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สารจากนายกสมาคมเภสัชวิทยาแห่งประเทศไทย
เรียน สมาชิกสมาคมเภสัชวิทยาแห่งประเทศไทยและผู้เข้าร่วมประชุมทุกท่าน
กิจกรรมประชุ มวิชาการของสมาคมเภสัชวิทยาแห่งประเทศไทยได้ดําเนินมาอย่างต่อเนื่ องทุ กปี จนเข้าปีที่ 36
ตามอายุของสมาคมฯ เมื่อนับตั้งแต่เริ่มก่อตั้งชมรมเภสัชวิทยาในวันที่ 21 เมษายน 2521 และได้จดทะเบียนเป็นสมาคม
เภสัชวิทยาแห่งประเทศไทยในวันที่ 2 เมษายน 2525
งานประชุมวิชาการปีนี้นับว่ามีความพิเศษ เนื่องจากสมาคมมีอายุครบสามรอบพอดีในปีนี้ และยังได้สถานที่จัด
การประชุมวิชาการครั้งนี้ที่หอประชุม อวย เกตุสิงห์ คณะแพทยศาสตร์ ศิริราช พยาบาล ในวาระพิเศษของปีนี้ จึงขอเรียน
เชิ ญ ท่านผู้ เข้ าร่วมประชุ มและชาวเภสั ชวิทยาทุ กท่าน ได้ร่ว มระลึ กถึง ศาสตราจารย์ นพ.อวย เกตุ สิ งห์ ปูชนียาจารย์
ที่ มี ส่ ว นอย่ า งมากในการสร้ า งและพั ฒ นาการศึ ก ษาและวิ จั ย ด้ า นการแพทย์ โ ดยเฉพาะอย่ า งยิ่ ง สาขาวิ ช าเภสั ช วิ ท ยา
ในประเทศไทย เปรียบเสมือนท่านเป็น “บิดาแห่งวงการเภสัชวิทยาไทย” ในปีนี้ สมาคมเภสัชวิทยาแห่งประเทศไทยได้เริ่มจัด
ให้มีการมอบรางวัลเกียรติยศ ศ. นพ.อวย เกตุสิงห์ สําหรับงานวิจัยดีเด่นด้วยเป็นครั้งแรก และเชื่อว่าจะยังคงมีอยู่ต่อเนื่อง
เพื่อสนับสนุนงานวิจัยด้านเภสัชวิทยา รางวัลเกียรติยศนี้น่าจะมีส่วนกระตุ้น และสร้างกําลังใจให้นักเภสัชวิทยารุ่นใหม่
มีความมุ่งมั่นสร้างสรรค์ผลงานวิจัยที่มีประโยชน์ต่อประเทศชาติมากยิ่งขึ้น
ขอขอบพระคุ ณ รองศาสตราจารย์ ดร. นพ.อดิ ศั ก ดิ์ วงศ์ ข จรศิ ล ป์ ที่ ไ ด้ ก รุ ณ ารั บ เป็ น เจ้ า ภาพและทํ า หน้ า ที่
ประธานคณะกรรมการจัดการประชุมครั้งนี้ ขอขอบพระคุณท่านวิทยากร คณะกรรมการจัดการประชุม รวมทั้งหน่วยงาน
ภาคเอกชนที่ให้การสนับสนุนการประชุมวิชาการครั้งนี้ และขอขอบพระคุณผู้เข้าร่วมประชุมทุกท่าน
รองศาสตราจารย์ ดร. ภญ.สุพัตรา ศรีไชยรัตน์
นายกสมาคมเภสัชวิทยาแห่งประเทศไทย
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สารจากประธานจัดงานประชุมวิชาการ
On behalf of the Department of Pharmacology at the faculty of Medicine Siriraj
Hospital, Mahidol University, we hereby welcome you to the 2014 Thai Pharmacological
Society Academic Meeting at Sri Savarindira building in Siriraj Hospital from March 2728, 2014. It is the second meeting to be circulated here. This meeting will offer you a
mixture of experience in pharmacological research, covering traditional medicine, state of
the art technology, translational and clinical pharmacology. The conference area is hosted
in the midst of research compounds of this campus, sitting next to the summit of Chaophraya
River and Bangkoknoi Canal. In addition to the forum of inspiring lectures, attendants are
offered an opportunity to closely interact with leading scientists from locally and abroad.
We encourage you to seek this opportunity for collaboration networks that can bolster our
competitive scientific community initiative to the regional level. Innovations, idea sharing,
and seeking common goals to overcome impending regional threats are among our
anticipated sequels. It is this meeting that we take pride in fostering young pharmacologists
through a newly announced “Ouay Ketusingh Award for Outstanding Pharmacologists”.

Assoc. Prof. Adisak Wongkajornsilp
Chairman
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คณะกรรมการกลั่นกรองคุณภาพบทความวิจัย (Peer Review Committee)
การประชุมวิชาการครั้งที่ 36 สมาคมเภสัชวิทยาแห่งประเทศไทย
โดยสมาคมเภสัชวิทยาแห่งประเทศไทย ร่วมกับ ภาควิชาเภสัชวิทยา คณะแพทยศาสตร์ศริ ิราชพยาบาล
Dr. Dean Thumkeo
Dr. Toru Oga
ดร.กฤษฎา ศักดิ์ชัยศรี
ผศ. ดร.กล่าวขวัญ ศรีสุข
ผศ. สพ.ญ. ดร.กาญจนา อิ่มศิลป์
อ. ดร. นพ.กิตพิ งศ์ สุนทราภา
อ. ภญ.บุญรัตน์ จันทร์ทอง
รศ. ดร. นพ.ประวิทย์ อัครเสรีนนท์
อ. ดร. พญ.ปาจรีย์ จริยวิลาศกุล
ดร.ปิยจิต วัชรศิษย์
อ. ดร.ปิยนุช วงศ์อนันต์
รศ. ดร.พรทิพย์ ศุภวิไล
อ. พญ.พิณพิไล จูทะสมพากร
อ. ดร. พญ.พินภัทร ไตรภัทร
รศ. พญ.ภารดี เอื้อวิชญาแพทย์
ดร. สพ.ญ.วัชราภรณ์ ติยะสัตย์กุลโกวิท
ดร.วันดี อุดมอักษร
รศ. ดร. ภญ.วิไล หนุนภักดี เทียนรุง่ โรจน์
ผศ. พญ.วีรวดี จันทรนิภาพงศ์
อ. ดร.ศิวนนท์ จิรวัฒโนทัย
ผศ. พญ.สมฤดี ฉัตรสิริเจริญกุล
ผศ. ดร. ภก.สัณหภาส สุดวิลัย
ภญ.สุกัญญา เจียระพงษ์
ผศ. ดร.สุรศักดิ์ ประสานพันธ์
รศ. ดร. นพ.อดิศักดิ์ วงศ์ขจรศิลป์
ดร.อนันต์ชัย อัศวเมคิน
ดร.อภิญญา เทียนธนะวัฒน์
ผศ. ดร.อาทิตย์ ไชยร้องเดื่อ
รศ. น.สพ. ดร.อํานาจ พัวพลเทพ
รศ. ดร. พญ.อุไรวรรณ พานิช

Kyoto University
Kyoto University
มหาวิทยาลัยมหิดล
มหาวิทยาลัยบูรพา
มหาวิทยาลัยเกษตรศาสตร์
มหาวิทยาลัยมหิดล
มหาวิทยาลัยมหิดล
มหาวิทยาลัยมหิดล
จุฬาลงกรณ์มหาวิทยาลัย
สถาบันวิจัยจุฬาภรณ์
จุฬาลงกรณ์มหาวิทยาลัย
มหาวิทยาลัยมหิดล
มหาวิทยาลัยมหิดล
มหาวิทยาลัยมหิดล
มหาวิทยาลัยขอนแก่น
ศูนย์สัตว์ทดลองแห่งชาติ
มหาวิทยาลัยสงขลานครินทร์
มหาวิทยาลัยมหิดล
มหาวิทยาลัยมหิดล
มหาวิทยาลัยมหิดล
มหาวิทยาลัยมหิดล
มหาวิทยาลัยมหิดล
สํานักงานคณะกรรมการอาหารและยา
มหาวิทยาลัยนเรศวร
มหาวิทยาลัยมหิดล
มหาวิทยาลัยมหิดล
สถาบันวิจัยจุฬาภรณ์
มหาวิทยาลัยมหิดล
มหาวิทยาลัยเกษตรศาสตร์
มหาวิทยาลัยมหิดล
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คณะกรรมการจัดการประชุมวิชาการ (Organizing Committee)
การประชุมวิชาการครั้งที่ 36 สมาคมเภสัชวิทยาแห่งประเทศไทย
โดยสมาคมเภสัชวิทยาแห่งประเทศไทย ร่วมกับ ภาควิชาเภสัชวิทยา คณะแพทยศาสตร์ศริ ิราชพยาบาล

คณะกรรมการที่ปรึกษา
รศ. พญ.กาญจนา เกษสอาด
รศ. ภญ. ดร.สุพัตรา ศรีไชยรัตน์

คณะกรรมการอํานวยการ
รศ. ดร. นพ.อดิศักดิ์ วงศ์ขจรศิลป์
อ. ดร. นพ.กิติพงศ์ สุนทราภา
รศ. ดร. นพ.ประวิทย์ อัครเสรีนนท์
รศ. นพ.สุพรชัย กองพัฒนากูล
ผศ. ดร. พญ.อุไรวรรณ พานิช
ผศ. พญ.สมฤดี ฉัตรสิริเจริญกุล
อ. ดร. ภก.ศิวนนท์ จิรวัฒโนทัย
อ. พญ.วีรวดี จันทรนิภาพงศ์
อ. ดร. พญ.พินภัทร ไตรภัทร
อ. นพ.วีระเทพ ฉัตรธนโชติกุล
อ. พญ.พิณพิไล จูทะสมพากร
พญ.สาวินี จิรยิ ะสิน
พญ.กิติมา กังวิวรรธน์
นพ.ศิริชัย เพชรอุทัยรุ่ง

ประธาน
ผู้ประสานงาน
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กําหนดการประชุมวิชาการสมาคมเภสัชวิทยาแห่งประเทศไทย ครั้งที่ 36
"Advanced Pharmacology in Drug Development: Towards The ASEAN Union"
วันที่ 27 - 28 มีนาคม 2557 ณ ห้องบรรยาย อวย เกตุสิงห์
วันพฤหัสบดีที่ 27 มีนาคม 2557
07.00 - 08.00 น.
08.00 - 08.15 น.
08.15 - 09.00 น.

09.00 - 10.00 น.

10.00 - 10.15 น.
10.15 - 11.15 น.

11.15 - 11.45 น.
11.45 - 13.00 น.

13.00 - 14.00 น.

14.00 - 14.15 น.
14.15 - 15.30 น.

15.30 - 16.30 น.
16.30 - 17.30 น.
17.30 - 19.30 น.

ลงทะเบียน
พิธีเปิด โดย ศ.คลินิก นพ.อุดม คชินทร คณบดีคณะแพทยศาสตร์ศิริราชพยาบาล
ปาฐกถาเกียรติยศ รศ. ดร.จิรวัฒก์ สดาวงศ์วิวัฒน์
 รศ. ภญ. ดร.ชวนี ทองโรจน์
รองเลขาธิการสภาการศึกษา
 ศ.เกียรติคุณ ภก. ดร.สุมนต์ สกลไชย
คณะเภสัชศาสตร์ มหาวิทยาลัยขอนแก่น
Keynote Lecture I: Crosstalk Between Prostaglandins and Innate Immunity in
Inflammation and Stress Behavior
 Prof. Narumiya Shuh
The Medical Innovation Center, Faculty of Medicine, Kyoto University
พักรับประทานอาหารว่าง
Plenary Session I: Development of Biological Therapeutic Agents
 ศ.เกียรติคุณ ดร.วันเพ็ญ ชัยคําภา
คณะแพทยศาสตร์ศิริราชพยาบาล มหาวิทยาลัยมหิดล
นําเสนอโปสเตอร์ 1
Lunch Symposium: Accelerating Drug Discovery with LC-QTRAP Metabolite Analysis
 Mr Vincent LAU, Siang Lin
Senior Field Marketing Specialist, AB SCIEX (Distribution), Singapore/ASEAN
Ethical Issues in Drug Development: Meet the Expert
 ศ. พญ.จารุพิมพ์ สูงสว่าง
คณะแพทยศาสตร์ศิริราชพยาบาล มหาวิทยาลัยมหิดล
พักรับประทานอาหารว่าง
Special Session for Young Leaders I
 ศ. นพ.สุรเดช หงส์อิง
คณะแพทยศาสตร์โรงพยาบาลรามาธิบดี มหาวิทยาลัยมหิดล
นําเสนอโปสเตอร์ 2
ประชุมธุรการสมาคมฯ
Welcome Dinner for Invited Guests
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กําหนดการประชุมวิชาการสมาคมเภสัชวิทยาแห่งประเทศไทย ครั้งที่ 36
"Advanced Pharmacology in Drug Development: Towards The ASEAN Union"
วันที่ 27 - 28 มีนาคม 2557 ณ ห้องบรรยาย อวย เกตุสิงห์
วันศุกร์ที่ 28 มีนาคม 2557
08.00 - 08.30 น.
08.30 - 09.30 น.
09.30 - 10.30 น.

10.30 - 10.45 น.
10.45 - 11.45 น.

11.45 - 13.00 น.

13.00 - 14.00 น.

14.00 - 14.15 น.
14.15 - 15.30 น.

15.30 - 16.30 น.

ลงทะเบียน
รางวัลเกียรติยศ ศ. นพ.อวย เกตุสิงห์ (The 1st Ouay Ketusingh Honorary Award)
Plenary Session II: กลไกการขับเคลื่อนงานวิจยั ด้านสมุนไพร
 รศ. ดร. นพ.ประวิทย์ อัครเสรีนนท์
คณะแพทยศาสตร์ศิริราชพยาบาล มหาวิทยาลัยมหิดล
 ศ.พิเศษ ภก. ดร.ภาวิช ทองโรจน์
กระทรวงศึกษาธิการ
พักรับประทานอาหารว่าง
Keynote Lecture II: Are Smart Drugs really ‘Smart’ in the War on Cancer
 Prof. Toh Han Chong
National Cancer Center Singapore
Special Session for Young Leaders II
 ศ.เกียรติคุณ นพ.เทพ หิมะทองคํา
โรงพยาบาลเทพธารินทร์
Phase III Clinical Trial in Drug Development
 รศ. นพ.ทวีศักดิ์ แทนวันดี
คณะแพทยศาสตร์ศิริราชพยาบาล มหาวิทยาลัยมหิดล
พักรับประทานอาหารว่าง
Symposium: Variation of Drug Responses in ASEAN Population
 อ. นพ.ชนินทร์ ลิ่มวงศ์
คณะแพทยศาสตร์ศิริราชพยาบาล มหาวิทยาลัยมหิดล
 ภญ.ศุณิชา ลิ้มกอปรไพบูลย์
คณะแพทยศาสตร์ศิริราชพยาบาล มหาวิทยาลัยมหิดล
 ภญ.อัจจิมา สระภักดิ์
คณะแพทยศาสตร์ศิริราชพยาบาล มหาวิทยาลัยมหิดล
รางวัลโปสเตอร์ดีเด่น และปิดการประชุม
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Crosstalk Between Prostaglandins and Innate Immunity in
Inflammation and Stress Behavior
Prof. Shuh Narumiya, M.D., Ph.D.
Medical Innovation Center and CREST,
Kyoto University Graduate School of Medicine
Inflammation is in principle a body defense mechanism that is evoked by noxious stimuli and terminated
on exclusion of the initial stimuli by local vascular and cellular responses. However, inflammation often
becomes chronic by repeated exposure to stimuli, enhanced immune responses, and tissue remodeling such as
anginogenesis and fibrosis, where various inflammatory mediators are induced through gene expression and
interact each other. Prostaglandins (PGs) such as PGD2, PGE2, PGF2α, PGI2 and thromboxane (TX) A2 are
produced by the action of cyclooxygenase (COX) in response to various stimuli and act on their cognate
receptors such as PGD receptor (DP), EP1 to EP4 subtypes of PGE receptor, PGF receptor (FP), PGI receptor
(IP) and TXA receptor (TP) to exert their action. Given that aspirin-like drugs elicit their actions by inhibiting
PG biosynthesis, PGs are believed to mediate various symptoms of acute inflammation such as swelling, pain
and fever. Innate immunity represented by Toll-like receptors triggers inflammation by detecting PAMPs
(pathogen-associated molecular patterns) of invading pathogens and DAMPs (damage-associated molecular
patterns) of injured tissues and then by inducing various inflammation-related genes including genes for proinflammatory cytokines such as IL-1b and IL-6. Since TLR and these cytokines induce expression of COX-2,
an inducible isoform of PG synthase, it is regarded that PGs are formed downstream of innate immunity and
function as terminal mediators of acute inflammation.
We cloned the above-mentioned family of PG receptors, generated mice deficient in each receptor, and
examined the role of PGs in inflammation. Our study has revealed, for example, that, in the case of fever
generation, IL-1b or IL-6 induces COX-2 in brain microvessels and produces PGE2, which then acts on EP3
receptor expressed in neurons in preoptic area and activates downstream fever generating neural circuits, which
is consistent with the above paradigm. However, our studies have further demonstrated that PGs not only
mediate acute inflammatory responses described above but also are involved in induction and maintenance of
chronic inflammation by collaborating with cytokines, chemokines and growth factors through regulation of
gene expression. For example, PGI2-IP signaling and IL-1β collaborate to amplify expression of IL-6 and
RANKL in synoviocytes in collagen-induced arthritis, and PGE2-EP2/EP4 signaling can facilitate Th1
differentiation and Th17 amplification in experimental allergic encephalomyelitis. These findings are changing
our concept on the role of PGs in inflammation. In these cases, PGs induce receptors for respective cytokines
such as IL-12Rβ2, IFN-γR1 and IL-23R and amplify their actions. Thus, there is an intricate bidirectional
crosstalk between cytokines and PGs. We also noted the crosstalk between PGs and innate immunity in the
brain. We first analyzed behavioral phenotype of mice deficient in one of PGE receptor, EP1, under
psychological stimuli, and found that EP1 receptor controls impulsive behavior of animals by attenuating
dopamine output to the medial prefrontal cortex (mPFC). By subjecting these mice to repeated social defeat
stress, a chronic form of stress and a model for depression and anxiety, we have further found that stress
enhances mPFC dopaminergic activity, which copes with depressive action induced by activation of TLRs in
this brain region, and that EP1 augments depression by suppressing dopamine output. Thus, there is a unique
crosstalk between PG and innate immunity in the brain that links chronic stress to behavioral response, causing
depression and anxiety.
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Are Smart Drugs really ‘Smart’ in the War on Cancer
Prof. Toh Han Chong, MD., MBBS., MRCP.
Deputy Director, National Cancer Centre Singapore
The scientific revolution in molecular biology, genomics and immunology in the past few decades
has transformed drug discovery against cancer beyond just an empirical approach. Arguably, the most
impactful anti–cancer therapy of the modern era based on rational scientific design is still imatinib (Glivec),
a highly specific, smart drug that binds to the ATP-binding pocket of a kinase and thereby inhibiting cancer
growth in chronic myeloid leukemia (bcr-abl kinase) and gastrointestinal stromal tumour (c-kit kinase),
dramatically improving patient survival. In another landmark example, the discovery that mutations in the
epidermal growth factor receptor (EGFR) can result in greater sensitivity to an EGFR tyrosine kinase
inhibitor, gefitinib (Iressa), which can now replace chemotherapy for the treatment of advanced lung
adenocarcinoma. The last 20 years have seen many smart drugs enter into the War on Cancer. Billions of
dollars of research and development and clinical trials later, why do over 80% of such smart drugs that
demonstrate sometimes remarkable activity in pre-clinical studies still fail in clinical trials? Cancer is a
complex disease, and even more complex is the cancer-stroma dynamic. Many smart drugs are also not as
highly-specific for a singular drug target but it turns out are ‘dirty’ drugs that affect other molecular
pathways. Drugs modulating the microenvironment including those against tumour blood vessels and the
surrounding immune cells are also making an impact in human cancer. Last year, Science journal
announced Cancer Immunotherapy as Breakthrough 2013. I will also discuss cancer immunotherapy as a
promising treatment in the War on Cancer.

The36th Congress on Pharmacology of Thailand| 9

Phase III Clinical Trial in Drug Development
รศ. นพ.ทวีศักดิ์ แทนวันดี
สาขาวิชาโรคระบบทางเดินอาหาร ภาควิชาอายุรศาสตร์
คณะแพทยศาสตร์ศิริราชพยาบาล มหาวิทยาลัยมหิดล
ในการทํา clinical trial phase III ส่วนใหญ่เป็นการพัฒนาขั้นสุดท้ายของยาใหม่ก่อนที่จะมีการขึ้นทะเบียนยา โดยในขั้นตอนนี้เป็น
ขั้นตอนที่ต้องการการศึกษาเพื่อยืนยันประสิทธิภาพของยา รวมถึงมีการประเมินผลข้างเคียงในอาสาสมัครที่มีจํานวนมากขึ้น ซึ่งโดยทั่วไปอาจมี
อาสาสมัครเป็นหลักร้อยถึงเป็นหลักพัน หรืออาจจะมากกว่านั้น ขึ้นอยู่กับลักษณะของยา หรือสิ่งที่ผู้วิจัยต้องการศึกษา และรูปแบบของการวิจัยว่า
ออกแบบเป็นแบบใด เช่น การออกแบบเป็น superiority, equivalence, non-inferiority การที่ต้องการอาสาสมัครจํานวนมากจึงจําเป็นต้อง
ดําเนินการวิจัยเป็นลักษณะ multicenter, multinational study เพื่อสามารถที่จะหาอาสาสมัครได้ในจํานวนมากในเวลาอันสั้น เพราะหากใช้
เวลานานหลายปีหรือหลายสิบปีกว่าจะได้จํานวนอาสาสมัครครบก็ยิ่งทําให้ผลของการศึกษาวิจัยออกมาช้าลง อันเป็นผลทําให้ยาดังกล่าวเสียโอกาส
ในการขึ้นทะเบียนหรือในการแข่งขันในตลาด การที่จะมีการรวมกันของกลุ่มประเทศอาเซียนนับเป็นโอกาสอันดีที่จะทําให้มีการขยายความร่วมมือ
ทางด้านการวิจัย phase III มากขึ้น ทั้งนี้เนื่องจากโดยพื้นฐานกลุ่มประเทศอาเซียนมีพื้นฐานประชากรและโรคที่เป็นปัญหาคล้ายคลึงกัน นอกจากนี้
ที่ผ่านมาด้วยความก้าวหน้าทางการแพทย์ของประเทศไทยและมาตรฐานของบุคลากรทางด้านการวิจัยของประเทศไทย ทําให้ประเทศไทยนับเป็น
ศูนย์กลางใหญ่ในการศึกษาวิจัยยาและเวชภัณฑ์ ซึ่งจะนําประโยชน์มาสู่ประเทศไทยและกลุ่มประเทศอาเซียน ทําให้ประชากรในกลุ่มประเทศ
อาเซียนมีโอกาสได้เข้าถึงยาใหม่โดยไม่ต้องเสียค่าใช้จ่ายและข้อมูลที่เกิดจากการวิจัยนี้ยังสามารถนําไปตีพิมพ์เพื่อเป็นผลงานทางวิชาการ รวมถึงอาจ
เป็นข้อมูลที่สําคัญในการขึ้นทะเบียนยาเพื่อใช้สําหรับรักษาผู้ป่วยในประเทศนั้นๆ ดังเป็นข้อกําหนดในหลายๆ ประเทศว่าก่อนที่ยาจะมีการขึ้น
ทะเบียนจําเป็นต้องมีการศึกษาวิจัยในประเทศก่อน ซึ่งหากจะมาเริ่มวิจัยหลังจากยาขึ้นทะเบียนในประเทศอื่นแล้ว ทําให้โอกาสที่จะได้ขึ้นทะเบียน
ในประเทศไทยยิ่งช้าขึ้นมาก เพราะในการศึกษาวิจัยจําเป็นต้องใช้เวลานาน ทั้งนี้ขึ้นอยู่กับชนิดของยาและขึ้นอยู่กับวัตถุประสงค์ของการศึกษาวิจัย
ว่าจะใช้ตัววัดเป็นตัววัดตรง หรือเป็น surrogate markers ซึ่งโดยทั่วไปกว่าจะศึกษาวิจัยเสร็จต้องใช้เวลานับเป็นปีหรืออาจหลายปี
สิ่งที่สําคัญสําหรับการศึกษาวิจัยในระยะที่ 3 ก็คือ การเปรียบเทียบกับการรักษามาตรฐานซึ่งขึ้นอยู่กับการตีความว่าโรคหรือภาวะดังกล่าว
มีการรักษามาตรฐานอยู่หรือไม่ ในบางกรณีอาจจะเป็นการศึกษาเปรียบเทียบกับยาหลอก โดยเฉพาะโรคหรือภาวะที่ยังไม่มีการรักษามาตรฐานอยู่
ณ ปัจจุบัน ในกรณีต่างๆ เหล่านี้ต้องอธิบายให้อาสาสมัครรับทราบอย่างชัดเจน และจําเป็นต้องมีคณะกรรมการจริยธรรมการวิจัยในคนที่เข้มแข็ง
รวมถึงทางคณะกรรมการอาหารและยา ซึ่งเป็นหน่วยงานหลักหน่วยงานเดียว จําเป็นต้องเข้ามาร่วมตรวจสอบด้วย เพื่อให้เกิดความเป็นธรรม ไม่
เพียงแต่กับผู้วิจัย อาสาสมัคร และประเทศโดยรวมเพื่อป้องกันไม่ให้บริษัทที่สนับสนุนการวิจัยฉวยโอกาสทําให้ผู้ป่วยหรือประเทศชาติเสียประโยชน์
ในกรณีที่มีการเปรียบเทียบกับยาหลอกอาจจําเป็นต้องมีการ compensation ให้กับผู้ป่วยหากพบว่ายาที่วิจัยมีประสิทธิผลดีกว่าการรักษามาตรฐาน
หรืออาสาสมัครที่ได้รับการรักษามาตรฐานแล้วไม่ได้ผลควรมีการ roll over ผู้ป่วยเพื่อให้ได้รับยาใหม่ซึ่งก็จะกลายมาเป็นยามาตรฐานตัวต่อไป
หลังจากที่ได้รับการขึ้นทะเบียนยา นอกจากนั้นการศึกษาวิจัยในระยะที่ 3 ถึงแม้จะมีการศึกษาในอาสาสมัครจํานวนมากขึ้น แต่ข้อมูลด้านอาการ
ข้างเคียงก็ยังถือว่าน้อย จําเป็นที่จะต้องมีการดําเนินการเพื่อที่จะประเมินอาการข้างเคียงเป็นระยะๆ เพราะหากมีอาการข้างเคียงใดที่ไม่เคยพบมา
ก่อน อาจจําเป็นต้องยุติการวิจัยก่อนกําหนด นอกจากนั้นในการที่ศึกษาวิจัยโดยเปรียบเทียบกับยาหลอกก็ต้องมีการตั้งเกณฑ์เพื่อทํา interim
analysis เป็นระยะๆ เพราะหากพบว่ายาที่ทําการวิจัยให้ประโยชน์มากกว่ายาหลอกชัดเจน หรือแม้แต่มากกว่ายาที่เป็นมาตรฐานการรักษาอย่าง
ชัดเจนก็จําเป็นต้องยุติการวิจัยก่อนกําหนดด้วย
สิ่งต่างๆ นี้จําเป็นอย่างยิ่งที่ทั้งผู้วิจัย สถาบันที่ทําการวิจัย รวมถึงองค์กรที่ควบคุม ดูแลด้านการวิจัยของประเทศจะต้องนํามาพิจารณาเพื่อ
ปกป้องผลประโยชน์ของผู้ป่วยและประเทศชาติ ในขณะเดียวกันก็ใช้ประโยชน์จากการที่มีการศึกษาวิจัยเพื่อเอื้อให้มีความก้าวหน้าทางการแพทย์ใน
ประเทศไทย นอกจากนั้นยังเอื้อประโยชน์ให้กับนักวิจัยทําการศึกษาวิจัยเพื่อศึกษากลุ่มเฉพาะเป็นการนํายามาใช้ในข้อบ่งชี้เฉพาะอื่นๆ ต่อไป ซึ่งใน
กรณีหลังนี้จะทําให้เกิดการต่อยอดเป็นผลงานของผู้วิจัยโดยตรงและสถาบันได้
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Variation of Drug Responses in ASEAN Population
Sunicha Limkobpaiboon
Department of Pharmacy
Faculty of Medicine Siriraj Hospital,
Mahidol University
“Adverse Drug Reaction” is an interesting question with the fact that it is harmful event caused by
using the drug. In the past, adverse drug reaction is an unpreventable event. But in the recent years,
researcher found that one important risk factor of causing adverse drug reaction is individual genetic
characteristic. With this innovation, genetic variation that related to drug response either to treatment
efficacy or adverse drug reaction can now be identified. We found that the severe cutaneous adverse
reaction (SCAR), which are composed of Stevens-Johnson syndrome (SJS), Toxic Epidermal Necrolysis
(TEN), and Drug hypersensitivity syndrome (HSS or DRESS) that are life-threatening event, have
correlations with various types of the Human Leukocyte Antigen (HLAs). Human Leukocyte Antigen
(HLAs) is a group of genes that plays important role in the immune response and contains high rate of
genetic variations in many ethnics, especially in Asian populations, in which the correlations with SCAR
is clearly demonstrated.
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Variation of Drug Responses in ASEAN Population:
Pharmacogenomics of warfarin
Ajjima Sarapakdi
Department of Pharmacy
Faculty of Medicine Siriraj Hospital,
Mahidol University
Warfarin, an oral anticoagulant, is used worldwide for the prevention and treatment of
thromboembolic diseases. With its narrow therapeutic index and wide inter-individual variation of dose
requirement, selecting an appropriate dose to achieve target anticoagulation level is a major challenge.
Recently, a number of genetic variations have been shown to influence warfarin response and dosage
requirement. The two most studied genes are CYP2C9 and vitamin K epoxide reductase complex 1
(VKORC1).
The most common allele for CYP2C9 is CYP2C9*1 (wild-type genotype). Two common variant
alleles, CYP2C9*2 and CYP2C9*3 are associated with a significant decrease in warfarin clearance, leading
to lower dosage requirement. Studies conducted in Asian population including Thais indicate that
frequencies of these variants are low, only less than 5% for CYP2C9*3 and non-existent for CYP2C9*2.
VKORC1 polymorphisms were recently identified and classified into two groups; haplotype A (low dose
phenotype) and B (high dose phenotype). Studies indicate that a wide variation in VKORC1 haplotypes
exists among each ethnic groups. For Asian population, haplotype A is found at much higher frequency
than other races. This may partly explain why Asian population tends to require much lower warfarin dose
compared to other races. Studies conducted among Thai patients confirm this finding.
In the past, several attempts have been made to develop dosing algorithms to promote accurate
warfarin dosing. However, such algorithms rely only on clinical factors (such as age, weight, height and
sex) which lead to poor results. Recently, a number of researchers have developed new dosing algorithms
by incorporating CYP2C9 and VKORC1 genotype along with clinical factors which lead to a more accurate
warfarin dose prediction. However, several barriers exist for the adoption of such dosing algorithms to a
different population. Using a retrospective data of a study conducted in Thai patients, such dosing
algorithms were evaluated. The results show much lower accuracy of warfarin dosing than the original
studies and may be unreliable to be used locally. Several factors may help explain such discordance
including the validity of retrospective clinical data, differences in races which algorithms were derived,
differences in environmental factors and low frequency of some genotypes.
In conclusion, genetic polymorphisms show a strong influence on warfarin response. Applying such
knowledge along with traditional factors may be beneficial in selecting an appropriate warfarin dose.
However, more data is required before this approach can be routinely recommended in clinical practice at
this time.
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Exploration of RNA-Binding Sites in Dengue RNA Polymerase for Drug Design

Chairat Tunghirun1, Kenneth Hodge1, Sarin Chimnaronk1*
1
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Campus, Phutthamonton 73170, Thailand
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Dengue virus (DENV) is an important public health concern. An estimated beyond 100 million
individuals are annually infected, of which 1% are hospitalized with dengue hemorrhagic fever.
Currently, antiviral drugs and vaccines are still under development. The viral RNA-dependent RNA
polymerase (RdRp) becomes an attractive target for drug design because it is an essential component
for viral genome replication. However, given the structural equivalent of viral RdRp with other cellular
polymerases, the inhibitor targeting RdRp may also directly interfere the cellular polymerase activity
or interactions with promoter elements. To achieve a potential inhibitor, we aim to identify distinctive
RNA-binding sites on DENV RdRp by combining random mutagenesis with the yeast three-hybrid
scan (Y3H). A diverse RdRp mutant library with a size of ~1.2×105, possessing a 0.5% nucleotidesubstitution rate, was constructed by PCR-based random mutagenesis. The SL element in the 3´
untranslated region of DENV genome was initially identified as a specific potent RdRp-binding RNA.
Then we utilized Y3H to screen for any RdRp mutants that could retain binding activity with the 3´ SL
RNA. Taken together with our bioinformatics and structural analyses, we have found an
uncharacterized RNA-binding motif in the thumb domain of DENV RdRp for the first time. Sitedirected mutagenesis was also performed to pinpoint residues responsible for RNA recognition.
Substitutions of Arg770, Arg773, and Arg856 completely abrogated the interaction, whereas Tyr838
and Lys841 mutations also had severely deleterious effects. All of those are located in a positively
charged cleft in the thumb domain, and are strongly conserved in flaviviruses. Collectively, we
discovered a unique and critical RNA-binding site in the thumb domain of DENV RdRp. We propose
that this specific RNA-binding cleft could be a promising novel target for drug design for flaviviruses
with minimal off-target effects.
Keywords: Dengue virus, RNA-dependent RNA polymerase, yeast three-hybrid system
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A Comparison Between Allergen Extract By The Sonication –Based Method And
The Liquid Nitrogen – Based Method

Chunapa Thavornpraserd1, Umaporn Siriwattanakul2, Kitipong Soontrapa1, Wisuwat
Songnuan2*
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Allergic diseases have become a serious health problem in Thailand. Currently, diagnosis and
immunotherapy of allergy still rely on extracts of allergen sources. While pollen allergy is common
among Thai people, pollen extracts of local plants are not always commercially available. One such
example is the extract from pollen of Cyperus mitis ( sedge, Ya Haeo Mu) . Thus, it is essential to
generate standardized extracts from local pollens. The goal of this study is to establish a suitable
method for extraction of allergens from local pollens .We compared two extraction methods: sonication
based method and liquid nitrogen based method for Cyperus mitis pollen extraction , in combination
with or without incubation. Protein concentration and protein pattern of each conditions were analyzed
using Bradford assay and SDS-PAGE. The result showed that extraction using sonication yielded the
highest protein concentration ( 5.00 ± 0.9481 mg/ml) followed by sonication with incubation
( 1.92±0.5152 mg/ml) , liquid nitrogen ( 1.83±0.0930 mg/ml) , and liquid nitrogen with incubation
( 1.27±0.1430 mg/ml) , respectively. All of methods produced protein profiles with similar patterns.
Thus, the sonication based method was selected for high quality and quantity local pollen extraction
for future diagnosis and immunotherapy of allergy.
Keywords: Allergen, Pollen, Extraction, Sonication, Liquid nitrogen
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INHIBITORY EFFECT OF ESSENTIAL OIL FROM OCIMUM AMERICANUM
LEAVE ON MACROPHAGE ACTIVATION
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Ocimum americanum Linn. (hairy basil) is a herbal plant used as a culinary herb and source of flavoring
of food and dessert. It is also a traditional Thai medicine used to treat colds, digestive disorder, and
skin disease. Eessential oil from O. americanum leaves contains many chemical components which
some of them have been investigated to display anti-inflammatory effect both in vivo and in vitro. This
study aimed to investigate inhibitory effect of O. americanum essential oil on inflammatory mediator
production of LPS-activated macrophage J774A.1 cells. The essential oil inhibited nitric oxide (NO)
production in LPS-activated J774A.1 cells with the IC50 at 21.07µg/ml. It also inhibited the expression
of inducible nitric oxide synthase (iNOS) which is the enzyme responsible for generating large amount
of NO and usually produced only when macrophages become activated cells. The essential oil also
inhibited the expression of IL-6 which is one of pro-inflammatory cytokines in activated macrophages.
The results from this study suggest that the essential oil from O. americanum leaves may have antiinflammatory activity by inhibiting activated macrophages which are the key inflammatory cells during
chronic inflammation.
Keywords: Macrophages, Ocimum americanum, essential oil, inflammation
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Rice Bran Protein Hydrolysates Improve Insulin Resistance and Enhance
Expression of PPAR-γ in Rats with Metabolic Syndrome

Kampeeporn Boonloh1, Veerapol Kukongviriyapan1, Bunkerd Kongyingyoes1, Upa
Kukongviriyapan2, Supawan Tavornchinsombut3, Patchareewan Pannangpetch1*
1
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Overintake of high carbohydrate-high fat diet (HCHF) can cause an increase in circulating level of free
fatty acids (FFAs), which contributes to insulin resistance (IR) and metabolic syndrome (MS). The
previous investigations have elucidated that PPAR-γ triggers an increase in secretion of adiponectin
from adipose tissue. Overall functions of adiponectin are to increase fatty acid oxidation in liver and
skeletal muscle, and improve insulin sensitivity. We have recently reported the hypoglycemic and antihyperlipidemic properties of rice bran protein hydrolysates (RBP) in HCHF-induced MS rats. Thus, in
this study we investigated the effects of RBP on adiponectin secretion and the expression of PPAR-γ.
Male Sprague-Dawley rats were used. The normal control group was fed normal rat diet, the MS group
was fed HCHF diet with 5% fructose drinking water for 12 weeks. After that, the MS group was divided
into 3 subgroups which were orally administered with RBP 500 mg/kg, pioglitazone 10 mg/kg or
distilled water for further 6 weeks. Then, fasting blood glucose (FBG), serum insulin and adiponectin,
and the expression of PPAR-γ gene in adipocytes were examined. We found that RBP significantly
reduced FBG, serum insulin, HOMA-IR score (an indicator of IR) as compared to MS control group
(p<0.05). Furthermore, the expression of PPAR-γ gene of the MS rats receiving RBP were significantly
higher than that of MS-control rats (p<0.001). Interestingly, the level of serum adiponectin was also
increased significantly in MS rats receiving RBP as compared to MS-control group (p<0.001). In
conclusion, these results reveal that RBP may attenuate IR by enhancing the expression of PPAR-γ,
which triggers a secretion of adiponectin in the MS condition.
Keywords: Insulin resistance, Rice bran protein hydrolysates, PPAR-γ, Adiponectin
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Antifungal Activity of Combretanoid against Opportunistic Pathogens of HIV
Patients
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Objective; To isolate the new compound from the seeds of Combretum quadrangulare Kurz.
(Combretaceae) from Amphur Sarapee and Amphur Sun Srai in Chiang Mai Province and to determine
antifungal activity of this compound against to opportunistic pathogens of HIV patients. Method; The
seeds were macerated with 95% ethanol. Purified by column chromatography using Avicel as the
adsorbent and using 50% acetone in water as the eluting solvent and further purified by Avicel
preparative layer chromatogram 2 times by using 50% acetone in water as the developing solvent.
Sabouraud Dextrose Agar was chosen as the media for fungi. Conclusion; % Fungal growth inhibition
of crude extract from Amphur SunSrai for Aspergillus fumigatus and Penicillium marneffei were 51.81
± 1.21 and 17.78 ± 1.10 %, which were better than crude extract from Amphur Sarapee, 35.18 ± 4.49
and 14.07 ± 1.28, respectively. The pure compound combretanoid showed that it didn’t have the
antifungal activity.
Keywords: Combretanoid, Steroidal heptene sulfamoyl cyclic compound, Opportunistic pathogens
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A Study for Medical Education in Pharmacology: An Establishment Of A Protocol
For The Study Of The Effect Of Stomach Conditions On Drug Absorption

Kitrawee Jirathaniruaungkit*, Jantaras Sengsim*, Dhachdanai Dhachpramuk*, Taksaorn
Suriyakan*, Pongpak Bhumiwat*, Piyaporn Chokevittaya*, Alif Noikham*, Weerathep
Chattanachotikul**
Department of Pharmacology, Faculty of Medicine Siriraj Hospital, Mahidol University, Bangkok
10700, Thailand
E-mail: weerathep.cha@mahidol.ac.th
The literature concerning influence of gastric content on drug absorption is one of the crucial topics
study in Pharmacology. To facilitate students’ understanding on this issue a laboratory session with
various models has been conducted in pharmacology as well as medical schools. Some well-established
protocols, such as testing for aspirin levels in urine, have been suffered from some internal factors,
such as hypersensitivity and allergic reaction to the drug. Therefore, a safe and reliable protocol is still
required for student learning experience to assist student’s learning in the pharmacology class. We
proposed a very safe and relatively easy protocol to study effect of meal on the drug absorption, with
vitamin C as a model substance. We measured the excretion of vitamin C in urine by the 2,6dichlorophenolindophenol (DCPIP) titration. This study performed in 15 subjects by this protocal
showed a clear delayed excretion of urine vitamin C in full stomach condition. The result started
showing significant difference in Vitamin C excretion after 80 minutes between empty stomach and
full stomach group. We concluded that the protocol was sensitive and effective enough to measure the
vitamin C excretion under the empty and full stomach conditions, and that the protocol was relatively
easier, and used only under 2 hours to perform with a minimum risk of the vitamin C hypersensitivity.
Keywords: Vitamin-C, Absorption, Stomach

18 | A d v a n c e d P h a r m a c o l o g y i n D r u g D e v e l o p m e n t
Towards The ASEAN Union

A07

Outcomes of Pharmaceutical Care Outpatient diabetes Cooperation in the use of
Insulin Pens at a Diabetes Clinic, Sanpastithiprasong Hospital.

Kopkan Choopan
Pharmacy, Sanpasitthiprasong Hospital Ubonratchathani 34000, Thailand
E-mail: kopkan1979@hotmail.com
Pharmaceutical care for diabetic patients increases their ability for self-care and helps patients have
better glycemic control. The insulin pen is easy to apply correctly, but requires the patients to be taught
the method of application. The objective was to study the pharmaceutical care of patients with diabetes
injecting insulin pen for problems associated with high amounts of glucose in the blood. A descriptive
research consisted of patients with type 2 diabetes who use insulin pens with a HbA1c> 8.0% between
January-June 2013. Pharmacists provided pharmaceutical care to patients three times consecutively,
by finding the drug related problems and evaluating the use of insulin pens. The first evaluation,
patients will learn from pharmacist demonstrations, receive instructions and solve problems with a
multidisciplinary team. Patients will have the 2nd and 3rd assessment in the next visits. Seventy eight
patients were evaluated, 84.8 % of the patients were female, with a mean age of 59 ± 17 years. Using
ANOVA statistical analysis, we found that patients show a higher percentage of correct insulin pens
application after receiving pharmaceutical care with a statistical significance (p-value < 0.05). The
assessment showed that the first evaluation of using the insulin pen resulted in a score of 41.6%. The
score rose to 79.8 % and 96.2 % in the 2nd and the 3rd assessments. The major problems are setting the
correct dosage amount as the physician prescribed, followed by the storage of the pen and the site of
injection. Interestingly, the average HbA1c significantly decreased from 10.5 ± 2.9% to 8.6 ± 2.1%.
Most elderly people have a misunderstanding of the application of insulin pens and apply the insulin
injections incorrectly, resulting in an inability to control blood glucose levels within the target range.
An effective health care team to monitor patients by holistic care and providing pharmaceutical care is
a key to helping patients control their blood glucose. Moreover, the expansion of the team to primary
care and home health care will be more effective.
Keywords: Pharmaceutical Care, Diabetic Patients, Insulin Pens

T h e 3 6 t h C o n g r e s s o n P h a r m a c o l o g y o f T h a i l a n d | 19

A08

Study of Allergen Gene Expression in Different Organs of Bermuda Grass
(Cynodon dactylon)
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Bermuda grass pollen is one of the most common causes of allergy rhinitis worldwide. Even though
the allergenic proteins from Bermuda grass had been studied for decades, the information about
expression of genes encoding these allergenic proteins is still lacking. This study aimed to evaluate
allergen gene expression in different organs of Bermuda grass, including leaf, inflorescence, and
pollen. Furthermore, allergen gene expression in different developmental stages of inflorescence: seed
head, early anthesis, and anthesis was investigated .The four genes included in this study were betaexpansin (Cyn d 1), polcalsin (Cyn d 7), profilin (Cyn d 12), and pathogenesis-related protein or PR-1
(Cyn d 24). Gene expression was assessed using quantitative RT-PCR. The results of this study showed
that all four genes were expressed in leaf, inflorescence, and pollen. While the expression of Cyn d 1
and Cyn d 12 in pollen was about two fold higher, the expression of Cyn d 7 and Cyn d 24 was almost
ten fold higher than that in leaf and inflorescence. Of the inflorescence developmental stages, the
highest expression of all four genes was found at early anthesis stage. Although the expression of all
four genes was highest in pollen, allergen genes were also expressed in leaf and in different stages of
inflorescence. This study suggests that other parts of Bermuda grass are potentially allergenic and
should be avoided.
Keywords: Bermuda grass, allergy, beta-expansin (Cyn d 1), polcalsin (Cyn d 7), profilin (Cyn d
12), pathogenesis-related protein or PR-1 (Cyn d 24)
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Subtype Specificity of Adenosine A2 Receptor on the Inhibition of Angiotensin IIinduced Cardiac Fibrosis
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Overstimulation of angiotensin II receptor (ATR) accelerates cardiac fibroblast into the activated form
characterized by enhancing of cell proliferation, synthesis of several extracellular matrix (ECM)
proteins and expression of alpha-smooth muscle actin (α-SMA), resulting in cardiac fibrosis. The
functions of cardiac fibroblast are regulated by several autocrine/paracrine factors including adenosine.
The previous studies showed that adenosine can reduce the cell proliferation and secretion of
inflammatory mediators in cardiac fibroblast, supporting the cardioprotective effects of adenosine. A2a
and A2b receptors are expressed mainly in cardiac fibroblasts. Pharmacological studies suggested the
possible effect of adenosine on inhibition of cardiac fibrosis appear occur predominantly via A2
receptor. However, it is still unknown which A2 receptor subtypes involving in the inhibition of cardiac
fibrosis inducing by angiotensin II (Ang II). In this study, we used the selective A2a receptor antagonist
(SCH58261) and the selective A2b receptor antagonist (MRS1754) to determine which subtypes are
involved in the inhibition of Ang II-induced cardiac fibrosis. Ang II-induced cell proliferation and αSMA protein expression were assessed by MTT assay and fluorescence microscope, respectively. Our
results show that Ang II-induced cell proliferation and α-SMA production were significantly inhibited
by 5′-N-ethylcarboxamidoadenosine (NECA); adenosine receptor agonist, indicating activation of
adenosine receptor suppress Ang II-induced cardiac fibrosis. We also found that the action of NECA
on inhibition of Ang II-induced cell proliferation and α-SMA synthesis were blocked by MRS1754,
but not SCH58261 in neonatal rat cardiac fibroblast. Thus, the effects of NECA on inhibition of cardiac
fibrosis are mediated though A2b receptor signaling pathway.
Keywords: Adenosine receptor, Alpha-smooth muscle actin (α-SMA), Angiotensin II, Cardiac
fibrosis, Cell proliferation
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Oxidative DNA damage and antioxidant defense status in patients
with non-melanoma skin cancer
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Non-melanoma skin cancer (NMSC) is the most common type of skin cancer worldwide. Ultraviolet
(UV) radiation-mediated oxidative stress and depletion of antioxidant defenses has been suggested to
play a crucial role in the pathogenesis of NMSC. This study therefore aims to illustrate the relationship
between the oxidative DNA damage/antioxidant defense status and NMSC by assessing urinary 8hydroxyl-2-deoxyguanosine (8-OH-dG) as DNA marker of oxidative stress and plasma glutathione
(GSH) level and catalase (CAT) activities. This case-control study consisted of 33 subjects; 13 NMSC
patients (5 men, 8 women; mean age 72 yr) and 20 patients with non-malignant skin diseases as control
(4 men, 16 women; mean age 35 yr). Before the surgical operation, the blood and urine samples were
collected and ELISA kit was performed for determination of urinary 8-OH-dG levels (mean ± SEM)
and spectrophotometric methods for plasma GSH levels and CAT activities (mean ± SEM). The
statistical comparisons were performed by one way analysis of variance (ANOVA) followed by
Student's t-test. NMSC patients showed significantly higher urinary 8-OH-dG concentrations (308.19
± 53.70 vs 120.18 ± 15.88 g/g creatinine, p < 0.001) and plasma GSH levels (3.0 ± 0.3 vs 2.0 ± 0.3
mol/L/mg protein, p < 0.05) and CAT activities (2.2 ± 0.4 vs 1.4 ± 0.1 U/ml/mg protein, p < 0.05)
compared to control. The results show that patients with NMSC are under oxidative stress associated
with higher levels of GSH levels and CAT activities. Elevated antioxidant defenses may indicate an
adaptive response to oxidative stress which may be involved in the development of NMSC.
Keywords: Non-melanoma skin cancer (NMSC), Antioxidant defense, Ultraviolet
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Development of Genomic-Based Population Clearance Equations of Efavirenz
in Thai HIV Patients: A CYP2B6 Genotype Study
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Previous studies have shown that single nucleotide polymorphisms (SNPs) and halotypes of CYP2B6
genes have effects on variability of plasma efavirenz (EFV) concentrations and clearances. The aim of
this study was to develop the genomic-based clearance equations of EFV in Thai HIV patients, based
on
a
previous
reported
equation:
CL/F=[12.2-0.00279(GGT)]x0.602CYP2B6*6[G/T]
x0.354CYP2B6*6[T/T] x0.793CYP(MRP4 1497C T). Retrospective data of plasma EFV
concentrations collected at 12 hours mid-dose and liver function test (AST, ALT) obtained from 136
Thai HIV Patients at Bumrasnaradura Infectious Disease Institute, were used for the study. The
genotypes of CYP2B6 genes were tested in all patients including 4 SPNs (516G>T, 785A>G,
18492T>C, 21563C>T ) and 3 haplotypes (*1/*1, *1/*6, and *6/*6. The genomic-based population
clearance equation of EFV was modified by Solver function in a Microsoft Excel® program for the
optimization procedure. Performance test was based on two indicators, mean error (ME) for accuracy
and root mean square error (RMSE) for precision. Results showed that the final modified equations
with
comparable
best
accuracy
and
precision
were
CL/F=[269.0581.081(ALT)]x1.333CYP2B6*1/*1x0.698CYP2B6*1/*6 x0.370CYP2B6*6/*6 (ME=0.018µg/ml,
RMSE=1.74µg/ml) and CL/F=[269.058-1.104(ALT)]x0.670CYP2B6 216563CCx0.399CYP2B6
21563CTx2.040CYP2B6 21563TT (ME=0.028µg/ml, RMSE=1.62µg/ml). The estimated average
EFV total clearances in the patients who have CYP2B6*1/*1, *1/*6, and *6/*6 were 307.93, 160.22,
79.12 L/day, respectively. The estimated average EFV total clearances in the patients who have
CYP2B6 216563CC, 216563CT, and 216563TT were 286.53, 159.82, 87.24 L/day, severally. In
contrast to the two equations above. CL/F=[269.058-25.760(AST/ALT)]x1.335CYP2B6
18492TTx0.1.927CYP2B6
18492TCx0.638CYP2B6
18492CC
(ME=0.0004µg/ml,
RMSE=2.1832µg/ml) was found to be the modified equation to predict the increases in the estimated
average total clearances of EFV (CL/F18492TT=144.79 L/day, CL/F18492TC=311.61 L/day,
CL/F18492CC=445.75 L/day) thus a reduction of its concentrations among the patients with heteroand homo-mutants. In conclusion, the clearance equations based on the haplotype CYP2B6 1/*1,
*1/*6, and *6/*6 and SNP 21563C>T, and SNP 18492T>C may be used for individualizing doses for
the Thai HIV patients to prevent EFV-associated adverse effects and to avoid sub-therapeutic EFV
treatment, respectively.
Keywords: Population clearance, Efavirenz, HIV, CYP2B6
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Clopidogrel is an antiplatelet agent that works by inhibiting the binding of ADP to platelet P2Y12
receptor. Clopidogrel is a prodrug that requires two-step of biotransformation via cytochrome P450
(CYP) and paraoxonase-1 (PON1) enzymes to its active metabolite. Genetic polymorphisms of
CYP2C19 and PON1 are well recognized and certain alleles of these genes encoded decreased activity
or inactive enzymes. The aim of this study was to assess the impact of CYP2C19 and PON1 Q192R
polymorphisms on antiplatelet aggregation effect of clopidogrel under steady state condition. Twentysix male healthy subjects were treated with clopidogrel (75 mg/day) for 7 days and blood samples were
collected at pre-dose, 1, 2, 3, 4, 8, 12 and 24 hr after the last dose administered. The antiplatelet effect
was determined using the whole blood aggregometry. Genotyping for CYP2C19*2, CYP2C19*3 and
PON1 Q192R polymorphisms were performed by PCR-RFLP method. The maximal antiplatelet effect
(Emax; %inhibition) observed in the CYP2C19*2 carriers was significantly lower than those of the
wild-type carriers (*1/*1 = 96.22 ± 9.51, *1/*2 = 85.51 ± 26.48, *2/*2 = 53.10 ± 22.53). Moreover,
the areas under the time - antiplatelet effect curves (AUEC0-24hr; %inhibition•hr) among homozygous
CYP2C19*1 carriers and heterozygous and homozygous CYP2C19*2 carriers were significantly
difference (*1/*1 = 2072.92 ± 512.47, *1/*2 = 1694.94 ± 758.15, *2/*2 = 1059.79 ± 811.71). There
was no significant difference in antiplatelet effect among homozygous carriers of the QQ192 (reducedfunction), QR192 and RR192 (normal function) genotypes of PON1. Among heterozygous of
CYP2C19*2 carriers, the antiplatelet effect of clopidogrel was not significantly different between
subjects who carried different genotypes of PON1. Therefore, CYP2C19*2 allele is associated with
impaired antiplatelet aggregation effect of clopidogrel. PON1 Q192R polymorphism does not appear
to be a significant determinant of clopidogrel response.
Keywords: Clopidogrel, Genetic polymorphism, CYP2C19, PON1, Antiplatelet
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Knockdown of Nrf2 - Mediated Antioxidant Defense System by siRNA Sensitizes
Cholangiocarcinoma Cells to Cisplatin
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Nrf2 is a key transcription factor regulated antioxidant enzymes which are contributed to
cytoprotection against oxidative stress and electrophilic attack in normal cells as well as cancer cells.
Activation of Nrf2 signaling system play an important role in resistance to chemotherapeutic drugs of
many different cancers. Recent evidence suggests that high expression of Nrf2 and antioxidant
enzymes in human cancer tissues and cancer cell lines correlates with cells survival and contributes to
chemoresistance. Moreover, inhibition of Nrf2 expression increased sensitivity to chemotherapeutic
drugs. The present study was to determine whether knockdown of Nrf2 by small interfering RNA
(Nrf2-siRNA) in cholangiocarcinoma cells enhances the efficacy of chemotherapy. Human
cholangiocarcinoma cells (CCA cells), KKU-M156 were transfeced with Nrf2 siRNA for 24 and 48 h
to evaluate the efficiency of the target knockdown by RT-PCR. The sensitivity of CCA cells to
gemcitabine and cisplatin was determined. Our data show that siRNA-mediated significantly decreased
the Nrf2 expression in KKU-M156 cells. The Nrf2 knockdown increased the cytotoxicity of cisplatin,
resulting in increased cell death in a dose-dependent manner when compared to the non-target siRNA
transfection. Combination of Nrf2 gene silencing with cisplatin, significant downregulation of the Nrf2
downstream antioxidant genes including NQO1, HO-1, GCLC and GSTP1. The downregulation of
Nrf2 and its downstream genes is associated with potentiation of the efficacy of cisplatin. Suppression
of Nrf2 signaling may be a strategy to increase efficacy of chemotherapy.
Keywords: Nrf2, Cholangiocarcinoma, Chemosensitivity, Cisplatin, Antioxidant enzyme
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An Novel Anti-senescence Role of a Cell Cycle Protein Cyclin D1
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Cyclin D1 is an important regulator of cell cycle progression that drive cell cycle from G1 to S phase.
Overexpressions of cyclin D1 have been linked to the development and progression of various cancers
including breast, oesophagus, bladder and lung cancers. However, the precise role of cyclin D1 in
cancer formation is still unclear. We found that Cyclin D1 depletion by short hairpin RNA (shRNA)
decreased cell proliferation ability, changed cell morphology; their volume increased and they lose
their original shape by acquiring a flattened cytoplasm, indicating the stage of cellular senescence. This
was confirmed by the senescence-associated β-galactosidase (SA β-gal) assay. We also found that
Cyclin D1-depleted cells accumulated higher level of endogenous reactive oxygen species (ROS) in
breast cancer (MCF7) and cervical cancer cell line (HeLa), which may result in the increased cellular
senescence detected in the cyclin D1 knockdown cells. Therefore, cyclin D1 maybe required to
suppress ROS level to the level that is not harmful for the cells. The suppression of ROS by cyclin D1
did not require retinoblastoma protein (Rb). These findings suggested a potential function of Cyclin
D1 as a regulator of intracellular oxidative stress which allows cancer cells to grow under the ROS
stress and that cyclin D1 may be a strong candidate for cancer therapy.
Keywords: Cyclin D1, Oxidative stress, Senescence, Cancer
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Total Phenolic Content and LC-MS Analysis of Phenolic Compounds of Water
Extract of Moringa Oleifera Lam. Leaves.
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Moringa oleifera Lam. leaves was shown many pharmacological effects such as antioxidant,
antiatherosclerotic, hypolipidaemic, hypoglycemic and anti-inflammatory activities. Our previous
studies, we found that the phenolic compounds were active compounds of the water extract of these
leaves and contained DPPH scavenging activity. But we had not known the types of these phenolics.
The types of phenolic compounds of the extract are useful for the quality control of the extract and for
future use in human. The objectives of this study were to determine total phenolic content and identify
phenolic compounds of water extract of Moringa Oleifera Lam. leaves. Methods Moringa oleifera Lam.
leaves were collected from Trang province. The leaves were blended with distilled water in the ration
1:5 (w/w). The homogenated was boiled for 5 min and the extract solution was filtered through filter
cloth. The filtrate was lyophilized. The dried extract was kept in freezer at -20 0C until used. Total
phenolic content of the extract was determined by using Folin-Ciocalteu assay (gallic acid was used as
a standard). 10 Phenolic compounds of the extract were determined by using LC-MS system Agilent
technology 1100 series Germany. Column Zorbax SB C18, 150 x 4.6 mm, column oven 40 C, flow
rate 1.0 ml/min, mobile phase A: Acetonitrile, B: pH4.0 10 mM Ammonium formate, gradient A from
100% to 40% in 60 min. Detector was diode array monitor at 270, 330, 350 and 370 nm. Mass detector
system: LC/MSD SL made in USA. Gas N2 flow 13 L/min, gas temperature 320 C. Results the %
yield of fresh leaves: dry extract (%w/w) was 10 %. Total phenolic content of the dried extract was
40.10 mg/g. Rutin, Gallic acid, Tannic acid, Hydroquinin, Quercetin and Kaempferol were found in
the extract, in a high level to low level, respectively. Whereas the concentrations of Catechin,
Isoquercetin, Eriodytiol and Apigenin of the extract were less than 2 mg/kg. We found that some of
the phenolic compounds of the extract were different from the phenolic compounds of M. Oleifera
Lam. leaves from India, Nicaragua and Niger (from previous study from German). Conclusion Water
extract of Moringa oleifera Lam. leaves contains phenolic content and 10 phenolic compounds of the
extract could be detected by LC-MS.
Keywords: Total phenolic content, LC-MS analysis of phenolic compounds, Moringa oleifera Lam.
leaves.
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Phenytoin is an anti-epileptic drug being used world-wide. Phenytoin is mainly metabolized by
CYP2C9 and is a substrate of P-glycoprotein (P-gp). P-gp is an efflux transporter at duodenum mucosa
and blood-brain-barrier (BBB) influencing on intestine drug absorption and drug penetration across
BBB. P-gp is encoded by MDR1 gene. Recent data showed MDR1 polymorphism to affect phenytoin
level and therapeutic response. The aim of this study was to determine the association between MDR1
polymorphism and the dosage requirement to achieve therapeutic levels of phenytoin in epileptic
patients. One hundred and thirty patients were enrolled in this study and seventy-eight patients are
cryptogenic. The allelic frequencies of MDR1 were determined by real-time polymerase chain reaction
using specific primers. Clinical data of the patients were reviewed. Data analysis showed that dosage
of phenytoin required to achieve therapeutic range in cryptogenic epileptic patients who carried MDR1
3435C/C were significantly higher than in MDR1 3435C/T group (6.52 ± 1.34 vs. 5.06 ± 1.08
mg/kg/day, respectively, P-value<0.05). Moreover, dosage requirement to achieve therapeutic range
in MDR1 2677 wild-type patients were significantly higher than those in MDR1 2677 hetero-mutant
group (375.00 ± 52.04 vs. 307.69 ± 35.92 mg/day, respectively, P-value<0.05). Therefore, cryptogenic
epileptic patients who carried MDR1 3435 and MDR1 2677 wild-type needed higher phenytoin doses
than mutant groups to achieve its therapeutic level.
Keywords: MDR1, Polymorphism, Phenytoin
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The decoction of cortex and root of Maclura amboinensis Bl. (family Moraceae) is traditionally drunk
for the treatment of fever, diuretic, hepatitis and including various types of cancer in patients. However,
its pharmacological activity especially the treatment of cancer is not clarified in details. The aim of this
present study is to evaluate the effect of an aqueous extract of Macluraamboinensis root on transplanted
Meth-A sarcoma in BALB/c mice. Moreover, alterations of pro-inflammatory cytokine productions
after the MA extract treatment in tumor-bearing mice were determined. Thirty-six of male BALB/c
mice were divided into 6 groups (gr. 1-6; n=6 for each gr.). Mice (gr.2-6) were injected subcutaneously
with Meth-A sarcoma cells (1x106cells/mouse) except the normal group (gr. 1). After 24 hour tumor
inoculation, 0.3% carboxymethylcellulose (CMC) was administered intraperitoneally (i.p.) in normal
and Meth A-bearing mice (gr. 1-2) for 14 days. Similarly, MA extract at the difference doses (50, 100,
250 mg/kg) in 0.3% CMC were administered i.p. in tumor-bearing mice (gr. 3-5). Doxorubicin, an
anticancer drug was injected i.p. at the single dose of 2 mg/kg (gr. 6). The effects of MA extract on the
body weight change, tumor volume and life span of tumor-bearing mice were recorded daily. At day
15th, bloods were collected and simultaneous alterations of the cytokine productions; TNF-, GMCFS, G-CFS, IL-1, IL-1, IL-6, IL-12(p40), IL-12(p70), IFN-, VEGF were estimated in their sera
by a Multiplex bead-based immunoassay. The results demonstrated that MA extract at the dose of 100
mg/kg was significantly suppressed the tumor growth of transplanted Meth-A sarcoma in BALB/c mice
(p<0.05) and prolonged the survival time, when compared with non-treated and other treated groups;
although its activity was lower than that of doxorubicin. Treatment with MA extract significantly
inhibited the release of TNF-, IL-1, IL-1, IL-6, GM-CFS, G-CFS, whereas enhancement the levels
of IL-12 (p40 & p70), IFN- cytokines. Interestingly, the extract (100 mg/kg) markedly suppresses
VEGF expression, thereby inhibition of tumor-induced neovascularization. Our findings indicate that
the aqueous extract from M. amboinensis root has potent antitumor activity at the optimum dose of 100
mg/kg in transplanted tumor-bearing mice and improves host immune system function

Keywords:

Maclura amboinensis, aqueous extract, antitumor activity, cytokine release
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Olanzapine is an atypical antipsychotic widely used in the treatment of schizophrenia and related
psychoses. There is wide inter-individual variability in olanzapine pharmacokinetics and response.
Several factors contribute to this variability including gender, age, ethnicity and co-medication.
However, the extent to which these affect olanzapine pharmacokinetics is poorly understood. The aim
of this study was to assess the inter-individual variability in olanzapine clearance predicted from in
vitro kinetic data utilising in vitro-in vivo extrapolation coupled with physiological-based
pharmacokinetic modeling. In addition, the known covariates (gender, age and ethnic status) were
included in the investigation. The Simcyp® population-based simulator was used to predict the
clearance of olanzapine (10 mg) based on in vitro kinetic data determined using recombinant CYP and
UGT enzymes in the presence of albumin. Liver intrinsic clearance (CLint.liver) was calculated from
clinical pharmacokinetic studies where a 10 mg dose was studied (n = 5 and 2 for Caucasians and
Chinese, respectively) and compared to the CLint.liver obtained from simulations. Trough olanzapine
concentrations (n = 160) at steady-state were collated from the Flinders Medical Centre therapeutic
drug monitoring (TDM) service and data compared with results from Simcyp®. Simulations for
olanzapine clearance and pharmacokinetic parameters were comparable to reported clinical data in
healthy volunteers. Significant differences in olanzapine clearance were identified between Caucasian
and Chinese populations. Predicted olanzapine clearance decreased with increasing adult age, and
females showed significantly higher mean olanzapine clearance than males. Cumulative frequency
plots of trough olanzapine concentrations at steady-state were comparable between the patient cohort
and the virtual population. In summary, Simcyp® facilitated the assessment of inter-individual
variability in olanzapine clearance. This approach demonstrated good correlation with both single dose
pharmacokinetic studies and patient data from a TDM service.
Keywords: Olanzapine, in vitro-in vivo extrapolation, physiologically-based pharmacokinetic,
Simcyp®
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Association of Genetic Variants in UGT1A6 Genes and Non-genetic variant with
Valproic Acid Doses and Blood Levels in Thai Epileptic Patients
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The aim of this study was to investigate the association of genetic variants in UGT1A6 19T>G,
541A>G and 552A>C together with non-genetic variant, drug interaction, with VPA dose and plasma
concentrations in Thai epileptic patients. Eighty four Thai epileptic patients who were treated with
VPA maintenance dose at Phramongkutkloa Hospital were enrolled to this study. Three candidates
single nucleotide polymorphisms (SNPs), including UGT1A6 19T>G, 541A>G and 552A>C were
genotyped by using Taqman SNP genotyping assay. Non-genetic factor, co-medication, was divided
into three categories including drug inducer, drug inhibitor and drug with no effect. Nonparametric
methods (Mann-Whitney U and Kruskal-Wallis test) were used to identify the association of genetic
and non-genetic variants, drug interaction, with VPA maintenance dose and steady state trough plasma
concentration. The three candidate SNPs of 84 patients were genotyped. All of the genotypic
distributions were consistent with Hardy-Weinberg equilibrium. For co-medication, only drug inducer
and drug with no effect which were 37 and 47 respectively were found. Results of this study
demonstrated that UGT1A6 541A>G and 552A>C variants were associated with lower VPA dose (pvalue =.037, 0.031, respectively). Whereas, non-genetic factor, drug inducer tended to be associated
with higher VPA dose. In line with this, drug inducer was found to be associated with lower VPA
plasma concentration (p-value = 0.002) while UGT1A6 polymorphisms were shown a tendency of
association with higher VPA plasma level. The present study demonstrated that genetic variants in
UGT1A6 influenced variability in VPA dose while drug interaction had an impact on VPA plasma
concentration in Thai epileptic patients. These finding suggested that genetic variants in gene encoding
drug metabolizing enzyme and non-genetic factor, drug inducer, could explain in part the interindividual variability in VPA maintenance dose and blood levels.
Keywords: Nrf2, Cholangiocarcinoma, Chemosensitivity, Cisplatin, Antioxidant enzyme
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Insulin resistance is characterized by the reduced ability of insulin to stimulate the uptake of glucose
by many tissues including cardiac muscle which is associated with inflammation, oxidative stress and
myocardial remodeling. It is noteworthy that some of these conditions are characterized by
dysregulation of the sympathetic nervous system, resulting in enhanced stimulation of βAR. It has been
known that overstimulation of βAR causes insulin resistance, we hypothesize that β-blockers may
suppress the βAR-induced insulin resistance in the heart. Therefore, we investigate the effects of βblockers on the βAR-induced insulin resistance focusing on insulin-induced glucose uptake, glucose
transporter 4 (GLUT4) expression and GLUT4 translocation assessed by glucose uptake assay, RTPCR and GLUT4 translocation method, respectively. This study reported that propranolol and
metoprolol significantly antagonized the inhibitory effect of isoproterenol (ISO; βAR agonist) on
insulin-induced glucose uptake, whereas atenolol tend to inhibit the effect of ISO in neonatal rat
cardiomyocytes. In addition, propranolol is able to antagonize the action of ISO- mediated inhibition
of insulin-induced GLUT4 mRNA expression, whereas atenolol, metoprolol and propranolol are able
to suppress the effect of ISO-mediated inhibition of insulin-induced GLUT4 translocation in neonatal
rat cardiomyocytes. Thus, this study suggests that using of these β-blockers might have the potential
benefit on patients which found insulin resistance induced by the sympathetic overactivation in the
heart.
Keywords: β-adrenergic receptor (βAR), cardiomyocytes, GLUT4 translocation, glucose uptake,
insulin resistance
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Thiposod is a household traditional remedy approved by Thailand FDA for relieving vertigo. This
remedy consists of 48 medicinal plants which some of them have been reported to have
immunmodulatory effect. This study aimed to investigate the effect of the water extract from Thiposod
aromatic remedy on phagocytic activity of macrophage J774A.1 cells. The ingredients of this remedy
were referred to the Essential Traditional Drug List that approved by Thai Food and Drug Association
(FDA). The phagocytic activity of J774A.1 cells was investigated by zymosan-nitrobluetetrazolium
(NBT) reduction assay. The extract at 3.125–25 μg/ml stimulated phagocytic activity of the
macrophages with the maximum effect at 6.25 μg/ml. It also increased nitric oxide (NO) production of
the macrophages. NO is a mediator which plays role in antigen or microbial destruction in
phagolysosomes during phagocytosis process of macrophages. The stimulatory effect of the extract on
NO production was confirmed by determining the expression of the inducible nitric oxide synthase
(iNOS). This enzyme generates NO in activated macrophages. The extract increased the expression of
iNOS determined by RT-PCR. The results from this study suggest that the water extract of Thiposod
aromatic remedy may have stimulating activity on macrophages.
Keywords: Nrf2, Cholangiocarcinoma, Chemosensitivity, Cisplatin, Antioxidant enzyme
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Low back pain (LBP) is one of the most common conditions that take the patients to hospital. There
are various treatments for LBP such as pharmacotherapy, physical therapy, manual therapy,
educational therapy, psychological therapy, and invasive therapy. Currently, traditional medicine has
been used widely for LBP treatment. Ayurved Siriraj Sahatsatara recipe (AVS023) has been used as
analgesics for at least 30 years but there is no evidence for efficacy and safety in LBP. This study was
performed as a prospective, randomized, single-blind, non-inferiority trial to evaluate the efficacy and
safety of AVS023 versus Ibuprofen in patients with non-specific acute LBP. Twenty-seven aged 1865 years with non-specific acute LBP, had moderate to severe acute LBP at baseline (score ≥ 4 on 010 numerical rating scale [NRS]) and had pain duration less than 72 hours were enrolled and randomly
allocated by block randomization either to an oral AVS023 450 mg before meal 3 times daily or
Ibuprofen 400 mg after meal 3 times daily for 7 days. The outcomes were pain intensity evaluated by
0-10 NRS, percent disability evaluated by the Oswestry disability index 1.0 Thai version (ODI), safety
and tolerability. The mean difference (MD) between group at day 7 adjusted by baseline was within
±1; (MD = -0.26; 95%CI -1.48; 0.96) and ±10; (MD = -4.92; 95%CI -14.86; 5.02) for NRS and ODI
score, respectively. The number of patients who had GI irritation were 1 and 5 in AVS023 and
Ibuprofen group, respectively, but was not statistically significant difference. There was statistically
insignificant difference between groups in any adverse events reported. These results suggest an
AVS023 was also effective to Ibuprofen in relieving pain intensity and disability in patient with nonspecific acute LBP and may be an alternative analgesic in acute LBP.
Keywords: Acute low back pain, Ayurved Siriraj Sahatsatara recipe (AVS023), Ibuprofen
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Allopurinol, a uric acid lowering drug, is commonly used for treatment of gout and hyperuricemia.
This drug has been reported as one of the most common culprit drug for severe cutaneous adverse drug
reactions (SCAR) in several countries including Thailand. Several forms of SCAR induced by
allopurinol were Stevens-Johnson Syndrome (SJS), toxic epidermal necrolysis (TEN) and drug rash
with eosinophilia and systemic symptoms (DRESS). The purpose of this study was to determine the
degree of relationship between HLA-B*58:01 and allopurinol-induced SCAR in patients who admitted
in Udonthani Hospital. Twenty-three allopurinol-induced SCAR patients and 30 allopurinol-tolerant
patients were enrolled in this study. HLA-B*58:01 genotyping were determined by allele-specific
polymerase chain reaction technique. Of these 23 SCAR patients, 21 (91.30%) patients carried the
HLA-B*58:01 while only 1 out of 30 (3.33%) of the allopurinol-tolerant patients carried this allele.
The risk of allopurinol-induced SCAR was significantly higher in the patients with HLA-B*58:01. A
strong association between HLA-B*58:01 and allopurinol-induced SCAR was observed in allopurinolinduced SCAR patients who admitted in Udonthani Hospital (odds ratio (OR) of 304.5 (95% CI 21.56
– 12,968.95, P<0.05)). This results suggest that HLA-B*58:01 is a very useful genetic marker for
prediction of life-threatening SCAR induced by allopurinol in Thai patients.
Keywords: Allopurinol, Severe cutaneous adverse drug reactions, Stevens-Johnson Syndrome (SJS),
Toxic epidermal necrolysis (TEN), Drug rash with eosinophilia and systemic symptoms (DRESS)
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Abstract
Two benzophenones guttiferone K (GK), oblogifolin C (OC) and one xanthone isojacareubin (ISO)
were phytochemicals that could be isolated from Garcinia schomburgkiana (Thai name: Ma-dan).
These three compounds exhibited cytotoxicity against cancer cell lines including SW620. In this study,
we further investigated the acute cytotoxicity and antiproliferative actions of these compounds in
human colon cancer Caco-2 cells. Cell viability was determined with either trypan blue dye exclusion
assay or MTT assay, where appropriate. We found that ISO was the most potent cytotoxic agent.
These three compounds elicited antiproliferative action against the Caco-2 cells in concentration- and
time-dependent manners. These findings suggested that guttiferone K, oblogifolin C and isojacareubin
might be anticancer candidates toward human colon adenocarcinoma. Further study on their
mechanism of cytotoxicity should be pursued.
Keywords: Guttiferone K, Oblogifolin C, Isojacareubin, Cytotoxicity, Caco-2 cells
Introduction
The incidence of colorectal cancer in Thailand
has been rising in the last decade (1). As
known, a number of anticancer drugs have been
discovered and isolated from the plant origin.
For example, doxorubicin is an antracyclin
isolated from Phellinus Linteus (2). Recently,
we found that three phytochemicals including
guttiferone K (GK), oblogifolin C (OC) and
isojacareubin (ISO) (Figure 1) could be isolated
from the wood of Garcinia schomburgkiana
(Thai name: Ma-dan) (3).
These three

Guttiferone K

compounds contained cytotoxic activity against
cancer cell lines such as A2780, CHAGO, HT29, HeLa and SW620 (3,4). The cytotoxicity
of the benzophenone GK and OC against
SW620 colon carcinoma was 100 times more
potent than doxorubicin (3). In addition, the
xanthone ISO elicited its antiproliferative
action against HeLa-C3 cells (4). The present
study further investigated the acute cytotoxicity
and anti-proliferative actions of GK, OC and
ISO in colorectal adenocarcinoma Caco-2 cells.

Oblogifolin C

Isojacareubin

Figure 1 Three phytochemicals isolated from G. schomburgkiana: guttiferone K (GK), oblogifolin C (OC) and
isojacareubin (ISO).
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Materials and Methods
Plant materials
GK, OC and ISO were isolated from the wood
of G. schomburgkiana, using the purification
and identification processes as previously
described (3). Each purified compound was
dissolved in 99.9% dimethyl sulfoxide
(DMSO) and stored at 20 oC until use. The final
concentration of DMSO in the cytotoxicity
assay was less than 0.5% (v/v). At this
concentration, DMSO had no effect on cell
viability.
Cell cultures
Human colon adenocarcinoma Caco-2 cells
(ATCC® HTB-37™) were maintained in
DMEM (supplemented with 2.5 mM Lglutamine, 100 U/L penicillin-streptomycin
mixture, 1% nonessential amino acid, and 10%
fetal bovine serum) at 37 °C in a controlled
atmosphere at 5% CO2 and 90% relative
humidity. The cells (passage number 51 to 74)
were fed with fresh medium every 2 days and
sub-cultured every 4 days.
Acute cytotoxicity assay
Cell viability was determined by trypan blue
dye exclusion assay. The Caco-2 cells at
seeding density 6.25 × 104 cells/cm2 were
cultured in complete media for 24 h. Then, the
cells were treated with GK, OC and ISO at
various concentrations for 4 h. After treatment,
the cells were stained with trypan blue and
visualized under the microscope (Axiovert®
135, Carl Zeiss AG, Germany).
Antiproliferation assay
Cell viability was determined by the MTT
reduction assay (3,5). The cells at seeding
density 1.56 × 104 cells/cm2 were cultured in
complete media for 24 h. Then, the cells were
treated with GK, OC and ISO at various
concentrations for 24-72 h. After treatment, the
cells were washed and incubated with MTT
solution (0.5 mg/ml) in the CO2 incubatorr for

4 h. The intracellular formazan crystals were
dissolved with DMSO and quantified
spectrophotometrically at 570 nm with a
microplate reader (Wallac 1420 VICTOR 3,
PerkinElmer Inc., USA).
Data analyses
The cell viability was calculated and expressed
as the percentage of the untreated group in each
experiment (100%). Data were expressed as
mean ± SEM obtained from three separated
experiments (n=3). Statistical analyses were
performed by one-way analysis of variance
(ANOVA), followed by the post-hoc Dunnett’s
test. Differences were considered statistically
significant when p < 0.05.
Results
Acute cytotoxicity
As shown in Figure 2, the cytotoxic effects of
GK, OC and ISO in the Caco-2 cells were
concentration dependent.
Of the three
compounds, the xanthone ISO was the most
potent cytotoxic agent whereas the
benzophenone GK was the least potent one.
ISO reached its maximal cytotoxicity against
the Caco-2 at the concentration of 25 µM. At
this concentration, treatment with ISO for 4 h
decreased the cell viability to 40%.
Antiproliferative effect
The three compounds GK, OC and ISO
were able to inhibit the proliferation of Caco-2
cells in time-dependent manner.
At the
concentration up to 20 µM, neither GK nor OC
was toxic to Caco-2 cells after 24 h- exposure
(Figure 3).
However, their cytotoxicity
markedly increased when the treatment periods
were extended to 48 and 72 hours. Treatment
the cells with ISO at the concentration up to 10
µM for 24 h decreased cell viability in
concentration dependent manner (Figure 3).
The cell viability further decreased when the
treatment periods were extended to 48 and 72
hours. The IC50 values of each treatment were
shown in Table 1.
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Figure 2 The cytotoxicity of GK, OC and ISO against the Caco-2 cells after 4 h- treatment.*p < 0.05 vs untreated group.

Table 1 The IC50 values of three compounds from G. schomburgkiana in the Caco-2 cells after the
treatment periods of 24, 48, 72 hours.
Compounds

IC50 (µM)
48 h
N/A
10.41 ± 0.09
5.09 ± 0.60

24 h
N/A
N/A
N/A

Guttiferone K
Oblogifolin C
Isojacareubin

72 h
9.46 ± 0.94
6.12 ± 0.60
3.49 ± 0.66

N/A; not applicable

(A)

(B)
OC

GK

*

(C)
ISO

*

**
* *
*
*

*

* * *
*
* *

*
*
**

* **

Figure 3 Antiproliferative effects of GK (A), OC (B) and ISO (C) in the Caco-2 cells after treatment periods of 24, 48
and 72 h. *p < 0.05 vs untreated group.

**
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Discussion and Conclusion
At the concentrations greater than 25 µM, the
benzophenones (GK and OC) and xanthone
(ISO) could interfere with measurement of
formazan dye in the MTT assay. Hence, trypan
blue dye exclusion assay was selected to
evaluate the acute toxicity of these three
phytochemicals. The MTT assay could still be
effectively used in measurement of cell
viability in the antiproliferation assay when the
concentrations of these phytochemicals were
less than 20 µM.
In this study, we demonstrated that the
xanthone ISO was more potent than the
benzophenones GK and OC in causing cell
death after 4 hour treatment. The three
compounds were able to inhibit the
proliferation of Caco-2 cells in concentrationand time-dependent manners. Of the three
compounds in this study, xanthone ISO was the
most potent antiproliferative agent. It was
reported that GK and OC were able to cause

G0/G1 arrest and apoptosis in HT-29 and HeLa
cell lines (3). It was possible that the
benzophenones and xanthone in this study were
able to induce cell cycle arrest in the Caco-2
cells.
In summary, guttiferone K, oblogifolin C and
isojacareubin which can be found in the wood
of Garcinia schomburgkiana exhibited their
anticancer activity toward human colon
adenocarcinoma Caco-2 cells. Their cytotoxic
effects were concentration- and timedependent. In addition, the xanthone ISO was
more potent cytotoxic agent than the
benzophenones (GK and OC). Further study on
the mechanism of cytotoxic of these three
compounds should be pursued.
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การศึกษาเภสัชจลนศาสตร์ของเคอร์คิวมินไดเอทิลไดซัคซิ เนทเปรียบเทียบกับเคอร์
คิวมินในหนู แรท

ั น์1, พรชัย โรจน์สิทธิศกั ดิ์2, พิสิฐ เขมาวุฆฒ์1*
ชุลีพร กิติวิริยกุล1*, คุณนั ต์ บางภูมิ1, ภัสราภา โตวิวฒ
*1
ภาควิชาเภสัชวิทยาและสรีรวิทยา คณะเภสัชศาสตร์ จุฬาลงกรณ์มหาวิทยาลัย
2
ภาควิชาอาหารเคมีและเภสัชเคมี คณะเภสัชศาสตร์ จุฬาลงกรณ์มหาวิทยาลัย
บทคัดย่อ
Curcumin เป็ นสารสําคัญหลักในขมิ้นชัน ที่มีฤทธิ์ทางเภสัชวิทยาหลากหลาย แต่มีความคงตัวตํ่า สลายตัวทางเคมี
ได้ ง่าย รวมถึงมี oral bioavailability ที่ต่าํ มาก ทําให้ มีการพัฒนา curcumin diethyl disuccinate ซึ่งถูกดัดแปลงให้
อยู่ ในรูป prodrug ของ curcumin โดยมีจุดประสงค์เพื่ อเพิ่ มความคงตัวทางเคมีและ oral bioavailability ของ
curcumin โดยการศึ ก ษานี้ เป็ นการศึ ก ษาเปรี ย บเทีย บเภสัช จลนศาสตร์ ข อง curcumin และ curcumin diethyl
disuccinate ใน wistar rat เพศผู้ อายุ 20 สัปดาห์ โดยตรวจวัดปริ มาณ curcumin ในพลาสมาและอวัยวะต่ างๆ
ภายหลังการให้ สารทดสอบด้ วยวิธี รับประทานและฉีดเข้ าหลอดเลือดดํา ผลจากการศึกษาพบว่า curcumin diethyl
disuccinate ไม่สามารถเพิ่มปริมาณ curcumin ในพลาสมา และค่า absolute oral bioavailability ได้ อย่างมีนัยสําคัญ
(p < 0.05) อย่ างไรก็ตามพบว่าระดับ curcumin ในอวัยวะต่ างๆ จากยาเตรียม curcumin diethyl disuccinate มี
การเพิ่มขึ้นของ curcumin ในเนื้อเยื่อและอวัยวะภายในหลายชนิด ดังนั้นจึงควรทําการศึกษาถึงการการกระจายตัว
และปริมาณยาออกฤทธิ์ในเนื้อเยื่อของ curcumin diethyl disuccinate ในอวัยวะต่างๆเพิ่มเติมต่อไป
คําสําคัญ: เภสัชจลนศาสตร์, เคอร์คิวมินไดเอทิลไดซัคซิเนท, เคอร์ควิ มิน, หนูแรท
บทนํา
Curcumin เป็ นสารสํ า คั ญ หลั ก ที่ พ บในขมิ้ นชั น
( Curcuma longa L.) มี ฤ ท ธิ์ ท า ง เ ภ สั ช วิ ท ย า ที่
หลากหลาย1,2,3 อย่างไรก็ตาม curcumin เป็ นสารที่มี
ความคงตั ว และค่ า bioavailabilityที่ต่ ํา จึ ง ได้ มี ก าร
พั ฒ น า ส า ร curcumin diethyl disuccinate ที่ เ ป็ น
prodrug ของ curcumin เพื่อปรั บปรุงโครงสร้ างทาง
เคมีของ curcumin โดยมีการศึกษาสนับสนุ นพบว่ า
curcumin diethyl disuccinate มี ค วามคงตั ว สู ง กว่ า
curcumin และสามารถแสดงฤทธิ์ ใ นการยั บ ยั้ ง
เซลล์มะเร็ง Caco-24 และมีฤทธิ์ antinociception ใน
แบบจํ า ลองหนู แ รทซึ่ ง เป็ นการศึ ก ษาทางเภสั ช
พลศาสตร์ของยา5

อย่ า งไรก็ต ามยั ง ไม่ มี ร ายงานการศึ ก ษาถึ ง เภสั ช
จลนศาสตร์ของ curcumin diethyl disuccinate ทั้งใน
สัต ว์ ท ดลองและมนุ ษ ย์ ซ่ึ ง เป็ นข้ อ มู ล สํา คั ญ สํา หรั บ
กระบวนการพัฒนายา โดยเป้ าหมายการศึกษาในครั้ง
นี้เป็ นการศึกษาทางเภสัชจลนศาสตร์ระดับพรีคลินิก
ในหนู แรท เพื่อเปรียบเทียบค่ า oral bioavailability
ที่เปลี่ยนแปลงไปเมื่อ curcumin ถูกนํามาเตรียมใน
รู ป prodrug ทั้ ง นี้ ข้ อ มู ล ที่ ไ ด้ จ ากการศึ ก ษาจะเป็ น
ป ร ะ โ ย ช น์ ต่ อ ก า ร พั ฒ น า curcumin diethyl
disuccinate สํา หรั บ การทดสอบในชั้ น คลิ นิ ก เพื่ อ
พัฒนาเป็ นยาต่อไป
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1.สารเคมีและสัตว์ทดลอง
งานวิ จั ย นี้ ได้ รั บ การอนุ เ คราะห์ curcumin และ
curcumin diethyl disuccinate จาก รศ.ภก.ดร. พร
ชัย โรจน์สิทธิศักดิ์ ภาควิชาอาหารเคมีและเภสัชเคมี
คณะเภสัชศาสตร์ จุฬาลงกรณ์มหาวิทยาลัย
หนู แ รทเพศผู้ สายพั น ธุ์ Wistar สั่ ง ซื้ อจากศู น ย์
สัตว์ทดลองแห่งชาติ มหาวิทยาลัยมหิดลและผ่านการ
รั บรองของคณะกรรมการจริ ยธรรมในสัต ว์ทดลอง
จากคณะเภสัชศาสตร์ จุฬาลงกรณ์มหาวิทยาลัย
2. Pharmacokinetic Experiments and
LC/MS/MS Analysis
สารละลายใสของ curcumin และ curcumin diethyl
disuccinate ใน DMSO ความเข้ ม ข้ น 100 mg/mL
ถู ก บริ ห ารให้ แ ก่ ห นู แ รทจํา นวน 4 ตั ว โดยวิ ธี oral
gavage ในขนาด 40 mg/kg หรือ intravenous bolus
ในขนาด 20 mg/kg จากนั้นทําการเก็บตัวอย่างเลือด
จาก lateral tail vein ที่เวลา 0, 5, 15, 30 นาที, 1,
2, 4, 8 และ 24 ชั่วโมงตามลําดับ และเก็บตัวอย่าง
อวั ย วะเพื่ อ ทํา การทดสอบหาการกระจายตั ว ของ
curcumin และ curcumin diethyl disuccinate ที่เวลา
1 และ 4 ชั่วโมงหลังการให้ ยา โดยตัวอย่ างทั้งหมด
ถูกเก็บที่อุณหภูมิ -80˚C จนกระทั่งนํามาวิเคราะห์
หาปริมาณ curcumin
การเตรี ย มตั ว อย่ า งเพื่ อ ตรวจวิ เ คราะห์ ห าปริ ม าณ
curcumin ในตัวอย่างพลาสมา และอวัยวะต่างๆ ด้ วย
วิ ธี ก ารตกตะกอนโปรตี น กั บ methanol แล้ วนํ า
supernatant ที่ ไ ด้ ไ ป วั ด ด้ ว ย LC-MS/MS
(QTRAP6500, ABSciEx, USA) โ ด ย ใ ช้
stationary phase C18 column (Synergi,
Phenomenex, USA) ส่ ว น mobile phase ใช้ 0.2%
Formic acid ใ น นํ้ า แ ล ะ methanol ใ น รู ป แ บ บ
gradient elution ใช้ เวลา 5 นาที และฉีดปริมาณสาร
ตัวอย่าง 10 ไมโครลิตรเข้ าสู่ระบบการวิเคราะห์

3. Data Analysis
การวิเคราะห์หาค่าความแตกต่างของระดับ curcumin
ในตัว อย่ า งจากหนู แ รท รายงานเป็ นค่ า เฉลี่ ย ± ค่ า
ความคลาดเคลื่ อ นมาตรฐานของค่ า เฉลี่ ย ข้ อ มู ล
ปริ มาณยาที่ได้ จากตัวอย่ างจะถูกนําไปวิเคราะห์ ค่า
ทางเภสัช จลนศาสตร์ โ ดยวิ ธี non- compartmental
analysis และวิเคราะห์ความแตกต่างระหว่าง 2 ตํารับ
ด้ ว ย Mann Whitney U-tests (significant level =
0.05) ก า ร คํ า น ว ณ Absolute oral bioavailability
คํานวณจากอัตราส่วนของ (AUCpo/DOSEpo) ต่ อ
(AUCiv/DOSEiv)ในยาแต่ละชนิดที่ทาํ การศึกษา
ผลการทดลอง
จากการทดลองไม่พบความผิดปกติทางกายภาพของ
หนู ทดลองเมื่ อได้ รั บ curcumin และ curcumin
diethyl disuccinate ทั้ ง โ ด ย วิ ธี oral gavage แ ล ะ
intravenous bolus แสดงให้ เ ห็น ว่ า หนู แ รทสามารถ
ทนต่ อ ยาได้ ดี นอกจากนี้ มี ก ารติ ด ตามการเกิด พิ ษ
เบื้องต้ นต่ ออวัยวะที่ใช้ ในการ เปลี่ยนสภาพยา คื อ
ตับ และไต ก่ อ นและหลั ง การได้ รั บ ยาก็ไ ม่ พ บการ
เปลี่ยนแปลงอย่างมีนัยสําคัญ และค่าที่ได้ ท้งั หมดยัง
อยู่ในช่วงค่าปกติท่กี าํ หนด
ในกระบวนการวิ เ คราะห์ พ บว่ า สามารถตรวจวั ด
curcumin ด้ วย negative mode โดยพบ parent ion ที่
367 dalton และ daughter ion ที่ 134 dalton และมี
%recovery สู ง กว่ า 80% รวมถึ ง ค่ าสั ม ประสิ ท ธิ์
ความสัมพันธ์ระหว่างความเข้ มข้ นของสารทดสอบกับ
peak area มากกว่า 0.99
ระดั บ ความเข้ มข้ นของ curcumin ในพลาสมา
ภายหลั ง การให้ curcumin และ curcumin diethyl
disuccinate โดยวิ ธี oral gavage และ intravenous
bolus แสดงให้ เห็ น ว่ าระดั บ ความเข้ มข้ นของ
curcumin ในพลาสมาของกลุ่ ม หนู ท้ั ง 2 กลุ่ ม ไม่
ต่ า ง กั น จ า ก ก า ร คํ า น ว ณ ห า ค่ า absolute oral
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bioavailability ของกลุ่ ม curcumin เที ย บกั บ กลุ่ ม
curcumin diethyl disuccinate เท่ากับ 0.0410% และ
Curcumin (ng/mL)
10000
1000
100
10
1
0.1
0.01
0.001
0
4

0.0385% ตามลํา ดั บ โดยไม่ มี ค วามแตกต่ า งกั น
อย่างมีนัยสําคัญ (รูปที่ 1)
Curcumin 20 mg/kg IV
Curcumin Diethyl
Disuccinate 20 mg/kg IV
Curcumin 40 mg/kg PO

8

12
16
Time (hr)

20

24

Curcumin Diethyl
Disuccinate 40 mg/kg PO

รูปที่ 1 Plasma concentration time curve ของ curcumin ที่ curcumin และ curcumin diethyl disuccinate ใน
wistar rats อายุ 20 สัปดาห์

ผลในการกระจาย curcumin ไปยั ง อวั ย วะต่ า งๆ
ภายหลั ง การให้ curcumin และ curcumin diethyl
disuccinate โดยวิธี intravenous bolus แสดงให้ เห็น
ว่าค่า tissue/plasma ratio ภายหลังการให้ curcumin

diethyl disuccinate ทุกอวัยวะพบว่ ามีค่าสูงกว่ าการ
ให้ curcumin ในชั่วโมงแรกหลังการให้ ยา และพบว่า
ม้ าม ไต และตับยังคงมีค่าสูงกว่าการให้ curcumin ที่
4 ชั่วโมงหลังการให้ ยาอีกด้ วย (ตารางที่ 1)

ตารางที่ 1 ระดับ curcumin ในพลาสมาและเนื้อเยื่อต่างๆ ภายหลังจากการให้ curcumin หรือ curcumin diethyl
disuccinate intravenous bolus ขนาด 20 mg/kg (n=3)
Tissue/plasma ratio of curcumin
Organs
Curcumin
Curcumin Diethyl Disuccinate
1 ชั่วโมง
4 ชั่วโมง
1 ชั่วโมง
4 ชั่วโมง
Brain
0.026
0.148
0.166
0.088
Spleen
0.024
0.828
13.182
2.832
Kidney
0.007
0.026
2.295
0.734
Liver
0.052
0.177
5.247
0.676
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วิจารณ์
Curcumin diethyl disuccinate ซึ่ ง เป็ นอนุ พั น ธ์ ข อง
curcumin ที่ถูกเปลี่ยนแปลงโครงสร้ างให้ มีความคง
ตัวดีข้ ึน ถูกนํามาใช้ ในการศึ กษานี้ เพื่ อศึกษาความ
แตกต่ างของ bioavailability เทียบกับ curcumin ใน
หนู แรท จากการทดลองพบว่ าระดับ curcumin ที่อยู่
ในพลาสมาภายหลังการสารทดสอบทั้ง 2 ชนิด ไม่มี
ค ว า ม แ ต ก ต่ า ง กั น แ ล ะ ค่ า absolute oral
bioavailability ทั้ง 2 ตํารั บมี ค่าน้ อยกว่ า 1% ทําให้
สามารถสรุปได้ ว่า curcumin ถู กดู ดซึ มจากทางเดิ น
อาหารได้ ไม่ดี
การกระจายตั ว ของ curcumin diethyl disuccinate
พบว่ามีการกระจายตัวได้ สงู กว่า curcumin ทั้งการให้
แบบรั บประทานและเข้ าหลอดเลือดดํา ซึ่งอาจเกิด
จาก curcumin diethyl disuccinate ละลายในไขมั น
ได้ ดี ก ว่ า และค่ อ ยๆ ปลดปล่ อ ย curcumin ด้ วย
เอนไซม์ esterases จากพลาสมาของมนุ ษ ย์ 4 โดย
พบว่าระดับ curcumin ในอวัยวะต่างๆ หลังจากได้ รับ

curcumin diethyl disuccinate มี ข น า ด สู ง ก ว่ า
curcumin ซึ่ ง แ ส ด ง ใ ห้ เ ห็ น ว่ า curcumin diethyl
disuccinate เกิ ด การปลดปล่ อย curcumin เข้ าสู่
อวัยวะต่างๆได้ ดีกว่า
สรุป
โดยสรุปจะพบว่ า curcumin diethyl disuccinate เข้ า
สู่ร่ า งกายแล้ ว สามารถปลดปล่ อ ย curcumin ที่เ ป็ น
สารออกฤทธิ์ได้ และยังสามารถเพิ่มระดับ curcumin
ในอวัยวะต่างๆ มากกว่า curcumin ซึ่งควรดําเนินการ
ศึ ก ษาเพิ่ ม เติ ม ถึ ง การกระจายตั ว ของ curcumin
diethyl disuccinate ที่อวัยวะออกฤทธิ์ต่อไป
กิตติกรรมประกาศ
งานวิ จั ย นี้ ได้ รั บ การสนั บ สนุ น งบประมาณจากเงิ น
รายได้ คณะเภสัชศาสตร์ จุ ฬาลงกรณ์ม หาวิท ยาลั ย
ประจําปี งบประมาณ 2556
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Abstract
Cadmium is toxic to murine neurons and glial cells. Human exposure to cadmium is
associated with neurodegenerative disorders. Increased reactive oxygen species (ROS) production
by cadmium was correlated to mitochondrial impairment and cell death of rat astrocytes; however,
application of antioxidants did not prevent cadmium-mediated cell death of mice astrocytes. This
study aims to investigate cytotoxic effects of cadmium chloride (CdCl2) on U373 human astrocytes
and its effects on ROS formation. Cell viability and cytotoxic effects of cadmium were measured
by the 3-(4,5-dimethylthiazol-2yl)-2,5-diphenyltetrazolium bromide (MTT) and lactate
dehydrogenase (LDH) activity assays. Reduction of astrocyte cell viability increased with dose and
time. CdCl2 at 30-100 µM caused more than 80% reduction of mitochondrial function at 24 h post
exposure and repeated daily treatment of 10 µM CdCl2 for 7 d decreased cell viability to less than
10%. The TC50 of CdCl2 were 30.1, 10.2, 10.2 and 3.9 µM at 6 h, 24 h, 48 h and 7 d post exposure,
respectively. Additionally, LDH release was significantly increased after exposure to 100 µM CdCl2
for 24 h. The increase of ROS levels detected by measuring DCF fluorescence intensity was found
at 3 h post-exposure to 100 µM CdCl2 while there was no elevation of ROS levels after exposed to
10 and 30 µM CdCl2 at 1 and 3 h. These results indicate that increased ROS formation was less
likely to be responsible for toxicity of low concentration cadmium in human astrocytes.
Keywords: Cadmium, astrocytes, cytotoxicity, reactive oxygen species, U373
Introduction
Cadmium is a highly toxic heavy
metal that is widely contaminated in
environments (1). In Thailand, people who
lived in Mae Sot district had increased
cadmium levels in blood and urine (2) Even
though the central nervous system (CNS) is
not the major target organ, previous evidences
reported that cadmium could induce
neurotoxicity and is associated with
Alzheimer’s disease and Parkinson’s disease
(3). Oxidative stress is suggested to be one of
the major mechanisms of cadmium-induced
neurotoxicity. Brain tissues of rat exposed to
cadmium showed increased levels of reactive
oxygen specie (ROS) formation and lipid
peroxidation (4).
Astrocytes play important roles in the
CNS ranging from supporting neuronal

activities, neurodevelopment to neuronal
protection (5). Cell injury and/or death of
astrocytes could lead to neuronal dysfunction
and contribute to pathogenesis of many
neurodegenerative diseases. Previous studies
reported that cadmium-induced cell death of
primary rat and mice astrocytes were
correlated with glutathione (GSH) depletion
(6) and increased ROS generation (7),
respectively. However, cadmium-induced
cytotoxicity in rat astrocytes was not reduced
by antioxidants, e.g., trolox, caffeic acid and
vitamin C (6). The role of oxidative stress on
cadmium-induced
cell
death
was
controversial in murine astrocytes. Here we
investigated toxic effects of acute and chronic
exposure of cadmium chloride (CdCl2) on
human astrocytoma U373 cells and ROS
levels of cadmium-exposed cells.
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Methods
Cell culture
U373 cell, a human astrocytoma cell
line, was a gift from Dr. Christopher Power
(University of Alberta, Canada). U373 cells
were cultured in minimum essential medium
(MEM) containing 10% fetal bovine serum
(FBS) and 1% penicillin/streptomycin at 37
°C in 5% CO2.
MTT cell viability assay
U373 cells were exposed to 0.01-100
µM CdCl2 for 6 h, 24 h, 48 h and 7 d in serumfree medium. MTT solution was added to
each well at 3 h prior to the indicated
incubation time and the final MTT
concentration was 0.5 mg/ml. Cell viability
was evaluated by measuring the concentration
of purple formazan at 570 nm using a
microplate reader. Cell viability was
expressed as percentage of mock-treated cells.
LDH cytotoxicity assay
At 24 h after exposure to 1-100 µM
CdCl2, culture media were collected and LDH
levels were measured using a BioVision’s
LDH Cytotoxicity Assay Kit II. The level of
LDH release was measured at 450 nm using a
microplate
reader.
Cytotoxicity
was
expressed as percentage of mock-treated cells.
Dichlorofluorescein (DCF) assay
U373 cells were loaded with 10 µM
DCFH-DA for 40 min, followed by 0.1-100
µM CdCl2. After 1 and 3 h incubation, the
intensity of fluorescent DCF was measured at
490 nm excitation and 535 nm emission using
a microplate reader. Percentage of ROS levels
was normalized to mock-treated cells.
Statistical analysis
Data are expressed as mean ± SEM
(n=3-4) and analyzed by a one-way analysis
of variance (ANOVA) using Tukey’s posthoc test. The level of significance is defined
as p-value < 0.05.
Results
Acute and chronic exposure to 10-100 µM
CdCl2 significantly decreased cell viability of
U373 cells in dose- and time-dependent
manner (Fig. 1A-B). Loss of mitochondrial

function, an indicator of cell viability, was
increased from 42.5 to 73.4 and 90.6% after 6,
24 and 48 h exposure to 30 µM CdCl2,
respectively. Repeated daily exposure to 1030 µM CdCl2 for 7 d reduced more than 90%
of mitochondrial function. The TC50 values of
CdCl2 were 30.1, 10.2, 10.2 and 3.9 µM at 6
h, 24 h, 48 h and 7 d post exposure,
respectively. In addition, the highest
concentration of CdCl2 (100 µM)
significantly caused increased LDH leakage
at 24 h (Fig. 2). Next, we measured ROS
levels using a DCF assay and tert-butyl
hydroperoxide (t-BuOOH) as a positive
control. We found that 0.1-30 µM CdCl2 did
not alter ROS levels in U373 cells at 1 and 3
h while 100 µM CdCl2 increased ROS levels
by 37% at 3 h (Fig. 3).
Discussion
Our results demonstrate that toxic
level of cadmium on human astrocytes at 24 h
was similar to the level on rat astrocytes (7).
Here, we reported for the first time that
repeated exposure to low concentration of
cadmium, i.e. 10 µM, could greatly reduce
mitochondrial function of human astrocytes
from 26.6% reduction at 6 h to 91.5%
reduction at 7 d. The time-dependent toxicity
of cadmium was shown as the decrease of
TC50 from 30.1 at 6 h to 3.9 µM at 7 d post
exposure. However, it was noted that
cadmium levels lower than 10 µM showed no
toxicity even after repeated treatment for 7
days. Our results indicate that cytotoxic
effects of cadmium on human astrocytes
depended on concentration and exposure
time. In contrast to a previous study on rat
astrocytes (7), we found no significant
increase of ROS levels after exposed to all
toxic levels, 10-100 µM CdCl2, of cadmium
for 1 h, suggesting that cadmium did not
directly induce ROS formation and the initial
toxicity of cadmium is caused by other
mechanisms. No elevation of ROS levels by
10 and 30 µM CdCl2, which were toxic to
human astrocytes at 6 h, indicates that ROS
was not the major toxicity pathway of low-
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Figure 1Acute and chronic effects of cadmium on cell viability of astrocytes. U373 cells were exposed to 0.01-100 µM
CdCl2 for 6, 24 and 48 h (A) and 7 d (B). Cell viability was determined using MTT assays. *P < 0.05, **P < 0.01, ***P
< 0.001.

Figure 2
Cytotoxic effects of cadmium on
astrocytes. U373 cells were exposed to 1-100 µM
CdCl2 for 24 h. Percent cytotoxicity was calculated
from levels of LDH release compared to mocktreated cells. **P < 0.01

level cadmium exposure. Cadmiums is a nonfenton metal and could not directly induce
ROS formation (8). Therefore, the modest
elevation of ROS levels at 3 h after exposed
to 100 µM CdCl2 is likely caused by nondirect mechanisms. Previous studies showed
that cadmium could induce the release of proinflammatory cytokines and cause DNA
damage in various tissues, e.g., livers, lungs
and heart (9, 10); therefore, toxic effects of
cadmium on astrocytes could be mediated by
these pathways.

Figure 3
Effects of cadmium on ROS
formation in astrocytes. U373 cells were exposed to
CdCl2 or t-BuOOH for 1 and 3 h. Levels of ROS
formation was normalized to fluorescent DCF
intensity of mock-treated cells. **P < 0.01

Conclusion
This study showed that cytotoxic
effects of cadmium on human astrocytes
were dose- and time-dependent. However,
toxicity of low-level cadmium was not
caused by the increased ROS levels. We will
then investigate whether the increased
inflammation or DNA damage play a role in
cadmium-induced cytotoxicity on human
astrocytes.
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Abstract
Besides making myelin sheaths, Schwann cells play an important role in nerve repair and
regeneration. Schwann cells can release TNF-α and IL-1β, which have been implicated in the
development of neuropathic pain states. In this study, we aimed to elucidate whether Schwann cells
could be the cellular source of IL-6, a multifunctional cytokine reported to facilitate pain signaling.
LPS was used to stimulate the inflammatory response in cultured Schwann cells. We show (1) gene
expression of myelin P0, a major myelin-associated protein, is influenced by inflammation, (2)
Schwann cells release IL-6 as part of their inflammatory response, (3) Schwann cell production of
IL-6 is mediated by NF-κB and (4) the sensory ganglion neurons are the principal cell type
expressing IL-6R. These results prompt us to postulate that Schwann cells facilitate pain signaling
by releasing IL-6, which in turn activates IL-6R on the sensory ganglion neurons.
Keywords:

Interleukin-6, Lipopolysaccharide, NF-κB, Schwann cells, Neuropathic pain

Introduction
Schwann cells produce lipid-enriched
myelin to insulate peripheral axons. The
myelin P0 accounts for more than half of the
myelin-associated
proteins
(1).
Key
transcription factors involved in Schwann cell
myelination include NF-κB (2). NF-κB also
plays an essential role in the regulation of
genes involved in Schwann cell inflammatory
responses (3). After nerve injury, Schwann
cells acquire the phagocytic capacity to
remove the degenerated axonal and myelin
debris and secrete several trophic factors to
promote nerve repair and regeneration (4).
Schwann cells also produce the proinflammatory cytokines such as TNF-α and
IL-1β and several chemokines as part of their
inflammatory response to axonal injury (5, 6).
Compelling evidence implicates the role of
Schwann
cells-derived
inflammatory
cytokines and NF-κB signaling in the
development of neuropathic pain states (7).
IL-6 is a pleiotropic cytokine acting
through IL-6 receptor (IL-6R). Upon binding,
IL-6/IL-6R
complex
activates
the
JAK/STAT3 pathway and MAP kinase

cascade, which influence gene transcription
(8). Upregulated IL-6 levels following nerve
injury correlates well with the development of
thermal hyperalgesia and allodynia (9). IL-6
knockout mice show reduced thermal
hyperalgesia after nerve constriction (10).
Thus, evidence suggests that IL-6 may play a
role in pain and hypersensitivity associated
with inflammation.
In the present study, we used LPS to
stimulate the inflammatory response in
cultured Schwann cells. Then, we asked
whether (1) myelin P0 gene expression is
influenced by inflammation, (2) Schwann
cells produce IL-6 as part of their
inflammatory response and (3) NF-κB
involves in the production of IL-6 in Schwann
cells. In addition, we sought to identify target
cells for IL-6 released from Schwann cells by
examining expression of IL-6R in the
trigeminal ganglion.
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Materials and Methods
Animals
Adult male Wistar rats weighing 200350g were obtained from the National
Laboratory Animal Centre (Mahidol
University, Bangkok, Thailand). The protocol
was approved by the Ethics Committee of the
Faculty of Medicine, Chulalongkorn
University. Animals were anesthetized with
sodium pentobarbital (60 mg/kg, i.p.) and
were decapitated. The trigeminal ganglion
(TG) were removed, frozen in liquid nitrogen
and stored at -80 oC, until used.
Immunofluorescence staining
The TG were fixed in 4%
paraformaldehyde for 24 h and transferred to
30% sucrose solution until completely sank.
A series of 20 μm cryostat sections of each
ganglion was made. The sections were
permeabilized with 0.25% triton X-100-PBS
and incubated in 1% BSA in PBS at 37°C
before incubating overnight at 4°C with
primary antibodies (1:200; Santa Cruz, USA).
The sections were washed in PBS containing
0.1% tween-20 and incubated for 1 h with the
Alexa
Flour-488
conjugated
second
antibodies (1:5000; Invitrogen, USA). All
stainings were repeated at least 3 independent
experiments and reproducibility was
confirmed. Negative controls were obtained
by omitting the primary antibodies. Images
were captured using a Nikon laser scanning
confocal microscope.
Schwann cell cultures
A Rat Schwann cell line (RT4-D6P2T)
from ATCC (USA) was maintained in
DMEM containing 10% FBS under standard
conditions. Cells were plated in 6-well plates
at a density of 3x105 cells/well for 24 h prior
to the experiment and were stimulated by LPS
(1 µg/ml) alone or combined with inhibitor of
NF-kB activation (Cardamonin, 10 µM)
(Sigma Aldrich, USA). Cell culture medium
and supplements were from HyClone (USA).
RNA isolation, reverse transcription and
real-time quantitative PCR
Total RNA was extracted using Trizol
reagent (Invitrogen, USA). A 1 µg of the total

RNA was reverse transcribed using GoScript
RT kit (Promega, USA). qPCR was
performed with a Step one plus Real-Time
PCR System using SYBR® green mastermix
(Applied Biosystem, USA). The relative
quantification was performed by the
comparative cycle threshold method using
GAPDH as an internal control. Primer
sequences for all targets were as followed:
myelin
P0:
F
5’-GCCCTGCTCTTC
TCTTCTTT 3’, R 5’-CCAACACCA
CCCCA TACCTA-3’; GAPDH: F 5’GGCAAATTC AAC GGCACAGT-3’, R 5’AGATGGTGAT GG GCTTCCC-3’.
Detection of IL-6 by ELISA
The amount of IL-6 released into the
media after stimulation was determined using
IL-6 ELISA kits (Thermosciencetific, USA).
Absorbance
was
measured
at
excitation/emission wavelengths of 450
nm/550 nm using a microplate reader.
Statistical analysis
All statistical tests were performed
using SPSS 16.0 software (SPSS Inc.,
Chicago, IL, USA). One-way ANOVA
followed by LSD post hoc testing was used
for multiple comparisons of data. Data are
presented as the means ± SEM from three
independent experiments performed in
triplicate. Differences were considered
statistically significant at p<0.05.
Results
Tissue localization of myelin P0
We performed an immunofluorescence
experiment using cryostat sections of the
normal rat TG to examine expression pattern
of myelin P0. Typically, the TG composes of
three major cell types: the primary sensory
neurons, the satellite glia and the Schwann
cells. Immuno-fluorescence of the TG labeled
with anti-myelin P0 antibody appeared as
discontinuous longitudinal lines separated by
dark unlabeled regions representing the axons
(Fig. 1B). The TG neurons and surrounding
satellite glia were not labeled with anti-myelin
P0 antibody. No immunofluorescence signal
was observed, when the primary antibody was
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omitted (Fig. 1A). Results indicate that
myelin P0 is expressed exclusively by the
myelinating Schwann cells.
To examine whether myelin P0 gene
expression is influenced by inflammation,
Schwann cell cultures were stimulated by
LPS. Using real-time RT-PCR technique, we
found that LPS significantly upregulated
myelin P0 mRNA levels after stimulation for
3 h. At 6 h, myelin P0 mRNA levels were
declined to baseline levels and remained
unchanged after that (Fig. 1C). This finding
suggests that myelin P0 gene expression may
be regulated by inflammation.
LPS-induced IL-6 release from Schwann
cells is blocked by inhibition of NF-kB
activation.
The release of IL-6 from Schwann cells
was examined using an ELISA method. LPS
induced a significant release of IL-6 from
Schwann cells, which became evident at 6 h
post-stimulation compared to that of the
unstimulated control cultures (p<0.05). At 24
h post-stimulation, the amount of IL-6 in the
media was approximately 50% greater than
the amount of IL-6 measured at 6 h (Fig. 2A).
This result demonstrates that Schwann cells
respond to inflammatory stimuli such as LPS
by releasing IL-6.

Figure 1.

To investigate the intracellular
signaling involved in LPS-stimulated IL-6
production in Schwann cells. Schwann cell
cultures were incubated with either LPS alone
or LPS combined with cardamonin for 24 h.
We found that cardamonin reduced LPSstimulated release of IL-6 to baseline levels of
the unstimulated cultures (p<0.05) (Fig. 2B).
This result demonstrates that LPS-stimulated
IL-6 release from Schwann is mediated by
NF-κB signaling.
Tissue localization of IL-6R
We performed immunofluorescence
staining of cryostat sections of the normal rat
TG using anti-IL-6R antibody to determine
the target cells for IL-6 released from
Schwann cells. IL-6R was expressed
predominantly in the cell bodies of the
primary sensory neurons in the TG. A light
immunoreactivity was also observed within
the nerve bundle (Fig. 2D). No signal was
observed when the primary antibody was
omitted (Fig. 2C). Results suggest that IL-6
could exert its function in either an autocrine
or paracrine manner.

Representative immunofluorescence for myelin P0 in the normal rat TG. (A) Negative staining. (B) Antimyelin P0 antibody (green). Cell nuclei were labeled with DAPI (blue). Asterisks indicate the TG
neurons. Short and long arrows indicate myelin sheaths and axons, respectively. Scale bar = 50 µm. (C)
Myelin P0 mRNA levels in LPS-stimulated Schwann cells. Dashed line represents baseline expression in
the unstimulated control cultures. Data are presented as the means ± SEM of three independent
experiments performed in triplicate. *p<0.05; compared with the unstimulated control at each time point.
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Figure 2.

IL-6 production in vitro and IL-6R expression in vivo. (A) LPS-induced IL-6 release from Schwann cells.
(B) In the presence of cardamonin. The values are presented as the means ± SEM of three independent
experiments performed in triplicate. (A) *p<0.05; compared with control, **p<0.05; compared with 3 h,
# p<0.05; compared with 6 h. (B) *p<0.05; compared with control, **p<0.05; compared with LPS alone.
(C) Representative immunofluorescence for IL-6R in the normal rat TG: negative staining. (D) AntiIL6R antibody (green). Cell nuclei were labeled with DAPI (blue). Asterisks indicate the TG neurons.
Scale bar = 50 µm.

Discussion
There are two types of peripheral glia:
the Schwann cells and the Satellite glia. Most
of the recently published articles on glial
modulation of pain have been focused on the
satellite glia. This is due not only to the
intimate contact relationships between the
satellite glia and the cell bodies of the primary
sensory neurons, but also to the fact that the
satellite glia can promote neuronal
sensitization by releasing several proinflammatory mediators (11, 12). Schwann
cells, on the other hand, are thought to play a
passive, supporting role. However, emerging
evidence suggests that Schwann cells may be
involved in pain transduction.

We found that LPS significantly
upregulated myelin P0 mRNA levels after
stimulation for 3 h. At 6 h, myelin P0 mRNA
levels were declined to baseline levels and
remained unchanged until 24 h, the last time
point examined. This expression pattern of
myelin P0 did not correlate with that of IL-6
(Fig. 2A), suggesting that myelin P0 gene
expression may not be regulated by
inflammation. However, it is speculated that
chronic inflammation could downregulate
myelin P0 expression in Schwann cells. In
support, a decrease in gene expression of
myelin protein P0 and myelin basic protein in
the peripheral nerves is observed at day 4 after
crush injury (13) In this study, we did not
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examine protein expression of myelin P0.
Thus, further study is essential to understand
the impact of inflammation on the integrity of
Schwann cell myelination.
This study, we show that LPS stimulates
IL-6 release from Schwann cells. This is
consistent with a recent study reporting that
Schwann cells express relatively high levels
of the toll-like receptor 4 (14). Upregulated
IL-6 levels in Schwann cells following nerve
injury correlates well with the development of
thermal hyperalgesia and allodynia (9, 15).
Furthermore, IL-6 knockout mice show
reduced thermal hyperalgesia after nerve
constriction (10). Chronic exposure IL-6 has
shown to exert neuronal function by increase
in intracellular calcium concentrations and
activation of NMDA or other glutamate
receptors (16). IL-6 also increases the
neuronal-sensitized molecules such nitric
oxide and substance P which further prolongs
pain transmission (17). We also demonstrate

a role for NF-κB in Schwann cell production
of IL-6 (Fig. 2B). In support, transgenic
inhibition of NF-κB attenuates glial
inflammatory response and pain behavior
after nerve injury (7). Moreover, the finding
that the primary sensory neurons and, to a
lesser extent, the nerve bundle express IL-6R
suggest that IL-6 from Schwann cells could
exert its function in either an autocrine or
paracrine manner. In addition, we suggested
that the alteration of myelin P0 gene
expression together with the up regulation of
proinflmmatory cytokines IL-6 during
inflammatory event could perhaps lead to a
modification of pain transmission in the
primary sensory neurons.
Conclusion
In summary, our findings emphasize the
importance role of Schwann cells and NF-κB
signaling in the development of neuropathic
pain behavior.
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Abstract
Longevity remedy is a Thai traditional remedy which has been used to promote and restore
health for longevity. This remedy consists of six herbs including Streblus aspera (seeds), Albizia
procera (bark), Diospyros rhodocalyx (bark), Tinospora crispa (stem), Piper nigrum (fruits) and
Cyperus rotundus (root). This study purposed to investigate the stimulatory activity of Longevity
remedy water extract on macrophage functions by measuring nitric oxide (NO) production and
mRNA expression of iNOS enzyme and some cytokines of activated macrophages. The remedy
(1.56 – 25 µg/ml) significantly increased production of nitric oxide, which is a key mediator in
phagocytic and inflammatory processes, in concentration-dependent manner without affecting on
cell viability or cell proliferation. The extract also increased expression of iNOS as well as key
cytokines of activated macrophages (IL-1β, IL-6 and TNF-α). The results from this study
demonstrated that the water extract from Longevity remedy has stimulatory effects on macrophages.
Keywords: Longevity remedy, macrophage,nitric oxide, iNOS, cytokines
Introduction
Macrophages are important immune
cells which function in innate immunity and
bridge this immunity to adaptive immunity.
They can recognize foreign antigens and
microbes in various tissues by pattern
recognition receptor (PRRs) and engulf them
into phagosomes which afterwards fuse with
lysosomes to become phagolysosomes for
killing microbes by non-oxidative and
oxidative mechanisms. Nitric oxide (NO)
produced by inducible nitric oxide synthase
(iNOS) acts as a toxic agent to destroy
microbes by oxidative mechanism [1, 2].
Activated macrophages produce and release
many cytokines as well as pro-inflammatory
cytokines (IL-1, IL-6, and TNF-α) lead to
acute inflammation and other immune cell
activation.
In
adaptive
immunity,
macrophages act as antigen presenting cells
by presenting antigenic peptide to T

lymphocytes for T cell activation. They also
play role as effector cells for destroying
microbes after T and B cell activation [3].
Longevity remedies are Thai traditional
remedies that consist of plants with health
promotive and restorative properties. One of
wildly used longevity remedies contains six
herbs including Cyperus rotundus, Piper
nigrum,
Streblus
aspera,
Diospyros
rhodocalyx, Tinospora crispa,and Albizia
procera. This longevity remedy has medicinal
used for health promotion, restoration and
used as longevity medicine by boiling with
water, macerating with alcohol or as crude
power in tablets. Immunomodulatory
activities of some herbs in the remedy have
been reported. In previous study showed that
the water extract from this remedy had antiallergic property [4]. However, the water
extract of the longevity remedy has little
information, and it has never been tested on
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macrophage functions. The present study
intended to investigate the effect of longevity
remedy water extract on murine macrophages.
Materials and Methods
Longevity remedy extraction
Six herbs in the longevity remedy were
coarsely grounded, equally weighted, mixed
and then heated in distilled water at 70˚C for
15 min. The solution was filtered and
lyophilized. The water extract powder was
kept at - 20˚C until used. The extract was
dissolved
and
diluted
to
various
concentrations in DMEM.
Cells
Murine macrophage J774A.1 cells were
obtained from American Type Culture
Collection (ATCC). The cells were
maintained in DMEM containing 10% FBS
and 1% penicillin-streptomycin at 37˚C in 5%
CO2 and 95% humidity. The cells at 4 x
105cell/ml were used in all experiments.
In all experiment, DMEM and 100
ng/ml lipopolysaccharide (LPS) were used as
the negative and the positive controls,
respectively.
Measurement of NO production
J774A.1 cells were treated with 1.56 –
25 µg/ml water extract of longevity remedy
for 24 h. The supernatant of the treated cells

Figure 1

was collected to determine NO production in
nitrite form by Griess reaction assay. The
viability of the remaining treated cells were
tested by resazurin reduction assay.
Determination of iNOS, IL-1β, IL-6 and
TNF-α mRNA expression by RT-PCR
J774A.1 cells were treated with 1.56 –
12.5 µg/ml water extract for 4 or 24 h. Total
RNA of the treated cells was isolated by
TRIzol
reagent
and
converted
to
complementary DNA (cDNA) by ImPromII™ reverse transcription system kit. The
cDNA products were used as the templates to
amplified mRNA of iNOS, IL-1β, IL-6 and
TNF-α with their specific primers. The PCR
products were run on 1.5% agarose gel
electrophoresis, stained with ethidium
bromide, and measured their densities by gel
documentation.
Statistical Analysis
All data were presented as means 
standard deviation (S.D.) of at least three
independent
experiments.
Statistical
significance of the data was analyzed by Oneway analysis of variance (ANOVA) followed
by Turkey’s post hoc test. The p-value less
than 0.05 were considered as statistically
significant.

Effect of the longevity remedy water extract at 1.56 – 25 µg/ml on NO production (A)
and cell viability (B) in J774A.1 cells. The data represent as means S.D. from three
independent experiments (n=3). ***p<0.001 compared to the DMEM control.
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Results
Effect of the longevity remedy water extract
on NO production
The water extract significantly
increased NO production in J774A.1 cells, in
concentration-dependent manner (Figure 1A)
without any effect on the viability of the
treated cells (Figure 1B).

Figure 2

Effect of the longevity remedy water extract
on mRNA expression of iNOS, IL-1β, IL-6
and TNF-α
The water extract of longevity remedy
at all concentrations (1.56 – 12.5 µg/ml)
significantly induced IL-1β and TNF-α
mRNA expression (Figure 2). At 3.13 – 12.5
µg/ml, it significantly increased iNOS
expression. At 12.5 µg/ml, the extract
increased IL-6 gene expression.

Effect of the longevity remedy water extract at 1.56 – 12.5 µg/ml on mRNA expression of IL-1β,
IL-6, TNF-α (A) at 4 h, and iNOS (B) at 24 h in J774A.1 cells. The data represent means S.D.
from three independent experiments (n=3). **p<0.01, ***p<0.001 compared to untreated control.
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Discussion and Conclusion
Immune enhancement is believed to be
one of pharmacological properties of several
longevity remedies to promote and restore
health. Macrophages were used in this study
to evaluate the immunomodulating effects of
a longevity remedy containing six herbs
including S. aspera, A. procera, D.
rhodocalyx, T. crispa, P. nigrum and C.
rotundus. Macrophages play multi-functions
in immune responses. They are main
phagocytes responsible for eliminating
microorganisms and foreign particles in
various tissues. Activated macrophages
release numerous cytokines and mediators to
generate immune response. The water extract
of this longevity remedy up-regulated iNOS
expression. This enzyme is not expressed in
resting macrophages. The extract also
stimulated NO production in a concentration
– dependent manner. Activated macrophages

produce NO which is one of mediators in
phagocytosis and inflammatory process
during
immune
responses
against
microorganisms. The extract also stimulated
expression of TNF-, IL-1, and IL-6 in
macrophage J774A.1 cells. These cytokines
usually do not express in resting
macrophages. They have multi-functions in
immune responses such as inflammatory
process and T cell activation [5]. We
previously demonstrated that the water extract
of P. nigrum fruits stimulated macrophage
J774A.1 cells to express several cytokines and
other molecules involve in immune response
[6].
In summary, the results from this study
demonstrate that water extract of the
longevity remedy containing six herbs can
activate macrophages. It may have immune
enhancer activity which can improve health.
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Abstract
Japanese encephalitis virus (JEV) induced reactive oxygen species (ROS) was demonstrated
in a rat microglia cell line, HAPI cells. The cells were inoculated with JEV at multiplicity of
infection (moi) of 0.01 and 0.1 for two hours of adsorption period. Intracellular ROS production,
cell viability and released nitric oxide (NO) were determined at 6, 24, 48, 72 hours post-infection.
As demonstrated by increased fluorescence intensity of 2’, 7’dichlorodihydrofluorescein, ROS were
produced as early as at 6 hours and prolonged over 72 hours. Cell viability was decreased
accordingly to ROS production. The effects were time- and virus concentration dependent. In
addition to intracellular ROS, JEV also induced NO release into the cell culture medium. The NO
level was detectable (0.4-1.2 M) at 6 and 24 hours post infection. Morphology changes indicated
microglia activation and cell death. The results suggested that JEV may alter microglia functions
and survival, at least in part, via the mechanism related to ROS.
Keywords: Japanese encephalitis virus, Microglia, Nitric oxide, Reactive oxygen species
Introduction
Reactive oxygen species (ROS) are
chemically reactive oxygen containing
molecules produced in biological systems.
The common ROS are superoxide anion
radical (O2.-), hydrogen peroxide (H2O2) and
nitric oxide (NO). ROS are produced during
physiologic and pathologic state. Regarding
to the amount and species, ROS production
leads to several distinct biological responses,
varying from cell adaptation to cell death (1).
Japanese encephalitis virus (JEV) is
an arthropod-borne virus from Flaviviridae
family. It is the one of the most important
causative agents for viral encephalitis in
human. JEV infection is endemic to the entire
East and Southeast Asia. The mortality rate of
JEV infection is estimated at about 30%. JEV
infection in human causes encephalitis
through several pathways. One of the most

important pathway involves with ROS
induced neuronal damage (2).
Microglia cells are the resident
macrophage present in the central nervous
system responsible for homeostasis regulation
and defense against injury. Activated
microglia cells produce various proinflammatory mediators, NO and ROS.
Prolonged activation of microglia cells is
considered
a
hallmark
of
many
neurodegenerative disorders (3). Although
there were reports regarding to ROS
production in neuronal cells (4), the roles of
JEV on microglia cells activation have to be
elucidated.
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Materials and Methods
Cell culture
Highly Aggressive Proliferating
Immortalized (HAPI) cells were generously
provided by Prof. James R. Conor
(Department of Neuroscience and Anatomy,
Hershey, Medical Center, Hershey, PA).
HAPI cells were maintained in free-phenol
red Dulbecco’s modified Eagle’s medium
(DMEM) supplemented with 2.5% heatinactivated fetal bovine serum (FBS) at 37oC
in a humidified incubator under 5% CO2.
The HAPI cells were seeded on a 96
well plate at a density 1 x104 cells/well and
incubated for 24 hours before inoculation with
JEV (Nakayama strain) at multiplicity of
infection (moi) of 0.01 and 0.1. Two hours
after adsorption period, fresh medium was
replaced and continuously incubated under
the standard condition. Intracellular ROS
production, cell viability, NO release and cell
morphology were determined at 6, 24, 48 and
72 hours post infection.
Intracellular ROS production (5)
Intracellular ROS production was
determined by a fluorescence probe,
2’,7’dichlorodihydrofluorescein
diacetate
(DCFH-DA), which giving intent fluorescent
after oxidation by intracellular ROS. The 20
µM of DCFH-DA in free phenol-red DMEM
were added to the washed cells and incubated
at 37oC in dark for 30 min. After replacing
with the fresh medium, fluorescence intensity
were immediately measured by using
fluorescence microplate reader (Bio-Tek
Instruments) at excitation wavelength 485 nm
and emission wavelength 528 nm,
respectively. Intracellular ROS production
was demonstrated as ratio of fluorescence to
cell viability, and the results were presented as
fold of control.
MTT assay
Following ROS measurement, cell
viability was then determined by MTT (3(4,5-dimethylthioazol-2-yl)-2,5diphentetrazolium bromide) assay. The cells
were incubated with a solution of 1 mg/ml
MTT at 37 oC for 4 hours. The MTT reagent

was removed and formazan crystals were
solubilized with 100 µl DMSO. The
absorbance was measured at 570 nm and 620
nm using a microplate reader (Bio-Tek
Instruments).
Nitric oxide (NO) production
NO release into the cell culture
medium was determined by mean of
fluorometric measurement of nitrite using 2,3diaminonapthalene (2,3-DAN) (6). Briefly, a
75 l of medium sample was added with 2,3DAN in HCl and incubated at 30°C for 5 min
in dark. After adding a 20 l of 3.0 N NaOH,
the mixture is immediately measured the
fluorescence at excitation wavelength 365 nm
and emission wavelength 410 nm. Sodium
nitrite was used as a standard nitrite.
Statistical analysis
The results were expressed as the
mean ± SEM of at least 4 replicated samples.
The differences of all parameters were
analyzed with one way ANOVA and
Bonferroni as a post hoc test using IBM SPSS
statistic 19, and considered significant when
p<0.05.
Results
Following JEV infection, increased
intracellular ROS production and reduction in
cell viability of HAPI were observed (Figure
1). The effects were time- and virus
concentration-dependent. ROS production at
6 and 24 hours post infection was accounted
for 1.2 fold of the control (mock infection),
and increased to 1.7-1.9 fold at 48 and 72
hours post infection. In corresponding with
ROS production, cell viability was
significantly decreased at 48 and 72 hours
post infection. The cell viability decreased to
70% and 60% at 48 hours for moi of 0.01 and
0.1, respectively. JEV also induced nitric
oxide production. The detectable levels were
found during the first 24 hours (Figure 2).
Morphology changes, including amoeboid
shape and cell clump, were observed with the
cells with JEV (Figure 3).
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Discussion
The present study demonstrated that JEV
induced intracellular ROS production and
release of NO in a HAPI, a rat microglial cell
line. It has been known that the over
production of ROS results in oxidative
damage. Loss of the cells integrity and
functions are sequels of oxidative stress. At
least partly, decreased in HAPI cell viability
was an evidence of ROS cytotoxicity.
Morphology changes of HAPI cells did not

only indicate the cell death but also
demonstrate microglia activation, which
associate with various functions including the
secretion of cytokines (7, 8). It should be
noted that ROS production can be detected as
early as 6 hours and prolonged up to 72 hours
post infection. Thus, the effects may cause
directly from JEV infection or secondary to
the cell products (i.e. oxidative products or
released cytokines). The mechanisms need to
be elucidated

Figure 1 Intracellular ROS production (A) and cell viability (B) following JEV infection. The value are expressed
mean ± SE (n=8); **p<0.001 compared with 6 h of the respective moi.

Figure 2 NO release in the cell culture medium following JEV infection. The result were expressed mean ± SE
(n=4).
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Figure 3 Morphology of HAPI cells infected with JEV at moi 0.1 for 24 and 48 hours post infection; control HAPI
cells at 24 (A) and 48 (C) hours; HAPI cells infected with JEV at 24 (B) and 48 (D) hours. Arrows indicate the amoeboid
shape change and the circles indicate the clumped cells which are the characteristics of activated microglia and cell
death, respectively.
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Abstract
Oxyresveratrol, a derivative of resveratrol, is reported to have pharmacological properties
such as neuroprotective, antiviral, and antioxidant activities. While the anticancer activity of
resveratrol is widely studied, little is known about the anticancer activity of oxyresveratrol. This
study thus investigated anti-proliferative and antiangiogenic effects of oxyresveratrol in head and
neck squamous cell carcinoma. HN-8 cell lines were treated with oxyresveratrol or resveratrol at
the concentration of 0-100 µg/ml. Antiproliferative activity of the tested compound was studied by
MTT assay. Enzyme-linked immunosorbent assay (ELISA) was used to elucidate effects of these
compounds on the production of VEGF protein. At 24 h incubation, the anti-proliferative effect of
oxyresveratrol was greater than that of resveratrol. Resveratrol and oxyresveratrol significantly
inhibited the production of VEGF proteins induced by hypoxia. Taken together, this study shows
that oxyresveratrol possesses the antiproliferative and antiangiogenic properties. These findings
suggest the future use of oxyresveratrol for cancer therapy
Keywords:

Head and neck squamous cell carcinoma, Hypoxia, Angiogenesis, Oxyresveratrol

Introduction
Head and neck squamous cell carcinoma
(HNSCC) is an epithelial malignancy and the
sixth most common cancer in worldwide.
Although therapeutic methods in diagnostic
have been provided in HNSCC patients, the
survival rate of this disease remains
unchanged over the last 30 years.
Furthermore, causes of poor outcome in these
patients which are metastases and treatment
failures have been the majority of deaths in
HNSCC (1). Hypoxic condition, a common
characteristic of advanced solid tumors, is an
important factor that induces metastases and
progression of cancer in the patients. In the
condition of oxygen-deficient environment,
tumors adapt themselves by stabilizing
hypoxia inducible factor-1 (HIF-1), a major
transcription factor in hypoxic signaling. HIF1 plays the important roles in cell survival,
invasion, angiogenesis and metastases of the

tumors by regulating the expression of
multiple genes involving in those events (2,3).
Previous studies showed that hypoxic
exposure of HNSCC led to the stabilization of
HIF-1α and resulted in the overexpression of
VEGF and tumor angiogenesis (4,5). Thus, an
inhibition of hypoxia-induced VEGF
production is one of the targets for cancer
therapeutics in HNSCC patients. Numbers of
natural product have been selected to be the
candidates in cancer therapeutics and drug
development. Resveratrol is a naturally
polyphenolic compound which can be found
in several foods and beverages such as grapes,
peanuts, berries and red wine. Resveratrol is
reported to have various pharmacological
properties,
including
antioxidant,
cardioprotective,
anti-inflammatory,
antiproliferative,
pro-apoptotic,
chemopreventive and anticancer (6). Previous
study has shown that resveratrol significantly
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inhibited the proliferation of renal cancer cells
by suppressing the expression of the VEGF
gene (7). Recently, a derivative of resveratrol,
oxyresveratrol is in the focus of many
researchers. Oxyresveratrol can be found
abundantly in mulberry (8). Several
pharmacological effects of oxyresveratrol
have been investigated, including antioxidant
(8), neuroprotection (9), antiviral (10) and
anti-tyrosinase activitys (11). However, only
few works have been studied about its
anticancer activities. This study therefore
aims to investigate the antiproliferative and
antiangiogenic effects of oxyresveratrol on
head and neck squamous cell carcinoma.
Materials and methods
Chemicals and reagents:
Resveratrol
and
oxyresveratrol
purchased from Sigma (USA) were dissolved
in
dimethylsulfoxide
(DMSO),
with
constantly final DMSO concentration about
0.1% for all experiments. Human VEGF
sandwich ELISA kit was purchased from
R&D
System®
(USA).
3-[4,5Dimethylthiazol-2-yl]-2,5diphenyltetrazolium bromide (MTT) was
purchased from USB (USA).
Cell culture and hypoxic treatment:
Head and neck squamous cell
carcinoma (HN-8) was obtained from
American Type Culture Collection (ATCC)
(USA). HN-8 cells were cultured in DMEM
medium supplemented with 10% fetal bovine
serum (FBS), L-glutamine (100 µg/ml) and
antibiotics (100 µg/ml), at 37๐C in humidified
atmosphere with 5% CO2. For hypoxic
condition, the cells were put into hypoxic
chamber (0.5-1% O2), and then incubated at
37๐C in humidified atmosphere with 5% CO2.
The maintenance of the oxygen levels was
constantly monitored during incubation by
oxygen detector.
Cell proliferation assay
HN-8 cells were seeded into 24-well
plate at 10×104 cells/well and incubated for
24 h. After treating cells with various
concentrations
of
resveratrol
and

oxyresveratrol (0, 5, 10, 20, 50 and 100
µg/ml), the cells were incubated in normoxia
for 24 h. At the end of the experiment, the
culture medium was replaced with MTT
solution. The formazan product was dissolved
with DMSO. The absorbance of formazan dye
was measured at 570 nm. The percentage of
cell proliferation was calculated by a
following formula: Percentage of cell
proliferation = OD(sample)/OD(negative
control)×100%
Enzyme-linked
immunosorbent
assay
(ELISA)
HN-8 cells were seeded into 6-well
plate at 30×104 cells/well and incubated for
24 h. Thereafter, the cells were treated with
various concentrations of resveratrol and
oxyresveratrol (0, 5, 10 and 20 µg/ml), both
normoxic and hypoxic conditions, for 6 and
24 h. The medium was collected and stored at
-80๐C until use for detecting VEGF protein
using the human VEGF sandwich ELISA kit.
Statistical analysis:
Data are presented as means ± SD for
three-independent experiments. One way
ANOVA with least significant difference
(LSD) post hoc test was used to determine the
statistical significance. The p-value less than
0.05 was considered as statistically
significance.
Results
Effect of resveratrol and oxyresveratrol on
the viability of HN-8 cells
At 24 h incubation, resveratrol and
oxyresveratrol significantly inhibited the
growth of HN-8 cells, in a dose-dependent
manner (Fig.1A). The antiproliferation IC50
concentrations of oxyresveratrol and
resveratrol were calculated from logarithm
graph (Fig.1B) using the software from
GraphPad Prism. The IC50 values of
oxyresveratrol and resveratrol were 36.60 and
44.25 µg/ml respectively. This result
demonstrated anti-proliferative effect of
resveratrol and oxyresveratrol against HN-8
cells, with different potency. According to its
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Figure 1

Effect of resveratrol and oxyresveratrol on the proliferation of HN-8 cells. The number of cells was
studied by MTT assay (A). The graph shows log of concentration-effect curves for percentage of cell
proliferation (B). *p, #p < 0.05 denotes statistically significant difference from control group of
resveratrol and oxyresveratrol respectively

Figure 2.

Effect of the hypoxic condition (H) on the expression of VEGF in HN-8 cells by ELISA assay.
*p  0.05 as compared with normoxia (N).

Figure 3.

Effect of resveratrol (res) and oxyresveratrol (oxy) on the levels of VEGF protein production in
HN-8 cells at 6 h (A) and 24 h (B) by ELISA assay. #p 0.05 as compared with normoxia (N),
*p  0.05 as compared with hypoxia (H).

64 | A d v a n c e d P h a r m a c o l o g y i n D r u g D e v e l o p m e n t
Towards The ASEAN Union
IC50 oxyresveratrol had greater antiproliferative property than resveratrol
Effect of resveratrol and oxyresveratrol on
levels of VEGF protein production in HN-8
cells
To study the effect of resveratrol and
oxyresveratrol on VEGF production, cells
were exposed to hypoxic condition for 6 and
24 h. As shown in Fig.2, hypoxia significantly
induced VEGF protein production in time
dependent
manner.
Resveratrol
and
oxyresveratrol significantly inhibited the
production of VEGF proteins induced by
hypoxia in these cancer cell (Fig.3).
Oxyresveratrol dramatically inhibited the
production of VEGF at 24 h while resveratrol
did since 6 h (Fig.3). Only the highest
concentration of oxyresveratrol used in this
study (20 µg/ml) could significantly inhibit its
production since 6 h (Fig.3A)
Discussion and Conclusion
Hypoxia plays an essential role in
tumor angiogenesis and metastases leading to
treatment failure in many patients. In recent
years, resveratrol has been found to inhibit
tumor angiogenesis, but the mechanism of its
antiangiogenic activity is unclear (12). While
many
pharmacological
properties
of
oxyresveratrol, a derivative of resveratrol,

have been investigated little is known about
its anticancer activities. In our study, MTT
assay was used determine anti-proliferative
effect against cancer cells of test compounds
by detecting the mitochondrial functions of
the living cells. The result showed that both
resveratrol and oxyresveratrol significantly
inhibited the growth of HN-8 cells,
oxyresveratrol had a greater antiproliferative
effect on HN-8 cells than resveratrol. The
antiangiogenic properties of oxyresveratrol
and resveratrol were investigated by studying
VEGF protein production, the well-known
angiogenic factor that play important role in
tumor angiogenesis. The results indicated that
oxyresveratrol as well as resveratrol had
inhibitory effect on hypoxia-induced VEGF
protein production.
In conclusion, this study demonstrated
the anti-proliferative and antiangiogenic
effect of oxyresveratrol on HN-8 cells,
suggesting
an
antitumor
effect
of
oxyresveratrol on these cancer cells. The
results from this study provide basic
information of anticancer effects of
oxyresveratrol and may lead to the
development of new clinical treatment
modalities for head and neck squamous cell
carcinoma in the future
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Abstract
Cadmium (Cd) is a toxic heavy metal which is an important pollutant in environment in Thailand.
Chronic Cd intoxication has adverse effects on the vascular system, leading to hypertension, ischemic
heart disease and kidney disorder. The aim of this study is to determine the effect of Cd on nitric oxide
(NO) synthesis in the primary endothelial cells from human coronary artery. The cytotoxicity of Cd on
endothelial cells was assessed by the 3-(4,5-dimethylthiazol-2yl)-2,5-diphenyltetrazolium bromide
(MTT) assays. The human coronary artery endothelial cells (HCAECs) were exposed to CdCl2. The
TC50 of Cd on endothelial cytotoxicity was 64-135 µM. Furthermore, the NO synthetic function of the
endothelial cells was determined by measurement of the nitrite levels in media using the
chemiluminescence method. The acetylcholine-stimulated NO synthesis by the endothelial cells was
attenuated by Cd. In conclusion, we demonstrate that Cd is cytotoxic and able to inhibit NO synthesis
in human endothelial cells. The Cd-induced endothelial dysfunction could contribute to the vascular
disorders in subjects with Cd exposure.
Keywords:

cadmium, nitric oxide, endothelial cells, endothelial nitric oxide synthase

Introduction
Macrophages are important immune cells
which function in innate immunity and bridge
this immunity to adaptive immunity. They can
recognize foreign antigens and microbes in
various tissues by pattern recognition receptor
(PRRs) and engulf them into phagosomes
which afterwards fuse with lysosomes to
become phagolysosomes for killing microbes
by non-oxidative and oxidative mechanisms.
Nitric oxide (NO) produced by inducible nitric
oxide synthase (iNOS) acts as a toxic agent to
destroy microbes by oxidative mechanism [1,
2]. Activated macrophages produce and release
many cytokines as well as pro-inflammatory
cytokines (IL-1, IL-6, and TNF-α) lead to acute
inflammation and other immune cell activation.
In adaptive immunity, macrophages act as
antigen presenting cells by presenting antigenic
peptide to T lymphocytes for T cell activation.
They also play role as effector cells for
destroying microbes after T and B cell
activation [3].

Longevity remedies are Thai traditional
remedies that consist of plants with health
promotive and restorative properties. One of
wildly used longevity remedies contains six
herbs including Cyperus rotundus, Piper
nigrum,
Streblus
aspera,
Diospyros
rhodocalyx, Tinospora crispa, and Albizia
procera. This longevity remedy has medicinal
used for health promotion, restoration and used
as longevity medicine by boiling with water,
macerating with alcohol or as crude power in
tablets. Immunomodulatory activities of some
herbs in the remedy have been reported. In
previous study showed that the water extract
from this remedy had anti-allergic property [4].
However, the water extract of the longevity
remedy has little information, and it has never
been tested on macrophage functions. The
present study intended to investigate the effect
of longevity remedy water extract on murine
macrophages.
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Materials and Methods
Longevity remedy extraction
Six herbs in the longevity remedy were
coarsely grounded, equally weighted, mixed
and then heated in distilled water at 70˚C for 15
min. The solution was filtered and lyophilized.
The water extract powder was kept at - 20˚C
until used. The extract was dissolved and
diluted to various concentrations in DMEM.
Cells
Murine macrophage J774A.1 cells were
obtained from American Type Culture
Collection (ATCC). The cells were maintained
in DMEM containing 10% FBS and 1%
penicillin-streptomycin at 37˚C in 5% CO2 and
95% humidity. The cells at 4 x 105cell/ml were
used in all experiments.
In all experiment, DMEM and 100 ng/ml
lipopolysaccharide (LPS) were used as the
negative and the positive controls, respectively.
Measurement of NO production
J774A.1 cells were treated with 1.56 – 25
µg/ml water extract of longevity remedy for 24
h. The supernatant of the treated cells was
collected to determine NO production in nitrite
form by Griess reaction assay. The viability of

Figure 1

the remaining treated cells were tested by
resazurin reduction assay.
Determination of iNOS, IL-1β, IL-6 and
TNF-α mRNA expression by RT-PCR
J774A.1 cells were treated with 1.56 –
12.5 µg/ml water extract for 4 or 24 h. Total
RNA of the treated cells was isolated by TRIzol
reagent and converted to complementary DNA
(cDNA) by ImProm-II™ reverse transcription
system kit. The cDNA products were used as
the templates to amplified mRNA of iNOS, IL1β, IL-6 and TNF-α with their specific primers.
The PCR products were run on 1.5% agarose
gel electrophoresis, stained with ethidium
bromide, and measured their densities by gel
documentation.
Statistical Analysis
All data were presented as means 
standard deviation (S.D.) of at least three
independent
experiments.
Statistical
significance of the data was analyzed by Oneway analysis of variance (ANOVA) followed
by Turkey’s post hoc test. The p-value less than
0.05 were considered as statistically significant.

Effect of the longevity remedy water extract at 1.56 – 25 µg/ml on NO production (A) and cell
viability (B) in J774A.1 cells. The data represent as means  S.D. from three independent
experiments (n=3). ***p<0.001 compared to the DMEM control.
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Results
Effect of the longevity remedy water extract on
NO production
The water extract significantly increased
NO production in J774A.1 cells, in
concentration-dependent manner (Figure 1A)
without any effect on the viability of the treated
cells (Figure 1B).
Effect of the longevity remedy water extract on
mRNA expression of iNOS, IL-1β, IL-6 and
TNF-α

Figure 2

The water extract of longevity remedy at
all concentrations (1.56 – 12.5 µg/ml)
significantly induced IL-1β and TNF-α mRNA
expression (Figure 2). At 3.13 – 12.5 µg/ml, it
significantly increased iNOS expression. At 12.5
µg/ml, the extract increased IL-6 gene
expression.

Effect of the longevity remedy water extract at 1.56 – 12.5 µg/ml on mRNA expression of IL-1β,
IL-6, TNF-α (A) at 4 h, and iNOS (B) at 24 h in J774A.1 cells. The data represent means  S.D.
from three independent experiments (n=3). **p<0.01, ***p<0.001 compared to untreated control.
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Discussion and Conclusion
Immune enhancement is believed to be one of
pharmacological properties of several longevity
remedies to promote and restore health.
Macrophages were used in this study to
evaluate the immunomodulating effects of a
longevity remedy containing six herbs
including S. aspera, A. procera, D. rhodocalyx,
T. crispa, P. nigrum and C. rotundus.
Macrophages play multi-functions in immune
responses. They are main phagocytes
responsible for eliminating microorganisms
and foreign particles in various tissues.
Activated macrophages release numerous
cytokines and mediators to generate immune
response. The water extract of this longevity
remedy up-regulated iNOS expression. This
enzyme is not expressed in resting
macrophages. The extract also stimulated NO
production in a concentration – dependent
manner. Activated macrophages produce NO

which is one of mediators in phagocytosis and
inflammatory
process
during
immune
responses against microorganisms. The extract
also stimulated expression of TNF-, IL-1, and
IL-6 in macrophage J774A.1 cells. These
cytokines usually do not express in resting
macrophages. They have multi-functions in
immune responses such as inflammatory
process and T cell activation [5].
We
previously demonstrated that the water extract
of P. nigrum fruits stimulated macrophage
J774A.1 cells to express several cytokines and
other molecules involve in immune response
[6].
In summary, the results from this study
demonstrate that water extract of the longevity
remedy containing six herbs can activate
macrophages. It may have immune enhancer
activity which can improve health.
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Abstract
Previous studies have examined the effect that approximately 3 °C hypothermia was associated with
higher propofol blood concentrations than normothermia. This study aimed to study the effects of low
body temperature on the pharmacokinetics of propofol in open heart surgery patients. Plasma samples
in Thai open heart surgery patients were estimated by HPLC. Two-compartment model was used to
describe the pharmacokinetic data of propofol. Microconstant, k10 in the hypothermia group
(0.054±0.01 min-1) less than the normothermia group (0.222±0.10 min-1) and drug clearace (CL) in
the hypothermia group (58.020±20.65 ml.kg-1.min-1) higher than the normothermia group
(42.861±10.02 ml.kg-1.min-1). The equation for prediction of plasma concentration of propofol at any
time point was derived. The predicted plasma propofol concentration at 60, 75 and 90 minutes of the
operation, the hypothermia group shows lower concentration of propofol in plasma compared to the
normothermia group despite the same dosage of propofol administration.
Keywords: Phamacokinetics, Propofol, Hypothermia
Introduction
Open heart surgery is any surgery where the
chest is opened to the heart muscle, heart
valves, arteries, or other parts of the heart. The
patients undergo open heart surgery will be
connected to a heart-lung bypass machine or
bypass pump. The patients’ body temperature
are often reduced to below 35 °C (hypothermia)
to prevent and avoid damages that may occur to
the cells during surgery (Lichtenberg 2006).
Propofol is one of the commonly used
anesthetic drugs for induction and maintenance
of general anesthesia. It is used in combination
with nitrous oxide and/or opioid agent (E. Gepts
1987, Brunton et al, 2010). A previous study
reported that with hypothermia, human’s
physiological condition altered. This includes
vasoconstriction, glomerular filtration, hepatic
metabolism, biliary clearance and blood pH. As
well as the alteration of the physicochemical
properties of the drug such as acid dissociation
constant, lipid solubility, protein binding

capacity, lipid solubility and tissue binding
capacity. All of these may affect
pharmacokinetics parameter of the drug given
(Broek et al, 2010). In 2004, research has
demonstrated that hyper- and hypothermia are
associated with adverse physiologic effects and
altered pharmacokinetics of the drug.
Hyperthermia increases metabolic rate whereas
hypothermia decreases metabolic rate and is
considered protective of neural tissue in aortic
surgery patient (Shine et al, 2004). However it
is not clear whether different types of surgery
and different cut point of body temperature will
provide
the
same
influence
on
pharmacokinetics parameter of propofol (Pawe
Wiczling et al, 2012). This study aims to
investigate the effects of low body temperature
(hypothermia) during an open heart surgery on
pharmacokinetics parameters of propofol in
comparison with normothermia.
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Materials and Methods
Patients’ samples
After approval by the Ethic Committee of
Faculty of Medicine, Chulalongkorn University
and informed consent was obtained from the
patients, plasma samples from 14 open heart
surgery patients were collected. Patients were
randomly allocated to expose to hypothermia (n
= 7) or normothermia (n = 7) environments
during the surgery by closed envelope
technique, using computer-generated random
number. Patients were connected to a heartlung bypass machine. Briefly the body
temperature is controlled by this machine and
kept constant throughout the study. Core
temperature was measured via esophageal
probe. A bolus dose of propofol (1 mg/kg) was
administered as induction, with by an infusion
of propofol at the rate of 25 µg/kg/min as
maintenance. The infusion was continued until
the pump of heart-lung bypass machine was
stopped or the operation was finished. Blood
samples for the measurement of plasma
propofol concentrations were drawn before
propofol administration (0 min) and at 1, 3, 5,
10, 15 and 30 min after the beginning of the
bolus dose and at 3, 5, 10, 15, 30, 60, 90, 120
and 240 min after the termination of propofol
infusion. Blood samples were transferred into
heparinized tubes and were centrifuged at
1,200g for 15 min at 4 ºC. Plasma samples were
stored at -80 °C until analysis.
Chemicals and reagents
Propofol (2,6-diisopropylphenol) and 4-tert.octylphenol were purchased is purchase from
Sigma-Aldrich (St. Louis, MO USA).
Acetonitrile of high-performance liquid
chromatography (HPLC) grade was purchased
from BioLab (Thailand). A Milli-Q Synthesis
(Millipore, SA, Molsheim, France) water
purification system was used for purify
deionized water.
Determination of propofol in human plasma
HPLC method was modified from Seno, et al
(Seno et al, 2002). To 100 µl of plasma sample
or blank, 1000 µl of acetonitrile was added and
mixed thoroughly in a vortex mixer. The
mixture was centrifuged at 15,000g for 10 min

at 4ºC. Then, 10 µl of the clear supernatant was
directly injected to HPLC column (Seno et al,
2002). HPLC apparatus (LC-10AD; Shimadzu,
Kyoto, Japan) is comprised of a fluorimetric
detector (RF-10AD; Shimadzu), degasser
(DGU-14A; Shimadzu), autoinjector (SIL10AD; Shimadzu) and column oven (CTO10AS; Shimadzu). A Symmetry C18 column
(3.5-µm, 4.6 x 100mm; Waters, Tokyo, Japan)
was used. The temperature of the column oven
was set at 40 °C for the whole analysis. The
mobile phase is consisted of acetonitrile and
water (60:40, vol/vol), which was equilibrated
at 1.5 ml/min. The fluorimetric detector was
used for quantifying propofol, and the
concentration of propofol was estimated based
on the integrated peak area. The excitation and
emission wavelengths for the fluorescence
detection of propofol were set at 276 and 310
nm, respectively (Seno et al, 2002). The
linearity of this method ranged from 0.03 to 10
µg/ml. The inter-day and intra-day precision
were evaluated from quality control samples
(low = 0.09, medium = 1.5 and high = 8.0
µg/ml) and expresses as % coefficient of
variation (CV) which were lower than 5% (low
= 4.7%, medium = 0.9% and high = 2.0%). The
extraction recovery of propofol and internal
standard were 99.10 to 102.82 and 95.76%,
respectively. The samples for calibration curves
were prepared from acetonitrile solution
containing propofol at various concentrations
(final concentrations of 0.03, 0.05, 0.2, 1.0, 2.0,
5.0 and 10 µg/ml). The lower limit of
quantification was estimated at 0.03 µg/ml, the
within-day %CV was less than 10%.
Data analysis
Two-compartment model was used to describe
the pharmacokinetic data of propofol.
Clearance (CL) for propofol was calculated
from the equation: C = (R0/CL)× (1+Aeαt+Beβt)+(Ae-αt+Be-βt). Where, C is the
plasma concentration at time when was stopped
infusion of propofol, A and B are the coefficient
describing the relative contributions of each
exponential term. α and β are the hybrid rate
constants corresponding to the distribution half
life and elimination half life, respectively.
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Volume of distribution by area (Vβ) was
calculated by CL= Vβ.β. Data are presented as
mean± standard error of mean (SEM). A pvalue of 0.05 was considered significant. MannWhitney U test was used for comparing scale
data. All analyses were performed by SPSS
version 20.0 for Windows (SPSS Inc. IL,
Chicago).treatment, MTT was added into the
96-well plate and then the cells were lysed with
dimethyl sulfoxide (DMSO). The absorbance
was read at 562 and 630 nm by using a
microplate reader.
Determination of cellular NO production in
HCAECs. We measured the cellular nitrite by
the chemiluminescence method (6). HCAECs
were seeded into the 12-well plates and pretreated with 0.1 µM CdCl2 for 4 hours. Next,
the cells were treated with 10 µM acetylcholine
for 1 hour. The cells were scraped for nitrite
measurement.
Western blot analysis. HCAECs were treated
with 0.1 µM CdCl2 for 4 hours, and then
acetylcholine for 1 hour. The cells extract (30

µg protein), and the specific antibodies against
eNOS (1:1000 dilution; BD Transduction
Laboratories) and eNOS phosphoserine 1177
(1:1000
dilution;
BD
Transduction
Laboratories) were used. Incubation with
monoclonal β-actin antibody (1:500 dilution;
Cell Signaling) was carried out as the loading
control. The blots were detected on Kodak XOmat film by enhanced chemiluminescence.
Results
Fourteen Thai patients were enrolled. Baseline
patients’ data are presented in Table 1. Both
groups had comparable baseline data. Results
of pharmacokinetics data are shown in Table 2.
Our results demonstrated that Microconstant,
k10 in the hypothermia group was generally
less than the normothermia group and drug
clearance (CL) in the hypothermia group
higher than the normothermia group (Table 2
and Table 3). However, these did not reach
statistically significant.

Table 1. Patients’ characteristics (n = 7/group)

Demographics
Age (yr)
Weight (kg)
Height (cm)
BMI (kg/m2)
Pre-admission Lab.
Hb (g/dL)
Hct (%)
WBC
Plt
BUN (mg/dL)
SCr (mg/dL)
Alb (g/dL)
TP
BS
Blood loss during operation (ml)
Propofol infusion duration (min)

Normothermia

Hypothermia

p-value

45.14±3.36
67.57±5.80
164.43±2.90
24.71±1.45

43.00±2.76
62.49±3.61
164.00±2.35
23.20±1.35

0.848
0.298
0.482
0.798

13.93±0.37
41.24±1.02
8318.57±1251.95
245857.14±38368.78
14.14±1.34
0.92±0.06
4.07±0.28
7.34±0.35
112.29±9.31
757.14±160.14
52.14±9.63

13.96±0.37
40.43±1.23
8515.71±920.88
252857.14±42966.45
12.43±0.53
0.76±0.34
4.33±0.22
8.23±0.16
100.57±10.34
771.43±132.22
42.14±3.02

1.000
0.848
0.406
0.798
0.431
0.054
0.399
0.061
0.139
0.558
1.000
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Table 2. Pharmacokinetics parameters in 14 Thai open heart surgery patients.
Patient No.
Hypothermia
1
2
3
4
5
6
7
Normothermia
8
9
10
11
12
13
14

k10 (min-1)

CL (ml.kg-1.min-1)

Vβ (L.kg-1)

T1/2(β) (hrs.)

0.024
0.067
0.048
0.047
0.017
0.072
0.104

57.979
177.269
34.827
21.494
37.487
56.336
20.751

6.44
25.32
6.97
5.37
37.49
14.08
5.19

1.283
1.650
2.310
2.888
11.550
2.888
2.888

0.079
0.149
0.836
0.021
0.294
0.115
0.061

93.674
38.276
54.197
50.065
25.343
21.636
16.834

46.84
7.66
4.17
16.69
2.53
2.40
2.10

5.775
2.310
0.888
3.850
1.155
1.283
1.444

Table 3. Pharmacokinetics parameters between normothermia and hypothermia group (n=7) in open
heart surgery patients.
Group
Hypothermia
Normothermia
p-value

k10 (min-1)
0.054±0.01
0.222±0.12
0.064

CL (ml.kg-1.min-1)
58.02±20.65
42.86±10.21
0.749

From this study, an equation for the
calculation of predicted drug levels in the
blood for Thai open heart surgery was derived
as: C = (R0/CL)× (1+Ae-αt+Beβt)+(Aeαt+Be-βt). In general, open heart surgery in
Thai patients in uncomplicated cases usually

Vβ (L.kg-1)
14.41±4.72
11.77±6.16
0.277

T1/2(β) (hrs.)
3.63±1.34
2.39±0.68
0.274

takes less than two hours. Our results
demonstrated that at 60, 75 and 90 minutes of
the operation, propofol concentration in
plasma for patients with normothermia was
higher than that of hypothermia (p < 0.05)
(Table 4).

Table 4. Predicted propofol concentration in Thai patients with open heart surgery.
Operation time (min)
60
75
90

Hypothermia
1.264±0.20
1.111±0.20
1.061±0.21

Normothermia
4.606±2.23
2.374±0.59
1.858±0.24

p-value
0.048
0.035
0.048
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Discussion and Conclusion
Pharmacokinetic parameters of propofol were
not
significantly
difference
between
hypothermia and normothermia group, which
is inconsistent with the previous study (Kate
Leslie et al, 1995). The group of Leslie has
demonstrated
the
different
of
pharmacokinetic
parameters,
including
propofol concentrations in plasma. The
differences seen in previous study may be a
result of a large different in body temperature
between groups (34 and 37 °C) while our
study used a closer range of body temperature
(32 to less than 35 and > 35 ºC). Previous
studies were also carried out in a younger
group of subjects (25±1 years old) (E. Gepts
1987, Wiczling et al, 2012, Kate Leslie et al,
1995). Noted that one patient in the
hypothermia group had his/her data quite
different from others in the group. We have
checked the results carefully and decided to
include his/her data into analysis.
Interestingly the infusion rate of propofol in
this study (25 µg/kg/min) is less than other

studies but still provide good therapeutic level
of propofol in Thai population. Of note, as the
operation time in this study was relatively
short, propofol concentrations in plasma did
not reach steady state concentration.
However, we have derived the equation
specifically for this group of patients to
predict plasma propofol concentrations at any
time points.
Low body temperature during open heart
surgery in Thai patients has not effect on
pharmacokinetics parameter of propofol.
However, the predicted plasma propofol
concentration at 60, 75 and 90 minutes of
operation, the hypothermia group shows
lower concentration of propofol in plasma
compared to the normothermia group despite
the same dosage of propofol administration.
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Abstract
The acquisition of endocrine resistance represents a major cause of treatment failure in estrogen
receptor (ER)-positive breast cancer patients. Recently, discovery of novel therapeutic agents with
a decreased chance of developing breast cancer resistance with minimal adverse effect remains very
challenge. Thus, combinations of drugs are alternative strategy for cancer therapy. The aim of this
study focused on investigating the cytotoxic activity (determined using MTT, tamoxifen response
assays and combination index (CI) analysis) of plumbagin, alone or combination with tamoxifen,
on human breast cancer MCF-7 and endocrine-resistant MCF-7/LCC2 and MCF-7/LCC9 cells. The
result showed the growth inhibition IC50 values were 1.47, 1.22 μM for MCF-7 and 1.69, 1.58 μM
for MCF-7/LCC2 and 1.24, 1.17 μM for MCF-7/LCC9 cells at 24 and 48 h after treatment
respectively. Furthermore, the combination of plumbagin and tamoxifen resulted in a synergistic
growth inhibition in endocrine-resistant breast cancer cells. These data suggested that plumbagin
exhibits a potent cytotoxicity and ability to restore tamoxifen sensitivity in breast cancer cells which
do not response to endocrine therapy.
Keywords: Cytotoxic activity, sensitivity, endocrine resistance, estrogen receptor (ER), breast
cancer
Introduction
Breast cancer is a leading cause of cancerrelated deaths in women worldwide (1). More
than 70% of primary breast tumors expressed
estrogen receptor (ER). It has been well
documented that hormonal replacement
increased risk of breast cancer which
supported the role of estrogen in
tumorigenesis (2). ER-positive breast cancer
can be treated with antihormonal agents.
Tamoxifen, a Selective Estrogen Receptor
Modulator (SERM), is the first line drug for
this
patient
group
(3).
However,
approximately 50% of advance stage breast
cancer patients have recurrence and develop
acquired resistance after five years of therapy
which is a serious limitation to the effective
treatment (4). Consequently, a novel
therapeutic
target
for
ER-positive
antihormonal-resistant breast cancer was

immediately required. Natural products play a
pivotal role in cancer therapy because of their
excellent pharmacological activities with
lower toxicity. Plumbagin (5-hydroxy-2methyl-1,4-naphthoquinone), a naturally
occurring yellow pigment predominantly
isolated from the rhizome in the plants of the
Plumbaginaceae, Dioncophyllaceae and
Ancestrocladaceae families, has been
significantly demonstrated to exhibit antitumor, pro-apoptotic, chemopreventing,
radiosensitizing, anti-invasion, anti-migration
and anti-angiogenesis activities in several
tumor cells and animal models (5). Although,
the ability of plumbagin has not yet been
studied in endocrine resistant breast cancer
cells. In this study, we treated endocrineresistant MCF-7/LCC2 and MCF-7/LCC9
breast cancer cells with plumbagin to increase
growth inhibition and restore tamoxifen
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sensitivity. To explore the potential clinical
application of plumbagin, we analyzed the
effect of combination of plumbagin and
tamoxifen to evaluate cytotoxicity and
reversal activity of endocrine resistance in
breast cancer.
Materials and Methods
Cell culture and reagents
The human breast cancer cell lines MCF-7
was purchased from American Type Culture
Collection (ATCC®, #HTB-22, USA).
Tamoxifen
and
tamoxifen/fulvestrantresistant breast cancer MCF-7/LCC2 and
MCF-7/LCC9 were kindly provided by Dr.
Robert Clarke (Georgetown University
Medical Center, Washington, DC, USA). The
cell lines were cultured in MEM containing
phenol red supplemented with 5% fetal
bovine serum (FBS) 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. Cells were grown until reached 80%
confluence before incubated with the test
compounds. Plumbagin (PBG) and 4hydroxytamoxifen (4-OHT) were purchased
from Sigma (St. Louis, MO, USA).
Cell viability assay
The cytotoxic effects of plumbagin and 4hydroxytamoxifen were performed using
MTT assay (6:7). Briefly, cells (5×103/well)
were seeded into 96-well plates and
maintained at 37°C in a humidified
atmosphere of 95% air and 5% CO2. After
incubation for overnight, cells were washed
and treated with 0-5 μM plumbagin for 24, 48
h. 10 μL of MTT reagent (5 mg/ml) in
phosphate buffered saline (PBS) was added to
each well and incubated for 4 h at 37°C. The
formozan crystals were solubilized with
dimethyl sulfoxide (DMSO) and measured in
a microplate reader at a wavelength of 570
nm. The percentage of relative cell viability
was calculated using the following equation:
(OD sample/OD control) × 100%.

Tamoxifen response assay
To investigate the combination effect of
plumbagin and tamoxifen. Cells were
maintained in DMEM medium and phenol
red-free IMEM supplemented with 5%
charcoal dextran-treated FBS before
experimental. Cells (5×103/well) were seeded
into 96-well plates with completed IMEM
medium for overnight and then incubated with
combination of 0.75 μM plumbagin and
different
concentrations
of
4hydroxytamoxifen (4-OHT) for 3 days
following 4-OHT alone was given for the next
4 days. Survival rate was measured by MTT
assay.
Combination index analysis
To investigate the level of interaction
(synergistic, additive or antagonist) between
plumbagin and combination with 4hydroxytamoxifen, the method analyzed as
described previously (8). In brief, synergism
or antagonism for plumbagin with 4hydroxytamoxifen was calculated on the basis
of the multiple drug–effect equation, and
quantified by the combination index (CI),
where CI < 1, CI = 1 and CI > 1 indicate
synergistic, additive and antagonistic effects,
respectively. The IC50 values of plumbagin,
alone
or
combination
with
4hydroxytamoxifen, on cells were calculated
using GraphPad Prism 5.0 software, the CI
value was calculated as:
CI = [(D)1 / (Dx)1] + [(D)2 / (Dx)2]
At the 50% inhibition level, (Dx)1 and (Dx)2
are the concentrations of plumbagin and 4hydroxytamoxifen, respectively that induce a
50% inhibition of cell growth; (D)1 and (D)2
are the concentrations of plumbagin and 4hydroxytamoxifen in combination, which also
inhibits cell growth by 50%.
Statistical analysis
Data are expressed as mean ± standard error
of the mean (S.E.M). The significance of
differences between groups was evaluated by
one way analysis of variance (GraphPad
Prism 5, San Diego, CA). A p-value less than
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0.05 was considered statistically significant.
The experiments were carried out in
triplicates and repeated at least twice or three
times.Western blot analysis. HCAECs were
treated with 0.1 µM CdCl2 for 4 hours, and
then acetylcholine for 1 hour. The cells extract
(30 µg protein), and the specific antibodies
against eNOS (1:1000 dilution; BD
Transduction Laboratories) and eNOS
phosphoserine 1177 (1:1000 dilution; BD
Transduction Laboratories) were used.
Incubation with monoclonal β-actin antibody
(1:500 dilution; Cell Signaling) was carried
out as the loading control. The blots were
detected on Kodak X-Omat film by enhanced
chemiluminescence.
Results
Plumbagin
naphthoquinone)

cytotoxic activity on wild-type MCF-7 cells
for 24, 48 h with IC50 of 1.47, 1.22 μM
(Figure 1B) and endocrine-resistant MCF7/LCC2 and MCF-7/LCC9 cells showed
cytotoxicity with IC50 values of 1.69, 1.58
and 1.24, 1.17 μM respectively. (Figure 1C1D).
Moreover, plumbagin was able to
demonstrate a synergistic effect on growth
inhibition with tamoxifen in endocrine
resistant breast cancer cells. (Table 1). we
found that 0.75 μM of plumbagin enhanced
cytotoxicity of MCF-7 cells to 4-OHT
compared with 4-OHT alone treatment as
shown in Figure 2A and showed similar result
in endocrine-resistant MCF-7/LCC2 and
MCF-7/LCC9 cells. (Figure 2B-2C).

(5-hydroxy-2-methyl-1,4exhibited the potent

Figure 1. Effect of plumbagin on cytotoxicity on endocrine-resistant breast cancer cells. (A) Chemical structure of
plumbagin. (B-D) The percentage of viability of MCF-7, MCF-7/LCC2 and MCF-7/LCC9 cells after treated with
plumbagin at 0-5 μM for 24, 48 h. Each value represents the mean ± S.E.M. (n = 3). *p < 0.05; **p< 0.01; ***p < 0.001;
ns = no significant. Data are representative of three independent experiments.
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Figure 2. Effect of 4-hydroxytamoxifen (4-OHT) alone
or combination with 0.75 μM plumbagin on MCF-7
(A), MCF-7/LCC2 (B) and MCF-7/LCC9 (C). Cells were
treated with combination of 0-10 μM of 4-OHT and 0.75
μM plumbagin for 3 days and 4-OHT alone for the next
4 days. Tamoxifen response was determined by MTT
assay. Each value represents the mean ± S.E.M. (n = 2).
Data are representative of two independent experiments.

Table 1. The growth inhibition IC50 and combination index (CI) values of 4-hydroxytamoxifen, The IC50 values
either 4-hydroxytamoxifen (4-OHT) alone or combination with 0.75 μM plumbagin, were used to calculate CI value of
the combination treatment.
IC50 [CI values]
Plumbagin combined with
4-OHT

Symbol

Description*

MCF-7

0.50 ± 0.08 μM
[0.72]

++

Moderate synergism

MCF-7/LCC2

0.72 ± 0.21 μM
[0.58]

+++

Synergism

MCF-7/LCC9

1.86 ± 0.16 μM
[0.94]

+

Slight synergism

Cell lines

*where CI < 1, CI = 1 and CI > 1 indicate synergistic, additive and antagonistic effects, respectively. Each value
represents the mean ± S.E.M. (n = 2)
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Discussion and Conclusion
Our findings demonstrated that plumbagin can
be a potential cytotoxic effect against endocrine
response breast cancer and endocrine resistant
breast cancer cells. In addition, plumbagin has
ability to restore tamoxifen sensitivity. Thus,
this study was a preliminary data to support
plumbagin for its role in therapeutic by using
plumbagin alone and combination with
tamoxifen in breast cancer cells which do not
response to endocrine therapy. However,
further experiments in molecular mechanism
are needed to completely explain the potential
effect of plumbagin in tamoxifen-resistant
breast cancer as well as the study in animal
model and clinical trials.
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Abstract
Staphylococcus aureus (ATCC 6538P) and Staphylococcus epidermidis (Isolates) are the common
causes of both community and hospital-acquired infections. One of the key factors enables
pathogens to survive, colonize and proliferate in body is the ability to form biofilm. The purpose of
this study was to evaluate the antimicrobial and antibiofilm formation activities of (+)-usnic acid,
the bioactive compound of Usnea siamemsis Wainio on S. aureus and S. epidermidis. Antimicrobial
activities were determined by broth microdilution method. MIC of (+)-usnic acid for S. aureus and
S. epidermidis were 250 and 62.50 µg/ml, respectively. In addition, MBC values of (+)-usnic acid
for both pathogens were more than 4000 µg/ml. Moreover, (+)-usnic acid also inhibited biofilm
formation of S. aureus and S. epidermidis. The inhibitory effect on biofilm formation was the
concentration dependent manner at the concentration that are equal and greater than MIC value with
statistical significance comparing with 5%DMSO (p < 0.05). Therefore, these findings indicated
that (+)-usnic acid had both antimicrobial and antibiofilm formation activities on S. aureus and S.
epidermidis.
Keywords:

Staphylococcus aureus, Staphylococcus epidermidis, (+)-usnic acid

Introduction
One of the most important pathogens in
humans is staphylococcus. The genus
staphylococcus is gram positive bacteria,
which colonize on human or animal skin and
mucous membrane. The species most
commonly associated with human diseases
are
S. aureus and S. epidermidis. They are
common causes of both community and
hospital-acquired infection. One of the key
factors enables pathogens to survive, colonize
and proliferate in the body is the ability to
form biofilm. The microorganisms within
biofilm are protected against attacks from
antimicrobial agents and host defense
mechanism [1]. At present, bioactive
compounds of plants are new interest as
antimicrobial and antibiofilm formation
agents. The previous study of the extract from
lichen
species
such
as
Cladonia

(Cladoniaceace) and Usnea (Usneaceae) etc.
showed antimicrobial potential [2]. Usnea
siamensis Wainio is Thai herbal drug that has
been used to treat diseases in folk medicine.
The bioactive compound from this plant is
(+)-usnic acid. This research aimed to
investigate the effect of (+)-usnic acid for its
antimicrobial and antibiofilm formation
activities on S. aureus and S. epidermidis.
Materials and Methods
Minimum inhibitory concentration (MIC)
and minimum bactericidal concentration
(MBC) determination
Bacterial suspension was prepared in
normal saline and the turbidity was adjusted
to 0.5 McFarland standards (approximately
1.0x108 CFU/ml). This suspension was
diluted with normal saline 100 fold. Later,
they were dispensed into 96-well plate (final
concentration 0.5x106 CFU/ml), which
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contained (+)-usnic acid (final concentration
2-4000 µg/ml). Similarly, ampicillin (final
concentration 0.025-50 µg/ml) was included
as positive control. Microplates were
incubated at 37ºC for 24 h. The lowest
concentration of (+)-usnic acid inhibited the
growth of the microorganism was defined as
MIC value. Then, contents from each well that
showed no apparent bacteria growth were
streaked on MHA plate. Next, the plates were
incubated at 37ºC for 24 h. The lowest
concentration that the visible growth of the
microorganism could not be seen on the MHA
plate was defined as MBC value [3].
Inhibition of biofilm formation assay
(+)-Usnic acid solutions (concentration
1/2MIC, MIC, 2MIC, 4MIC) were dispensed
into microplates which contained the
microorganism (final concentration 0.5x106
CFU/ml). 5% DMSO was used as negative
control. Following incubation at 37ºC for 24
h, the contents were removed and washed
three times with sterile deionized (DI) water.
Adherent bacteria were fixed with 99.9%
methanol for 15 min. All well were then

emptied and left to dry. Following drying, the
wells were stained with 1% crystal violet and
incubated at room temperature for 15 min.
Then the plates were washed three times with
sterile DI water to remove unadsorbed stain.
After drying, stain in each well was
resolubilised by 33.3% glacial acetic acid.
Biofilm formation was quantified by
measuring the absorbance at 570 nm using a
microplate reader. The percentage of
inhibition was calculated using following
equation [4].
Statistical analysis
Data are shown as mean ± standard
error of mean obtained from three
independent
experiments.
Statistical
significance between groups was evaluated
using One-way ANOVA test. A P-value of
<0.05 was considered statistically significant.
% inhibition = ODnegative control – ODsample x 100
ODnegative control

Results
Minimum inhibitory concentration (MIC) and minimum bactericidal concentration (MBC)
determination
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Discussion
S. aureus and S. epidermidis are the
most common causes of both community and
hospital-acquired infections. They are able to
infect every human organ and cause
pathogenesis ranging from superficial skin
infections to life-threatening infections. One
of the key factors enables S. aureus and S.
epidermidis to survive, colonize and
proliferate until difficult to eradicate and
cause harm in human body is the ability to
form biofilm. At present, several research
topics have studied antimicrobial and
antibiofilm activities of medicinal plants for
alternative treatment. In this study, the
quantitative analysis of the antimicrobial
activity was evaluated by broth microdilution
method to determine the minimum inhibitory
concentration
(MIC)
and
minimum
bactericidal concentration (MBC) values of
(+)-usnic acid while antibiofilm formation
activity was evaluated by inhibition of biofilm
formation assay. Firstly, (+)-usnic acid
activity was estimated quantitatively by broth
microdilution method. The results showed
that (+)-usnic acid exhibited antimicrobial
activity against the bacterial pathogens at the

MIC values of 250 and 62.50 µg/ml forS.
aureus and S. epidermidis, respectively. In
addition, MBC values of (+)-usnic acid for
both pathogens were more than 4000 µg/ml
(Table 1). The antimicrobial activities of (+)usnic acid on S. epidermidis was more
effective than that on S. aureus. Ampicillin
was used as a positive control for these
bacterial pathogens. MIC values of ampicillin
were 0.10 and 1.56 µg/ml for S. aureus and S.
epidermidis, respectively. MIC values of
ampicillin against S. aureus and S.
epidermidis still lower than breakpoint values
which specified by European Committee on
Antimicrobial
Susceptibility
Testing
(EUCAST) [5]. Secondly, the effect of (+)usnic acid on inhibition of biofilm formation
of S. aureus and S. epidermidis was
concentration dependent manner at the
concentration equal and greater than MIC
value with statistical significance comparing
with 5%DMSO (p < 0.05) (Figure 1). The
results also showed that (+)-usnic acid
exhibited more antibiofilm activity against S.
epidermidis than S. aureus with the
percentage of biofilm inhibition of 97.50 and
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36.68 respectively at the same concentration
(250 µg/ml). Interestingly, at concentration
250 µg/ml of (+)-usnic acid the percentage of
biofilm inhibition was quite similar to
ampicillin at concentration 0.78 µg/ml
(1/2MIC) for S. epidermidis, which was 97.50
and 96.66% respectively. Whereas the
percentage of biofilm inhibition at
concentration 250 µg/ml of (+)-usnic acid was
lower comparing with ampicillin at
concentration 0.05 µg/ml (1/2MIC) for S.
aureus with the inhibition value of 36.68%
and 97.44% respectively. Mechanism of
action which may contribute to antimicrobial
and antibiofilm formation activities of (+)usnic acid is the inhibition of expression of
regulator gene (agr) that plays a major role in

control pathogenesis, toxin production and
many virulence factors such as hemolysin,
leucosidin and hyaluronidase etc. of these
bacterial pathogens.
Conclusion
Taken into account of all results both from
antimicrobial activity assay and inhibition of
biofilm formation assay, (+)-usnic acid
showed the potential for developing as an
antimicrobial
and antibiofilm formation agent against S.
epidermidis superior to S. aureus. However,
further study is needed to evaluate
antimicrobial and antibiofilm formation
activities of (+)-usnic acid against S. aureus
and S.epidermidis in mammalian model
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Abstract
Apium graveolens Linn has been used in folk medicine to alleviate inflammation and
arthritis. In this study the anti-arthritic effect of methanolic extract of Apium graveolens was
evaluated and compared to untreated control as well as prednisolone-treated groups in rats model
of Complete Freund’s Adjuvant (CFA)-induced arthritis. Arthritis was induced by injecting CFA
into supplantar of left hind paws. The extract was given orally at day 5 after CFA injection up to
the completion of study (for 28 days). Three extract doses (250, 500 and 1000 mg/kg), and
prednisolone (10 mg/kg) as a positive control were used. The results showed that prednisolone
significantly decreased paw and joint thickness in arthritis rats. In addition, the extract prevented
arthritis–induced increased in paw and joint thickness as compared to arthritis control. However,
the extract was not significant change in body weight, % relative of liver and spleen weight. This
study supports the traditional use of Apium graveolens for the treatment of inflammatory disorders
and rheumatoid arthritis and suggests further evaluation for its activity.
Keywords: Apium graveolens Linn, Rheumatoid arthritis, Complete Freund’s adjuvant
Introduction
Rheumatoid arthritis (RA) is a chronic
inflammatory disease, characterized by the
activation of synovial tissue lining the joint
capsule, which results in the invasion of
cartilage and bone leading to the progressive
joint dysfunction (Formaciari et al., 2009).
Complete Freund’s adjuvant (CFA) contains
heat killed Mycobacterium in a water-in-oil
emulsion. After subcutaneous injection, CFA
induces adjuvant arthritis that can serve as a
model to test the anti-arthritic and antiinflammatory effects of investigational
substances (Newbould, 1963) Apium
graveolens L. are also implicated in arthritic
pain relief for treating rheumatic condition
and gout (Mohamed and Al-Okbi, 2008).
Other report on the pharmacological
properties of Apium graveolen were related to
anti-inflammatory, antioxidant activity (Jung
et al, 2011), and hypolipidemic effect

(Perumalraja and Sharief, 2013). The aim of
study was to determine the anti-arthritic effect
of the methanolic extract of Apium graveolens
against adjuvant-induced arthritis.
Materials and Methods
Thirty six adult male Wistar rats of body
weight between 180-220 g were obtained
from the Laboratory Animal Faculty Unit,
Faculty of Sciences, Prince of Songkla
University, Hat Yai, Songkhla, Thailand. All
animals were in a controlled humidify room at
a constant temperature of 25 oC and
maintained on a 12-hour alternate light-dark
cycle. They were allowed free access to food
and drinking water. Arthritis was induced by
a single intra-dermal injection (0.1 ml) of
Complete Freund’s adjuvant (CFA) into a
subplantar region of the left hind paw of male
rats. The rats were anesthetized with isofurane
inhalation prior to and during adjuvant
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injection. The rats were randomly divided into
6 groups. Each group comprised 6 rats as
following: group I; normal control rats, group
II; arthritic control rats, group III; arthritis rats
administered with predinisolone (10 mg/kg
body weight p.o.), group IV-VI; arthritis rats
administered with the extract of Apium
graveolen (AG) 250, 500 and 1000 mg/kg
body weight respectively. Treatment with the
test compound is started on the day 5 and
continued for 28 days. Paw and ankle
thickness were recorded on the day of
injection as well as 4th, 7th, 14th, 21st and 28th
day after the injection of CFA by using
verneir caliper. Physical parameters like body
weight, spleen and liver weight to body
weight ratio were also measured after
experimental period.

Statistical analyses: All numeric quantitative
data were presented as mean  standard error
of the mean (SEM). An one-way analysis of
variance (ANOVA) and Student-NewmanKeuls test were used for statistical comparison
at a significant level of p < 0.05.
Results and discussion
There was a significant increased in rat paw
and ankle thickness in CFA injected arthritic
control rats when compared with the normal
control. AG treatment at the dose of 250, 500
and 1000 mg/kg showed significant reduction
in rat paw and ankle thickness on day 21 and
28 day when compared with arthritic group
(Table 1 and 2). Standard drug, prednisolone
significant decreased paw and ankle thickness
on day 14, 21 and 28 (Table 1 and 2)

Table 1 Effect of Apium graveolens on paw thickness in adjuvant induced-arthritis in rats.
Treatment
Normal
control
Arthritis
control
Predinisolon
e 10 mg/kg
AG
250
mg/kg
AG
500 mg/kg
AG
1000 mg/kg

Day 0
100±0.
00
100±0.
00
100±0.
00
100±0.
00
100±0.
00
100±0.
00

Day 4

Day 7

Day 14

Day 21

97.27±2.23

98.48±2.22

92.50±1.31

92.99±1.46

140.10±7.1
7#
137.70±2.7
9
140.24±4.9
0
144.11±4.9
9
138.65±2.7
1

134.21±4.5
4#
131.80±5.1
2
128.50±3.3
0
136.69±4.4
4
137.90±4.8
2

135.80±5.3
1#
120.80±1.6
1*
124.94±3.2
8
128.23±3.1
9
127.05±6.9
9

Data are expressed as mean ± S.E.M.
# P < 0.05 as compared to normal control group.
*P < 0.05 as compared to vehicle control group.

137.5±5.98#
110.05±1.6*
116.9±2.61*
125.4±2.83*
121.05±4.41
*

Day 28
95.44±
1.09
128.36±3.8
8#
108.89±2.7
6*
114.58±4.5
2*
122.58±3.5
*
117.92±3.3
2*
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Table 2 Effect of Apium graveolens on ankle thickness in adjuvant induced-arthritis in rats.
Data are expressed as mean ± S.E.M.

Treatment
Normal
control
Arthritis
control
Predinisolon
e 10 mg/kg
AG
250
mg/kg
AG
500 mg/kg
AG
1000 mg/kg

Day 0
100±0.
00
100±0.
00
100±0.
00
100±0.
00
100±0.
00
100±0.
00

Day 4
103.16±2.2
3
119.50±7.1
7#
110.40±2.7
9
111.82±4.9
111.76±4.9
9
111.91±2.7
1

Day 7
97.93±2.22
118.13±4.5
4#
106.29±5.1
2
103.80±3.3
0
107.32±4.4
2
107.83±4.8
2

Day 14
101.12±1.3
1
116.31±5.3
1#
100.5±1.61
*
99.57±3.28
101.42±3.1
9
100.71±6.9
9

Day 21

Day 28
99.69±
100.45±1.46
1.09
119.39±5.98 118.17±3.8
#
8#
98.13±2.76
98.85±1.6*
*
98.79±4.52
97.55±2.61*
*
99.59±2.83* 99.90±3.5*
98.69±4.41*

100.31±3.3
2*

# P < 0.05 as compared to normal control group.
*P < 0.05 as compared to vehicle control group.

Table 3 Effect of Apium graveolens on body weight, body weight gain, % relative liver & spleen
weight in adjuvant induced-arthritis in rats.
Normal
control

Arthritis
control

Prednisolon
e
(10 mg/kg)

AG
250
mg/kg

AG
500
mg/kg

AG
1000
mg/kg

Initial body weight
(g)

183.33
±1.28

188.17
±3.85

184.67
±1.63

184.83
±1.96

191.00
±3.68

185.17
±2.63

Final body weight
(g)

338.83
±8.64

335.17
±11.01

283.167
±7.76*

329.50
±13.93

335.67
±10.96

312.17
±15.62

Body weight gain
(g)

1.57
±0.03

1.52
±0.02

1.39
±0.03*

1.50
±0.05

1.49
±0.02

1.44
±0.06

3.67
±0.13

4.11
±0.32

3.95
±0.20

3.74
±0.20

4.22
±0.17

3.79
±0.14

0.22
±0.01

0.24
±0.01

0.19
±0.01

0.26
±0.02

0.25
±0.02

0.27
±0.03

% relative liver
weight (g/100 g of
body weight)
%relative spleen
weight (g/100 g of
body weight)

Data are expressed as mean ± S.E.M.
*P < 0.05 as compared to vehicle control group.
The loss of body weight observed during the arthritis condition, which is in the arthritic control group, the methanolic
extract treatment has no significant different the body weight, % relative liver weight and % relative spleen weight
when compared with arthritis control group but prednisolone showed significantly reduction in final body weight and
body weight gain (Table 3).
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The methanolic extract of Apium graveolen has
significant anti-arthritic effects, as it inhibited
the CFA-induced paw swelling, and articular
deformity. These results support the use of
Apium graveolen as a herbal medicine for the
treatment of inflammatory disorders and
rheumatoid arthritis. This study is further
extended to identify and characterize the exact
active phytoconstituents and to elucidate the
exact mechanism of action, which is responsible
for the observed significant anti-arthritic
activity against adjuvant induced arthritis in
rats.
Conclusion: In conclusion Apium graveolens
is effective on CFA-induced arthritis in rats as
evidenced by both signs and pathology scores.
Acknowledgement: The author thanks to Dr.
Tulaporn Wongtawatchai for providing the
support during this project.
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Abstract
Parkinson's disease is a neurodegenerative disorder caused by loss of dopaminergic neurons
in the substantia nigra pars compacta resulting in motor impairments. The therapy of Parkinson's
disease mainly aims to increase brain dopamine levels while there is currently no drug-modifying
agent. Ginseng extract has increasingly been investigated neuroprotective effects in various
neurodegenerative models. The present study aimed to determine the protective effect of ginseng
extract G115 in rotenone-induced parkinsonism rats using the open field and the postural instability
tests. Rats received either sterile water (1 ml/kg p.o.) or ginseng extract G115 (200, 400 or 800
mg/kg p.o.) for 14 days. On day 15-20, rats which received sterile water were additionally given
either 2% DMSO in sunflower oil (1 ml/kg i.p., control group) or rotenone (3 mg/kg i.p.,
parkinsonism group) while ginseng extract G115 (200, 400 and 800 mg/kg) pretreatment rats were
additionally given rotenone (3 mg/kg i.p., G200, G400 and G800 group, respectively). The
behavioral tests were performed on day 1, 14, 17 (3 days after rotenone injection) and 20 (6 days
after rotenone injection). In addition, acute effect of ginseng extract G115 (200, 400 and 800 mg/kg
p.o.) on locomotor activity was tested compared to control (sterile water 1 mg/kg p.o.) in the
separate group of rats to examine the locomotor stimulating effect of the ginseng extract. The results
showed that rotenone treatment caused a significant decrease of average total distances in
parkinsonism, G200, G400 and G800 groups compared to control in the open field test. However
pretreatment with ginseng extract G115 (400 and 800 mg/kg) showed significantly higher average
total distances compared to parkinsonism group. Similarly, in the postural instability test, rotenone
treatment caused an increase of average distances to trigger in parkinsonism, G200, G400 and G800
rats compared to control but pretreatment with ginseng extract (200, 400 and 800 mg/kg) caused
significantly lower average distances to trigger compared to parkinsonism group. These results
indicated the protective effect of ginseng extract G115 in rotenone-induced parkinsonism rats. In
addition, acute treatment of ginseng extract G115 (200, 400 and 800 mg/kg) did not increase
locomotor activity in the open field test suggesting that the better motor performance of ginseng
extract G115 treated rats was not caused by motor stimulating effect. In conclusion, ginseng extract
G115 had the protective effect in rotenone-induced parkinsonism rats by increasing locomotor
activity and improving postural instability. The mechanism underlying this effect of ginseng extract
G115 should be further investigated.
Keywords: ginseng extract G115, rotenone-induced parkinsonism rat, protective effect
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Introduction
Parkinson’s disease is one of the most
prevalence neurodegenerative movement
disorders affecting age-related people
approximately 1% of those older than 60 years
and up to 4% of those older than 80 years(1 ) .
Parkinson’s disease is characterized by
progressive and irreversible loss of
dopaminergic neurons in the substantia nigra
pars compacta (SNpc) resulting in the decrease
of dopamine levels in the striatum(2). The
cardinal motor symptoms of Parkinson’s
disease are bradykinesia, muscular rigidity,
resting tremor and postural instability(3).
Although the underlying mechanisms of
Parkinson’s disease pathology remain unclear,
there are considerable evidences showing that
inflammation
process,
mitochondrial
dysfunction, ubiquitin-proteasome system
impairment and cellular oxidative damage
occurred in Parkinson’s disease(4). The current
therapy of Parkinson’s disease is to increase
brain dopamine levels. Currently, there is no
substance acting as a drug-modifying agent for
Parkinson's disease. Therefore the novel
pharmacological approach is to search for
compounds that have disease-modifying effect
and protect against neurodegeneration.
The root of Panax ginseng in family
Araliaceae is extensively used as an adaptogen
mostly in eastern Asia. Ginseng extract has
been widely investigated in various
neurodegenerative
disorders
including
(5-7)
Huntington’s
Alzheimer’s
disease ,
disease(8), and also Parkinson’s disease(9-11) in
vitro and in vivo.
The aim of the present study was to
determine the protective effect of ginseng
extract
G115
in
rotenone-induced
parkinsonism rat model by measuring moving
distances in the open field and the postural
instability tests.
Materials and Methods
Ginseng extract G115
Ginseng extract G115 used in this study
was formulated in soft gelatin capsule
containing standardized ginseng extract 100 mg

with 4% of ginsenosides. Ginseng extract G115
was dissolved in sterile water to make 3
different concentrations of 200, 400 and 800
mg/ml.
Animals
Male Wistar rats initial weight of 300 –
350 g were purchased from National
Laboratory
Animal
center
(Salaya,
Nakornpathom, Thailand). Rats were housed in
groups of 3 per cage in a temperaturecontrolled environment (25±2 ºC) under a 12-h
light-dark cycle with freely access to food and
water for at least 1 week before beginning the
experiment.
Acute treatment
To examine the locomotor stimulating
effect of ginseng extract G115, rats were
received either sterile water (1 ml/kg p.o.) or
ginseng extract G115 (200, 400 or 800 mg/kg
p.o.). Immediately after treatment, rats were
performed the open field test for 1 hour.
Chronic treatment
To determine the protective effect of
ginseng extract G115, rats were divided into 5
groups. Treatments were given as follows:
Group 1: Control
Rats orally received sterile water (1
ml/kg) for 14 days. On day 15 - 20, rats were
orally given sterile water (1 ml/kg) followed by
i.p. injection of 2% DMSO in sunflower oil (1
ml/kg) 30 min later.
Group 2: Parkinsonism group
Rats orally received sterile water (1
ml/kg) for 14 days. On day 15 - 20, rats were
orally given sterile water (1 ml/kg) followed by
i.p. injection of rotenone (3 mg/kg) 30 min
later.
Group 3: G200 group
Rats orally received ginseng extract G115
(200 mg/kg) for 14 days. On day 15 - 20, rats
were orally given ginseng extract G115 (200
mg/kg) followed by i.p. injection of rotenone (3
mg/kg) 30 min later.
Group 4: G400 group
Rats orally received ginseng extract G115
(400 mg/kg) for 14 days. On day 15 - 20, rats
were orally given ginseng extract G115 (400
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Table 1 Treatment groups, treatment duration and behavioral performing days in the chronic
treatment.
Experimental day
PRETREATMENT DAY

Group
1

2

3

4

5

6

7

8

9

control

sterile water

parkinsonism

sterile water

G200

ginseng extract 200 mg/kg

G400

ginseng extract 400 mg/kg

G800

ginseng extract 800 mg/kg

mg/kg) followed by i.p. injection of
rotenone (3 mg/kg) 30 min later.
Group 5: G800 group
Rats orally received ginseng extract G115
(800 mg/kg) for 14 days. On day 15 - 20, rats
were orally given ginseng extract G115 (800
mg/kg) followed by i.p. injection of rotenone (3
mg/kg) 30 min later.
All behavioral tests were performed 30
min after treatment on day 1, 14, 17 and 20
(Table 1)
Behavioral Testing
Open field test
The black square boxes (50 x 50 x 41
cm) were used for locomotor activity testing.
Each rat was placed in the box for 5 minutes.
VideoMOT2 (TSE Systems, Germany) which
is a real time video recorder and analyzer was
used for tracking rat’s moving distances in the
box.
Postural instability test
Postural instability is one of the cardinal
motor symptoms of Parkinson’s disease. In this
study, the procedure of postural instability test
in the rat was adapted from the study of Cannon
et al12. Briefly, rat was held vertically and one
forelimb was allowed to contact the rough
sandy surface. The center of gravity was then
advanced until the rat initiated a catch-up step.
The distance, which the rat required for
sustaining the center of gravity, was recorded.
Postural instability test was performed three
times each rat and the average distance was
reported.

10

11

12

ROTENONE TREATMENT
13

14

15

16

17

18

19

20

sterile water (p.o.)
2% DMSO in sunflower oil (i.p.)
sterile water (p.o.)
rotenone 3 mg/kg (i.p)
ginseng extract 200 mg/kg (p.o.)
rotenone 3 mg/kg (i.p)
ginseng extract 400 mg/kg (p.o.)
rotenone 3 mg/kg (i.p)
ginseng extract 800 mg/kg (p.o.)
rotenone 3 mg/kg (i.p)

Statistical analysis
Results were expressed as mean ±
S.E.M. One-way analysis of variance
(ANOVA) followed by Tukey’s post-hoc test
or Dunnett’s T3 post-hoc test was used to
compare the differences between treatment
groups in acute treatment and between
treatment groups in the same day in the chronic
treatment experiment. Two-way ANOVA was
used to analyze the effects of time, treatment
and time X treatment interaction in the chronic
treatment experiment. P-value<0.05 was
considered to be statistically significant
difference. SPSS version 17.0 was used for all
statistical analysis.
Results
Acute effect of ginseng extract G115 on
locomotor activity
The aim of this test was to assure that
ginseng extract G115 is not a locomotor
stimulant. The average total distances of
control, G200, G400 and G800 groups were not
significantly difference (F(0.05, 3) = 0.271, p =
0.892, One-way ANOVA) (Figure 1).
Chronic effect of ginseng extract G115 in
rotenone-induced parkinsonism rats
Locomotor activity in the open field test
was initially performed on the experimental day
1 before treatment given to determine baseline
movement of the rat and day 14 to determine
the chronic effect of ginseng extract G115.
Locomotor activity was then tested on 3 and 6
days after rotenone treatment (experimental

Average Total
Distances (cm)
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Figure 1 shows the average total distances within 1 hour
of rats received either sterile water (1 ml/kg p.o.) or
ginseng extract G115 (200, 400 or 800 mg/kg p.o.) (n =
4/group). The locomotor activity was performed
immediately after treatment given. Data are presented as
mean ± S.E.M.

day 17 and 20, respectively) to determine the
protective effect of ginseng extract G115. Twoway ANOVA revealed effects of time (F4, 210 =
446.132, p<0.001), treatment (F4, 210 = 28.624,
p<0.001), and time X treatment interaction (F16,
210 = 17.924, p<0.001) on the average total
distances in the open field test. Locomotor
activity showed no significant difference
between each group of rats on day 1 (F0.05, 4 =
0.356, p = 0.839, one-way ANOVA) and day
14 (F0.05, 4 = 1.119, p = 0.36, one-way
ANOVA). On day 17 (3 days after rotenone
treatment), rats treated with rotenone alone
(parkinsonism group) and rotenone plus
ginseng extract G115 (200, 400 and 800 mg/kg)
showed a decrease of total distances compared
to control (p<0.001, p<0.001, p<0.05 and
p<0.001, respectively, Dunnett’s T3 post-hoc
test). However the total distances of rats treated
with rotenone plus ginseng extract G115 (400
and 800 mg/kg) were significantly higher than
those of parkinsonism group (p<0.001,
Dunnett’s T3 post-hoc test). In the same way,
although a decrease of locomotor activity was
detected in rats treated with rotenone alone and
rotenone plus ginseng extract G115 (200, 400
and 800 mg/kg) compared to control on day 20
(6 days after rotenone treatment) (p<0.001,
Dunnett’s T3 post-hoc test), pretreatment with
ginseng extract G115 (400 and 800 mg/kg)
improved locomotor activity in the open field
test compared to parkinsonism group (Figure
2). These results indicated that ginseng extract
G115 (400 and 800 mg/kg) can protect against
rotenone-induced locomotor impairment.

Postural instability test was performed after
locomotor acitivity test each day. Two-way
ANOVA revealed effects of time (F4, 210 =
236.234, p<0.001), treatment (F4, 210 = 156.495,
p<0.001), and time X treatment interaction (F16,
210 = 58.235, p<0.001). There was no significant
difference of the average distances to trigger in
the postural instability test between each group
of rats on day 1 (F0.05, 4 = 0.452, p = 0.771, oneway ANOVA) and day 14 (F0.05, 4 = 0.633, p =
0.642, one-way ANOVA). On day 17, rats
treated with rotenone alone (parkinsonism
group) and rotenone plus ginseng extract G115
(200 and 800 mg/kg) showed an increase of the
average distances to trigger compared to
control (p<0.001, p<0.001 and p<0.05,
respectively, Dunnett’s T3 post-hoc test) while
rats treated with ginseng extract G115 (400
mg/kg) before receiving rotenone showed
normal motor performance in the postural
instability test as there was no significant
difference of the average distances to trigger
between this group compared to control. In
addition, pretreatment with ginseng extract
G115 (200, 400 and 800 mg/kg) before
receiving rotenone showed a lower average
distances to trigger compared to treatment with
rotenone alone (p<0.001, Dunnett’s T3 posthoc test). On day 20, rats treated with rotenone
alone and rotenone plus ginseng extract G115
(200, 400 and 800 mg/kg) showed an increase
of the average distances to trigger compared to
control (p<0.001, Dunnett’s T3 post-hoc test).
However rats treated with ginseng extract G115
(200, 400 and 800 mg/kg) before receiving
rotenone had lower average distances to trigger
compared to rat treated with rotenone alone
(p<0.001, Dunnett’s T3 post-hoc test)
suggesting that ginseng extract G115 (200, 400
and 800 mg/kg) can delay the progression of
postural instability symptoms in rotenoneinduced parkinsonism rats (Figure 3).
Discussion
The present study aimed to determine
the protective effect of ginseng extract G115 in
rotenone-induced parkinsonism rats using the
open field and the postural instability tests. The
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Figure 2 shows the average total distances of rats received either sterile water (1 ml/kg p.o.) plus 2% DMSO in
sunflower oil (control, n=12) or sterile water (1 ml/kg p.o.) plus rotenone (3 mg/kg i.p.) (parkinsonism group, n=8) or
ginseng extract G115 (200, 400 or 800 mg/kg p.o.) plus rotenone (3 mg/kg i.p.) (G200, G400 and G800, respectively,
n=9/group) in the open field test. * p<0.05, *** p<0.001 compared to control group (Dunnett’s T3 post-hoc test), ###
p<0.001 compared to parkinsonism group (Dunnett’s T3 post-hoc test).

Figure 3 shows the average distances to trigger in the postural instability test of rats received either sterile water (1
ml/kg p.o.) plus 2% DMSO in sunflower oil (control, n=12) or sterile water (1 ml/kg p.o.) plus rotenone (3 mg/kg i.p.)
(parkinsonism group, n=8) or ginseng extract G115 (200, 400 or 800 mg/kg p.o.) plus rotenone (3 mg/kg i.p.) (G200,
G400 and G800, respectively, n=9/ group). * p<0.05 *** p<0.001 compared with control group (Dunnett’s T3 post-hoc
test), ### p<0.001 compared with parkinsonism group (Dunnett’s T3 post-hoc test)
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results showed that pretreatment with ginseng
extract G115 (400 and 800 mg/kg) can protect
against
rotenone-induced
locomotor
impairment. Additionally, pretreatment with
ginseng extract G115 (200, 400 and 800 mg/kg)
can improve rotenone-induced postural
instability. These results are in consistent with
previous study by Kampem et al(11) which
reported the neuroprotective effect of ginseng
extract G115 in MPTP-induced parkinsonism
rats. Ginseng extract and its major active
constituents,
ginsenosides
have
been
previously shown to protect dopaminergic
neurons in vitro(9) and in vivo (10,11). The acute
experiment of this study also showed that
ginseng extract G115 had no locomotor
stimulating effect. Therefore the improvement
of motor performance is likely due to the
neuroprotective effect of the extract.
The protective effect of ginseng extract
G115 on dopaminergic neurons should be
further investigated in rotenone-induced
parkinsonism rats. Previous studies suggested
the neuroprotective mechanisms of ginseng
extract and ginsenosides including inhibit nitric
oxide production(14), induce antioxidant

enzymes(15,16), anti-inflammatory action(17,18)
and free radical scavenging activity(14,16). The
exact neuroprotective mechanisms of ginseng
extract and ginsenosides remain unclear.
Further examination of the neuroprotective
actions of ginseng extract will be on its
antioxidant properties, antioxidant enzyme
induction, and anti-inflammatory properties in
rotenone-induced parkinsonism rats.
Conclusion
This study showed that pretreatment
with ginseng extract G115 can protect against
motor impairments in rotenone-induced
parkinsonism rats. The protective effect of
ginseng extract G115 on dopaminergic neurons
and the underlying mechanisms of these effects
should be further investigated.
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Abstract
Postprandial hyperglycemia is a major risk factor for diabetic vascular complications leading to
mortality in diabetes. Borrasus flabellifer Linn. (BF) (family Arecaceae) is used for treatment of diabetes
mellitus in traditional medicine. In this study, we planned to evaluate the effect of B. Flabellifer fruit pulp
on blood glucose level in sucrose-loaded normal rats. Normal male Sprague-Dawley rats were orally treated
with the ethanol extract (E-BF) at 1,000 mg/kg, petroleum ether extract (PE-BF) at 600 mg/kg and ethyl
acetate extract (EA-BF) at 300 mg/kg of B. flabellifer fruit pulp to evaluate the inhibitory activity on the
rise of blood glucose level after sucrose loading. Acarbose was used as standard hypoglycemic drug. The
results showed an oral administration of B. flabellifer fruit pulp extracts significantly diminished (p<0.05)
the increase in blood glucose level in sucrose-loaded normal rats when compared with normal control group.
In conclusion, All B. flabellifer extracts of fruit pulp could improve oral sucrose tolerance test in normal rats.
The possible mechanism of action may be similar to acarbose which acts by inhibiting carbohydrate
hydrolyzing enzymes.
Keywords Borassus Flabellifer Linn. fruit pulp, Diabetes mellitus, blood glucose level
Introduction
Diabetes mellitus (DM) is group of
metabolic
diseases
characterized
by
hyperglycemia resulting from defects in insulin
secretion, insulin action, or both (1).Diabetes
mellitus and its complications are a major health
problem globally. One therapeutic approach for
treating diabetes is decreasing postprandial
hyperglycemia (4). Postprandial hyperglycemia is
a major risk factor for micro and macro vascular
associated with diabetes and so controlling
postprandial glucose level is critical in early
treatment of diabetes and reducing cardiovascular
diseases and diabetic mortality (3).
Borassus flabellifer Linn. (Palmyrah),
belonging to Arecaceae, is widely distributed in
tropical Asian counties such as Thailand,
Bangladesh, India, Myanmar, Sri Lanka,
Malaysia, etc. (6). Previous investigations showed
that aqueous extract of B. flabellifer by feeding
10% fruit pulp containing feed in mice showed
marked reduction in body weight and lowered
blood glucose level after glucose loading while
flabelliferin-II (tetraglycoside) extracted from

fruit pulp could inhibit the increase in blood
glucose and enhancing glucose level of intestine
and faeces after glucose loading, thus suggesting
an inhibition of glucose uptake (5). Moreover, the
methanolic extract of male flowers inhibited the
increase of serum glucose level in sucrose-loaded
rats (6). There is no studying effect of B.
flabelliferin fruit pulp on postprandial glucose
level after disaccharide loading. Hence, this study
was planned to investigate the effect of B.
Flabellifer fruit pulp on blood glucose level in
sucrose-loaded normal rats.
Methods
Animals
Male Sprague-Dawley rats, weighting
280-320 g were obtained from the National
Laboratory Animal Center, Mahidol University,
Salaya, Nakorn Pathom Province. They were
housed in a temperature controlled room (22-25
o
C) with 12-h light-dark cycle. The animals were
fed with free access to a commercial pellet diet
and water ad libitum. The animal protocol was
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approved by the Animal Ethics Committee, Prince
of Songkla University, Thailand (No.34/2555)
Preparation of plant extract
Fruits of B. Flabellifer were collected
from Sathingpra Distinct, Songkhla Province
(Thailand). Fruit pulp and fibrous matrix were
extracted and dried in the oven and pulverized by
an electrical blender. Crude extracts were
obtained by plant material extraction with
petroleum ether, ethyl acetate and ethanol,
respectively. All filtrates were concentrated using
rotary evaporator and stored at 4 oC until used.
Experimental design
Total of 45 rats were sorted into 5 groups
(n=9). After 12 hours fasting, group 1 was fed
orally with vehicle. Group 2, 3 and 4 were fed
orally with 1,000 mg/kg of E-BF, 600 mg/kg of
PE-BF and 300 mg/kg of EA-BF, respectively and
group 5 was fed orally with acarbose (50 mg/kg)
(Glucobay, Bayer). All treatments were
administered to the rat 30 minutes before loading
sucrose (3 g/kg). Blood glucose level was
measured at 0 (before oral administration), 30, 60,
90, 120 and 180 minutes after sucrose loading
using a glucometer (Accu-Check Performa, Roche
Diagnostic Germany).

Statistical analyses
All quantitative data were presented as
mean  standard error of the mean (SEM).
Difference between means were analyzed by Oneway analysis of variance (ANOVA) followed by
LSD post-hoc test for the comparison between
group. The significance level was set as p<0.05
Result
The three extracts of B. flabellifer were
evaluated in normal rats along with acarbose as
standard hypoglycemic drug. The results show
that oral administration of EA-BF (300 mg/kg)
and acarbose (50 mg/kg) significantly suppressed
the increase of blood glucose level at 30, 60, 90,
120 and 180 minutes after sucrose administration
when
compared
with
control
group.
Consequently, oral administration of PE-BF (600
mg/kg) significantly decreased the rise of blood
glucose level at 30, 60 and 90 minutes after
sucrose loading when compared with control
group. In addition, oral administration of E-BF
(1,000 mg/kg) significantly reduced the increase
of blood glucose level at 90, 120 and 180 minutes
after sucrose loading when compared with control
group (Figure 1).

Fig. 1. Effect B. flabelliferin fruit pulp extract on blood glucose after sucrose loading in normal rats. Vehicle was
orally administered in control group ( ). E-BF (1,000 mg/kg) ( ), PE-BF (600 mg/kg) ( ), EA-BF (300 mg/kg) ( )
and acarbose (50 mg/kg) ( ) were orally administered in test group. Data is expressed as the mean ± SEM (n=9). *
indicates significant difference at p< 0.05 compared with control group at the same time
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Discussion
Postprandial hyperglycemia is one of the
earliest observable abnormalities in diabetes
mellitus. It has been reported that an increase of
postprandial glucose level even in absence of
fasting hyperglycemia increases the risk of
cardiovascular diseases and it is most the common
cause of death in diabetic patients (Monnier et al,
2006). According to the previous evidence about
the inhibitory effect of aqueous extract of fruit
pulp and methanolic extract of male flowers of B.
flabellifer on the rise of blood glucose level after
sugar loading (Uluwaduge et al., 2005 and
Yoshikawa et al., 2007), we design this study to
investigate effect of B. Flabellifer fruit pulp on
blood glucose level after sucrose challenge in
normal rats. The results from this study
demonstrate that the extracts of B. flabellifer have
potential to lower blood glucose level in sucroseloaded normal rats. The inhibitory effect of B.
flabellifer fruit pulp may be due to inhibition of
glucose absorption by inhibiting carbohydrate
hydrolyzing enzymes similar to acarbose.

Conclusion
The present finding indicates that the
extracts from the fruit pulp of B. flabellifer have
inhibitory effect on the increase in blood glucose
level in oral sucrose tolerance test, and the
mechanism of action can be assumed to be an
inhibition of carbohydrate hydrolyzing enzymes.
From this study suggests that the fruit pulp of B.
flabellifer may be useful for diabetic prevention.
Further studies, an isolation of principle
compounds and in vitro study to elucidate the
mechanism are currently under investigation.
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Abstract
Longevity remedy is a Thai traditional remedy which has been used to promote and restore
health for longevity. This remedy consists of six herbs including Streblus aspera (seeds), Albizia
procera (bark), Diospyros rhodocalyx (bark), Tinospora crispa (stem), Piper nigrum (fruits) and
Cyperus rotundus (root). This study purposed to investigate the stimulatory activity of Longevity
remedy water extract on macrophage functions by measuring nitric oxide (NO) production and
mRNA expression of iNOS enzyme and some cytokines of activated macrophages. The remedy
(1.56 – 25 µg/ml) significantly increased production of nitric oxide, which is a key mediator in
phagocytic and inflammatory processes, in concentration-dependent manner without affecting on
cell viability or cell proliferation. The extract also increased expression of iNOS as well as key
cytokines of activated macrophages (IL-1β, IL-6 and TNF-α). The results from this study
demonstrated that the water extract from Longevity remedy has stimulatory effects on macrophages.
Keywords:
Longevity remedy, macrophage, nitric oxide, iNOS, cytokines
Longevity remedies are Thai traditional
Introduction
remedies that consist of plants with health
Macrophages are important immune
promotive and restorative properties. One of
cells which function in innate immunity and
wildly used longevity remedies contains six
bridge this immunity to adaptive immunity.
herbs including Cyperus rotundus, Piper
They can recognize foreign antigens and
nigrum,
Streblus
aspera,
Diospyros
microbes in various tissues by pattern
rhodocalyx, Tinospora crispa, and Albizia
recognition receptor (PRRs) and engulf them
procera. This longevity remedy has medicinal
into phagosomes which afterwards fuse with
used for health promotion, restoration and
lysosomes to become phagolysosomes for
used as longevity medicine by boiling with
killing microbes by non-oxidative and
water, macerating with alcohol or as crude
oxidative mechanisms. Nitric oxide (NO)
power in tablets. Immunomodulatory
produced by inducible nitric oxide synthase
activities of some herbs in the remedy have
(iNOS) acts as a toxic agent to destroy
been reported. In previous study showed that
microbes by oxidative mechanism [1, 2].
the water extract from this remedy had antiActivated macrophages produce and release
allergic property [4]. However, the water
many cytokines as well as pro-inflammatory
extract of the longevity remedy has little
cytokines (IL-1, IL-6, and TNF-α) lead to
information, and it has never been tested on
acute inflammation and other immune cell
macrophage functions. The present study
activation.
In
adaptive
immunity,
intended to investigate the effect of longevity
macrophages act as antigen presenting cells
remedy water extract on murine macrophages.
by presenting antigenic peptide to T
lymphocytes for T cell activation. They also
play role as effector cells for destroying
microbes after T and B cell activation [3].
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Materials and Methods
Longevity remedy extraction
Six herbs in the longevity remedy were
coarsely grounded, equally weighted, mixed
and then heated in distilled water at 70˚C for
15 min. The solution was filtered and
lyophilized. The water extract powder was
kept at - 20˚C until used. The extract was
dissolved
and
diluted
to
various
concentrations in DMEM.
Cells
Murine macrophage J774A.1 cells were
obtained from American Type Culture
Collection (ATCC). The cells were
maintained in DMEM containing 10% FBS
and 1% penicillin-streptomycin at 37˚C in 5%
CO2 and 95% humidity. The cells at 4 x
105cell/ml were used in all experiments.
In all experiment, DMEM and 100
ng/ml lipopolysaccharide (LPS) were used as
the negative and the positive controls,
respectively.
Measurement of NO production
J774A.1 cells were treated with 1.56 –
25 µg/ml water extract of longevity remedy
for 24 h. The supernatant of the treated cells
was collected to determine NO production in
nitrite form by Griess reaction assay. The
viability of the remaining treated cells were
tested by resazurin reduction assay.

Figure 1

Determination of iNOS, IL-1β, IL-6 and
TNF-α mRNA expression by RT-PCR
J774A.1 cells were treated with 1.56 –
12.5 µg/ml water extract for 4 or 24 h. Total
RNA of the treated cells was isolated by
TRIzol
reagent
and
converted
to
complementary DNA (cDNA) by ImPromII™ reverse transcription system kit. The
cDNA products were used as the templates to
amplified mRNA of iNOS, IL-1β, IL-6 and
TNF-α with their specific primers. The PCR
products were run on 1.5% agarose gel
electrophoresis, stained with ethidium
bromide, and measured their densities by gel
documentation.
Statistical Analysis
All data were presented as means 
standard deviation (S.D.) of at least three
independent
experiments.
Statistical
significance of the data was analyzed by Oneway analysis of variance (ANOVA) followed
by Turkey’s post hoc test. The p-value less
than 0.05 were considered as statistically
significant.
Results
Effect of the longevity remedy water extract
on NO production
The water extract significantly
increased NO production in J774A.1 cells, in
concentration-dependent manner (Figure 1A)

Effect of the longevity remedy water extract at 1.56 – 25 µg/ml on NO production (A) and cell
viability (B) in J774A.1 cells. The data represent as means  S.D. from three independent
experiments (n=3). ***p<0.001 compared to the DMEM control.
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Figure 2

Effect of the longevity remedy water extract at 1.56 – 12.5 µg/ml on mRNA expression of IL-1β,
IL-6, TNF-α (A) at 4 h, and iNOS (B) at 24 h in J774A.1 cells. The data represent means  S.D.
from three independent experiments (n=3). **p<0.01, ***p<0.001 compared to untreated control.
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without any effect on the viability of the
treated cells (Figure 1B)
Effect of the longevity remedy water extract
on mRNA expression of iNOS, IL-1β, IL-6
and TNF-α
The water extract of longevity
remedy at all concentrations (1.56 – 12.5
µg/ml) significantly induced IL-1β and TNFα mRNA expression (Figure 2). At 3.13 –
12.5 µg/ml, it significantly increased
iNOS expression. At 12.5 µg/ml, the extract
increased IL-6 gene expression.
Discussion and Conclusion
Immune enhancement is believed to be
one of pharmacological properties of several
longevity remedies to promote and restore
health. Macrophages were used in this study
to evaluate the immunomodulating effects of
a longevity remedy containing six herbs
including S. aspera, A. procera, D.
rhodocalyx, T. crispa, P. nigrum and C.
rotundus. Macrophages play multi-functions
in immune responses. They are main
phagocytes responsible for eliminating
microorganisms and foreign particles in
various tissues. Activated macrophages
release numerous cytokines and mediators to

generate immune response. The water extract
of this longevity remedy up-regulated iNOS
expression. This enzyme is not expressed in
resting macrophages. The extract also
stimulated NO production in a concentration
– dependent manner. Activated macrophages
produce NO which is one of mediators in
phagocytosis and inflammatory process
during
immune
responses
against
microorganisms. The extract also stimulated
expression of TNF-, IL-1, and IL-6 in
macrophage J774A.1 cells. These cytokines
usually do not express in resting
macrophages. They have multi-functions in
immune responses such as inflammatory
process and T cell activation [5]. We
previously demonstrated that the water extract
of P. nigrum fruits stimulated macrophage
J774A.1 cells to express several cytokines and
other molecules involve in immune response
[6].
In summary, the results from this study
demonstrate that water extract of the
longevity remedy containing six herbs can
activate macrophages. It may have immune
enhancer activity which can improve health.
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Abstract
B. cereus and B. subtilis not only continue to cause serious clinical problems through food poisoning,
but also show natural resistance to some antimicrobial drugs. One of the key factors enabling pathogen
to resist to antimicrobial drugs is the ability to form biofilm. The purpose of this study was to evaluate
the antimicrobial and antibiofilm activities of (+)-usnic acid against B. cereus and B. subtilis in vitro
study. Antimicrobial activities were determined by broth microdilution method. MIC of (+)-usnic acid
for B. cereus and B. subtilis was the same (62.50 µg/ml), whereas MBC of (+)-usnic acid for B. cereus
and B. subtilis were 125 and 250 µg/ml, respectively. The antimicrobial activities of (+)-usnic acid on
B. cereus was more effective than that on B. subtilis. Furthermore, (+)-usnic acid also had inhibitory
effect on biofilm formation in a concentration dependent manner at concentration equal and greater
than half of MIC value with statistical significance comparing with negative control (p < 0.05).
Therefore, this study showed that (+)-usnic acid had both antimicrobial and antibiofilm formation
activities on B. cereus and B. subtilis.
Keywords: Bacillus cereus, Bacillus subtilis, (+)-usnic acid
Introduction
Bacillus cereus and Bacillus subtilis are grampositive rods occurring in chains. This genus is
saprophytic organisms prevalent in soil, water
and air. They can contaminate food. Especially,
B. cereus can grow in foods and produce an
enterotoxin that causes food poisoning. It is
recognized as a cause of diarrheal and emetic
syndromes of food-poisoning outbreaks [1]. B.
cereus and B. subtilis not only continue to cause
serious clinical problems through food
poisoning, but also show natural resistance to
some antimicrobial drugs. One of the key
factors enabling pathogen to resist to some
antimicrobial drugs is the ability to form
biofilm. However, researchers are more
interesting the new antimicrobial agents from
herbal medicine. In previous study, Usnea
siamensis Wainio were reported to be able to
inhibit the growth of some pathogens. It is a
herbal drug that used to treat diseases in folk
medicine and the major active compound found

in this plant is (+)-usnic acid [2]. Therefore, the
present study was aimed to evaluate
antimicrobial and antibiofilm formation
activities of (+)-usnic acid against B. cereus and
B. subtilis. The major active compound found
in this plant is (+)-usnic acid (2,6-diacetyl-7,9dihydroxy-8,9b-dimethyl-1,3(2H,9bH)dibenzo-furandione;C18H16O7) [2]. Therefore,
the present study was aimed to evaluate
antimicrobial and antibiofilm formation
activities of (+)-usnic acid against B. cereus and
B. subtilis.
Methods
Minimum inhibitory concentration (MIC) and
minimum bactericidal concentration (MBC)
determination
Bacillus cereus (ATCC 11778) and Bacillus
subtilis (ATCC 6633) were streaked on Mueller
Hinton agar (MHA), cultured at 370C for 18-24
h. Later, the bacterial suspension was prepared
in normal saline and the turbidity was adjusted
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to 1×108 CFU/ml. This suspension was diluted
with normal saline 100 fold. Later, they were
dispensed
into
96-well
plate
(final
concentration 0.5x106 CFU/ml), which
contained (+)-usnic acid (final concentration
0.002-4 mg/ml). Similarly, ampicillin (final
concentration 0.025-50 µg/ml) was included as
positive control. Microplates were incubated at
37ºC for 24 h. The lowest concentration of (+)usnic acid inhibit the growth of the
microorganism was defined as MIC value.
Then, contents from each well that showed no
apparent bacteria growth were streaked on
MHA plate. Next, the plates were incubated at
37ºC for 24 h. The lowest concentration that the
visible growth of the microorganism could not
be seen on the MHA plate was defined as MBC
value [3].
Inhibition of biofilm formation assay
(+)-usnic acid solutions (concentration 1/2MIC,
MIC, 2MIC, 4MIC) were dispensed into
microplates
which
contained
the
microorganism (final concentration 0.5x106
CFU/ml). 5% DMSO was used as negative
control. Following incubation at 37ºC for 24 h,
the contents were removed and washed three

times with sterile deionized (DI) water.
Adherent bacteria were fixed with 99.9%
methanol for 15 min. All well were then
emptied and left to dry. Following drying, the
wells were stained with 1% crystal violet and
incubated at room temperature for 15 min. Then
the plates were washed three times with sterile
DI water to remove unabsorbed stain. After
drying, stain in each well was resolubilised by
33.3% glacial acetic acid. Biofilm formation
was quantified by measuring the absorbance at
570 nm using a microplate reader. The positive
control is composed of ampicillin. The
percentage of inhibition was calculated using
following equation [4].
Statistical analysis
Data are shown as mean ± standard
error of mean obtained from three independent
experiments. Statistical significance between
groups was evaluated using One-way ANOVA
test. A p-value of <0.05 was considered
statistically significant.

Results
Minimum inhibitory concentration (MIC) and minimum bactericidal concentration (MBC)
determination
Table 1 MIC and MBC values of the (+)-usnic acid
Substance
(+)-Usnic acid
Ampicillin

B. cereus
MIC (µg/ml)
MBC (µg/ml)
62.50
125
7.81
15.62

B. subtilis
MIC (µg/ml)
MBC (µg/ml)
62.50
250
15.62
62.50
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Inhibition of biofilm formation assay
(a)

(b)

Figure 1 Inhibition of biofilm formation by (+)-usnic acid of B. cereus and B. subtilis (a), inhibition
of biofilm formation by ampicillin of B. cereus and B. subtilis (b). Error bars represent the mean ±
SEM, * p < 0.05; (+)-usnic acid/ampicillin groups compared with negative control group
Discussion and conclusion
From Table 1, the results showed that (+)-usnic
acid exhibited antimicrobial activities against
the bacterial pathogens at the MIC values equal
to 62.50 µg/ml for both B. cereus and B.
subtilis, whereas MBC of (+)-usnic acid for B.
cereus and B. subtilis were 125 and 250 µg/ml,
respectively. The antimicrobial activities of
(+)-usnic acid on B. cereus was more effective
than that on B. subtilis. Ampicillin was used as
a positive control for these bacterial pathogens.
MIC values of ampicillin against B. cereus and
B. subtilis were 7.81µg/ml and 15.62 µg/ml
respectively, whereas MBC of ampicillin for B.
cereus and B. subtilis were 15.62 and 62.50
µg/ml. respectively. The antimicrobial
activities of ampicillin on B. cereus was more
effective than that on B. subtilis.
In addition, inhibitory effects of biofilm formation
of (+)-usnic acid was concentration dependent

manner at concentration equal and greater than
half of MIC value with statistical significance
comparing with negative control (p < 0.05)
(Figure1). The results also showed that (+)-usnic
acid exhibited more antibiofilm activity against
B. cereus than B. subtilis with a higher
percentage
of
biofilm
inhibition
at
concentration 31.25, 62.50, 125 and 250
(µg/ml).
Interestingly, at concentration 62.50 µg/ml of
(+)-usnic acid and ampicillin, the percentage of
biofilm inhibition was quite similar for B.
cereus, which was 82.90% and 86.87%
respectively. Whereas the percentage of biofilm
inhibition at concentration 62.50 µg/ml of (+)usnic acid was lower comparing with ampicillin
at concentration 62.50 µg/ml for B. subtilis with
the inhibition value of 63.55% and 82.01%
respectively. Mechanism of action which may
contribute to antimicrobial and antibiofilm
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formation activities of (+)-usnic acid is the
inhibition of expression of regulator gene
(entFM/hemolytic enterotoxin genes/Nonhemolytic enterotoxin genes) that plays a major
role in control pathogenesis and toxin
production of these bacterial pathogens [5].
From the results both from antimicrobial
activity assay and inhibition of biofilm
formation assay, (+)-usnic acid showed the
potential for developing as an antimicrobial and
antibiofilm formation agent against B. cereus
superior to B. subtilis. However, further study is
required to evaluate antimicrobial and
antibiofilm formation activities of (+)-usnic
acid against B. cereus and B. subtilis in
mammalian model.
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and Piper Sarmentosum Roxb. against Chloroquine-Resistant and ChloroquineSensitive Plasmodium falciparum

Ratchanu Bunyong, Wanna Chaijaroenkul, Kesara Na-Bangchang*
Chulabhorn International College of Medicine, Thammasat University, Pathumthani, Thailand
E-mail: kesaratmu@yahoo.com
Abstract
The antimalarial activities of the three plants in the Piperaceae family, i.e., Piper nigrum Linn.,
Piper retrofractum Vahl. and Piper Sarmentosum Roxb. against K1 chloroquine-resistant and 3D7
chloroquine-sensitive Plasmodium falcipatum clones were investigated in vitro using SYBR Green
I assay. All showed promising antimalarial activities with parasite survival of less than 50%. The
activities of most plants were categorized in class III (good to moderate) and IV (weak) antimalarial
activities against 3D7 or K1 P. falciparum clones, with IC50 ranging from 4.96 to 35.22 g/ml.
Confirmation of antimalarial activities in animal models is required before further development as
potential candidates of antimalarial drugs.
Keywords: Plasmodium falciparum, Piper, antimalarial activity
Introduction
Malaria remains one of the most
important infectious diseases in the world. It
constitutes a public health problem in more
than 90 countries inhabited by about 40% of
the world’s population. Statistics of the World
Health Organization in 2012 showed an
estimate of about 274 million malaria cases
annually with approximately 1.1 million
deaths, mostly in children under five years old
(1). Of the five species of human malarial
parasites, Plasmodium falciparum is
remarkable for its high fatality rate and
resistance developed to existing antimalarial
drugs. New effective and affordable
antimalarial drugs are therefore urgently
needed. Plants are important sources of
medicines including antimalarial drugs as in
the cases of quinine and artemisinins (2). The
aim of the study was to assess the antimalarial
activities of the three plants in the Piperaceae
family, i.e., Piper nigrum Linn., Piper
retrofractum Vahl. and Piper Sarmentosum
Roxb.

Materials and Methods
Plant materials and preparation of crude
extracts
Piper nigrum Linn. (fruit), Piper
retrofractum
Vahl.(fruit)
and
Piper
Sarmentosum Roxb. (fruit) were collected
from various parts of Thailand and some were
purchased
from
the
city
markets.
Authentication of plant materials were carried
out at the herbarium of the department of
Forestry, Bankok, Thailand, where the
herbarium vouchers had been kept. A
duplicate set was deposited in the herbarium
of Southern Center of Thai Medicinal Plants
at the Faculty of Pharmaceutical Science,
Prince of Songkhla University, Songkhla,
Thailand.
The plant materials were rinsed
thoroughly with tap water to remove
extraneous contaminants and cut into small
pieces, oven dried at 50 ºC until stability of
dry weight was observed, and then ground
into powder with an electric grinder.
Extraction was carried out by macerating the
powder plant materials (100 g) in flasks
containing 500 ml of 95% ethanol at room
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temperature (25-30 ºC) for 7 days. The
extraction solvent was separated and filtered
through Whatman no.1 filter paper. After
filteration, the extracts were evaporated under
reduced pressure by rotary evaporation. The
crude extracts were weighed and stored at -20
ºC until use.
Assessment of antimalarial activity in vitro
Plasmodium falciparum chloroquineresistant K1 and chloroquine-sensitive 3D7
clones were kindly provided by the Malaria
Research Unit, Institute of Health Research,
Chulalongkorn University, Thailand. Both
clones were maintained in continuous culture
in O+ human erythrocytes suspended in RPMI
1640 (Gibco, California, USA) culture
medium supplemented with 10% human B
serum and 25 mM HEPES (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 (3). The level of
parasitemia in the culture was maintained
between 2 and 10%. Synchronization of the
parasite culture to ring stage P. falciparum
was performed using 5% sorbitol (4).
Antimalarial activity of the crude
ethanolic extract of Piper nigrum Linn., Piper
retrofractum Vahl. and Piper Sarmentosum
Roxb. were investigated in vitro using SYBR
Green I assay (5-6). Highly synchronous ring
stage parasite was used in each assay. An
aliquot of parasite inoculum (50 µl) with 2%
parasitemia and 1% hematocrit was added
into each well of microtiter plate. The extract
(dissolved in dimethyl sulfoxide or DMSO
and diluted with RPMI 1640 to final
concentration of 1%) was initially screened
for antimalarial activity against both P.
falciparum clones at the concentration of 50
g/ml. The IC50s were further determined for
those showing 50% killing activity of at least
50%. The extract of each plant was added to
the malaria culture at eight final
concentrations of 0.78, 1.56, 3.13, 6.25, 12.5,
25, 50 and 100 g/ml. Chloroquine (3.89498.15 nM) and artesunate (0.39-50.0 nM)
were used as standard antimalarial drugs. The
experiment was repeated three times

(triplicate
each).
IC50 value
(drug
concentration that inhibits the parasite growth
by 50%) was used as an indicator of
antimalarial activity and was determined from
a log-dose response curve plotted using the
CalcusynTM version 1.1 (BioSoft, Cambridge,
UK).
The antimalarial activities were
classified based on the IC50 values into six
classes (7) as follows: Class I: very good
activity (IC50 < 0.1 µg/ml); Class II: good
activity (IC50 0.1–1 µg/ml); Class III: good to
moderate activity (IC50 1.1–10 µg/ml); Class
IV: weak activity (IC50 11–25 µg/ml); class V:
very weak activity (IC50 26–50 µg/ml); and
Class VI: inactive (IC50 >100 µg/ml).
Results
The extract was initially screened for
antimalarial activity at the concentration of 50
µg/ml against both 3D7 (chloroquine
sensitive) and K1 (chloroquine resistant) P.
falciparum clones. Percent survival [median
(range) values] following exposure to each
extract is summarized in Table 1. All showed
promising antimalarial activities with median
(range) values of parasite survival of less than
50%. These extracts were further investigated
for their IC50 values using both 3D7 and K1
P. falciparum clones. The median (range) IC50
values are presented in Table 2. The activities
of most plants were categorized in class III
(good to moderate) and IV (weak)
antimalarial activities against 3D7 or K1 or
both P. falciparum clones. Chloroquine (3.89498.15 nM) and artesunate (0.39-50.0 nM)
were used as standard antimalarial drugs
Discussion and Conclusion
Piper nigrum Linn. exhibited good to
moderate activity against K1 clone but weak
activity against 3D7 clone. This observation
was in accordance with that reported
previously for the antimalarial activity of
Piper retrofractum Vahl., but not for Piper
sarmentosum Roxb. (8-10). This could be due
to several factors including season of harvest,
.
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Table 1 Percent survival of Plasmodium falciparum (K1 and 3D7 clones) following exposure to
Piper nigrum Linn., Piper retrofractum Vahl. and Piper sarmentosum Roxb. at the concentration
of 50 µg/ml. Data are presented as median (range) values from three independent experiments
(triplicate each).
% Parasite survival
Plant/herbal formulation
K1
0.00 (0.00-0.00)
0.36 (0.35-0.51)
19.24 (15.66-24.48)

Piper nigrum Linn.
Piper retrofractum Vahl.
Piper sarmentosum Roxb.

3D7
0.00 (0.00-1.41)
0.10 (0.00-0.51)
2.54 (2.18-3.29)

Table 2 The IC50 values and classification of antimalarial activities of Piper nigrum Linn., Piper
retrofractum Vahl. and Piper sarmentosum Roxb. against Plasmodium falciparum (K1 and 3D7
clones). Data are presented as median (range) values from three independent experiments (triplicate
each).
Median IC50 (range; µg/ml)

Plant/Herbal formualtion

K1

Class

Piper nigrum Linn.

5.59 (4.96-5.75)

III

Piper retrofractum Vahl.

6.63 (5.90-7.30)
17.28 (14.6319.21)

III

Piper sarmentosum Roxb.

age of plant, intra-species variation, plant part
collected, type of soil, climate, extraction
solvents and methods (11). The lack of
observed in vitro antimalarial activity in these
plants could also be due to the requirement of
bioactivation of the active component(s) by
host enzyme(s) or environment. The
mechanism of antimalarial action through
immuno-modulation should not be excluded.
They may also act on other malarial stages
rather than blood stage. Confirmation of
antimalarial activities in animal models is
required before further development as
potential candidates of antimalarial drugs.

IV

3D7
15.14 (14.3215.6)

Class

6.61 (6.39-6.82)
33.95 (31.2935.22)

III

IV

V
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Abstract
Overproduction of free radicals can cause oxidative stress which could be the direct cause of many
inflammatory diseases including hemorrhoids. One of the Thai herbal preparations, called Rid-siduang-ma-ha-kan, has been used for treatment of hemorrhoids for long time but no study has been
reported its antioxidant capacity. Thus, the aim of this study was to investigate the antioxidant
capacity of the ethanolic extract of this formula, using the DPPH and lipid peroxidation (TBARS)
assays. Trolox and rutin were used as reference standards. Phenolic content in this formula was also
evaluated using Folin - Ciocalteau methods. The results showed that the ethanol extract of this
formula exhibited DPPH scavenging activity at an IC50 = 70.18 ± 2.51 μg/ml whereas the inhibition
of lipid peroxidation was at an IC50 = 4.09 ± 0.13μg/ml. The DPPH radical scavenging activity also
showed a strong correlation to the level of the phenolic compound when using statistical methods.
In conclusion, the present study indicates that the ethanolic extract of this formula showed
significant antioxidant activity, as determined by these methods, and that can be a potential source
of natural antioxidants, which might be helpful in preventing the progression of early stage of
hemorrhoids.
Keywords: Thai traditional medicine; antioxidant activity; total phenolic contents; lipid peroxidation

Introduction
Many diseases are caused by oxidative
stress. Cellular damage arising from an
imbalance between free radical generating and
scavenging systems has been implicated in the
pathogenesis of a wide range of disorders,
including cardiovascular disease, cancer, and
hemorrhoids (Kaidar-Person et al. 2007). The
oxidative
stress,
vasodilatation
and
inflammatory response are parameters that relate
to the symptoms of hemorrhoids. Antioxidants
are thought to oppose the proliferation of free
radicals in the human body and thereby prevent
oxidative damage (Kumar et al. 2007). There

has been an increasing interest in finding natural
antioxidants, which can protect the human body
from free radicals and retard the progress of
chronic disease. The antioxidant properties of
medicinal plants to inhibit this process have
been explored to obtain alternative as well as
complementary medicine. Phenolic compounds
represent a major group of plant constituents that
work predominantly as powerful antioxidants or
scavengers of free radicals. They play a
beneficial role in human health and prevent
ailments such as inflammatory disorders, cancer
and diabetes, which occurs due to the
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deregulation of free radical generation in cells
(Chouhan and Singh 2011, Miladi and
Mohamed 2008).
Rid-si-duang-ma-ha-kan formula is used
for treatment of hemorrhoids in Thai traditional
healthcare for a long time. However, the
antioxidant activity of the whole formula has not
been reported. Some of the plants in this formula
have shown antioxidant activity in some studies.
Therefore, the Rid-si-duang-ma-ha-kan formula
is an interesting source of antioxidant activity
which is worth to be investigated. The objective
of this study was to investigate the total phenolic
content and the antioxidant properties of the

whole formula extract of Rid-si-duang-ma-hakan. The correlation between the amount of
phenolic compounds in the formula extracts and
the antioxidant activity was evaluated using
statistic calculations.
Materials and methods
Plant materials
All 22 plants materials (as shown in table
1) were obtained from herbal drug store,
Bangkok, Thailand. Macroscopic characteristics
of the crude drugs were identified by a specialist,
Assoc. Prof. Rungravi Temsiririrkkul.

Table 1 Plant materials in Rid-si-duang-ma-ha-kan formula; scientific name, local name and part used
Scientific name
Anethum graveolens L.
Angelica dahurica (Hoffm.) Benth. & Hook. F. ex
Franch. & Sav.
Artemisia annua L.
Cinnamomum verum J. Presl
Cinnamomum bejolghota (Buch.-Ham.) Sweet
Commiphora molmol Engl. Ex Tschirch
Cuminum cyminum L.
Foeniculum vulgare Mill.
Gonostegia pentandra (Roxb.) Benn.
Lepidium sativum L.
Myristica fragrans Houtt.
Myristica fragrans Houtt.
Nigella sativa L.
Picrorhiza kurroa Royle ex Benth.
Piper interruptum Opiz.
Piper nigrum L.
Piper retrofractum Vahl.
Pistacia chinensis subsp. integerrima (J.L.
Stewart. ex. Brandis) Rech. F.
Pouzolzia zeylanica (L.) Benn.
Terminalia chebula Retz.
Thuja orientalis L.
Zingiber officinale Roscoe

Local name
Thian-Ta-tak-ka-tan
Kot-so

Part used
Seed
Root

Kot-chu-la-lum-pha
Op-choei
Sa-mun-wang
Mod-yop
Thian-khao
Thian-khao-plueak
Khob-cha-nang-dang
Thian-dang
Mace
Nutmeg
Thian-dam
Kot-kan-prao
Sa-khan
Pepper
Long pepper
Kot-kak-kra

Aerial part
Inner bark
Bark
Oleo-gum resin
Seed
Seed
Aerial part
Seed
Aril
Seed
Seed
Rhizome
Stem
Seed
Fruit
Root

Khop-cha-nang-khao
Kot-pung-pla
Son
Ginger

Aerial part
Gall
Wood
Rhizome

112 | A d v a n c e d P h a r m a c o l o g y i n D r u g D e v e l o p m e n t
Towards The ASEAN Union
Where Ac is the absorbance of the control while
As is the absorbance of the sample containing
the inhibitor.
Determination of total phenolic content
The total phenolic content was
determined colorimetrically using Folin Ciocalteau’s reagent following the method
described by Lowry et al. (1951). Gallic acid
was used as the standard. After 2 h of incubation,
the absorbance was read at 765 nm against a
blank. The content of total phenols expressed as
The DPPH free radical scavenging method a percentage was determined based on the gallic
was used to evaluate the antioxidant capacity of Rid- acid standard, using the following equation:

Preparation of plant extracts
All plant materials were cleaned and
dried in a hot air oven at 50 °C. Then, gradually
mixed and ground to be a powder. The dried
ground plant material (50 g) was macerated with
80% ethanol for 3 days, filtered and
concentrated under reduced pressure using a
rotary evaporator, and the ethanolic extract was
obtained.The percentage yields of this extract
was calculated as 20.2.
DPPH radical scavenging assay
si-duang-ma-ha-kan formula extract as described by
Siriwatanametanon et al. (2010). The plant extracts
were mixed with DPPH (0.1mM) in an 80 %ethanol
solution. After 40 min incubation at room
temperature the absorbance was read using UV-VIS
spectrophotometer (TECAN M200TM, Switzerland)
at the wavelength 520 nm. The DPPH scavenging
capacity of each sample was expressed as percentage
of inhibition; calculated by following
equation:% = [(Ao-A1) /Ao] 100
Where Ao is the absorbance of the control and A1 is
the absorbance in the presence of the samples of 80%
ethanol extract.

Non-enzymatic lipid peroxidation inhibition
assay
The lipid peroxidative capacity of Rid-siduang-ma-ha-kan formula extract was evaluated
using TBARS assay as described by Burits and
Bucar (2000) and Siriwatanametanon et al.
(2010) with slightly modification. Liposomes
were prepared from bovine brain extract type
VII by mixing with PBS buffer serving as the
source of phospholipid. The absorbance of test
solution was measured at 540 nm. A blank was
prepared without adding Fe-ascorbate while a
control was carried out by addition of vehicle
lacking test sample. Trolox and rutin were used
as reference standards. The percentage of
inhibition (I) of lipid peroxidation was
calculated according to the following equation:
I (%) = [(Ac-As)/Ac] x 100

% = [(Asample x Cstandard)/(Astandard x Csample)]100
Where A is the absorbance of the sample or standard,
and C is the concentration of the sample or standard
solution.
Statistical analysis of the data

The data obtained was analysed
statistically by one-way analysis of variance
(ANOVA) followed by a least significant
difference (LSD) test using SPSS (version 17.0
for windows). All The IC50 values were
calculated using Graphpad Prism version.5
software for windows. All data are expressed as
mean ± standard error of mean (SEM).
Results

DPPH radicals scavenging assay
The DPPH radical scavenging activity of the
ethanolic extract of this formula is illustrated in
figure 1. The whole formula extract exhibited DPPH
free radical scavenging capability at IC50 = 70.18 ±
1.45 μg/ml. Figure 2 depicts the scavenging activity
of trolox and rutin as reference standards
respectively. Either reference standards or the extract
of Rid-si-duang-ma-ha-kan exhibited DPPH free
radical scavenging activities in a dose dependent
manner. The IC50 values of trolox and rutin were 8.86
± 0.08 µg/ml and 22.87 ± 0.45 µg/ml, respectively.
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Fig.1. Free radical scavenging activity of the Rid-siduang-ma-ha-kan extract at different concentrations.
Each value is expressed as mean ± SEM (n=3)

Fig. 2. Free radical scavenging activity of trolox, rutin as
reference standard at different concentrations. Each value
is expressed as mean ± SEM (n= 3)

Fig. 3.The percentage of inhibition of the non-enzymatic
lipid peroxidation by trolox (reference standard) and the
extract of Rid-si-duang-ma-ha-kan Each value is
expressed as mean ± SEM (n = 3)

Fig. 4.The percentage of inhibition of the non-enzymatic
lipid peroxidation by rutin (reference standard) Each
value is expressed as mean ± SEM (n = 3)

Non-enzymatic lipid peroxidation inhibition
assay

Total phenolic contents
Phenolic compounds have been
recognized as antioxidant agents, which have
been known to exert medicinal activity. The
results of the Folin-Ciocalteau tests expressed as
gallic acid equivalents was showed in table 2.
The extract of Rid-si-duang-ma-ha-kan
contained 9.31 ± 0.61μg/mg of phenolic conte

Fig. 3 reveals the percentage of inhibitory
effect of
trolox and the extract at various
concentration used; the IC50 values of trolox and the
extract were 4.09 ± 0.05 µg/ml and 5.28 ± 0.01 µg/ml
respectively. Figure 4 depicts the inhibition of lipid
peroxidation of rutin. The value of IC50 of rutin was
55.71 ± 0.31 µg/ml.
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Table 2 The antioxidant profile of the whole formula extract of Rid-si-duang-ma-ha-kan
expressed as IC50 values
Sample

DPPH
IC50 value
(μg/ml)
8.86 ± 0.08
22.87 ± 0.45
70.18 ± 1.45

TBARS
IC50 value
(μg/ml)
4.09 ± 0.05
55.71 ± 0.31
5.28 ± 0.01

Total phenolic
content*

Trolox
ND
Rutin
ND
Whole formula
9.31 ± 0.61
extract
*Equivalent to gallic acid 10 μg and express in 10 mg of extract (values represent means ±
SEM, n = 3). ND = Not determined

Discussion
The present study was conducted to
evaluate the antioxidant activity of ethanol
extracts of the whole formula of Rid-si-duangma-ha-kan using the DPPH radical scavenging
assay, non-enzymatic lipid peroxidation and
Folin-Ciocalteau methods. In this study, the
stable nitrogen free radical, DPPH, was used to
test the radical scavenging activity of the
ethanolic extract of the whole formula. The
principle of this method was based on the
scavenger molecule of antioxidant compounds
in the plant which can donate a hydrogen (H)
atom to DPPH radical of DPPH solution
resulting in a non-radical form of DPPH
molecule (Conner and Grisham 1996). The
results revealed that the ethanolic extract of the
whole formula of Rid-si-duang-ma-ha-kan
exhibited less DPPH free radical scavenging
activity than that of trolox and rutin. This less
potency may due to small amount of phenolic
compound in this formula extract. However, the
antioxidant activity of the whole formula extract
in the lipid peroxidation assay was more potent
than that in DPPH radical scavenging assay.
Thus, phenolic compounds in this formula might
not be only a group of contributor to inhibit this
reaction. To clarify this issue, the antioxidant
activity and total phenolic contents of each

ingredient in this preparation is worth further
investigation.
Conclusion
The ethanol extract of the whole Rid-siduang-ma-ha-kan formula was investigated to
determine their antioxidant activities using a
method based on their hydrogen donating
ability, hydroxyl radical scavenging activity and
total phenolic contents. The results revealed that,
in lipid peroxidation, the ethanolic extract of
whole formula possessed stronger antioxidant
activity when compared with the other two
methods. This might be related to non-polar
compounds in the extract, which is responsible
in the inhibition of lipid peroxidation. This
suggests that the whole Rid-si-duang-ma-ha-kan
formula could serve as an antioxidant agent.
However, further investigations of the
pharmacological and in vivo antioxidant activity
are necessary.
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Abstract
Tamoxifen is the first line adjuvant therapy of estrogen receptor-(ER) positive breast cancer.
However, approximately half of advance stage ER-positive breast cancer patients developed resistance
to tamoxifen and one possible cause of resistance depends on breast cancer stem cells. Development
of new drugs for tamoxifen resistant breast cancer is urgently needed due to the limitation of drug
options. Salinomycin is a monocarboxylic polyether ionophore isolated from Streptomyces albus. It
has been widely used as an antibiotic in veterinary medicine for poultry diseases. Recently, salinomycin
has been shown to selectively inhibit human breast cancer stem cells. Aims of this study are to
investigate anti-cancer effect of salinomycin and examine the efficacy of combined treatments of
salinomycin with tamoxifen against tamoxifen resistant breast cancer cells by MTT cell proliferation
assay and tamoxifen response assay. The results showed salinomycin can inhibit cell proliferation in
concentration- and time- dependent manner at 48 and 72 hours. Moreover, salinomycin combined with
tamoxifen effectively inhibit tamoxifen resistant breast cancer cells. These result indicated that
salinomycin can be a potential therapeutic treatment for improving the efficacy of tamoxifen for the
treatment of ER-positive breast cancer patients.
Keywords:

Salinomycin, breast cancer, tamoxifen–resistant breast cancer cell, tamoxifen

Introduction
Breast cancer is the most prevalent cancer in
women and the second leading cause of cancer
death worldwide (1). Approximate 70% of
breast cancer patients are estrogen receptorpositive and can be treated with hormonal
therapy since estrogen plays critical role in
tumorigenesis (2). Tamoxifen, a Selective
Estrogen Receptor Modulator (SERM) is an
adjuvant endocrine therapy which is the first
line drug used to block effects of estrogen in
breast tissues, especially in post-menopausal
patients. However, 50 % of advance stage
estrogen receptor-positive breast cancers do not
respond to tamoxifen due to either acquired
resistance or intrinsic insensitivity to tamoxifen
(3). Moreover, there are few drug options
available for patients who become resistant to
tamoxifen. Therefore, the development of new

treatment regimens that restore tamoxifen
therapy or inhibit resistant is critically needed.
Salinomycin is a monocarboxylic polyether
ionophore isolated from Streptomyces albus. It
has been exhibited many antibacterial and
antimicrobial activity against gram positive
bacteria, parasites, fungi and use for poultry
diseases (4). Recent report from Gupta et al.
demonstrated salinomycin can inhibit breast
cancer stem cells more effectively when
compared to paclitaxel (5). Another report
showed salinomycin is able to inhibit different
types of human cancer cells and cancer stem
cells (6). However, the effect of salinomycin on
tamoxifen-resistant breast cancer cells has not
been elucidated. Since breast cancer stem cells
play important roles in tamoxifen resistance, we
hypothesized that salinomycin has inhibitory
effect on tamoxifen resistant cells. Therefore,
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the objective of this study is to investigate
effects of salinomycin on the inhibition of cell
proliferation
and
restoring
tamoxifen
sensitivity in tamoxifen resistant breast cancer
cell.
Materials and Methods
Cell culture and Test materials
Human breast cancer cell lines MCF-7,
MCF-7/LCC2 and MCF-7/LCC 9 were kindly
provided by Dr. Robert Clarke from
Georgetown University Medical Center,
Washington, DC, USA. MCF-7/LCC2 and
MCF-7/LCC9 cells are tamoxifen and
tamoxifen/fulvestrant-resistant cell lines were
generated as described from Dr. Robert
Clarke’s Lab (7,8). All Human breast cancer
cell lines were maintained in eagle’s minimum
essential medium (MEM) containing phenol
red and supplemented with 5% of heat
inactivated fetal bovine serum (FBS), 100
U/mL penicillin and 100 µg/ml of streptomycin
in a humidified 37ºC incubator containing 5%
CO2.
Salinomycin
(Sal)
and
4hydroxytamoxifen (4-OHT) were purchased
from Sigma-Aldrich and dissolved in DMSO at
a stock concentration of 10 mM and 20 mM.
Cell viability assay
Cell viability was determined by MTT
cell proliferation assay. Cell were seeded at a
density of 5000 cells/well into a 96 well plate
and incubated at 37ºC in 5% CO2 atmosphere
for 24 hours. The cells were treated for 48 and
72 hours with 2.5, 5, 10, 15 and 20 µM
salinomycin in triplicate. The effect of
salinomycin on cell viability was determined
using microplate reader at a wavelength of 570
nanometer. The percentage of cell viability was
calculated using the following equation:
(ODsample/ODcontrol) × 100%. To calculate
inhibition concentration (IC50), series of doseresponse data were obtained from MTT assay
as %viability (y) and doses of salinomycin (x).
The data was plotted as x-y axis to generate the
straight line. IC50 value was estimated using the
fitted line by graphpad prism software.
Tamoxifen response assay
Cells were weaned estrogenic effect of
FBS serum by maintaining all cell lines in

dulbecco’s modified eagle’s medium (DMEM)
supplemented with 5% FBS for 2 days and then
maintained in phenol red-free IMEM
supplemented with 5% charcoal strip FBS
serum for 2 days before seeded cell in 96-well
plate. Cells were seeded in 96-well plates at
density of 5000 cells/well in phenol red-free
IMEM supplemented with 5% charcoal strip
FBS serum for 24 hours. The next day cells
were incubated with combination of 1.5 and 2.5
µM of salinomycin and 0.1, 0.5, 1, 2.5, 5, 7.5
and 10 µM of 4-OHT for 72 hours. After
indicated time period of treatment, old media
was removed and phenol red-free IMEM and
tamoxifen were given for the next 4 days and
cell survival were measured using MTT cell
proliferation assay.
Statistical analysis
Data was presented as means ± SEM from
three independent experiments. Statistical
analyses were determined using One-way
ANOVA with tukey’s honestly significant
difference (HSD) post hoc test. The p-value less
than 0.05 was considered as statistically
significant.
Results
Inhibitory effect of salinomycin on cell
proliferation in MCF-7 and tamoxifen
resistant breast cancer cell
The salinomycin at concentrations of 2.5-20
µM decreased cell viability in MCF-7 (Figure
1A), MCF-7/LCC2 (Figure 1B) and MCF7/LCC9 (Figure 1C) in a concentration- and
time- dependent manner at 48 and 72 hours.
The IC50 value of salinomycin in MCF-7, MCF7/LCC2 and MCF-7/LCC9 at 48 hours are
19.667, 17.906 and 15.774 μM respectively.
The IC50 value of salinomycin in MCF-7, MCF7/LCC2 and MCF-7/LCC9 at 72 hours are
7.615, 9.246 and 6.558 µM respectively.
Synergistic effect of salinomycin on the
inhibition of cell viability with tamoxifen in
MCF-7 breast cancer cells and restores
tamoxifen sensitivity in tamoxifen resistant
breast cancer cells
Dose response survival curve were compared
between range of 4-OHT concentrations from
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MCF-7 cells when compared to 4-OHT alone
Figure 1. Effect of salinomycin on the inhibition of cell proliferation in MCF-7 (A), MCF-7/LCC2 (B) and MCF-7/LCC9
(C) Cells were treated with 2.5, 5, 10, 15 and 20 µM of salinomycin (Sal) for 48 and 72 hours. The data was presented as
means ± SEM (n=3).

Figure 2. Effect of salinomycin on the inhibition of cell viability and restore tamoxifen sensitivity in MCF-7 (A), MCF7/LCC2 (B) and MCF-7/LCC9 (C) Cells were treated with combination of increasing concentrations of 4-OHT at 1.5 and
2.5 μM of salinomycin (Sal) for 3 days and treated with 4-OHT alone for the next 4 days.The data presented as means ±
SEM (n=3).

0.1 to 10 μM and 4-OHT combined with
salinomycin 1.5 and 2.5 µM. The result
demonstrated salinomycin was able to increase
in the sensitivity of tamoxifen in MCF-7 cells
when compared to 4-OHT alone (Figure 2A).
Moreover, salinomycin induced a significant
increase in sensitivity of 4-OHT treatment in
MCF-7/LCC2 and MCF7/LCC9
Synergistic effect of salinomycin on the
inhibition of cell viability with tamoxifen in
MCF-7 breast cancer cells and restores
tamoxifen sensitivity in tamoxifen resistant
breast cancer cells
Dose response survival curve were
compared between range of 4-OHT
concentrations from 0.1 to 10 μM and 4-OHT
combined with salinomycin 1.5 and 2.5 µM.
The result demonstrated salinomycin was able
to increase in the sensitivity of tamoxifen in

(Figure 2A). Moreover, salinomycin induced a
significant increase in sensitivity of 4-OHT
treatment in MCF-7/LCC2 and MCF7/LCC9
Discussion and Conclusions
In this study, we demonstrated the effect
of salinomycin on the inhibition of cell viability
and restoring tamoxifen sensitivity in
tamoxifen resistant cell lines. The results of
present study showed that salinomycin is able
to inhibit cell viability in tamoxifen resistant
cells in a concentration- and time-dependent
manner. Moreover, this data indicated that
tamoxifen resistant cells were relatively
sensitive to salinomycin when compared to
wild type cells. In addition, salinomycin
increased tamoxifen sensitivity in wild type
cells and tamoxifen resistant breast cancer cells.
These result indicated salinomycin can be a
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promising agent for novel therapeutic targets
and novel combination therapy with tamoxifen
for improving the efficacy of the treatment in
tamoxifen resistant breast cancer patients. The
data from this study provided benefits for
further extension of tamoxifen resistant study.
Furthermore, it will be a background
knowledge for molecular mechanism and lead
to the study of the anti-cancer efficacy and
safety of salinomycin in animal tumor models
and tamoxifen resistant breast cancer patients in
the future.
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Abstract
Cytokine-induced killer (CIK) cells are heterogeneous cell population with the major effector
cells belong to CD3+CD56+ subset. Some CIK subpopulation might be altered by suppressive
cytokines, including transforming growth factor β (TGF-β). TGF-β has been known as a major
mediator of immune suppression. The suppression of TGF-β signaling might impact the function of
CIK cells. TGF-β type I receptor (TGF-βRI) kinase inhibitor, SB505124, was employed to abrogate
the downstream signaling of TGF-βRI kinase. SB505124 might improve the effector functions of CIK
cells. CIK cells were cultured with various concentrations of SB505124. The proliferation,
subpopulation of CIK cells, and the antitumor action of CIK cells were evaluated. SB505124 could
dramatically improve the anti-cholangiocarcinoma cytotoxicity of CIK cells. However, cell
proliferation and the subpopulation of CIK cells namely CD3+, CD4+, CD3+CD56+, and
CD4+CD25+FOXP3+ cells were not affected.
Keywords: CIK cells, TGF-β type I receptor kinase inhibitor, TGF-β
Introduction
Cholangiocarcinoma (CCA) is a
malignant tumor located at either intrahepatic
or extrahepatic bile duct in southeast Asia
including Thailand(1). Although the major
cancer therapy, surgery, chemotherapy, and
radiotherapy, can manage the primary lesion
and increase survival rate, metastatic
cholangiocarcinoma is a major obstacle for
cancer therapy (1, 2). There are attempts to
discover new therapeutic strategies for cancer
therapy.
Adoptive
immunotherapy
is
an
alternative treatment. Although CIK cells
consist of a variety of cell subpopulation, the
major subproportion in CIK cells is
CD3+CD56+ cells, which have the capability to
eradicate tumor cells through non-major
histocompatibility restricted mechanism (3, 4).
Some CIK subpopulation may be altered by
suppressive cytokines, such as transforming
growth factor β (TGF-β). TGF-β is known as

suppressive cytokine which plays a critical role
in inhibiting the immune response (5, 6). TGFβ facilitates the proliferation and metastasis of
tumor cells through the induction of
suppressive immune cells or the alteration of
tumor microenvironment (7, 8). The abrogation
of TGF-β signaling may improve the antitumor
activity of immune cells.
SB505124 is a TGF-RI kinase inhibitor
which plays an important role in inhibiting the
downstream of TGF-β type I receptor signaling
(9). TGF-β superfamily consist of TGF-β,
activins, and bone morphogenetic proteins
(BMPs) (6, 8). However, SB505124 do not
block the signaling that is generated from BMPmediated ALK (activin receptor-like kinases) 1,
2, 3 and 6 (9). Inhibition of TGF-β signaling
could improve the killing capability of immune
cells. However, the reduction of the effect
generated from TGF-β signaling on the
function of CIK cells remained elusive.
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In this report, we intended to improve
the antitumor activity of CIK cells though the
reduction of the downstream of TGF-βRI
kinase signaling in vitro. The alteration of CIK
subpopulations and their proliferation in the
present of SB505124 has been monitored.
Materials and Methods
Ethic statement
All healthy donor volunteers understood
and signed the informed consent document
before the participation. The protocol was
approved by the Institutional Review Board of
the Faculty of Medicine Siriraj Hospital,
Mahidol University.
Generation of CIK cells
CIK cells were prepared from healthy
donors according to the previous report (4, 10).
PBMCs were isolated by Ficoll-Hypaque
density centrifugation. The non-adherent cells
derived from PBMCs were incubated in RPMI
1640 (Invitrogen, Carlsbad, CA) with 10%
FBS, 100 U/mL penicillin, 100 μg/mL
streptomycin, and human recombinant IFN-γ
(1000 U/mL, Roche, Mannheim, Germany). At
the same time, SB505124 (Sigma Aldrich,
USA) was also added in the only test groups.
After 24 hours of incubation at 5% CO2, 37°C,
monoclonal antibody against CD3 (50 ng/mL,
Orthoclone OKT-3, Janssen-Cilag, Germany),
and IL-2 (300 IU/mL, Chiron, Emeryville, CA)
were added. CIK cells were harvested on day 21
and 28 of incubation.
Flow cytometry analysis
The CIK cells in freezing medium were
washed in PBS containing 5% FBS. Cells were
suspended and firstly stained with anti-CD4PE-Cy5 (Biolegend), anti-CD3-FITC, antiCD56-PE (eBioscience) for 30 min at room
temperature. After cells were fixed and
permeabilized, the CIK cells were stained with
anti-FOXP3-Alexa Fluor 488 (Biolegend), antiIL-10-Alexa Fluor 647 (eBioscience), antiRORC-PerCP and anti-IL-17-APC (R&D
System) for 30 min at room temperature. Flow

cytometer was used to detect the cell markers
and the data was analyzed using FlowJo version
10.0.5.
Cytotoxicity assay
CIK cells on day 21 or 28 days were used
to evaluate the antitumor activity using
propidium iodide fluorescence assay (PIA).
The target cell lines (Cholangiocarcinoma:
HubCCA1, 5×103 cells/well) were used to
incubate with effector cells in triplicate with the
ratio of effector-to-target cells: 1.56:1, 3.12:1,
6.25:1, 12.5:1 in 96-well flat-bottomed
microtiter plates. After 3 hour of incubation in
serum-free medium, PI (10 ug/mL) solution
was added into each well in the dark and then
the fluorescent intensity was measured by
spectrophotometer at 490 nm. The percentage
of specific lysis for various effector:target ratio
was calculated using the following formula.
% cytotoxicity =
Flx - Fl0
Fl100 - Fl0 × 100
Flx was the value of fluorescence
intensity from the co-culture between various
effector to target ratio. Fl100 displayed the value
of fluorescence intensity from the well
containing target and isoproponal (20 μL/well),
and Fl0 represented the value of fluorescence
intensity from the culturing target cells in
serum-free medium.
Cell proliferation assay
Every week, CIK cells were collected
and then stained with trypan blue. 10 μL CIK
cell suspension was introduced into
hemocytometer. The cell number, live cells and
dead cells, were counted by using microscope.
Statistical analysis
The data was analyzed using Graphpad
Prism 6. The statistical information regarding
CIK was displayed as mean ± SEM. Percentage
of specific lysis of CIK cells was assessed with
Two-way ANOVA, whereas cell proportion
and cell proliferation were determined using
One-way ANOVA. Statistical significance was
demonstrated as P-value and considered
significantly at P-value of 5%
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Results
SB505124 effects on the CIK cell
differentiation
CIK cells from healthy donors were
collected and incubated with various
concentration of SB505124. The result showed
that cell viability of CIK cells treated with 0.3
to 10 μM SB505124 did not difference
compared with control CIK cells, whereas the
dose of 30 μM SB505124 in CIK cells tended
to reduce cell viability compared with CIK
control (Fig 1A). While the proliferation of CIK
cells and CIK cells treated with SB505124 (0.3
to 3 μM) increased and reached a peak of
differentiation around day 14 to 21 and
subsequently declined after 21 day of
incubation (Fig 1B).
SB505124 enhance the antitumor activity of
CIK cell in vitro
To assess the effect of SB505124 on the
antitumor activity of CIK cells. The CIK cells
were incubated with various SB505124
concentration (0, 0.3, 1, and 3 μM) and
collected on day 21 or 28. The cytotoxicity of
CIK cells was measured by PIA. The result
showed that the antitumor activity of CIK cells
treated with the dose of 3 μM SB505124
possessed significantly increase compared with
control CIK cells, while the killing capability of
CIK cells at 0.3, and 1µM SB505124 tended to
increase compared with control CIK cells at all
E:T ratio (Fig 2).
SB505124 effects on the CIK subpopulation
To assess whether SB505124 affects the
subpopulation of CIK cells, CIK cells were
treated with SB505124 (0.3, 1, 3 µM). After 21
and 28 days of incubation, the characterization
of CIK cells were examined for analysis of the
expression of CD3, CD56, CD4, CD25, and
FOXP3 by flow cytometer. Population of CD3+
cells and CD3+CD56+ cells in CIK cells treated
with SB505124 were similar to control CIK
cells (Fig. 4A). SB505124 did not alter the
percentages of CD3+ and CD3+CD56+
subpopulation in CIK cells compared with
control CIK cells (Fig. 4B). Additionally, CIK

cells in the present of SB505124 could not alter
the percentage and cell proportion of CD4+ and
Tregs subpopulation in CIK cells (Fig. 4B, C)
Discussion
In this study, we demonstrated that
SB505124 affected the function of CIK cell.
The LC50 for SB505124 toward CIK cells was
30 μM. Moreover, the proliferation of CIK cells
treated with 0.3 to 3 μM SB505124 was not
altered. These data suggested that the
appropriate doses of TGF-βRI inhibitor was
between 0.3 to 10 μM. We selected only 3
doses, 0.3, 1 and 3 μM SB505124, which had
been reported to block the downstream of TGFβRI kinase. Then, we investigated whether the
SB505124 cells could improve the killing
capability of CIK cells. Interestingly, CIK cells
treated with 3 μM SB505124 were able to kill
HubCCA1 better than untreated CIK cells.
These data suggested that SB505125 could
improve the antitumor effect of CIK cells. We
next hypothesized that SB505124 could affect
the alteration of CIK subpopulation. We
investigated the cell proportion in CIK cells
after treatment with various SB505124
concentrations.
However,
CD3+CD56+
subpopulation and Treg subpopulation were not
altered.
In summary, we concluded that
SB505124 could enhance the cytotoxicity of
CIK cells from healthy donors. The antitumor
effect of CIK treated with TGF-βRI kinase
inhibitors was independent of both Tregs and
NKT
subpopulation.
SB505124
can
specifically abrogate TGF-β receptor I kinase
signaling in immune cells as well as CIK cells.
Since TGF-β involved in the suppression of
immune response, inhibition of TGF-β
signaling might enhance the expression of
phenotypic profiles in CIK cells, such as CD8+
T cells, NKG2D, IFN-γ. It was reported that
CD3+CD56+ cells derived from CIK cells could
also express helper T cell type 1 markers, T-bet
and IFN-γ(10). Then, the enhancement of CIK
function might result
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Figure 1. Analysis for the toxicity and the expansion of CIK cells with various concentration of SB505124. (A) CIK cell
viability was measured by trypan blue exclusion. Representative data are shown as mean ± SEM (n=2). (B) The number
of CIK cells after treatment with various concentration of SB505124. Data are shown as mean ± SEM (n=3).

Figure 2. The cytotoxicity of CIK cells against cholangicarcinoma cell line (HubCCA1). The CIK cells after treatment
with various SB505124 concentration were collected on day 21 or 28 and then cultured with HubCCA1 at the effectorto-target ratios of 12.5:1, 6.25:1, 3.12:1, and 1.5:1. Data are shown as mean ± SEM. (*P < 0.05, n=3

A

C

B

Figure 3. The alteration to subpopulations of CIK cells as a result of SB505124. (A) Representative dot plots of CIK
subpopulation after treatment with SB505124 for 21 or 28 day. (B) The percentages of CD3+, CD4+, CD3+CD56+ and
CD4+CD25+FOXP3+ cells in CIK cells. (C) Dot plots showing CD4+ and CD4+CD25+FOXP3+ cells in CIK cells treated
with various concentrations of SB505124.

124 | A d v a n c e d P h a r m a c o l o g y i n D r u g D e v e l o p m e n t
Towards The ASEAN Union
from higher expression of cytolytic markers. As
SB505124 was relatively safe to CIK cells, the
safety issue for further in vivo or clinical study
might not be concerned. These results suggest
that TGF-βRI kinase inhibitor provides a
possible clinical treatment to enhance the
potency of cancer therapy.
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Abstract
Mangosteen extracts contain high levels of polyphenolic compounds and antioxidant
properties. Previous studies have demonstrated that the partially purified mangosteen pericarp
extract (ME) can prevent oxidative damage in various cultured neuronal cells and in scopolamine
treated mice. The aim of this study was to investigate the antioxidant properties of ME in healthy
human. The healthy volunteers were recruited from Faculty of Medicine Siriraj Hospital, Mahidol
University. Volunteers whose weight less than 55 kg and more than 55 kg, had taken a daily dose
of ME at 220 mg and 280 mg, respectively for 3 months, followed by double dose daily for the last
3 months. The levels of reactive oxygen species (ROS) in the subjects were determined by the mean
fluorescent intensity (MFI) of dichlorofluorescein (DCF) in red blood cell (RBCs), using flow
cytometry. The data showed that ROS levels was significantly decreased (p-value < 0.05) after
taking ME for 84 days and remained suppressed during 6 months of study. The results supported
that ME had the antioxidant effects in humans and should be further investigated in patients with
some neurodegenerative diseases. Prevention or even cure of some neurodegenerative diseases such
as Alzheimer’s disease might be helpful by using ME in the future.
Keywords:

Mangosteen extract, Antioxidant effect, ROS, Alzheimer’s disease

Introduction
Oxidative stress has been implicated
in the progression of a number of
neurodegenerative
diseases,
including
dementia (1). Several studies showed
significant correlations between oxidative
stress and cognitive impairment, suggesting
that oxidative stress should be considered as
one of the risk factors in the development of
cognitive disorders (1-3). Interestingly
oxidative stress has been shown to be closely
involved in the development of Alzheimer’s
disease (AD), therefore the administration of
antioxidants may protect or prolong the
progression of AD (4-5).

Mangosteen, Garcinia mangostana L. has
been shown to contain various bioactivities,
which include antioxidant, anti-inflammatory,
cytotoxic and anticancer activities (6). In
vitro, ME showed promising antioxidant
activities in SK-N-SH neuroblastoma cells (7)
whereas in vivo, it could safely protect
memory loss in mice treated with
scopolamine (8). Since ROS production is one
of the causative factors to induce oxidative
stress, ROS levels in RBCs of volunteers were
measured for an evaluation of the antioxidant
effect of ME. The results will support the
potential application of ME in AD patients.
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Methods
Recruitment of healthy volunteers
Participants were recruited from
healthy volunteers aged 20-60 years old with
no history or evidence of cancers and
neurological/ cardiac/ psychiatric/ renal/
hepatic diseases.
Administration of ME
The ME was prepared in capsules,
which were orally taken in the morning.
Volunteers who weigh less than 55 kg and
more than 55 kg, were given daily dose of ME
at 220 mg and 280 mg, respectively for 3
months consecutively. After that, they were
taken the double doses of ME daily for
another 3 months. Blood samples of all
subjects were collected at days 0, 7, 21, 84,
112 and 168. Biochemical markers as well as
physical examination of each volunteer were
determined to evaluate for the safety of ME.
Preparation of mangosteen pericarp extract
Mangosteen pericarp was dried in
oven at 60 °C and pulverized by grinder. The
powder was extracted with EtOH for 4 days.
The extract was evaporated at 45 °C by a
rotatory evaporator. Crude EtOH extract were
partitioned with EtOAc for 2 days. The
sediment was collected and dissolved in
distilled water at 55-60 °C. The supernatant
was collected after centrifuged at 3,790 g for
20 minutes and dried by spray dryer. The
powder of ME were filled in capsules at doses
220 and 280 mg and then kept in aluminium
foil-packaging for moisture protection.
Reactive oxygen species detection by DCF
fluorescence in red blood cell
Two to three microliter of whole blood
were pipetted into 9 ml of PBS, and mixed.
Then, 1 ml of solution was pipetted into a 1.6
ml Eppendorf tube and 20 µl of DCFH-DA
were added. Tubes were incubated at 37 °C
for 15 minutes in the dark, then washed 2
times with PBS and centrifuged at 2,000 g for
5 minutes. The supernatant was removed and
1 ml of PBS was added into each tube
following by 50 µl of 2 mM of H2O2. Data
acquisition was performed using a FACS
Calibur flow cytometer.

Statistical analysis
The data were expressed as mean ±
SEM. The normal distribution data were
compared by one-way ANOVA with
Dunnett’s posthoc test. P-value < 0.05 was
considered statistically significant. All
statistical analysis was performed by SPSS
software (SPSS version 17.0, Chicago, IL).
Results
ROS measurement was performed by
stimulating isolated RBCs with H2O2 at 0 and
20 minutes. Mean fluorescent intensity (MFI)
of H2O2- stimulated RBCs during day 0-168
was measured as shown in Table 1. The
comparisons of MFI between stimulation
RBCs by H2O2 at 0 and 20 minutes were
determined. Mean values of MFI were
calculated by Time at 20 min – Time at 0 min.
MFI were significantly reduced starting at 84
days onwards (Table 1, Figure 1).
Discussion and Conclusion
Several
neurodegenrative
diseases implicate a deficient natural
antioxidant defense as one of their etiological
factors. The progression of these disorders can
be affected by supplementing an antioxidant
defense (9). Several reports showed that ROS
are involved in the pathogenesis of AD (1-3).
The previous studies reported the antioxidant
activities of ME of mangosteen pericarp in
cultured neuronal cells and scopolamine
treated mice (5-6). In this study, the healthy
volunteers were taken ME for 6 months. It
was demonstrated that the ME significantly
decreased ROS levels in RBCs as shown in
Figure 1. Since ME contains many phenolic
compounds that could function as
antioxidants as previously reported (4-6). The
results showed that the level of ROS in RBCs
was significantly decreased after daily taking
ME for 84 days and remained until 6 months
of ingestion. Our finding demonstrated that
ME intake enhanced antioxidant activity in
healthy volunteers. In addition, other
biochemical
markers
and
physical
examinations in those subjects are evaluating
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Table 1.

Mean fluorescent intensity (MFI) of H2O2-stimulated at days 0 to 168 and Comparisons of MFI
between H2O2-stimulate RBCs at 0 and 20 minutes. * P value < 0.05 was considered
statistically significant.

Mean
fluorescent
intensity
(MFI) of
H2O2–
stimulated
Difference
of MFI at 0
and 20 minutes

Time
(min)
0

0
9.69±4.30

20

49.14±30.
53

Mean

39.45±26.
23

pvalue

Days of daily administration of ME
7
28
84
112
7.79±1.47 16.45±12. 12.75±6.8 3.06±0.69
52
3
34.51±10. 38.22±18. 22.77±11. 9.77±7.28
91
75
36
26.72±9.4
4
0.30

21.77±6.2
3
0.08

168
2.16±0.93
4.06±2.11

10.03±4.54 6.707±6.59 1.90±1.18*
*
*
0.00
0.00
0.00

Antioxidant capacity

Mean fluorescent intensity
(MFI)

50
40
30
20

*

10

*
*

0

0
Figure 1
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The antioxidant effect of ME in healthy volunteers. The ROS in RBCs showed the reduction level
of MFI from day 0 to 168. * p value < 0.05 compared to untreated control (Day 0).

g carefully to approve for the safety of ME in
further clinical trials.
Conclusion
The study indicated the antioxidant
activity of ME intake by reducing RBC ROS
levels in healthy volunteers. ME should
possibly reduce oxidative stress in patients
with certain diseases in the future after a
clinical trial.
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Abstract
Cholangiocarcinoma (CCA) is a malignant epithelial neoplasm of the biliary tree. It is a rare
type of cancer worldwide; however, populations residing in the Southeast Asian are at very high
risk. Despite of recent advances in chemotherapy for many cancers, management of CCA with
chemotherapeutic drugs has so far been unsatisfied. The development of appropriate new
chemotherapeutic drugs for CCA is highly desired. The aim of this study was to determine the
anticancer potential of Cratoxylum formosum Dyer (Teaw), a dietary and herbal plant commonly
found in Northeast of Thailand, in human CCA cells. Sulphorhodamine B assay showed that the
leaf extracts possessed potent cytotoxicity against CCA cells with the IC50 values of 8.7  3.5 and
5.1  2.4 g/mL, for aqueous and ethanolic extracts, respectively. The cytotoxic activity of C.
formosum extracts was associated with the induction of apoptosis and necrosis of CCA cells as
demonstrated by AO/EB staining assay. To ascertain the inhibitory effect of the extracts on CCA
cell proliferation, the colony formation assay was performed. The results demonstrated that C.
formosum extracts could inhibit colony formation ability of CCA cells in a dose-dependent manner.
The effect of the plant extracts on CCA cell cycle distribution was also investigated using flow
cytometry analysis. The data showed that C. formosum extracts had no significant effect on cell
cycle progression of CCA cells at the concentrations and the time investigated. Taken together, this
study reveals the potent cytotoxic activity of C. formosum leaf extracts against CCA cells. This
might be useful in CCA prevention and/or therapy.
Introduction
Cholangiocarcinoma (CCA) or bile duct
cancer is a highly malignant adenocarcinoma
originating from the cholangiocytes (1). CCA
is a rare type of cancer worldwide, however it
is the most common type of liver cancer in
some regions in Asia, particularly the Mekong
subregion countries (2). In the Western
countries, the incidence and the mortality rate
of intrahepatic CCA are reportedly increasing
at an alarming rate (1). Currently, radical
surgery is the optimal therapy for CCA with
curative potential. However, most patients
present with advanced disease at the time of
diagnosis and these patients are often deemed
poor candidates for curative surgery (3).
Chemotherapy is a remaining option,

however, current chemotherapeutic drugs
showed disappointing results in terms of
survival in inoperable patients (4). Hence the
development of new strategies for prevention
and/or treatment for CCA is widely needed.
Many attentions have been
focused on natural products as rich sources of
novel anticancer drug over decades. A large
number of plant species which are important
source of traditional medicine are naturally
occurring and cultivated in many regions of
Thailand. Cratoxylum formosum Dyer (Teaw)
is an indigenous Thai vegetable mostly grown
in the Northeast of Thailand and traditionally
consumed fresh leaves as side dishes. The
potent antioxidant activities of aqueous
extract of C. formosum leaves have been
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demonstrated by Kukongviriyapan et al. (5).
In the present study, we have investigated the
anticancer potential of C. formosum in human
CCA cells. Its effects on CCA cell
proliferation and CCA cell cycle were
examined.
Materials and Methods
Plant materials
Fresh leaves of Cratoxylum formosum
Dyer were collected from local agricultural
field in Amphoe Sumsoong, Khon Kaen
Province, Thailand. The fresh leaves were
weighed and scalded with hot water and dried.
For aqueous extract preparation, the dried
plants were ground and boiled in deionized
water, and then filtered. The filtrates were
pooled and lyophilized. For ethanolic extract,
the plants were shaken in 95% ethanol for 24
h at room temperature. Then, the solutions
were filtered, concentrated using a rotary
evaporator and then lyophilized. The extracts
were kept in air-tight containers and protected
from light. The voucher specimen was
deposited in the herbarium, Faculty of
Pharmaceutical Sciences, Khon Kaen
University, Thailand.
Cell line and cell culture
The human CCA cell line KKU-M156
used in this study was kindly provided by Dr.
Banchob Sripa of Department of Pathology,
Faculty of Medicine, Khon Kaen University.
The cells were derived from human CCA
tissues with histological types of moderately
differentiated adenocarcinoma. These cell
lines were cultured in complete media
consisting
of
Ham’s
F12
media,
supplemented with 10% fetal calf serum, 12.5
mM HEPES, pH 7.3, 100 U/mL penicillin G
and 100 g/mL streptomycin and maintained
under an atmosphere of 5% CO2 at 37C.
Cell growth assay
Sulphorhodamine B (SRB) method was
used to measure the cytotoxic effect of C.
formosum extracts on CCA cell lines. Briefly,
KKU-M156 cells were plated in a 96-well
plate for 24 h. After exposure of cultured cells
to C. formosum extracts at various

concentrations for 48 h, the culture medium
was removed, 10% cold trichloroacetic acid
was added for 1 h at 4 C, and subsequently
washed 5 times with deionized H2O. The plate
was air dried, and 0.4% SRB in 1% acetic acid
was added for 30 min. Unbound dye was
washed out 5 times with 1% acetic acid. After
air drying, SRB dye within cells was
solubilized with 200 L of 10 mM unbuffered
Tris base solution. The plate was shaken for
10 min, and the absorbance was measured at
540 nm by using a microplate reader.
Acridine orange / Ethidium bromide
(AO/EB) staining
AO/EB staining was used to determine
apoptotic and necrotic cells. Briefly, at the end
of the treatment with C. formosum extracts for
48 h, cultured cells were rinsed with PBS and
stained with AO and EB (each 1 g/mL). The
fluorescent images were captured using a
Nikon Eclipse TS100 inverted microscope
with excitation and long-pass emission filters
of 480 and 535 nm, respectively. The numbers
of viable, apoptotic and necrotic cells were
enumerated and calculated as the percent cells
over a total number of cells in the same area
as previously described (6).
Colony formation assay
The assay was performed in 6 well
plates. The 800 viable cells were seeded and
allowed to grow for 24 h. The cells were then
treated with different concentration of C.
formosum extracts for 24 h. The cells were
washed with PBS and replaced by fresh
medium. The cells were grown for another 8
days. The cultured cells were stained with
crystal violet, and colonies were viewed and
photographed.
Cell cycle analysis
KKU-M156 cells were treated with the
plant extracts at different concentrations (1-25
g/mL) for 48 h. Then cells were collected
and fixed in 70% cold ethanol at -20C for
overnight. After washing twice with PBS,
cells were resuspended in PBS. RNaseA (0.02
mg/mL) and propidium iodide (PI) (0.02
mg/mL) were added to the fixed cells for 1 h
at 4 C. The DNA content of cells was then
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analyzed with a flow cytometer (BD
Biosciences, San Jose, CA). The percentage
of cells in the various cell cycle phases was
analyzed using BD FACSDivaTM Software
(BD Biosciences, San Jose, CA).
Statistical Analysis
Statistical comparison between the
control and treatment groups was performed
with the Student’s t-test. Results were
considered to be statistically significant at p <
0.05. The IC50 values calculations and
statistical analyses were performed using the
Prism 5 program (GraphPad Software, San
Diego, CA, USA).
Results
Effect of C. formosum extracts on CCA cell
viability
The anticancer effect of C. formosum
extracts was firstly evaluated by examining on
the growth of CCA cells, KKU-M156, using
SRB assay. The results showed that the cell
growth was strongly inhibited after 48 h of
treatment in a dose-dependent manner with
the IC50 values of 8.7  3.5 and 5.1  2.4
g/mL, for water and ethanolic extracts,
respectively (Fig. 1A & 1B).
To examine the cell killing effect of C.
formosum extracts, KKU-M156 cells were

Figure 1

stained with the fluorescent dyes. The results
showed that the relatively large proportion of
cells were undergone necrosis after the
treatment in a dose-dependent manner (Fig.
2).
Effect of C. formosum extracts on colony
formation ability of CCA cells
A clonogenic assay was used to confirm
the cytotoxic effect of C. formosum extracts
on CCA cells. Treatment with the extracts
caused a concentration-dependent decline in
colony forming ability of KKU-M156 cells
(Fig. 3A & 3B). The extracts from both
solvents completely inhibited colony forming
ability of the cancer cells at concentration less
than 25 g/mL.
Effect of C. formosum extracts on CCA cell
cycle distribution
The effect of C. formosum extracts on
the cell cycle of KKU-M156 cells was
determined by flow cytometry method. The
phase distribution of cell cycle indicated that
C. formosum extracts had no significant effect
on cell cycle progression in both extracts;
however, there was a slight increase in sub-G1
phase at high concentrations of the extracts
(Fig. 4).

Effect of C. formosum extracts on the growth of CCA cells. KKU-M156 cells were treated with various
concentration of aqueous (A) or ethanolic (B) extracts of C. formosum leaves (1, 10, 25, 50 and 100
g/mL) for 48 h. After treatment, the cell amount was determined by SRB assay. The results are presented
as percentage of control. Each value represents the mean  SEM of three independent experiments. CF,
Cratoxylum formosum; Aq, aqueous; EtOH, ethanol.
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Figure 2

C. formosum extract-induced apoptosis and necrosis of CCA cells. KKU-M156 cells were treated with
the indicated concentrations of aqueous or ethanolic extracts of C. formosum leaves for 48 h. The number
of apoptotic and necrotic cells was assessed by AO/EB method. Each represents the mean  SEM of three
independent experiments. *, p < 0.05 vs controls.

Figure 3

Effect of C. formosum extracts on the colony formation of CCA cells. KKU-M156 cells were grown in
6-well plates and treated with indicated concentration of C. formosum extracts. After 8-days, cells were
stained with crystal violet and photographed. Results shown are representative of two similar
experiments.
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Figure 4

Effect of C. formosum extracts on the cell cycle distribution of CCA cells. KKU-M156 cells were treated
with the indicated concentrations of aqueous (A) or ethanolic (B) extracts of C. formosum leaves for 48
h. After that, the cells were stained with PI and analyzed by flow cytometer. Representative figures from
one experiment are shown. Values beneath the images indicated the distribution of cells in the phases of
cell cycle. The data are shown as mean  SEM of three independent experiments.

Discussion
One of the great challenges in the
treatment of CCA is the resistance to cancer
chemotherapy. Several efforts have been
made to identify and develop new agents for
the treatment and prevention of this deadly
disease. Search for new anti-cancer drugs
from natural sources is one of the most
important approaches for cancer prevention
and treatment. In the present study, we have
demonstrated the anticancer potential of
Cratoxylum formosum in human CCA cells.
Since carcinogenesis is characterized
by unregulated clonal expansion of malignant
cells, one of the requisite actions of anticancer
agents is to impede the uncontrollable

proliferation and resistance to cancer cell
death. Previous study has reported the
cytotoxicity effect of the extracts of C.
formosum against liver cancer cells (7).
Consistently, in this study, we found that C.
formosum leaf extracts exhibited the potent
cytotoxic effect to induce CCA cell death,
since the median growth inhibitory
concentrations are at the low microgram per
mL. It should be noted that the cytotoxic
effect of the extracts was demonstrated even
in the crude extracts in the study. The
cytotoxic activity of the extracts is apparently
associated with the induction of apoptosis and
necrosis of CCA cells. The necrotic cell death
is prevailed at the high concentrations of the
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extracts. The ability of C. formosum extracts
to inhibit the proliferative capacity of cancer
cells was supported by the remarkable
suppression of colony forming ability, a
hallmark of cancer cells which develop an
indefinite proliferative capacity (8). It is,
therefore, C. formosum leaves appear to be a
promising drug candidate for restriction the
growth of CCA cells. In this study, the effect
of the plant extracts on CCA cell cycle
distribution was also determined using flow
cytometry analysis. The data showed that C.
formosum extracts had no significant effect on
cell cycle progression. However, only one
time point was investigated in this study.
Varying time points might be necessary for
determination the effect of any substance on
cell cycle progression.
In the present study, the active
components of C. formosum leaves were not
determined. Previous study reported that C.
formosum contains a high amount of
polyphenolic compounds such as chlorogenic
acid
(5-O-caffeoylquinic
acid)
(9).

Chlorogenic acid is widely recognized to be a
free radical scavenger (10), inhibitor of lipid
peroxidation
(11)
and
cancer
chemopreventive agent (12). Therefore, it is
possible that the active compound in C.
formosum leaf extract exhibiting cytotoxic
effect against CCA cells may be chlorogenic
acid. Further studies are required for
determination of the active constituents of C.
formosum extracts as well as for
understanding the molecular mechanism of
the anticancer effect of the plant.
Conclusion
C. formosum leaf extracts exhibit
potent cytotoxic activity against human CCA
cells. This may provide a new approach to the
CCA prevention and/or therapy.
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Abstract
Pain is the most common reason for patients to seek medical treatment. Although analgesic
drugs are still the mainstay of analgesic therapy, these drugs possess a number of adverse effects.
In fact, a natural analgesic agent with reduced or no toxicity is essential. In this study, we
investigated the effects of orally administered rosmarinic acid (RA) isolated from Thunbergia
laurifolia leaves on nociception in mice. The antinociceptive activity of RA was assessed in mice
using acetic acid-induced writhing, and hot-plate tests. In acetic acid-induced writhing, mice were
induced with intraperitoneal injection of 0.6% acetic acid. RA at doses of 50 and 100 mg/kg
significantly reduced the number of writhes by 52.05% (p<0.01) and 84.53% (p<0.001),
respectively. The orally administered RA (50, 100, and 150 mg/kg) also showed significant
(p<0.001) antinociceptive activity in the hot-plate test. In addition, the antinociceptive activity of
RA in the hot-plate test was reversed by the non-selective opioid receptor antagonist naloxone,
suggesting that the opioid system is involved in its analgesic mechanism of action. Taken together,
these results show that RA possesses both peripheral and central antinociceptive activity. These
data provide a basis for the rational use of RA and T. laurifolia for treatment of pain disorder.
Keywords: rosmarinic acid, Thunbergia laurifolia, Rang Chuet, antinociceptive activity
Introduction
Pain is the major problem in the general
population that affects lifestyle and health.
Many analgesic drugs are available for
treating these symptoms, but these drugs can
cause adverse effects when used for long term
treatment. Therefore, there is considerable
interest in the discovery and development of
new analgesic drugs from natural sources with
high efficacy and low side effects.
Thunbergia laurifolia Lindl. belongs to
the Acanthaceae family and is known in Thai
as “Rang Chuet” This plant is commonly used
for easing various symptoms including pain,
inflammation, edema, headache, and
excessive thirst, and as an antidote for poisons
in Thai traditional medicine. An aqueous
extract preparation of T. laurifolia leaves has
anticholinergic effects and decreases

mortality in rats treated with folidol, an
organophosphate insecticide1. This extract
also has hepatoprotective activity against
ethanol-induced liver injury in vitro and in
vivo2. The topical application of alcohol and
hexane extracts of T. laurifolia leaves also
produces anti-inflammatory activity, with
significant inhibition of carrageenin-induced
paw edema in mice3. The subcutaneous
administration of an ethanol extract of T.
laurifolia leaves is also shown to have
antinociceptive and anti-inflammatory effects
in several animal models4. However, the
active compounds responsible for these
effects of T. laurifolia leaf extracts have yet to
be firmly established.
An ethanolic extract of T. laurifolia
leaves was shown to have antioxidant activity
in the 2, 2-diphenyl-1-picryhydrazyl (DPPH)
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radical scavenging assay5. Thin-layer
chromatography (TLC) bioautography used
for separation of the bioactive constituents
indicated that rosmarinic acid (RA) was
responsible for the antioxidant activity5. The
antioxidative effect of RA is also apparent in
its reduction of liver injury induced by Dgalactosamine6. Rosmarinic acid also has an
additive effect in treating inflammatory
diseases such as rheumatoid arthritis due to its
free radical-scavenging capacity7. The antiinflammatory activity of RA is mainly
attributable
to
the
inhibition
of
cyclooxygenase (COX) and lipoxygenase
(LOX) activities, and complement activation8.
In animal models, RA significantly inhibited
paw edema induced by Bothrops jararacussu
snake venom9 and RA given intraperitoneally
reduced the number of total exudate cells in a
carrageenan-induced
pleurisy
model.
However, RA was ineffective on tail-flick
latencies in a tail-flick assay in rats10.
The aim of the present study was to
investigate the effects of orally administered
RA isolated from T. laurifolia leaves on
nociception in mice, and to examine the
mechanisms of actions of RA underlying
these effects. The findings indicate that RA is
a potential lead for the development of
treatment options for pain.
Materials and Methods
Plant Material
Thunbergia laurifolia leaves were
collected from Nakhonpathom Province,
Thailand, and identified by Associate
Professor
Thatree
Phadungcharoen,
Department
of
Pharmacognosy
and
pharmaceutical
Botany,
Faculty
of
Pharmaceutical Sciences, Chulalongkorn
University. The voucher specimen (SS0510105) was deposited at the Museum of
Natural Medicines of the Faculty of
Pharmaceutical Sciences, Chulalongkorn
University.
Antioxidant-guided isolation of rosmarinic
acid (RA)
The extraction and isolation procedures

for RA were described by Suwanchaikasem et
al. 2014. Guided isolation through thin-layer
chromatography (TLC) bioautography using
the 2, 2-diphenyl-1-picryhydrazyl (DPPH)
radical as a detection reagent led to the
isolation of a potent antioxidant compound,
rosmarinic acid, from an ethanolic extract of
T. laurifolia leaves. The molecular structure
of RA (Figure 1) was confirmed using
spectral analysis, NMR, and mass
spectrometry with the help of an AB-SCIEX
QTRAP 5500 spectrometer.

Figure 1 Structure of rosmarinic acid

Animals
Male ICR mice weighing 18-25 g were
obtained from the National Laboratory
Animal Centre, Mahidol University, Salaya,
Nakhonpathom, Thailand. The animals were
housed in the Laboratory Animal Unit of the
Faculty
of
Pharmaceutical
Sciences,
Chulalongkorn University at 25±2C, 50-60%
humidity, and under a 12/12 h light/dark
cycle, with food and water provided ad
libitum. The mice were kept for one week
under laboratory conditions before use in
experiments. At the end of each experiment,
mice were sacrificed by carbon dioxide
asphyxiation in line with the experimental
protocol approved by the Institutional Animal
Care and Use Committee of the Faculty of
Pharmaceutical Sciences, Chulalongkorn
University, Bangkok, Thailand.
Drugs and Chemicals
Morphine sulfate (MO; Thai FDA),
acetic acid (Merck, Darmstadt, Germany),
naloxone (NAL; Sigma, St. Louis, MO, USA)
were dissolved in 0.9% normal saline solution
(NSS; General Hospital Products Public Co.,
Thailand). Indomethacin (IND; Sigma) was
suspended in 2% (w/v) Tween 80
(Srichansahasoth Co., Thailand). RA was
suspended in sterile water (SW; General
Hospital Products Public Co.). MO and IND
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were used as standard analgesic drugs.
Control animals were administered an
equivalent volume of vehicle via the same
route as the test compounds.
Acetic acid-induced writhing test
The acetic acid-induced writhing test in
mice was conducted as described by Koster et
al. 1959. Each group of eight mice each, was
pretreated orally with 2% Tween 80 (10
mg/kg), IND (10 mg/kg), SW (10 ml/kg) or
various doses of RA (12.5, 25, 50 100 and 150
mg/kg) 1 h before intraperitoneal injection of
0.6% acetic acid (10 ml/kg). The number of
writhes (contraction of the abdominal muscles
together with hind limb extension) was
counted in 5-min periods for 30 min after
acetic acid injection.
Hot-plate test
The hot-plate test was conducted as
described by Woolfe and Macdonald 1944.
Mice were placed on a hot-plate (Harvard
Apparatus) maintained at 55±0.5C and were
confined by a Plexiglas wall cylinder. Only
animals with a pretreatment hot-plate latency
time <45 s were used. Each group of 10 mice
each, was treated with NSS (10 ml/kg) or MO
(10 mg/kg) intraperitoneally or SW (10
ml/kg) or various doses of RA (12.5, 25, 50
100 and 150 mg/kg) orally. The latency to
licking of a hind paw or jumping from the
surface of the hot-plate was measured. The
post-drug latency was measured in 7 trials at
15, 30, 45, 60, 90, 120 and 240 min after drug
administration, with a cut-off time of 45 sec.
The hot-plate latency was expressed as the
mean percentage of the maximum possible
effect (%MPE)
The possible participation of the opioid
system in the antinociceptive effect of RA was
investigated using the model of mouse hotplate test. The animals were pretreated
intraperitoneally with naloxone (5 mg/kg), a
short-acting opioid receptor antagonist, 10
min before oral administration of RA (100
mg/kg) and the hot-plate latencies
measurement.

Rota-rod test
To rule out a motor impairment or
sedation effect of RA, a rota-rod test was
performed as described by Dunham and Miya
1957. Mice were placed on a horizontal rod
(35 mm) rotating at 16 rpm (Ugo Basile,
Italy). Mice capable of remaining on the
rotating rod for ≥60 s in three successive trials

were used in the study. Each group of eight
mice each, was treated orally with SW (10
ml/kg) or RA (100 mg/kg) and placed on the
rotating rod at 30, 60, 90, 120 and 240 min
after drug administration. The results are
expressed as the time (s) for which the animal
remained on the rota-rod. All mice used in
rota-rod tests did not participate in writhing
test or hot-plate test.
Statistical analysis
Results were expressed as the
mean±S.E.M. Data were analyzed by oneway analysis of variance (ANOVA) and
Student t-test followed by a Tukey’s post hoc
test to compare the differences between
treatment groups and control group. The
minimum level for significance was set at
p<0.05 with statistical analysis conducted by
SPSS version 17.0.
Results
Acetic acid-induced writhing test
RA at doses of 50 and 100 mg/kg significantly
reduced the number of writhing induced by
acetic acid (p<0.01, p<0.001, respectively)
(Figure 2). The inhibitions-of-writhing
percentages by RA at 50 and 100 mg/kg were
52.05% and 84.53%, respectively.
Hot-plate test
In the hot-plate test, RA at doses of 50,
100 and 150 mg/kg significantly (p<0.001)
increased hot-plate latencies compared to the
vehicle group. RA at 100 mg/kg was the most
effective dose (Figure 3). Animals pretreated
with NAL had a significantly (p<0.001)
attenuated analgesic response to RA (100
mg/kg), indicating involvement of opioid
receptors (Figure 4).
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Figure 2

Mean number of writhes after oral administration of 2% Tween 80 (10 ml/kg), IND (10 mg/kg), SW (10
ml/kg) and various doses of RA (12.5-150 mg/kg). N=8 for all groups. Data are shown as the
mean±S.E.M. **p0.01, ***p0.001 vs. control animals.

Figure 3

Area of analgesia (%MPE-min) from 0-240 min after oral administration of SW (10 ml/kg) and various
doses of RA (12.5-150 mg/kg). N=10 for all groups. Data are shown as the mean±S.E.M. ***p<0.001 vs.
control animals

Figure 4

Area of analgesia (%MPE-min) from 0-240 min after administration of SW (10 ml/kg, p.o.), NAL (5
mg/kg, i.p.), RA (100 mg/kg, p.o.) and NAL+ RA (5/100 mg/kg). N=10 for all groups. *p<0.001 vs. SW;
# p<0.001 vs. NAL; + p<0.01 vs. NAL+RA.
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Rota-rod test
Oral administration of RA at 100 mg/kg
did not affect the motor responses of animals
in the rota-rod test at 30, 60, 90, 120 and 240
min after treatment (data not shown).
Discussion
The antinociceptive properties of RA
isolated from an ethanolic extract of T.
laurifolia leaves were studied using two
laboratory tests for assessments of behavioral
responses to thermal and chemically-induced
noxious stimuli.
The acetic acid-induced writhing test is
used for screening peripheral anti-nociceptive
effects of test compounds and is considered to
be a visceral pain model14. This test is based
on acetic acid stimulation of nociceptive
neurons by the liberation of mediators such as
histamine,
serotonin,
cytokines,
and
eicosanoids (especially PGE2) in the
peritoneal fluid15. Activation and sensitization
of peripheral chemosensitive nociceptive
receptors by these mediators lead to responses
of constriction of the abdominal wall and
twisting of the trunk followed by extension of
hind limbs16. These writhing responses are
associated with the development of peripheral
inflammation17. RA at 50 and 100 mg/kg
showed significant activity against pain
induced by acetic acid, when compared with
results from the control groups. Thus, these
data indicate that RA has an antinociceptive
effect on inflammatory pain. This activity of
RA may be related to the reduced liberation of
inflammatory mediators or the direct
blockage of receptors. Several classes of
drugs, including adrenergic receptor agonists
and muscle relaxants, also inhibit writhing18.
However, due to the lack of specificity of this
method, positive results in the writhing test
require confirmation in other models. In the
current study, a hot-plate test was used for this
purpose.
The hot-plate test is a well-validated
model for the detection of centrally-acting
analgesics. In this test, peripherally-acting
analgesics show little to no activity. The test

measured the time taken f or m i c e to show
behavioral responses including jumping with
all four feet or hind paw licking. Both of these
behaviors are considered to be supraspinal
sensory integration responses and are thought
to involve opioids12, 18. RA at doses of 50-150
mg/kg had significant effects on pain latency
compared to control group, with the highest
antinociceptive effect at 100 mg/kg,
indicating that RA has a central analgesic
effect. The antinociceptive action of RA was
inhibited by the specific opioid receptor
antagonist, naloxone. These results suggest
that the activation of opioid receptors is
involved in the antinociceptive action of RA.
The results from both acetic acidinduced writhing and hot plate tests at 12.5100 mg/kg of RA have showed significant
inhibition effects in dose-dependent manner.
RA at 150 mg/kg, according to the tests, has
lower inhibition effects very likely because of
the limited number of enzymes, transporters
or binding proteins involved. As previously
reported, suggests that rosmarinic acid may
need to bind to the fatty acid binding sites in
albumin for it to function fully19. Therefore,
an excessive concentration of romarinic acid
that is considered too high for the binding
sites in albumin to accommodate may affect
the efficacy of rosmarinic acid in terms of
pain alleviation19. Further researches indeed
should thus be conducted on the
pharmacokinetic of rosmarinic acid to
understand the issue better.
To exclude possible non-specific
disturbances of motor coordination by RA, a
rota-rod test was performed. This test is used
to evaluate skeletal muscle relaxation,
convulsions and depression of the central
nervous system produced by a test compound.
The results for RA indicated no detectable
relaxant or sedative effects at the most
effective dose of 100 mg/kg. Therefore, the
behavioral responses observed in the hotplate, formalin and writhing tests were not due
to motor dysfunction, but rather a true
antinociceptive effect.
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In all, these results from this present
study provide convincing evidence that RA
possesses a significant central and peripheral
antinociceptive activity. The precise
mechanism underlying the antinociceptive
action of RA has yet to be determined.
Therefore, further studies are recommended
to determine the mechanisms underlying the
analgesic properties of RA.
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Conclusion
This present study shows that RA
isolated from an ethanolic extract of T.
laurifolia
leaves
has
demonstrated
antinociceptive activities in both peripheral
and central models of nociception in mice. In
addition, the central antinociceptive activity
of RA is found to have occurred through the
involvement of opioid receptors. Further
studies will be necessary to determine the
mechanisms of action behind these effects.
However, the findings from this present study
have already revealed the the pharmacological
actions of RA and brought to light the
potential use of this natural compound for
pain relief.
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Abstract
Cardiovascular disease is one of serious complications of chronic diabetes. We have previously
reported the vascular response improving activity of roselle water extract (Hibiscus sabdariffa Linn.
water extract: HS-WE) in chronic type 1 diabetic rat. Thus, the objective of this study was to investigate
the effects of HS-WE and gallic acid on ventricular contractility in high fat diet-streptozotocin (HFDSTZ)-induced type 2 diabetic rats. Male Sprague-Dawley rats were used. The normal control group
was fed normal rat chow throughout the experimental period. Diabetic groups were fed HFD for 10
weeks and followed by intraperitoneal injection of STZ 30 mg/kg. After that, the DM groups were
divided into 4 subgroups which were orally administered daily with metformin 200 mg/kg, HS-WE
500 mg/kg, gallic acid 50 mg/kg and distilled water for further 8 weeks. Then, fasting blood glucose
(FBG), serum insulin, Homeostatic Model Assessment-Insulin Resistance (HOMA-IR), plasma
malondialdehyde (MDA), heart MDA and left ventricular contractility were determined. Diabetic
control rats showed significant increases in levels of FBG, HOMA-IR and MDA. For left ventricular
function examination, an increase in diastolic ventricular pressure (DVP) and decrease in (-)dP/dt as
compared to normal control group (p<0.05) was observed. Interestingly HS-WE and gallic acid treated
groups had significant decreases in FBG, HOMA-IR, plasma MDA and heart MDA as well as a
decrease in DVP and an increase in (-)dP/dt when compared to diabetic control group (p<0.05). In
conclusion, these results indicated that HS-WE and gallic acid could improve diabetic induced diastolic
dysfunction and this effect may be mediated via their antioxidant activities.
Keywords :

Roselle, Hibiscus sabdariffa, Diabetic cardiomyopathy

Introduction
Diabetes mellitus (DM) is a major
chronic disease affecting a large population in
the world. Cardiovascular diseases including
coronary artery disease, stroke, atherosclerosis,
hypertension and cardiomyopathy are major
complications found in diabetic patients.
Cardiomyopathy is one of the serious diabetic
complications. Diabetic cardiomyopathy is
defined as reduced or low-normal left
ventricular function that occurs independent of
coronary artery disease and hypertension in
diabetic patients (1). One of the earliest signs is
mild left ventricular diastolic dysfunction with
little effect on ventricular filling (1).
Hyperglycemia, advanced glycation end

products, protein kinase C, free fatty acid and
oxidative stress have been proposed to
implicate in the pathophysiology of the diabetic
cardiomyopathy (2). Hibiscus sabdariffa Linn.
(Roselle) has been used in folk medicine as a
diuretic and treatment for cardiac diseases and
cancer. Gallic acid is one of essential
compounds found in roselle dried calycle
extract. We have previously reported
antidiabetic, antioxidant and vascular response
improving activities of roselle water extract and
gallic acid in chronic STZ-induced type 1
diabetic rats (3, 4). Therefore, the hypothesis of
this study was that HS-WE and gallic acid may
ameliorate the cardiomyopathy in chronic high
fat diet-STZ-induced diabetic rats.
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Materials and Methods
Hibiscus sabdariffa Linn. water extract (HSWE)
Briefly, the dried calyxes of H. sabdariffa
were blended and boiled with water at 60ºC for
60 minutes, and then filtered. The filtrate was
dried using spray dry machine. By this
procedure the yield was 37.4% of dried calyxes
weight and the extract contained 0.15 mg gallic
acid/g of extract..
Experimental animals and experimental
protocol
Male Sprague-Dawley rats weighing 250280 g were used. All animal experimental
protocols were approved by Animal Ethics
Committee of Khon Kaen University, Khon
Kean, Thailand. The animals were randomly
divided into 5 groups with 6-8 rats per group.
First, the normal control group was received
normal diet and distilled water (DW)
throughout the experimental period. The other
4 groups were induced to be Type 2 DM by
feeding HFD for 4 weeks and followed by
single injection of STZ 35 mg/kg and then
treated as follows; DW (diabetic control
group), HS-WE 500 mg/kg/d, Gallic acid 50
mg/kg/d and Metformin 200 mg/kg/d were
administered daily for further 8 weeks. At the
end of treatment period, FBG, serum insulin,
plasma and heart MDA (an end product of lipid
peroxidation), and ventricular function were
determined.
Blood chemistry analyses
FBG and insulin were measured using a
glucometer (Accu-Check Advantage II; Roche
Diagnostics, Mannheim, Germany) and rat
insulin ELISA Kit (Millipore MA, USA),
respectively. HOMA-IR was calculated as
follow; HOMA-IR = Fasting glucose
(mmol/ml) x Fasting insulin (µIU/L) /22.5.
MDA level was analysed using thiobarbituric
acid reactive substances assay
Ventricular function examination
Animals were anesthetized by urethane
(1.5 g/kg, intraperitoneal injection) and
tracheotomy was performed to facilitate
breathing. A micro pressure catheter (Mikro-

Tip®, Millar Instruments, USA) was inserted
into the right carotid artery and advanced into
the left ventricle. Cardiac function parameters
including heart rate, end-systolic (SVP) and
end-diastolic pressure (DVP), maximum and
minimum dP/dt were recorded using Power
Lab and analysed using Lab Chart7
(ADInstruments, Australia). At the end of
recording, the animal was euthanized and the
heart was collected to examine MDA.
Statistical analyses
Data were expressed as mean ± S.E.M.
The differences among treatment groups were
analyzed by one way analysis of variance
(ANOVA) followed by Student NewmanKeuls for the post-hoc test. A p-value of less
than 0.05 was considered statistically
significant.
Results
Effect of HS-WE and gallic acid on FBG
Treatments with HS-WE 500 mg/kg,
gallic acid 50 mg/kg and metformin 200
mg/kg significantly decreased FBG (p<0.05)
as compared with DM rats treated with DW
(161±21, 225±23, 192±23 and 404±14 mg/dL,
respectively).
Effect of HS-WE and gallic acid on insulin
level and HOMA-IR
Treatments with HS-WE and gallic acid
did not significantly affect insulin secretion.
However, these treatments caused the
improvement in insulin resistance as shown by
the significant reduction of HOMA-IR values
(Fig. 1A and Fig. 1B).
Effect of HS-WE and gallic acid on cardiac
function
DM rats showed a significant increase in
DVP and a significant decrease in (-)dP/dt.
These indicated the impairment of ventricular
dilatation. Interestingly, the treatment with HSWE or gallic acid caused an improvement in
ventricular dilatation as HS-WE or gallic acid
caused a significant decrease in DVP and a
significant increase in (-)dP/dt.
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Figure 1

The Effects HS-WE and gallic acid on insulin levels (A) and HOMA-IR (B).
(*: p<0.05, significant decrease as compared to normal control, **: p<0.05, significant increase as compared
to normal control, #: p<0.05, significant decrease as compared to DM control group)

Figure 2

The effect of HS-WE and gallic acid on MDA level in plasma and heart tissue. (*: p<0.05, significant increase
as compared to normal control, #: p<0.05, significant decrease as compared to DM control group

146 | A d v a n c e d P h a r m a c o l o g y i n D r u g D e v e l o p m e n t
Towards The ASEAN Union
Table 1 The Effects of HS-WE and gallic acid on cardiac function
Cardiac
Normal
DM-Control
DM-Metformin DM-HS-WE
DM-Gallic
function
319.11±25.11 236.50±14.87*
242.98±15.03
292.53±31.7 277.53±20.52
HR
8
(beats/mi
n)
115.99±4.90
120.65±3.21
117.04±6.72
112.42±4.21
117.27±1.80
SVP
(mmHg)
9.41±1.63
25.59±2.77*
15.15±2.42#
6.89±1.92#
6.51±1.45#
DVP
(mm Hg)
5757.08±872. 4207.02±345.93 4844.95±471.14 5514.65±345 5544.77±541.6
(+)dP/dt
70
.88
5
(mm
Hg/sec)
(((((-)dP/dt
()3350.65±405.82 )4420.85±536.3 )5163.45±461.4 )5129.40±454.08
(mm
)5385.52±893.70
#
*
6
0#
Hg/sec)
95±3.42
95.50±4.40
88.42±6.84
86.68±6.62
104.70±4.62
SBP in
arterial
(mm Hg)
58.74±5.32
46.50±4.34
45.48±4.63
46.42±5.78
48.51±3.98
DBP in
arterial
(mm Hg)
(*: p<0.05, significant different as compared to normal control, #: p<0.05, significant different as
compared to DM control group)
Effect of HS-WE and gallic acid on serum and
heart MDA
MDA was significantly decreased in both
plasma and heart tissue in DM rat treated with
HS-WE or gallic acid as compared with DM
control (Fig. 2A and Fig. 2B).
Discussions
Our study demonstrated that chronic
HFD-STZ-induced diabetes can cause the
oxidative stress and impairment of ventricular
dilatation as evidenced by the increasing in
MDA level and end diastolic pressure.
Interestingly, the HS-WE and gallic acid can (i)
increase insulin sensitivity as shown by a
reduction in HOMA-IR, (ii) decrease the
oxidative stress as shown by a reduction in the
level of MDA, and (iii) attenuate the
dysfunction of ventricular dilatation as shown
by the reduction in EDP and increase in (-)dP/dt

Conclusions
This study suggests that HS-WE and
gallic
acid
can
alleviate
diabetic
cardiomyopathy and this effect may be
mediated via their antioxidant activities
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Abstract
Dengue virus is classified as a member of the Flaviviridae family. It is a mosquito-borne viral
disease transmitted by the Ades spp. mosquitoes. The viral genome contains approximately 11 Kb
of single strand RNA containing an open reading frame encoded a polyprotein which, in turn,
undergoes proteolytic processing by viral and host proteases, yielding three structural proteins
[capsid (C), pre-membrane (prM) and envelope (E)], as well as, seven non-structural (NS) proteins.
Phosphorylations by human kinases on viral proteins modifies the proteins’ function. This study,
we investigated whether dengue viral proteins were phosphorylated by human kinases. In addition,
biological relevant of this event has been studied. Bioinformatics predicted that PKC was a
candidate enzyme that can phosphorylate several dengue proteins. This was confirmed by the in
vitro kinase assay. The assay showed that PKC phosphorylated NS1, NS3, and NS5. Inhibition of
PKC by BISI, a specific PKC inhibitor, increased viral copy number in infected cells. The results
indicated that PKC may participate in host’s antiviral mechanisms, thus, BISI disrupted PKCmediated signal transduction causing the viral RNA accumulation. The study of host-virus
interactions may provide clues of relationship between host and virus. Our study revealed that a
host’s kinase, PKC, participates in antiviral process.
Introduction
Dengue virus is classified as a member
of the Flaviviridae family. It is a mosquitoborne viral disease which Ades spp.
mosquitoes play a major role in infection. The
world health organization (WHO) has shown
that people approximately 50-100 million
infected annually by the virus ( 1) . The virus
was mostly found in tropical and sub-tropical
region around the world bringing about a main
international public health concern. The
genome of the virus contains approximately
11 Kb of single strand RNA containing an
open reading frame. The viral genome
encodes a polyprotein which, in turn,
undergoes proteolytic processing by the viral
and host proteases, yielding three structural
proteins (capsid (C), pre-membrane (prM)

and envelope (E)) which form the viral
particle, as well as seven non-structural (NS)
proteins that support the viral replication (2).
Protein kinases are major regulators of
several cellular functions including, signal
transduction pathways. Kinases transfer
phosphate
groups
from
adenosine
triphosphate (ATP) to substrate proteins at the
side chains of amino acids, such as serine,
threonine and tyrosine. Phosphorylation by
human kinases on viral proteins in the infected
cells may result in modification of the
proteins’ functions; interrupting or enhancing
functions of viral proteins. Such known
examples are the phosphorylation of RNAdependent RNA polymerase of Turnip yellow
mosaic virus leading to proteasome
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degradation of the protein (3), and the
activation of stomatitis or Rabies Viral protein
by host’s kinases (4,5)
In this study, we investigate whether
dengue viral proteins are phosphorylated by
human kinases. In addition, Biological
relevant of this event has been studied.
Methods
Bioinformatics prediction
Bioinformatics
tools
Scansite,
Netphosk, and Kinasephos were used
predicting whether kinases are responsible for
phosphorylation of viral proteins.
In vitro kinase assay
Constructions of plasmid, pGEX-5x-3
contained GST-tag, expressed the viral
proteins have been performed. The proteins
were expressed in E. coli strain BL21 (DE3)
induced with IPTG 0.25 mM at 25๐ C for 4
hours. Glutathione sepharose 4B bead used
for purifying the proteins. Eight proteins,
which were Capsid, prM, E, NS1, NS2B,
NS3, NS4B and NS5, were purified used as
substrate of the in vitro kinase assay which
contained 1ug of proteins with 32P-ATP in the
presence of 75 ng PKC in kinase assay buffer
containing 25 mM MOPs, pH 7.2, 12.5 mM
glycerol 2-phosphate, 25 mM MgCl2, 2 mM
EDTA and 0.25 mM DTT in a total reaction
volume of 20 ul. The reaction mixtures were
incubated at 30°C for 30 min and terminated
by adding 6X sample buffer in the reaction
mixtures, boiled for 5 min, and run in 12%
SDS-PAGE. After that the expected bands
were cut, incorporated 32P was detected by ßcounter.
Cell viability assay
Cells were plated in 96-well plate at 104
cells/well 24 hours before treating cells.
Various concentration of PKC inhibitor, BISI,
was added onto the cells in each well then the
cells were incubated under normal growth
condition. MTT at concentration 0.5 mg/ml
was added after incubation at 24, 48 and 72
hours. Then the cells were continually
incubated for 4 hours. Subsequently, DMSO
was added and the solution was transferred to

96-well plated. Relative cell numbers were
measured by absorbance at 540 nm using
micro plate reader.
BISI treats cells
PKC inhibitor, BISI, was added into
cells at 3 time-points. First, the pre-treatment,
cells were treated with BISI for 30 min before
viral infection. Secondly, the BISI was treated
during the infection with the DENV2 at a
MOI of 1 for another 1 hour, Lastly, the BISI
was given after the infection. Subsequently,
cells were further incubated for 24 hour at 37๐
C under 5% CO2. Cells then were collected for
detection of viral RNA inside cells.
RT-qPCR detection of viral RNA
Total RNA was extracted from cells
using Trizol. Reverse transcription was
performed for generating cDNA. The cDNA
was used in qPCR using 2X KAPPA SYBR
Green. For qPCR condition, initiation started
at 95๐ C for 3 min followed by 40 cycles at 95
๐
C for 3 sec. and 60๐C for 1 min. Primer are:
NS5-FWD 5’-TCCATACATGCTAAACATGA-3’
NS5-REV 5’-GGGATTTCCTCCCATGATTCC-3’
ß-actin-FWD 5’-TCTTCCAGCCTTCCTTCCT-3’
ß-actin-REV 5’-AGCACTGTGTTGGCGTACAG-3’

For copy number of viral RNA, the delta CT
was compared to the standard curve, which
was constructed using dengue viral NS5 and
ß-actin containing plasmid DNA. For each
sample the viral RNA copy number was
normalized to the ß-actin RNA copy number.
Statistical analysis
Data presented mean ± standard error of the
mean (SEM) from three independent
experiments. Comparisons of data between
groups were done with independent Student’s
t-test by SPSS version 11.5. The P<0.05 was
considered significant
Results
Determination which kinase enzymes are
involved in viral life cycle
Scansite, Netphosk, and Kinasephos
predicted kinases which may phosphorylate
viral proteins. PKC showed the maximum
score after prediction.
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Figure1. Heat map from bioinformatics
prediction of 3 programs showed kinases
which may phosphorylate dengue viral
proteins; PKC is the strongest candidate.
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P incorporation into 8 dengue proteins were detected by ß-counter. GST (unrelated protein) was used
as a negative control. Asterisk indicated significant differences compared with negative control (p<0.05).

Determination if protein kinase C (PKC)
phosphorylates dengue viral proteins in vitro
Purified dengue viral proteins were used as
substrate of in vitro kinase assay. There are 3
proteins that were positive for the
phosphorylation by PKC. There proteins are
NS1, NS3 and NS5.
Determination if protein kinase C (PKC) of
host cells is important to regulate viral life
cycle.
Cell viability assay was used to find
optimal concentration of BISI which does not
cause toxicity to cells. BISI 0.001 uM, BISI
0.01 uM, BISI 0.1 uM, and BISI 1 uM have
no effect on cell viability, whereas BISI 10
uM showed effect on cell viability after
treatment for 2 days.

Infected cells were treated by BISI
0.001 uM, BISI 0.01 uM, BISI 0.1 uM, and
BISI 1 uM in order to inhibit activity of PKC.
Then viral RNA was detected by using RTqPCR.
Discussion
Bioinformatics tools predicted that PKC
may be responsible for phosphorylating
dengue viral proteins (Fig.1). In vitro kinase
assay indicated NS1, NS3 and NS5 were
phosphorylated by PKC (Fig.2). BISI
disrupted PKC-mediated signal transduction
caused increasing viral RNA accumulation
(Fig.4). From the results PKC may affect
dengue viral infection by suppressing viral
RNA accumulation. Phosphorylation on viral
proteins may negatively affect dengue viral
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Figure3. Optimal concentration of BISI was determined by MTT assay. HepG2 cells were treated by DMSO, BISI
0.001 uM, BISI 0.01 uM, BISI 0.1 uM, BISI 1 uM and BISI 10 uM. Non treated cells served as control of cell viability.
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Figure4.

Increasing viral RNA by PKC inhibitor was determined by RT-qPCR. HepG2 cells were treated by
DMSO, BISI 0.001 uM, BISI 0.01 uM, BISI 0.1 uM, and BISI 1 uM 3 times which were pre-treatment,
simultaneous treatment, and post-treatment. HepG2 cells were collected and detected viral RNA using
RT-qPCR. Asterisk indicated significant differences compared with DMSO (p<0.05).

proteins function such as inhibition of
interaction between NS3 and NS5 that
contained helicase and RNA-dependent RNA
polymerase. Further investigation is required
to investigate the mechanisms.

Conclusion
Studying about host-virus interaction
will provide additional clues of mechanism of
host defense virus. The data indicated that
host factor which is PKC may participate in
antiviral process.
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Abstract
Ginsenosides, the active components of Panax ginseng C.A. Meyer, have been widely
investigated for treatment of various neuropsychological disorders including depression. The
purpose of this study is to determine antidepressive effect of ginseng extract G115 both acute and
long-term treatment in mice using forced swimming test. It was shown that ginseng extract G115
(50, 100, 200 and 400 mg/kg) significantly reduced the immobility time in forced swimming test
after 14 days treatment. However, ginseng extract G115 (400 mg/kg) significantly increased the
average distances in locomotor activity suggesting that a decrease of the immobility time in ginseng
extract G115 (400 mg/kg)-treated mice might be due to a significantly increase of motor activity
rather than its antidepressant-like effect. In addition, there was no acute antidepressant effect of
ginseng extract G115. The mechanisms underlying ginseng extract G115’s antidepressive effect
should be further investigated.
Keywords antidepressive effect, ginseng extract G115, depression
Introduction
Depression
is
a
common
neuropsychiatric disorder affecting 350
million people worldwide[1]. In 2010,
depression is estimated to affect 0.25% of thai
people in Bankok and tend to increase every
year[2]. The currently used antidepressants
such as tricyclic antidepressant (TCA),
selective serotonin reuptake inhibitor (SSRI)
and serotonin norepinephrine reuptake
inhibitor (SNRI) have various side effects
therefore
herbal
medicines
with
antidepressant-like properties and lower side
effects have been increasingly investigated as
novel drugs for depressive treatment.
Ginseng extract from the root of
Panax ginseng C.A. Meyer is one of the most
famous herbal medicines for treatment of
various CNS disorders including parkinson’s
disease[3], learning and memory deficit[4],

convulsion[5] anxiety[6][7] and depression[8].
Many studies revealed an antidepressive
effect of ginsenosides, the active compounds
in the ginseng extract. Ginsenoside Rb1, Rd,
Re[8] and Rg1[8][9] have acute antidepressive
effect in the forced swimming test in mice.
Moreover, long-term treatment of ginsenoside
Rg3[10] and Rb1[11] showed an antidepressive
effect in forced swimming test in mice.
In the present study, we used
standardized ginseng extract G115, which
widely used in research and as food
supplement, to investigate its antidepressive
effect in acute and long-term treatment.
Materials and Methods
Animal
Male ICR mice initially weighing 2833 g were purchased from National
Laboratory
Animal
Center
(Salaya,
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Nakornpathom, Thailand). Mice were housed
in groups of 8 per cage in a temperaturecontrolled environment (25±2 ºC) under a 12h light-dark cycle with freely access to food
and water for at least 1 week before beginning
the experiment.
Drugs
Amitriptyline
Amitriptyline, a tricyclic antidepressant,
was used as a positive control. Amitriptyline was
dissolved in 0.9% NaCl at a concentration of 1.5
mg/ml.
Ginseng extract G115
Ginseng extract G115 is formulated in
soft gelatin capsule which contains standardized
ginseng extract 100 mg with 4% ginsenosides. In
this study, ginseng extract G115 was dissolved in
0.9% NaCl in 4 different concentrations: 5 mg/ml,
10 mg/ml, 20 mg/ml and 40 mg/ml.
Treatment group
To investigate the antidepressive effect of
ginseng extract G115, mice were divided into 6
groups and received either 0.9% NaCl (10 ml/kg
i.p.) or amitriptyline (15 mg/kg i.p.) or ginseng
extract G115 (50, 100, 200 or 400 mg/kg p.o.) for
14 days. Thirty minutes after the first treatment,
mice were performed the forced swimming test.
One day after the last treatment (day 15), mice
were perform locomotor activity followed by
forced swimming test (Figure 1).

Behavioral Testing
Forced swimming test
Each mouse was placed in a cylinder
(height 24 cm, diameter 10 cm) containing
15 cm of water at 25±1 ºC for 6 minutes.
Movement of the mouse was recorded by
video camera. Immobility time, defined by
mouse’s head above water and floating with
small movements, was recorded.
Locomotor activity
Locomotor activity was examined to
check whether ginseng extract G115 has an
effect on motor activity. Each mouse was
placed in a black square box (50 x 50 x 41 cm)
for 5 minutes. Movement distances were
recorded and analyzed by VideoMOT2 (TSE
Systems, Germany).
Statistical analysis
All statistical analysis was performed
on SPSS version 13.0. The results were
expressed as mean ± S.E.M. All data were
analyzed statistically by one-way analysis of
variance (ANOVA) followed by Tukey’s or
Dunnett T3 post-hoc test. Differences with
p<0.05
were
considered
statistically
significant.

Figure 1Schematic diagram of acute and long-term treatment
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Results
Acute effect of ginseng extract G115 in
forced swimming test
Forced swimming test was performed
30 min after ginseng extract G115 treatment.
The average immobility time of mice treated
with 0.9% NaCl, amitriptyline, ginseng
extract G115 (50, 100, 200 and 400 mg/kg)
were 184.33 ± 18.57, 119.38 ± 28.46, 151.57
± 58.71, 166.00 ± 32.17, 182.86 ± 63.50 and
149.29 ± 41.67 s respectively. One-way
ANOVA revealed no significant difference
between each group of mice (F0.05(5,36) = 2.26,
p > 0.05). However amitriptyline-treated mice
showed significantly lower immobility time
compared to control (p < 0.01, Dunnett T3
post-hoc test) indicating an antidepressive
effect of a positive control (Figure 2).
Long-term effects of ginseng extract G115
in locomotor activity and forced swimming
test
One day after long-term treatment,
mice were performed locomotor activity
followed by forced swimming test. In
locomotor activity test, the average distances
of mice treated with 0.9% NaCl, amitriptyline,
ginseng extract G115 (50, 100, 200 and 400
mg/kg) were 2,926.5 ± 205.1, 3,279.8 ± 314.8,
2,861.6 ± 270.2, 3,271.8 ± 290.5, 2,925.3 ±

119.4 and 3,472.3 ± 245.3 cm respectively.
One-way ANOVA showed no significant
difference between each group of mice
(F0.05(5,36) = 6.85, p > 0.05). However mice
treated with ginseng extract G115 (400 mg/kg
p.o.) has significantly higher average
distances in locomotor activity compared to
control (p < 0.01, Tukey’s post-hoc test)
(Figure 3).
In the forced swimming test, the
immobility time of mice treated with 0.9%
NaCl, amitriptyline, ginseng extract G115
(50, 100, 200 and 400 mg/kg) were 214.50 ±
38.98, 139.50 ±43.76, 121.71 ± 41.54, 114.28
± 52.55, 132.29 ± 41.75 and 108.57 ± 31.53 s
respectively. One-way ANOVA revealed a
significant difference between groups of mice
(F0.05(5,36) = 5.03, p<0.05). Long-term
amitriptyline treatment caused a decrease of
the immobility time compared to control
(p<0.05, Tukey’s post-hoc test). In the same
way, long-term treatment of ginseng extract
G115 (50, 100, 200 and 400 mg/kg p.o.)
significantly reduced the immobility time
compared to control (p<0.01, p<0.05, p<0.01,
p<0.01, respectively, Tukey’s post-hoc test)
(Figure 4).

Figure 2shows the average immobility time in forced swimming test. Mice were received either 0.9% NaCl (10 ml/kg
i.p., n=6) or amitriptyline (15 mg/kg i.p., n=8) or ginseng extract G115 (50, 100, 200 or 400 mg/kg p.o., n=7/group).
Forced swimming test was performed 30 min after treatment. **p < 0.01 compared to control (Dunnett T3 post-hoc
test)
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Figure 3shows the average distances of mice in locomotor activity test. Mice received either 0.9% NaCl (10 ml/kg i.p.,
n=6) or amitriptyline (15 mg/kg i.p., n=8) or ginseng extract G115 (50, 100, 200 or 400 mg/kg p.o., n=7/group) for 14
consecutive days. Locomotor activity was performed 1 day after the last treatment. **p < 0.01 compared with control
group (Tukey’s post-hoc test)

Figure 4 shows the immobility time of mice in forced swimming test. Mice received either 0.9% NaCl (10 ml/kg i.p.,
n=6) or amitriptyline (15 mg/kg i.p., n=8) or ginseng extract G115 (50, 100, 200 or 400 mg/kg p.o., n=7/group) for 14
consecutive days. Forced swimming test was performed 1 day after the last treatment. * p < 0.05, **p < 0.01
compared to control (Tukey’s post-hoc test)
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Discussion
The present study aimed to examine
an antidepressive effect of acute and longterm treatment of ginseng extract G115 in
mice using forced swimming test. The result
showed that long-term but not acute treatment
of ginseng extract G115 (50, 100, 200 and 400
mg/kg) caused a decrease of the immobility
time indicating an antidepressive activity of
long-term treatment of the extract. However it
is noted that ginseng extract G115 (400
mg/kg) caused an increase in locomotor
activity. Therefore the effect of ginseng
extract G115 (400 mg/kg) in the forced
swimming test might be due to the motor
stimulating effect of this dose of the extract.
Depression is caused by a decrease of
brain-derived neurotrophic factor (BDNF)[12]
and monoamine neurotransmitter (serotonin,
norephinephin and dopamine)[13] level in
prefrontal cortex and limbic system. Previous
studies showed that antidepressive effect of
ginsenosides was caused by an increase of
BDNF and monoamine levels in the prefrontal
cortex and limbic system. Jiang, et al.[9]

showed that ginsenoside Rg1 increases BDNF
level in hippocampus after 14 days treatment
while Cui, et al.[14] reported that ginsenoside
Rb3 increased BDNF and monoamine level in
prefrontal cortex, hippocampus and amygdala
in mice after 5 weeks treatment. Moreover,
ginsenoside Rb1 and Rg1 increase BDNF
level in schwann cells of the rats[15].
Conclusion
Long-term treatment of ginseng extract G115
(50, 100, 200 and 400 mg/kg) showed
antidepressive effect in mice. The mechanism
underlying this effect of ginseng extract G115
such as effects on BDNF and monoamine
levels should be further investigated.
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Abstract
Plumbagin is a natural product found in several planst including Lumbago indica Linn. plants.
Plumbagin and derivatives were investigated for their in vitro antibacterial activities against Staphylococcus
aureus (MSSA1) and Escherichia coli (O157). Plumbagin showed inhibitory activity on the growth of S.
aureus with MIC (minimum inhibitory concentration) of 3.1 µg/ml, whereas 1,4-naphthoquinone, 5hydroxy-1,4-naphthoquinone, 2-hydroxy-1,4-naphthoquinone, 3-hydroxyphthalic anhydride, 5-hydroxy-1tetralone and 2,5-dihydroxypropiophenone showed inhibitory activity on the of S. aureus (MSSA1) with
MICs of 6.3, 12.5, 160, 1300, >5,000 and 2,500 µg/ml, respectively. In addition, 1,4-naphthoquinone also
exhibited inhibitory activity on the growth of the gram-negative bacteria E. coli (O157) with MIC of 25
µg/ml.
Keywords Plumbagin, 1,4-naphthoquinone, S. aureus strain MSSA1, E. coli strain (O157), and antibacterial
activities.
Introduction
Antibacterial drug resistance has led to
immense clinical problem in the treatment of
several important infectious diseases (1). There is
a pressing need for ongoing drug discovery
research that will provide effective and affordable
antibacterial agents from various sources. Natural
products including medicinal plants may offer
cheap alternative treatment opportunities for
bacterial infection patients. The search for small
bioactive molecules derived from plants will
provide opportunities to identify sources of new
drug candidates for combating pathogenic
bacteria.
Plumbagin
(5-hydroxy-2-methyl-1,4naphthoquinone) is a natural product found in
several plants including those in Plumbaginaceae,
Droseraceae,
Ancestrocladaceae
and
Dioncophyllaceae families. It is the major
constituent of Plumbago indica Linn. This
compound has been shown to display a wide
spectrum of biological and pharmacological
activities (2) such as antibacterial, antimalarial,
antifungal, anticancer, antiviral and antioxidant
activities. Impure extracts of plumbagin from
Plumbaginaceae and Droseraceae have long
traditional use in folk medicines for the treatment
of several diseases (3). In this study, antibacterial
activities of plumbagin and derivatives against

Staphylococcus aureus (MSSA1 strain) and
Escherichia coli (O157 strain) were evaluated
using broth micro dilution methods.
Material and Methods
Microorganisms and Chemical
Staphylococcus aureus (MSSA1 strain)
and Escherichia coli (O157 strain) were provided
by the Genome Pharmaceuticals Institute Co., Ltd,
Japan. The authentic Plumbagin (purity 98.2%)
was obtained from Apin chemicals Co., LTD (OX,
UK). 1,4-Naphthoquinone, 3-hydroxyphthalic
anhydride,
5-hydroxy-1-tetralone
and
dimethylsulfoxide (DMSO) were purchased from
Wako Pure Chemicals (Tokyo, Japan). 5Hydroxy-1,4-naphthoquinone and 2-hydroxy-1,4naphthoquinone were purchased from Tokyo
Chemical
Industry
Co.,
Ltd.
2,5Dihydroxypropiophenone was purchased from
Alfa Aesar A Johnson Matthey Company, USA.
Luria-Bertani 10 and Muelle-Hinton medium
were purchased from Gibco BRL Life
Technologies (Grand Island, NY, USA).
Vancomycin and tetracycline were purchased
from Shionogi & Co., Ltd. (Osaka, Japan) and
Sigma Aldrich (St. Louis, Mo.), respectively.
Preparation of standard solution
The stock solution of plumbagin, 1,4naphthoquinone, 5-hydroxy-1,4-naphthoquinone,
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2-hydroxy-1,4-naphthoquinone,
3hydroxyphthalic
anhydride,
5-hydroxy-1tetralone and 2,5-dihydroxypropiophenone were
prepared in DMSO and diluted with 0.9%NaCl for
use as working solution. Vancomycin and
tetracycline were prepared in 0.9%NaCl.
Preparation of inoculum
S. aureus (MSSA1) and E. coli (O157)
preserved in nutrient agar at 4°C were revived in
5 ml LB10 broth (liquid medium) and incubated
overnight at 37°C with shaking (150 rev/min).
Controls with 5 ml of LB10 broth without the
sample and without microorganisms were
included in the experiments.
Determination of antibacterial activities of
plumbagin and derivatives
Antibacterial activities of plumbagin and
derivatives against S. aureus (MSSA1) and E. coli
(O157) were determined in vitro using broth micro
dilution methods. The MIC (minimum inhibitory
concentration) of each compound is defined as the
lowest concentration of the drug that completely
inhibits the growth of the strain compared with
that of the drug-free control. The bacterial
suspension was diluted in Mueller-Hinton broth at
a density adjusted to 0.5 McFarland turbidity
standard, diluted in Mueller-Hinton broth (MHB)
at the dilution of 1:400 and an aliquot of (100 µl)
was added in a 96-well microtiter plate. Two-fold
serial dilution of plumbagin or its derivatives were
dispensed into each well of a 96-well microplate
to a final volume of 100 µl/well. The plate was
sealed and incubated overnight at 37oC for 18-20
h. MIC of each compound was determined as
previously described (4,5). Vancomycin (VM) 1
mg/ml was used as a positive control drug and

MHB culture medium was used as a negative
control. The experiment was performed in
triplicate.
Results
Determination of antibacterial activities of
plumbagin and derivatives
The MICs of plumbagin, 1,4-naphthoquinone, 5hydroxy-1,4-naphthoquinone,
2-hydroxy-1,4naphthoquinone, 3-hydroxyphthalic anhydride, 5hydroxy-1-tetralone
and
2,5dihydroxypropiophenone for S. aureus (MSSA1)
are presented in Table 1. 1,4-Naphthoquinone also
showed antibacterial activity against the gramnegative bacteria E. coli (O157) at the dose 25
µg/ml.
Discussion and Conclusion
In this study, Plumbagin, 1,4Naphthoquinone
and
5-Hydroxy-1,4Naphthoquinone exhibited potent antibacterial
activity against S. aureus strain MSSA1 when
compare with positive control (vancomucin).
Furthermore, 1,4-Naphthoquinone also showed
antibacterial activity against E. coli (O157)
although it MIC value (25 µg/ml) is relatively
high. Since number of candidate compound
effective against Gram-negative bacteria is quite
limited, it is worthwhile to, consider 1,4Naphthoquinone as a compounds could be
continue for further in vivo antibacterial study.
In conclusion from this research we can discover
Plumbagin and 1,4-Naphthoquinone, which is
compound for further study on animal model.
Plumbagin, 1,4-Naphthoquinone and 5-Hydroxy1,4-Naphthoquinone should be further developed

Table 1 Minimum inhibitory concentrations (MICs, µg/ml) of plumbagin and derivatives for S. aureus (MSSA1) and
E. coli (O157)
Compound
S. aureus (MSSA1)
E. coli (O157)
Plumbagin

3.1

>50

1,4-Naphthoquinone

6.3

25

5-Hydroxy-1,4-naphthoquinone

12.5

>250

2-Hydroxy-1,4-naphthoquinone

160

>250

1,300

1,300

> 5,000

> 5,000

2,500

2,500

0.8

ND*

3-Hydroxyphthalic anhydride
5-Hydroxy-1-tetralone
2,5-Dihydroxypropiophenone
Vancomycin
*ND=Not determined
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as promising chemotherapeutics against gram
positive bacterial infections. In addition, 1,4Naphthoquinone should be further developed as
promising chemotherapeutics against gram
negative bacterial infections. In vivo antibacterial
activity,
mechanism
of
action
and
pharmacokinetics of these compounds are
required for further study.
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