blr())gystems

by Thermo Fisher Scientific

QuantStudio family of real-time
and digital PCR systems

Even more qPCR
for who you are

Flexibility. Versatility. Connectivity. Speed. Precision.
Find the gPCR platform that's right for your research.

biosystems

by Thermo Fisher Scientific

Powerfully Simple
Digital PCR

QuantStudio Absolute Q Digital PCR System

BIOSAFETY CABINET
CLASS Il A2

TopAir’'s Ecoline Biosafety Cabinet
protects lab staff, the environment and
sensitive work processes in which

MPW&>

MED.INSTRUMENTS

Laboratory
Centrifuge

Gibthai Co. Ltd. @ cibthai Fan [OF 0N scan me |
3N HOLDING HOUSE, 44/6 Suthisarnvinitchai Rd., Samsennok, Huay Kwang, Bangkok 10310 @ @Gibthai b 4| Find us more:

Tel: (66) 02274 8331 Fax: (66) 0 2274 8336, (66) 02274 8580 | E-mail : info@gibthai.com » Gibthaicompany |[EAEEHE| www.gibthai.com
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scientifiaue

ALL YOUR LABS, ALL YOUR NEEDS.
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