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สารจากนายกสมาคมเภสัชวิทยาแหงประเทศไทย 

 

เรียน  สมาชิกสมาคมเภสัชวิทยาแหงประเทศไทยและผูเขารวมประชุมทุกทาน 

 ในนามของสมาคมเภสัชวิทยาแหงประเทศไทย ขอตอนรับทกุทานทีเ่ขารวมประชุมวิชาการประจําปของ
สมาคมเภสัชวิทยา ครั้งที่ 35 ดวยความยินดีเปนอยางยิ่ง  

 การประชุมครัง้นี้  ไดรับความรวมมือจากคณะเภสัชศาสตร มหาวิทยาลัยนเรศวร รับเปนเจาภาพรวมกบัทาง
สมาคมฯ   โดยมี รองศาสตราจารย ดร.ภญ. รัตติมา จีนาพงษา เปนประธานคณะกรรมการจัดการประชุมในหัวขอ
การประชุม Pharmacology for Better Life    หัวขอการประชุมในปนี้มีความสอดคลองกบังานวิจัยคนควา  เสาะ
แสวงหายาหรือสารเสริมอาหาร เพือ่คุณภาพชีวิตที่ยืนยาวมากยิ่งขึ้นในปจจุบัน   นอกจากนี้ คณาจารย นิสิต และ
นักศึกษาในระดบับณัฑิตศึกษาในสาขาวิชาเภสัชวิทยาและสาขาอืน่ ๆ ที่ใกลเคียง ยงัไดมีโอกาสนําเสนอผลงานวิจัย 

และแลกเปลี่ยนความรู  ความคิดเห็นที่นํามาซึ่งความกาวหนางานวิจัยทางเภสัชวิทยาของประเทศไทย 

ดิฉันหวังเปนอยางยิ่งวา  เนื้อหาของการประชุมครั้งนีจ้ักทําใหทุกทานไดรับความรูทางวิชาการทันสมัย  และ
สามารถนําไปประยุกติใชกับการงานในหนาที่และครอบครัว    นอกจากนี้ ดิฉันเชื่อมั่นวา  ทานทั้งหลายทีเ่ดินทางมา
จากที่อื่น ๆ จักไดรบัความเพลิดเพลินกบับรรยากาศทางวัฒนธรรมจากประวัติศาสตรเกาแกของจังหวัดพิษณุโลกและ 
ชื่นชมกับความสวยงาม ทันสมัยของมหาวิทยาลัยนเรศวรทีม่ีมนตขลังสรางความประทบัใจแกผูมาเยือน  

ขอขอบพระคุณทานวิทยากร   คณะกรรมการจัดงานประชุม  รวมทั้งบริษัทหางรานตาง ๆ ที่ใหการสนับสนุน
กิจกรรมของสมาคมฯ ในครั้งนี้  และขอขอบพระคุณทกุทานที่เขารวมประชุมในครั้งนี ้

 

รองศาสตราจารย ดร.ภญ. สุพัตรา ศรีไชยรัตน    
นายกสมาคมเภสัชวิทยาแหงประเทศไทย 
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คณะกรรมการจัดการประชุมวิชาการ (Organizing Committee) 
การประชุมวิชาการครั้งท่ี 35 สมาคมเภสัชวิทยาแหงประเทศไทย 

โดย สมาคมเภสัชวิทยาแหงประเทศไทย รวมกับ คณะเภสัชศาสตร มหาวิทยาลยันเรศวร 

  
คณะกรรมการที่ปรึกษา 

พลตรี ภก. สุนันท โรจนวิภาต       
รศ.ดร.ภก. ชัยชาญ แสงดี     
พลตรี รศ.ดร. บพิตร กลางกลัยา   
รศ.พญ. สุมนา ชมพูทวีป     

 

คณะกรรมการอํานวยการ 
รศ.ดร.ภญ. รัตติมา จีนาพงษา (ประธาน) 
ผศ.ดร.ภก. ณัถวุฒิ แซลิม้ 
ผศ.ดร.ภญ. นันทีทิพ ลิม้เพียรชอบ 
ผศ.ดร.ภก. มนพุัศ โลหิตนาวี 
ผศ.ดร.ภญ. สกลวรรณ ประพฤติบัต ิ
อ.ดร.ภก. ขวัญชัย รัตนมณ ี
อ.ดร.ภก. ดํารงศักดิ์ เปกทอง 
อ.ดร.ภญ. อรนันท เกิดพินธ 
อ.ดร.ภก. ธนศักดิ์ เทียกทอง 
อ.ดร.ภญ. ภัควดี เสรมิสรรพสุข 
อ.ดร.ภก. ศราวุฒิ อูพฒุินันท 
อ.ดร.ภญ. ศุภวรรณ พงศพฒันาวุฒ ิ
อ.ภก. อภินันท สิรริัตนาธร 
อ.ภญ. อรรัตน โลหิตนาวี  (เลขานุการ) 
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คณะกรรมการกลั่นกรองคุณภาพบทความวิจัย (Peer Review Committee) 
การประชุมวิชาการครั้งท่ี 35 สมาคมเภสัชวิทยาแหงประเทศไทย 

โดย สมาคมเภสัชวิทยาแหงประเทศไทย รวมกับ คณะเภสัชศาสตร มหาวิทยาลยันเรศวร 

  
1. รองศาสตราจารย ดร. เบญจมาศ จันทรฉวี ภาควิชาเภสัชวิทยา คณะวิทยาศาสตร  
  มหาวิทยาลัยสงขลานครินทร  
2. รองศาสตราจารย ดร. บญุเกิด คงยิง่ยศ ภาควิชาเภสัชวิทยา คณะแพทยศาสตร  
  มหาวิทยาลัยขอนแกน 
3. รองศาสตราจารย ดร.ภญ. วิจิตรา ทัศนียกุล ภาควิชาเภสัชวิทยา คณะแพทยศาสตร  
  มหาวิทยาลัยขอนแกน 
4. ผูชวยศาสตราจารย ดร. ศิริมาศ กาญจนวาศ ภาควิชาเภสัชวิทยา คณะแพทยศาสตร  
  มหาวิทยาลัยขอนแกน 
5. ผูชวยศาสตราจารย รท.หญงิ ดร.ภญ. ภัสราภา โตวิวัฒน ภาควิชาเภสัชวิทยาและสรีรวิทยา  
  คณะเภสัชศาสตร จุฬาลงกรณมหาวิทยาลัย 
6. ดร. วรินกาญจน เหมสถาปตย ภาควิชาเภสัชวิทยา คณะวิทยาศาสตร  
  มหาวิทยาลัยมหิดล 
7. รองศาสตราจารย ดร.ภญ. กรกนก องิคนินันท ภาควิชาเภสัชเคมีและเภสัชเวท  
  คณะเภสัชศาสตร มหาวิทยาลัยนเรศวร 
8. รองศาสตราจารย ดร.ภญ. นันทกา โกรานา  ภาควิชาเภสัชเคมีและเภสัชเวท  
  คณะเภสัชศาสตร มหาวิทยาลัยนเรศวร 
9. รองศาสตราจารย ดร.ภญ. ทัศนา พิทักษสุธีพงศ  ภาควิชาเทคโนโลยีเภสัชกรรม  
  คณะเภสัชศาสตร มหาวิทยาลัยนเรศวร 

10. ผูชวยศาสตราจารย ดร.ภญ. อโณทัย ต้ังสําราญจิต ภาควิชาเทคโนโลยีเภสัชกรรม  
   คณะเภสัชศาสตร มหาวิทยาลัยนเรศวร 
11. ผูชวยศาสตราจารย ดร.ภญ. นันทีทิพ ลิ้มเพียรชอบ ภาควิชาเภสัชกรรมปฏิบัติ  
   คณะเภสัชศาสตร มหาวิทยาลัยนเรศวร 
12. ผูชวยศาสตราจารย ดร.ภก. ณัถวุฒิ แซลิ้ม ภาควิชาเภสัชกรรมปฏิบัติ  
   คณะเภสัชศาสตร มหาวิทยาลัยนเรศวร 
13. ผูชวยศาสตราจารย ดร.ภก. มนุพัศ โลหิตนาว ี ภาควิชาเภสัชกรรมปฏิบัติ  
   คณะเภสัชศาสตร มหาวิทยาลัยนเรศวร 
14. ผูชวยศาสตราจารย ดร.ภญ. นันทวรรณ กิติกรรณากรณ ภาควิชาเภสัชกรรมปฏิบัติ  
   คณะเภสัชศาสตร มหาวิทยาลัยนเรศวร 
15. ดร.ภก. ศราวุฒิ อูพุฒินันท ภาควิชาเภสัชกรรมปฏิบัติ  
   คณะเภสัชศาสตร มหาวิทยาลัยนเรศวร 
16. ดร.ภญ. ภัควดี เสริมสรรพสุข ภาควิชาเภสัชกรรมปฏิบัติ  
   คณะเภสัชศาสตร มหาวิทยาลัยนเรศวร 
17. ดร.ภก. ดํารงศักดิ์ เปกทอง ภาควิชาเภสัชกรรมปฏิบัติ  
   คณะเภสัชศาสตร มหาวิทยาลัยนเรศวร 
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กําหนดการประชุมวิชาการครั้งที่ 35  สมาคมเภสัชวิทยาแหงประเทศไทย  
“Pharmacology for Better Life” 

วันที่ 20-22 มีนาคม 2556   
ณ หองประชุมคอนเวนชั่น 2  โรงแรมท็อปแลนด จังหวัดพิษณุโลก 

 

วันพุธท่ี 20 มีนาคม 2556 
   

08:00 – 08:45  ลงทะเบียน 
08:45 – 09:00  พิธีเปด  โดย ศาสตราจารย ดร. สุจินต จินายน  อธิการบดีมหาวิทยาลัยนเรศวร  
09:00 – 10:00  Plenary Lecture: Pharmacogenomic Research in Thailand รศ.ดร.ภญ. วิจิตรา ทัศนียกุล 
10:00 – 10:15  พักรับประทานอาหารวาง 

  Session I:  Biosimilars   
10:15 – 11:00  What is Biosimilars? รศ.ดร.ภญ. ศรีจันทร พรจิราศิลป 
11:00 – 12:00  EPO Case: Public Hearing and Registration Process ดร.ภก. อนันตชัย อัศวเมฆิน 
12:00 – 13:00  พักรับประทานอาหารกลางวัน 
13:00 – 13:40 

 
Regulatory Issues of Biosimilars in Thailand & ASEAN 
Countries 

ภญ. วิไล บัณฑิตานุกูล 

13:40 – 14:30  Clinical Experience on Biosimilars รศ.นพ. เกื้อเกียรติ ประดิษฐพรศิลป 
14:30 – 15:00  พักรับประทานอาหารวาง  
15:00 – 17:00  Poster Presentation     
17:30 – 18:30  ไหวพระพุทธชินราช / ทัวรรถรางชมเมืองพิษณุโลก   
18:30 – 21:00  Welcome Dinner 

 

วันพฤหัสบดีที่ 21 มีนาคม 2556 
    

08:00 – 08:30  ลงทะเบียน  
08:30 – 09:30  The 20th Dr. Chiravat Sadavongvivad Memorial 

Lecture: The Decades of HIV Medicine: From Treatment to 
Prevention: Good News and Challenges 

ผศ.(พิเศษ) พญ. จุรีรัตน บวรวัฒนุวงศ 

09:30 – 10:15  สมุนไพรพรมมิ: จากตลิ่ง…สูตลาด (Brahmi: From Weed to Whiz) 
(ชวงที่ 1) 

ภญ: อัจฉรา เอกแสงศรี 
รศ.ดร.ภก. ศักดิ์ชัย วิทยาอารียกุล  
ผศ.ดร.ภญ. นันทีทิพ ลิ้มเพียรชอบ  
รศ.ดร. จินตนาภรณ วัฒนธร  
รศ.ดร. สุนิสา ถานอย  
ผศ.ดร. นิวัติ เทพาวราพฤกษ  
รศ.ดร. สีวบูรณ สิรีรัฐวงศ  
Moderator:  
รศ.ดร.ภญ. กรกนก อิงคนินันท  

 

  



5 

 
The Pharmacological & Therapeutic Society of Thailand Meeting – 2013 Proceedings 

 

กําหนดการ (ตอ) 

วันพฤหัสบดีที่ 21 มีนาคม 2556 (ตอ)  
    

10:15 – 10:30  พักรับประทานอาหารวาง (ภายในหองประชุม)  
10:30 – 11:15  สมุนไพรพรมมิ: จากตลิ่ง…สูตลาด (Brahmi: From Weed to 

Whiz)  
(ชวงที่ 2) 

รศ.ดร.ภญ. กรกนก อิงคนินันท  
และคณะ 

11:15 – 12:30  Special Lecture: Roles of Oligopeptides in Human 
Health 

ศ.พญ. จุฬาภรณ รุงพิสุทธิพงษ 

12:30 – 13:20  พักรับประทานอาหารกลางวัน 
  Session II:   In silico Pharmacology  

13:20 – 14:10  Computational Approaches for Drug Design: Serotonin 
and Its Transporter SERT in Neurological Drug Discovery 

ดร.ภก. จตุรงค ประเทืองเดชกุล 

14:10 – 14:50  Physiologically-Based Pharmacokinetic Modeling  
and Its Applications in Drug Development 

ผศ.ดร.ภก. มนุพัศ โลหิตนาวี 

14:35 – 14:50  พักรับประทานอาหารวาง  (ภายในหองประชุม) 
14:50 – 15:20  Systems Pharmacology:  Current Trends in Model Based 

Drug Research 
Prof. Dr. Michael Weiss 
 

15:20 – 15:50  Target Mediated Drug Disposition Modeling of Monoclonal 
Antibodies: Application to the Anti-IgE Compound 
Omalizumab 

Prof. Dr. David Z. D'Argenio 
  

15:50 – 16:15  ประกาศผลและมอบรางวัลการนําเสนอผลงานวิจัย 
 

 วันศุกรท่ี 22 มีนาคม 2556 
    

08:00 – 09:00  ลงทะเบียน  
09:00 – 12:00  Meet the Experts Session  
12:00 – 13:00  พักรับประทานอาหารกลางวัน 
13:00 – 14:00  ประชุมสมาชิกสมาคมฯ  
14:00 – 16:00  ประชุมธุรการสมาคมฯ   

16:00  พิธีปดการประชุม 
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The 20th Dr. Chiravat Sadavongvivad Memorial Lecture 
 

The Decades of HIV Medicine 
From Treatment to Prevention:  Good News and Challenges 

 

                                                                       ผศ.(พิเศษ) แพทยหญิงจุรีรัตน บวรวัฒนุวงศ 
                                                                       โรงพยาบาลศูนยชลบุรี 

       
นับเปนเวลากวา 30 ป หลงัจากมีรายงานแรกของผูปวยเอดสในผูปวย Pneumocystis Pneumonia 5 ราย (1) ที่

นครลอสแอนเจลลิส ใน Morbidity mortality weekly report (MMWR) ของวันที่ 5 มิถุนายน 2524  และรายงานผูปวย 
Kaposi’s Sarcoma และ Pneumocystis Pneumonia ในกลุมชายรักชายในนครนิวยอรกและรัฐแคลฟิอรเนีย  ในป 2526 
Ms. Francoise Barre’-Sinoussi  และ Mr. Luc Montagnier ไดรายงานการคนพบวาโรคดังกลาวเกิดจาก HIV RNA ไวรัส
ที่ทําใหภูมคิุมกันในรางกายผูปวยต่ําลง  ภายในระยะเวลา 30 ป (พ.ศ. 2526–2556) นักวิจัยทั่วโลกไดทุมเทศึกษาจนสามารถ
ทําใหเกิดความเขาใจอยางลึกซ้ึงในเรื่องของ natural history, HIV virology, pathogenesis และ host responses รวมทั้ง
มีการศึกษาคนควายาขนานตาง ๆ เพื่อมารักษาดแูลผูปวยเอดส  หลงัจากน้ัน ในป 2538 หลงัจากพบวาการใชยาตานไวรัส
รวมกัน 3 ขนาน (Highly Active Antiretroviral Therapy; HAART) สามารถเปลีย่นการพยากรณโรคจากที่ตองถงึแกกรรม
หลังเปนเอดสเต็มขั้นในระยะเวลา 1 ปเศษ มาเปนโรคที่สามารถรักษาใหมคีุณภาพชีวิตเชนเดียวกับคนปกติได เพยีงแตยังตอง
รับประทานยาเปนประจําเชนเดียวกับโรคเรื้อรังทั้งหลาย เชน ความดันโลหติสงู เบาหวาน เปนตน (2)  

จากผูปวยเอดสรายแรกในประเทศไทยเมื่อป 2527 จนถึงปจจบุัน มีการประมาณวามีผูตดิเชื้อสะสมในประเทศไทย
แลว 1.1 ลานคน   การพัฒนาการรักษาดวยยาตานไวรัสจากราคายาเดือนละกวา 20,000 บาทในป 2538 จนกลายมาเปน
การที่ผูติดเชื้อสามารถเขาถงึไดในทุกระดับโดยไมตองเสียคาใชจายในปจจุบัน ซึ่งขณะนี้มีผูปวยไทยรับประทานยาตานไวรัส
อยูทั่วประเทศประมาณกวา 200,000 ราย ทําใหแพทยไทยทีร่ักษาโรคเอดสมีโอกาสไดเรียนรูและกําลังถูกทาทายจากความ
จริงจากขอมูลตาง ๆ ดงันี ้

1.  ประเทศไทยเริ่มยาตานไวรัสทีร่ะดับ CD4 ตํ่าที่สุดในโลก    Egger M. ไดนําเสนอในท่ีประชุม Conference 
on Retrovirus and Opportunistic Infection (CROI) ครั้งที่ 14 ในป 2550 วา คา Initial CD4  ที่เริ่มใหยาตานไวรัสใน
ประเทศไทยต่ําที่สดุในโลก กลาวคือมีคาเฉลีย่เพยีง 53 เซลล/ลูกบาศกมิลลิเมตร  และในป 2552 คาเฉลี่ย Initial CD4  ขณะ
เริ่มใหยาตานไวรัสยงัคงต่ําเพยีง 140 เซลล/ลูกบาศกมิลลิเมตร   

2. ผูติดเชื้อรายใหมยงัสูงมากขึน้ในกลุมชายรกัรวมเพศ วัยรุน และชนพลัดถิ่นที่อาศัยอยูในไทย มีการศึกษาอัตรา
การติดเชื้อของชายรักรวมเพศใน 3 จงัหวัด คือ กรุงเทพมหานคร ภูเก็ต และเชยีงใหม เพิ่มจาก 17.3% เปน 28.3% และ 
30.7%  ในป 2546, 2548 และ 2550 ตามลําดบั (3) 
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Mugglin C, et al. CROI 2012. Abstract 100. 2. Truong HH, et al. CROI 2012. Abstract 139. 
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3.  การเริ่มยาตานและสูตรยาตานตาม Guideline ใหมยังไมทันเหตุการณ ใน DHHS Guideline ฉบับวันที่ 27 
มีนาคม 2555 (4) แนะนําใหเริ่มการรักษาใน  

ก. ผูปวยติดเชื้อที่ไมมีอาการท่ีมี CD4 ต่ํากวา 350 เซลล/ลูกบาศกมิลลิเมตร (A1) 
ข. ผูติดเชื้อที่มีการตดิเชื้อ Hepatitis B รวมดวย (AII) 
ค. ผูติดเชื้อสตรีทีต่ัง้ครรภทุกราย (AI) 

ซึ่งทั้ง 3 กรณีในทางปฏิบตัิตามแนวทางการรักษาของประเทศไทยยงัลาชา  Guideline ไทยที่สอดคลองตามขอบงชี้
ดังกลาว และการปฏิบตัติามโครงการในหลักประกันสุขภาพและโครงการประกันสังคม มักจะเกดิขึ้นลาชากวาคําแนะนําทั่วไป
ประมาณ 3- 4 ป 
 

 
 

4. การดูแลขอแทรกซอนระยะยาว   DHHS Guideline 2012 ไดสรุปขอแทรกซอนของการรักษาดวยยาตานไวรัส
เรียงตามตัวอักษรดังนี ้

 
Bleeding events          Bone marrow suppression 
Cardiovascular effects      Central nervous system effects 
Hypersensitivity with hepatic failure    Hepatotoxicity 
Hyperlipidemia           Hypersensitivity Reaction 
Insulin resistance/DM           Lactic acidosis 
Lipodystrophy            Nephrolithiasis 
Nephrotoxicity           Neuropsychiatric effects 
Neuromuscular weakness syndrome    Osteonecrosis 

Older age

Co morbidities

CD4 declined > 120/yr

Sero discordant relationship

Hx AIDS Illness (AI)

CD4 <350 (AI)

CD4 350-500 (A/B*-II)

CD4> 500 ( B 50%, 50%C, B/CIII)

Regardless CD4 

-All pregnant women (AI)

-HBV coinfection when HBV   

Rx is indicated (AII) 

-HIV associated nephropathy (AII)

DHHS

Consideration for starting Rx when 

CD4 count > 350

Clinical consideration and/or CD4 

count

Guideline

DHHS Guidelines 2012 for Antiretroviral-naïve Patient: When to Start?

Rating of Recommendation : A = Strong (>55% vote), B= Moderate (>45%), C=Option
: I   = RCT, 

II  = NRCT, observational study with long-term clinical outcome
,                III = Expert opinion
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ในที่น้ีจะเนนถึง Emerging  Adverse events ที่คิดวา clinicians พึงควรระวังคือ 

 ภาวะกระดูกบาง และพรุน (Osteopenia, Osteonecrosis, Avascular necrosis (AVN)) พบ
รายงานการเกิดอาการ 0.26/100 patient-year และสูงขึ้นเปน 0.65/100 patient-year  หากวินิจฉัยจาก Routine MRI 
Scans   ผูปวยมักมีอาการปวดที่สะโพก บางรายขอสะโพกหัก ปจจัยเสี่ยงที่ทําใหเกิดขอแทรกซอนน้ีมากขึ้นคือ Low nadir 
CD4 < 200 เซลล/ลูกบาศกมิลลเิมตร  ตดิเชื้อมามากกวา 5 ป มีการใชสเตยีรอยด การดื่มเหลา รายที่มภีาวะไขมันในเลือด
สูง   อาการไมสัมพันธกับเพศ อาย ุหรือชนิดของยาตานไวรัส (5)   ซึ่งที่โรงพยาบาลชลบุรีพบผูปวยแลว 12 ราย 

 ความผิดปกติของหนาทีก่ารทํางานตอมไทรอยด ในผูปวยรบัประทานยาตานไวรัสพบอตัราการผดิปกตขิอง
ตอมไทรอยดสงูถงึ 8.5% บางรายไมปรากฏอาการ บางรายมีอาการมาก (6)   จากการศึกษาตรวจคดักรองผูปวย 2437 ราย 
พบความผดิปกติในผูปวย 54 ราย  โดย 22 ราย (52%) เปนภาวะ hypothyroidism และ 26 ราย เปน hyperthyroidism 
(48%) Clinicians ควรระวังในรายผูปวยมีนํ้าหนักลดหรือมีอาการนําที่ทําใหสงสัย 

 ภาวะความดันโลหิตสูง (Hypertension) ผูปวยที่รับประทานยาตานไวรัสจะพบภาวะความดันโลหิตสูง
ประมาณ 4.6-9% โดยพบวาปจจัยเสี่ยงทีเ่กี่ยวของคือ ประวัติความดันโลหติสงูในครอบครัว ผูปวยที่มีภาวะ Lipodystrophy 
หรือเบาหวานรวมดวย ผูปวยที่สูบบุหรี่ และผูปวยที่ไมไดออกกําลังกาย  ภาวะความดันโลหติสงูจะทําใหเกดิขอแทรกซอนของ
ภาวะหัวใจขาดเลือด  การทํางานไตเสื่อม และภาวะสมองขาดเลือด (7) 
 

5.  ระวังปฏกิิริยาระหวางยา   เนื่องจากยาตานไวรัส metabolized ผาน enzyme CYP 3A ทําใหมีปฏิกิริยา
ระหวางยากับยาหลายตัว ทําใหระดบัยาสูงและต่ํากวาปกติ ดงันั้น ควรตรวจสอบปญหานี้อยางระมัดระวังเพราะอาจทําให
เกิดภาวะแทรกซอนหรือการรักษาไมไดผลได (www.hiv-druginteractions.org)   ปฏิกิริยาทีส่ําคญัที่จะเนนในที่น้ีมี 4 กรณี
คือ  
 

  IDVr LPVr ATVr 

1. Rifampicin Decrease IDVr level 87% Decrease LPVr AUC 75% Should not be coadministered 

2. Sildenafil Increase Sildenafil level 3x Increase Sildenafil level 11x Increase Sildenafil level  

3. Ergotamine Induce Ergotism Induce Ergotism Induce Ergotism 

4. Fluticasone 
Increase Fluticasone x350 
เกิดภาวะ Cushing’s syndrome 

Increase Fluticasone x350 Increase Fluticasone x350 

6. การเกิดมะเร็ง มีรายงานการตรวจพบมะเรง็ในผูตดิเชื้อเอชไอวทีีร่ับประทานยาตานไวรัส ทั้งชนดิ AIDS-defining 
cancers และ non-AIDS-defining malignancies มากขึ้นกวาบุคคลทั่วไปโดยพบมากในราย CD4 cell count ต่ํา (9)  
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D:A:D (Data Collection on Adverse Events of Anti-HIV Drugs) รายงานการถึงแกกรรมของผูปวยเอดส  1,246 ราย 
พบวา 193 รายเกิดจาก non-AIDS-defining cancers (อัตราการเกิด 1.05 per 1,000 person years) และ 112 รายจาก 
AIDS-defining cancers (อัตราการเกดิ 1.79 per 1000 person-years)    สาเหตุการตายจาก non-AIDS cancers 4 
อันดับแรกคือ มะเรง็ปอด (20%), มะเร็งอวัยวะระบบทางเดินอาหาร เชน มะเร็งกระเพาะอาหาร มะเรง็ตบั (13%), มะเร็ง
โรคเลือด เชน Hodgkin’s lymphoma (7%) และมะเร็งทวารหนัก (7%)    สําหรับมะเรง็ชนิด AIDS defining cancer มี
อัตราการเกิดลดลงหลงัมีการรักษาดวยยาตานไวรัส ยกเวนมะเร็งปากมดลูก ดงันั้น การตรวจคดักรองประจําปเปนสิ่งที่ตอง
กระทําอยางเขมงวด  

เนื่องจากมะเร็งปอด เปนมะเร็งที่พบมาก จงึมีการศึกษาของผลกระทบของการสูบบุหรี่ในผูตดิเชื้อเอชไอว ี 2,921 
คน ในประเทศเดนมารค (10) พบวาการสูบบุหรี่มผีลกระทบตออายุขยัและการเสยีชีวติในผูตดิเชื้อเอชไอวี มากกวาประชากร
สูบบุหรี่ที่ไมตดิเชื้อมาก จงึเปนความทาทายอีกประการหน่ึงในการพยายามใหผูติดเชื้อเอชไอว ีเลิกสูบบหุรี ่

 

Marie Helleberg Clin Infect Dis Dec. 18, 2012

N= 2,921  HIV smoker  >16 yo control arm 10,642 
Jan 1, 1995- Aug.1, 2010

1.  MRR ( mortality rate ratio)  HIV smoker 

4.4 (95%CI 3.0-9.7) for all cause mortalities

5.3 ( 95% CI 3.2-8.8)  for non AIDS related deaths

2. 35 yo smoker  median life expectancy 62.6 y  vs 78.4 y

3. HIV -non smoker loss 5.1 y vs HIV smoker  loss 12.3 yr

4. MRR heavy smoker (> 30 cig./d)  vs non smoker 7.5

A wake up call study : HIV and smoking

 
 

การปองกันการติดเชื้อเอชไอวี :  ฝนที่ไมไกล ไปใกลจะถึง  
ภายหลังการระบาดของโรคมากวา 25 ป นักวิทยาศาสตรและแพทยพบวาการพัฒนาการรักษาเอดสอยางเดยีวนั้น

ไมเพียงพอ เพราะยังมีจาํนวนผูตดิเชื้อรายใหมสงูอยูโดยเฉพาะในกลุมเสี่ยง 3 กลุมคือ ชายรักชาย (homosexual) วัยรุน 
(youth)  และคูสมรสที่มีผลการติดเชื้อตาง (serodiscordant couple) จึงมีการคิดคนนวัตกรรมที่จะปองกันไมใหผูที่ยงัไมตดิ
เชื้อ สามารถปองกันไมใหตัวเองตดิเชื้อได ที่สําคัญคือ 

1. Treatment as Prevention    การศึกษา HPTN 052 (HIV Prevention and Trial Network) เปน
การศึกษาที่ไดรับคํายกยองจากวารสาร Science ใหเปนการศกึษาที่ดทีี่สุด และมีผลตอการแพทยมากทีสุ่ดในป 2555 (11)  
โดยพบวา การรักษากลุมผูตดิเชื้อตั้งแตตน สามารถลดการแพรกระจายไปยังคูสมรสทีย่ังไมไดตดิเชื้อถงึ 96% เมื่อเทยีบกับ 
กลุมผูที่ไมไดรับการรักษาดวยยาตานไวรัส ซึ่งการศึกษานี้เปนการศึกษาในคูสมรส 1,763 คู ใน 9 ประเทศ พบวาในกลุมที่
ไดรับการใหยาตานไวรัสตั้งแตตน แพรกระจายไปใหคูสมรสเพยีง 1 ราย เมื่อเทียบกบักลุมท่ีไมไดเริ่มยาตานไวรัสทันทีมีการ
แพรกระจายไปใหคูสมรสถงึ 27 ราย  Data Safety Monitoring Board (DSMB) จึงใหยตุิการดําเนินการศึกษา และใหกลุม
ที่ไมไดเริ่มยาตานไวรัสใหเริ่มยาทันทีหลงัการประกาศผล องคการอนามัยโลกก็ไดแสดงความเห็นดวยโดยการปรับ Guideline 
ในป 2555  ใหเริ่มการรักษาดวยยาตานไวรัสทันทีในผูปวยที่มผีลการติดเชื้อตาง (serodiscordant couple)  แมวา CD4 จะ
สูงมากกวา 350 เซลล/ลูกบาศกมิลลเิมตร 
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2. Pre-exposure Prophylaxis (PrEP)      มีผลการศึกษาสนับสนุนวา การใหยา FTC/TDF (Truvada®) กอน
การรวมเพศกับผูติดเชื้อสามารถปองกันไมใหมีการตดิเชื้อถึงกวา 60% และถามีการรับประทานยาอยางถูกตองพบวาสามารถ
ปองกันการติดเชื้อไดสงูถงึ 92% ทําใหองคการอาหารและยาของประเทศสหรัฐอเมริกาตองนําผลการศึกษามาวิเคราะหและ
พิจารณอยางละเอียดรอบคอบ นําไปสูการประกาศรับรองใช FTC/TDF เปน Pre-exposure Prophylaxis (PrEP) เมื่อวันที่ 
19 กรกฎาคม 2555 (12, 13) 
 

บทสรปุ 
การรักษาผูตดิเชื้อเอชไอวีในปจจุบันไมไดมุงหวังเพียงการไมพบไวรัสในกระแสเลือด แตมุงหวงัถงึมติิที่ครอบคลุมถงึ

การปลอดภาวะแทรกซอนจากยาในระยะยาว การวางแผนมีบุตรในรายที่มคีวามพรอมของครอบครัวเชนคนปกติ การเฝา
ระวังการเกิดมะเรง็และการเสื่อมของอวัยวะและระบบตาง ๆ ในรางกายในผูติดเชื้อที่มีอายยุืนยาวขึ้น  มติิการดแูลรักษาผูตดิ
เชื้อไดมาถงึจดุที่ทาทายสาํคญั 2 จุดคือ การรักษาใหหายขาด โดยไมตองรับประทานยาตลอดชีวติ และการปองกันไมใหมีการ
ติดเชื้อในผูปวยทีย่งัไมติดเชื้อ โดยการรักษาผูปวยทุกรายไมใหมรีะดับไวรัสในกระแสเลือด และการพิจารณาใหยาปองกันในผู
ที่มีความเสีย่งจากการปฏิบัตติน  

สามทศวรรษของตํานานการตดิเชื้อเอชไอวีและเอดส  มนุษยชาติไดกาวขามความทาทายจากการไมทราบวาโรคเกดิ
จากสาเหตุใด จนสามารถหายามารักษาใหมีชีวติยืนยาวและคุณภาพใกลเคยีงคนท่ัวไป และกําลงัถงึจุดทาทายของการรักษาที่
หายขาดและการปองกันไมใหเกดิการตดิเชื้อ จนมีการตัง้เข็มวา “Getting to Zero” ในทศวรรษปจจบุัน 
  

Single transmission in patient in 
immediate ART arm believed 

to have occurred close to time 
therapy began and prior to HIV-1 
RNA suppression

Total HIV-1 Transmission Events: 39
(4 in immediate arm and 

35 in delayed arm; P < .0001)

Linked 
Transmissions: 28

Unlinked or TBD 
Transmissions: 11

P < .001

Immediate 
Arm: 1

Delayed 
Arm: 27

Cohen MS, et al. IAS 2011. Abstract MOAX0102. 
Cohen MS, et al. N Engl J Med. 2011.

HPTN 052: HIV Transmission Reduced by 96% in Serodiscordant Couples
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Plenary Lecture:  Pharmacogenomic Research in Thailand 
 

Wichittra Tassaneeyakul, Ph.D. 
 

Department of Pharmacology, Faculty of Medicine, Khon Kaen University, Kohn Kaen 40002, Thailand 
E-mail: wichitt@kku.ac.th 

 
Pharmacogenomics is now an exciting field of research throughout the world including Thailand.  

Knowledge obtained from pharmacogenomic research holds a promise of personalized medicine for many 
common diseases. Pharmacogenomic information (i.e. genotype-related drug dosing and drug selection) is 
now available on drug package inserts of several drugs, hence enabling the integration of pharmacogenomics 
into clinical practice. 
 

During the past 10 years, pharmacogenomic research in Thailand has been blooming and useful 
pharmacogenomic information is obtained from these studies. This lecture will summarize the information 
obtained from pharmacogenomic research in Thailand into 3 aspects including the genetic polymorphism of 
drug metabolizing enzymes in the Thai population, the effect of some genetic polymorphisms on drug 
responses and drug toxicities in Thai patients and the association of human leukocyte antigens on severe 
cutaneous adverse drug reactions in Thai patients. 
 

Ethnic variations in the genetic polymorphisms of important drug metabolizing enzymes are well 
recognized. Knowledge about the genotypes and phenotypes of major drug metabolizing enzymes in the 
Thai population is necessary for dose estimation and prediction of drug responses and drug toxicities in Thai 
patients.  Several genetic polymorphisms of drug metabolizing enzymes including cytochromes P450 (CYP), 
N-acetyltransferases2 (NAT2), and thiopurine S-methyltransferese (TPMT) have been reported in Thai 
population. For example, the frequencies of poor metabolizer (PM) phenotype and of defective alleles of 
CYP2C19 in Thais, appear to be lower than other Asian populations (9%vs 13-22%, for PM and 3% vs 5-
14% for CYP2C19*3). Although the frequency of CYP2A6 PM in Thais is similar to that observed in the 
Japanese, the frequency of the common defective allele CYP2A6*4 in Thais seems to be lower than in 
Northeast Asians (9-14% vs11-24%). Similar to that observed in Northeast Asians, only the CYP2C9*3 
allele is identified in Thais with an allele frequency of 2.8-4.6%. For CYP2D6, 52% of the Thai population 
is classified as intermediate metabolizers (IM) and the CYP2D6*10 allele is the most common allele. For 
TPMT genetic polymorphisms, TPMT*3C appears to be the only defective allele found in the Thai 
population with an allele frequency of 5% and the prevalence of IM and PM of 9% and 0.5%.  Moreover, a 
novel defective allele of TPMT namely TPMT*27 was identified in a Thai renal transplantation recipient.  
The frequencies of NAT2 slow acetylators (45%) and the NAT2*4 allele (38%) observed in the Thai 
population are similar to those reported in other Southeast Asian populations but higher than those observed 
in Northeast Asians. 

 

Influences of genetic polymorphisms of several drug metabolizing enzymes on the pharmacokinetics 
and toxicity of several therapeutic drugs have been investigated in Thai patients.  Such studies included the 
effects of CYP2C9 and VKORC1 on pharmacokinetics and pharmacodynamics of warfarin in patients with 
prosthetic heart valve replacements, the impact of TPMT genetic polymorphism on azathioprine-induced 
myelosuppression in kidney transplant recipients and systemic lupus erythematosus patients, the impact of 
CYP2D6 polymorphisms on tamoxifen responses in breast cancer patients, and the impact of CYP2B6 
genetic polymorphisms on efavirenz concentrations in HIV patients. Moreover, strong associations between 
certain alleles of the human leukocyte antigens (HLA) and severe cutaneous adverse drug reactions have 
been reported in Thai patients taking allopurinol, carbamazepine or nevirapine. 

 

Apart from the research setting, pharmacogenomics are now readily applicable as an important part 
of clinical practice in many big hospitals in Thailand. Several pharmacogenomic services such as genotyping 
of CYP, TPMT and HLA are now available in several hospitals such as Srinagarind Hospital, Ramathibodi 
Hospital and Chulalongkorn Hospital. Educational efforts on pharmacogenomics, however, should also 
prepare physicians, pharmacists as well as the regulatory agency’s staff in order to be able to better integrate 
pharmacogenomic information to maximize drug efficacy and drug safety for the Thai population. 
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Special Lecture:  Regulatory Issues of Biosimilars in Thailand and ASEAN 

Countries 
                                                                                                             
 Wilai Bundittanugula  
 

   
             Biological medicinal products are protein molecules derived from biotechnology methods or other 
cutting-edge technologies. They were introduced on the market in early 1980s, providing new therapy that 
improves quality of life for patients with life-threatening, serious, chronic and debilitating diseases.  The 
manufacturing process of biological products is highly complex and critical to defining the characteristics of 
the final product. Maintaining batch to batch consistency is a challenge. Subtle variations in the production 
or even transport or storage conditions may potentially result in an altered safety and efficacy profile of the 
final product. Based on current analytical techniques, two biological medicinal products produced by 
different manufacturing processes cannot be shown to be identical, but similar at best. Therefore the term 
biosimilars is used to describe subsequent versions of innovator biological medicinal products made by 
different sponsor following patent expiration of the innovator product. Biosimilars play crucial roles 
considering from patients’ accessibility and affordability. Experience with these medicines is limited and 
involves complex technical and regulatory challenges. Thai Food and Drug Administration is developing the 
Biosimilar Guideline to ensure the registration of biosimilars that are safe, efficacious and of quality. This 
guideline describes key principles, important issues related to biosimilars, data requirement on quality, non-
clinical studies, clinical studies, comparability exercise versus reference biological medicinal product to 
demonstrate the similarity, pharmacovigilance including risk management plan, and immunogenicity. Some 
countries in ASEAN have formalized their biosimilar guideline or guidance. However ASEAN is expecting 
to deliberate on the harmonization of technical requirement on biosimilars in the near future.  
 
Keywords:  Biosimilar, Biological medicinal product, Reference biological medicinal product, 

Comparability exercise 
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Symposium:  Brahmi - From Weeds to Whiz 
 

Kornkanok Ingkaninan1, Nanteetip Limpeanchop1, Sakchai Wittaya-areekul1,  
Sutisa Thanoi2, Nuwat Taepavarapruk2, Jintanaporn Wattanathorn3,  

Seewaboon Sireeratawong4, Achara Eksaengsri5 
 

1Faculty of Pharmaceutical Sciences and Center of Excellence for Innovation in Chemistry; 2Faculty of 
Medical Sciences, Naresuan University, Phitsanulok 65000, Thailand; 3Faculty of Medicine, Khon Kaen 

University, Khon Kaen 40002, Thailand; 4Faculty of Medicine, Thammasat University, Pathumthani 12120, 
Thailand; 5The Governmental Pharmaceutical Organization, Ratchathewi, Bangkok 10400, Thailand 

E-mail: k_ingkaninan@yahoo.com 
 

Brahmi (Bacopa monnieri Wettst., Schrophulariaceae) has been used in Ayuravedic medicine as 
memory enhancer. In this panel discussion, we aimed to share our experience in research and development 
of Brahmi for food supplement for memory improvement. The preparation and quality control methods for 
Brahmi extract have been developed. The in vivo studies indicated that the standardized extract had 
neuroprotective effect at the doses of 40 and 80 mg/kg BW. The escape latency time of rats in Morris water 
maze test was reduced. Moreover, the reduction of neurons and cholinergic neuron densities were mitigated. 
We also tested its protection effect against the beta-amyloid protein and glutamate-induced neurotoxicity in 
primary cortical cultured neurons. Our result demonstrated that Brahmi extract protected neurons from beta-
amyloid-induced cell death, but not glutamate-induced excitotoxicity. The study the effect of Brahmi extract 
on learning and memory in the middle aged and elderly volunteer was conducted. The results showed that 
Brahmi extract (300 and 600 mg/day) could improve quality of life in the elderly by improving the physical 
fitness via the increase in efficiency of postural balance. It also improved the psychological fitness by 
increasing alertness and attention resulted in the improvement of learning and memory. In addition, Brahmi 
extract could decrease depression-like symptom. The dosage used in this study did not produce toxic and 
side effects. Therefore, Brahmi extract have the potential to be used as food supplement and used in the 
adjuvant therapy for various conditions including learning and memory impairment, attention deficit 
syndrome, depression and postural balance impairment. Recently, we have successfully transferred the 
knowhow of Brahmi food supplement to the Government Pharmaceutical Organization. The product is to be 
launched to the market in near future. 

Keywords: Bacopa monnieri, Memory enhancement, R&D, Technology transfer 
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Special Lecture: Systems Pharmacology: Current Trends in Model Based 
Drug Research 

 
Michael Weiss, Ph.D. 

 
Martin Luther University, Halle-Wittenberg D-06099, Germany and  

Naresuan University, Phitsanulok 65000, Thailand 
 
 

Systems Pharmacology, also known as Quantitative Pharmacology, is an approach combining 
methods from different disciplines to develop and apply quantitative models to problems in drug development 
from pre-clinical development to clinical trials and drug therapy. The approach is mainly based on 
pharmacokinetic (PK)-pharmacodynamic (PD) systems analysis (PK/PD modeling) and pharmacometrics, 
which focuses on populations and variability. An important new aspect is the modeling of alterations in 
diseased states and of disease progression. Absolutely essential computational tools are software systems for 
data analysis (estimation of population parameters) such as ADAPT5 and NONMEM. The purpose of this 
lecture is to introduce the underlying methodology and to illustrate its application in model based drug 
development of small molecules (drugs) and large molecules (biologics).  Starting with the basic principles 
of PK, it is shown how by combining PK data with the information provided by the response to the drug, 
parameters of concentration-response curves (EC50, Emax) can be estimated by administering a single dose of 
a drug. This is a big advantage compared to the use of cumulative concentration–response curves under 
repeated measurements designs in traditional pharmacology. The use of isolated perfused organs provides 
more detailed information about pharmacokinetic processes at the organ level and bridges the gap between 
in vitro results and in vivo drug disposition. The next step is the development of models and appropriate 
experiments to estimate the parameters of receptor binding and signal transduction, in order to distinguish 
explicitly between drug-specific parameters and system-specific parameters, i.e. the parameters of transducer 
function linking receptor occupation to response. This approach allows a quantification of the changes 
brought about by experimental disease states and represents a key opportunity to study the impact of 
diseased states on variability of PD in translational medicine, allowing the development of safer treatments. 
The use of an alternative model, the indirect response model, will be illustrated by applications to PK/PD of 
biologics. 

Keywords: Systems pharmacology, PK/PD modeling, Biologics 
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Special Lecture: Target Mediated Drug Disposition Modeling of 

Monoclonal Antibodies: Application to the Anti-IgE 

Compound Omalizumab 
 

David Z. D’Argenio, Ph.D. 
 

Biomedical Simulations Resource/Department of Biomedical Engineering, 
University of Southern California, Los Angeles, CA 90089, USA 

 
 

Levy introduced the concept of target-mediated drug disposition (TMDD) to describe the process in 
which a drug is bound with high affinity and to a significant degree to a receptor or enzyme, such that this 
interaction is reflected in the measured plasma pharmacokinetic characteristics of the drug (Clin Pharmacol 
Ther. 56:1994). Therapeutic proteins, including monoclonal antibodies, have been a major focus of research 
and development activities in the pharmaceutical industry over the past 20years, and it is now generally 
recognized that target-mediated disposition can be an important determinant of the distribution and elimination 
of therapeutic proteins. A general framework for modeling the pharmacokinetics of proteins, peptides, and 
monoclonal antibodies that exhibit TMDD has been developed by Mager and Jusko (J Pharmacokin 
Pharmacodyn. 28:2001). This modeling approach has also been refined and extended (J Pharmacokin 
Pharmacodyn. 35:2008, J Pharmacokin Pharmacodyn. 36:2009), and applied in the development of a 
number of therapeutic proteins (for review, see Biochem Pharmacol. 72:2006). 

This talk will review the principles underlying models used to describe TMDD, and will present and 
illustrate the approximate models that are often used in practice to describe the pharmacokinetics of 
therapeutic proteins; these include rapid-binding, quasi-steady-state and Michaelis-Menten approximations 
to the TMDD model. These concepts will be further illustrated through an application involving the 
therapeutic protein omalizumab, a recombinant humanized monoclonal antibody approved for the treatment 
of subjects with moderate to severe persistent allergic asthma that are inadequately controlled by the 
standard of care. The predominant mechanism of action of anti-IgE agents such as omalizumab (Xolair) 
involves neutralizing free IgE and down-regulation of FcεRI expression on the target cells. The latter is 
evident several days following anti-IgE dosing and is the indirect result of decreased free IgE levels in blood 
and interstitial fluid. We will apply the TMDD framework, including rapid-binding and quasi-equilibrium 
models, to describe omalizumab plasma kinetics as well as its anti-IgE action. 
 
Keywords: Target-mediated drug disposition, TMDD, Monoclonal antibodies, Omalizumab 
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Pharmacokinetics of Gabapentin 400 mg Capsule in Healthy Thai Subjects 
 
 

Supeecha Wittayalertpanya*, Nantaporn Prompila, Nonlanee Sayankuldilok, Pajaree Chariyavilaskul 
 
Department of Pharmacology, Faculty of Medicine, Chulalongkorn University, Bangkok 10330, Thailand   
E-mail:  supeechas@hotmail.com 
 
Gabapentin is an antiepileptic drug and it is also indicated to be used in the treatment of chronic pain syndrome, 
especially neuropathic pain. An oral bioavailability of gabapentin displays dose-dependent. Plasma concentration of 
gabapentin are not directly proportional to dose. Therefore, pharmacokinetics of gabapentin is essential for patients 
who have to receive gabapentin 400 mg. The aim of the study is to determine gabapentin concentrations in plasma and 
investigate pharmacokinetic parameters of gabapentin 400 mg in healthy Thai subjects. The study was performed in 23 
healthy Thai male subjects who received a single oral dose of 400 mg gabapentin capsule. Serial blood samples were 
collected before and after drug administration until 48.0 hr. Plasma gabapentin concentration was determined by 
automated High-Performance Liquid Chromatography (HPLC) with UV detector after deproteinized with acetonitrile 
and derivatization with 1-fluoro-2,4-dinitrobenzene. The relevant pharmacokinetic parameters were investigated 
including time to peak plasma concentration (Tmax), maximum plasma concentration (Cmax), elimination rate constant 
(Kel), elimination half-life (T1/2), area under the plasma concentration-time curve (AUC0-t and AUC0-inf), clearance (Cl) 
and volume of distribution (Vd). The pharmacokinetics data of gabapentin 400 mg (mean ± SD) were 3.26 ± 1.24 hr 
(1.00 – 6.00 hr) for Tmax; 3,299.31 ± 815.69 ng/mL for Cmax; 0.10 ± 0.03 hr-1 for Kel; 7.22 ± 2.23 hr (5.04 – 12.06 hr) for 
T1/2 ; 34,316.44 ± 6,932.97 ng.hr/mL for AUC0-t, 35,307.12 ± 6,953.82 ng.hr/mL for AUC0-inf, 7.06 ± 1.42 L/hr for Cl 
and 72.49 ± 22.82 L for Vd. The pharmacokinetic parameters in Thai subjects showed rapid absorption and short 
elimination half-life of a single oral dose of 400 mg gabapentin capsule. These data can be used for gabapentin dosing 
in epilepsy patients who have to receive gabapentin 400 mg capsule. 
 
Keywords:  Gabapentin, Pharmacokinetics 
 
 
 

Association of ABCB1 Polymorphism with Lamotrigine-Resistant Epilepsy in Thais 
   

Korakot Buathet1*, Yothin Chinvarun2, Somchai Towanabut3, Pornpimol Kijsanayotin1 

 
1Department of Pharmacology and Physiology, Faculty of Pharmaceutical Sciences, Chulalongkorn University, 
Bangkok 10330, Thailand; 2Neurology Unit, Pramongkutklao Hospital, Bangkok 10400, Thailand;  3Neurology Unit, 
Prasat Neurological Institute, Bangkok 10400, Thailand 
E-mail: Pornpimol.K@chula.ac.th 
 
Along with clinical and environmental factors, genetic variability in P-glycoprotein (P-gp) encoded by the ATP-binding 
cassette (ABC)B1 gene may influence inter-individual variability in antiepileptic drug response by limiting drug 
absorption and brain availability. Lamotrigine (LTG) is a new generation antiepileptic drug (AED) which has been 
reported to be transported through biological membranes by P-gp. Therefore, the aim of this study was to investigate 
the association of ABCB1 polymorphism along with clinical factors with LTG responsiveness.   We recruited 104 Thai 
patients with epilepsy who were prescribed for LTG (68 LTG-resistant patients and 36 LTG-responders). The ABCB1 
c.3435C>T (rs1045642) was genotyped.  The association between the polymorphism and response to LTG was 
determined by multiple logistic regression. Multivariate logistic regression analyses showed that LTG resistance was 
associated with ABCB1 c.3435 CT and CC genotypes (OR 11.15, 95%CI 2.74-45.44, P = 0.001, OR 4.38, 95%CI 
1.10-17.45, P = 0.036, respectively). Analysis of LTG monotherapy subgroup confirmed the association of ABCB1 
c.3435 CT and CC genotypes with LTG resistant patients (OR 23.36, 95%CI 2.09-260.93, P = 0.010, OR 15.14, 95%CI 
1.27-180.46, P = 0.032, respectively). This study suggests that the ABCB1 c.3435C>T polymorphism influence the 
response of LTG in Thai patients with epilepsy. 
 
Keywords: Lamotrigine, Responsiveness, Drug resistant epilepsy, ABCB1 polymorphism, Thai 
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Carbamazepine is a narrow therapeutic index antiepileptic drug. Cytochrome P450 enzymes which includes CYP3A4, 
CYP3A5 and CYP2C8 are known to involve in its metabolism. Previous studies showed the relationships between 
CYP3A5 genotypes and carbamazepine metabolism, and thus the carbamazepine clearance. The aim of this study was 
to adjust the carbamazepine population clearance equation, which affects serum carbamazepine concentrations at steady-
state, using CYP3A5 genotypes both CYP3A5 expressor (CYP3A5*1/*1, CYP3A5*1/*3) and CYP3A5 non-expressor 
(CYP3A5*3/*3). The subjects in this study were 49 Thai epileptic patients from Prasat Neurological Institute Bangkok. 
Trough serum carbamazepine concentrations after the four week post-doses of the controlled-release preparations given 
two times a day in each patient were used for comparing with the estimated serum carbamazepine concentrations based 
on the equation Css

min(µg/mL)=Dose (mg/day)/CL(L/day). Synchron LX® with limit of quantification (LOQ) of 1 mg/L 
and % CV less than 10% was employed for analysis of serum carbamazepine concentrations. The Solver Function of 
the Excel program was used as an optimization tool for adjusting the carbamazepine population clearance equation. 
Performance test was performed using mean errors (ME) as a bias indicator together with root mean square errors 
(RMSE) as a precision indicator. Findings showed that adjustment of the original equation (OE) [CL/F (L/hr) = 
0.165×dose(mg/d)0.41×TBW(kg)0.11×1.25VPA(Valproic)×1.18PHT(Phenytoin) ×1.27PB(Phenobarbital)] resulted in a new adjusted 
equation (AE) [CL/F = 0.162 x Dose0.41 x TBW0.11×1.11VPA×1.35PHT×1.22PB×1.019CYP3A5*3/*3], that could predict serum 
carbamazepine concentrations more accurate than the original equation. Lower bias (ME), closer to a value of 0, (AE 
0.125 µg/mL vs. OE 0.339 µg/mL, p = 0.006), but comparable precision (RMSE) (OE 3.248 µg/mL vs. AE 3.641 
µg/mL, p = 0.123) were found. In conclusion, the adjusted equation has a tendency to be more accurate than the 
original equation in terms of estimating serum concentrations of carbamazepine in Thai epileptic patients, and further 
validation studies are needed to establish its usefulness in clinical practice. 
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Drug resistance during chemotherapy is major obstacles to the successful treatment of many cancers include 
cholangiocarcinoma (CCA), the cancer of bile duct epithelial commonly found in the Northeast of Thailand. Here, we 
reported that an inhibition of NQO1 may be a promising strategy to combat cancer drug resistance. NAD(P)H quinone 
oxidoreductase 1 (NQO1) is a ubiquitous flavoprotein functioning as a cellular protective response that defends cells 
against various toxic insults. As for its role in cancer, NQO1 is thought to protect cancer cells and may be associated 
with chemo-resistance and poor prognosis. In the present study, we demonstrate that treatment of anticancer drugs (i.e., 
5-fluorouracil, doxorubicin, and gemcitabine) can increase the level of NQO1, as an adaptive response in KKU-100 
CCA cell line. We further assessed the possibility of targeting NQO1 as a modulator for anticancer agents by testing 
the effect of NQO1 siRNA on chemo-sensitivity. Cell viability, apoptosis and necrosis were assessed by SRB and 
AO/EB assay, while the molecular mechanisms underlying cytotoxicity were determined by Western blot analysis. 
Results showed that NQO1 siRNA rendered CCA cells more susceptible to all anticancer drugs by decreased cell 
viability and increased apoptosis. Western blot analysis further suggested that the mechanism of enhanced chemo-
sensitivity were probably through the activation of p53. We provide evidence that suppression of NQO1 is important in 
inducing CCA cells to be more susceptible to anticancer drug effect. 
 
Keywords:  NAD(P)H quinone oxidoreductase 1(NQO1), Cholangiocarcinoma (CCA),  Chemoresistance, NQO1 
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Co-trimoxazole, a sulfonamide antibiotic combination of sulfamethoxazole and trimethoprim, is used for the treatment of 
various infections.  This drug has been reported as the most common cause of drug-induced Stevens-Johnson syndrome 
(SJS) and toxic epidermal necrolysis (TEN) in Thailand.  Recently, an association of sulfamethoxazole-induced SJS or 
TEN and HLA-B*38 has been reported in Caucasian populations. The present study aimed to investigate the association 
between HLA-B alleles with co-trimoxazole-induced SJS or TEN in the Thai population. Thirty-nine co-trimoxazole-
induced SJS or TEN patients and eighty-one co-trimoxazole-tolerant controls were enrolled in this study.  HLA-B 
alleles were determined by the reverse sequence-specific oligonucleotide probes (SSO) method.  It was found that 
HLA-B*38 was present in 2 (5.13%) co-trimoxazole-induced SJS or TEN patients, and 10 (12.35%) co-trimoxazole-
tolerant patient had this allele. The risk of co-trimoxazole-induced SJS or TEN was not significantly in the patients with 
HLA-B*38 with an odds ratio (OR) of 0.38 [95% CI 0.04-1.95, P = 0.33].  These preliminary results suggest that HLA-
B*38 might not be a good predictive marker for co-trimoxazole-induced SJS or TEN in studied Thai patients. In 
addition, no other HLA-B alleles were statistically significant associated with co-trimoxazole-induced SJS/TEN.  Since 
it has been reported recently that specific HLA alleles are involved in the pathogenesis of SJS/TEN caused by several 
drug, larger number of patient are needed in order to identify the HLA alleles that involved in SJS/TEN induced by 
co-trimoxazole need to be further investigated.   
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Signal transducer and activator of transcription 3 (STAT3) plays an important role in proliferation, migration and 
survival of tumor cells. It shows strong association with many different types of cancer. Previous reports suggested that 
interleukin-6 (IL-6) promotes survival and proliferation of cancer cells through directly activation of STAT3 via the 
family of tyrosine kinase known as Janus kinase (JAK). The aim of this study was to investigate the anti-tumor activity 
of two dietary phytochemicals, luteolin and silibinin, on JAK/STAT3 pathway using cholangiocarcinoma cells (KKU-
M156 cells). The results showed that IL-6 treatment could activate the STAT3 signaling cascade in KKU-M156 cells 
demonstrated by increased levels of phosphorylated-STAT3 protein (p-STAT3) in whole cell lysates using western blot 
analysis. Pretreatment of cells with luteolin and silibinin dose-dependently suppressed the STAT3 activation. We 
further examined the effect of IL-6 on cell migration using wound healing assay (scratching technique). Our data 
showed that treatment of KKU-M156 cells with IL-6 (200 ng/mL) could stimulate cells migration. To confirm the role 
of JAK/STAT3 on this activation, AG490 (specific JAK II inhibitor) was used. It was found that pretreatment of cells 
with inhibitor diminished IL-6-induced cell migration, suggesting a role of JAK/STAT3 signaling pathway in tumor cell 
migration. We next determined the anti-migration action of luteolin and silibinin. The results showed that both luteolin 
and silibinin could inhibit IL-6-induced KKU-M156 cell migration. Over all our data suggested that two phenolic 
compounds, luteolin and silibinin, exhibit anti-tumor activity in cholangiocarcinoma cells through inhibition of STAT3 
signaling pathway. Therefore targeting STAT3 signaling pathway may provide a potential intervention for cancer. 
 
Keywords:   Cholangiocarcinoma, Luteolin, Migration, Silibinin, STAT3   
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HIV-infected patients, receiving combination antiretroviral therapy regimens with high central nervous system (CNS) 
penetration, had lower HIV-1 viral RNA in the brain.  However, the lower HIV-1 RNA was not correlated to better 
cognitive functions. Previous studies demonstrated that lopinavir, a HIV protease inhibitor with high CNS penetration, 
were toxic to primary rat neurons and caused neurocognitive impairment in C57BL/6 mice. Herein, we aimed to 
determine the effects of protease inhibitors in the context of HIV-1 infection. Vpr transgenic mice received oral 
fosamprenavir plus ritonavir, lopinavir plus ritonavir or solvent once daily for three weeks. The immunoreactivity of 
EAAT2 was lower in ritonavir-boosted fosamprenavir- and lopinavir-treated mice together with the higher GFAP 
immunoreactivity in lopinavir-treated mice. Amino acid analysis revealed lower levels of glutamate and aspartate in 
brain cortex tissues (p < 0.05, n = 4-7). Both fosamprenavir- and lopinavir-treated mice displayed a trend toward higher 
number of cumulative errors. The T-maze completion time was higher in fosamprenavir treated mice (p < 0.05, n = 6-8). 
In conclusion, our results imply that exposure to protease inhibitors can further increase the neurocognitive impairment 
in animal models of HIV-1 infection. 
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Lentivirus infection induces the synthesis of host restriction factors to counteract its infection. The upregulation of host 
restriction factors to inhibit HIV-1 infection are well documented in the peripheral system; however, the evidences of 
host restriction factors roles on neurovirulence are limited. The expression of HIV-1 restriction factors in several cell 
types are regulated by interferon. The first objective of this study is to identify the expression of specific host restriction 
factors in HIV-infected brain tissues and glial cells. The second objective is to determine whether the expression of 
HIV-1 restriction factors is regulated by type I interferon signaling pathways. The transcript levels of four HIV-1 host 
restriction factors and MX1, a marker of interferon activation, in cerebral white matter and primary human microglia 
were examined by real time PCR analysis. The transcript levels of APOBEC3G, CD317 (known as BST2 or tetherin) 
and MX1 were significantly higher in HIV-infected brain and HIV-infected microglia while the transcript levels of 
TRIM5 and TRIM22 were similar among groups. Immunohistological analysis revealed an increased expression of 
MX1 and CD317 proteins in brain myeloid cells. The exposure of interferon-alpha induced the expression of 
APOBEC3G, CD317 and MX1 genes in primary human microglia, indicating that the up-regulation of HIV-1 host 
restriction factors was mediated by type I interferon signaling pathways. In summary, our studies demonstrated that the 
increased expression of HIV-1 host restriction factors is mediated by type I interferon signaling pathways and the 
alteration of HIV-1 host restriction factors represents a novel target for neuroAIDS therapy. 
 
Keywords:  APOBEC3G, BST2, Tetherin, CD317, Microglia 
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HIV-infected patients exhibit neurocognitive impairment and neuropsychiatric dysfunction. Several HIV-encoded 
proteins, i.e., Tat, gp120, and Vpr are neurotoxic and play a role in HIV-associated dementia. However, there is a 
limited evidence of HIV-encoded protein roles in neuropsychiatric disorders. Herein, we examined the roles of HIV-1 
Nef on neurocognitive and neuropsychiatric functions in a transgenic mouse model expressing HIV-1 Nef in myeloid 
cells. Neurobehavioral performance of Nef transgenic mice (n  10) was assessed by locomotory, forced swimming, 
elevated plus maze and T-maze tests. Nef transgenic animals displayed augmented locomotor activity with or without 
amphetamine injection (p < 0.05). In a forced swimming test, Nef transgenic animals showed lower immobility time 
than their littermate wild-type animals (p < 0.05), indicating that Nef animals had higher depression-like behavior. This 
reduced immobility time in Nef transgenic animals was not improved by an intraperitoneal injection of an antidepressant 
amitriptyline. An elevated plus-maze test was carried out to assess anxiety-related behavior. Nef transgenic animals 
displayed the increased number of open-arm entry (p < 0.05), indicating of the open-arm exploration behavior. A T-
maze test with food reward alteration protocol was used to examine the spatial memory and there was no difference in 
error rates between Nef and wild-type animals. In conclusion, all abnormal neurobehavioral behaviors point out to 
agitated/manic phenotype without any memory impairment. Our findings indicate the role of Nef in the neuropathogenesis 
of psychiatric dysfunction in HIV infection, making it an attractive target for preventative or therapeutic interventions. 
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Hexamethylene-bis-acetamide inducible gene-1 (HEXIM1) has both antiproliferative and antiangiogenic activity in 
breast cancer cells. Since angiogenesis is one of metastatic processes, the aim of the study was to demonstrate that 
HEXIM1 may play important roles in inhibition of metastasis. HEXIM1 protein expression can be induced by 
hexamethylene-bis-acetamide (HMBA). However, the maximal therapeutic dose of HMBA is below its effective dose 
due to severe thrombocytopenia. Local delivery of HMBA by biodegradable polymer, poly (L-lactide-co-glycolide) 
(PLGA), allows the drug to be released directly at target sites, increasing exposure time and reducing toxicity. The 
effectiveness of induced HEXIM1 protein expression through transgene or through the local delivery of small molecule 
HMBA was tested in inhibiting growth of highly aggressive and metastatic tumors in 27 MMTV-Polyoma Middle-T 
antigen (PyMT) mice. The reduction of tumor volume was observed in HMBA-PLGA treated group. HMBA-PLGA 
treatment also resulted in the reduction of tumor vascularization and lung metastasis. Moreover, there was no evidence 
of thrombocytopenia in 5 HMBA-PLGA-treated mice when compared to 5 PLGA-treated mice. Similarly HEXIM1 
expressed as a transgene specifically in the mammary gland and inducibly by doxycycline significantly decreased 
tumor volume, vascularization and lung metastasis. The mechanism of inhibition of tumor metastasis by HEX1M1 
expression was further studied by identifying HEXIM1 interacting proteins using yeast two hybrid screening. The 
result demonstrated that HEXIM1 protein interacts with 67-LR, a nonintegrin cell-surface receptor with high affinity 
for laminin. 67-LR plays important roles in cell migration and cell invasion and leads to tumor metastasis. In addition, 
HEXIM1 protein also downregulated migratory and invasive properties of breast cells through decreased membrane 
localization of 67-LR. Increased HEXIM1 protein expression in breast cancer provides therapeutic advantages by 
simultaneously targeting tumor angiogenesis, cell migration and invasion, thus improving the treatment of breast cancer 
metastasis. 
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The accumulation of beta amyloid (Aβ) peptide in the brain is a major characteristic of Alzheimer’s disease (AD) 
resulting in progressive decline in cognitive function. Aβ-Induced oxidative stress is supposed to be involved in the 
pathological cascades in AD. Pre-germinated brown rice (PGR) comprises valuable nutrients such as gamma-
aminobutyric acid and gamma-oryzanol higher than brown rice (BR) and polished rice. In this study, we examined the 
influence of PGR on antioxidant enzyme level and lipid peroxidation in rats treated with Aβ25-35 compared to those 
treated with BR. Male Wistar rats 8 weeks of age were randomly divided into 5 groups: the control (normal saline, n = 
5), the sham (normal saline intracerebro-ventricularly (i.c.v.) injection, n = 7), the Aβ (Aβ25-35 i.c.v. injection, n = 6), 
the Aβ+BR (BR, Aβ25-35 i.c.v. injection, n = 6) and the Aβ+PGR (PGR, Aβ25-35 i.c.v. injection, n = 6). When rats were 
anaesthetized, the plasma and the hippocampus samples were collected. Malondialdehyde (MDA), end product of Lipid 
peroxidation, was evaluated by HPLC. Antioxidant enzyme level, superoxide dismutase (SOD), was measured. We 
found that the SOD levels in the brain of the Aβ and the Aβ+BR groups were significantly decreased (p < 0.05) 
compared with the control, whereas they were significantly increased (p = 0.007) in rats fed PGR compared with the 
Aβ group. The plasma SOD levels were increased in rats supplemented with BR and PGR diets. The data also showed 
that the level of MDA in the brain of rats fed PGR tended to decrease (p = 0.05) compared with rats fed BR. However, 
the MDA level in plasma cannot be detected in all groups. In conclusion, supplementation with PGR diet may have 
protective effects against Aβ25-35-induced oxidative stress due to increased scavenging activity in the brain and may 
prevent AD associated with Aβ25-35. 
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NAD(P)H quinone oxidoreductase (NQO1) is a cytosolic flavoenzyme that detoxify a variety of toxic quinone 
substrates and widely believed to be a cellular protective response against various toxic insults. NQO1 is ubiquitously 
expressed in many human tissues and found to be increased during cancer development. Previous reports suggest role 
of NQO1 in proliferation and migration of cancers of epithelial and endothelial cells, whereas data is limit for 
cholangiocarcinoma (CCA), a primary cancer of the bile duct. The aim of this study was to investigate effect of 
blocking NQO1 in CCA cell proliferation and migration. We blocked NQO1 expression at both mRNA and protein 
levels by transient transfection of NQO1 siRNA without affecting the viability of KKU-100 CCA cells. We examined 
effect of NQO1 siRNA on cell proliferation and migration by using clonogenic and wound-healing (scratch) assays, 
respectively. A significantly suppressive effect of NQO1 siRNA on KKU-100 CCA cell proliferation was shown in 
clonogenic assay compared to non-targeting control siRNA (a suppressive effect on day 6 was 42.71%, p < 0.05). 
NQO1 siRNA also dramatically prevented KKU-100 CCA cell from migrating by 49% of non-targeting control siRNA 
in wound-healing assay 24 hr after wounding (p < 0.05). Our finding illustrates the biologic significance of NQO1 in 
CCA cell proliferation and migration and provides evidence that blocking NQO1 has potential anti-tumor ability. 
Further investigations into the specific mechanism involved in the anti-tumor effect of blocking NQO1 in CCA must 
follow.  
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Simvastatin (SMV) and Verapamil (VRM), are known to be CYP3A4 substrate and inhibitors, respectively. 
Concomitant use of SMV and VRM can increase SMV plasma concentration levels, resulting in a higher risk of 
rhabdomyolysis. At present, pharmacokinetic data of the interaction between both drugs were published. However, 
their use is limited to semi-quantitative applications only; not for quantitative purposes. We aimed to develop a 
mathematical model describing a drug-drug interaction between SMV and VRM in humans using Advanced 
Continuous Simulating Language Extreme (ACSLX), a FORTRAN language-based computer program. Searching for 
pharmacokinetic interaction studies between SMV and VRM in humans was perform in a research database (i.e. 
PubMed) and 3 studies with sufficient information were selected. Subsequently, average concentration-time course data 
from the studies were digitally extracted and computer models to describe the respective studies were coded using the 
ACSLX program. The best simulated model was chosen by visual inspection method. We developed 4 mathematical 
models which are able to describe all of the selected 4 datasets. The models are: 1) SMV oral single dosing; 2) VRM IV 
and oral single dosing; 3) VRM oral repeated dosing; and 4) SMV-VRM interaction. Notably, from our model 
simulations, auto-inhibition of CYP3A4 by VRM in GI tract might be responsible for elevated plasma concentration 
levels of VRM. This phenomenon was incorporated into one of our models. Our models might successfully describe 
concentration-time courses of SMV oral single dose, VRM oral single dose, VRM oral repeated dose and SMV-VRM 
interaction. Our interaction model might be helpful in prediction of rhabdomyolysis in patients with concurrent use of 
the drugs. 
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Extensive data collected from AD patients and animal models indicate that high serum cholesterol level and oxidative 
stress associated with the AD development. The oxidation of lipoprotein especially low density lipoprotein (LDL) may 
play important role in Alzheimer’s disease (AD). However, the investigation of LDL oxidation on memory formation is 
not well document. This study aimed to test the effect of LDL and its oxidized forms on cellular oxidative stress and 
the activation of CREB in SHSY-5Y neuroblastoma cells. The LDL was oxidized by CuSO4 to either mildly oxidized-
LDL (mox-LDL) or fully oxidized-LDL (fox-LDL). The neuronal survival was determined by MTT assay and the 
intracellular ROS was assessed by fluorescent DCFH-DA. CREB is a transcription factor protein involving the 
formation of long-term memory. CREB and phosphorylated CREB were evaluated by western blotting. The result 
showed that fox-LDL (100 and 200 µg/mL) significantly reduced cell viability (by 50% and 82%, respectively) 
whereas LDL and mox-LDL showed a small effect. The ratio of intracellular ROS level was significantly increased by 
mox-LDL (up to 3-fold) and fox-LDL (up to 2-fold). The western blot analysis revealed that LDL and mox-LDL 
increased CREB level by 70% and 73%, respectively, after short time treatment (15 min) and these effects were 
reduced by 25% and 41% at longer period (60 min). Fox-LDL, on the other hand, constantly reduced CREB activation 
(48%). This study suggested that LDL, especially oxidized LDL, had influences on neuronal survival and cellular 
function such as transcription possibly through the induction of cellular oxidative stress. LDL and/or oxidized LDL 
possibly involved in the pathways associated with memory loss in culture cells, and this might occur in AD 
pathogenesis. 
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Clopidogrel (CLP) is a thienopyridine antiplatelet agent commonly used in the management of cardiovascular diseases.  
CLP is metabolized by CYP2C19 and CYP2B6. Omeprazole (OME) is a proton pump inhibitor (PPI) used for 
decreasing gastric acid production. OME is a potent CYP2C19 inhibitor. When CLP and OME are simultaneously 
administered, its antiplatelet activity is decreased. As a result, pharmacological activities of CLP may be reduced and 
cardiovascular risk can be followed. We aimed to develop a mathematical model describing a drug-drug interaction 
between CLP and OME in humans. Searching for pharmacokinetic interaction in PubMed and Sciencedirect was 
performed. Five studies were selected into our modeling purposes to develop 3 mathematical models simulation. Those 
included: 1) an OME oral single-dose in healthy volunteers; 2) a CLP oral single dose in healthy volunteers; and 3) a 
CLP-OME interaction study in healthy volunteers. Subsequently, concentration-time course data from the selected 
studies were digitally extracted and computer models to describe the respective studies were coded using the Advanced 
Continuous Simulating Language Extreme (ACSLX) program and choose the best simulated model by visual 
inspection method.  We successfully developed 3 mathematical models which are able to describe all of the selected 5 
datasets. Those models are: 1) OME single oral dosing; 2) CLP single oral dosing; and 3) CLP-OME interaction. Our 
models could successfully describe concentration-time courses of CLP, OME and CLP-OME from 5 different studies. 
It may be useful in prediction the plasma levels of CLP active metabolite. 
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Evidence from in-vitro and animal studies previously showed that pomegranate juice is a significant CYP3A inhibitor.  
The aim of this study was to investigate the effect of pomegranate juice on the pharmacokinetics of cyclosporine in 
Thai healthy volunteers. A study design was an open-label, randomized, single dose, crossover study with a 2-week 
washout period.  Each fasting subject received 200 mg of microemulsion cyclosporine with 500 mL of pomegranate 
juice (test) or 500 mL of water (control).  Pomegranate juice was obtained by squeezing the edible portion of the 
pomegranate and filtering it to remove the residues. The filtrate was used within 12 hr. Blood samples were collected 
for assay of cyclosporine during a 24-hr period.  Blood samples were analyzed within 4 weeks after collection by 
means of chemiluminescent microparticle immunoassay. The 90% confidence intervals for the test/control ratio using 
logarithmic transformed data of AUC0-t, AUC0-∞ and Cmax were 91.6-105.6, 92.0-105.2 and 82.3-102.5, respectively.  
These results were within the accepted bioequivalence range as defined in the European Medicines Agency guidelines 
for narrow therapeutic index drugs (90-111% for AUC and 80-125% for Cmax).  There were no differences in safety 
profiles of the test and control groups. In conclusion, single dose co-administration of pomegranate juice with 
cyclosporine did not significantly affect the bioavailability of cyclosporine. 
 
Keywords: Cyclosporine, Pomegranate juice, Interactions, Pharmacokinetics 
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Nuclear factor of activated T-cell (NFATs) protein is expressed in most immune system cells and regulates the immune 
response by binding to the interleukin–2 (IL-2) promoter in activated T-cells. The NFAT family at least encodes four distinct 
classes of protein including NFAT1 (NFATp), NFAT2 (NFATc), NFAT3 and NFAT4 (NFATx). The objective of this study 
is to develop and validate the standard procedure for investigation NFAT4 and NFAT3 nuclear-cytoplasm translocation for 
using as a tool for bioactive immune-modulator screening. The pcDNA3.1 vector containing GFP, GFP-NFAT3(N) and 
GFP-NFAT4(N) were transiently transfected into HEK293T cells using Lipofectamine method. The transfected cells 
afterwards were cultured in modified Eagle’s medium containing 10% fetal bovine serum supplemented with antibiotics. The 
nuclear-cytoplasm translocation patterns of GFP and NFAT fusion proteins were studied after adding calcium ionophore 
(A23187), and/or cyclosporine A (CsA). The translocation patterns could be traced and analyzed by GFP signals via 
fluorescent microscope. In GFP transfected cells, the fluorescent signals were diffused all over the cells both with and without 
cytosolic calcium induction by A23187. Interestingly, the GFP-NFAT4(N) transfected cells significantly showed the 
translocation of the signal from cytoplasm to nucleus after the increase of cytosolic calcium by A23187, this effect was 
effectively inhibited by CsA (an immunosuppressant drug). As a dominant negative, the fluorescent signal from the GFP-
NFAT3(N) transfected cells remained predominantly in the cytoplasm even after A23187 stimulation. A23187 is a strong 
cytosolic calcium enhancer, stimulating NFAT4(N) nuclear translocation, whereas CsA is a strong calcinuerin inhibitor 
which effectively inhibits NFAT4(N) nuclear translocation. This model could be applied as a tool for bioactive immune-
modulator screening. 
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Warfarin is a common anticoagulant used worldwide for the treatment and prevention of thrombotic diseases e.g. 
myocardial infraction, ischemic stroke, venous thrombosis, atrial fibrillation, etc. However, common adverse reaction 
of warfarin is bleeding tendency which needs close monitoring by prothrombin time and international normalized ratio 
(INR). Some patients had abnormal bleeding though they received the same dose of warfarin to get the same INR level. 
CYP2C9*1/*1 patients needed higher doses of warfarin than the mutants. Moreover, warfarin is a specific inhibitor of 
the vitamin K epoxide reductase encoded by the vitamin K epoxide reductase complex subunit 1 (VKORC1) gene. 
Patient carrying VKORC1 wild type (1639G>G) needs higher warfarin dose than the mutant. Therefore, both CYP2C9 
and VKORC1 polymorphism play important role in predicting and adjusting warfarin dose for individual patient. We 
report here the results of VKORC1 and CYP2C9 genotype test for warfarin from our service. The study was performed 
retrospectively. Medical records of the patient who received warfarin at Srinagarind hospital, Faculty of Medicine, 
Khon Kaen University between 2009-2012 were reviewed. Mean number of the patients per year was fifteen. Mean age 
of patients was fifty-eight year old. Indications of warfarin were deep venous thrombosis (36.21%), mitral stenosis 
(22.41%), atrial fibrillation (8.62%) and others. Sixty percent of patients has INR higher than target INR. VKORC1 and 
CYP2C9 were determined based on real-time polymerase chain reaction. The result revealed that CYP2C9*1/*1 was 
88.10% and CYP2C9*1/*3 was 11.90%.  VKORC1 Genotype study found VKORC1 1639G>G, 1639G>A and 
1639A>A to be 1.72%, 24.14% and 74.14%, respectively. The most frequent indication of investigation was suspected 
toxicity. Therefore, CYP2C9 and VKORC1 genotype test may be needed before starting warfarin in order to optimize 
efficacy and minimize adverse reaction. 
 
Keywords: CYP2C9, VKORC1, Warfarin, Pharmacogenetics 
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Bacopaside I is a major constituent in Bacopa monnieri Wettst., which has been reported to be responsible for several 
pharmacological effects. Recently, we have successfully produced the polyclonal antibody (PAb) against bacopaside I. 
This antibody was specific to bacopaside I and compounds sharing the same aglycone moiety. In the present study, the 
immunochromatographic assay, the method which combined the separation technique together with the immunoassay 
using the PAb was developed and applied to the preliminary metabolism study in rat model. Polyethersulfone 
membrane was used as the chromatographic stationary phase. The results showed that the immunochromatographic 
assay developed could quantitatively determine bacopaside I in the range of 31.3-1000.0 ng. The limits of detection and 
quantification were 1.0 and 31.3 ng, respectively. The precision studies showed the relative standard deviation less than 
15%. The percent recoveries of bacopaside I in both rat urine and feces were in the range of 88-93%. The method was 
then applied for the determination of bacopaside I in rat urine and feces after oral administration of bacopaside I at 15 
mg/kg body weight. The result showed that bacopaside I was detected in rat feces suggesting the successfulness of this 
assay for determination of bacopaside I in the feces sample. The compound was, however, not detected in rat urine. The 
possible reasons might be that the level of bacopaside I in urine was lower than the LOD or no bacopaside I excreted in 
rat urine.  
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Simvastatin (SMV) is a HMG-CoA reductase Inhibitor and a substrate of CYP3A4. Clarithromycin (CLA) is a 
commonly used macrolide antibiotics and a potent inhibitor of CYP3A4. When co-administered with SMV, CLA can 
significantly increase SMV plasma concentration levels, thereby, increase the risk of rhabdomyolysis. At present, PK 
data of the interaction between both drugs are available. However, they are being used for semi-quantitative application 
only, not for quantitative prediction. We aimed to develop a mathematical model describing a drug-drug interaction 
between SMV and CLA in humans using Advanced Continuous Simulating Language Extreme (ACSLX), a 
FORTRAN language-based computer program as our development tool. Searching for pharmacokinetic interaction 
studies between SMV and CLA in humans in PubMed was performed. Four pharmacokinetic studies were selected. 
Those were: 1) a SMV oral single-dose (Lohitnavy et al., 2004); 2) a CLA single oral dose in healthy human volunteers 
(Lohitnavy et al., 2003); 3) an oral CLA multiple dose in healthy volunteers (Friederike et al., 2007); and 4) a CLA-
SMV interaction study in healthy human volunteers (Terry et al., 2004). Subsequently, mean concentration-time course 
data from the studies were digitally extracted and computer models to describe the respective studies were coded and 
compiled using the program by visual inspection method. We successfully developed 3 pharmacokinetic models. Those 
are: 1) CLA oral single and repeated dosing, 2) SMV oral single and repeated dosing and 3) SMV-CLA interaction. 
Our models describe mean concentration-time courses of CLA, SMV and SMV-CLA interaction in the selected study. 
The resulting interaction model may be able to be used for further development of a quantitative model describing 
SMV-CLA interaction and rhabdomyolysis. 

Keywords: Simvastatin, Clarithromycin, Computer model, Interaction  
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Piper sarmentosum, a plant in the Piperaceae family, has been used in Thai cuisines for long times. In traditional 
medicines, it has been claimed to be capable in controlling blood sugar level in diabetic patients. Nowadays, there are 
several reports showing the anti-diabetic property of this herb, but its toxicity remains to be explored. This study aimed 
to elucidate the toxicities of P. sarmentosum extract after administration for 3 and 6 months. The sub-chronic and 
chronic toxicity of the water extract of P. sarmentosum were examined in both male and female Sprague Dawley rats. 
Animals were divided into 4 groups (n = 4) and were fed with extracts at doses of 0.5, 1 and 2 g/kg/day for 3 and 6 
months. Rats in control group were fed with drinking water. Animals were weighed weekly. At the end of each feeding 
periods, blood sample were collected by cardiac puncture for further laboratory analysis including complete blood 
count, blood chemistry and other relevant biochemical parameters. The histopathology of major organs, including 
heart, lungs, liver, pancreas, stomach, spleen, kidneys, ovaries and testes were also examined. It was found that there 
were no significant differences in hematologic and blood chemical parameters between sexes or the dosages of the 
extracts. Similarly, histopathology study indicated that there were no obvious pathological changes in all the major 
organs. However, the enlargement of pancreatic islets in both male and female rats was observed in the highest dose at 
3 months but not found in 6 months treated groups. In conclusion, the water extract of P. sarmentosum at all tested 
doses showed no obvious sub-chronic and chronic toxicities in the rats. 
 
Keywords: Piper sarmentosum, Sub-chronic toxicity, Chronic toxicity 
 
 
 

Immunomodulatory Activity of Beta-Glucan from Edible Wild Mushrooms 
 
 

Phonthipa Meephayoong1*, Chanida Hunswasdi2, Sutatip Pongcharoen3, Nanteetip Limpeanchob1 
 
1Department of Pharmacy Practice and Center of Excellence for Innovation in Chemistry, Naresuan University, 
Phitsanulok 65000, Thailand;  2Department of Food Science and Technology, Mahidol University International 
College, Nakhon Pathom 73170, Thailand; 3Department of Medicine, Faculty of Medicine, Naresuan University, 
Phitsanulok 65000, Thailand 
E-mail:  go2neung@hotmail.com 
 
There is a significant amount of experimental evidence suggesting that beta-glucans from mushrooms enhance a host 
immune system by activating various mechanisms in immune cells, including macrophages and monocytes. Different 
physicochemical properties such as primary structure, molecular weight, branching and chemical composition of beta-
glucans are depending on both source and isolation technique and such properties play a role in their 
immunomodulatory activities. In Thailand, there are various types of edible wild mushrooms but there is no 
information of their immunological activity.  This study then aimed to investigate the immunomodulating effect of 
beta-glucan from wild mushrooms. The release of nitric oxide (NO) and pro-inflammatory cytokines including 
TNF-α, IL-1β, IL-6 and IL-12 from RAW264.7 macrophages and hPBMCs were determined to assess the 
immunomodulating activity. Seven species of wild mushrooms containing high content of bata-glucans were selected. 
Beta-glucan extract from R. delica (RD) showed the highest immunostimulating effects by enhancing the release of NO 
and cytokines in both cell types. The extract of RD also enhanced the production of intracellular reactive oxygen 
species (ROS) in RAW264.7 macrophages. Beta-glucans extracts from 7 species of wild mushrooms showed 
immunosuppressing effects by suppressing the NO release in LPS-stimulated cells. Some species also have suppressing 
effect on cytokine release induced by LPS-stimulation. The results demonstrated that beta-glucan from different types 
of edible wild mushrooms displayed different pattern of immunomodulating effects. This study suggests the potential 
use of beta-glucan from wild mushroom for balancing immunological activity as immunostimulating or 
immunosuppressing purposes. 
 
Keywords: Beta-glucan, Immunomodulatory activity, Intracellular reactive oxygen species,  Nitric oxide,  

Pro-inflammatory cytokine  
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Chronic inflammation plays an important role in the pathogenesis of neurodegenerative disorders such as Alzheimer’s 
disease and Parkinson’s disease. Activated microglia releases a number of pro-inflammatory mediators, such as, nitric 
oxide (NO), superoxide anion, and cytokines that cause damage of neurons. Lipopolysaccharide (LPS) from gram 
negative bacteria has been widely used as an innate immune inducer of inflammation. Nonetheless, not only pro-
inflammatory mediators but also oxidative stress could be enhanced upon inflammation. The rhizome of Curcuma 
comosa Roxb.  has been used in Thai traditional medicine in various applications, such as, treatment of post-partum 
uterine bleeding, treatment of uterine inflammation, or promoting lactation. Our previous research showed that hexane 
extract of crude powder of C. comosa can attenuate the release of pro-inflammatory cytokines in activated microglial 
cell line. In this study, we focused on the effect of the pure compounds, (3S)-7-(3,4-dihydroxyphenyl)-1-phenyl-(1E)-1-
hepten-3-ol (compound 092), which is one of the main compounds from the hexane extract of C. comosa, on the 
production of pro-inflammatory mediators and the effect on the oxidative stress, in LPS-activated Highly Aggressive 
Proliferating Immortalized (HAPI) microglial cell line. LPS at 0.1 µg/mL significantly stimulated the production of NO 
without causing the loss of cell viability. We further investigated the effect of the compound 092 on the NO production 
in activated microglia cell line. It was found that compound 092 had ability in reducing NO production, suggesting its 
anti-inflammatory effect. To assure the pathway of the compound 092 axis, the observation of p-IKK production had 
been placed, and the result showed that the compound 092 could suppress the production of p-IKK. Moreover, the ROS 
level had been observed and revealed that the compound 092 significantly lowers the ROS production. Further studies 
are needed to confirm whether the compound 092 exert their anti-inflammatory effect through the anti-oxidant effect, 
or conversely. 
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Scaphium scaphigerum fruit has been used as a traditional medicine in Thailand for its anti- inflammatory action. 
Previously we demonstrated that S. scaphigerum significantly inhibited the delayed-type hypersensitivity (DTH) 
reaction and augmented the antibody production in a dose-dependent manner albeit not statistically significant.  To 
further investigate the effect of S. scaphigerum in a cyclophosphamide (CYP)-induced immunosuppressed mouse 
model designed for preclinical evaluation of biological response modifiers. S. scaphigerum was obtained and identified by 
Thailand Institute of Scientific and Technological Research. ICR mice were divided into 6 groups and each group 
containing 7 mice.  At day 0, each mice were orally treated once daily for 13 days, with normal saline (control group), S. 
scaphigerum (19.5, 39 and 78 mg/kg) or levamisole (25 mg/kg). For immunosuppressed groups, mice were injected 
intraperitoneally with CYP (50 mg/kg/day) for 3 days (Day14-16). DTH assay was settled by using sheep red blood cell 
(SRBC)-induced footpad swelling test. The results showed that all normal immune mice had typical DTH response and 
exhibited the highest % inflammation (11.58  1.88) whereas the CYP-induced immunosuppressed mice exhibited lower 
% inflammation (3.28 1.03). S. scaphigerum significantly reversed the inhibitory effect of CYP on the DTH reactions 
of mice immunized with SRBC in a dose-dependent manner. The % inflammation of mice treated with S. scaphigerum at 
19.5 mg/kg = 4.53 0.86, 39 mg/kg = 7.69 1.38 and at 78 mg/kg = 9.22 1.06. The reversal effect of levamesole (an 
immunostimulating drug), was milder (6.86 0.4) than the reversal effects of S. scaphigerum at 39 and 78 mg/kg. In 
summary, the results indicate that S. scaphigerum possesses an immunostimulating effect on the immune response 
especially while the immune system is down-regulated by CYP. This study provides an in vivo evidence for the 
development of S. scaphigerum as an immunomodulator in the future. 
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Quercetin is one of the most potent antioxidants in the flavonoid families, which are groups of polyphenolic 
compounds found ubiquitously in fruits and vegetables. Quercetin possesses a broad range of pharmacological 
properties including antioxidant activity, which directly related to the phenolic hydroxyl groups in the structure. We 
previously identified the functional groups that are critical for the antioxidant activity of quercetin and its methyl 
derivatives by DPPH assay. 3-o-Methyl quercetin is a less toxic derivative of quercetin and was selected to study its 
neuroprotective property. In this study, we aimed to investigate the neuroprotective effect of methyl derivative of 
quercetin (3-o-methyl quercetin) in oxidative stress-induced neuronal injury, which is the pathogenic mechanism of 
several neurodegenerative diseases. We used hydrogen peroxide to induce neurotoxicity in cultured dopaminergic 
neuronal cell line, SH-SY5Y. Treatment with 3-o-methyl quercetin at the indicated concentrations alone did not affect 
the cell viability. Pretreatment of SH-SY5Y cells with 3-o-methyl quercetin, ranging from 1 to 20 µM significantly 
attenuated the effect of hydrogen peroxide on reduction of cell viability (MTT assay) in a dose-dependent manner. 
Moreover, p53 activation was significantly decreased upon 3-o-methyl quercetin treatment at 5 µM. Our results 
demonstrated the protective effect of 3-o-methylquercetin against hydrogen peroxide-induced oxidative stress. This 
flavonoid can be used in prevention or treatment against several neurogenerative disorders caused by oxidative stress. 
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Pomegranate has a long history of involvement in ethnopharmacy. Recently, a standardized procedure for extracting 
pomegranate peel was established, in which ellagic acid (EA) was found as the major antioxidative constituent and not 
less than 13%. In this study, we aimed to develop a stable topical formulation containing standardized pomegranate 
rind extract (SPRE) for the treatment of cutaneous disorders. EA was quantified by HPLC as an indicator in the studies 
of stability using 90-day storage test and in vitro release which was determined by using the modified Franz diffusion 
cells. For in vivo anti-inflammatory effect, topical formulation of SPRE and its equivalent EA was investigated in the 
model of phenol-induced mouse ear edema. We found that the formulation prepared with PEG400 and PEG4000 
containing 5% SPRE was stable and provided a good in vitro release profile with a release rate of 36.67 ± 5.01 
µg/cm2/hr. In in vivo study, SPRE formulations (5%, 2.5% and 1%) and their equivalent EA formulations (0.65%, 
0.325% and 0.13%) dose-dependently reduced phenol-induced mouse ear edema with a maximal inhibition of 79.12% 
and 73.63%, respectively. Taken together, the results indicated a promising anti-inflammatory activity of this PEG-
SPRE topical formulation that can be used for the treatment of skin disorders.    
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Non-enzymatic glycation of protein has been implicated in several complications related to aging and diabetes. 
Syzygium aromaticum (L.) Merr. & Perry has shown a variety of pharmacological properties. However, there were no 
studies related to the antioxidant and antiglycation activities of S. aromaticum. The current study was aimed to evaluate 
the antioxidant and protein glycation inhibitory activity of S. aromaticum in the bovine serum albumin (BSA)/ fructose 
system. The results indicated that S. aromaticum significantly inhibited the formation of advanced glycation end-
products (AGEs) at 4 weeks of incubation (95.17 ± 2.85 percentage inhibition). Moreover, the levels of amyloid cross 
β-structure in glycated BSA were significantly decreased by S. aromaticum (42.54 ± 0.55%), indicating that it could 
help to reduce a risk of developing debilitating degenerative diseases in diabetic patients. Furthermore, S. aromaticum 
also prevented oxidative protein damages (53.05 ± 3.00%) and the loss of protein thiol of glycated BSA (50.17 ± 
10.41%). S. aromaticum exhibited the Trolox Equivalent Antioxidant Capacity (47.18 ± 0.80 µmol trolox 
equivalents/mg extract), Ferric Reducing Antioxidant Power (205.54 ± 1.12 µmol ascorbic acid equivalents/mg extract) 
and DPPH radical scavenging activity (23.84 ± 1.12 µmol ascorbic acid equivalents/mg extract). From the 
phytochemical analysis, the phenolic content in the extract was 239.58 ± 7.00 mg gallic acid equivalents/g extract. 
According to these results, S. aromaticum markedly reduces the formation of AGEs and protein oxidation associated 
with its antioxidant activity, may help to delay and prevent the onset of AGE-mediated degenerative diseases.   
 

Keywords: Antiglycation, Antioxidant, Syzygium aromaticum (L.) Merr. & Perry, Advanced glycation end-
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The consumption of high carbohydrate-high fat diet (HCHF) causes an insulin resistance and metabolic syndrome 
(MS). Rice bran diet has been demonstrated to attenuate dyslipidemia in obese Zucker rats. In addition, the driselase-
treated fraction of rice bran has been shown to significantly improve hypertension and glucose tolerance in stroke-
prone spontaneously hypertensive rats. We investigated the effect of rice bran protein hydrolysates (RBP) on plasma 
glucose, lipid profiles and blood pressure in male Sprague-Dawley rats with MS. Rats in a control group were fed with 
chow diet and water ad libitum, rats in the MS group were fed with HCHF and 5% fructose in drinking water for 10 
weeks. After that, in the MS group, RBP (100 and 500 mg/kg/day) or distilled water (DW) was orally administrated for 
further 6 weeks. Then, fasting blood glucose, oral glucose tolerance test (OGTT), lipid profiles, blood pressure and 
liver weight were determined. Results demonstrated that the MS control group has all examined parameters higher than 
those of normal control rats. The administration of RBP 500 mg/kg/day significantly (P = 0.009) decreased the blood 
glucose (97.86 ± 6.69 mg/dL) as compared to MS-control group (105.29 ± 5.22mg/dL) and improved OGTT. RBP 
(both doses) significantly (P = 0.009, P = 0.011) reduced total cholesterol (61.67 ± 8.12, 62.71 ± 5.85 mg/dL 
respectively) and triglycerides (21.67 ± 17.43, 6.29 ± 1.98 mg/dL respectively) as compared to the MS-control group 
(total cholesterol: 81.20  3.44 mg/dL, triglycerides: 55.10  9.23 mg/dL). The systolic blood pressure at week 16 of 
MS rats receiving RBP 500 mg/kg/day (127.55  4.83 mmHg) was significantly (P = 0.001) lower than before the 
treatment (137.29  2.00 mmHg). The liver weight of the MS rats receiving RBH 500 mg/kg/day was decreased 
significantly (P = 0.004) as compared to the MS-control group (32.37 ± 2.66 and 38.85 ± 3.70 g/kg BW respectively). 
These results indicate that RBP ameliorates the HCHF induced progression of MS, and could be further developed as a 
novel food supplement for metabolic syndrome patients. 
 

Keywords: Metabolic syndrome, Insulin resistance, Rice bran protein hydrolysates  
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Aging is defined by a progressive decline of physiological function and by the increased susceptibility to disease and 
death. Reactive oxygen species (ROS) is thought to be involved in oxidative damage contributing to the aging 
phenomenon. Brown rice (BR) is a natural grain which contains more nutritional values than polished rice. Pre-
germinated brown rice (PGR) is known to contain nutrients including gamma-aminobutyric acid (GABA), gamma-
oryzanol, vitamin E, ferulic acid and phytic acid in a significant amount as compared to BR and polished rice. In this 
study, we determined effects of PGR on antioxidant enzyme level and lipid peroxidation in plasma and the 
hippocampus of aged rats compared them with those of BR. Male Wistar rats at the age of 9 months were randomly 
divided into 3 groups: the control (normal saline), the BR (BR 13 g/kg body weight/day) and the PGR (PGR 13 g/kg 
body weight/day). All rats aged 12 months were anaesthetized, plasma samples and the hippocampus were then 
collected. End product of Lipid peroxidation, malondialdehyde (MDA) was evaluated using a HPLC technique. 
Activity of superoxide dismutase (SOD), an endogenous antioxidant enzyme, was also measured. Our results showed 
that the SOD level in plasma of aged rats fed PGR was significantly increased compared with the control (P = 0.007) 
and the BR (P = 0.001) groups, but no significant changes was seen in the hippocampus from aged rats in different diet 
groups. The data also demonstrated that the level of plasma MDA, an indicator for oxidative stress, in rats fed PGR diet 
was significantly decreased compared to the control. Although, there were no statistical significance was found in the 
hippocampus. These results showed that supplementation with PGR diet may play an anti-oxidative role on aged rats. 
 
Keywords: Pre-germinated brown rice, Superoxide dismutase, Lipid peroxidation,  Aged rats 
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Non-enzymatic glycation between reducing sugar and free amino groups of protein results in advanced glycation end 
products (AGEs) formation. The accumulation of the irreversible-AGEs in body tissues contributes to a variety of 
macrovascular and microvascular complications in diabetes mellitus. Searching new chemical compounds from natural 
products have been explored for possibly antiglycating agents. Cyanidin-3-rutinoside (C3R), a glycosylate form of 
anthocyanin, has been reported as anti-oxidant, anti-α-glucosidase and α-amylase activities. The objective of this study 
was to investigate the protective effect of C3R on protein glycation using bovine serum albumin (BSA)/fructose 
system. The various concentrations of C3R were incubated with BSA and fructose at 37C for 14 days. The fluorescent 
intensity of AGEs, β-amyloid cross structure, carbonyl content and protein thiol group were determined. The results 
showed that C3R (1.95 M–0.50 mM) significantly inhibited AGEs formation in a concentration-dependent manner. 
The IC50 value of C3R was 26.41 ± 0.46 μM against the AGEs formation. In addition, C3R (0.50 mM) markedly 
decreased the levels of β amyloid cross structure by approximately 68.21 ± 0.58%, indicating that it may reduce the risk 
of debilitating degenerative diseases in diabetic patients. When comparing to negative control, C3R (0.50 mM) 
significantly decreased protein carbonyl level by 63.29 ± 1.67% and protected the loss of thiol group by 6.34 ± 0.70%, 
suggesting that it could prevent protein oxidation in BSA. Our findings suggest that the C3R may be a new promising 
compound for preventing or ameliorating of AGE-mediated diabetic complications.  
 
Keywords: Cyanidin-3-rutinoside, Advanced glycation end products, Protein glycation 
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Damage of sensorimotor cortex (SMC) by lesions or stroke resulted in impairments task requiring skilled movements 
such as food retrieving. In order to recover the appropriate restoration, a coordinated reorganization in the multiple 
projections to the structures belongs to the neural circuits is required. There has long been a search for therapy that is 
able to prevent injury progression or enhance brain repairing process and improve long-term behavioral outcomes. It is 
thus our interest to investigate whether there is an effective treatment to stimulate recovery from cortical injuries of the 
infant brain. Centella asiatica (C. asiatica) is an herb beneficial for disorder of the central nervous system. It is also 
used to promote brain growth and improve memory. To overcome variation of compounds in herbal extracts we have 
prepared a standardized extract of C. asiatica namely ECa 233 and its effects on recovery of motor function in 
hemidecorticated neonatal rats was then investigated. SMC of postnatal day 5 rats was aspirated and motor function 
was evaluated by skill reaching task in their adulthood. The result showed that hemidecorticated rats significantly 
demonstrated compromised success in reaching task of contralesional limb which could be improved by ECa 233 
given orally. In vitro study was performed to investigate the effect of ECa 233 on the neurite outgrowth. Morphometric 
analysis was carried out by a measurement of longest neurite outgrowth of IMR-32 neuroblastoma cells at 24 and 48 hr. 
The results showed that ECa 233 (1, 10 and 100 µg/mL) significantly enhanced neurite outgrowth in IMR-32 cells. Our 
results suggested that appropriate dose of ECa 233 exerted neurotrophic effects responsible for enhance recovery of 
motor function after neonatally hemidecortication. 
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Pre-germinated brown rice (PGR) is brown rice that has been soaked in water to initiate germination of sprouts. During 
germination, brown rice produced the γ-aminobutyric acid (GABA), the vitamins, minerals and/or unknown bioactive 
lipids in the bran and germ layer of PGR. The concentration of GABA in PGR increased more than 15 times of brown 
rice. GABA is a major inhibitory neurotransmitter in the central nervous system. The previous reports showed that PGR 
had reversed memory loss and reduced anxiety in mice. Amnesia is a common symptom in the elderly and is caused by 
the degeneration of neuronal cells and the accumulation of amyloid β-peptide. In this study, we used male Sprague-
Dawley rats that were divided into two groups, old and Aβ25-35 peptides-induced amnesic groups, and fed with standard 
pellet food, standard pellet food plus brown rice or pre-germinated brown rice (40% of food intake) for 4 weeks. 
Anxiety was assessed by the Elevated plus-maze test, whilst Novel objective recognition (NOR) test and Morris water 
maze (MWM) test were used to assess learning and memory. In MWM test, the time spent in the target quadrant in 
probe trials of control amnesic group (Aβ) and Aβ-PGR groups were 22.87 ± 1.23 and 29.45 ± 1.37 sec, respectively. 
For NOR test, the recognition index of the control amnesic (54.83 ± 1.81) was significantly lower than the Aβ-PGR 
groups (65.83 ± 2.3). PGR significantly increased the time spent (135.7 ± 14.25 sec) in the open arms of the elevated 
plus-maze. We found that the pre-germinated brown rice could enhance learning and memory in old rats and prevent 
memory impairment caused by Aβ25-35 peptide and reduce anxiety in both groups. In summary, this study indicated a 
potential role of pre-germinated brown rice supplementation for anti-anxiety and improvement of memory in elderly. 
 
Keywords:  Pre-germinated brown rice, Alzheimer, Gamma amino butyric acid, Amyloid β-peptide 
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Pulmonary hypertension is a rare lung disorder in which blood pressure in pulmonary arteries rises above normal levels 
which could lead to the development of right heart failure. One of the medicines for the treatment of this disease is 
phosphodiesterase5 (PDE5) inhibitors such as sildenafil (Viagra®). In the preliminary study, we found that the 
curcuminoid analogs could inhibit PDE5 in a significant level. In this study, we aimed to study effects of curcumin 
(AS-KI 020) and its analogs; AS-KI 021, 022, 033, 064, 086, 087, 096 and 098 on relaxation of pulmonary artery.  
Intra-pulmonary arteries with endothelium were isolated from Wistar rats and tested in an organ bath using MacLab for 
monitoring the relaxation. The result showed that the curcumin and its analogs had EC50 values at 10-5 M. Interestingly, 
these compounds did not affect aorta. The maximum relaxation of pulmonary arteries with and without endothelium 
suggested that the sites of action of these compounds are both on smooth muscle and endothelial cells. The evidence 
from this study supports the development of the curcuminoid analogs for the treatment of pulmonary hypertension. 
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The accumulation of advanced glycation end products (AGEs) in body tissue leads to several degenerations, 
atherosclerosis and diabetic complications. It is clarified that the inhibition of AGE formation is the imperative 
approach to alleviate diabetic complication. Various pharmacological activities of Clitoria ternatea (CT) have been 
reported in literatures such as anti-oxidant and anti-diabetic properties. However, there is no report to support anti-
glycation of CT. The objective of this study was to determine the inhibitory effect of CT extract on AGEs formation in 
in vitro using bovine serum albumin (BSA)-fructose assay. The aqueous extract of CT (0.25-1.0 mg/mL) was incubated 
with BSA and fructose at 37C for 28 days. The Amadori product (fructosamine) and amyloid cross β structure were 
determined by nitroblue-tetrazolium and thioflavin T assay. Moreover, protein oxidation was determined by protein 
carbonyl and thiol assay. The results showed that the fluorescent intensity of BSA incubated with fructose increased by 
6.8-folds compared to BSA, indicating an evident formation of AGEs. In the meantime, CT extract (0.25-1 mg/mL) 
significantly inhibited formation of AGEs in a concentration-dependent manner (18.35 ± 2.1%-63.20 ± 2.5%). CT (1 
mg/mL) also markedly reduced the levels of fructosamine (35.66 ± 1.02%) and the formation of amyloid cross β-
structure formation (26.04 ± 0.94%).  When comparing with the glycated BSA, CT (1 mg/mL) could prevent the 
oxidation of protein by decreasing protein carbonyl content (11.05 ± 0.34%) and the loss of free thiol group (6.23 ± 
0.44%). Our results suggest that CT extract may exert anti-glycation effect that could be a new natural product for 
prevention of AGE-mediated diabetic complications.  
 
Keywords: Clitoria ternatea extract, Glycation, Protein oxidation 
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Depression is the most common mental disorder which has characteristics of low mood, sadness and insomnia. The 
World Health Organization ranks depression at the top of the list in terms of disease burden in 2030. Many medicines 
have been used for treatment of depression including antidepressant drugs and medicinal plants. Piperine is an alkaloid 
in the fruits of black pepper, long pepper and other piper species and previous studies showed that piperine exhibited 
antidepressant effect. The aim of this study was to investigate antidepressant-like effects of piperine in mice using 
forced swim test and western blot. Reserpine (0.1 mg/kg body weight) was used as depressive inducer and mice were 
given piperine intraperitoneally at various doses ranging from 5, 10 and 20 mg/kg body weight after piperine 
administration for 2 weeks. Mice were forced to swim for 6 min before study commencing and after 2-week of piperine 
administration. Expression of cAMP response element binding (CREB) protein, a transcription factor involved with 
neurogenesis, in the mouse brains was determined by Western blot technique. The result showed that piperine reduced 
immobility time in dose-dependent manner and the highest dose (20 mg/kg) produced antidepressive effect as well as 
fluoxetine. In reserpine-induce depression mice, all dose of piperine exhibited the same effect as fluoxetine in mobility 
time. Piperine produced increases of CREB protein expression in brains of treated and untreated piperine mice. The 
results suggested that piperine showed antidepressant effect and the effect might be involved with upregulation of 
CREB protein. Further study will need to investigate other possible mechanisms of piperine which lead to 
antidepressant-like effect. 
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The in vitro anti-inflammatory, antioxidant and anti-allergic activities of standardized Rhinacanthus nasutus leaf 
extract (SRLE) have been reported but the in vivo analgesic activities of SRLE and its main active constituent, 
rhinacanthin-C (Rn-C) have not been investigated. Based on our previous study, SRLE was prepared and the total 
rhinacanthins content was standardized to not less than 70% w/w. Rn-C was also purified from the SRLE. The aim of 
the present study is to evaluate the analgesic activities of SRLE and Rn-C in three pain models as follows: acetic acid-
induced writhing, hot plate and formalin tests. Oral administration of SRLE (20, 40 and 80 mg/kg) dose dependently 
suppressed the writhing response induced by acetic acid in mice. Rn-C at the same doses produced a similar effect. 
However, neither SRLE nor Rn-C had a significant effect on the hot plate test in mice. In the formalin test, both SRLE 
and Rn-C at the dose of 40 mg/kg significantly reduced the licking activity in the late phase but not in the early phase. 
At the higher dose of 80 mg/kg, SRLE and Rn-C decreased the licking activity in both the early and the late phase. 
These results suggested that SRLE and Rn-C possess favorable peripherally analgesic activity. 
 
Keywords:  Experimental animals, Pain models, Rhinacanthin-C, Rhinacanthus nasutus 
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Erectile Dysfunction (ED) is a common public health problem affecting millions of men worldwide. Phosphodiesterase 
5 (PDE5) inhibitors can be used for the treatment of ED. However, most of PDE5 inhibitors show some undesirable side 
effects. The aim of the study is to search for new PDE5 inhibitors from synthesis and natural sources. All of substances 
were tested for PDE5 inhibitory activity by using radio-assay. In our preliminary screening, we found that curcumin, a 
major component in Curcuma longa L., together with its analogues showed inhibition effect on PDE5. Interestingly, 
some analogs showed no effect on PDE6 which is the isozyme that can be found in rod and cone cells within the eye. 
The IC50 values of curcumin analogues, ASKI087and ASKI098 against PDE5 were in a micromolar range. The 
curcuminoid structure could be a promising lead for PDE5 inhibitors. 
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The development of hair growth is related to androgen activity which plays an important role in developing the 
secondary sex characteristics. High androgenic activity leads to the growth of body hair in males, therefore anti-
androgenic compounds might be good candidates for axillary hair retardation products. Previously, we reported the 
anti-androgenic activity of a Thai medicinal plant, Curcuma aeruginosa. In this study, we aimed to develop an axillary 
hair retardation product from this plant which dosage form was o/w emulsion. To evaluate the efficacy of the product, a 
double-blinded randomized controlled trial was performed in 30 women (aged > 20 years). The product or placebo was 
applied under armpit twice a day for 3 months. Hair growth rate, hair density, and percentage chang of hair growth rate 
from baseline were evaluated. The result showed that the product could significantly reduce hair growth rate after 7 
weeks of usage while hair density did not change when comparing with placebo (p = 0.05). From the questionnaire, the 
majority of volunteers satisfied with hair growth rate and hair thickness reducing effect of the product. In conclusion, 
this study successfully demonstrates the application of C. aeruginosa extract as hair growth retardation agent.  
 
Keywords:  Curcuma aeruginosa, Axillary hair retardation product, Anti-androgen 
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The oxidation of low density lipoproteins (LDL) is thought to be an important early step in atherogenesis. Several 
studies have reported that many substances found in food such as vitamin E and flavonoids prevent the LDL oxidation. 
Piperine was reported to have the inhibitory effect on LDL oxidation. This study was aimed to investigate the potential 
to inhibit LDL oxidation of eleven synthetic piperine derivatives. LDL from plasma was isolated by density gradient 
ultracentrifugation. The oxidation of LDL was induced by Cu2+ ions and determined by TBARS assay. The reducing 
power of piperine derivatives was determined by FRAP assay. The effect of piperine derivatives on viability of 
macrophages was determined by MTT assay. The result showed that lipid peroxidation of LDL was decreased by all 
piperine derivatives in the dose dependent manners. Most compounds (> 10 µM) effectively inhibited lipid 
peroxidation. Some derivatives (AI3, 4, 5, 9, 10, 20 and 23) showed good inhibitory activity at low concentration (1 
µM). For reducing activity, AI0 and 1 were able to reduce Fe3+ to Fe2+ better than the others. For the cytotoxic test, 
piperine derivatives dose dependently reduced macrophage cell viability. Most piperine derivatives at 1 µM slightly 
reduced cell viability approximately 10-20%. In conclusion, all synthetic piperine derivatives can dose-dependently 
inhibit LDL oxidation, and these inhibitory activities were not correlated with their ferric reducing activities. Based on 
viability test, these compounds at 1 µM and lower will be used for further study in macrophage cells. 
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Eating too much fat contributes to excess body weight that may increase risk of many diseases. Prevention of 
overweight by inhibiting fat digestion and consequently reducing its absorption is one of the strategies. Herbal plants 
have been explored for their ability to inhibit fat digestion and absorption. Alpinia galangal (L.) (galangal) is an herbal  
plant which both its young and mature rhizome are widely used for cooking and traditional medicine. Previous in vivo 
study showed the potential of galangal extracts to inhibit the increase in body weight in diet-induced obesity rats. 
However, the mechanism of this effect of galangal has not been thoroughly described. This study aimed to determine 
the inhibitory effect of galangal extract on pancreatic lipase activity and micellar cholesterol solubility. Pancreatic 
lipase activity was measured using oleate ester of fluorescent 4-methylumbelliferone (4-MUO) as a substrate. Micellar 
cholesterol solubility was determined by measuring cholesterol dissolved in lipid micelles using cholesterol test kits. 
The results showed that both young and mature galangal extracts inhibited pancreatic lipase activity in the dose-
dependent pattern with IC50 15.85 0.72 µg/mL and 12.76 0.84 µg/mL, respectively. Both galangal extracts 
similarly showed inhibitory effects on micellar cholesterol solubility with IC50 1.51 0.36 mg/mL for young and 1.43 
0.25 mg/mL for mature galangal extract. In summary, young and mature galangal rhizome extracts produced similar 
dose-dependent inhibition against in vitro pancreatic lipase activity as well as micellar cholesterol solubility. 
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Asparagus racemosus Willd (Asparagaceae family), known as Shatavari, is an important medicinal plant in Ayurvedic 
medicine. The major active constituents of A. racemosus roots are steroidal saponins such as shatavarins I-IV. The aims 
of this study are to investigate the antifungal activities of the A. racemosus extracts and its isolated compound. The 
roots of A. racemosus were extracted with ethanol (AR-E), 90% acetonitrile (AR-ACN) and saponin enriched method 
by partition with n-butanol (AR-BuOH). Two saponin glycosides, shatavarin IX and asparagoside A were separated 
and purified by using high-speed countercurrent chromatography (HSCCC) from AR-ACN. The extracts were 
evaluated for saponin contents by ELISA using MAb antibody against shatavarin IV and antifungal activity using broth 
microdilution method for determine the minimum inhibitory concentration (MIC) values. The results showed that AR-
E, AR-ACN and AR-BuOH had an antifungal activity against Candida albicans, Malassezia furfur and Malassezia 
globasa with MIC 90 ranging from 2-25 mg/mL. Interestingly, the extracts containing high concentration of saponins 
(AR-ACN, AR-En) showed lower MICs. It suggests that saponins might be responsible for antifungal activity in A. 
racemosus. However, shatavarin IX only expressed inhibition effect on C. albican while the extracts showed high 
inhibitory effect with M. furfur and M. globosa. Therefore, the major active of antifungal activity might come from the 
other saponins in the extracts. 

 
Keywords:  Asparagus racemosus, Antifungal, High speed counter current chromatography, Saponin glycosides 
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Ovariectomy-induced osteoporosis in female rat is established experimental animal model used for evaluating drugs for 
prevention of osteoporosis in postmenopausal woman. The aim of the present study was to investigate the bone 
sparing effect of a Thai traditional drug containing P. mirifica in ovariectomized rats. Twenty four female Wister 
albino rats were undergone bilateral ovariectomy and divided into 3 groups with 8 animals in each group.  The OVX 
rats in group 1, 2 and 3 were orally administered with drug powder containing P. mirifica 100 mg/kg/day (OVX+P. 
mirifica), subcutaneously injected of estradiol valerate 300 µg/kg/week (OVX+estrogen) and  fed with distilled water  
(OVX control), respectively.  Group 4 (n = 8) received sham operation and treated with distilled water (sham control).  
All of them were treated for 42 consecutive days. At the end of experiment, blood sample was obtained by cardiac 
puncture for determination of nitric oxide and alkaline phosphatase. The right femurs were collected and assayed for 
dry weights, ash weights and calcium contents. The left femurs were prepared for histopathological study.  Compared 
to the OVX control group (p < 0.05), treatment with P. mirifica and estrogen resulted in significantly increased in NO 
production, relative dry weight, ash weight of right femurs. Decreasing of bone degenerative found in microscopic 
examinations was accompanied by a significant decrease in alkaline phosphatase level. The results suggest that the loss 
of bone mass, like in the human postmenopausal condition, can be prevented by daily oral administration of the Thai 
traditional drug containing P. mirifica used in this study. The phytoestrogens in P. mirifica may rectify postmenopausal 
nitric oxide deficiency and the key role of nitric oxide on bone cell formation has been documented.  
 
Keywords: Pueraria mirifica, Osteoporosis, Ovariectomized rats, Nitric oxide 
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Abstract 
 

Hepcidin plays a key role in the regulation of systemic iron homeostasis. The expression of hepcidin is activated by 
iron repletion. On the other hand, it is repressed by erythropoietin (EPO). Inappropriate low level of hepcidin 
contributes to iron overload. Recently, there was evidence indicated that iron chelation therapy increased serum 
hepcidin concentration in iron overload condition. However, mechanisms of action remain unclear. The present study 
investigated the effect of deferiprone (L1), an orally active iron chelator, on hepcidin gene (Hamp1) expression in 
association with liver iron content (LIC) and serum EPO level in an iron-overloaded mice model. C57BL/6 mice were 
divided into 3 groups; control (no treatment), iron overload, and L1 treatment after iron overload, respectively. To induce 
iron overload, mice were intraperitoneally (i.p.) injected by 1 mg/g/day iron dextran for 9 doses within 2 weeks. After iron 
loading, once daily 80 mg/kg L1 was i.p. injected for 1 week in L1-treated group. The results showed that LIC was 14.4 
 2.6 mg/g liver in iron-overloaded mice. Furthermore, iron overload significantly increased Hamp1 expression (2.6-
fold, P < 0.01) along with the elevated serum EPO level (244.8  172.2 pg/mL). L1 treatment did not alter both LIC 
(14.4  2.8 mg/g liver) and Hamp1 expression (2.7-fold) in iron-overloaded mice. Despite, a reduction of serum EPO 
was observed (83.5  72.8 pg/mL, P = 0.056). In conclusion, short-term L1 treatment did not affect LIC and Hamp1 
expression but rather tended to decrease serum EPO level in iron overloaded-mice. 
 

Keywords:  Deferiprone, Hepcidin, Iron overload, Erythropoietin 
 
Introduction 
 

Hepcidin is a peptide hormone that mainly synthesized by the liver. It limits iron export from duodenal enterocytes, 
macrophages, and hepatocytes, resulting in a reduction of iron absorption and recycling. Iron overload is a stimulating 
factor of hepcidin gene expression whereas EPO is considered as an inhibiting factor. Hepcidin insufficiency which 
contributes to iron overload, has been observed in various disorders (1). Remarkably, deferasirox can increase serum 
hepcidin concentration in iron-overloaded myelodysplastic syndrome patients (2). Nevertheless, it remains unclear how 
iron chelators modulate hepcidin production. The present study investigated the effect of L1 on Hamp1 expression in 
association with LIC and serum EPO level in iron-overloaded C57BL/6 mice. We hypothesized that iron chelators may 
alter hepcidin production through the modulation of stimulating and/or inhibiting factors of Hamp1 expression. 

 
Materials and Methods 
 

Eight-week old C57BL/6 mice were divided into 3 groups (5 mice each) including control (no treatment), iron 
overload, and L1 treatment after iron overload, respectively. Iron overload was produced by 1 mg/g/day iron dextran 
i.p. injection for 9 doses within 2 weeks. In L1-treated group, once daily 80 mg/kg L1 i.p. injection was started at three 
days after the last dose of iron and continued for 1 week. After completion of all treatment, mice were anesthesized by 
60 mg/kg pentobarbital i.p. injection and whole blood was collected via cardiac puncture. Subsequently, the liver was 
removed.  
 

Total LIC was measured by ferrozine method as previously described (3). The serum EPO was analyzed using EPO 
Mouse ELISA Kit (Abcam plc, Cambridge, UK). Real-time RT-PCR was used to determine mRNA expression: In 
brief, total liver RNA was isolated by Ultraclean Tissue & Cells RNA isolation kit (MO BIO Laboratories, CA, USA). 
Real-time RT-PCR was carried using SYBR Green One-Step qRT-PCR Kit (Life Technologies, CA, USA). A Relative 
mRNA quantification was achieved (4), choosing -actin as a normalizer. Forward and reverse primers as follows: 
Hamp1, forward 5′-AGAGCT GCAGCCTTTGCAC -3′ and reverse 5′-ACACTGGGAATTGTTACAGCATT-3′; -actin, 
forward 5′-TCCTGGCC TCACTGTCCAC-3′ and reverse 5′-GTCCGCCTAGAAGCACTTGC-3′.  
 

Data were presented as mean  SD.   The mean differences were compared using Mann-Whitney U test. P-value < 
0.05 was considered as statistically significant. All experimental protocols were approved by the Animal Ethics 
Committee of the Faculty of Science, Mahidol University, Bangkok, Thailand.  
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Results 
 

The data showed that iron overload significantly increased Hamp1 mRNA expression (2.6-fold) and it was not changed 
after 1 week of L1 treatment (2.7-fold) (Figure 1). Likewise, unchanged LIC was also observed (14.4  2.8 and 14.4  
2.6 mg/g liver in L1-treated and iron-overloaded mice, respectively). However, serum EPO concentration tended to 
decrease after L1 treatment (83.5  72.8 and 244.8  172.2 pg/mL in L1-treated and iron-overloaded mice, 
respectively) (Figure 2). 

 

 

 
 

Discussion 
 

While several regulators of hepcidin gene expression have been introduced (1), we investigated the effect of L1 on two 
opposite regulators in iron-overloaded mice model; iron as a stimulator and EPO as an inhibitor for Hamp1 expression. 
Normally, regulators of hepcidin gene expression should be in balance (2). Our results showed that iron overload 
significantly increased Hamp1 expression even in the presence of elevated serum EPO. In this circumstance, the 
stimulatory effect of excessive iron may overcome the effect of inhibiting factors including EPO. We also 
demonstrated that 1 week of L1 treatment did not alter both Hamp1 expression and LIC in iron overloaded-mice. 
However, it tended (but not significant) to decrease serum EPO level (P = 0.056). This finding is supported by previous 
report that described the effect of iron donor and iron chelator in arising and diminishing EPO production, respectively 
(5). As a consequence of its EPO-reducing propensity, apparent change of Hamp1 expression might be observed in 
long-term L1 treatment. 

 
Conclusion 
 

Short-term L1 treatment did not affect Hamp1 expression and LIC but rather tended to decrease serum EPO level in 
iron overloaded-mice. However, long-term L1 treatment is required to elucidate more prominent evidence. 
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Figure 1. Relative Hamp1 mRNA expressions 
in liver. Data are mean  SD (n = 5). *P < 0.01 
compare with control. 

Figure 2. Serum EPO concentrations. 
Data are mean  SD (n = 5). L1 tended to 
decrease serum EPO in iron-overloaded mice 
(P = 0.056). 
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Abstract 
 

Accumulation of α-synuclein, a brain presynaptic protein of yet uncertain function, is linked to early onset Parkinson’s 
disease (PD), since it is a major component of Lewy bodies that are found in PD and other neurodegenerative disorders. 
The expression of α-synuclein increases in substantia nigra of PD patients and in the animal models of PD. To date, the 
exact pathogenic mechanism of Parkinson’s disease has not been determined; however, a large amount of studies 
showed the correlation between oxidative stress and the onset of the disease. H2O2 decomposes to hydroxyl radicals, 
the reactive oxygen species, causing oxidative stress. Thereby, it is used to induce cell death in the experimental 
Parkinson’s disease model. In this research, we confirmed the accumulation of α-synuclein in the human dopaminergic 
neuronal cell line, SH-SY5Y, after exposure to various concentrations of H2O2 (10 to 500 μM) for 24 hr. H2O2 
cytotoxicity was determined by MTT assay. H2O2 at 400 μM decreased the cell viability to 69.40 ± 4.45% was further 
selected for the studies of the effect of H2O2 on α-synuclein protein levels. We observed the accumulation of α-
synuclein upon treatment with H2O2, with the maximum level at 9 hr after exposure. The accumulation of α-synuclein 
was accompanied by the induction of autophagy, as determined by increase of LC3II, the marker of autophagy, levels. 
Our study demonstrated that autophagy, which is responsible for clearance of protein aggregates, in induced in 
response to oxidative stress-induced α-synuclein accumulation. Further studies will be done to elucidate the role of 
autophagy upon this process, with the implication for the development of therapeutic strategy. 
 

Keywords: Oxidative stress, α-Synuclein, H2O2, Autophagy 
 
Introduction   
 

Parkinson’s disease (PD) is the world’s second most common neurodegenerative disease that is commonly found in the 
population at the age above 60-65 years old. The symptoms of PD include tremor, hypokinesia, rigidity, and postural 
instability. PD is characterized by a massive loss of nigrostriatal dopaminergic (DA) neuron, in combination with the 
presence of  intracellular inclusion bodies, or Lewy bodies (LB), which is the pathological hallmark of the disease 
(1,2).  Inclusion bodies, found in neuronal cell bodies, neurites, and oligodendrocytes, contain aggregate of misfolded 
proteins, with α-synuclein as the major component (2). Aggregate-prone protein could result from several events, such 
as gene mutation, or defects in protein translation and post-translational modifications (3).   α-Synuclein is a 140-amino 
acid protein located at terminal of pre-synaptic neuron of the cerebral cortex, hippocampus, striatum, and cerebellum 
(4,5). Evidence suggested the role of α-synuclein in membrane-associated process at the pre-synaptic level; however, 
its actual physiological function has not yet been determined. When α-synuclein is mutated by point mutation or 
damaged by oxidative insults, it can form insoluble filamentous aggregates and subsequent Lewy bodies, which are 
toxic to the neurons and underlie the pathogenesis of PD (3,5). 
 

Hydrogen peroxide (H2O2) is the peroxide compound composed of oxygen-oxygen single bond, which contains strong 
oxidizing activity. It is generated by the enzyme superoxide dismutase (SOD). SOD plays important role in the 
antioxidant defense by catalyzing superoxide compound to oxygen and hydrogen peroxide, which is then catalyzed by 
catalase to oxygen and water. H2O2 accumulation beyond a homeostatic set point can cause oxidative damage to the 
cellular constituents, leading to cellular dysfunction or cell death. Moreover, oxidative damage is correlated with 
several neurodegenerative disorders (6). 
 

Autophagy or self-eating process is lysosome-mediated degradation process of non-essential or damaged cellular 
organelles (7). It plays an important role in maintaining the cellular homeostasis and the balance between synthesis, 
degradation, and recycling of cellular components. Autophagy may play protective role in the neuron by engulfing and 
degrading damaged organelles, pathogen, misfolded proteins, and aggregated proteins such as α-synuclein and Lewy 
bodies (8). 
 

In this study, we aim to identify the role of autophagy in H2O2-induced oxidative stress, which causes α-synuclein 
aggregation and accumulation in the dopaminergic neuronal cell line, SH-SY5Y. The result from this study can be 
applied to development of protective or therapeutic strategies against Parkinson’s disease.   

F02 



42 

 
The Pharmacological & Therapeutic Society of Thailand Meeting – 2013 Proceedings 

 

Materials and Methods  
 

Cell culture 
 

Human catecholaminergic neuroblastoma, SH-SY5Y cells were purchased from American Type Culture Collection 
(Manassas, VA).  The cells were routinely grown in Eagle’s minimum essential medium (MEM)/ Ham’s F-12 (1:1), 
supplemented with 10% of fetal bovine serum, 10 mg/mL of penicillin, 10 U/mL streptomycin, 1 mM sodium pyruvate, 
and 1 mM non-essential amino acid. Cells were maintained in 37C incubator with 5% CO2 and 95% air. The cells were 
routinely subcultured and the cells were used for experiment at consistent passage numbers (passage 33-39).  
 

MTT assay 
 

The MTT (3-(4, 5-dimethylthiazole-2-yl)-2,5-diphenyltetrazolium bromide) assay is  colorimetric assay used to assess cell 
viability. It is based on measurement the activity of mitochondrial dehydrogenase in viable cells to convert yellow MTT 
dye into purple formazan product. Cells were incubated in various conditions according to the experiment design. After 
incubation for 24 hr, 20 µl of MTT reagent (1 mg/mL MTT in PBS) was added in each well and the cultures were 
incubated for 3 hr. MTT was then removed and formazan crystals were solubilized with 100 µL DMSO in each well. Cell 
viability was measured by the absorbance at 562/630 nm using a multi-detection microplate reader. 
 

Western blot analysis 
 

SH-SY5Y cells were seeded on 6 well plates at density 0.9×106 cell/well for 24 hr prior to the experiments. After the 
experiments, the medium was removed and the samples were washed in ice cold PBS. Cells were lysed with RIPA 
buffer and were centrifuged at 12,000 rpm for 20 min at 4C. The supernatants were transferred to new microtubes. The 
protein concentration was measured by Lowry method.  
 

Equal amount of protein, ranging from 20 to 50 µg was loaded on to 10-25% acrylamide gel for separation by SDS-
PAGE. Then, the protein was transferred to PVDF membranes. The membranes were washed three times with PBST, 5 
min each, and were blocked for non-specific binding with 5% milk in PBST. After that, the membranes were incubated 
with primary antibodies of interest in PBST overnight at 4C. The membranes were washed three times with PBST 
before incubation with HRP-conjugated secondary antibodies. Finally, the specific protein bands were visualized by 
enhanced chemiluminescence with ECL plusTM western blotting detection reagents and were exposed to the 
autoradiographic film. 
 

Statistical analysis 
 

Data and statistical analysis was performed with GraphPad Prism 5.0 software (San Diego, USA). The statistical 
significance of differences between experimental groups was calculated by one-way ANOVA, in which p < 0.05 
was considered statistical significance. 
 
Results 
 

The effect of H2O2 on SH-SY5Y cell viability 
 

The effects of H2O2 on SH-SY5Y cell viability were determined by MTT assay. After 24 hr incubation the cells with  
10, 50, 100, 200, 300, 400, and 500 µM of H2O2 (diluted from 8.821 M stock), the viability of the cells was decreased 
to 93.63 ± 0.98%, 93.15 ± 7.66%, 88.46 ± 5.51%, 80.25 ± 4.30%, 75.06 ± 3.83%, 69.40 ± 4.45%, 53.82 ± 6.25%, 
respectively (Figure 1). H2O2 affected SH-SY5Y cell viability in a dose-dependent manner. H2O2 at 400 µM, which 
decreased the viability to 69.40 ± 4.45%, was selected for subsequent experiments.  

Figure 1. Effect of H2O2 on cell viability in SH-SY5Y cells.  Cell viability upon 24 hr treatment with various 
concentrations of H2O2 (10-500 µM).  The results were expressed as a percentage of untreated control. The values were 
expressed as means ± SD. * p value < 0.05; ** p value < 0.01; *** p value < 0.005.  
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The effect of H2O2 on time-course expression of α-synuclein and LC3 proteins 
 

The cells were treated with 400 µM of H2O2 for a time course study of its effect on the α-synuclein and LC3 expression 
by Western blot analysis. The result demonstrated that the level of α-synuclein was accumulated after the cells were 
exposed to H2O2, with the maximum level at 9 hr (Figure 2). Interestingly, autophagy was induced in parallel with the 
accumulation α-synuclein, as determined by the increase of LC3-II expression. It is worth to note that the level of α-
synuclein was significantly decreased at 12 hr, after the autophagy was maximally induced.   
 

   

Figure 2. Effect of H2O2 on α-synuclein and LC3 expression in SH-SY5Y cells.  Cells were treated with H2O2 at 
400 µM and were collected at different time points. The result showed the expression amount of α-synuclein, LC3 and 
β-actin at various times. 

 
Discussion 
 

The cytotoxic effect of H2O2 on SH-SY5Y was clearly showed by the reduction in the cell viability in a dose-dependent 
manner, which is due to the increase in oxidative stress that damages the cells, leading to apoptotic cell death.  
 

Oxidative stress also induces abnormal accumulation of proteins α-synuclein as determined by western blot analysis. α-
synuclein accumulates over time, with the maximum level at 9 hr, followed by reduction at 12 hr. It is interesting that 
the accumulation of α-synuclein is accompanied by the upregulation of LC3-II expression, suggesting the relationship 
between these two. Whether the reduction of α-synuclein at 12 hr is due to the activity of autophagy, which is 
responsible for clearance of protein aggregate, should be further investigated. 

 
Conclusion 
 

Our result demonstrated the cytotoxic effect of H2O2 in SH-SY5Y cells. Accumulation of α-synuclein which is the one 
pathological hallmark of Parkinson’s and other neurodegenerative diseases was detected in response to H2O2, with the 
highest expression at 9 hr. This accumulation induced autophagy process, represented by the expression of LC3-II. 
Whether autophagy plays protective or detrimental role in the α-synuclein aggregation-induced neurotoxicity is yet 
undetermined. Further experiments to elucidate the role of autophagy will be investigated, with the goal toward 
therapeutic application for Parkinson’s disease.  
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Abstract 
 

Methamphetamine (METH) is an illicit CNS stimulant commonly used in Thailand and worldwide. METH has long 
been known to cause neurotoxicity, specifically to dopaminergic neurons, resulting in the loss of neurons in substantia 
nigra and the development of Parkinson’s disease later in life. Recent study from our lab demonstrated that caffeine 
potentiates the toxic effect of METH in neuroblastoma cells; however, the underlying mechanism is not clearly 
understood. METH could also induce autophagy, an intracellular degradation process. Therefore we aimed to 
investigate whether the potentiating effect of caffeine is enhanced though modulation of the autophagy pathway. Using 
SH-SY5Y dopaminergic neuroblastoma cells, the potentiating toxic effect of caffeine in a MTT assay and an activation 
of autophagy by METH were observed.  Moreover, when co-administered with caffeine, we observed the attenuation of 
the LC3II levels compared to the treatment with METH alone. The results suggested that caffeine potentiates the toxic 
effects of METH, possibly via inhibition of autophagy.  
 

Keywords:  Methamphetamine, Caffeine, Neurotoxicity, Autophagy 
 
 
Introduction 
 

Methamphetamine (METH) is an illicit CNS stimulant commonly abused in Thailand and worldwide.   After a long-
term use, METH induces neurotoxicity causing permanent loss of neurons in the central dopaminergic pathway.  The 
neurotoxic effects of METH have been associated with the formation of toxic reactive oxygen species (ROS) and 
subsequent activation of apoptosis (1).  
 

Caffeine is a xanthine stimulant drug that is added into METH-containing pills (e.g. Ya-Ba) in order to increase the 
bulk of the formulation as well as to enhance CNS stimulating effects (2).  Combined treatment of METH and caffeine 
at non-toxic concentration of each chemical significantly increases the toxic effects both in vivo and in vitro (3).  
Previous studies demonstrated that caffeine potentiates the toxic effects of methamphetamine by increasing in the 
release of dopamine and the excess in ROS generation.  However, little is known about how caffeine affects METH 
related to autophagy and more studies are needed. 
 

Autophagy or self-eating process is a pivotal intracellular degradation process responsible for the clearance of aged or 
damaged proteins and organelles. It can contribute to cell survival under stressful conditions and also contribute to cell 
death when it is either impaired or over activated.  Many studies showed a correlation between up-regulation of 
autophahy and METH treatment (4-7).  According to the critical roles of autophagy to degrade the damaged proteins, it 
is possible that METH-induced production of ROS promotes protein misfolding and aggregation, resulting in the 
upregulation of autophagic degradation in DA neurons as a part of the protective mechanism against drug toxicity (6).  
However, this point is still not clearly understood.  
 

In this study, we investigated the potentiating effect of caffeine on METH-induced neurotoxicity in SH-SY5Y cells by 
examining cell viability using a MTT assay. The expression of LC3I/II, a marker for autophagy, is used to determine 
involvement of autophagy in the process. 
 
Materials and Methods 
 

Cell culture 
 

Human catecholaminergic neuroblastoma SH-SY5Y cells were purchased from American Type Culture Collection 
(Manassas, VA). The cells were routinely grown in Eagle’s minimum essential medium (MEM)/ Ham’s F-12 (1:1), 
supplemented with 10% of heat inactivated fetal bovine serum, 10 mg/mL of penicillin, 10 U/mL of streptomycin, 1 mM 
sodium pyruvate and 1 mM non-essential amino acid. Cells were grown at 37C in atmosphere of 5% CO2 and 95% air.  
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Cell viability assay 
 

The number of viable cells were determined using a MTT (3-(4,5-dimetylthiazole-2-yl)-2,5-diphenyltetrazolium 
bromide) assay. The SH-SY5Y cells were seeded on 6-wells plates and grown for 24 hr. The cells were treated with 
various reagents according to the experiment design.  After incubation for 24 hr, MTT reagent was added incubated for 
3 hr. Then MTT was removed and formazan crystal was solubilized with 100 µL DMSO. The reduction of 
mitochondrial function of living cell was measured at 570/620 nm using a SynergyTM HT multi-detection microplate 
reader (Winooski, VT, USA) 
 

Western blot analysis expression of proteins involve in autophagy pathway (LC3B) 
 

Treated SH-SY5Y cells were lysed with ice-cold RIPA buffer. Equal amount of proteins from each sample was 
separated by SDS-PAGE and transferred to PVDF membrane. The membrane was incubated with primary rabbit 
polyclonal antibody to LC3B, and the protein bands were determined by enhanced chemilunescence using ECL plusTM 
western blotting detection reagents. The amount of protein, as determined by the intensity of the band, was analyzed by 
Image J software (NIH, Bethesda, MD, USA).  
 
Results 
 

The effect of METH on SH-SY5Y cell viability was determined using the MTT assay. After incubating the cells for 24 
hr with METH, the cell viability was decreased in a dose-dependent manner.  The viability of the cells was decreased to 
95.79 ± 6.83%, 60.74 ± 2.44%, and 25.47 ± 2.50%, following treatment with 0.5, 2, and 4 mM of METH, respectively.  
METH at 0.5 mM was not toxic to cells, while METH at 2 and 4 mM were significantly decreased the cell viability 
compared with the untreated control (Figure 1). 

 

 
The effect of caffeine on SH-SY5Y cell viability was determined by the MTT assay. After incubating the cells for 24 hr 
with 1, 5, and 10 mM of caffeine, the viability of the cells was 100.29 ± 1.42%, 86.71 ± 1.81%, and 67.85 ±3.31% of 
control, respectively (Figure 2).  At the concentration of 1 and 5 mM, caffeine had no significant toxic effects to the 
cells. Thus, these concentration levels were chosen for the co-treatment with METH. 

To determine whether CAF potentiates the METH-induced neurotoxicity, SH-SY5Y cells were treated with METH and 
caffeine at 0.5 and 2 mM of METH and 1 and 5 mM of caffeine for 24 hr. After incubation, the cell viability was 
determined using MTT assay. Result of combined treatment demonstrated that the co-treatment between METH and 
caffeine increased the cell toxicity compared to the treatment of METH alone.  Cell viability was decreased to 72.47 ± 
3.64% and 68.35 ± 2.26% of control in the treatment of 0.5 mM of METH in combination with 1 and 5 mM of caffeine 
and cell viability was decreased to 55.53 ± 2.66% and 51.57 ± 2.15% of control in the treatment of 2 mM of METH in 
combination with 1 and 5 mM of caffeine, respectively (Figure 3). 

Next, we determined whether CAF potentiates the METH-induced neurotoxicity through modulation of autophagy 
pathway by observing the expression levels of microtubule-associated protein light chain 3 (LC3-II), an autophagosome 
protein that serves as a marker of autophagy process.  After incubating the cells with 2 mM of METH for 6 hr, the level of 
LC3-II was increased compare to untreated control (536.65%).  Combined treatment of METH and caffeine resulted in 
reduction of LC3II expression compare to the cells treated with METH alone.  LC3II levels were decreased to 399.15% 
and 210.76% of control in the treatment of 2 mM of METH in combination with 1 and 5 mM of caffeine, respectively. 

Figure 1. The effect of methamphetamine (METH) on 
cell viability in SH-SY5Y cultured cells. SH-SY5Y were 
treated with METH  at 0.5, 2, and 4 mM for 24 hr. Cell 
viability was assessed using MTT assay and presented as 
percentage of untreated (0 mM METH) control. The results 
were expressed as mean ± SEM of at least three 
independent experiments. The ANOVA was performed for 
statistical analysis (*P < 0.05 and **P < 0.01 compared 
with control). 

Figure 2.  Effect of caffeine on the viability of SH-SY5Y 
cells. The SH-SY5Y were treated with caffeine  at 1, 5, and 
10 mM for 24 hr. Cell viability was assessed using MTT 
assay and presented as percentage of untreated control. The 
results were expressed as mean ± SEM of at least three 
independent experiments.  Statistical significance was 
performed using ANOVA (*P < 0.05 and **P < 0.01 
compared with control).  
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Figure 3. Effect of METH and caffeine (CAF) co-
treatment on the viability of SH-SY5Y cells.  SH-
SY5Y cells were co-treated with METH 0.5 and 2 mM, 
and caffeine at 1 and 5 mM for 24 hr. Cell viability was 
assessed using the MTT assay and presented as 
percentage of untreated control group. The results were 
expressed as mean ± SEM of at least three independent 
experiments. The ANOVA was performed for statistical 
analysis (*P < 0.05 and **P < 0.01 compared with 
control, # P < 0.05 compared with sample treated with 
METH alone). 

 
 

  
Discussion 
 

METH-induced neuroblastoma SH-SY5Y cell death occurs in a 
dose-dependent manner and was correlated with an induction of 
autophagy. According to the critical role of autophagy in 
clearance of damaged proteins, it is possible that METH-induced 
production of ROS promotes protein misfolding and aggregation, 
resulting in the up-regulation of autophagy. Up-regulation of 
autophagy in DA neurons may function as a part of the protective 
mechanism against METH toxicity. From our results, co-
treatment of METH and caffeine increased the neurotoxicity, in 

accompanied with the reduction of LC3II levels, compared to the METH treatment alone. The results indicated that 
caffeine potentiates the toxic effects of METH, possibly via inhibition of autophagy. However, further work needs to be 
done to establish the signaling pathway involved in the effect of caffeine potentiates METH-induced neurotoxicity. 
 

Conclusion 
 

When co-administered with METH, despite given at low, non-toxic concentration levels, caffeine increased METH 
toxicities, potentially via the autophagy pathway.  
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Abstract 
 

We demonstrated the expression of nuclear factor of activated T cells 2 (NFAT2) in human glioma grade I-IV. 
Immunohistochemistry was employed to show the presence of NFAT2 in glioma tissue. NFAT2 was barely detected in 
grade I tumor while the intensity of expression was most prominent in grade III and IV tumors. The H-score 
measurement system was used to evaluate the levels of NFAT staining in different grades of glioma with the trend of 
higher H-score in high-grade tumors. To determine which type of cells express NFAT2, double immunofluorescence 
staining was employed showing the co-staining of NFAT2 with olig2, a marker for glioma cells. NFAT2 is a 
transcription factor that has been shown to be upregulated and correlated with the severity of the disease in several 
malignancies such as leukemia, pancreatic cancer, and lung cancer. Glioma is the most common brain tumor. 
Glioblastoma multiforme (GBM) or grade IV tumor is the severest, most prevalent glioma that is also most difficult to 
treat. The existence of NFAT2 in glioma has never been explored and the presence of NFAT2 in glioma may predict 
the outcome of glioma and could provide a therapeutic target to combat this highly resistant tumor. 
 

Keywords:  NFAT2, Olig2, Glioma, Glioblastoma 
 
 
Introduction 
 

Glioma is one of the most common types of brain tumors. It originates from or shows features of glial cells (astrocytes 
and/or oligodendrocytes). There are many grades of glioma but the most prevalent type is the highly invasive type 
called glioblastoma multiforme (GBM) (1,2). Patients with GBM have poor prognosis after the diagnosis with average 
life expectancy of only about a year even with the best treatment available. Currently, there is no effective treatment. A 
patient may undergo surgery, radiotherapy and chemotherapy (3). These therapeutic modalities only prolong the life 
expectancy but cannot cure the disease. The problems lie in the fact that glioma itself is highly invasive and very 
resistant to therapy, research in glioma and the knowledge of glioma pathophysiology are also still lacking compared to 
that of other types of cancers. The aim of this research is to look at the basic components of glioma progression. The 
more the understanding of the glioma pathophysiology, the better the chance of developing effective treatment against 
it. 
 

Nuclear factor of activated T cells (NFAT) is the element of interest in the current study. It is a family of transcription 
factors ubiquitously expressed throughout the body. NFAT proteins can be activated by various stimuli and 
subsequently lead to pathways involved in the regulation of genes related to cell proliferation, cell differentiation, 
apoptosis, and angiogenesis which are important in tumor development, malignancy and progression (4). Indeed, 
NFAT2 has been shown to be overexpressed in some solid tumors such as pancreatic cancer and in hematological 
cancers (5). However, the expression of NFATs in glioma has never been shown before. In this study, the samples of 
glioma tissues of various grades in Thai patients were used to examine the levels of NFAT2 expression and the 
correlation with tumor stage was determined. The information gained from this study could help define the significance 
of NFAT2 in glioma progression especially in Thai patients. 
 
Materials and Methods   
 

Samples 
 

All tissues were obtained from Department of Pathology, Ramathibodi Hospital with Institutional Review Board 
approval.The specimens are pilocytic astrocytoma (WHO grade I) (2 cases), low-grade diffuse astrocytoma (WHO 
grade II) (3 cases), anaplastic astrocytoma (WHO grade III) (5 cases) and glioblastoma (WHO grade IV)(10 cases). 
Samples were fixed with formalin, paraffin-embedded and cut at 4 μm thickness by a microtome.  
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Immunohistochemistry 
 

The sample sections were deparaffinized in xylene, rehydrated through ethanol gradient and phosphate-buffered saline. 
After deparaffinization, antigen retrieval was performed in pH 8.0 EDTA buffer at 95C for 40 min. Endogenous 
peroxidase was blocked with 3% H2O2. The slides were incubated with normal goat serum blocking solution, treated 
with NFAT2 at a dilution of 1:500 (clone 7A6, Abcam Inc., Cambridge, MA, USA) primary antibody overnight. Then 
they were incubated with the biotinylated secondary antibody at a dilution of 1:500 and peroxidase-labeled avidin-
peroxidase-complex at room temperature. The peroxidase reaction was visualized using H2O2 as substrate and 3,3´-
diaminobenzidine as chromogen, yielding a brown nuclear staining. Finally, these sections were counterstained with 
Mayer’s hematoxylin, dehydrated and coverslipped. For negative controls, the primary antibodies were omitted. 
 

Semi-quantitative analysis (H-score method) was used in assessment. The intensity of staining was scored as 0, 1, 2, or 
3, corresponding to negative, weak, intermediate, or strong immunoreactivity, respectively. The H-score (H) was 
calculated as follows: H = (% of cells that stained intensity category 1 × 1) + (% of cells that stained at intensity 
category 2 × 2) + (% of cells that stained at intensity category 3 × 3). Thus, this score produces a continuous variable 
that ranges from 0 to 300.  
 
Double-Immunofluorescence  
 

To identify the co-localization between NFAT2 (clone 7A6, Abcam Inc.) and Olig2 (Abcam Inc.) (glioma marker), 
double immunofluorescence was performed. Formalin-fixed and paraffin-embedded sections were performed similar to 
immunohistochemical method with both primary antibodies (NFAT2 and Olig2) at a dilution of 1:500 incubated at the 
same time. The secondary antibodies were Alexa 488 fluor goat anti-mouse and Alexa 647 fluor goat anti-rabbit at a 
1:500 dilution of both. 
 
Results  
 

Immunohistochemical analysis 
 

Immunohistochemistry of NFAT2 was evaluated in 20 cases of glioma: 2 cases of pilocytic astrocytoma (grade I), 3 
cases of astrocytoma (grade II), 5 cases of analplastic astrocytoma (grade III) and 10 case of GBM (grade IV). There 
was barely NFAT2 expression in grade I tumor with few positive cells in grade II. High-grade glioma showed 
prominent staining especially in grade IV (Figure 1). To quantify the levels of NFAT2 expression the H-score scaling 
system was employed. The average H-Scores are 5.83, 22.46, 33.92 and 45.53 for pilocytic astrocytoma (grade I), 
astrocytoma (grade II), analplastic astrocytoma (grade III), and glioblastoma (grade IV), respectively (Figure 2).  
 
 
 

 
  

I II 

IV III 

Figure 1.  NFAT2 expression in four grades of glioma. The magnification was 60. 
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Immunofluorescence analysis 
 

To determine the type of cellsthat express NFAT, double immunofluorescence was performed with NFAT2 and Olig2, 
a glioma maker. As shown in Figure 3, NFAT2 almost always co-localized with Olig2 suggesting that tumor cells 
express this transcription factor, not the innate cells in the brain such as microglia (arrow). 
 

 

 
 
 
 
 
 
 
 
 
 
 
 
 

 

Discussion and Conclusion 
 

We found that NFAT2 was present in glioma with high-grade glioma showing more prominent NFAT2 especially 
GBM (grade IV). H-score showed the levels of NFAT2 tended to be dependently associated with grades of tumor 
indicating that NFAT2 may play more prominent roles in malignant glioma. Double immunofluorescence demonstrated 
co-localization of NFAT2 and the glioma marker, Olig2, suggesting that the cell type that expressed the transcription 
factor is glioma cells not the innate brain cells. To our knowledge, this is the first report demonstrating the expression 
of NFAT2 in human glioma. A previous study reported that cyclosporin A, the immunosuppressant drug, inhibited the 
growth and survival of C6 glioma cell line through the inhibition of NFAT signaling pathway (6). This suggests the 
potential role of NFAT2 in the proliferation of glioma cell and the use of already available drug to suppress tumor 
progression.  
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Figure 2.   Measurement of the levels of NFATs 
staining in four grades of glioma using H-score. 

 

Figure 3.  NFAT2 was expressed in glioma cells. Representative double-immunofluorescence of 
NFAT 2 and Olig2 in glioma grade IV. The magnification was 60. 
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Abstract   
 

Insulin resistance is characterized by the reduced ability of insulin to stimulate the uptake of glucose by many tissues 
including cardiac muscle. In cardiac muscle, it is associated with inflammation, oxidative stress and myocardial 
remodeling. These conditions accelerate the progression of heart failure and increase cardiovascular morbidity and 
mortality in many patients. It is noteworthy that some of these conditions are characterized by dysregulation of the 
sympathetic nervous system, resulting in enhanced stimulation of β-adrenergic receptors (β-ARs). However, in the 
heart, a pathological consequence of the cross-talk between the β-AR and the insulin sensitivity and the mechanism by 
which β-AR stimulation affects insulin resistance in cardiomyocytes remains unclear. Therefore, we investigated the 
effects of isoproterenol (ISO, non-selective β-AR agonist) on insulin-induced glucose uptake using a glucose uptake 
assay and mRNA expressions of glucose transpoter-1 (GLUT-1) and GLUT-4 using a RT-qPCR technique. Our results 
showed that stimulation of β-ARs by ISO suppresses the insulin-induced GLUT-4 mRNA expression. In addition, ISO 
also inhibits insulin-induced glucose uptake in cardiomyocytes. We concluded that overstimulation of β-AR promotes 
the insulin resistance in cardiomyocytes.  
 

Keywords:  Glucose transporter-4 (GLUT-4), Insulin resistance, β-Adrenergic receptor, Cardiomyocytes, Glucose 
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Introduction 
 

Cardiovascular diseases are a leading cause of morbidity and mortality in the world (1,2). In Thailand, the number of 
patients with heart diseases (e.g., heart failure, angina and myocardial infarction) and hypertension is rising rapidly 
over decades and has become a major public health problem (3). β-ARs are heptaspanning G protein-coupled receptors 
that are powerful regulators of cardiac function (4). Acute stimulation of β-ARs physiologically augments cardiac 
contraction, whereas chronic stimulation of β-AR promotes adverse cardiac remodeling by increased oxidative stress 
leading to cardiomyocyte apoptosis (5), myocardial hypertrophy (6) and heart failure (7). In addition, sustained and 
over-stimulation of cardiac β-AR induce a state of insulin resistance in heart. Insulin resistance is associated with 
endothelial dysfunction, inflammation, oxidative stress and myocardial remodeling. These processes accelerate the 
progression of heart failure and increase cardiovascular morbidity in patients with heart failure (8). Although the heart 
is the target organ of insulin, few studies have examined the mechanism by which β-AR stimulation affects insulin 
sensitivity in cardiac muscle. Insulin is a polypeptide hormone involved in glucose homeostasis and the stimulation of 
glucose transport. The main actions of insulin are to stimulate glucose uptake in skeletal muscle and the heart and also 
suppress the production of glucose in the liver (9). The activated insulin receptor subsequently phosphorylates the 
insulin receptor substrate (IRS) that triggers downstream insulin signaling pathway leading to translocation of GLUT-4 
to plasma membrane and glucose uptake into cardiomyocytes (10,11).  β-ARs have 3 known subtypes (β1-ARs, β2-ARs 
and β3-ARs). All subtypes can be found in heart. The β1-AR and β2-AR subtype play important role in cardiac function. 
In vitro studies demonstrate that activation of β-AR attenuates insulin-stimulated glucose uptake at the cellular level. 
Other studies reported that β-adrenergic (but not α-adrenergic) stimulation inhibits insulin-induced glucose uptake in 
adipocytes, most likely via the β2-ARs and β3-ARs by interfering with GLUT-4 translocation from intracellular vesicles 
to the plasma membrane (12). However, the relationship between β-AR stimulation that is involved in insulin resistance 
in cardiomyocytes is still unclear. In this study we investigate the mechanism by which β-AR overstimulation affects 
insulin resistance in rat neonatal cardiomyocytes.  
 
Materials and Methods 
 

Materials 
 

Isoproterenol hydrochloride and insulin were purchased from Sigma-Aldrich.  
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Isolation of neonatal rat cardiomyocytes 
 

Procedures involving animals were performed according to an approved protocol and animal welfare regulations of the 
Institutional Review Boards of Faculty of Pharmacy, Mahidol University. Pregnant Sprague-Dawley rats were obtained 
from National Laboratory Animal Center, Mahidol University. The experiments were performed on neonatal rat 
cardiomyocytes isolated from the ventricles of the hearts of 1-day-old Spraque-Dawley rats.  Purification of the cell 
suspensions was attained by shaking in 37°C water bath and centrifugation resulted in myocardial cell cultures with > 
95% myocytes. The cells were cultured in the cardiac myocyte culture medium containing Dulbecco’s modified 
Eagle’s medium (DMEM) with 10% fetal bovine serum (FBS). The cardiomyocytes were grown in gelatin-coated 6-
well plates (1×106 cells/well) and 96-well plates (5×104 cells/well). 
  
Glucose uptake assay 
 

Glucose uptake assay was performed using a glucose uptake cell-based assay kit manufactured by Cayman chemical 
company (Ann Arbor, MI, USA). The neonatal rat cardiomyocytes (5×104 cells/well) in 96-well plates were incubated 
in DMEM without glucose for 6 hr. Subsequently, the cells were treated for 3 hr with ISO (10 µM). After the ISO 
incubation, insulin (200 nM) and 150 µg/mL (2-NBDG), a fluorescently-labeled deoxyglucose analog, as a probe for 
the detection of glucose taken up by the cultured cells, were added in each well. The amount of 2-NBDG taken up by 
cardiomyocytes can be measured using a microplate reader.  
  
GLUT-1 and GLUT-4 mRNA expression analysis 
 

GLUT-1 and GLUT-4 mRNA expression were determined by a real time-PCR method using the KAPA SYBR FAST 
One-step RT-qPCR kit (KAPA biosystems, Woburn, MA, USA). The neonatal rat ventricular cardiomyocytes (1×106 
cells/well), subcultured in 6-well plates, were incubated in serum-free DMEM with taurine 5 mM and 
penicillin/streptomycin solution. Subsequently, cardiomyocytes were pretreated with ISO (10 µM) for 3hr, then treated 
with insulin (200 nM) for 6 hr.  After treatment, mRNA was extracted by using RNeasy mini kit (Qiagen, Valencia, 
CA, USA).  
  
Statistical analysis 
 

Data Analyses were performed using a two-way ANOVA. All results were presented as mean ± standard error. 
Statistical analyses were determined using either Student’s t test or analysis of variance (ANOVA), as appropriate. A 
difference will be considered to be statistically significant when the P value is less than 0.05. 
 
Results 
 

Overstimulation of β-AR inhibits insulin-induced glucose uptake 
 

We determined whether overstimulation of β-AR interferes with insulin-induced glucose uptake.Treatment with insulin 
significantly increased glucose uptake into cardiomyocyte. Interestingly, pretreatment with ISO showed the reduction 
of glucose uptake inducing by insulin (Figure 1).               
 

 
 
 
Figure 1.  Overstimulation of β-AR inhibits insulin-induced 
glucose uptake.  Cardiomyocytes were pretreated with 10 µM 
ISO for 3 hr followed by 200 nM insulin for 20 min. After 
treatment, cardiomyocytes were analyzed by glucose uptake assay. 
The glucose taken up by the cells was quantified, expressed as 
relative fold of control of fluorescence intensity, and shown as 
mean ± SEM (N = 3).*P < 0.05 versus control group; #P < 0.05 
versus insulin-stimulated group. 
 
 
 
 

 
Effects of ISO on insulin-induced GLUT-1 and GLUT-4 mRNA expression 
Next, we evaluated the effects of ISO on insulin-induced GLUT-1 and GLUT-4 mRNA expression. Treatment with 
insulin significantly increased GLUT-4 mRNA expression compared to that of control group (Figure 2A). Pretreatment 
with ISO significantly decreased insulin-induced mRNA expression of GLUT-4 (Figure 2A), indicating that 
overstimulation of β-AR induces insulin resistance. However, overstimulation of β-AR by ISO did not inhibit the 
insulin-induced GLUT-1 mRNA expression (Figure 2B)  

Glucose uptake 
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A.                                                                           B.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 2.  Stimulation of β-ARs inhibits GLUT-4 mRNA expression.  The GLUT-1 and GLUT-4 mRNA expression in 
cardiomyocytes were assayed by RT-qPCR. Serum-starved cells were pretreated with 10 µM ISO for 3 hr, then treated 
with 200 nM insulin for 6 hr at 37°C. After treatment, the total RNA was extracted and the mRNA expression was 
analyzed using specific primer for GLUT-1 or GLUT-4. GAPDH served as a loading control. The GLUT-4 mRNA (A) 
and GLUT-1 mRNA (B) levels were quantified, expressed as a fold over basal relative to the control and shown as the 
mean ± SEM (N = 3). *P < 0.05 versus control group; #P < 0.05 versus insulin-stimulated group. 
 
Discussion and Conclusion  
  

In this study, we demonstrated that stimulation of β-AR elicits insulin resistance by inhibiting insulin-induced glucose 
uptake and GLUT-4 mRNA expression in neonatal rat cardiomyocytes (Figure 3). Isoproterenol (ISO), nonselective β-
AR agonist, inhibited insulin-induced glucose uptake. The GLUT-4 mRNA level was reduced by treatment with 
isoproterenol. Our data support a concept whereby upregulation of β-AR induces a state of insulin resistance in heart. 
However, the exact mechanism of β-AR signaling affecting insulin resistance is still unclear. In addition, the role of 
subtype specificity of β-ARs mediated insulin resistance in heart is unknown. Therefore, the question of which β-AR 
subtype that is involved in insulin resistance deserved further investigation. This study could be exploited for 
development of more efficient β-blockers leading to new therapeutic target for cardiovascular diseases.  
 

 

Figure 3.  Schematic diagram representing the overstimulation of β-AR inhibits insulin-induced glucose uptake 
and GLUT-4 expression. Insulin binding to its receptor leads to the activation of glucose transportation into the cells 
through a cascade of signaling proteins, glucose transporter 4 (GLUT-4), insulin receptor substrate 1 and 2 (IRS1/2), and 
phosphatidylinositol 3-kinase (PI3K). Stimulation of β-ARs by ISO triggers downstream signaling pathway and then 
inhibits insulin-induced glucose uptake and GLUT-4 synthesis.   
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Abstract 
 

Glucagon-like peptide-1 (GLP-1) is a peptide hormone released from intestine into the circulation in response to food 
intake. GLP-1 actions include stimulation of insulin secretion and inhibition of glucagon secretion, as well as anti-
apoptotic and growth-promoting effects in pancreatic β cells. GLP-1 receptors are also expressed in the heart. However, 
the effects of exendin-4 (GLP-1 receptor agonist) in heart are unclear. Studies using neonatal rat cardiomyocytes. We 
investigated the production of intracellular reactive oxygen species (ROS) by fluorescence microscope and apoptotic 
cells by TUNEL assay. Exendin-4 showed the inhibitory effects on H2O2-induced ROS production and apoptosis. 
Pretreatment with exendin (9-39), GLP-1 receptor antagonist, inhibited antioxidant effect of exendin-4. This result 
suggested that antioxidant effect of exendin-4 is passing through receptor-dependent way. Pretreatment with adenylate 
cyclase inhibitor (ddA) blocked the action of exendin-4. Therefore, exendin-4 has antioxidant effect in cardiomyocytes 
mediated by cAMP. 
 

Keywords:  Exendin-4, GLP-1 Receptor, Oxidative stress, Apoptosis, Antioxidant, Antiapoptotic 
 
 
Introduction 
 

Oxidative stress is one of the most important roles in pathophysiology in heart. Oxidative stress refers to an imbalance 
between the production of reactive oxygen species (ROS) (e.g., superoxide and hydrogen peroxide) and endogenous 
antioxidant defense mechanisms, which high level of ROS cause cell damage and death through modifications of 
proteins, lipids, and DNA/RNA. ROS levels increase in heart failure patients (1), in animal models after myocardial 
infarction (2,3) or dilated cardiomyopathy (4). Glucagon-like peptide-1 (GLP-1) is one of the incretin hormones 
released from the intestine in response to food ingestion that enhances glucose-induced insulin secretion from β-cells. 
Therapeutic use of native GLP-1 is limited by its rapid degradation by dipeptidyl peptidase-4 (DPP-4) into inactive 
metabolite and its actions include the increased insulin secretion, decreased glucagon secretion, cardioprotective 
effects, etc. (5,6). Exenatide (GLP-1 receptor agonist), is resistant to cleavage by DPP-4 and has similar properties with 
native GLP-1 (7). GLP-1 can induce the oxidative defense genes heme oxygenase-1 (HO-1) (8). Interestingly, exendin-
4 inhibits ROS production in diabetic Goto-Kakizaki rat iselts (9). Although the action of GLP-1 in β-cells are 
established and well known, the role of GLP-1 receptor in heart is uncertain. GLP-1 receptors are found in the heart 
(10), and several studies suggested GLP-1 has cardioprotective benefits and plays an important role in cardiovascular 
system (11). For example, in isolated cardiac myocytes, GLP-1 has been shown to elevate cAMP in addition to 
demonstrating chronotropic effects (12). A few studies showed the anti-apoptotic effect of GLP-1 in heart. For example, 
the GLP-1 receptor agonist liraglutide significantly increased the level of intracellular cAMP in mouse cardiomyocytes 
(13). The cardioprotective effects of exendin-4 in heart are unclear. In this study, we examine the effects of exendin-4 on 
inhibition of H2O2-induced ROS production and apoptosis in neonatal rat cardiomyocytes. 
 
 
Materials and Methods 
 

Reagents and materials 
 

Exendin-4, exendin (9-39) and DCFH-DA (2,7dichlorodihydrofluorescin diacetate) were purchased from Sigma-
Aldrich. ddA (2,5-dideoxyadenosine) was purchased from Calbiochem. DAPI (4',6-diamidino-2-phenylindole 
dihydrochloride)  was purchased from Molecular Probe. Dulbecco's Modified Eagle Medium (DMEM), fetal bovine 
serum (FBS), trypsin, and other tissue culture reagents were obtained from Gibco. 10-cm dishes, 35-mm dishes, 6-well 
plates for cell culture were obtained by Corning.   
 
Isolation of neonatal rat cardiac myocytes 
 

Sprague Dawley rats (pregnant) were obtained from National Laboratory Animal Center, Mahidol University. The 
studied animals were handled according to approved protocols and animal welfare regulations of the authors’ 
Institutional Review Boards of Faculty of Pharmacy, Mahidol University.   
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Neonatal rat cardiac myocytes were isolated as previously with a slightly modification. Briefly, ventricular myocytes 
were dispersed from the ventricles by digestion with collagenase type I, 0.1% trypsin and 15 g/mL DNase. Cell 
suspensions were applied on shaking in 37C water bath and subjected to centrifugation for 5 min. We plated cardiac 
myocytes on gelatin-coated culture 6-well plate. Cells were cultured in the media containing DMEM with 10% FBS 
and penicillin/streptomycin solution (14).  
 
Measurement of intracellular ROS production 
 

A fluorescent probe, DCFH-DA, was used for the assessment of intracellular ROS formation in cultured rat cardiac 
myocytes. The cells (1×105 cells/mL) were treated with or without 20 nM exendin-4 for 30 min then incubated with 
H2O2 200 M for 30 min, leading to oxidative stress. Thereafter, 10 M DCFH-DA was added and incubated with the 
cells at 37°C in the dark for 30 min. Then cells were washed with PBS 1 time and added phenol red-free media 2 mL. 
After that oxidative stress should be confirmed by the increasing in ROS production compared with control by 
fluorescence microscopy (Inverted microscope, Olympus IX 81) with 20X objective lens (Olympus) (15).  
 
TUNEL Assay 
 

Terminal deoxynucleotidyl transferase (TdT) -mediated deoxyuridine triphosphate (dUTP) nick end-labeling (TUNEL) 
assay was performed utilizing the in situ Cell Death Detection Kit (fluorescein), from Roche Applied Sciences 
according to the manufacturer’s instructions. Briefly, cardiac myocytes plated in 35-mm dish were treated with various 
agents, fixed in freshly prepared 4% paraformaldehyde, and then permeabilized in 0.1% Triton X-100. Cells were then 
washed twice with phosphate-buffered saline and subjected to the TUNEL reaction at 37°C in a humidified atmosphere 
in the dark for 60 min. At the end of the incubation cells were counterstained with DAPI. The fluorescent signal, 
emitted by fluorescein-labeled dUTP incorporated into fragmented DNA, was visualized by fluorescence microscopy 
(Inverted microscope, Olympus IX 81) with 20X objective lens (Olympus) (16). 
 
Statistical analysis 
 

Data are expressed as mean ± SEM. Unpair t test was used for statistical analysis. The P < 0.05 was considered to 
indicate statistical significance. 
 

Results 
 

Exendin-4 inhibits H2O2-induced ROS production  
 

DCFH-DA, a fluorescent probe, was used for detecting the ROS production as indicated by an increase of green fluorescent 
intensity. After treatment with 200 M of H2O2, the levels of intracellular ROS markedly increased compared to that of 
control (vehicle) (Figure 1).  Exposure of 20 nM of exendin-4 significantly inhibited H2O2-induced ROS production 
(Figure 1). Exendin-4 did not decrease ROS production in the presence of exendin-(9-39), GLP-1 receptor antagonist, 
suggesting that the antioxidant effect of exendin-4 is mediated through GLP-1 receptor-dependent pathway. 

 
 
Figure 1. Exendin-4 inhibits H2O2-induced ROS production in rat neonatal cardiomyocytes. Serum-starved cells 
were pretreated without or with exendin-(9-39) before treatment with vehicle (control) or 20 nM exendin-4 for 2 hr at 
37C. Then, cells were incubated with 200 M H2O2. Cells were washed with PBS and incubated with 10 M DCFH-DA at 
37C in the dark for 30 min. Cells were changed with phenol red-free medium and visualized by fluorescence microscopy. 
Bar, 10 m.  
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We next investigated whether the reduction in ROS level by exendin-4 is dependent on elevation of cAMP level which 
results from the activity of adenylyl cyclase (AC). To demonstrate the requirement of cAMP for exendin-4-mediated 
inhibition of oxidative stress in cardiomyocyte, we used ddA (an AC inhibitor) that is able to completely inhibit the AC 
activity. The antioxidant activity of exendin-4 can be inhibited by ddA (Figure 2), confirming that the antioxidant effect 
of exendin-4 mediates through cAMP-dependent manner. 
 
 

 

 
 
 

Figure 2.  Antioxidant effects of exendin-4 are required the activity of AC. Serum-starved cells were pretreated  
without or with 1 M ddA before treatment with vehicle (control) or 20 nM exendin-4 for 2 hr at 37C. Then, cells were 
incubated with 200 M H2O2. Cells were washed with PBS and incubated with 10 M DCFH-DA at 37C in the dark for 30 
min. Cells were changed with phenol red-free medium and visualized by fluorescence microscopy. Bar, 10 m. 
 
 
Exendin-4 inhibits H2O2-induced apoptosis in neonatal rat cardiomyocytes 
 

We investigated whether activation of GLP-1 receptor prevents apoptosis in cardiomyocytes. Stimulation of GLP-1 
receptor by exendin-4 suppressed H2O2-induced apoptosis compared to that of control group (Figure 3). These results 
demonstrated that exendin-4 has an antiapoptotic effect, indicating that stimulation of GLP-1 receptor can protect 
apoptosis in cardiomyocytes. 
 
 
 

 

 
 
 

Figure 3.  Exendin-4 inhibits H2O2-induced apoptosis in rat neonatal cardiomyocyte. Serum-starved cells were 
pretreated without or with 20 nM exendin-4 for 2 hr at 37C. Then, cells were incubated with 200 nM H2O2 for 24 hr. 
Cells were washed with PBS and incubated with TUNEL solution at 37C in the dark for 1 hr then incubated with 
DAPI for 10 min. Cells were changed with PBS and visualized by fluorescence microscopy. Bar, 10 m. 
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Discussion and Conclusions 
 

In the present study, we demonstrate the effects of exendin-4 on inhibition of ROS production and apoptosis in rat 
neonatal cardiomyocytes. Exendin-4 binding to GLP-1 receptors leads to G protein coupling, activation of AC, cAMP 
generation and elicits the antioxidant and antiapoptotic properties. However, it is still unclear which signaling pathways 
involve in the actions of exendin-4.  
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Abstract 
 

Cardiac fibroblasts play a major role in synthesis and secretion of the extracellular matrix (ECM) in the normal heart. 
In long term cardiac injury, changes in cardiac fibroblasts include increase fibroblast proliferation, accumulation of 
ECM, and differentiation of myofibroblasts which express alpha-smooth muscle actin (α-SMA), resulting in cardiac 
fibrosis. Rat cardiac fibroblasts (CF) express all subtypes of adenosine receptor (AR), which are A1, A2a, A2b and A3. 
Although stimulation of ARs leads to the attenuation of cardiac fibrosis, the mechanism by which A2Rs play a role in 
prevention of cardiac fibrosis is not completely understood. The present study investigates the effects of NECA (5-N-
ethylcarboxamidoadenosine), a selective A2R agonist, on the inhibition of cardiac fibrosis inducing by endothelin-1 
(ET-1). We used neonatal rat CF and stimulated with ET-1 to induce proliferation, myofibroblast differentiation and 
collagen synthesis. The effects of NECA on proliferation, fibrotic gene (collagen I, collagen III and α-SMA) expression 
and α-SMA protein expression were assessed by MTT assay, RT-qPCR and fluorescence microscope, respectively. The 
results show that treatment of CF with NECA inhibits ET-1-induced proliferation and α-SMA expression. Activation of 
A2R may be a therapeutic target for the treatment of cardiac fibrosis. 
 

Keywords:  Adenosine receptors, Cardiac fibroblasts, Cell proliferation, Collagen, Alpha-smooth muscle actin  
(α-SMA) 

 
 
Introduction 
 

Cardiac fibroblasts (CF), which constitute 60% of the total heart cells, synthesize and secrete components of the 
extracellular matrix (ECM). ECM is a complex network of connective tissue proteins that surrounds and interconnects 
cardiac cells for preserves cardiac structure and function (1,2). Main components of the cardiac ECM are fibrillar 
collagens type I and III. In pathological condition (hypertension, myocardial infarction, heart failure), these cells 
contribute to the pathologic structural changes by undergoing proliferation, secretion of several cytokines and growth 
factors, and differentiate into myofibroblasts (3,4). These myofibroblasts, the hallmarks of which are α-SMA 
expression and production of collagen, are important contributors to fibrosis and the pathology of the heart. 
 

Cardiac fibroblasts functions are regulated by several autocrine/paracrine factors, including adenosine. The biological 
effects of adenosine are mediated by means of adenosine receptor (AR), which exist in multiple subtypes (A1, A2a, 
A2b, and A3) (4). All subtypes are members of the superfamily of G-protein-coupled receptors (GPCRs). Activation of 
A1 and A3 receptors result in an initial of intracellular signal through Gi protein causing inhibit adenylyl cyclase 
activity and decrease cAMP level. Conversely, activation of A2a and A2b receptors result in an initial of intracellular 
signal through Gs protein and lead to the stimulation of adenylyl cyclase activity and cAMP level (5,6). Analysis of 
mRNA expression has concluded that rat cardiac fibroblasts express all four adenosine receptor subtypes (7). There are 
many studies to show that adenosine can reduce adverse cardiac remodeling. Effects of adenosine on cardiac fibroblasts 
are inhibition of cell proliferation, collagen synthesis and TNFα secretion. These effects of adenosine appear to occur 
predominantly via A2 receptors (8-11).  
 

The present study investigated whether activation of A2R by selective agonist modulates CF behavior that is important 
in cardiac fibrosis such as proliferation, myofibroblast differentiation and collagen synthesis. In this study endothelin-1 
(ET-1) was used to stimulate cardiac fibrosis. The rationale for choosing ET-1 was that it could stimulate proliferation 
of rat cardiac fibroblasts (12,13), stimulate increase of collagen synthesis, and induce rat cardiac fibroblasts to express 
markers of myofibroblast phenotype, including α-SMA (14,15). 
 
 
Materials and Methods 
 

Test materials 
 

Endothelin-1 (ET-1) and 5-N-ethylcarboxamidoadenosine (NECA) were purchased from Sigma-Aldrich. DAPI (4',6-
Diamidino-2-Phenylindole, Dihydrochloride) was purchased from Molecular Probe. 
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Cardiac fibroblasts isolation and culture 
 

The animals in this study were handled according to approved protocols and animal welfare regulations of the authors’ 
Institutional Review Boards of Faculty of Pharmacy, Mahidol University. A Sprague Dawley rat (pregnant) was from 
National Laboratory Animal Center, Mahidol University. Primary neonatal rat cardiac fibroblast cultures were 
generated from ventricular tissues of 1- or 2-day old neonatal Sprague-Dawley rats. These cells were maintained in 
DMEM containing 10% fetal bovine serum (FBS) and 1% penicillin-streptomycin at 37C in an atmosphere of 5% CO2.  
 
Cell proliferation assay 
 

Cardiac fibroblast proliferation was evaluated by MTT assay. Cardiac fibroblasts (5,000 cells/well) were plated in 96-
well plates in DMEM containing 1% FBS and incubated 24 hr. Then the cells were treated with pharmacological agents 
and stimulated with 20 nM ET-1 for 24 hr. MTT solution (1 mg/mL) was added to each well, and incubated for 3 hr. 
The medium was then replaced with 100 µl dimethyl sulfoxide. Absorbance at 570 nm was measured using microplate 
reader (UV scan). 
 
RNA isolation and real-time PCR analysis 
 

Collagen and α-SMA mRNAs expression were determined by real time-PCR method. Cardiac fibroblasts (5105 

cells/well) were plated in 6-well plates in DMEM containing 10% FBS and incubated 24 hr. Then, cardiac fibroblasts 
rendered quiescent by serum starvation for 2 hr and treated with pharmacological agents and stimulated with 20 nM 
ET-1 for 24 hr. The extraction of mRNA was performed by using the RNeasy Mini kit (Qiagen). RT-qPCRs for mRNA 
expression were performed by using the KAPA SYBR FAST One-step RT-qPCR kit (KAPA biosystems) following the 
manufacturer's instructions. The temperature cycle profile for the qPCR reactions was 42°C for 5 min, then of 95°C for 
2 min and 40 cycles of 95°C for 3 s, 55°C for 30 s, and 72°C for 1 min.  
 
Detection of α-SMA by fluorescence microscope 
 

Cardiac fibroblasts (1x104 cells/well) were plated in 35-mm glass dishes in DMEM containing 1% FBS. The cells were 
treated with pharmacological agents and stimulated with 20 nM ET-1 for 48 hr. The cells were fixed with 4% PFA and 
kept at 4C for 2 hr. Then, 0.1% Triton-X was added and kept at room temperature for 5 min. Then, 1% BSA was 
added and kept at room temperature for 20 min. The cells were incubated for 1 hr with anti-α-SMA antibody (diluted 
1:500). After several washes, the cells were incubated for 1 hr with goat anti-mouse antibody (Alexa Fluor 488). The α-
SMA was visualized by fluorescence microscopy (Inverted microscope, Olympus IX 81). 
 
Data analysis 
 

Data expressed as means  SEM (standard error of mean). Some experiments, the outcomes assessed by using the one 
way analysis of variance (ANOVA). Statistical analysis performed by Student’s paired or unpaired t-test as appropriate, 
and means will be considered significantly different when p < 0.05. 
 
 
Results 
 

Effects of NECA on inhibition of ET-1-induced cardiac fibroblast proliferation  
 

Treatment with 20 nM ET-1 significantly increased number of cardiac fibroblasts, indicating the induction of cell 
proliferation. ET-1-induced proliferation of cardiac fibroblast was significantly inhibited by pretreatment with 20 µM 
NECA, a selective A2R agonist (Figure 1).    
 
Inhibition of ET-1-induced fibrotic gene expression by NECA 
 

Stimulation of CF with 20 nM ET-1 significantly increased the mRNA level of α-SMA compared to that of control. In 
addition, the mRNA levels of collagen I and III tend to increase in CF when treated with ET-1 (Figure 2). Pretreatment 
with 20 µM NECA significantly inhibited the ET-1-induced α-SMA mRNA expression. These results indicated that 
NECA can reduce the ET-1-induced fibrotic gene expression (Figure 2). 
 
Inhibition of α-SMA protein expression by NECA 
 

To determine the impact of adenosine receptor agonist on myofibroblasts differentiation, we next investigated the effect 
of NECA on ET-1-induced α-SMA protein expression. Results from fluorescence microscope revealed an increase of α-
SMA production in CF when treated with 20 nM ET-1 (Figure 3). Stimulation of A2R with 20 µM NECA resulted in a 
decrease of α-SMA protein expression inducing by ET-1. Thus, stimulation of A2R can inhibit α-SMA protein 
expression in response to profibrotic agents that induce myofibroblasts differentiation (Figure 3). 
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Figure 1. Effects of NECA on ET-1-induced cardiac fibroblast 
proliferation. Serum-starved cells were pretreated without or with NECA 
before stimulation with 20 nM ET-1 for 24 hr at 37C. Cell proliferation 
was quantified, expressed as percentage relative to the non-treated cells, and 
shown as mean ± SEM (n = 4). NECA inhibits the ET-1-induced CF 
proliferation. # p < 0.05 versus the non-treated control group; * p < 0.05 
versus ET-1 stimulation. 

 
 
 
 

 
 

            
 

Figure 2.  Effects of NECA on the mRNA levels of fibrotic gene. The α-SMA, collagen I and collagen III mRNA 
expression levels in CF were assayed by RT-qPCR. Serum-starved cells were pretreated without or with NECA before 
stimulation with 20 nM ET-1 for 24 hr at 37C. After treatment, the total RNA was extracted from cells, and the mRNA 
expression was analyzed using specific primers for α-SMA, collagen I and collagen III. GAPDH served as a loading 
control. The α-SMA mRNA (left panel), collagen I mRNA (middle panel) and collagen III mRNA (right panel) levels 
were quantified, expressed as fold increase over non-treated cells, and shown as mean ± SEM (n = 4). NECA inhibits the 
ET-1-induced α-SMA expression. # p < 0.05 versus the non-treated control group; * p < 0.05 versus ET-1 stimulation. 
 
 

 
 
 
 
 
 
 

Figure 3.  Effects of NECA on ET-1-
induced α-SMA protein expression. 
Serum-starved cells were pretreated 
without or with NECA before stimulation 
with 20 nM ET-1 for 48 hr at 37C. Cells 
were washed with PBS and incubated 
with anti-SMA antibody at 37C for 1 hr 
followed by goat anti-mouse antibody 
(Alexa Fluor 488) for 1 hr. The α-SMA 
was visualized by fluorescence micro-
scopy. NECA inhibits the ET-1-induced 
α-SMA protein expression. Cells were 
stained for α-SMA (green) and nuclear 
staining of nucleus with DAPI (blue). Bar, 
10 µm.  
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Discussion and Conclusion 
 

The results of the present study have shown that ET-1 can induce cardiac fibrosis by promoting cardiac fibroblasts 
proliferation and α-SMA expression. Proposed mechanism by which ET-1 induced cardiac fibrosis was mediated 
through stimulation of phospholipase C (PLC) [16]. Treatment with the selective A2R agonist (NECA) could increase 
adenylyl cyclase activity and cAMP level and it was able to inhibit ET-1-induced cardiac fibrosis in the following 
ways: (1) by inhibiting CF proliferation and (2) by inhibiting myofibroblast differentiation, as assessed by expression 
of α-SMA (a marker of myofibroblast). Our study suggested that adenosine receptor agonists may have antifibrotic 
effects through adenosine subtype 2 receptor in terms of reduction of CF proliferation and myofibroblast differentiation. 
Thus, adenosine receptor agonists may be considered to be a potential therapeutic target for the treatment of cardiac 
fibrosis. However, the cross-talk between adenosine and endothelin receptor signaling pathways in cardiac fibroblast 
remains unclear (Figure 4). Further study is necessary to clarify the mechanism of this interaction.  
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Figure 4. Schematic diagram representing 
the stimulation of A2R inhibits ET-1-induced 
cardiac fibrosis. ET-1 can induce cardiac 
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expression. NECA binding to A2R activates 
heterotrimeric Gs protein, then stimulates 
adenylyl cyclase activity and increases cAMP 
level, leading to inhibition of ET-1-induced 
cardiac fibrosis. 
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Abstract 
 
The increasing interest in herbal medicine has led to widely use of herbal products. More researches providing scientific 
evidence to support these uses are of importance. The aim of this study was to investigate the anti-inflammatory effect of 
herbal drug using lipopolysaccharide (LPS)-induced systemic inflammation in rats. In this model, male Wistar rats (190-
250 g) were used. The administrations of LPS (6 mg/kg) were conducted on intraperitoneal and intravenous routes, to 
induce systemic inflammation in rats. The markers of organ injury/dysfunction including serum/plasma levels of urea, 
creatinine, aspartate transaminase (AST), alanine transaminase (ALT) and creatine kinase (CK) were measured. At 6 hr 
after LPS administration, intraperitoneal and intravenous injection of LPS significantly increased three and five markers, 
respectively. Intragastric administration of indomethacin (5 mg/kg) significantly reduced these markers. In addition, the 
anti-inflammatory effect of Ayurved Siriraj Harak Recipe (AVS022), which is a well-known traditional Thai remedy for 
treatment of fever, was investigated. Intragastric administration of AVS022 (300 mg/kg) showed the trend of protective 
effect against endotoxemia-induced organ injury, although it was not statistically significant. Nevertheless, the dose-
response relationship of the anti-inflammatory activity of AVS022 should be further investigated.  
 
Keywords:  Herbal medicines, Lipopolysaccharide, Systemic inflammation, Anti-inflammatory effect, Ayurved 

Siriraj Harak Recipe 
 
 
Introduction 
 

The use of herbal medicines has been rising in the past few decades and continues to grow in popularity each year 
among health practitioners and the general public. The study regarding to either efficacy or safety of herbal products 
are crucial scientific evidences for supporting the usage and consumer protection. Animal study thus has been used to 
achieve this purpose. Lipopolysaccharide (LPS)-induced inflammation is a model commonly used in various studies of 
anti-inflammatory drugs. Many factors should be concerned for induction of systemic inflammation such as time after 
administration, route of administration as well as body temperature control during experimental period. 
 

This current study was designed to investigate the anti-inflammatory effect of herbal drug using lipopolysaccharide 
(LPS)-induced systemic inflammation in Wistar rats. The herbal drug used in this study is a well-known traditional 
Thai remedy for treatment of fever, Ayurved Siriraj Harak Recipe (AVS022). It is used as a mixed powders of the roots 
of Capparis micracantha DC., Clerodendrum indicum L., Harrisonia perforate (Blanco) Merr., Ficus racemosa L. and 
Tiliacora triandra (Colebr.) Diels, in equal part by weight. 

 
 

Materials and Methods 
 

Preparation of Ayurved Siriraj Harak Recipe (AVS022) 
 

AVS022 powder prepared by Unit of Thai Herbal Pharmaceuticals of Applied Thai Traditional Medicine, Faculty of 
Medicine Siriraj Hospital with quality controlled, signed, together with fingerprint by Thin Layer Chromatography 
(TLC) and Ultra Performance Liquid Chromatography (UPLC). The test specimens were kept in dry place, at room 
temperature and protected from light until use. 
 
Animal care 
 

Male Wistar rats (190-250 g) purchased from the National Laboratory Animal Center, Nakorn Pathom, Thailand, were 
used in this study. All animals received a standard diet and water ad libitum, and were housed under standard 
conditions. The animals were acclimatized at least 1 week before the experiments. 
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Experimental design 

Study I: Endotoxic model induced by intraperitoneal injection of LPS 
Sterile water (vehicle for herbal drug) was intragastrically administered once daily for 14 days. Three hours after the 
last administration, rats were randomly divided and intraperitoneally injected with LPS (LPS, 6 mg/kg, 1 mL/kg) or 
normal saline (sham, 1 mL/kg). Blood samples were collected from the tail vein at 3, 6, 24 and 48 hr after intraperitoneal 
administration. 

Study II: Endotoxic model induced by intravenous injection of LPS 
Sterile water, indomethacin (5 mg/kg/day), or AVS022 (300 mg/kg/day) was intragastrically administered once daily 
for 14 days. On day 15, the model of LPS-induced endotoxemia and organ injuries (1) was used. Briefly, all animals 
were anesthetized. The carotid artery was cannulated for blood sampling. The jugular vein was cannulated for 
intravenous administration. The rats were treated intravenously with LPS (LPS, 6 mg/kg, 1 mL/kg) or normal saline 
(sham, 1 mL/kg). Six hours after this treatment, blood samples were collected. 
 
Measurement of biochemical parameters 

The samples were centrifuged (6000 g for 10 min) to separate serum/plasma. All samples were stored at -80 °C and 
analyzed for plasma levels of urea, creatinine, aspartate transaminase (AST), alanine transaminase (ALT), and creatine 
kinase (CK) by using automatic clinical biochemistry A15 analyzer (Biosystems S.A., Barcelona). 
 

Statistical analysis 

All values described in the text and figures are expressed as mean±SEM for N observations. Two-way analysis of 
variance followed by Bonferroni post hoc test was performed on biochemical data of study I and body temperature 
data. For biochemical data of study II, a student's t-test for unpaired data was performed. A P-value of less than 0.05 
was considered to be statistical significant. 

 
 

Results 

Study I: The time-dependent effects of intraperitoneal injection of LPS on the organ injury/dysfunction 

Intraperitoneal injection of LPS significantly increased serum levels of urea, creatinine and ALT at 6 hr after injection 
(Figure 1). 
 
Study II: The effects of intravenous injection of LPS on the organ injury/dysfunction 

Endotoxemia for 6 hr significantly increased plasma levels of urea, creatinine, AST, ALT, and CK (Figure 2). 
 
The effects of AVS022 on the organ injury/dysfunction caused by endotoxemia 

When compared to LPS-control, treatment with AVS022 showed trends to reduce the plasma levels of creatinine, AST, 
ALT and CK, although they were not significant. Indomethacin markedly reduced all markers when compared to LPS-
control (Figure 3). 
 

 
 
Figure 1. Study I: Alterations in the serum levels of (A) urea, (B) creatinine, (C) AST, (D) ALT and (E) CK at 3, 6, 24, 
and 48 hr after LPS injection (6 mg/kg, i.p.) in rats. P < 0.05 vs. sham. N = 12-15. 
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Figure 2. Study II: Alterations in the plasma levels of (A) urea, (B) creatinine, (C) AST, (D) ALT and (E) CK at 6 hr 
after LPS injection (6 mg/kg, i.v.) in rats. P < 0.05 vs. LPS. N = 12-15. 
 

 
Figure 3. The effects of AVS022 on plasma levels of (A) urea, (B) creatinine, (C) AST, (D) ALT and (E) CK at 6 hr after 
LPS injection (6 mg/kg, i.v.) in rats. P < 0.05 vs. LPS. N = 12-15. 
 
 
       

Body temperature in controlled and uncontrolled body temperature LPS-endotoxic rat model 

Study II represents the controlled body temperature model. The body temperature of animals remained within normal 
limits throughout the experiment without significant differences between groups (Figure 4A). A further study was 
designed to investigate the antipyretic effects of the herbal drugs in a rat model of endotoxemia induced by LPS. 
Therefore, the body temperature was not controlled. All animals were placed on a homeothermic blanket only at the 
beginning of the experiment to maintain stable baseline temperature. At base line, body temperatures of both groups 
were similar. Unexpectedly, intravenous LPS did not produce febrile response under uncontrolled body temperature 
condition. The result showed that both sham and LPS groups were in hypothermic state during 1 to 6 hr of the 
experiment (Figure 4B).  
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Figure 4. Comparison of the effects of LPS on body temperature in (A) controlled and (B) uncontrolled body 
temperature rat models. P < 0.05 vs. sham. N = 6. 
 
 
Discussion 

Here, we investigated the anti-inflammatory effect of herbal drug using LPS-induced systemic inflammation in Wistar 
rats. LPS from the outer of gram-negative bacteria is strongly associated with septicemia leading to multiple organ 
injury and dysfunction (1). We compare the route of LPS administration (6 mg/kg, i.p. versus i.v.) to induce systemic 
inflammation in rats. Firstly, intraperitoneal injection of LPS (6 mg/kg) was used to investigate the time-dependent 
effects of LPS. Intraperitoneal injection of LPS increased some markers of organ injury/dysfunction, serum levels of 
urea, creatinine and ALT at 6 hr after injection. Thus, we chose the time at 6 hr after LPS administration to investigate 
the effects of intravenous LPS. Intravenous injection of LPS for 6 hr significantly increased all markers of organ injury 
which were attenuated by intragastric indomethacin. Based on our findings, we thus selected intravenous LPS 
administration for 6 hr for further investigation on the effects of AVS022 as it could obviously demonstrate deleterious 
effects on multiple organs, implicating the successful induction of systemic inflammation. AVS022 is very famous 
herbal formula used as antipyretics (2,3). The animal dose equivalent to the human dose of AVS022 can be calculated 
(4). Treatment with AVS022 300 mg/kg/day for 14 days showed the trend of protective effect against endotoxemia-
induced organ injury, although it was not statistically significant. In addition, the last experiment was designed to 
investigate the antipyretic effects in the model of intravenous injection of LPS. Unfortunately, hypothermia had 
occurred in both groups under uncontrolled body temperature condition. This was most likely a result of anesthesia and 
invasive surgical procedures. 
 

In conclusion, intragastric administration of AVS022 at the dose of 300 mg/kg showed a non-significant trend to 
attenuate endotoxemia-induced organ injury. Nevertheless, the dose-response relationship of the anti-inflammatory 
activity of AVS022 should be further investigated.  
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Abstract 

Methamphetamine (MA) is classified as the Schedule I Narcotic drugs according to Thai Narcotic Act B.E. 2522. Its 
widespread and addictive uses are currently a national threatening issue in many countries. Determination of MA in 
biological samples (mostly urine and blood) is used to assess illicit MA uses in forensic as well as in clinical purposes. 
In some circumstance, both samples are not available or contaminated; hair root is purposed as an alternative sample 
representing the recent MA uses before death. This study aimed to assess the correlation of MA concentrations in hair 
root and blood samples in postmortem cases. Hair root and blood samples were collected from seventeen Thai deceased 
whose urine samples were MA positive in the screening test with MA strips test. After the washing process, hair root of 
1 mg was detected by Gas chromatography/mass spectrometry triple quadrupole (GC/MS/MS). Blood samples were 
extracted by liquid/liquid extraction and detected by GC/MS/MS. The results showed that MA concentrations in hair 
root vs blood were linearly correlated with the correlation coefficient (r) of 0.68 (p = 0.001). Results from this study 
preliminarily suggested hair root as an alternative for determination of MA in biological samples. 

Keywords:  Methamphetamine, Blood, Hair root 
 

Introduction 

Methamphetamine (MA) is classified as the Schedule I Narcotic drugs according to Thai Narcotic Act B.E. 2522. Its 
widespread and addictive uses are currently a national threatening issue in many countries. Determination of MA in 
biological samples (mostly urine and blood) is used to assess illicit MA uses in forensic as well as in clinical purposes 
(1). In some circumstance, both samples are not available or contaminated, hair root is purposed as an alternative 
sample representing the recently MA uses before death. Hair root was previously assessed for proving acute MA 
poisonings using rat model and 4 fatal cases of MA intoxication. That study demonstrated that MA could be detected in 
hair root as early as 0.5 hr and peak at 2 hr after MA administration to rats. MA was also detected in hair root of 4 men 
who died mainly due to acute MA poisoning (2). In addition, hair root was found to possess longer detection time for 
MA (1-4 days) than the plasma (about 1 day) after administration of MA (10 mg/kg, i.p.) to male Wistar rats (1). These 
studies suggested that hair root is a good specimen for proving acute MA poisoning. To consider using hair root as an 
alternative specimen to blood sample, this study aim to assess the correlation of MA concentrations in hair root and 
blood samples in postmortem cases. 
 
Materials and Methods 

Hair root and blood samples were collected from seventeen Thai deceased whose urine samples were MA positive in 
the screening test with MA strips test. Hair root samples were plucked from the posterior vertex region of the head. The 
hair root samples were washed once with methanol and vortexed for 1 minute. After drying, they were cut into 0.5 cm 
in length and 1 mg of the samples was transferred to an injection vial for Thermal Separation Probe (TSP) according to 
the method modified from Kumazawa et al. (3). Then, 1 µL of 100 ng/mL trimipramine in methanol was added. 
Finally, the content in the vial was injected to GC/MS/MS via TSP interface. 

Blood samples were collected from basal artery. Analysis of MA in blood samples was modified from Roman et al. (4). 

Briefly, blood samples were extracted via liquid/liquid extraction with 1 mL of chloroform after adjusted to pH 10-11 
with 200 mM sodium hydroxide. The mixture was vortex for 5 min, centrifuged at 5000 rpm for 5 min. The supernatant 
of 1000 µLwas transferred to an injection vial and the vapor was injected to GC/MS/MS. 
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Instrument condition 

GC/MS/MS using triple quadrupole GC/MS (Agilent Technologies 7000) was operated in MRM mode with helium gas 
type. The instrument was interfaced to Agilent Technologies 7890A gas chromatography operating with a DB-5MS UI 
(Agilent part number 122-5512 UI) column (15 m, 0.25 mm, 0.25 µm film thickness) using helium as the carrier gas at 
flow rate of 50 mL/min. The GC oven temperature programmed from 80°C to 240°C (at 20°C/min).The injector and 
transfer lines were set at 280°C.  
 
Results 

Demographic profile of 17 MA users was shown in Table 1. The postmortem cases included 16 male (93.75%) and 1 
female (6.25%) corpses with ages range from 17-53 years. The relationship between MA concentrations in blood and 
hair root was linearly correlated (p-value = 0.001) with a correlation coefficient (r) of 0.68 and a regression equation of 
y = 2.06x + 72.32 (Figure 1). 
 
Discussion and Conclusion 

In this study, range of MA concentrations in blood samples was 3.73-103.19 ng/mL whereas range of MA 
concentrations in hair root samples was 8.02-249.27 ng/mg. The reports regarding toxic/fatal MA concentrations in 
blood vary among studies. Toxic concentrations of MA in blood were ranged from 200-5000 ng/mL and fatal MA 
concentrations in blood samples were reported as more than 10000 ng/mL (5,6). Blood concentrations of MA in this 
study were much lower than the toxic or fatal blood MA concentrations reported by other studies. This indicated that 
MA toxicity was possibly not the cause of death of the subjects in this study. 

MA concentrations in hair roots of 4 persons who died due to MA poisoning were ranged from 41.1-250.8 ng/mg as 
reported by Nakahara et al. (2). Most subjects in this study possessed MA concentrations in hair roots within the range 
of MA concentrations reported by Nakahara et al. even though the corresponding blood samples contained MA with the 
concentrations much lower than the toxic level. Unfortunately, the study of  Nakahara et al. (1997) did not report MA 
concentrations in blood samples of those 4 subjects, thus limiting the information regarding relationship between MA 
concentrations in hair roots and blood samples in that study.  

 
 

Table 1.  Demographic profile of subjects. 

No. Sex Age (years) Causes of death 

1 Female 24 Accident 

2 Male 27 Unknown 

3 Male 53 Died of disease 

4 Male 17 Homicide 

5 Male 35 Unknown 

6 Male 45 Homicide 

7 Male 35 Unknown 

8 Male 31 Homicide 

9 Male N/A Homicide 

10 Male 18 Homicide 

11 Male 43 Electrocution 

12 Male N/A Unknown 

13 Male 44 Homicide 

14 Male 45 Homicide 

15 Male 33 Unknown 

16 Male N/A Accident 

17 Male N/A Unknown 

Total = 17 
Male = 93.75% 
Female = 6.25% 

Range =17-53  

N/A = not available 
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Figure 1.  Relationship between MA concentrations in blood and hair root of 17 MA users. 
 
 
Results from this study showed that MA concentrations in hair root and blood samples were linearly correlated with a 
correlation coefficient of 0.68 (p = 0.001). As MA could be detected in hair roots with even higher concentrations than 
MA concentrations in the corresponding blood samples and the concentrations of MA in both samples were linearly 
correlated, this study preliminarily provide an information that hair roots was a favorable alternative specimen in case 
that blood samples were not available. Further study using larger sample size is needed. 
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Abstract 
 

Rituximab is a chimeric monoclonal antibody against human CD 20 on B cell. It is widely used in combination with 
chemotherapy for treating non- Hodgkin’s lymphoma (NHL). It is suggested that this antibody destroys B lymphoma 
cells mainly by an antibody dependent cellular cytotoxicity (ADCC) mechanism. This mechanism requires the binding 
of the drug to FC gamma IIIa receptor (FCRIIIa) on natural killer (NK) cells in order to activate the NK cells to kill 
cancer cells. This study intended to examine the correlation of genetic variation of FCRIIIa and the response to 
rituximab in NHL patients at King Chulalongkorn Memorial hospital. Forty-two NHL patients treated with R- CHOP 
regimens were include in this study. Their genetic variation of FCRIIIa at 559T/G (158V/F) was assessed by Taqman 
SNP real- time PCR assay. The distribution of FCRIIIa in these patients was 45.24%V/V,40.28%V/F and 14.28% F/F. 
The clinical outcomes of these patients were evaluated at 4 weeks after six course of therapy. There were no differences 
in clinical response among these patients. All patients with VV and FF had complete response after six course of 
therapy. Ten of patients (10/12) with VF had complete response while two of them (2/12) had stable disease. These 
results suggest that there is no association between genetic variation of FCRIIIa at 559T/G (158V/F) and clinical 
response among these patients. 
 

Keywords:  Anti CD20, FcRIIIa polymorphisms, Non-Hodgkin’s lymphoma, Rituximab 
 
 
Introduction 

Rituximab is an IgG1 anti-CD20 chimeric antibody. Combination of this antibody with CHOP (R-CHOP) regimen is a 
new standard regimen for the treatment of non-Hodgkin lymphoma (NHL).The in vivo mechanism of anti-tumor action 
of this antibody are still unclear. Several in vitro studies suggest that ADCC, complement activation and apoptosis 
induction may involve in anti-tumor action of the antibody (1-3). In ADCC, the antibody recognizes CD20 on B 
lymphoma cells and then activates effecter cells by binding to FcR. This leads to tumor cell eradication by activated 
effecter cell such as NK cells (1,2) FcRIIIa is a receptor of IgG expressed on macrophages and NK cells and plays role 
in ADCC of rituximab (4-6).This receptor has genetic polymorphism at nucleotide position 559 (G559T or V158F or 
rs396991) which is the only SNP that has been reported to have influence on the binding and efficacy of rituximab (7-
11). FcRIIIa receptor of valine allele at position 158(158V) has higher affinity to IgG1 than the one of 158 
phenylalanine (158F) allele. NK cell with FcRIIIa-158V/V also mediate ADCC more effective than cells with 
FcRIIIa-158F/V or F/F allele (2). Several studies demonstrated the influence of FcRIIIa polymorphisms on clinical 
response to rituximab-CHOP regimen in different types of NHL (9-11). However, some reported no correlation of 
FcRIIIa polymorphisms and the clinical response to rituximab (7,8,12). 
 
Materials and Methods 

Patients 

Forty-two NHL patients treated with rituximab 375 mg/m2 plus CHOP regimen recruited into this study with informed 
consent. Their primary clinical responses were evaluated 4 weeks after 6 courses of therapy. This study was approved 
by the ethics committee of Faculty of medicine, Chulalongkorn University. Two hundred microliter of whole blood 
from each patient was collected for FcRIIIa genotyping assay after informing consent. 

The inclusion criteria included 1) male or female, 2) age between 18-80 years old, 3) diagnosed as non-Hodgkin’s 
lymphoma type B cell and treated at King Chulalongkorn Memorial hospital, and 4) received rituximab 375 mg/m2 plus 
CHOP regimen during the process of treatment. 

The exclusion criteria included 1) history of drug allergy of chimeric monoclonal antibody (mAb), 2) history of other 
types of cancer or HIV positive, 3) medical or psychological contraindications about participate in research, and 4) 
pregnancy or breast feeding. 
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FcRIIIa polymorphisms analysis 

Genomic DNA was extracted from the whole blood by blood DNA extraction kit (Invitrogen®).The FcRIIIa SNP 
genotyping at 559(T559G) of the blood samples was determined by real-time PCR using Taqman SNP real-time PCR 
kit (Applied Biosystems®) (13). 
 
Clinical response 

Primary clinical response of the patients were evaluated by an expert clinician according to the Revised Response 
Criteria for non-Hodgkin lymphoma by American Society of Clinical Oncology 2007 (14), which divides the response 
to 4 levels as complete response (CR), partial response (PR), stable disease (SD) and progression disease (PD).The 
responses were evaluated 4 weeks after the last course R-CHOP therapy. 
 
Statistical analysis 

The correlation between the genotypes of FcRIIIa and the primary clinical response of NHL-patient treated with 
rituximab plus CHOP-regimen was assessed by using the Chi’s square test. The statistically significant value was 
considered at p-value < 0.05. 
 
Results 

Forty-two patients with NHL treated with R-CHOP at Chulalongkorn Hospital were recruited in this study. Their 
FcRIIIa polymorphisms were 19 homozygous V/V, 6 homozygous F/F and 17 heterozygous V/F (Table 1 and 2). 
The primary responses of thirty two patients were evaluated based on the standardized criteria by a specialist clinician 
in hematologic oncology unit of King Chulalongkorn memorial hospital (Table 3). All of 16 patients with FcRIIIa 158 
V/V and 4 patients with F/F had complete response. Ten with V/F had complete response while 2 patients of this 
genotype had stable disease. 
 
 
Table 1.  Characteristics of patients by FCGR3A-158V/F polymorphism. 
 

                              FcRIIIa polymorphism 
                                V/V                            V/F                               F/F 

No. (%)                                19 (45.24%)                 17 (40.48%)                  6 (14.28%)      
Age  
      < 60                                11 (57.89%)                 10 (58.82%)                  2 (33.33%) 
      ≥ 60                                  8 (42.11%)                   7 (41.18%)                 4 (66.67%) 
ECOG                             
      0 or 1                              12 (44.44%)                 11 (40.74%)                  4 (14.82%) 
      2 – 4                                 3 (60.00%)                    2 (40.00%) 
Stage 
      IE and II                         10 (45.45%)                    9 (40.90%)               39 (13.65%) 
      III and IV                         6 (46.15%)                    6 (46.15%)                   1 (7.70%) 
Extranodal sites 

0 or 1                             11 (42.31%)                  13 (50.00%)                  2 (7.69%) 
 > 1                                  4 (50.00%)                    3 (37.50%)                 1 (12.50%) 

IPI 
      0 – 2                                11 (44.00%)                  11 (44.00%)                3 (12.00%) 
      3 – 5                                  5 (62.50%)                    3 (37.50%)                               
Sex 
      Female                            10 (50.00%)                    8 (40.00%)                 2 (10.00%) 
      Male                                  9 (40.91%)                    9 (40.91%)                 4 (18.18%) 

 
 
 
Table 2.  The distribution of FcRIIIa polymorphism in Thai non-Hodgkin’s lymphoma. 
 

Genotype V/V V/F F/F Total 

NHL patients 19 17 6 42 

NHL patient (%) 45.24% 40.48% 14.28% 100% 
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Table 3.  The primary clinical outcomes of NHL patients treated with anticancer drug regimens containing rituximab. 
 

 
 

 V/V V/F F/F 

Primary 
clinical 

outcome 

CR 16 (100.00%) 10 (83.33%) 4 (100.0%) 

SD  2 (16.67%)  

Total 16 (100.00%) 12 (100.00%) 4 (100.00%) 

 
         
Discussion 

Evidences about the influence of FcRIIIa-V158F polymorphisms on the clinical responses of patients with NHL are 
inconsistent. Both presence and absence of correlation of FcRIIIa polymorphisms with clinical responses and survival 
of patients NHL have been reported (7-11). Encourage by these evidences, the correlation between the FcRIIIa 
polymorphism and the primary clinical responses of rituximab-CHOP treated NHL patients was investigated in this 
study. The primary clinical responses of 32 patients were evaluated by expert clinicians 4 weeks after the last course of 
R-CHOP therapy. The results in this study supported the absence correlation of FcRIIIa polymorphism and the clinical 
response. Almost all patients (30/32) had complete response and 2 patients with FcRIIIa-158 V/F had stable disease. 
Several factors may involve in this study. Polymorphism in FcRIIIa may have effect on clinical response only when 
patients are treated with rituximab monotherapy but not when treated with R-CHOP (11,12). ADCC is may not be the 
main mechanism responsible for killing tumor cells in vivo. Studies in a larger numbers of patients and long term 
clinical response should be performed for more conclusive answer. 
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Abstract 

Hepatitis B virus (HBV) is a partially double-stranded DNA that can be divided into 10 genotypes depending on 
differences in genome sequence. HBV viral infection can lead to various states including asymptomatic, acute hepatitis, 
chronic hepatitis, liver cirrhosis and hepatocellular carcinoma (HCC). MicroRNAs (miRNAs) have a role in regulation 
of gene expression by triggering mRNA degradation or translational repression. The human mature miRNAs 
specifically targeting genes in each genotype of HBV were already identified. In this study, we focused on 
bioinformatics analysis based on base pair hybridization for identification of candidate human miRNAs capable of 
targeting HBV gene(s) across 10 genotypes (A-J) of HBV. There were 14 human miRNAs identified (mir-142-5p, mir-
195, mir-214-3p, mir-384, mir-500b, mir-509-1, mir-671-3p, mir-1273d, mir-1914, mir-4640-5p, mir-4731-5p, mir-
4999-5p, mir-5193 and mir-5702) targeting HBV gene(s) across several genotypes of HBV. In conclusion, the results 
from bioinformatics analysis provided several candidate miRNAs that needed to be confirmed by experimental analysis 
to ensure the effect of each predicted miRNAs. The predicted miRNAs targeting hepatitis B virus might be useful and 
have a potential role for inhibition of hepatitis B viral replication in the future. 

Keywords: MicroRNAs, Hepatitis B virus, Genotype 
 
 
Introduction 

Hepatitis B virus (HBV) is a partially double-stranded DNA that belongs to the Hepanaviridae family (1). This virus 
can be divided into 10 genotypes (genotype A-J) and several subtypes depending on differences in genome sequence 
with more than 4-8% (2). The HBV genome consists of approximately 3.2 Kb in size. There are four ORFs including 
C, S, P and X. C ORF encodes for core protein (HBcAg) and HBeAg. The DNA polymerase and surface antigen 
(HBsAg) is encoded by P and S ORFs, respectively. Finally, X ORF is associated with the growing of liver cancer. 
HBV infection in the liver can result invarious states including asymptomatic, acute hepatitis, chronic hepatitis, liver 
cirrhosis and hepatocellular carcinoma (HCC) (3, 4). 

MicroRNAs (miRNAs) have been newly identified to modulate the expression level of cellular genes. MiRNAs are 
small regulatory RNA that play an important role in gene silencing by causing translation repression or mRNA 
degradation. MiRNA are first transcribed from miRNA genes generating primary miRNA (pri-miRNA) and then 
cleaved by enzyme Drosha to be miRNA precursor (pre-miRNA). Subsequencely, pre-miRNA is exported by exportin-
5 (5, 6) and processed by Dicer to yield mature miRNA duplexes containing approximately 22 nucleotides in length 
with 2 nucleotides overhang on miRNA duplexs (6). The miRNA duplexes are then incorporated with RNA-induced 
silencing complex (RISC) to bind target mRNA. 

Several studies reported the human miRNAs targeting HBV genome and have a potential effect on inhibition of 
hepatitis B viral replication in the future. However, those miRNAs were targeted on specific genotypes of HBV. 
Therefore, this study focused on the identification of candidate human miRNAs targeting multiple genotypes of HBV 
which might be useful for inhibition of HBV in the future.  
 
Materials and Methods 

Searching for miRNAs targeting HBV 

miRBase database (http://www.mirbase.org/search.shtml) is the database of published miRNA sequence data, 
nomenclature, annotation and prediction of target gene that provides all miRNAs encode in human, animal, plant and 
virus genome. 

Hepatitis B virus (HBV) genomes used in this study were obtained from NCBI database (http://www.ncbi.nlm.nih.gov) 
as summarized in Table 1. Then each HBV genome sequence was divided into short fragments (50 nucleotides in 
length) with 25 overlapping nucleotides with adjacent sequences. After that each HBV short fragment was analyzed for 
identification of candidate human miRNAs in miRbase.   
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Table 1.  Reference genome of HBV used in this study. 
 

Genotype of HBV Accession number 
A AM282986 
B DQ361535 
C EU498227 
D X80926 
E AB091255 
F AB116654 
G AB056513 
H AY090457 
I AF241409 
J AB486012 

 
 
Results 

MiRNAs targeting each genotype of HBV  

We predicted candidate human miRNAs using miRBase database which analyzed human mature miRNAs targeted 
HBV genotype A-J. There were 6 and 4 candidate miRNAs targeted HBV genotype A and B, respectively. Eight 
candidate miRNAs targeting HBV genotype C, D and I. Genotype F, H and J were found to be a possible target for 7 
predicted miRNAs. Lastly, 9 predicted miRNAs targeting HBV genotype E and G were identified.  
 
MiRNAs targeting multiple genotypes of HBV  

In Table 2, fourteen human miRNAs were found to target multiple genotypes of HBV. Hsa-mir-142-5p, hsa-mir-195, 
hsa-mir-384, hsa-mir-509-1, hsa-mir-1273d and hsa-mir-5702 were targeted on P gene. Hsa-mir-214-3p, hsa-mir-671-
3p, hsa-mir-1914, hsa-mir-4640-5p and hsa-mir-4731-5p had base complementary to both S and P genes. Moreover 
hsa-mir-500b and hsa-mir-4999-5p were able to hybridize to C gene. Interestingly, hsa-mir-5193 targeted X gene in 
almost all genotypes of HBV. 
 
Table 2.  Candidate human miRNAs targeting multiple genotypes of hepatitis B virus. 
 

miRNAs 
Target HBV 

gene 
HBV genotype 

A B C D E F G H I J 
hsa-mir-142-5p P           
hsa-mir-195 P           
hsa-mir-214-3p S/P           
hsa-mir-384 P           
hsa-mir-500b C           
hsa-mir-509-1 P           
hsa-mir-671-3p S/P           
hsa-mir-1273d P           
hsa-mir-1914 S/P           
hsa-mir-4640-5p S/P           
hsa-mir-4731-5p S/P           
hsa-mir-4999-5p C           
hsa-mir-5193 X           
hsa-mir-5702 P           

 
Discussion 

It was previously shown that hsa-mir-7, hsa-mir-196b, hsa-mir-433, and hsa-mir-511 targeted on P or S gene, hsa-mir-
205 targeted on X gene and hsa-mir-345 targeted on pre-C genes (7). Moreover, the role of miRNAs in regulation of 
viral replication was demonstrated in several studies including hsa-mir-155 (8), hsa-mir-199a-3p, hsa-mir-210 (9) and 
hsa-mir-125a-5p (10). In this study we are interested in miRNAs that targeting several genotypes of hepatitis B virus 
(A-J) because it is a better clinical option for treating patients infected by several genotypes of HBV. From the result, 
hsa-mir-5193 is the most potential candidate miRNA targeting HBV genes. 
 
  



74 

 
The Pharmacological & Therapeutic Society of Thailand Meeting – 2013 Proceedings 

 

Conclusion 

This study illustrated the association between candidate cellular miRNAs and target of HBV genes by using 
computational analysis. Nevertheless, this study should be confirmed by in vivo experiments and clinical values of 
these candidate miRNAs for inhibition of HBV replication might be then deserved for further investigation. 
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Abstract 

Hepatitis C virus (HCV) is a member of Flaviviridae family with 9.6 kb positive sense-single stranded RNA. The virus 
can be classified into 6 genotypes and many subtypes. Genotype 3a, 1a and 6 are mostly found in Thai populations. 
Hepatitis C virus infection causes acute and chronic hepatitis C leading to cirrhosis and hepatocellular carcinoma which 
is the major health problems around the world. Recent studies showed that microRNAs (miRNAs) play an important 
role in inhibiting or promoting viral replication. The objective of this study was to investigate cellular microRNAs 
(miRNAs) targeting on genome of hepatitis C virus (HCV) especially genotype 1a, 3a and 6 which are the most 
predominant in Thai population. Computational analysis was performed by using miRBase database for miRNAs 
selection. The genome of HCV genotype 1a was served as a target for hybridization of 26 human miRNAs targeting 
mainly on NS3, 5A, and 5B genes. HCV genotype 3a was targeted by 34 human miRNAs binding to NS3, 4B, 5A and 
5B genes. Finally, there were 32 human miRNAs targeting on E2, NS2, 4B and 5B genes of HCV genotype 6. The 
results revealed various candidate miRNAs that should be further confirmed by experimental investigation to guarantee 
the effect of each candidate miRNAs. However, the predicted miRNAs targeting hepatitis C virus might be useful and 
have a potential for inhibition of hepatitis C viral replication at some point. 

Keywords: Hepatitis C virus, MicroRNAs, Hybridization 
 
 
Introduction 

HCV infection is a major health problem around the world that causes acute and chronic hepatitis leading to cirrhosis 
and hepatocellular carcinoma in some cases. HCV infection kills lots of people a year. A protective vaccine for this 
virus is not yet available. Interferon (IFN) and/or ribavirin based antiviral drug therapy are currently used which is 
poorly tolerated (1). Hepatitis C virus (HCV) is a small-enveloped virus in a member of Flaviviridae family, genus 
Hepacivirus (2). It is a positive sense-single stranded RNA virus with 9.6 kb genome in length flanked by 5’UTR and 
3′-UTR (3). There are some nucleotide variations at the 3′ region of 5′-UTR which are commonly used for genotyping 
(4). Genotyping is identified by palindromic nucleotide substitution methods (PNS) based on base pairings (5). 

HCV can be classified into 6 genotypes (1-6) and approximately 80 subtypes (1b, 2a/2c etc.) (6). In Thailand, the most 
predominate genotypes are genotype 3a, followed by 1a, 1b and 6 (7,8). Identification of HCV genotype helps to 
predict the prognosis and the response to antiviral therapy. Usually, HCV-infected patients with genotypes 1 and 4 have 
poorer prognosis than genotypes 2, 3 or 5 leading to more rapidly or severely chronic hepatitis, cirrhosis and 
hepatocellular carcinoma (6). Genotype 1b is poorly response to alpha-interferon therapy compared to genotypes 2 and 
3 which may enhance virulence of HCV infection (7). Therefore, an alternative treatment strategy is needed in order to 
inhibit viral replication. 

MicroRNAs (miRNAs) are 21-23 nt small non-coding RNAs which are endogenously generated from non-coding 
sequences (9,10). They play an important role in regulation of many cellular processes. Mammalian miRNAs induce 
gene silencing by triggering mRNA degradation or translational inhibition depending on base complementary between 
target mRNAs and miRNAs (11).  

Recent researches demonstrated that microRNAs (miRNAs) act as an important trigger in regulation of viral infection 
and interplay between virus and host cell response. Several publications determined host cell encodes for cellular 
miRNAs targeting viral gene and related with the replication of various viruses such as hepatitis C virus (HCV) (12), 
primate foamy virus type 1 (PFV-1) (13) and vesicular stomatitis virus (VSV) (14). Conversely, miRNAs encoding 
from viruses such as Simian Virus 40 (SV40) (15), herpesviruses (HSVs) (16), human immunodeficiency virus-1 
(HIV-1) (17) and Epstein–Barr-Virus (EBV) (18) can also triggers the expression of cellular genes. Therefore, this 
study focused on the identification of candidate human miRNAs targeting HCV genotype 1a, 3a and 6 which might be 
useful for inhibition of HCV in the future. 
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Materials and Methods  

HCV nucleotide sequences 

Complete nucleotide sequences of hepatitis C virus were downloaded from NCBI database (http://www.ncbi.nlm. 
nih.gov/). Three genotypes were used in this study consisting of genotype 1 subtype 1a (accession no. M62321), 
genotype 3 subtype 3a (accession no. D17763) and genotype 6 subtype 6n (accession no. EU246938). All of these 
genotypes are commonly found in HCV-infected patients in Thailand. 
 
Searching for candidate human miRNAs 

Initially, miRBase (http://mirbase.org/) was used as a tool for searching candidate human miRNAs targeting HCV 
genome. According to average length of mature miRNAs (approximately 21-23 nucleotides), complete nucleotide 
sequences of HCV were separated into fragments of 50 bp in length with 25 nucleotides overlapping between adjacent 
fragments. Each small fragment of 50 bp was then input into miRBase by using “SSEARCH” method in search tool of 
the database (http://www.mirbase.org/search.shtml). In this study, SSEARCH explored for all human miRNAs based 
on similarity to HCV sequences. Mature human miRNAs with highly match to HCV sequences were identified as 
candidate miRNAs. 

 
Figure 1. Schematic representation of predicted human miRNAs targeting different genotype of HCV (genotype 
1a, 3a and 6n). 

 
Results 

According to analysis based on miRBase, 26 human miRNAs were predicted to be candidate miRNAs targeting 
genome of hepatitis C virus genotype 1 subtype 1a (accession no. M62321). Most candidate miRNAs targeted to NS3, 
NS5A and NS5B genes. There were 34 human mature miRNAs targeting on genome of hepatitis C virus genotype 3 
subtype 3a (accession no. D17763). All of these 34 cellular miRNAs were mostly found to target on NS3, NS4B, 
NS5A and NS5B genes. Lastly, 30 human mature miRNAs were found to bind to genome of HCV genotype 6 subtype 
6n (accession no. EU246938). These 30 human miRNAs were predominantly found to hybridize with E2, NS2, NS4B 
and NS5B genes. The results were summarized in Figure 1. 
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Discussion 

As reported in previous studies about the roles of miRNAs to replication of viruses, this study showed many human 
cellular miRNAs targeting on several viral genes of hepatitis C virus genotype 1a, 3a and 6n. Previous study reported 
that human miRNAs (hsa-miR-122) could regulate replication and transcription of HCV genotype 2a and then 
positively promoting viral replication (19). However, this miRNA was not predicted as candidate miRNAs targeting 
hepatitis C viral genome in this study may be due to high genetic variation among different genotypes or different 
genotypes used in the analysis. Therefore, prediction of potential miRNAs targeting multiple genotypes of hepatitis C 
virus might be more useful than determination of miRNAs targeting individual genotype. 
 
Conclusion 

In this study, candidate human miRNAs targeting on 3 genotypes of hepatitis C virus were predicted by miRNAs 
database. Human miRNAs were able to bind to several genes of the viruses. All of these miRNAs might be useful for 
further study whether they could regulate the replication of hepatitis C viruses. 
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Abstract 

Multidrug resistance Plasmodium falciparum remains one of the major obstacles to effective malaria treatment and 
control.  The aim of the present study was to investigate the genetic polymorphisms of the two candidate resistance 
genes which may be associated with resistance to artesunate-mefloquine combination therapy: P. falciparum multidrug 
resistance 1 (pfmdr1) (N86Y/F184Y/N1042D/D1246Y) and P. falciparum multidrug resistance protein 1 (pfmrp1) 
(H191Y/S437A). The analysis was performed using polymerase chain reaction-restriction fragment length polymorphism 
(PCR-RFLP) in 40 P. falciparum isolates collected from Mae Sot district, Tak Province in 2008 and 50 isolates 
collected in 2009.  No mutation in pfmdr1 at codons 1042 and 1246 were detected in any isolate, while the 86Y and 
184Y mutations were detected in 3 of the 90 isolates (3.3%). For pfmrp1, the mutations at codons 191Y and 437A were 
detected in 79 (88%) and 81 (90%) isolates, respectively. 

Keywords:  Plasmodium falciparum, pfmdr1, pfmrp1, Artemisinin resistance, PCR-RFLP 

 

 
Introduction 

The emergence and spread of Plasmodium falciparum resistant to the commonly used antimalarial drugs is a major 
problem in control and elimination of malaria. Due to the worldwide spread of P. falciparum resistant to chloroquine, 
sulphadoxine-pyrimethamine and mefloquine, the World Health Organization (WHO) recommends the use of 
artemisinin-based combination therapy (ACT) as first-line malaria treatment. Artemisinin and its derivatives rapidly 
reduce clinical symptoms and parasite burden. A 3-day artesunate-mefloquine combination is currently being used as 
the first-line treatment of acute uncomplicated falciparum malaria to cope with the situation of multi-drug resistance 
(1). Recently however, reports from Cambodia identified parasites with slightly reduced in vitro sensitivity and a 
significant prolongation of parasite clearance time after treatment with artesunate monotherapy (2). Several current 
molecular  studies of P. falciparum isolates have proposed that mutations in several candidate genes could be 
associated with artemisinin resistance including P. falciparum ATP-ase6 (pfatpase6) (3-6), pfmdr1 (7-9) and P. 
falciparum multidrug resistance protein 1 (pfmrp1) (10-12). Pfmdr1 gene, located on chromosome 7, encodes an ATP-
binding cassette (ABC) transporter resident on the digestive vacuole and has received the most attention. Several point 
mutations (at codons N86Y, F184Y, S1034C, N1042D and D1246Y) in pfmdr1 from wild-type field isolates have been 
associated with the change in sensitivity to different antimalarial drugs, such as chloroquine, mefloquine, quinine, 
halofantrine, and artemisinins  (8). The pfmrp1 gene is located on chromosome 1 and encodes PfMRP1, a member of 
the ABC transporter superfamily (13). In vitro study by Mu et al. (11) suggested an association of the pfmrp1 SNPs 
Y191H and A437S with chloroquine and quinine. Raj et al. (14) have recently showed that disruption of pfmrp1 in 
chloroquine-resistant P. falciparum isolates made this parasite more sensitive to chloroquine, quinine, piperaquine, 
primaquine, and artemisinin. This may suggest the role of PfMRP1 in modifying the sensitivity of the parasite to 
antimalarial drugs, possibly by pumping drugs out of the parasite.  In the present study, genetic analysis of the pfmdr1 
and pfmrp1 genes as potential markers for ACT resistance was performed in P. falciparum isolates collected from a 
malaria endemic area of Thailand. 

 
Materials and Methods 

Venous blood samples (3 mL) were collected from patients attending malaria clinics in areas along the Thai-Myanmar 
border (Mae Sot, Tak Province) after microscopically confirmation of P. falciparum mono-infection. Approval of the 
study protocol was obtained from the Ethics Committee of Ministry of Public Health of Thailand. Written informed 
consents were obtained from all patients prior to blood collection. Ninety P. falciparum isolates were adapted to in 
vitro culture for investigation of single nucleotide polymorphism (SNP). SNPs of pfmdr1 at codon N86Y, F184Y, 
N1042D and D1246Y(15-16) and pfmrp1 at codons H191Y and S437A (17) were examined using polymerase chain 
reaction-restriction fragment length polymorphism (PCR-RFLP) method.  
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Results 

SNPs and haplotypes of pfmdr1 and pfmrp1 

No mutation in pfmdr1 at codons 1042 and 1246 were detected in any isolate, while 86Y and 184Y were detected in 3 
of the 90 isolates (3.3%). Haplotype analysis of pfmdr1 showed 3 variant haplotyes. Wild-type allele of pfmdr1 at 
different positions (N86F184 N1042D1246) was the most common haplotype (93.4%) among the studied isolates (Table 1). 
For pfmrp1, the mutations at codons 191Y (88%, 79/90), 437A were detected in 81 isolates (90%). The most prevalent 
haplotype of pfmrp1 allele was Y191A437 (85.6%) (Table 2).  
 
 
Table 1.   Frequency distribution of pfmdr1 SNPs and haplotypes of 90 P. falciparum isolates collected during 2008 

and 2009. 
 

pfmdr1 haplotypes 2008  
N = 40(%) 

2009  
N = 50(%) 

Total (2008-2009)             
N = 90 (%) N86Y F184Y N1042D D1246Y 

N F N D 37 (92.5) 47 (94.0) 84 (93.4) 

Y F N D 3 (7.5) - 3 (3.3) 

N Y N D - 3 (6.0) 3 (3.3) 

 
 
 
Table 2.  Frequency distribution of pfmrp1 SNPs and haplotypes of 90 P. falciparum isolates collected during 2008 

and 2009. 
 

pfmrp1 haplotypes 2008 
N = 40(%) 

2009 
N = 50(%) 

Total (2008-2009)                 
N = 90 (%) H191Y S437A 

H S 5 (12.5) 2 (4.0) 7(7.8) 

Y S 1 (2.5) 1 (2.0) 2(2.2) 

H A 2 (5.0) 2 (4.0) 4(4.4) 

Y A 32 (80.0) 45 (90.0) 77(85.6) 

 
 

Discussion and Conclusion   

pfmdr1 86Y and 184Y mutations were the only SNPs observed in a total of 90 P. falciparum isolates investigated in the 
present study. Previous study reported that pfmdr1 86Y mutation is associated with increased sensitivity to mefloquine 
and artemisinin, while 184Y was reported to be associated with artesunate sensitivity in vitro (18).  Interestingly, the 
frequency of 184Y mutation found in the present study appeared to be increased (from 0% to 6%) in samples collected 
in 2009 compared with 2008.  

Similarly, the prevalence Y191A437 haplotype of pfmrp1 allele appeared to be increased (from 80% to 90%) in 2009. The 
association between in vitro sensitivity of the parasite to chloroquine, quinine and mefloquine and pfmrp1 SNPs H191Y 
and S437A has been shown in isolates originating from Asian and South America (19). In addition, two other 
mutations, i.e., I876V and F1390I have been shown to be associated with in vivo ACT response and in vitro 
susceptibility (12). It was concluded that definitive conclusion on these associations should be further investigated to 
identify molecular markers contributing to resistance and understanding the mechanisms of ACT resistance, which is 
important for malaria control and surveillance. 
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Abstract 

A method to measure inosine monophosphate dehydrogenase (IMPDH) activity in human peripheral blood 
mononuclear cells (PBMCs) was developed. The assay was based on the incubation of human PBMCs lysates with 
inosine monophosphate (IMP) and nicotinamide adenine dinucleotide (NAD) which are substrates and co-factor for 
IMPDH, respectively. The resulting product of the incubation, xanthosine monophosphate (XMP), was further 
determined by a reversed-phase HPLC with Luna 5u C18 column. The analytes were then eluted under a gradient 
condition using methanol and buffer containing 7 mmol/L of tetra-n-butlylammonium hydrogen sulfate (TBAS) and 50 
mmol/L of potassium dihydrogen phosphate (KH2PO4). A linear calibration curve of XMP and AMP covered 
concentrations ranged from 2–200 and 1–200 µmol/L, respectively (r2 > 0.999). Intra- and inter-day precisions of XMP 
at 6, 75 and 150 µmol/L were averaged from 0.39–1.49 and 0.63–2.63%, respectively. The accuracy of this technique 
was 94-106%. The mean absolute recovery of the analytes was more than 97%.  This reliable HPLC-UV technique for 
the determination of IMPDH activity in human PBMCs is a useful method to be applied in pharmacodynamics studies 
of mycophenolate, immunosuppressive agent. 

Keywords:  Pharmacodynamics, Inosine monophosphate dehydrogenase activity, Xanthosine monophosphate 

 
Introduction  

Enteric-coated mycophenolate sodium (Myfortic®) is a noncompetitive, reversible inhibitor of inosine monophosphate 
dehydrogenase (IMPDH) that is approved in the States, Europe and other countries to be used as immunosuppressive to 
prevent graft rejection in renal transplantation. Moreover, it has also been used in autoimmune diseases such as 
systemic lupus erythematosus (SLE) (1-3).  IMPDH is the rate limiting enzyme in de novo purine biosynthesis of 
guanine nucleotides in T- and B-lymphocytes. It catalyzes the conversion of inosine monophosphate (IMP) to 
xanthosine monophosphate (XMP). Both T- and B-lymphocyte are highly dependent on this pathway for the generation 
of guanosine nucleotides while, non lymphoid cells such as polymorphonuclear leucocytes and neurons have an 
alternative salvage pathway for the generation of guanosine triphosphate. Inhibition of IMPDH by mycophenolate sodium 
thus leads to an arrest of proliferation and function of lymphocytes (4-6). To date, most parameters to monitor drugs 
therapy often use pharmacokinetics (PK) studies because it is relatively simple, rapid and reproducible compared to 
pharmacodynamics (PD) studies. However, previous studies have reported large intra- and inter-patient variabilities in PK 
of mycophenolate sodium (7-10).  Hence, monitoring of PD biomarker such as activity of IMPDH may be of benefit. 

Here, we planned to develop a high performance liquid chromatography (HPLC) technique that is relatively reproducible 
and reliable for the determination of IMPDH activity in human peripheral blood mononuclear cells (PBMCs).  
 
Materials and Methods 

Chemicals and reagents    

Adenosine monophosphate (AMP), inosine monophosphate (IMP), xanthosine monophosphate (XMP), nicotinamide 
adenine dinucleotide (NAD), ion-pair reagent tetra-n-butylammonium hydrogen sulfate (TBAS) and bovine serum 
albumin were purchased from Sigma–Aldrich (St. Louis, MO USA). Ficoll-paque solution was purchased from 
Robbins Scientific Corporation (Sunnyvale, CA, USA). HPLC grade methanol and other chemicals were purchased 
from Merck KGaA (Darmstadt, Germany). A Milli-Q Synthesis (Millipore, SA, Molsheim, France) water purification 
system was used to purify deionized water.  

Chromatographic conditions 

XMP and AMP were quantified using a Shimadzu integrated HPLC system (Shimadzu Corporation, Kyoto, Japan) 
with UV-VIS detector with a wavelength of 256 nm.  Chromatographic separation was performed by a reversed-phase 
technique, using a Luna 5 C18 column, (250 mm×4.6 mm, 5 micron (Phenomenex, USA). The analytes were eluted 
under gradient conditions using methanol and buffer containing 7 mmol/L of TBAS and 50 mmol/L of potassium 
dihydrogen phosphate (KH2PO4), pH 5.5. The column was kept at 40C for the whole cycle. The cycle time was 34 min. 
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Patients’ samples 

A pooled plasma samples from 6 lupus nephritis patients who were treated with 1440 mg/day of mycophenolate 
sodium were used in calibration and quality control (QC). Additionally, plasma samples from 2 patients who were 
treated with 1440 mg per day of mycophenolate sodium for 24 weeks were also collected at 0, 0.5, 1, 2, 3, 4 and 8 hr in 
2 patients. Human PBMCs were then harvested and stored at -80◦C until analysis. These series of samples from 2 lupus 
nephritis patients were also analyzed for IMPDH activity to show the application of the technique.  
 
Isolation of human PBMCs 

Whole blood was collected in lithium heparin-anticoagulant and then human PBMCs were isolated as described by 
Glander, et al. (11). In brief, overlay whole blood on ficoll-paque solution and then centrifuged at 1500 rpm at 25C for 
30 min. Human PBMCs were harvested and diluted with 8 mL of Roswell Park Memorial Institute (RPMI) 1640 
medium. The tube was again centrifuged at 1500 rpm at 25C for 10 min. Supernatant was removed and cell pellets were 
resuspended with 3 mL of RPMI 1640 medium and centrifuged at 1500 rpm for another 10 min. 250 µL of HPLC grade 
water at 4C was added to the cell pellets and the samples were kept frozen at -80C for 30 min. On the analysis day, after 
thawing and centrifuging at 10000 rpm at 4C for 3 min, the supernatant was used to quantify the enzyme activity. 
 
Assay for IMPDH activity 

Aliquots (50 µL) of human PBMCs lysates sample were added with 130 µL of incubation buffer (0.5 mmol/L of NAD+ 
and 1 mmol/L of IMP and 100 mmol/L of potassium chloride (KCl) and 40 mmol/L of sodium dihydrogen phosphate 
(NaH2PO4) at pH 7.4. Human PBMCs lysates standard or quality control sample were added with 130 µL of incubation 
buffer (without IMP and NAD+) with 1 mg/mL of bovine serum albumin. All samples were shaken with thermomixer 
at 800 rpm at 37C for 150 min. 20 µL of 4 moL/L of perchloric acid was added to stop the reaction. Samples were mix 
and placed on ice for 5 min. 180 µL of supernatant was transferred to a second tube and was mixed with 10 µL of 5 
mol/L of potassium carbonate (K2CO3). Samples were again stored at -80C for 30 min. Thawed and centrifuged. 
Aliquots of 20 µL of the clear supernatant were finally injected into the HPLC system. 
 
Method validation 

The linearity of the method was evaluated as six-point calibration curve of XMP and AMP ranged from 2 to 200 
µmol/L for XMP and 1 to 200 µmol/L for AMP on three different days. The intra-day accuracy and precision were 
assessed from the results of five replicate analyses of QC samples (6, 75 and 150 µmol/L for XMP and 3, 75 and 150 
µmol/L for AMP) on a single assay day. The inter-day accuracy and precision were determined from the same QC 
samples analyzed on three consecutive days. Precision and accuracy were expressed as % coefficient of variation (CV). 
The low limit of quantification (LLOQ) was determined at the lowest concentration at which the %CV is less than 20% 
and accuracy is less than 20%. The recovery of XMP was determined by comparison of peak heights obtained from 
injection of 20 µL aliquots of XMP standard spiked in blank PBMCs (n = 5). Recovery was calculated using the 
following equation: recovery (%) = (peak height from spiked PBMCs/ peak height from HPLC grade water) × 100. 
 
Data analyses 
The results are expressed as mean ± SD. Calibration curves were constructed by non-weighted least-squares linear 
regression of peak height of concentrations spiked to drug-free PBMCs samples. Linear regression was calculated with 
the area of the peaks for XMP and AMP. The IMPDH activity was calculated from the number of moles of XMP 
produced per second per moles of AMP: IMPDH activity (µmols-1mol-1 AMP) = produced XMP (µmol/L)×106/ 
incubation time (s)×measured AMP (µmol/L) 
 
Results  

Chromatograms and analysis 

Chromatograms of blank HPLC grade water with incubation buffer are shown in Figure 1(A). Human PBMCs spiked 
with XMP and AMP for the construction of standard curve is shown in Figure 1(B). Figure 1(C) presents data of 
relapse or resistant proliferative LN patients with incubation buffer. The retention time of XMP and AMP were 14.2 
and 8.6 min, respectively.  
 
Linearity, recovery, accuracy, precision and lower limit of quantification 
A linear calibration curve of the concentrations ranged from 2–200 µmol/L for XMP and 1-200 µmol/L for AMP were 
performed with r2 > 0.9999. The regression equation was: y = 7784.249x-4590.906, r = 0.9999 and r2 > 0.9997. The 
regression equation was: y = 12024.71x+129795.5,  r = 0.9998. For both equations, y is the relative peak height and x is 
the concentration (µmol/L). The recovery of various concentrations of XMP was 99.82-99.99% and AMP was 97.37-
98.22%. These data was shown in Table 1. Accuracy and precision of the analysis are summarized in Table 2 and Table 3. 
The mean accuracy of the technique was 98–105%. Intra- and inter-day precisions of MPA concentrations (0.6, 15 and 40 
µg/mL) were 1.55–3.69% and 1.89–3.28%, respectively. The lower limit of quantification (LLOQ) of XMP was 2 µmol/L. 
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Figure 1. HPLC chromatograms of XMP in human PBMCs samples. (A) Blank HPLC grade water with incubation 
buffer; (B) Human PBMCs spiked with XMP and AMP for standard curve, and (C) PBMCs of relapse or resistant 
proliferative LN patients with incubation buffer. 
 

Table 1.  Extraction recovery of XMP and AMP from spiked human PBMCs (n = 5). 

Chemical 
standard 

Norminal 
concentration (µmol/L) 

Mean areaof solution* %CV Mean area of PBMCs* %CV 
Recovery 

(%) 

XMP 

6 43,851.4 ± 663.4 1.51 43,846.6 ± 400.5 0.91 99.99 

75 626,286.6 ± 3,345.5 0.53 625,172.8 ± 18,531.3 2.96 99.82 

150 1,263,072.8 ± 18,688.6 1.48 1,250,052.2 ± 24,653.7 1.97 98.97 

AMP 

3 43,898.2 ± 1,440.0 3.28 43115.0 ± 933.7 2.17 98.22 

75 1,045,013.6 ± 9,157.0 0.88 1,023,340.8 ± 8,535.6 0.83 97.93 

150 2,113,324.0 ± 18,450.5 0.87 2,057,788.6 ± 47,306.3 2.3 97.37 

            * Express as mean ± S.D. 

 
 

Table 2.  Intra-day (n = 5) and inter-day (3 consecutive days) accuracy and precision of XMP measured by HPLC-UV 
     detection in human PBMCs. 

Quality controls (QC) (µmol/L) 
Norminal concentration 

(µmol/L) 
Observed concentration 
(mean ± SD, µmol/L) 

Accuracy (%) 
Precision 
(%CV) 

Intra-day accuracy and precision  

   QC 1 low  6   5.74 ± 0.09 95.63 1.49 

   QC 2 medium 75 74.46 ± 0.75 99.28 1.01 

   QC 3 high  150 150.48 ± 0.58 100.32 0.39 

Inter-day accuracy and precision 

   QC 1 low  6   5.90 ± 0.16 98.33 2.63 

   QC 2 medium 75 74.93 ± 0.48 99.9 0.63 

   QC 3 high  150 153.26±2.44 102.17 1.59 

 

Table 3.  Intra-day (n = 5) and inter-day (3 consecutive days) accuracy and precision of AMP measured by HPLC-UV  
               detection in human PBMCs. 

Quality controls (QC) (µmol/L) 
Norminal concentration 

(µmol/L) 
Observed concentration 
(mean ±  SD, µmol/L) 

Accuracy (%) 
Precision 
(%CV) 

Intra-day accuracy and precision  

   QC 1 low  3   2.85 ± 0.20 95 7.04 

   QC 2 medium 75 77.70 ± 0.35 103.6 0.44 

   QC 3 high  150 155.74 ± 1.52 103.83 0.98 

Inter-day accuracy and precision  

   QC 1 low  3   3.06 ± 0.24 102 7.81 

   QC 2 medium 75 76.59 ± 1.29 102.12 1.69 

   QC 3 high  150 152.76 ± 4.29 101.84 2.81 

  

(A)                                                                      (C)                                                                      (B)                                                        
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Analyses in patient samples 

IMPDH activity in human PBMCs of two relapse or resistant proliferative lupus nephritis (LN) patient was analyzed. 
Figure 2 shows a maximum reduction of IMPDH activity at 2 hr after the treatment with 1440 mg mycophenolate 
sodium for 24 weeks. The IMPDH activity recovered to baseline at 8 hr post dose. 
 

 
 
Discussion 

We have successfully developed the relatively simple and reproducible HPLC in quantifying IMPDH activity in human 
PBMCs. Therapeutic drug monitoring of mycophenolic acid has shown large inter-individual and intra-individual 
variations in PK (7-10). The ultimate alternative for monitoring mycophenolate therapy is to find suitable 
pharmacodynamic (PD) techniques. Measurements of IMPDH activity in human PBMCs have been used in PD studies. 
Recently, PD monitoring of IMPDH activity in human PBMCs was modified to become more applicable in clinical 
setting. The problem about quantifying IMPDH activity was that several assays used cell count or determining of 
protein concentration to normalize IMPDH activity (9,10,12,13)). These methods might be contaminated with 
extracellular protein and thus interfere with the results. Therefore, the method developed in this study measured AMP 
which is the intracellular substance to normalize IMPDH activity. This study was validated for monitoring of IMPDH 
activity as the reduction of enzyme activity in patient samples was shown. The accuracy of this technique was 94–
106%, comparable to other published articles (11). The inter- and intra-day precisions of XMP at 6, 75 and 150 µmol/L 
were averaged from 0.39–1.49 % and 0.63–2.63 %, respectively, which are similar to other previous reports (13). The 
mean absolute recovery of the analytes was more than 97%, while some study shown that lower absolute recovery (11). 
These values indicate that this method provides suitable accuracy and precision for the determination of IMPDH 
activity in human PBMCs and the technique may be useful in routine clinical monitoring and pharmacodynamics 
studies. However, this technique comes with limitation in terms of quantifying the number of human PBMCs cells as 
counting technique is still required. 
 
Conclusion 

A reproducible and reliable HPLC method for the quantification of IMPDH activity in PBMCs is reported. The 
proposed liquid chromatographic technique with UV detection is selective with a lower limit of quantification of XMP 
and AMP of 2 and 1 µmol/L, respectively.  
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Abstract 

β-Thalassemia is the world’s most common hereditary disease caused by abnormality in the synthesis of one or more of 
the hemoglobin chain. The clinical phenotypes are diverse. β-Thalassemia major causes severe anemia which requires 
life-long blood transfusions. There is no curative treatment available, except hematopoietic stem cell transplantation. 
The generation of induced pluripotent stem cells (iPSCs) whereby somatic cells can be reprogrammed to their 
pluripotent state. iPSCs can differentiate into all cell types in human body. Therefore iPSCs provides opportunities for 
autologous genetically-corrected cell replacement therapies. Here we reported a successful generation of β-thal-iPSCs 
from β-thalassemia patient fibroblast using retrovirus. Characterization of β-thal-iPSCs by RT-PCR and immuno-
fluorescence staining revealed the expression of pluripotent marker such as Oct4, Nanog and REX1. Moreover, β-thal-
iPSCs also demonstrated their hematopoietic differentiation potential after co-cultured with OP9 feeder cells. Our 
results suggested that β-thal-iPSCs have a potential to be used as a model of disease as well as a cell source for autologous 
gene-corrected cell replacement therapy of thalassemia. 
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Introduction 

Thalassemia is a group of inherited in hematologic diseases characterized by reduced or absent synthesis of globin 
chains. There are two types of thalssemia; α-thalassemia (alpha-thalassemia) and β-thalassemia (beta-thalassemia).     
α-Thalassemia mostly caused by deletion in α-globin gene cluster, resulting in milder or severe form of anemia. Unlike 
α-thalassemia, β-thalassemia is caused by mutations in β-globin gene on chromosome 11. β-Thalassemia can be 
classified into three groups; β-thalassemia major, β-thalassemia intermedia and β-thalassemia minor. β-Thalassemia 
major is the most severe form, patients require regular lifelong blood transfusion. Without the blood transfusion, about 
85% of patients with severe homozygous or compound heterozygous β-thalassemia will die by 5 years of age (1). 
However, patients with the blood transfusion treatment will develop iron overload leading to tissue damage, organ 
dysfunction and death (2). Up to present, hematopoietic stem cell (HSC) transplantation in childhood is the only known 
curative therapy for β-thalassemia major. Unfortunately, only a small number of patients could find a fully HLA 
matched donor.  

Thalassemia has been a major public health problem in Thailand with high prevalence (30-40%) of which carriers have 
at least one of the abnormal genes. The prevalence of β-thalassemia gene varies between 3 to 9% of Thai population 
whereas hemoglobin E-β-thalassemia is the most common form which is accounted for 7.5% of thalassemia mutation 
in Thai people (3). 

Ground breaking discovery by Takahashi  et al. in 2007 that human somatic cell can reprogramme to pluripotent state 
by forced expression of four transcription factors Oct4, SOX2, Klf4 and C-MYC, so called induced pluripotent stem 
cells (iPSCs) (4). iPSCs technology provides as an alternative cell source for transplantation because these cells can 
differentiate into all cell types in human body including hematopoietic cells and more feasible for genetic modification.    

In this study, we reported the generation of β-thalassemia iPSCs (β-thal-iPSCs) from spleen fibroblasts of β-thalassemia 
pateint. We demonstrated that β-thal-iPSCs could produce most of hematopoietic lineages including red blood cells in 
vitro. 
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Materials and Methods  

Fibroblast from one β-thalassemia patient was obtained from removed spleen tissue after splenectomy. Using of human 
cells was approved from The Ethics Review Committee for Research Involving Human Research Subjects, Health 
Science Group, Chulalongkorn University. iPSCs were established and maintained in Knockout DMEM (Invitrogen, 
Carlsbad, California) containing 20% knockout serum replacement (Invitrogen, Carlsbad, California), 1% L-glutamine, 
1% non-essential amino acid (NEAA, Invitrogen, Carlsbad, California) and 1% Pen-Strep. iPS Media were 
supplemented with 10 ng/mL recombinant human basic fibroblast growth factor (bFGF, R&D System, Wiesbaden-
Nordenstadt, Germany) before use. For iPSCs generation, fibroblasts were transduced with OKSM retrovirus cocktail 
supplemented with 6 ug/mL polybrene. Five days after the transduction, the fibroblasts were seeded onto mitotically 
inactivated HFSK and cultured with iPS media until an emergence of an iPSCs colony. For immunofluorescence 
staining, human iPSCs were fixed with 4% formaldehyde for 10 min and then permeabilized with 1X PBS 
supplemented with 0.3% Triton X-100 for 15 min. iPSCs were then blocked in a blocking solution (10% goat serum 
and 0.3% Triton X-100 in PBS) for 30 min at room temperature and stained with primary antibodies, Oct4, Nanog, Tra-
1-60 and Tra-1-81 (StemliteTM Pluripotentcy IF kit, Cell signaling technology, Danvers, MA) at 4C overnight. Cells 
were stained with Alexaflour conjugated secondary antibody (Molecular Probes, Invitrogen, Carlsbad, California) 
for 1 hr. Fluorescence images were obtained using a fluorescence microscope (Axio observer.Z1, Carl Zeiss, 
Germany). For RT-PCR, total RNA was extracted using TRI reagent (Molecular Research Center; Ohio, USA). 
Isolated RNA was reverse transcribed with a RevertAid™ H Minus M-MuLV (Fermentas, Maryland, USA). A PCR 
assay was performed using Taq polymerase (Fermentas, Maryland, USA). For hematopoietic cell differentiation, β-
thal-iPSCs were cultured on OP9 feeder cells in IMDM (Hyclone, Utah, USA) supplemented with 15%FBS, 1%ITS 
supplement, human insulin, 1-thioglycerol and recombinant human VEGF for 14 days. For a colony forming cell assay, 
hematopoietic progenitor cells were isolated on day 14 and cultured in methylcellulose media (H4034, Stem cell 
technologies, British Columbia, Canada). The cells were incubated at 37C for 14 days.  

 
 

Results 

Fibroblast cells were isolated from removed spleen tissue. Globin gene analysis showed a mutation of β-globin gene at 
IVSII #654 with C-to-T switch (Figure 1). 
 

 
 

 
 
 
 
 
 
 
Figure 1. Genotyping of β-thalassemia patient in spleen fibroblast cells and β-thal-iPSCs line are compound 
heterozygous for β+ Mutation intervening sequence (IVS) II #654 (C-to-T). 

 
 

β-Thalassemia-iPSCs (β-thal-iPSCs) were generated by transducing fibroblasts with retroviral encoding  Oct4, Sox2, 
Klf4 and c-Myc. Twenty four days after the transduction, human β-thal-iPSC lines were harvested and expanded on 
mitotically inactivated HFSK cells (Figure 2A). The expression of pluripotency associated genes was measured by a 
RT-PCR and immunofluorescence staining technique. The RT-PCR results showed that endogenous expression levels 
of Oct4, Sox2 and Nanog were comparable to that in human embryonic stem cells (hESCs) (Figure 2B). 
Immunofluorescence staining demonstrated nuclear staining of Oct4 and Nanog proteins in β-thal-iPSCs (Figure 2C). 
These data confirmed that β-thal-iPSCs are pluripotent. And the cells also retained the IVSII #654 C-to-T mutation in 
the β-globin gene.  
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Figure 2.  β-thal-iPSCs generated from spleen fibroblasts expressed pluripotent markers.  (A) Live cell imaging 
of β-thal-iPSCs (B) RT-PCR analysis of pluripotent associated genes of β-thal-iPSCs (C) Immunofluorescence 
staining. 
 
 
To investigate the hematopoietic differentiation potential of iPSCs, β-thal-iPSCs the samples were co-cultured with 
OP9 stromal cells in the presence of VEGF. 14 days after the co-culture, hematopoietic progenitor cells (HPCs) were 
isolated and colony forming assays were performed. We found that HPCs derived from β-thal-iPSCs could generate all 
types of hematopoietic colonies (CFU-E, BFU-E, CFU-M, CFU-GM and CFU-GEMM) in methylcellulose media 
(Figure 3).  

A B 
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Figure 3. Morphologies of hematopoietic colonies generated from β-thal-iPSCs derived HPCs. colony-forming 
unit-erythroid (CFU-E), burst forming unit-erythroid (BFU-E), colony-forming unit macrophage (CFU-M), colony-
forming unit granulocyte-macrophage (CFU-GM), and colony-forming unit granulocyte erythrocyte megakaryocyte 
and macrophage (CFU-GEMM).  
 
 

Discussion and Conclusion 

In this study, we showed a generation of β-thal-iPSCs lines from spleen fibroblast cells using retroviral vectors 
encoding four factors. All β-thal-iPSCs lines are pluripotent and be able to retain mutation of β-globin gene at IVSII 
#654 with C-to-T switch. In vitro differentiation studies demonstrated that β-thal-iPSCs lines can differentiate to all 
lineages of the hematopoietic progenitor cells. 

These data suggested that, β-thal-iPSCs provide a good platform for a disease model and a source of cell for a cell 
replacement therapy. Genetic correction of β-globin gene mutation in β-thal-iPSCs using a zinc finger nuclease (ZFN) 
technique provides an additional valuable cells source for β-thalassemia curative treatments in the future.  
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Abstract 

Phenytoin is an anti-epileptic drug used world-wide in epileptic patients. CYP2C9 is the main responsible for 
phenytoin metabolism. Phenytoin is a substrate of P-glycoprotein (P-gp) that encoded by MDR1 gene. P-gp is an efflux 
transporter at duodenum mucosa and blood-brain-barrier. Recent data showed CYP2C9 and MDR1 polymorphism 
effect phenytoin level and response. CYP2C9*1/*1 required higher dose of phenytoin to achieve the therapeutic level 
than CYP2C9*1/*3. Previous data showed MDR1 wild-type patients (C3435C) associated with risk of phenytoin 
resistance. However, no report showed correlation between phenytoin resistance and CYP2C9 and MDR1 
polymorphism in Thai epileptic patients. The aim of this study was to determine the association of CYP2C9 and MDR1 
polymorphism with the response and resistance of phenytoin in epileptic patients. The allelic frequency of CYP2C9 and 
MDR1 in epileptic subjects was determined by real-time polymerase chain reaction using specific primers. Prevalence 
of CYP2C9*3 and MDR1 C3435T incident did not significantly difference from previous report (P = 0.395 and P = 
0.409). However, this study showed no statistical significant correlation between CYP2C9 and MDR1 polymorphism 
and phenytoin efficacy. 

Keywords:  CYP2C9*3, MDR1, Polymorphism, Phenytoin 
 
 
Introduction 

Phenytoin is an anti-epileptic drug widely used in epileptic patients. The successful in epileptic control in each patient 
is varying by many factors, including compliance and genetic factors. CYP2C9 is the main metabolism enzyme of 
phenytoin. Ninety percent of phenytoin was metabolizing by CYP2C9, while another enzyme is CYP2C19 which 
metabolize around ten percent of the drug. CYP2C9*3 was the most common mutant allele in Thailand (1). Since 
CYP2C9*3 associated with significant reduction of enzyme activity (2), the patients who carried CYP2C9*3 need lower 
dose of phenytoin than wild-type to reach the same therapeutic range (10-20 mg/L) (3). 

Moreover, phenytoin is the substrate of P-glycoprotein (P-gp) which is efflux transporter that encoding by MDR1 gene. 
The C3435T single nucleotide polymorphism (SNP) in MDR1 gene reported that have significantly alter the activity of 
P-gp (4). Recent data showed that MDR1 (C3435T) mutation increased phenytoin level in brain and enhanced 
phenytoin absorption from the GI tract (4). Therefore, the patients who carried MDR1 (C3435T) mutant allele may 
increase the efficacy of phenytoin (5). However, no report showed correlation between phenytoin resistance and 
CYP2C9 and MDR1 polymorphism in Thai epileptic patients. The aim of this study was to determine the association of 
CYP2C9 and MDR1 polymorphism with the response and resistance of phenytoin in epileptic patients. 
 
 
Materials and Methods 

Study population 

Fifty-six epileptic patients who received phenytoin to prevent seizure were enrolled in this study. Clinical data of the 
patients were reviewed. Blood samples were collected for genotype study. Phenytoin resistant patients were defined as 
patients who had to add on other epileptic drugs to control seizure or withdraw phenytoin and used other antiepileptic 
drug instead of phenytoin. Phenytoin respond patients defined as patients who received phenytoin for single therapy 
and could control epilepsy. Medical doctors were defined phenytoin efficacy without inform genotype data. This study 
was approved by the Ethic Committee on Human Research, Khon Kaen University (HE551287). 

DNA Purification 

DNA was extracted from blood using QIAamp DNA Blood Mini Kit. 
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Genotyping 

Genetic polymorphism of CYP2C9 and MDR1(C3435T) was determined by real-time polymerase chain reaction using 
specific primers.  

Statistical Analysis 

The Chi-square test and Fisher’s test were used for comparison of the allele and the successful in drug control epilepsy. 
P < 0.05 was considered significant. Statistics analysis was carried out by using the SPSSv13. 
 
 
Results 

Prevalence of CYP2C9*1/*1 and CYP2C9*1/*3 were 96.43% and 3.57%, respectively. The patients who carried MDR1 
C3435C, MDR1C3435T and MDR1T3435T were 32.14%, 42.86% and 25.00%, respectively. 

The correlation between CYP2C9 polymorphism and phenytoin efficacy showed in Table 1. For the patients who 
response to phenytoin group, thirty-two patients carried CYP2C9*1/*1 and only one patient was CYP2C9*1/*3. 
Twenty-two patients were CYP2C9*1/*1 and one patient was CYP2C9*1/*3 were define as resistance to phenytoin 
treatment. No statistic significant for the correlation between CYP2C9 polymorphism and efficacy of phenytoin. 

. 
 
Table 1.  Genotyping data of CYP2C9*3 and responsive of phenytoin in epileptic patients. 
 

CYP2C9 Genotyping 
Phenytoin efficacy 

Response (%) Resistance (%) 

*1/*1 32 (96.97%) 22 (95.65%) 

*1/*3 1 (3.03%) 1 (4.35%) 

Total 33 (100%) 23 (100%) 

P-Values 0.657 

 
 
The correlation between MDR1 (C3435T) polymorphism and phenytoin efficacy presented in Table.2. Prevalence of 
MDR1 C3435C, MDR1C3435T and MDR1T3435T in phenytoin response patients was eleven, thirteen and nine, 
respectively. The frequency of MDR1 C3435C, MDR1C3435T and MDR1T3435T in phenytoin resistance patients was 
seven, eleven and five, respectively. There is no statistic significant correlation between MDR1 C3435C, 
MDR1C3435T and MDR1T3435T polymorphism and efficacy of phenytoin. 
 
 
Table 2.  Genotyping data of MDR1 gene and responsive of phenytoin in epileptic patients. 
 

MDR1 Genotyping 
Phenytoin efficacy 

Response (%) Resistance (%) 

C/C 11 (33.33%) 7 (30.43%) 

C/T 13 (39.39%) 11 (47.83%) 

T/T 9 (27.28%) 5 (21.74%) 

Total 33 (100%) 23 (100%) 

P-Values 0.808 

 
 
Discussion and Conclusion 

Prevalence of CYP2C9 polymorphism incidence in This study was not difference from previous study in Thailand 
(CYP2C9*1/*1 = 96.43% vs. 95%, CYP2C9*1/*3 = 3.57% vs. 5%, P = 0.395) (1).  

Prevalence of MDR1 C3435T mutant incidence in Thailand was previously report by Supanya D et al. (7). The 
frequency of MDR1 C3435T mutant in this study did not significantly difference from previous report (MDR1 C/C = 
32.14% vs. 29.41%, MDR1 C/T = 42.86% vs. 54.41%, MDR1 T/T = 25.00% vs. 16.18%, P = 0.409). 
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Previous study showed that the CYP2C9 wild-type patients needed higher maintenance dose of phenytoin than 
CYP2C9*3 carrier patients (314 mg/day (range 200-425) vs. 202 mg/day (range 150-275); P < 0.001). Nowadays, 
every epileptic patient in Thailand received equal phenytoin 300 mg/day. Therefore, the patients who carried 
CYP2C9*1/*1 may not respond to phenytoin treatment and CYP2C9*1/*3 patients may increase risk of toxicity (3). 
However, no recent study showed the correlation between CYP2C9 polymorphism and phenytoin efficacy. Recent 
report showed sixty-three patients with phenytoin resistance epilepsy were more likely to have MDR1 C3435C than 
MDR1 T3435T compare with thirty-three responsive patients (P < 0.0001) (6). However, we found no statistic 
significant correlation between CYP2C9 and MDR1 (C3435T) polymorphism and phenytoin efficacy. This may be 
from small sample size. 
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Abstract 

An imbalance level of oxidants in the body has been shown to cause many diseases, including cardiovascular and 
neurodegenerative diseases, diabetes, cancer and arthritis. Herbal plants are gaining attention as a source of 
antioxidants. Morus alba L., also known as white mulberry, has long been used in traditional folk medicine in many 
Asian countries, including China, Thailand and Vietnam. Although antioxidant activity of this plant has been 
investigated in a number of studies, none has been compared the antioxidant activity of various part of M. alba until 
recently. The antioxidant activity of stem, twig and leaf of M. alba has been compared by 2,2-Diphenyl-1-
picrylhydrazyl (DPPH) scavenging assay and found that the activity of stem was shown to be the highest, followed by 
twig and leaf, respectively. Therefore, antioxidant activity of M. alba stem extract was further investigated using total 
phenolic content (TPC) assay, DPPH scavenging assay and FRAP assay. The data showed that the amount of total 
phenolics in the stem extract of M. alba was 34.8 ± 1.9 mol GAE/mg dried stem extract; trolox equivalent antioxidant 
capacity in DPPH scavenging assay was 0.98 ± 0.09 mol trolox equivalent/mg dried stem extract and ascorbic acid 
equivalent in FRAP assay was 1.3 ± 0.3 µmol/mg extract. However, further experiments are needed to determine the 
potential antioxidant capacity of this stem extract as an alternative treatment for oxidative stress-related diseases. 

Keywords:  Morus alba L. stem extract, Oxidative stress, Antioxidant activity 
 
Introduction 

Oxidative stress is a condition occurring when there is an imbalance between the level of oxidants and the capacity of 
antioxidant defense system in the body. Oxidative stress has been implicated in several diseases, including 
cardiovascular and neurodegenerative diseases, diabetes, cancer and arthritis (1). Several studies have demonstrated 
health benefits of dietary intake of herbal plants containing high content of antioxidants. For instance, M. alba, a plant 
that contains several antioxidant active components, including phenolic acids, stilbenes, flavonoids and coumarins has 
long been used in traditional Chinese medicine. Several health benefits have been reported, including antihyperglycemic 
(2), hypolipidemic (3) and anti-inflammatory and analgesic (4). The antioxidant activity of different parts of M. alba 
such as leaves, fruits, root bark, and twigs has been widely investigated, however none has been compared the 
antioxidant activity of various part of M. alba. Until recently, the antioxidant activity of stem, twig and leaf of M. alba 
has been compared by DPPH scavenging assay (5,6). The activity of stem was shown to be the highest, followed by 
twig and leaf with the half maximal inhibitory concentration (IC50) = 44.8 ± 0.01, 214.3 ± 0.02, and 365.4 ± 0.01 
µg/mL, respectively (5,6). In addition, stem of M. alba was found to contain the highest amount of oxyresveratrol, a 
polyphenolic hydroxystilbene, compared to twig and leaf. Moreover, oxyresveratrol was also reported to be an effective 
scavenger for DPPH radical (IC50 = 6.9 ± 0.0 µg/mL) (5,6). Therefore, antioxidant activity of M. alba stem extract was 
further investigated for the antioxidant activity. 

Since, a strong correlation between the level of phenolic content and antioxidant activity has been reported (7). The 
present study was designed to determine the antioxidant activity of methanolic extract of M. alba obtained from stem 
and to provide additional scientific data to support the valuable property of this plant for further development as a 
natural source of antioxidant. This study is the first to evaluate an in vitro antioxidant activity of methanolic M. alba 
stem extract. 
 
Materials and Methods 

Preparation of M. alba stem extract and purified oxyresveratrol 

Methanolic M. alba stem extract was prepared by maceration from Department of Pharmaceutical Technology, Faculty 
of Pharmaceutical Sciences, Naresuan University, Thailand. Gallic acids, trolox, DPPH were purchased from Sigma 
Chemical Co. (St. Louis, MO). Folin–Ciocalteu reagent and sodium carbonate were obtained from Merck (Darmstadt, 
Germany). 
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Evaluation of the antioxidant capacity of the stem extract in vitro 

Determination of total phenolic content (TPC):  The total phenolic content of the stem extract was determined 
using the Folin-Ciocalteau (FC) method as previously described with slight modification (8). Briefly, 100 µL of 
prepared extract solution or a standard solution of Gallic acid in 50% methanol was mixed with 500 µL FC reagent (10% 
v/v). The mixture was carefully vortexed and incubated at room temperature for 2 min. Then 400 µL of 7.5% Na2CO3 
solution was added and the mixture was further incubated for 60 min at room temperature. Absorbance was measured at 
765 nm using a spectrophotometer (GBC Cintra 10e, Melbourne, Australia). Gallic acid (GA) equivalents value was 
calculated by using the standard regression curve and the result was expressed in mol GAE/mg of dried stem extract. 

DPPH radical scavenging assay: The radical scavenging activity (SA) of the M. alba stem extract on DPPH 
radical was assessed based on the method described previously by Roche et al. (9) with some modifications. Stock 
solutions of the stem extract and trolox (standard antioxidant) were prepared in 100% methanol and further diluted to 
0.1 mg/mL and 0.1 mM, respectively. A fixed volume of 1 mM DPPH (100 µL) was mixed with varying volumes of 
the stem extract or different concentration of trolox to obtain a 1 mL of the reaction mixture.  The mixture was then 
incubated at room temperature for 3 min, and the absorbance was assessed immediately at 515 nm using spectrophotometer. 
Percentage of DPPH radical scavenging activity (%SA) was calculated according to the following formula: SA (%) = 
[A – B / A] × 100%. Where: A is absorbance of blank sample; B is absorbance of the sample (stem extract or 
trolox).The percentage of inhibition was plotted against the concentration of the extract and the IC50 was obtained. 
TEAC (trolox equivalent antioxidant capacity) values were calculated by using the standard regression curve and the 
result was expressed in µmol trolox equivalent/mg of dry stem extract. 

Ferric ion reducing antioxidant power (FRAP) assay: The iron reducing capacity of the M. alba stem extract 
was evaluated using FRAP assay, which was performed according to the method by Benzie and Strain (10) with some 
modifications. One mL of FRAP reagent was mixed with 50 µL of various concentrations ferrous sulfate (FeSO4.7H2O 
solution; positive control) or the stem extract solution. The mixture was then incubated at room temperature for 3 min 
and the absorbance at 593 nm was measured using spectrophotometer. The regression equation of standard was used to 
calculate the FRAP values (µmol Fe (II) per mg) of the dried stem extract. 
 
Results and Discussion 

The antioxidant activity of M. alba stem extract was evaluated using three assays. The data showed that the amount of 
total phenolics in the stem extract of M. alba was 34.8 ± 1.9 mol GAE/mg dried stem extract. The remaining data are 
shown in Table 1 and 2.  All data were conducted in triplicate and expressed as the mean ± standard deviation. 

The free radical scavenging activity of the extract and trolox increased dose-dependently, in which the IC50 value of the 
extract and troloxwere 26.6 ± 1.7 g/mL and 6.5 ± 0.1g/mL, respectively (Figure 1). Trolox equivalent antioxidant 
capacity (TEAC) was 0.98 ± 0.1 mol trolox equivalent/mg dry stem extract (Table 1). These results suggest that this 
stem extract has a hydrogen-donating activity to free radical. 

In FRAP assay, the reducing capacity of the extract was also observed as indicated by FRAP value as 3.9 ± 0.5 µmol 
Fe (II) per mg of M. alba stem extract and 16.0 ± 0.3 µmol Fe (II) per mg of ascorbic acid. 

These results suggest that this stem extract has a ferric reducing activity which can prevent the formation of the most 
harmful hydroxyl radical. 

 
 

Table 1.  DPPH scavenging activity. 
 

 
IC50 

(g/mL) 
Trolox equivalent 
(mol/mg extract) 

Stem Extract 26.6 ± 1.7 0.98 ± 0.1 

Trolox 6.5 ± 0.1 N/A 

 
 
Table 2.  Ferric ion reducing antioxidant power. 
 

 
FRAP values 

(µmol Fe (II)/mg) 
Ascorbic acid equivalent 

(µmol/mg extract) 

Stem Extract 3.9 ± 0.5 1.3 ± 0.3 

Ascorbic acid 16.0 ± 0.3 N/A 
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Figure 1.   DPPH radical scavenging activity of M. alba stem extract (A) and trolox (B). 

 
 

Conclusion 

The present data showed that the methanolic stem extract of M. alba contains phenolic acid with a radical scavenging 
activity and iron reducing capacity. These activities may be due to its phenolic acid component, especially oxyresveratrol, 
which was reported to present at a high concentration in the stem of M. alba (6). However, further experiments are 
needed to determine the potential antioxidant capacity of this stem extract as an alternative treatment of oxidative 
stress-related diseases. 
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Abstract 

Wisumpayayai is a household traditional remedy approved by Thailand FDA to use as anti-flatulence and anti-dyspepsia. 
This remedy compose of 20 medicinal plants which some of them have immunmodulating evidences. This study aimed 
to determine in vitro effect of the water extract of this remedy on phagocytic activity of macrophage J774A.1 cells. By 
using zymosan-nitrotublue tetrazolium (NBT) assay, 6.25-50 µg/mL water extract concentration-dependently stimulated 
phagocytic activity of J774A.1 cells. It also concentration-dependently increased the production of nitric oxide (NO) 
which is a mediator involved in oxygen-dependent pathway for destroying antigen in phagolysosome during phagocytosis 
process. In the water extract-treated cells, the increase of NO was correlated with the increase in the expression of 
inducible nitric oxide synthase (iNOS) which is responsible for NO production in activated macrophages. The results from 
this study demonstrated that the water extract of Wisumpayayai remedy activated phagocytic activity of macrophage 
J774A.1 cells.  

Keywords: Wisumpayayai remedy, Macrophage, Phagocytosis 
 
 
Introduction            

The immune system has essential functions of defending the body against various pathologic antigens. There are 
several kinds of immune cells and mediators which play roles in this system such as lymphocytes, neutrophils, 
macrophages, protein in the complement system and antibodies. Macrophages are ones of key players in both innate 
and adaptive immunity. They are responsible to eliminate foreign bodies, apoptotic cells and pathogens (1). They are 
phagocytes which capture microorganisms and foreign antigens mainly by pattern recognition receptors (PRRs) on 
their cell surface, engulf antigens in phagosomes which fuse with lysosomes to become phagolysosomes, destroy 
antigens in phagolysosomes by oxygen-dependent and -independent pathways (2,3). Upon activation, several functions 
of macrophages including phagocytic activity, reactive oxygen species (ROS) and nitric oxide (NO) generation, cytokine 
production and antigen presentation can be enhanced. Macrophage activation is a way of immune enhancement which 
should be useful for correcting immunocompromised condition. Several pharmacological agents as well as natural 
products have been reported as immune enhancers and macrophage activators. Wisumpayayai is a traditional remedy in 
the Essential Traditional Drug List as an anti-flatulence and anti-dyspepsia. It composes of 20 herbal plants which some 
of them have been reported to have immunomodulatory effects. This study was interested to investigate whether the 
water extract of this remedy could activate macrophages by evaluating the effect of the extract on phagocytic activity of 
macrophages. 
 
Materials and Methods                   

Water extract of Wisumpayayai 

This remedy composed of 20 medicinal plants as in Table 1. The remedy powder was soaked in 95% ethanol and 
solvent was separated for preparing the ethanol extract. The remained residue was boiled in water. The solvent was 
separated by filtration and lyophilized to dried extract. 
 

Table 1.   The compositions of Wisumpayayai remedy.  
 

*Have evidence of immunomodulatory activities  

Coriandrum sativum L.  Angelica dahurica  Cinnamomum bejolghota  Conioselinum univitatum 

Diospyros decandra  Atractylodes  lancea * Terminalia arjuna * Tinospora crispa L. 

Myristica fragrans  Angelica sinensis * Terminalia chebula * Zingiber officinale 

Amomum krervanh Artemisia pallens  Aristolochia sp.  Melastoma saugnineum 

Piper retrofractum Cinnamomum  verum * Syzygium aromaticum L.* Acorus calamus L. * 
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Cells 

Murine macrophage J774A.1 cells were obtained from American Type Culture Collection (ATCC) and maintained in 
DMEM containing 10% fetal bovine serum, 100 U/mL penicillin and 100 μg/mL of streptomycin at 37C in a 
humidified 5% CO2 atmosphere. 
 

Measurement of phagocytic activity 

J774A.1 cells at 4105 cells/mL were treated with 6.25-50 µg/mL water extract at 37C for 24 hr. The treated cells were 
washed twice with DMEM and incubated with NBT-zymosan A mix (800 µg/mL zymosan and 600 µg/mL NBT) at 
37C for 90 min. The cells were washed thrice with methanol and dissolved in 2M KOH and DMSO solution. The 
amount of reduced NBT was measured at 570 nm. The effect of the extract on phagocytic activity of the treated cells 
was compared to DMEM-treated cells. 
 

Measurement of nitric oxide (NO) production and iNOS expression  

J774A.1 cells at 4105 cells/mL were treated with 6.25-50 µg/mL water extract at 37°C for 24 hr. DMEM and 100 
ng/mL LPS were used as the negative and the positive control, respectively. The NO concentrations in the supernatants 
of the treated cells were analyzed as nitrite by using Greiss reagent. The concentrations of NO were determined from 
standard curve prepared by using standard nitrite solutions. Total RNA of the treated cells were isolated by Trizol® 
reagent and reversed to complementary DNA (cDNA). The cDNA was used as the template to amplify iNOS mRNA 
with iNOS specific primers by RT-PCR. The PCR product was identified by 1.5% agarose gel electrophoresis and gel 
documentation.  
 

Statistical analysis 

All experiments were performed in duplication or triplication. The data of at least three experiments (n = 3) were 
determined and expressed as mean ± standard error of the mean (mean ± SEM). Statistical significance was analyzed 
by one-way ANOVA with Tukey’s Honestly Significant Difference (HSD) post hoc test. Values of p < 0.05 were 
considered statistically significant. 
 
Results   

Effect of water extract of Wisumpayayai on phagocytic activity of J774A.1 cells  

The phagocytic activity of the water extract treated cells was determined by measuring the amount of the formazan 
product of NBT reduction. The extract significantly and concentration-dependently increased the phagocytosis of 
macrophage J774A.1 cells when compared with the untreated control (Figure 1). 
 

Effect of water extract of Wisumpayayai on NO production  

NO is nitrogen reactive species involved in oxygen-dependent pathway of phagocytosis. The water extract at 6.25-50 
µg/mL significantly stimulated NO production in a concentration-dependent manner (Figure 2). 
         

         
 
 
 
 
 
 
 
  

Figure 1. Effect of the water extract of Wisumpayayai 

remedy on phagocytosis of macrophage J774A.1 cells. 

The cells were treated with 6.25-50 µg/mL the extract. 

Untreated cells and 100 ng/mL LPS-treated cells were used 

as the negative and the positive control, respectively. Data 

are expressed as mean ± SEM of 3n. * p < 0.05 compared 

with untreated cells. 

Figure 2. Effect of the water extract of Wisumpayayai 

on NO production in macrophage J774A.1 cells. The 

cells were treated with 6.25-50 µg/mL. Untreated cells 

and 100 ng/mL LPS-treated cells were used as the 

negative and the positive control, respectively. Data are 

expressed as mean ± SEM of 3n. * p < 0.05 when 

compared with untreated control. 
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Effect of water extract of Wisumpayayai on expression of iNOS  

The effect of the extract on NO production was confirmed by the expression of iNOS in the treated cells. iNOS is an 
enzyme which its expression in induced only in activated macrophages but not in resting cells. The water extract 
stimulated iNOS mRNA expression at all concentrations (12.5-50 µg/mL) used in the experiments (Figure 3).   
 

 
 

 

Discussion and Conclusion  

Some of 20 medicinal plants in Wisumpayayai remedy have 
been reported to have immunomodulating activities. These 
include S. aromaticum L. (4), A.  lancea (5),  A. sinensis (6), 
T. arjuna (7), T. chebula (8), A. calamus L. (9) and C. verum 
(10). This leads to the postulation that the remedy may have 
immunomodulating activity. Activation of macrophages can 

be used as a method to evaluate immunomodulating effect of agents of interest. This study demonstrated that the water 
extract of Wisumpayayai could promote phagocytic activity of macrophage J774A.1 cells in a concentration dependent 
manner. It upregulated iNOS expression and increased NO production in these cells. iNOS is an enzyme responsible 
for large amount of NO production in activated macrophages. Its expression is upregulated only in activated 
macrophages but no expression in resting macrophages. NO in activated macrophages can destroy pathogen or antigen 
in phagolysosome as oxygen-dependent mechanism. It is possible that this extract may be able to activate other 
functions of macrophages including cytokine production, antigen presentation or effector function in adaptive 
immunity. The results from this study may shade some information of novel pharmacological activity of this Thai 
traditional remedy. The immunomodulating activity can be a beneficial property of this remedy while it is used as 
original indication.   
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Figure 3. Effect of the water extract of Wisumpayayai 

on mRNA expression of iNOS in J774A.1 cells. The cells 

were treated with 12.5-50 µg/mL for 24 hr and mRNA 

expression of iNOS was determined by RT-PCR. Data 

represent as mean ± SEM of 3n. * p < 0.05 when compared 

with untreated control. 
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Abstract 

Ayurved Siriraj Ha-Rak recipe (AVS022), a traditional medicine for treatment of fever, is composed of five herbs. 
However, there were not many evidences for anti-inflammatory effect of AVS022. Here, we investigated the effects of 
AVS022 on cyclooxygenase-2 (COX-2) expression and functions. COX-2 was induced in human umbilical vein 
endothelial cells (HUVEC) by interleukin 1 (IL-1 1 ng/mL). The proliferation of cells was evaluated by MTT assay. 
The activity of COX-2 was assessed by measuring the production of prostaglandin E2 (PGE2) in the presence of 
exogenous arachidonic acid (AA; 10 M; 10 min) by enzyme immunoassay (EIA). The expression of COX-2 mRNA 
and protein were determined using real-time PCR and Western blot, respectively. AVS022 (up to 100 g/mL) has no 
effects on cell proliferation. AVS022 at the low level concentrations (1 and 10 g/mL) can inhibit COX-2 protein 
expression. However, AVS022 has no effect on COX-2 mRNA expression. AVS022 at 1, 10 and 100 g/mL 
significantly increase PGE2 production in the presence of exogenous arachidonic acid. However, PGE2 production was 
decreased at 100 µg/mL of AVS022 when compared with low level concentrations of AVS022. It showed a biphasic 
dose-dependent effect on COX activity. In conclusion, AVS022 modulated COX-2 at the level of pre-translational level 
and increased COX activity. These suggested that AVS022 have different effects on different levels of COX-2 
functions in IL-1 treated HUVEC. 
 

Keywords:  Anti-inflammation, Cyclooxygenase 2 (COX-2), Herbal recipe drug  
 
 
Introduction 

Ayurved Siriraj Ha-Rak Recipe (AVS022), is composed of five herbs (Capparis micracantha DC., Clerodendrum 
indicum L., Harrisonia perforate Merr., Ficus racemosa L. and Tiliacora triandra Diels.). It has traditionally been used 
as antipyretic treatment for a long time. However, there were not many evidences for anti-inflammatory effects of 
AVS022 whereas anti-inflammatory and analgesic effects were significantly shown in some components of the recipe 
(1,2). Fever can be caused by many conditions involving inflammation such as infections, tissue injuries, tumors or 
cancer diseases (3). Prostaglandins have been shown to play the important role in the regulation of fever and 
inflammation. Cyclooxygenase-2 (COX-2), the key enzyme that converts arachidonic acid (AA) to prostaglandins, has 
also been shown to be involved in fever production (4,5,6). Here, we investigated the effects of AVS022 on COX-2 
expression and functions in IL-1 induced HUVEC. 
 
Materials and Methods 

Preparation of AVS022 

Ayurved Siriraj Ha-Rak recipe (AVS022) powders prepared by Unit of Thai Herbal Pharmaceuticals of Center of 
Applied Thai Traditional Medicine, Faculty of Medicine Siriraj Hospital with quality controlled, signed, together with 
fingerprint by Thin Layer Chromatography (TLC) and Ultra Performance Liquid Chromatography (UPLC). Then, the 
powders were stored and preserved in a room temperature at 25°C dry and was dissolved in 80% ethanol at final 
concentration 100 mg/mL, mixed for 10 min. The extract solution was filtered with cotton wool and subsequently 
centrifuged at 10,000 rpm for 10 min. The supernatant was evaporated and lyophilized to dry powder. 
 
Human umbilical vein endothelial cell (HUVEC) culture 

Primary HUVEC were obtained from newborn to normal pregnant women as previously described (7). Cells were 
cultured in T-75 flasks with human endothelial basal growth medium containing 10% fetal bovine serum penicillin 100 
U/mL, streptomycin 100 mg/mL at 37°C in a humidified atmosphere containing 5% CO2 in air. The culture medium 
was changed after 24 hr and grown to confluence until use. 
  

F19 



100 

 
The Pharmacological & Therapeutic Society of Thailand Meeting – 2013 Proceedings 

 

Determination of cell proliferation  

To test proliferation of cells, (3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyl) tetrazolium bromide was dissolved in the 
culture medium (200 g/mL).  The solution was, then, added to each well; the plates were kept at 37°C in a 5% CO2 
environment incubated in the incubator for 1 hr. After which time, the medium was discarded and 100 L of dimethyl 
sulfoxide was added.  The plates were left standing at room temperature for 10 min with occasionally gently shaking. 
The absorbance in each well was measured at 595 nm and calculated as the percentage of the control. 
 
Real-time quantitative PCR analysis 

Total RNA from HUVEC was isolated and reverse transcribed using the SYBR® PCR reagent kit (Applied Biosystems) 
according to the manufacturer’s protocol. Forward and reverse primers were used at a final concentration of 200 nM. 
The primer sequences were used COX-1 forward 5’-GACCCGCCTCATCCTCATAG-3’; COX-1 reverse 5’-
CCACCGA TCTTGAAGGAGTCA-3’; COX-2 forward 5’- CAAAAGCTGGGAAGCCTTCT-3’; COX-2 reverse 5’- 
CCATCCTTGAAAAGGCGCAG-3’; GAPDH forward 5’-GACCACTTTGT CAAGCTCATTTCC-3’; GAPDH 
reverse 5’-TGAGGGTCTCTCT CTTCCTCTTGT-3’. The cDNA samples, gene specific primers, were designed using 
vector NTI (Invitrogen) software amplified under “default” conditions: 95°C for 10 min and 95°C for 15 min, followed 
by 40 cycles of amplification at 60°C for 40 min and 72°C for 40 min. For data analysis, the cycle threshold (Ct) 
number was computed for each sample using the Sequence Detection Software (Applied Biosystems).  
 
Western blot analysis 

HUVEC were untreated (control), treated with AVS022 (100 g/mL) alone, IL-1 (1 ng/mL) alone and IL-1 (1 ng/mL) 
+ AVS022 (1, 10, 100 g/mL) in six-well plates (37C, for 24 hr). After incubation, cells were extracted and specific 
monoclonal COX-1 or COX-2 antibody was used to detect the expression of COX isoform as previously described (7). 
 
Enzyme immunoassay (EIA) 

Confluent HUVEC were gently washed twice with phosphate-buffered saline (PBS) and incubated with human 
endothelial serum free medium (200 L/well) with no addition (control), AVS022 (100 g/mL) alone, indomethacin 
(100 g/mL) alone, IL-1 (1 ng/mL) alone, IL-1 (1 ng/mL) + AVS022 (1, 10, 100 g/mL), IL-1 (1 ng/mL) + 
indomethacin (100 g/mL) for 24 hr. After that, the medium was removed and washed twice with PBS. COX activity 
was measured by the production of PGE2 in the replaced fresh medium containing exogenous arachidonic acid (10 M 
for 10 min) using an enzyme immunoassay (EIA kit). 
 
Statistical analysis 

Results are expressed as mean  SEM from triplicate determinations (wells) from at least three separate experimental 
days (n = 9). Analysis of data was performed using one-way ANOVA; * p  0.05 was considered statistically significant. 
 
 
Results 

The Effects of AVS022 on HUVEC proliferation  

Neither AVS022 (1, 10 and 100 g/mL) alone nor plus IL-1β (1 ng/mL) had significant effect on HUVEC proliferation 
(Figure 1). 

 

 
 

 
Figure 1. The effects of AVS022 on HUVEC cell 
proliferation (measured by MTT assay) in co-incubation 
with or without IL-1β (10 ng/mL) for 24 hr. Control = 
HUVEC incubated with serum free endothelial cells 
medium. Data are expressed as mean  SEM and analyzed 
by one-way ANOVA. 
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The effects of AVS022 on COX mRNA expression in IL-1β treated HUVEC 

According to Figure 2A and 2B, AVS022 (1, 10 and 100 g/mL) co-incubated with IL-1 (1 ng/mL) had no effect on 
COX-1 and COX-2 mRNA expression in HUVEC. 
 
 

 
Figure 2. The effects of AVS022 (1, 10 and 100 g/mL) on COX-1 mRNA (A) and COX-2 mRNA (B) expression 
in HUVEC treated with IL-1 (1 ng/mL) for 24 hr.  
 
 

The effects of AVS022 on COX protein expression in IL-1β treated HUVEC 

Control untreated cells contained COX-1 protein but not COX-2 protein (Figure 3A and 3B, lane 1). COX-1 protein 
expressed in HUVEC treated with AVS022 (1, 10 and 100 g/mL) plus IL-1β (1 ng/mL) did not change when 
compared to control (Figure 3A). Interestingly, COX-2 protein was significantly decreased in HUVEC treated with 
AVS022 (1 and 10 g/mL) plus IL-1β (1 ng/mL; Figure 3B, lane 4 and 5). 
 
 
 

 
 
 
Figure 3. The effects of AVS022 on COX-1 protein (A) and COX-2 protein (B) expressed in IL-1β-treated HUVEC. 
COX protein was detected by Western blots using specific antibodies to COX in cell extracts of HUVEC treated with 
no addition (lane 1), IL-1β (1 ng/mL) alone (lane 2), with AVS022 (1, 10 and 100 g/mL) alone (lane 3, 4 and 5, 
respectively) and IL-1β (1 ng/mL) plus AVS022 (1, 10 and 100 g/mL; lane 6, 7 and 8, respectively) for 24 hr. Similar 
results were obtained from three separate batches of cells. The significant differences between each band were 
compared by scanner densitometry using an image one-dimensional program (densitometry unit). * p < 0.05 when 
compared to IL-1 1 ng/mL. 
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The effects of AVS022 on COX activity in IL-1β treated HUVEC  

AVS022 at 1, 10 and 100 g/mL significantly increase PGE2 production in the presence of exogenous arachidonic acid 
in IL-1 (1 ng/mL) treated HUVEC while AVS022 (100 g/mL) alone had no effect on this COX activity. However, 
this COX activity was decreased at AVS022 100 g/mL when compared with low level concentrations of AVS022. 
 

 
Figure 4. The effects of AVS022 on COX activity in IL-1-treated HUVEC.  Positive control = indomethacin (100 
µg/mL). The data represent mean  SEM of three experiments. * p  0.05 vs. IL-1β 1 ng/mL. 
 

Discussion and Conclusion 

We showed that AVS022 could inhibit COX-2 protein expressed in HUVEC while the amount of COX-1 protein 
expression was not effect. COX-1 and COX-2 mRNA were also no effect. Interestingly, AVS022 significantly 
increased COX activity but the activity was decreased at high level concentrations when compared to low level 
concentrations. These increased COX activity may be dependent on some components of AVS022. The results 
suggested that AVS022 has different effects on COX activity at different concentrations. It showed a biphasic dose-
dependent effect on COX activity, in which AVS022 at low concentrations (1 and 10 g/mL) enhanced COX activity, 
but at higher concentration (100 g/mL) the COX-activity appeared to be inhibited. Therefore, AVS022 has different 
effects on different levels of COX-2 functions in IL-1β treated HUVEC. Further studies may be needed to determine 
the component effects of AVS022.  
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Abstract 

Wisumpayayai is a Thai traditional remedy for using as anti-dyspepsia and anti-flatulence medication. It consists of 20 
herbal plants. Nine of these plants have been reported to have cytotoxic activity against several cancer cells. This study 
was aimed to investigate anticancer potential of the remedy against human lymphoma cells (Ramos cells) by resazurin 
and flow cytometry assay. The ethanol extract of this remedy (6.25-100 µg/mL) demonstrated cytotoxicity against 
Ramos cells in concentration- and time- dependent manner at 24 and 48 hr. It induced cell death mainly by apoptosis 
without any change in the cell cycle pattern of Ramos cells. The results from this study demonstrated anticancer 
potential of Wisumpayayai remedy. 
 

Keywords:  Wisumpayayai remedy, Human B-lymphoma cells, Cytotoxicity 
 
 
Introduction 

Wisumpayayai is a remedy in Essential Thai Traditional Drug Lists approved by Thailand FDA to use as anti-
dyspepsia and anti-flatulence medication. Twenty herbal plants are the compositions of this remedy (as shown in Table 
1). Nine of them including Agelica dahurica, Diospyros decandra, Terminalia sp., Myristica fragrans, Terminalia 
chebula, Conioselinum univitatum, Syzygium aromaticum, Zingiber officinate and Livisticum officinate have been 
reported to induce apoptosis and inhibit cell growth of several cancer cells (1-3). This remedy is administered orally in 
the dosage forms as pills or infusion (powder dissolved in water). It is possible that the remedy may have anticancer 
activity similar to its components. The purpose of this study was to evaluate anticancer potential of the ethanol extract 
of the remedy against human Burkitt’s lymphoma Ramos cells. 
 
Materials and Methods 

Plants extract 

Wisumpayayai remedy was prepared by soaking the remedy power in 95% ethanol. The solvent was collected by 
soxhlet extraction and evaporated to become solid extract. The extract was dissolved in dimethylsulfoxide (DMSO) 
which was diluted to a constant 0.2% DMSO solution at various concentrations of the extract. 
 
Table 1. Compositions of Wisumpayayai remedy. Nine of these plants have been reported to have anticancer activities (*). 
 

Coriadum sativum Angelica dahurica* Cinnamomum verum Acorus calamus 

Diospyros decandra* Atractylodes lancea Cinnamomum bejolghota Tinospora crispa 

Myristica fragrans* Conioselinum univitatum* Terminalia arjuna* Zingiber officinale* 

Amomum krervanh Livisticum officnale* Terminalia chebula* Melastoma saigonense 

Syzygium aromaticum* Artemisia pallens Aristolochia sp Piper retrofractum 

 
Cells 

Human Burkitt’s lymphoma Ramos cells were obtained from American Type Culture Collection (ATCC) and 
maintained in RPMI 1640 supplemented with 10% fetal bovine serum, 100 µg/mL of penicillin and 100 µg/mL of 
streptomycin at 37˚C. The cells were used at 1106 cells/mL in all experiments. 
 
Determination of cytotoxicity of the extract 

Ramos cells were treated with 6.25-100 µg/mL ethanol extract in 96-well plate for 24 and 48 hr. The viability of the 
treated cells was determined by resazurin staining assay 0.2% DMSO and 2 µg/mL doxorubicin were used as the 
negative and the positive control, respectively. 
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Determination of cell death patterns 

Ramos cells were treated with 25-100 µg/mL ethanol extract for 6 hr. The treated cells were washed twice with 500 µL 
cold PBS, stained with annexin V-FITC/propidium iodide for 15 min, and detected cells by fluorescence flow cytometer. 
0.2% DMSO and 20 µM etoposide were used as the negative and the positive control, respectively. 
 
Determination of the cell cycle 

Ramos cells were treated with 25-100 µg/mL ethanol extract for 1 hr. The treated cells were washed in PBS and 
incubated with fresh RPMI medium for 24 hr. The cells were harvested, washed in PBS, fixed with 70% ethanol, and 
finally washed in PBS. The fixed cells were treated with RNase A for 30 min, stained with PI for 15 min, and analyzed 
by fluorescence flow cytometer. 
 
Statistical analysis 

The data of three independent experiments (n = 3) were expressed as mean ± SEM The data were analyzed using one-way 
ANOVA with turkey’s Honestly Significant Difference (HSD) post hoc test for statistical significance of differences. The 
P-value < 0.05 was considered as statistical significance. 
 
Results 

Cytotoxic effect of the ethanol extract of Wisumpayayai on Ramos cells 

The ethanol extract at 6.25-100 µg/mL significantly increased cytotoxicity againt Ramos cells in a concentration- and 
time-dependent manner at 24 and 48 hr (Figure 1). The IC50 value of the extract at 24 hr was 58.49 ± 2.09 µg/mL.  

        
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 1. Cytotoxicity effect of the ethanol extract of Wisumpayayai on Ramos cells. The cells were treated with 
6.25-100 µg/mL ethanol extract for 24 hr (A) and 48 hr (B). Viability of the treated cells was determined by resazurin 
staining. Data are mean ± SEM of three independent experiments (n = 3). *P < 0.05 compared with the solvent control. 
 
Apoptotic induction effect of the ethanol extract of Wisumpayayai on Ramos cells 

After 6 hr of treatment, the ethanol extract at 25-100 µg/mL induced Ramos cell death mainly by apoptosis (Figure 2). 
 

 

Figure 2. Apoptotic effect of the ethanol extract of 
Wisumpayayai on Ramos cells. The cells were treated 
with 25-100 µg/mL for 6 hr. The patterns of cell death 
were determined by annexin V-FITC/PI staining and detected 
by fluorescence flow cytometer. Data represented as means 
± SEM of three independent experiments. * P < 0.05 
compared with the solvent control. 
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Effect of the ethanol extract of Wisumpayayai remedy on cell cycle of Ramos cells 

The ethanol extract had no effect on the cell cycle of Ramos cells while 20 µM etoposide caused the cells accumulated 
at G2-M phase (Figure 3).  
 

 
Figure 3.  Representative result of the effect of the ethanol extract of Wisumpayayai on the cell cycle of Ramos 
cells. The cells were treated with 25-100 µg/mL for 1 hr, washed, incubated with fresh RPMI 1640 medium for 24 hr, 
fixed with ethanol, stained with PI, and determined DNA content by fluorescence flow cytometer. 
 
 

Discussion and Conclusions 

Wisumpayayai remedy demonstrated in vitro inhibitory effects on cancer cells. It induced apoptosis of lymphoma cells. 
This extract induced cytotoxic of Ramos cells which play role in apoptotic pathway. It is possible that the extract acted 
as a cell cycle nonspecific cytotoxic agent against Ramos cells because it did not change the cell cycle of the cancer 
cells. The extract also promoted non specific cell cycle on Ramos cells (4). It is interesting to evaluate whether this 
remedy has anticancer property which is not the approved indication of the remedy. 

The results from this study suggest that Wisumpayayai which is used as anti-flatulence and anti-emetic remedy may 
also have anticancer activity. These may be beneficial information for using the remedy in the future. However, in 
depth studies as well as animal studies are needed for confirming anticancer potential of the remedy.  
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Abstract 

Multidrug resistance Plasmodium falciparum has spread worldwide particularly in Southeast Asia. Development of 
new potential antimalarial drugs is urgently needed.  The aim of the present study was to investigate antimalarial 
activity and timedependent action of the crude ethanolic extracts of Piper chaba Hunt. against 3D7 P. falciparum 
clone (chloroquinesensitive). The antimalarial activity of Piper chaba Hunt. extract against 3D7 P. falciparum clone 
was assessed using SYBR green Ibased assay.  The IC50 value (concentration that inhibits malaria growth by 50%) was 
evaluated using Calcusyn software. Cytotoxic activity against normal cell line (renal epithelial cell: HRE) was assessed 
using MTT assay. The parasite was exposed to Piper chaba Hunt. extract at various concentrations, i.e., 0.78, 1.56, 
3.13, 6.25, 12.5, 25, 50 and 100 g/mL for 3, 6, 12, 24, and 48 hr (37C). Culture was washed out and incubated with 
complete media until 48 hr. The IC50 and SI (selectivity index) of Piper chaba Hunt. were 15.8 g/mL and 7.5, 
respectively. Antimalarial action started at 12 hr after exposure. There was no difference in IC50 values following 
incubation for 24 and 48 hr.  

Keywords:  Plasmodium falciparum, Piper chaba Hunt., Antimalarial activity 
 
 
Introduction 

Multidrug resistance Plasmodium falciparum is the major problem in malaria control in Thailand, particularly those 
areas along the ThaiCambodian and ThaiMyanmar boarders. Searching for novel antimalarial drugs including the 
application of combination therapy have been employed as strategies to deal with the problem (1). Artemisinin 
combination therapy (ACT) is currently used as a therapeutic approach to combat multidrug resistance falciparum all 
over malaria endemic areas of the world. However, evidences of artemisinin resistance have been accumulating 
particularly in Southeast Asia (2).  Development of new potential antimalarial drugs is urgently needed. One important 
approach in antimalarial drug discovery and development is investigation of potential antimalarial candidates from 
natural products. 

In the present study, the antimalarial activity of Piper chaba Hunt. extract against 3D7 P. falciparum clone was 
assessed using SYBR green Ibased assay. The plant Piper chaba Hunt. (Piperaceae) is a climbing, glabrous shrub 
available in various parts of India and Malay Islands (3). Previous phytochemical investigation of the stem bark of the 
plant revealed the presence of lignin and alkaloids such as piperamine 2,4decadienoic acid piperidide, kusunokinin and 
pellitorine (4). Root has been reported to contain some alkamides, i.e., piperine, sylvatine, piplartine, piperlonguminine, 
and sitosterol (5). The previous observations of the preliminary pharmacological screening using the methanolic extract 
of stem bark, fruit, and root of Piper chaba Hunt. has confirmed  its ethnomedical use in various ailments including 
different types of fever, pain and diarrhea, asthma, bronchitis, inflammation, stimulant and carminative activities (67).  
  
Materials and Methods 

Plant materials and preparation of crude extracts 

Plant materials (fruits of Piper chaba Hunt.) were collected from different regions of Thailand. The plant materials 
were rinsed with tap water to remove extraneous contaminants and cut into small pieces, ovendried at 50°C until 
stability of dry weight was observed, and ground into powder with an electricgrinder.  The powdered plant materials 
(100 g) were extracted by macerating in stopper flasks containing 500 mL of 95% ethanol at room temperature (25–
30°C) for seven days.  The ethanolic extracts were separated and filtered through Whatman no. 1 filter paper.  After 
filtration, the extracts were evaporated under reduced pressure by rotary evaporation.  The crude extracts were weighed 
and stored at −20°C until use. 
 

Parasite culture 

3D7 Plasmodium falciparum clone was cultured in RPMI 1640 medium (Gibco, New York, USA) supplemented with 
10% human B serum and 25 mM HEPES.  Culture was incubated at 37°C under an atmosphere of 5% O2, 5% CO2, and 
90% N2 (8). The level of parasitaemia in the culture was kept at 2% haematocrit. 
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Antimalarial activity of Piper chaba Hunt. 

The antiamalrial activity of ethanolic extract of Piper chaba Hunt. against 3D7 P. falciparum clone was determined 
using SYBR Green I assay (910). Highly synchronous ring stage parasite was used in each assay. An aliquot of 
parasite inoculum (50 l) with 2% parasitaemia and 1% haematocrit was added into each well of a 96well microtiter 
plate. The plate was dosed with various concentrations of Piper chaba Hunt. extract for 48 hr. The experiment was 
repeated three times, triplicate each. IC50 value (drug concentration that inhibits the parasite growth by 50%) was used 
as an indicator for antimalarial activity, which was determined from a logdose–response curve plotted using the 
CalcuSyn version 1.1 (BioSoft, Cambridge, UK).  
 
Cytotoxic activity 

Normal human epithelial cell (HRE) was purchased from Promocell Co. Ltd. (Heidelberg, Germany) and cultured in 
renal epithelial cell growth medium 2 supplemented with SupplementPack (Promocell Co. Ltd.). The cell was 
incubated at 37C in 5% CO2 atmosphere with 95% humidity, and was seeded in a 96well plate at a density of 104 
cells/well in 100 µL of culture medium.  Following 24 hr incubation and attachment, cells were treated with different 
concentrations of each plant extract.  The concentration range of the extracts used was 1.95250 µg/mL.  After 48 hr 
incubation, following washing and incubation with MTT [3(4,5dimethylthiazol2yl)2,5diphenyltetrazolium 
bromide] solution (20 µL of 5 mg/mL) at 37C for 3 hr, cells were lyzed with dimethyl sulfoxide (DMSO). The yellow 
MTT dye was reduced by succinic dehydrogenase in the mitochondria of viable cells to purple formazan crystals. 
Absorbance was measured at 570 nm using a microplate reader (Varioscan Flash, Thermo, Vantaa, Finland).  
Experiments were repeated three times for each extract (triplicate for each experiment).  The IC50 values were 
determined using CalcuSyn software.  The selectivity index (SI) was calculated from the IC50 ratio of each extract 
obtained from HRE cell and 3D7 P. falciparum clone. 
 
Concentration- and time-dependency of antimalarial action 

Highly synchronous ring stage 3D7 P. falciparum was exposed to Piper chaba Hunt. extract at various concentrations, 
i.e., 0.78, 1.56, 3.13, 6.25, 12.5, 25, 50 and 100 g/mL at  3, 6, 12, 24 and 48 hr (37C). The extract was removed from 
the culture by washing with PBS and incubated with complete media until 48 hr. Antimalarial activity of Piper chaba 
Hunt. extract was determined using SYBR Green I assay as described above. The experiment was repeated three times, 
triplicate each. IC20, IC50, and IC99 values (the concentrations which inhibit parasite growth by 20, 50 and 99%, 
respectively) were determined from a logdose–response curve plotted using the CalcuSyn software.  
 
Statistical analysis 

Differences in IC20, IC50 and IC99 values at various exposure time were analyzed using MannWhitney U test at a 
statistical significance level of  α = 0.05 (SPSS version 12, New York, USA).   
 
Results 

Antimalarial and cytotoxic activities of Piper chaba Hunt.  

The concentrationresponse curves of in vitro antimalarial and cytotoxicity activity of Piper chaba Hunt. are shown in 
Figure 1A and 1B, respectively. The IC50 of Piper chaba Hunt. against 3D7 P. falciparum and HRE cells were  15.8 
and 119.1 g/mL, respectively, with selectivity index (SI) of 7.5.  
 

 
Figure 1.  The concentration response curve of Piper chaba Hunt. against 3D7 P. falciaprum clone (A) and against 
HRE cell line (B).  
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Concentration- and time-dependency of antimalarial action of Piper chaba Hunt. 

IC20, IC50 and IC99 values at various exposure times are shown in Table 1 and Figure 2.  All of these ICs at 3, 6 and 12 
hr were significantly different from 24 and 48 hr.  There was no difference in the ICs including slopes of concentration
response curves at 24 and 48 hr, implying that maximal effect of drug action occurred after 24 hr of exposure. The IC50 
at 12 hr was twice as high as that of 48 hr. 
 

 
 
 

 

Discussion and Conclusion 

Results from this study suggest that the ethanolic extract of Piper chaba Hunt. showed moderate antimalarial activity, 
and relatively selective to malarial parasite. In a previous study of antimalarial activity of ethanolic extract of Piper 
chaba Hunt., the IC50  values against 3D7 and K1 P. falciparum clones were 4.1 and 5.3 µg/mL, respectively (11). The 
discrepancy of results with the present study could be due to batch variation of the plants collected. The action of Piper 
chaba Hunt. is proposed to start at 12 hr after exposed, therefore the stage of drug action is on trophozoite stage. The 
12hr exposure time is a suitable time for assessment of antimalarial activity of Piper chaba Hunt.  
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Time IC (g/mL) 

(hr) IC20 IC50 IC99 

3 95.0 123.8 234.0 

6 46.0 59.8 142.5 

12 30.7 35.1 61.3 

24 12.6 16.2 37.5 

48 12.2 15.8 37.9 

Table 1. The IC20, IC50 and IC99 values (g/mL) of 
Piper chaba Hunt. extract at various exposure time 
(3, 6, 12, 24 and 48 hr). 

Figure 2.  Inhibitory concentrations (20, 50 and 99%) of 
Piper chaba Hunt. at various exposure time (3, 6, 12, 24 
and 48 hr)  
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Abstract 

The present study aims to determine the concentration of some inorganic constituents and to investigate the 
glucosidase inhibitory effect of P. amarus ash. The element concentrations were measured by inductively coupled 
plasma (ICP) spectroscopy after acid digestion. Oral glucose and sucrose tolerance test were performed on the normal 
mice to examine the effects of P. amarus ash (90 mg/kg) on the blood glucose level.  The concentrations of K, Ca, Mg, 
Mn, Fe, Zn, Cu, Cr and Ni in P. amarus ash are 35049.80  340.64, 3337.243  52.102, 1368.52  13.294, 90.811  
1.339, 87.683  1.154, 18.280  0.225, 4.692  0.068, 0.293  0.029 and 0.287  0.391 mg/kg, respectively.  Single 
administration of P. amarus ash did not show antihyperglycemic effect after glucose, a monosaccharide, administration. In 
contrast, the ash suppressed postprandial blood glucose level after sucrose, a disaccharide, administration. These results 
indicate that the inorganic constituents of P. amarus possess glucosidase inhibitory activity similar to acarbose, an 
glucosidase inhibitor currently used for diabetes. 

Keywords:  Phyllanthus amarus, Inorganic constituent, Glucosidase inhibitory activity 
 
 
Introduction  

Diabetes mellitus is a predominant public health problem, affecting about 346 million people worldwide (1) and about 
3.2 million people in Thailand (2).  Diabetes is a chronic metabolic disorder characterized by a significantly raised 
fasting and postprandial blood glucose, resulting from either insulin insufficiency (Type I diabetes) or insulin 
dysfunction (Type II diabetes), leading to the development of various complications predominantly to cardiovascular 
system. Patients suffering from Type I diabetes are totally treated with insulin, while the more common form, Type II 
diabetes, can be treated with dietary changes, exercise and medication.  

Glucosidase inhibitor (e.g. acarbose, volglibose and miglitol), a class of antidiabetic drugs, delays the digestion and 
absorption of carbohydrates, resulting in suppression of postprandial hyperglycemia and excessive insulin secretion. 
There are increasing evidences suggesting that postprandial hyperglycemia strongly correlate with diabetic 
complication especially to cardiovascular system (3). Thus, glucosidase inhibitor is valuable for diabetic patients.      

Despite the numerous modern medication to reduce blood glucose, the increasing use of complementary and alternative 
medicine in diabetic patients, especially herbs, dietary and mineral supplements, have been reported (4). A number of 
herbs traditionally used for diabetes have been recorded for antihyperglycemic activity (46). One of those is 
Phyllanthus amarus Schum. & Thonn. which belongs to the family Euphorbiaceae. It is a small herb well known for its 
medicinal properties. Various pharmacological activities of P. amarus, including antiviral, antibacterial, antiplasmodial, 
antiinflammatory, antimalarial, antimicrobial, anticancer, antidiabetic, hypolipidemic, antioxidant, hepatoprotective, 
nephroprotective and diuretic properties, have been reported. The main active constituents of P. amarus are lignans, 
flavonoids, ellagitannins, alkaloids, sterol and volatile oil (7).  

Although medicinal plants contain both organic and inorganic constituents, most of the experimental studies done so 
far on hypoglycemic herbs were carried out with organic active principles (6). However, some inorganic elements such 
as potassium (K), calcium (Ca), zinc (Zn), magnesium (Mg), manganese (Mn) and trace elements such as chromium 
(Cr) and vanadium (V) have potential role for glucose homeostasis (8).  Most of research work has been carried out on 
the organic constituents of P. amarus, while little attention has been paid on the role of inorganic elements in the 
medicinal use of this plant. 

Thus, in the present work, trace elemental analysis of  P. amarus was carried out using inductively coupled plasma 
(ICP) technique.  The in vivo glucosidase inhibitory effect of inorganic part of P. amarus was also evaluated in 
normal fasted mice. 
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Materials and Methods 

Preparation of P. amarus Ash 

Dried P. amarus powder was purchased from Lampang Herb Conservation, Lampang, Thailand. Twenty grams of the 
herb powder in a crucible was placed in an electric muffle furnace and maintained at 430–450C overnight to destroy 
the organic compounds present in the powder (9). The ash was removed from the crucible and dried in a vacuum desiccator. 
 
Assay of Inorganic Elements in Ash 

Two grams of ash were digested with 2 mL of conc. hydrochloric acid and incubated at 90C for 1 hr, then adjusted 
with deionized water to the volume of 10 mL. The digested sample was used for the assay of trace elements using the 
ICP spectrometer (PerkinElmer, Optima 4300DV, USA) 
 
Animals 

ICR mice weighing 2040 g were obtained from the Southern Laboratory Animal Facility, Prince of Songkla University, 
Thailand. The animals were housed in the controlled room, temperature 25C, with a 12 hr light/dark cycle. They were 
allowed to acclimatize for one week before the experiments and were given free access to standard laboratory feed and 
water. The experiment was approved by the Institutional Committee for Ethical Use of Animals, Prince of Songkla 
University, Thailand.  
 
Experimental Protocol 

The animals were divided into 4 groups, each group comprising 6 mice as follows: 
Group I: control mice administered with 10 % gum acacia, 10 mL/kg body weight 
Group II:  mice administered with P.amarus ash (90 mg/kg body weight) 
Group III: mice administered with tolbutamide (300 mg/kg body weight) 
Group IV: mice administered with acarbose (40 mg/kg body weight) 

 
Glucose/Sucrose Tolerance Test 

After being fasted overnight, blood samples from all the groups of mice were obtained without anesthesia from the tail 
vein. Then the mice were orally given each drug through feeding tube. At 30 min after the sample administration, the 
substrate (glucose or sucrose) solution (2 g/kg body weight) was administered to the mice. Five more blood samples 
were collected at 15, 30, 60, 120, and 180min intervals. The blood glucose levels were measured with a glucometer 
(GlucoDr, All Medicus Co., Ltd). 
 
Statistical Analysis 

All the results were expressed as mean  standard deviation (SD). Statistical analyses were performed using one way 
analysis of variance (ANOVA), followed by Least Significant Difference (LSD) posthoc tests. Differences were 
considered to be statistically different when p value was < 0.05. 

 
Results 

Concentration of some elements present in P. amarus ash 

Table 1 shows some inorganic constituents found in P. amarus ash. Concentrations of K, Ca, Mg, Mn, Fe, Zn, Cu, Cr 
and Ni found are 35049.80  340.64, 3337.243  52.102, 1368.52  13.294, 90.811  1.339, 87.683  1.154, 18.280  
0.225, 4.692  0.068, 0.293  0.029 and 0.287  0.391 mg/kg, respectively. 
 

Oral glucose and sucrose tolerance tests 

In oral glucose tolerance test, there was no significant difference in the blood glucose level and the area under curve 
(AUC) between P. amarus ashtreated, acarbosetreated and the control group, where as those of the tolbutamide
treated group were lower when compared with the control group (Table 2).  In contrast to the oral sucrose tolerance 
test, the postprandial blood glucose level at each time measured from T30T180, as well as the AUC, in the acarbose 
and the P. amarusash treated group were significantly lower than the control group (Table 3). 
 
Table 1. Concentrations of some elements in P. amarus ash  
 

Elements K Ca Mg Mn Fe Zn Cu Cr Ni 

Concentration 
(mg/kg, mean  SD, N = 3) 

35049.80 
 340.64 

3337.243 
 52.102 

1368.52 
 13.294 

90.811 
 1.339 

87.683 
 1.154 

18.280 
 0.225 

4.692 
 0.068 

0.293 
 0.029 

0.287 
 0.391 
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Table 2.  Effects of P. amarus ash on oral glucose tolerance in normal mice (mean  SD, N = 6, *p < 0.05). 
 

Treatment 
Blood glucose level (mg/dL) at (min) 

Area under curve 
T0 T15 T30 T60 T120 T180 

Control 
75.17 
 15.78 

190.00 
 43.81 

206.33 
 53.38 

184.67 
 68.04 

121.00 
 25.42 

86.67 
 15.13 

437.10  99.10 

P. amarus ash 
(90 mg/kg) 

57.50 
 7.56 

181.17 
 43.93 

221.67 
 35.60 

174.50 
 29.22 

95.17 
 15.17 

77.33 
 10.03 

400.31  51.84 

Tolbutamide 
(300 mg/kg) 

68.33 
 5.82 

106.17* 
 40.78 

105.33* 
 39.41 

113.83* 
 35.52 

70.67* 
 20.02 

47.50* 
 7.97 

254.38*  56.27 

Acarbose 
(40 mg/kg) 

69.17 
 14.02 

182.17 
 41.25 

227.25 
 24.77 

175.17 
 30.98 

98.50 
 16.93 

82.50 
 11.48 

410.53  40.76 

 
 
Table 3.  Effects of P. amarus ash on oral sucrose tolerance in normal mice (mean  SD, N = 6, *p < 0.05). 
 

Treatment 
Blood glucose level (mg/dL) at (min) 

Area under curve 
T0 T15 T30 T60 T120 T180 

Control 
61.33 
 8.24 

154.17 
 23.95 

160.33 
 27.45 

142.67 
 19.27 

101.00 
 9.01 

92.00 
 9.94 

360.33  33.69 

P. amarus ash 
(90 mg/kg) 

55.67 
 12.69 

126.67 
 42.94 

119.33* 
 29.80 

97.33* 
 32.51 

71.83* 
 21.50 

62.67* 
 23.44 

259.54*  78.42 

Acarbose 
(40 mg/kg) 

71.5 
 25.91 

90.67* 
 25.76 

97.33* 
 31.37 

92.67* 
 25.34 

81.00* 
 21.68 

71.83* 
 15.00 

254.52*  64.48 

 
 

Discussion and Conclusion 

In the present study, concentrations of some elements in P. amarus ash were determined. Table 1 shows that the major 
inorganic constituents are K, Mg and Ca, whereas Mn, Fe, Zn and Cu are found at moderate amount while Cr and Ni 
are at trace level. These elements have been reported to play some roles in homeostasis of glucose. K, Ca, Mg, Cr, Mn, 
Cu and Zn are responsible for the secretion of insulin from beta cells of the islets of Langerhans, involved in insulin 
receptor binding and signaling pathway and as cofactors of many enzymes in glycolysis (8).  There is accumulating 
evidence that the metabolism of several trace elements is altered in diabetes mellitus. Blood level of Zn, Mn, Cr and 
Mg were found to be lower in diabetic patients than in the agedmatch healthy control (1011). Supplementation of 
such elements is beneficial for improving insulin resistance, glucose tolerance and oxidative stress in some experiments 
(8). The result of our study suggests that previously reported P. amarus beneficial effect in controlling blood glucose 
level may be in part according to the inorganic constituents. 

To investigate the in vivo glucosidase inhibitory activity, we compared the effects of P. amarus ash on oral glucose/ 
sucrose tolerance. We found that acarbose, an glucosidase inhibitor, and P. amarus ash did not suppress postprandial 
hyperglycemia on oral glucose tolerance test, whereas tolbutamide, a sulfonylurea antidiabetic drug which stimulate 
insulin secretion, decrease postprandial blood glucose. It is suggested that the inorganic constituents of P. amarus 
neither directly interfere absorption of glucose, a monosaccharide, nor stimulate insulin secretion. In contrast, in oral 
sucrose tolerance test, P. amarus ash suppresses postprandial hyperglycemia after ingestion of sucrose, a disaccharide, 
in the same manner as acarbose which inhibit glucosidase activity in the small intestine. It is suggested that the 
inorganic substances in P. amarus inhibit glucosidase activity in the intestine leading to decreased glucose absorption. 
This is in accordant with the recent reports showing that some inorganic compounds such as CuSO4, ZnSO4, VOSO4, 
NiSO4 and FeSO4 possess glucosidase inhibitory activity in vitro (1213). Moreover, it is noteworthy that previously 
reported antidiabetic effect of P. amarus was resulted mostly from aqueous extract (7). This might be through some 
inorganics dissolved in aqueous extract via glucosidase inhibitory activity. 

In conclusion, the present study demonstrates that P. amarus contains some inorganic constituents which have 
beneficial effect on glucose hemostasis in part via glucosidase inhibitory activity. 
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Abstract 

Mangosteen (Garcinia mangostana), the queen of fruits, has been used in Thai traditional medicine to treat various 
diseases. Several reports showed antitumor activities of mangosteen against many human cancer cell lines via 
inhibitory effect on cell proliferation by modulating various targets and signaling transduction pathways. The aim of 
the present study was to evaluate the cytotoxic activity using MTT test, of four active constituents of mangosteen, i.e., 
alphamangostin, betamangostins, 9hydroxycalabazanthone, and gartanin in astrocyte cell, the most abundant cells in 
the central nervous system. Alphamangostin showed high potency of cytotoxic activity against astrocyte cell with IC50 
(concentration that inhibited cell growth by 50%) of 7.6 µg/mL. Result suggests that alphamangostin may be a 
potential candidate for brain tumor chemotherapy. 

Keywords: Mangosteen, Alphamangostin, Astrocyte, MTT test 
 

Introduction 

Brain tumor is a disease that is rarely found when compared with the tumors of other organs but patients often seek 
medical advice when it becomes severe causing less effective treatment. Brain tumor can be found from childhood until 
age population, both females and males and occur in all parts of the brain. The incidence varies in different types of 
diseases. Medulloblastoma is usually found in children, whereas glioblastoma multiforme (GBM) is the most common 
and deadliest primary brain tumor in adults, with current treatments having limited impact on disease progression. In 
the United State, the primary brain tumors constitute a substantial public health problem with 66,290 cases diagnosed 
in 2012, and 13,700 deaths were recorded (1). Development of alternative treatment options is greatly needed. Various 
studies have been focused on naturally occurring chemical compounds that exert cytotoxic effects and the potential for 
killing cancer cells (2). Chemoprevention using herbal medicine has also been emerging. Several medicinal plants and 
herbs, and their various phytochemical constituents confer protective effects against a wide range of tumors (3). The 
chemoprevention regimens composed of natural products may fill a critical need in the effective, safe, and less invasive 
treatment of tumor. 

Mangosteen (Garcinia mangostana Linn.), a wellknown tropical fruit in family of Guttiferae, is an indigenous plant of 
Southeast Asia (Myanmar, Malaysia, Philippines, and Thailand) and can be found in most tropical countries (India and 
Sri Lanka). Mangosteen has a variety of pharmacological activities. Its pericarp contains considerable amounts of 
active compounds such as xanthones, terpenes, anthocyanins, tannins, and phenols that have been used as a medicinal 
agent in the treatment of skin infections, wounds, amoebic dysentery, diarrhea, and cholera by Southeast Asian for 
centuries (4, 5). Mangostins (alpha, beta, and gamma), garcinone E, 8deoxygartanin and gartanin are the most studied 
xanthones isolated from mangosteen (6). The synthetic xanthones have been used in several studies to indicate the 
activities of xanthones as antioxidant, antitumoral, antiinflammatory, antiallergy, antibacterial, antifungal, antiviral, 
and antimalarial (712). Anticancer activity has been reported as one of the promising properties of mangosteen 
extracts. There are several evidences about antiproliferation and cytotoxicity of several cancer cell lines including 
human breast cancer, hepatocellular carcinoma, leukemia, and colorectal cancer cells (1316). These in vitro results 
suggest that mangosteen extracts possess the potential to be developed for cancer treatment. The aim of the current 
study was to assess cytotoxic activity of alphamangostin, betamangostins, 9hydroxycalabazanthone, and gartanin 
against brain tumor in astrocyte cells. 
 
Materials and Methods 

Cell culture 

The human astrocytoma cell line, CCFSTTG1, was purchased from American Type Culture Collection (ATCC®, # 
CRL1718, USA). CCFSTTG1 cell was cultured in RPMI 1640 medium supplemented with 10% fetal bovine serum 
(FBS), 2 mM Lglutamine and antibiotics (100 U/mL penicillin and 0.1 mg/mL streptomycin) and maintained at 37°C 
in a humidified atmosphere of 95% air and 5% CO2. To examine the effects of alpha mangostin, betamangostins, 9
hydroxycalabazanthone and gartanin, CCFSTTG1 cell was grown to 7080% confluence before incubated with the test 
compounds. Alphamangostin, betamangostins, 9hydroxycalabazanthone and gartanin were purchased from ChromaDexTM 
(Irvine, CA).  
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Cytotoxicity assay 

Cells (1×105/well) were maintained at 37°C in a humidified atmosphere of 95% air and 5% CO2 in a 96well plate. 
After incubation for 24 hr, cells were washed and treated with different concentrations of alphamangostin, beta
mangostins, 9hydroxycalabazanthone and gartanin for 24 hr. Control wells were untreated cell population in growth 
medium. Fifteenmicroliter MTT (3(4,5dimethylthiazol2yl)2,5diphenyl tetrazolium bromide) was added to each 
well and incubation was continued at 37°C for 3 hr. The solubilization solution (dimethyl sulfoxide) was added to each 
well. The cell viability of each well was determined using a microplate reader at a wavelength of 550 nm, and the 
reduction value was calculated. Each assay was performed in triplicate and the average absorbance was calculated.  
 
Results 

The alphamangostin exhibited the most potent cytotoxic activity on astrocyte cells with IC50 of 7.6 g/mL (Table 1). 
Betamangostins, 9hydroxycalabazanthone and gartanin exhibited lower cytotoxic activities with IC50 values of 169.2, 
83.8 and 55.9 g/mL, respectively. The concentration response curves of the four xanthones are shown in Figure 1.       
 
Table 1.  Cytotoxic activities of the mangosteen xanthones. Data are presented as median values of IC50.  

 

Mangosteen extracts 
Median (g/mL) 

IC50 

Alphamangostin 7.6 

Betamangostins 169.2 

9hydroxycalabazanthone 83.8 

Gartanin 55.9 

 
A      B 

  
C      D 

       
 
Figure 1.  Concentration response curves of alphamangostin (A), betamangostins (B), 9hydroxycalabazanthone (C) 
and gartanin (D) against astrocyte cells. 
 
Discussion and Conclusions 

Several natural substances have been demonstrated to exert protective actions against several types of tumors. The 
potential chemopreventive and chemotherapeutic properties of xanthones have been extensively investigated due to 
their potent inhibition of tumor initiation, promotion, and progression by inhibiting several molecular targets in the 
tumor cells, including kinases, cyclooxygenases, ribonucleotide reductase, and DNA polymerases (17). Alpha
mangostin was shown to inhibit the growth of leukemic cell lines (15) and induce cell death through activation of 
caspase 9 and 3 (18). The combination of alphamangostin and 5FU significantly enhanced growth inhibition 
compared to the treatment with alphamangostin or 5FU alone in DLD1 cells (19). Moreover, alphamangostin 
showed cytotoxic effect against KB cells at IC50 values of 2.08 g/mL (20). The observed differences in treatment 
efficacy of mangosteen extracts may be due to variations in the dosage, the route of administration and the tumor 
origin. Active constituents in mangosteen especially alphamangostin, would be promising for further development as 
chemotherapeutics and chempreventive agents for brain tumor. 
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Abstract 

Hypercholesterolemia is one of the most important risk factors in the development and progression of atherosclerosis 
leading to cardiovascular disease (CVD). Many studies have demonstrated beneficial effects of dietary proteins and 
protein hydrolysates as a cholesterol lowering agent. This study was aimed to investigate the cholesterol lowering 
effects of sericin derived oligopeptides (SDO) both in vivo and in vitro. Rats were treated with high cholesteroldiet 
with and without SDO for 4 weeks. The result showed that total and nonHDL serum cholesterols were decreased by all 
three doses of SDO (10, 50, and 200 mg/kg/day). Triglyceride and HDL cholesterol levels were not different among 
all groups. The potential mechanisms of actions were evaluated by measuring the uptake of radiolabeled cholesterol 
into differentiated Caco2 cells and cholesterol solubility in lipid mixed micelles. SDO slightly lowered cholesterol 
uptake but dose dependence was not observed. For micellar cholesterol solubility, SDO showed no effect. From the 
present study, SDO possessed the hypocholsterolemic activity and this effect might be the result of the inhibition of 
cholesterol absorption in the intestine but not involved the disruption of micellar cholesterol solubility. Therefore, SDO 
is one type of peptides that could be developed as a dietary supplement or neutraceutical product for a cholesterol 
lowering purpose. 

Keywords:   Sericin, Protein hydrolysate, Hypocholesterolemia, Cholesterol 
 
 

Introduction 

Hypercholesterolemia is an extremely important risk factor of cardiovascular diseases (CVD) that has become the main 
cause of death in many countries (1). Thus, great numbers of studies have been focusing on exploration the prevention 
and treatment of these diseases. Some evidences showed that consumption of certain types of dietary proteins could 
lower blood cholesterol levels in animal models (2,3). Nondietary silk proteins including fibroin and sericin also 
showed the ability to reduce total cholesterol and triglyceride levels in high fatfed animals (46). A cholesterol lowering 
effect of sericin was potentially resulted from inhibitory effects on cholesterol absorption in the gastrointestinal tract and 
on cholesterol solubility in lipid micelles (4). In addition, many studies demonstrated the cholesterol lowering effect of 
protein hydrolysates from various types of proteins (79). Hydrolysates of rice proteins could lower plasma cholesterol 
more effective than the parent protein (10). Because of solubility problem of sericin at high concentration, it was 
further processed by enzymatic digestion to generate small peptide derivatives to enhance its solubility. Digested 
sericin, so called sericin derived oligopeptides (SDO), was proposed to exhibit as comparable cholesterol lowering 
effect as sericin does. Thus, this study was aimed to test the effect of SDO on serum lipid levels in rats fed with high
cholesterol diets and to investigate the potential mechanisms including the inhibition of cholesterol absorption in 
differentiated Caco2 cells and the disruption of micellar cholesterol solubility. 

 
Materials and Methods 

Animal Experiments 

Male SpragueDawley rats (200250 g) were treated in accordance with an experimental protocol approved by the 
Animal Research Ethics Committee, Naresuan University, Thailand.  Animals were housed individually in stainless 
steel cages at 22 ± 2C and 12 hr light/dark cycle. Rats were acclimatized for 1 week and gave food and distilled water 
ad libitum.  After 1 week, the rats were randomized into 6 groups. The animals were fed with a standard diet with high
cholesterol lipid mixture (cholesterol, bile extract, and coconut oil at 1.5, 0.75, and 0.75 g/kg body weight/day, 
respectively). The cholesterol mixtures were prepared and daily administered with and without SDO solution (10, 50, 
and 200 mg/kg/day) by gastric tube for 4 weeks. Simvastatin (10 mg/kg/day) was used as a standard cholesterol 
lowering agent. Fasting blood was collected at baseline and every week from the tail vein to measure serum lipid 
levels. Body weight and food consumption were regularly recorded during the experimental period.   
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Measurement of serum lipid levels 

Serum total cholesterol, triglyceride and HDL levels were determined enzymatically by commercial assay kits 
(HUMAN GmbH, Germany). NonHDL cholesterol was calculated as the difference between total and HDL 
cholesterol levels. 
 
Cell culture preparationA  

Caco2 cell line was purchased from the American Type Culture Collection (ATCC Manassas, VA, USA).  The cells 
were maintained in Dulbecco's modified Eagle's medium (DMEM)/F12 containing 10% fetal bovine serum (FBS) and 
1% penicillin–streptomycin.  The cells were incubated at 37°C in CO2 incubator in a saturated humidity atmosphere 
containing 95% of atmospheric air and 5% of CO2. The Caco2 cells were plated in a 24well plate at a cell density 
50,000 cells/well and cultured for 1421 days to permit them to differentiate.     
 
Cholesterol micelle preparation 

The stock solutions of [1α, 2α (n)3H] cholesterol, cholesterol, phosphatidylcholine were prepared in chloroform.  Stock 
solution of sodium taurocholate was dissolved in methanol.  The lipid and bile salt solutions were mixed and dried 
under a nitrogen stream.  The lipid film was kept under nitrogen gas at 20C until use.  The micelle solutions were 
freshly prepared by hydrating the lipid film in serumfree medium in order that the final concentration levels of the 
micelle were 1 µM cholesterol, 2 mM sodium taurocholate, 50 µM phosphatidylcholine, and 1 µCi/mL [1α, 2α (n)3H] 
cholesterol.  Micelle solutions were sonicated and filtered through a 0.22 µm syringe filter and maintained at 37C 
before adding to Caco2 cells. 
 
Cholesterol uptake determination 

Differentiated Caco2 cells were maintained in serumfree medium overnight.  Cells were treated with SDO, bovine 
serum albumin (BSA) as a control protein or ezetimibe as a positive control for 1 hr before incubating with [1α, 2α (n)
3H] cholesterolmicelle for 3 hr. Medium were removed and cells were washed two times with icecold PBS.  The cells 
were finally lysed with 0.2 N NaOH and 0.1% TritonX 100.  The cell lysates were applied to determine protein 
concentration and radioactivity. 
 
Micellar cholesterol solubility determination 

Cholesterol micelle solution containing 10 mM sodium taurocholate, 2 mM cholesterol, 5 mM oleic acid, 132 mM 
NaCl and 15 mM sodium phosphate (pH 7.4) was prepared by ultrasonication of 7 mL micellar dispersion.  Various 
concentrations of SDO or BSA (502000 µg/mL) were added in micelle solution and incubated for 3 hr at 37C.  The 
precipitated cholesterol was separated from the intermicellar cholesterol by passing micelle solution through a 0.22 µm 
syringe filter.  The intermicellar cholesterol concentration levels in the filtrates were evaluated using cholesterol assay 
kit (HUMAN GmbH, Germany). 
 
Statistical analysis 

Data were analyzed by oneway analysis of variance (ANOVA) followed by Scheffe’s test and LSD test. Results were 
presented as mean ± SD in animal experiment, and mean ± SEM in the in vitro experiments. Pvalue ≤ 0.05 were 
considered as statistically significant. 

 
 

Results 

Total cholesterol levels were significantly increased in high cholesterol fedrats (HC) group when compare with normal 
group. Rats fed highcholesterol diet with SDO (all three doses) possessed lowered serum cholesterol level than high 
cholesterol (HC) group (Table 1), suggesting that SDO exhibited a cholesterol lowering activity in rats.  Cholesterol 
levels of SDO groups at week 4 were not different from cholesterol level at baseline. In addition, hypocholesterolemic 
effects of SDO and simvastatin (Sim) were similar in this experiment.  Profiles of nonHDL cholesterol which mainly 
refers to LDL cholesterol were similar to those of total cholesterol (Table 1).  Although SDO inhibited the increase of 
total and nonHDL cholesterol, SDO dosing effect was not clearly showed in this study.  Serum triglyceride and HDL
cholesterol levels were unaffected by SDO (data not shown).  Taken together, SDO supplement efficiently diminished 
the increase of total and nonHDL cholesterol levels in serum of rats fed highcholesterol diet. 
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Table 1.  Total and nonHDL cholesterol levels. 
 

Groups 
Cholesterol (mg/dL) NonHDLC (mg/dL) 

Baseline Week 4 Baseline Week 4 

Normal diet 120.8 ± 11.1 98.7 ± 9.4 88.2 ± 8.9 70.3 ± 9.6 

HC 100.6 ± 9.1 153.5 ± 13.7* 67.6 ± 10.5 128.2 ± 14.7* 

HC+Sim 110.1 ± 17.4 122.3 ± 19.7# 76.0 ± 17.2 97.5 ± 17.8# 

HC+SDO 10 98.3 ± 8.7 117.6 ± 8.0# 67.2 ± 7.3 88.0 ± 15.5# 

HC+SDO 50 113..4 ± 6.6 115.1 ± 10.0# 71.2 ± 8.0 90.8 ± 10.7# 

HC+SDO 200 118.9 ± 6.1 112.6 ± 18.7# 83.3 ± 7.9 87.7 ± 20.5# 

All values are mean ± SD (*, p ≤ 0.05 compared to normal diet, # p ≤ 0.05 compared to HC group, n = 68). 
 
 
 

To determine the effect of SDO on cholesterol absorption in the intestine, differentiated Caco2 cells were employed as 
an in vitro model. The cholesterol uptakes in cells pretreated with SDO (501000µg/mL) were slightly lower than that 
of control cells (Figure 1).  However, this effect was not dosedependent. Although this effect was small in cell culture 
model, it might be involved with cholesterol lowering effect of SDO in animal. 
 

 
Figure 1.  Cholesterol uptake in differentiated Caco-2 cells. Cells were incubated with [1α, 2α (n)3H] cholesterol
micelle in the presence of SDO or ezetimibe for 3 hr. The control was cells incubated with [1α, 2α (n)3H] cholesterol
micelle only. The data are shown as mean ± SEM (n = 35). *p ≤ 0.05 compared to control. 
 
 
 
For micellar cholesterol solubility, BSA and SDO showed no effect at all tested concentrations. This result indicated 
that SDO cannot reduce the dispersion or solubility of cholesterol in lipid micelles, suggesting that the cholesterol 
lowering effect of SDO might not be associated with this mechanism of action. 
 
 
 
 

 
 
 
 
 
 
 
 
 

 
 

Figure 2.  Effect of SDO on micellar solubility of cholesterol. Values represent mean ± SEM (n = 3). 
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Discussion  

In this study, SDO can reduce the increment of serum total and nonHDL cholesterol induced by highcholesterol diet 
in rats. Because the hypocholesterolemic effect of sericin was involved the inhibition of both cholesterol absorption and 
lipid micelle cholesterol solubility (4), SDO was tested for these mechanism of action. The uptake of cholesterol into 
Caco2 cells was slightly reduced in the present of SDO. Although small reduction was observed, the inhibition of 
intestinal cholesterol absorption could be responsible for its hypocholesterolemic effect. Previous studies showed that 
micellar solubility of cholesterol was suppressed by protein hydrolysates from varous sources such as fish, soy, and 
chickpea that might be associated with their lipid lowering effect effects (7,9,11). Sericin also lowered the solubility of 
cholesterol in lipid micelles in conjunction with serum cholesterol lowering effect in rats (4). In this study, cholesterol 
solubility in lipid micelles could not inhibited by SDO. This failure of SDO might occur from deviation in 
physicochemical properties such as hydrophobicity, molecular weight, and/or bile acids binding capacity of peptides or 
proteins (2,7,9). These data imply, at least, that a reduction in serum cholesterol contents of SDO might be associated 
with the inhibition of cholesterol absorption but was not related to the solubility of cholesterol in lipid micelles. Further 
studies are required to confirm this view. 
 

Conclusion 

The present study showed that supplementation of SDO resulted in a reduction of serum cholesterol levels induced by 
highcholesterol diet in rats. This effect might be associated with the suppression of cholesterol absorption in the 
intestine and might not involve the disruption of micellar cholesterol solubility.   
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Abstract  

Wan Chak motluk or Curcuma comosa Roxb. has previously been demonstrated to improve insulin resistance in 
estrogendeprived rats. It reduced LDL/TC ratio, increased GLUT4 protein expression, and increased insulin
stimulated glucose uptake in the skeletal muscle.  However, the effect of C. comosa on the function of adipocytes, 
which are a key regulator of insulin sensitivity, has not been investigated. The present study aimed to examine the 
effect of C. comosa total ethanol extract on the adipocyte differentiation using preadipocyte cell lines (3T3L1). The C. 
comosa extract enhanced an accumulation of lipid droplets during of adipocyte differentiation. It also upregulated 
adipogenic transcription factors; peroxisome proliferator activated receptorγ (PPARγ), and increased mRNA level of 
adiponectin, which is an adipokine exclusively expressed and secreted by mature adipocytes and involves in insulin 
sensitizing activity. Taken together, our study indicates that C. comosa extract enhances adipogenesis with an increase 
in the expression of adiponectin which may have benefits to patients with insulin resistance, particularly those in 
menopausal women. 

Keywords:  Adipogenesis, Adipocyte differentiation, Curcuma comosa, PPARγ 
 

Introduction  

Adipocytes (fat cells) are known to be one of the key cells that involve in the initiation of type 2 diabetes (DM) (1). 
Adipocytes play an important role in regulation of energy metabolism. They are the primary site for triglyceride storage 
during the period of energy excess and the stored triglyceride was changed into free fatty acid (FFA) during the period of 
deprivation.  Adipocytes also secrete adipokines, such as adiponectin and leptin that regulate insulin sensitivity of the 
whole body and energy homeostasis (2). The differentiation of preadipocytes into mature adipocytes is called 
adipogenesis, which has been known to be decreased with aging (3). As the result of aging, the preadipocytes are unable to 
become mature adipocytes leading to the impairment of the adipocyte function. Dysfunction of adipocytes has been 
known to link obesity to insulin resistance as well as DM (4). The ageassociated decline in the size of adipose depot is 
accompanied by the accumulation of fat outside the adipose tissue. The ectopic fat accumulation occurs in bone marrow, 
muscle and liver which potentially contribute to agedependent dysfunction of these tissues. The lipotoxicity in these 
organs have been reported to be key inducers of insulin resistance (5). Moreover, when adipocytes are resistant to the anti
lipolytic action of insulin, the rate of lipolysis in the adipocytes is increased, resulting in a release of FFA into the 
circulation in large amount (6). These changes are associated with health complications, including DM, atherosclerosis, 
dyslipidemia and hypertension. 

Adipogenesis is the complex process controlled by the two major transcription factors; Peroxisome proliferator
activated receptor γ (PPARγ) and CCAATenhancer binding proteins α (C/ EBPα). These two transcription factors act 
synergistically to stimulate the expression of genes, which are required for adipocyte formation, such as adipocyte fatty 
acid binding protein, aP2 (7). An understanding of the molecular and cellular events regulating adipogenesis is crucial 
in designing rational therapies for preventing obesity and insulin resistance. Currently, the products derived from 
medicinal plants, particularly those enhancing adipogenesis, receive increasing interest for the DM remedy. 

Curcuma comosa Roxb (C. comosa) is an indigenous medicinal herb that has been used widely in Thailand as a dietary 
supplement to relieve unpleasant symptoms in menopausal women.  C. comosa extract exhibits estrogenic activity (8) 
and antiinflammatory properties (9), and improves glucose and lipid metabolisms in estrogendeprived rats (10).  It 
reduces LDL/TC ratio, increases GLUT4 protein level and insulinstimulated glucose uptake in the muscle isolated 
from ovariectomized rats (10). In addition, the extract also decreases visceral fat pad of the treated rats (10). However, 
the mechanism by which C. comosa improved insulin sensitivity is not known. The present study aims to investigate 
the effect of C. comosa extract on adipogenesis and adipocytes secretory function. 

Materials and Methods 

Preparation of the C. comosa extract 
Curcuma comosa rhizomes were extracted with 95% ethanol twice and the ethanol solution was filtered and dryness 
under reduced pressure at temperature 45C to give the ethanol extract. This total ethanol extract of C. comosa rhizomes 
was subjected to standardization using HPLC. It yielded 9 diarylheptanoids similar to those reported previously in the 
sequential extracts of C. comosa by hexane and ethanol (11).   
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3T3-L1 Cell culture conditions and differentiation 

Mouse 3T3L1 preadipocytes (ATCC, Manassas, VA, USA) were grown in Dulbecco’s modified Eagle’s medium 
(DMEM) containing 10% bovine calf serum (Invitrogen, Carlsbad, CA, USA) and cells were further subcultured every 
2 days. For experiments, cells were plated into 6 and 12well plates at density of 1.2105, and 4104 cells, respectively. 
Two days after reaching 100% confluence (Day 0), 3T3L1 cells were incubated in a differentiation medium containing 
DMEM with 10% fetal bovine serum (FBS), 167 µM bovine insulin, 0.5 mM 3isobutyl1 methylxanthine, 1µM 
dexamethasone for 2 days and cells were then cultured in DMEM containing 10% FBS and 167 µM bovine insulin for 
another 2 days (Day 4). After 4 days of incubation, cells were maintained in DMEM containing 10% FBS until Day 10, 
during which the medium was changed every 2 days. To investigate the effect of the extract on the differentiation of 
preadipocytes, cells were treated with the test substance at various final concentrations and the stage of adipocyte 
differentiation was determined during Day 0 to Day10. The viability of cells at different concentrations was determined 
by MTT assay, before testing the effect of extract on differentiation. 
 
Oil red O staining (differentiation assay)  

After 10 days of cell differentiation, cells were washed twice and  fixed in 10% formalin for 1 hr and stained with Oil 
red O for 20 min at room temperature (25C).  The accumulation of triglyceride inside the cells was stained with Oil red 
O dye and observed under a phase contrast microscope. Lipid droplets, a marker for mature adipocytes, would appear 
red after cell staining. To quantify the amount of intracellular lipids, the stained cells were dissolved in isopropanol for 
20 min, and the absorbance of the lysate was measured at 520 nm using a spectrophotometer. 
 
RNA extraction and quantitative real-time PCR 
At Day 10 of cell differentiation in a separate set of experiments, total RNA was extracted using TrizolReagent from 
Sigma Aldrich Chem. Co. (St. Louis, MO, USA) and mRNA level was analyzed by quantitative realtime PCR. cDNA 
was performed with 2 g total RNA following specification of SuperScript Firststrand synthesis System from 
Invitrogen (Carlsbad, CA, USA). All realtime PCR reactions were detected by SYBR Green I dye using the ABI 
PRISM 7900 Sequence Detection System and analysis software (Applied Biosystems, Foster City, CA, USA). The 
sequence of PCR primers were designed using NCBI/PrimerBlast and synthesized from BioDesign (Klong Luang, 
PathumThani, Thailand). Results were analyzed by the cycle time (Ct) comparative method (Ct)10.  Primers are 
listed in Table 1. 
  
Table 1.   Primer sequences. 
 

Gene Sequence (5’-3’) Accession no. 

PPARγ 
Sense: CACAATGCCATCAGGTTTGGGC 

NM_011146 
Antisense: GACTCTGGGTTCAGCTGGTCG 

Adiponectin 
Sense: ATTCCGCACCGGCTACCAAG 

NM_007988 
Antisense: AGCAACGAGTACCGGGTACG 

βactin 
Sense: CTGGTCGTCGACAACGGCTC 

NM_007393 
Antisense: CATCATCACACCCTGGTGCC 

                                                                                                  

Statistic analysis 

Data are expressed as means ± SEM, and analysed using oneway analysis of variance (ANOVA) followed by Tukey
Kramer post hoc test. Statistical significance was considered at p < 0.05. 
 
Results 

I. Effect of C. comosa extract on cell viability and adipocyte differentiation 

In Figure 1, the C. comosa extract at concentrations of 120 μg/mL for 24 hr were not toxic to the preadipocytes (3T3
L1). However, at longer incubation times (4896 hr), the highest concentration of the extract (20 μg/mL) markedly 
decreased cell viability. Therefore, nontoxic concentrations of C. comosa extract were employed in the subsequent 
experiments. To investigate the effect of C. comosa extract on adipogenesis, 3T3L1 preadipocytes were induced to 
differentiate and then treated with the extract every 2 days for 10 days. Differentiation of preadipocytes toward mature 
adipocyte was determined by morphological alterations, and an accumulation of lipid droplets in the cytoplasm.  
Rosiglitazone, PPARγ agonist (10 μM), was used as a positive control. It markedly induced the differentiation of pre
adipocytes with an extensive accumulation of lipid droplets in the cells. In Figure 2, by using Oil Red O staining, the C. 
comosa extract itself did not induce adipogenesis.  However, during adipogenesis the extract at concentrations of 1 and 
5μg/mL enhanced the accumulation of lipid droplets in the cells. On the other hand, the extract at a concentration of10 
μg/mL did not show the promoting effect, probably due to its toxicity to the cells (Figure 2).  
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Figure 1. Effect of C. comosa extract on 
viability of 3T3-L1 pre-adipocytes. Cells were 
treated with the C. comosa extract at 
concentrations ranging from 120 μg/mL for 96 
hr and cell viability was determined using MTT 
assay. 
 
 
 
 

Figure 2. Effect of C. comosa on pre-adipocyte differentiation. (A) Effect of the C. comosa extract on lipid 
accumulation. At two days postconfluency (Day 0), 3T3L1 preadipocytes were induced to differentiate and then treated 
with the C. comosa extract, every 2 days for 10 days. Rosiglitazone (10 μM) was used as a positive control. Intracellular 
lipid was stained with Oil Red O dye. (B) Effect of the C. comosa extract on intracellular lipid quantification. The stained 
cells were incubated with isopropanol for 20 min at room temperature and the absorbance of Oil red O dye in the solution 
was measured at 520 nm. 
 
II. Effect of C. comosa on the expression of adipogenic transcription factors PPARγ  

In Figure 3, rosiglitazone treatment markedly increased the expressions of PPARγ mRNA to approximately 3.2 folds as 
compared to the undifferentiated control cells whereas the extract itself did not alter the expression of PPARγ mRNA.  
During adipogenesis, the extract at concentrations of 1 and 5 μg/mL enhanced PPARγ mRNA expression to approximately 
2.6, and 3.0 folds, respectively, compared to 2.2 folds in the untreated control cells. The extract at a concentration 10 
μg/mL tended to decrease the expression of PPARγ. Surprisingly, the C. comosa extract which slightly increased the 
adipogenesis, markedly upregulated the expression of adiponectin gene to the level comparable to that of rosiglitazone.  
Adiponectin was increased to approximately 7.08.0 folds by the extract, indicating its selectivity on this adipokine. In 
consistent with other findings on adipogenic genes, 10 μg/mL extract did not significantly altered adiponectin mRNA 
level. 

 
Figure 3.  Effect of C. comosa extract on adipogenic genes (A) PPARγ, (B) adiponectin expressions during 
adipogenesis. Rosiglitazone (10 μM) was used as a positive control. Total RNA was isolated and mRNA level of the 
target genes were measured by quantitative realtime polymerase chain reaction (RTqPCR). Results are shown as the 
means ± SD of triplicate determinations. # P > 0.05 compared with the undifferentiated control cells, and * P > 0.05 
compared with the differentiateuntreated control cells.  
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Discussion 

The present study demonstrated the enhancing effect of C. comosa total ethanol extract on adipogenesis in preadipocytes 
with increased adipogenic genes expression; PPARγ mRNA level. Activation of PPARγ induces the expression of genes 
required for adipocyte phenotype, including adiponectin. Adiponectin is an adipokine which is exclusively expressed 
by mature adipocyte. It regulates energy metabolism by increasing insulin sensitivity of peripheral tissues including the 
liver, skeletal muscle, and adipocyte itself (12). This is the first study to explore the involvement of the C. comosa extract 
on adipogenesis and adipocyte function. 

Adipogenesis is a complex process in which preadipocytes become mature and secrete adipokines such as adiponectin (13). 
This adipokine has been reported to exert direct antidiabetic, antiatherogenic and antiinflammatory activities (14,15).  
Hypoadiponectinemia is the risk factor for the developmentof insulin resistance, type 2 DM and other metabolic syndromes 
(16,17). In the present study, C. comosa enhanced adipogenesis and increased the expression of PPARγ mRNA, which is 
the key transcription factor of adipogenesis. PPARγ transactivates the downstream adipocytespecific gene expression 
including adiponectin, which is an adipokine secreted by adipocytes (12).  Adiponectin plays the essential role in regulating 
insulin sensitivity (16). The increase of adiponectin would increase sensitivity of peripheral tissues to insulin. Recently, it 
has been reported that a marked overexpression of adiponectin in stably transduced 3T3L1 leads to increased adipocyte 
differentiation through autocrine effect (18). Although the C. comosa extract exhibited more pronounced effect on the 
adiponectin gene, it is not clear whether the autocrine effect of adiponectin could account for the finding in this study. The 
stimulating effect of the C. comosa extract on adiponectin expression in the present study also supported the earlier report 
that C. comosa extract improved insulin sensitivity of skeletal muscle in estrogendeprived rats (10). 

In conclusion, this study provides the first evidence of C. comosa extract in enhancing adipogenesis.  C. comosa may be 
beneficial for reducing insulin resistance, particularly in the elderly showing the impairment of adipogenesis. 
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Abstract 

The present study aimed to investigate toxicity and pharmacological profiles of the crude ethanolic extract of 
Atractylodes lancea (Thunb.) DC. in animal models. The pharmacological activities on CNS and CVS systems, 
including its analgesic, antiinflammatory, antipyretic, and antiulcer activities were investigated using Rotarod test, 
CODA tailcuff system, writhing and hot plate test, carrageenaninduced paw edema test, brewer’s yeast test, and 
alcoholinduced gastric ulcer test, respectively. Acute and subacute toxicity tests were performed following OECD 
guideline for testing of the chemicals and indicated absence of significant toxicity at the maximum dose of 5 g/kg body 
weight given daily by intragastric gavage. Pretreatment of rats with A. lancea (Thunb.) DC. extract produced 
significant protection of gastric mucosal injury at all doses, while the extract at high dose level (5 g/kg body weight) 
produced significant interference with locomotor activity, and decreased in heart rate and rectal temperature. Results 
suggest promising antiulcerative and antipyretic activities with absent toxicity of the crude ethanolic extract of A. 
lancea (Thunb.) DC. 

Keywords:  Pharmacological activities, Toxicity, Atractylodes lancea (Thunb.) DC., Animal model 
 
 
Introduction 

All cultures from ancient times to the present day have used plants as a source of medicines. Since 1990s, there has 
been a growing shift in interest towards plants as significant sources for new pharmaceuticals. Several pharmaceutical 
companies show interest in plantderived drugs mainly due to the current widespread belief that 'Green Medicine' is 
safe and more dependable than the costly synthetic drugs, which have adverse side effects. According to the World 
Health Organization (WHO) report, 80% of the world population, currently use herbal medicine for certain aspects of 
primary health care (1).  Atractylodes lancea (Thunb.) DC. (KhodKhaMao or Cang Zhu), family Compositae, is a 
common medicinal plant used in traditional Thai and Chinese medicine. It is a flowering perennial plant which blooms 
in late summer through early falls. It has lancelike leaves and produces seeds in late summer through the end of the 
growing season. The rhizome of A. lancea (Thunb.) DC. has been used as an important crude drug against rheumatic 
diseases, digestive disorders, night blindness, and influenza (2). The major constituents in the essential oils from the 
rhizome of A. lancea (Thunb.) DC. are βeudesmol, atractylon, and hinesol. The aim of the present study was to further 
investigate the toxicity (acute and subacute) and pharmacological activities on CNS and CVS systems, including its 
analgesic, antiinflammatory, antipyretic and antiulcer activities of A. lancea (Thunb.) DC. in animal models. 

 
Materials  and Methods 

Preparation of plant extract 

The rhizomes of A. lancea (Thunb.) DC. were extracted according to the method previously described (3). 
 
Animal 

ICR mice and Wistar rats, 6 weeks of age (National Laboratory Animal Centre, Thailand) were used in the experiment. 
Approval of the study protocol was obtained from the Ethics Committee for Research in Animals, Thammasat 
University. All animals were housed under standard conditions and fed with a stock diet and water ad libitum.  
 
Acute and subacute toxicity 

The test material was given to all mice and rats (5 males and 5 females in each plant) at an initial fixed dose level of 
5,000 mg/kg body weight and the dose was subsequently decreased gradually until there was no observed of toxicity.  
Each mouse was observed individually after dosing at least once during the first 30 min, 24 hr and then daily for 14 
days (acute toxicity) or 30 days (subacute toxicity) (4). 
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Pharmacological activities 

The test material was investigated for its pharmacological activities as follows: 

 Central nervous system: Rorarod test was applied to assess effects of the test materials on motor coordination 
(5). Each test material, or 1% SCMC (untreated control), or 4 mg/kg body weight diazepam (reference control) was 
administered orally to each mouse and the ability of the mouse to remain on the rotating rod was assessed before, and at 
30 min after the oral administration. The falloff time (sec) from the rod was recorded for each animal. 

Cardiovascular system: Rats were injected with adrenaline by intraperitoneal injection for five consecutive 
days to induce hypertension (6). Test materials, reference drug propranolol, and 1% SCMC were given by oral 
administration for seven days. Blood pressure, heart rate, and mean arterial pressure were measured using CODA tail
cuff recorder (Kent Scientific, Torrington, CON) in three steps, i.e., one day before, and after induction of hypertension 
by administration of adrenaline, and one day after the last dose of test materials or propranolol or 1% SCMC. 

Anti-inflammatory activity: Carrageenininduced paw edema was used to investigate the antiinflammatory 
activities of the test materials (7). The initial right hind paw volume of the rats was measured using a plethysmometer 
(Ugo Basile, Comerio, VA, Italy), and then λcarrageenin was subcutaneously injected into the subplantar region of the 
right hind paw. The volume of the right hind paw was measured at 1, 2, 3, 4, and 5 hr after carrageenin injection. Test 
materials, vehicle, or reference drug indomethacin (10 mg/kg body weight) were orally administered 30 min before 
carrageenin injection. 

Analgesic activity: For the hot plate test (8), mice were placed on a hot plate maintained at 55°C ± 1°C. 
Latency of analgesic response e.g., licking of a hind limb or jumping was observed. Starting at thirty min after oral 
administration of each test material, or 1% SCMC (untreated control), the analgesic response was measured at 15, 30, 
45, and 60 min period. For the reference control group, morphine sulfate at a dose of 5 mg/kg body weight was injected 
subcutaneously into each mouse, and the analgesic response was measured. A cutoff time of 20 seconds was allowed 
to avoid thermal injury to the paws. For the assessment of writhing behavior (9), the test materials, the reference 
analgesic drug aspirin (200 mg/kg), or vehicle control were orally administered to all mice 30 min before the 
intraperitoneal injection of 0.6% acetic acid (10 mg/kg body weight). The number of writhings and stretchings were 
counted over a 20 min period. 

Anti-ulcer activity: The rats were fasted for 48 hr before the experiment. Gastric ulcer was induced by 
orogastric intubation of absolute ethanol (10). The reference control group received an oral dose of 20 mg/kg body 
weight omeprazole in 1% SCMC (in volume of 5 mL/kg body weight). One hour after pretreatment with the test 
materials, all groups of rats were gavaged with absolute ethanol to induce gastric ulcer. The rats were euthanized by 
cervical dislocation 60 min later using diethyl ether and their stomachs were immediately excised. The size of each 
ulcer lesion was measured and calculated for the percentage of inhibition (I %) as follow: 

(I %) = [(UAcontrol − UAtreated) / UAcontrol] × 100%. 

Antipyretic activity: The experiment was evaluated using Brewer’s yeastinduced pyrexia in rats (11). Fever 
was induced in all rats by subcutaneous injection of 20 mL/kg body weight of 20% aqueous suspension of Brewer’s yeast 
in normal saline. All test materials, vehicle control (1% SCMC), and reference drug paracetamol (150 mg/kg body weight) 
were administered orally 17 hr after the induction of fever. Rectal temperature of each rat was recorded using thermal 
digital thermometer at 1, 2, 3, 4, 5, and 6 hr after the administration of the test materials, 1% SCMC, and reference drug. 

 
Statistical analysis 

All quantitative variables are presented as mean ± SEM and comparison between the two groups was performed using 
student t-test or paired t-test. Statistical significance level was set at α = 0.05 for all tests. 

 
Results 

Toxicity tests 

No sign of acute or subacute toxicity was observed in all mice or rats receiving the control vehicle and A. lancea 
(Thunb.) DC. at the maximum dose of 5,000 mg/kg body weight during the investigation period. No significant toxicity 
except stomach irritation (after feeding with highest dose of A. lancea (Thunb.) DC.) and general CNS depressant signs 
(reduced alertness and locomotion, and diminished response to touch and balance) was observed.   
 

Central nervous system 

Compared with untreated group, high dose of A. lancea (Thunb.) DC. showed significant (p < 0.001) interference of 
locomotion activity (represented by falloff time to remain on the rod) similarly to that produced by 4 mg/kg body 
weight diazepam (reference drug) (Figure 1). 
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Cardiovascular system 

High dose of A. lancea (Thunb.) DC. and the reference drug propranolol (10 mg/kg body weight) significantly 
decreased systolic (sBP) and diastolic (dBP) blood pressure and heart rate of rats after induction with adrenaline (Table 
1 and 2) compared with control. 
 

Anti-inflammatory activity 

Indomethacin (10 mg/kg body weight) and high dose level of A. lancea (Thunb.) DC. reduced the edema volume 
starting three hr after oral administration of the drug (Figure 2). 
 

 
Analgesic activity 
No significant central and peripheral analgesic activities were observed with A. lancea (Thunb.) DC. compared with 
control (Figure 3 and 4). 
 

 
 
Anti-ulcer activity 

Significant reduction of ulcer size was observed in rats pretreated with A. lancea (Thunb.) DC.  (96.47 – 98.16%;  (p < 
0.001) at all dose levels, compared to untreated control. Their potency of activity was comparable to the reference drug 
omeprazole given at the dose of 20 mg/kg body weight (93.04%) (Figure 5). 
 

Antipyretic activity 

The experimental rats showed a mean increase of about 1.4°C in rectal temperature, 17 hr after Brewer’s yeast injection. A. 
lancea (Thunb.) DC. (5,000 mg/kg) produced significant (p < 0.01) antipyretic activity at 5 hr after administration (Figure 
6).  

Figure 1. Effect of A. lancea (Thunb.) DC. on 
locomotion activity (represented by mean + SEM of 
falloff time in seconds) in comparison with untreated 
control and diazepam (reference control). 

Figure 2. Inflammatory activity (represented by mean + 
SEM change of edema volume in λcarrageenin
induced paw edema test) of A. lancea (Thunb.) DC. in 
comparison with untreated control and indomethacin 
(reference control). 

Figure 3. Effect of A. lancea (Thunb.) DC. on central 
analgesic activity (represented by mean + SEM of 
analgesic response in hot plate test) in comparison with 
untreated control and morphine sulfate (reference 
control). 

Figure 4. Effect of A. lancea (Thunb.) DC. on 
peripheral analagesic activity (represented by mean + 
SEM of analgesic response in writhing test) in 
comparison with untreated control and aspirin 
(reference control). 
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Table 1.  Effect of A. lancea (Thunb.) DC. in comparison with untreated control and propranolol (reference control) on 
systolic (sBP) and diastolic (dBP) blood pressure of rats. 
  

Group 
Dose 

(mg/kg bw.) 

Blood Pressure (mm.Hg.) 

Before induction of 
hypertension 

After induction of 
hypertension 

After treatment of 
hypertension 

sBP dBP sBP dBP sBP dBP 

Normal  118 ± 0.4 81 ± 0.3 120 ± 0.3 82 ± 0.4 120 ± 0.3 81 ± 0.4 

Untreated control  119 ± 0.5 80 ± 0.4 178 ± 0.4 128 ± 0.4 181 ± 0.6 137* ± 0.4 

Propranololtreated 10 120 ± 0.6 81 ± 0.3 177 ± 0.4 131 ± 0.5 135 ± 0.4 95 ± 0.4 

A. lancea (Thunb.) 
DC. 

1000 121 ± 0.5 79 ± 0.4 180 ± 0.4 131 ± 0.5 155 ± 0.3 109 ± 0.4 

3000 118 ± 0.4 82 ± 0.4 179 ± 0.5 126 ± 0.5 156 ± 0.4 105 ± 0.5 

5000 119 ± 0.3 81 ± 0.3 177 ± 0.4 169 ± 0.4 134 ± 0.4 98 ± 0.3 

 
 
Table 2.  Effect of A. lancea Thunb. in comparison with untreated control and propranolol (reference control) on heart 
rate of rats  
 

Group 
Dose 

(mg/kg bw.) 

Heart rate 
Before induction 
of hypertension 

After induction of 
hypertension 

After treatment of 
hypertension 

Normal  412 ± 4.3 415 ± 4.1 409 ± 4.5 

Untreated control  399 ± 4.1 535 ± 5.4 570 ±  5.8 

Propranololtreated 10 410 ± 4.4 520 ± 5.5 405 ± 4.4 

A. lancea (Thunb.) DC. 

1000 403 ± 4.1 544 ± 5.4 431 ± 4.4 

3000 407 ± 4.3 540 ± 5.6 416 ± 4.3 

5000 398 ± 3.6 528 ± 5.3 410 ± 4.5 

 
 
Discussion 

Results from toxicity tests indicate no evidence of toxicity of A. lancea (Thunb.) DC. in a maximum dose level. The 
antihypertensive effects of A. lancea (Thunb.) DC. on reduction of systolic and diastolic blood pressure and heart rate 
were observed. Furthermore, it also exhibited antiulcer (all dose levels), antiinflammatory (high dose), and antipyretic 
(high dose) activities. The observed significant antiulcer activity (9698%) of A. lancea (Thunb.) DC. confirms its use 
to improve stomach damage through antiulcer effects (Kubo et al., 1983) and the inhibitory effect on gastric secretion 
(Nogami et al., 1986). This antiulcer activity was more potent than the reference drug omeprazole given at the dose of 
20 mg/kg body weight. The compound 2[(2'E)3',7'dimethyl2',6'octadienyl]4methoxy6methyl phenol isolated 
from the  rhizomes of A. lancea (Thunb.) DC. showed strong inhibitory effects on 5lipoxygenase (5LOX) and 
cyclooxygenase1 (COX1) (Resch et al., 2001), the two key enzymes for the metabolism of arachidonic acid, either to 
prostaglandins and thromboxanes or to leukotrienes. These chemical mediators play a central role in the regulation of 
different physiological processes as well as pain, inflammation, and hypersensitivity.  

Figure 5. Antiulcer activity (represented by mean + 
SEM of percent inhibition in ethanolinduced gastric 
ulcer test) of A. lancea (Thunb.) DC. in comparison 
with untreated control and omeprazole (reference 
control). 
 

Figure 6. Antipyretic activity (represented by mean + 
SEM of rectal temperature in brewer’s yeast induced 
pyrexia test) of A. lancea (Thunb.) DC. in comparison 
with untreated control and paracetamol (reference 
control). 
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Conclusion 

A safety profile of A. lancea (Thunb.) DC. was observed with no significant toxicity except stomach irritation and 
general CNS depressant signs. Investigation of pharmacological activities of A. lancea (Thunb.) DC. revealed promising 
antiinflammatory, antipyretic, antihypertensive, and antiulcer activities.  Results obtained from the current study 
suggest that plants used in Thai traditional medicine have multiple pharmacological actions on various human 
physiological systems that would support the treatment of chronic disease like cancer. Study is ongoing to elucidate its 
active ingredients. 
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Abstract 

Staphylococcus aureus and Staphylococcus epidermidis are the most common causes of both community and hospital
acquired infections. One of the key factors enable S. aureus and S. epidermidis to survive, colonise and proliferate in 
human body is the ability to form biofilm. In biofilm, S. aureus and S. epidermidis are protected against the attack from 
immune system and antibiotic treatment. The purpose of this study was to evaluate the antimicrobial and biofilm 
inhibitory activities of the Xyris indica crude extract and chrysazin, the major bioactive compound found in the extract, 
on S. aureus and S. epidermidis. Antimicrobial activities were determined by broth microdilution method. The 
minimum inhibitory concentrations (MICs) of the crude extract for S. aureus and S. epidermidis were 0.5 and 1 mg/mL, 
whereas MICs of chrysazin for S. aureus and S. epidermidis were 1 and 2 mg/mL. Furthermore, both the crude extract 
and chrysazin also inhibited biofilm formation of S. aureus and S. epidermidis. The crude extract and chrysazin showed 
inhibitory effect on biofilm formation of S. aureus and S. epidermidis in a concentration dependent manner. The 
highest concentrations of the crude extract and chrysazin could inhibit biofilm formation approximately 85% and 70%, 
respectively for S. aureus and approximately 81% and 65%, respectively for S. epidermidis. For in vivo study, 
silkworms were utilized as an alternative animal model for efficacy testing. Effective dose (ED50) of the crude extract 
and chrysazin obtained in silkworm infection model were 1.13 and 1.91 mg/mL for S. aureus, whereas ED50 of the 
crude extract and chrysazin for S. epidermidis were 1.84 and 3.63 mg/mL, respectively. Therefore, these findings 
demonstrated that the crude extract and chrysazin had antimicrobial activities on S. aureus and S. epidermidis both in in 
vitro and in vivo Thai silkworm model. Moreover, inhibition of biofilm formation may play an important role for the 
mechanism of action for antimicrobial activity shown. 

Keywords:  Staphylococcus aureus, Staphylococcus epidermidis, Xyris indica, Chrysazin, Silkworm 
 

Introduction 

The genus staphylococcus is gram positive bacteria, which colonize on human or animal skin and mucous membrane. 
They are an important pathogen in human, causing a wide spectrum of lifethreatening systemic diseases, infections of 
skin and soft tissues, infections of bones and opportunistic infections. The genus comprises 32 species and the species 
most commonly associated with human diseases are Staphylococcus aureus and Staphylococcus epidermidis. S. aureus 
and S. epidermidis are the most common causes of both community and hospitalacquired infections. They are able to 
infect virtually every human organ system. Such infections caused by S. aureus are scalded skin syndrome, impetigo, 
folliculitis, bacteremia, endocarditis, pneumonia, osteomyelitis and food poisoning etc. (1). S. epidermidis is also one of 
the most often isolated bacterial pathogens in communities and hospitals. It is the most common cause of bloodstream 
infections, cardiovascular infections and infection of skin such as catheter and shunt infections, endocarditis and acne 
pustule etc. (2). 

At present, one of the key factors enable S. aureus and S. epidermidis to survive, colonise and proliferate in human body is 
the ability to form biofilm. Biofilm are complex microbial communities typically growing adherent to a biotic (such as 
collagen, fibrinogen and elastin etc.) or abiotic surface (such as shunt, catheter and endotracheal tube etc.) (3). In biofilm, 
S. aureus and S. epidermidis are protected against attacks from immune system and antibiotic treatment, making S. aureus 
and S. epidermidis infections difficult to eradicate and becoming a source of many recalcitrant infections (4). As such, 
novel compounds exhibiting an antibiofilm ability with clinical efficacy and safety are of great interest.  

Medicinal plants have increased widespread interest as alternative antimicrobial compounds because of their save and 
have efficacy in human use. An example of Thai medicinal plants has been used for a long time is Xyris indica. It has 
been used in folk medicine for scabies, ringworm, leprosy and ulcer. Many active compounds have been isolated from 
X. indica including chrysazin, the major bioactive compound found in this plant (5,6).  

In the course of drugs development to treat infectious diseases, candidate compounds with antimicrobial activity in in 
vitro are tested further for their therapeutic efficacy in in vivo animal infection models. Recently, silkworms were 
utilized as an alternative animal infection model for efficacy testing. In several infectious research topics at the 
University of Tokyo, Japan, silkworms have been being used as an animal model since microorganisms that are 
pathogenic to humans, such as S. aureus, Pseudomonas aeruginosa, Candida albicans etc. also have lethal effects in 
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silkworms when injected into their hemolymph (mimics mouse intravenous administration). Antibiotics clinically used 
in humans to treat these microorganisms also have therapeutic effects in the silkworms (710). Furthermore, silkworms 
have several advantages in using as an animal infection model such as low cost, less of ethical problems associated 
with the use of mammals, and a body size large enough to handle and inject sample solution into the hemolymph etc.  

 Therefore, the present study was to evaluate the antimicrobial activities and inhibitory effect of biofilm 
formation of X. indica and chrysazin on S. aureus and S. epidermidis in in vitro and in vivo Thai silkworm model. 
 
 
Materials and Methods 

Bacterial strains 
S. aureus ATCC 6538P and S. epidermidis (Isolate) derived from Department of Microbiology, Faculty of Sciences, 
Chulalongkorn University. 
 
Silkworms 
Thai silkworm 5th instar larvae weighing 0.61.0 g were supplied from The Queen Sirikit Department of Sericulture, 
Ministry of Agriculture and Cooperatives. 
 
Antimicrobial activities (in vitro) 

 Minimum inhibitory concentration determination: A broth microdilution method was used to obtain minimal 
inhibitory concentration (MIC) of the crude extract and chrysazin against the pathogen. S. aureus and S. epidermidis 
were streaked on Mueller Hinton agar (MHA) plates and incubated at 37°C for 24 hr. A direct colony suspension of 
each test isolate was prepared in 0.85% sterile saline and the turbidity was adjusted to a 0.5 McFarland standard (start 
inoculum approximately 1×108 CFU/mL). After that, they were diluted in Mueller Hinton Broth (MHB) medium and a 
volume of 100 µL was dispensed into the wells, which contained 100 µL of twofold serial dilutions of the crude 
extract (concentration range of 0.0084 mg/mL) or chrysazin (concentration range of 0.0084 mg/mL). Similarly, 
ampicillin preparation (concentration range of 0.04925 µg/mL) was included as positive control. Microtiter plates were 
incubated at 37°C overnight. The lowest concentration of an antimicrobial that the visible growth of a microorganism 
cannot be seen known as minimum inhibitory concentration (MIC) was taken (11,12). 

 Minimum bactericidal concentration determination: Contents from each well in the broth microdilution 
shown no apparent bacteria growth, were streaked on MHA plate, then incubated at 37°C for 24 hr. The lowest 
concentration of an antimicrobial that the visible growth of the microorganism after subculture to antibioticfree media 
cannot be seen on the MHA known as minimum bactericidal concentration (MBC) was taken (11,12). 

 Biofilm formation assay: Inhibition of biofilm formation by the crude extract and chrysazin was examined by 
microdilution. A twofold serial dilution was prepared in 96well microtiter plate containing MHB with 0.25% glucose, 
with final concentrations of the crude extract and chrysazin ranging from 0.25 to 4 mg/mL for S. aureus and 0.5 to 4 
mg/mL for S. epidermidis. The MHB without the crude extract and chrysazin was used as the nontreated group and the 
MHB with the crude extract or chrysazin (without bacterial suspension) as the blank control. Aliquots of bacterial 
suspension (100 μL) were inoculated in microtiter plate. Following incubation at 37°C for 24 hr, the contents of each 
well were removed and washed with 0.85% saline. Adherent bacteria were fixed with 99% methanol and left for 15 
min. All wells were then emptied and left to dry. Biofilm were stained by 2% crystal violet for 5 min. Excess stain was 
washed with distilled water and air dried. After drying, stain was resolubilised by adding 160 µL of 33% glacial acetic 
acid to each well. Biofilm formation was quantified by measuring the absorbance at 570 nm using a microplate reader 
(13). In order to evaluate the ability of the crude extract and chrysazin to inhibit biofilm formation, the percentage of 
biofilm inhibition was calculated using following equation (14). 
 

[(OD growth control  OD growth control blank)  (OD sample  OD sample blank)]   x100 
(OD growth control  OD growth control blank) 

 
Antimicrobial activities (in vivo) 

 Pathogenicity of bacterial to silkworms: Silkworms (n = 10) were injected with 50 µL of bacterial suspension 
ranging from 1x101 to 1x108 CFU/mL into hemolymph. Control group was injected with 0.85% saline. The mortality of 
silkworms was observed at 48 hr after the injection. The LD50 was determined (7). 

 Determination of LD50 of the crude extract and chrysazin: Silkworms (n = 10) were injected with 2fold 
serial dilutions (50 μL) of the crude extract solution (concentration range of 6.25400 mg/mL) or chrysazin 
(concentration range of 6.25400 mg/mL) into the hemolymph. The control group was injected via intrahemolymph of 
silkworm with 50 μL of 20% DMSO (a solvent of the crude extract and chrysazin). The mortality of silkworms was 
observed at 48 hr after the injection. The LD50 was determined (7).  
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 Determination of ED50 of the crude extract and chrysazin: Suspensions of S. aureus or S. epidermidis in 
0.85% NaCl (5106 CFU/mL in 50 µL) that kill all silkworms from the previous experiment were injected into 
hemolymph. The crude extract (concentration range of 0.258 mg/mL) and chrysazin (concentration range of 0.510 
mg/mL) were injected into hemolymph immediately after injection of pathogens. Similarly, control group was injected 
via intrahemolymph of silkworm with 50 μL of ampicillin. The number of surviving silkworms was observed at 48 hr 
after the injection. The ED50 was determined (7). 
 
Statistical analysis 

LD50 and ED50 values were calculated by probit analysis from program SPSS version 17 statistics software. 
 
 

Results 

Antimicrobial activities and biofilm formation assay 

The antimicrobial activities of the crude extract and chrysazin against target pathogens were examined quantitatively by 
broth microdilution method. Results given in Table 1 showed that both the crude extract and chrysazin have antimicrobial 
activities against S. aureus and S. epidermidis.  
 
 
Table 1. Minimum inhibitory concentration (MIC) and Minimum bactericidal concentration (MBC) of the crude extract 
and chrysazin on S. aureus and S. epidermidis (consistent results were obtained from three independent experiments). 
 

Substances 
S. aureus  S. epidermidis 

MIC (mg/mL) MBC (mg/mL)  MIC (mg/mL) MBC (mg/mL) 

Crude extract 0.5 4  1 4 

Chrysazin 1 > 4  2 > 4 

Ampicillin 0.098* 0.195*  0.195* 0.39* 

           * µg/mL 
 

Inhibition of biofilm formation by the crude extract and chrysazin was presented in Figure 1. Results were expressed as 
percentages of inhibition of biofilm formation. Both the crude extract and chrysazin showed inhibitory effect on 
biofilm formation of S. aureus and S. epidermidis in a concentration dependent manner. The highest concentrations of 
the crude extract and chrysazin could inhibit biofilm formation approximately 85% and 70%, respectively for S. aureus 
and approximately 81% and 65%, respectively for S. epidermidis. 
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Figure 1. Inhibition of biofilm formation by the crude extract and chrysazin against positive biofilm forming strains.         
S. aureus (A) and S. epidermidis (B) (the experiments were performed at three times independently, and error bars indicate 
SD.)  
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Killing effects of pathogenic bacteria on silkworms and Toxicity studies of the crude extract and chrysazin 

This study was performed in order to examine whether injection of bacteria that are pathogenic to humans could kill 
silkworms. The silkworms injected with S. aureus or S. epidermidis were normal for several hr, then activity of the 
silkworms decreased and finally their skin color turned dark. The median lethal doses (LD50) of S. aureus or S. 
epidermidis were 2.09×103 and 2.66×103 CFU/mL, respectively. When 5×106 CFU/mL of S. aureus or S. epidermidis 
was injected into silkworm hemolymph, all the silkworms died within 2 days. 

After silkworms were injected with 50 μL of the crude extract or chrysazin in various concentrations, the mortality of 
silkworms was observed at 48 hr. The result showed that the LD50 of the crude extract and chrysazin in Thai silkworm 
was 84.19 and 102.76 mg/mL, respectively. 
 
Therapeutic effects of the crude extract and chrysazin against pathogenic bacteria in silkworms  

This study was to investigate whether the crude extract and chrysazin were effective in silkworms infected with S. 
aureus or S. epidermidis. The survival of silkworms was determined 2 days after injection of the bacterial suspension 
and the crude extract, chrysazin or ampicillin. Concentrations of S. aureus and S. epidermidis that could kill all of 
silkworms were used in control group. The ED50 values, concentration that showing 50% survival of the silkworms, of 
the crude extract, chrysazin and ampicillin were presented in Table 2. 
 
 
Table 2. Median effective doses (ED50) of the crude extract and chrysazin on S. aureus and S. epidermidis. 
 

Bacterial strains 
ED50 values 

Crude extract (mg/mL) Chrysazin (mg/mL) Ampicillin (µg/mL) 

S. aureus 1.13 1.91 0.22 

S. epidermidis 1.84 3.63 0.44 

 
 

Discussion 

Due to indiscriminate use of antimicrobial drugs, resistance of pathogenic bacteria to such antibiotics, especially multidrug 
resistance associated with biofilm formation can emerge. Several research topics have studied antimicrobial and 
antibiofilm activities of medicinal plants for alternative treatment. Based on the present results, both the crude extract and 
chrysazin exhibited antimicrobial activities on S. aureus and S. epidermidis (Table 1). The antimicrobial activities of the 
crude extract and chrysazin were more pronounced on S. aureus than S. epidermidis. These results are consistent with the 
results from biofilm formation assay, where the crude extract and chrysazin showed inhibitory effect of biofilm formation 
on S. aureus superior to S. epidermidis. Furthermore, inhibitory effects of biofilm formation of the crude extract and 
chrysazin are concentration dependent manner (Figure 1). The highest concentrations of the crude extract and chrysazin 
could inhibit biofilm formation approximately 85% and 70%, respectively for S. aureus and approximately 81% and 65%, 
respectively for S. epidermidis. Although the results showed that the crude extract and chrysazin had antimicrobial 
activities from broth microdilution method and they also exhibited inhibitory effect of biofilm formation on S. aureus and 
S. epidermidis, however, the concentrations used are rather high compared to ampicillin.  

In in vivo study, the result demonstrated that silkworms were killed by injection of bacteria that are pathogenic to humans 
within 2 days. The crude extract and chrysazin showing antimicrobial activities in in vitro also had therapeutic effects on 
silkworm infected with the pathogens. Ampicillin, antibiotic clinically used for human, was also effective in silkworms.  

All results obtained from the in vitro studies, in terms of antimicrobial activity of the crude extract and chrysazin 
against S. aureus and S. epidermidis, are consistent with results obtained from the in vivo studies. The crude extract of 
X. indica has greater potency than chrysazin (a major bioactive compound). This may be due to the fact that X. indica 
extract contains many bioactive active compounds including 3methoxychrysazin, 3hydroxychrysazin, isocoumarins, 
stigmasterol and αspinasterol. Among such active compounds, 3hydroxychrysazin, isocoumarins and stigmasterol 
have been reported antimicrobial activities on S. aureus and S. epidermidis (5,15,16). Therefore, additive or synergistic 
effect of many bioactive compounds of the crude extract mentioned may contribute to the greater antimicrobial activity 
of the crude extract of X. indica than chrysazin, a single major bioactive compound shown.  
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Conclusion 

These findings demonstrated that the crude extract of X. indica and chrysazin had antimicrobial activities on S. aureus 
and S. epidermidis both in in vitro and in vivo Thai silkworm model. Moreover, inhibition of biofilm formation may 
play an important role for the mechanism of action for antimicrobial activity shown. This study also suggested that both 
the crude extract and chrysazin may be useful as a natural antimicrobial agent and an antibiofilm agent in the future. 
However, further study is required to evaluate antimicrobial and antibiofilm activities on multidrug resistant pathogens 
both in in vitro and in vivo animal model.   
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Abstract   

Parkinson’s disease (PD) is a progressive neurodegenerative disease with the loss of nigostrial dopaminergic neurons in 
substantia nigra pars compacta (SNpc). Although the exact etiology of PD is still elusive, it is supposed that several 
genetic factors and environmental toxins are implicated. Studies of the postmortem PD brain suggested the presence of 
mitochondrial complex I deficiency and oxidative/nitrative stresses. Mitochondria are one of the major sources of 
reactive oxygen species (ROS) production, in which excess ROS over the intracellular antioxidant mechanisms can 
lead to irreversible oxidative damage and ultimately cell death. Nonetheless, in the recent years, antioxidants are 
considered the approaches for neuroprotection and attenuation of the neurodegeneration process. Recently, reports of 
the bioactivities of diarylheptanoid compounds from Curcuma comosa (C. comosa) have drawn attentions for their use 
as antiinflammatory and antioxidant agents. Thus, this study aimed to investigate the effects of the pure compounds 
isolated from C. comosa on hydrogen peroxideinduced neuronal cell death in dopaminergic neuroblastoma cell line, 
SHSY5Y. The cells were pretreated with pure compounds at various concentrations for one hour before exposure to 
hydrogen peroxide, followed by cell viability assessment by MTT assay, which based on the activity of mitochondrial 
enzyme in living cells. Furthermore, the level of phosphop53, which is the important response upon oxidative stress, 
was measured by western blot analysis. Based on our data, the pure compounds from C. comosa demonstrated 
protective effect against oxidativeinduced neuronal cell death in SHSY5Y cells, which was accompanied by the 
reduction of p53 activation. However, more studies are required to elucidate the mechanisms underlying the effects of 
diarylheptanoid compounds from C. comosa. 

Keywords:  Curcuma comosa, Oxidative stress, p53, Neuroprotection 
 

 
Introduction   

Oxidative stress has been believed to play an important role in the pathogenesis of several neurodegenerative diseases 
including Parkinson’s disease (1). Oxidative stress can occur as a consequence of the imbalance between the 
production of reactive oxygen species (ROS)  including superoxide (O°2), hydroxyl (OH°) species, nitric oxide (NO), 
peroxynitrite (ONOO), and hydrogen peroxide (H2O2) molecules  and the scavenging ability of the cell (2). Although 
hydrogen peroxide itself is not highly reactive, it is converted to highly reactive hydroxyl radicals (OH°) by Fenton 
reaction in the presence of reduced metal ions (3). These highly reactive free radicals can impair the functions of lipids, 
nucleic acids, and proteins of the cells, which ultimately leading to oxidative damage to cells and cell deaths.  

Curcuma comosa (C. comosa), a member of Zingiberaceae family, is widely cultivated in tropical and subtropical 
regions in Asia, such as Indonesia, Malasia, and Thailand.  The dried rhizome of C. comosa, known as Waan Chak 
Modluk in Thai, has long been used in Thai indigenous medicine for the treatment of postpartum uterine bleeding, 
perimenopausal bleeding, uterine inflammation, and various women health purposes. Recently, studies have focused on 
the diarylheptanoid extracts of C. comosa due to their extensive biological activities, including antiinflammatory (3), 
antioxidant, and estrogenic effects (4). Among the major compounds purified from the hexane/ethanol extracts of 
C.comosa, compound 049 and 092 were selected for studies on neuroprotective effects. Compound 049 or (3R)1, 7
diphenyl(4E, 6E)4, 6heptadien3ol exhibited antiinflammatory effect, as demonstrated by suppression of pro
inflammatory cytokines release in LPSstimulated microglia (5). Compound 092 or (3S)1(3, 4dihydroxyphenyl)7
phenyl(6E)6hepten3ol exhibited potential antioxidant activity in vivo (6).  

In the present study, we aimed to examine the protective effects of the pure compounds, 049 and 092, against oxidative
induced neuronal damage and their underlying mechanisms in human dopaminergic neuroblastoma SHSY5Y cells.  
 
Materials and Methods    

Cell culture 

Human neuroblastoma SHSY5Y cells were purchased from American Type Culture Collection (ATCC, Manassas, 
VA, USA). The cells were cultivated in 1:1 ratio of Eagle’s minimum essential medium and Ham’s F12 nutrient medium, 
supplemented with 10% fetal bovine serum, 1mM sodium pyruvate, 1mM nonessential amino acid, 25 mg/mL of 
penicillin, 25 U/mL of streptomycin. The pure compounds were kindly provided by Prof. Pawinee Piyachaturawat, 
Department of Physiology, Faculty of Science, Mahidol University. 
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Assessment of cell viability   

Cell viability was assessed by MTT assay, which based on the reduction of 3(4, 5dimethylthiazole2yl)2, 5
diphenyltetrazolium bromide (MTT) to insoluble purple formazan crystal by mitochondrial succinate dehydrogenase 
enzyme in living cell. Cells were seeded on 96well plates at the density of 3104 per well and were incubated at 37°C 
in 5% CO2 atmosphere for 24 hr. The cells were treated with the each compound alone for 24 hr, treated with H2O2 at 
various concentrations for 12 hr, or pretreated with the compounds at various concentrations for 1 hr before exposure to 
H2O2 for 12 hr. MTT assay was then performed and the cell viability was determined by the color absorbance at 570 
and 620 nm using microplate reader. 
 
Western blots analysis  

SHSY5Y were pretreated with compound 092 for 1 hr at 1 μM, followed by treatment with hydrogen peroxide at 200 
μM for 1, 3 and 6 hr. The samples were collected and lysed with RIPA buffer containing protease & phosphatase 
inhibitors. Protein concentrations were determined according to the modified Lowry’s method. The proteins were 
separated by SDSPAGE in 10% acrylamide gel and were transferred onto PVDF membranes. The membranes were 
blocked with 5% BSA in PBST for 1 hr and were incubated with antiphosphop53 antibody overnight. The membranes 
were incubated with HRPconjugated secondary antibody for 1 hr and the signal was developed with ECL Western 
blotting substrate and detected by autoradiographic film.  
 
Statistical analysis  

Statistical analysis was performed by oneway ANOVA followed by Turkey comparison test. The statistical significance 
is considered at p < 0.05. 
 
 
Results   

To determine the effect of hydrogen peroxide on cell viability (Figure 1), SHSY5Y (3104 cells/well) were seeded on 
96well plate for 24 hr prior to the treatment with various concentrations of H2O2 for 12 hr. The cell survival was 
assessed by MTT colorimetric assay as described previously. Cell viability was decreased to 91.61 ± 1.51%, 85.61 ± 
3.14%, 73.26 ± 2.63%, 61.39 ± 3.56%, and 51.06 ± 4.94% of control after treatment with 25, 50, 100, 200, and 400 μM 
of H2O2, respectively. H2O2 at 200 μM, which reduced the viability to 61.39 ± 3.56% of control, was selected to study 
the effect of the compounds. 
                                                        

 
 
Figure 1. The effect of H2O2 on the survival of SH-SY5Y. 
The cells were treated with various concentrations of H2O2 
ranging from 25 μM to 400 μM for 12 hr. Data are 
presented by percentage of control. The values are mean 
percentage ± SEM from three independent experiments.    
*** indicated statistical significance at p < 0.05. 
 
 
 
 
 
 

 
The effect of the extracted compounds (C049 and C092) from C. comosa on the viability of SHSY5Y cells was 
determined by MTT assay (Figure 2). The cells were treated with each compound at 0.1, 0.5, 1, and 10 μM for 24 hr. 
There was no significant alteration in the cell survival at all concentrations of compound 049, with the cell viability of 
94.82 ± 3.70%, 98.59 ± 6.58%, 90.25 ± 5.24%, and 102.60 ± 4.75% after the treatment with 0.1, 0.5, 1, and 10 μM of 
C049, respectively. The cell viability after compound 092 treatment at 0.1, 0.5, 1, and 10 μM was 111.98 ± 5.89%, 
102.76 ± 4.03%, 98.05 ± 3.02%, and 18.76 ± 3.39% of the control, respectively. Thus, compound 092 is toxic at 10 μM. 
The nontoxic concentrations of each compound were selected for further studies. 
 
 

Compound 049 (C-049) Compound 092 (C-092) 



136 

 
The Pharmacological & Therapeutic Society of Thailand Meeting – 2013 Proceedings 

 

Figure 2. The effects of compound 049 (A) and compound 092 (B) on the viability of SH-SY5Y cells. Cells were 
treated with various concentrations of each compound (0.1, 0.5, 1 and 10 μM) for 24 hr. Data are presented by percentage 
of control. The values are mean percentage ± SEM from three independent experiments.*** indicated statistical 
significance at p < 0.05. 
 
The effects of compounds 049 and 092 on hydrogen peroxide treated SHSY5Y cells were further evaluated (Figure 3). 
The cells were pretreated with compounds 049 and 092 at concentrations of 0.1, 0.5, 1 and 2 μM for 1 hr before 
exposure to H2O2 (200 μM) for 12 hr. As demonstrated in the Figure 3, compound 049 did not rescue the cells from 
H2O2induced cell deaths. In contrast, compound 092 significantly attenuated the effect of H2O2, at which the cell 
viability was increased to 60.01 ± 1.69%, 73.20 ± 6.79%, 83.43 ± 2.39%,  94.10 ± 4.69%, and 96.81 ± 1.90 after the 
treatment with 0.1, 0.5, 1 and 2 μM of the compound 092, respectively. Thus, molecular mechanism underlying the 
protective effect of compound 092 was further evaluated.  

Figure 3. The effect of compound 049 (A) and compound 092 (B) on H2O2 (200µM) treated SH-SY5Y cells. Data are 
represented by percentage of control. The values are mean percentage ± SEM from three independent experiments. *** 
indicated statistical significance at p < 0.05. 
 
We next investigated whether phosphop53 is involved in the observed effect of compound 092. As showed in Figure 
4A, the level of phosphop53 was significantly induced by H2O2 in a timedependent manner, with the maximum level 
at 3 hr. Treatment with compound 092 at 1 M significantly attenuated the activation of p53, as demonstrated by 
phosphop53 levels (Figure 4B). 
 

Figure 4. Time course effect (0, 1, 3, 6, 9 and 12 hr) of H2O2 (200µM) on the level of phospho-p53 (A) and (B), the 
effect of compound 092 (1μM) on the level of phospho-p53. The cells were pretreated with compound 092 for 1 hr, 
followed by exposure to H2O2 (200 μM) for 1, 3, and 6 hr.   

A B 

A B 

A B 
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Discussion 

In this study, we used hydrogen peroxide (H2O2) treatment on the neuroblastoma cell, SHSY5Y, to replicate the 
oxidative damage on doparminergic neurons that is one of the pathogenic mechanisms of neurodegereative diseases. 
We found that H2O2 dosedependently affects the viability of the cells. Previous studies demonstrated the anti
inflammatory and antioxidant activities of diarylheptanoid compounds from C. comosa that could be beneficial in 
neuroprotection or treatment of neurodegenerative disorders. We next investigated the effect of the compounds 049 and 
092 from C. comosa on the toxicity of H2O2. We chose the range of concentrations that are not toxic to the cells. 
Interestingly, compound 092 but not compound 049 demonstrated the cytoprotective effect. The level of phosphop53, 
which is activated by DNA damage as a result of oxidative stress and triggers downstream pathway such as apoptotic 
cell death, was also attenuated upon treatment with the compound 092. It is possible that the observed effect of 
compound 092 is directly related to its antioxidant activity. Nonetheless, more studies to elucidate the mechanisms 
underlying the effect of the compound as well as the in vivo studies are the next important processes.   
 
Conclusion 

In this study, the compound 092 demonstrated the ability to protect the neurons from hydrogen peroxideinduced 
neuronal cell death, with the attenuation of p53 activation. However, further investigations are needed to Figure out the 
possible molecular mechanisms as to how the effect of compound imply. 
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Abstract 

The antihyperglycemic effects of the ash from Lagerstroemia speciosa (L.) Pers leaves were examined in normal mice 
after glucose and sucroseloading compared to the ethanolic extract. In an oral glucose tolerance test, a single oral 
administration of the ash (90 mg/kg), the ethanolic extract (300 mg/kg) of L. speciosa and an glucosidase inhibitor, 
acarbose (40 mg/kg) did not significantly reduce the blood glucose levels after oral glucose, a monosaccharide, 
administration when compared to the control group. In contrast, in an oral sucrose tolerance test, the ethanolic extract 
of L. speciosa did not significantly lower the blood glucose level, but the ash and acarbose produced significant 
hypoglycemic activity after sucrose, a disaccharide, administration. In addition, the ash from L. speciosa leaves show 
inhibitory activity against glucosidase in vitro with the IC50 value of 926.84 ± 114.48 g/mL. The results suggest that 
the ash of L. speciosa possess antihyperglycemic effect via αglucosidase inhibition. Moreover, it was found that the 
ash of L. speciosa leaves contains  K, Ca, Mg, Mn, Fe, Zn, Cu, Ni and Cr in the concentration of 25667.331 ± 288.845, 
3660.732 ± 83.580, 2391.691 ± 43.719, 71.513 ± 1.691, 53.215 ± 10.287, 17.409 ± 0.465, 10.188 ± 0.396, 0.791 ± 
0.158, and 0.297 ± 0.020 g/g, respectively, when determined by inductively coupled plasma (ICP) spectroscopy. 
Thus, it is possible that the hypoglycemic activity of L. speciosa might be at least in part due to the αglucosidase 
inhibitory activity of the inorganic constituents. 

Keywords:  Hypoglycemic activity, Lagerstroemia speciosa (L.) Pers, Inorganic constituents, αGlucosidase  
 
 
Introduction 

Diabetes mellitus (DM) is a metabolic disorder characterized by abnormally high level of glucose in the blood. The 
hyperglycemia is due to the deficiency of insulin secretion, or to resistance of peripheral cells to the action of insulin. 
Diabetes mellitus is classified into 2 types. Type 1 DM is caused by beta cells destruction, often immune mediated that 
leads to loss of insulin secretion and insulin deficiency, and comprised approximately 510% of causes in diabetes 
syndrome. Type 2 DM is caused by insulin resistance, which is defined as defective insulin signaling and decreased 
insulin efficiency to induce glucose transport from the blood into target cells such as muscle cells  and adipocytes. It is 
closely associated with obesity (1), and comprise of 9095% of the diabetes syndrome which leads to diabetic 
complication such as cardiovascular diseases. Type 2 DM is an increasing problem around the world. According to the 
World Health Organization’s prediction in 2006, the number of type 2 diabetic patients in the world cases is 171 
million in 2000 and could increase to 360 million by 2030.   

Oral hypoglycemic agents include sulfonylureas, biguanides, αglucosidase inhibitors, meglitinide analogues, 
thiazolidenediones and dipeptidyl peptidase 4inhibitors. αGlucosidase inhibitors might be a reasonable option in the 
treatment of patients with type 2 DM as it specifically targets postprandial hyperglycemia, a possible independent risk 
factor for cardiovascular complications (2). αGlucosidase digests disaccharides into monosaccharides in the small 
intestine. The inhibition of αglucosidase delays the digestion and absorption of carbohydrates, resulting less absorption 
of glucose and leads to suppression of postprandial hyperglycemia. 

Currently, the increasing use of complementary and alternative medicine in diabetic patients, especially herbs, dietary 
and mineral supplements, has been reported (3). In traditional medicine, the medicinal plants being used very often are 
in powder or paste form of crude herbs containing both organic and inorganic constituents. Experimental studies done 
so far on hypoglycemic herbs were mostly carried out with their organic active principles (4). However, some inorganic 
constituents such as potassium (K), calcium (Ca), zinc (Zn), magnesium (Mg), manganese (Mn) and trace elements 
such as chromium (Cr) and vanadium (V) have potential role for improving metabolic disorder like diabetes (5). 

Lagerstroemia speciosa (L.) Pers, called “intaninnam” in Thailand, is a tropical plant. It is popular as antidiabetic, 
diuretic, febrifuge, stimulant and purgative (6) and also known to have antigout effect (7). The dried L. speciosa leaves 
were used for treatment of diabetes (1).  The main active constituents of L. speciosa are corosolic acid, ellagitannins, 
lagerstroemin (810). Corosolic acid displays a potential antidiabetic activity (8), as well as antioxidant, anti
inflammatory, and antihypertensive properties (11). Many researchers have been studied on the organic constituents of 
L. speciosa, while little attention has been paid on the role of inorganic elements in the medicinal use of this plant.  
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In this study, we investigated the antihyperglycemic effect of the ash from L. speciosa leaves on the oral glucose and 
sucrose tolerance in normal fasted mice compared with the ethanolic extract. The in vitro glucosidase inhibitory 
activity of the ash was also evaluated. Moreover, the content of some inorganic constituents in L. speciosa ash was 
measured. 
 
Materials and Methods 

Preparation of the plant samples  

The organic part of the plant sample: Dried L. speciosa leaves powder, 100 g, was macerated with 95% ethanol 
(1:10) at room temperature for 3 days, filtered with Whatman filter paper, then evaporated to dryness under reduced 
pressure in a rotary evaporator. The organic part was stored at 45C until used.   

The inorganic part of the plant sample: By placing the dried plant sample 20 g in crucible at temperature 
between 430450C for 12 hr to destroy the organic compounds presented in the powder. The ash was stored in a 
desiccator at room temperature.  
 

Animals 

Healthy male ICR mice weighing between 2040 g were used for all experiments. The animals were obtained from the 
Southern Laboratory Animal Facility of Prince of Songkla University, Songkla, Thailand, and were acclimated in the 
standard environmental conditions, temperature (23 ± 2C) and 12 hr dark/light cycles, for 1 week prior to the 
experiment. The experiment was approved by the Institutional Committee for Ethical Use of Animals, Prince of 
Songkla University, Thailand.  
 

Experimental procedure   

The male ICR mice (n = 6) were fasted for 15 hr before a single oral administration of the ethanolic extract of L. 
speciosa (300 mg/kg body weight) or  the ash of L. speciosa (90 mg/kg body weight). A negative control group was 
given 10% gum acacia (10 mL/kg). Acarbose (40 mg/kg body weight) was orally administered as a positive control. At 
30 min after the sample administration, the substrate (glucose or sucrose) solution, 2 g/kg body weight, was administered 
to the mice. Blood samples were collected from the animals by tail snipping at 0, 15, 30, 60, 120 and 180 min after 
glucose/sucrose administration. The blood glucose level was determined by using glucose test meter (GlucoDr, All 
Medicus Co., Ltd).  
 

In vitro -glucosidase inhibitory assay 

Glucosidase inhibitory activity was determined according to previous reported method (12,13) with some modification. 
In brief, 50 L of test sample (1 mg/mL in phosphate buffer, pH 6.8) was reconstituted in 100 L of 100 mM phosphate 
buffer, pH 6.8 and incubated with 50 L yeast glucosidase (0.25 u/mL in phosphate buffer) for 15 min at 37C before 
50 L substrate (5 mM pnitrophenyl Dglucopyranoside, in phosphate buffer) was added and then incubate for 15 
min at 37C. The reaction was stopped by adding 1 mL of Na2CO3 (0.1M). Release of pnitrophenol was measured at 
405 nm by spectrophotometer (Spectronic Genesys 20). Individual blank for test sample were prepared where substrate 
was replaced with 50 L of buffer. The control sample contained 50 L of buffer in place of test sample. All the tests 
were run in triplicate. The percentage of enzyme inhibition was calculated as (1B/A) 100 where A represents the 
absorbance of control sample and B represents the absorbance of test sample. The IC50 values were determined by 
regression analysis to the data for at least five concentration dilutions of sample. 
 

Assay of Inorganic Elements in Ash 

0.1 Grams of ash was digested with 2 mL of conc. nitric acid and incubated at 90C for 1 hr, then adjusted with 
deionized water to the volume of 10 mL. The digested sample was used for the assay of trace elements by using 
inductively coupled plasma (ICP) spectrometer (PerkinElmer, Optima 4300 DV, USA). 

 

Statistical analysis 

The statistical analysis was performed using oneway analysis of variance (ANOVA) and post hoc leastsignificant 
difference (LSD) test. P value less than 0.05 was considered statistically significant.  The blood glucose levels were 
expressed as mean ± standard deviation (mean ± SD). 

 
Results 

Oral glucose tolerance test  

The peak blood glucose levels of normal mice in all groups were demonstrated at 30 min after the oral administration of 
glucose (2 g/kg). Neither L. speciosa ethanolic extract (300 mg/kg), the ash (90 mg/kg) nor acarbose (40 mg/kg) 
reduced the blood glucose levels at each time determined when compared to the control group (Figure 1, Table 1). 
Moreover, the areas under the curves (AUC) were not significantly different.   
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Oral sucrose tolerance test  

The blood glucose levels of mice in all groups reached their peaks at 30 min after the oral administration of sucrose. 
The mean blood glucose level of mice receiving the ethanolic extract of L. speciosa was not significantly reduced, but 
that of mice receiving the ash of L. speciosa was significantly decreased at each time measured during 15180 min 
when compared to the control group (Figure 2, Table 2). Acarbose also produced a significant decrease in the blood 
glucose levels at 15180 min after administration. Moreover, the areas under curves (AUC) were lower in the ash and 
acarboseadministered groups than that of the control group. 
 

 

 
 
Table 1.  Effects of L. speciosa ethanolic extract (300 mg/kg), ash (90 mg/kg) and acarbose (40 mg/kg) on oral glucose 
tolerance in normal mice (mean  SD, n = 6, *p < 0.05). 
 

Group 
Blood glucose level (mg/dL) at (hr) AUC 

(mg/dL.hr) 0 0.25 0.5 1 2 3 

Control 
75.17 

±15.78 
190.00 
±43.81 

206.33 
±53.38 

184.67 
±68.04 

121.00 
±25.42 

86.67 
±15.13 

437.10 ± 99.10 

L. speciosa 
ethanolic extract 

93.25 
±13.98 

264.83 
±47.04 

301.92 
±80.28 

203.17 
±59.68 

109.83 
±13.35 

93.17 
±7.39 

499.88 ± 94.95 

L. speciosa ash 
61.33 

±13.34 
195.67 
±36.46 

217.67 
±48.21 

191.67 
±74.51 

111.67 
±52.66 

80.00 
±26.80 

433.63 ± 131.43 

Acarbose 
69.17 

±14.02 
182.17 
±41.25 

227.25 
±24.77 

175.17 
±30.98 

98.50 
±16.93 

82.50 
±11.48 

410.53 ± 40.76 

 
 
 
Table 2.  Effects of L. speciosa ethanolic extract (300 mg/kg), ash (90 mg/kg) and acarbose (40 mg/kg) on oral sucrose 
tolerance in normal mice (mean  SD, n = 6, *p < 0.05). 
 

Group 
Blood glucose level (mg/dL) at (hr) AUC 

(mg/dL.hr) 0 0.25 0.5 1 2 3 

Control 
61.33 
±8.24 

154.17 
±23.95 

160.33 
±27.45 

142.67 
±19.27 

101.00 
±9.01 

92.00 
±9.94 

360.33 ± 33.69 

L. speciosa 
ethanolic extract 

79.50 
±25.47 

137.83 
±25.86 

148.33 
±26.53 

132.00 
±42.22 

93.67 
±21.82 

78.17 
±20.10 

331.77 ± 59.86 

L. speciosa ash 
57.67 

±14.35 
106.33* 
±25.31 

109.67* 
±28.86 

83.67* 
±8.48 

68.33* 
±12.86 

67.67* 
±9.77 

239.83* ± 30.95 

Acarbose 
71.50 

±25.91 
90.67* 
±25.76 

97.33* 
±31.37 

92.67* 
±25.34 

81.00* 
±21.68 

71.83* 
±15.00 

254.52* ± 64.48 

 

Figure 1.  Effects of L. speciosa ethanolic extract, ash 
and acarbose on blood glucose levels of the normal mice 
in oral glucose tolerance test. * Significantly different 
when compared to the control group, p < 0.05. 

Figure 2.  Effects of L. speciosa ethanolic extract, ash 
and acarbose on blood glucose levels of the normal mice 
in oral sucrose tolerance test. * Significantly different 
when compared to the control group, p < 0.05. 
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In vitro -glucosidase inhibitory assay 
The ash of L. speciosa leaves shows inhibitory activity against glucosidase with the IC50 of 926.84 ± 114.48 g/mL, 
while an IC50 value of acarbose is 816.87 ± 99.65 g/mL (Table 3). 
 

Concentration of some elements presented in L. speciosa ash 
Table 4 shows some inorganic constituents found in L. speciosa ash.  Concentrations of K, Ca, Mg, Mn, Fe, Zn, Cu, Cr 
and Ni found are 25667.331 ± 288.845, 3660.732 ± 83.580, 2391.691 ± 43.719, 71.513 ± 1.691, 53.215 ± 10.287, 
17.409 ± 0.465, 10.188 ± 0.396, 0.791 ± 0.158, and 0.297 ± 0.020 g/g, respectively. 
 
Table 3.  Estimated IC50 values of L. speciosa ash and acarbose for yeast αglucosidase.  
 

Group IC50 (g/mL, mean  SD, n = 3) 

L. speciosa ash 926.84 ± 114.48 

Acarbose 816.87 ± 99.65 

 
Table 4.  Concentration of some elements in L. speciosa ash.  
 

Element Concentration (g/g, mean  SD, n = 3) 

K Ca Mg Mn Fe Zn Cu Ni Cr 

25667.331 
±288.845 

3660.732 
±83.580 

2391.691 
±43.719 

71.513 
±1.691 

53.215 
±10.287 

17.409 
±0.465 

10.188 
±0.396 

0.791 
±0.158 

0.297 
±0.020 

 
Discussion 

In the present study, we investigate the effects of the ash and the ethanolic extract of L. speciosa leaves on oral glucose 
and sucrose tolerance in normal mice. It was found that in oral glucose tolerance test, the ash and ethanolic extract of L. 
speciosa, as well as acarbose, an αglucosidase inhibitor, did not significantly reduce the blood glucose level after 
glucose administration when compared to the control group. Although previous studies reported hypoglycemic activity 
of corosolic acid, an active compound in alcoholic extract of L. speciosa, the results obtained with high dose (10 
mg/kg), whereas the standard L. speciosa extract contained only 11.5% corosolic acid. Thus, the negative result of L. 
speciosa ethanolic extract in our study might be because the dose is too low (estimated 34.5 mg corosolic acid in 300 
mg ethanol extract). Moreover, it is noted that the positive result obtained from several studies examined the aqueous 
extract of L. speciosa which contain other active principles such as ellagitannins as well as inorganic constituents (14). 
In contrast, in oral sucrose tolerance test, the ethanolic extract of  L. speciosa  did not decrease blood glucose level after 
sucrose, a disaccharide, administration, whereas the ash of L. speciosa suppressed postprandial blood glucose in 
comparable to acarbose, an antidiabetic drug which inhibit αglucosidase activity. In order to elucidate the glucosidase 
inhibitory activity, we have tested the effect of L. speciosa ash on the activity of glucosidase in vitro. It was found 
that L. speciosa ash inhibit glucosidase activity in the comparable capacity to acarbose (Table 3). 

The overall results suggest that the ash of L. speciosa leaves possess antihyperglycemic effect which might be mediated 
by interfering glucose uptake from the intestinal lumen through the inhibition of sucrose digestion which could be possible 
by inhibition of intestinal glucosidase (15,16). This result is consistent with the previous report showing that a hot water 
extract of  L. speciosa leaves suppressed blood glucose elevation following starch administration to rats and the extract 
inhibited the activities of various hydrolytic enzymes including amylase, glucoamylase, isomaltase, maltase and sucrase 
(17).  This effect might be in part due to the water soluble component including inorganic constituents. 

To analyze the elements in L. speciosa ash, inductively coupled plasma (ICP) technique was used since it is a very 
powerful tool for detecting and analyzing trace and ultratrace elements (18). It is demonstrated that, in L. speciosa ash, 
K, Ca and Mg are the major elements found in high amounts. Mn, Fe, Cu and Zn are found in moderate amount while 
Ni and Cr are at trace level. These elements have been reported to play some roles in glucose homeostasis. K, Ca, Cr, 
Mn, Cu and Zn play a role for insulin secretion and are involved in potentiating insulin action (1923). Mg regulates the 
most important glycolytic enzymes, hexokinase, phosphofructokinase, aldolase, phosphoglycerate kinase, and pyruvate 
kinase (24) and is critical in the phosphorylation of the insulin receptor and signaling mechanism involved in glucose 
transport (25). The blood level of Zn, Mn, Cr and Mg were found to be lower in diabetic patients than in the healthy 
patients (22, 26). Supplementation of such elements is beneficial for improving insulin resistance, glucose tolerance 
and oxidative stress in some experiments especially in trace element deficiency (3, 5, 27). Moreover, recent evidences 
showed αglucosidase inhibitory activity of some trace elements such as Cu, Zn, Ni, B, Fe and V (2830) and the 
synergistic inhibition of Cu, Zn and V and genistein on αglucosidase was also demonstrated (31). 

 In conclusion, the present study shows that the ash from leaves of L. speciosa, which contain K, Ca. Mg, Mn, 
Fe, Zn, Cu, Ni and Cr, when administered orally at the dose of 90 mg/kg could decrease postprandial hyperglycemia 
after sucroseloading in normal mice probably by inhibition on glucosidase similar to that of acarbose, an 
glucosidase inhibitor currently used as one of the antidiabetic drugs.   
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Abstract 

The purpose of the present study was to assess acute toxicity of four Thai medicinal plants, i.e., Antidesma 
euphorbiacea (leaves), Terminalia belerica Roxb. (fruits),  Phyllanthus niruri Linn. (fruits), and  Terminalia chebula 
Retz. (fruits) following single oral dose administration in rats.  Acute toxicity of the plant extracts (water and/or 
ethanol) were performed according to the OECD Guideline for Testing of Chemicals with oral administration of 
highest dose of 5,000 mg/kg body weight. There was no sign of toxicity in any rat following a single oral dose 
administration of all the plants under investigation at the maximum dose of 5,000 mg/kg body weight.  Toxicity of 
these plant extracts when given as multiple dosing regimens should be investigated before further evaluation of their 
potential pharmacological activities and identification of their active constituents. 

Keywords:  Antidesma euphorbiacea, Terminalia belerica Roxb., Phyllanthus niruri Linn., Terminalia chebula 
Retz., Acute toxicity 

 
Introduction 

Throughout history, natural products have afforded a rich repository of remedies with diverse chemical structures and 
bioactivities against several health disorders. Attempts have been made to identify candidate leads from natural 
products including those from bacteria, fungi, marine organisms, animals, and plants with promising pharmacological 
activities. It is estimated that 122 drugs from 94 plant species have been discovered through ethnobotanical leads. 
Additionally, the use of herbs as complementary and alternative medicine has increased dramatically in the past 
decades. The purpose of the present study was to assess acute toxicity of four Thai medicinal plants, i.e., Antidesma 
euphorbiacea (leaves), Terminalia belerica Roxb. (fruits), Phyllanthus niruri Linn. (fruits), and  Terminalia chebula 
Retz. (fruits) following single oral dose administration in rats. 

Antidesma euphorbiacea (Mao, Mamao, or Makmao is classified in the genus of Antidesma in the family 
Euphorbiacea.  It has been reported to possess several pharmacological activities including antioxidant, anticancer, and 
antiviral activities against Human Immunodeficiency Virus (HIV) (12). The dried fruits of T. belerica Roxb. (family 
Combretaceace) is used for medicinal purposes as antioxidant, antimicrobial, antidiarrheal, anticancer, antidiabetic, 
antihypertensive and hepatoprotective agent (3). The fruits of P. niruri Linn. (family Euphorbiaceae) is used to relieve 
symptoms associated with stomach, genitourinary system, liver, kidney and spleen. It contains a wide variety of 
phytochemicals and possess several pharmacological properties such as antihepatotoxic, antilithic, antihypertensive, 
antiHIV and antihepatitis B (4). The fruits of T. chebula Retz. (family Combretaceae) is used to relieve cough and colds 
and as antiinflammatory, anthelmintic, cardiotonic, aphrodisiac, and restorative properties (5).  
 
Materials and Methods 

Plants preparation 

Plant materials, i.e., A. euphorbiacea (leaves), T. belerica Roxb. (fruits), P. niruri Linn. (leaves), and  T. chebula Retz. 
(leaves) were extracted with ethanol (EtExt) according the method of Mahavorasirikul et al. (6). Water (WaExt) extract 
of A. euphorbiacea (leaves) was also prepared according to the method of Rhiouani et al. (7). 
 

  

F30 
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Acute toxicity 
The acute toxicity of all plant extracts were evaluated in rats (5 males and 5 females for each group). Control rats were 
fed with distilled water. The animals were fed with the extract at the maximum dose of 5,000 mg/kg body weight. Sign 
of toxicity including behavioral changes (irritation, skin rashes, and CNS depressant etc.) was observed in each rat at 
least once during the first 30 min of dosing, then at 24 hr after dosing and daily for 14 days (8). Food and water 
consumption and changes in body weight were also recorded. At the end of the investigation period, animals were 
sacrificed and internal organs (heart, lung, kidney, spleen, and liver) were removed for macroscopic examination. 
 

Statistical analysis 

All quantitative variables are presented as mean ± SEM and differences between the two groups were determined using 
student t-test (unpaired data) and paired t-test (paired data). Statistical significance level was set at α = 0.05 for all tests. 
 
Results 

The maximum tolerated dose of all of the plant extracts under investigation was 5,000 mg/kg body weight. No signs of 
toxicity including behavioral changes, cutaneous effects (irritation, ulceration and skin rashes), excretion, recognition, 
and sensory nervous system responses were observed in any rat. No death occurred during the entire period of 
treatment. There was no significant difference in the changes in body weight (Figure 1) and food consumption (Figure 
2) between the test and control groups. The internal organs showed normal morphology, suggesting no morphological 
abnormalities in the heart, lung, kidney, spleen and liver of the control and treated groups (Table 1). 

 

 
Figure 1. Body weight changes of rats treated with the plant extracts and control rats. 

 

 
Figure 2.  Food consumption of rats treated with the plant extracts and control rats. 
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Table 1. Morphology of livers, kidneys, hearts, lungs, and spleens of rats treated with the plant extracts and control rats. 
 

 
 
 

Discussion and Conclusion 

Results of the present study suggest safety profiles of A. euphorbiacea (PhaPratan and SangKoh), T. belerica Roxb., 
P. niruri Linn., and  T. chebula Retz. crude extracts.  There was no sign of toxicity in any rat following a single oral 
dose administration of all the plants under investigation at the maximum dose of 5,000 mg/kg body weight. The 
experiment was performed according to the OECD Guideline for Testing of Chemicals (acute toxicity, fixed dose 
procedure).  Toxicity of these plant extracts when given as multiple dosing regimens should be investigated before 
further evaluation of their potential pharmacological activities and identification of their active constituents. 
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Abstract 

Malaria is one of the world’s leading killer infectious diseases with high incidence and morbidity. The problem of 
multidrug resistance Plasmodium falciparum has been aggravating particularly in Southeast Asia.  Development of new 
potential antimalarial drugs is urgently required. One of several approaches for searching new antimalarial drugs is the 
investigation of natural-product-derived compounds for their potential antimalarial activity due to the key feature of 
their enormous structural and chemical diversity. The objectives of the present study were to investigate antimalarial 
and cytotoxic activities including protein targets of the ethanolic extract of Dioscorea membranacea Pierre. (rhizomes). 
The antimalarial activity was assessed against 3D7 and K1 P. falciparum clones using SYBR green-I-based assay. The 
extract showed potent antimalarial activity against both P. falciparum clones with IC50 values of 6.2 and 5.1 µg/mL, 
respectively. Cytotoxic activity against human renal epithelial (HRE) cell line was determined using MTT assay and 
the selectivity index (SI) was calculated. Results showed high selective antimalarial activities against both clones with 
SI values of 24.2 and 29.4. Preliminary study of protein target of this extract against 3D7 P. falciparum clone 
demonstrated 25 protein spots which showed 2-fold difference in protein expression, of which 11 spots were up-
regulated and 14 spots were down-regulated. For further development of Dioscorea membranacea Pierre. as a 
promising antimalarial drug candidate, identification of these proteins by mass spectrometry and investigation of their 
mode of antimalarial actions are encouraged.  

Keywords:  Plasmodium falciparum, Dioscorea membranacea Pierre., Antimalarial activity, Cytotoxic activity, 
Proteomics  

 
 
Introduction 

Malaria, especially that caused by Plasmodium falciparum, is a serious health problem in several tropical and 
subtropical regions (1). The major cause of failure to eliminate malaria is the emergence and spread of resistance of P. 
falciparum to most of the available antimalarial drugs.  In the absence of effective vaccine, antimalarial chemotherapy 
remains the mainstay for controlling this infection.  It is thus a pressing need for ongoing drug discovery research that 
will provide effective and affordable antimalarial agents. The study of natural-product-derived compounds, which have 
great potential for chemotherapeutic applications, is one of several approaches for searching new antimalarial drugs. 
The objective of the study was to investigate antimalarial and cytotoxic activities of the ethanolic extract of Dioscorea 
membranacea Pierre (rhizomes) including its possible protein targets of action using proteomics approach. This plant is 
locally known in Thailand as Hua-Khao-Yen and has long been used as common ingredient in several preparations, as 
well as for treatments of several diseases, i.e., inflammatory diseases, dermopathy, lymphopathy, inflammation, 
cancers, venereal diseases, and bacterial infections (2).  
 
 
Materials and Methods  

Plant materials and preparation of plant crude extract  

The rhizomes of Dioscorea membranacea Pierre. were collected from areas in the southern region of Thailand. 
Authentication of the plant materials was performed at the herbarium of the Department of Forestry, Bangkok, 
Thailand, where the herbarium voucher has been archived.  A duplicate set of plant material has been deposited in the 
herbarium of Southern Center of Thai Medicinal Plants, Faculty of Pharmaceutical Sciences, Prince of Songkhla 
University, Songkhla, Thailand. The extraction was performed as previously described (3). Stock solution was prepared 
at the concentration of 1 mg/mL. 
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In vitro assay for antimalarial activity 

Laboratory clones of P. falciparum (3D7; chloroquine-sensitive and K1; chloroquine-resistant) were maintained in 
continuous culture in O+ human erythrocytes suspended in RPMI 1640 culture medium (at 37°C under a gas mixture of 
5% CO2, 5% O2, and 90% N2) according to the standard method described by Trager and Jensen (4). The level of 
parasitaemia in the culture was maintained between 2 and 10%. The parasite culture was treated with 5% sorbitol in 
order to obtain the ring stage of P. falciparum (5). Antimalarial activity of the ethanolic extract of D. membranacea 
against P. falciparum K1 and 3D7 clones was evaluated based on SYBR Green I-based fluorescence assay (6).  
 

In vitro assay for cytotoxic activity 

Normal human renal epithelial cell (HRE) was incubated at 37C in 5% CO2 atmosphere with 95% humidity, and was 
seeded in a 96-well plate at a density of 104 cells/well in 100 µL of culture medium. After 24 hr incubation, cells were 
maintained with different concentrations of the extract ranging from 1.95 to 250 µg/mL. The cytotoxicity of the plant 
extracts was determined using the colorimetric methylthiazoletetrazolium (MTT) assay (7). Experiments were repeated 
three times. The selectivity index (SI) was determined from the ratio of the IC50 value on HRE cells to the IC50 value on 
3D7 and K1 P. falciparum clone. 
 
Investigation of Plasmodium falciparum proteomics 

Extraction of parasite proteins:  One percent of synchronized 3D7 P. falciparum clone was exposed to 
50% ethanol (control) or ethanolic extract of D. membranacea at the concentration of 7 µg/mL following a 24 hr 
exposure. The infected RBCs were lyzed with 0.05% saponin and incubated at 4°C for at least 1 hr. Thereafter, the 
pellets were washed three times with PBS, followed by 10 mM Tris-HCl (pH 7.4), and centrifuged (4°C) at 11,300×g 
for 5 min. The extraction of proteins from the exposed and control 3D7 P. falciparum was performed according to the 
method of Nirmalan et al. with modification (8). Quantification of protein concentrations of the extract was assessed by 
Bradford’s methods (9). 
 Two dimension gel electrophoresis:  Total protein (100 µg) was dissolved in rehydration buffer (8 M urea, 1% 
CHAPS, 15 mM dithiothretol, 0.001% bromophenol blue) and loaded on to 7 cm IPG strips, pH 4-7 in an isoelectric 
focusing (IEF) system (BioRad Co. Ltd., USA).  IEF was performed initially at 250 V for 15 min, followed by 4,000 V 
for 1 hr, and was terminated when a total of 15,000 volt-hour was reached. 
 After IEF, the strip were equilibrated in 5 mL equilibration buffer I (37.5 mM Tris-HCl, pH 6.8, 6 M urea, 20% 
glycerol, 2% SDS) containing the reducing agent DTT (130 mM) for 10 min, followed by 5 mL equilibration solution 
II containing iodoacetamide (135 mM) for additional 10 min. The second dimensional separation was performed on the 
12% SDS-PAGE gel and run on 1× electrode buffer pH 8.3. After electrophoresis, gels were fixed and stained with 
silver stain (Bio-Rad, California, USA) according to the manufacturer’s recommendation. The spots separated in each 
gel were matched and selected as the representative gel for each group, using PDQuestTM software (Bio-Rad, 
California, USA).  These separated protein spots of each group were matched for difference in number and the level of 
expression. 
 
Results 

The ethanolic extract from D. membranacea showed potent antimalarial activities against both 3D7 and K1 P. 
falciparum clones with IC50 6.2 and 5.1 µg/mL, respectively.  The IC50 for cytotoxic activity against HRE cell was 
150.1 µg/mL, with satisfactory selective antimalarial activities against both clones (SIs 24.2 and 29.4) (Table 1).  The 
patterns of protein spots separated from the control and parasites exposed to the extract were found to be similar. Only 
56 protein spots were likely to be the same basic proteins, whereas 27 spots from control and 201 spots from exposed 
parasite were unmatched spots (Figure 1). Among the 56 similar protein spots, 25 spots showed at least two-fold 
difference in density. An increase in protein expression of about 2- to 38-fold compared with control was observed in a 
total of 11 protein spots extracted from the exposed parasites. On the other hand, a decrease in the expression to about 
2-47% (ratio of exposed/control ranging from 0.02-0.47) of the exposed parasite was observed with the 14 protein spots. 
 
 
Table 1. Antimalarial and cytotoxic activities, including selective index (SI) of the ethanolic extract of D. membranacea 
Pierre. against 3D7 and K1 P. falciparum clones.  
 

P. falciparum clone 
 IC50 (range) (µg)  

SI 
Antimalarial activity Cytotoxic activity 

3D7 6.2 (5.9-7.8) 
150.1 (149.0-162.3) 

24.2 

K1 5.1 (5.0-5.2) 29.4 
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Figure 1. Comparison of silver stained protein spots 
separated by two-dimension gel electrophoresis over 
the pH range of 4-7 in the exposed and control 
(exposed to 50% ethanol) 3D7 P. falciparum clone. 
 
 
Discussion and Conclusion 

The rhizomes of D. membranacea showed potent 
antimalarial activity against both chloroquine-
sensitive and chloroquine-resistant clones of P. 
falciparum with low value of IC50.  Furthermore, 
this ethanolic extract showed less toxic to human 
renal epithelial cells, indicating selectivity of 
antimalarial activity. In a previous study, the 
extract also exhibited low cytotoxic activity against 
human keratinocyte cell line (SVK-14) with IC50 
greater than 70 μg/mL (10). Dioscorealides B, a 

pure compound isolated from D. membranacea has been shown to exhibit potent cytotoxic activity against breast and 
lung cancer cell lines (IC50 of 0.92 and 1.59 μg/mL, respectively), but weak activity against colon cell line (IC50 5.26 
μg/mL), and absence of cytotoxic activity against keratinocyte cell line (IC50 43.5 μg/mL) (11). In addition, the 
compound was virtually no toxicity in an acute toxicity test in rats with LD50 (dose that causes 50% death of animals) 
of 9 g/kg body weight (12).  Results of the proteomics analysis in the present study revealed 25 possible protein targets 
of action of this extract with at least two-fold difference in density comparing with control. Among these, the 
expressions of 11 protein spots were up-regulated and 14 were down-regulated. To elucidate protein target(s) of action 
of D. membranacea in P. falciparum, further identification of these proteins by either peptide mass fingerprinting using 
MALDI-TOF or direct peptide sequencing by tandem mass spectrometry is required. 
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Abstract 

Chinese mesona (Mesona chinensis Benth) has been consumed as a popular refreshing drink in Southeast Asian 
countries. The purpose of present study was to investigate the phytochemical analysis of antioxidant activities of 
Chinese mesona extract. The results showed that the total phenolic and flavonoid contents were 212.37 ± 5.64 mg gallic 
acid equivalents/g dried extract and 23.44  2.50 mg catechin equivalents/g dried extract, respectively. Moreover, 
Chinese mesona had antioxidant activity including DPPH radical scavenging activity (IC50 = 0.14 ± 0.02 mg/mL), 
trolox equivalent antioxidant capacity (0.21 ± 0.01 µmol Trolox equivalents/mg dried extract), ferric reducing 
antioxidant power (1.42 ± 0.06 mM FeSO4 equivalents/mg dried extract), oxygen radical absorbance capacity (25.98 ± 
1.30 µmol Trolox equivalents/mg dried extract). The study, randomized controlled and crossover study with 2 weeks of 
wash out period was conducted to access the antioxidant effect in overweight men. The administration of Chinese 
mesona extract with a high carbohydrate meal significantly increased in plasma FRAP at 30 min (P = 0.013), 90 min (P 
= 0.002), 150 min (P = 0.042) and 210 min (P = 0.008) in overweight men. These results indicated that the Chinese 
mesona could be potential rich source of natural antioxidants.  

Keywords:  Mesona Chinensis Benth, Antioxidant status, Polyphenol, Overweight 
 
 
Introduction 

Free radical as unstable molecules is generated in living cell in both enzymatic and nonenzymatic reactions. Increasing 
accumulation of free radicals involves development of many diseases such as cancer, diabetes mellitus or 
cardiovascular disease. Antioxidants are a vital compound which is used for neutralizing free radicals. Recently, it has 
reported that antioxidants from edible plants can induce the neutralization of free radicals and oxidative stress. Plant 
foods rich polyphenolic compounds are recognized as important sources in conferring stability against oxidation. 
Interestingly, the edible plants rich polyphenolic compounds have been demonstrated antioxidant activities (1).It is 
believed that plant foods rich polyphenolic compounds can increase antioxidant status in human with minimal side 
effects. Chinese mesona (Mesona chinensis Benth) belongs to Lamiaceae family as same as mint. Chinese mesona is 
the most commonly consumed as an herbal drink and a gelatin-type dessert (Grass jelly). This plant has also been used 
as ancient folk medicine to treat hypertension, diabetes, and liver diseases (2).The previous study has shown that 
Chinese mesona has nutritional value containing 17 kinds of total amino acids (7 essential amino acids), carbohydrate, 
fat, fiber, and flavonoids (3). However, there was lack of pharmacological evidences for in vitro and in vivo antioxidant 
activities of Chinese mesona. Therefore, the aim of present study was to investigate antioxidant activities of Chinese 
mesona extract both in vitro and human study. In addition, the total polyphenols and total flavonoids in extract were 
also determined. 
 
Materials  and Methods 

Preparation of Chinese mesona extract 

The dried whole plants were purchased from a specific herbal drugstore. The dried plants (300 g) were boiled in 
distilled water (4 L) at 90C for 4 hr. After boiling, the residue of plant was filtered with a colander. The aqueous 
solution was dried using a spray dryer SD-100 (Eyela world, Tokyo Rikakikai Co., LTD, Japan). The condition of 
spray dryer was inlet temperature 178-180oC, outlet temperature 85-95C, blower (0.80-0.90) m3/min, and atomizing at 
90 kPa. The powder extract was kept in a dry place. 
 
Measurement of total phenolic and flavonoid content 

The content of total phenolics and flavonoid content in the extract was determined with the Folin-Ciocalteu’s phenol 
reagent and the aluminum chloride colorimetric method, respectively (4). 
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Antioxidant activity 

The antioxidant activities of Chinese mesona extract were evaluated by 2,2’-Diphenyl-1-picrylhydrazyl (DPPH) radical 
scavenging activity (5), Trolox equivalent antioxidant capacity (TEAC) (6), Ferric reducing antioxidant power (FRAP) 
(7) and Oxygen radical absorbance capacity (ORAC) (8).   
 
Human study 

Eleven men (mean ± SEM), aged 25 ± 0.68 y with BMI (24.71 ± 0.34 kg/m2), fasting blood glucose (94.0 ± 2.51 
mg/dL), total cholesterol (194 ± 5.86 mg/dL), triglyceride (89.7 ± 7.43 mg/dL)and general good health were recruited 
for a randomized-controlled and crossover study, followed by a 2 week washout period. The study was approved by the 
office of Ethics Review Committee for Research Involving Human Research Subjects, Human Science Group, 
Chulalongkorn University. All participants consumed a high carbohydrate meal (carbohydrate 68%: protein 16%: fat 
15%) mixed with or without 1 gram of the extract. The participants was allowed 15 min to consume the meal and then 
the first postprandial blood sample was collected at the end of the meal and every 30 min after the meal until 4 hr by 
i.v. catheter insertion. Plasma Ferric Reducing Ability (FRAP) was measured according to a previous method (7).  
 
Statistical analysis 

The IC50 values were calculated from plots of log concentration of inhibitor concentration vs. percentage inhibition 
curves. One-way repeated measure ANOVA was used to compare the time point within the group, followed by Post 
hoc test by LSD for multiple comparisons. P-value < 0.05 was considered statistically significant difference. Data were 
expressed as mean  standard error of the mean (SEM), n = 3.  
 
 
Results 

Phytochemical analysis 

The total phenolic content of Chinese mesona extract was 212.37 ± 5.64 mg gallic acid equivalents/g dried extract. 
Moreover, the content of flavonoid in the extract was 23.44  2.50 mg catechin equivalents/g dried extract (Table 1).   
 
Antioxidant capacities 

The antioxidant capacities of Chinese mesona extract are shown in Table 1. On the DPPH assay, Chinese mesona 
extract had significant radical scavenging activity with increasing concentration in the range of 0.05-1.00 mg/mL. The 
IC50 values of Chinese mesona extract and ascorbic acid were found to be 0.14 ± 0.02 mg/mL and 0.02 ± 0.01 mg/mL, 
respectively, indicating that Chinese mesona extract had 7-times less potency than ascorbic acid. According to the 
results from the TEAC assay, Chinese mesona extract had the ability of 0.41 ± 0.02 mg trolox equivalents/mg dried 
extract. FRAP assay can determine the reducing ability of an antioxidant reacting with a ferric tripyridyltriazine (Fe3+–
TPTZ) complex and producing a color ferrous tripyridyltriazine (Fe2+–TPTZ). Chinese mesona extract had FRAP value 
of 1.42 ± 0.06 mM FeSO4 equivalents/mg dried extract. Furthermore, Chinese mesona extract had the ORAC value 
with 25.98 ± 1.30 µmol trolox equivalents/mg dried extract. 
 
Plasma glucose and FRAP 

In Figure 1, the plasma FRAP values in a high carbohydrate mealplus 1 gram of Chinese mesona (212 mg equivalent 
gallic acid) were significantly higher than a high carbohydrate meal. Time points of plasma FRAP was significant 
effect on increasing of plasma FRAP (P = 0.000) at 30 min (P = 0.013), 90 min (P = 0.002), 150 min (P = 0.042) and 
210 min (P = 0.008). When comparing at 30, 90, 150, and 210 min, the percentage of FRAP increases were 414.58%, 
316.75%, 155.04%, and 120.71%, respectively. 
 
Table 1. The total phenolic and flavonoid contents, DPPH, TEAC, FRAP and ORAC of Mesona chinensis Benth 
(Chinese mesona). Data are expressed as mean ± SEM, n = 3. 
 

Chinese mesona 
Phytochemical compounds 

Total phenolic compounds 212.37 ± 5.64  mggallic acid equivalents/g dried extract 

Total flavonoids 23.44  2.50    mg catechin equivalents/g dried extract 

Antioxidant capacities 

DPPH(IC50 value) 0.14 ± 0.02    mg/mL 

TEAC 0.41 ± 0.02     mg Trolox equivalents/mg dried extract 

FRAP 1.42 ± 0.06     mM FeSO4 equivalents/mg dried extract 

ORAC 25.98 ± 1.30   µmol Trolox equivalents/mg dried extract 
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Figure 1. The changes in plasma FRAP values in 
overweight men after consumption of a high 
carbohydrate meal together with Chinese mesona 
extract (1 g). At baseline, the plasma FRAP of high 
carbohydrate and high carbohydrate plus Chinese 
mesona were 960.75 ± 66.56 µmol/L and 838.89 ± 
73.87 µmol/L, respectively.Data are expressed as 
mean ± SEM, n = 11; *P <  0.05. 
 
 
 
 
 
 
 

Discussion 

The generation of free radicals plays an important role in the development of pathogenesis in several human diseases, 
such as rheumatoid arthritis, diabetes and its complications, cancer, and various neurodegenerative and pulmonary 
diseases (9). Antioxidants from natural products protect against these radicals and are therefore important to the diet in 
obtaining and preserving good health. The current study was the first comprehensive investigation to determine 
antioxidant of aqueous Mesona chinensis (Chinese mesona) extract including DPPH radical scavenging activity, 
TEAC, FRAP and ORAC. Several studies reveal that phenolic compounds and flavonoids have been reported to be a 
major phytochemicals responsible for antioxidant activity. In addition, it has been reported that the flavonoids in the 
edible plants act as antioxidants to transfer electrons, activate antioxidant enzymes, reduce alpha-tocopherol radicals 
and inhibit oxidations (10,11). Previous studies demonstrated the strong correlation between phenolic compounds, 
flavonoids, and antioxidant activity. These results appear to suggest that phenolic compounds and flavonoids in the 
extract may also contribute to the antioxidant activity of Chinese mesona. Overweight- and obesity-mediated increased 
oxidative stress plays an important role in the pathogenesis of metabolic syndromes. Excessive free radicals generally 
cause the tissue damage and regulate the inflammatory status in adipocytes (12). Previous study has shown that the 
consumption of small amount of antioxidant rich food is associated with inadequate antioxidant defenses in Spanish 
obesity (13). Furthermore, consumption of carbohydrate-rich meal results in postprandial hyperglycemia and increases 
oxidative stress by active oxidative metabolism and formation of reactive oxygen species. An increase in oxidative 
stress has been associated with an increment of diverse diseases, including endothelial dysfunction, diabetic 
complications, atherosclerosis, and hypertension (14). The magnitude of oxidative stress after a high carbohydrate meal 
is greater and more prolonged in the overweight and obese when compared with normal subjects (15). In a previous 
study, they found that a high carbohydrate meal potentially leads to lower total antioxidant status in healthy subject 
associated with the present study (16). Plasma FRAP is an antioxidant capacity assays which is used to measure the 
electron-transferring capability of antioxidant (17).  An increased plasma FRAP value can predict antioxidant capacity 
in human (18). In present study, a high carbohydrate meal plus Chinese mesona extract has increased plasma FRAP 
level in overweight men. The addition of the extract together with a meal enhances to increase antioxidant status that 
may reduce free radicals and oxidative stress-mediated degenerative diseases. 

Conclusion 

The present study shows that Mesona chinensis Benth (Chinese mesona) extract demonstrates the antioxidant activity. 
In addition, it increases the plasma antioxidant capacity in human. These findings could be an alternative approach for 
the prevention of oxidative stress-mediated degenerative diseases.  
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Abstract 

Plumbagin is the major composition in several plants including Plumbago indica Linn. This plant has been used in 
traditional medicine for treatment of several diseases, e.g., leishmaniasis, Chagas disease, malaria, and cancers. 
However, little data exist regarding its safety. In the present study, toxicities of plumbagin at 100, 200 and 500 mg/kg 
body weight when given as a single oral dose (acute toxicity) and 14-day daily doses of plumbagin at 25, 50 and 100 
mg/kg body weight (subacute toxicity) were investigated in ICR mice. Results not only indicated virtually no toxicity 
following a single oral dose of 100 mg/kg body weight and 14-day daily dose of 25 mg/kg body weight, but also 
showed toxicity following a single oral dose of 200, 500 mg/kg body weight and 14-day daily dose of 50, 100mg/kg 
body weight. Fifty percent lethal dose (LD50) of plumbagin was between 200 and 500 mg/kg body weight.  The chronic 
dosing of 25 mg/kg body weight will be used for further evaluation of in vivo antimalarial activity in malarial mice 
model.  

Keywords:  Plumbagin, Acute toxicity, Subacute toxicity, Antimalarial activity, Medicinal plants 
 
 
Introduction 

Malaria is widespread in tropical and subtropical regions. Resistance of Plasmodium falciparum to the first-line 
antimalarial drugs has resulted in resurgence in treatment failures. Since antimalarial drug resistance compromises 
effective treatment of the disease, there is a pressing need for ongoing drug discovery research that provides effective, 
safe, and affordable antimalarial agents. Natural products including medicinal plants constitute promising alternative 
sources of new antimalarial drugs.   

Plumbagin (5-hydroxy-2-methyl-1,4-napht  hoquinone) is a natural product found in several plants in the families of 
Plumbaginaceae, Droseraceae, Ancestrocladaceae, and Dioncophyllaceae. A yellow naphthoquinone pigment, it occurs 
in plant roots as a colorless combined form that can be processed to plumbagin by acid treatment (1). This compound 
has been shown to display a wide spectrum of biological and pharmacological activities such as leihsmanicidal, 
trypanocidal, antimalarial, antiviral, antitumoral, microbiological, and insecticidal activities (2). Ethanol extract of 
Plumbagozeylanica has been reported to exhibit in vitro antimalarial activity against chloroquine-susceptible clone of 
P. falciparum (3D7) with an IC50 (concentration that inhibits parasite growth by 50%) of 17 μg/mL (3). The activity of 
Plasmodium falciparum enzyme, the succinate dehydrogenase (SDH), has been demonstrated to be inhibited by 50% 
by plumbagin at an inhibitory concentration of 5 mM, and also inhibited the growth of the parasite with an IC50 of 0.27 
mM (4). The aim of the present study was to investigate the toxicity of plumbagin when given as a single oral dose 
(acute toxicity) and 14-day daily doses (subacute toxicity) in mice with the hope that the results would provide 
information on the safety of this extract prior to the evaluation of in vivo antimalarial activity in malarial mice model. 

 

Materials and Methods 

Chemicals 

The authentic plumbagin (purity 98.2%) was purchased from Apin chemicals Co. Ltd (OX, UK). Tween-80 was 
purchased from Sigma-Aldrich (St. Louis, MO, USA).  

 

Animals  

ICR mice (5-7 weeks of age, weighing 20-40 g) of both sexes were obtained from the National Laboratory Animal 
Centre, Thailand. Animal experiments were carried out in accordance with the Guidelines for the Care and Use of 
Laboratory Animals.  These animals were housed under standard conditions and fed with a stock diet and water ad 
labitum.  Approval of the study protocol was obtained from the Ethics Committee for Animals, Thammasat University. 
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Acute and subacute toxicity tests 

Plumbagin was weighted and resuspended with 20% Tween-80 to make the desired concentrations. ICR mice were 
fasting 2 hr before oral administration of a single dose of plumbagin.  Animals were divided into eight groups of six (3 
males, and 3 females for each groups).   

For acute toxicity test, mice in each group were given plumbagin at a single oral dose of 500, 200, and 100 mg/kg body 
weight; control group received a single oral dose of 20% Tween-80 (1 mL).  For subacute toxicity test, mice in each 
group were given plumbagin at a daily oral dose of 100, 50, and 25 mg/kg body weight for 14 days; control group 
received a daily oral dose 1 mL of 20% Tween-80 for 14 days (5,6). 

General behaviors of mice were observed continuously for 1 hr after each dose, intermittently every 4 hr, and thereafter 
over a period of 24 hr (7). Animals were observed for up to 14 days for acute toxicity test and 28 days for subacute 
toxicity test, for any sign of toxicity, body weight change, histopathological change, water and food consumption. 

 
Results 

All mice survived following a single oral dose of 100 mg/kg body weight plumbagin and 20% Tween-80 (control) 
(Table 1). There was no sign of toxicity, nor any change in water and food consumption and the body weights of mice 
in single oral dose of 100 mg/kg body weight plumbagin and control groups (Figure 1).  Histopathological examination 
of various organs (heart, kidney, liver, spleen, and lung) revealed no significant change in size and morphology in 
single oral dose of 100 mg/kg body weight plumbagin and control groups (Figure 2). However all mice death in group 
of single oral dose of 500 mg/kg body weight plumbagin and two mice death in group of single oral dose of 200 mg/kg 
body weight plumbagin (Table 1). 

 
 
Table 1.  Number of survived ICR mice of acute toxicity test. 
 

Test group Number of mice (survived/total) 

Control (20% Tween-80) 6/6 

Plumbagin: 500 mg/kg body weight 0/6 

Plumbagin: 200 mg/kg body weight 4/6 

Plumbagin: 100 mg/kg body weight 6/6 

 
 

 
 
Figure 1.  Median body weights of male and female mice during the first 14 days following the administration of a 
single oral dose of 100 mg/kg body weight of plumbagin compared with control (n = 6). 
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                                       Heart                  Kidney                 Liver                     Spleen                    Lung                

Control      
 

100 mg/kg  
 
Figure 2.  Histological examination of heart, kidney, liver, spleen and lung of control mice and mice treated with a 
single oral dose of 100 mg/kg body weight of plumbagin. 

 
 
For subacute toxicity test, mice were daily administration of tested compounds for 14 days and numbers of survival 
mice were recorded 2 weeks afterthat.  All mice survived following a daily oral dose of plumbagin 25 mg/kg body 
weight and 20% Tween-80 (control) (Table 2). There was no abnormality in behavior, sign of toxicity, nor changes in 
water, food consumption and body weights in 14 daily oral dose of plumbagin 25 mg/kg body weight and control 
groups (Figure 3). Histopathological examination of various organs (heart, kidney, liver, spleen, and lung) revealed no 
significant change in size and morphology in 14 daily oral dose of plumbagin 25 mg/kg body weight and control 
groups (Figure 4). However all mice died in 14 daily oral dose of plumbagin 50 and 100 mg/kg body weight (Table 2).  
 
 
Table 2.  Number of survived ICR mice of subacute toxicity test. 
 

Test group Number of mice (survived/total) 

Control (Tween-80) 6/6 

Plumbagin: 100 mg/kg body weight 0/6 

Plumbagin: 50 mg/kg body weight 0/6 

Plumbagin: 25 mg/kg body weight 6/6 

 

 
 

Figure 3. Body weights of male and female mice after oral administration of plumbagin 25 mg/kg body weight for 14 
days and without tested compound for another 14 days compare with control (subacute toxicity).  Data are presented as 
median (range) value, (n = 6). 
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                                   Heart                     Kidney                     Liver                   Spleen                    Lung 

 Control    
 

25 mg/kg  
 
Figure 4.  Histological examination of heart, kidney, liver, spleen and lung of control and mice treated with daily doses 
of 25 mg/kg body weight of plumbagin for 14 days. 
 
 
Discussion and Conclusion 

Plumbagin is the major compound of Plumbago indica Linn. which has shown a good antimalarial activity in vitro 
screening in previous study. Furthermore, in vivo acute and subacute oral toxicity testing of plumbagin were evaluated. 
In next study should be evaluated antimalarial activity in vivo of plumbagin. This study is the basic to discovery and 
development new antimalarial drug.  

Results of this study not only indicated virtually no toxicity following a single oral dose of 100 mg/kg body weight and 
14-day daily dose of 25 mg/kg body weight, but also showed toxicity following a single oral dose of 200 and 500 
mg/kg body weight, and 14-day daily dose of 50 and 100 mg/kg body weight. Fifty percent lethal dose (LD50) of 
plumbagin was between 200 and 500 mg/kg body weight. The chronic dosing of 25 mg/kg body weight will be used for 
further evaluation of in vivo antimalarial activity in malarial mice model.  
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Abstract 

Betel oil has several pharmacological activities as well as antimicrobial activities. Antifungal activities of this oil 
against reference and environmental fungi isolated from flooding area were examined in this study by the standard 
broth microdilution method base on the Clinical and Laboratory Standards Institute (CLSI) guidelines. Minimal 
inhibitory concentrations (MICs) for two reference strains Candida albicans ATCC90028 and Aspergillus flavus 
ATCC204304 were 0.041 and 0.163%v/v, respectively and the MICs for four environmental isolated fungi; Candida 
tropicalis ECU02, Pichia farinose ECU07, Pichia jadinii ECU10, and Aspergillus niger ICU01 were 0.081, 0.020, 
0.041, and 0.081%v/v, respectively. Fungicidal activity of this essential oil was also evaluated against C. albicans 
ATCC90028, A. flavus ATCC204304, C. tropicalis ECU02 and A. niger ICU01 by time kill assay. The oil 
demonstrated fungicidal activity against both yeast, i.e. C. albicans ATCC90028 and C. tropicalis ECU02 but it had 
fungistatic effects against filamentous fungi A. flavus ATCC204304 and A. niger ICU01. Both yeast, C. albicans and 
C. tropicalis, as well as filamentous fungi, i.e. A. flavus and A. niger are the opportunistic fungi which are often 
reported as the causative agent in immunocompromised host.  These results suggest that betel oil will be another 
antiseptic or disinfectant candidate for controlling fungi in humid environment including the flooding areas. 

Keywords:  Betel oil, Antifungal activity, Environmental fungi   
 
Introduction 

Piper betle Linn. is an edible plant in the family of Piperaceae. The leaves of this plant have been traditionally used as 
carminative, stimulant, and antimicrobial agent (1,2). Betel oil is the main constituents of the leaves of this plant. This 
essential oil contains a wide variety of biologically active compounds which mostly are phenols and terpenes (3). The 
antimicrobial activities of betel oil against bacteria and fungi have been reported (4,5). It had antifungal activity against 
Candida albicans and dermatophytes using disc diffusion or agar dilution method (6). It is suggested to be used as an 
antiseptic for topical mycoses which are mostly caused by pathogenic Candida species and dermatophytes. As the 
fungi is one of the devastate consequence to the building and quality of life after flooding, thus to control or kill fungi 
is indispensable issue to perform. This study intended to investigate antifungal activities of this essential oil against 
environmental fungi which emerge and cause problems at humid areas as flooding areas.  
 
Materials and Methods 

Betel oil from fresh leaves of Piper betel Linn. was obtained from Thai-China Flavours and Fragrances Industry Co., 
Ltd. (Bangkok, Thailand). Chavibetol, chavibetol acetate and caryophyllene were documented as the major constituents 
of the oil. The oil was dissolved in ethanol and diluted to various two-fold concentrations in a final constant 0.35% v/v 
ethanol in RPMI 1640 medium which was used as the negative control in all experiments. Sodium hypochlorite 
solution was used as the positive control.  

Two standard strains (yeast Candida albicans ATCC 90028 and filamentous fungi Aspergillus flavus ATCC204304) 
and four environmental isolated strains during the flood in 2011 (yeast; Candida tropicalis ECU02, Pichia farinose 
ECU07, Pichia jadinii ECU10 and filamentous fungi; Aspergillus niger ICU01) were used in this study.  

Antifungal activity of betel oil was determined against yeasts and filamentous fungi using standard broth microdilution 
method according to CLSI guidelines document M27-A3 and M38-A2 (7,8). Briefly, yeasts (0.5103-2.5103 cells/mL) 
or filamentous fungi (1103-3103 spores/mL) were incubated with various two-fold concentrations of betel oil for 24 
and 48 hr at 35°C. Minimal inhibitory concentration (MIC) was determined as the lowest concentration of betel oil that 
inhibited the visible growth of the tested fungi after 24 and 48 hr. 

Fungicidal activity of betel oil against yeasts and filamentous fungi was determined using time kill assay modified from 
Barchiesi et al. (9). Briefly, 1105-5105 CFU/mL yeasts or 1104-5104 spore/mL filamentous fungi were incubated 
with betel oil at 2-8 folds of MIC values against C. albicans ATCC90028, C.tropicalis ECU02, A. flavus 
ATCC204304, and A. niger ICU01  in 10 mL RPMI 1640 medium at 35°C. At time points 0, 30, 60, 120, 180, and 240 
min, a 100-µL aliquot from each dilution was collected to determine colony count on sabouraud dextrose agar plate at 
35°C for 48 hr. Fungicidal activity was considered to be achieved when the number of CFU/mL was reduced by > 
99.9% (3 log10) compared to the initial inoculums.  
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Statistical analysis 

Data were expressed as mean ± SEM of duplicate assays and repeated three times (n = 3). An analysis of variance by 
one-way ANOVA (Dunnett’s Multiple Comparison) was tested. The level of significance was at P < 0.001. 
 
Results 

Antifungal activity of betel oil 

The antifungal activities of betel oil against yeasts; C. albicans ATCC90028, C. tropicalis ECU02, P. farinose ECU07, 
and P. jadinii ECU10 and filamentous fungi; A. flavus ATCC204304 and A. niger ICU01 at 24 and 48 hr are 
demonstrated in Table 1. At 48 hr, the oil inhibited fungal growth with MICs 0.020-0.081%v/v for yeasts and 0.081-
0.163 %v/v for filamentous fungi. In this study, P. farinose ECU07 was the most susceptible species to betel oil while 
A. flavus ATCC204304 was the less susceptible one.  
 
Table 1. The MICs of betel oil against yeasts and filamentous fungi at 24 and 48 hr determined by CLSI broth 
microdilution method (CLSI 2008 ) of three independent experiments (n = 3). 
 

Fungi MIC (%v/v), 24 hr MIC (%v/v), 48 hr 

Candida albicans ATCC 90028 0.020  0.041 
Candida tropicalis ECU02 0.081  0.081 
Pichia farinose ECU07 0.020 0.020  
Pichia jadinii ECU10 0.041  0.081  
Aspergillus flavas ATCC204304 0.081 0.163  
Aspergillus niger ICU01 0.041 0.081  

 
The MIC values of sodium hypochlorite solution (as the positive control) at 24 and 48 hr against C. albicans 
ATCC90028, C. tropicalis ECU02, P. farinose ECU07 and A. niger ICU01 were all the same as 0.0625%w/v, and 
those against P. jadinii ECU10 and A. flavus ATCC204304 were 0.0312 and 0.125%w/v, respectively.  
 
Fungicidal activity of betel oil 

The fungicidal activities of betel oil against C. albicans ATCC90028, C. tropicalis ECU02, A. flavus ATCC204304 and 
A. niger ICU01 were determined by time kill assay. The killing activities of the oil against these fungi are shown in 
Figure 1. The oil had fungicidal activities against both yeasts; C. albicans ATCC90028 and C. tropicalis ECU02 assessed 
by the decrease in CFU/mL > 3 log10. It had only fungistatic against filamentous fungi; A. flavus ATCC204304 and A. 
niger ICU01. 
 

Figure 1.  Fungicidal activities of betel oil determined by time kill assay on (A) C. albicans ATCC90028, (B) C. 
tropicalis ECU02, (C) A. flavus ATCC204304, and (D) A. niger ICU01. Each time point is mean  SEM of three 
independent experiments performed in duplication.   
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Discussion and Conclusion  

Several studies have been reported that betel leaf extract had antifungal activities against pathogenic fungi commonly 
affecting human health such as Candida species and dermatophytes (10,11). However, the betel essential oil is 
traditionally used as antifungal or antiseptic for topical mycoses. This study demonstrated that betel oil also had 
antifungal activities against environmental yeast; C. tropicalis ECU02, P. farinose ECU07, and P. jadinii ECU10 and 
filamentous fungi A. niger ICU01. It possibly has fungicidal activity against yeasts, but may have fungistatic effect 
against filamentous fungi. Even though most of environmental fungi do not harm to healthy persons, they are the most 
frequently exposing microorganisms in both outdoor and indoor environments. They may affect human in numerous 
ways. They can be pathogenic fungi in immunocompromised persons. They can cause allergy or damage to buildings 
(12).  Eradication or decrease of these fungi can prevent both health and building. Several chemical antiseptics and 
disinfectants can kill or inhibit growth of these fungi with some toxicity to users. Betel oil may be an alternative 
antiseptic or disinfectant against indoor fungi with less toxicity than chemical ones because it is the major constituent 
of Piper betle leaves which are edible and widely consumed in Asian countries.        
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Abstract 

Gomphrena globosa L. (GG) and Gomphrena celosioides Mart. (GC) are commonly known as herb weeds. The 
objective of this study was to evaluate antioxidant activity and phytochemical content of plants in different parts, i.e., 
stems, leaves, roots, and flowers. Phytochemical contents were assessed by the folin-ciocalteau assay, vanillin assay 
and total flavonoid method. The antioxidant properties were assessed by ABTS, DPPH, and FRAP assays. The 
antimicrobial acitivities against methicillin-resistant Staphylococcus aureus (MRSA) and vancomycin resistant E. 
faecalis (VRE) were also determined. The results showed that the methanol extract of both plants had high radical 
scavenging activity compared to those of ethanol and dichloromethane extracts. Different parts of plants contained 
different contents of phytochemicals. The methanol extracts of roots and stems of G. celosioides showed low 
antibacterial activity against MRSA. The results suggested that methanol-extracts of G. globosa and G. celosioides 
exhibit a potential for use as natural antioxidant.  

Keywords:  Gomphrena  globosa L., Gomphrena celosioides Mart, Antioxidant activity, Antimicrobial activity 
                          
 
Introduction 

It was known that plants in the Amaranthaceae family, especially Gomphrena globosa L. (GG) and G. celosioides 
Mart. (GC) are commonly ornamental plants and used as medicinal herb in Thailand. Previous study (1) showed that 
GG had antihypertensive effect. GC also showed antibacterial and antimalarial activities (2,3). Although there are many 
reports on phytochemical screening and active substances of these plants, the bio-marker is unclear. 

The objectives of this study were to measure the total phenolic, flavonoid and proanthocyanidins content in G. globosa 
and G. celosioides. The antioxidant activities against 2.2-diphenyl -1-picrylhydrazyl (DPPH), 2.2’-azino-bis (3-
ethylbenzo-6-thiazoline-sulfonic acid) (ABTS) were assayed. The antimicrobial activities against methicillin-resistant 
S. aureus (MRSA) and vancomycin resistant E. faecalis (VRE) were also determined. 
 
Materials  and Methods 

Preparation of plant material    

G. globosa and G. celosioides. were grown in a local farm in Nonthaburi in the month of June, 2011 and were 
identified by the Department of Forestry Thailand. The fresh plants were washed with distilled water and air-dried to 
constant weight. Then, stems, roots, leaves and flowers were separated. Each part of plant was pulverized using an 
electric blender. Different dry powered part was extracted with methanol, ethanol and dichloromethane on shaker for 
48 hr at 30°C. The solvent extract was filtered with whatman’s no. 1 fillter paper and then concentrated using 
Concentrator (CentriVap).  
  
Determination of Antioxidant activity   

The antioxidant activity was evaluated using ABTS (4), DPPH (5) radical scavenging assays and ferric reducing 
antioxidant power (FRAP) method (6) with modification using microplate reader (Varioskan flash/Thermo Electron). 
Results were converted to mM trolox/g extract. 
 
Phytochemical content    

The total phenolic content in extract was estimated by 10% Folin–Ciocalteu method (7) with some modifications. It 
was determined using a standard curve prepared with tannic acid. The total flavonoids were detected using a 
colorimetric method and expressed as mg quercetin/g extract (7). The vanillin reagent was used to measure the total 
proanthocyanin contents (8) and expressed in mg catechin/g extract. All assays were performed in a microplate 
(Varioskan flash /Thermo electron). 
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Antimicrobial Testing  

The methanol extracts (1 and 2 mg final concentration) were used to determine their antibacterial activity against 
MRSA (DMST5199) and VRE (DMST4737). The clear zone after incubation at 37°C for 16-18 hr was determined. The 
assays were done in triplicate. 

 
Results 

Antioxidant activity   

The antioxidant activity of different part extracts of G. globosa L. and G. celosioides Mart were presented in Table 1. 
The result showed that different parts had different antioxidant activity and were higher in methanol extract compared 
to ethanol and dichloromethane extracts. 
 
Table 1.   Antioxidant activity of extracts of G. globosa and G. celosioides.  
 

Samples Part Solvent DPPH* FRAP* ABTS* 
 

G. celosioides 
Mart. 

Stems Methanol 1.24 ± 0.06 3.43 ± 0.38 5.87 ± 0.15 
 Ethanol 0.22 ± 0.02 2.21 ± 0.13 2.35 ± 0.22 
  Dichloromethane 0.16 ± 0.01 0.56 ± 0.05 0.42 ± 0.06 
Flowers Methanol 2.59 ± 0.08 5.49 ± 0.18 7.06 ± 0.26 

  Ethanol 1.63 ± 0.13 3.98 ± 0.27 1.30 ± 0.16 
   Dichloromethane 0.38 ± 0.04 0.26 ± 0.01 1.17 ± 0.03 
 Leaves Methanol 0.57 ± 0.01 2.29 ± 0.05 3.50 ± 0.15 
  Ethanol 0.27 ± 0.00 2.03 ± 0.26 1.83 ± 0.10 
   Dichloromethane 0.05 ± 0.00 0.75 ± 0.08 0.44 ± 0.03 
 Roots Methanol 2.58 ± 0.12 5.35 ± 0.38 7.32 ± 0.90 
  Ethanol 0.78 ± 0.06 1.69 ± 0.02 2.02 ± 0.26 
  Dichloromethane 0.27 ± 0.01 0.54 ± 0.05 0.52 ± 0.02 
 

G. globosa L. 
Stems Methanol 5.14 ± 0.13 2.98 ± 0.03 3.94 ± 0.11 
 Ethanol 0.35 ± 0.00 0.83 ± 0.06 0.82 ± 0.09 
 Dichloromethane 0.08 ± 0.01 0.24 ± 0.01 0.25 ± 0.02 
Flowers Methanol 2.63 ± 0.24 6.80 ± 0.38 10.53 ± 0.49 
 Ethanol 0.32 ± 0.01 2.25 ± 0.22 2.47 ± 0.23 
 Dichloromethane 0.01 ± 0.00 0.34 ± 0.03 0.24 ± 0.02 

 Leaves Methanol 0.99 ± 0.05 3.61 ± 0.41 6.59 ± 0.86 
  Ethanol 0.47 ± 0.01 2.43 ± 0.21 2.62 ± 0.11 
  Dichloromethane 0.40 ± 0.02 0.84 ± 0.09 0.95 ± 0.11 
 Roots Methanol 2.07 ± 0.11 4.45 ± 0.27 7.72 ± 0.62 
  Ethanol 0.39 ± 0.01 1.11 ± 0.06 1.48 ± 0.07 
  Dichloromethane 0.16 ± 0.01 0.40 ± 0.04 0.53 ± 0.03 
Note : ± = Standard derivation of triplicate ,  *mM trolox /g dry weight. 

 

Phytochemical compounds  

Phenolic, flavonoild and proanthocyanidin contents of methanol extracts were measured. The data were shown in Table 2. 
For G. globosa methanol extract (GGM), the roots showed highest levels of phenolic content (40.18 ± 2.35 mM tannic 
acid/g) while for G. celosioides methanol extract (GCM), phenolic content of the flowers was the highest (52.13 ± 1.69 
mg tannic acid/g). The flavonoid contents of the leaves of both GCM and GGM were the highest (89.80 ± 1.68 and 
73.13 ± 2.82 mg quercetin/g, respectively). The leaves of GCM and GGM showed highest value of proanthocyanidins 
contents (14.01 ± 0.29 and 25.25 ± 0.58 mg catechin/g, respectively). 
 

Antimicrobial Activity  

The root and stem of GCM methanol extract showed low antimicrobial against MRSA when compared to ampicillin 
(Table 3).  
 
Table 2.   Phytochemical contents of methanol extract of G. globosa and G. celosioides. 
  

Samples Parts Percent Total phenol Total flavoniods Total proanthocyanidins 
  yield (mg tannic/g) (mg quercetin/g) (mg catechin/g) 
  Leaf 4.31 23.78 ± 1.79 73.14 ± 2.82 25.25 ± 0.58 
G. globosa L.  Stem 2.53 30.14 ± 2.62 17.54 ± 1.66 18.56 ± 0.76 
(GGM) Flower 4.59 24.44 ± 0.99 10.50 ± 1.26 5.67 ± 0.12 
  Root 3.15 40.18 ± 2.35 2.83 ± 0.30 3.99 ± 0.32 
G. celosioides 
Mart. 

Leaf 3.11 21.72 ± 1.43 89.80 ± 1.68 14.01 ± 0.29 
Stem 4.91 25.29 ± 2.05 15.30 ± 0.53 2.43 ± 0.17 

(GCM) Flower 3.69 52.13 ± 1.70 12.59 ± 0.55 5.91 ± 0.33 
 Root 8.05 15.92 ± 1.33 0.50 ± 0.04 1.07 ± 0.15 
Note : ± = Standard derivation of triplicate 
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Table 3.  Antimicrobial Activity obtained with the methanol extract of G. globosa (GCM) and G. celosioides (GGM). 
  

 Antibacterial activity 
GCM GGM 

Amplicillin (µg) 
Parts Root Leaf Stem Flower Root Leaf Stem Flower 

Conc. (mg) 1 2 1 2 1 2 1 2 1 2 1 2 1 2 1 2 1.3 2.5 
MRSA ＋ ＋ － － － ＋ － － － － － － － － － － ＋ ＋＋ 
VRE － － － － － － － － － － － － － － － － ＋＋ ＋＋ 

(-) no inhibition, (+) weak inhibition, (++ strong inhibition) 
 

 
Discussion 

The results showed that antioxidant activities of G. globosa L. and G. celosioides Mart. extracts are varied depending 
on the polarity of the solvent used to extract. All parts extract possess increase antioxidant activities in the order: 
methanol > ethanol > dichloromethane. 

Phytochemical contents of plant are related with its main therapeutic use. After measurement of phytochemical 
contents, different part of plant showed variation in phytochemical contents. This was in agreement with previously 
report (9). The results obtained from total flavonoids and total proanthocyanidins determination showed the same 
pattern which different to those of total polyphenol. To our knowledge, this is the first report showing the 
phytochemical content and in vitro antioxidant activity of each part of these two plants (G. globosa L. and G. 
celosioides Mart.). 

The root, stem and leaf extract of G. celosioides showed antibacterial activity against E. coli, P. aerogenosa and S. 
aureus (10). The leaf extract of G. globosa showed no activity against methicillin-resistant S. aureus (MRPI98) and 
vancomycin resistant E. faecalis (VRE) strain 7426 (1). In this study, methanol extracts of root and stem of G. 
celosioides showed low antibacterial activity against methicillin-resistant S. aureus (MRSA; DMST5199).  
 
Conclusion 

The methanol extracts of G. globosa and G. celosioides showed highest antioxidant activity when evaluated by the 
ABTS, DPPH and FRAP method compared with ethanol and dichloromethane extracts. They also exhibit polyphenol, 
flavonoid and proanthocyanidin contents. The results obtained from this study could be exploited as natural antioxidant 
for further phytochemical research. 
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Abstract 

Ayurved Siriraj Wattana recipe (AVS073) is a traditional herbal medicine recipe for supplement strength, enrich health 
wellness and delay aging. Dendritic cells (DCs) and cytokine-induced killer (CIK) cells research is one of the most 
important goals to develop the strategies for enhancing immune responses against tumors and infectious agents. The 
exposure of CIK cells to DCs was generally met with higher anti-tumor activity of the former. Here, we investigated 
the effects of AVS073 on differentiation, maturation and function of DCs and CIK cells. The proliferation of cells after 
treatment with AVS073 was evaluated by MTT assay. The immunophenotype of cells were analyzed by flow 
cytometry. Interestingly, AVS073 significantly increase proportion of CD3+CD56+ subset in CIK cells and increase 
expression of CD80, CD83 and CD86, the maturation markers, in mature DCs. However, treatment of AVS073 in CIK 
cells can increase the cytotoxicity activity of those cells co-culture with mDCs toward cholangiocarcinoma cell line. 

Keywords:  Cytokine-induced killer cells, CIK, Dendritic cells, Herbal medicine 
 
 
Introduction 

The Ayurved Siriraj Wattana (AVS073) recipe is an Ayurved recipe composing of 15 components, consist of Piper 
nigrum Linn., Boesenbergia rotunda (Linn.), Cyperus rotundus Linn., Tinospora crispa Miers ex Hook.f & Thoms., 
Terminalia chebula Retz., Cladogynos orientalis Zipp. Ex Span., Derris scandens Benth., Anamirta cocculus (Linn.), 
Drypetes roxburghii Wall, Cinnamomum siamense Craib, Ferula assa-foetida Linn., Aegle maemelos (Linn.) Corr, 
Conioselinum univitatum Trucz., Saussurea lappa Clark. and Cryptolepis buchanani Roem. & Schult. In Ayurved 
treatment, AVS073 recipe has been used as an herbal medicine as well as a health supplement in Thailand to 
supplement strength, enrich health wellness and delay aging. Recently, some reports have shown the variety of 
pharmacological effects of components in AVS073 recipe,   for example, anti-oxidant, anti-microbial, anti-bacterial, 
anti-inflammatory and anti-cancer properties (1,2). Moreover, the one component of AVS073 recipe, Derris scandens 
Benth., exhibited immunostimulating activities (3) that appeared to be directly related with immune system efficiency.  

Cytokine-induced killer (CIK) cells are the highly efficient effector cell for tumor cytolysis (4). These cells are 
generated by culturing peripheral blood mononuclear cells in the timed addition of IFN-γ on day 1 and addition of 
monoclonal antibody against the CD3 surface antigen (OKT-3) and IL-2 on the next day, followed by the subsequent 3-
days addition of IL-2 during culture. The greater lytic activity of CIK cells is mainly due to   the increased proliferation 
of CD3+CD56+ subset (5, 6). CIK cells mediate highly efficient non-major histocompatibility complex (MHC)-
restricted killing of various tumor cell targets in vitro (4). The safety of CIK cells was demonstrated by the lack of 
cytotoxicity toward autologous as well as allogeneic normal cells (7). Co-culture of CIK cells with dendritic cells 
(DCs) has been reported to enhance anti-tumors cytolytic activity (8,9).  

DCs are professional antigen presenting cells. They possess attributes that allow them to effectively fulfill the 
requirements for priming/activating T cells and mediating tumor-specific immune responses (10). DCs represent a 
powerful tool for manipulating the immune response against tumor cells and have been shown to induce strong 
antitumor responses both in vitro and in vivo (11,12). 

One of the most important goals of DCs and CIK cells research is the development of the strategies    for enhancing 
immune responses against tumors and infectious agents. Thus, for immunotherapeutic applications, it appears crucial to 
explore factors that might affect the differentiation, maturation and function of DCs and CIK cells. Our observation in 
AVS073 found that the proliferative response of mitogen-activated T-cell and mitogen-activated B-cell increased after 
AVS073 infusion (unpublished observations). So, DCs and CIK cells might be potential targets of this recipe. The aim 
of this study is therefore to examine the immunomodulatory activity of the extracts of AVS073 recipe to influence the 
differentiation and function of monocytes, lymphocytes, monocyte-derived DCs and CIK cells in vitro. 
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Materials and Methods 

Preparation of AVS073 

Ayurved Siriraj Wattana recipe (AVS073) powders prepared by the Center of Applied Thai Traditional Medicine, Faculty 
of Medicine Siriraj Hospital, fingerprinted by Thin Layer Chromatography (TLC) and Ultra Performance Liquid 
Chromatography (UPLC). The crude powder was reserved at 25°C in a dessicator. To prepare the recipe, the crude powder 
was dissolved in 80% ethanol at a final concentration 100 mg/mL. The extract solution was filtered with cotton wool and 
subsequently centrifuged at 10,000×g for 10 min. The supernatant was evaporated and lyophilized to dry powder. 
 

Generation of CIK cells and DCs from peripheral blood mononuclear cells 

CIK cells and DCs were generated from PBMCs of healthy donors and characterized as described previously (7).  
PBMCs were isolated from whole blood by Ficoll gradient centrifugation (Isopaque,   Pharmacia, Piscataway, NJ). The 
cells were allowed to adhere over the tissue culture container at a density of 5×106 cells/mL for 1 hr at 37°C in RPMI 
1640, 10% FBS, 100 U/mL penicillin, and 100 µg/mL streptomycin.  The adherent cells were processed into DCs. 

Non-adherent PBMCs (lymphocytes subpopulation) were prepared and grown in RPMI 1640 (Invitrogen, Carlsbad, 
CA), 10% FBS, 100 U/mL penicillin and 100 µg/mL streptomycin.  To generate CIK cells, human interferon γ (IFN-γ, 
1000 U/mL, Roche, Mannheim, Germany) was added and incubated at 37°C, 5% CO2 for 24 hr. After 24-hr incubation, 
50 ng/mL monoclonal antibody against CD3 (Orthoclone OKT 3, Janssen-Cilag, Germany), and 300 IU/mL IL-2 
(Chiron, Emeryville, CA) were added.  Recombinant IL-2 and fresh complete medium consisting of RPMI 1640, 10% 
FBS, 100 U/mL penicillin, and 100 µg/mL streptomycin were added every 3 days.  After 14 days, AVS073 were fed to 
the culture or left with medium alone. Cells were harvested after 7-day cultured. 

To generate DCs, the adherent cells (as monocytes subpopulation) was cultured in RPMI 1640, 10% FBS, 400 U/mL 
granulocyte-macrophage colony-stimulating factor (GM-CSF, Shering Plough, Kenilworth, NJ) and 500 U/mL IL-4 
(Genzyme, Cambridge, MA) for 14 days.  DC maturation could be achieved by adding 1000 U/mL tumor necrosis 
factor α (TNF-α, Amoytop Biotech, Fujian, China ) for 48 hr. DCs were culturing 7 days in the presence or absence of 
AVS073 before or after maturation. 
 

Co-culture of CIK cells and DCs 

After treatment with AVS073, CIK were seeded on DCs of different conditions at the CIK cells:DCs (S:R) ratio of 1:20. 
The co-cultured cells were maintained in RPMI 1640, 10% FBS, 100 U/mL penicillin, and 100 µg/mL streptomycin, 300 
IU/mL IL-2 for 7 days prior to being in vitro cytotoxicity assay. 
 

Determination of cell proliferation  

To test proliferation of cells, (3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyl) tetrazolium bromide was dissolved in the culture 
medium (200 g/mL). The solution was, then, added to each well; the plates were kept at 37°C in 5% CO2 for 1 hr. After 
which time, the medium was discarded and 100 L of dimethyl sulfoxide was added.  The plates were left standing at 
room temperature for 10 min with occasionally gently shaking. The absorbance in each well was measured at 595 nm 
and calculated as the percentage of the control. 
 

Immunophenotypic analysis 

Immunophenotype characterization was assessed by flow cytometry. Cells were incubated with         the corresponding 
primary monoclonal antibodies at 4°C for 20 min in the dark and then washed twice with FACS buffer (5%FBS in 
PBS) and resuspended in 200 µL FACS buffer. Flow cytometry analysis on 30,000 cells was performed using a 
FACSCalibur (Becton Dickinson, San Jose, CA). Lymphocytes and CIK phenotypes were analyzed with fluorochrome-
conjugated antibodies against CD3, CD8, CD28, and CD56 (eBiosceince, San Diego, CA). Regulatory T (Treg) cells 
were detected in lymphocytes and CIK cells according to the manufacturer’s protocol (BioLegend, San Diego, CA). 
Monocyte phenotypes were analyzed with the following monoclonal markers:  CD14, CD16, CD56, CD80, CD86, 
HLA-DR (eBiosceince, San Diego, CA). DC phenotypes were analyzed with the following monoclonal markers: CD1a, 
CD40, CD80, CD83, CD86, HLA-DR (eBioscience, San Diego, CA). Data were analyzed using FlowJo version 7.6.5. 
 

Cytotoxic Assay 

Propidium iodide (PI)-based cytotoxic assay was used to estimate the anti-tumor cytotoxic activity of CIK cells.  The 
tumor cells (5×103 cells/well) were seeded as target cells on the 96-black well/clear bottom plate for 48 hr at 37°C, 5% 
CO2. The target cells were washed with serum-free RPMI and co-cultured with the effector cells at the designated ratio 
in 80 µL RPMI/well for 3 hr at 37°C, 5% CO2.  PI (20 µL of 10 µg/mL in PBS) was added to and incubated with the 
cell mixture.  The mixture was immediately measured for fluorescence with an excitation wavelength of 482 nm and an 
emission wavelength of 630 nm using the SpectraMax M5 microplate reader (Molecular Devices, Sunnyvale, CA).  
The background wells were those with the corresponding numbers of effector cells, but without target cells.  The 100% 
lysis came from wells containing target cels in RPMI plus 20 µL isopropanol.  The 0% lysis came from wells 
containing only the target cells.  The % cytotoxicity was calculated using the following expression:   
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    % cytotoxicity =  
 
Fl0 represents the fluorescence of the well containing the target cells without the exposure to any effector cells.  Fl100 
represents the fluorescence of from the well containing the target cells in RPMI plus 20% isopropanol.  Flx represents 
the fluorescence of the well containing the target cells after the exposure to the indicated numbers of effector cells. 
 
Statistical analysis 

The results are shown as mean ± standard error of the mean (SEM) of triplicate determinants (wells). Unpaired 
Student’s t-test or One-way ANOVA was used to determine the significance of difference between means of all other 
experiments. A p value of less than 0.05 was considered as statistically significant. 
 
Results  

The Effects of AVS073 on lymphocytes and monocyte proliferation  

Various concentrations of AVS073 (1-100 µg/mL) were fed to the 
lymphocytes and monocytes culture for 7 days. The proliferation of 
these cells was highly significantly improved after cultured with 30 
and 100 µg/mL of AVS073 (Figure 1). 
 
The alteration of immunophenotype of lymphocytes and CIK cells 
after AVS073 treatment 

Lymphocytes from non-adherent PBMCs were cultured in RPMI 
1640 medium with presence or absence of 30 µg/mL AVS073. 
After 7 days culturing, cells were characterized using the primary 
antibodies against CD3, CD56, CD28, CD28 and Treg cell markers 
(Foxp3, CD4, CD25). As shown on Figure 2A, AVS073 had no 
alteration on proportion of CD3+CD56+ subset and Treg cells 
subset. However, AVS073-treated cells tend to increase T cell 
markers (CD3, CD8, CD28) compared with vehicle treatment. 

CIK cells were prepared from lymphocytes culturing with IFN-γ, 
OKT-3 and IL-2 for 14 days. After 7-day AVS073 treatment, the 
proportion of CD3+CD56+ cells subset was increased significantly. 
Although, AVS073 had no alteration on Treg cells subset (Figure 2B).  
 

Figure 2. The flow cytometry analysis for the alteration in immunophenotype of lymphocytes (A) and CIK cells (B). 
Cells were cultured in presence (black bar) or absence (white bar) of 30 µg/mL AVS073 for 7 days. Data are 
represented as mean  SEM (n = 3). * and *** represent data with statistically significant difference from those of the 
untreated cells with p < 0.05 and < 0.0001, respectively.  
 
The effects of AVS073 on the differentiation and maturation of monocytes and DCs 

The flow cytometry analysis of monocytes did not exhibit the alteration in CD14, CD16, CD80 or HLA-DR.  However, 
monocytes treated with AVS073 exhibit higher expression of CD54 (ICAM-1) and CD86 (Figure 3). In order to 
investigate the effects of AVS073 on DC differentiation and maturation, monocytes were cultured in the presence of 
GM-CSF and IL-4 for 14 days, followed by another 7 days in the presence or absence of 30 µg/mL AVS073. The DC 
maturation could be achieved by adding TNF-α for 48 hr. The resulting population of immature DCs (iDCs) and mature 
DCs (mDCs) were analyzed by flow cytometry using monoclonal antibodies against CD1a, CD40, CD80, CD83, CD86 

��� − ��0

��100 − ��0
× 100  

Figure 1. The effects of AVS073 on 
lymphocytes () and monocytes () 
proliferation (measured by MTT assay) 
for 7 days. Data are represented as mean 
 SEM (n = 8). *** p < 0.0001 compared 
with 100% control. 
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and HLA-DR. The result of AVS073-treated iDCs did not show any difference from vehicle control cells (Figure4A). 
Moreover, the treatment of AVS073 before DC maturation shows a similar phenotype as control mDCs (Figure4B), 
indicating that AVS073 did not interrupt the maturation of DCs. However, AVS073-treated mDCs shows an increase in 
expression of CD40, CD80, CD83, and CD86 but not in CD1a and HLA-DR (Figure 4C).  
 

 

Figure 4.  The flow cytometry analysis for the alteration in the differentiation and maturation of DCs after the 
exposure to AVS073. The expression of CD1a, CD40, CD80, CD83, CD86 and HLA-DR was determined by FACS 
analysis. Vehicle control DCs are represented by a grey profile and treatment DCs are represented by a thick line. 
 
 

Figure 5. The cytotoxic activity of CIK cells after 
treatment with AVS073 and priming with AVS073-treated 
DCs toward HubCCA1 cell line.  The CIK cells (1.0×105 
cells/well) from each condition were inoculated with the 
attached HubCCA1 cells (5,000 cells/well) for 3 hr before the 
PI assay. * represent data with statistically significant 
difference from those of the untreated CIK cells with p < 0.05.   
 

 

The effects of AVS073 on cytotoxic activity of CIK cells after 
the priming with DCs toward cholangiocarcinoma (HubCCA1) 
cell line 

Among all investigated conditions of effector cells, the 
untreated CIK cells provided the lowest cytotoxicity toward 
the HubCCA-1 (Figure 5). The cytotoxicity was improved 
after direct exposure of AVS073 to CIK cells. This 

enhancement was obtained from CIK cell co-culturing with either untreated mDCs or AVS073-treated mDCs. 
Therefore, the direct exposure of mDCs to AVS073 could not raise nor suppress the cytotoxicity activity of AVS073-
treated CIK cells.  

Figure 3. The flow cytometry analysis for the 
alteration in the differentiation and maturation of 
monocytes after the exposure to AVS073. The 
expression of CD14, CD16, CD54, CD80, CD86 and 
HLA-DR was determined by FACS analysis. Vehicle 
control monocytes are represented by a grey profile 
and treatment monocytes are represented by a thick 
line. 
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Discussion 

We demonstrated the effects of Ayurved Siriraj Wattana (AVS073) recipe, a health supplement in Thailand to 
supplement strength, enrich health wellness and delay aging, on the immunomodulaty markers in the interested 
immunological cells, DCs and CIK cells. The peripheral blood lymphocytes and monocytes were used to determine 
AVS073 dose using in this experiment by MTT proliferation assy. The proliferation of these cells was highly 
significantly improved after 7-day cultured with 30 µg/mL of AVS073. The proportion of CD3+CD56+ subset in 
AVS073-treated CIK cells were significantly increased but not in PBLs. Although, the regulatory T subset 
(Foxp3+CD4+CD25+), the potent immune suppressive activity in in vitro assays [13], was not altered by AVS073. Next, 
we investigated whether AVS073 affected the maturity and differentiation of monocytes and DCs through the staining 
for the markers for DC maturity, CD80, CD83 and CD86 and differentiation markers, CD1a, CD40 and HLA-DR. 
Apparently there was neither enhancing nor suppressive action toward the DC maturation by AVS073 in iDCs. 
Nevertheless, AVS073-treated mDCs shows an increase in expression of maturation markers. We hypothesized that 
AVS073-treated mDCs could raise the maturity of DCs that eventually led to the reciprocal enhancement of the anti-
tumor cytotoxicity of CIK cells. We investigated the effects of AVS073 on cytotoxic activity of CIK cells after the 
priming with DCs toward HubCCA1 cell line and found that the cytotoxicity was improved after direct exposure of 
AVS073 to CIK cells. However, the cytotoxicity was improved after the co-culture with mDCs but could not obtain 
from AVS073-treated mDCs, concluding that AVS073 has effect on cytotoxicity capacity of CIK cells but not in 
mDCs.  

In conclusion, this study gives the new insights into the action of Ayurved Siriraj Wattana (AVS073) recipe on the 
immunomodulatory activity, especially in the differentiation and function of cytokine-induced killer cells and dendritic 
cells. Our results suggest that AVS073 significantly increase proportion of CD3+CD56+ subset in CIKcells and increase 
the maturation markers in mature DCs. Moreover, treatment of AVS073 in CIK cells can increase the cytotoxicity 
capacity of those cells co-culture with mDCs. 
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Abstract 

Alcoholic liver disease (ALD) is one major public health problem caused by excessive alcohol consumption. The 
complex inflammatory pathogenesis of ALD lead to hepatic damages as measured by elevated serum liver function 
enzymes. Vernonia cinerea Less (VE) is an herbal plant possesses anti-inflammatory and antioxidant properties. This 
study aims to investigate the effect of VE water extract on alcohol-stimulated rats. Male Sprague-Dawley rats were 
intubated with 4-6 g/kg alcohol for 60 days to induce chronic hepatic toxicity. The alcohol-induced toxicity rats were 
divided to treat with VE (125, 250, 500 mg/kg), silymarin and phosphate saline buffer (PBS) for another 45 days. Rat 
blood was collected from tail vein. Serums were measured for liver function enzymes: alanine aminotranferease (ALT) 
and aspartate aminotransferase (AST), alkaline phosphatase (ALP) and lactate dehydrogenase (LDH) by enzymatic 
assay kits. The results showed that rats received ethanol orally for sixty days continuously increase the levels of ALT 
and AST, comparing with the control group. In the other hand, rats received glucose with caloric equivalence to the 
ethanol showed minimal changes of the enzyme levels. We found that VE extracts trend to decrease the enzymes liver 
function enzymes whereas silymarin did not have any effect on the enzyme levels. Moreover, 250 mg/kg VE can 
decreases ALT levels significantly. Therefore, VE might be one potential herbal as a hepatoprotective agent used in ALD. 

Keywords:  Alcoholic liver disease, Alcohol, Transaminase, Vernonia cinerea 
 
Introduction 

Excessive exposure of alcohol leads to alcoholism known to cause alcoholic liver disease (ALD). The ALD is the 
spectrum of liver injuries associated with acute and chronic inflammations. A wide range of liver pathological process 
includes steatosis (fatty liver), hepatitis and cirrhosis (1). Mechanism of liver injury composes of alcohol metabolism, 
oxidative stress, cytokines/inflammatory mediators, genetic factors and the interactions of these factors (2). There are 
multiple potential overlapping mechanisms for liver injury in ALD (1,2). When the liver damaged, two important 
transaminase enzymes: alanine aminotranferease (ALT) and aspartate aminotransferase (AST) are elevated. An 
elevated serum AST in relation to serum ALT has been proposed as an indicator for ALD (3,4). Moreover, serum 
lactate dehydrogenase (LDH) and alkaline phosphatase (ALP) enzymes increased are also raised in the tissue injuries 
(5). There is no FDA-approved therapy for any aspect of ALD. Recently, herbal therapy has been interested in as an 
alternative treatment for ALD. Vernonia cinerea Linn (VE) a perennial herbaceous plant in family Asteraceae mainly is 
distributed in the tropical regions and commonly found in Southeast Asia. Different parts of the plant have different 
therapeutic values. There are studies of the potential effects of VE on malaria fever, worms, pain, infections, diuresis, 
cancer and various gastrointestinal disorders (6-9). Nowadays, VE are used for nicotine abstinence in smoking patients 
(10). VE extract was shown to have antioxitdant, anti-inflammatory, and down regulating pro-inflammatory cytokines 
properties (11-13). The aim of this study was to investigate the effect of VE water extract on alcohol-induced toxicity 
rats. It is possible that the effect of VE might be beneficial on ALD. 

 
Materials and Methods 

Animal experiments 

Male Sprague-Dawley rats (180-200 g) were purchased from the National Laboratory Animal Centre, Mahidol 
University. The rats were housed in the animal room with 12 hours light-dark cycle, and controlled temperature (22 ± 
2°C). The rats were fed with regular diet and water ad libitum. Animal handling and experiments reported here were 
approved by the Ethical Committee for the Use of Animal, Naresuan University. Rats were divided into the control 
group (normal rats fed with PBS), glucose group (the rats received glucose as the isocaloric equivalence) and the 
alcohol-induced toxicity rats. The ethanol-stimulated rats were daily gastric intubated with ethanol for 60 days.  The 
first and second week, rats were received 4 and 5 g/kg/day ethanol respectively and then after that 6 g/kg/day ethanol 
was fed into rats throughout 60 days. The ethanol-induced toxicity rats were continuously fed with ethanol and divided 
into 7 groups for treatment of various concentrations of VE water extracts (125, 250 and 500 mg/kg/day), silymarin 
(100 mg/kg/day) and PBS for another 45 days. Fasting blood was collected at baseline and every 2 weeks after 
treatment from the tail vein to measure serum liver functions enzymes levels. Body weight and food consumption were 
regularly recorded during the experimental period.    
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Measurement of liver functions enzymes level 

During experiment, rat serums were measured for liver function enzymes: AST, ALT, ALP and LDH by enzymatic 
assay kit (Human™). The kinetic method was used for the determination of AST, ALT, ALP and LDH activities by 
spectrophotometer. The AST, ALT, ALP and LDH activities were calculated using the formulations to calculate 
enzyme activities. 
 
Statistical analysis 

All data will be presented as means ± standard deviation (SD). The mean values of the various treatment groups were 
compared using ANOVA or student t-test. Differences will be considered statistically significant at P < 0.05. 
 
Results 

Rats were received ethanol orally for sixty days and rat blood was collected every two weeks. The results showed that 
the liver function enzymes: AST and ALT levels are continuously increased. At the 60th day, both AST and ALT 
enzyme levels were significantly increased, comparing with the control group. These indicated the hepatotoxicity 
(Figure 1). Serum levels of ALP and especially LDH trended to be increased but there was no significance, comparing 
with the control group (Figure 2). In the other hand, rats received glucose with caloric equivalence to the ethanol 
showed minimal changes. The chronic ethanol-stimulated rats were further received PBS, silymarin and 125, 250, 500 
mg/kg/day VE water extracts for another 45 days. The VE extracts are seemed to reduce the liver function enzymes: 
AST and ALT levels in the ethanol-stimulated toxicity rats when compare to the hepatotoxic rats received PBS (Figure 
3 and 4). There were minimal changes of the LDH levels a (Figure 5) as well as the APS enzyme levels (data not 
shown). We noticed that 250 mg/kg VE decreases ALT levels significantly (Figure 4) whereas silymarin did not have 
any effect on both enzyme levels after the 45 days of treatment.  

 

Figure 1. Effects of alcohol on 
serum liver function enzymes: 
AST (A.) and ALT (B.) levels 
(U/mL) in ethanol-stimulated rats 
after 60 days. The data is shown as 
mean ± SD (n = 6). *, p ≤ 0.05 is 
statistic significant, compared to 
the control (control: rats were fed 
with PBS, glucose:rats were 
received glucose, Alc:rats were 
received 6 g/kg/day alcohol.)  
 
Figure 2. Effect of alcohol on 
serum liver ALP (C.) and LDH (D) 
levels (U/mL) in ethanol-
stimulated rats after 60 days. The 
data is shown as mean ± SD (n = 6). 
*, p ≤ 0.05 is statistic significant, 
compared to the control (control:rats 
were fed with PBS, glucose:rats 
were received glucose, Alc: rats 
were received 6 g/kg/day alcohol.)  
 

 
Figure 3. Effects of Vernonic cinerea (VE) 
extracts on AST level in chronic ethanol-
stimulated rats. The data is shown as mean ± SD  
(n = 3-6). *, p ≤ 0.05 is statistic significant, 
compared to the control. # p ≤ 0.05 is statistic 
significant, compared to the ethanol-stimulated 
group (control:rats were fed with PBS, glucose: 
rats were received glucose, Alc+PBS: rats were 
received alcohol and PBS, Alc+Sym: rats were 
received alcohol and 100 mg/kg/day silymarin, 
Alc+VE125, VE 250, VE 500: rats were received 
alcohol and 125, 250, and 500 mg/kg/day, 
respectively).   
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Figure 4. Effects of Vernonic cinerea (VE) extracts on ALT level in chronic ethanol-stimulated rats. The data is shown 
as mean ± SD (n = 3-6). *, p ≤ 0.05 is statistic significant, compared to the control. #, p ≤ 0.05 is statistic significant, 
compared to the ethanol-stimulated group (control:rats were fed with PBS, glucose:rats were received glucose, 
Alc+PBS:rats were received alcohol and PBS, Alc+Sym:rats were received alcohol and 100 mg/kg/day silymarin, 
Alc+VE125, VE 250, VE 500: rats were received alcohol and 125, 250, and 500 mg/kg/day respectively). 
 

Figure 5.  Effects of Vernonic cinerea (VE) extracts on LDH level in chronic ethanol-stimulated rats. The data is 
shown as mean ± SD (n = 3-6). *, p ≤ 0.05 is statistic significant, compared to the control. #, p ≤ 0.05 is statistic 
significant, compared to the ethanol-stimulated group (control:rats were fed with PBS, glucose: rats were received 
glucose, Alc+PBS:rats were received alcohol and PBS, Alc+Sym:rats were received alcohol and 100 mg/kg/day 
silymarin, Alc+VE125, VE 250, VE 500: rats were received alcohol and 125, 250, and 500 mg/kg/day, respectively.)  
 
Discussion  

Long term and high alcohol consumption is one of the most common causes of liver disease. The pathological 
processes of ALD are involved direct toxicity from alcohol and its metabolites, complex inflammatory pathway, and 
free radical formations (2,14). An elevated serum AST in relation to serum ALT has been clinical indicators for alcohol 
induced organ damages (3). This study has demonstrated that rats received high dose ethanol for 60 days shows the 
increases of liver function enzymes significantly, indicating alcohol induced hepatotoxicity. Our study model would be 
similar to chronic alcoholism and leading to ALD in the patients. Serum levels of ALP and LDH may be increased 
during tissue injuries (5). We also measured ALP and LDH enzyme levels. The enzyme levels seemed to be increased; 
however, there was no significant change in our study. Both ALP and LDH are less specific and sensitive to liver cell 
necrosis and they might be increased mostly during extensive damages.  

VE extracts have been shown to possess antioxidant, anti-inflammatory activity and down regulates pro-inflammatory 
cytokines in animal models (11,12). We investigated the direct effect of VE water extract on alcohol stimulated-toxicity 
rats and our study showed that VE trended to reduce alcoholic liver toxicity. VE could decrease ALT levels which is 
the sensitive and specific marker for liver cell damages. Silymarin is alternative therapy popular used in hepatitis but 
the pharmacological mechanism of silymarin in ALD is still controversial (15).  Silymarin did not have effect on the 
liver enzyme levels in this study. We found that VE extract could modulate ethanol-induced toxicity in rats. It is needed 
to continue further study. 
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Conclusion 

Long term exposure to alcohol induced liver damages in rats by demonstrating the increase of the liver function 
enzyme levels and VE water extracts could reduce the production of ALT enzyme. Therefore, the VE extracts might be 
beneficial on ALD. 
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Abstract   

Mangosteen is a tropical tree found in Southeast Asia and has long been used in traditional medicine. A variety of 
studies has reported its effects as antibacterial, antifungal, antioxidant, antiinflammatory, cytotoxic and anticancer 
activities. However, the evidence on immune system, especially on natural killer (NK) cells, has been scarce. The 
objective of this study was to investigate the activity of partially purified crude water extract from mangosteen on NK 
cells. The concentrations of crude water extract at 150 µg/mL resulted in 50% of peripheral blood mononuclear cells 
(PBMCs) viability, which were nearly the same results when treated on SKBR-3 breast cancer cell line (220 µg/mL). 
After 24 hr of PBMCs culture, the percentage of NK cell phenotypes (CD16+/CD56+) were enumerated, the results 
showed that the concentration of crude water extract at 50, 100 and 200 µg/mL did not significantly change the 
percentages of CD16+/CD56+ (16.4 ± 2.1, 17.6 ± 1.4 and 16.6 ± 2.1%, respectively) compared with untreated PBMCs 
(18.9 ± 3.4%, P > 0.05). Even though, crude water extract did not affect the NK cell population, the effects on other 
immune cells are still unknown. Therefore, the further studies with the characterized constituents of crude water extract 
and more samples are necessary to identify the effects on other immune cells.  

Keywords:  Mangosteen, Crude water extract, NK cells, PBMCs 
 
Introduction 

The immune system is composed of cells, tissues, and organs that work together to protect the body from intruders. It 
can be divided into two systems: innate and adaptive immune systems. The innate immune system is the rapid defense 
against pathogen; whereas, the adaptive immune system is slower in its response to threats but provides long-lasting 
protection (1). NK cells are a very important population of the immune cells. It links innate and adaptive immunities 
and functions as cytotoxic cells to destroy foreign antigens as well as tumor cells (2,3). Alteration of their number or 
functionality may have a deep impact on overall immunity, resulting in pathophysilogy of various diseases. Therefore, 
modulation of NK cells is a target choice to maintain health status. 

Garcinia mangostana Linn., also known as “mangosteen”, is a tropical tree found in Southeast Asia. Mangosteen is not 
only a magnificent-flavored fruit, but also a traditional medicine. A variety of studies has reported its effects as 
antibacterial, antifungal, antioxidant (a promising antioxidant activity (4), presented in a water-soluble part of the 
extraction process), antiinflammatory, cytotoxic activities and anticancer (5,6). However, the evidence on immune 
system, especially on NK cells, has been scarce. This study, thereby, attempted to investigate the activity of partially 
purified crude water extract from mangosteen on NK cells. 

 
Materials and Methods 

Materials 

Spray-dried crude water extract was received from Immunology Laboratory, Department of Microbiology, Mahidol 
University. The dried pericarp from mangosteen fruit was prepared as the method described by Moongkarndi et al., 
2010). In brief, the powder of pericarp was macerated with methanol and concentrated by vacuum rotatory evaporator. 
Then, the methanol extract was partitioned with ethyl acetate and water. The crude water extract was further spray 
dried. The stock solution for the assay was freshly prepared by dissolving crude water extract in complete RPMI 1640 
medium (Biochrom, Berlin, Germany) and passed through a 0.2 µm filter paper.  
 

Cell isolation and culture 

Peripheral blood mononuclear cells (PBMCs) were isolated from buffy coat obtained from healthy volunteer donors, 
Ramathibodi Hospital. The diluted buffy coat (1:1 (v/v) with PBS) was layered on Lymphoprep™ and centrifuged at 
800  g for 30 minutes at room temperature without brake. The mononuclear cells were collected, washed three times 
with PBS and resuspended in RPMI 1640 medium with 10% heat-inactivated FCS. SKBR-3 cells, a breast cancer cell 
line, were cultured in RPMI 1640 medium with 5% heat-inactivated FCS. The amount of viable cells was measured by 
using trypan blue dye and used for the further experiments. 

F38 



173 

 
The Pharmacological & Therapeutic Society of Thailand Meeting – 2013 Proceedings 

 

 
Cytotoxic assay 

The effect of crude water extract on PBMCs and SKBR-3 viability was determined by using 3-(4,5-dimethylthiazol-2-
yl)-2,5-diphenyl tetrazolium bromide (MTT) assay. For PBMCs culture, 50 µL of crude water extract solution (final 
concentrations; 25, 50, 100, 150, 200, 250 and 300 µg/mL in RPMI 1640 containing 10% FCS) was added into a 96-
well plate. Then, 50 µL of PBMCs (2105 cells/well) were seeded on the plate. The plates were incubated in a 37°C, 
5% CO2 and 90% humidity incubator for 24 hours. Freshly prepared 50 µL of MTT reagent at 1 mg/mL in PBS was 
added into each well and incubated for 4 hr in a 37°C, 5% CO2 and 90% humidity incubator. Finally, 100 µL of 
detergent reagent was added to each well and incubated for overnight at 37 °C to completely solubilize the formazan 
crystal. For SKBR-3 culture, 100 µL of the cells were added into a 96-well plate (2105 cells/well). After 24 hr of 
incubation in a 37°C, 5% CO2 and 90% humidity incubator, the medium was aspirated and replaced with 100 µL/well 
of the diluted crude water extract (final concentrations; 50, 100, 200, 300 and 400 µg/mL in RPMI 1640 containing 5% 
FCS) and further incubated for 24 hr. The supernatant in each well was removed and 50 µL of MTT solution (1 
mg/mL) was added into the plate. After 3 hr of incubation, MTT solution was aspirated and added 50 µL of isopropanol 
into each well. The observance in each well was measured at 570 nm in a microplate reader with the reference 
wavelength 690 nm. The cell viability of PBMCs and SKBR-3 cells was calculated by the following formula: 
 

Cell viability (%) = (OD treated cells) ×100 
              (OD untreated cells) 
 
Flow cytometry analysis 

PBMCs concentration at 2106 cells/well was cultured with crude water extract (final concentration; 50, 100 and 200 
µg/mL) in a 6-well plate and incubated in a 37°C, 5% CO2 and 90% humidity incubator for 24 hr. The cultured cells 
were harvested, washed three times and distributed into tubes (2105cells/tubes). The cell surface marker expression of 
NK cells was enumerated by staining with cocktailed immunofluorescence antibodies of FITC-labeled CD3, PE-labeled 
CD16, CD56 and PerCP-labeled CD45 (BD Biosciences, Heidelberg, Germany) for 30 minutes on ice. Then, the 
stained cells were washed twice with FACS buffer, fixed in 1% paraformaldehyde in PBS, kept at 4°C in the dark and 
analyzed within 5 days. Data acquisition was processed using a FACSCalibur flow cytometer (Becton Dickinson, 
Franklin Lakes, NJ, USA) and analyzed with FlowJo software version 10.0.5 for Microsoft (TreeStar, San Carlos, CA). 
The gating strategy was based on CD45 to identify the population of NK cells.  
 
Statistical analysis 

All results were evaluated in three individual samples. The data was expressed as mean ± SEM. The comparison was 
performed by using one-way ANOVA and t-test. The difference was considered statistically significant with P-value < 
0.05. All statistics were be performed by using SPSS software (SPSS, Chicago, IL). 
 
Results 

Effect of crude water extract on cell viability 
The cytotoxic activity of crude water extract on cell survival was evaluated on both normal human PBMCs and SKBR-
3 cells by using MTT method. After 24 hr of incubation period the 50% of PBMCs and SKBR-3 viability were 150 
(Figure 1A) and 220 µg/mL (Figure 1B), respectively. Therefore, the crude water extract of Garcinia mangostana Linn. 
was not toxic to the immune cells and the breast cancer cell line when the concentrations was lower than 150 and 220 
µg/mL, respectively. 

Figure 1. Effects of crude water extract on cell viability. PBMCs (A) and SKBR-3 (B) were treated with crude water 
extract for 24 hr and analyzed the cell viability by a colorimetric MTT assay.   
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Effect of crude water extract on NK cells 

PBMCs contain essential human immune cells, including lymphocytes and NK cells (7). The cell surface phenotype of 
human NK cells (CD16+ and/or CD56+) was gated from CD45+ and CD3- (Figure 2A, 2B) (2) The results showed that 
crude water extract concentration at 50, 100 and 200 µg/mL did not significantly affect the percentages of 
CD16+/CD56+ (16.4 ± 2.1, 17.6 ± 1.4 and 16.6 ± 2.1%, respectively) compared with untreated PBMCs (18.9 ± 3.4%, 
P > 0.05) (Figure 2B). 

 

Figure 2.  Effects of crude water extract on NK cells. PBMCs were cultured with crude water extract for 24 hr. The 
NK cell population was enumerated by flow cytometry. NK cell markers were selected from a CD45+ gate (A), 
followed by selecting CD3- CD16+ and/or CD56+ (in a red rectangle) (B). The percentage of NK cell markers were not 
significantly changed by crude water extract compared with untreated PBMCs (C). 
 
Discussion and Conclusion 

Immune cells are crucial components of the immune system to protect the body from pathogens. In this study, partially 
purified crude water extract of mangosteen was investigated for its effect on NK cells. The cytotoxic activity of 
partially purified crude water extract on PBMCs was investigated by MTT method. The results showed that the crude 
water extract was not toxic to the cells; the concentration had to be lower than 150 µg/mL to make cell survive more 
than 50%. The crude water extract was isolated from the starting material methanolic extract derived from mangosteen 
pericarp. As previous studies, the methanolic extract possessed the toxic activity against SKBR-3 breast cancer cell line 
with ED50 at 9.25 ± 0.64 µg/mL (8). The further partition of this methanolic extract with ethyl acetate and water yielded 
crude water extract. The crude water extract showed antioxidative activity, no cytotoxic on cells and a protective effect 
on H2O2 and amyloid beta treated cells. This data was reported on SK-H-SH neuroblastoma cell (4). Therefore, it 
should be the same pattern as SKBR-3 breast cancer. The crude water extract concentration at 220 µg/mL showed 50% 
of SKBR-3 viability which was a closely similar result to PBMCs. In our study, the crude water extract did not exhibit 
the cytotoxic effect on either normal human immune cells or cancer cell line, especially at the concentration of 100 
g/mL or lower. For the effect on NK cell population, the crude water extract did not significantly alter the percentage 
of CD16+/CD56+. Even though, we used three concentrations (50 and 100 µg/mL, including toxic concentration at 200 
µg/mL) of the crude water extract, the effect of these concentrations were not different from untreated PBMCs and the 
percentage of CD16+/CD56+ of treated PBMCs was not in dose-response manner. These results were probably due to 
the difference of individual samples. However, PBMCs do not contain only NK cells, the effects of crude water extract 
on other immune cells are still unknown. Therefore, the further studies with the characterized constituents of crude 
water extract and a more number of samples are necessary to identify the effect on other immune cells.  
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