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สารจากนายกสรีรวิทยาสมาคมแห1งประเทศไทย 
 
 

สรีรวิทยาสมาคมแห-งประเทศไทย เป5นองค8กรวิชาการที่ได=ก-อกำเนิดมาตั้งแต-ปBพุทธศักราช 2515 นับเป5นเวลา 50 ปB  

ปLจจุบันมีสมาชิกทั้งในประเทศและต-างประเทศรวมทั้งสิ้น 467 ท-าน โดยสมาคมมีหน=าที่หลักในการจัดประชุมวิชาการประจำปB

ของสรีรวิทยาสมาคม และการประชุมวิชาการสรีรวิทยา-พยาธิสรีรวิทยา เดิมใช=ชื่อว-าการอบรมสรีรวิทยา-พยาธิสรีรวิทยา            

อันเป5นกิจกรรมบริการวิชาการที่ได=จัดต-อเนื่องเป5นประจำทุกปB โดยจัดร-วมกับสถาบันสมาชิกหมุนผลัดเวียนกันเป5นเจ=าภาพร-วม 

สำหรับการจัดประชุมฯ ครั้งที่ 49 นี้ เป5นครั้งแรกที่เป5นการประชุมร-วมระหว-างสรีรวิทยาสมาคมแห-งประเทศไทยและสมาคม

เภสัชวิทยาแห-งประเทศไทย (Joint Physiological Pharmacological Society Conference: JPPSC-2022) โดยมีเจ=าภาพ

ร-วม คือ คณะวิทยาศาสตร8การแพทย8 และคณะเภสัชศาสตร8 มหาวิทยาลัยนเรศวร ระหว-างวันที ่ 8–10 มิถ ุนายน                      

พ .ศ .  2565 ในร ูปแบบออนไลน8  เร ื ่ อง  "The Science of Successful Ageing: From Physiopharmacological 
Perspective and Beyond" ด=วยเล็งเห็นว-า ศาสตร8ทางด=านสรีรวิทยาและเภสัชวิทยานั้น เชื่อมโยงเป5นเนื้อเดียวกันในทุก

ระบบของร-างกาย 

 การประชุมฯ ครั้งนี้ มีวิทยากรหลายท-าน มาร-วมกันให=ความรู= เพื่อให=มีความก=าวหน=าทางวิชาการ เป5นการแสดง

ความเป5นผู=นำทางวิชาการและการทันต-อสถานการณ8ในปLจจุบัน นอกจากนี้ยังเป5นการแลกเปลี่ยนความรู= ประสบการณ8วิจัย

ระหว-างวิทยากรและผู=เข=าร-วมประชุมเพื่อสร=างเครือข-ายความร-วมมือระหว-างศาสตร8และระหว-างสถาบัน นอกจากนี้ยังคงการ

เสนอผลงานของนิสิตนักศึกษา การประกาศเกียรติคุณรางวัล “นักสรีรวิทยารุ-นใหม-ดีเด-น” ซึ่งเป5นครั้งแรกของสมาคมที่มี

รางวัลนี้ พร=อมการบรรยายพิเศษ และพิธีมุทิตาจิตครูสรีรวิทยา/เภสัชวิทยาอาวุโส การประชุมในครั้งนี้จึงนับว-าเป5นประโยชน8

อย-างยิ่งต-อผู=เข=าร-วมประชุมทุกท-าน เพื่อการก=าวเข=าสู-สังคมสูงวัยอย-างมีคุณภาพ อันจะส-งผลดีต-อองค8กร และประเทศชาติใน

ที่สุด 

 

 

 

      ศาสตราจารย8 แพทย8หญิง ดวงพร วีระวัฒกานนท8 

            นายกสรีรวิทยาสมาคมแห-งประเทศไทย 
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สารจากนายกสมาคมเภสัชวิทยาแห1งประเทศไทย 

 

 

การจัดงานประชุมวิชาการประจำปBสมาคมเภสัชวิทยาแห-งประเทศไทย ครั้งที่ 43 นี้ มีความพิเศษกว-าทุกปBที่ผ-านมา 

เนื่องจากเป5นปBแรกที่ได=มีการจัดงานร-วมกับสรีรวิทยาสมาคมแห-งประเทศไทย ศาสตร8ทางด=านเภสัชวิทยานั้น มีความเกี่ยวข=อง

กับศาสตร8ด=านสรีรวิทยาอย-างที่ไม-สามารถแยกออกจากกันได= และเป5นสองศาสตร8ที่มีความสำคัญยิ่งต-อการมีสุขภาพที่ดี

โดยเฉพาะอย-างยิ่งในยุคของการเป5นสังคมสูงวัยของประชาคมโลก ดังนั้น ทั้งสองสมาคมจึงเห็นชอบในการจัดประชุมวิชาการ

ร-วมกันภายใต=ห ัวข =อ “The Science of Successful Ageing: From Physiopharmacological Perspective and 
Beyond” โดยเน=นให=ผู=ฟLงได=เห็นภาพทั้งในเชิงนโยบาย โรคและผลกระทบที่เกิดจากการเปลี่ยนแปลงทางสรีรวิทยาของ

ผู=สูงอายุ การหลีกเลี่ยงความเจ็บปÇวยของผู=สูงอายุ รวมถึงความก=าวหน=าทางวิทยาศาสตร8ที่จะช-วยให=มนุษย8มีชีวิตที่ยืนยาวขึ้น 

รวมถึงได=เปÉดโอกาสให=นิสิตนักศึกษา อาจารย8 และนักวิจัย มาร-วมนำเสอผลงาน โดยผลจากการประชุมในครั้งนี้ได=ก-อให=เกิด

เครือข-ายความร-วมมือทางวิชาการระหว-างสมาคมเภสัชวิทยาแห-งประเทศไทยและสรีรวิทยาสมาคมแห-งประเทศไทย และหวัง

ว-าความร-วมมือนี้จะเติบโตและยั่งยืนต-อไป 

ดิฉันขอแสดงความยินดีกับอาจารย8และนักวิจัยที่ได=รับรางวัลเกียรติยศ ศาสตราจารย8 นายแพทย8อวย เกตุสิงห8 

ประจำปB 2565 รางวัลนักเภสัชวิทยาดีเด-น ได=แก- ศาสตราจารย8 ดร.เกศรา ณ บางช=าง รางวัลผลงานวิจัยเภสัชวิทยาของ

นักวิจัยรุ-นใหม- ได=แก- รองศาสตราจารย8 ดร.วุฒิไกร นิ่มละมูล และ ดร.เภสัชกรหญิง สุดจิต ล=วนพิชญ8พงศ8 และรางวัลนัก

สรีรวิทยารุ-นใหม-ดีเด-น ได=แก- ศาสตราจารย8 ดร. นพ.ฉัตรชัย เหมือนประสาท 

สมาคมเภสัชวิทยาแห-งประเทศไทยขอขอบคุณวิทยากรผู=ทรงเกียรติทุกท-านที่ได=สละเวลามาถ-ายทอดความรู=และ

ประสบการณ8อันมีค-ายิ่ง ขอขอบคุณคณะเภสัชศาสตร8 มหาวิทยาลัยนเรศวร ที่ให=เกียรติเป5นเจ=าภาพร-วมกับสมาคมเภสัชวิทยา

แห-งประเทศไทยในการจัดการประชุมในครั้งนี้ และขอขอบคุณคณาจารย8 บุคลากร และนิสิตของคณะเภสัชศาสตร8 และคณะ

วิทยาศาสตร8การแพทย8 มหาวิทยาลัยนเรศวรที่ได=ทุ-มเทสรรพกำลังในการจัดงานประชุมวิชาการร-วมกันจนเป5นผลสำเร็จ และ

ขอขอบคุณบริษัทและห=างร=านต-าง ๆ ที่ร-วมกันสนับสนุนการจัดการประชุมในครั้งนี้เป5นอย-างดี 

ท=ายสุดนี้ ขออวยพรให=การจัดการประชุมประสบความสำเร็จตามวัตถุประสงค8ที่ตั้งไว=ทุกประการ 

 

              รองศาสตราจารย8 ดร. เภสัชกรหญิง รัตติมา จีนาพงษา 

                                                             นายกสมาคมเภสัชวิทยาแห-งประเทศไทย 
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คำนำ 
 

สรีรวิทยาสมาคมแห-งประเทศไทย โดยภาควิชาสรีรวิทยา คณะวิทยาศาสตร8การแพทย8 มหาวิทยาลัยนเรศวร ร-วมกับ

สมาคมเภสัชวิทยาแห-งประเทศไทย โดยคณะเภสัชศาสตร8 มหาวิทยาลัยนเรศวร เป5นเจ=าภาพจัดโครงการประชุมวิชาการร-วม

ระหว-างสรีรวิทยาสมาคมแห-งประเทศไทยและสมาคมเภสัชวิทยาแห-งประเทศไทย ครั ้งที ่ 1 ปB 2565 ภายใต=หัวข=อ          

“The Science of Successful Ageing: From Physiopharmacological Perspective and Beyond” ร ะ ห ว - า ง ว ั น ที่        

8–10 มิถุนายน 2565 ในรูปแบบออนไลน8 (Online Conference) โดยโครงการประชุมวิชาการนี้เป5นการรวมกันของการ

ประชุมวิชาการประจำปBสรีรวิทยาสมาคมแห-งประเทศไทย ครั้งที่ 49 และ งานประชุมวิชาการประจำปBสมาคมเภสัชวิทยาแห-ง

ประเทศไทย ครั้งที ่43 

ในเอกสารรายงานสืบเนื่องจากโครงการประชุมวิชาการฉบับนี้ ประกอบด=วย ผลงานวิจัยที่ได=ผ-านผู=ทรงคุณวุฒิ            

(Peer Reviewers) และบรรณาธิการพิจารณาตรวจสอบและให=ความเห็นชอบเพื่อตีพิมพ8 บทความวิจัยฉบับเตม็ (Full paper) 

และบทคัดย-อ (Abstracts) และได=นำเสนอในการประชุมวิชาการฯ จำนวนทั้งสิ้น 55 ผลงาน ซึ่งได=ผลงานวิจัย ออกเป5น 2 กลุ-ม 

คือ กลุ-มการวิจัยทางด=านสรีรวิทยา และกลุ-มการวิจัยทางด=านเภสัชวิทยา ประกอบด=วย 

ประเภท บทคัดย-อ (Abstracts)     จำนวน       45 ผลงาน 

Æกลุ-มการวิจัยทางด=านสรีรวิทยา    จำนวน       14 ผลงาน 

Æกลุ-มการวิจัยทางด=านเภสัชวิทยา    จำนวน       31 ผลงาน 

 ประเภท บทความวิจัยฉบับเตม็ (Full paper)    จำนวน       10 ผลงาน 

Æกลุ-มการวิจัยทางด=านสรีรวิทยา    จำนวน         4 ผลงาน 

Æกลุ-มการวิจัยทางด=านเภสัชวิทยา    จำนวน         6 ผลงาน 

 คณะกรรมการดำเนินงานโครงการประชุมวิชาการ ฯ ขอขอบคุณ สรีรวิทยาสมาคมแห-งประเทศไทยและสมาคม

เภสัชวิทยาแห-งประเทศไทย คณะที่ปรึกษา คณะกรรมการอำนวยการฯ คณะกรรมการฝÇายต-าง ๆ ผู=ทรงคุณวุฒิ ทั้งภายในและ

ภายนอกมหาวิทยาลัยนเรศวร ที่ให=เกียรติและสละเวลาในการพิจารณาบทความ ตลอดจนเข=าร-วมการวิพากษ8ผลงาน และให=

ข=อเสนอแนะแก-ผู=นำเสนอผลงานวิจัยทุกท-าน รวมถึงขอขอบคุณ ผู=ส-งผลงานเข=าร-วมในโครงการประชุมวิชาการฯ นี้ทุกท-าน              

ที่มีส-วนทำให=งานสำเร็จลุล-วงด=วยดี และหวังเป5นอย-างยิ่งว-า องค8ความรู=จากการประชุมวิชาการฯ ครั้งนี้ จะเป5นประโยชน8ต-อ

งานวิชาการและงานวิจัยต-อไป 

 

           คณะกรรมการฝÇายจัดทำเอกสารผลงานทางวิชาการ 

                    6 มิถุนายน 2565 
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การประชุมวิชาการร:วมระหว:าง 

สรีรวิทยาสมาคมแห:งประเทศไทยและสมาคมเภสัชวิทยาแห:งประเทศไทย คร้ังท่ี 1 ปä 2565 

The Science of Successful Ageing:  

From Physiopharmacological Perspectives and Beyond 

8–10 มิถุนายน 2565 (Online Conference) 

8 มิถุนายน 2565   Online Conference 
08.00–08.30 ลงทะเบียน 

08.30–09.00 พิธีเปíดการประชุมวิชาการ JPPSC-2022  

• กลqาวรายงานวัตถุประสงค|  

โดย ประธานรqวมจัดงานประชุมวิชาการ ฯ (ผูZช[วยศาสตราจารย) ดร.สุภาพร พันธุ)ธีรานุรักษ)) 

• กลqาวตÖอนรับ 

โดยลำดับ   

-  นายกสรีรวิทยาสมาคมแหqงประเทศไทย (ศาสตราจารย) พญ.ดวงพร วีระวัฒกานนท)) 
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• ประธานในพิธี กลqาวเปèดการประชุม  

โดย นายกสภามหาวิทยาลัยนเรศวร (ศาสตราจารย) ดร. นพ.ประสิทธ์ิ วัฒนาภา) 
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“Facing up to the global challenges of ageing”  
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อดีตประธานสภาปฏิรูปแหqงชาติ (สปช.) และ ท่ีปรึกษากรรมการสนับสนุนการพัฒนา 
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09.45–10.30 ปาฐกถา 2 - ปาฐกถา จิรวัฒกN สดาวงศNวิวัฒนN 

(Chiravat Sadavongvivad Memorial Lecture) 

“The Secret of Okinawan Longevity: lesson for the world preparedness 
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9 มิถุนายน 2565   Online Conference 
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10.00–10.15 Break (ชม VDO sponsor) 

10.15–11.45 Symposium II: “How to avoid age-related diseases?” 

• “Anti-ageing diet and food supplements” 

ผู~ช:วยศาสตราจารยN พญ.ดรุณีวัลยN วโรดมวิจิตร  

หนqวยโภชนวิทยาและชีวเคมีทางการแพทย| ภาควิชาอายุรศาสตร|   

คณะแพทยศาสตร| โรงพยาบาลรามาธิบดี มหาวิทยาลัยมหิดล 

 • “Anti-ageing products: beauty from inside & out” 

รองศาสตราจารยN ดร. ภก.เนติ วระนุช 

ภาควิชาเทคโนโลยีเภสัชกรรม คณะเภสัชศาสตร| มหาวิทยาลัยนเรศวร  

 • “Physical and Spiritual activities for successful ageing” 

ผู~ช:วยศาสตราจารยN ดร.ยอดชาย บุญประกอบ 

สายวิชากายภาพบำบัด คณะเทคนิคการแพทย| มหาวิทยาลัยขอนแกqน 

11.45–12.30 Lunch Symposium 2:   

 • “Cosmetic and aesthetic anti-ageing technology: Clinical aspect” 

รองศาสตราจารยN ดร. พญ.รัชตNธร ปóญจประทีป 

ภาควิชาอายุรศาสตร| คณะแพทยศาสตร| จุฬาลงกรณ|มหาวิทยาลัย 

 • “Cosmetic and aesthetic anti-ageing technology: Molecular aspect” 

ศาสตราจารยN ดร. ภญ.จารุภา วิโยชนN 

ภาควิชาเทคโนโลยีเภสัชกรรม คณะเภสัชศาสตร| มหาวิทยาลัยนเรศวร 

13.00–15.20 การนำเสนอผลงานของนิสิตดÖวยโปสเตอร| (Poster presentation)  แยกหÖองยqอย 

15.20–15.30 Break (ชม VDO sponsor) 

15.30–16.30 พิธีมุทิตาจิตนักสรีรวิทยาและเภสัชวิทยาอาวุโส 

10 มิถุนายน 2565   Online Conference 

08.00–08.30 ลงทะเบียน 

08.30–10.00 ปาฐกถา 4 – ปาฐกถา ประสพ รัตนากร  

(Prasop Ratanakorn Memorial Lecture) 

 “The Biology of Ageing: Strategies and Challenges to Extend Life 

Span” 

Professor Matt Kaeberlein  

Laboratory Medicine and Pathology, School of Medicine, University of 

Washington (UW), US. 
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10.00–10.15 Break (ชม VDO sponsor) 

10.15–11.00 พิธีมอบรางวัลเกียรติยศ ศาสตราจารยN นพ.อวย เกตุสิงหN / นักสรีรวิทยารุ:นใหม:ดีเด:น  

• กล:าวแนะนำและมอบรางวัลเกียรติยศ ศาสตราจารยN นพ.อวย เกตุสิงหN 

     โดย นายกสมาคมเภสัชวิทยาแหqงประเทศไทย (รองศาสตราจารย) ดร. ภญ.รัตติมา จีนาพงษา) 

v บรรยายพิเศษโดยนักเภสัชวิทยาดีเด:น 

ศาสตราจารยN ดร.เกศรา ณ บางช~าง 

“งานวิจัยดsานเภสัชวิทยาแบบบูรณาการในโรคมาลาเรียและมะเร็งท1อน้ำดี” 

• กล:าวแนะนำและมอบรางวัล “นักสรีรวิทยารุ:นใหม:ดีเด:น” 

โดย นายกสรีรวิทยาสมาคมแหqงประเทศไทย (ศาสตราจารย) พญ.ดวงพร วีระวัฒกานนท)) 

v บรรยายพิเศษโดยนักสรีรวิทยารุ:นใหม:ดีเด:น 

ศาสตราจารยN ดร. นพ.ฉัตรชัย เหมือนประสาท 

“Application of Physiological Concepts for Drug Discovery of 

Intestinal Disorders” 

11.00–12.00 พิธีมอบรางวัลการนำเสนอผลงาน 

• ประกาศรางวัลการนำเสนอผลงานดÖานสรีรวิทยา โดย ประธานคณะกรรมการฝ°ายตัดสิน

ผลงานสาขาสรีรวิทยา  

• ประกาศรางวัลการนำเสนอผลงานดÖานเภสัชวิทยา โดย ประธานคณะกรรมการฝ°ายตัดสิน

ผลงานสาขาเภสัชวิทยา  

พิธีมอบธงเจ~าภาพ และ พิธีปíดงานประชุม JPPSC-2022 

• กลqาวสรุปการจัดประชุมวิชาการ JPPSC-2022  

โดย ประธานรqวมจัดงานประชุมวิชาการ ฯ (ผูZช[วยศาสตราจารย) ดร.สุภาพร พันธุ)ธีรานุรักษ)) 

• กลqาวปèดงานประชุมฯ และ รับ - มอบ ธงเจÖาภาพ 

โดยลำดับ   

-  นายกสรีรวิทยาสมาคมแหqงประเทศไทย (ศาสตราจารย) พญ.ดวงพร วีระวัฒกานนท)) 

-  นายกสมาคมเภสัชวิทยาแหqงประเทศไทย (รองศาสตราจารย) ดร. ภญ.รัตติมา จีนาพงษา) 

• แนะนำการประชุมวิชาการคร้ังถัดไป 

• ปíดการประชุม JPPSC-2022 
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สังคมสูงวัยในประเทศไทย 
 

ศาสตราจารย( ดร.เทียนฉาย กีระนันทน( 
 

อดีตประธานสภาปฏิรูปแห2งชาติ (สปช.) และ 
ที่ปรึกษากรรมการสนับสนุนการพัฒนานโยบายสาธารณะเพื่อสุขภาวะรองรับสังคมสูงวัย 

 

บทคัดย6อ 
 

เมื่อนิยามประชากรสูงวัยว4า หมายถึงประชากรที่มีอายุ 60 ป>ขึ้นไป ประเทศไทยจัดว4าเปEนประเทศ 
“สังคมสูงวัย” แลKว เน่ืองจากมีประชากรอายุเกิน 60 ป>ถึงประมาณรKอยละ 20 ของประชากรท้ังหมดในปOจจุบัน 
และคาดประมาณว4าจะเพ่ิมข้ึนเปEนประมาณรKอยละ 30 ในป> ค.ศ. 2050 หรืออีก 28 ป>ขKางหนKา 

แนวโนKมของผูKสูงอายุไทยจากการฉายภาพประชากรภายใตKภาวะเจริญพันธุ]ระดับกลางไดKเพ่ิมข้ึนจาก 
11.69 ลKานคนในป> 2015  เปEน 15.99 ลKานคนในป> 2025 เปEน 20.91 ลKานคนในป> 2035 และเพิ่มเปEน 22.92 
ลKานคนในป> 2045 หรืออีกนัยหน่ึงเพ่ิมข้ึนเกือบ 2 เท4าในช4วงเวลา 30 ป>นับจากป> 2015 

ในเชิงโครงสรKางอายุของประชากรไทย ค4าอายุมัธยฐานที่เปEนจุดแบ4งประชากรเปEนสองกลุ4มคืออายุ
นKอยกว4าและมากกว4าเท4า ๆ กันนั้น ประเทศไทยมีค4าอายุมัธยฐานที่ 18 ป>ในป> 1950 เพิ่มขึ้นเปEน 40 ป>          
ในปOจจุบัน และคาดว4าจะเพ่ิมเปEน 50 ป>ก4อนถึงป> 2050  

ดัชนีที่แสดงความเปEนภาระของผูKสูงอายุ (โดยนัยว4าประชากรวัยแรงงานเปEนผูKสรKางรายไดKและ
ผลผลิต เพ่ือสนับสนุนการดำรงชีพของประชากรสูงวัย) เปEนประมาณ 0.08 ในป> 1990 เพ่ิมเปEนประมาณ 0.16 
ในปOจจุบัน และคาดว4าจะเปEน 0.54 ในป> 2050 หรือกล4าวไดKว4า ในป> 1990 ประเทศไทยมีประชากรวัยแรงงาน 
12.5 คนสนับสนุนประชากรสูงวัย 1 คน แต4ปOจจุบันไดKลดลงเหลือ 6.25 คนสนับสนุนประชากรสูงวัย 1 คน 
และคาดว4าในป> 2050 จะมีประชากรวัยแรงงานเพียง 1.85 คนทำงานสนับสนุนประชากรสูงวัย 1 คน ส่ือ              
ความหมายถึงภาระทางเศรษฐกิจและการดำรงชีวิตของประชากรวัยแรงงานท่ีหนักหนามากข้ึน 

สถานภาพของสังคมสูงวัยในประเทศไทย และทิศทางที่คาดว4าจะเปEนไปในอนาคตนั้น มีผลกระทบ
ในมิติต4าง ๆ หลากหลายประการ โดยเฉพาะอย4างยิ ่งการเปลี่ยนแปลงในความตKองการสิ่งต4าง ๆ ในการ              
ดำรงชีพ แบบแผนการบริโภคที่เปลี่ยนแปลงไปตามโครงสรKางอายุของประชากรที่เปลี่ยนไปนั้น มีผลกระทบท่ี
ตKองคำนึงถึงเฉพาะไดKแก4 บริการต4าง ๆ ของรัฐ เช4น การศึกษา สุขภาพอนามัยและการรักษาพยาบาล ที่อยู4
อาศัย การเดินทางและคมนาคม สวัสดิการสังคม 

ประเด็นที่เปEนผลกระทบต4อเนื่องอย4างมีนัยสำคัญคือ ผลกระทบถึงที่มาและปริมาณรายไดKของรัฐ 
อันเปEนผลจากการเปลี่ยนโครงสรKางประชากรวัยแรงงาน กับผลกระทบถึงปริมาณและประเภทรายจ4ายของรัฐ
อันเปEนผลจากการเปล่ียนโครงสรKางประชากรสูงวัย และของประชากรทุกกลุ4มอายุ 
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ในระยะที่ผ4านมา ประเทศไทยมีความพรKอมในการรับมือกับภาวะสังคมสูงวัยทั้งระดับบุคคล ชุมชน
และสังคม ทั้งในระดับชาติและทKองถิ่น ในระดับที่ดีพอสมควร โดยเฉพาะที่เปEนแผนและมาตรการระยะสั้นและ
ระยะปานกลาง เช4น ในระดับรัฐ มีการจัดใหKมีเบี ้ยยังชีพผู Kสูงอายุ สวัสดิการรักษาพยาบาลภายใตKการ
ประกันสังคมหรือบัตรทอง สิทธิในการขอลดหย4อนภาษีเงินไดKสำหรับบุตรที่เลี้ยงดูบิดามารดา เงินช4วยเหลือใน
การปรับสภาพที่อยู4อาศัย หรือการใหKกูKยืมเงินโดยปลอดดอกเบี้ยเพื่อประกอบอาชีพ หรือในระดับทKองถิ่นที่มี
การรวมกลุ4มผูKสูงอายุในการทำกิจกรรมต4าง ๆ และผูKสูงวัยเองก็มีการรับขKอมูลและปรับตัวมาอย4างต4อเนื่อง 
ท้ังน้ี อาจจะยังมีประเด็นของความท่ัวถึงและความเพียงพอของมาตรการต4าง ๆ น้ันอยู4บKาง 

ประเด็นท่ียังคงคKางอยู4คือนโยบายและมาตรการระยะยาว (5 ป>ข้ึนไป) ในการเตรียมการรองรับภาวะ
สังคมสูงวัยที่จะรุนแรงและมากมิติขึ้นในอนาคต เท4าที่ปรากฏในแผนยุทธศาสตร]ชาติและแผนปฏิรูปฯ นั้น ยัง
ไม4เปEนรูปธรรมเพียงพอ 

นอกจากนั้น อาจเปEนประเด็นที่ตKองพิจารณาใหม4 รวมทั้งทบทวนและปรับปรุงจากแนวคิดเดิม เช4น 
การเตรียมการรองรับการขาดแคลนแรงงานทั้งระบบ ซึ่งเชื่อมโยงถึงการเตรียมการเกี่ยวกับการรับคนเขKาเมือง 
การสนับสนุนภาคเอกชนใหKมีบทบาทมากขึ้นและใหKเปEนรูปธรรมในส4วนที่เกี่ยวกับการดำรงชีพและสุขภาพของ
ผูKสูงอายุ โดยเฉพาะดKานที่อยู4อาศัย อาหาร และการดูแลสุขภาพ การปรับโครงสรKางภาษีทั้งระบบ โดยเฉพาะ
ภาษีทางตรงที่เกี่ยวกับการดำรงชีพของผูKอายุ (เปEนตKนว4า ภาษีเงินไดK ภาษีที่ดิน ภาษีมรดก) กับภาษีทางอKอม 
ซ่ึงกระทบผูKสูงอายุโดยตรง และเปEนฐานรายไดKหลักของรัฐในปOจจุบัน 

ประเด็นที่นักวิชาการยังติดตามศึกษาและยังไม4สามารถสรุปผลชัดเจนนักคือ ผลกระทบต4อผูKสูงอายุ 
ที่เกิดจากระบาดของโควิด-19 และการติดเชื้อโควิด-19 ซึ่งอาจมีผลต4อสุขภาวะและภาระการรักษาพยาบาลใน
อนาคต 

อย4างไรก็ตาม ประเด็นสำคัญประเด็นหนึ่งที่จำเปEนมากแต4อาจยังไม4ไดKรับความสนใจเท4าที่ควร คือ 
ประเด็นคุณภาพชีวิตของผูKสูงอายุ ซึ่งไม4ใช4เพียงมีปOจจัย 4 ใหKพอดำรงชีวิต แต4คือการดำรงชีวิตอย4างมีศักดิ์ศรี
และมีคุณค4าตามที่เปEนไปไดKในแต4ละช4วงอายุ ในปOจจุบัน อาจกล4าวไดKว4าผูKสูงอายุโดยเฉลี่ยมีสุขภาพแข็งแรงกว4า
ในอดีต และจำนวนหนึ่งยังมีสุขภาพกายและจิตที่สามารถทำงานสรKางผลผลิตที่มีคุณค4าและเปEนประโยชน]ต4อ
สังคมไดK จึงควรมีการพิจารณาถึงมาตรการต4าง ๆ เกี่ยวกับการใชKประโยชน]ความรูKและประสบการณ]ของ
ผูKสูงอายุใหKมากขึ้น รวมทั้งการพิจารณาความเหมาะสมของนิยามความสูงวัยปOจจุบันที่กำหนดประชากรสูงวัยท่ี
อายุ 60 ป>ข้ึนไปดKวย 
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The Secret of Okinawan Longevity: Lessons for the World Preparedness 

for Aging Society 
 

DC Willcox and Colleagues from the Kuakini Hawaii Lifespan Studies 
  

Department of Human Welfare, Okinawa International University, Okinawa, Japan;  
Department of Research, Kuakini Medical Center, Honolulu, Hawaii; Institute for Biogenesis Research and 

Department of Geriatric Medicine, University of Hawaii, Honolulu, Hawaii. 
 

Abstract 
 

Okinawa was an independent kingdom until it became the westernmost prefecture (state) of 

Japan in 1879. Recognized as one of the first “Blue Zones” (longevity regions), the Okinawans 

have been Japan’s longest-lived people since records have been kept. By several measures 

Okinawans are also the world's longest-lived people. The exact mechanisms are debated but 

the healthy traditional lifestyle and culture are thought to be important factors. A plant-based 

diet that is low in calories and high in phytonutrients (as well as environmentally sustainable), 

regular physical activity, and supportive psychological and social customs are prominent 

traditional factors. These traditional factors are complemented by a modern healthcare system 

that is focused upon preventive medicine and intensive screening for lifestyle related disease. 

This health-promoting environment is associated with geroprotective biological factors such as 

healthy cholesterol profiles, low levels of inflammation, lower blood sugar and insulin levels, 

lower blood pressure and higher lean body mass. These factors are linked to high physical and 

cognitive function at older ages and low risk for cardiovascular disease and cancer (particularly 

hormone dependent cancers such as breast and prostate) and can be adapted for other aging 

societies. In this in mind our team has developed an evidence public health intervention 

program for such a purpose. The Okinawa Program helps participants reduce their risk for heart 

disease, cancer, and cognitive disorders as well as maintain healthy weight, reduce stress, and 

develop more satisfying social relationships throughout the life course. This public health 

program for healthy aging, as well as lifestyle factors that are associated with Okinawan 

lifespan and healthspan, will be discussed during this presentation. Finally, recent social 

changes that are challenging the longevity phenomenon in Okinawa will be considered. 
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Hepatic Clearance Decline and Pharmacokinetic Changes with Aging 

 

Hiromi Sato
1
, Kuretake Soejima

1,2
, Akihiro Hisaka

1
 

 

1 Clinical Pharmacology and Pharmacometrics, Graduate School of Pharmaceutical Sciences, Chiba University 
2 Bristol-Myers Squibb Japan 

 
Abstract 
 

The global population of the older adults (over the age of 65 years) is expected to double 

by 2050, with a particularly rapid increase in people in their 80s and 90s for whom 

pharmacokinetic characterization information is scarce. In addition, it is important to note that 

drug therapy in the older adult is associated with an increased risk of drug interactions due to 

multiple drug combinations. After drugs enter the body, the liver and kidneys are responsible 

for metabolizing and excreting them. In the older adult, the decline in liver and kidney function 

delays metabolism and excretion, resulting in higher blood concentrations of drugs, which can 

easily lead to unexpected side effects. For this reason, it is necessary to adjust the dosage of 

drugs based on the degree of functional decline of their organs. 

While the kidneys are subjected to dose adjustments that take such functions into 

account based on laboratory test results, the liver is not subjected to the same procedures. The 

reason for this is that the metabolism of drugs in the liver is diverse, and the time course of 

drug blood concentration varies greatly from drug to drug. Until now, there has been no reliable 

analysis of the extent of age-related changes based on information from multiple drugs. Among 

oral drugs, however, hepatically metabolized drugs account for a large portion of the market. 

Therefore, we attempted to estimate physiological changes in the older adult by quantitatively 

predicting the effect of aging on hepatic clearance. 

In this study, a total of 241 drugs, including 152 new active ingredients in the 527 drugs 

approved in Japan between January 2016 and December 2019, and 102 drugs approved in Japan 

listed in the table ‘Drugs Involved in Significant Pharmacokinetic Drug–Drug Interactions in 

2019’, were surveyed (excluding duplication). The results of multiple PPK analyses that 

adopted age as the covariate of clearance were collected from the Common Technical 

Document (CTD) and review reports issued by the Pharmaceuticals and Medical Devices 

Agency (PMDA). Finally, 18 drugs were included in the analysis, and representative age values 

and clearance variability ratios were extracted. Assuming that the age-dependent clearance 

variation of each drug is fragmentary information of the clearance variation in overall aging, 

nonlinear optimization was performed among the drugs to construct a model to predict the age 

transition of hepatic clearance.  

The results predicted that hepatic clearance at age 80 would be approximately 30% 

lower than at age 40 and approximately 40% lower at age 90, with a 0.8% decrease per year 

beginning at age 40. This downward trend was in good agreement with reported changes in 

liver weight with aging. The relative changes in hepatic blood flow due to aging were also 

compared with changes in hepatic clearance. Again, the rate of the decrease in hepatic blood 

flow agreed well with that of hepatic clearance. As the PPK analyses used for this study were 

derived from patients with various diseases, the decrease in clearance reflected changes with 

the general aging of patients, rather than being due to a particular disease. In addition, since 

apparent deviations were not observed for any CYP isoforms contributing to drug metabolism, 

it was considered that the decrease in clearance by aging may be common regardless of the 

CYP isoforms. 
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The research methods described above will contribute to the realization of dosage 

adjustment and personalized medicine for hepatic metabolic drugs in the older adult by 

appropriately estimating the effects of aging on pharmacokinetics through the analysis of 

information already collected in many clinical studies. We expect that this information will be 

widely used for the appropriate use of drugs. 
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Immuno (Biology) from Basic Science to Applications 
 

รองศาสตราจารย( ดร. พญ.สุธาทิพย( พงษ(เจริญ 
 

หัวหนMาสาขาวิชาอายุรศาสตรO คณะแพทยศาสตรO มหาวิทยาลัยนเรศวร 
 

บทคัดย6อ 
 

T cell มีบทบาทในการตอบสนองทางภูมิคุ Kมกันแบบจำเพาะต4อแอนติเจนท่ีถูกจับอยู4กับโมเลกุล major 
histocompatibility complex (MHC) ที ่ปรากฏอยู 4ที ่ผ ิวของ antigen presenting cells (APCs) ความรูK
เกี่ยวกับการส4งสัญญาณภายในเซลล]ของ T cell receptor (TRC) และการควบคุมการส4งสัญญาณนี้ซึ่งนำไปสู4
การกระตุKน T cell ไดKก4อใหKเกิดความกKาวหนKาที่สำคัญในการประยุกต]ใชKเพื่อรักษาผูKปÜวยดKวยภูมิคุKมกันบำบัด
ดKวย T cell อย4างไรก็ตาม กลไกของการส4งสัญญาณของ TCR น้ันยังไม4เปEนท่ีเขKาใจอย4างสมบูรณ] ความเขKาใจท่ี
มากขึ้นเกี่ยวกับการกระตุKน TCR และการส4งสัญญาณภายในเซลล] ซึ่งนำไปสู4การทำงานของ T cell ในระบบ
ภูมิคุKมกัน สามารถเพิ่มประสิทธิผลและลดผลขKางเคียงในการประยุกต]ใชK T cell สำหรับ immunotherapy 
ไดKอย4างมาก อนึ่งหาก T cell ทำหนKาที่ไม4เหมาะสมซึ่งอาจเปEนสาเหตุหนึ่งของการเกิดโรค autoimmune 
หรือภูมิตKานทานทำลายตนเอง ภาวะนี้อาจถูกควบคุมไดKหากทราบเกี่ยวกับการทำหนKาที่ของโปรตีนต4าง ๆ 
ที่พบเฉพาะใน T cell งานวิจัยปOจจุบันนี้ไดKมาจากความรูKก4อนหนKานี้เกี่ยวกับบทบาทของโปรตีนตัวปรับช่ือ 
non-catalytic region of tyrosine kinase (Nck) ในการส 4 งส ัญญาณต ั ้ งต Kนของ TCR (proximal TCR 
signaling) เมื ่อมีการกระตุ Kน T cell เกี ่ยวขKองกับการทำงานของโปรตีนต4างๆ ที ่ร 4วมทำหนKาที ่ใน TCR 
signaling complex มีวัตถุประสงค]ปลายทางเพื ่อสามารถควบคุมการทำงานของ T cell และอาจนำไป
ประยุกต]ใชKในการบำบัดดKวยภูมิคุKมกัน เช4น สำหรับผูKปÜวยโรคมะเร็ง ดKวยเหตุนี้ จึงมีการใชK T cell model ต4าง ๆ 
ร4วมกับเทคนิคทางวิทยาภูมิคุKมกันและชีวสารสนเทศ เพ่ือใหKไดKผลลัพธ]ท่ีเก่ียวขKองกับการกระตุKนและการทำงาน
ของ T cell การทราบปฏิสัมพันธ]ของโปรตีนใน T cell อาจนำไปสู4การออกแบบโมเลกุลการปรับการทำงาน
ของ T cell ไดK ท้ังน้ีในกระบวนการทำวิจัยน้ียังมีส4วนในการสรKางบุคลากรดKานการวิจัยเกี่ยวกับภูมิคุKมกันของ 
T cell เพ่ือสรKางความเขKมแข็งในการสรKางองค]ความรูKและการประยุกต]ใชKเพ่ือการแพทย]ในประเทศไทยต4อไป 
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The Biology of Ageing: Strategies and Challenges to Extend Life Span 
 

Matt Kaeberlein 
 

Laboratory Medicine and Pathology, School of Medicine, University of Washington 
 

Abstract 
 

Age is the greatest risk factor for nearly every major cause of death and disability, including 

Alzheimer’s disease and other dementia. Yet, traditional biomedical research and clinical 

approaches have generally focused on waiting until people are sick and treating individual 

diseases one at a time. Attempts to cure age-related diseases have proven unsuccessful, and the 

impact of disease-first approaches continue to be incremental. Recent advances in 

understanding the mechanisms linking biological aging to disease, or geroscience, have 

identified interventions that directly target the molecular hallmarks of aging. Unlike disease-

specific approaches, such interventions have the potential to prevent multiple diseases of aging 

simultaneously, thereby greatly enhancing healthspan and lifespan for most individuals. Here 

I will provide an overview of translational geroscience, which I believe will become the 

paradigm for the practice of medicine in the 21
st
 century. I will also discuss recent work with 

one such intervention, the drug rapamycin, and our efforts to eventually delay or reverse 

biological aging in companion dogs and people. 
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Dementia in Elderly: Impact, Management, and Future Treatment 
  

Associate Professor Vorapun Senanarong, BSc, MD, DTM&H (London), FRCP (London) 
  

Division of Neurology, Department of Medicine Siriraj Hospital, 
Faculty of Medicine Siriraj Hospital, Mahidol University 

  
Abstract 
  

Fifty million individuals living with dementia worldwide. In the next2 decades, the 

number of people living with dementia is expected to be double. A systematic review by Prince 

et al on global trends in prevalence, incidence, and mortality in dementia, found “moderately 

consistent evidence to suggest that the incidence of dementia may be declining in HIC”, while 

the age-specific prevalence seemed rather stable except for some evidence of in an increase 

East Asia. Dementia spectrum is now classified by utilizing clinical and biomarkers as 

presymptomatic or subjective cognitive decline (SCD), mild cognitive impairment (MCI), and 

dementia. First signs of cognitive impairment should be addressed to treat reversible course, to 

initiate measures to prevent further cognitive decline, and to improve quality of life.   
Biomarkers of Alzheimer diseases (AD) are divided into: A (amyloid), T (Tau), and N 

(neuronal injury). Currently, “x” is introduced into ATN classification. X is referred to synaptic 

degeneration, mocrivascular pathology, microglia activation, or other genetic involvement. 

These biomarkers can be used to screen to find cases for clinical trials, to aids the diagnosis, to 

target engagement, to monitor treatment, to identify risk factors for AD in epidemiological 

study.  
Risk factors for AD can be divided into those in early life, in midlife, and those in 

later life. Forty-percents of risk factors are potentially modifiable. Clinical manifestations of 

dementia include an impact on cognition, on neuropsychiatric problems, and on daily function. 

Management of these 3 issues involves pharmacological and non-pharmacological treatment.  

Acetyl cholinesterase inhibitors and memantine antagonist are symptomatic medications for 

AD and vascular dementia treatment for decades. Recently, disease modification therapy 

(DMT) naming Aducanumab is licensed for AD in USA. American Academy of Neurology 

Guideline subcommittee gave out a report on Aducanumab use in AD. The committee 

expressed a concern on adverse event and decision making concerning Aducanumab use. They 

wrote out a strategy to manage symptomatic and asymptomatic amyloid related imaging 

abnormality (ARIA) this year. Other DMTs are studied in clinical trials. New treatment 

paradigm in AD is expecting in the near future. 
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Anti-Ageing Products: Beauty from Inside & Out 
 

Neti Waranuch, PhD 

 

Cosmetics and Natural Products Research Center, Faculty of Pharmaceutical Sciences, 
Naresuan University, Phitsanulok 65000, Thailand 

 
Email: netiw@nu.ac.th  

 
Abstract 
 
The total wellness is the integral body and mind. According to Traditional Thai Medicine 

(TTM) principles, the human body composed of four elements (or ‘tard’ in the Thai language) 

including earth, water, air, and fire. People have been classified along with their distinguished 

elements that related to their mind and body. The expression of human characters for example 

emotions, temperaments, directions, colors, tastes, body types, illnesses and thinking styles etc. 

which have both good and bad points are influenced by these elements. Thus, people can take 

care of their health by control and balance the body elements. This should be one example of 

how to take good care of one’s health using Thai wisdom. The impact of nutrition on skin 

health become more aware of ingestible beauty. The cosmetic applications on the different skin 

types and problems of various body elements were studied and reported. The bioactivities of 

plant extracts selected according to the body element principle include Aloe vera (L.) Burm.f, 

Cucumis sativus L., Alpinia galanga (L.) Wild and Phyllanthus emblica L. were tested. The highest 

antioxidant activity was found in P. emblica extract, followed by the A. galanga extract, C. sativus 

extract and A. vera extract. The strongest anti-tyrosinase activity found among the four extracts 

was P. emblica extract. A. vera extract also showed anti-tyrosinase activity but C. sativus 

extract and A. galanga extract did not. The result of collagen synthesis showed A. vera extract, 

at a concentration of 500 µg/mL, showed an improvement of collagen type-1 production of 

around 14.43 times that of normal cells after 48 h. P. emblica extract, at a concentration of 

15.62 µg/mL, showed an improvement of collagen type-1 production of around 3.69 times that 

of normal cells after 72 h. Both extracts were found to provide higher results than L-ascorbic 

acid (a positive control). C. sativus extract and A. galanga extract did not show collagen synthesis 

activity in this study. P. emblica extract and A. vera extract were also assayed for protein 

glycation by BSA-glucose assay to confirm anti-aging property of these extracts. We found the 

protective effect of all plant extracts on glycation. P. emblica extract also showed stronger anti-

glycation activity than A. vera extract. Subsequently, anti-inflammatory activity was studied by 

nitric oxide assay. P. emblica extract showed the highest inhibition of nitric oxide production 

on RAW 264.7 macrophage cells, followed by A. galanga extract and C. sativus extract. 

Whereas A. vera extract did not show anti-inflammatory activity in this study. P. emblica 

extract also showed positive result in phytochemical screening of tannin compound and C. sativus 

extract had the highest moisture retaining property in modified loss on drying method. Finally, 

formulations for each body element were developed in relevance to the activity of the four 

extracts.  
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Physical and Spiritual Activities for Successful Ageing 

 
ผูAช6วยศาสตราจารย( ดร.ยอดชาย บุญประกอบ 

 
สายวิชากายภาพบำบัด คณะเทคนิคการแพทยO มหาวิทยาลัยขอนแก2น 

 
Email: yodchai@kku.ac.th  

 
บทคัดย6อ 
 

ชัยชนะแห4งความชราเปEนสิ่งที่มนุษย]ทุกคนกำหนดไดKดKวยการกระทำของตนเอง แมKกฎแห4งธรรมชาติ
จะนำพาความเสื่อมมาสู4ร4างกาย แต4การเตรียมพรKอมในมิติผสมผสานระหว4างกายและจิตวิญญาณสามารถ
วางแผนและลงมือกระทำไดKทุกช4วงวัยตลอดชีวิต จากคำกล4าวว4า “การเคลื่อนไหวคือยารักษาโรคท่ีดีที่สุด
ขนานหนึ่งในการมีชีวิตอยู4” ดังนั้นผูKสูงวัยควรคงสภาพการเคลื่อนไหวดKวยตนเองอย4างอิสระใหKนานที่สุดเท4าท่ี
จะกระทำไดK ระบบการเคลื่อนไหวทำใหKเกิดกิจกรรมทางกายมากมายแต4สิ่งทำงานคู4ขนานไปดKวยคือการทำงาน
ของระบบลิมบิก (limbic system) ท่ีเก่ียวขKองกับอารมณ]และความรูKสึก 

การออกแบบกิจกรรมทางกายจึงมิใช4เนKนผูKสูงวัยไปในการออกกำลังกายและการเคล่ือนไหวในการทำ
กิจวัตรต4าง ๆ เท4านั้น หากการออกแบบกิจกรรมทางกายตKองสัมพันธ]ไปกับระบบทางจิตวิญญาณ โดยการ
เริ ่มตKนจากหลักการเปลี ่ยนทัศนคติภายใน (inner transformation) สอดคลKองไปกับการปรับเปลี ่ยน 
neuroplasticity ในสมอง ภายใตKกุญแจคำสำคัญคือ กิจกรรมมีความสดใหม4และมาจากความชอบของผูKฝéก 

จาก stage of motor control มีลำดับคือ ส4งเสริมร4างกายใหKมีการเคลื่อนไหว (mobility) ความมั่นคง 
(stability) การควบคุมการเคลื่อนไหว (controlled mobility) และพัฒนาเปEนทักษะ (skill) เมื่อปรับเปลี่ยนเปEน
โปรแกรมการออกกำลังกายจึงจำแนกเปEนการเคลื่อนไหวที่เพิ่มกำลัง ความทนทาน ความยืดหยุ4น และความ
สมดุลในการทรงท4าเปEนสำคัญ กิจกรรมทางกายที่สนุกสนานและตรงกับความชอบของผูKสูงวัย เปEนการเริ่มตKน
กระตุKนใหKเกิดการทำงานระหว4างเซลล]ประสาทผ4านสารสื่อประสาทชนิด dopamine และเมื่อพัฒนาเปEน
ทักษะจึงกลายเปEนทำงานผ4าน glutamate และยังสะทKอนใหKเห็นการเปลี่ยนแปลง neuroplasticity ใน
ทางบวกอีกดKวย 

โดยสรุป Physical and spiritual activities for successful ageing เปEนแนวทางการออกแบบ
การเคลื่อนไหวแห4งความสุขในวัยชรา เพื่อชะลอการเสื่อมถอยของสมรรถภาพทางกายซึ่งอาจส4งผลต4อจิตใจ 
รวมถึงการปëองกันโรคทางระบบต4าง ๆ อันเน่ืองมาจากความเส่ือมสภาพของร4างกายอย4างมีประสิทธิภาพ 
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Enhance Mental Wellbeing: The Roles of Nutrients and Herbs 
 

Anoma Charoensap 
 

Blackmores Institute, 539/2 Mahanakorn Gypsum Bldg., 21 A floor, Sri-Ayuddgaya Rd.,  

Thanon Phayathai, Rachthewi, Bangkok 10400, Thailand 
 
Abstract 
 

Mental wellbeing is a state where an individual can readily cope with the daily stresses 
of life and use their cognitive and emotional abilities to realize their potential. With this comes 
the ability to form fulfilling relationships and deep connections, be productive and 
successfully adapt to change. One of the theories developed about the human stress response 
is General adaptation syndrome (GAS). GAS model describes three different phases of the 
stress response. The first two phases occur during exposure to acute stress and are a normal 
part of everyday life. In contrast, chronic stress can push an individual into the third phase, 
which challenges coping mechanisms and resources, leading to exhaustion.  

Chronic stress elevated cortisol and can contribute to a wide range of chronic diseases 
and disorders including disturbances to the body’s circadian rhythm, increased blood pressure, 
opposing the effects of insulin, reduced bone formation, increased sodium and fluid retention 
by the kidneys, imbalance of many hormones, alter the composition of the gut microbiota and 
suppressed immunity.  There are several tools to understand the severity of stress. The PSS is 
one of the most popular self-rated stress scales. It is a 10-item questionnaire with high validity 
and reliability in appraising an individual’s life stress, it asks about the extent of 
unpredictability, uncontrollability and overloading they are experiencing in their lives.  

Blackmores Institute proposed the concept of the Mental Wellbeing Spiral (MWS) and 
developed the prescribing framework of nutritional and herb to support mental wellbeing. 
MWS consists of peak mental performance stage and severe mental health stage as opposite 
ends of the spiral. In between lies is the middle space where most people live, experiencing 
low to high levels of stress without descending the spiral into clinical depression or severe 
anxiety, and not reaching the dizzy heights of peak performance and ultimate mental wellbeing. 

The prescribing framework considered individual patient needs, speed  of  response 
required, length of time required to see clinically significant effects based on current 
traditional and scientific understanding. At each stage of the MWS, nutritional support is 
important as many different nutrients are essential for supporting a healthy biological response 
to stress and recovery. At the same time, stress exposure increases nutrient requirements, 
which, if unmet, can lead to an increased risk of nutrient depletion. The nutrients support can 
be used for short- term boosters and long- term builders to move up the MWS by modulating 
the stress response, improving resilience and performance, addressing associated symptoms 
such as disturbed sleep and feelings of stress, and improving quality of life overall. In cases of 
chronic stress, the aim is to restore balance, enable the HPA axis to return to normal activity 
levels and promote recovery. 

In practice, some treatments have same-day effects so they can be described as short-
term boosters. They give a level of symptomatic relief and can be used to address fatigue, poor 
concentration, feelings of stress or sleep disturbances. These treatments will likely not be used 
every day and can be kept on hand to use when required. Other treatments are better suited for 
long-term use, rebuilding and rebalancing the foundation that has been out of balance for             
a long time. They can be described as long-term builders and protectors, which aim to support  
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positive adaptation, resilience and aid restoration and recovery. They are typically used every 

day for 1-3 months or longer and are well suited to provide foundational support during the 

‘distracted’ phase of the MWS. People can use short-term booster ingredients at the same time 

as long-term builders and protectors.  

There are several nutrients to support the MWS, for example, vitamin B group which 

is one of the popular nutrients that can be used therapeutically to address a range of stress states, 

evidence suggests that doses beyond the Recommend Daily Intake (RDI) may be required for 

therapeutic benefit in stress.  Magnesium is an essential mineral, playing a role in over 300 

enzyme reactions in the human body. Its many functions include helping with muscle and nerve 

function, regulating blood pressure, and supporting the immune system. Magnesium also 

modulates the activity of the HPA axis, which is central to the stress response. Herbal 

medicines can also play a role, and many have been used in traditional medicine systems for 

addressing stress, anxiety, insomnia, energy, and low mood. 

In summary, mental wellbeing is very important to our lives, it can impact our physical 

wellbeing. Enhance mental wellbeing strategies might depend on the MWS, and each stage of 

the MWS need certain nutrients and herbs to support mental wellbeing. 
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Cosmetic & Aesthetic Anti-Aging Technology: Molecular Aspect 
 

Prof. Jarupa Viyoch, PhD 
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Email: jarupav@nu.ac.th  

 
Abstract 
 
Aging is a complex biological process influenced by both intrinsic and extrinsic factors. It is 
believed that aging is a systemic response to accumulation of damage cells and tissues, 
resulting in metabolism and physiological alterations. As skin is the organ that covers and 
protects the internal organs from the environment, sign of aging is recognized by deterioration 
of skin physiology. This deterioration is the result of a marked loss and/or degradation of skin 
components, such as lipid-protein barrier, nature moisturizing factors (NMFs), collagen, elastin 
and glycosaminoglycans (GAGs). To prevent aging, understanding mechanism(s) and cellular 
and molecular processes underlying aging is a key role on being successful. There are several 
aging mechanisms or theories that have scientific supports. These include: 1) oxidative stress or 
free radical theory involving in accumulation of damaged molecules from free radical attachment; 
2) glycation theory that involves non-enzymatic reaction between a sugar and a free amine group 
of Lys and Arg, resulting in formation of glycation end products, such as N-(carboxymethyl) lysine 
(CML) and N-(carboxymethyl) hydroxylysine (CMhL); and 3) autophagy theory that is a process 
of cellular self-digestion by lysosome, cellular homeostasis maintenance and various cellular 
functions. According to the above-mentioned mechanisms, potential strategies to manage skin 
aging is to minimize age signs of skin and/or reverse physiological changes through 
administration of topical or systemic agents that have ability to counteract negative effects of 
oxidative stress, glycation end products and/or autophagy decline. These agents, for examples, 
are natural antioxidants (such as extracts from Centella asiatica and Artocarpus altilis), cell 
regulator agents (such as cytokine suppression, ECM stimulation and apoptosis homeostasis), 
hormone and geroprotectors. Geroprotectors are pharmacological agents that slow down the 
rate of aging and promote overall health. Nowadays, according to study in animal model, 
several agents including natural compounds (resveratrol and quercetin), rapamycin, senolytics, 
metformin and NAD+ enhancers show potential to extend lifespan of the designed models, such as 
flies and mice. 
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มหาวิทยาลัยธรรมศาสตรO 
 
บทคัดย6อ 

 
โรคมาลาเรียและโรคติดเชื้อพยาธิใบไมKตับจากการติดเชื้อพยาธิใบไมKตับ Opisthorchis viverrini เปEน

ปOญหาสาธารณสุขที ่สำคัญของประเทศไทย ปOญหาสำคัญในการควบคุมโรคมาลาเรียคือการดื ้อของเช้ือ
โดยเฉพาะมาลาเรียชนิดฟOลซิพารัม (Plasmodium falciparum) ต4อยาตKานมาลาเรียหลาย ๆ ชนิดที่มีอยู4 
(Multidrug resistance) ส4วนมาลาเรียชนิดไวแวกซ] (Plasmodium vivax) ในประเทศไทยยังตอบสนองต4อ
ยาดี แต4พบอุบัติการณ]ของผูKปÜวยติดเชื้อมาลาเรียชนิดนี้สูงขึ้นเรื่อย ๆ และในปOจจุบันสูงกว4ามาลาเรียชนิด            
ฟOลซิพารัม คือรKอยละ 70-80 การติดเชื้อมาลาเรียชนิดฟOลซิพารัมอาจนำไปสู4การเกิดพยาธิสภาพที่รุนแรง เช4น 
มาลาเรียขึ้นสมอง ซึ่งผูKปÜวยอาจเสียชีวิตไดK ส4วนการติดเชื้อมาลาเรียชนิดไวแวกซ]มีความรุนแรงนKอยกว4าแต4เช้ือ
อาจถูกปล4อยจากตับสู4กระแสเลือดไดKอีกภายหลังที่เชื้อถูกกำจัดไปแลKวจากกระแสเลือด ทำใหKผูKปÜวยเกิดเปEน
โรคมาลาเรียกลับซ้ำ (Relapse) ไดK ประเทศไทยเปEนประเทศหนึ่งที่มีบทบาทสำคัญในงานวิจัยเพื่อควบคุมเช้ือ
มาลาเรียดื้อยาอย4างต4อเนื่อง รายงานเชื้อมาลาเรียชนิดฟOลซิพารัมที่ดื้อต4อยาตKานมาลาเรียครั้งแรกของโลกมัก
มาจากบริเวณชายแดนของประเทศไทยที่ติดต4อกับประเทศกัมพูชาและเมียนมาร]  สำหรับการติดเชื้อพยาธิ
ใบไมKตับนั้น แมKว4าจะไม4พบอุบัติการณ]การด้ือยาที่ใชKในการรักษาและเชื้อยังคงตอบสนองต4อการรักษาดKวยยา
มาตราฐานพราซิควอนเทล (Praziquantel) ยังเปEนที่น4าพอใจ แต4กลับพบว4าผูKปÜวยที่เคยติดเชื้อมีการพัฒนา
เปEนมะเร็งท4อน้ำดี (Cholangiocarcinoma) ซึ่งประเทศไทยมีอุบัติการณ]ของมะเร็งท4อน้ำดีสูงที่สุดในโลก 
โดยเฉพาะในภาคตะวันออกเฉียงเหนือของประเทศซึ่งมีอุบัติการณ]สูงกว4าภาคอื่น ๆ ถึง 12 เท4า ทั้งนี้เนื่องจาก
ประชากรมีบริโภคนิสัยในการรับประทานปลาน้ำจืดซึ่งเปEนพาหะของพยาธิ ปOจจุบันยังไม4มีวิธีการตรวจ
วินิจฉัยโรคระยะเริ่มแรก (Early stage) ที่แม4นยำ ผูKปÜวยมักมีการแสดงและมารับการวินิจฉัยและรักษาเม่ือ           
โรคลุกลามไปแลKว (Advanced stage) อีกทั้งยังไม4มียาเคมีบำบัดที่มีประสิทธิภาพและความปลอดภัยเปEน         
ท่ีน4าพอใจ 

ผลงานวิจัยทั้งหมดเกิดจากการบูรณาการ การวิจัยในสาขาเภสัชวิทยาเปEนหลักร4วมกับวิทยาศาสตร]
สาขาอื่น ๆ ท่ีเกี่ยวขKอง เพื่อใหKการดำเนินการวิจัยเปEนไปอย4างครบวงจร เห็นผลประจักษ]ในการนำไปใชKไดKจริง
ในการควบคุมโรคทั ้งสอง โดยความร4วมมือกับนักวิจัยที ่มีประสบการณ]ทั ้งในระดับชาติและนานาชาติ                  



Joint Physiological Pharmacological Society Conference JPPSC-2022 

June 8–10, 2022 

16 
 

เพื่อศึกษาองค]ประกอบหลัก 3 องค]ประกอบคือ เชื้อมาลาเรีย (Parasite factor) ผูKปÜวย (Host factor) และ 
ยา (Drug factor) รวมท้ังความเช่ือมโยงระหว4างท้ังสามองค]ประกอบ สำหรับงานวิจัยมาลาเรีย ไดKทำการศึกษา  
วิเคราะห]เพื่อประเมินและยืนยันการดื้อของเชื้อมาลาเรียต4อยาตKานมาลาเรียโดยบูรณาการการประเมินการ
ตอบสนองต4อยาทางคลินิก (Clinico-parasitological response) ร4วมกับการประเมินความไวของเชื ้อใน
หลอดทดลอง (In vitro sensitivity test) การวิเคราะห]ระดับยาในเลือด/พลาสม4า ปOจจัยทางเภสัชจลนศาสตร] 
(Pharmacokinetics) และเมตาบอลิซึม (Metabolism) เภสัชพันธุศาสตร] (Pharmacogenetics) ปฏิกิริยา
ระหว4างยา (Drug-drug interactions) ความร4วมมือในการบริหารยาของผูKปÜวย (Patient compliance) และ
การว ิ เคราะห ]ทางอณ ูช ี วว ิทยาของย ีนด ื ้ อยา  (Molecular markers of drug resistance)  ศ ึ กษา                          
เภสัชจลนศาสตร]รวมทั้งศึกษาความสัมพันธ]ของเภสัชจลนศาสตร]และเภสัชพลศาสตร] (Pharmacokinetics-
Pharmacodynamics) โดยการสรKางแบบจำลอง Pharmacokinetics และ Pharmacodynamics (PK/PD 
modeling)  เพื่อนำขKอมูลไปใชKในการจัดหรือปรับปรุงขนาดยาที่เหมาะสมเพื่อการรักษาและควบคุมเช้ือ
มาลาเรียดื้อยาในผูKปÜวยมาลาเรียกลุ4มต4าง ๆ โดยเฉพาะกลุ4มผูKปÜวยเปราะบาง (Vulnerable subjects) เช4น 
เด็ก ผูKสูงอายุ สตรีมีครรภ] ผูKปÜวยท่ีติดเช้ือมาลาเรียร4วมกับไวรัสเอชไอวีหรือการติดเช้ืออ่ืน ๆ และผูKปÜวยท่ีติดเช้ือ
มาลาเรียซึ่งมีภาวะการทำงานของตับหรือไตที่เสื่อมลง เปEนตKน ศึกษากลไกการออกฤทธิ์และกลไกการดื้อยาใน
ระดับโมเลกุลและเซลล] ศึกษาปOจจัยซึ่งเกี่ยวขKองกับการเกิดพยาธิสภาพและความรุนแรง (Pathogenesis and 
severity) ของโรคมาลาเรียในระดับโมเลกุลและเซลล] นอกจากนี้ยังศึกษาวิจัยเพื่อพัฒนายาตKานมาลาเรียเพ่ือ
นำมาใชKทดแทนในเชื้อมาลาเรียที่ดื้อยา ศึกษาวิจัยเพื่อพัฒนานวัตกรรมไบโอเซนเซอร] (Gold nanoparticle-
based biosensor) สำหรับการตรวจคัดกรองภาวะพร4องเอนไซม] กลูโคส-6-ฟอสเฟตดีไฮโดรจีเนส (Glucose-
6-phosphate dehydrogenase: G6PD) และการตรวจวัดระดับยาตKานมาลาเรียในเลือดก4อนการรักษา 

สำหรับการวิจัยโรคมะเร็งท4อน้ำดีมุ4งเนKนการพัฒนายาจากสมุนไพรเพื่อใชKในการควบคุมโรคมะเร็งท4อ
น้ำดีที่มีประสิทธิภาพและปลอดภัย รวมทั้งการพัฒนารูปแบยาแบบอนุภาคนาโน (Nano-formulations) ตาม
แนวทางการพัฒนายาแผนปOจจุบัน ทั้งในหลอดทดลอง สัตว]ทดลอง และในมนุษย] นอกจากน้ียังศึกษาตัวบ4งช้ี
ทางชีวภาพ (Biomarkers) สำหรับการวินิจฉัยมะเร็งท4อน้ำดีระยะเริ่มแรก การศึกษาเพื่อพัฒนานวัตกรรม
ไบโอเซนเซอร]ชุดตรวจวินิจฉัยมะเร็งท4อน้ำดีระยะเริ่มแรก การดำเนินโรค และการทำนายโรค การวิจัยเพื่อการ
รักษามะเร็งท4อน้ำดีโดยภูมิคุKมกันบำบัด (Immunotherapy) และการวิจัยเพื่อการรักษามะเร็งท4อน้ำดีโดย
วิธีการใหKความรKอนเฉพาะท่ี (Thermotherapy)  
 

 
 
 
 



Joint Physiological Pharmacological Society Conference JPPSC-2022 

June 8–10, 2022 

17 
 

ประวัติย>อ 
ศาสตราจารยF ดร.เกศรา ณ บางช*าง 

 

ตำแหน6งปIจจุบัน  ผูKอำนวยการบัณฑิตศึกษา วิทยาลัยแพทยศาสตร]นานาชาติจุฬาภรณ] 
มหาวิทยาลัยธรรมศาสตร]  

   ผูKอำนวยการศูนย]วิจัยคKนควKาและพัฒนายา มหาวิทยาลัยธรรมศาสตร] 
หัวหนKาศูนย]ความเปEนเลิศทางวิชาการดKานเภสัชวิทยาและชีววิทยาระดับโมเลกุล
ของโรคมาลาเรียและมะเร็งท4อน้ำดี 

   Vice-President, Asia-Pacific Federation of Pharmacologists (APFP) 
Visiting Professor, Nagasaki Institute of Tropical Medicine, Nagasaki, 
Japan  

การศึกษาสูงสุด  Doctor of Philosophy (Pharmacology) 
  Department of Molecular Pharmacology and Therapeutics, University of  
  Liverpool ประเทศสหราชอาณาจักร 

ตำแหน6งทางวิชาการ ศาสตราจารย]ระดับ 11 สาขาเภสัชวิทยา 
ความเช่ียวชาญ  เภสัชจลนศาสตร]และการพัฒนายา 
ผลงานวิจัย  บทความวิจัยตีพิมพ]วารสารระดับนานาชาติ 386 เร่ือง 
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Abstract 
 
Basic understanding of intestinal physiology is crucial for elucidating disease pathogenesis and 
identification of drug targets as well as drug candidates, the upstream and downstream 
processes in drug discovery, respectively. Intestinal epithelia established by conjoined 
intestinal epithelial cells maintain its barrier integrity through regulation of tight junction 
dynamics and allows transport of fluid and electrolytes through both transcellular and 
paracellular pathways. Dysregulated intestinal functions including barrier disruption and 
abnormal ion transport are known to contribute to the development of several diseases 
including inflammatory bowel disease, metabolic syndrome and diarrheas. Using rodent 
models of inflammatory bowel disease and secretory diarrheas, calcium-sensing receptors 
(CaSR) have been identified as a potential therapeutic target for inflammation-associated 
intestinal disorders and secretory diarrheas through mechanisms involving adenosine 
monophosphate-activated protein kinase (AMPK)-mediated tight junction assembly and 
suppression of chloride secretion-mediated intestinal fluid loss. Our research group has 
identified fructo-oligosaccharides and chito-oligosaccharides, well-known prebiotics with 
several beneficial health functions, as a CaSR activator in intestinal epithelial cells. 
Furthermore, using a mouse model of Vibrio cholerae infection, two types of apical chloride 
channels i.e. cystic fibrosis transmembrane conductance regulator (CFTR) and calcium-
activated chloride channels (CaCC) have been identified as drug targets for anti-secretory 
therapy of cholera, one of the most severe diarrheal diseases. Electrophysiological analyses 
have led to discovery of several classes of chloride channel blockers with distinctive 
mechanisms and specificity profiles against transport proteins in intestinal epithelial cells. 
Interestingly, enteroid models have recently been developed and shown to be a suitable model 
for studying intestinal physiology and evaluating toxicity as well as efficacy of potential 
intestine-targeted drugs including anti-diarrheal therapies. Further research and development 
based on these findings may provide safe and effective preventive and/or therapeutic 
approaches for intestinal disorders.   
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learning และ case-based learning มาใชKในการเรียนการสอนรายวิชาสรีรวิทยาเพื่อใหKนักศึกษามีความ
เขKาใจในเนื้อหาและสามารถประยุกต]ใชKความรูKไดKดีขึ้น อีกทั้งยังใหKความสำคัญกับการพัฒนา นักสรีรวิทยารุ4น
ใหม4ผ4านการเปEนอาจารย]ที่ปรึกษาวิทยานิพนธ]นักศึกษาระดับบัณฑิตศึกษามากกว4า 20 คน ในดKานการวิจัยไดK
บุกเบิกการวิจัยดKานการคKนหาตัวยาเพื่อการรักษาโรคอุจจาระร4วงโดยไดKพัฒนาแบบจำลองการเกิดโรค
อหิวาตกโรคโดยการใชKเชื้ออหิวาห]สายพันธุ]ที่กำลังมีการระบาดอยู4 อันนำไปสู4การคKนพบและยืนยันโปรตีนช4อง
ทางผ4านคลอไรด]บนผิวเซลล]ลำไสKสองชนิดคือ cystic fibrosis transmembrane conductance regulator 
(CFTR) และ calcium-activated chloride channel (CaCC) เปEนเปëาหมายของยารักษาโรคอุจจาระร4วง 
และไดKคKนพบสารจากผลิตภัณฑ]ธรรมชาติ ยาที่ใชKในทางคลินิก และสารสังเคราะห]หลายชนิดที่มีศักยภาพใน
การพัฒนาเปEนยารักษาโรคอุจจาระร4วง โดยเปEนผูKประดิษฐ]สิทธิบัตรและสิทธิบัตรของสารยับยั้งโปรตีนช4อง
ทางผ4านคลอไรด]และกรรมวิธีการสกัดสารออกฤทธิ์เพื่อการยับยั้งการคัดหลั่งคลอไรด]ในลำไสKจำนวน 3 เรื่อง 
และตีพิมพ]ผลงานเผยแพร4ในวารสารวิชาการนานาชาติกว4า 80 เรื่อง มีงานวิจัยที่ไดKรับการสนับสนุนจาก
ภาคเอกชนเพื่อวิจัยสารสกัดจากพริกไทยดำเปEนอาหารเสริมปëองกันโรคอุจจาระร4วงในสุกรหย4านม ซึ่งถือเปEน
ปOญหาท่ีสำคัญท่ีทำใหKเกิดการสูญเสียทางเศรษฐกิจของการเล้ียงสุกร ในดKานการรับใชKสังคมหรือบริการวิชาการ 
ไดKอุทิศตนในการสรKางความตระหนักและเผยแพร4ความรูKทางดKานวิทยาศาสตร]และการวิจัยโดยไดKเปEนวิทยากร
ในงานประชุม อบรม สัมมนา หรือค4ายทางวิทยาศาสตร]เปEนประจำ เช4น งาน Thai Science Camp งาน 
International Science Fair และงานประชุมทางวิชาการขององค]กรต4างๆ เปEนตKน อีกทั ้งย ังไดKเปEน
บรรณาธิการใหญ4 (Editor-in-chief) ของ MWIT Magazine ซึ่งเปEนวารสารของโรงเรียนมหิดลวิทยานุสรณ]ที่มี
วัตถุประสงค]เพื่อเผยแพร4องค]ความรูKเกี่ยวกับการจัดการเรียนการสอนทางวิทยาศาสตร] การพัฒนานักเรียนใน
ดKานต4างๆจากประสบการณ]ของโรงเรียนและผลงานของนักเรียน และเปÆดโอกาสใหKบุคลากรทางการศึกษาและ
นักเรียนท้ังในและต4างประเทศไดKร4วมเผยแพร4ผลงาน  
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Abstract 
 
Pulmonary emphysema is a chronic lung disease after prolonged exposure of cigarette smoke 
or air pollutants induce the long- lasting inflammation or oxidative stress in the lungs, causing 
alveolar destruction and airspace enlargement. Rice bran oil (RBO)  was reported as the main 
source of the anti- oxidative agent to be able to protect the cells from the oxidative stress. 
However, there is no evidence of RBO effect on COPD.  The objective of this study was to 
investigate the prevention properties of RBO on cigarette smoke extract- induced pulmonary 
emphysema in mouse model. Intraperitoneal injection of cigarette smoke extract (CSE) in mice 
was used to induce systemic inflammation and COPD. For the prevention property, RBO was 
used at two concentrations; low and high dose mixed with modified AIN- 93M food, daily 
administration for 43 days.  Thirty-six male C57BL/6 mice were divided into PBS and CSE 
groups. PBS group was divided into 3 subgroups; received PBS only (as control group), 5% 
(w/w) rice bran oil ( PBS+LRBO) , and 10%  RBO (PBS+HRBO) , respectively.  CSE group 
received CSE intraperitoneal injection to induce pulmonary inflammation and oxidative stress 
along with low or high doses of RBO supplementation (CSE+LRBO or CSE+HRBO)  and 
without RBO (CSE). Bronchoalveolar lavage fluid (BALF) was observed for the alteration of 
cellular influx after RBO administration.  In addition, right lung tissue was assessed for the 
changing the airspace enlargement by H&E technique whereas left lung tissue was used to 
investigate the prevention from the RBO to the membrane damage by TBARS assay.  RBO 
treatment decreased alveolar mean linear intercept (MLI), decreased airspace size, reduced 
BALF cell numbers and decreased lung MDA levels. RBO likely prevented CSE-induced 
pulmonary emphysema via anti-inflammatory and anti-oxidative fashion. 
 
Keyword:  Emphysema, inflammation, rice bran oil, oxidative stress 
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Introduction 
 

Pulmonary emphysema is the disease of alveolar wall destruction (1). Once, the 
alveoli are destroyed, the surface area of alveolar wall for gas exchange is reduced, resulting 
in impaired pulmonary gas exchange. People exposed to inhaling toxicants such as gases, dust, 
smoke, mist, and chemical reagents into their lungs are at risk for development of pulmonary 
emphysema. Cigarette smoke exposure is one of the most common risk factors predisposing to 
pulmonary emphysema. The inhalation of cigarette smoke initiates inflammatory response and 
oxidative stress in the airways (2, 3), leading to abnormal mucus secretion in airway, airflow 
limitation, and chronic bronchitis (4). The symptoms of a patient with a pulmonary emphysema 
include chronic cough, breathlessness, and reduction of the lung function. Lung tissue cannot, 
however, regrow or repair in pulmonary emphysema. Specific treatments aiming to decelerate 
progression and minimize symptoms are necessary (3, 5). 

Rice bran oil (RBO) is the oil that is made from pericarp, seed coat, nucellus, aleurone 
layer, and the embryo of the rice grain. It is highly nutritious oil and has a lot of health benefits. 
It contains many photochemical agents that have antioxidant activities such as vitamins, 
gamma-oryzanol, polyphenols and β-carotene (6, 7). In addition, rice bran oil is rich in 
monounsaturated fatty acid (MUFA), essential fatty acids (oleic acid, linoleic acid), and             
α-linolenic acid as unsaturated fatty acids, saturated fatty acids (stearic acid, palmitic acid), 
saponifiable lipids, and unsaponifiable lipids (8-10). In addition, phytosterols in rice bran oil 
include β-sitosterol, campesterol, stigmasterol, squalene, and gamma-oryzanol. Furthermore, 
it would be very interesting to study their anti-inflammatory and anti-oxidative stress properties 
in non-communicated (NCD) diseases (7). Previous studies have attempted to evaluate          
anti-oxidant and hypo-cholesterolemic activities of water-soluble enzymatic extract from rice 
bran. The enzymatic extract from rice bran was shown to inhibit the generation of thiobarbituric 
acid reactive substances (TBARS), thereby suppressing lipid oxidation (11). Anti-oxidative 
effect of rice bran was demonstrated in obese diabetic KKay mice, whereas the malondialdehyde 
(MDA) levels in non-treated DM group was significantly increased in comparison with non-treated 
non-DM group (12). Furthermore, rice bran oil which contains gamma-oryzanol can inhibit 
aberrant crypt foci in mice with colon cancer. Rice bran oil can inhibit the transcription of 
NFkB, interleukin-1, IL-6 genes in sepsis-induced lung injury in mice (13, 14). 

Pulmonary emphysema is a disease with no-recovery induced by chronic inflammation 
and oxidative stress. Targeting oxidative stress with antioxidants is likely to be beneficial as           
a therapy in pulmonary emphysema. We hypothesized that rice bran oil, a known anti-
inflammatory and anti-oxidative agent, may prevent emphysema. The treatment with rice bran 
oil as antioxidant in an animal model before or during the cigarette smoke exposure is 
interesting to be used to prevent the pulmonary emphysema. Therefore, the objective of the 
present study was to investigate the effect of dietary supplementation of rice bran oil on lung 
morphology, lung cell infiltration (cellular influx from pulmonary capillary into airspace due 
to inflammation (15) and oxidative stress in the pulmonary emphysema mouse model induced 
by intraperitoneal injection of CSE. 
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Materials & methods 
 
Preparation of CSE 

CSE solution was prepared following the protocol from the previous study (16). 
Briefly, one non-filtered cigarette was burnt. The smoke from burning was sucked to mix with 
PBS solution in a flask connected with a suction pump (Figure 1). A non-filtered cigarette was 
found to contain 12-24 mg tar, 0.8-1.8 mg nicotine and 14 mg carbon monoxide per cigarette 
( Tobacco Authority of Thailand. , 2018) .  The CSE solution was filtered through a filter to 
eliminate the particulate matter that might cause irritation before injection to the mice. 
 

 

Figure 1. Set up of cigarette smoke extract (CSE) preparation. 

Preparation of RBO 
 Rice bran oil was received from Thai Edible Oil Co., LTD 
 
Animals 

Thirty- six 8-week-old male C57BL/6J mice ( Nomura Siam International, Thailand) 
were used in this study.  Mice were accommodated in standard cages with food and water ad 
libitum and maintained in air condition room with 22 °C and 50-70% relative humidity.  The 
process in this study was approved by the ethical committee on animal use and care for 
scientific study, Faculty of Medicine Siriraj Hospital, Mahidol University ( COA number 
004/2564). The mice were divided into 6 groups (17, 18); 6 mice for each group as follows: 

-  Group 1 serves as the “ control” group, receiving 5%  soybean in diet and PBS 
intraperitoneal injection. 

-  Group 2 serves as the “PBS+  low dose RBO”  group (PBS+LRBO), receiving 5% 
RBO (w/w) and PBS intraperitoneal injection.  

- Group 3 serves as the “PBS+ high dose RBO” group (PBS+HRBO), receiving 10% 
RBO (w/w) and PBS intraperitoneal injection.  

-  Group 4 serves as the “CSE” group, receiving 5% soybean and CSE intraperitoneal 
injection.   

-  Group 5 serves as the “CSE+  low dose RBO”  (CSE+LRBO) group, receiving 5% 
RBO and CSE intraperitoneal injection.  

- Group 6 serves as the “CSE+ high dose RBO” (CSE+HRBO) group, receiving 10% 
RBO and CSE intraperitoneal injection.  

Either soybean or RBO in AIN- 93M-basal diet was administered daily for 43 days 
starting from day 1.  The body weight and dietary intake of each mouse were recorded daily. 
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Mice received 0.5 mL of either PBS or CSE solution by intraperitoneal injection on day 15, 
19, 22 and 36.  All mice were euthanized after being fed for 43 days for collection of 
bronchoalveolar lavage fluid (BALF) and lung for further investigation.  
 

 

Figure 2. Animal experimental protocol of rice bran oil supplementation and intraperitoneal injection of cigarette 
smoke extract (PBS; phosphate- buffered saline, CSE; cigarette smoke extract, RBO; rice bran oil, BALF; 
bronchoalveolar lavage fluid) 

 
BALF for total cell count  

The 22-gauge intravenous catheter (Terumo) with sterile needle was inserted into 
mouse trachea. BALF was collected by flushing the lungs intratracheally with sterile PBS and 
drawing the solution from the lungs. BALF samples were centrifuged. Each cell pellet was 
separated to mix with trypan blue (1:1)  and subjected for cell count on hemacytometer under 
light microscope (19). 
 
Lung tissue preparation 

Lungs were perfused and then inflated with 0.4%  low-melting agarose in normal 
saline at transpulmonary pressure of 25 cmH2O monitored by pressure manometer (Thermo 
Fisher Scientific Inc, MA, USA) (20). Right lung was removed and fixed in 10% formaldehyde 
for H&E techniques whereas the left lung was kept at -20 °C for further TBAR assay. 

 
Lung morphometric study 

The right lung was fixed, sectioned at 4 μm, and stained with hematoxylin and eosin 
(H&E). Morphological changes were evaluated by measurement of the mean linear intercept 
(MLI) .  MLI is a measurement of mean interalveolar septal wall distance which is commonly 
used for determining the size of the alveolar space.  As previous study (21), the mean linear 
intercept was measured by generating a line across the micrograph of lung section. The images 
were randomly selected under light microscope at 20x magnification (22). The total number of 
intercepts was counted and used for calculation of MLI using the equation as follow:  
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Average of alveolar intercept = 	total number of intercept (per lung image)
180   

 

Mean linear intercept (μm) =    
length of grid line (μm)

average of alveolar intercept
  

 
TBARS Assay 
 TBARS assay was used for determining lipid peroxidation. Lung was homogenized in 
double distilled water-butylated, and centrifuged. The supernatant of each sample was mixed 
with trichloroacetic acid (TCA) solution and added to 96-well microliter plate. Thiobarbituric 
acid agent was then added into each well and incubated at 37 °C.  Finally, sample were 
measured by spectrofluorometer using wavelength of 532 nm emission (23). 
 
Statistical analysis 
 All data were analyzed with SPSS version 25 for MacOS and presented in mean ± SD. 
All data were compared among various groups and were analyzed one-way ANOVA. The data 
were followed the assumption for parametric test and the post hoc for equal variances could be 
Tukey. Equal variances were considered significant when p < 0.05 for MLI, total cell count 
and MDA level respectively. 
 
Results 
 
Effects of rice bran oil on lung morphology and morphometry 

To determine the effect of rice bran oil on histological changes of lung tissue in 
different group of mice, H&E staining on mouse lung sections was performed. Mice with both 
low and high doses of rice bran oil did not show the damage or enlarged area of air space 
(Figure 3B, C). Enlarged airspace was dominantly observed in microscopic structure of mouse 
lungs in CSE group (Figure 3D) when compared with their control group (Figure 3A). 
Enlarged airspace was still obviously found in microscopic structure of mouse lung in 
CSE+LRBO (Figure 3E) and CSE+HRBO (Figure 3F) when compared with their control group 
(Figure 3B, C).   

For quantitatively morphometric changes in mouse lung, MLI analysis was performed. 
MLI in mice induced by CSE was significantly increased when compared with control                    
(p < 0.001) (Figure 4). Low and high dose of RBO significantly decreased MLI in mice with 
CSE treatment (CSE+LRBO vs. CSE, p = 0.014 and CSE+HRBO vs. CSE, p < 0.001). There 
were no significant differences between CSE+LRBO vs. PBS+LRBO and CSE+HRBO vs. 
PBS+HRBO. 

 
Effects of rice bran oil on total BALF cells 
 The number of total BALF cells in control group was not significantly different when 
compared between PBS+LRBO and PBS+HRBO groups (Figure 5). The cell numbers of mice 
induced by CSE were significantly higher than control group. (p = 0.01). Moreover, total cell 
numbers in mice induced by CSE plus LRBO treatment was significantly decreased when 
compared with CSE group (p = 0.04). High dose RBO did not cause any significant change in 
total BALF cells in CSE+HRBO group.  
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Figure 3. Lung histomorphology of mice induced by intraperitoneal injection of PBS and CSE (20x) .  H&E 
staining mouse lung histology of PBS group(A-C)  and CSE groups (D-F) , represented at 20x magnification. 
* represents area with reduced alveolar tissue.  (PBS; phosphate-buffered saline, CSE; cigarette smoke extract, 
RBO; rice bran oil) 

 

 

 

Figure 4. MLI in C57BL/6J mice induced by intraperitoneal injection of CSE * p < 0.05 compared with control 
group; **  p < 0.05 compared with CSE group.  (PBS; phosphate-buffered saline, CSE; cigarette smoke extract, 
RBO; rice bran oil, LRBO; low dose rice bran oil, HRBO; high dose rice bran oil) 
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Figure 5. Effect of RBO determination on number of total cells in BALF sample.  Data are expressed as              
mean ± S.D., n=6/ group, * P-value <0.05 when compared with control groups, ** P-value <0.05 when compared 
with CSE- treated groups.  (PBS; phosphate-buffered saline, CSE; cigarette smoke extract, RBO; rice bran oil, 
LRBO; low dose rice bran oil, HRBO; high dose rice bran oil) 

 

Effect of rice bran oil on MDA levels in lung tissue 
CSE treatment did not significantly increase lung MDA level (p = 0.097) (Figure 6). 

Among CSE groups, low- and high-dose RBO significantly decreased lung MDA level in 
comparison with CSE group only (CSE+LRBO vs. CSE, p = 0.03 and CSE+HRBO vs. CSE,                 
p =0.044). 
  

 
 
Figure 6. Effect of RBO levels of MDA on mouse lung homogenate. Data are expressed as mean ± S.D., n=6/group, 
**  p < 0.05 when compared with CSE- treated groups.  (PBS; phosphate-buffered saline, CSE; cigarette smoke 
extract, RBO; rice bran oil, LRBO; low dose rice bran oil, HRBO; high dose rice bran oil) 
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Discussion 
 

In the present study, intraperitoneal CSE injection induced airspace enlargement, 
oxidative stress and increased BALF cells in mice. The objective was to investigate the 
preventative properties of RBO on cigarette smoke extract-induced pulmonary emphysema in 
mouse model. It was shown that RBO treatment significantly decreased MLI, airspace size, 
lung MDA levels in mice receiving cigarette smoke extract. Low-dose RBO administration 
decreased total BALF cell numbers in CSE-treated group whereas high-dose RBO was not 
found to alter total BALF cell numbers after CSE treatment.  

We used the CSE-induced pulmonary emphysema mouse model. CSE is a cigarette 
smoke buffering in PBS solution used to treat mice systematically through intraperitoneal 
injection (16). Inhalation of cigarette smoke and intraperitoneal CSE injection are both 
commonly used to develop emphysema mice nowadays (24). CS and CSE exposure caused 
alveolar destruction, pulmonary inflammation, and airway remodeling. (25-27). The lung 
function of mice generated by CSE was shown to be reduced in a recent study (16). 

Natural antioxidants may help to minimize the occurrence of diseases caused by 
oxidative stress.  Clinical trials are increasingly interested in the antioxidant effects of many 
bioactive components such as dietary fiber, phenolic compounds, tocols, phytic acid, and 
phytosterols (28). 

Rice bran oil contains specific contents of phytosterols and vitamin E. Phytosterols 
are compounds which occur naturally, and their structures are similar to cholesterol but have 
different side-chain configuration (27). Phytosterol such as gamma-oryzanol is present in rice 
bran oil (29). Gamma-oryzanol is the natural compound in rice bran (30). Rice bran oil is an 
antioxidant- rich natural substance (31). Moreover, gamma-oryzanol can protect cells against 
lipid peroxidation in oxidative status. The hydroxyl group on the phenolic ring is transferring 
its hydrogen atom to a free radical. It is free radical scavenging properties. The carbonyl group 
can delocalize an electron across the oxygen to Keap1 and Nrf2. So, Nrf2 nucleus translocation 
and in turn Nrf2-ARE activation (32). Rice bran oil was shown to have protective effect on 
hepatic injury induced by acetaminophen in ICR mice (33). In addition, rice bran oil was shown 
to effectively decrease dimethylhydrazine/dextran sodium sulphated-induced colon 
carcinogenesis in rat model (14). 

Mean linear intercept (MLI) is a form of morphometry that could detect levels of 
airspace tissue loss (34). Low numbers of intercept infer alveolar enlargement (22). Thus, high 
MLI is used to assess the degree of alveolar enlargement in an animal experiment. The 
destruction of the alveolar septum and the presence of large alveolar spaces are characteristics 
of pulmonary emphysema (35). We identified that MLI in CSE+LRBO and CSE+HRBO 
groups was significantly lower than CSE group. This would suggest that administration of rice 
bran oil could prevent CSE-induced emphysema in mice. 

Inflammatory cell infiltrates measured by BALF cytology have been demonstrated to 
correlate with illness severity (15, 36, 37). The total numbers of cell were an objective, 
independent biomarker of inflammation (38). Recent study showed higher number of total 
BALF cells in rat induced by cecal ligation and puncture (CLP) model than control group (13), 
related with the severity of inflammation (39). Low dose RBO significantly decreased the total 
BALF cell numbers, suggesting its anti-inflammatory effect against CSE-induced pulmonary 
emphysema in mice. Rice bran is found to have immunoregulatory activity (40). Dietary RBO 
increased inflammatory cells in the high dosage RBO-treated group, which might be linked to 
an overactive immunological response in mice related to RBO overconsumption. In an animal 
model, this level of RBO was considered an overdose for dietary consumption. As a result, the  
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quantity of RBO in the CSE-induced emphysema in mice must be observed in terms of dosage 
response. 

Oxidative stress is one of the major factors for development of several diseases 
including pulmonary emphysema in COPD (41). In evaluation of oxidative parameter, 
intraperitoneal injection of CSE was supposed to induce an increase in mouse lung MDA levels 
(42).  The levels of malondialdehyde ( MDA) , the product of lipid peroxidation, were not 
significantly different from the control group. Perhaps the time point of detection of mouse 
lung MDA, which was 7 days after the last intraperitoneal CSE injection, may be pretty late 
for detection of difference. In addition to lipid peroxidation, oxidative stress-induced free 
radicals, which can attach to proteins and nucleic acids, can potentially cause lung damage after 
CSE exposure (41). Our study did not include the measurement of free radical interaction with 
proteins and nucleic acids. Rice bran oil supplementation reduced the MDA levels in mouse 
lungs with intraperitoneal injection of CSE, showing rice bran oil's ability in decreasing lipid 
peroxidation.  It is possible that one of the mechanisms underlying rice bran oil's protective 
effect on CSE-induced emphysema is through regulation of lung oxidative stress. 
 
Conclusion 
 

Rice bran oil was able to protect mice against the effects of cigarette smoke extract on 
airspace destruction by reducing total BALF cells and decreasing lung oxidative stress levels.  
The protective effect of rice bran oil on pulmonary emphysema in a CSE mouse model was 
probably due to anti-inflammatory and anti-oxidative stress 
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Abstract 
 
The high-fat diet-induced obesity led to increased reactive oxygen species (ROS) levels, 
whereas decreased antioxidant enzymes by lipid overload accumulated in the skeletal muscles, 
which affects the loss of muscle fibers. The hypothesis of the study was that naringin 
supplements improved muscle fibers, by modulating antioxidative status and/or enhancing the 
expression of nuclear factor erythroid 2-related factor 2 (Nrf2) protein in the skeletal muscles 
of the rats fed a high-fat diet. Fifteen male Sprague Dawley rats (4 wk. old) were randomly 
divided into; control (C), high-fat diet (HF), high-fat diet combined with simvastatin at 40 
mg/kg, and naringin at both 50 and 100 mg/kg groups (HF+SIM, HF+N50, and HF+N100, 
respectively). After week 8, the rats were anesthetized, then their whole plasma and muscle 
tissues were collected. The naringin group’s final body weights had reduced, and the hydrogen 
peroxide (H2O2) activity in the serum was also reduced. The results also showed that muscle 
weight, the total antioxidants, glutathione peroxidase (GPx) activity, and the expression of Nrf2 
proteins were increased, leading to reduced skeletal muscle abnormalities. These findings 
demonstrated that naringin improves the morphology of muscle fibers and promotes muscle 
health in high-fat diet induced oxidative stress in rats by enhancing antioxidants and Nrf2 
expression. 
 
Keywords:  High-fat diet, naringin, skeletal muscle, antioxidant, reactive oxygen species 
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Introduction 
 

Excess intake of a high-fat diet is the cause of hyperlipidemia-associated with obesity, 
which can accumulate in other tissues such as adipose tissues, liver, and skeletal muscles (1). 
Simvastatin is currently the drug that is being used to treat hyperlipidemia, but it can cause side 
effects in the skeletal muscle tissues, which leads to myotoxicity. A previous study showed that 
the effect of simvastatin on the morphology of muscle fibers demonstrated the reduction in 
muscle fiber size and number along with irregular characteristics (2, 3, 4). Normally, the 
skeletal muscle fibers are divided into 2 types, which include glycolytic non-oxidative fibers 
(type II fibers; gastrocnemius m. and quadriceps m.), and oxidative fibers that are well 
equipped for lipid oxidation (type I fibers; soleus m.). The skeletal muscle fibers can change 
their composition depending on responses to external stimuli. Type I fibers are more responsive 
to inactivity and denervation-induced atrophy, whereas type II fibers are more affected by 
diabetes, metabolic syndrome, and aging (5). The previous studies stated that obesity-related 
changes cause muscle fibers to decrease in size, and the reduction of type II fibers create               
a decline in muscle strength, which can cause the loss of skeletal muscle mass or atrophy, 
leading to an imbalance between muscle protein synthesis and muscle protein degradation (6, 
7, 8). 

Lipid overload can accumulate abnormally in muscle cells, which leads to an increase 
of the reactive oxygen species (ROS) production that induces damage to the muscle fibers (9, 
10). ROS is one or more unpaired molecules that form free radicals that include superoxide 
anion (O2), hydrogen peroxidase (H2O2), and hydroxyl radical (11). This can be counteracted 
by antioxidant enzymes including glutathione peroxidase (GPx), which is one of the 
antioxidant enzymes that can directly reduce H2O2 levels. This is due to its ability in catalyzing 
the change of the form of H2O2 to water and oxygen during relaxation of the skeletal muscles 
(11). In addition, the activation of nuclear factor erythroid 2-related factor 2 (Nrf2) can work 
against oxidative stress in cells. It plays an important role in the regulation of the antioxidants 
(12). Therefore, the activation of Nrf2 may be used as a treatment to reduce oxidative stress in 
both obese animals and people. A previous study showed that the expression of Nrf2 had 
decreased in the rats fed a high-fat diet (13). Obesity induced oxidative stress led to the loss of 
muscle fiber and muscle damage, due to high levels of ROS production. Therefore, natural 
compounds that are rich in antioxidants may be used as an alternative remedy. Naringin is           
a flavonoid that is found in pomelo, which has been reported to work against dyslipidemia and 
oxidative stress, has strong antioxidants, and anti-inflammatory activities (14,15). Therefore, 
we investigated the effects of naringin on attenuated skeletal muscle wasting in the rats fed       
a high-fat diet, by determining the GPx activity and the H2O2 levels via the activation of the 
Nrf2 expression. The results of this research can be used to confirm the benefits of naringin for 
the treatment of the loss of muscle fiber due to HFD-induced oxidative stress in skeletal muscle. 

 
Methods 
 
Animals and Treatments 

Fifteen Male Sprague-Dawley rats weighing 180-200 g, were purchased from Nomura 
Siam International, Bangkok, Thailand. All experimental animal procedures were approved by 
the ethical approval number: NU-AEE610710. All rats were treated for 8 weeks and randomly 
divided into five groups (3 rats/group): the control (C), the high-fat diet (HF), the HF with 
simvastatin at a dose 40 mg/kg (HF+SIM), the HFD plus naringin at a dose of 50 (HF+N50) 
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and 100 mg/kg (HF+N100), respectively. All the groups were given water and food daily, with 
the control group receiving the normal pellet food for rodents, while the food for the high-fat  
diet groups contained 30% fat. From week 5 to week 8, the naringin groups were fed doses of 
naringin at 50 and 100 mg/kg body weight, respectively. At the end of the experiment, all the 
rats were anesthetized by intraperitoneal injection with 50 mg/kg body weight of thiopental 
sodium. This was followed by their blood and quadriceps muscle tissues being collected, 
weighed, and stored at -80 °C until required for further study. 
 
Muscle Collection 

After the rats were euthanized, their quadriceps were removed by using fine-tipped 
scissors to cut the tendons of the muscles attached to the origin points on the femur, then they 
were weighed and washed with Phosphate Buffered Saline (PBS, pH 7.4). The quadriceps of 
each leg were transversely cut into the distal, central, and proximal sections on ice as previously 
described (16). After that, the left muscle was fixed in 10% neutral buffered formalin, and the 
right one was stored at – 80 °C. We retained the proximal sections of the quadriceps for further 
analysis, due to them having increased types II muscle fibers. The ratio of muscle weight to 
final body weight was calculated as previously described by Chung (17). 
 
Preparation of the samples 

 Naringin powder was purchased from Sigma-Aldrich and dissolved in distilled water 
(5% w/v) for daily administration to the animals.  

The quadriceps muscle tissues were homogenized in 0.1 M Phosphate Buffered Saline 
(PBS, pH 7.4), centrifuged at 15,000 rpm for 20 min at 4 °C, and then the supernatants were 
stored for subsequent experiments, as previously described by Loureiro (18). The whole blood 
was collected from the rats, then centrifuged at 3000 rpm for 20 min at 4 °C, this was followed 
by the serum being stored at -80 °C, until required for further study. 
 
Antioxidant assay 
ABTS radical scavenging assay 

The study of the effect of serum on antioxidant activity was determined by ABTS 
radical assay, by dissolving 7 mM of ABTS in potassium persulfate (K2S2O8), then incubating 
it at room temperature for 16 h in the dark. The reaction mixture which included 10 μL of the 
serum, was added to 200 μL of ABTS diluted solution into a 96-well plate, then incubated at 
room temperature in the dark. The ABTS free radical scavenging activity was measured at an 
absorbance of 734 nm, by using a microplate reader, which was calculated based on a standard 
curve using Trolox as the standard (19). 

 
Hydrogen peroxide scavenging assay  

The levels of hydrogen peroxide scavenging in the serum and muscle tissues 
homogenate were measured using a slightly modified the method previously reported by Leff, 
and Wei, respectively (20, 21) The 2 mM H2O2 solution was dissolved in 1 M Phosphate buffer 
(pH 7.4). The reaction mixture which included 10 μL of the samples and 50 mM of Phosphate 
buffer, was added to 2 mM H2O2 solution in a 96-well plate. The hydrogen peroxide levels in 
the samples were measured at an absorbance of 230 nm after being incubated at room 
temperature for 10 min, while the ascorbic acid was performed as a positive control (22).  
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Antioxidant enzyme activity 
Glutathione Peroxidase activity  

The levels of glutathione peroxidase in the serum and muscle tissues homogenate were 
measured using a microplate reader. This was followed by adding 0.2 M Phosphate buffer (pH  
8.0), 2.5 mM H2O2, 4 mM reduced Glutathione (GSH), and 10 mM Sodium Azide (NaN3) to 
the samples, then incubating at 37 °C for 5 min, followed by adding 5% Tricholoroacetic Acid 
(TCA) to initiate a reaction. The glutathione peroxidase levels in the samples were measured 
at a wavelength of 412 nm after 5,5'-dithiobis-(2-nitrobenzoic acid) (DTNB) had been added 
to the 96-well plate, as previously described (23, 24). 

 
Western blotting 

The quantified protein was determined as previously described by Liu (25). Briefly, the 
muscle protein was determined using a BCA protein assay kit, after the skeletal muscle’s 
homogenate was mixed with RIPA Buffer and protease inhibitor cocktail, and then centrifuged 
at 15,000 rpm for 15 min, at 4oC. A combined amount of the proteins equaling 100 μg, were 
loaded into the SDS-PAGE gels after they had been incubated at 95 ° C for 5 min. The SDS-
PAGE gels were transferred to the PVDF membranes then incubated in 5% skimmed milk, 
which was dissolved in a TBST buffer for 1 h at room temperature. The membranes were then 
incubated again in primary antibodies of Nrf2 (1:500, Elabscience) and β-actin (1:2000, 
Elabscience), which were dissolved in 3% skimmed milk in a TBST buffer, at 4°C overnight. 
After that, the membranes were washed in a TBST buffer 3 times, for 5 min each time, then 
incubated with the secondary antibodies for 1 h at room temperature. This was followed by       
a band of the protein expressions from PVDF membranes being soaked in Immobilon Forte 
Western HRP Substrate (Millipore, USA) for 5 min, then observed using the 
chemiluminescence machine (ImageQuant LAS 500, Thailand). Finally, the total number of 
proteins were analyzed using the ImageLab program. 
 
Histology 

After the rats were anesthetized, their quadriceps were removed and fixed in 10% 
neutral formalin, processed, and then embedded in paraffin. This was followed by cutting the 
muscles into 5 μm thick sections, staining them with hematoxylin and eosin (H&E), then 
attached onto slides using Permount. Images of the stain were analyzed for five random 
sections of each image per rat, and were determined using the Image J software, as previously 
described (7, 25). 
 
Statistical Analysis 

The results were expressed as mean ± standard error of the mean (SEM) and analyzed 
with One-Way Analysis of Variance (ANOVA) followed by Tukey’s multiple comparison test 
using GraphPad Prism, version 5. Statistical significance was considered at p < 0.05. 

 
Results 
 
Effect of naringin on the body weight and muscle weight of the rats fed a high-fat diet 

The initial body weight of all the rats demonstrated no statistical difference when 
compared with the control group. After week 8, the body weight of the HF group was 
significantly higher than the control group (p < 0.01, Figure 1A). Conversely, the body weight 
of the naringin treated with 50 and 100 mg/kg was significantly lower than the HF group            
(p < 0.05, and p < 0.01, respectively), whereas the HF+SIM group showed no statistical 
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difference. In addition, the muscle weight of the HF and HF+SIM groups were significantly 
decreased when compared with the control group (p < 0.001, Figure 1B). While the muscle 
weight of the naringin-treated groups was significantly increased when compared with the HF 
and HF+SIM groups (p < 0.001, Figure 1B). 

 
Effect of naringin on the antioxidant enzymes in the rats fed a high-fat diet  

The effect of total antioxidant and GPx levels in the serum and quadriceps muscle 
tissues of the HF rats were significantly decreased, while the H2O2 in the serum and muscle 
tissues were significantly increased when compared with the control group (p < 0.001). In 
addition, the HF+SIM group had significantly increased GPx levels in serum and muscle 
tissues (p < 0.001), while at the same time the serum total antioxidant level had no statistical 
differences, when compared with the HF groups. In addition, the HF+SIM group significantly 
reduced serum H2O2 (p < 0.01), while the muscle H2O2 was significantly higher than the other 
groups (p < 0.001). The dose 100 mg/kg of naringin group (HF+N100) had considerably 
increased serum total antioxidant (p < 0.001) and levels of GPx in the serum and muscle tissues, 
whereas levels of H2O2 had significantly reduced, when compared to the HF (p < 0.001), as 
shown in Figure 2. 

 
Figure 1. Effect of naringin on the body weight and muscle weight of the rats fed a high-fat diet. The results 
showed the final week of body weight (A) and the muscle weight (B) in all groups. The results are expressed as 
mean ± SEM (n=3). aa,aaa indicated significant differences as p  <0.01, and p  < 0.001 when compared to the 
control group. b,bb,bbb indicated significant differences as p < 0.05, P < 0.01, and p < 0.001  when compared to 
the HF group. ccc indicated significant differences as p <0.001 when compared to the HF+SIM group. 

 
Effect of naringin on the expression of the Nrf2 in the rats fed high-fat diet  

The HF and HF+SIM group had significantly reduced the expression of Nrf2 when 
compared with the control group (p < 0.01, and p < 0.05, respectively). The expression of Nrf2 
in naringin treatment groups was significantly higher than the HF group (p < 0.01), as shown 
in Figure 3.  

 
Effect of naringin on the morphology of the quadriceps in the rats fed high-fat diet  

In this study, the results showed that the control group had normal morphology of the 
quadriceps. This was determined by H&E staining, which demonstrated that the fibers were 
stained with acidophilic, and the peripheral nuclei with basophilic. The perimysium is 
surrounded by a middle layer of connective tissue, while the endomysium surrounds and 
separates the muscle fibers. Both the HF and HF+SIM groups had abnormal morphology when 
compared with the control group, which were demonstrated by small irregular shapes, and split 
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muscle fibers. While the naringin treated groups demonstrated improved regeneration of 
muscle fibers, and regular shaped fibers, as shown in a circle of Figures 4A-E. 
 

 
 
Figure 2. Effect of naringin on the antioxidant enzymes in the rats fed a high-fat diet-fed. The results showed the 
total antioxidant in the serum (A). The glutathione peroxidase (GPx) activity in the serum (B), and muscle tissues 
(D). The hydrogen peroxide (H2O2) in the serum (C), and muscle tissues (E). The results are expressed as           
mean ± SEM (n=3). a,aa,aaa indicated significant differences as p < 0.05, 0.01, and 0.001 when compared to the 
control group. b,bb,bbb indicated significant differences as p < 0.05, 0.01, and 0.001 when compared to the HF 
group. c,cc,ccc indicated significant differences as p < 0.05, 0.01, and 0.001 when compared to the HF+SIM 
group. d,dd,ddd indicated significant differences as p < 0.05, 0.01, and 0.001 when compared to HF+N50 group. 

 
Figure 3. The expression of the Nrf2 in skeletal muscle of the rats fed a high-fat diet. The results are expressed 
as mean ± SEM (n=3). a,aa indicated significant differences as p <0.05, and 0.01 when compared to the control 
group. bb indicated significant differences as p < 0.01 when compared to the HF group. c indicated significant 
differences as p <0.05 when compared to the HF+SIM group. 
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Figure 4. Effect of naringin on the morphology of the quadriceps in the rats fed a high-fat diet. Histological 
analysis of the rat quadriceps was determined by hematoxylin and eosin (H&E) staining of the control (A), the 
HF (B), the HF+SIM (C), the HF+N50 (D) and the HF+N100 (E) groups were shown at 100X magnification 
(scale bar = 100 μm).  

 

Discussion 
 

The excess intake of a high-fat diet induces obesity, which causes an over-accumulation 
of triglycerides (TG) and free fatty acids (FFAs) in blood circulation lead to hyperlipidemia 
(1). However, lipid overload induced oxidative stress due to imbalance between reactive 
oxygen species (ROS) and antioxidants (9, 10). We were able to determine the total antioxidant 
level in vivo, by measuring the total antioxidants in the rat’s serum (19). Interestingly, this 
study showed that the serum levels of total antioxidant in the HF group was lower than the 
control group, while at the same time the naringin treated groups had increased total 
antioxidants in the serum when compared with the HF group. Lee reported that the plasma of 
the antioxidants had been reduced in the rats fed the high-fat diet (19). However, the weak 
point of the ABTS radical scavenging assay could not indicate the type of antioxidants. 
Therefore, we also analyzed the antioxidant levels by measuring the enzyme of antioxidant 
activities. Normally, antioxidants can reduce free radicals and against oxidative stress, when 
they are divided into 2 groups, enzymatic antioxidants, and non-enzymatic antioxidants (11, 
26). GPx enzymes are the enzymatic antioxidants that have important roles in reducing the 
scavenging of hydrogen peroxide by changing from the H2O2 into water and oxygen (11). This 
study showed that the HF group had increased H2O2 levels, while at the same time had 
decreased GPx activity in serum and skeletal muscle tissues, when compared with the control 
group. A previous study reported that the glutathione peroxidase activity of plasma had been 
reduced in the high-fat diet induced obese rats, whereas the H2O2 activity of the HF group had 
higher than the rats fed normal food (13). Therefore, the HF food-induced oxidative stress 
caused by an imbalance between H2O2 product and the antioxidants enzymes, led to multiple  
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organ damage, such as liver, adipose tissue, and also skeletal muscle (9, 10). Larsen reported 
that simvastatin increased the H2O2 activity, but the side effect of the drug caused myopathy 
(27). Conversely, the naringin treated groups had increased GPx activity that led to reduced 
H2O2 levels in serum and skeletal muscles, when compared with the HF group. The study by 
Kanno found that the 1 mM and 200 mM of naringin was able to inhibit H2O2 activity (28).    
In addition, the naringin supplement contained increased antioxidant enzymes such as SOD, 
catalase, and GPx (15, 29). Similarly, naringin is also able to activate the expression of nuclear 
factor erythroid 2-related factor 2 (Nrf2) (15). The Nrf2 plays an important role against 
oxidative stress and activates the responses to antioxidants (12). In this study, the HF group 
had a reduced Nrf2 protein expression in skeletal muscle tissues, when compared with the 
control group. It was suggested by Ha et al., that the expression of Nrf2 had decreased in the 
high-fat diet fed obese rats (13). Interestingly, the naringin-treated groups had increased 
expressions of Nrf2 in their skeletal muscle tissues when compared with the HF group, which 
was consistent with a report by Gopinath (29).  

In addition, simvastatin induces abnormalities in the muscle tissues, by causing the 
morphology of muscle fibers that were characterized by their loss, which led to the wasting of 
skeletal muscle (3) This study showed that the morphological changes in the simvastatin group 
were determined by H&E staining that revealed the reduced number of peripheral nuclei, 
various both shapes and sizes of fibers, when compared with both the control and the naringin 
groups, which is consistent with a report by Soliman (3). Naringin compound has biological 
properties that include antioxidant, anti-obesity, anti-hyperlipidemia, which is found in 
pomelo, and other citrus fruits (14, 15). This study showed the final body weight of the naringin 
groups was lower than the HF group, which was consistent with a report by Pengnet (30).             
A previous study showed that the HF-induced skeletal muscle wasting due to lipid 
accumulation and oxidative stress build up within muscle cells led to fibers damage and loss 
of muscle mass and fibers (31). This study showed the muscle weight to body weight ratio was 
lower than the control group. Therefore, lipid overload-induced oxidative stress is one of the 
major causes of the morphological changes in the skeletal muscle (7). The morphology of 
skeletal muscle fiber is stained with the H&E showing the pink stain within the cytoplasm and 
the dark purple stain in the peripheral nuclei. The muscle fibers of the control group were 
healthy and shown to be normal shape and the same size. In addition, the space between the 
fibers is called endomysium which are close together, and the peripheral fibers showed the 
nuclei are stained dark purple. Conversely, the muscle fibers in the HF group were shown to 
be unhealthy, due to them being different shapes and sizes of fibers which are smaller than the 
control group. The endomysium of the HF group was shown to have separated from the fibers 
when compared to all groups and had a reduced number of the peripheral nuclei, which is 
consistent with a report by Kusano and Liu (7, 25). However, the naringin treated groups had 
improved muscle fibers that showed both equal shape and similar size. The endomysium of the 
fibers was also closer together and had an increasing peripheral nucleus and a single muscle 
fiber was attached and gathered form to the fascicle, when compared with the HF and the 
simvastatin groups. In addition, the relative of muscle weight to body weight had increased in 
the naringin-treated groups, when compared with the HF and simvastatin groups. Therefore, 
naringin has no adverse effects on the muscle and can also improve the muscle morphology by 
reducing oxidative stress-induced muscle abnormalities due to its strong antioxidant property. 
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Conclusion 
 

In summary, the naringin treatment can improve muscle morphology by reducing the 
H2O2 activity that is the product of ROS, while increasing the GPx activity in the rats fed              
a high-fat diet via the activated expression of Nrf2. The findings of our study shows that 
naringin supplement can be taken to treat the abnormality of muscle fiber due to HFD-induced 
oxidative stress in the skeletal muscle. This study can confirm the benefits of the naringin 
compound, which can be used as an option for treating the obesity-induced oxidative stress that 
lead to muscle atrophy, instead of using the medicine that causes side effects in the muscle 
tissues. We used a natural product that has antioxidant properties and can reduce oxidative 
stress, and it may be an important target for clinical trials research in the future. 
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Abstract 
 
Status epilepticus (SE) is a serious brain insult that can severely damage neurons especially in 
the hippocampus, resulting in cognitive impairments. Bacopa monnieri (Brahmi or BM) has 
been shown to confer neuroprotection via several mechanisms in many neurological disorders, 
thereby improving the neuronal survival and enhancing cognition and memory.  The aims of 
this study were to explore whether BM extract could reduce oxidative stress, improve neuronal 
viability, and enhance memory retention after pilocarpine-induced status epilepticus. Thirty 
adults male Wistar rats were randomly allocated into 5 groups: control, status epileptics (SE), 
SE+BM extract (160 mg/kg), SE+BM extract (240 mg/kg), SE+dilantin (30 mg/kg). 
Pilocarpine was injected intraperitoneally to induce status epilepticus. Either BM extract (160 or 
240 mg/kg) or dilantin (30 mg/kg) was orally administered 16 days before and 38 days after 
pilocarpine injection for a total of 54 days. On day 17, the Morris Water Maze test was 
performed to assess cognition and memory performance. On day 54, the animals were 
sacrificed, the neuronal viability of the hippocampus neurons was examined by Cresyl violet 
staining and lipid peroxidation was measured by MDA assay. We found that memory retention 
was improved in the SE+BM extract (160 mg/kg) and SE+BM extract (240 mg/kg) groups as 
compared to the SE group. Both the treated groups showed a decreasing trend of MDA 
concentrations in the hippocampus. The neuronal viability was significantly improved in the 
treated groups. These results suggested that BM extract probably yields the neuroprotective 
effect, thereby reducing SE-induced neuronal death and memory impairment. 
 
Keywords:  Cognitive impairment, learning and memory, status epilepticus, epilepsy, 

Bacopa monnieri, neuroprotection 
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Introduction 
 
 A seizure can be recognized as: “a transient occurrence of signs and/or symptoms due 
to abnormal, excessive or synchronous neuronal activity in the brain” (1). Epilepsy is a chronic 
and non-contagious disorder of the brain, characterized by recurrent and unprovoked episodes 
of the epileptic seizures. More than 50 million people have been diagnosed with epilepsy 
according to the World Health Organization (WHO) and its impact on the healthcare system 
remains to be a global threat as it is unpredictable and incurable. Status epilepticus (SE) is not 
uncommon, affecting 10-41 per 100,000 people across the world annually (3, 4). 
Approximately 4-16% of people with epilepsy will have at least one episode of SE (5). 
Moreover, acute SE was associated with a 3.3-fold increased risk of developing epilepsy 
compared to those with acute seizure (6). SE is associated not only with high mortality rate but 
also with long-term neurological consequences which pose a great burden on the caretakers 
and society (1, 2). 
 In general, seizures do not occur spontaneously under physiological conditions because 
of the mechanisms to maintain the stability of neuronal membranes and prevent a rapid transfer 
of synchronous discharges. The propensity to have a seizure can result from abnormalities 
affecting any levels of the nervous system such as, ion channels, receptors, cells, networks, or 
certain brain regions (7). Although numerous molecular and cellular processes are almost 
certainly involved in the development of SE, the fundamental principle involves a failure of 
endogenous mechanisms to terminate the seizure activity (8, 9). Convulsive SE has long been 
known to cause neuronal damage via both direct and indirect (systemic) mechanisms (8). 
Excitotoxicity is probably the most important mediator of direct neuronal injury and death. 
It can result from the direct effects of increased Ca2+ levels or indirect activation of enzymes: 
lipase, protease, endonuclease, etc. or from combinations of both processes, leading to 
oxidative stress, mitochondrial dysfunction, and apoptosis (11, 12, 13). Hippocampus is 
particularly vulnerable to the damage by SE in which specific groups of neurons (the hilus, 
CA3 and CA1 regions) seem to be more susceptible whereas others are relatively resistant 
(e.g., CA2 and dentate gyrus). The biochemical basis of the differences in vulnerability varies 
with the cell types and likely contributes to the longer-term consequences of SE, including 
chronic epilepsy and cognitive impairment (10, 12). 

Experimental models that mimic SE using electrical, chemical, thermal, and even 
genetic techniques have been developed to study the transition of a single episode of SE into 
chronic epilepsy (15). The pharmacological agents such as lithium, kainic acid, and pilocarpine 
are more convenient to be applied to induce SE (14). Of these, the pilocarpine model of SE is 
one of the well-established animal models for SE and shares many of the characteristics of 
human temporal lobe epilepsy (TLE) (16). The severity of seizures and neurodegenerative 
changes appear to depend on the amount of pilocarpine; prolonged SE induced by high doses 
of pilocarpine is accompanied by increased mortality (17). Pilocarpine initiates seizure by 
cholinergic hyperactivation via M1 receptor, stimulating the phospholipase C (PLC) enzyme 
and therefore producing diacylglycerol (DG) and inositol triphosphate (IP3). This will result in 
an increased Ca2+ influx and neuronal excitability, but the continuation of seizure activity 
during SE is likely caused by the release of glutamate, activation of NMDA receptors and high 
intracellular Ca2+ concentrations. All of which will induce excitotoxicity and cell death (18, 41). 
Yet, the current anti-epileptic drugs (AED) are linked with an increased risk for 
neurodegeneration and cognitive deficits (2). Therefore, the therapeutic approaches targeting 
at several mechanisms to offer neuroprotection have come into attention lately. B. monnieri or 
Brahmi also referred to as, water hyssop, belongs to the family of Scrophulariaceae (19) and  
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the constituents responsible for the pharmacological effects of BM include alkaloids 
(brahmine, nicotine, and herpestine), saponins (Bacoside A and Bacoside B) and sterols (20). 
Many studies of BM extract have been in progress and exhibited that BM extract acts on several 
mechanisms such as like anti-convulsant and, antioxidant, to protect neuronal damage and yields 
memory boosting effects in various neurological disorders (21, 22, 23, 24, 26). The potential of 
BM as an adjuvant to AED is an interesting area to be studied because of its diverse effects 
which may partially explain cognition facilitating, and neuroprotective outcomes (19).  

Therefore, our study will focus on the effect of BM extract on cognitive deficits, 
oxidative imbalance, and neurodegenerative changes in the hippocampus of the status 
epilepticus rats induced by pilocarpine. 
 
Methods 
 
Animals 

Thirty male Wistar rats aged six weeks were obtained from the National Laboratory 
Animal Center, Mahidol University, Salaya, Nakornpathom. Rats were maintained in the 12-h 
light/dark cycle and were housed individually with free access to food and water. All 
experiments were approved by the Animal Ethics Committee, Faculty of Medicine Siriraj Hospital, 
Mahidol University, Thailand (SI-ACUP 020/2559). A total of 5 groups (n = 6 per group) were 
used: (1) control, (2) epilepsy, (3) epileptic rats treated with BM extract (160 mg/kg), (4) epileptic 
rats treated with BM extract (240 mg/kg), and (5) epileptic rats treated with dilantin (30 mg/kg). 
We conceptualized our experimental design with a specific timeline according to Figure 1. 

 
Preparation of Brahmi extract 

BM extract used in this study is commercially available at any well-known drug stores. 
It is extracted, prepared, and commercialized by the Government Pharmaceutical Organization 
(GPO). Briefly, the aerial part of B. monnieri plants are made into small pieces and dried at 50 °C 
for 12 h. The dried plant material is milled to obtain crude powder. The crude powder is then 
extracted with 95% ethanol with the ratio of 1 g of Brahmi: 7 ml of ethanol by percolation 
method. The crude powder is dried again, and then repeatedly extracted with 95% ethanol. 
The obtained extract is dried with a rotary evaporator under reduced pressure. The extract 
contains approximately 5% of saponins (w/w) as the active constituent (25). The BM extract 
(160 mg & 240 mg/kg body weight) was dissolved in water and given to the animals for 16 days 
prior to and 38 days after the injection of pilocarpine via the oral route. 
 
Electrode implantation 

Animals were anesthetized with ketamine hydrochloride (100 mg/kg) and xylazine 
hydrochloride (10 mg/kg). After removal of the hair around the scalp area, they were fixed on 
a stereotaxic frame. Under sterile condition, a mid-line skin incision (15 mm) was made on 
the head and the periosteum was cleaned. After the skull was exposed, five holes were drilled 
to insert stainless-steel screws acting as electrodes which sit on the dura to obtain EEG signals. 
The EEG signals were used to confirm the seizure activity. We used 5 electrodes: first for 
ground electrode, second and third (left and right) electrodes for the frontal lobe electrodes, 
and fourth and fifth (left and right) electrodes for the central lobe electrodes.  After implanted, 
the electrodes were soldered to a connector which in turn was fixed to the rat’s skull by dental 
acrylic. 
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Induction of Status epilepticus  
Rats received an initial intraperitoneal injection of scopolamine (1 mg/kg) followed by 

a dose of 380 mg/kg pilocarpine 30 min later. After they showed seizure activities for 30 min, 
the SE was terminated by a single intra-peritoneal injection of 5 mg/kg diazepam. 

 
Behavioral and EEG analyses 

The behavioral changes and EEG signals were recorded for 15 min before and 2 h 
after pilocarpine injection. For EEG signals, we calculated the scoring, using the scale of 
0-3: 0 = normal EEG, 1 = rare spikes (up to 5 times of EEG activity), 2 = frequent spikes more 
than 6 per min, and 3 = seizures. The seizure activities were rated according to Racine scale, 
using stage 1–5: stage-1 facial automatism, stage-2 head nodding, stage-3 unilateral forelimb 
clonus, stage- 4 bilateral forelimb clonus and stage-5 rearing. The only animals which exhibited 
EEG criteria stage 2 and 3 were included in our study. 
 
Morris Water Maze (MWM) test 

 MWM is a spatial learning and memory test, consisting of 3 training trials: visible 
platform, acquisition, and probe trials. Rats received the same training trials 4 times per day. 
In the visible platform trial, the platform location was clearly identified by a marker above 
the water, and the trial was performed on the first day of training to determine the sensorimotor 
performance and motivation to escape from the water. The acquisition trial was performed 
consecutively for 5 days after the visible platform trial. Animals had to learn to use visual cues 
to find the platform hidden under the water. The escape latency was recorded and analyzed to 
determine the spatial learning and memory performance. In the probe trial, the platform was 
removed, and the time spent on the target quadrant (retention time) was analyzed to determine 
the memory retention. 
 
Cresyl violet stain  
 After the behavioral training, all rats were sacrificed, and the brains were removed. 
The paraffin sections of the brain were processed and cut at 5 μm thickness. In each brain, 
a series of 3 sections spaced at an interval of 200 μm was stained with 0.1% cresyl violet to 
examine neuronal damage. The hippocampus was viewed under a light microscope (Carl Zeiss 
Axio Imager M2, Germany), and images of CA1 subregion were taken. Then, the three 
representative images of each subregion were cropped into a 0.1 mm2 square (345 x 300 μm2). 
The numbers of hippocampal neurons (surviving and dead) in CA1 subregion of the 
representative images were manually counted using the ImageJ program. 
 
MDA assay  
 The reagents and standard samples were prepared according to the manufacturer’s 
instructions. The brain tissues were washed in cold PBS and homogenized in the lysis solution 
with a homogenizer sitting on ice. After that, centrifugation at 13,000 x g was performed for 
10 min to remove the insoluble material and the supernatant was collected. TBA reagent was 
added into the wells containing the standard and test samples which were incubated at 95°C 
for 60 min and cooled down to room temperature in an ice bath for 10 min. The absorbance 
was immediately measured by a microplate reader at 532 nm for colorimetric analysis. 
 
Statistical analysis 
 The data were analyzed using GraphPad Prism version 5. All results were expressed as 
mean ± SEM. The mean escape latency was analyzed using the repeated-measure ANOVA and 
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followed by Fisher’s least significant difference post hoc test. The other data were analyzed 
using One-way ANOVA and followed by Fisher’s least significant difference post hoc test. 
P value of 0.05 or less was considered significant. 

 
Figure 1. Experimental design 

Results 
 
Effect of BM extract on memory deficit after pilocarpine-induced status epilepticus 
 The spatial learning and memory of the rats was measured in the hidden and probe 
trials. The escape latency in the SE group was significantly prolonged as compared to the 
control group on day 2. The BM extract treated groups showed a reduction in time to find the 
hidden platform on day 1, 2, and 4 when compared to the SE group, implying that the SE rats 
which received BM treatment had better spatial navigation than the SE rats without treatment 
(Figure 2).  

 
Figure 2. Escape latency in the acquisition trial. The data were shown as mean ± SEM (n = 6/group).  
# = p < 0.05 between the SE versus control groups 
* = p < 0.05 between the SE versus SE + BM extract (160 mg/kg) groups 
$ = p < 0.05 between the SE versus SE + BM extract (240 mg/kg) groups 
 

In addition, the SE groups which received both doses of BM (160 and 240 mg/kg) spent 
more time in the target quadrant than the SE group, highlighting the treated rats retained and 
retrieved memory better than the SE rats. These results point out that BM extract could 
probably enhance the spatial learning and memory in the SE rats (Figure 3). 
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Figure 3. The time spent on the target quadrant (retention time) in the probe trial. The data were shown as mean ± SEM 
(n = 6/group). 
* = p < 0.05 between the SE versus SE + BM extract (160 mg/kg) groups 
$ = p < 0.05 between the SE versus SE + BM extract (240 mg/kg) groups 

 
Effect of BM extract on the neuronal survival after pilocarpine-induced status epilepticus 

The number of neurons in CA1 subregion of the hippocampus was assessed to examine 
the effect of BM extract on the neuronal survival. The surviving neurons were characterized 
by prominent nucleoli (Figure 5). The CA1 subregion had a significantly higher number of 
neurons in the two BM extract treated groups when compared to the SE group (Figure 4). This 
data may highlight the potential neuroprotective effect of BM in the hippocampus of the SE 
rats. 

 
Figure 4. The number of survival neurons in the hippocampus (CA1) subregion. The data were shown as mean ± SEM 
(n = 3/group).  
* = p < 0.05 between the SE versus SE + BM extract (160 mg/kg) groups 
$ = p < 0.05 between the SE versus SE + BM extract (240 mg/kg) groups 
@ = p < 0.05 between the SE versus SE + dilantin (30 mg/kg) groups 
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Figure 5. The microscopic visualization of the neuronal survival in the CA1 subregion via Cresyl violet stain. 
(A) the control group, (B) SE group, (C) SE+BM extract (160 mg/kg) group, (D) SE+BM extract (240 mg/kg) 
group and (E) SE + dilantin (30 mg/kg) group. (scale bar: 100 µm) 
 
Effect of BM extract on lipid peroxidation after pilocarpine-induced status epilepticus 
 We found that there was an increased trend of MDA concentrations in the hippocampus 
of the SE group compared to the control group and the BM extract treated group showed               
a noticeable reduction in comparison to the SE group though the data did not reach                           
a statistically significant level (Figure 6).  We assume that BM extract may probably reduce 
oxidative stress induced by status epilepticus. 
 

 
Figure 6. MDA concentration in the hippocampus brain tissue. The data shown as mean ± SEM (n = 3/group).  
ns = no statistical significance 
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Discussion 
 

Our study identified the potential therapeutic effect of BM, as well as its possible 
mechanisms. We found that (i) BM extract could reduce oxidative stress, (ii) enhance cognition 
and memory, and (iii) promote neuronal survival in the pilocarpine model of SE.  

Our data showed no statistical significance of MDA levels between the SE group and 
SE+BM group. This might be due to a small number of sample sizes or maybe because the time 
point used to measure MDA levels (1 month after the SE) might be too long to detect the 
difference between groups. However, our work elaborating that BM might reduce oxidative 
stress in the SE group was corresponded to many studies. Based on animal study results, 
bacosides, active ingredients of BM extract, were shown to have antioxidant activity in the 
hippocampus, frontal cortex and striatum via modulation or the expression of certain antioxidant 
enzymes: superoxide dismutase (SOD), catalase (CAT), glutathione peroxidase (GPx), and 
reduced glutathione reductase (GSR), scavenging reactive oxygen species (23,24). The effect 
of ethanolic BM (orally administered 20 or 40 mg/kg per day for 3 weeks) on 6-OHDA–induced 
lesions in rats proved that lipid peroxidation and reduced glutathione depletion were prevented 
by BM treatment (27). In addition, BM (300 mg/kg oral) was observed to ameliorate behavioral 
deficits via reduction of hyper-excitability and locomotor abnormality, and oxidative stress via 
an improvement of reduced glutathione and catalase, and a reduction of total nitrite levels in 
the sodium valproate–induced autism model in rats (28). 

Next, our discovery that BM could improve cognition and memory impairment in the 
SE model was supported by numerous reports.  In one report, BM (40 mg/kg p.o. for 7 days) 
significantly reversed phenytoin-induced memory impairment (both memory acquisition and 
retention) in the passive-avoidance and locomotor activity in mice without affecting 
phenytoin’s anti-convulsant activity, supporting the use of BM as an adjuvant for epileptics 
and possibly a nootropic for non-epileptics (29). Another publication revealed that 120 mg/kg 
oral of BM reversed SC (scopolamine)-induced anterograde and retrograde amnesia (Morris 
water maze) in the mice because scopolamine, a muscarinic ACh antagonist, has been reported 
to impair long-term potentiation (LTP) and memory (30). Moreover, 120 mg/kg oral BM dosage 
was found to be sufficient to significantly reverse diazepam-induced amnesia in the Morris water 
maze test. BM also suppressed the diazepam-induced up-regulation of MAP (mitogen-activated 
protein) kinase, pCREB (phospho-cAMP response element-binding protein), and i-NOS 
(inducible Nitric oxide synthase) (31). Its antioxidant properties and ability to balance 
superoxide dismutase (SOD) and catalase levels were also postulated to account for this 
memory boosting effect (19). 

To further investigate the effect of BM extract on neuronal viability, the histological 
study of the hippocampus was performed to examine the difference in the number of surviving 
neurons in the hippocampus CA1. We found that the number of surviving hippocampal neurons 
in rats was higher in the SE groups which received different BM dosages. Though there was 
no statistical difference in terms of neuronal survival between the control and SE group, SE 
can cause neuronal cell death and neurological impairments (32, 33). Neuronal injury may be 
likely the consequence of excessive neuronal excitability, free radical production, neuronal 
metabolic excess, and increased glutamate release (34, 35). Glutamate mediated activation of 
NMDA receptors leads to excessive influx of calcium ions, with subsequent energy failure and 
neuronal death (34, 36, 37). There are 2 main apoptosis pathways: extrinsic and intrinsic 
pathways (38). The extrinsic pathway is triggered by surface-expressed death receptors of the 
tumor necrosis factor (TNF) superfamily when binding with their ligands (secreted cytokines 
such as TNFα). The intrinsic pathway is mitochondria-mediated, and is activated by an array 
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of intracellular stressors including DNA damage and perturbation of intracellular calcium 
homeostasis or organelle dysfunction (39). Additionally, this study found that pretreatment and 
chronic treatment of BM extract attenuated the neuronal damage in hippocampus, as we found 
surviving hippocampal neurons after induction of status epilepticus by pilocarpine was higher 
in CA1 areas.  This result might suggest the potential neuroprotective effect of BM extract in 
the model of SE. 

Taken together, SE model is the most widely used approach for inducing temporal lobe 
epilepsy (TLE) in rodents as it is generally considered as a trigger to initiate epileptogenesis. 
Despite some drawbacks, the pilocarpine model still reflects several pathophysiological 
features similar to those of human SE (14). Moreover, the complexity of mechanisms supports 
the idea that a single neuroprotective drug that is restricted to one mechanism will not yield 
pleiotropic benefits in the SE model. A multi-target approach may have a superior role over 
the single-target one. Although there is no direct supporting evidence of BBB (blood brain 
barrier) permeability conferred by BM extract (bacoside A), a recent publication proved that it 
could cross the BBB using biomimetic and computational studies (40). Therefore, it is worthy 
to explore how BM extract treatment could improve neuronal viability and enhance cognition 
and memory though much more research areas need to be addressed. 

Our current pilocarpine model could not be able to mimic the SE-induced neuronal 
death and memory impairment completely as the statistical difference between the control and 
the SE groups did not reach a significant level. But yet our previous publication provided             
a consistent result which can be translated to the phenotype of SE induced by pilocarpine (41). 
Therefore, our findings could be confidently referred to as being the consequences of SE: 
memory impairment and neuronal death. This time we could not also provide the 
electrophysiological evidence of SE to confirm the definition of SE as in humans. 
 
Conclusion 
 

Our study found that BM extract would probably help cognitive performance, alleviate 
oxidative imbalance, and confer neuroprotection. Therefore, the antioxidant action, 
neuroprotective effect and memory boosting efficacy of BM extract will be applicable with the 
intent of secondary prevention. These will lead to decreased morbidity and mortality associated 
with SE and epilepsy. Our study will shed a new light into a better understanding of how BM 
will be involved in improving neuronal viability and consideration of its utilization as an 
adjunct to AED. 
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Abstract 
 
Sit-to-stand is a prerequisite for any movement in an upright position, e.g., standing and walking. 
Recently, it has been shown that visual perception has a physiological response to optokinetic 
virtual reality that causes instability during upright stance. The objective of this study was to 
investigate the effects of optokinetic virtual reality on muscle activities, postural stability and 
ground reaction force during sit-to-stand movement. Twenty-three healthy subjects aged 18-25 
years who met the inclusion criteria were recruited to this study. Each participant was asked to 
perform sit-to-stand movement under six visual conditions: eyes-open, eyes-closed and four 
different directions of optokinetic virtual reality (rightward, leftward, upward and downward 
directions). Surface electromyography (EMG) was used to detect the muscle activities of 
erector spinae, rectus femoris and biceps femoris muscles. Ground reaction force and center 
of pressure sway were measured using a force plate. The eye-closed and all optokinetic 
conditions significantly increased center of pressure sway compared to the eyes-open condition 
(p < 0.05, Bonferroni’s multiple comparison) and significantly reduced peak ground reaction force 
compared to the eyes-open condition (p < 0.05, Bonferroni’s multiple comparison). For muscle 
activations, lower limb muscles in all optokinetic conditions were significantly activated faster 
and longer compared to the eyes-open condition (p < 0.05, Bonferroni’s multiple comparison). 
These results indicated that optokinetic virtual reality can induce postural instability during 
performing sit-to-stand movement by altering the activation of lower limb muscles. This finding 
can lead to further investigations on the training and treatment of people who have balance 
problems in the future. 
 
Keywords:  Optokinetic, virtual reality, sit-to-stand, electromyography, postural control 
  



Joint Physiological Pharmacological Society Conference JPPSC-2022 

June 8–10, 2022 

58 
 

Introduction 
 

Sit-to-stand is one of the most common daily movements. It is a prerequisite 
movement that is required before moving in an upright function, such as walking, running, or 
other activities (1, 2). The inability to perform this movement will lead to impairment of 
mobility-related functions and impaired quality of life (3, 4, 5). Standing up requires the force 
of the legs in the form of coordination between the hip and knee extensor muscle groups to 
move the body vertically upward. During standing up, the center of mass (COM) displacement 
and velocity are controlled along vertical and horizontal axes for the transition of base of support 
(BOS) from three-point support to two-point support in order to maintain a final static upright 
posture (1, 6). If the displacement of the center of mass is not related to the base of support, it 
may result in loss of balance and falling, or inability to stand up successfully (6). Ground 
reaction force is used as a variable that reflects the exertion of the limb. If this value is high, it 
indicates good balance when performing sit-to-stand, as the lower limb muscles can exert a good 
amount of effort when performing sit-to-stand. Sit-to-stand movement requires the work of many 
muscle groups, which rely on the coordination of many parts of the brain that control different 
processes involved in moving. These processes are the perceptual process, action process and 
cognitive process. The process of perception relies on sensory systems to receive information (6). 

Indeed, the postural control relies on 3 main sensory systems, including visual, 
vestibular, and somatosensory systems. The higher brain centers integrate inputs from many 
senses, interpret incoming sensory information and send nerve impulses to muscles and joints 
through motor neurons, causing proper movement corresponding to the inputs (6, 7, 8). 

The visual system helps controlling movement and balance by receiving sensations 
from the environment (exteroceptive sense) which helps to determine the location and 
movement of targets or objects around us. It also determines the position and movement of the 
head in the surrounding environment (6, 8). Previous studies have shown that vision plays a role 
in regulating balance during sit-to-stand movement by comparing sit-to-stand in the condition 
of eyes open with eyes closed (3). It was found that closing eyes while performing sit-to-stand 
resulted in decreased weight transfer time (second) and increased center of gravity sway 
velocity (degree/second). In addition to eyes closing, visual disturbances have also been 
observed using other stimuli, including virtual reality (VR). Virtual reality is a technology 
which allows a user to interact with a computer-simulated environment, whether that 
environment is a simulation of the real world or an imaginary world, by using a head-mounted 
display (9, 10). Virtual reality has been used to study the effectiveness of balance training in 
patients with neurological impairments that virtual reality can be used efficiently, for example, 
training unilateral spatial neglect in stroke patients (9). The effect of virtual reality on standing 
balance has been investigated by using optokinetic virtual reality. The results showed that 
optokinetic virtual reality affects neuromuscular regulation and leads to instability on standing 
balance (11). 

Most studies have focused on the effect of visual disturbances on balance in terms of 
the position and velocity of the changing center of mass (3, 7, 11). Therefore, the objective of 
this study is to reveal the effect of optokinetic virtual reality on muscle activity, ground reaction 
force (GRF), and center of pressure sway velocity during sit-to-stand movement. The results 
of this study can be applied to further explore the effects of optokinetic virtual reality on people 
with movement and balance disorders, which may lead to an alternative method for balance 
training and rehabilitation in the future. 
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Methods 
 
Participants 

Inclusion criteria: Healthy male and female, aged between 18-25 years, were included 
if they have 1) a normal visual field, 2) an ability to follow orders or description (e.g. "stand up"), 
3) no history of hearing impairment, 4) no history of loss of balance, 5) no history of 
neuromuscular disorders, 6) no musculoskeletal problems that affect standing up, 7) no 
neurological problems affecting standing up, 8) no history of allergy to alcohol and skin glue 
and 9) an ability to communicate and answer questionnaires in Thai. 

Exclusion criteria: The participants were excluded if they 1) used drugs that caused 
drowsiness or dizziness or drank alcoholic beverages within 24 hours before taking the test, 
2) had an allergic reaction after being wiped with alcohol or electrodes being attached to the 
skin and 3) had loss of balance during the experiment. 

This study was approved by the Institutional Review Board of the Faculty of 
Medicine, Chulalongkorn University (144/63). 
 
Sample size 

Sample size calculation was based on previous research by Maxime T. Robert et al. 
In the section “The effect of viewing a virtual environment through a head-mounted display on 
balance” (10), the mean velocity in medio-lateral direction during sit-to-stand with virtual 
environment was measured compared to eyes open in physical environment, the mean values 
were 27.01 ± 12.10 and 36.75 ± 22.07 (mm/s), respectively. 
 
 

Formula     Z = Z Statistical for a level of confidence 
σ = Standard deviation  

       of interesting outcome 
d = " − "!  

  The 95% confidence interval α = 0.05   Z" #⁄  = 1.96 (2-tailed) 
  Power 90%   β = 0.1    Z% #⁄  = 1.65 

n = (1.96 + 1.65)#(12.10)#
(27.01 − 36.75)#  

				= (3.61)#(12.10)#
(−9.74)# 	= 	 (13.03)(146.41)(94.87) 	= 	1907.7294.87 = 	20.11 

  n = 20.11 
 

In this study, trials were conducted with participants who voluntarily signed their 
consent to participate in the research and met the inclusion criteria. Data from 23 participants 
were used for statistical analysis. 
 
Participants’ sitting position  

All participants were asked to take off their shoes and socks, and to change their pants 
to shorts that the researcher prepared. Then, their weight (kg) and height (cm) were measured. 
Prior to performing a sit-to-stand movement, the thigh and lower leg lengths (cm) were 
measured in a standing position. These lengths were used to set the starting position and to 
adjust the height of the chair and sitting depth. The thigh length was measured from greater 
trochanter to the lateral knee joint line. The lower leg length was measured from the lateral 

n = (Z" #⁄ + Z% #⁄ )#σ#
d#  
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epicondyle of the femur to the floor. The seat height was adjusted to 100% of the lower leg 
length. Then the participant was asked to sit, and the midpoint of thigh was aligned with the 
anterior border of the seat; This is the sitting depth adjustment. Both feet were kept at shoulder 
width apart and placed behind a line perpendicular from the center of the knee joint to the force 
plate in ankle dorsiflexion position which was adjusted to 75 degrees. This angle was measured 
between the midline of the lower leg and the imaginary line that was parallel to the fifth 
metatarsal (Figure 1). Then, the label stickers were placed on the force plate at the anterior 
border of both big toes and the posterior border of both heels. These marks were used as 
reference points to ensure that participants were set in the same position in every trial. 

 
 

Figure 1. The participants’ sitting position. 
 
Surface electromyography  

Surface electromyography was used to record muscle activities. A surface electrode 
(Figure 2) was attached to the muscle to be studied. In this study, before attaching the surface 
electrode to the participants, the researcher cleaned the skin to where the surface electrode 
would be attached by wiping it with alcohol to reduce the electrical resistance of the skin. After 
cleaning, the surface electrode was attached according to the position of the muscle (Figure 3) 
as follows: 1) Lumbar erector spinae, the surface electrode attached to the position next to the 
Spinous process of the L1 level spine to the side for a distance of 2 fingers width, 2) Rectus 
femoris, the surface electrode attached to the midpoint of imaginary line drawn from anterior 
superior iliac spine to superior part of patella and 3) Biceps femoris, the surface electrode 
attached to the midpoint of the imaginary line from ischial tuberosity to the lateral epicondyle 
of tibia. 

Surface electrodes were attached to the muscles on both sides of each participant's 
body for a total of 6 points. The surface electrode attachment locations were based on the 
surface electrode attachment location from Surface Electromyography for the Non-Invasive 
Assessment of Muscles (SENIAM) recommendation. 

 

 
Figure 2. Surface electrode. 
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Figure 3. Surface electrode mounting locations on the muscles studied in this study. 

 
 

Head-mounted display device with optokinetic conditions 
The head-mounted display (HTC VIVE Pro Eye) (Figure 6) was used in this study to 

show participants 4 optokinetic visual conditions. The device has an internal display screen 
that receives images from the computer to which the device is connected. The researcher 
equipped this device to the participants with the following steps: 1) loosened the strap by 
rotating the adjustment dial counter-clockwise (Figure 4A), 2) pressed the headset towards 
each participant's eyes, and then slid the strap around the back of each participant's head 
(Figure 5A), 3) rotated the adjustment dial clockwise until the headset fit snugly (Figure 4B), 
and 4) asked the participants about their firmness. If the patient felt discomfort, the researcher 
would adjust until appropriate (Figure 5B).  
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Figure 4. The adjustment wheel in both directions. (A) Rotate the dial counter-clockwise to loosen the strap before 
wearing. (B) Rotate the dial in a clockwise direction to tighten the strap to the participant's head. 

 
Figure 5. (A) Press the headset towards the each participant' s eyes. (B) Display the image after the head-mounted 
display is finished. 

 
Figure 6. The equipment used in each visual condition. (A) Head-mounted display used in optokinetic visual 
conditions. (B) Eye mask used in conditions with eyes closed. 
 
Procedure 

The participants completed a questionnaire about general information and inclusion 
criteria. Then, the participants who met the inclusion criteria without any exclusion criteria were 
measured for weight, height and length of the upper leg and the lower leg. There were 6 visual 
conditions in this study (Figure 7), all of which the subjects had to undergo, including 1) eyes 
open (EO), 2) eyes close (EC), 3) rightward optokinetic virtual reality (RT), 4) leftward 
optokinetic virtual reality (LT), 5) upward optokinetic virtual reality (UP), and 6) downward 
optokinetic virtual reality (DW). 
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The researcher prepared slips for the sequence of visual conditions in which the 
participants would have to be tested. The participants then randomly picked the slips for the 
sequence of visual conditions by themselves. 

 

 
Figure 7. Two types of alternating black-and-white stripes and the directions used for all 4 stimulation conditions. 
(1A) Leftward optokinetic virtual reality (2A) Rightward optokinetic virtual reality. (1B) Upward optokinetic 
virtual reality (2B) Downward optokinetic virtual reality. 
 

Once the participant had already drawn the sequence of the visual conditions, the 
researcher attached electrodes to the skin above the muscles to be studied: Lumbar erector 
spinae, rectus femoris and Biceps femoris on both left and right sides. The skin was cleaned 
with alcohol before attaching the electrodes. After that, the participant was seated in a height-
adjustable chair. The chair height, sitting depth, foot placement on the force plate were 
adjusted. This experiment was performed on a firm platform (Force plate) because the 
researcher wanted to collect the postural data in a normal external environment and only 
interfere with the visual environment. The participant's arms were folded throughout the test. 
The researcher explained and demonstrated how to perform sit-to-stand in this study and 
allowed the participants to practice until they understood the experimental process to avoid 
confusion while testing. 

At the start of the experiment, the researcher equipped the participants for each visual 
condition, and gave the command to stand up in Thai, which was equivalent to “when the signal 
was heard, stand up as quickly as you can and stand with your legs straight until I give a signal 
to sit down”, to the participants. At the end of each trial, participants were given a 1-minute 
break to prevent the effects of fatigue. Participants were required to perform sit-to-stand 3 times 
for each condition; the participants' sitting position and posture were corrected before 
performing sit-to-stand each time. Throughout the trial, the researcher provided a research 
assistant to supervise the safety of the participants throughout the sit-to-stand process including 
assisting the participants in case they lost balance during the experiment. 
 
Statistical Analysis 

The data analysis was performed with IBM SPSS version 28.0 for Windows. The 
Shapiro-Wilk test was used to test the normality. If the data showed a normal distribution, the 
data were analyzed in a parametric test to determine the variance of the test in each condition 
by using the one-way repeated measure ANOVA and Bonferroni’s multiple comparison test. 
The significance level was set at 0.05. 
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Results 
 
Characteristic data of the participants 
 Out of 23 participants, there were 14 males and 9 females. The characteristic data of 
the participants were shown in Table 1.  
 
Table 1. Characteristic data of the participants. 

Variables Mean SD Range 

Age (years) 20.91 1.67 18 – 25 

Weight (kg) 60.74 8.73 51-88 

Height (cm) 165.48 7.48 153-184 

BMI (kg/m2) 22.08 1.65 19.68-27.77 

 
Muscle activities  

To interpret muscle activity, data were analyzed to show the onset and duration of 
muscle activity. The onset of muscle activity is the point at which muscles start to contract. It is 
presented as a percentage of the total sit-to-stand time (the entire time of the sit-to-stand 
movement is 100%).  Duration of muscle activity is the amount of time the muscle is being 
activated and it is presented as a percentage of the total sit-to-stand time.  

One-way ANOVA showed a significant difference in onset and duration of erector 
spinae muscle activities (p < 0.05). Bonferroni’s multiple comparison test confirmed 
significantly decreased onset of left erector spinae muscle activities for eyes closed 
(4.98±1.33% of movement), rightward (5.64±1.55% of movement), upward (3.93±1.28% of 
movement), and downward (4.52±1.31% of movement) optokinetic virtual reality conditions 
compared to eyes opened condition (6.19±1.36% of movement), as well as significantly 
decreased onset of right erector spinae muscle activities for eyes closed (3.71±1.21% of 
movement), leftward (5.04±1.33% of movement), upward (3.13±1.22% of movement), and 
downward (5.13±1.37% of movement) optokinetic virtual reality conditions compared to eyes 
opened condition (5.88±1.33% of movement). Bonferroni’s multiple comparison test also 
confirmed significantly increased duration of left erector spinae muscle activities for rightward 
(21.18±1.99% of movement), upward (20.07±1.89% of movement), and downward 
(32.46±3.05% of movement) optokinetic virtual reality conditions compared to eyes opened 
condition (17.02±1.60% of movement), as well as significantly increased duration of right 
erector spinae muscle activities for eyes closed (22.20±2.09% of movement), leftward 
(22.30±1.72% of movement), and downward (32.62±3.07% of movement) optokinetic virtual 
reality conditions compared to eyes opened condition (21.59±2.03% of movement). (p < 0.05 
in for all comparisons) (Table 2) 
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Table 2. Erector Spinae (Data are presented as mean±SD). 

Visual 
Conditions 

Erector Spinae 
Left Side Right Side 

Onset 
(% of movement) 

Duration 
(% of movement) 

Onset 
(% of movement) 

Duration 
(% of movement) 

EO 6.19±1.36 17.02±1.60 5.88±1.33 21.59±2.03 

EC 4.98±1.33* 16.97±1.60 3.71±1.21* 22.20±2.09* 

RT 5.64±1.55* 21.18±1.99* 5.63±1.34 21.34±2.01 

LT 6.04±1.33 16.90±1.57 5.04±1.33* 22.30±1.72* 

UP 3.93±1.28* 20.07±1.89* 3.13±1.22* 21.71±1.95 

DW 4.52±1.31* 32.46±3.05* 5.13±1.37* 32.62±3.07* 
* Significant difference at the 0.05 level compared to eye open condition 
 

One-way ANOVA showed a significant difference in onset and duration of rectus 
femoris muscle activities (p < 0.05). Bonferroni’s multiple comparison test confirmed 
significantly decreased onset of left rectus femoris muscle activities for eyes closed 
(6.09±1.43% of movement), rightward (3.85±1.19% of movement), leftward (6.00±1.42% of 
movement), upward (-1.21±0.80% of movement), and downward (1.69±0.95% of movement) 
optokinetic virtual reality conditions compared to eyes opened condition (7.77±1.51% of 
movement), as well as significantly decreased onset of right rectus femoris muscle activities 
for eyes closed (6.41±1.46% of movement), rightward (5.27±1.32% of movement), leftward 
(2.63±1.10% of movement), upward (-0.89±0.83% of movement), and downward (1.30±1.01% 
of movement) optokinetic virtual reality conditions compared to eyes opened condition 
(7.61±1.50% of movement). Bonferroni’s multiple comparison test also confirmed 
significantly increased duration of left rectus femoris muscle activities for eyes closed 
(22.52±2.12% of movement), rightward (26.08±2.45% of movement), leftward (23.49±1.27% 
of movement), upward (24.41±2.29% of movement), and downward (33.23±3.12% of 
movement) optokinetic virtual reality conditions compared to eyes opened condition 
(18.44±1.73% of movement), as well as significantly increased duration of right rectus femoris 
muscle activities for eyes closed (17.59±1.37% of movement), rightward (24.50±2.30% of 
movement), leftward (20.86±1.59% of movement), upward (23.28±2.19% of movement), and 
downward (29.71±2.79% of movement) optokinetic virtual reality conditions compared to eyes 
opened condition (16.71±1.57% of movement). (p < 0.05 in for all comparisons) (Table 3) 

One-way ANOVA showed a significant difference in onset and duration of biceps 
femoris muscle activities (p < 0.05). Bonferroni’s multiple comparison test confirmed 
significantly decreased onset of left biceps femoris muscle activities for eyes closed 
(6.41±1.46% of movement), rightward (6.91±1.66% of movement), leftward (6.16±1.43% of 
movement), upward (3.45±1.24% of movement) and downward (5.44±1.40% of movement) 
optokinetic virtual reality conditions compared to eyes opened condition (7.98±1.44% of 
movement), as well as significantly increased duration of right biceps femoris muscle activities 
for eyes closed (6.72±1.49% of movement), rightward (6.59±1.63% of movement), leftward 
(6.48±1.46% of movement), upward (2.32±1.13% of movement) and downward (4.52±1.31% 
of movement) optokinetic virtual reality conditions compared to eyes opened condition 
(7.61±1.50% of movement). Bonferroni’s multiple comparison test also confirmed 
significantly increased duration of left biceps femoris muscle activities for eyes closed 
(18.65±1.57% of movement), rightward (19.23±1.34% of movement), leftward (18.34±1.63% 



Joint Physiological Pharmacological Society Conference JPPSC-2022 

June 8–10, 2022 

66 
 

of movement), upward (23.44±2.20% of movement) and downward (27.10±2.55% of 
movement) optokinetic virtual reality conditions compared to eyes opened condition 
(17.49±1.64% of movement), as well as significantly increased duration of right biceps femoris 
muscle activities for eyes closed (18.91±1.40% of movement), rightward (18.98±1.31% of 
movement), leftward (20.17±1.24% of movement), upward (22.80±2.14% of movement) and 
downward (26.95±2.53% of movement) optokinetic virtual reality conditions compared to eyes 
opened condition (17.81±1.67% of movement). (p < 0.05 in for all comparisons) (Table 4) 

 
Table 3. Rectus Femoris (Data are presented as mean±SD) 

 
Visual 

Conditions 

Rectus Femoris 
Left Side Right Side 

Onset 
(% of movement) 

Duration 
(% of movement) 

Onset 
(% of movement) 

Duration 
(% of movement) 

EO 7.77±1.51 18.44±1.73 7.61±1.50 16.71±1.57 

EC 6.09±1.43* 22.52±2.12* 6.41±1.46* 17.59±1.37* 

RT 3.85±1.19* 26.08±2.45* 5.27±1.32* 24.50±2.30* 

LT 6.00±1.42* 23.49±1.27* 2.63±1.10* 20.86±1.59* 

UP -1.21±0.80* 24.41±2.29* -0.89±0.83* 23.28±2.19* 

DW 1.69±0.95* 33.23±3.12* 1.30±1.01* 29.71±2.79* 
* Significant at the 0.05 level compared to eye open condition 

 
Center of pressure sway 

One-way ANOVA showed a significant difference in center of pressure sway (p < 0.05). 
Bonferroni’s multiple comparison test confirmed significantly increased center of pressure sway 
for eyes closed (0.032 ± 0.91 mm/sec), rightward (0.024 ± 0.97 mm/sec), leftward (0.026 ± 0.96 
mm/sec), upward (0.028 ± 0.94 mm/sec) and downward (0.028 ± 0.91 mm/sec) optokinetic 
virtual reality conditions compared to eyes opened condition (0.019 ± 0.97 mm/sec) (p < 0.05 
in for all comparisons) (Figure 8). 
 
Table 4. Biceps Femoris (Data are presented as mean±SD). 

Visual 
Conditions 

Biceps Femoris 
Left Side Right Side 

Onset 
(% of movement) 

Duration 
(% of movement) 

Onset 
(% of movement) 

Duration 
(% of movement) 

EO 7.98±1.44 17.49±1.64 7.61±1.50 17.81±1.67* 

EC 6.41±1.46* 18.65±1.57* 6.72±1.49* 18.91±1.40* 

RT 6.91±1.66* 19.23±1.34* 6.59±1.63* 18.98±1.31* 

LT 6.16±1.43* 18.34±1.63* 6.48±1.46* 20.17±1.24* 

UP 3.45±1.24* 23.44±2.20* 2.32±1.13* 22.80±2.14* 

DW 5.44±1.40* 27.10±2.55* 4.52±1.31* 26.95±2.53* 
* Significant difference at the 0.05 level compared to eye open condition 
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Figure 8. Center of pressure sway in each visual condition. Data are presented as mean±SD. *p < 0.05 
 
Vertical ground reaction force  

One-way ANOVA showed a significant difference in vertical ground reaction force 
(p < 0.05). Bonferroni’s multiple comparison test confirmed significantly decreased vertical 
ground reaction force for eyes closed (11.40 ± 7.58 N/kg), rightward (11.46 ± 7.84 N/kg), 
leftward (11.16 ± 7.65 N/kg), upward (11.54 ± 7.26 N/kg) and downward (11.63 ± 7.14 N/kg) 
optokinetic conditions compared to eyes opened condition (12.8 ± 8.40 N/kg) (p < 0.05 for all 
comparisons) (Figure 9). 
 

 
Figure 9. Vertical ground reaction force in each visual condition. Data are presented as mean±SD. *p < 0.05 
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Discussion 
 

The results revealed that optokinetic virtual reality induced the onset of lower limb 
muscle activation to be significantly faster, significantly increased duration of muscle 
activation, significantly increased center of pressure sway, and decreased vertical ground 
reaction force, compared to eyes opened condition. 

Our study indicated that center of pressure sway in eyes closed condition was higher 
than eyes opened condition and that is consistent with a previous study (3). In order to maintain 
balance, several sensory inputs including visual, vestibular and somatosensory senses have 
been integrated to higher brain center in order to plan movement patterns and appropriate motor 
responses (6, 7, 8). Sensory reweighting occurs when visual, vestibular, and proprioceptive 
information is disrupted (13). Restricting vision generates greater postural sway during quiet 
standing and sit-to-stand. The visual system is primarily used to maintain a posture among 
these three sensory systems. Similarly, it has been shown that center of gravity velocity (mm/s) 
and deviation (mm) during exposure to optokinetic virtual reality were significantly higher than 
eyes opened condition in a previous study that determined the effect of optokinetic virtual 
reality during quiet stance (11). 

According to several previous studies (3, 7, 10, 11), visual information contributes to 
balance maintenance and visual information can also disrupt balance control by dividing visual 
scenes into static physical and virtual dynamic. Eyes opened condition relates to the static 
physical scenes. The dynamic virtual scenes in the head-mounted display always provide an 
immersive environment of optokinetic simulation which could rotate around different axes. 
When standing with eyes opened on a firm platform, the visual information could not affect 
the postural control; however, the optokinetic virtual reality could induce postural sway (11). 
When exposed to optokinetic virtual reality, saccadic eye movement in opposite directions was 
induced (14); this brought inaccurate visual information that affected anticipatory control of 
the visual system. When this inaccurate visual information was processed, the sensory system 
perceived postural instability in accordance with the research findings that center of pressure 
sway velocity increased and peak vertical ground reaction force decreased. Postural instability 
will be feedback to higher brain center to plan the appropriate movement under optokinetic 
environment, thereby causing the lower limb muscles to activate longer compared to eyes 
opened condition. The results of this study provided the information of the effect of optokinetic 
virtual reality on sit-to-stand performance, which suggests that optokinetic virtual reality can 
be used as an alternative method to disturb balance. This could lead to the development of new 
balance training and rehabilitation methods in the future. 

However, there was a limitation in this study. The participants in this study were only 
healthy young adults. The results of this study cannot be applied to other populations including 
the elderly and people with neurological or movement disorders, such as stroke and Parkinson’s 
disease. Therefore, further investigation is needed to study the effect of optokinetic virtual 
reality on postural control in people who have balance problems. Moreover, the effects of this 
stimulus on athletes should also be investigated. Further study on optokinetic virtual reality 
could lead to new approaches of balance training to improve sport performance. 
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Conclusion 
 

The results of this study indicated that optokinetic virtual reality led to a significant 
increase in the center of pressure sway and a decrease in the vertical ground reaction force 
compared to eyes opened condition. Significantly faster and longer activation of lower limb 
muscles as compared to eyes opened condition was also found. These significant differences 
imply that optokinetic virtual reality could be used to increase the challenge of balance control 
while performing the sit-to-stand movement.  
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Abstract 
 
The anti-hormonal resistance is the most important limitation of treatment in ER-positive breast 
cancer patients. Approximately 25-30% of patients who receive tamoxifen have been reported 
to develop resistance. Zoledronic acid is the third generation of the bisphosphonates and has 
been reported the anti-cancer effects including anti-proliferation, apoptosis induction, and cell 
cycle arrest in various types of cancer. Moreover, the zoledronic acid with anti-hormonal 
therapies were reported to improve disease-free survival in breast cancer patients. This study 
aims to investigate the potency of zoledronic acid in terms of anti-cancer effect (inhibited cell 
growth/anti-proliferation) and synergistic effect of zoledronic acid and fulvestrant in anti-
hormonal resistant breast cancer cells. The result demonstrated the anti-proliferative effect of 
zoledronic acid showing low IC50 values in anti-hormonal resistant cells (MCF-7/LCC2 = 
1.748; MCF-7/LCC9 = 1.302). In addition, the zoledronic acid/fulvestrant combination has the 
trend of synergistic effect (CI<1) at 0.325, 0.65, or 1.3 µM of zoledronic acid with 0.01 or 0.1 
µM of fulvestrant. These results provide the preliminary data supporting the potential role of 
zoledronic acid as an adjuvant drug for anti-hormonal resistant breast cancer patients in the 
future. 
 
Keywords:  Anti-hormonal resistance, breast cancer, zoledronic acid, fulvestrant, 

synergistic effect 
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Introduction 
 

Approximately 22.8 % of Thai women who have cancer were diagnosed with breast 
cancer (1). Breast cancer is a progression of the abnormality in cell proliferation due to DNA 
damage and genetic mutation (2). Thus, the standard treatment of breast cancer consists of two 
parts (2). Firstly, surgery is the main treatment to remove the tumors (2). Secondly, patients 
are treated with radiotherapy or systemic therapies such as anti-hormonal therapy, 
chemotherapy, or targeted therapy to reduce the risk of tumor recurrence and metastasis (2). 
The anti-hormonal therapies (Tamoxifen, fulvestrant, and anastrozole) are the standard 
treatment in breast cancer patients whose tumors express hormone receptors (ER-positive 
subtype) (3). However, 25-30% of patients have been reported an unresponsive response to 
tamoxifen (selective estrogen receptor modulators: SERMs) treatment which is called “anti-
hormonal resistance” (4). The anti-hormonal resistance is caused by several pathways 
including ER crosstalk with HER2 signaling pathways, ESR1 genomic aberrations, and 
aberrations of c-MYC or Cyclins D1 (5, 6). Consequently, the treatment of ER-positive breast 
cancer is limited to only some available groups of drugs. 

Zoledronic acid (ZA) is the third generation of bisphosphonates group used in 
osteoporosis patients, steroid-induced osteoporosis, and bone metastasis of malignancy (7, 8). 
Several studies reported that zoledronic acid had anti-cancer effects via the induction of 
apoptosis and cell cycle arrest in various cancer types including breast cancer (9-11). In clinical 
trial, the ABCSG-12 study reported that zoledronic acid reduced disease progression of breast 
cancer in premenopausal women (HR-positive breast cancer) when they received zoledronic 
acid in the combination with standard treatment (Goserelin plus tamoxifen or anastrozole) (12). 
Therefore, zoledronic acid may have an anti-cancer effect and synergistic effect (combination 
with fulvestrant) in anti-hormonal resistant breast cancer. 

 
Methods 
 
Cell culture and reagent 

The anti-hormonal resistant breast cancer cell lines include MCF-7/LCC2 (Tamoxifen 
resistance) and MCF-7/LCC9 (Tamoxifen/fulvestrant resistance) were provided by Dr. Robert 
Clarke (Georgetown University Medical center, Washington DC, USA). Zoledronic acid (ZA) 
and fulvestrant (Ful) were purchased from Abcam (Cambridge, UK) and Sigma-Aldrich (St. 
Louis, MO, USA), respectively. These cell lines were maintained in MEM medium (Gibco, 
USA), 5% FBS (Hyclone, USA), and penicillin-streptomycin (Gibco, USA) at 37 °C 
humidified air with 5% CO2. 

For the study of the combination effect (zoledronic acid with fulvestrant), MCF-
7/LCC9 cells were maintained in phenol red-free IMEM medium (Gibco, USA) before 
treatment for 48 h. This medium contained 5% charcoal stripped fetal bovine serum (Gibco, 
USA), non-essential amino acids (Gibco, USA), L-glutamine (Gibco, USA), and insulin 
(Gibco, USA). 

 
Cell viability assay 

MCF-7/LCC2 and MCF-7/LCC9 cells at the density of 5x104 cells/mL were seeded 
into a 96-well plate and incubated overnight before the treatment. Cells were treated with 
zoledronic acid at the concentration of 0.625-20 µM. For the study of the combination effect, 
MCF-7/LCC9 cells were treated with zoledronic acid (0.325, 0.65, and 1.3 µM) with or without 
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fulvestrant (0.001, 0.01, 0.1, 1, or 10 µM). The cells were treated for 144 h and the media were 
changed every three days. After 144 h of treatment, cells were incubated with MTT solution at  
37 °C humidified air for 4 h. The formazan crystals were dissolved with DMSO and determined 
the O.D. at 570 nm with a microplate reader. 

 
Combination Index (CI) analysis 
 The “Chou-Talalay Method” was used for determining the combination effects of 
zoledronic acid and fulvestrant (13-15). All data were generated from CompuSyn program 
based on the median effect equation. The combination Index or CI value represents the effect 
of drug combination; synergism (CI<1); additive effect (CI=1); and antagonism (CI>1). The 
normalized isobologram (Chou-Chou plot) was evaluated from plot points between 
(D)ZA/(Dx)ZA with (D)Ful/(Dx)Ful on the X and Y-axis. Thus, the normalized isobologram can 
represent the effect of a drug interaction.  

(D)ZA and (D)Ful   =   The single dose of drug is used 

(Dx)ZA and (Dx)Ful   =   The single dose of drug that produces the same effect 

Statistical analysis 
 The data were represented in mean ± SD from 3 independent experiments (3N). 
Statistical analysis was performed by one-way analysis of variance (ANOVA) followed by 
Tukey post hoc test with GraphPad Prism 9. The significant values were accepted at p < 0.05. 
 
Results 
 
Zoledronic acid inhibited cell proliferation of anti-hormonal resistant breast cancer cell 
lines (MCF-7/LCC2 and MCF-7/LCC9). 

Zoledronic acid can inhibit cell growth in anti-hormonal resistant breast cancer cell 
lines at the concentrations of 0.625-20 µM (Figure 1). The IC50 values are 1.748 and 1.302 µM 
in MCF-7/LCC2 and LCC9 cells, respectively. Thus, zoledronic acid had good potency to 
inhibit cell proliferation in both anti-hormonal resistant breast cancer cell lines. 

 
 
Figure 1. Zoledronic acid reduced cell proliferation of anti-hormonal resistant breast cancer cell lines              
(MCF-7/LCC2 and MCF-7/LCC9). The data showed percent of cell viability of MCF-7/LCC2 and LCC9 cells 
treated with zoledronic acid at 0.625-20 µM for 144 h. The data are represented in mean ± SD from three 
independent experiments.   
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The combination effect of zoledronic acid and fulvestrant in MCF-7/LCC9 cells (Tamoxifen/ 
fulvestrant resistant breast cancer cell line). 

The combination of zoledronic acid and fulvestrant had the trend to inhibit cell growth 
(Figure 2A). The percent of cell viability of MCF-7/LCC9 was lower than 70% after the 
combination of 0.65 and 1.3 µM zoledronic acid with 0.1 µM fulvestrant (p < 0.05) when 
compared with an untreated group. The drug combination had the trend to inhibit cell growth 
(p = 0.0349, p = 0.0095, and p = 0.0056) when compared with the treatment of fulvestrant 
alone. On the other hand, fulvestrant at 10 µM concentration demonstrated the trend to 
stimulate breast cancer cell proliferation. Interestingly, the drug combination of 10 µM 
fulvestrant with 0.325, 0.65, and 1.3 µM zoledronic acid showed the trend to reduce cell 
proliferation in MCF-7/LCC9 cells (p = 0.9995, 0.8703, and 0.7588, respectively). 

The normalized isobologram demonstrated a synergistic effect of the combination of 
zoledronic acid and fulvestrant in some concentrations of co-treatment (Figure 2B). 
Furthermore, co-treatment of 0.325, 0.65, or 1.3 µM of zoledronic acid and 0.01 or 0.1 µM of 
fulvestrant provided the combination index or CI value lower than 1 (CI<1) (Figure 2C).            
It represented the synergistic effect between zoledronic acid and fulvestrant that is consistent 
with a normalized isobologram. Thus, co-treatment between zoledronic acid and fulvestrant 
had a synergistic effect in MCF-7/LCC9 cells. 
 
Discussion 
 

The anti-cancer effects of zoledronic acid have been reported in various cancer types 
such as nasopharyngeal carcinoma, cervical cancer, and breast cancer (10, 11, 16). Zoledronic 
acid reduced the synthesis of Ras protein by interrupting the Ras-dependent MAPK, Erk1/2, 
Akt pathways. Consequently, pro-survival proteins such as Bcl-2 were reduced (11). In this 
study, we have demonstrated the potency of zoledronic acid to inhibit cell growth. Both anti-
hormonal-resistant cell lines (MCF-7/LCC2 and LCC9) showed the reduction of cell 
proliferation after the treatment with zoledronic acid. Moreover, zoledronic acid combined with 
fulvestrant was able to increase the anti-cancer effect in anti-hormonal resistant breast cancer 
cell line. 

MCF-7/LCC9 cells are a tamoxifen/fulvestrant resistant breast cancer cell line. At 
concentrations of 0.01-1 µM, fulvestrant has a minor inhibitory effect to inhibit cell 
proliferation. Interestingly, increasing the concentration of fulvestrant at 10 µM can induce 
MCF-7/LCC9 cells to proliferate. Cook & Clarke reported that fulvestrant treatment provided 
the distribution of ERα receptor in the nucleus, cytoplasm, and consequently increased pro-
survival UPR signaling in MCF-7/LCC9 cells (17). It is a survival mechanism in cancer cells 
and leads to the resistance against cancer therapeutics (18). However, our report showed that 
zoledronic acid can restore the effect of fulvestrant in fulvestrant resistant MCF-7/LCC9 cells. 
Zoledronic acid can increase anti-growth effect in anti-hormonal resistant breast cancer cell 
line when compared with the treatment of fulvestrant alone. Therefore, the co-treatment of 
zoledronic acid and fulvestrant has a synergistic effect in fulvestrant resistant MCF-7/LCC9 
cells. Jia et al. reported the study of zoledronic acid that can sensitize MCF-7 breast cancer cell 
lines to fulvestrant (19). Zoledronic acid reduced the synthesis of HIF-1α via inhibited MAPK, 
Erk1/2, Akt pathways (19). Thus, the combination of zoledronic acid with fulvestrant might 
promote the growth inhibition of MCF-7 (HIF-1α overexpression) in in vitro/in vivo models 
and decrease the expression of HIF-1α (19). However, further studies on molecular mechanism 
of zoledronic acid must be performed. 
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Figure 2. The Combination effect of zoledronic acid and fulvestrant in MCF-7/LCC9 cells (Tamoxifen/fulvestrant 
resistant breast cancer cell lines). (A) Percent of cell viability of MCF-7/LCC9 cells treated with zoledronic acid 
(0.325-1.3 µM) and fulvestrant (0.001-10 µM) for 144 h. (B) Normalized isobologram analysis represents the 
drug interaction of fulvestrant (Ful) and zoledronic acid (ZA). (C) Combination index analysis was generated 
from the CompuSyn program based on the Chou-Talalay Method. Combination index (CI) represents the effect 
of drug interaction; synergism (CI<1); additive effect (CI=1); and antagonism (CI>1). The data are represented 
by median from three independent experiments. Statistics analysis is accepted at p < 0.05; * p < 0.05, ** p < 0.01, 
*** p < 0.001, **** p < 0.001 versus control (Ctrl). 
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Conclusion 
 
 We demonstrated the anti-cancer effect of zoledronic acid in anti-hormonal resistant 
breast cancer cell lines (MCF-7/LCC2 and LCC9). Furthermore, the combined treatment of 
zoledronic acid and fulvestrant demonstrated the trend of synergistic effect in fulvestrant 
resistant cell line.  
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Abstract 
 
Locomotor assessment is an important evaluation in the investigation of a new therapeutic 
drug. Changes in the locomotor function could be affecting other behavior assessments. 
Quinuclidine derivatives, (s)-T1, (s)-T2, and (s)-T6, selectively bind to the α3β4 nicotinic 
acetylcholine receptor (nAChR). The activation of the nicotinic receptor involved in 
locomotion changes in mice. This study aimed to determine the effect of (s)-T1, (s)-T2, and 
(s)-T6 on locomotor activity in C57BL6 mice. (s)-T1, (s)-T2, and (s)-T6 (1, 3, and 10 mg/kg) 
were injected subcutaneously. Locomotor activity was performed for 30 minutes in the open 
field test. Nicotine (0.5 mg/kg), a nAChR agonist, significantly decreased locomotion time, 
distance, and speed in the first 15 minutes. (s)-T2 (10 mg/kg) decreased locomotion time at 10 
minutes after administration. (s)-T6 (10 mg/kg) also showed a significant decrease in the 
locomotion time and distance during 10 to 20 minutes after administration. (s)-T1 had no effect 
on locomotor activity. The results suggested that further behavioral studies using (s)-T2, and 
(s)-T6 should be performed 20 minutes after drug administration. 
 
Keywords:  Quinuclidine derivatives, α3β4 nicotinic acetylcholine receptor, locomotor 

activity 
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Introduction 
 

Normal motor function is a key role in performing the behavioral test in animal models. 
Changes in the locomotor activity in several behavior evaluations could produce a biased 
interpretation, especially in the learning and memory, anxiety, and drug-addiction models.       
In addition, the detection of abnormal motoric function is essential to establish the safety of a 
new potential drug that acts in the central nervous system (CNS) (1). The open field test is 
generally used to assess locomotor activity in rodents as well as the anxiety and exploratory 
behaviors associated with mental status (2, 3). To determine the effects of newly synthesized 
substances acted in the CNS, animals have usually been tested the locomotor activity along 
with other behavioral tests. This approach is to ensure that the behavioral effects of any new 
substances are not affected by the alteration of motoric function.  

Quinuclidine derivatives were synthesized from the quinuclidine anti-1,2,3-triazole 
containing molecule, QND8 (Figure 1a), which is a specific ligand of α7 nicotinic 
acetylcholine receptor (nAChR) (4). Quinuclidine derivatives used in this study, (s)-T1,          
(s)-T2, and (s)-T6 (Figure 1b), have high affinity to α3β4 nAChR (4). While α4β2 nAChR, 
which mediates the addictive property of nicotine, are abundant in the ventral tegmental area 
(VTA), α3β4 nAChR are highly expressed in the interpeduncular (IPN) and medial habenula 
(MHb) (5, 6). The glutamatergic neurons from IPN project their axons to the raphe nuclei and 
dorsal tegmental area and the glutamatergic neurons from these areas connect and activate the 
dopaminergic neurons in the VTA and substantia nigra (SN) (7). It is well known that the 
nigrostriatal dopaminergic pathway plays a key role in movement control (8, 9). Dopaminergic 
neurons in VTA also indirectly affect motor function by innervation to SN (10). Thus, the 
ligands of α4β2 and α3β4 nAChRs might alter the locomotor activity of animals which can 
affect other behavioral tests. 

 
a.                                                              b.  

    

 
Figure 1. The chemical structures of the quinuclidine anti-1,2,3-triazole containg molecule, QND8 (a) and          
(s)-T1, (s)-T2, and (s)-T6 (b) 
 

The present study aimed to evaluate the effect of (s)-T1, (s)-T2, and (s)-T6, on 
locomotor activity in C57BL6 mice. The results from this study were used to design further 
behavioral studies to investigate the effects of these α3β4 nAChR ligands. 
 
Methods 
 
Animals and study design 

Male C57BL/6N mice, (9-12 weeks old, 20–30 g) (Nomura Siam International 
company, Bangkok, Thailand), were maintained under standard conditions (24 ± 2˚C, 40-60% 
humidity, 12 h light cycle) with free access to food and water. Mice were allowed to acclimatize 
for 1 week before the experiments. The experimental procedure was approved by the 



Joint Physiological Pharmacological Society Conference JPPSC-2022 

June 8–10, 2022 

81 
 

Institutional Animal Care and Use Committee, Faculty of Pharmaceutical Sciences, 
Chulalongkorn University, Thailand (approval number – 1933005). 

Mice were divided into 11 groups (n = 6 per group) and received the treatment as shown 
in Table 1. After the injection, mice performed locomotor activity in the open field test for 30 
minutes. 

 
Table 1 Animal groups and treatment 

Group No. Group name Treatment 
1 Control NSS (10 mL/kg s.c.) 
2 Nicotine Nicotine (0.5 mg/kg s.c.) 
3 T1 (1) (s)-T1 (1 mg/kg s.c.) 
4 T1 (3) (s) -T1 (3 mg/kg s.c.) 
5 T1 (10) (s) -T1 (10 mg/kg s.c.) 
6 T2 (1) (s) -T2 (1 mg/kg s.c.) 
7 T2 (3) (s) -T2 (3 mg/kg s.c.) 
8 T2 (10) (s) -T2 (10 mg/kg s.c.) 
9 T6 (1) (s) -T6 (1 mg/kg s.c.) 
10 T6 (3) (s) -T6 (3 mg/kg s.c.) 
11 T6 (10) (s) - T6 (10 mg/kg s.c.) 

 
Open field test 

The open field apparatus is composed of a white box (50x50x40 cm) and a video camera 
placed over the box connecting to VideoMOT2 software for real-time analysis of locomotor 
activity. The video tracking recorded locomotion time, distance, and speed every 5 minutes for 
30 minutes.  
 
Statistical Analysis 

Statistical analysis was carried out using GraphPad Prism version 9.0. Results were 
presented as mean±standard error of the mean (S.E.M.). Two-way analysis of variance 
(ANOVA) with time and treatment as factors followed by Tukey’s post-hoc test was used to 
analyze the differences between groups at each time point. The differences in total locomotion 
time, distance and speed were analyzed by one-way ANOVA followed by Tukey’s post-hoc 
test. Differences were accepted as significant at a p-value ≤ 0.05. 
 
Results 
 
Effect of (s)-T1, (s) -T2, and (s)-T6 on locomotor time  

Nicotine significantly decreased locomotion time at 5, 10, and 15 minutes after 
administration (p < 0.001 vs control) (Figure 2a, 2b, 2c). (s)-T1 and (s)-T2 had no effect on 
locomotion time (Figure 2a, 2b) while (s)-T6 (10 mg/kg) significantly decreased locomotion 
time at 10, 15, and 20 minutes after administration compared to control at the same timepoints 
(p < 0.05, p < 0.01, and p < 0.05, respectively) (Figure 2c). Moreover, the total locomotion 
time showed the significant decreased total locomotion time of mice receiving nicotine and  
(s)-T6 (10 mg/kg) (p < 0.05) (Figure 2d). 
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                  a. 

 

 

 

 

 

b. 

 

 

 

 

 

 

c. 

 

 

 

 

 

d. 

 

 

 

 

 

 
 
 
Figure 2. Effect of quinuclidine derivatives, (s)-T1 (a), (s)-T2 (b), and (s)-T6 (c), and nicotine on locomotion time 
recorded every 5 minutes for 30 minutes. Total locomotion time was recorded for 30 minutes (d). Data were 
presented as mean (±S.E.M). *p < 0.05, **p < 0.01, ***p < 0.001 compared to control. 
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Effect of (S)-T1, (S-T2), and (S)-T6 on locomotion distance  

Nicotine significantly decreased distance at 5, 10, and 15 minutes after administration 
compared to control at the same timepoints (p < 0.001, p < 0.001, and p < 0.01, respectively) 
(Figure 3a, 3b, 3c). (s)-T1 had no effect on distance (Figure 3a) while (s)-T2 (10 mg/kg) 
significantly decreased distance at 10 minutes after administration (p < 0.05 vs control) (Figure 
3b). Similarly, (s)-T6 significantly decreased distance at 10 and 20 minutes compared to 
control (p < 0.05 and p < 0.01, respectively) (Figure 3c). Overall, nicotine showed a significant 
decreased total distance (p < 0.05) while (s)-T1, (s)-T2, and (s)-T6 had no effect on total 
locomotion distance (Figure 3d).  

 
Effect of (S)-T1, (S-T2), and (S)-T6 on locomotion speed  

Like locomotion time and distance, nicotine treatment reduced locomotion speed of 
animals at 5, 10, and 15 minutes after administration (p < 0.05, p < 0.01, and p < 0.05 vs control, 
respectively) (Figure 4a, 4b, 4c). (s)-T1 and (s)-T2 did not affect speed (Figure 4a, 4b) while 
a high dose of (s)-T6 significantly decreased speed at 20 minutes after administration (p < 0.05 
vs control) (Figure 4c). However, the total locomotion speed of mice receiving nicotine,         
(s)-T1, (s)-T2, and (s)-T6 was not significantly different (Figure 4d).  

 
Discussion 
 

α4β2 and α3β4 nAChRs are highly expressed in the ventral tegmental area (VTA), and 
the interpeduncular (IPN), respectively (5,6). Locomotor activity is mainly controlled by the 
nigrostriatal dopaminergic pathway (8,9). Since dopaminergic neurons from VTA and 
glutamatergic neurons from IPN innervate to the substantia nigra (7,10), the modulation of 
these neurons by α4β2 and α3β4 nAChR ligands can regulate dopaminergic transmission 
resulting in the alteration of locomotion. This study revealed that nicotine, the α4β2 nAChR 
agonist, (s)-T2 and (s)-T6, the α3β4 nAChR ligands, acutely reduced locomotor activity in 
mice.  

Previous studies revealed the dose-dependent effects of nicotine on locomotor activity. 
Low dose nicotine (0.13 mg/kg) increased locomotor activity in mice (6) while high dose 
nicotine (0.65 mg/kg) caused hypolocomotion (11). The direct injection of nicotine into VTA 
and NAc, the areas with highly expressed β2 subunit of nAChR, results in hyperlocomotion 
(12). In contrast, nicotine can induce seizure and hypolocomotion in β4 (+/+) mice but not in 
β4 (-/-) knock-out mice (13). These results indicated that nicotine-induced hyperlocomotion is 
mediated by the β2 subunit in the VTA and NAc while nicotine-induced hypolocomotion is 
mediated β4 subunit in the IPN. In this study, nicotine (0.5 mg/mg) decreased locomotor 
activity, suggesting its effect on the activation of α3β4 nAChRs in the IPN.  

Previous in vitro studies using HEK293 cells expressing human α3β4 nAChR showed 
that (s)-T1 (10 µM) was the α3β4 nAChR agonist, while (s)-T2 (10 µM) was the α3β4 nAChR 
antagonist (4). (s)-T6 is the potent ligand of α3β4 nAChR (4) but its agonist or antagonist effect 
has not been examined. (s)-T1 had no effect on locomotor activity which was contrast to the 
nicotine effect, while a high dose of (s)-T2 and (s)-T6 caused hypolocomotion which was 
similar to the nicotine effect. Previous study revealed that high dose nicotine (0.65 mg/kg) 
decreased locomotor activity (11), while the α3β4 nAChR antagonists, α-Conotoxin TxID and 
[S9K] TxID, had no effect on locomotor activity (14). These results suggested the antagonistic 
effect of (s)-T1 and agonistic effect of (s)-T2 and (s)-T6. Because previous in vitro study used 
one concentration of (s)-T1 and (s)-T2 to conclude their agonistic and antagonistic properties, 
the complete functional assay is needed to confirm agonistic and antagonistic properties of    
(s)-T1, (s)-T2, and (s)-T6. In addition, the direct effects of the quinuclidine derivatives on 
dopamine receptors and dopamine release, which is involved in locomotion control, should be 
further investigated. 
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Figure 3. Effect of quinuclidine derivatives, (s)-T1 (a), (s)-T2 (b), and (s)-T6 (c), and nicotine on distance 
recorded every 5 minutes for 30 minutes. Total locomotion distance was recorded for 30 minutes (d). Data were 
presented as mean (±S.E.M). *p < 0.05, **p < 0.01, ***p < 0.001 compared to control. 
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Figure 4. Effect of quinuclidine derivatives, (s)-T1 (a), (s)-T2 (b), and (s)-T6 (c), and nicotine on locomotion 
speed recorded every 5 minutes for 30 minutes. Total locomotion speed was recorded for 30 minutes (d). Data 
were presented as mean (±S.E.M). *p < 0.05, **p < 0.01 compared to control 
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The open field test is commonly used to evaluate general health, motor function, 
neurological process, and anxiety behavior of laboratory animals (15). Three locomotor 
domains, time, distance, and speed were investigated in this study. Decreases in locomotion 
time and distance can be interpreted as the results of motor impairment, central nervous system 
depression and decreased anxiety (15). Stereotypic behaviors, defined as the abnormal 
repetitive movements of face, head, neck and/or limbs with no purpose or function, can also 
cause the reduction of locomotion distance and time (16). (s)-T2 reduced locomotion distance 
while (s)-T6 decreased locomotion time and distance, suggesting their effects on motor 
functions and neurological process. We also observed the stereotypic behavior in a few mice 
receiving high dose (s)-T6. Locomotor velocity is closely related to anxiety-like behavior (17). 
Nicotine but not (s)-T1, (s)-T2 and (s)-T6 decreased locomotion speed. The anxiolytic effect 
of nicotine is well-known. To determine anxiolytic and/or anxiogenic effects (s)-T1, (s)-T2 and 
(s)-T6, the behavioral model specific to anxiety such as elevated plus maze should be used for 
further investigation. 

Conclusion 
 

 (s)-T2 (10 mg/kg) decreased locomotion distance at 10 minutes after administration 
while (s)-T6 (10 mg/kg) decreased locomotor time and distance at 10, 15 and 20 minutes after 
administration. Locomotor activity was then returned to normal after 20 minutes. The results 
suggested the appropriate time point to determine other behavioral tests.  
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Abstract 
 
Brain-derived neurotrophic factor (BDNF) plays a key role in pathogenesis of learning and 
memory impairment. Alteration of BDNF levels is one of the neuroprotective strategies. 
Asiatic acid (AA) possessed antioxidant, anti-inflammatory, and acetylcholinesterase 
inhibition activities. However, an intensive metabolize by CYP450 in the gastrointestinal tract 
has limited AA availability in the brain. This study aimed to investigate the effect of intranasal 
administration of AA on the level of BDNF in scopolamine-treated mice. For 10 days, AA was 
administered intranasally (2.3 mg/kg) or orally (3, 30, or 100 mg/kg) to ICR mice and then 
scopolamine (3 mg/kg) was administered intraperitoneally. BDNF levels in the hippocampus 
and prefrontal cortex were measured by western blot analysis. Mice received scopolamine 
alone and oral AA with scopolamine had the significant decreased BDNF levels in the 
hippocampus. Intranasal AA administration significantly increased BDNF levels in the 
hippocampus compared to oral AA administration groups. BDNF levels in the prefrontal cortex 
was no significant difference among groups. The protective effect of intranasal AA was 
superior to oral administration of AA. Intranasal administration of AA can protect the reduction 
of BDNF levels in the hippocampus which is the brain region involved in the learning and 
memory process. 
 
Keywords:  Brain-derived neurotrophic factor (BDNF), asiatic acid, intranasal, scopolamine 
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Introduction 
 

Alzheimer’s disease (AD) is the most common neurodegenerative disease in the elderly 
patients. The formation of extracellular amyloid beta plaques and intracellular neurofibrillary 
tangles (NFTs) are the two main pathological hallmarks in AD brain (1). These protein 
aggregations cause the alteration of the neurotrophic factor levels and their signaling pathways. 
Brain-derived neurotrophic factor (BDNF) plays an important role in the neuronal plasticity 
and survival (2). Low expression of BDNF has considered as a critical point in the development 
of AD. Decreasing mRNA and BDNF protein level were found in the serum and brain of AD 
patients (3). Previous study showed that amyloid beta could induce dysregulation of BDNF 
through dysregulation of the glutamatergic N-methyl-D-aspartate receptor (NMDAR)/ 
Ca2+/calpain signaling pathway (4). In addition, BDNF stimulation leads to dephosphorylation 
of tau protein by activating TrkB and phosphatidylinositol 3-kinase (PI3K) signaling pathway 
(5). Therefore, treatment targeting BDNF levels and its signaling is one of the neuroprotective 
approaches to prevent the consequences of amyloid beta aggregation and NFT formation, and 
to delay AD disease progression.  

The current pharmacological treatments of AD, such as donepezil and memantine, do 
not alter AD pathology. Natural products with antioxidant and anti-inflammatory effects have 
gained attention in the development of the neuroprotective agents. Asiatic acid (AA), a natural 
compound found in Centella Asiatica L., has potential effect as the protective agent in the 
central nervous system by some mechanisms such as antioxidants (6), anti-inflammation (7), 
and neurogenesis (6). Several studies showed that it can protect the neuronal cell line 
cytotoxicity-induced by glutamate (8) and methamphetamine (9). In addition, AA can also 
protect memory impairment induced by valproate (10), and 5-fluorouracil (11). Previous in 
vitro and in silico study also showed the acetylcholinesterase (AChE) inhibition effect of AA 
(12). However, AA has low bioavailability (13). The solid lipid nanoparticles (SLNs) 
formulation of AA has been developed and aimed for nose-to-brain delivery via intranasal 
technique. The objective of this study was to evaluate the effect of AA in SLNs intranasal 
administration on the BDNF expression in scopolamine-treated mice. 
 
Methods 
 
Chemicals and Reagents 

Asiatic acid (Sigma-Aldrich, St. Louis, MO, USA) for intranasal delivery was prepared 
in the concentration of 2.26 mg/mL in the solid lipid nanoparticle (SLN) formulation. AA for 
oral administration was suspended in 0.5% carboxymethylcellulose (CMC) (Sigma-Aldrich, 
St. Louis, MO, USA) in the concentrations of 0.3, 3 and 10 mg/mL. Scopolamine and donepezil 
were purchased from Sigma-Aldrich (St. Louis, MO, USA). 

 
Animals 

Male ICR mice (6–8-week, 20-25 g) were obtained from the National Laboratory 
Animal Center (Mahidol University, Nakornpathom, Thailand). One week before the 
experiment, the animals were acclimatized and kept under controlled temperature (24 ± 2°C) 
and humidity (40–60%) with 12 h light-dark cycle. Mice were allowed free access to food and 
water during the experiment. The experimental protocols were approved by the Institutional 
Animal Care and Use Committee, Faculty of Pharmaceutical Sciences, Chulalongkorn 
University, Thailand (approval number - 1933012). 
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Experimental Design 
Mice were randomly divided into seven groups (n=6 per group) as follows: (1) Con and 

(2) Sco groups received 0.5% CMC (10 mL/kg, p.o.), (3) Don group received donepezil             
(3 mg/kg, i.p.), (4) INAA group received AA in SLNs by intranasal administration (for 15 µL 
each nostril, equal to a dose of 2.3 mg/kg), (5) POAA3, (6) POAA30 and (7) POAA100 groups 
were received AA by oral at the doses 3, 30, and 100 mg/kg, respectively. Then, all groups 
were directly injected with scopolamine (3 mg/kg, i.p.) after treatment, except control group 
received normal saline solution (NSS) (10 mL/kg, i.p.). All animals were treated for 10 
consecutive days. On day 10, mice were sacrificed 30 minutes after scopolamine or NSS 
administration. Brains were removed, hippocampus and prefrontal cortex were collected and 
snap-freeze in liquid nitrogen. Brain tissues were then maintained in a −80°C freezer for later 
western blot analysis. 
 
Western Blot Analysis 

Hippocampal and prefrontal tissues were homogenized with 100 µL lysis buffer and 
then centrifuged at 16000xg for 20 min at 4°C. The total protein level was determined by BCA 
assay kit (Thermo Fisher Scientific, Rockford, IL, USA). Samples were separated by 12% 
SDS-PAGE gel electrophoresis at 80V and transferred to PVDF membrane at 9V. After 
blocking unspecific proteins with 5% skim milk, the membrane was incubated overnight at 4°C 
with BDNF (1:1000) (Cell Signaling Technology, Inc., USA) and mouse monoclonal anti-
GAPDH (1:1000) (Millipore, Billerica, MA, USA). After three washes with 0.075% TBST, 
the membranes were incubated with secondary IgG: HRP conjugate of the anti-rabbit (1:1000) 
(Millipore, Billerica, MA, USA) or anti-mouse (1:1000) (Santa Cruz Biotechnology, CA, 
USA) at room temperature for 2 h. An enhancing chemiluminescence western blot substrate 
was used to develop the membrane. The membrane was visualized with a luminescent image 
detector (ImageQuant LAS 4000, GE Healthcare BioSciences, Japan) and ImageJ software was 
used to analyze the target protein level.  
 
Statistical Analysis 

The data were presented as mean ± S.E.M. One-way ANOVA followed by the LSD 
post-hoc analysis was performed for the statistical analysis. The p-values < 0.05 were 
considered significant. 
 
Results 
 
Intranasal AA administration protects against the reduction of BDNF expression in the 
hippocampus 
 Scopolamine treatment significantly reduced BDNF levels in the hippocampus               
(p < 0.05). Mice received oral treatment of AA with scopolamine also had significantly lower 
BDNF expression levels than control (p < 0.05 and p < 0.01). Donepezil, a positive control, 
group had significantly higher BDNF levels than POAA100 group (p < 0.05). In the same way, 
intranasal administration of AA treatment significantly increased BDNF levels compared to 
POAA3, POAA30 and POAA100 groups (p < 0.01, p < 0.01, and p < 0.05, respectively) 
(Figure 1). The results suggested the higher efficacy of INAA and donepezil in the protection 
against the reduction of BDNF induced by scopolamine.  
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a. 

 
 

b. 

 

Figure 1. Effect of INAA and oral dose of AA on BDNF protein expression in the hippocampus (a). The levels 
of BDNF expression were calculated as BDNF/GAPDH intensity, and the values were normalized by setting the 
ratio in Con to “one”. Data were presented as mean ± S.E.M. (n = 6) (b). *p < 0.05, **p < 0.01 vs. Con, $p < 0.05 
vs. Don, #p < 0.05, ##p < 0.01 vs. INAA. 
 
Intranasal AA administration did not alter BDNF expression in the prefrontal cortex. 

Scopolamine treatment tended to reduce BDNF levels in the prefrontal cortex. 
However, BDNF levels were not significantly different between groups (Figure 2). Therefore, 
the oral and intranasal administration of AA did not alter the BDNF level in the prefrontal 
cortex. 
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a. 

 
b. 

 
Figure 2. Effect of INAA and oral dose of AA on BDNF protein expression in the prefrontal cortex (a). The levels 
of BDNF expression were calculated as BDNF/GAPDH intensity, and the values were normalized by setting the 
ratio in Con to “one”. Data were presented as mean ± S.E.M. (n = 6) (b). Data were presented as mean ± S.E.M. 
(n = 6). 
 
Discussion 
 

Brain-derived neurotrophic factor (BDNF) plays an essential role in the pathogenesis 
and treatment of AD (3]) It is known to be involved in the neuroplasticity mechanism 
underlying learning and memory (4). Hippocampus and prefrontal cortex were important area 
in the brain’s memory system. The interaction between hippocampal formation and prefrontal 
cortex is to regulate the cognitive and emotional function. Previous study showed that amyloid 
beta plaques in animal AD model inhibits spontaneous network activity in PFC leading to the 
interruption of its connectivity into hippocampal input (14). Therefore, we investigated the 
effect of AA in these brain areas. 

Scopolamine, a muscarinic antagonist, is widely used to induce memory deficit in 
various animal models. In our study, scopolamine reduced BDNF expression in the 
hippocampus, in agreement with previous study that showed the scopolamine downregulated 
BDNF levels in the mouse brain in a dose and time-dependent manner (15). Therefore, 
scopolamine could affect neuroplasticity in mouse brain by an indirect mechanism. Donepezil, 
a cholinesterase inhibitor, is limited to symptomatic therapy (16). To the best our knowledge, 
there is no report about neuroprotective effect of donepezil. In line with our study, donepezil 
cannot increase BDNF level in the hippocampus and prefrontal cortex.  

Previous study showed that repeated administration of Centella asiatica phytosomes 
can increase BDNF mRNA levels in the prefrontal cortex (17). However, our study reveals that 
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intranasal but not oral administration of AA upregulates BDNF protein expression in the 
hippocampus. Intranasal administration is the promising method for delivering therapeutic 
compounds to CNS because it can reduce systemic exposure and avoid first pass metabolism 
(18). In addition, high lipophilic molecule has a good absorption in the nasal cavity then it can 
use passive diffusion to cross nasal epithelium (19). Previous study has showed that AA has 
low oral bioavailability (16.25%) in rats due to rapid metabolism of cytochrome P450 (13). 
This reaction could lead to the decreasing AA level in the brain. By combining the lipophilicity 
of AA and the intranasal technique, it is possible that AA can reach the brain by olfactory and 
respiratory pathway and increased its availability in the brain.  

In contrast, the expression levels of BDNF in the prefrontal cortex were not changed by 
the treatment of AA. This could be because the highest level of BDNF mRNA is found in the 
hippocampus (20). The entorhinal cortex, a major connection between the cortex and the 
hippocampus, is a key brain region that has the highest BDNF production followed by actively 
transported to the hippocampus (21). The hippocampus and prefrontal cortex regulate the 
different domains of memory. The main function of PFC is to regulate the working memory 
while hippocampus plays an important role in the regulation of long-term spatial memory (22). 
The different effects of INAA in the hippocampus and prefrontal cortex could lead to the 
improvement of spatial memory but not working memory. Various learning and memory 
models should be used for further investigation of the effect of INAA in the different memory 
domains.  
 
Conclusion 

 
In conclusion, nasal delivery system of AA protects BNDF depletion induced by 

scopolamine. Thus, the mechanism of AA in the neuroplasticity of learning and memory, 
should be further investigate.  
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Abstract 
 
Methamphetamine (METH) possesses notoriously robust potencies in a great deal of 
detrimental effects on several parts of the brain including but not limited to addictive disorders. 
METH addiction has subsequently been demonstrated to increase dopamine (DA) release in the 
brain reward circuitry, which is mostly pronounced in the nucleus accumbens (NAc). This study 
aimed to investigate whether post-treatment of a neurohormone melatonin (MEL) after 
administration by METH could attenuate METH-induced increase in the release of dopamine 
in NAc. Administration of METH (1 mg/kg) for 7 consecutive days was adhered to our present 
study followed by MEL (10 mg/kg) injection in a 14-day duration. Here we demonstrate the 
addictive properties of METH which are mediated via dopamine release to NAc using 
tyrosine hydroxylase (TH) as a biomarker. Injecting METH for 7 consecutive days was 
evidenced through an upregulation of TH level in NAc, whereas the effect of MEL in mitigating 
an overexpression of TH was observed. This result suggests a potential role of MEL that might 
have an influence on addictive state therapeutic application. Moreover, the level of synaptic 
protein synaptophysin was also investigated to determine the synaptic density and relative 
quantity of synapses. METH-treated mice show downregulation of synaptophysin in the NAc, 
however, an introduction of MEL assisted a restoration of synaptic density in the nucleus 
accumbal region of the METH-administrated group. Our findings advocate that METH 
intervenes DA reward system whereas MEL post-treatment could reverse to nearly close to 
baseline level. MEL likewise could potentially rescue the destruction of DA neurons caused by 
METH. 
 
Keywords: Melatonin, nucleus accumbens, methamphetamine, dopamine, synaptophysin 
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Introduction 
 

For over decades, it can scarcely be refused by public in general of an awareness of 
unsatisfactory consequences of methamphetamine (METH). Concrete evidence by its main 
mechanism of METH on hyperexcitability of dopaminergic neuronal cells clearly portray an 
aggravation in multiple levels from molecular basis as far as social concern. Pursuing to an 
overabundance release of dopamine (DA), a neurotransmitter, by blocking a re-entry of DA 
into presynaptic cells via dopamine transporter (DAT) or by dint of redistributive mechanism of 
monoamine neurotransmitters in vesicular monoamine transporter-2 (VMAT2) (1) in nerve 
terminals (2, 3). Disruption of DAT and VMAT2 leads to a dispersion of overwhelmed DA in 
cytosolic compartment prior to exporting to synaptic clefts, such event has long been known 
as a promising novel machinery of METH to neuronal cells. No matter through which 
mechanism is, the level of DA left heightened throughout the period of drug abuse offering 
elated sensations for abusers. Reminding to such exhilarating events renders a turnover to the 
first stage, repetitively use of drugs in an uncontrolled manner, the second stage, where social 
behavior impairment is observed, and lastly, third stage, the risky manner of substance use (3) 
so-called ‘drug addiction’. 

One who sits behind this steering wheel is inevitably the brain reward circuit, which 
denotes the projection of dopaminergic neurons gearing up from the ventral tegmental area 
(VTA) to the limbic system, majorly the nucleus accumbens (NAc) (2, 4). NAc accounts for 
incentivized learning and behavior, natural reward, sexual motivation, and risk-taking 
behaviors (1, 5). Hyperfunction of NAc in which promised to unlikely events such as a craving 
for rewarding substance (6), drug relapse (7) to name a few. Several reports pinpoint to an 
inhibition of the mesolimbic pathway diminishes drug-seeking behavior (8-11), buttressing 
a critical role of the mesolimbic loop in regulating substance use disorders. In line with the 
study by Subramaniam et al. delivering the message in which a reduction in the synaptic protein 
synaptophysin in the NAc following amphetamine-induced sensitization is well-established 
(12), suggesting their participation in the associative learning aspects of sensitization and 
regulation of neurotransmitter release in the NAc.  

Melatonin, MEL (N-acetyl-5-methoxytryptamine), a neuropeptide hormone function as 
an internal clock regulator, generally can be biosynthesized by pinealocyte cells (13) and 
mitochondria (14). A growing body of evidence on the pivotal role of MEL on drug addiction 
management has been compromised (15). A group of rodents was consistently exposed to light 
24 h a day for the entire one-month period, undoubtedly of the endogenous level of MEL found 
dampened, what astonishing is this comes concomitantly with an increase in morphine 
consumption and development of withdrawal-like behaviors (16). Another degree of 
confirmation unravels the significant decrease of MEL peak during nighttime in both human 
and rodent subjects who were abstinent from alcohol consumption (17) while administration 
of exogenous MEL protected alcohol-seeking behavior and relapse-like drinking behavior. 
This current study explored the effects of MEL on the expression of DA synthesis biomarker 
to provide insight mechanisms of how METH injection would impinge to a drug-dependent 
state in clinical manifestations. 
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Methods 
 
Animal care 
 Adult male ICR mice aged between 7-8 weeks old (40-50 g weight) were used in this 
present study and were obtained from the National Experimental Animals Center of Mahidol 
University, Salaya Campus, Thailand. All the care and experimental procedures in the animal 
study were approved by the Laboratory Animal Care and Use Committee of Mahidol University 
(CAO NO. IMB-ACUC 2017/002). Animals were allowed to accommodate and familiarize to 
laboratory conditions for 1 week prior to the actual experiment started. Access to water and 
food was made available ad libitum and the lighting condition was maintained followed by  
a 12-h light/dark cycle (light on at 6 A.M. and off at 6 P.M.). 
 
Drugs administration to experimental animals 

METH regimen used in this study was performed according to our previous studies (18, 
19). Eight-week-old mice were blindly separated into four different groups (n = 4/group): 
saline-treated (NSS), METH-treated (METH), MEL-treated (MEL), and METH- and MEL-
treated (METH+MEL) group. The administration was categorized into two main periods: a 7-day 
METH induction and a later 14-day METH withdrawal period. During the first phase,  
7 consecutive days, METH (1 mg/kg body weight, s.c.) was dissolved in saline and injected 
once daily to METH and METH+MEL group, while the NSS and MEL were received normal 
saline injection. In the following phase, next 14-day length, the administration of MEL             
(10 mg/kg body weight, i.p.) was given to MEL and METH+MEL group whereas the group of 
NSS and METH received normal saline injection. All drugs were administered in a volume 
of 0.1 mL/10 g body weight. The fresh brain samples were harvested and kept at -80 oC 
until used. The experimental plan for drug administration is illustrated in Figure 1. 

 

 

Figure 1. A diagrammatic representation of drug administration in mice experimental model indicating two 
distinct periods. The first drug administration period involves an induction of METH for 7 consecutive days. The 
second drug administration period engages with METH withdrawal period, the two bottom groups receive MEL 
injection as per our post-treatment regimen. After the last dose of MEL, mice were left in the animal facility for 
24 h before termination and brain samples collection. 
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Reagents and antibodies 
 Reagents and antibodies were purchased from several vendors as following details: 
methamphetamine from Lipomed AG (Product Ref # AMP-732-HC), melatonin from Sigma-
Aldrich (CAS# 73-31-4, Product# M5250), antibodies raised against tyrosine hydroxylase 
(Cat# 58844, RRID: AB_2744555), and synaptophysin (Cat# 36406, RRID: AB_2799098) 
from Cell Signaling Technology; CST), antibody raised against β-actin (Cat# MAB1501, 
RRID:AB_2223041) from Millipore Sigma, horseradish peroxidase (HRP)-conjugated anti-
rabbit IgG (Cat# 7074, RRID:AB_2099233) and anti-mouse IgG (Cat# 7076, RRID: 
AB_330924) from CST. The visualization of protein expression was obtained through the use 
of the Luminata™ Forte Western HRP Chemiluminescence Substrates detection reagents 
(Millipore Cat# WBLUF0100). 
 
Tissue preparation and protein acquisition 
 The tissue samples of mouse NAc were dissected out from the whole brain, using 
specific neuroanatomical coordinates based on a mouse atlas, and homogenized in the cocktail 
of RIPA, 10 mM PMSF, and Triton X-100 buffer (50 mM Tris–HCl pH 7.4, 150 mM NaCl,    
1 mM EDTA, 1% Triton X-100, 1% sodium deoxycholate, 0.1% SDS, complementing with 
protease inhibitors (Millipore Cat# 539131). The homogenates were centrifuged with 12,000xg 
for 15 minutes at 4 oC. The supernatant was collected for further process by BCA protein assay 
(20) in the purpose of the protein concentration determination. 
 
Western blot analysis 
 The protein samples were separated by sodium dodecyl sulfate-polyacrylamide gel 
electrophoresis (SDS-PAGE), then electrophoretically transferred to polyvinylidene difluoride 
(PVDF) membranes. The successfully transferred membranes were incubated with specific 
primary antibodies at 4 oC overnight, followed by the incubation with HRP-linked secondary 
antibodies before processed with LuminataTM HRP Chemiluminescence detection reagents 
(Millipore, Billerica, MA, USA). The signals from protein bands of interest were exposed on 
X-ray film (Kodak, Rochester, NY, USA), and the band intensities were quantitated by Image J 
software (National Institutes of Health, Bethesda, MD, USA). The expression of the β-actin was 
used as a reference control. 
 
Statistical analysis 

Data were shown as mean ± standard error of mean (Mean ± S.E.M). Significance was 
assessed by using a statistical one-way analysis of variance (ANOVA) with Tukey-Kramer 
multiple comparison test in GraphPad Prism 9 (GraphPad Software, Inc., San Diego, CA). 
Differences between groups were considered statistically significant when the probability level 
of the p value is ≤ 0.05. 
 
Results 
 

The effect of MEL on the level of tyrosine hydroxylase (TH), a rate-limiting enzyme 
that accounts for DA synthesis, has been investigated in the mouse NAc after repeated 
administration of METH. An increase in TH level has been evidenced in the group of mice that 
had been treated with METH solely as compared with the vehicle group (p < 0.0001) (Figure 
2.). However, a cluster of mice that had been treated with MEL after METH exposure indicates 
an alleviation of TH level (p < 0.01) when compared to the METH-treated group. Not to 
mention in a bundle of mice that had been administered only MEL, TH level is prominently 
seen sharpened comparing to those who were given NSS singly.  
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Figure 2. Post-treatment of MEL restored METH-induced increased in tyrosine hydroxylase (TH) levels in the 
mouse NAc. Results of Western blot indicated that TH levels in the mouse NAc of METH-treated mice were 
significantly increased when compared to the control group. Treatment with MEL after METH restored METH-
induced increased in the TH levels when compared to the METH-treated group. β-actin was used as a loading 
control. The density values were calculated as a percentage of the respective value of the control group. Protein 
bands were quantified by Image J software and data were analyzed by one-way ANOVA with Tukey's post hoc 
test. Values indicate mean ± SEM (n = 4). **** p < 0.0001 significantly different compared with the vehicle 
group; ** p < 0.01 significantly different compared with the METH-treated group. Each symbol (n, u, p, q) 
represents one individual mouse in each experimental group. 
 
 To determine the relative population density of synapses in the mouse NAc, the 
synaptophysin level has been measured by Western blot analysis. The reduction of 
synaptophysin in NAc has been observed in mice treated with METH when compared with the 
vehicle group (p < 0.05) (Figure 3). However, the restoration of synaptophysin level has been 
witnessed in the group that MEL had been administered after METH injection (p < 0.01), when 
compared to METH-treated alone. 
 
Discussion 
 

In this current framework study, we emphasized on the post-treatment of MEL on 
METH-induced an alteration of DA level by means of the exploration of TH protein level in 
the mouse NAc, a territory where reinforcement and drug-seeking behavior (21) identified 
promisingly undertaken. A highly expressed TH protein level has been observed in the NAc of 
sub-chronic METH-injected mice including the cessation of METH for total of 14 days. This 
surge level of TH in METH withdrawal can substantially be lessened by the post-treatment of 
MEL. Nonetheless, the reduction of synaptophysin, a synaptic protein localized to presynaptic 
vesicles of neurons, was observed, and can be reversed by MEL treatment.  
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Figure 3. Post-treatment of MEL restored METH-induced change in the synaptic density in NAc of mice. 
Synaptophysin was used to quantify the relative amount of synapse by the Western blotting method. The quantitative 
results have shown as a bar graph that the NAc synaptophysin of METH-treated mice was reduced when compared 
to the vehicle-injected controls. Post-treatment of MEL restored the synaptophysin levels in the mouse NAc.          
β-actin was used as an internal control. The density values were calculated as a percentage of the respective value 
of the control group (% of control). Protein bands were quantified by Image J software and data were analyzed by 
one-way ANOVA with Tukey's post hoc test. Values indicate mean ± SEM (n = 4). * p < 0.05 significantly 
different compared with the vehicle-treated group; ** p < 0.01 significantly different compared with the METH-
treated group. Each symbol (n, u, p, q) represents one individual mouse in each experimental group. 
 

Consistent with several previous studies, an augmentation in DA level in METH 
withdrawal has previously been published in a good deal of brain areas, those that associated 
with drug-seeking behavior and reward obtainment, including NAc (22, 23). One potential 
reason for the seen upregulation of TH may resulting from hyperexcitability of VTA 
dopaminergic neurons that act as a compensatory machinery responding to a markedly decrease 
of TH function which is typically seen in chronic METH abuse models (24-26). METH has 
targeted the blockade of DAT and VMAT2 by halting a re-entry of DA to presynaptic neurons 
and redistribution of DA from the vesicular package to cytosolic compartments in originated 
cells, respectively. Such of these steering to an overabundance of DA in synaptic clefts. The 
awareness of overflow DA efflux by the body center renders the negative feedback mechanism 
acting on a temporary termination of DA synthesis (24, 27) for purpose of homeostasis 
modulation, TH, therefore seen diminished. Our current drug regimen allows 14-day of drug 
withdrawal after the cessation of 1 mg/kg METH injection, the withdrawal time window 
permits a room for a recovery of DA spike level as a compensatory response of the loss of DA 
firing signal during drug force abstinence. Increasing lines of evidence have confirmed that 
anticipatory behavior which intensively found in abstinent subjects accompanied by phasic 
activation or burst firing of DA (28, 29). Mice that were subjected to repeated drug exposure 
may have learned of the environmental cues owing to the release of certain neurotransmitters 
to stimulate VTA dopaminergic neurons (30) when there was a presence of personnel they were 
accustomed to, customary smell or surroundings they tied as a condition of receiving rewards. 
Cue-induced craving for drugs may play as a significant factor to initiate an addiction via DA 
firing activity from VTA to NAc (3). However, no previous study has been reported on the 
effect of MEL post-treatment on an alteration of TH level in the NAc during METH 
withdrawal. Our current finding has shown that the TH level is witnessed to markedly plummet 
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nearly close to the basal level after MEL administration, this would possibly be referring to      
a reconstruction of DA production to its commonplace, decreasing DA firing signal, mitigating 
stimulant-addicted symptoms namely drug-seeking and drug-craving behaviors, hinting to the 
capability of MEL in attenuating deleterious effects by the causal roles of METH. Besides, 
another probabilistic discourse in a mechanistic role of MEL as a negative regulator might be 
used to outline for this incident, with a direct effect of MEL to the presence of G protein-
coupled receptors (GPCR) family of melatonergic receptors, MT1 and MT2, reported that an 
upregulation of these said receptors restricts DA reuptake through a DAT retention within 
endoplasmic reticulum (31), this would reflect to a repercussion whereby the DA level in 
presynaptic cells is limited. The expression of TH in our present report is hence noticed to be 
marked down after the treatment by MEL in a set of METH-administrated community. Such 
phenomenon guides to a beneficiary of MEL in guarding neurons from profound DA retrieval 
that might lead to a non-enzymatic autoxidative reaction of DA, giving rise to superoxide anion 
and reactive oxygen species (ROS) (32-34) as a final unpleasant outcome.  

Despite in a population of healthy mice wherein only MEL had been applied show 
a growth in TH level by a comparison with vehicle group, a physiological role of melatonin in 
modulating TH expression has been unraveled (35-37), more likely via an activation of the 
MAPK/ERK pathway (35) as MEL alone was reported to spike phosphorylated TH and having 
MAPK/ERK antagonist, PD98059, directed to mitigate TH expression (38). TH has been 
shown to be taken part in being regulated through glutathione (GSH) in which disulfide linkage 
found promising in masking sulfhydryls protecting irreversible oxidative reaction (39). It is much 
possible that melatonin induces TH expression via its antioxidant and neurotrophic effects 
namely glial cell line-derived neurotrophic factor (GDNF), one that is known to act the part of 
dopaminergic neurons protection (36).  

An accumulation of DA in dopaminergic nerve terminals has been noticed in the 
participation of ROS and/or reactive nitrogen species (RNS) production (34), neuronal cell 
apoptosis (13, 40), and quinone formation (41). Negative outcomes are observed as the death 
of the neuronal population. Here we raise an expression of a neuronal marker of presynaptic 
nerve terminals innervate to NAc known as synaptophysin which is evidently seen dampened 
in METH-treated mice corresponding to previous discoveries in a potent effect of MEL on 
recovering synaptophysin in mice hippocampus (18, 26). In line together with the 
encouragement of MEL, regulating cell precursor proliferation by virtue of MT1 eventually 
pioneered to ERK/MAPK pathway (42). Furthermore, our recent findings agree with the past 
literatures (18, 24, 26) on a capable role of MEL in rescuing vesicular exocytosis activity of 
dopaminergic nerve endings at NAc complying with its free-radicals scavenger role, a well-
known role of MEL in scavenging superoxide radicals and hydrogen peroxide as witnessed in 
an overwhelmed expression of TH in which most likely be paving the way to DA auto-oxidation. 
MEL acts through sirtuin 1 (SIRT1)/nuclear factor (erythroid-derived 2)–like 2 (Nrf2) signaling 
pathway by conserving the level of Nrf2, the key antioxidant target factor (42, 43). 

 
Conclusion 
 

Our recent findings report the intensive effects of MEL post-treatment in METH-induced 
mice by coming to the aid of the number of synapses in NAc as indicated as a reestablishment 
of synaptophysin level after the destruction caused by METH. The reduction of synaptic 
proteins albeit has an opposite effect on the level of DA production as seen in an upregulation 
of TH level in NAc, hinting to the compensatory mechanism of METH during the drug 
withdrawal period, promoting the drug-craving or drug-seeking behavior, the effect of MEL, 
fortunately, mitigates the overexpression of TH – pointing MEL as the promising therapeutic 
target in clinical facilitation for addiction management. 
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Abstract 
 
Matrix metalloproteinase-9 (MMP-9) plays an important role in osteoclast formation and 
activity. Doxycycline inhibited osteoclastogenesis via suppression of MMP-9 activity. This study 
aims to investigate the effect of risedronate, a nitrogenous bisphosphonate, on MMP-9 
inhibition by doxycycline in osteoclasts. The MMP-9 expression and activity in osteoclasts 
were measured by real-time polymerase chain reaction (PCR) and gelatin zymography, 
respectively. Doxycycline inhibited receptor activator of nuclear factor-κB ligand (RANKL)-
induced MMP-9 expression and activity in osteoclasts. On the other hand, risedronate did not 
enhance the inhibitory effect of doxycycline on MMP-9 expression and activity. In conclusion, 
risedronate combined with doxycycline did not affect RANKL-induced MMP-9 expression and 
activity in osteoclasts. 
 
Keywords: Doxycycline, risedronate, osteoclast, MMP-9, RAW264.7 
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Introduction 
 

Osteoclast,a specialized bone resorptive cell derived from monocyte-macrophage 
lineage, plays an important in alveolar bone loss in periodontitis (1). The differentiation of 
osteoclasts is stimulated by cytokines, including macrophage colony-stimulating factor (M-CSF) 
and RANKL, which activate the downstream signaling gene required for the maturation of 
osteoclasts (2). MMP-9, a gelatinase B/type IV collagenase, is highly expressed in early-stage and 
mature osteoclasts (3). MMP-9 promotes osteoclast migration and bone matrix degradation (4). 
 Bisphosphonate is an anti-resorptive drug that inhibits osteoclasts (5). Risedronate, 
a nitrogenous bisphosphonate, inhibits the farnesyl diphosphate synthase enzyme (FPPS) in the 
cholesterol synthesis pathway (6). Risedronate decreases osteoclast function by impairing 
osteoclast formation and inducing apoptosis (7). Due to the anti-resorptive activity, 
bisphosphonate is used as an adjunct therapy in severe periodontitis (8). However, 
osteonecrosis of the jaw induced by bisphosphonate is highly concern (9). 

Doxycycline, a broad-spectrum antibiotic, also possesses anti-inflammation and MMP 
inhibition (10). Doxycycline inhibited osteoclast formation in vitro and in vivo via inhibition 
of MMP-9 activity (11). At the higher dose, doxycycline induced apoptosis of osteoclasts (12). 
Oral and topical doxycycline can improve the clinical outcome of periodontitis (13).  

Because bisphosphonate inhibits MMP enzymes in periodontal ligament cells (14), 
risedronate may enhance the effect of doxycycline on MMP-9 inhibition in osteoclasts. 
Therefore, this study investigates the effects of risedronate on the inhibitory effect of 
doxycycline on MMP-9 expression and activity in osteoclasts. 
 
Methods 
 
Cell cultures 

RAW264.7 (a murine macrophage cell line) was purchased from American Type Cell 
Culture (ATCC). RAW264.7 was cultured in DMEM media supplemented with 10% fetal 
bovine serum and 1% penicillin-streptomycin under a 5% CO2 incubator at 37 oC. 
 
Cell viability assay 

 Risedronate and doxycycline at concentrations 0.1-100 µM were added into RAW264.7 
cells (5´103cells/well) in 96-well plates for 48 h. In a separate set of experiments, risedronate 
at concentrations of 1.25, 2.5, 5, and 10 µM were added into RAW263.7 cells in the presence 
or absence of 8 µM doxycycline for 48 h. MTT (final concentration of 0.5 mg/mL) was added 
to cells and incubated for 2 h for cell viability assay. The formazan in cells was dissolved with 
DMSO and measured absorbance at 562 nm by a microplate reader. 
 
Real-time PCR  

 RAW264.7 cells were seeded (5´105cell/well) in 6-well plates. Risedronate (1.25, 2.5, 
5, and 10 µM) were treated in RAW264.7 in the presence or absence of 8 µM doxycycline. 
RAW264.7 cells were differentiated to osteoclasts by 20 µM RANKL for 4 days. RNA was 
extracted and purified by the RNA extraction kit (Favorgen Biotech Corp., Taiwan). The 
complementary DNA was synthesized by the iScript cDNA synthesis kit (Bio-rad, Hercules, CA). 
The primer sequences for MMP-9 were forward 5’-CTGGACAGCCAGACACTAAAG-3’; 
and reverse, 5’-CTCGCGGCAAGTCTTCAGAG-3’. The primer sequences for GAPDH were 
forward 5’-AGGTCGGTGTGAACGGATTTG-3’; and reverse, 5’-TGTAGACCATGTAG- 
TTGAGGTCA-3’. The quantitative real-time PCR was performed using KAPA SYBR fast 
(KAPA biosystem Wilmington MA) on Bio-rad real-time PCR CFX96 (Bio-rad Hercules, CA).  
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The differences between Ct of MMP-9 and GADPH of risedronate, doxycycline, or combined 
risedronate and doxycycline were subtracted from the differences between Ct of the target gene 
GADPH of RANKL treated cells and expressed as relative fold change (the 2-DDCT method). 
The value of RANKL treated cells was defined as 1.  
 
Gelatin zymography  

The enzyme activity of MMP-9 was analyzed by gelatin zymography. First, the 
supernatants were collected and centrifuged to remove cell debris. Next, 10 µL of supernatant 
was mixed with 6x loading dye and loaded in 8% SDS-PAGE with 1% gelatin. The gels were 
run at 120 V for 3 h. The gels were placed in the washing buffer (2.5% v/v triton X-100 in 
distilled water) to remove SDS and then incubated with a sample buffer containing 50 mM 
Tris, 0.15 M NaCl, 5 mM CaCl2, NaN3, pH 7.6 for 12 h at 37 °C. The gelatinolytic activity was 
visualized by staining the gels with 0.5% Coomassie brilliant blue for 1 h and then de-stained 
in 4% methanol and 8% glacial acetic acid. Band intensity was analyzed and semi-quantified 
by Scion Image analysis software.  
 
Statistical analysis 

 Data are means± SD and analyzed by one-way ANOVA with Tukey’s multiple 
comparisons. The p-value < 0.05 was considered statistical significance.  
 
Results 
 
Cytotoxicity test 

Cytotoxic effects of risedronate and doxycycline were tested in RAW264.7 cells using 
MTT assay. Risedronate and doxycycline decreased the cell viability of RAW264.7 cells in 
a concentration-dependent manner with IC50 of risedronate 30.46±15.37 and IC50 of 
doxycycline 38.11±20.95 µM. (Figure 1). Our preliminary data showed that the risedronate at 
10 µM inhibited osteoclast formation, while doxycycline at a concentration up to 10 µM did 
not inhibit osteoclast formation. Therefore, the cytotoxicity of combined risedronate at 1.25, 
2.5, 5, and 10 µM with fix concentration of doxycycline was tested. The addition of 8 µM 
doxycycline did not enhance the cytotoxicity of risedronate in RAW264.7 (Figure 2). 
 

 
Figure 1. Cytotoxicity of risedronate and doxycycline on RAW264.7 cells. Risedronate (A) and doxycycline (B) 
at concentrations of 0.1-100 µM were incubated for 48 h. Cell viability was measured by MTT assays. Data were 
mean ± SD (n = 3). 
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Figure 2. Cytotoxicity of  RAW264.7 cells treated with the combination of risedronate and doxycycline. 
Risedronate at concentrations of 1.25, 2.5, 5, and 10 µM was incubated alone or in combination with 8 µM 
doxycycline in RAW264.7 cells for 48 h. Cell viability was measured by MTT assays. Data were mean ± SD (n = 3). 
*P< 0.05 compared with control and tested by One-way ANOVA with Tukey’s multiple comparisons.  

The expression of MMP-9 mRNA in osteoclasts 
The expression of MMP-9 mRNA was investigated in osteoclasts differentiated from 

RAW 264.7 cells by RT-PCR. The MMP-9 mRNA levels were 12,500 folds up-regulated in 
osteoclasts compared with undifferentiated RAW264.7 cells. Doxycycline significantly inhibited 
MMP-9 expression in osteoclasts, while risedronate did not show this effect (Figure 3). The 
combination with risedronate with doxycycline did not enhance the effect of doxycycline on 
MMP-9 mRNA expression when compared with doxycycline treated group. 
 

 
Figure 3. Effect of combined risedronate and doxycycline on MMP-9 mRNA expression in osteoclasts. 
Risedronate (1.25, 2.5, 5, and 10 µM) and doxycycline (8 µM) were treated in osteoclast differentiated by 20 ng/mL 
RANKL for 4 days. MMP-9 mRNA levels were determined using real-time PCR. Data were normalized to 
GAPDH and presented as relative expression to untreated osteoclasts. Data are mean ± SD (n = 5). *P < 0.05 
compared with untreated osteoclasts and tested by One-way ANOVA with Tukey’s multiple comparisons. 

The enzymatic activities of MMP-9 in osteoclasts 
The activities of MMP-9 released from differentiated osteoclasts were measured by 

gelatin zymography. Doxycycline significantly decreased MMP-9 activities in osteoclasts, 
while the combination of risedronate with doxycycline did not increase the inhibitory effect of 
doxycycline on MMP-9 activities when compared with doxycycline treated group (Figure 4). 
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Figure 4. Effect of combined risedronate and doxycycline on MMP-9 activity in osteoclasts. Risedronate (1.25, 2.5, 
5, and 10 µM) and doxycycline (8 µM) were treated in osteoclast differentiated by 20 ng/mL RANKL for 4 days. 
MMP-9 activity in the supernatant was determined by gelatin zymography. MMP-9 activity was quantified and 
presented as arbitrary units (A.U.). Data are mean ± SD (n = 5). *P< 0.05 compared with untreated osteoclasts 
and tested by One-way ANOVA with Tukey’s multiple comparisons. 

Discussion 
 

This study demonstrates that doxycycline inhibits RANKL-induced MMP-9 expression 
and activity in osteoclasts. However, combination with risedronate does not enhance the 
inhibitory effect of doxycycline MMP-9 expression and activity.  

Doxycycline inhibits MMP-9 expression and activity in osteoclasts which is consistent 
with a previous report (15). During osteoclast differentiation, MMP-9 is upregulated through 
the RANKL-NFATc1 signaling pathway (16). Knock out of MMP-9 decreased osteoclast 
formation in vitro and increased bone density in vivo (17). In our study, 8 µM of doxycycline 
inhibited only MMP-9 function but did not inhibit osteoclast formation induced by RANKL 
(data not shown). The Cmax of 200 mg orally administrated of doxycycline is 5.8 µM which 
is closely related to 8 µM doxycycline use in this study (18). Higher concentrations of 
doxycycline were found to be cytotoxic to osteoclasts.  

Risedronate does not enhance the effect of doxycycline on MMP-9 expression and 
activity in osteoclasts. Bisphosphonate previously decreased the activity of MMP-1 and MMP-3 
in periodontal ligament cells (14). Bisphosphonates have poor bioavailability (about 0.7%) (19) 
and bind tightly with bone hydroxyapatite (20). The combination of bisphosphonates and 
doxycycline synergistically inhibited alveolar bone loss in rats with LPS-induced 
periodontitis (21). From our preliminary study, the inhibitory effects of risedronate on 
osteoclast formation in vitro started at 5-10 µM, risedronate at concentrations of 1.25-10 µM 
were tested in combination with doxycycline on MMP-9 expression and activity in osteoclasts. 
In our study, risedronate alone did not inhibit MMP-9 expression and activity. A combination 
of risedronate with doxycycline causes no change in the effect of doxycycline on MMP-9. This 
observation suggests that combined risedronate with doxycycline has no effect on RANKL-
induced MMP-9 expression and activity in osteoclasts. Thus, the mechanism of combined 
risedronate and doxycycline on osteoclasts needs further investigation. 
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Conclusion 
 

Risedronate has no effect on MMP-9 inhibition by doxycycline. 
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Abstract 
 
Porcine reproductive and respiratory syndrome (PRRS) is caused by the PRRS virus (PRRSV), 
and is one of the most economically devastating diseases, which affects the pork industry 
globally. Currently, there are no effective vaccines, nor therapeutic drugs against this disease. 
Therefore, in this study, we used an in silico drug screening approach to repurpose drugs that can 
be used for PRRS treatment by inhibiting the PRRSV infection and internalization. The key 
receptor protein essential for viral infection is CD163, which has also been defined as the main 
receptor for PRRSV infection. Among the nine extracellular scavenger receptor cysteine-rich 
(SRCR) domains in the CD163 molecule, SRCR5 was found to be necessary for PRRSV 
infection. Thus, in this study, we applied a drug repurposing approach to screen potential drugs 
via in silico molecular docking by targeting SRCR5 of CD163, a key receptor for PRRSV 
infection. The molecular docking results provided the binding affinities of drug-protein 
interaction. The candidate drugs displayed the highest binding affinity susceptibility to the 
SRCR5 of CD163. Here, we found among other anti-hypertensive drugs, CT0087 and CT0023 
can interact with CD163 and an antibiotic CT0037 can also interact with CD163. The 
repurposed drugs will be tested for the efficiency of the inhibition of viral infection by cell assay 
in the future. Our results are useful for guiding the drug repurposing to develop a highly 
effective treatment against PRRS disease and substantially reduce the economic losses. 

 
Keywords: CD163, in silico molecular docking, SRCR5, FDA approved drugs 
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Graphical abstract 

 
Introduction 
 

Porcine Reproductive and Respiratory Syndrome (PRRS) is one of the most economical 
swine diseases that impact the swine industry worldwide. PRRS is caused by the PRRS virus 
(PRRSV) and has two major forms of the disease in pigs, including reproductive failure in sows 
and respiratory problems in all ages of pigs (1). PRRS virus is an enveloped, positive-stranded 
RNA virus of the Arterivirus genus in the order Nidovirales. PRRSV is classified into two 
distinct species, PRRSV-1 formally called European isolates or genotype I and PRRSV-2 
formally called North American isolates or genotype II. The highly pathogenic PRRSV            
(HP-PRRSV-2) emerged in 2006 and caused the loss of swine life in China affecting over 
2,000,000 pigs with about 400,000 fatal cases (2). Then, HP-PRRSV-2 is distributed and 
pandemic in several regions including Vietnam, Korea, and Thailand (3).  

The host for PRRSV infection is the differentiated monocytes, which are called porcine 
alveolar macrophages (PAMs). Moreover, the African green monkey kidney epithelial cell line 
MA-104 and MARC-145, the derivative cell, are suitable for PRRSV infection in vitro (4). The 
infection of PRRSV on host cells occurs primarily through the adsorption of the viral particle 
to the host cell surface receptors. Presently, six host cell surface molecules including heparin 
sulfate (HS), sialoadhesin (Sn/CD169), vimentin, CD151, DC-SIGN (CD209), and CD163 have 
been considered as potential receptors for PRRSV adsorption (5). Among these, CD163,                  
a macrophage-specific membrane scavenger receptor, was found crucial for the host cell 
interaction by the knockout studies (6). Results showing the host cells without CD163 become 
resistant to PRRSV (7). In addition, it has been reported that R561A mutant in loop 5-6 region 
of SRCR5 domain in CD163 structure could inhibit PRRSV infection compared with the 
wildtype. Therefore, the R561 region in CD163 can possibly act as the target site for the 
PRRSV infection (8). Moreover, there is a report suggests that a small molecule (designated as 
B7) significantly blocks the interaction between the PRRSV glycoproteins and the CD163-
SRCR5 domain (9). 

To control PRRSV infection, various types of vaccines have been used. Especially, 
attenuated modified-live vaccines showed effectiveness against PRRSV infection as shown by 
the reduction of disease asperities, clinical signs, and lung injury. In addition, there are some  
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problems with using the PRRS vaccine including the increase of genetic mutation, and immune 
suppressive effect (10, 11). To date, there are drugs against PRRSV replication, for instance, 
plasmocin, nalidixic acid, ciprofloxacin, erythromycin, and penicillin/streptomycin but they 
are not effective for PRRS treatment. There is no report on drugs targeting viral entry to the 
host cells, especially drugs targeting CD163 and PRRSV.  

Therefore, we aim to identify potential drugs against PRRS through a drug repurposing 
approach from FDA-approved drugs which can inhibit the PRRSV infection, evaluate the 
protein-drug interaction, and test the toxicity of candidate drugs to cells. 

 
Materials and Methods 
 
In silico molecular docking 

GOLD and AutoDockVINA are used to perform molecular docking against the target 
protein, CD163 (PDB: 5JFB). 
 
Ligand preparation 

In this study, 1,615 drugs of the FDA-approved drug library were collected from the 
ZINC database (https://zinc.docking.org). 3D and geometry optimizations of ligands were 
executed using algorithms monitored. Ligands should have been checked the protonation state 
for validation. 

 
Protein preparation 

Protein Data Bank was taken the crystal structure of scavenger receptor cysteine-rich 
domain5 (SRCR5) from porcine CD163 (http://www.rscb.org) code 5JFB with resolution      
2.0 Å, R-Value Free 0.239 and R-Value Work 0.208. The optimized structure was viewed and 
converted to .pdb format, the water molecules were eliminated, and the missing hydrogen 
atoms were added to this protein. For targeting the interaction between porcine CD163 and 
glycoprotein of PRRSV, the crystal structure of CD163 was used to determine a screening site 
centered around Arg561 with the cubical grid box of 10 Å × 10 Å × 10 Å resolution (Figure 1).  

 
Molecular docking  

Molecular docking is an approach for structured-based drug design to identify the 
amino acid residues interacting with selected ligands with low binding affinity compared with 
B7 which is positive control. The GOLD and AutodockVINA software programs were used 
for molecular docking. The number of binding modes is 100 configurations. GOLD software 
was used to dock the 1,615 FDA-approved drugs and AutodockVINA was used to dock the 
candidate drugs resulting from GOLD. By docking protocol, the protein molecule was kept 
rigid, while the ligand was flexible. 
 
In vitro cytotoxic assay 
Cell culture 

PAM CRL-2843 and MARC-145 were used in the screening. PAM CRL-2843 was 
cultured in Roswell Park Memorial Institute (RPMI) supplement with 10% fetal bovine serum 
(FBS) and 1% penicillin-streptomycin. MARC-145 was cultured in Dulbecco's Modified Eagle 
Medium (DMEM). These cell lines were incubated at 37 °C in a 5% CO2 humidified incubator. 
Cell viability assay 

To test the cytotoxicity of candidate drugs, cell viability was performed on PAM and 
MARC-145 cell lines. These two cell lines were treated with candidate drugs in different 
concentrations: 0, 1, 5, 10, and 20 "M for 24 h. MTT assay was used to determine cell viability 
by adding MTT solution (0.5 mg/mL) and incubating at 37 °C for 3 h, before stopping the 
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reaction by adding DMSO. The absorbance was measured at 540 nm using a microplate 
spectrophotometer system. The experiments were performed in triplicate. Statistical analysis 
was performed by one-way ANOVA using Graphpad Prism9. 
 

 
 

Figure 1. The structure of CD163 (PDB: 5JFB) and R561 region in CD163 
 
Results 
 
Molecular docking 

Molecular docking was performed with GOLD and AutodockVINA software 
programs to investigate the potential of repurposing FDA-approved drugs against PRRSV 
infection by docking into its binding site. In this study, the rationality of the docking program 
was verified by the binding affinity compared to B7 which is an SRCR5 inhibitor that 
interacted with Arg561. Of 1,615 FDA-approved drugs, there were docked using GOLD 
software and got 98 candidate drugs that have higher GOLD fitness than B7’s. 98 candidate 
drugs resulting from GOLD were used to dock in AutodockVINA. The heat map binding 
affinities of candidate drugs which resulted from AutodockVINA was shown in Figure 2. The 
drug candidates were selected for further study based on a combination of binding affinity and 
cost-effective criteria (Table 1). Figure 3 shows the docking model of CT0087 was well 
aligned with its crystal structure in the CD163 binding site.  
  



Joint Physiological Pharmacological Society Conference JPPSC-2022 

June 8–10, 2022 

116 
 

 
Figure 2. The heat map shows binding affinity (kcal/mol) of selected FDA-approved drugs localized in binding 
pocket of CD163 which are the results of AutodockVINA software 
 
Table 1. The list of candidate drugs resulting from molecular docking 

Candidate drugs Binding affinity (kcal/mol) Prescription 
CT0087 -6.5 Anti-hypertension 
CT0023 -5.7 Anti-hypertension 
CT0037 -5.5 Antibiotic 

 

 
 

Figure 3. 3D view of interaction of CT0087 (green) and CD163 (red and blue).  
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In vitro cytotoxic assay 
Cytotoxicity assay is essential for the determination of the non-toxic concentration 

range of the candidate drugs against the different cell lines. In this study, PAM and MARC-
145 were treated with candidate drugs in various concentrations for 24 h. We found that 
CT0037 and CT0087 are highly toxic to both cell lines at concentrations between 1-20 µM. In 
contrast, CT0023 showed low toxicity to both cell lines at concentrations between 1-10 µM 
(Figure 4). 

 

 
Figure 4. Percentage viability of PAM (A) and MARC-145 (B) after treating with candidate 
drugs. 
 
 
 
 

A 

B 
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Discussion 
 

The molecular docking is performed using GOLD and AutodockVINA because 
CD163, which is a protein of interest, was validated or redocked and compatible with the 
algorithm in this software. To determine the potential of repurposed drug targeting CD163,       
a key receptor for viral infection on porcine cell lines, molecular docking results suggested that 
CT0087, an anti-hypertension drug, exhibited the highest binding affinity compared to B7 
which is a known SRCR5 inhibitor. However, the result of cell viability showed that CT0087 
was toxic to the cell in a range concentration of µM. On the contrary, the cytotoxicity of 
CT0023 was less effect on the cell even if CT0087 and CT0023 belong to a class of drugs 
called angiotensin receptor blockers (ARBs) through the AT1/PPAR-γ/MAPKs pathways. 
Moreover, CT0087 and CT0023 are used to treat high blood pressure, lowering high blood 
pressure, help prevent strokes, heart attacks, and kidney problems. CT0037 also showed a great 
binding affinity for targeted CD163. CT0037 is an antibiotic used to treat a broad-spectrum 
bacterial infection and may also be used before and during certain surgeries to help prevent 
infection. These results suggested that CT0023 might be potent candidate drug acting against 
CD163-PRRSV interaction in a range of µM concentrations, which could be developed as             
a novel antiviral agent. For CT0087 and CT0037, they are toxic to the cell and should study at 
the different ranges such as in the nM of concentration or less than 1 µM for the cell cytotoxicity 
assay. 
 
Conclusion 
 

In this study, the FDA-approved drugs were analyzed for their binding activity of 
CD163 through molecular docking. Docking results showed that CT0023, which is in a class 
of medications called angiotensin II receptor antagonists, had a binding affinity of -5.7 kcal/mol 
against CD163 and it was non-toxic to the cells. Therefore, it can be used to further research in 
the inhibitory effect on PRRSV infection. Additionally, CT0037 and CT0087 exhibited good 
binding affinities against CD163 (-5.5 and -6.5 kcal/mol respectively) but it was toxic to the 
cell. They might be promising drugs for PRRS treatment. However, the effects of these 
compounds on other cell phenotypes must be investigated. Our work demonstrated a promising 
strategy for drug development. 
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Abstract 
 
Knee osteoarthritis (KOA) is a significant burden in the older adults. Patients could compensate 
for this abnormal physiology via adaptation of foot biomechanics. Therefore, insoles were 
introduced for years to be therapeutic management. However, the different types of insoles are 
still a controversy in KOA patients. This systematic review aimed to propose insights on 
therapeutic and physiologic outcomes of insole uses in the elderly patients with KOA. PubMed 
was the database to be reviewed in accordance with the PRISMA guideline.  Search terms were 
“Insole AND Knee Osteoarthritis”, “Foot Insole AND Knee Osteoarthritis”, and “Shoes Insole 
AND Knee Osteoarthritis”. Inclusion criteria were 1) type of studies are cohort and/or 
randomized controlled trials, 2) the studies are conducted within 2011-2021, 3) English 
publications, 4) number of participants are more than or equal to 20, 5) identification of severity 
status-type of KOA classification, and 6) identification of insole source. Included articles were 
analyzed for pain reduction, and knee physiologic changes such as knee adduction moment 
(KAM), and knee loading rate. Nine studies were recruited from 335 found studies for the 
review in accordance with the eligible criteria. There were 639 patients (Kellgren-Lawrence 
grade 2-3) with a mean age of 55-64.3 year-old. From the review, there were two types of 
lateral wedge insoles (LWI) as ordinary (high-density ethyl vinyl acetate) and soft 
(polyurethane) insoles. Several studies suggested no significant pain reduction in ordinary 
LWI. However, soft LWI combined with arch support showed significant improvement in pain 
and physical functions in KOA patients. Regarding physiological aspects, ordinary LWI helped 
reduce KAM and loading rate in KOA patients. In conclusion, soft LWI improves pain and 
physical functions when used in a combination with arch support in older adults with KOA. Its 
use should be studied in a future larger population. 
 
Keywords:  Knee osteoarthritis, insole, lateral wedge insole, foot pain, biomechanics 
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Abstract 
 
Knee osteoarthritis (KOA) is a progressive disease that affects elders worldwide. It could 
involve the biomechanics of the knee and other parts of the lower extremity such as the ankle 
and foot. Although KOA was studied in several aspects, little was known about the physiology 
of plantar pressure in KOA patients that could lead to the foot disability. At this point, the 
purpose of this systematic review was to provide more in-depth information regarding the 
physiology of plantar pressure patterns and their related parameters in elderly patients with 
KOA. The PUBMED database was a platform to be searched using keyword terms “foot 
pressure AND knee osteoarthritis” and “center of pressure AND knee osteoarthritis”. The 
articles were evaluated regarding four characteristics: stages of KOA, sample size, study tool, 
and findings. The main outcomes were the plantar pressure and center of pressure (COP). Other 
outcomes had also been evaluated as knee abductor moment, and clinical scores. A total of 
9 full-text articles were eligible for the review. The total number of participants was 495 
(256 knee OA patients and 239 healthy individuals). The mean age range of knee OA patients 
was 60.2-77 years. Regarding the review, the KOA patients demonstrated that the plantar 
pressure had a higher tendency to be pronounced on the midfoot and/or central area of foot. 
The COP patterns were shorter and more lateralization in the KOA patients. This parameter 
was able to reflect the function abilities, pain, and well-being of knee OA patients. The plantar 
pressure and COP were the essential parameters that should be evaluated to determine the foot 
biomechanical changes in KOA patients. This information could be a basis for the designing 
of biomedical devices that could possibly detect the biomechanics changes or relieve the 
symptoms at the knee and/or foot or reduce the KOA progression. 
 
Keywords: Foot pressure, center of pressure (COP), biomechanics 
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Abstract 
 
Nonalcoholic steatohepatitis (NASH) is a progressive form of nonalcoholic fatty liver disease 
(NAFLD) that is characterized by hepatic inflammation and steatosis. Currently, there are 
minimal data on the risk of NASH in transgender women and the treatment options in this 
particular population. Testosterone supplement is undesirable in transgender women, and 
estrogen supplement is associated with a higher risk of breast cancer; therefore, an isoflavone 
derivative compound called “genistein” might be a reasonable alternative to a hormone 
supplement in this setting. This study investigated the modification of histone deacetylase3 
(HDAC3), peroxisome proliferator-activated receptor alpha (PPARα) and nuclear factor kappa B 
(NF-ĸB) in a NASH model of orchidectomized (ORX) rats fed with a high fat high fructose 
(HFHF) diet. Forty-two male Sprague-Dawley rats were randomly divided into seven groups; 
control group, HFHF group, ORX + standard diet group, ORX + HFHF group, ORX + HFHF 
diet + testosterone group (50mg/kg BW once weekly), ORX + HFHF diet + estradiol group 
(1.6 mg/kg BW daily), and ORX + HFHF diet + genistein group (16 mg/kg BW daily). This 
study was conducted for 6 weeks. Results showed that rats in the ORX+HFHF group had the 
highest degree of hepatic steatosis, lobular inflammation, hepatocyte ballooning and showed 
higher percentage of positive Oil Red O staining area. The expression of HDAC3 and PPARα 
were down-regulated, whereas NF-ĸB expression was increased in ORX+HFHF group 
when compared with rats in control and ORX + standard diet groups. Testosterone, estradiol 
and genistein treatments improved histopathological features of NASH along with the 
reversal of HDAC3, PPARα and NF-ĸB protein expression comparing with ORX+HFHF 
group. In summary, testosterone deficiency aggravated the severity of NASH, particularly in 
combination with HFHF diet. Genistein and sex hormone administration alleviated NASH 
through the up-regulation of HDAC3, PPARα and suppression of NF-ĸB expression.  
 
Keywords: Nonalcoholic steatohepatitis, sex hormone supplementation, genistein, bilateral 

orchidectomy, high fat high fructose diet 
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Abstract 
 
Hyperlipidemia has currently become a rapidly expanding global public health problem. It is 
related with various chronic diseases, such as obesity, hypertension, cardiovascular disease, 
and diabetes. Alternatively, an approach for prevention of hyperlipidemia and liver fat 
accumulation caused by high fat diet has been developed using natural products. Passion fruit 
is a fruit rich in phenolic compounds which contain many medicinal properties. The objective 
of this study was to determine the protective effect of passion fruit extract on hyperlipidemia 
and liver fat accumulation in rats fed with high fat diet. Male Sprague Dawley rats, seven-
week-old, weight 200-250 g, were used in the experiment. The animals were divided into            
4 groups (n = 5/groups) as follows; 1) the normal diet served as control (C), 2) the high-fat 
(HF) diet, 3) the HF diet plus 250 mg/kg BW passion fruit extract (P250), and 4) the HF diet 
plus 500 mg/kg BW passion fruit extract (P500). The normal or HF diet supplemented with or 
without the passion fruit extract were fed to the respective groups of rats for 8 weeks. After 
that, the animals were sacrificed. The blood and liver samples were collected for biochemical 
analyses. The result showed that passion fruit extract reduced the body weight, and serum lipid 
profiles including triglyceride, total cholesterol, and low-density lipoprotein, while increased 
high-density lipoprotein, and reduced lipid accumulation in the liver compared with the HF 
group. In summary, this study shows that passion fruit extract is an effective prevention for 
used as an anti-hyperlipidemia and liver fat accumulation. 
 
Keywords: Hyperlipidemia, liver fat accumulation, passion fruit extract, high-fat-diet 
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Abstract 
 
Prolonged strenuous exercise increases ROS, leading to oxidative stress. ROS causes muscle 
damage and muscle fatigue. As a result, the ability to exercise is reduced. Antioxidants 
normally help counteract the oxidative states that build up in the body during exercise. 
However, antioxidants built up in the body alone may not overcome excessive oxidative stress 
during high-intensity exercise. There have been previous studies reporting that antioxidant 
supplementation in this situation is helpful. Phycocyanin is an important nutritional antioxidant 
from seaweed. It is non-toxic to normal cells and shows no toxicity at the dose greater than 
2000 mg/kg BW in rats.  According to the previous studies, the effective dose of phycocyanin 
was approximately 200 mg/kg BW which was the dose that used in this present study. The 
purpose of this study was to determine the effect of phycocyanin to reduce the damage caused 
by oxidative stress from prolonged strenuous exercise. Male Sprague Dawley rats (SD rats) at 
4 weeks old were used in this study. The animals were divided into three groups (n=5 /group): 
1) control group (C): rats without exercise, 2) exercise group (E): exercised rats and 3) exercise 
group + phycocyanin (EP): exercised rats with phycocyanin at a dose of 200 mg/kgBW. The 
exercised rats were performed a 75 min swimming/day, 5day/weeks for 8 weeks. EP was orally 
administered daily from the first to the eighth week of exercise. The results show that 
phycocyanin reduce lactate dehydrogenase, creatine kinase, IL-6 and TNF-α in EP compared 
to the E group. In addition, the results showed that phycocyanin increased the levels of 
superoxide dismutase and catalase when compared to the exercise group. From this study, 
phycocyanin was found to reduce skeletal muscle damage caused by oxidative stress from 
prolonged strenuous exercise by increasing antioxidant activity and reducing inflammation of 
skeletal muscles in exercise rats. The underlying mechanism of phycocyanin on exercise 
performance is needed to examine its benefits in a further study. 
 
Keywords: Phycocyanin, oxidative stress, skeletal muscles, anti-inflammation, exercise 
 

 

 

  



Joint Physiological Pharmacological Society Conference JPPSC-2022 

June 8–10, 2022 

126 
 

Effects of Modified Square-Stepping Exercise on Functional Fitness, 
Pulmonary Function, and Exercise Capacity in The Elderly 

 
Chalermkiat Sawasdee1, Paradee Auvichayapat1, Wiyada Punjaruk1, Naruemon Leelayuwat1, 

Orathai Tunkamnerdthai1* 

 
1 Department of Physiology, Faculty of Medicine, Khon Kaen University, Khon Kaen 40002, Thailand 

 
Email: torata@kku.ac.th 

 
Abstract 
 
Pulmonary function deteriorates in the elderly, contributing to declining functional fitness and 
exercise capacity. Exercise training can improve the pulmonary system, enhancing functional 
fitness and exercise capacity in the elderly. Breathing exercise could improve lung function 
and respiratory muscles in the elderly. Moreover, square-stepping exercise (SSE) can improve 
functional fitness. Therefore, this study aimed to investigate the effect of modified square-
stepping exercise (MSSE) on functional fitness, pulmonary function, and exercise capacity in 
the elderly. Participants were randomized to the training group (TG; n = 22) or the control 
group (CG; n = 21). The TG performed MSSE 3 days/week for 12 weeks. The CG had usual 
physical activity for 12 weeks. Each participant was evaluated for functional fitness (Time up 
and go test; TUG and 30-second chair stand test), pulmonary function test, and exercise 
capacity (six-minute walk test; 6MWT) before and after the study. Results showed that the 
TUG and the 30-second chair stand test significantly improved the TG (p ≤ 0.001) and were 
higher than the CG after the study (p ≤ 0.001). Moreover, the MSSE training significantly 
increased Forced expiratory volume in the first second (FEV1) and respiratory muscle strength 
(p < 0.05). Furthermore, 6MWD significantly increased in TG (p<0.001) and was higher than 
the CG after the study (p<0.05). Borg’s dyspnea scores pre-and-post-6MWT were reduced 
significantly after MSSE training (p<0.05) and less than the CG after investigation, except for 
Borg’s dyspnea score pre-6MWT. These data demonstrated that a 12-week MSSE training 
improves functional fitness, pulmonary function, and exercise capacity in the elderly.  Thus, 
the MSSE may suggest an alternative exercise mode for the elderly 
 
Keywords: The modified square-stepping exercise, exercise capacity, functional fitness, 
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Abstract 
 
Non-alcoholic steatohepatitis (NASH) involves the interplay between genetics, diet, and gut 
dysbiosis. The aim of this study was to determine whether single- and mixed-strain probiotics 
can reduce the severity of NASH induced by a high-fat-high-fructose (HFHF) diet through 
alteration of inflammatory cytokines, oxidative stress and gut microbiota in rats. Twenty-eight 
male Sprague-Dawley rats were divided into 4 groups: control, NASH, NASH+single strain 
(Lactobacillus (L.) plantarum) and NASH + mixed strains (L. rhamnosus + L. casei). At 6 weeks, 
the following parameters were evaluated: serum interleukin 6 (IL-6), liver histopathology, and 
hepatic immunohistochemical expressions of TLR4 and CD14, glutathione (GSH), and 
malondialdehyde (MDA). Liver histopathology demonstrated a higher degree of fat 
accumulation, ballooning, and lobular inflammation in the NASH group than in the control 
group. In both probiotic groups, the degree of fat accumulation, ballooning, and inflammation 
were less severe than in the NASH group. The immunohistochemistry showed the increased 
expressions of CD14 and TLR4 in the NASH group compared with the control group, whereas 
CD14 and TLR4 expressions decreased in both probiotic groups. Serum IL-6 and hepatic MDA 
levels were significantly elevated in the NASH group and significantly decreased in both 
probiotic groups. GSH levels were lower in the NASH group than in the control group and 
improved with probiotics. Gut microbiota analyses showed that the alpha diversity was lower 
in the NASH group than in the control group and higher in probiotic groups. At the phylum 
level, the relative abundance of Firmicutes and Bacteroidetes increased in both probiotic 
groups, while Fusobacteria increased in the single-strain group; both of which were compared 
with the NASH group. In conclusion, both single- and mixed-strain probiotics improved NASH 
pathology, likely through reducing inflammatory responses and oxidative stress, and 
modulating gut microbiome. 
 
Keywords: Non-alcoholic steatohepatitis, inflammation, oxidative stress, gut microbiota, 

probiotics 

 

 

  



Joint Physiological Pharmacological Society Conference JPPSC-2022 

June 8–10, 2022 

128 
 

Tissue-Specific Expression of Senescence Biomarkers  
in Spontaneously Hypertensive Rats  

 
Ratthapon Somsura1,2, Wacharaporn Tiyasatkulkovit1,2*, Kanokwan Kamkajon2,3, 

Khuanjit Chaimongkolnukul4, Surachai Chantip4, Nattapon Panupinthu2,3,  
Narattaphol Charoenphandhu2,3,5,6 

 
1 Department of Biology, Faculty of Science, Chulalongkorn University, Bangkok 10330, Thailand 

2 Center of Calcium and Bone Research (COCAB), Faculty of Science, Mahidol University,  

Bangkok 10400, Thailand 
3 Department of Physiology, Faculty of Science, Mahidol University, Bangkok 10400, Thailand 

4 National Laboratory Animal Center, Mahidol University, Nakhon Pathom 73170, Thailand 
5 Institute of Molecular Biosciences, Mahidol University, Nakhon Pathom 73170, Thailand 
6 The Academy of Science, The Royal Society of Thailand, Dusit, Bangkok 10300, Thailand 

 
Email: wacharaporn.ti@chula.ac.th  

 
Abstract 
 
Hypertension is highly prevalent in aging populations. Our recent work has demonstrated that 
elevated blood pressure leads to bone loss and fragility in spontaneously hypertensive rats 
(SHR), an inbred animal model of essential hypertension. Interestingly, SHR often exhibited 
premature deterioration of vasculature as compared to the normotensive controls. Thus, it is 
possible that elevated blood pressure aggravates cellular senescence. Here, we assessed mRNA 
levels of senescence markers, i.e., Cdkn2a (encoding p16Ink4a), Cdkn1a (encoding p21cip21), Timp1 
(encoding tissue inhibitor of metalloproteinase-1), Cxcl1 (encoding C-X-C motif ligand 1) and Il6 
(encoding interleukin-6), from male SHR and age-matched normotensive rats (WT). Tissues 
from organs involved in blood pressure regulation, i.e., heart, kidney and hypothalamus as well 
as bone tissues were collected at 6, 12, 24 and 36 weeks of age (n = 10 animals/group). By 
using quantitative real-time PCR, we found that the expression levels of all four senescence 
markers were increased early (in 6-week-old SHR) and persistently (in 12-, 24- and 36-week-
old SHR) in the heart. Moreover, Timp1 and Cxcl1 expression levels were upregulated in 
skeletal tissue of 36-week-old SHR. In contrast, the expression levels of Cdkn1a, Timp1 and 
Il6 were downregulated in the kidney and hypothalamus of SHR in all age groups. Our results 
suggested that premature aging process was initiated in the organs that were exposed to 
elevated blood pressure, i.e., cardiovascular, and skeletal tissues. Furthermore, it was 
conceivable that organs that had better autoregulation for local blood pressure and flow, i.e., 
brain and kidney, were able to evade this hypertension-induced cellular senescence. In 
conclusion, our study has suggested the presence of cellular senescence, which could help 
explain the declines in cardiovascular function and bone mass in SHR. 
 
Keywords: Hypertension, bone mass, bone loss, senescence biomarker 
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Abstract 
 
Shiitake mushrooms (Lentinula edodes) are widely grown edible and effective medicinal 
mushrooms that possess anti-cancer, anti-tumor, anti-microbial, anti-inflammatory, and anti-
hypercholesterolemic activities. Previous studies have shown that L. edodes inhibits 
angiotensin-I converting enzyme (ACE), which plays an important role in the regulation of 
blood pressure and the inhibition of this enzyme is an effective treatment for hypertension. 
In this study, protein hydrolysates from shiitake mushroom were hydrolyzed by protease 
enzyme and the hydrolysis process will have a strong effect on the release of ACE inhibitor 
peptides. However, the effects of L. edodes protein hydrolysate (LPH) on vascular and 
endothelial functions have never been evaluated. Therefore, the purpose of this research was 
to investigate the vasorelaxant effects and mechanisms of LPH on rat isolated aorta using the 
organ bath technique. The aortic rings, either with or without endothelium, were pre-contracted 
with phenylephrine (PE, 10-5 M) for investigating vasorelaxant response. The role of endothelium 
in vasorelaxation to LPH was characterized by pre-incubating the aortic rings with either the 
nitric oxide (NO) synthase inhibitor Nω-nitro-L-arginine methyl ester (L-NAME, 10-4 M) or the 
cyclooxygenase inhibitor indomethacin (10-5 M). The results showed that LPH relaxed the PE-
precontracted endothelium-intact aortic ring with EC50 = 0.39 µg/ml. Removal of the 
endothelium reduced the relaxation to LPH, reflecting by the increase in EC50 to 0.73 µg/ml. 
Pretreatment with inhibitors of NO synthase inhibited the relaxation induced by LPH, while 
the cyclooxygenase inhibitor but had no effect. These results demonstrated that LPH induces 
relaxation in rat aortic rings via the activation of the NO/cGMP pathway. 
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Abstract 
 
Inflammation is a common cause of pain, a major medical problem, and declines in quality of 
life. The Cannabis contains biological active compounds such as delta-9-tetrahydrocannabinol 
and cannabidiol (CBD). CBD has many beneficial pharmacological effects, including 
antinociception and anti‐inflammation. This study aimed to investigate the antinociceptive and 
anti-inflammatory effects of the roll-on containing cannabis extract and isolated CBD on 
muscle pain model induced by carrageenan in male mice. Mice were applied the roll-on 
isolated CBD or cannabis extracts (0.5% and 1%) (n=7) on gastrocnemius muscle for 19 h. 
Then 3% carrageenan was used to induce muscle pain before evaluating nociceptive behavior 
elicited by heat and mechanical insults by using hotplate test and von Frey filament test, 
respectively. Inflammatory markers (TNFα and IL-1β) and structural changes of muscle were 
measured by specific ELISA and Crystal violet staining, respectively. The results showed that 
mice treated with 1% roll-on isolated CBD, and 1% roll-on cannabis extract decreased 
mechanical allodynia (von Frey test) (p<0.01) and hyperalgesia (hot plate test) (p<0.01) as well 
as reduced inflammatory markers TNF-α (p<0.01), IL-1β (p<0.05), and inflammatory cells 
(p<0.001). These results demonstrated that 1% roll-on cannabis extract and CBD reduced pain 
by modulating the inflammatory cytokines consequently alleviate the inflammatory cells. 

 
Keywords: Muscle pain, cannabidiol, cannabis extract, analgesic Effect, anti-inflammatory 

effect 
 
 
 
 
 
 
 
 
 
 

  



Joint Physiological Pharmacological Society Conference JPPSC-2022 

June 8–10, 2022 

131 
 

Efficacy of Facial Massage Oil Containing Carrot (Daucus carota) Seed 
Essential Oil  

 
Narunan Wuttisin1*, Tiprada Wathakiattikul1, and Preeyaporn Tananon1 

 
1 School of Cosmetic Science, Mae Fah Luang University, Chiang Rai 57100, Thailand 

 
Email: wnarunan@mfu.ac.th  

 
Abstract 
 
Carrot (Daucus carota) seed essential oil has a wide variety of benefits for skin conditions. 
It can be used on face and is considered safe for use on all skin types. The objective of this 
study was to evaluate the efficacy of facial massage oil containing carrot seed essential oil. 
This study has been approved by the ethics committee on human research, Mae Fah Luang 
University (No. REH-61222). Forty-five females aged between 18 and 25 years were 
randomized into 3 groups: the massage group (n=15), the massage plus facial steam group 
(n=15), and the control group (n=15). The volunteers in the massage group received a facial 
massage by using massage oil containing carrot seed essential oil for 35 min. The massage plus 
facial steam group received the facial massage with carrot seed essential oil same as the first 
group and followed by facial steam for 10 min. Jojoba oil was used instead of carrot seed 
essential oil for facial massage in the control group. The skin moisture and elasticity were 
evaluated by using Corneometer® CM 825 and Cutometer® MPA 580 before the experiment 
and after the experiment for 4 weeks. Carrot seed essential oil showed prominently in 
increasing skin moisture when compared with the control group. In addition, a significant 
increase in skin elasticity was found in all groups. The questionnaire was used for satisfaction 
measurement in week 4. The volunteers in all groups felt relaxed, enjoyed, comfortable, safe, 
and overall satisfied at an excellent level. Furthermore, the facial massage plus facial steam 
group was more satisfied with skin moisture and skin improvement than the other groups. 
In conclusion, the facial massage oil containing carrot seed essential oil should be 
recommended for further use in facial treatment to improve skin moisture and elasticity. 
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Abstract 
 
Atenolol, a beta-adrenergic receptor blocker, has been widely used for management of 
cardiovascular diseases in both adult and geriatric cats and dogs. It has been known that there 
are changes of cardiac beta-adrenergic responsiveness in humans. This preliminary study was 
aimed to evaluate the age-related changes of heart rate variability (HRV) in response to beta-
blocker in healthy geriatric dogs and compared with young adult dogs. Three geriatric beagle 
dogs aging between 10-11 years old and three young adult beagle dogs aging between 10-12 
months were subjected to physical examination, hematology, and blood chemistry profile 
analysis. Conscious dogs were instrumented with a non-invasive electrocardiographic (ECG) 
EMKA telemetry device to obtain 24 h ECG recording. All dogs were randomly to receive 
a single oral dose of atenolol (2 mg/kg) and placebo in a crossover design with a washout 
period of 1 week between administration. The frequency domain of ECG was analyzed by 
using the EMKA ecgAUTO analysis software. The results revealed that physical condition, 
hematology, and blood chemistry profiles were within normal limits for both groups. Atenolol 
significantly increased the mean NN intervals (i.e., a reciprocal of heart rate) in the young adult 
group more than the geriatric group (17.0% vs 3.9%, respectively). Atenolol did not alter all 
indices of HRV in geriatric dogs while it tended to increase total power in young adult dogs. 
It can be concluded that cardiac beta-adrenergic responsiveness was decreased with aging. 
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Abstract 
 
Phosphodiesterase–5 (PDE5) inhibitors, such as sildenafil, are useful as vasodilators for the 
treatment of pulmonary arterial hypertension (PAH), they induce side effects secondary to their 
vasorelaxant effect on systemic vasculature such as hypotension, headache, nasal congestion, 
or blurred vision. Recently, the N2,N4–diaminoquinazoline analogs, ID5 and ID11, showed high 
potent inhibitory activity on PDE5 and produced vasodilation on intrapulmonary artery (IPA). 
Therefore, this study aims to determine the mechanisms involved in their relaxant effect on 
IPA, to check their lack of vascular smooth muscle cell (VSMC) cytotoxicity and to determine 
if they had a relaxant effect on the systemic vasculature, as compared to sildenafil. Vascular 
function was studied in rat isolated IPA (pulmonary vasculature), aorta and second-order 
mesenteric arteries (SMA) (systemic vasculature). Cytotoxicity was measured in rat VSMC 
using MTT assay. ID5 and ID11 relaxed IPA in a concentration-dependent manner but less so 
for aorta (p<0.001), while relaxations by sildenafil were not different between IPA and aorta. 
In SMA, ID5 and ID11 induced less relaxation compared to sildenafil (p<0.01). The IPA 
relaxations to ID5, ID11 or sildenafil were reduced by endothelial removal, NG-nitro-L-
arginine methyl ester or 1H-[1,2,4]oxadiazolo[4,3-a]quinoxalin-1-one (p<0.0001), but 
unaffected by indomethacin, apamin+charybdotoxin, 4-aminopyridine, glybenclamide, or 
iberiotoxin. Similar to sildenafil, ID5 and ID11 enhanced sodium nitroprusside induced IPA 
relaxation, probably via PDE5 inhibition. All test compounds inhibited extracellular Ca2+ influx 
and intracellular Ca2+release (p<0.001). Isolated VSMCs from IPA and aorta incubated with 
ID5, ID11 or sildenafil for 1h showed no cytotoxicity except for 100µM sildenafil which 
reduced IPA VSMC viability (p<0.05). In summary, ID5 and ID11 possess more selectivity on 
pulmonary circulation over systemic circulation than sildenafil and do not induce vascular 
cytotoxicity, thus they could be potential leads for developing new PAH therapeutics. 
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Abstract 
 
Rosewood (Dalbergia cochinchinesis) is a tree species in Southeast Asia. Several phenolic 
compounds and flavonoids found in the leaves of rosewood may be responsible for many 
biological effects and express medicinal interest. The preliminary study of rosewood leaf 
extract (RE) found that RE inhibited phosphodiesterase 5 (PDE5), which highly expressed in 
the lung leading to vasorelaxation.  Therefore, this study sought to evaluate the vasorelaxant 
effect and mechanism of action of RE on pulmonary arteries (PA) isolated from male Wistar 
rats using organ bath technique. RE (0.001-1000 µg/mL) relaxed endothelium-intact PA 
(EC50=3.84 µg/mL, Emax=95.92%), an effect was reduced by endothelium removal 
(EC50=303.00 µg/mL, Emax=70.45%, p<0.001). In endothelium-intact PA, preincubation with 
NG-nitro-L-arginine methyl ester or apamin/charybdotoxin decreased RE-induced relaxation, 
while indomethacin had no effect. By contrast, in the endothelium-denuded PA, preincubation with 
1H-[1,2,4]oxadiazolo[4,3-a]quinoxaline-1-one, iberiotoxin, 4-aminopyridine, glibenclamide or 
BaCl2 had no effect. Moreover, pretreatment of endothelium-denuded PA with RE (5 and 
100 µg/mL) did not modify SNP-induced relaxation and had no effect on extracellular Ca2+ influx 
and intracellular Ca2+ release. In summary, PA relaxation-induced by RE was endothelium-
dependent and mainly involved the activation of endothelial nitric oxide release and 
endothelium-derived hyperpolarizing factor production. 
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Abstract 
 
Herbal medicine is increasingly used in clinical practice worldwide for various indications. 
Atractylodes lancea (Thunb.) DC. (A. lancea), is currently under development for the treatment 
of bile duct cancer, cholangiocarcinoma. The study aimed to investigate the propensity of the 
formulated A. lancea extract (AL) to modulate mRNA and protein expression and activities of 
CYP1A2 and 3A1 in rats after a short and long duration of administration. For investigation of 
the short-term effects, male Sprague Dawley (SD) rats were orally administered AL at the dose 
of 5,000 mg/kg body weight daily for 1, 7, 14, and 21 days. For long-term effects, Wistar (WT) 
rats of both genders received oral doses of AL at three dose levels, i.e., 1,000 (low dose), 3,000 
(medium dose) and 5,000 (high dose) mg/kg body weight daily for 1 year. Liver samples were 
collected from all animals on autopsy to investigate CYP1A2 and 3A1 mRNA and protein 
expression, including enzyme activities by RT-PCR, western blotting and HPLC analysis, 
respectively. AL inhibited and induced CYP1A2 and 3A1 mRNA and protein expression levels 
in dose- and time-independent manners. AL at the highest dose (5,000 mg/kg body weight) 
induced CYP1A2 and inhibited CYP3A1 activities in male rats for both short and long duration 
of administration. The low dose levels of AL did not inhibit or induce the activities of both 
enzymes in male and female rats. To avoid potential clinical herb-drug interaction, low dose 
AL should be considered.   
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Abstract 
 
Cholangiocarcinoma (CCA), the malignancy of the biliary tract, is an aggressive tumor with   
a high incidence around the world, especially in Thailand. Lack of specific early diagnosis and 
effective therapy result in a high mortal rate in CCA patients.  Potential new therapeutic drugs 
for CCA are urgently needed. The Notch signaling pathway has been demonstrated to regulate 
CCA progression, of which increased expression of Notch1  and Notch2  are associated with 
poor prognosis and survival rate. In the present study, the anti-CCA potential of Atractylodes 
lancea (AL) including its active constituents atractylodin and β-eudesmol, were demonstrated 
in vitro. The antiproliferative activities of atractylodin and β-eudesmol expressed as IC50 
(mean+SD) in CCA cell line (HuCCT-1) and normal cell line (OUMS-36T-1) were 29.00±6.44 
µg/ml, 16.80±4.41 µg/ml, 24.47±8.46 µg/ml, and 28.30±9.16 µg/ml respectively. Lower 
selectivity of atractylodin to normal cell line was observed compared with β-eudesmol. Based 
on the qRT-PCR analysis, the Notch signaling pathway was shown to be regulated by 
atractylodin and β-eudesmol. Both partially downregulated the expression level of Notch1 and 
some of Notch upstream mRNA, leading to inhibition of cell proliferation and induction of cell 
apoptosis. Results suggested that the Notch signaling pathway is at least in part, the molecular 
target of β-eudesmol and atractylodin. Due to relatively more selective activity toward the 
cholangiocarcinoma cell compared with atractylodin, β-eudesmol is a potential candidate for 
cholangiocarcinoma. 
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Abstract 
 
Thailand is the country with highest incidence of cholangiocarcinoma (CCA) in the world. The major 
problem of CCA chemotherapy is the development of resistance to the standard 
chemotherapeutic drugs. Atractylodes lancea (AL) and its bioactive compounds atractylodin (AT) 
and β-eudesmol (BE) have been demonstrated in vitro and in vivo studies for their safety and 
potential clinical use in CCA. The objectives of the study were to investigate the potential role 
of AT and BE in the chemosensitizing of standard chemotherapeutic drugs for CCA 
chemotherapy, including its effect on reuptake and efflux transporters when used in 
combination. The cytotoxicity of AT and BE on CCA cell lines (CL-6, HuCCT1, and HuH28) 
when used in combination with 5-fluorouracil (5FU), gemcitabine (GEM), and cisplatin (Cis) 
were assessed by MTT assay. The modulatory effects of both compounds on mRNA expression 
of the reuptake and efflux transporters in CCA cell lines were determined by RT-PCR. For dual 
combinations, the sum FIC indexes suggested synergistic interaction (AT-5FU combination in 
all cell lines and BE-5FU combination in HuH28), antagonistic interaction (BE-Cis 
combination in all cell lines, and AT-Cis or AT-GEM combination in HuCCT1. The synergistic 
interactions observed with the AT-5FU and BE-5FU combinations were well correlated with the 
significant upregulation of the expression of the reuptake transporter proteins hENT1 (2.64-fold) 
and hOCT3 (5.02-fold), and the significant downregulation of the expression of the efflux 
transporter proteins ABCC2 (0.33-fold). Atractylodin and β-eudesmol either as the purified 
compounds or the major components in the AL extract would be expected to provide a beneficial 
therapeutic effect on CCA when used as an adjunct therapy to standard chemotherapeutic drugs, 
particularly 5FU. The mechanism of the synergistic activity may, at least in part, be due to 
the modulation of the expression and activity of transport proteins. 
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Abstract 
 
The study investigated the antiproliferative and anti- inflammatory activities of Deprungsith 
formulation and its bioactive components, including their potential for inhibitory activities on 
human cytochrome P450 in the in vitro models. The immortalized human keratinocyte cell line 
HaCaT and PBMCs isolated from healthy subjects and psoriasis patients were exposed to 
Deprungsith formulation, its major components ethylp-methoxycinnamate and ligustilide and 
cyclosporin ( reference standard)  for 24 and 48 h.  Cell viability was evaluated using an MTT 
assay. Cell apoptosis and cell cycle arrest were analyzed using flow cytometry. The expression 
levels of mRNA of the IL- 6, IL- 12p19, IL- 23, and TNF- α were determined using 
quantitative RT- PCR.  Inhibitory activity of each compound on human cytochrome P450 
enzymes (CYP1A2, CYP2C9, CYP2C19, CYP2D6, and CYP3A4) was investigated using 
a bioluminescent-based CYP450 assay. Deprungsith formulation and the bioactive compounds 
inhibited HaCaT cells and PBMCs viability with weak to moderate potencies ( IC50: 2811 and 
1361 µg/mL, respectively). Cytotoxicity activity of EPMC and ligustilide combination was 
additive.  The pattern of cell cycle arrest and cell apoptosis following exposure of HaCaT 
and PBMC cells varied with test substances in a time- and concentration-dependent manner. 
Most substances induced early and late apoptosis. The mRNA expression of all pro-inflammatory 
cytokines was downregulated following exposure to all test substances and cyclosporin. 
Deprungsith formulation, EPMC, ligustilide and ferulic acid inhibited CYP1A2, CYP2C9, 
CYP2D6, and CYP3A4 activities with weak to moderate potencies. None inhibited the activity 
of CYP2C19. Deprungsith formulation and bioactive components induced cell apoptosis through 
inhibition of cell transition at specific phases of the cell cycle, which was correlated with the 
downregulation of mRNA expression of the pro-inflammatory cytokines IL-6, IL-12p19, IL-23 
and TNF-α associated with early inflammation and psoriasis development. The risk of potential 
adverse drug reactions and toxicity due to CYP450 interaction when Deprungsith formulation 
is concurrently administered with modern medicines is low. 
 
Keywords: Deprungsith formulation, EPMC, ligustilide, ferulic acid, cyclosporin, cytokines, 

antiproliferative, anti-inflammatory, cytochrome P450, drug interaction 



Joint Physiological Pharmacological Society Conference JPPSC-2022 

June 8–10, 2022 

140 
 

Chronic Toxicity and Pharmacokinetics of Standard Capsule of the Crude 
Ethanolic Extract of Atractylodes lancea (Thunb) DC. in Rats 

 
Tullayakorn Plengsuriyakarn1,2, Kanawut Kotawong2, Kesara Na-Bangchang1,2,3* 

 
1 Graduate Program in Bioclinical Sciences, Chulabhorn International College of Medicine, 

Thammasat University, Pathum Thani 12120, Thailand 
2 Center of Excellence in Pharmacology and Molecular Biology of Malaria and 

Cholangiocarcinoma, Thammasat University, Pathum Thani 12120, Thailand 
3 Drug Discovery and Development Center, Office of Advanced Science and Technology, 

Thammasat University, Pathum Thani 12120, Thailand 

 

Email: kesaratmu@yahoo.com 
 

Abstract 
 
Cholangiocarcinoma (CCA), the adenocarcinoma of the biliary duct, is commonly reported in 
Asia with the highest incidence in northeastern Thailand. Chemotherapy of this type of cancer 
is limited due to the lack of effective chemotherapeutic drugs. A series of previous in vitro and 
in vivo studies supported further research and development of Atractylodes lancea (Thunb) 
DC. (AL) as a potential candidate for the treatment of CCA. In the present study, we aimed to 
investigate the chronic toxicity and pharmacokinetic profile of oral pharmaceutical formulation 
(capsule) of the standardized AL crude ethanolic extract in rats. A chronic toxicity test was 
conducted in healthy Wistar rats for 12 months according to OECD guidelines.                                
A pharmacokinetic study of atractylodin, an active constituent of AL, was performed following 
a single dose administration of 5,000 mg of the standardized AL crude extract and 
pharmacokinetic parameters were determined. Results of all evaluations confirmed a safety 
profile of the standardized AL extract encapsulation with no overt toxicity up to the maximum 
tolerated dose (MTD) and No-Observed-Adverse-Effect Level (NOAEL) of 5000 and 3000 
mg/kg/day, respectively, when given by oral route for 365 days. The maximum plasma 
concentration (Cmax), time to achieve Cmax (Tmax), mean resident time (MRT), and half-life (t1/2) 
for atractylodin after a single oral dose of AL formulation were 173.69 (ng/ml), 1.43 h, 3 h, 
and 0.995 h, respectively. In conclusion, AL capsule appeared to be safe and should be further 
investigated in clinical trial as a potential therapy in cholangiocarcinoma patients.   
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Abstract 
 
The study aimed to establish a high-throughput bioassay method for the determination of total 
bioactivity of Atractylodes lancea (AL) in human serum samples. In addition, a simple HPLC-UV 
method for the determination of plasma concentrations of atractylodin (ATD), the main 
bioactive component of AL, was also developed. For the bioassay method, Staphylococcus 
aureus ATCC 25923 strain was used as a test organism. Inhibition of bacterial growth was 
assessed using MTT assay and was converted to equivalent activity against 
cholangiocarcinoma cell. The calibration curve was prepared from the concentration response 
curve in serum (1.56, 3.13, 6.25, 12.50, 25, and 50 µg/mL), which was linear with correlation 
coefficients (r) better than 0.990. The HPLC-UV assay procedure was developed based on 
reversed-phase chromatography using Hypersil Gold C18 column and elution solvent 
consisting of acetonitrile and water at the ratio of 70:30 (v:v). The UV detection was set at the 
wavelength of 340 nm. The calibration curve was prepared from concentration-response curve 
in serum (2.5, 5, 10, 25, 50, 100, 250 and 500 ng/mL), which was linear with r better than 
0.990. The LOQ was 2.5 ng/mL using 1 mL plasma sample. Both assay methods were specific, 
sensitive, accurate, and reproducible quantitative analyses of serum bioactivity of AL and 
plasma concentrations of ATD. The methods were successfully applied for the 
pharmacokinetic study of total bioactivity (anticholangiocarcinoma activity) of AL extract in 
five patients with advanced-stage cholangiocarcinoma. 
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Abstract 
 
Background and aim:  Βeta-eudesmol is a sesquiterpenoid component of the East Asian 
medicinal plant Atractylodes lancea. It exhibits cytotoxic activity against cholangiocarcinoma 
(bile duct adenocarcinoma) cell lines. Its lipophilic nature makes beta-eudesmol a likely 
substrate of human cytochrome P450 (P450) enzymes. Experimental procedure: Using ligand-
binding difference spectroscopy, the affinities of this compound to recombinant human 
CYP1A2, CYP2C9, CYP2C19, CYP2D6 and CYP3A4 were investigated in Escherichia coli 
membrane preparations. When a substance binds to a P450 protein, the absorption spectrum of 
its heme group changes in a characteristic and quantifiable manner. Results: CYP3A4 showed 
a type I spectral change (390 nm peak and 420 nm trough), with an estimated spectral 
dissociation constant (Ks) of 77±23 (mean±SD) μM at a P450 concentration of 0.5 μM 
(Ks/[P450] ≈ 155). The reference substrate testosterone and the inhibitor fluconazole bound to 
the enzyme with apparent affinities of 86±4 μM (type I) and 21 μM (type II, i.e., 384 nm trough 
and 426 nm peak), respectively. Βeta-Eudesmol bound to CYP3A4 in a non-cooperative 
manner (Hill coefficient n ≈ 0.8). CYP1A2 showed reverse type I difference spectra (390 nm 
trough and 420 nm trough) with either beta-eudesmol or the reference substrate caffeine. The 
CYP1A2 affinity for beta-eudesmol was higher (0.23 mM) than for caffeine (0.37 mM) but 
lower than for the reference substrate phenacetin (0.11 mM, type I). Beta-Eudesmol did not 
bind significantly to CYP2C9, CYP2C19, and CYP2D6. Conclusion: Βeta-eudesmol is unlikely 
to be an inhibitor of CYP3A4 or CYP1A2, as it binds to these P450 enzymes with low affinity 
(Ks > 5 μM). Metabolic activity studies are required to confirm these findings, and the 
involvement of other human P450 isoforms needs to be studied. Double-beam spectrometry is 
necessary to validate Ks measurements made with a plate reader. 
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Abstract 
 
Pyogenic liver abscess (PLA) is a life-threatening infection occurring in middle-aged patients 
with underlying diseases. The risk of mortality is increased, particularly in patients infected 
with microbial-resistant antibiotics. Notably, the number of deaths associated with 
antimicrobial resistance (AMR) is rising, while effective drugs for AMR treatment are limited.  
Photoactivated curcumin is a promising compound for AMR treatment of various pathogens. 
This study aimed to predict the promising dosage regimens of photoactivated curcumin for the 
treatment of AMR PLA. A whole-body physiologically-based pharmacokinetic (PBPK) model 
was created and validated against a clinical study of curcumin. The average absolute-folding 
errors (AAFEs) between predicted and observed data was used for the model verification. The 
verified model was used to simulate new regimens for different formulations of photoactivated 
curcumin. The AAFEs for all doses was 1.12-fold (within the acceptable range). The weekly 
intramuscular injection at 1500 mg with 10 h-1 of Kim is recommended for the treatment of 
leading causative gram-positive AMR. The oral formulation may not be appropriate due to 
poor patient adherence to medication with long treatment. The suitable intravenous formulation 
is the dose of 1,000 mg given by intravenous infusion at the rate of 85 mg.h-1 twice daily. In 
conclusions, the PBPK model with information on the minimum inhibitory concentration 
(MIC) or minimum bactericidal concentration (MBC) provides a potential tool to predict 
optimal dosage regimens of photoactivated curcumin for the AMR PLA treatment. 
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Abstract 
 
Secondary antimicrobial resistance bacterial (AMR) pneumonia could lead to an increase in 
mortality in COVID-19 patients, particularly geriatric patients with underlying diseases. The 
comedication of current medicines for AMR pneumonia receiving favipiravir or 
dexamethasone may lead to suboptimal treatment or toxicities due to drug-drug interactions 
(DDIs). Photoactivated curcumin is remarkable compound for AMR pneumonia treatment with 
low risk of DDIs with favipiravir or dexamethasone. The aim of this study is to find the 
promising dosage regimens of photoactivated curcumin co-administration with favipiravir and 
dexamethasone for the treatment of AMR pneumonia in COVID-19 patients. A whole-body 
physiologically-based pharmacokinetic (PBPK) model was built and validated against                  
a clinical study of curcumin [Area Under the Curved (AUC), peak plasma concentration-time 
profiles (Cmax)], lopinavir [AUC, clearance, volume of distribution (Vd/F), Cmax, trough 
concentration-time profiles (Ctrough) in bronchial mucosa (BEC) and epithelial lining fluid 
(ELF)] and rifampicin (AUC, clearance, Vd/F, Cmax, Ctrough in BEC and ELF). The average 
absolute-folding errors (AAFEs) between predicted and observed data was used for the model 
verification. The verified model was used to simulate new regimens for different formulations 
of photoactivated curcumin. Current oral formulation (120 mg once-daily dose) is more 
comfortable for outpatients (MRSA pneumonia), while new intravenous formulation (2000 mg 
twice-daily doses) is appropriate for hospitalized patients (MRSA, and VRSA pneumonia). 
New intramuscular formulation (100 mg with the first order release constant of 10/h every         
7 days) is recommended for outpatients (MRSA pneumonia) to improve patient’s adherence. 
Results demonstrate that PBPK model in conjunction with MIC and applied physiological 
changes in COVID-19 patients is a potential tool to predict optimal dosage regimens of 
photoactivated curcumin for the treatment of co-infected AMR pneumonia in COVID-19 
patients.  Each formulation is appropriate for different patient’s condition and pathogens. 
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Abstract 
 
Ineffective selection of therapeutic drugs based on in vitro and in vivo studies during an urgent 
situation leads to failure of COVID-19 treatment in large clinical trials, resulting in wasting 
time and cost. We aimed to demonstrate the utility of physiologically-based pharmacokinetic 
(PBPK)/pharmacodynamic (PD) model to support a new approach for drug selection during 
urgent circumstances using the lopinavir/ritonavir (LPV/r) and chloroquine (CQ). The 
developed whole-body PBPK models were validated using the published clinical data.                
A criterion for model validation was average absolute-folding errors (AAFEs, the ratios 
between the predicted result and published clinical data). The inhibitory effect was calculated 
to demonstrate drug efficacy. Different scenarios for COVID-19 treatment in clinical trials 
were performed for a simulation with the altered lung pH on drug concentrations. The 
developed whole-body PBPK models were successful (AAFEs of 1.2-fold).  The inhibitory 
effect (%E) of CQ following high dose regimens (600 mg twice-daily doses) in both epithelial 
lining fluid (ELF) and bronchial epithelial cells (BEC) was lower than 2 and 1%, respectively. 
The corresponding values for the high dose of LPV/r (600/150 mg twice-daily doses) were 40 
and 2%, respectively. The risk of prolonged QTc (CQ) in the population was higher than 20%. 
With the pH effect, %E of chloroquine was increased to 76% at pH 5.6 and decreased to 0.13% 
at pH 7.5.  The changes in pH in ELF did not influence LPV/r concentrations. In conclusion, 
CQ and LPV/r at the high dose administration are ineffective for a COVID-19 treatment. The 
PBPK/PD models are an effective tool for therapeutic drug regimens selection following WHO 
criteria during an urgent situation. 
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Abstract 
 
Andrographolide has been used for COVID-19 treatment in various clinical settings in South-
East Asia due to its benefits on reduction of viral clearance and prevention of disease 
progression. However, the limitation is the high incidence of adverse events. The objective of 
this study was to find the optimal dosage regimens of andrographolide for COVID-19 
treatment. The whole-body physiologically-based pharmacokinetic (PBPK) models were 
constructed using data from the published articles and validated against clinical data for 
rifampicin [Area Under the Curved (AUC), peak plasma concentration (Cmax), clearance, 
concentration in bronchial epithelial mucosa (BEC), concentration in epithelial lining fluid 
(ELF)], lopinavir (AUC, Cmax, clearance, trough plasma concentration concentrations in BEC 
and ELF), and andrographolide [crude formulation (AUC, clearance, Cmax, volume of 
distribution/bioavailability or Vd/F, half-life (T1/2), and extract formulation (AUC, clearance, 
Cmax, Vd/F, T1/2)]. The inhibitory effect (%E) was determined for the potency of drug efficacy. 
For prevention of pneumonia, multiple extract oral doses of 120 mg for three doses, followed 
by 60 mg three times daily for 4 days or 200 mg given by intravenous infusion at a rate of        
20 mg/h once daily is recommended. For prevention of pneumonia and reduction of viral 
clearance time, the recommended dosage regimen is 500 mg given by intravenous infusion at 
the rate of 25 mg/h once daily. The optimal dosage regimens and formulations of 
andrographolide were successfully predicted for prevention of disease progression and/or 
reduction of viral clearance time based on the developed PBPK/PD (Emax) models. 
Andrographolide could be co-administered with other antiviral drugs to enhance therapeutic 
efficacy for COVID-19 treatment. 
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Abstract 
 
The objective of this study was to develop whole-body physiologically-based pharmacokinetic 
(PBPK) models (organ compartments i.e., liver, spleen, heart, lung, muscle, and skin) to 
identify appropriate dosing regimens of photoactivated curcumin as an antimicrobial treatment 
for bacterial-resistant infection therapy. A whole-body PBPK model was built using in vitro 
and human physiological parameters and validated against a clinical study of curcumin at oral 
doses of 4000, 6000, and 8000 mg. The average absolute-folding errors (AAFEs) between 
predicted and observed pharmacokinetic parameters (AUC and Cmax) was used to evaluate 
the model verification (acceptable criterion = within 2-fold difference). The verified model was 
used to simulate novel dosing strategies for photoactivated curcumin formulations. The once-
daily and twice-daily, oral dosing regimens of photoactivated curcumin were influenced by the 
rate of absorption and water-solubility properties. Considering long-acting intramuscular 
dosing, weekly dose of 1500 mg with a release rate from the intramuscular depot (Kim) of   
0.012 /h and the weekly dose of 1250 mg with the Kim of 0.015 resulted in sufficient exposure. 
The daily dose of 200 mg with 100 mg/h infusion rate, twice-daily doses of 125 mg with 250 
mg/h infusion rate, and three times-daily doses of 100 mg with 200 mg/h infusion rate provided 
satisfactory PK profiles. PBPK modelling can be used as a tool to assist in dose optimization 
strategies of photoactivated curcumin in various clinical conditions.  The weekly intramuscular 
injection may improve compliance in diseases that require long-term treatment and reduces 
selective pressure and drug resistance. The intravenous infusion could represent a suitable 
strategy in critically ill hospitalized patients.  
 
Keywords:  Antimicrobial resistance, PBPK, photoactivated curcumin 
 
 
 
 
 
 
 
 
 
  



Joint Physiological Pharmacological Society Conference JPPSC-2022 

June 8–10, 2022 

148 
 

Prediction of Improved Antimalarial Chemotherapy of  
Artesunate-Aefloquine Combination in Mefloquine Sensitive and Resistant 

Plasmodium falciparum Malaria 
 

Teerachat Saeheng1, Kesara Na-Bangchang1,2* 

 
1 Center of Excellence in Pharmacology and Molecular Biology of Malaria and Cholangiocarcinoma, 

Chulabhorn International College, 99 moo 18 Phaholyothin Road, Thammasat University (Rangsit Campus), 

Klongneung, Klongluang district, Pathum Thani 12121, Thailand. 
2 Drug Discovery and Development Centre, Office of Advanced Science and Technology, 99 Moo 18, 

Phaholyothin Road, Thammasat University (Rangsit Campus), Klongneung, Klongluang district,  
Pathum Thani 12121, Thailand 

 

Email: kesaratmu@yahoo.com 
 

Abstract 
 
Mefloquine resistance have been reported in South-East Asia. Declining in susceptibility of 
Plasmodium falciparum to mefloquine is also reported. A revisiting on mefloquine 
pharmacokinetics-pharmacodynamics (PK/PD) could assist in finding new appropriate dosage 
regimens in combination with artesunate as a three-day course treatment. This study aimed to 
investigate promising alternative artesunate-mefloquine combination regimens that are 
effective for the treatment of patients with mefloquine-sensitive and resistant P. falciparum 
malaria. Data of 124 patients with uncomplicated P. falciparum malaria from a previous study 
(collected during 2008-2009) were included in the analysis, which comprised of 90 and 34 
patients with sensitive and recrudescence response, respectively. All patients were treated with 
a three-day combination of artesunate-mefloquine. Population PK-PD models were developed. 
The developed models were validated with clinically observed data (independent data set). The 
curative treatment criteria for mefloquine and artesunate were identified using ROC analysis. 
Simulations of clinical efficacy (curative rate for a pharmacodynamic endpoint) of alternative 
mefloquine regimens were performed using Monte Carlo simulation based on mefloquine 
sensitivity, patient adherence and parasite biomass. Mefloquine was well characterized by          
a one-compartmental model with zero-order kinetic absorption and linear elimination.                 
A transit-compartmental model with one compartment and linear elimination were best 
characterized with artesunate and di-hydroartesunate. None of covariates could improve the 
model characterization. A turnover rate with production inhibition without sigmoidicity 
modified with fraction of unbound drug was used to characterize pharmacodynamic model 
response. Developed PK/PD models well described with clinically observed data. For 
mefloquine-resistant P. falciparum, a three-day standard regimen of artesunate-mefloquine is 
suitable (>50% efficacy) only when the IC50 < 36 nM (1.5-fold of the cut-off level). For 
mefloquine-sensitive parasite with IC50 < 23.19 nM (0.96-fold), reduced dose regimens 
provided satisfactory efficacy. Curative treatment criteria for mefloquine and artesunate were 
C336h (>408 ng/mL) or Cmax/IC50 (>130.1 g.m/M), and Cmax/IC50 (>381.2 g.m/M), respectively. 
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Abstract 
 
Atractylodes lancea, a traditional medicinal herb, is being developed for clinical use in 
cholangiocarcinoma (CCA). b-Eudesmol and atractylodin are the main active components of 
this herb which possess most of the pharmacological properties.  However, lack of adequate 
toxicity data would be a major hindrance for their further development.  The present study 
investigated the toxic effects of selected concentrations of b- eudesmol and atractylodin in the 
heart, liver, and endocrine systems of zebrafish embryos. Study endpoints included changes in 
the expression of genes related to Na/K-ATPase activity in the heart, fatty acid-binding protein 
10a ( fabp10a)  and cytochrome p450 1a1 ( cyp1a1)  in the liver, and cortisol levels in the 
endocrine system.  Both compounds produced inhibitory effects on the Na/K- ATPase gene 
expressions in the heart. Both also triggered the biomarkers of liver toxicity. While b-eudesmol 
did not alter the expression of cyp4501a1 gene, atractylodin at high concentrations (50 µM) 
upregulated the gene, suggesting its potential enzyme-inducing activity of this gene. b-Eudesmol, 
but not atractylodin, showed some stress- reducing properties with suppression of the cortisol 
production.  Both the compounds showed various toxic effects on the markers in different 
systems of the zebrafish, which might imply similar effects in humans. 
 
Keywords:  β-Eudesmol, atractylodin, zebrafish embryos, toxicity, cardiotoxic, hepatotoxic, 

endocrine disruption 
 
 
 
 
 
 
 
 
 
  



Joint Physiological Pharmacological Society Conference JPPSC-2022 

June 8–10, 2022 

150 
 

Pharmacokinetics of Psilocybin, a Tryptamine Alkaloid in Magic 
Mushroom (Psilocybe cubensis): A Systematic Review 

 
Nilubon Thaoboonraung1,2,3, Ornrat Lohitnavy1,2,3, Manupat Lohitnavy1,2,3* 

 
1 Center of Excellence for Environmental Health & Toxicology, Faculty of Pharmaceutical Sciences, 

 Naresuan University, Phitsanulok, Thailand 
2 Pharmacokinetic Research Unit, Faculty of Pharmaceutical Sciences, Naresuan University,  

 Phitsanulok, Thailand 
3 Department of Pharmacy Practice, Faculty of Pharmaceutical Sciences, Naresuan University,  

Phitsanulok, Thailand 

 

Email: manupatl@gmail.com  
 

Abstract 
 
Background and objective: Psilocybin (Psilocybe cubensis) is a fungus found in south Thailand 
and worldwide. Psilocybin, acting as a prodrug of psilocin, is a class I psychotropic substance 
and is used as a breakthrough therapy to treat major depressive disorder. Psilocin is the major 
indole alkaloid found in magic mushrooms. This review aimed to summarize available 
pharmacokinetic information about psilocybin and psilocin. Methods: PubMed, Scopus, and 
Science Direct were systematically searched from their inceptions to November 2021. For further 
systematic review, all types of pharmacokinetic studies of psilocybin and psilocin were 
included, and we also used the QUADAS tool, ARRIVE checklist, and ClinPK checklist items 
in a quality assessment tool equally applicable for in vitro, animal, and human pharmacokinetic 
studies, respectively. Results: Eighteen articles were reviewed. Psilocybin is a prodrug of 
psilocin, which is a lipophilic weak base passively transported across the blood brain barrier. 
Eighty percent of the total is bound to plasma protein and extensively metabolized by phase I 
and, in particular, phase II enzymes. In rats and humans, psilocybin is rapidly absorbed after 
a single oral administration. Psilocybin is rapidly dephosphorylated to psilocin in the intestinal 
mucosa by alkaline phosphatase. After ingestion, about 50% of the total volume of psilocin is 
absorbed from the digestive tract (Tmax = 2-4 hr, Cmax = 29–469 M, Vd = 277–298 L, T1/2 
is 2-3 hr), mostly excreted as metabolites in urine. A quality assessment tool tailored for 
pharmacokinetic studies was also created. [Abbreviations: QUADAS = A quality assessment 
tool for diagnostic accuracy studies; ARRIVE = animals in research reporting in vivo 
experiments; ClinPK = Clinical Pharmacokinetic; Tmax = time to reach maximum 
concentration; Cmax = maximum serum/plasma concentration; Vd = volume distribution; 
T1/2 = half-life.] 
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Abstract 
 
Cholangiocarcinoma (CCA) remains one of major public health problems in Thailand 
particularly in the northeastern region. The lack of early detection, limitation of therapeutic 
options and cancer metastasis are major problems in controlling CCA. The current study aimed 
to identify novel biomarkers for CCA metastasis in the hamster model. Differentially expressed 
proteins and metabolites in liver and lung tissues obtained from Opisthorchis viverrini 
(OV)/dimethylnitrosamine (DMN)-induced CCA hamsters and control hamsters were 
identified by Ion-trap (for protein) and QTRAQP (for metabolites) LC-MS/MS systems. 
The software analysis for protein and metabolites were Mascot software and Analyst software, 
respectively. The liver and lung tissues of the CCA hamsters showed a clear hyper-cellular 
proliferation with increasing immune cells. There were 3624 and 3698 of liver proteins found 
in control and CCA group, respectively. In the metastatic liver tissues, the three major proteins 
that were differentially expressed were WDR62, LPR2BP and PTBP1. Lung tissue: 3376 and 
3414 proteins were found in control and CCA group, respectively. In the metastatic lung 
tissues, the four major proteins that were differentially expressed were ARHGEF38, CHGA, 
muscarinic acetylcholine receptor, and Npdc-1. A total of 279 and 280 metabolites were found 
in both CCA and control of liver and lung hamster tissues, respectively. The metabolites that 
were significantly expressed in only the liver or lung tissues included glycerophosphocholine, 
phosphorylcholine, and Sn-glycerol-3-phosphate (for livers) and acetylcarniline DL and 
phenylalanine (for lungs). These metabolites are likely potential biomarkers of liver and lung 
metastasis for CCA, but this needs to be confirmed in CCA patients. 
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Abstract 
 
Cholangiocarcinoma (CCA) is a major public health problem in the north-eastern part of 
Thailand where the prevalence of this cancer is highest. The lack of early detection and limited 
therapeutic options are major problems in controlling CCA. The current study attempted to 
identify novel plasma markers for early diagnosis of CCA. Differentially expressed proteins 
and metabolites in individual and pooled plasma samples obtained from Opisthorchis viverrini/ 
dimethylnitrosamine-induced cholangiocarcinoma in hamsters and control hamsters (3 each) 
were identified by LC-MS/MS system. Out of a total of more than 6,000 proteins separated 
and identified, 412 and 545 proteins were found to be up-regulated in plasma from CCA-
induced hamster at week 8 and 12 respectively. A total of 273 metabolites were identified and 
59 metabolites were up-regulated in plasma from CCA-induced hamster including 
cystathionine, putrescine, UDP-N-acetyl-glucosamine, FMN, malate, 3-S-
methylthiopropionate, dATP_neg, flavone, glycolate, thymine, urea and pyridoxine. These 
results would lead to discovery of new biomarkers for diagnosis for early CCA. Further 
evaluation of larger number samples is needed in animal models with disease progression. 
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Abstract 
 
Tradescantia fluminensis (TF) has been used as an alternative treatment in Thai traditional 
medicine for renal failure. However, effect of TF administered orally on renal failure has not 
been reported yet. The present study aimed to evaluate the potential of TF in protecting against 
acute kidney injury (AKI) induced by acetaminophen (APAP) using rat model. APAP-induced 
AKI in rat was established and the water extract from leaves and stems of TF was administered 
orally to rats with AKI. After 24 hours of treatment, all rats were sacrificed. The renal function 
parameters and histopathological studies were performed to assess the degree of renal injury. 
The  resu l t s  showed tha t  all rats given APAP developed marked structural renal damage 
involving the tubule and interstitium. Treatment with TF extract (250-1,000 mg/kg body 
weight) significantly attenuated renal dysfunction in this model of AKI. TF showed a promising 
potential in protecting against kidney injury progression. Further studies should be performed 
to identify biologically active compound(s) and the cellular and molecular mechanisms 
underlying the beneficial action of TF on AKI as well as its long-term toxicity in the animals. 
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Abstract 
 
Dengue virus (DENV) infection is a global public health problem, which is caused by any one 
of the four dengue virus serotypes (DENV-1-4). The severity of disease in the patients with 
dengue infection correlates with high viral load and excessive immune activation which 
creates a cascade of cytokine production, called “cytokine storm”. Currently, there is no 
effective antiviral drug available for DENV infection. Thus, an ideal drug for treatment of 
DENV infection should efficiently inhibit both virus and cytokine production. In searching 
for such an ideal drug, we discovered that ethyl-p-methoxycinnamate (EPMC), a major 
bioactive compound purified from the rhizome of Kaempferia galanga Linn., inhibits both 
DENV infection rate and DENV production in cultured hepatocellular carcinoma HepG2. 
EPMC could efficiently inhibit all four serotypes of DENV. As compared to the untreated 
DENV-2 infected cells which showed 69% of infection, treatment with EPMC (500 μM) 
could significantly reduce infected cells by 31%. Virus production of four DENV serotypes 
from HepG2 cells exposed to 500 μM EPMC was reduced more than two logs when compared 
to the untreated DENV infected cells. Furthermore, it could markedly reduce cytokine 
(IL-6 and TNF-α) and chemokine (RANTES, MIP-1β, and IP-10) transcription. EPMC is 
a promising compound for the development of direct-acting antivirals against DENV infection 
as well as it has a potent anti-inflammatory effect that offers a greater efficiency to combat 
dengue virus infection. 
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Abstract 
 
Cholangiocarcinoma (CCA) is biliary cancer originating in the epithelium of the biliary tree, 
either intra or extra hepatic. The high mortality rate of CCA is due to the lack of biomarker that 
can be used for accurate detection of silent tumor at early stages when therapeutic options can 
be potentially curative or may at least increase the overall survival of patients. The present 
study aimed to identify proteins in the serum of CCA patients by LC-MS/MS. Differentially 
expressed proteins in individual serum samples obtained from 5 CCA patients and 5 healthy 
subjects were identified by LC-MS/MS. Analysis of the protein functions and involved 
pathways was performed using a Venn diagram, PANTHER, and STITCH software. The results 
showed that 20 proteins were specifically detected in CCA patients. These proteins are 
participated in biological regulation, cellular process, localization, and metabolic process. 
In this study, we identified several proteins that were significantly increased in the serum of 
CCA. Further study is needed to validate them as potential CCA-associated proteins that may 
be potential diagnostic and prognostic biomarkers for CCA. 
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Abstract 
 
Non-alcoholic fatty liver disease (NAFLD) is a major health problem worldwide, and it has 
increasing prevalence in parallel with the global rise in diabetes and obesity. This study aimed 
to investigate the effect of ethanolic extract of Pluchea indica leaf (PIE) on hepatic fat 
accumulation, and to explore underlying mechanism of PIE against NAFLD in high fat-high 
fructose diet (HFFD)-induced obese rats. The NAFLD was induced by feeding the rats with 
HFFD (40% lard and 20% fructose) and 10% fructose in drinking water for 16 weeks. Distilled 
water (control group) or PIE (100 or 300 mg/kg/day) or pioglitazone (10 mg/kg/day) (n=6 for 
each group) were orally administered from the week 11 to 16. At the end of treatments, fasting 
blood glucose, oral glucose tolerance, serum insulin level, HOMA-IR, and hepatic TG content 
were determined. Liver histology and expression of lipogenesis-associated genes were 
examined. HFFD control rats had a significance increases in body weight gain, fasting blood 
glucose, glucose intolerance, serum insulin level, and HOMA-IR score compared to the normal 
diet (ND) control rats (p<0.05), which indicated an obese and insulin resistant conditions.      
PIE (100 or 300 mg/kg/day) treatment significantly exhibited anti-insulin resistant and weight-
reducing effects. Remarkably, the HFFD control rats exhibited significant increases in hepatic 
TG content and lipid droplet accumulation and had a marked upregulation expression of hepatic 
lipogenic genes: SREBP-1c, FAS, and GPAT1 compared to the ND control rats (p < 0.05). 
Interestingly, PIE (100 or 300 mg/kg/day) treatment significantly reduced hepatic TG level 
(by 76.07% and 56.25%, respectively) and accumulation of large lipid droplets and 
downregulated the expression of those lipogenic genes compared to the HFFD control group 
(p < 0.05). However, our findings indicated effects of two doses of PIE are in a non-dose-
dependent manner. In conclusion, our study demonstrates that PIE significantly ameliorates 
NAFLD by suppressing expression of lipogenesis-related genes. 
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Abstract 
 
Cholangiocarcinoma (CCA) or bile duct cancer is an aggressive malignant cancer with a low 
response to existing chemotherapeutic drugs. Novel therapeutic agents with high efficacy for 
this cancer are required. Momordin Ic (MO) is a natural pentacyclic triterpenoid saponin 
enriched in various plants that are innate in Asia such as Momordica charantia (bitter melon). 
Its anticancer potential has been demonstrated in several cancer cell lines and tumors. However, 
the antitumor effect of this compound and its molecular mechanisms in CCA remain 
challenging to investigate. The aim of this study was to elucidate the apoptosis-inducing effect of 
MO on CCA KKU-M213 cells. Moreover, the potential of the compound to enhance the in vitro 
efficacy of conventional chemotherapeutic drugs in bile duct cancer therapy was also 
investigated. The results of the MTT assay showed that MO inhibited the viability of KKU-M213 
cells with an IC50 value of 3.74 ± 0.23 µM at 24 h. The apoptosis assay performed by annexin V/PI 
double dye staining method followed by flow cytometry analysis demonstrated that MO 
treatment significantly induced apoptotic cell death of CCA cells. Molecular analyses revealed 
that the expression of cytochrome c and cleaved caspase-9 proteins, which was determined by 
Western blot analysis, were increased after MO exposure. Additionally, the effect of MO in 
enhancing the efficacy of gemcitabine (GEM) and cisplatin (CIS) was further investigated. 
The results showed that a combination of MO and GEM (MO + GEM), as well as MO and CIS 
(MO+CIS), could significantly enhance the cytotoxicity effect against CCA cells when 
compared with GEM or CIS treatment alone. Taken together, MO exhibited anticancer property 
in CCA cells. These findings provide evidence supporting that MO might be an effective 
phytochemical for the prevention or treatment of CCA. 
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Abstract 
 
This study examined the effect of Moring oleifera leaf extract (MOE) on oxidative stress and 
inflammatory processes in streptozotocin (STZ)-induced diabetic nephropathy. Male Sprague–
Dawley (SD) rats were injected with a single dose of STZ (50 mg/kg). Four weeks after STZ 
injection, fasting blood glucose (FBG) was measured, rats with FBG equal or more than 200 
mg/dL were included in the experimental group of diabetic nephropathy (DN) rats. DN rats 
were treated with distilled water (control) or 100 or 200 mg/kg/day of MOE or 1 mg/kg/day of 
dapagliflozin or a combination of MOE and dapagliflozin for a further eight weeks. Renal 
function, oxidative stress status, kidney histology, and inflammatory genes expression were 
evaluated at the end of the experiment. After twelve weeks of STZ injection, DN control rats 
exhibited significantly increased blood glucose (504.0 ± 28.4 mg/dL) with significant impaired 
renal function: increased BUN (47.1 ± 5.1 mg/dL), albuminuria (6.68 ± 1.54 mg/24 h), 
increased 24-h proteinuria (192.8 ± 41.2 mg/24 h), and high creatinine clearance (5.64 ± 0.35 
ml/min) which indicating glomerular hyperfiltration. Histological analysis of the kidney by 
H&E staining confirmed the pathological characteristics of DN. In addition, oxidative stress 
status in the kidney tissue of DN rats showed increased MDA levels, and decreased superoxide 
dismutase (SOD) and catalase activities. Furthermore, by qRT-PCR technique, DN control rats 
had high mRNA expressions of inflammatory cytokines including TNF-α, IL-1β, and MCP-1. 
Administration of MOE (100 and 200 mg/kg/day) significantly reduced high blood glucose, 
improved renal function, attenuated histological changes, ameliorated oxidative stress 
condition and modulated the upregulation of inflammatory cytokines in DN rats. In conclusion, 
MOE may improve renal function and renal damage by improving of antioxidant competences 
and suppressing of inflammatory process in DN rats. 
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Abstract 
 
Beta-lactam antibiotics are widely prescribed to treat a variety of bacterial infections. However, 
these drugs have been reported as the most common cause of cutaneous adverse reactions 
which range from mild to severe cutaneous adverse reactions (SCARs) including Stevens-
Johnson syndrome (SJS), toxic epidermal necrolysis (TEN), drug reactions with eosinophilia 
and systemic symptoms (DRESS) and acute generalized exanthematous pustulosis (AGEP) 
in many countries including Thailand. Recent evidence revealed that genetic polymorphisms 
of the human leukocyte antigen (HLA) genes play important roles in the development of 
SCARs induced by several drugs, however, the information on genetic factors for beta-lactam 
antibiotics-induced SCARs is controversial and still limited. Therefore, this study aimed to 
investigate the associations between the HLA class I polymorphisms and beta-lactam antibiotics-
induced SCARs in a Thai population. In a total of 30 patients with beta-lactam-induced SCARs, 
consisting of 21 SJS/TEN, 2 DRESS and 7 AGEP patients were enrolled in the study. Control 
values were obtained from 183 unrelated healthy Thais who had no history of drug allergy, which 
was used as the general Thai population control group. The HLA class I including HLA-A, -B, 
and -C were genotyped using the sequence-specific oligonucleotide-primed PCR (PCR-SSO) 
method. For HLA class I genotyping results, 36 alleles for HLA-A, 53 alleles for HLA-B and 
36 alleles for HLA-C were detected in the study population. The HLA-C*06:02 allele was 
significantly associated with the increased risk of beta-lactam antibiotics-induced SCARs, 
particularly SJS/TEN (odds ratio = 4.92, 95% CI =1.13-21.35, P = 0.0335). Whereas the risk 
of beta-lactam antibiotics-induced SJS/TEN was lower in patients who carried the HLA-A*02:07 
allele (OR = 0.11, 95% CI = 0.01-0.80, P = 0.0095). These findings suggested that HLA-C*06:02 
and HLA-A*02:07 alleles may play an important role in the susceptibility of individuals to 
SCARs caused by beta-lactam antibiotics in a Thai population. 
 
Keywords: Beta-lactam antibiotics, severe cutaneous adverse reactions, SCARs, Stevens-

Johnson syndrome, toxic epidermal necrolysis, SJS/TEN, drug reaction with 
eosinophilia and systemic symptoms, DRESS, acute generalized exanthematous 
pustulosis, AGEP, human leukocyte antigen, HLA 
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Abstract 
 
An invent Next-generation sequencing has been discovered the fibroblast growth factor receptor 
(FGFR) alterations as a key driver mutation contributing to cholangiocarcinoma (CCA). 
Recently, many FGFR inhibitors have been approved to treat metastatic CCA. However, the drug 
resistance is remained a major obstacle to achieve a better overall survival in CCA patients. 
This study investigates the concurrent inhibition of FGFR and its main downstream 
PI3K/mTOR pathway, to suppress the oncogenic phenotypes in CCA model. The CCA cells 
were treated with a FGFR inhibitor (infigratinib) and a dual PI3K/mTOR inhibitor (PKI-402) 
for various concentrations and times. The cytotoxicity was determined by SRB assay. Effect 
of the treatments on antiproliferation, cell death, and cell cycle arrest were determined using 
AO/EB staining and flow cytometry. The results of antiproliferative assay showed combination 
treatment of infigratinib and PKI-402 exerted more cytotoxicity on CCA cells than either single 
agent treatment. In addition, PKI-402 significantly enhanced antiproliferative effect of 
infigratinib through G2/M cell cycle arrest in KKU-M213A cells. More importantly,                      
a combined treatment showed more potent to promote apoptotic inducing effect in CCA cells 
while the single agent caused less effect on apoptosis (less than 3%). Our study revealed that 
combined inhibition of FGFR and PI3K/mTOR pathways could be a promising therapeutic 
strategy to improve the treatment outcomes especially for FGFR inhibitors. 
 
Keywords: Cholangiocarcinoma, FGFR inhibitor, dual PI3K/mTOR inhibitor, FGFR alterations, 
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Abstract 
 
Obesity is an abnormal or excessive fat accumulation related to the increased risk of several 
chronic disease such as cardiovascular disease. Oxyresveratrol has been shown to exert diverse 
biological activities including prevention of obesity in cell culture, animals, and human. 
However, the mechanism underlying its anti-adipogenesis effect are not fully understood. 
Here, we investigated the anti-adipogenesis effect of oxyresveratrol and Artocarpus lakoocha 
Roxb. extract (also called Puag-Haad), an oxyresveratrol-rich extract. The intracellular lipid 
accumulation was measured by Oil Red O staining in 3T3-L1  adipocyte cells culturing with 
and without oxyresveratrol or Puag-Haad for 10 days. The result showed that oxyresveratrol 
significantly reduced the accumulation of lipid in adipocytes in dose-dependent manner; 23, 26, 
and 47 % reduction were observed with 25, 50, and 100 µM of oxyresveratrol, respectively. 
Puag-Haad also significantly reduced lipid accumulation approximately 26, 24, and 36% at 
12.5, 25, and 50 µg/mL, respectively. Moreover, the effect of oxyresveratrol and Puag-Haad 
on lipolysis were investigated in fully differentiated adipocytes. The quantity of glycerol 
released from adipocytes indicated the degree of lipolysis. The results showed that 
oxyresveratrol at 25, 50, and 100 µM significantly promoted glycerol release about 1.19, 1.81, 
and 2.32 folds, respectively. Puag-Haad also induced the glycerol release in dose-dependent 
manner; 12.5, 25, and 50 µg/mL Puag-Haad increased glycerol release 0.96, 1.61, and 1.81 folds, 
respectively. Taken all finding together, this study suggested anti-adipogenesis effects in terms 
of lipid accumulation inhibitory activity and lipolysis-inducing activity of oxyresveratrol and 
its-enriched products Puag-Haad. 
 

Keywords: Oxyresveratrol, Artocarpus lakoocha Roxb extract, Puag-Haad, fat storage, 
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Abstract 
 
Cholangiocarcinoma ( CCA)  is an aggressive malignancy with a very poor prognosis and 
limited treatment options. Our previous work has uncovered the actionable target; fibroblast 
growth factor receptor (FGFR) fusion gene, for CCA treatment. Recently, two FGFR inhibitors 
have been approved by U.S. FDA for the treatment of metastatic CCA. The clinical data of 
those drugs showed a promising outcome in CCA patients. However, some of CCA patients 
received FGFR inhibitors as a monotherapy, still have disease progression, due to the drug 
resistance. Therefore, to improve treatment efficacy, the present study aims to evaluate the 
antitumor effect of combined therapy between FGFR inhibitor with standard chemotherapy for 
CCA treatment (gemcitabine) on CCA cell proliferation, migration, and invasion. Screening of 
FGFR expression in CCA cell lines was assessed by Western immunoblotting. The effect of 
FGFR2 was suppressed by siRNA transfection and pharmacological FGFR inhibitor 
(infigratinib). The relative cell viability and reproductive cell death were assessed by MTS 
assay and colony formation assay, respectively. The antimetastatic effects on cell migration, 
invasion, and tube formation were analyzed by the transwell chamber assay and HUVECs tube 
formation assay, respectively. Proteins associated with proliferative properties and metastatic 
effects were evaluated by Western immunoblotting and human angiogenesis antibody array. 
The results showed that silencing FGFR2 significantly decreased cell proliferation and colony 
formation in CCA cells. Inhibition of FGFR2 by siRNA, enhanced the effect of gemcitabine 
on antimigration and anti-invasion in CCA cells. Of note, the combination of infigratinib and 
gemcitabine significantly suppressed metastatic properties in KKU-213A cells through the 
FGFR2/Akt/mTOR pathway and the epithelial-mesenchymal transition associated factors. Our 
results provide novel insight into a subgroup of CCA that may benefit from FGFR-targeted 
therapies.   
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Abstract 
 
β-thalassemia is an inherited hemolytic anemia disease which most of the patients suffer from 
iron overload. Low-density lipoprotein (LDL) and high-density lipoprotein (HDL) can be 
oxidatively modified by iron overload and participating in pathogenesis of cardiovascular 
diseases. With their critical roles, alterations in lipid components such as cholesteryl linoleate 
(CL) and its oxidized product, 13-HODE-CE, and antioxidant enzymes including platelet-
activating factor-acetylhydrolase (PAF-AH) in LDL and paraoxonase-1 (PON-1) and lecithin-
cholesterol acyltransferase (LCAT) in HDL are interested to evaluate the implications among 
iron overload, lipoprotein oxidation and related-complications in β-thalassemia. This study 
aims to investigate effects of iron overload and iron chelator, deferiprone (L1), on the ratio of 
13-HODE-CE and CL levels together with the activities of PAF-AH, LCAT and PON-1 in 
LDL and HDL of β-thalassemia patients (n=17) before and after two weeks of L1 intermission 
compared to normal subjects (n=13). The results showed that iron overload and oxidative stress 
status of β-thalassemia significantly increased the activity of PAF-AH in LDL and LCAT in 
HDL, while PON-1 activity was slightly increased in HDL of the patients. The 13-HODE-
CE:CL ratio was also remarkedly increased in both lipoproteins of the patients suggesting the 
implication of iron overload in lipid peroxidation. The production of oxidized lipids may 
increase activities of related enzymes in lipoproteins. A short-term intermission of L1 resulted 
in a significant increase of 13-HODE-CE:CL ratio in LDL, yet, producing a slightly reduction 
of the rest parameters. In conclusion, our study demonstrated that iron overload causes 
oxidative damages to the lipoproteins. The significant correlations among reduction of lipid 
substrate, formation of oxidized lipid product and increasing in activities of antioxidant 
enzymes were observed. Because the remarkable change in 13-HODE-CE:CL ratio was 
observed in LDL from the short-term intermission, L1 as iron chelation therapy could prevent 
lipid peroxidation, especially, in LDL. 
 
Keywords:  β-thalassemia, lipoprotein oxidation, platelet-activating factor-acetylhydrolase, 
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Abstract 
 
Neuroinflammation and neurodegeneration-related diseases affect millions worldwide and 
place significant stress on healthcare systems and human capital. Effective medications that 
target specific pathways in neuroinflammatory and neurodegenerative disorders are still 
lacking and would potentially help alleviate the debilitative nature of such conditions. 
Indoleamine 2,3-dioxygenase (IDO1) plays a major role in such conditions by acting as a rate-
limiting enzyme in the kynurenine pathway (KP), where it generates N-formylkynurenine from 
L-tryptophan. IDO1 and the KP have been involved in a number of diseases, especially those 
located within the central nervous system (CNS), from neuropsychiatric to neurodegenerative 
diseases. The principal mechanism by which IDO1 and the KP mediate their pathological 
effects is via the production of neuro-/excitotoxic byproducts downstream of IDO1, including 
quinolinic acid and hydroxykynurenine. Certain such compounds possess blood-brain barrier 
(BBB) permeability and have been shown to induce microglial activation, astrogliosis, 
oxidative stress, disruption in energy metabolism and neuronal death. Consequently, the 
objective of this study was to identify conceivably suitable inhibitors for IDO1 to be utilized 
in future in-vitro and in-vivo experiments. Structure-based virtual screening (MTiOpenScreen) 
was used to acquire compounds from the drug library to then undergo molecular docking to 
obtain docking scores and binding affinities with IDO1. Additional drug physicochemical 
screening using the Lipinski’s rule of 5 was conducted to help filter out drugs with lower 
bioavailability potential and seganserin was established as most suitable for IDO inhibition. 
2D-plot analysis was then performed to ascertain the interactions between seganserin and 
IDO1, which was compared to those with indoleamine 2,3-dioxygenase 2 (IDO2) and 
tryptophan 2,3-dioxygenase (TDO). Finally, subsequent molecular docking of seganserin with 
all three enzymes confirmed the interaction between IDO1 and seganserin to having been 
strongest, possibly owing to a robust hydrogen bond and pi-pi interaction. 
 
Keywords:  IDO1, IDO2, TDO, virtual screening, seganserin 
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Abstract 
 
Pimobendan, a positive inotrope and vasodilator known as inodilator, has been widely used for 
treatment of valvular heart diseases in elderly dogs as well as congestive heart failure in young 
dogs with congenital heart diseases. It has been known that there are changes of 
pharmacokinetics (PK) with aging. This study was aimed to assess the pharmacokinetic profile 
of pimobendan and its active metabolites, o-desmethyl pimobendan (ODMP), in healthy 
geriatric dogs compared with young adult dogs. Three geriatric beagle dogs aging between 
10-11 years old and three young adult beagle dogs aging between 10-12 months were subjected 
to physical examination, hematology, and blood chemistry profile analysis. Then, they were 
given a single oral dose of pimobendan (0.3 mg/kg). Blood samples were collected at 0, 0.083, 
0.167, 0.25, 0.5, 0.75, 1, 1.5, 2, 3, 4, 8, and 24 h after oral administration for PK analysis. 
Pimobendan and ODMP were analyzed by using Nexera Ultra Highperformance Liquid 
Chromatography with the 8060 triple quadrupole mass spectrometer and the PK solution 
software version 2.0. The results revealed that physical condition, hematology, and blood 
chemistry profiles were within normal limits for both groups. Both pimobendan and ODMP 
had significantly lower maximum plasma concentration (Cmax), area under the curve, mean 
resident time, volume of distribution, and half-life in geriatric dogs than those of young adult 
dogs (p < 0.05) while the clearance of both pimobendan and ODMP in geriatric dogs was 
significantly higher than that of young adult dogs (p < 0.05). However, the time to reach Cmax 
was not different between groups. It can be concluded that pharmacokinetics of pimobendan 
and ODMP in geriatric dogs are different from young adult dog; therefore, this drug should be 
prescribed with caution to geriatric dogs. 
 
Keywords: Age-related pharmacokinetics, dogs, o-desmethyl pimobendan, pimobendane 
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Abstract 
 
Job’s tears (Coix lachryma-jobi Linn.) belongs to the family of Poaceae. It has been reported 
to exhibit various biological activities, such as anti-cancer, anti-oxidant and anti-inflammatory 
activity. It is a good source for nutrition and primary metabolites. However, the reports on 
phytochemicals and bioactivity screening of Job’s tears seed extract were not much. Thus, this 
study aimed to determine total triterpenoid content and investigate the anti-albumin 
denaturation activity of the extracts from the raw seed of Job’s tears. The seed of Job’s tears 
bought from the market was blended to be powder (4 kg) then extracted by 95% ethanol by 
using ultrasonic assistance to obtain the crude extract (CLE, 5.89 % yield), The CLE (60 g) 
was subjected to liquid-liquid partition to obtain dichloromethane fraction (CLD, 4.18 %yield), 
ethyl acetate fraction (CLA, 0.94 % yield) and water fraction (CLW, 10.78%). These four 
samples were determined for total triterpenoid content by colorimetric assay. The results 
showed that total triterpenoids of CLE, CLD, CLA and CLW were 149.15±12.94, 368.45±4.87, 
434.58±31.96 and 229.14±6.18 mg ursolic acid equivalent/ g extract, respectively. The anti-
albumin denaturation activity (% inhibition) was investigated by using bovine serum albumin 
assay at the single concentration at 100 µg/ml. Indomethacin, an anti-inflammatory agent, and 
methanol were used as a positive control and a vehicle control, respectively. The % inhibition 
of CLE, CLD, CLA, CLW and indomethacin were 21.81±8.80%, 47.79±10.49%, 
21.46±4.17%, 20.66±5.74 and 14.52±5.46%, respectively. The results revealed that all the 
samples exhibited high content of triterpenoids. Their anti-albumin denaturation activities were 
more than that of indomethacin at the concentration of 100 µg/ml. These results shed light to 
the extracts from Job’s tears seed for their potential in further study on purification of bioactive 
compounds, especially as anti-inflammatory agent.  
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34. นางสาวสุวิชชา จันทรา   กรรมการ 

35. นางพิริยา วีระมาชา    กรรมการและเลขานุการ  

 
คณะเภสัชศาสตร- มหาวิทยาลัยนเรศวร  
1. รศ.ดร.ภญ.รัตติมา จีนาพงษา    ประธานคณะกรรมการ  

2. รศ.ดร.ภญ.นันทีทิพ ลิ้มเพียรชอบ   กรรมการ  

3. รศ.ดร.ภก.มนุพัศ โลหิตนาวี    กรรมการ  

4. ผศ.ดร.ภก.ขวัญชัย รัตนมณี    กรรมการ  

5. ผศ.ดร.ภญ.จันทิมา เมทนีธร    กรรมการ  

6. ผศ.ดร.ภก.ณัถวุฒิ แซ0ลิ้ม    กรรมการ  

7. ผศ.ดร.ภก.ดำรงศักดิ์ เปgกทอง   กรรมการ  

8. ผศ.ดร.ภก.ธนศักดิ์ เทียกทอง    กรรมการ  

9. ผศ.ดร.ภญ.ภัควดี เสริมสรรพสุข   กรรมการ  

10. ผศ.ดร.ภก.ศราวุฒิ อู0พุฒินันท:   กรรมการ  

11. ผศ.ภญ.อรรัตน: โลหิตนาวี    กรรมการ  

12. ดร.ภญ.อรนันท: เกิดพินธ:    กรรมการ 

13. นางสาวนารีรัตน: พัดเย็นสุข   กรรมการ 

14. นางสาวอรัญญา อินโชต ิ   กรรมการ 

15. นางนงนุช โมราราย    กรรมการ 

16. นางสาวปภัสชญา ศรีพยัฆ   กรรมการ 

17. นายเอกชัย คำหว0าง    กรรมการ 

18. นางสาวพุธิตา วงนท ี   กรรมการ 

19. นางสาวศรีสัจจา เปาจีน   กรรมการ 

20. นายปวีณ เทพอุโมงค:   กรรมการ 
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21. นายพิพัฒน: สนั่นนาม   กรรมการ 

22. นางสาววิรัญชนา สุขเมือง   กรรมการ 

23. นางสาวพิไลวรรณ จันทร:เจริญ  กรรมการ 

24. นางสาวโชษิตา ต0อทรัพย:   กรรมการ 

25. ผศ.ดร.ภญ.สกลวรรณ ประพฤติบัติ  กรรมการและเลขานุการ 

 

คณะสหเวชศาสตร- มหาวิทยาลัยนเรศวร (ภาควิชากายภาพบำบัด) 
1. ผศ.ดร.กภ.วรุณนภา ศรีโสภาพ  ประธานคณะกรรมการ 

2. ผศ.กภ.ปVยธิดา อรุณวัฒนโชค   กรรมการ 

3. รศ.ดร.เสาวนีย: เหลืองอร0าม   กรรมการ 

4. ผศ.กภ.ธารวิมล อินทะชัย   กรรมการ 

5. อ.กภ.ฉัตรสุดา ศรีบุร ี   กรรมการ 

6. อ.กภ.ปารวี มุสิกรัตน:   กรรมการ 

7. นางสาวจันจิรา พุฒชาวนา   กรรมการและเลขานุการ 

 

รายนามผูKทรงคุณวุฒิประเมินผลงานวิชาการ (Peer Review Committee) 

ผูAทรงคุณวุฒิดAานสรีรวิทยา 

1. รศ.ดร.สราวุธ คำปวน สถาบันวิศวกรรมชีวการแพทย: มหาวิทยาลัยเชียงใหม0 

2. รศ.ดร.อัจฉราภรณ: ดวงใจ สาขาสรีรวิทยา คณะวิทยาศาสตร:การแพทย: มหาวิทยาลัยพะเยา 

3. ผศ.ดร.นภาพันธ: กังวาน สาขาสรีรวิทยา คณะวิทยาศาสตร:การแพทย: มหาวิทยาลัยพะเยา 

4. ผศ.ดร.รัชนีพร กงซุย สาขาสรีรวิทยา คณะวิทยาศาสตร:การแพทย: มหาวิทยาลัยพะเยา 

5. ผศ.ดร.วาทิตา ผจญภัย สาขาสรีรวิทยา คณะวิทยาศาสตร:การแพทย: มหาวิทยาลัยพะเยา 

6. ผศ.ดร.ธนียา หาวิเศษ ภาควิชาสรีรวิทยา สำนักวิชาแพทยศาสตร: มหาวิทยาลัยแม0ฟaาหลวง 

7. ผศ.ดร.ศิวาภรณ: ศิวะศิลปlประศาสน: ภาควิชาสรีรวิทยา สำนักวิชาแพทยศาสตร: มหาวิทยาลัยแม0ฟaาหลวง 

8. ดร.กีรติ วันชัย ภาควิชาสรีรวิทยา สำนักวิชาแพทยศาสตร: มหาวิทยาลัยแม0ฟaาหลวง 

9. ผศ.ดร.นพ.สมพล เทพชุม ภาควิชาสรีรวิทยา คณะแพทยศาสตร:ศิริราชพยาบาล มหาวิทยาลัยมหิดล 

10. ดร.พญ.ทักษอร กิตติภัสสร ภาควิชาสรีรวิทยา คณะแพทยศาสตร:ศิริราชพยาบาล มหาวิทยาลัยมหิดล 

11. ศ.ดร.ภก.เกรียงศักดิ์ เอื้อมเก็บ สาขาวิชาปรีคลินกิ สำนักวิชาวิทยาศาสตร: มหาวิทยาลัยเทคโนโลยีสุรนาร ี

12. รศ.ดร.สพญ.ศจีรา คุปพิทยานันท: สาขาวิชาปรีคลินิก สำนักวิชาวิทยาศาสตร: มหาวิทยาลัยเทคโนโลยีสุรนาร ี

13. รศ.ดร.รัชกฤต ศรีเกื้อ ภาควิชาสรีรวิทยา คณะวิทยาศาสตร: มหาวิทยาลัยมหิดล 

14. รศ.ดร.พรพรหม ย0อยสูงเนิน สาขาสรีรวิทยา สถานวิทยาศาสตร:พรีคลินิก คณะแพทยศาสตร: มหาวิทยาลัยธรรมศาสตร: 

15. ดร.นาตยา ทองเสภ ี สาขาสรีรวิทยา สถานวิทยาศาสตร:พรีคลินิก คณะแพทยศาสตร: มหาวิทยาลัยธรรมศาสตร: 

16. รศ.ดร.ณรงค:ฤทธิ์ ทองอุ0น สาขาวิชาชีวเวชศาสตร: คณะสหเวชศาสตร: มหาวิทยาลัยบูรพา 
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17. รศ.ดร.ปVยะพงษ: ประเสริฐศร ี สาขาวิชาชีวเวชศาสตร: คณะสหเวชศาสตร: มหาวิทยาลัยบูรพา 

18. รศ.ดร.ภญ.กรองกาญจน: ชูทิพย: ภาควิชาสรีรวิทยา คณะวิทยาศาสตร:การแพทย: มหาวิทยาลัยนเรศวร 

19. รศ.ดร.อรระวี คงสมบัติ ภาควิชาสรีรวิทยา คณะวิทยาศาสตร:การแพทย: มหาวิทยาลัยนเรศวร 

20. ผศ.ดร.นสพ.เกริกเกียรติ จินดา ภาควิชาสรีรวิทยา คณะวิทยาศาสตร:การแพทย: มหาวิทยาลัยนเรศวร 

21. ผศ.ดร.จันทร:จิรา วสุนธราวัฒน: ภาควิชาสรีรวิทยา คณะวิทยาศาสตร:การแพทย: มหาวิทยาลัยนเรศวร 

22. ผศ.ดร.ทิพย:ภาพร บัวเลิง ภาควิชาสรีรวิทยา คณะวิทยาศาสตร:การแพทย: มหาวิทยาลัยนเรศวร 

23. ผศ.ดร.ปVยะรัตน: ศรีสว0าง ภาควิชาสรีรวิทยา คณะวิทยาศาสตร:การแพทย: มหาวิทยาลัยนเรศวร 

24. ผศ.ดร.พรนรินทร: เทพาวราพฤกษ: ภาควิชาสรีรวิทยา คณะวิทยาศาสตร:การแพทย: มหาวิทยาลัยนเรศวร 

25. ผศ.ดร.วันทณี หาญชZาง ภาควิชาสรีรวิทยา คณะวิทยาศาสตร:การแพทย: มหาวิทยาลัยนเรศวร 

26. ผศ.ดร.วชิราวดี มาลากุล ภาควิชาสรีรวิทยา คณะวิทยาศาสตร:การแพทย: มหาวิทยาลัยนเรศวร 

27. ผศ.ดร.สะการะ ตันโสภณ ภาควิชาสรีรวิทยา คณะวิทยาศาสตร:การแพทย: มหาวิทยาลัยนเรศวร 

28. ผศ.ดร.สุภาพร พันธุ:ธีรานุรักษ: ภาควิชาสรีรวิทยา คณะวิทยาศาสตร:การแพทย: มหาวิทยาลัยนเรศวร 

29. ผศ.สุทัศน: ดวงจิตร ภาควิชาสรีรวิทยา คณะวิทยาศาสตร:การแพทย: มหาวิทยาลัยนเรศวร 

30. ดร.จรินธร ธีระพรพันธกิจ ภาควิชาสรีรวิทยา คณะวิทยาศาสตร:การแพทย: มหาวิทยาลัยนเรศวร 

31. ดร.ณปภัส กันติ๊บ ภาควิชาสรีรวิทยา คณะวิทยาศาสตร:การแพทย: มหาวิทยาลัยนเรศวร 

32. ดร.ทักษณี มหาศิริพันธุ: ภาควิชาสรีรวิทยา คณะวิทยาศาสตร:การแพทย: มหาวิทยาลัยนเรศวร 

33. ดร.หทัยชนก อิ่มเพ็ง  ภาควิชาสรีรวิทยา คณะวิทยาศาสตร:การแพทย: มหาวิทยาลัยนเรศวร 

34. อาจารย:กิติณัฐ รอดทองดี ภาควิชาสรีรวิทยา คณะวิทยาศาสตร:การแพทย: มหาวิทยาลัยนเรศวร 

35. อาจารย:ธรรศ พิศลย:กุลเกษม ภาควิชาสรีรวิทยา คณะวิทยาศาสตร:การแพทย: มหาวิทยาลัยนเรศวร 

36. ผศ.ดร.ชาคริยา พรมสุบรรณ: ภาควิชากายวิภาคศาสตร: คณะวิทยาศาสตร:การแพทย: มหาวิทยาลัยนเรศวร 

37. ผศ.ดร.หทัยรัตน: เครือไวศยวรรณ ภาควิชากายวิภาคศาสตร: คณะวิทยาศาสตร:การแพทย: มหาวิทยาลัยนเรศวร 

38. ผศ.ดร.ดามรัศมน สุรางกูร ภาควิชาชีวเคมี คณะวิทยาศาสตร:การแพทย: มหาวิทยาลัยนเรศวร 

39. ผศ.ดร.เมธวี ศรีคำมูล ภาควิชาชีวเคมี คณะวิทยาศาสตร:การแพทย: มหาวิทยาลัยนเรศวร 

40. ผศ.ดร.วรศักดิ์ แกZวก0อง ภาควิชาชีวเคมี คณะวิทยาศาสตร:การแพทย: มหาวิทยาลัยนเรศวร 

 

ผูAทรงคุณวุฒิดAานเภสัชวิทยา 

1. ศ.ดร.ภญ.วิจิตรา ทัศนียกุล ภาควิชาเภสัชวิทยา คณะแพทยศาสตร: มหาวิทยาลัยขอนแก0น 

2. ศ.ดร.ภก.วีรพล คู0คงวิริยพันธุ: ภาควิชาเภสัชวิทยา คณะแพทยศาสตร: มหาวิทยาลัยขอนแก0น 

3. รศ.ดร.ลัดดาวัลย: เส็งกันไพร ภาควิชาเภสัชวิทยา คณะแพทยศาสตร: มหาวิทยาลัยขอนแก0น 

4. ดร.ภญ.นนทญา นาคคำ ภาควิชาเภสัชวิทยา คณะแพทยศาสตร: มหาวิทยาลัยขอนแก0น 

5. ผศ.ดร.จันทนา บุญยะรัตน: สาขาเภสัชเคมี คณะเภสัชศาสตร: มหาวิทยาลัยขอนแก0น 

6. ศ.เกียรติคุณ นพ.บุญเจือ ธรณินทร: คณะแพทยศาสตร: มหาวิทยาลัยกรุงเทพธนบุร ี

7. รศ.ดร.พญ.อุไรวรรณ พานิช ภาควิชาเภสัชวิทยา คณะแพทยศาสตร:ศิริราชพยาบาล มหาวิทยาลัยมหิดล 
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8. รศ.ดร.ภก.ศิวนนท: จิรวัฒโนทัย ภาควิชาเภสัชวิทยา คณะแพทยศาสตร:ศิริราชพยาบาล มหาวิทยาลัยมหิดล 

9. รศ.ดร.พญ.วรรณรัศมี เกตุชาติ ภาควิชาเภสัชวิทยา คณะแพทยศาสตร: จุฬาลงกรณ:มหาวิทยาลัย 

10. ผศ.ดร.ภญ.วัชรี ลิมปนสิทธิกุล ภาควิชาเภสัชวิทยา คณะแพทยศาสตร: จุฬาลงกรณ:มหาวิทยาลัย 

11. ผศ.ดร.ปVยนุช วงศ:อนันต: ภาควิชาเภสัชวิทยา คณะแพทยศาสตร: จุฬาลงกรณ:มหาวิทยาลัย 

12. รศ.ดร.ภญ.พรพรรณ วิวิธนาภรณ: สถาบันการแพทย:จักรีนฤบดินทร: คณะแพทยศาสตร:โรงพยาบาลรามาธิบดี  

 มหาวิทยาลัยมหิดล 

13. รศ.ดร.วรรณา ชัยเจริญกุล วิทยาลัยแพทยศาสตร:นานาชาติจุฬาภรณ: มหาวิทยาลัยธรรมศาสตร: 

14. รศ.ดร.ภญ.มยุรี ตันติสิระ คณะเภสัชศาสตร: มหาวิทยาลัยบูรพา 

15. รศ.ดร.นพวรรณ ภู0มาลา มอราเลส ภาควิชาเภสัชวิทยา คณะวิทยาศาสตร: มหาวิทยาลัยมหิดล 

16. รศ.ดร.วิลาสินี หิรัญพานิช ซาโตะ ภาควิชาเภสัชวิทยา คณะเภสัชศาสตร: มหาวิทยาลัยมหิดล 

17. ดร.ภก.พงศธร มีสวัสดิสม ภาควิชาเภสัชวิทยา คณะเภสัชศาสตร: มหาวิทยาลัยมหิดล 

18. ดร.ภก.สุรศักดิ์ วิชัยโย ภาควิชาเภสัชวิทยา คณะเภสัชศาสตร: มหาวิทยาลัยมหิดล 

19. ดร.ภก.อาณัฐชัย มZายอุเทศ ภาควิชาเภสัชวิทยา คณะเภสัชศาสตร: มหาวิทยาลัยมหิดล 

20. ผศ.ดร.วนิดา สุขเกษศิริ สาขาวิทยาศาสตร:สุขภาพและวิทยาศาสตร:ประยุกต: คณะวิทยาศาสตร: 

 มหาวิทยาลัยสงขลานครินทร: 

21. ผศ.ดร.วันดี อุดมอักษร สาขาวิทยาศาสตร:สุขภาพและวิทยาศาสตร:ประยุกต: คณะวิทยาศาสตร: 

 มหาวิทยาลัยสงขลานครินทร: 

22. ดร.สุพัตรา ลิ่มสุวรรณโชติ สาขาวิทยาศาสตร:สุขภาพและวิทยาศาสตร:ประยุกต: คณะวิทยาศาสตร: 

 มหาวิทยาลัยสงขลานครินทร: 

23. ผศ.ดร.ณัฏฐกานติ์ จิรัณธนัฐ ภาควิชาเภสัชวิทยา คณะแพทยศาสตร: มหาวิทยาลัยเชียงใหม0 
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บริษัท ฮอลลีวูด อินเตอรเนชั่นแนล จํากัด เปนตัวแทนจําหนายกลองจุลทรรศน Nikon และเครื่องมือ

วิทยาศาสตรชั้นนําจากตางประเทศ สําหรับงานวิจัยทางดาน In-vitro Fertilization (IVF), Stem Cells, Cancer 

Research, Tissue Engineering, Molecular Pathology, Animal Model Research, Molecular Imaging เปนตน

501/4-8 ถ.เพชรบุรี แขวงถนนพญาไท เขตราชเทวี กรุงเทพฯ 10400              

Tel: 02-6538255-66 Ext: 753,754,741  Fax: 02-6537865  sid@hollywood.co.th  www.hollywood.co.th

Reliable Professional Service Minded 

Image Analysis Software : Chromosome, FISH, Comet

Distributor for



Harikul Science Co., LTD.
694 Soi Ratchadanivet 24 Pracharatbumpen Rd., Samsaennok
Huay-Kwang,Bangkok Thailand 10310 Tel: (66)0-2274-2456 (Auto) Fax: (66)0-2274-2443
E-mail: sales@harikul.com , Facebook : hariukulfanclub, Line: @harikul

เครืองมือวดัคณุภาพนาํ วดัคา่ DO, pH, Conduct, Salinity, Temp, Turbidity, 
Chlorophyll, Depth, ORP, Ammonia, Chloride Nitrate  Current Meter, 
Flow Meter, C-T-D, Temp, Water Level Water sampler, Grab Sampler, 
Plankton net, Secchi disc, ชดุทดสอบคา่ตา่งๆ ในนํา เป็นผลติในประเทศ และตา่งประเทศ

เครืองมือในห้องแลป Autopipet, Dispensman, Hotplate Stirrer, Magnetic Stirrer, 
Shaker, Centrifuge, Incubator, Rotator, Dry –Cooler Block, Fraction 
Collector, Vortex Mixer, Balance, Peristaltic pump, Water bath, Freezer, 
Fume Hood, Laminar flow สารเคมีเครืองแก้ว เป็นต้น ทงัผลติในประเทศไทย และตา่งประเทศ

GEM Thailand

เครืองบนัทกึสญัญาณทางด้านสรีรวิทยา สาํหรับการเรียนการสอน และงานวิจยั  สามารถวัดคา่
EMG,ECG,EGG, EEG, FNIR, Virtal-Reality(VR), Plethysmometer, Tail Filck, 
Spirometer, Precision Syringe Pump, Rota-Rod, Hotplate Analgesia 
Meter etc. จากประเทศองักฤษ และอเมริกา

Harikul Calibration 
Laboratory

บริษัทหริกุล ซายเอนซ์จาํกัด  มีห้องปฏิบตัิการทีได้รับการรับรองมาตรฐาน

ISO/IEC 17025:2005 บริการสอบเทียบปรับเทียบ Pipetman Gilson และ Micropipette
ทกุยีห้อ เพือรองรับความต้องการของลกูค้าทีต้องการ ใช้บริการห้องปฏิบตัิการสอบเทียบ 

ทีได้รับการรับรองมาตรฐาน ISO 17025   พร้อมกนันทีางห้องปฏิบตัิการสอบเทียบ หริกลุ 
ให้บริการสอบเทียบปิเปตแก้ว ทงัแบบ Volumetric & Measuring pipette  
และบริการสอบเทียบเครืองวดัออกซิเจน (DO meter) รับสอบเทียบเครืองวดัออกซิเจนทกุยีห้อ..

บริษัทหริกุล ซายเอนซ์ จาํกัด เป็นตวัแทนจําหนา่ยเครืองมือวิทยาศาสตร์ทีใช้ในห้องปฏิบตัิการ 

เครืองมือทางด้านสงิแวดล้อม และเครืองมือทางด้านสรีรวิทยา
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Opera Phenix© Plus
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X–RAY

>> ELECTRON TUBE

  >>INTERFEROMETER

9,11 Soi Phetkasem 48 Yeak 4-7 Bangduan Parsricharone Bangkok 10160 Thailand 
Tel: +66(0)2-869-6803, Fax: +66(0)2-869-6814, E-mail : fortis.th@gmail.com

PTFE Surface : before plasma treatment

PTFE Surface : after plasma treatment

LOW PRESSURE PLASMA SYSTEM (PICO)

     Cleaning of surfaces
     Activation of surfaces

Etching of surfaces
Coating of surfaces

HEAT PUMP

ïøĉþĆìǰôĂøŤìĉÿǰđìøééĉĚÜǰÝĈÖĆé
FORTIS TRADING CO., LTD.



Metabolism Assay Kits
Various detection methods : Colorimetry, Fluorometry, Turbidimetry

Good reproducibility : intra-CV<5%, inter-CV<10%, recovery rate is 100±5%

Quantibody (Quantitative Multiplex Arrays)
• Angiogenesis Arrays
• Cancer Biomarker Arrays
• Cytokine Arrays
• Growth Factor Arrays
• IGF Signaling Arrays
• Inflammation Arrays
• Interleukin Arrays
• MMP Arrays

C-Series (Multiplex Western Blot Arrays)
• Angiogenesis Arrays
• Apoptosis Arrays
• Cytokine Arrays
• Inflammation Arrays

G-Series (Semi-Quantitative Multiplex Arrays)
• Angiogenesis Arrays
• Apoptosis Arrays
• Cytokine Arrays
• Inflammation Arrays

Phosphorylation Arrays
• RTK Phosphorylation Arrays
• EGFR Phosphorylation Array

ELISA Kits
• Sandwich ELISA Kits
• EIA: Competition-based ELISA Kits
• Phosphorylation ELISA Kits
• Cell-based Phosphorylation ELISAKits

Elabscience

Line ID: order_ps2     Tel 02-4330068-9 , 096-6254346
Mail order@pacificscience.co.th

62, 64 ซอยจรัญสนิทวงศ์ 49/1 ถ.จรัญสนิทวงศ์ แขวงบางบําหรุ เขตบางพลดั กรุงเทพฯ 10700

ToolsToAdvanceYourCancerImmunologyResearch
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