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คาํนํา 

 

โครงการผลของยาสมุนไพรฟาทะลายโจรต่อการแสดงออกของเอนไซมไ์ซโตโครม พ ี้ 450 

เป็นการศกึษาผลของแอนโดรกราโฟไลด ์ ซึ�งเป็นสารสาํคญัในสมนุไพรฟาทะลายโจรต่อการ้

แสดงออกของไซโตโครม พ ี 450 แฟมลิี� 1 ในเซลลต์บัปฐมภูมแิละตบัของหนูไมซส์ายพนัธุ ์
C57BL/6 ตลอดจนปจจยัเสรมิั ต่างๆ ที�มผีลต่อการแสดงศกัยภาพของแอนโดรกราโฟไลดต่์อระบบ
การควบคุมการแสดงออกของไซโตโครม พ ี450 การศกึษานี=นบัเป็นรายงานแรกที�แสดงถงึศกัยภาพ
ของฟาทะลายโจรและแอนโดรกราโฟไลด์้  ที�มปีระโยชน์ใชใ้นแง่เป็นสารเพื�อศกึษาประเมนิกลไกการ
ควบคมุวถิกีารเหนี�ยวนําของ CYP1A1 และใหข้อ้มลูยนืยนัการสนบัสนุนใหม้ขีอ้ควรระวงัของการใช้
ฟาทะลายโจรในการแพทยท์างเลอืกหรอืการใชเ้พื�อเสรมิ้ สขุภาพอยา่งสมเหตุสมผล เนื�องจาก
ศกัยภาพของแอนโดรกราโฟไลด์ต่อยนี CYP1A ซึ�งเป็นยนีหลกัที�รบัผดิชอบต่อการเปลี�ยนแปลง 
procarcinogen ใหเ้ป็นสารกอ่มะเรง็ อนัอาจเป็นการเพิ�มความเสี�ยงของการเป็นมะเรง็ในกรณีที�
รา่งกายไมส่ามารถกาํจดัสารกอ่มะเรง็เหล่านี=ไดด้ว้ยกลไกทดแทนอย่างเหมาะสม 
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ผลของแอนโดรกราโฟไลดซ์ึ�งเป็นสารสาํคญัหลกักลุ่ม diterpenoid ในสมนุไพรฟาทะลายโจร้

ต่อการแสดงออกของไซโตโครม พ ี 450 แฟมลิี� 1 ไดแ้ก่ CYP1A1, CYP1A2 และ CYP1B1 
ตลอดจน aryl hydrocarbon receptor (AhR) ถูกประเมนิเปรยีบเทยีบกบัสารกระตุน้ตน้แบบของ 
CYP1A ไดแ้ก่ benz[a]anthracene, β-naphthoflavone และ 2,3,7,8-tetrachlorodibenzo-p-dioxin 
ในเซลลต์บัปฐมภมูแิละตบัของหนูไมซส์ายพนัธุ ์ C57BL/6 เพศผู ้ พบวา่แอนโดรกราโฟไลดส์ามารถ
เหนี�ยวนําการแสดงออกของ CYP1A1 และ CYP1A2 ในลกัษณะที�แปรผนัตรงกบัความเขม้ขน้ โดย
ไมเ่ปลี�ยนแปลงการแสดงออกของ CYP1B1 และ AhR นอกจากนี=ยงัพบว่าแอนโดรกราโฟไลดม์ี
ศกัยภาพในการเสรมิฤทธกิารเหนี�ยวนําการแสดงออกของยนี d CYP1A1 ในทุกระดบัการแสดงออก
ตั =งแต่การถอดรหสั การแปลรหสั และสมรรถนะของเอนไซม ์และการเสรมิฤทธนิี=สามารถถกูยบัยั =งได้d
ดว้ย resveratrol ซึ�งเป็นสารตา้น AhR และฮอรโ์มนเพศชาย testosterone นบัเป็นปจจยัสาํคญัที�ั
เกี�ยวขอ้งกบัการแสดงศกัยภาพนี= ผลการศกึษานี=จงึนบัเป็นรายงานแรกที�แสดงถงึศกัยภาพของฟา้

ทะลายโจรและแอนโดรกราโฟไลดท์ี�มปีระโยชน์ ในแงเ่ป็นสารที�ใชเ้พื�อศกึษาประเมนิกลไกการ
ควบคมุวถิกีารเหนี�ยวนําของ CYP1A1 นอกจากนี= เทคนิค microarray ยงัยนืยนัศกัยภาพดงักล่าว
ของแอนโดรกราโฟไลด ์ ตลอดจนใหข้อ้มลูของยนีในหนูไมซท์ี�ถูกเหนี�ยวนําหรอืยบัยั =งไดโ้ดยแอนโด
รกราโฟไลดอ์กีดว้ย จากผลการศกึษานี= สนบัสนุนใหม้ขีอ้ควรระวงัของการใชฟ้าทะลายโจรใน้

การแพทยท์างเลอืกหรอืการใชเ้พื�อเสรมิสุขภาพอยา่งสมเหตุสมผล เนื�องมาจากศกัยภาพของแอนโด
รกราโฟไลดซ์ึ�งเป็นสารหลกัในสมนุไพรนี= ที�สามารถเหนี�ยวนําและเสรมิฤทธกิารเหนี�ยวนําการd
แสดงออกของยนี CYP1A1 ที�ถกูกระตุน้โดยสารกระตุน้ตน้แบบของ CYP1A ซึ�งยนี CYP1A1 เป็น
ยนีหลกัที�รบัผดิชอบต่อการเปลี�ยนแปลง procarcinogen ใหเ้ป็นสารกอ่มะเรง็ ดงันั =น จงึอาจเป็นการ
เพิ�มปรมิาณสารกอ่มะเรง็ในรา่งกายใหเ้พิ�มมากขึ=นจนรา่งกายไมส่ามารถกาํจดัไดด้ว้ยกลไกทดแทน
อยา่งเหมาะสม 
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Abstract 
 

Project Code:  RMU5080017 
Project Title:  Influence of Herbal Medicine “Andrographis paniculata” on Expression of 

Cytochrome P450 Enzymes 

Investigator:  Associate Professor Dr.Kanokwan Jarukamjorn 
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E-mail Address: kanok_ja@kku.ac.th 
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Effects of andrographolide, the major diterpenois constituent of Andrographis 
paniculata, on the expression of cytochrome P450 family1 members, including CYP1A1, 
CYP1A2, and CYP1B1, as well as on aryl hydrocarbon receptor (AhR) expression in 
primary hepatocyte cultures and liver of male C57BL/6 mouse were investigated in 
comparison with the effects of typical CYP1A inducers, including benz[a]anthracene, β-
naphthoflavone (β-NF), and 2,3,7,8-tetrachlorodibenzo-p-dioxin. Andrographolide 
significantly induced the expression of CYP1A1 and CYP1A2 mRNAs in a concentration-
dependent manner, but did not induce that of CYP1B1 or AhR. Interestingly, 
andrographolide plus the typical CYP1A inducers synergistically induced CYP1A1 
expression, and the synergism was blocked by an AhR antagonist, resveratrol, or deficiency 
of male sex hormone, testosterone. The CYP1A1 protein expression and enzyme activity 
showed a similar pattern of induction. This is the first report that shows that 
andrographolide has a potency to induce CYP1A1 enzyme and indicates that 
andrographolide could be a very useful compound for investigating the regulatory 
mechanism of the CYP1A1 induction pathway. The microarray assay was employed to 
analyze genes whose expression was modified by andrographolide and to confirm 
andrographolide-synergistic induction of β-NF-induced CYP1A1 expression. In addition, our 
findings suggest preparing advice for rational administration and elucidating drug interaction 
and risk assessment with the use of A. paniculata, according to its ability to induce CYP1A1. 
 
Keywords:  Andrographis paniculata, andrographolide, cytochrome P450, CYP1A1, 

CYP1A2, CYP1B1, 3-methylcholanthrene, β-naphthoflavone, testosterone, 

microarray, orchiectomy 
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 ผูว้จิยัขอขอบพระคณุสาํนกังานกองทุนสนบัสนุนการวจิยัและสาํนักงานคณะกรรมการ
อดุมศกึษา ที�ใหก้ารสนบัสนุนทุนวจิยัโครงการผลของยาสมนุไพรฟ้าทะลายโจรต่อการแสดงออกของ
เอนไซมไ์ซโตโครม พ ี 450 อนัเป็นการเปิดโอกาสใหน้ักวจิยัไดท้าํการศกึษาดว้ยกระบวนการทาง
วทิยาศาสตรอ์ยา่งเป็นระบบในเชงิลกึ และไดผ้ลการศกึษาที�เป็นประโยชน์ มผีลกระทบสงูต่อนักวจิยั 
นกัวชิาการ และประชาชนทั �วไป ใหต้ระหนักในการเลอืกใชฟ้าทะลาย้ โจรหรอืผลติภณัฑท์ี�มฟีา้

ทะลายโจรเป็นสว่นประกอบในการแพทยท์างเลอืก หรอืเพื�อเสรมิสขุภาพอย่างสมเหตุสมผลต่อไป 
 ผูว้จิยัขอขอบพระคณุ Prof. Nobuo Nemoto, University of Toyama ประเทศญี�ปุน ที�ใหก้าร่

สนบัสนุนการวจิยั โดยการแลกเปลี�ยนและถ่ายทอดเทคโนโลยทีี�ทนัสมยั การอนุเคราะหส์ารสาํคญั
ในการวจิยัที�ไม่มจีาํหน่าย ตลอดจนร่วมวเิคราะหแ์ละอภปิรายผลที�เกี�ยวขอ้งอยา่งต่อเนื�อง 
 ผูว้จิยัขอขอบคุณคณะเภสชัศาสตร ์และคณะแพทยศาสตร ์มหาวทิยาลยัขอนแก่น ที�สนบัสนุน
เครื�องมอืและอาํนวยความสะดวกสถานที�ในการทาํวจิยัครั =งนี=  
 ทา้ยที�สดุ ผูว้จิยัขอขอบคณุเจา้หน้าที�สาํนักงานกองทนุสนับสนุนการวจิยัและคณะเภสชัศาสตร ์
มหาวทิยาลยัขอนแกน่ ทกุท่านที�ใหค้วามชว่ยเหลอืและอํานวยความสะดวกอยา่งต่อเนื�อง 
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บทนํา 
ฟาทะลายโจร หรอื ้ Andrographis paniculata เป็นพชืสมนุไพรเกา่แก ่ ประเทศจนีใชร้กัษา

แผล ฝี หนอง แกอ้กัเสบ และรกัษาโรคบดิ (1) สาํหรบัประเทศไทย ฟาทะลายโจรเป็นพชืสมนุไพรที,้

กระทรวงสาธารณสขุตามแผนพฒันาเศรษฐกจิและสงัคมแหง่ชาต ิ ฉบบัที, 6 (พ.ศ. 2530-2534) 
สง่เสรมิใหใ้ชใ้นสาธารณสขุมลูฐานเป็นยาสมนุไพรแผนโบราณสาํหรบัทดแทนการใชย้าแผนปจจุบนั ั

เพื,อใหป้ระชาชนสามารถดแูลรกัษาตนเองไดใ้นเบื?องตน้ และเป็นการลดการใชย้าแผนปจจบุนัซึ,งั

อาจมกีารนําเขา้วตัถุดบิบางอยา่งจากต่างประเทศ อนัเป็นการลดการขาดดลุการคา้ระหวา่งประเทศ
ทางหนึ,ง ฟ้าทะลายโจรถกูใชอ้ยา่งแพรห่ลายจนถงึปจจบุนั เพื,อรกัษาอาการเจบ็คอ แกท้อ้งเสยี ในั

รปูของยาตม้ ยาลูกกลอน ยาดองเหลา้ (2) จากการศกึษาสว่นประกอบทางเคมขีองฟาทะลายโจร ้
พบว่าสว่นเหนือดนิจะประกอบดว้ยสารพวก diterpene lactones หลายชนิด ที,มฤีทธลิดไข ้O
(antipyretic) และฤทธติา้นการอกัเสบ O (anti-inflammation) โดยมแีอนโดรกราโฟไลด ์
(andrographolide) (3) เป็นสารออกฤทธทิี,มคีวามแรงสงูสดุ จากรายงานการศกึษาฤทธขิองO O
สมนุไพรฟาทะลายโจร พบว่าสารสกดัหยาบในตวัทาํละลายและความแรงต่างๆ มฤีทธทิางเภสชั้ O
วทิยาหลากหลาย อาท ิฤทธติา้นการอกัเสบ O (4) ฤทธติา้นจุลนิทรยี ์O (5, 6) ฤทธฆิา่พยาธ ิO (7) ฤทธต่ิอO
ระบบหวัใจและหลอดเลอืด (8) ฤทธต่ิอระบบทางเดนิอาหาร O (9, 10) ฤทธลิดปวด ลดไข ้O (11) ฤทธิ O
ปองกนัการถูกทาํลายของตบั ้ (12-14) และ ฤทธติา้นมาลาเรยี O (15) เป็นตน้ ขณะที,รายงานผล
การศกึษาทางคลนิิกและพษิวทิยาของสมนุไพรฟาทะลายโจร มกีารศกึษาทั ?งในลกัษณะของผงฟา้ ้
ทะลายโจร สารสกดัหยาบ และ แอนโดรกราโฟไลด ์ (2, 16-19) พบวา่รายงานการศกึษาทางดา้น
พษิวทิยายงัมอียูน้่อยมาก (2, 19) โดยเฉพาะอยา่งยิ,งการศกึษาในระดบัเซลลแ์ละชวีโมเลกุลเพื,อ
ศกึษาผลในเชงิลกึ เป็นเหตุใหข้าดขอ้มลูทางดา้นการแพทยแ์ละเภสชักรรม ที,จะสนบัสนุนการนํา
สมนุไพรและยาในตาํรบัยาแผนโบราณมาใชป้ระโยชน์ทางคลนีิค จงึจาํเป็นอยา่งยิ,งที,จะต้องมขีอ้มลู
ที,ชดัเจนและเชื,อถอืได ้ การวจิยัและพฒันาโดยใชก้ระบวนการทางวทิยาศาสตรจ์ะเป็นการยนืยนัผล
จากภมูปิญญาดั ?งเดมิ เพื,อที,ประเทศไทยจะไั ดพ้ฒันาคณุภาพและมาตรฐานของตํารบัยาสมนุไพร
ไทยใหเ้ป็นสว่นหนึ,งของเอกลกัษณ์ไทย เพื,อตลาดทั ?งในและตา่งประเทศ และยงัเป็นการชว่ยลดการ
ขาดดลุการคา้ระหวา่งประเทศอกีทางหนึ,ง 

เอนไซมไ์ซโตโครม พ ี 450 (20-22) เป็นกลุ่มของเอนไซมท์ี,พบมากในเซลลต์บั ชนิดของ
เอนไซมท์ี,เป็นเอนไซมห์ลกัจะแตกต่างกนัไปในสิ,งมชีวีติแต่ละชนิด ทาํหน้าที,หลกัในการ
เปลี,ยนแปลงยา (drugs) และสารตา่งๆ (xenobiotics) ที,ร่างกายไดร้บั ใหอ้ยูใ่นสภาพหรอืรปูแบบที,
รา่งกายสามารถกาํจดัออกไดโ้ดยงา่ย และมคีวามเป็นพษิต่อรา่งกายลดลง เนื,องจากเอนไซมไ์ซโต
โครม พ ี450 จะมอียู่ในปรมิาณที,จาํกดัในอวยัวะหนึ,งๆ สาํหรบัสิ,งมชีวีติชนิดหนึ,ง  การไดร้บัยา หรอื
สารใดๆ เขา้สูร่า่งกายร่วมกนั จงึมผีลต่อการถูกกาํจดัของยา หรอืสารต่างๆ เหล่านั ?นออกจาก
รา่งกายโดยเอนไซมไ์ซโตโครม พ ี450 ในเชงิสมัพทัธ์ ทั ?งในแงข่องปรมิาณและอตัราเรว็ในการกาํจดั 
ผลติภณัฑท์ี,มคีวามจาํเป็นตอ้งบรโิภคอยา่งต่อเนื,อง ทั ?งผลติภณัฑเ์สรมิอาหาร ยา และเครื,องดื,ม
ต่างๆ ตอ้งไดร้บัการตรวจสอบใหช้ดัเจนว่าไม่ก่อใหเ้กดิผลลพัธต์่อร่างกายในเชงิลบ การศกึษาผล
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ของยาสมนุไพรต่อการเปลี,ยนแปลงของระดบัเอนไซมไ์ซโตโครม พ ี 450 เป็นการศกึษาทางดา้น
พษิวทิยาในระดบัเซลลแ์ละชวีโมเลกุลแขนงหนึ,งที,ยงัไมม่กีารรายงานอยา่งชดัเจน และการศกึษายงั
ไมแ่พรห่ลายเทา่ที,ควรเมื,อเปรยีบเทยีบกบัการศกึษาในยาแผนปจจบุนั ดงันั ?น เพื,อสามารถใหข้อ้มลูั

เชงิวทิยาศาสตรข์องความปลอดภยั ตลอดจนผลการปฏสิมัพนัธก์นัของยาตํารบัสมนุไพรดว้ยกนัเอง 
หรอืต่อยาแผนปจจบุนัตาํรบัอื,นๆที,อาจไดร้บัรว่มดว้ย และเพื,อเป็นแนวทางในการกาํหนดขนาดั

รบัประทานที,ใหผ้ลการรกัษาที,มปีระสทิธภิาพ และปลอดภยัของตาํรบัยาต่างๆ ที,ใหร้ว่มกนั จงึ
จาํเป็นตอ้งศกึษาผลของตาํรบัยาสมนุไพรไทยต่อปรมิาณเอนไซมไ์ซโตโครม พ ี 450 ในเซลลต์บั 
เพื,อมุง่หวงัใหเ้กดิผลลพัธท์ี,สอดคลอ้งกบันโยบายสาธารณสขุมลูฐานของประเทศไทย ในการสง่เสรมิ
การใชส้มนุไพรไทยทดแทนการใชย้าแผนปจจุบนั เพื,อลดการสญูเสยีเงนิตราของประเทศั  

 
วตัถปุระสงค ์
1. เพื,อตรวจวดัระดบัการแสดงออกของ mRNA ของเอนไซมไ์ซโตโครม พ ี 450 ที,ถูกเหนี,ยวนํา/

หรอืยบัยั ?ง โดยฟาทะลายโจร้ และ/หรอืแอนโดรกราโฟไลดเ์ปรยีบเทยีบกบัสารกระตุน้ตน้แบบ
ที,เฉพาะเจาะจงในเซลลต์บัปฐมภมูขิองหนูไมซ ์ (primary mouse hepatocyte cultures) และ
ในตบัหนูไมซ์ (mouse liver) โดยเทคนิค real-time RT-PCR 

2. เพื,อตรวจวดัระดบัการแสดงออกของ mRNA ของ nuclear receptor ต่างๆ ที,เกี,ยวขอ้งกบั
กลไกการควบคุมการแสดงออกของเอนไซมไ์ซโตโครม พ ี 450 ที,ศกึษาที,ถกูเหนี,ยวนํา/หรอื
ยบัยั ?ง โดยฟาทะลายโจร้ และ/หรอืแอนโดรกราโฟไลดเ์ปรยีบเทยีบกบัสารกระตุน้ตน้แบบที,
เฉพาะเจาะจงในเซลลต์บัปฐมภูมขิองหนูไมซ์ (primary mouse hepatocyte cultures) และใน
ตบัหนูไมซ์ (mouse liver) โดยเทคนิค real-time RT-PCR 

3. เพื,อตรวจวดัระดบัการแสดงออกของโปรตนีของเอนไซมไ์ซโตโครม พ ี 450 ที,ถูกเหนี,ยวนํา/
หรอืยบัยั ?ง โดยฟาทะลายโจร้ และ/หรอืแอนโดรกราโฟไลดแ์อนโดรกราโฟไลดเ์ปรยีบเทยีบกบั
สารกระตุน้ตน้แบบที,เฉพาะเจาะจงในเซลลต์บัปฐมภูมขิองหนูไมซ์ (primary mouse 
hepatocyte cultures) และในตบัหนูไมซ์ (mouse liver) โดยเทคนิค western blotting/ 
immunoblotting  

4. เพื,อสรา้งแบบจาํลองทางพษิวทิยาและเภสชัวทิยาระดบัชวีโมเลกลุเชงิลกึ จากขอ้มลูที,รวบรวม
และวเิคราะหไ์ด ้ สาํหรบัประยกุตใ์ชใ้นการศกึษาผลของตํารบัยาสมนุไพรอื,นๆ ต่อการ
แสดงออกของเอนไซมไ์ซโตโครม พ ี450 ในเซลลต์บัสตัวท์ดลอง 

 
วสัด ุสารเคมีและวธีทดลองิ  
สารเคมีหลกั 
สารเคมสีาํหรบัการเพาะเลี?ยงเซลลต์บัปฐมภมู ิ จาก Gibco® Invitrogen Cell Culture (Carlsbad, 
CA), BioWhittaker™ Cambrex Bio-Sciences (Walkerville, MD) และ Wako Pure Chemical 
(Osaka, Japan). Percoll และ collagenase (Type I) เป็นผลติภณัฑข์อง GE Healthcare Bio-
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Sciences AB (Uppsala) และ the Sigma Chemical Co. (St. Louis, MO) ตามลาํดบั 
Andrographolide, resveratrol และ ชดุตรวจ LDH-cytotoxic test จาก Wako Pure Chemical 
ในขณะที, benz(a)anthracene , β-naphthoflavone, 2,3,7,8-tetrachlorodibenzo-p-dioxin (TCDD), 
ethoxyresorufin, และ resorufin เป็นผลติภณัฑข์อง Sigma Chemical Co สว่น 3-
methylcholanthrene และ Testosterone propionate ของ Eastman Kodak Co. (Rochester, NY, 
USA) และ Kasei TCI (Tokyo, Japan) ตามลาํดบั ชดุทาํปฏกิริยิาลกูโซ่โพลเีมอเรสแบบเวลาจรงิ 
ทั ?ง TaKaRa RT-PCR kit (Perfect Real Time) และ SYBR® Green Premix Ex Taq™ (Perfect 
Real Time) และ ชดุสกดัอารเ์อน็เอบรสิทุธ ์FastPureTM RNA kit จาก TaKaRa Biomedicals Inc. 
(Shiga, Japan) และ TaqMan® Gene Expression Assays จาก Applied Biosystems 
(Branchburg, NJ) แอนตบิอด ี CYP1A1 โดยความอนุเคราะหข์อง Dr. Y. Funae, Osaka City 
University เมอืงโอซากา ประเทศญี,ปุน่ Dual-Luciferase Reporter Assay System เป็นผลติภณัฑ์
ของ Promega® (Madison,WI) 
 
วสัดุ อปุกรณ์หลกั 
Hybond-C membranes เป็นผลติภณัฑข์อง The Amersham Pharmacia Biotech Co. 
 

การเตรียมเซลลต์บัปฐมภมิู 
หนูไมซ ์ เพศผู ้ สายพนัธุ ์ ddY หรอื C57BL/6 อาย ุ 8 สปัดาห ์ถกู perfuse สารละลายผสมคอลลา
จเีนสผ่านเสน้เลอืดใหญ่ที,ไปเลี?ยงตบั portal vein จากนั ?นจะทาํการคดัแยกเซลลต์บัที,มชีวีติ (viable 
hepatocytes) ดว้ยหลกัการ isodensity โดยใชส้ารละลาย percoll (23) เซลลต์บัจะถกูกระจายใน
อาหารเหลว WaymouthMB752/1 ที,ประกอบดว้ย bovine serum albumin (2 กรมัตอ่ลติร), insulin 
(0.5 มลิลกิรมัต่อลติร), transferring (0.5 มลิลกิรมัต่อลติร) และ selenium (0.5 ไมโครกรมัต่อลติร) 
และเพาะเลี?ยงในจานเพาะเลี?ยงชนิดเคลอืบคอลลาเจน ที,มขีนาดเสน้ผ่าศนูยก์ลาง 3.5-mm ที,ความ
หนาแน่น 5×103 เซลลต่์อลติร ภายใตอุ้ณหภูม ิ 37°C ในตูบ้่ม CO2-humidified incubator เซลลจ์ะ
เกาะตดิผวิดา้นในของจานเพาะเลี?ยงภายในเวลา 3 ชม. และแสดงลกัษณะการแผแ่บบชั ?นเดี,ยว 
(monolayer) การเตมิสารตวัอย่างที,ตอ้งการศกึษา ไดแ้ก ่ andrographolide และ/หรอื สารกระตุน้
ตน้แบบต่างๆ จะกระทาํภายหลงัการบ่มเพาะเป็นเวลา 24 ชม. โดยใช ้DMSO เป็นตวัทาํละลายใน
ปรมิาณไม่เกนิ 0.1% (Nemoto and Sakurai, 1992) และทาํการเกบ็เกี,ยวเซลลห์ลงัการเตมิสาร 6-
24 ชม. (แลว้แต่กรณี) เพื,อเตรยีม total RNA หรอืโปรตนีไมโครโซม ตามลาํดบั (24) ก่อนการศกึษา
ขั ?นต่อไปอาหารเพาะเลี?ยงในแต่ละจานจะถกูนํามาวเิคราะหเ์พื,อประเมนิระดบัความเป็นพษิต่อเซลล ์
(cytotoxicity ) ของสารตวัอยา่งในแต่ละความเขม้ขน้ดว้ย LDH-cytotoxic test รวมถงึการพจิารณา
ระดบัการแสดงออกของ GAPDH mRNA รว่มดว้ย 
 
การเตรียมสตัวท์ดลอง 
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หนูไมซ ์ทั ?งเพศผูแ้ละเพศเมยี สายพนัธุ ์C57BL/6 and DBA/2 อาย ุ7 สปัดาห ์ถกูเลี?ยงในกรงสเตน
เลสที,รองดว้ยขี?เลื,อย ใหม้นํี?าและอาหารในปรมิาณเพยีงพอตลอดเวลาความหนาแน่นกรงละ 4-5 ตวั 
ภายในหอ้งเลี?ยงสตัวท์ดลองควบคมุอณุหภมูดิว้ยระบบปรบัอากาศที, 20–23°C และแสงสวา่ง/มดื 
12/12 ชม. ซึ,งเป็นไปตามสภาวะมาตรฐานการเลี?ยงสตัวท์ดลอง และการกาํกบัดแูลของ
คณะกรรมการดา้นจรรยาบรรณ และมาตรฐานในการใชส้ตัวท์ดลอง มหาวทิยาลยัขอนแกน่ จ.
ขอนแกน่ ประเทศไทย (ภาคผนวก 1) หรอื University’s Institutional Animal Care and Use 
Committee, University of Toyama, Toyama ประเทศญี,ปุน ่ กรณี Orchiectomy หรอื ovariectomy 
หนูไมซจ์ะถกูทาํการผา่ตดัขณะมอีาย ุ 5 สปัดาห ์ และเริ,มทาํการ treatment ที,อาย ุ 7 สปัดาห ์ การ 
treatment สตัว์ทดลอง ขึ?นอยู่กบัสารที,ตอ้งการทดสอบดงันี? andrographolide ทาํการฉีดเขา้ชั ?นใต้
ผวิหนัง (s.c.) ขนาด 5 มลิลกิรมั/กโิลกรมั/วนั วนัละคร ั ?ง ทกุวนั นาน 4-5 วนั ในขณะที, 3-
methylcholanthrene ขนาด 20 มลิลกิรมั/กโิลกรมั/วนั หรอื phenobarbital ขนาด 100 มลิลกิรมั/
กโิลกรมั/วนั ทาํการฉีดเขา้ช่องทอ้ง (i.p.) วนัละครั ?ง ทกุวนั นาน 3 วนั และ testosterone จะฉีดเขา้
ชั ?นใตผ้วิหนงั (s.c.) ขนาด 5 มลิลกิรมั/กโิลกรมั/วนั วนัละครั ?ง ทกุวนั นาน 1 สปัดาห ์ สว่นกลุ่ม
ควบคมุจะไดร้บั corn oil ซึ,งใชเ้ป็นตวัทาํละลาย โดยการฉีดเขา้ชั ?นใตผ้วิหนงั (s.c.) 0.2 มลิลลิติร วนั
ละครั ?ง ทกุวนั นาน 1 สปัดาห ์จากนั ?น 24 ชม. ภายหลงัครบกาํหนดการ treatment สตัว์ทดลองจะ
ถูกสลบดว้ยยาสลบเกนิขนาดเพื,อแยกตบัออกมาเตรยีม total RNA และไมโครโซม (24) ต่อไป 
 

Real-time RT-PCR 

การแสดงออกของ mouse P450 ต่างๆ และ GAPDH mRNA จะถกูวเิคราะหป์รมิาณโดยเทคนิค 
real-time RT-PCR ของ ABI Prism 7000 Sequence Detection System (Applied Biosystems, 
Branchburg, NJ, USA) และโปรแกรม  ABI Prism 7000 SDS software โดยการเปลีSยน total 
RNA เป็น cDNA ดว้ยปฏกิริยิา reverse-transcription จากนั XนทาํการเพิSมปรมิาณ cDNA โดย
ปฏกิริยิาลกูโซ่โพลเิมอเรส (25) และใช ้ TaqMan Gene Expression Assays (Inventoried) ทีS
เฉพาะเจาะจงต่อ Cyp1a2 (Mm00487224_m1), Cyp1b1 (Mm00487229_m1), Cyp2b9 

(Mm00657910_m1), Cyp2b10 (Mm00456591_m1), Cyp3a11 (Mm00731567_m1) และ 
Ugt1a6 (Mm01967851_s1) และ TaqMan Gene Expression Detection kit ทีSเฉพาะเจาะจงต่อ 
Cyp1a1 รว่มกบั forward และ reverse primers และ probe ทีSมลีาํดบัเบสตามลาํดบั ดงันีX: 5’-GAC 
ATT TGA GAA GGG CCA CAT C-3’, 5’-CCA AAG AGG TCC AAA ACA ATC G-3’ และ 5’-
FAM-CGA GAA TGC CAA TGT CCA GCT GTC A-TAMRA-3’ และ TaqMan Gene 
Expression Detection kit ทีSเฉพาะเจาะจงต่อ Cyp3a41 รว่มกบั forward และ reverse primers 
และ probe ทีSมลีาํดบัเบสตามลาํดบั ดงันีX: 5’-GCC AAA GGG ATT TTA AGA GTT GTT GAC T-
3’, 5’-GGT GTC AGG AAT GGA AAA AGTA CA-3’ และ 5’-FAM-ATC CTT TGG TCT TCT 
CAG-MGB-3’  และ SYBR Premix Ex TaqTM (Perfect Real Time) สาํหรบั GAPDH โดยม ี
forward และ reverse primers ทีSมลีาํดบัเบสตามลาํดบั ดงันีX: 5’-TCC ACT CAC GGC AAA TTC 
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AAC G-3’ and 5’-TAG ACT CCA CGA CAT ACT CAG C-3’ และ สาํหรบั Cyp2a4 โดยม ี
forward และ reverse primers ทีSมลีําดบัเบสตามลําดบั ดงันีX 5’-GGG CAG GTC TAT GAG ATG 
TTT TCT TC-3’ และ 5’-AAA GTC CTC CAG GCC TTG CA-3’ 
 

การทาํ SDS-PAGE และ Western blotting 

ไมโครโซมจากตบัหนูไมซ ์ (26) ปรมิาณ 5-20 ไมโครกรมัโปรตนี ถูกแยกดว้ย 10% SDS-PAGE 
ภายใตก้ระแสไฟฟา จากนั XนแถบโปรตนีจะถกูเคลืSอนยา้ยไปไวบ้นแผน่เมมเบรน้  Hybond-C เพืSอทาํ
ปฏกิริยิาภมูคิุม้กนัปฐมภมูทิีSจาํเพาะต่อ CYP1A1 ทีSทาํปฏกิริยิาขา้มกบั CYP1A2 ไดด้ว้ย ตามดว้ย
การทาํปฏกิริยิาทตุยิภมูกิบั horseradish peroxidase-conjugated goat anti-rabbit IgG antibody 
และปฏกิริยิาทีSทาํใหเ้กดิสนํีXาตาลดว้ย 3,3’-diaminobenzidine and hydrogen peroxide (27) 
 

การประเมนปรมาณรวมิ ิ  total P450 และสมรรถนะของเอนไซมไ์ซโตโครม พี 450 

ปรมิาณรวม P450 ในไมโครโซมตรวจวดัโดยเทคนิค carbon monoxide difference 
spectrophotometry (28) สว่นสมรรถนะของ ethoxyresorufin O-deethylation (EROD) ทาํการ
วเิคราะหส์ารละลายผสมของ 10mMTris–HCl (pH 7.8), 200 µM NADPH, 0.5mgof hepatic 
microsomes และ 50 µM ethoxyresorufin หลงัจาก incubate ทีS 37 ˚C นาน 3 นาท ีโดยเทคนิค 
spectrofluorometry ทีS excitation wavelength 530 นาโนเมตร และ emission wavelength 585 นา
โนเมตร (Sakuma et al., 1999) 
 

การศึกษา transient transfection และ luciferase assay 

1 วนัหลงัการเพาะเลีXยงเซลลต์บัปฐมภมูจิะถกู transfect ดว้ย pGL3-promotor vector ทีSม ีreporter 
construct ทีSบรรจุ Dioxin Responsive Element (DRE) (29) 3 ซํXา และใช ้pRL-SV40 vector เป็น 
internal standard โดยใช ้ Trans Pass D1 Transfection Reagent (New England Biolabs, 
Ipswich, MA) ทาํการเปลีSยนอาหารเลีXยงเซลลภ์ายหลงัการ transfection 3 ชม. ก่อนเริSม treatment 
ดว้ย andrographolide และ/หรอื TCDD ภายหลงั incubate ครบ 24 ชม.ทาํการเกบ็เกีSยวเซลลเ์พืSอ
วเิคราะหส์มรรถนะของ Luciferase activity 
 
Microarray analysis 
ตวัอยา่ง Total RNA ถูกทาํใหบ้รสิทุธิ Oดว้ยชดุสกดัอาร์เอน็เอ FastPureTM RNA kit จากนั ?นวเิคราะห์
คณุภาพและปรมิาณของอารเ์อน็เอ กอ่นสง่ไปยงั Bio Matrix Research, Inc. (Chiba, Japan) เพื,อ
วเิคราะหด์ว้ย GeneChip Mouse Exon 1.0 ST array (Affymatreix Technologies, Tokyo, Japan) 
และทาํการแปรผลดว้ยโปรแกรม GeneSpringGX10 software (Agilent Technologies) 
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ผลการทดลอง 
 การศกึษาผลของแอนโดรกราโฟไลดต่์อการแสดงออกของสบัแฟมลิี, CYP1A และ 
ทรานสครปิชั ,นแฟคเตอรใ์นเซลลต์บัเพาะเลี?ยงปฐมภูม ิ พบว่าแอนโดรกราโฟไลดเ์หนี,ยวนําการ
แสดงออกของเอม็อารเ์อน็เอของ CYP1A1 และ CYP1A2 ในลกัษณะที,แปรผนักบัความเขม้ขน้ (รปู
ที, 1A) โดยพบการเหนี,ยวนําของ CYP1A1 สงูสดุ 1 วนัภายหลงัจากที,ไดร้บัแอนโดรกราโฟไลด ์
ในขณะที, CYP1A2 จะพบการเหนี,ยวนําไดช้า้กว่า สว่น B[a]A สามารถเหนี,ยวนําการแสดงออกของ
ทั ?ง CYP1A1 และ CYP1A2 (รปูที, 1B) สอดคลอ้งกบัที,เคยมรีายงานมาก่อน (Guengerich and 
Shimada, 1998) การ treatment รว่มระหว่างแอนโดรกราโฟไลดแ์ละ B[a]A สามารถเสรมิฤทธกิารO
เหนี,ยวนําการแสดงออกของเอม็อารเ์อน็เอของ CYP1A1 แต่ไมพ่บลกัษณะการเสรมิฤทธดิงักล่าวนี?O
ในเอม็อาร์เอน็เอของ CYP1A2 นอกจากนี?พบว่าแอนโดรกราโฟไลดไ์ม่สามารถเปลี,ยนแปลงระดบั
การแสดงออกของ AhR หรอืการแสดงออกของ CYP1B1 ที,ถูกเหนี,ยวนําโดย B[a]A จากการคน้พบ
นี?แสดงใหเ้หน็เป็นครั ?งแรกว่า แอนโดรกราโฟไลดซ์ึ,งเป็นสารหลกัจากสารสกดัของฟาทะลายโจรมี้
ศกัยภาพในการเหนี,ยวนําสบัแฟมลิี, CYP1A ได ้
 

Fig. 1. Modulation of B[a]A-
inducible expression of CYP1A1, 
CYP1A2, CYP1B1, and AhR 
mRNAs by andrographolide in 
monolayer-cultured hepatocytes. 
Hepatocytes at day 1 of cultivation 
were incubated with 
andrographolide (Andro) and/or 
B[a]A. Each column represents the 
mean±SD (n=6). Significance was 
examined using ANOVA and the 
Student–Newman–Keuls method 
(Sigmastat®); *p<0.05; **p<0.01; 
***p<0.001. Panel A shows the 
expression profile of CYP1A1 and 
CYP1A2 mRNA by andrographolide. 
Andrographolide, at 12.5, 25, or 50 
µM, was immediately added to 
hepatocytes after the medium was 
changed consecutively on the 

indicated days. Panel B shows the modified expression of B[a]A-induced CYP1 and AhR mRNAs by andrographolide. 
Concentrations of the added compounds were 50 µM for andrographolide and 13 µM for B[a]A. 

 
 Resveratrol ซึ,งเป็น AhR antagonist ถูกนํามา treat เพื,อศกึษาอทิธพิลของ AhR ต่อการ
ควบคมุการแสดงออกของเอม็อารเ์อน็เอของ CYP1A1 ที,ถูกเหนี,ยวนําโดยแอนโดรกราโฟไลด์
ภายใตส้ภาวะเดยีวกนักบัที,พบการเสรมิฤทธกิารเหนี,ยวนําของO แอนโดรกราโฟไลด์ต่อการแสดงออก



RMU5080017 7 

ของ CYP1A1 ที,ถูกเหนี,ยวนําโดย B[a]A ซึ,งมคุีณสมบตัเิป็น ligand ของ AhR จากการศกึษาพบว่า 
resveratrol สามารถกดีขวางการเสรมิฤทธิ Oของการ treatment รว่มระหว่างแอนโดรกราโฟไลดแ์ละ 
B[a]A ได ้โดยไม่มผีลต่อการเหนี,ยวนําของแอนโดรกราโฟไลดห์รอื B[a]A เดี,ยวๆ (รปูที, 2) ซึ,งแสดง
ใหเ้หน็ว่า AhR มคีวามเกี,ยวขอ้งกบัการเสรมิฤทธิ Oการเหนี,ยวนําการแสดงออกของเอม็อารเ์อน็เอของ 
CYP1A1 จากการ treatment รว่มระหวา่งแอนโดรกราโฟไลดแ์ละ B[a]A นั ,นเอง  
 
 

Fig. 2. Effect of resveratrol on the synergistic 
modification of B[a]A-inducible expression of 
CYP1A1 mRNA by andrographolide. 
Hepatocytes at day 1 of cultivation were 
incubated with 25 µM andrographolide, 13 µM 
B[a]A, and/or resveratrol (at the indicated 
concentrations). Each column represents the 
mean±SD (n=6). Significance was examined 
using ANOVA and the Student–Newman–
Keuls method (Sigmastat®); *p<0.05; **p<0.01. 

 
 

 
Fig. 3. Induction of CYP1A1 mRNA expression by 
andrographolide and typical CYP1A1 inducers. 
Hepatocytes at day 1 of cultivation were incubated 
with 25 µM andrographolide, and/or typical CYP1A 
inducers. Each column represents the mean±SD 
(n=6). Significance was examined using ANOVA and 
the Student–Newman–Keuls method (Sigmastat®); 
*p<0.05; **p<0.01. Panel A shows synergistic 
induction of CYP1A1 expression by co-treatment of 
typical inducers and andrographolide. Numbers in 
the figure indicate expression compared with that of 
the control group (=1), unless otherwise indicated. 
Concentrations of typical CYP1A inducers were 13 
µM for β-NF and B[a]A, and 30 nM for TCDD. NT, 
non-treatment. Panel B shows the concentration-
dependent induction of β-NF-induced CYP1A1 
expression by andrographolide. The concentrations 
of β-NF were 1, 3, 6, or 13 µM. 
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 นอกจากนี? ยงัไดท้าํการประเมนิผลของแอนโดรกราโฟไลดต์่อการเหนี,ยวนําการแสดงออก
ของเอม็อารเ์อน็เอของ CYP1A1 โดยสารกระตุน้ตน้แบบ CYP1A ชนิดตา่งๆ และพบว่าแอนโดรก
ราโฟไลดส์ามารถเสรมิฤทธกิารเหนี,ยวนําดงักล่าวของทุกสารได ้O (รปูที, 3A) นอกจากนี?ยงัพบ
ลกัษณะการเสรมิฤทธกิารเหนี,ยวนําในลกัษณะที,แปรผนัตรงกบัความเขม้ขน้ของสารกระตุน้ตน้แบบO
อกีดว้ย (รปูที, 3B) และยงัพบการแสดงออกของโปรตนี CYP1A1 (รปูที, 4) และสมรรถนะของ
เอนไซม ์CYP1A1 (รปูที, 5) ในลกัษณะที,สอดคลอ้งกนันี?ดว้ย  
 

 
Fig. 4. Induction of CYP1A1 protein expression by andrographolide and typical CYP1A1 inducers. Hepatocytes at day 1 of 
cultivation were incubated with 25 µM andrographolide (Andro), and/or typical CYP1A inducers. The concentrations of the 
typical CYP1A inducers were 13 µM for B[a]A and β-NF, and 30 nM for TCDD. 

 

 
Fig. 5. Modulation of ethoxyresorufin O-deethylase activity profile by cotreatment with andrographolide and typical CYP1A 
inducers. Hepatocytes at day 1 of cultivation were incubated with 25 µM andrographolide (Andro), and/ or typical CYP1A 
inducers. Ethoxyresorufin (10 µM) was added 24 h later, and an aliquot of the medium was sampled (at specified times) 
and subsequently subjected to spectrofluorometric measurement. Each point represents the mean±SD (n=6–8). 
Significance was examined using ANOVA and the Student–Newman–Keuls method (Sigmastat®); *p<0.001. The 
concentrations of the typical CYP1A inducers were 13 µM for B[a]A and β-NF, and 30 nM for TCDD. 
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 การประเมนิความน่าจะเป็นของกลไกที,แอนโดรกราโฟไลดเ์ขา้เหนี,ยวนํา CYP1A1 ภายหลงั
การเกดิการกระตุน้ของ AhR ตรวจสอบโดยการวเิคราะหผ์ลของแอนโดรกราโฟไลด์ตอ่สมรรถนะ
ของ DRE-mediated transcriptional activity ดว้ยเทคนิค luciferase reporter assay พบวา่ 
หลงัจากให ้ TCDD ซึ,งเป็นสารกระตุน้ตน้แบบของ CYP1A1 ที,มคีวามแรงสงู สมรรถนะของ 
luciferase เพิ,มสงูขึ?นจรงิในเซลลท์ี,บรรจุพาหะที,ม ี DRE เมื,อเปรยีบเทยีบกบัเซลลบ์รรจุพาหะเปลา่ 
แต่การ treatment รว่มระหว่างแอนโดรกราโฟไลดแ์ละ TCDD ไมพ่บการเปลี,ยนแปลงใดๆ (รปูที, 6) 

 
Fig. 6. Expression of DRE-mediated 
transcriptional activity by TCDD and 
andrographolide in primary culture 
hepatocytes. Hepatocytes at day 1 of 
cultivation were transfected with the reporter 
construct containing 3 tandem repeats of 
Dioxin Responsive Element (DRE) in pGL3-
promoter vector or pGL3-promotor (empty 
promoter) and the cells were treated with 30 
nM TCDD and/or 25 µM andrographolide 
(Andro). Luciferase activity was measured 

after incubation for 24 h. Significance was examined using ANOVA and the Student–Newman–Keuls method (Sigmastat®); 
*p<0.01. The figure represents the results from 5 independent experiments. 

 

 จากการพบการเหนี,ยวนําการแสดงออกของ CYP1A1 โดยแอนโดรกราโฟไลดแ์ละพบการ
เสรมิฤทธกิารเหนี,ยวนําการแสดงออกของ O CYP1A1 โดยการ treatment รว่มระหวา่งแอนโดรกราโฟ
ไลดแ์ละสารกระตน้ตน้แบบของ CYP1A1 แลว้ จงึได้นําเทคนิค microarray มาใชเ้พื,อวเิคราะหผ์ล
ของแอนโดรกราโฟไลดแ์ละผลการ treatment รว่มระหวา่งแอนโดรกราโฟไลดแ์ละสารกระตน้
ตน้แบบของ CYP1A1 ต่อการแสดงออกของยนีอื,นๆ ในหนูไมซ์ พบว่าแอนโดรกราโฟไลดส์ามารถ
เหนี,ยวนํา 18 ยนีและยบัยั ?ง 5 ยนี จากทั ?งหมด 28,853 ยนี เมื,อประเมนิจากผลการเปลี,ยนแปลงที,
เท่ากบัหรอืมากกว่า 2 เท่า (รปูที, 7A) โดยยนีที,ถกูเหนี,ยวสว่นมากจะเป็นยนีที,เกี,ยวขอ้งกบั 
metabolism/oxidation/reduction อาท ิ เชน่ Cyp1a1, Cyp2a4, Gstm3, Gstm4, Ugt2b35 และ 
Nqo1 เป็นตน้ ในขณะที,ยนีที,ถกูยบัยั ?งเป็นยนีที,เกี,ยวขอ้งกบั protein binding หรอื calcium ion 
binding ไดแ้ก ่Thbs1, Cdh17 และ Sbp1 β-NF สามารถเหนี,ยวนําได ้4 ยนีคอื Cyp1a1, Cyp1a2, 
Nqo1 และ Olfr1029 (รปูที, 7B) ในขณะที,การ treatment รว่มระหว่างแอนโดรกราโฟไลดแ์ละ β-NF 
สามารถแสดงผลในระดบัที,สงูกว่า (รปูที, 7C) โดยพบว่าสามารถเปลี,ยนแปลงการแสดงออกของยนี
มากถงึ 118 ยนี แบ่งเป็นยนีที,ถูกเหนี,ยวนํา 78 ยนี และถกูยบัยั ?ง 40 ยนี นอกจากนี?แลว้ ยนีที,ถกู
เหนี,ยวนําเกอืบทั ?งหมดจะเกี,ยวขอ้งกบั metabolism/oxidation/reduction อาท ิCyps, Gstm, Ddc, 
Cbr, Aox3, Ugt และ Akr ในขณะที,ยนีที,ถกูยบัยั ?งจะมคีวามหลากหลาย ตั ?งแต่ ยนีที,เกี,ยวขอ้งกบั 
oxidation/reduction/ion binding เชน่ Plscr1, Steap4, Bhmt, Vil1, Pdzrn3, Ngb และ Cyp17a1 
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ยนีที,เกี,ยวขอ้งกบั protein binding เชน่ Vim, Cish, Hp, Ctgf, Cdh17 และ Vcam1 และยนีที,
เกี,ยวขอ้งกบั chemokine/cytokine เชน่ Cxcl13, Ccl2 และ Spp1 เป็นตน้ 
 

 

Fig. 7. Effect of β-NF and/or andrographolide on expression of genes in mouse hepatocytes in primary culture after 
treatment with 0.2% DMSO (control), 10 µM βNF, and 25 µM andrographolide (A), and co-treatment (β-NF plus A). The 
lines indicate a change in gene expression compared to the control of higher or lower than 2-fold. Abbreviations in the 
figure: Cyp, cytochrome P450; Gstm, Glutathione S-transferase (GST) µ class; Ugt, UDP glucuronyltransferase; Nqo1, 
NAD(P)H dehydrogenase quinine; Olfr1029, olfactory receptor 1029; Cbr3, carbonyl reductase 3; Adh7, alcohol 
dehydrogenase 7; Sbpl, spermine binding protein-like; Ddc, dopa decarboxylase; Ccl, chemokine (C–C motif) ligand; Cxcl, 
chemokine (C–X–C motif) ligand; Eid3, EP300 interacting inhibitor of differentiation 3; Aox3, aldehyde oxidase 3; Akr, aldo-
keto reductase; Vim, vimentin; Thbs1, thrombospondin 1; Vcam1, vascular cell adhesion molecule 1; Cdh17, cadherin 17; 
Ngb, neuroglobin; Steap4, STEAP family member 4; Spp1, secreted phosphoprotein 1; Pdzrn3, PDZ domain containing 
RING finger 3; Hp, haptoglobin; Vil1, villin 1; Ctgf, connective tissue growth factor; Cish, cytokine inducible SH2-containing 
protein; Bhmt, betaine-homocysteine methyltransferase; Plscr1, phospholipid scramblase 1. 

  
เมื,อเปรยีบเทยีบการเหนี,ยวนําสมัพทัธร์ะหว่างยนีที,ถูกเปลี,ยนแปลงโดยการ treatment รว่มและแอน
โดรกราโฟไลดห์รอื β-NF เดี,ยวๆ (รปูที, 7D) พบวา่ม ี 27 ยนีที,ถกูเหนี,ยวนําและ 18 ยนีที,ถูกยบัยั ?ง 
และในทาํนองเดยีวกนั ยนีที,ถูกเหนี,ยวนําจะเป็นยนีที,เกี,ยวขอ้งกบั metabolism และ oxidation-
reduction นั ,นเอง อาท ิ เชน่ Cyp1a1, Cyp2a4, Adh7, Ddc, Gstm และ Eid3 ในขณะที,ยนีที,ถกู
ยบัยั ?งจะคลา้ยคลงึกบัยนีที,ถกูยบัยั ?งโดยการ treatment รว่มเมื,อเปรยีบเทยีบกบัการไม่ไดร้บั 
treatment ใดๆ 
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 ตารางที, 1 สรปุยนีที,เกี,ยวขอ้งกบัการเมตาบอลสิมที,มกีารเปลี,ยนแปลงของการแสดงออก
เท่ากบัหรอืมากกว่า 2 เท่าหลงัการ treatment ในลกัษณะตา่งๆ ซึ,งจะเป็นยนีที,เกี,ยวขอ้งกบัการเม
ตาบอลสิมยา 14 ยนี เกี,ยวกบั oxidoreductase 13 ยนี โดย Cyp1a1 เป็นยนีที,ถกูเหนี,ยวนําไดส้งู
ที,สดุในกลุ่มไซโตโครม พ ี 450 ทั ?งหมดที,ถกูเหนี,ยวนํา ซึ,งไดแ้ก ่ Cyp1a2, Cyp1b1, 

Cyp2a4/Cyp2a5, Cyp2b9, Cyp2b10 และ Cyp8b1 นอกจากนี? พบว่ายนีในกลุ่ม UDP 
glucuronyltransferase ไดแ้ก่ Ugt1a, Ugt2b5 และ Ugt2b35 และยนี Glutathione S-transferase 
(GST) µ class, Gstm2, Gstm3 และ Gstm4 สามารถถูกเหนี,ยวนําดว้ยเชน่กนั และระดบัการ
เหนี,ยวนําโดยการ treatment รว่มจะสงูกว่าการเหนี,ยวนําโดยสารเดี,ยว 
 
Table 1. Effect of β-NF and/or andrographolide on metabolizing enzymes. 

 
 ดงันั ?น เพื,อเป็นการยนืยนัการเปลี,ยนแปลงการแสดงออกของไซโตโครม พ ี 450 แฟมลิี, 1, 2 
และ 3 และ UGT1A6 จงึทาํการวเิคราะหก์ารแสดงออกของเอม็อารเ์อน็เอของยนีดงักล่าวโดยเทคนิค 
real-time RT-PCR (รปูที, 8) 
 เนื,องจากฟาทะลายโจรเป็นสมนุไพรที,มกีารใช้้ ในการแพทยท์างเลอืก ในตาํรบัยาแผนโบราณ 
ตลอดจนใชเ้พื,อการเสรมิสขุภาพอยา่งแพรห่ลาย จงึไดท้ําการประเมนิและสรปุผลของแอนโดรก
ราโฟไลดต่์อยนีที,เกี,ยวขอ้งกบัระบบภมูคิุม้กนัของรา่งกาย หรอืยนีที,เกี,ยวกบัการตา้นออกซเิดชั ,น ที,
มกีารเปลี,ยนแปลงมากกว่า 20% (ตารางที, 2) โดยพบว่ามเีพยีงยนีที,เกี,ยวขอ้งกบัการตา้นออกซิ
เดชั ,น 6 ยนีที,ถูกเหนี,ยวาํไดเ้ลก็น้อย ในขณะที,ยนีที,เกี,ยวกบัระบบภมูคิุม้กนัทกุยนีที,ศกึษานั ?นถูกกด
โดยแอนโดรกราโฟไลด ์
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Fig. 8. Effect of β-NF 
and/or andrographolide 
on mRNA expression 
assessed by real-time 
RT-PCR. All target genes 
were normalized to 
GAPDH. Columns 
represent the mean±SD 
(n = 4). DMSO, control; 
β-NF, 10 µM β-NF; A, 
25 µM andrographolide; 
Co, combined treatment 
with β-NF and A. *, ** 
represent significant 
differences from the 
DMSO group at p<0.05 
or 0.001, respectively 
(One-way ANOVA, Tukey 

post hoc test). 

 
Table 2. Effect of andrographolide on anti-oxidation and immune response genes. 

 
 จากการศกึษาผลของแอนโดรกราโฟไลดต่์อการแสดงออกของไซโตโครม พ ี 450 ในเซลลต์บั
เพาะเลี?ยงปฐมภมู ิ และการยนืยนัผลดว้ยเทคนิค microarray พบว่า แอนโดรกราโฟไลดม์ผีล
เหนี,ยวนําการแสดงออกของยนีในสบัแฟมลิี, 1 และพบว่าแอนโดรกราโฟไลด์มศีกัยภาพในการเสรมิ
ฤทธกิารเหนี,ยวนํา O CYP1A1 โดยสารกระตุน้ตน้แบบ CYP1A ได ้ จงึทาํการศกึษาเพิ,มเตมิเพื,อทาํ
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การประเมนิผลและปจจยัที,เกี,ยวขอ้งกบัการเสรมิฤทธิั Oดงักล่าวในตบัหนูไมซ ์ โดยปจจยัที,มคีวามั

เกี,ยวขอ้งลาํดบัตน้ๆ ที,น่าสนใจศกึษา ไดแ้ก ่สายพนัธุ ์และเพศ 
 การศกึษาผลของแอนโดรกราโฟไลดแ์ละ 3-methylcholanthrene (3-MC) ต่อการแสดงออก
ของยนีแฟมลิี, CYP1 ในตบัหนูไมซ์สองสายพนัธุ ์ไดแ้ก่ C57BL/6 (B6) และ DBA/2 (D2) พบวา่ 3-
MC สามารถเหนี,ยวนําการแสดงออกของ CYP1A1, CYP1A2 และ CYP1B1 (รปูที, 9A และ 9B) 
และการ treatment รว่มระหว่างแอนโดรกราโฟไลดแ์ละ 3-MC แสดงการเสรมิฤทธกิารเหนี,ยวนําO
การแสดงออกของ CYP1A1 และ CYP1A2 ในตบัหนู B6 เพศผู ้ในขณะที,ทั ?งแอนโดรกราโฟไลดแ์ละ 
3-MC ไมส่ามารถเหนี,ยวนําการแสดงออกขอบอารเ์อน็เอของยนีดงักล่าวในตบัหนู D2 เพศผู ้จากผล
ที,ไดน้ี?สนบัสนุนแนวคดิที,ว่า ผลของการเสรมิฤทธกิารเหนี,ยวนําการแสดงออกของเอม็อารเ์อน็เอของ O
CYP1A1 โดยแอนโดรกราโฟไลดแ์ละ 3-MC เกดิขึ?นไดท้ั ?งในเซลลต์บัเพาะเลี?ยงปฐมภมูแิละในตบั
หนู B6 เพศผู ้

 
Fig. 9. Hepatic CYP1 expression induced by andrographolide and/or 3-methylcholanthrene in male C57BL/6 or DBA/2 
mice. (A) Expression of CYP1A1, CYP1A2, and CYP1B1 mRNA. Male B6 or D2 mice were subcutaneously injected with 
andrographolide (5 mg/kg/day) daily for 5 days and/or intraperitoneally with 3-MC (20 mg/kg/day) for 3 days. Each column 
represents the mean±SD (n = 5–6). Significance was examined using a one-way ANOVA, the Tukey post hoc test and the 
Student–Newman–Keuls method (Sigmastat®); *p<0.001 (vs. NT); #p<0.01, ##p<0.001 (vs. 3-MC treated). (B) Expression 
profile of CYP1A1 and CYP1A2 protein. NT, non-treatment; Andro, andrographolide; 3-MC, 3-methylcholanthrene; Co-tx, 
co-treatment with 3-MC plus andrographolide. 
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 ดงันั ?น เพื,อเป็นการยนืยนัความสมัพนัธร์ะหว่างวถิขีอง AhR และกลไกการควบคุมการเสรมิ
ฤทธกิารเหนี,ยวนําการแสดงออกของ O CYP1 โดยการ treatment รว่มระหวา่งแอนโดรกราโฟไลด์
และ 3-MC ในหนู B6 เพศผู ้ จงึใช ้Phenobarbital (PB) ในการ treatment แทนการใช ้ 3-MC ซึ,ง
พบว่า PB สามารถเหนี,ยวนําการแสดงออกเอม็อารเ์อน็เอของ CYP1A1, CYP2B9 และ CYP2B10 
ในขณะที,แอนโดรกราโฟไลดส์ามารถเหนี,ยวนําการแสดงออกของ CYP2B ไดด้ว้ย (รปูที, 10) 

 
Fig. 10. Expression of hepatic P450 mRNA by phenobarbital in the presence of andrographolide. Male B6 mice were 
subcutaneously injected with andrographolide (5 mg/kg/day) daily for 5 days and/or intraperitoneally with PB (100 
mg/kg/day) for 3 days. Each column represents the mean±SD (n = 5–6). Significance was examined using a one-way 
ANOVA, the Tukey post hoc test and the Student–Newman–Keuls method (Sigmastat®); *p<0.01, **p<0.001 (vs. NT). NT, 
non-treatment; Andro, andrographolide; PB, phenobarbital; Co-tx, co-treatment with PB plus andrographolide. 

 
 นอกจากนี? ผลจากการวเิคราะหป์รมิาณ P450 รวม (Total P450 content) และสมรรถนะของ
เอนไซม ์ethoxyresorufin O-deethylase (EROD) กแ็สดงผลในทาํนองเดยีวกนั (รปูที, 11) 
 จากนั ?น จงึทาํการศกึษาผลอนัเนื,องมากจากปจจยัอื,นๆ ต่อไปในหนู ั B6 ทั ?งสองเพศ พบว่า 
การเหนี,ยวนําการแสดงออกของ CYP1A1, CYP1A2 และ CYP1B1 โดย 3-MC ในหนูเพศผูจ้ะ
ค่อยๆ ลดลงภายหลงัหยุดการ treatment ในขณะที,ในเพศเมยีเกดิในลกัษณะที,ตรงขา้มกนัคอื
เพิ,มขึ?น (รปูที, 12) และที,น่าสนใจคอื การ treatment รว่มระหวา่งแอนโดรกราโฟไลดแ์ละ 3-MC จะ
เสรมิฤทธกิารเหนี,ยวนําการแสดงออกของ O CYP1 ในหนู B6 เพศผู ้ ในขณะที,ในเพศเมยีไม่พบ
ปรากฏการณ์ในลกัษณะเดยีวกนันี? หากแต่พบการลดลงของการเหนี,ยวนําการแสดงออกของ 
CYP1A1 ดงันั ?นจงึอาจอนุมานไดว้่าแอนโดรกราโฟไลดป์องกนัการทาํลายอารเ์อน็เอของแฟมลิี, ้
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CYP1 ที,ถูกเหนี,ยวนําโดย 3-MC และเพศเป็นปจจยัสาํคญัหนึ,งที,กาํหนดการเสรมิฤั ทธกิารเหนี,ยวนําO
อนัเนื,องมากจากการ treatment รว่มระหวา่งแอนโดรกราโฟไลดแ์ละ 3-MC  
 

Fig. 11. Modulation of total P450 content 
and ethoxyresorufin O-deethylase 
activity by co-treatment with 
andrographolide and 3-
methylcholanthrene in male C57BL/6 or 
DBA/2 mice. Male B6 or D2 mice were 
subcutaneously injected with 
andrographolide (5 mg/kg/day) daily for 
5 days and/or intraperitoneally with 3-

MC (20 mg/kg/day) for 3 days. Total P450 content as well as EROD activity was assessed in hepatic microsomes. The 
open columns show the results for microsomes from B6 mice and the closed columns, those for microsomes from D2 mice. 
Each column represents the mean±SD (n = 5–6). Significance was examined using a one-way ANOVA, the Tukey post 
hoc test and the Student–Newman–Keuls method (Sigmastat®); *p<0.01, **p<0.001 (vs. NT); #p<0.001 (vs. 3-MC treated). 
NT, non-treatment; Andro, andrographolide; 3-MC, 3-methylcholanthrene; Co-tx, co-treatment with 3-MC plus 
andrographolide. 
 

 
Fig. 12. Sex-dependency of hepatic CYP1 expression induced by andrographolide and/or 3-methylcholanthrene in 
C57BL/6 mice. B6 mice of both sexes were subcutaneously injected daily with 5mg/kg/day of andrographolide for 4 or 5 
days and/or intraperitoneally given 20 mg/kg/day of 3-MC for 3 days. The treatment with andrographolide was continued 
for a further 1 or 2 days. The mice were sacrificed on the 5th or 6th day after the start of 3-MC treatment. The open and 
closed columns show mRNA expression of B6 mice sacrificed on the 5th or 6th day, respectively. Each column represents 
the mean±SD (n = 5–6). Significance was examined using a one-way ANOVA, the Tukey post hoc test and the Student–
Newman–Keuls method (Sigmastat®); *p<0.01, **p<0.001 (vs. NT); #p<0.001 (vs. 3-MC treated). NT, non-treatment; Andro, 
andrographolide; 3-MC, 3-methylcholanthrene; Co-tx, co-treatment with 3-MC plus andrographolide; 5 D-harvested, total 
RNA prepared on the 5th day, 6 D-harvested, total RNA prepared on the 6th day. 
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และไมพ่บปรากฏการณ์เชน่นี?ในไอโซฟอรม์อื,นๆ ทั ?ง CYP2B9, CYP2B10 และ CYP3A11 (รปูที, 
13) 
 

 
Fig. 13. Expression of CYP2B9, CYP2B10, and CYP3A11 mRNA induced by andrographolide and/or 3-methylcholanthrene 
in C57BL/6 mice. B6 mice of both sexes were subcutaneously injected with andrographolide (5 mg/kg/day) daily for 5 days 
and/or intraperitoneally with 3-MC (20 mg/kg/day) for 3 days. The open columns show mRNA expression in female mice 
and closed columns, that in male mice. Each column represents the mean±SD (n = 5–6). Significance was examined 
using a one-way ANOVA, the Tukey post hoc test and the Student–Newman–Keuls method (Sigmastat®); *p<0.01, 
**p<0.001 (vs. NT). NT, non-treatment; Andro, andrographolide; 3-MC, 3-methylcholanthrene; Co-tx, co-treatment with 3-
MC plus andrographolide. 

 
 เนื,องจากการเสรมิฤทธกิารเหนี,ยวนําการแสดงออกของ O CYP1A1 โดยการ treatment รว่ม
ระหวา่งแอนโดรกราโฟไลดแ์ละ 3-MC ขึ?นกบัเพศ จงึทาํการศกึษาผลดงักล่าวในหนู B6 ทั ?งสองเพศ
ที,ถูกผา่ตดัแยกอณัฑะหรอืรงัไขอ่อกแลว้ (gonadectomy) โดยทาํการ treatment ในลกัษณะเดมิทกุ
ประการรว่มกบัการให ้ testosterone เสรมิ ซึ,งพบผลที,สอดคลอ้งกบัที,การคาดการณ์ กล่าวคอื การ
ผา่ตดัแยกอณัฑะออกจากหนู B6 เพศผูท้าํใหก้ารเสรมิฤทธกิารเหนี,ยวนําการแสดงออกของ O
CYP1A1 โดยการ treatment ร่วมดงักล่าวหายไป (รปูที, 14A) และการไดร้บั testosterone เสรมิใน
หนูที,ถูกผา่ตดัแยกอณัฑะสามารถทาํใหป้รากฏหารณ์การเสรมิฤทธดิงักล่าวกลบัคนืมาได ้O (รปูที, 
14B)  
 
สรปุและวจารณ์ผลการทดลองิ  
 การศกึษาผลของฟาทะลายโจรต่อการแสดงออกของเอนไซมไ์ซโตโครม พ ี้ 450 ในหนูไมซ์นี? 
ทาํการประเมนิผลทั ?งในเซลลต์บัปฐมภมูขิองหนูไมซ ์ (primary hepatocyte cultures) สายพนัธุ ์
C57BL/6 และในตบัหนูไมซ ์ (in vivo) สองสายพนัธุ ์ ไดแ้ก ่C57BL/6 และ DBA/2 นอกจากนี?ยงัได้
นําเทคนิค microarray analysis มาใชเ้พื,อวเิคราะหย์นืยนัผลการเหนี,ยวนําการแสดงออกของยนีไซ
โตโครม พ ี450 ที,เฉพาะเจาะจงและเพื,อคน้หายนีอื,นๆ ที,อาจไดร้บัผลกระทบเพิ,มเตมิ  
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Fig. 14. Impact of testosterone supplementation on the expression of CYP1A mRNA in orchiectomized and ovariectomized 
C57BL/6 mice. (A) Expression of CYP1 mRNA in orchiectomized mice. Male B6 mice were orchiectomized at 5 weeks of 
age. Two weeks later, all mice were treated with andrographolide and/or 3-MC under the same regimen in which the 
robust induction of CYP1A1 mRNA expression was noted. (B) Expression of CYP1A1 and CYP1A2 mRNA in 
orchiectomized and ovariectomized mice after testosterone supplementation. Male and female B6 mice were 
orchiectomized and ovariectomized, respectively, at 5 weeks of age. The orchiectomized male and ovariectomized female 
B6 mice were subcutaneously injected with testosterone (5 mg/kg/day) daily for 7 days simultaneously with 3-MC plus 
andrographolide. The hormone treatment was started 2 days before that of 3-MC and andrographolide. The open columns 
show mRNA expression of CYP1A1 and the closed columns, that of CYP1A2. Each column represents the mean±SD (n = 
5–6). Significance was examined using a one-way ANOVA, the Tukey post hoc test and the Student–Newman–Keuls 
method (Sigmastat®); *p<0.001 (vs. NT); #p<0.001 (vs. 3-MC treated or andrographolide plus 3-MC treated). NT, non-
treatment; Andro, andrographolide; 3-MC, 3-methylcholanthrene; Co-tx, co-treatment with 3-MC plus andrographolide. 

 

 ผลการศกึษาพบว่า แอนโดรกราโฟไลด์มศีกัยภาพสงูในการเสรมิฤทธกิารเหนี,ยวนําการO
แสดงออกของยนี CYP1A1 ในเซลลต์บัปฐมภูมขิองหนู B6 เพศผูท้ี,ถูกกระตุน้โดยสารกระตุน้
ตน้แบบ CYP1A ในลกัษณะแปรผนัตรงตามความเขม้ขน้ของสารกระตุน้ตน้แบบ ซึ,งปรากฏการณ์นี?
เป็นลกัษณะพเิศษที,พบเฉพาะในไอโซฟอรม์นี?เทา่นั ?น ศกัยภาพในการเสรมิฤทธนิี?O ยงัแสดงผลมาถงึ
ตบัของหนู B6 เพศผูไ้ด ้ แต่ไม่สามารถตรวจวดัการเหนี,ยวนําการแสดงออกดงักล่าวในตบัของหนู 
D2 เพศผู ้ซึ,งแสดงใหเ้หน็ว่า AhR เป็น receptor ที,สาํคญัหนึ,งที,มคีวามเกี,ยวขอ้งกบัการควบคมุการ
แสดงออกดงักล่าวนี?ดว้ย นอกจากนี?การเหนี,ยวนําการแสดงออกดงักล่าวนี?ยงัไมส่ามารถตรวจพบใน
ตบัของหนู B6 เพศเมยีไดอ้กีดว้ย ซึ,งแสดงใหเ้หน็อกีว่าปรากฏการณ์นี?มลีกัษณะพเิศษที,ขึ?นอยู่กบั
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เพศอกีดว้ย และผลจากการศกึษาการแสดงออกดงักล่าวในหนูที,ถูกผา่ตดัแยกอณัฑะหรอืรงัไข ่
รวมทั ?งการใหฮ้อรโ์มน testosterone เสรมิ ยงัสามารถยนืยนัไดอ้ยา่งชดัเจนว่าศกัยภาพของแอนโด
รกราโฟไลดใ์นการเสรมิฤทธกิารเหนี,ยวนําการแสดงออกของยนี O CYP1A1 เป็นคณุลกัษณะเฉพาะที,
ถูกควบคมุโดยปจจยัของ ั AhR รวมถงึสายพนัธุ์และเพศอกีดว้ย 
 
ข้อเสนอแนะ 
 เนื,องจากฟาทะลายโจ้ รมสีารอื,นๆ นอกเหนือจากแอนโดรกราโฟไลด ์ เป็นสว่นประกอบรองๆ 
ลงมาดว้ย อาท ิneoandrographolide และ dideoxyandrographolide ดงันั ?น จงึควรทาํการศกึษาผล
ของสารรองในฟาทะลายโจรต่อการควบคมุการแสดงออกของไซโตโครม พ ี้ 450 เพิ,มเตมิอกี เพื,อให้
ไดข้อ้มลูความปลอดภยั ตลอดจนแนวโน้มการเกดิอนัตรกริยิาระหว่างฟาทะลายโจรและยาหรอืสาร้

อื,นๆ ไดอ้ยา่งมนียัสาํคญัในทางคลนิิกต่อไป นอกจากนี? เนื,องจากการศกึษานี?ทาํการศกึษาโดยใช้
แบบจาํลองสตัวท์ดลอง ซึ,งแมจ้ะคดัเลอืกชนิดสตัวท์ดลองที,มกีารแสดงออกของยนีที,ศกึษาที,มคีวาม
คลา้ยคลงึกบัมนุษยม์ากที,สุดแลว้กด็ ี กไ็มอ่าจสรุปไดอ้ยา่งสมบรูณ์ว่าจะไม่มคีวามแตกต่างของการ
ตอบสนองในยนีเหล่านี?ในมนุษย ์ดงันั ?น จงึควรทาํการศกึษายนียนัในแบบจาํลองมนุษย ์ไดแ้ก ่เซลล์
ตบัปฐมภมูขิองมนุษย ์หรอื chimeric mouse with humanized liver เพิ,มเตมิต่อไปดว้ย 
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Testosterone Dependent on Regulation of Synergistic CYP1A1 Induction by 
Andrographolide Plus Typical CYP1A Inducer in Mouse โดย Waranya 
Chatuphonprasert, Kanokwan Jarukamjorn*, and Nobuo Nemoto วนัที, 5–8 
พฤษภาคม 2553 ณ โรงแรมอมารอีอคดิรสีอรท์แอนดท์าวเวอร์พทัยา จ.ชลบุร ี
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1. รางวลัผลงานวจิยัทางเภสชัศาสตร ์ สาขาเภสชัศาสตร ์ ประจาํปี 2550 (Nagai Award 

Thailand 2007) ของ Nagai Foundation Tokyo ประเทศญี,ปุน จากผลงานวจิยั่ เรื,อง 
Jaruchotikamol, A., Jarukamjorn, K.*, Sirisangtrakul, W., Sakuma, T., Kawasaki, Y., 
and Nemoto, N.* Strong synergistic induction of CYP1A1 expression by 
andrographolide plus typical CYP1A inducers in mouse hepatocytes. Toxicol. Appl. 
Pharmacol. 224: 156-162, 2007. วนัที, 12 ธนัวาคม 2550 ณ หอ้งประชมุ 502 อาคาร 80 ปี
เภสชัศาสตร ์คณะเภสชัศาสตร ์จุฬาลงกรณ์มหาวทิยาลยั 
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การเชืVอมโยงทางวชาการกบันักวชาการอืVนๆ ทัง̂ในและตางประเทศิ ิ ่  
ตางประเทศ่  

   

นักวจยัผูเ้ชีVยวชาญในสาขาฯิ  สถานทีVทาํงาน ความรวมมือ่  
   

Prof. Dr. Nobuo NEMOTO Department of Toxicology, Graduate 
School of Medical and Pharmaceutical 
Sciences, University of Toyama, 2630 
Sugitani, Toyama 930-0194 Japan 

- ค วา ม ร่ ว ม มื อท า งก า ร วิ จั ย  โ ด ยก า ร
แลกเปลี,ยนและถ่ ายทอดเทคโนโลยีที,
ทนัสมยั การอนุเคราะหส์ารสาํคญัในการวจิยั 
วิจัย (กรณีไม่มีจําหน่าย) ตลอดจนร่วม
วิเคราะห์ และอภิปรายผลการทดลองที,
เกี,ยวขอ้งอยา่งต่อเนื,อง 
- ความร่วมมือทางการศึกษา โดยการรับ
นักศกึษาปรญิญาเอก (ในความรบัผดิชอบ) 
ปฏบิตักิารวจิยัในหอ้งปฏบิตักิาร ณ ประเทศ
ญี,ปนุ่ เป็นเวลา 1 ปี 

Prof. Dr. Masahiko NEGISHI Laboratory of Reproductive and 
Developmental Toxicology, National 
Institute of Environmental Health 
Sciences, NIH, Research Triangle 
Park, North Carolina, USA 

- ค วา ม ร่ ว ม มื อท า งก า ร วิ จั ย  โ ด ยก า ร
อนุเคราะหส์ารสําคญัในการวจิยั (กรณีไม่มี
จาํหน่าย) ใหค้าํแนะนํา และอภปิรายผลการ
ทดลองที,เกี,ยวขอ้ง 

Prof. Dr. Tsuyoshi YOKOI Drug Metabolism and Toxicology, 
Faculty of Pharmaceutical Sciences, 
Kanazawa University, Kakuma-machi, 
Kanazawa920-1192 Japan 

- ค วา ม ร่ ว ม มื อท า งก า ร วิ จั ย  โ ด ยก า ร
แลกเปลี,ยนและถ่ ายทอดเทคโนโลยีที,
ทันสมัย  ตลอดจนร่ วมวิ เ ค ราะห์  แล ะ
อภปิรายผลการทดลองที,เกี,ยวขอ้ง 
- มีแผนการรับนักศึกษาบัณฑิตศึกษา ฝึก
ปฏิบัติการวิจัยแลกเปลี,ยนเทคโนโลยีใน
หอ้งปฏบิตักิาร ณ ประเทศญี,ปนุ่ เป็นเวลา 6 
เดอืน 

Ao. Univ. Prof. Dr. Walter JAEGER Department of Clinical Pharmacy and 
Diagnostics, Faculty of Life Science, 
University of Vienna, Althanstrasse 14, 
A-1090 Vienna, Austria 

- ค วา ม ร่ ว ม มื อท า งก า ร วิ จั ย  โ ด ยก า ร
แลกเปลี,ยนและถ่ ายทอดเทคโนโลยีที,
ทนัสมยั การอนุเคราะหส์ารสาํคญัในการวจิยั 
ตลอดจนร่วมวเิคราะห์ และอภปิรายผลการ
ทดลองที,เกี,ยวขอ้งอยา่งต่อเนื,อง 
- มีแผนการรับนักศึกษาบัณฑิตศึกษา ฝึก
ปฏิบัติการวิจัยแลกเปลี,ยนเทคโนโลยีใน
หอ้งปฏบิตักิาร ณ ประเทศออสเตรยี เป็น
เวลา 6 เดอืน 
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ในประเทศ 

   

นักวจยัผูเ้ชีVยวชาญในสาขาฯิ  สถานทีVทาํงาน ความรวมมือ่  
   

ผศ.วราภรณ์ ศุกลพงศ ์
 

หน่วยจุลชวีวทิยา ภาควชิาพยาธชิวีวทิยา 
คณะสตัวแพทยศาสตร ์
มหาวทิยาลยัขอนแก่น จ.ขอนแก่น 

- ความร่วมมอืทางการวจิยั โดยใหค้ําแนะนํา
ในการดูแลและ เก็บตัวอย่างเลือดจาก
กระต่ายในการผลติแอนตบิอดี? 

รศ.ดร.สมทรง ลาวณัยป์ระเสรฐิ หวัหน้าภาควชิาเภสชัวทิยาและสรรีวทิยา 
คณะเภสชัศาสตร ์จฬุาลงกรณ์
มหาวทิยาลยั กรงุเทพฯ 

- ความร่วมมอืทางการวจิยั โดยใหค้ําแนะนํา
และอภปิรายผลการทดลองที,เกี,ยวขอ้ง 

รศ.น.สพ.ปรณีนั จติตะสมบตั ิ 
 

หน่วยศลัยกรรม ภาควชิาศลัยศาสตรแ์ละ
วทิยาการสบืพนัธุ ์ 
คณะสตัวแพทยศาสตร ์
มหาวทิยาลยัขอนแก่น จ.ขอนแก่น 

- ความร่วมมอืทางการวจิยั โดยอํานวยความ
สะดวกในฉีดแอนตเิจนและเกบ็ตวัอยา่งเลอืด
จากกระต่ายในการผลติแอนตบิอดี? 

ดร.วไิลลกัษณ์ ปรชัญาวรากร  
 

หอ้งปฏบิตักิารผลติภณัฑธ์รรมชาต ิหน่วย
วจิยัเคม ีสถาบนัวจิยัจุฬาภรณ์ กรงุเทพฯ 

- ความร่วมมอืทางการวจิยั โดยใหค้ําแนะนํา
และอภิปรายผลการทดลองที,เกี,ยวข้องกับ
การสกดัและการพสิจูน์เอกลกัษณ์สารสาํคญั 

ดร.เทวญั เริ,มสงูเนิน ภาควชิาคณติศาสตร ์ คณะวทิยาศาสตร ์
มหาวทิยาลยัขอนแก่น 

- คว า ม ร่ ว ม มื อท า งก า ร วิจั ย  โ ด ยก า ร
แลก เปลี, ยนและถ่ ายทอด เทคโน โลย ี
molecular modeling and docking 

รศ.ดร.ไชยณรงค ์นาวานุเคราะห ์ ภาควชิาสตัวศาสตร ์คณะเกษตรศาสตร ์
มหาวทิยาลยัขอนแก่น 

- ความร่วมมอืทางการวจิยั โดยใหค้ําแนะนํา
และอภปิรายผลการทดลองที,เกี,ยวขอ้ง 

รศ.ดร.เทวราช หลา้หา  ภาควชิาปรสติวทิยา คณะแพทยศาสตร ์
มหาวทิยาลยัขอนแก่น 

- ความร่วมมอืทางการวจิยั โดยใหค้ําแนะนํา
และอภปิรายผลการทดลองที,เกี,ยวขอ้ง 
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Abstract

The effects of andrographolide, the major diterpenoid constituent of Andrographis paniculata, on the expression of cytochrome P450 superfamily
1 members, including CYP1A1, CYP1A2, and CYP1B1, as well as on aryl hydrocarbon receptor (AhR) expression in primary cultures of mouse
hepatocytes were investigated in comparison with the effects of typical CYP1A inducers, including benz[a]anthracene, β-naphthoflavone, and
2,3,7,8-tetrachlorodibenzo-p-dioxin. Andrographolide significantly induced the expression of CYP1A1 and CYP1A2 mRNAs in a concentration-
dependent manner, as did the typical CYP1A inducers, but did not induce that of CYP1B1 or AhR. Interestingly, andrographolide plus the typical
CYP1A inducers synergistically induced CYP1A1 expression, and the synergism was blocked by an AhR antagonist, resveratrol. The CYP1A1
enzyme activity showed a similar pattern of induction. This is the first report that shows that andrographolide has a potency to induce CYP1A1
enzyme and indicates that andrographolide could be a very useful compound for investigating the regulatory mechanism of the CYP1A1 induction
pathway. In addition, our findings suggest preparing advice for rational administration of A. paniculata, according to its ability to induce CYP1A1
expression.
© 2007 Elsevier Inc. All rights reserved.
Keywords: Andrographolide; CYP1A1; CYP1A2; CYP1B1; AhR; Mouse hepatocyte
Introduction

Cytochrome P450s (P450) constitute a superfamily of heme-
proteins that play an important role in the metabolism of
xenobiotics, including drugs, toxins, and chemical carcinogens
(Guengerich, 2000; Guengerich and Shimada, 1998). Of these,
P450s, CYP1A1 and CYP1A2 have been shown to be the major
Abbreviations: AhR, aryl hydrocarbon receptor; ARNT, AhR nuclear
translocator; B[a]A, benz[a]anthracene; β-NF, β-naphthoflavone; DMSO,
dimethylsulfoxide; DRE, Dioxin Responsive Element; EROD, ethoxyresorufin
O-deethylase; GAPDH, glyceraldehyde 3-phosphate dehydrogenase; iNOS,
inducible nitric oxide synthase; Mac, membrane-activated complex; P450,
cytochrome P450; ROS, reactive oxygen species; TCDD, 2,3,7,8-tetrachlor-
odibenzo-p-dioxin.
⁎ Corresponding authors.K. Jarukamjorn is to be contacted at fax: +66 43202379.
E-mail addresses: kanok_ja@kku.ac.th (K. Jarukamjorn),

nnemoto@pha.u-toyama.ac.jp (N. Nemoto).

0041-008X/$ - see front matter © 2007 Elsevier Inc. All rights reserved.
doi:10.1016/j.taap.2007.07.008
enzymes in the metabolism of potential procarcinogens such as
polycyclic aromatic hydrocarbons (PAHs), nitro-PAHs, and aryl
and heterocyclic arylamines. In addition to being substrates,
PAHs are also inducers of CYP1A1 and CYP1A2 genes. The
mechanisms of transcriptional regulation of the two genes are
not the same. CYP1A1 is expressed constitutively in several
extrahepatic tissues, but not in the liver. However, while
CYP1A1 expression has been demonstrated in the liver after
inducer treatment, CYP1A2 is constitutively and inducibly
expressed only in the liver (Kimura et al., 1986; Iwanari et al.,
2002). Aryl hydrocarbon receptor (AhR) has been shown to
play central roles in the regulation and induction of CYP1A1
and CYP1A2 by a prototype inducer, 2,3,7,8-tetrachlorodi-
benzo-p-dioxin (TCDD; Whitlock, 1999). In addition to the two
members of the CYP1A subfamily, CYP1B1, a relatively new
member of the superfamily 1 (Brake et al., 1999; Ryu and
Hodgson, 1999; Savas et al., 1994), has been postulated to be
involved in the metabolism of PAHs such as TCDD through

mailto:kanok_ja@kku.ac.th
mailto:nnemoto@pha.u-toyama.ac.jp
http://dx.doi.org/10.1016/j.taap.2007.07.008
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AhR and the AhR nuclear translocator (ARNT)-mediated
pathway (Ryu and Hodgson, 1999; Savas et al., 1994).
Constitutive expression of CYP1B1 was detected in steroido-
genic tissues such as adrenal glands, ovaries, and testes, but it
was not detected in xenobiotic-metabolizing organs such as
liver, kidney, and lung (Iwanari et al., 2002; Savas et al., 1994).
Since CYP1 is responsible for activating carcinogenic aromatic
amines and heterocyclic amines, to which we are exposed to
every day via smoking, diet, and the environment, its regulation
is of clear interest.

Andrographolide (3-[2-[decahydro-6-hydroxy-5-(hydroxy-
methyl)-5,8a-dimethyl-2-methylene-1-napthalenyl]ethylidene]
dihydro-4-hydroxy-2(3H)-furanone) is the major diterpenoid
constituent of the plant Andrographis paniculata Nees (Family
Acanthaceae), which has been traditionally employed for
centuries in Asia and Europe as a folk remedy for a wide
spectrum of ailments or a herbal supplement for health pro-
motion, and is nowadays incorporated in a number of herbal
medicinal preparations. It is found in the Indian Pharmaco-
poeias and is a prominent component in at least 26 Ayurvedic
formulas (Madav et al., 1995). In traditional Chinese medicine,
it is an important “cold property” herb used to rid the body of
heat, as in fevers, and to dispel toxins from the body (Deng,
1978). In Scandinavian countries, it is commonly used to
prevent and treat the common cold (Caceres et al., 1997).
A. paniculata is one of the top 10 herbal medicines which the
Thai FDA has promoted as an alternative medicinal therapy for
fever and inflammation. Extensive research has revealed that
the whole-plant extract is useful for anti-inflammatory (Shen
et al., 2002), antiviral (Calabrese et al., 2000), anticancer
(Kumar et al., 2004), and immunostimulatory (Puri et al., 1993;
Iruretagoneya et al., 2005) treatments. On the other hand, male
reproductive toxicity (Akbarsha and Murugaian, 2000) and
cytotoxicity (Nanduri et al., 2004) of this plant have been
reported as well. Andrographolide has been reported to
show hepatoprotective activity in mice against carbon tetra-
chloride and paracetamol intoxication (Handa and Sharma,
1990a; Handa and Sharma, 1990b), and to possess several
pharmacological activities, including inhibition of iNOS
expression (Chiou et al., 2000, 1998), Mac-1 expression, and
ROS production (Shen et al., 2002, 2000), and a protective
effect against cytotoxicity (Kapil et al., 1993). This compound
has recently been shown to work as an anti-inflammatory agent
by reducing the generation of ROS in human neutrophils (Shen
et al., 2002), as well as preventing microglia activation (Wang
et al., 2004) and interfering with T cell activation (Iruretagoneya
et al., 2005). Recently, we reported that a crude extract of
A. paniculata might induce mouse hepatic cytochrome P450
isoforms CYP1A1 and CYP2B via significant increases in
ethoxyresorufin O-dealkylase (EROD) and pentoxyresorufin
O-dealkylase activities (Jarukamjorn et al., 2006). However,
there have been no studies on the impact of andrographolide on
the expression of hepatic P450 enzymes. Therefore, it was of
interest to examine how andrographolide influences the ex-
pression of hepatic P450s. The results of such an inquiry might
provide invaluable guidelines for the rational administration and
precautions for the use of the herbal plant.
In the present study, the ability of andrographolide to elevate
the hepatic expression of CYP1A1, CYP1A2, CYP1B1, and
AhR was examined in mouse hepatocytes and compared with
that of typical CYP1A inducers, including benz[a]anthrazene
(B[a]A), β-naphthoflavone (β-NF), and TCDD. Subsequently,
the synergistic effects of concomitant treatment with andro-
grapholide and the typical CYP1A inducers on the induction of
CYP1A1 mRNA, protein, and enzyme activity were examined.
The findings revealed that andrographolide has a potency to
induce CYP1A1 enzyme.

Materials and methods

Materials. Materials for culturing hepatocytes were purchased from Gibco®
Invitrogen Cell Culture (Carlsbad, CA), BioWhittaker™ Cambrex Bio-Sciences
(Walkerville, MD), and Wako Pure Chemical (Osaka, Japan). Percoll and
collagenase (Type I) were products of GE Healthcare Bio-Sciences AB (Uppsala)
and the Sigma Chemical Co. (St. Louis, MO), respectively. Andrographolide,
resveratrol, and the LDH-cytotoxic test were supplied by Wako Pure Chemical. B
[a]A, β-NF, TCDD, ethoxyresorufin, and resorufin were obtained from Sigma
Chemical Co. The TaKaRa RT-PCR kit (Perfect Real Time) and SYBR® Green
Premix Ex Taq™ (Perfect Real Time) were products of TaKaRa Biomedicals
Inc. (Shiga, Japan). The TaqMan® Gene Expression Assays were products of
Applied Biosystems (Branchburg, NJ). The antibody against rat CYP1A1 was a
generous gift from Dr. Y. Funae (Osaka City University, Osaka, Japan). The
Amersham Pharmacia Biotech Co. supplied Hybond-C membranes for blotting.
The Dual-Luciferase Reporter Assay System was a product of Promega®
(Madison, WI). All other laboratory chemicals were of the highest available purity
from commercial suppliers.

Preparation of primary hepatocyte cultures. The liver of a ddY male mouse
(Sankyo Laboratories, Shizuoka, Japan) at 8 weeks of age was perfused with
collagenase, and viable hepatocytes were isolated by means of Percoll isodensity
centrifugation as described (Nemoto and Sakurai, 1995). Standard culture
conditionswere used as follows: the cells were dispersed inWaymouthMB752/1
medium containing bovine serum albumin (2 g/l), insulin (0.5 mg/l), transferrin
(0.5 mg/l), and selenium (0.5 μg/l), and seeded in dishes at a density of 5×106

cells/10 ml/100-mm collagen-coated dish. The Waymouth medium did not
contain phenol red, a pH indicator, to exclude the possibility of estrogen-like
action. Depending on the presence of cell attachment factors, the hepatocytes
anchor to the dishes within 3 h and subsequently form a monolayer. The culture
dishesweremaintained at 37 °C in a CO2-humidified incubator. Themediumwas
renewed 3 h after plating and then, after 24 h, the treatment with andrographolide
and/or typical CYP1A inducers was performed immediately following the
medium change, unless otherwise indicated. The inducers were dissolved in
DMSO, which itself had no influence on enzyme activity at the routinely
employed maximum concentration of 0.1% (Nemoto and Sakurai, 1992). The
cells were harvested after another 24 h to prepare total RNA or microsomal
proteins as described elsewhere (Jarukamjorn et al., 1999). These culture
conditions were convenient for maintaining CYP1A1 and CYP1A2 expression
(Nemoto and Sakurai, 1992) and the concentrations of added compounds were
proved to be non-cytotoxic by the methods of the LDH-cytotoxic test and the
normalized level of GAPDH.

Real-time RT-PCR. Mouse CYP1A1, CYP1A2, CYP1B1, AhR, and GAPDH
mRNAs were quantified by real-time RT-PCR. Hepatic total RNA was reverse-
transcribed and cDNA was amplified under the conditions recommended by the
supplier (TaKaRa Biomedicals Inc., Shiga, Japan) of the TaKaRa® RT-PCR kit
(Perfect Real Time) using specific TaqMan® Gene Expression Assays (Invento-
ried) for Cyp1a1 (assay ID, Mm00487218_m1), Cyp1a2 (Mm00487224_m1),
Cyp1b1 (Mm00487229_m1), and AhR (Mm00478932_m1), as well as the
SYBR® Premix Ex Taq™ (Perfect Real Time) for GAPDH, in which the forward
and reverse primers were 5′-TCC ACT CAC GGC AAATTC AAC G-3′ and 5′-
TAG ACT CCA CGA CAT ACT CAG C-3′, respectively. The specificity of
amplification of GAPDH cDNA was confirmed by both polyacrylamide gel
electrophoresis and the dissociation curve of the product. Real-time PCR was
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performed using the ABI Prism® 7000 Sequence Detection System (Applied
Biosystems, Branchburg, NJ) with ABI Prism® 7000 SDS software. The
conditions of each PCR cycle were as follows: denaturation at 95 °C for 5 s, and
annealing and extension at 60 °C for 1 min. The amplified products of CYP1A1,
CYP1A2, CYP1B1, and AhR cDNAs were detected directly by monitoring the
fluorescence of the reporter dye (FAM), for which an increase in fluorescence
signal was detected only if the target sequencewas complementary to the probe and
amplified by the PCR. The amplified PCR products of GAPDH were monitored
directly bymeasuring the increase in the signal of SYBR®Green that was bound to
double-stranded DNA amplified by PCR.

Western blotting of microsomal proteins. The microsomal fraction was
prepared by ultracentrifugation of the 10,000×g supernatant of monolayer-cultured
hepatocytes at 104,000×g for 60min at 4 °C (Nemoto et al., 1989). Themicrosomal
protein concentration was determined as described using bovine serum albumin as
a standard (Nemoto and Sakurai, 1992). Sixty micrograms of microsomal protein
was resolved by 10% SDS-PAGE and then transferred to a Hybond-C membrane.
The P450 species were detected using a rabbit polyclonal antibody against rat
CYP1A1 protein that cross-reacted with CYP1A2, followed by a biotinylated goat
anti-rabbit IgG and biotinylated horseradishH-avidin complex, and then visualized
with 3,3′-diaminobenzidine and hydrogen peroxide.

Assessment of enzyme activity. EROD activity was determined by the method
of Sakuma et al. (1999) with some modifications. Briefly, monolayer-cultured
hepatocytes that have been cultivated for 2 days in a 60-mm collagen-coated
dish were incubated with 10 μM ethoxyresorufin, and then a 0.4-ml aliquot of
the medium was sampled at specified times. Subsequently, the formation of
resorufin was immediately analyzed by spectrofluorometry with excitation
wavelength of 530 nm and emission wavelength of 585 nm.
Fig. 1. Modulation of B[a]A-inducible expression of CYP1A1, CYP1A2, CYP1B
Hepatocytes at day 1 of cultivation were incubated with andrographolide (Andro) an
Materials and methods. The mRNA expression of target genes was analyzed by real-
GAPDH. Each column represents the mean±SD (n=6). Significance was examined u
⁎⁎pb0.01; ⁎⁎⁎pb0.001. Panel A shows the expression profile of CYP1A1 and CYP
immediately added to hepatocytes after the medium was changed consecutively on the
and AhR mRNAs by andrographolide. Concentrations of the added compounds wer
Transient transfection and luciferase assay. One day before transfection,
hepatocytes were isolated for plating in 35-mm collagen-coated dish at the
same density as mentioned above. The hepatocytes were transfected with
1.8 μg of the reporter construct containing 3 tandem repeats of Dioxin
Responsive Element (DRE) (Yao and Denison, 1992) in pGL3-promotor
vector and 0.2 μg of pRL-SV40 vector (as an internal control for
transfection) by using Trans Pass D1 Transfection Reagent (New England
Biolabs, Ipswich, MA). Three hours after the transfection, the medium was
renewed and the treatment with andrographolide and/or TCDD was started.
The cells were harvested after incubation for further 24 h. Luciferase activity
was measured by the supplier's recommendation.
Results

Different effects on expression of CYP1A1, CYP1A2, CYP1B1,
and AhR mRNAs by andrographolide

The effects of andrographolide on the expression of CYP1A
subfamily members and the mediating transcription factor were
examined in monolayer-cultured hepatocytes. Andrographolide
markedly induced the expression of CYP1A1 and CYP1A2
mRNAs in a concentration-dependent manner (Fig. 1A).
Maximal induction of CYP1A1 expression was observed
1 day after the treatment, while that of CYP1A2 was observed
later. B[a]A significantly increased the expression of CYP1A1,
1, and AhR mRNAs by andrographolide in monolayer-cultured hepatocytes.
d/or B[a]A. Total RNAwas prepared 24 h after the last treatment as described in
time RT-PCR and the mRNA levels of the target gene were normalized to that of
sing ANOVA and the Student–Newman–Keuls method (Sigmastat®); ⁎pb0.05;
1A2 mRNA by andrographolide. Andrographolide, at 12.5, 25, or 50 μM, was
indicated days. Panel B shows the modified expression of B[a]A-induced CYP1
e 50 μM for andrographolide and 13 μM for B[a]A.



Fig. 3. Induction of CYP1A1 mRNA expression by andrographolide and typical
CYP1A1 inducers. Hepatocytes at day 1 of cultivation were incubated with
25 μM andrographolide, and/or typical CYP1A inducers. Total RNA was
prepared 24 h later as described in Materials and methods. The mRNA
expression of target genes was analyzed by real-time RT-PCR and the mRNA
levels of the target gene were normalized to that of GAPDH. Each column
represents the mean±SD (n=6). Significance was examined using ANOVA and
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CYP1A2, and CYP1B1 mRNAs (Fig. 1B), in accord with
previous reports (Guengerich and Shimada, 1998; Iwanari et al.,
2002; Whitlock, 1999). Interestingly, co-treatment with andro-
grapholide and B[a]A synergistically enhanced the expression
of CYP1A1 mRNA, while no such synergistic effect was
observed on the expression of CYP1A2. On the other hand,
andrographolide could not modify the expression levels of AhR
or B[a]A-induced CYP1B1 mRNAs. These observations
suggest for the first time that andrographolide, a major
diterpenoid lactone in the extract of A. paniculata, has a potency
to induce CYP1A subfamily.

Impact of resveratrol on the synergistic modification of B[a]
A-inducible expression of CYP1A1 mRNA by andrographolide

To examine whether AhR influences the regulation of
andrographolide-inducible CYP1A1 mRNA expression, resver-
atrol, an AhR antagonist (Chun et al., 1999), was employed
under the same condition in which andrographolide enhanced
the induction of CYP1A1 mRNA expression by an AhR ligand,
B[a]A. Resveratrol blocked the synergistic action of the
combined treatment of andrographolide and B[a]A, whereas
the effect of single treatment with either andrographolide or B
[a]A was not affected (Fig. 2). These results revealed that AhR
participates in the synergistic effect of concomitant treatment
with andrographolide and B[a]A on CYP1A1 mRNA expres-
sion, at least in part.

Activation of CYP1A1 mRNA and protein expression by
andrographolide and typical CYP1A inducers

To evaluate the effects of andrographolide on the induction
of CYP1A1 mRNA expression by typical CYP1A inducers, the
relative mRNA expression of CYP1A1 compared to GAPDH in
monolayer-cultured hepatocytes incubated with andrographo-
lide and/or typical CYP1A inducers, including β-NF, TCDD,
and B[a]A, was analyzed. Andrographolide significantly
Fig. 2. Effect of resveratrol on the synergistic modification of B[a]A-inducible
expression of CYP1A1 mRNA by andrographolide. Hepatocytes at day 1 of
cultivation were incubated with 25 μM andrographolide, 13 μM B[a]A, and/or
resveratrol (at the indicated concentrations). Total RNAwas prepared 24 h later
as described in Materials and methods. The mRNA expression of target genes
was analyzed by real-time RT-PCR and the mRNA levels of the target gene were
normalized to that of GAPDH. Each column represents the mean±SD (n=6).
Significance was examined using ANOVA and the Student–Newman–Keuls
method (Sigmastat®); ⁎pb0.05; ⁎⁎pb0.01.

the Student–Newman–Keuls method (Sigmastat®); pb0.05; pb0.001.
Panel A shows synergistic induction of CYP1A1 expression by co-treatment
of typical inducers and andrographolide. Numbers in the figure indicate
expression compared with that of the control group (=1), unless otherwise
indicated. Concentrations of typical CYP1A inducers were 13 μM for β-NF and
B[a]A, and 30 nM for TCDD. NT, non-treatment. Panel B shows the
concentration-dependent induction of β-NF-induced CYP1A1 expression by
andrographolide. The concentrations of β-NF were 1, 3, 6, or 13 μM.
induced the expression of CYP1A1 mRNA (62-fold), although
the level of induction was relatively low compared to that
obtained using typical CYP1A inducers (Fig. 3A). Interestingly,
the strong induction of CYP1A1 mRNA expression by β-NF,
TCDD, and B[a]A was synergistically enhanced by concomi-
tant addition of andrographolide. In addition, the induction of
CYP1A1 mRNA expression showed a concentration-dependent
pattern with either β-NF itself or co-treatment with β-NF plus
andrographolide (Fig. 3B).

As shown in Fig. 4, robust induction of CYP1A1 proteins
was observed in microsomes from hepatocytes treated with
either andrographolide plus β-NF, TCDD, or andrographolide



Fig. 4. Induction of CYP1A1 protein expression by andrographolide and typical
CYP1A1 inducers. Hepatocytes at day 1 of cultivation were incubated with
25 μM andrographolide (Andro), and/or typical CYP1A inducers. Microsomal
protein was prepared 24 h later, and the expression of CYP1A1 and CYP1A2
proteins was analyzed as described in Materials and methods. In addition to
CYP1A1 and CYP1A2, unidentified non-specific proteins beneath CYP1Awere
present in the preparations. The concentrations of the typical CYP1A inducers
were 13 μM for B[a]A and β-NF, and 30 nM for TCDD.

Fig. 6. Expression of DRE-mediated transcriptional activity by TCDD and
andrographolide in primary culture hepatocytes. Hepatocytes at day 1 of
cultivation were transfected with the reporter construct containing 3 tandem
repeats of Dioxin Responsive Element (DRE) in pGL3-promoter vector or
pGL3-promotor (empty promoter) and the cells were treated with 30 nM TCDD
and/or 25 μM andrographolide (Andro). Luciferase activity was measured after
incubation for 24 h. Significance was examined using ANOVA and the Student–
Newman–Keuls method (Sigmastat®); ⁎pb0.01. The figure represents the
results from 5 independent experiments.
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plus TCDD. Under the conditions used, it was hardly possible to
detect the bands of CYP1A1 protein in extracts from cells
treated with either andrographolide or andrographolide plus B
[a]A in the figure. The induction and synergism of the induction
of CYP1A1 protein expression by different treatments were in
accord with the effects on CYP1A1 mRNA expression
(Fig. 3A) when the analyses were performed using the optimal
conditions for detection of these expression levels.

The activity of EROD, which was reported to be selective for
the CYP1A1 enzyme in the liver of mice (Burke et al., 1994), was
assessed to confirm the synergistic regulation of the expression of
the CYP1A1 enzyme by andrographolide. In accord with the
expression of CYP1A1mRNA and protein, the EROD activity in
the cells co-treated β-NF or TCDD plus andrographolide was
significantly higher than that in the cells with single treatment
with andrographolide,while that in the cells treated concomitantly
with B[a]A and andrographolide was almost the same as that in
cells treated with either agent alone (Fig. 5).

To examine the possibility of whether andrographolide
induced CYP1A1 after AhR activation, the effect of androgra-
pholide on DRE-mediated transcriptional activity was investi-
Fig. 5. Modulation of ethoxyresorufin O-deethylase activity profile by co-
treatment with andrographolide and typical CYP1A inducers. Hepatocytes at
day 1 of cultivation were incubated with 25 μM andrographolide (Andro), and/
or typical CYP1A inducers. Ethoxyresorufin (10 μM) was added 24 h later, and
an aliquot of the medium was sampled (at specified times) and subsequently
subjected to spectrofluorometric measurement as described in Materials and
methods. Each point represents the mean±SD (n=6–8). Significance was
examined using ANOVA and the Student–Newman–Keuls method (Sigma-
stat®); ⁎pb0.001. The concentrations of the typical CYP1A inducers were
13 μM for B[a]A and β-NF, and 30 nM for TCDD.
gated by a luciferase reporter assay. When TCDD was exposed
to the cells transfected with the reporter construct containing the
3×(DRE), the luciferase activity was elevated to a level of 9-fold
higher than that of control cells transfected with empty vector,
and was not enhanced by co-treatment with andrographolide
(Fig. 6).

Discussion

The present investigations employing primary mouse hepato-
cytes as monolayer cultures revealed that andrographolide has a
novel potency to induce the CYP1A subfamily. In addition, a
robust increased expression of UGT1A6 mRNA, which belongs
to a battery of AhR-mediated genes, by andrographolide was
noted (our unpublished observations). Furthermore, a strong
synergistic expression of CYP1A1 mRNA was observed in the
presence of andrographolide after treatment with typical CYP1A1
inducers.

The observations that the synergistic induction of CYP1A1
expression by andrographolide was blocked by resveratrol
suggests a possibility that AhR-mediated transcription activation
pathway could be involved in the mechanism of induction of
CYP1A1 mRNA by andrographolide. Furthermore, the increase
of luciferase activity seen in TCDD-treated cells transfected with
the 3×(DRE), with no enhancement by co-treatment with
andrographolide, supported this possibility. Therefore, andro-
grapholide might influence the expression mechanism of
CYP1A1 by enhanced efficiency of mRNA processing or in-
hibition of mRNA turnover.

However, resveratrol has several pharmacological actions,
which suggests that the target point of the compound is involved
in various signal pathways (Chun et al., 1999; Park et al., 2007;
Le Corre et al., 2006); further investigations not restricted to the
AhR pathway to reveal the mechanism of the synergism might
be required. Furthermore, the mechanisms of transcriptional
regulation of CYP1A1, CYP1A2, and CYP1B1 are not the
same (Guengerich and Shimada, 1998; Iwanari et al., 2002),
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which may have led to our observations that the andrographo-
lide-inducibility of the expression of those isoenzymes differed:
andrographolide extensively induced CYP1A1 expression,
while it induced CYP1A2 less markedly, and did not induce
CYP1B1 expression (Fig. 1).

The metabolism of a drug can be altered by another drug or a
foreign chemical, and such interactions can often be clinically
significant. P450 enzymes are involved in the metabolism of a
plethora of xenobiotics and have been shown to be involved in
numerous interactions between drugs and food, herbs, or other
drugs (Delgoda and Westlake, 2004). Phytochemical-mediated
modulation of P450 activities has been widely studied. For
example, some kind of P450 species was reported to be altered
by treatment with St. John's wort and a constituent that
influenced the expression of the respective P450 isoforms was
identified (Moore et al., 2000; Wentworth et al., 2000), but so
far no constituent in St. John's wort has been shown to possess
an inductive potency like that shown here for andrographolide.
Compared with the typical CYP1A inducers, andrographolide,
a single substance extracted from A. paniculata, interestingly
demonstrated a marked synergistic modification of the in-
duction of CYP1A1 mRNA expression. This is the first report
on the potency of andrographolide to specifically induce
CYP1A1 gene and a potentially useful compound for investi-
gating new inductive pathways of CYP1A expression.

The expression of CYP1A1markedly influences the activation
of human-related chemical carcinogens (Kimura et al., 1986;
Iwanari et al., 2002; Nemoto and Sakurai, 1992; Nemoto et al.,
1989). We showed here that andrographolide significantly up-
regulated the expression level of CYP1A1 mRNA, protein, and
enzyme. The concentrations of andrographolide presently used
(12.5–50 μM) were roughly equivalent to those achieved in
individuals ingesting A. paniculata (Panossian et al., 2000;
Calabrese et al., 2000). The relevance of andrographolide utilized,
compared to the andrographolide concentrations expected in
subjects using A. paniculata as a medicinal herb was evident.
Therefore, some risks associated with the use of this compound
might be of interest and further evaluation of andrographolide
analogs should be performed. Our findings suggest some possible
advice for the rational administration and precautions for using
the herbal medicine A. paniculata.
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a b s t r a c t

We previously reported that andrographolide greatly enhanced the expression of CYP1A1. Since andro-
grapholide is a major constituent of Andrographis paniculata, which has been employed for centuries in
Asia and Europe as a folk remedy, we further analyzed genes whose expression was modified by andro-
grapholide using primary-cultured mouse hepatocytes in a microarray assay. With the threshold for
modification set at 2-fold, andrographolide up-regulated 18 genes among 28,853 genes, most of them
related to metabolism/oxidation/reduction. Meanwhile, 5 genes, related to protein binding or calcium ion
ndrographolide
-Naphthoflavone
YP1A1
YP1B1
icroarray

binding, were down-regulated. A combination of �-naphthoflavone (�-NF), a CYP1A inducer, and andro-
grapholide modified the expression of 45 genes (27 up-regulated and 18 down-regulated), although �-NF
single treatment up-regulated 4 genes. The affected genes were again mostly related to metabolism and
oxidation–reduction. Among P450 isoforms, andrographolide by itself induced CYP1A1, CYP2A4, CYP2B9,
and CYP2B10 expression. Synergistic expression of CYP1A1 and CYP1B1 mRNA was confirmed by quan-
titative RT-PCR. These observations suggest that drug interaction and risk assessment with the use of

icula
andrographolide or A. pan

. Introduction

Andrographolide (3-[2-[decahydro-6-hydroxy-5-(hydroxyme-
hyl)-5, 8�-dimethyl-2-methylene-1-napthalenyl]ethylidene] di-
ydro-4-hydroxy-2(3H)-furanone) is a major diterpenoid
onstituent of the plant Andrographis paniculata Nees (Family
canthaceae), which has been used for centuries in Asia and
urope to treat a wide spectrum of ailments or as a health
upplement. Andrographolide has been reported to show hep-
toprotective activity in mice against carbon tetrachloride and
aracetamol intoxication [1], and to have several pharmacolog-

cal effects, including inhibition of iNOS expression [2], Mac-1
xpression, and ROS production [3], anticancer activity [4], and

protective effect against cytotoxicity [5]. Presently, andro-
rapholide has been tested in phase I clinical trials for HIV [6]. As a
egative effect, A. panuculata extract or andrographolide showed

oxicity in reproductive tissue by arresting spermatogenesis [7].
his compound is readily available in several health supplements.
herefore, it is necessary to carefully evaluate its effects.

Abbreviations: �-NF, �-naphthoflavone; AhR, arylhydrocarbon receptor; CYP,
ytochrome P450.
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Previously, we reported that a crude extract of A. panic-
ulata might induce mouse hepatic cytochrome P450 isoforms
CYP1A1 and CYP2B via significant increases in ethoxyresorufin
O-dealkylase- and pentoxyresorufin O-dealkylase activities [8].
Moreover, andrographolide significantly induced the expression
of CYP1A1 mRNA in a concentration-dependent manner in mouse
hepatocytes in primary culture, as did typical CYP1A inducers.
Interestingly, andrographolide plus a typical CYP1A inducer syn-
ergistically induced CYP1A1 expression, and the synergism was
blocked by an arylhydrocarbon receptor (AhR)-antagonist, resver-
atrol [9]. Very recently, Pekthong et al. [10] reported the effect of A.
paniculata extract or andrographolide on the expression of a lim-
ited number of cytochrome P450s in vivo in rat liver and in vitro in
human and rat hepatocyte cultures, indicating that the effect was
diverse. For example, the treatment decreased expression of human
CYP2C9 and CYP3A4 or rat CYP2C11 and CYP3A1, while CYP1A2
expression was enhanced in rats, but suppressed in humans. There-
fore, it is of interest to determine how andrographolide influences
the expression of analogous or other genes in mouse hepatocytes,
especially the genes of metabolizing enzymes. The results of such
an inquiry might provide invaluable guidelines for administration

and precautions for use of this compound or herbal plant.

To better understand the effect of andrographolide on gene
expression including that of CYPs, we conducted a microar-
ray analysis to screen the effects of andrographolide and/or
�-naphthoflavone (�-NF) on the transcription of mouse genes. The

http://www.sciencedirect.com/science/journal/00092797
http://www.elsevier.com/locate/chembioint
mailto:nnemoto@pha.u-toyama.ac.jp
dx.doi.org/10.1016/j.cbi.2009.09.001
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Table 1
TaqMan® Gene Expression Assays, TaqMan® MGB or TAMRA Gene Expression Detection Kits, and SYBR® Green PCR Primers.

Genes TaqMan® Gene Expression
Assays (Inventoried)

TaqMan® MGB or TAMRA Gene Expression Detection Kit SYBR® Green PCR Primers

Forward primer Reverse primer probe Forward primer Reverse primer

Cyp1a2 Mm00487224 m1
Cyp1b1 Mm00487229 m1
Cyp2b10 Mm00456591 m1
Cyp3a11 Mm00731567 m1
Ugt1a6 Mm01967851 s1

Cyp1a1 5′-GAC ATT TGA GAA
GGG CCA CAT C-3′

5′-CCA AAG AGG TCC
AAA ACA ATC G-3′

5′-FAM-CGA GAA TGC
CAA TGT CCA GCT GTC
A-TAMRA-3′

Cyp2b9 5′-CAC AGA TGA CCA
GTT CCT TCA TCT-3′

5′-GTT CCT GCT GTT
TTT TGA CAA TTT-3′

5′-FAM-CTC TGG TCA
GAT GTT TGA G-MGB -3′

Cyp3a41 5′-GCC AAA GGG ATT
TTA AGA GTT GTT
GAC T-3′

5′-GGT GTC AGG AAT
GGA AAA AGTA CA-3′

5′-FAM-ATC CTT TGG TCT
TCT CAG-MGB-3′

Cyp2a4 5′-GGG CAG GTC TAT 5′-AAA GTC CTC CAG
′
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GAPDH

esults indicate that andrographolide induces the expression of sev-
ral isoforms of CYP and has a synergistic effect on CYP1B1 as well
s CYP1A1 in combination with �-NF.

. Materials and methods

.1. Chemicals

Materials for culturing hepatocytes were purchased from
ibco® Invitrogen Cell Culture (Carlsbad, CA), BioWhittakerTM

ambrex Bio-Sciences (Walkerville, MD), and Wako Pure Chemi-
al (Osaka, Japan). Percoll and collagenase (Type I) were products
f GE Healthcare Bio-Sciences AB (Uppsala) and Sigma Chemical
o. (St. Louis, MO), respectively. Andrographolide was supplied
y Wako Pure Chemical (Tokyo, Japan). �-NF was obtained from
igma Chemical Co. ReverTraAce was a product of Toyobo Co.,
td. (Osaka, Japan). SYBR® Green I and G-Taq Labo PassTM were
roducts of Cambrex Bio Science Rockland, Inc. (ME, USA) and
okkaido System Science Co., Ltd. (Hokkaido, Japan), respectively.
he TaqMan® Gene Expression Assays were products of Applied
iosystems (Branchburg, NJ). All other laboratory chemicals were
f the highest available purity from commercial suppliers.

.2. Preparation of primary cultures of mouse hepatocytes and
reatment

The liver of C57BL/6 male mice (Sankyo Laboratories, Shizuoka,
apan) at 7 weeks of age was perfused with collagenase, and viable
epatocytes were isolated by Percoll isodensity centrifugation as
escribed [11]. Standard culture conditions were as follows: the
ells were dispersed in Waymouth MB752/1 medium contain-
ng bovine serum albumin (2 g/l), insulin (0.5 mg/l), transferrin
0.5 mg/l), and selenium (0.5 �g/l), and seeded at a density of
× 105 cells/1.5 ml/35 mm collagen-coated dish. The Waymouth
edium did not contain phenol red, a pH indicator, to exclude

he possibility of estrogen-like action. Depending on the pres-
nce of cell attachment factors, the hepatocytes anchored to the
ishes within 3 h and subsequently formed a monolayer. The cul-
ure dishes were maintained at 37 ◦C in a CO2-humidified incubator.

he medium was renewed 3 h after plating and then, 24 h later,
5 �M andrographolide and/or 10 �M �-NF was added after a
hange of medium. Measurements of lactate dehydrogenase activ-
ty in medium indicated it to be non toxic at these concentrations.
otal RNA was prepared from the cells 24 h later as described [12].
GAG ATG TTT TCT
TC-3′

GCC TTG CA-3

5′-TCC ACT CAC GGC
AAA TTC AAC G-3′

5′-TAG ACT CCA CGA
CAT ACT CAG C-3′

2.3. Microarray analysis

Total RNA was re-purified using a FastPureTM RNA kit (TaKaRa,
Shiga, Japan), and its concentration and quality were examined
using a NanoDrop ND-1000 (NanoDrop Technologies, DE, USA)
and Agilent 2100 Bioanalyzer (Agilent Technologies, CA, USA). RNA
samples were submitted to Bio Matrix Research, Inc. (Chiba, Japan)
for analysis using a GeneChip® Mouse Exon 1.0 ST array (Affy-
matreix Technologies, Tokyo, Japan) according to the standard
protocol. The microarray data was analyzed using GeneSpring GX10
software (Agilent Technologies).

2.4. Quantitative real time RT-PCR

The expression of mouse CYPs and GAPDH mRNAs was quanti-
fied by real-time RT-PCR. cDNAs were synthesized by ReverTraAce
and G-Taq Labo PassTM under the conditions recommended by
the suppliers (Applied Biosystems, Branchburg, NJ) using specific
TaqMan® Gene Expression Assays (Inventoried) for Cyp1a2, Cyp1b1,
Cyp2b10, Cyp3a11, Ugt1a6, and specific TaqMan® MGB or TAMRA
Gene Expression Detection kits for Cyp1a1, Cyp2b9, and Cyp3a41,
or SYBR® Green I for Cyp2a4 and GAPDH (Table 1). Real-time PCR
was performed using the ABI Prism® 7000 Sequence Detection Sys-
tem (Applied Biosystems) with ABI Prism® 7000 SDS software. The
PCR conditions were as follows: denaturation at 95 ◦C for 15 s, and
annealing and extension at 60 ◦C for 1 min. The amplified products
of CYP1A1, CYP1A2, CYP1B1, CYP2B9, CYP2B10, CYP3A11, CYP3A41,
and UGT1A6 were detected directly by monitoring the fluorescence
of the reporter dye (FAM), for which an increase in fluorescence sig-
nal was detected only if the target sequence was complementary
to the probe and amplified by the PCR. The amplified PCR products
of CYP2A4 and GAPDH were monitored directly by measuring the
increase in SYBR® Green that was bound to double-stranded DNA
amplified by PCR.

3. Results

3.1. Analysis of gene expression by andrographolide and/or ˇ-NF
The present microarray system was useful for the analysis of
28,853 genes. Treatment with andrographolide up-regulated 18
genes, while it down-regulated 5 genes, if the change in expression
was taken as more than two-fold (Fig. 1A). Almost all the up-
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Fig. 1. Effect of �-NF and/or andrographolide on expression of genes in mouse hepatocytes in primary culture after treatment with 0.2% DMSO (control), 10 �M �-NF,
and 25 �M andrographolide (A), and co-treatment (�-NF plus A). The lines indicate a change in gene expression compared to the control of higher or lower than 2-fold.
Abbreviations in the figure: Cyp, cytochrome P450; Gstm, Glutathione S-transferase (GST) � class; Ugt, UDP glucuronyltransferase; Nqo1, NAD(P)H dehydrogenase quinine;
Olfr1029, olfactory receptor 1029; Cbr3, carbonyl reductase 3; Adh7, alcohol dehydrogenase 7; Sbpl, spermine binding protein-like; Ddc, dopa decarboxylase; Ccl, chemokine
( inhib
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C–C motif) ligand; Cxcl, chemokine (C–X–C motif) ligand; Eid3, EP300 interacting
imentin; Thbs1, thrombospondin 1; Vcam1, vascular cell adhesion molecule 1; C
hosphoprotein 1; Pdzrn3, PDZ domain containing RING finger 3; Hp, haptoglobin; V
rotein; Bhmt, betaine-homocysteine methyltransferase; Plscr1, phospholipid scram

egulated genes were related to metabolism/oxidation/reduction
uch as Cyp1a1, Cyp2a4, Gstm3, Gstm4, Ugt2b35, and Nqo1.
he down-regulated genes were protein binding or calcium
on binding-related genes (Thbs1, Cdh17, and Sbp1). �-NF up-
egulated 4 genes, Cyp1a1, Cyp1a2, Nqo1, and Olfr1029 (Fig. 1B).
nterestingly, the combination of �-NF and andrographolide
ad a greater impact (Fig. 1C). The number of modified genes
as 118, with 78 up-regulated and 40 down-regulated. Corre-

pondingly, most of the up-regulated genes were involved in
etabolism/oxidation/reduction such as Cyps, Gstm, Ddc, Cbr, Aox3,
gt, and Akr, while the down-regulated genes belonged to several
roups including oxidation/reduction/ion binding-related genes,
.e., Plscr1, Steap4, Bhmt, Vil1, Pdzrn3, Ngb, and Cyp17a1, protein
inding-related genes, i.e., Vim, Cish, Hp, Ctgf, Cdh17, and Vcam1,
nd chemokine/cytokine-related genes, i.e., Cxcl13, Ccl2, and Spp1.
omparisons of gene expression between the combined treatment
ith �-NF and andrographolide and the single treatment with �-
F (Fig. 1D), related that 27 genes were up-regulated whereas 18
enes were down-regulated by the combined treatment. Again,
ost genes up-regulated by the combined treatment were involved

n metabolism and oxidation–reduction, such as Cyp1a1, Cyp2a4,
dh7, Ddc, Gstm, and Eid3, while the down-regulated genes were
imilar to those down-regulated by the combined treatment in
omparison with the control.

Table 2 summarizes the metabolizing enzyme-related genes,
he expression of which increased at least two-fold after either

reatment. The number of modified genes was 14 for the drug

etabolism group and 13 for the oxidoreductase group. Cyp1a1 was
he highest up-regulated gene among increased cytochrome P450s,
ike Cyp1a2, Cyp1b1, Cyp2a4/Cyp2a5, Cyp2b9, Cyp2b10, and Cyp8b1.
n addition, Ugt1a, Ugt2b5, and Ugt2b35, members of UDP glu-
itor of differentiation 3; Aox3, aldehyde oxidase 3; Akr, aldo-keto reductase; Vim,
cadherin 17; Ngb, neuroglobin; Steap4, STEAP family member 4; Spp1, secreted

lin 1; Ctgf, connective tissue growth factor; Cish, cytokine inducible SH2-containing
1.

curonyltransferase, were up-regulated. Glutathione S-transferase
(GST) � class, Gstm2, Gstm3, and Gstm4, were up-regulated. For
these genes, the combined treatment with �-NF and andro-
grapholide had more of an effect than the single treatments. Among
oxidoreductase genes, Adh7, Cbr3, and Nqo1 were highly induced by
the combined treatment.

3.2. Quantitative real-time RT-PCR analysis

To confirm the expression of the cytochrome P450 family 1,
2, and 3, and UGT1A6, quantitative real-time RT-PCR was car-
ried out (Fig. 2). Changing ratios of the expression were generally
higher among the results of RT-PCR than those of microarray.
Significant difference (p < 0.05) between the combined and single
treatments was clear in the expression of CYP1A1, CYP1B1, CYP2A4,
CYP3A11, CYP3A41, and UGT1A6 mRNAs. In the case of CYP1A1 and
CYP1B1, the combined treatment had a synergistic effect, whereas
the expression of CYP3A11 and CYP3A41 was higher on combined
treatment but not single treatment. CYP2A4, CYP2B9, and CYP2B10
were significantly induced by andrographolide, but the combined
treatment with �-NF further increased the expression of CYP2A4.

3.3. Effects of andrographolide on anti-oxidation and
immune-responsive genes

A. paniculata extract has long been employed as a folk rem-

edy or health supplement. The genes involved in responsible
immune-responses or anti-oxidation, which were up-regulated or
down-regulated more than 20% by andrographolide treatment,
are listed in Table 3. The expression of 6 anti-oxidation-related
genes was found to be slightly increased, whereas all the immune
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Table 2
Effect of �-NF and/or andrographolide on metabolizing enzymes.

Accession No. Gene Gene symbol Fold up-regulation*

�-NF A �-NF + A

Drug metabolism
U03283 Cytochrome P450, family 1, subfamily b, polypeptide 1 Cyp1b1 1.92 1.07 3.80
BC044927 Glutathione S-transferase, mu 3 Gstm3 1.44 2.65 3.05
J04696 Glutathione S-transferase, mu 2 Gstm2 1.24 1.88 2.21
BC030444 Glutathione S-transferase, mu 4 Gstm4 1.29 2.25 2.89
BC003240 P450 (cytochrome) oxidoreductase Por 1.35 1.23 2.01
BC011233 Cytochrome P450, family 2, subfamily a, polypeptide 4, 5 Cyp2a4|Cyp2a5 1.63 3.01 4.11
BC028262 UDP glucuronosyltransferase 2 family, polypeptide B5 Ugt2b5 1.13 1.87 2.01
BC113789 UDP glucuronosyltransferase 2 family, polypeptide B35 Ugt2b35 1.44 2.50 2.87
BC026561 UDP glucuronosyltransferase 1 family, polypeptide A Ugt1a 1.67 1.35 2.06
M21855 Cytochrome P450, family 2, subfamily b, polypeptide 9 Cyp2b9 1.13 1.45 2.00
BC060973 Cytochrome P450, family 2, subfamily b, polypeptide 10 Cyp2b10 1.11 1.68 2.33
Y00071 Cytochrome P450, family 1, subfamily a, polypeptide 1 Cyp1a1 21.52 3.90 54.59
BC018298 Cytochrome P450, family 1, subfamily a, polypeptide 2 Cyp1a2 2.25 1.22 2.54
BC010973 Cytochrome P450, family 8, subfamily b, polypeptide 1 Cyp8b1 1.25 2.02 1.61

Oxidoreductase
AF172276 Aldehyde oxidase 3 Aox3 1.29 1.77 2.09
BC013482 Aldo-keto reductase family 1, member C14 Akr1c14 1.35 2.05 2.70
U31966 Carbonyl reductase 1 Cbr1 1.26 1.78 2.05
BC028763 Carbonyl reductase 3 Cbr3 1.69 4.21 6.71
BC049957 Sulfiredoxin 1 homolog (S. cerevisiae) Srxn1 1.45 2.64 4.22
U95053 Glutamate-cysteine ligase, modifier subunit Gclm 1.14 1.68 2.43
AF331802 Alcohol dehydrogenase 7 (class IV), mu or sigma Adh7 1.32 1.50 5.71
BC018390 Tryptophan 2,3-dioxygenase Tdo2 1.24 2.68 3.79
BC067055 N-terminal EF-hand calcium binding protein 1 Necab1 1.24 1.86 2.25
BC014865 Leukotriene B4 12-hydroxydehydrogenase Ltb4dh 1.40 1.92 2.91
BC006617 Biliverdin reductase B (flavin reductase (NADPH)) Blvrb 1.24 1.74 2.21
BC021157 Hydroxyprostaglandin dehydrogenase 15 (NAD) Hpgd 1.27 1.57 3.05
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BC004579 NAD(P)H dehydrogenase, quinone 1

* Hepatocytes were treated with either 10 �M �-NF (�-NF), 25 �M andrographol
s fold up-regulation, compared with that of 0.2% DMSO treated.

esponsive genes listed were suppressed by andrographolide treat-
ent.

. Discussion

The present study revealed that andrographolide has the poten-
ial to increase the expression of several genes involved in drug

etabolism and oxidoreduction in mouse hepatocytes in primary
ulture. Furthermore, in combination with a typical CYP1A inducer,
-NF, it had a synergistic effect on CYP1A1 and CYP1B1 expression.

We previously reported that the expression of CYP1A1 and
YP2B mRNA was enhanced by andrographolide or a crude extract
f A. paniculata in mouse liver or hepatocytes in primary culture
nd the enhancement reflected the responsible marker enzyme
ctivity [8,9]. The present study confirmed this and suggested that
ndrographolide influenced the expression of many genes. Singh
t al. [13] reported that high dose of A. paniculata extract signifi-
antly increased the expression of catalase, glutathione reductase,
nd glutathione peroxidase in mouse liver. Moreover, an aqueous
xtract of A. paniculata significantly elevated catalase and glu-
athione S-transferase levels in mice [14]. In the present study,
e observed a tendency for the expression of catalase, glutathione

eductase, glutathione peroxidase 2, and glutathione S-transferase
o be increased by andrographolide, suggesting its anti-oxidation
ctivity. One reason for the slight increase might be that the
NA samples were prepared 24 h after the addition of andro-
rapholide.

Although Puri et al. [15] reported that A. paniculata extract stim-

lated the immune system, we did not observe elevated levels
f immune-responsive genes in the present investigation. How-
ver, we cannot conclude that andrographolide did not activate
he immune system, since we analyzed their expression in mouse
epatocytes, not in immune-responsive tissue.
Nqo1 2.39 2.24 6.46

, or co-treatment (�-NF + A) for 24 h. Expression of the respective genes was shown

Although single treatment with either �-NF or andrographolide
changed the expression of small numbers of genes, combined treat-
ment affected many genes. Most of the up-regulated genes were
involved in oxidation or reduction related to the phase I and II
enzymes of drug metabolism. Although andrographolide by itself
influenced the expression of these genes, synergism with �-NF
was found only in limited number of genes, namely, confirmative
experiments with real-time RT-PCR revealed that the synergistic
expression of CYP1B1 as well as CYP1A1 mRNA was remark-
able. These two CYP isoforms do not constitutively but inducibly
express in the liver. The induction of both is mediated by the AhR
pathway, suggesting that andrographolide might act on this path-
way. However, although AhR-mediated activation is also involved
in CYP1A2 and UGT1A6 mRNA expression, andrographolide did
not enhance the expression. Therefore, the synergistic expression
of CYP1A1 and CYP1B1 was preferentially influenced by andro-
grapholide. A proposed mechanism of the synergism may be
related to the anti-oxidation activity of andrographolide, because
down-regulated expression of CYP1A1 by oxidative stress has been
reported [16–18]. Although expression of anti-oxidation-related
genes was not so much affected by andrographolide in the present
microarray observation, the activity was strongly suggested in
vivo and in vitro experiments [19,20]. Further evidence that the
genes related to anti-oxidation would be clearly up-regulated in
the present culture condition will require detailed investigation
by measuring them at several time points after addition of andro-
grapholide, since the present protocol observed the expression only
at 24 h.
The potency of A. paniculata extract or andrographolide for
expression of CYPs in vivo and in vitro were investigated recently
by Pekthong et al. [10], with both suppressive and promotive
effects demonstrated, depending on the CYPs isoform, even in
a hepatocyte culture system. It is impossible to compare our
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MSO group at p ≤ 0.05 or 0.001, respectively (One-way ANOVA, Tukey post hoc te

esults with their observations, since the experimental proto-
ol was not the same. In general, there is a time-dependent

xpression of mRNA for all major CYPs isoforms e.g. CYP1A2,
YP2C9, CYP2E1 and CYP3A4 in human hepatocytes [21,22]
nd culture conditions also affect the expression of cytochrome
450s [23]. Therefore, it is necessary to establish a procedure

able 3
ffect of andrographolide on anti-oxidation and immune response genes.

Accession No. Gene Gene
symbol

Fold
change*

Anti-oxidation
AB042745 NADPH oxidase 4 Nox4 0.80
D16142 Peroxiredoxin 1 Prdx1 1.20
AF093852 Peroxiredoxin 6 Prdx6 1.45
BC013447 Catalase Cat 1.33
BC010823 Glutathione peroxidase 2 Gpx2 1.34
AY279096 Glutathione S-transferase kappa 1 Gstk1 1.23
BC057325 Glutathione reductase Gsr 1.25

Immune responsive system
BC055070 Chemokine (C-C motif) ligand 2 Ccl2 0.70
BC085259 T-cell specific GTPase Tgtp 0.72
BC019961 Chemokine (C-X-C motif) ligand 16 Cxcl16 0.72
M23447 Chemokine (C-C motif) ligand 3 Ccl3 0.73
BC012965 Chemokine (C-X-C motif) ligand 13 Cxcl13 0.21
BC002113 Secreted phosphoprotein 1 Spp1 0.02
BC030067 Chemokine (C-X-C motif) ligand 10 Cxcl10 0.23
BC013738 Transforming growth factor, beta 1 Tgfb1 0.57

* Hepatocytes were treated with 25 �M andrographolide for 24 h. Expression of
he respective genes was shown as fold change, compared with that of 0.2% DMSO
reated.
me RT-PCR. All target genes were normalized to GAPDH. Columns represent the
bined treatment with �-NF and A. *, ** represent significant differences from the

for the risk assessment of A. paniculata extract or andro-
grapholide.

In conclusion, the present results revealed that andrographolide
is a potent inducer of CYP2A4, and CYP2B9. Interestingly, andro-
grapholide had a markedly synergistic effect on CYP1A1 and
CYP1B1 in combination with a typical CYP1A inducer, �-NF.
A risk assessment of andrographolide or A. paniculata should
be conducted, since the expression of genes, especially drug
metabolism-related genes, might be affected.
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a b s t r a c t

We previously observed a strong synergistic effect on polycyclic aromatic hydrocarbon (PAH)-induced
CYP1A1 expression by andrographolide, a major constituent of an herbal medicine derived from the
plant Andrographis paniculata, in mouse hepatocytes in primary culture. The present paper describes con-
firmation of an enhancing effect of andrographolide on the CYP1 family in vivo in the PAH-responsive
C57BL/6 mouse. Andrographolide did not alter CYP1 expression in the PAH-nonresponsive DBA/2 mouse.
eywords:
ndrographolide
YP1A1
hR
rchiectomy
estosterone

The enhanced expression induced by andrographolide was observed in male C57BL/6 mice, but not in
intact or ovariectomized females, or in orchiectomized male mice. However, treatment with testosterone
restored the effect in both orchiectomized males and ovariectomized females. These observations indi-
cate a male hormone-related system to be a crucial mediator of the modulation of CYP1 expression by
andrographolide. Precautions should be taken regarding the use of A. paniculata as an alternative medica-
tion or health promotion, according to its distinctive characterization on sexually dimorphic modulation
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of CYP1A1 expression.

. Introduction

Cytochrome P450s (P450#) play a key role in the metabolism
f drugs and xenobiotics, including chemical carcinogens
Guengerich and Shimada, 1998; Guengerich, 2000). Of these
450s, CYP1A1 and CYP1A2 are the major enzymes involved
n the metabolic activation of potential procarcinogens, such as
olycyclic aromatic hydrocarbons (PAHs), nitro-PAHs, and aryl and
eterocyclic amines. CYP1A1 is constitutively expressed in several
xtrahepatic tissues, but not in the liver (Kimura et al., 1986).

owever, while CYP1A1 expression has been demonstrated in the

iver after inducer treatment, CYP1A2 expression is constitutive
nd inducible in the liver (Kimura et al., 1986; Iwanari et al.,
002). The regulation of CYP1A1 and CYP1A2 expression by a

Abbreviations: AhR, aryl hydrocarbon receptor; ARNT, AhR nuclear translocator;
6, C57BL/6; D2, DBA/2; EROD, ethoxyresorufin O-deethylase; GAPDH, glyceralde-
yde 3-phosphate dehydrogenase; 3-MC, 3-methylcholanthrene; P450, cytochrome
450; PAH, polycyclic aromatic hydrocarbon; PB, phenobarbital; TCDD, 2,3,7,8-
etrachlorodibenzo-p-dioxin; TE, testosterone.
∗ Corresponding author. Tel.: +81 76 434 7520.

∗∗ Corresponding author. Tel.: +66 43 202 378; fax: +66 43 202 379.
E-mail addresses: kanok ja@kku.ac.th (K. Jarukamjorn), nnemoto@pha.u-

oyama.ac.jp (N. Nemoto).
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rototype inducer, 2,3,7,8-tetrachlorodibenzo-p-dioxin (TCDD), is
ctivated through an aryl hydrocarbon receptor (AhR) (Whitlock,
999). Besides CYP1A1 and CYP1A2, CYP1B1 is a relatively new
ember of family 1 (Savas et al., 1994; Brake et al., 1999; Ryu

nd Hodgson, 1999) which has been reported to be involved in
he metabolism of PAHs, and is also inducible by CYP1A1 inducers
hrough AhR and the AhR nuclear translocator (ARNT)-mediated
athway (Savas et al., 1994; Ryu and Hodgson, 1999). CYP1B1

s constitutively expressed in steroidogenic tissues, but is not
etected in xenobiotic-metabolizing organs such as liver, kidney,
nd lung (Savas et al., 1994; Iwanari et al., 2002). The CYP1 family
s responsible for activating carcinogenic aromatic amines and
eterocyclic amines, to which we are exposed every day via
moking, our diet, and the environment; hence its regulation is of
lear interest.

Andrographolide (3-[2-[decahydro-6-hydroxy-5-(hydroxyme-
hyl)-5,8a-dimethyl-2-methylene-1-napthalenyl]ethylidene]dih-
dro-4-hydroxy-2(3H)-furanone) is the major diterpenoid con-
tituent of Andrographis paniculata Nees (Family Acanthaceae), a

lant traditionally employed in folk remedies for a wide spectrum
f ailments (Jarukamjorn and Nemoto, 2008) as an important
cold property” herb used to rid the body of heat, as in fevers, and
oxins (Deng, 1978), including to prevent and treat the common
old (Caceres et al., 1997), or as a herbal supplement (Mishra

http://www.sciencedirect.com/science/journal/09280987
http://www.elsevier.com/locate/ejps
mailto:kanok_ja@kku.ac.th
mailto:nnemoto@pha.u-toyama.ac.jp
dx.doi.org/10.1016/j.ejps.2010.01.009
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t al., 2007), and nowadays incorporated in a number of herbal
edicinal preparations. A crude extract of A. paniculata was

ecently found to induce hepatic CYP1A1 and CYP2B expression,
ased on observations of significant increases in ethoxyresorufin
-dealkylase (EROD) activity and pentoxyresorufin O-dealkylase
ctivities (Jarukamjorn et al., 2006). Interestingly, andrographolide
lus typical CYP1A inducers, including �-naphthoflavone, TCDD,
nd benz[a]anthracene, synergistically induced CYP1A1 expres-
ion in mouse hepatocytes in primary culture, and the synergism
as blocked by an AhR antagonist, resveratrol (Jaruchotikamol

t al., 2007). The findings supported the involvement of an AhR-
ediated pathway of transcriptional activation in the synergistic

ffect of andrographolide and the AhR ligands on CYP1A1 in mouse
epatocytes. Therefore, it was of interest to study whether the
ynergistic effect on CYP1A1 induction of andrographolide plus
typical CYP1A inducer in cultured mouse hepatocytes occurs in

ivo, and if so, whether there are factor(s) influencing it.
In the present study, the synergistic effect on CYP1 expression

y andrographolide plus 3-methylcholanthrene (3-MC) and the
nvolvement of AhR were examined in PAH-responsive, C57BL/6
B6), and -nonresponsive, DBA/2 (D2), mouse strains. Subse-
uently, the gender-dependent synergism of CYP1’s activation
y andrographolide plus 3-MC was assessed in B6 mice. The
bservations suggest that, besides AhR, a sex hormone-associated
egulatory system plays a role in the modulation of 3-MC-induced
YP1 expression by andrographolide.

. Materials and methods

.1. Materials

Andrographolide and phenobarbital sodium (PB) were supplied
y Wako Pure Chemical Ind. (Osaka, Japan). Ethoxyresorufin and
esorufin were purchased from Sigma Chemical Co. (St. Louis,
O, USA). 3-MC was a product of Eastman Kodak Co. (Rochester,
Y, USA). Testosterone propionate was purchased from Kasei TCI

Tokyo, Japan). ReverTra Ace® and LaboPassTM G-Taq® for reverse
ranscription and polymerase chain reaction were purchased from
oyobo Co., Ltd. (Osaka, Japan) and Hokkaido System Science Co.,
td. (Sapporo, Japan), respectively. SYBR® Green Premix Ex TaqTM

Perfect Real Time) was a product of TaKaRa Biomedicals Inc.
Shiga, Japan). TaqMan® Gene Expression Assays and TaqMan®

ene Expression Detection kit were products of Applied Biosys-
ems (Branchburg, NJ, USA). The antibody against rat CYP1A1 was
gift from Dr. Y. Funae (Osaka City University, Osaka, Japan). The
mersham Pharmacia Biotech Co. supplied Hybond-C membranes

or blotting. All other laboratory chemicals were of the highest
vailable purity from commercial suppliers.

.2. Animals

Male and female C57BL/6 and DBA/2 mice were supplied
y Sankyo Experimental Animals, Tokyo, Japan. All mice were
oused in the University of Toyama’s Animal Center facility under
he supervision of certified laboratory veterinarians and were
reated according to a research protocol approved by the Univer-
ity’s Institutional Animal Care and Use Committee. At all times,
he mice were housed on paper chip bedding in plastic cages,
ith water and a commercial mouse diet supplied ad libitum.
he quarters were air conditioned (20–23 ◦C) and had a 12-h
ight/dark cycle. Orchiectomy or ovariectomy was carried out at

weeks of age. Seven-week-old mice of both sexes were sub-
utaneously injected daily with 5 mg/kg/day of andrographolide,
nd/or intraperitoneally given 20 mg/kg/day of 3-MC or 100 mg/kg

2

m
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f phenobarbital sodium (PB) for 3 days. The treatment with andro-
rapholide was continued for a further 1 or 2 days. In some
ases, testosterone propionate at 5 mg/kg/day was subcutaneously
njected daily for 7 days, starting 2 days before the administration
f 3-MC or PB. These compounds were dissolved in corn oil and the
nal volume of administration was 0.1 ml/25 g body weight. The
ontrol group was subcutaneously given corn oil daily for 7 days to
ssure a non-significant change of CYP1 expression. The mice were
acrificed on the 5th or 6th day after the start of 3-MC or PB treat-
ent and the liver was excised immediately for the preparation of

otal RNA and microsomes (Jarukamjorn et al., 1999).

.3. Real-time RT-PCR

Mouse P450 and GAPDH mRNA expression was quantified by
eal-time RT-PCR. Hepatic total RNA was reverse-transcribed and
DNA was amplified as described previously with some modifica-
ions (Jaruchotikamol et al., 2007) using specific TaqMan® Gene
xpression Assays (Inventoried) for Cyp1a2 (Mm00487224 m1),
yp1b1 (Mm00487229 m1), Cyp2b9 (Mm00657910 m1), Cyp2b10
Mm00456591 m1), and Cyp3a11 (Mm00731567 m1), and a spe-
ific TaqMan® Gene Expression Detection kit for Cyp1a1, in which
he forward and reverse primers and the probe were: 5′-GAC ATT
GA GAA GGG CCA CAT C-3′, 5′-CCA AAG AGG TCC AAA ACA ATC
-3′, and 5′-FAM-CGA GAA TGC CAA TGT CCA GCT GTC A-TAMRA-
′, respectively, as well as the SYBR® Premix Ex TaqTM (Perfect
eal Time) for GAPDH, in which the forward and reverse primers
ere: 5′-TCC ACT CAC GGC AAA TTC AAC G-3′ and 5′-TAG ACT
CA CGA CAT ACT CAG C-3′, respectively. The specificity of GAPDH
DNA amplification was confirmed by both polyacrylamide gel
lectrophoresis and the dissociation curve of the product. Real-time
CR was performed using the ABI Prism® 7000 Sequence Detec-
ion System (Applied Biosystems, Branchburg, NJ, USA) with ABI
rism® 7000 SDS software. The conditions for each PCR cycle were
s follows: denaturation at 95 ◦C for 15 s, and annealing and exten-
ion at 60 ◦C for 1 min. The amplified products of P450 cDNAs were
etected directly by monitoring the fluorescence of the reporter
ye (FAM), for which an increase in the fluorescence signal was
etected only if the target sequence was complementary to the
robe and amplified by the PCR. The amplified PCR products of
APDH were monitored directly by measuring the increase in
ignal of SYBR® Green that was bound to double-stranded DNA
mplified by the PCR.

.4. Western blotting of microsomal proteins

Livers were rapidly excised and cut into small pieces before
omogenization with ice-cold 1.15% KCl. Microsomal fractions
ere prepared after ultracentrifugation of the 10,000 × g super-
atant at 104,000 × g for 60 min at 4 ◦C. The microsomal protein
oncentration was determined as described previously (Nemoto
nd Sakurai, 1992) using bovine serum albumin as a standard. Five
r twenty micrograms of microsomal protein was resolved by 10%
DS-PAGE and then transferred to a Hybond-C membrane. The
450 species localized were detected using a rabbit polyclonal anti-
ody against rat CYP1A1 protein, which cross-reacted with CYP1A2,
ollowed by a horseradish peroxidase-conjugated goat anti-rabbit
gG antibody, and then visualized with 3,3′-diaminobenzidine and
ydrogen peroxide (Sakuma et al., 1999).
.5. Assessment of total P450 content and enzymatic activities

The total P450 content of the hepatic microsomes was deter-
ined by carbon monoxide difference spectrophotometry (Omura

nd Sato, 1964). EROD activity was determined by the method
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Fig. 1. Hepatic CYP1 expression induced by andrographolide and/or 3-methylcholanthrene in male C57BL/6 or DBA/2 mice. (A) Expression of CYP1A1, CYP1A2, and CYP1B1
mRNA. Male B6 or D2 mice were subcutaneously injected with andrographolide (5 mg/kg/day) daily for 5 days and/or intraperitoneally with 3-MC (20 mg/kg/day) for 3 days.
Total RNA and a microsomal fraction were prepared from the liver 1 day after the last treatment. Hepatic total RNA was reverse-transcribed and cDNA was amplified using
a specific TaqMan® Gene Expression Assay or TaqMan® Gene Expression Detection Kit. Expression of the respective mRNA was normalized to that of GAPDH. Each column
represents the mean ± SD (n = 5–6). Significance was examined using a one-way ANOVA, the Tukey post hoc test and the Student–Newman–Keuls method (Sigmastat®);
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p < 0.001 (vs. NT); #p < 0.01, ##p < 0.001 (vs. 3-MC treated). (B) Expression profile
DS-PAGE and the expression of CYP1A1 and CYP1A2 proteins was detected using
YP1A2. Besides CYP1A1 and CYP1A2, unidentified non-specific proteins beneath
-MC, 3-methylcholanthrene; Co-tx, co-treatment with 3-MC plus andrographolide

f Sakuma et al. (1999) with some modifications. Briefly, a reac-
ion mixture containing 10 mM Tris–HCl (pH 7.8), 200 �M NADPH,
.5 mg of hepatic microsomes, and 50 �M ethoxyresorufin in a final
olume of 3.5 ml was incubated at 37 ◦C for 3 min. Subsequently, the
ormation of resorufin was measured by spectrofluorometry with
n excitation wavelength of 530 nm and emission wavelength of
85 nm.

. Results

.1. Hepatic CYP1 expression induced by andrographolide and/or
-methylcholanthrene in C57BL/6 or DBA/2 male mice

The effects of andrographolide and/or 3-MC on the expression
f Cyp1 gene family members were examined in livers of B6 and

2 mice, which were PAH-responsive and -nonresponsive mouse

trains, respectively. 3-MC significantly induced the expression of
epatic CYP1A1, CYP1A2, and CYP1B1 in male B6 mice (Fig. 1A).
lthough andrographolide did not induce the expression of hepatic
YP1A1, CYP1A2, or CYP1B1 mRNA, andrographolide plus 3-MC

a
m
B
t

P1A1 and CYP1A2 protein. Hepatic microsomal protein was resolved using 10%
bit polyclonal antibody against the rat CYP1A1 protein, which cross-reacted with
A were present in the preparations. NT, non-treatment; Andro, andrographolide;

ynergistically enhanced the expression of CYP1A1 and CYP1A2
RNAs in the livers of B6 males. Neither single treatment with

-MC or andrographolide nor co-treatment significantly modified
he expression of CYP1A1 mRNA in male D2 mice. Correspondingly,
he levels of CYP1A1 and CYP1A2 protein in hepatic microsomes
ere markedly increased on treatment with 3-MC or with andro-

rapholide plus 3-MC in B6 mice, but were un-changed in D2 mice
Fig. 1B). These observations support the idea that the synergistic
ffect of andrographolide plus 3-MC on the expression of CYP1A1
RNA occurred in male B6 mice in vivo as well as in primary cul-

ured mouse hepatocytes.

.2. Expression of hepatic P450 mRNAs by phenobarbital after
o-treatment with andrographolide
To further investigate whether the AhR-mediated pathway had
n effect on the regulatory mechanism for the synergistic enhance-
ent of CYP1 mRNA expression by andrographolide plus 3-MC in

6 males, 3-MC was replaced with PB. PB significantly induced
he expression of CYP1A1 mRNA as well as CYP2B9 and CYP2B10
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Fig. 2. Expression of hepatic P450 mRNA by phenobarbital in the presence of andrographolide. Male B6 mice were subcutaneously injected with andrographolide
( or 3 d
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5 mg/kg/day) daily for 5 days and/or intraperitoneally with PB (100 mg/kg/day) f
pecific TaqMan® Gene Expression Assay or TaqMan® Gene Expression Detection
epresents the mean ± SD (n = 5–6). Significance was examined using a one-way A
p < 0.01, **p < 0.001 (vs. NT). NT, non-treatment; Andro, andrographolide; PB, phen

RNA, while andrographolide by itself increased CYP2B expres-
ion (Fig. 2). The expression of none of the P450 mRNA tested was
ncreased by the co-treatment with andrographolide and PB.

.3. Modulation of total P450 content and ethoxyresorufin
-deethylase activity by co-treatment with andrographolide and
-methylcholanthrene in male C57BL/6 or DBA/2 mice

The total P450 content as well as EROD activity, reported to be
selective marker of the CYP1A1 enzyme in mouse liver (Burke et
l., 1994), were assessed to confirm the robust induction of the
xpression of CYP1A in male B6 mice. The values were signifi-
antly increased by treatment with 3-MC or andrographolide plus
-MC in male B6 mice, while they were unaffected by single treat-
ent with 3-MC or andrographolide, or by co-treatment with these

ompounds in D2 mice (Fig. 3). Consistent with the expression of
YP1A1 mRNA and protein (Fig. 1A and B), levels of EROD activity
ere significantly higher in 3-MC-treated B6 mice than D2.

.4. Gender-related modulation of CYP1 mRNA expression by
-methylcholanthrene after treatment with andrographolide

The expression of CYP1 family members induced by 3-MC after

reatment with andrographolide was examined further to clarify
hether other factors were involved. B6 mice of both sexes were

dministered 3-MC and andrographolide for 3 days, and treatment
ith the latter compound was continued for a further 1 or 2 days.

otal hepatic RNA was prepared 1 day after the last treatment.

c
s
o

ays. Hepatic total RNA was reverse-transcribed and cDNA was amplified using a
pression of the respective mRNA was normalized to that of GAPDH. Each column
, the Tukey post hoc test and the Student–Newman–Keuls method (Sigmastat®);
ital; Co-tx, co-treatment with PB plus andrographolide.

amely, the expression of CYP1 family members including CYP1A1,
YP1A2, and CYP1B1 was determined on the 5th and 6th days in
oth sexes of B6 mice (Fig. 4). On treatment with 3-MC, expres-
ion of the three isoforms in males declined with time, while levels
f CYP1A2 and CYP1B1 in females increased. Interestingly, the 3-
C-induced expression of CYP1 mRNAs in male mice was notably

ncreased by the co-treatment with andrographolide. Although
ndrographolide did not increase the 3-MC-induced mRNA expres-
ion of these CYP1 isoforms in female mice, the expression of
YP1A1 mRNA decreased significantly in females. These obser-
ations suggest that andrographolide protects against a decrease
n transcribed CYP1 family members after 3-MC treatment, and
hat the enhanced CYP1 expression on co-treatment with andro-
rapholide and 3-MC was dependent on gender.

The expression after co-treatment with andrographolide and 3-
C of CYP2B9, CYP2B10, and CYP3A11 isoforms was examined for
sex-dependent component. No such effect was observed (Fig. 5).
hese observations suggest a unique phenomenon whereby the
ynergistic or additive effect on CYP1 mRNA expression by andro-
rapholide plus 3-MC is regulated male-specifically.

.5. Impact of testosterone on the expression of CYP1A mRNA in
rchiectomized and ovariectomized C57BL/6 mice
Since the synergistic enhancement of CYP1 expression through
o-treatment with andrographolide and 3-MC was found to be
ex-dependent, the expression of CYP1 mRNAs was examined in
rchiectomized B6 mice under the same conditions. As expected,
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Fig. 3. Modulation of total P450 content and ethoxyresorufin O-deethylase activity by co-treatment with andrographolide and 3-methylcholanthrene in male C57BL/6 or
DBA/2 mice. Male B6 or D2 mice were subcutaneously injected with andrographolide (5 mg/kg/day) daily for 5 days and/or intraperitoneally with 3-MC (20 mg/kg/day) for
3 omes.
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days. Total P450 content as well as EROD activity was assessed in hepatic micros
olumns, those for microsomes from D2 mice. Each column represents the mean ±
est and the Student–Newman–Keuls method (Sigmastat®); *p < 0.01, **p < 0.001 (v
-methylcholanthrene; Co-tx, co-treatment with 3-MC plus andrographolide.

rchiectomy clearly diminished the synergistic effect on CYP1A1
xpression as well as the robust induction of CYP1A2 and CYP1B1
xpression in male B6 mice (Fig. 6A). These observations suggest
hat a male hormone or a male specific system is a crucial mediator

f the synergistic effect on CYP1A1 activation of co-treatment with
ndrographolide and 3-MC.

To further investigate whether a male sex hormone, testos-
erone, was an important factor in the synergistic promotion of
YP1A1 expression on treatment with andrographolide plus 3-

s
e
e
a
t

ig. 4. Sex-dependency of hepatic CYP1 expression induced by andrographolide and/or 3
njected daily with 5 mg/kg/day of andrographolide for 4 or 5 days and/or intraperitone

as continued for a further 1 or 2 days. The mice were sacrificed on the 5th or 6th day
DNA was amplified using a specific TaqMan® Gene Expression Assay or TaqMan® Gene
6 mice sacrificed on the 5th or 6th day, respectively. Expression of the respective mRNA w
ignificance was examined using a one-way ANOVA, the Tukey post hoc test and the Stud
vs. 3-MC treated). NT, non-treatment; Andro, andrographolide; 3-MC, 3-methylcholant
NA prepared on the 5th day, 6 D-harvested, total RNA prepared on the 6th day.
The open columns show the results for microsomes from B6 mice and the closed
n = 5–6). Significance was examined using a one-way ANOVA, the Tukey post hoc
; #p < 0.001 (vs. 3-MC treated). NT, non-treatment; Andro, andrographolide; 3-MC,

C in male mice, male and female B6 mice were orchiectomized
nd ovariectomized, respectively, before being treated with the
egimen described above as well as testosterone. Testosterone
learly restored the synergism of CYP1A1 mRNA to nearly the

ame level observed in B6 males in a total of two independent
xperiments (Fig. 6B). Correspondingly, testosterone restored the
xpression of CYP1A1 mRNA in ovariectomized B6 females to
level comparable to that in orchiectomized B6 males, while

he expression of CYP1A2 mRNA was not changed by 3-MC in

-methylcholanthrene in C57BL/6 mice. B6 mice of both sexes were subcutaneously
ally given 20 mg/kg/day of 3-MC for 3 days. The treatment with andrographolide
after the start of 3-MC treatment. Hepatic total RNA was reverse-transcribed and
Expression Detection Kit. The open and closed columns show mRNA expression of

as normalized to that of GAPDH. Each column represents the mean ± SD (n = 5–6).
ent–Newman–Keuls method (Sigmastat®); *p < 0.01, **p < 0.001 (vs. NT); #p < 0.001
hrene; Co-tx, co-treatment with 3-MC plus andrographolide; 5 D-harvested, total
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Fig. 5. Expression of CYP2B9, CYP2B10, and CYP3A11 mRNA induced by andrographolide and/or 3-methylcholanthrene in C57BL/6 mice. B6 mice of both sexes were
subcutaneously injected with andrographolide (5 mg/kg/day) daily for 5 days and/or intraperitoneally with 3-MC (20 mg/kg/day) for 3 days. Hepatic total RNA was reverse-
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n female mice and closed columns, that in male mice. Expression of the respective m
ignificance was examined using a one-way ANOVA, the Tukey post hoc test and
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hese ovariectomized B6 females. These findings suggest that an
nknown crucial sex-related factor is involved in the synergis-
ic effect on CYP1A1 by andrographolide plus 3-MC in male B6
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on-treatment; Andro, andrographolide; 3-MC, 3-methylcholanthrene; Co-tx, co-treatme
aqMan® Gene Expression Detection Kit. The open columns show mRNA expression
was normalized to that of GAPDH. Each column represents the mean ± SD (n = 5–6).
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. Discussion

The present study revealed that andrographolide, a major
onstituent of herbal medicine derived from A. paniculata, syner-

rchiectomized and ovariectomized C57BL/6 mice. (A) Expression of CYP1 mRNA
eeks later, all mice were treated with andrographolide and/or 3-MC under the

) Expression of CYP1A1 and CYP1A2 mRNA in orchiectomized and ovariectomized
d and ovariectomized, respectively, at 5 weeks of age. The orchiectomized male

mg/kg/day) daily for 7 days simultaneously with 3-MC plus andrographolide. The
pen columns show mRNA expression of CYP1A1 and the closed columns, that of
cific TaqMan® Gene Expression Assay or TaqMan® Gene Expression Detection Kit.
sents the mean ± SD (n = 5–6). Significance was examined using a one-way ANOVA,

(vs. NT); #p < 0.001 (vs. 3-MC treated or andrographolide plus 3-MC treated). NT,
nt with 3-MC plus andrographolide.
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istically enhanced the expression of CYP1 family genes after 3-MC
reatment in vivo. Interestingly, this synergism was observed only
n the male mice. After mice were orchiectomized, the synergistic
ffect was eliminated, and testosterone supplementation restored
YP1A1 expression.

Recently, andrographolide has been reported to influence the
xpression of CYP1A1 mRNA in primary cultured mouse hepa-
ocytes (Jaruchotikamol et al., 2007). Although andrographolide
id not show marked inducing activity, it had a strong synergistic
ffect on CYP1A1 expression evoked by a typical CYP1A1 inducer.
he present study demonstrated a synergistic effect on CYP1A1
xpression by andrographolide plus 3-MC in vivo. In addition, the
nvolvement of an AhR-mediated pathway of transcription in regu-
ating the synergistic effect was clearly affirmed that enhancement
f CYP1A1 expression was found only in the liver of PAH-responsive
6 mice, and not in nonresponsive D2 mice. Furthermore, no
vidence of synergism after co-treatment with PB and andro-
rapholide was obtained, though PB weakly induced CYP1A1 mRNA
xpression under the present experimental conditions, suggest-
ng andrographolide to partially modify the activation pathway for
YP1A1 via AhR, since PB is not known to activate AhR.

The synergistic effect on CYP1A1 mRNA expression was noted
n male, but not female mice (Fig. 4). Enhanced expression was
lso noted for CYP1A2 in male mice. However, andrographolide
id not enhance, but rather reduced, 3-MC-induced CYP1 mRNA
xpression in orchiectomized mice (Fig. 6A). The expression pro-
le of CYP1A1 mRNA in orchiectomized males was almost the same
s that in intact female mice. These observations suggest that the
ale hormone restores the synergistic effect on CYP1A1 by andro-

rapholide. To confirm this possibility, orchiectomized male and
variectomized female B6 mice underwent testosterone supple-
entation simultaneously with the co-administration of 3-MC and

ndrographolide (Fig. 6B). The observations clearly demonstrated
hat the administration of testosterone to both orchiectomized
nd ovariectomized B6 mice restored the synergistic expression
f CYP1A1 to nearly the same level as that in intact B6 male mice.
he results suggested a male hormone-associated system to have
positive role in the synergistic effect on 3-MC-induced CYP1A1

xpression by andrographolide along with AhR-mediated pathway.
The association between the regulatory pathway of CYP1A1

xpression and female hormone condition has been widely
esearched (Angus et al., 1999; Ricci et al., 1999) in relation
o the inhibitory effect of estradiol on CYP1A1 (Eugster et al.,
993; Lai et al., 2004). A role for estrogen receptor-� (ER�)-
ediated transrepression of AhR-dependent regulation of CYP1A1

ia direct interaction between AhR/ARNT and ER� has been men-
ioned (Beischlag and Perdew, 2005). AhR and ER� might both
e present in the CYP1A1 enhancer region during transrepression.
he estrogen-mediated suppression and the synthesis of protein
actors were speculated to be due to blockage of the formation
f the activated TCDD/AhR complex by estradiol and subsequent
inding to DRE (Safe and Wormke, 2003; Lai et al., 2004). The
vidence that short hairpin RNA-mediated knockdown of ER�
xpression significantly decreased CYP1A1 expression suggested
R� as a promoter-specific modulator of AhR-dependent transcrip-
ion, and demonstrated the complexity of the cross-talk between
hese two receptor pathways (Matthews and Gustafsson, 2006).
R�’s modulation of AhR activity represents a new mechanism
f ER� signaling (Matthews and Gustafsson, 2006); leading to the
otion that this process represents a feedback regulation in estro-

en signaling (Lee et al., 2003). In the other words, dioxins can
imic the effects of estrogen through a mechanism that involves

he activation of estrogen receptors by a transcriptionally active
hR-ARNT complex (Brosens and Parker, 2003; Ohtake et al., 2003).
herefore, enhanced expression of CYP1A1 might be expected after

B

B
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variectomy, but there was no evidence of this. One of the rea-
ons might be that, even in ovariectomized female mice, estrogen
an be synthesized in several tissues and this estrogen might
nfluence CYP1A1 expression. Treatment of these females with
estosterone might compete with the estrogen is effect resulting
n synergism. Likewise, the synergistic effect on CYP1A1 expres-
ion significantly subsided after estradiol was used (unpublished
bservations). These findings suggest that another crucial deter-
inant, estrogen, is involved in regulating the synergistic effect of

YP1A1 expression by andrographolide plus 3-MC.
The level of CYP1A1 mRNA after 3-MC treatment decreased

ith time. The synergistic effect in male mice was more promi-
ent for mRNA prepared on the 6th day than 5th day (Fig. 4), since

evels were maintained on the 6th day. Andrographolide clearly
rolonged the expression of CYP1A1 after the termination of 3-
C treatment, suggesting that it maintained levels of transcribed
RNA after the treatment. Andrographolide might influence the

fficiency of mRNA processing or inhibition of mRNA turnover, as
uggested by previous experiments performed with primary cul-
ured mouse hepatocytes (Jaruchotikamol et al., 2007). Another
ossibility is that, if andrographolide inhibited the metabolism of
-MC, the inducing effect might continue. An inhibitory effect of
ndrographolide on hepatic microsomal P450-dependent activity
as observed in rat microsomes as well as in rat and human pri-
ary cultures (Pekthong et al., 2009). These possibilities could be

esolved easier in cultured cells than in intact animals. Fortunately,
ince the synergistic effect of andrographolide was observed in
oth in vivo and in vitro systems, we could conduct a risk assess-
ent of andrographolide use for the activation of ingested chemical

arcinogens in a cultured cell system.
CYP1A1 expression markedly influences the activation of chem-

cal carcinogens (Kimura et al., 1986; Nemoto et al., 1989;
arukamjorn et al., 1999; Iwanari et al., 2002). The concentration of
ndrographolide presently employed (5 mg/kg/day for 4–5 days)
as equivalent to that achieved in individuals ingesting A. panic-

lata (Calabrese et al., 2000; Panossian et al., 2000). The relevance
f andrographolide and A. paniculata as a medicinal herb would be
ade evident by employing an assay system using cultured cells.

herefore, some risks associated with the use of this compound
ight be of interest, and further evaluation of andrographolide

nalogs or other major constituents of A. paniculata should be per-
ormed. Our findings strongly suggest the importance of advice
egarding the use of A. paniculata as an alternative medicine.
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Abstract 
Cytochrome P450 (CYP) enzymes are involved in the biotransformation of a plethora of structurally diverse compounds of both endogenous 
and exogenous as well as numerous interactions between drugs and food, herbs and other drugs. CYP1A participates in the metabolic 
activation of chemical mutagens from daily exposure to tobacco smoke, cooked food, automobile exhaust, and industrial processes, in which 
its mechanism of transcriptional regulation has been postulated through an arylhydrocarbon receptor (AhR) and the AhR nuclear translocator. 
The activity of CYP1A is thus suspected to be not only a critical aspect for risk assessment when determining carcinogenicity, but also a 
considerable safety criterion for drug development testing. Andrographis paniculata, a folklore remedy employed as an herbal supplement 
for an alternative medicinal therapy or for health promotion including its major diterpenoid constituent andrographolide has been reported to 
possess several pharmacological activities. Besides the potentials for the treatment of ailments, the crude extract of Andrographis paniculata 
has exhibited capability to increase hepatic CYP1A enzymes including ethoxyresorufin and methoxyresorufin activities, in accord with the 
inductive effects conveyed by andrographolide. Strong synergistic induction of CYP1A1 by co-treatment with andrographolide and a typical 
CYP1A inducer as well as a robust increase of CYP1A1 by andrographolide in which the induction was blocked by an AhR antagonist 
resveratrol, affirmed participation of AhR-mediated transcription activation on andrographolide-induced CYP1A1 expression. Therefore, 
some advice and precautions for rational use of Andrographis paniculata and/or andrographolide including some associated risks are of clear 
concern. Moreover, investigations not restricted to the AhR-mediated pathway revealing the synergistic mechanism of andrographolide on 
CYP1A1 induction as well as influences of other confounding substances in this herb and andrographolide analogues, which may contribute 
modulatory effects on regulation of P450s machinery, are needed and are yet to be elucidated.  

Keywords: Andrographis paniculata, andrographolide, AhR, CYP1A1, CYP1A2, CYP1B1, EROD, MROD, PROD, P450, UGT1A6. 

Resumen 

Las enzimas del citocromo P450 (CYP) están involucradas en la biotransformación de una plétora de compuestos, tanto endógenos como 
exógenos, de estructuras diversas así como numerosas interacciones entre fármacos y alimentos, hierbas y otros fármacos. El CYP1A 
participa en la activación metabólica de mutágenos químicos de exposición diaria como el humo de tabaco, los alimentos cocidos, la descarga 
automovilística y los procesos industriales en los cuales el mecanismo de acción de regulación transcripcional ha sido postulado a través de 
un receptor aril-hidrocarbono (AhR) y el translocador AhR nuclear. Se sospecha que la actividad de CYP1A no es solamente un aspecto 
crítico para la evaluación de riesgo cuando se determina carcinogenicidad, también es un criterio considerable de seguridad para evaluar el 
desarrollo de un fármaco. Andrographis paniculata, un remedio del folklore empleado como un suplemento herbario para una terapia 
medicinal alternativa o para la promoción de salud incluye su mayor constituyente el diterpenoide andrografolide el que posee varias 
actividades farmacológicas. Además de las potencialidades para el tratamiento de dolencias, el extracto crudo de Andrographis paniculata ha 
demostrado la capacidad de aumentar las enzimas CYP1A hepáticas incluidas las actividades etoxiresorufina y metoxiresorufina, de acuerdo 
con los efectos inductores llevados a cabo por andrografolide. La fuerte inducción sinérgica de CYP1A1 por co-tratamiento con 
andrografolide y un típico inductor de CYP1A, así como un gran incremento de CYP1A1 por andrografolide en el cual la inducción fue 
bloqueada por un antagonista AhR, resveratrol, afirmó la participación de la activación transcripcional mediada por AhR sobre la expresión 
de CYPA1 inducida por andrografolide. Por consiguiente, son de preocupación clara algunos consejos y precauciones para el uso racional de 
Andrographis paniculata y/o andrografolide que incluyan algunos riesgos asociados. Además, necesitan ser elucidadas las investigaciones no 
restringidas a la vía mediada por AhR que revela el mecanismo sinérgico de andrografolide sobre la inducción de CYP1A1 así como las 
influencias de otras sustancias presentes en esta hierba y análogos de andrografolide, los cuales pueden contribuir a los efectos moduladores 
sobre la regulación de la maquinaria de CYPs. 

Palabras clave: Andrographis paniculata, andrografolide, AhR, CYP1A1, CYP1A2, CYP1B1, EROD, MROD, PROD, P450, UGT1A6. 
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Abbreviation list:  

AhR- aryl hydrocarbon receptor;   ARNT- AhR nuclear translocator;   B[a]A- benz[a]anthracene;   
β-NF- β-naphthoflavone;    DRE- dioxin responsive element;   EROD- ethoxyresorufin O-deethylase; 
HAA- heterocyclic arylamines;   iNOS- inducible nitric oxide synthase;   Mac- membrane-activated complex;  
MROD- methoxyresorufin O-deethylase;  PAH- polycyclic aromatic hydrocarbons;  CYP- cytochrome P450;   
ROS- reactive oxygen species;   TCDD- 2,3,7,8-tetrachlorodibenzo-p-dioxin;  UGT- UDP-glucuronosyltransferase. 

 

INTRODUCTION 

Mammals are equipped with a variety of enzymes 
that catalyze the transformation of xenobiotics to 
form, in general, more polar metabolites that are 
more readily excreted. The concept of phase I and 
phase II biotransformations, which captures the 
general view of metabolism of foreign compounds as 
a detoxification process, was introduced in the 1970s 
(Williams, 1971). Briefly, phase I proceeds by 
oxidative, reductive, and hydrolytic pathways, and 
lead to the introduction of a functional group (OH, 
SH, NH2, or COOH) and to a modest increase of 
hydrophilicity, while phase II modifies the newly 
introduced functional group to form O- and N-glucu-
ronides, sulfate esters, various α-carboxyamides, and 
glutathionyl adducts, all with increased polarity 
relative to the unconjugated molecules (Parkinson, 
1996). Although most biotransformations that xeno-
biotics undergo lead to polar, less toxic metabolites, a 
consideration of the structural features and toxic 
effects of certain compounds suggested that these 
same biotransformation pathways may also generate 
chemically reactive species that mediate the toxic 
effects of the parent compounds. Thus catalytic path-
ways that usually protect mammals against the 
toxicity of lipophilic organic compounds can, when 
the structural features of the substrate molecules 
contain latent chemical reactivity, lead to exerting 
toxicity (Mabic et al., 1999). This process is referred 
to as metabolic activation, bioactivation, or toxifi-
cation (Miller and Guengerich, 1982; Caldwell and 
Jakoby, 1983; Ander, 1985; Vermeulen et al., 1992; 
Vermeulen, 1996). Metabolism in the body 
apparently plays a dual role in the handling of and 
protection against exogenous compounds. In most 
cases, toxic (chemically reactive) intermediates will 
be detoxified or bioinactivated at their site of 
formation, but under circumstances of inefficient 
detoxification, via primary reaction with cellular 
constituents, however, they can induce biochemical 
and physiological changes, which may lead to toxic 
effects such as cell damage, cell death, or tumor 
genesis (Caldwell and Jakoby, 1983; Ander, 1985). 

The toxic manifestations of xenobiotics are a 
consequence of induction of phase I and II enzymes, 
especially when induction above the basal level of 
phase I enzymes is not followed by an increase in 
phase II conjugating activity. Organisms have 
amplified various existing metabolic mechanisms to 
counteract and eliminate the toxicity and 
carcinogenicity of xenobiotics such as drugs and 
environmental contaminants.  

The cytochrome P450 1 family 
A central mechanism of detoxification is oxidative 

metabolism by cytochrome P450s (CYP), members 
of the hemethiolate monooxygenase gene super-
family (Honkakoski and Negishi, 1997). Induction of 
hepatic CYPs rationalizes the activation of innocuous 
and/or hazardous chemicals to serve as a substrate for 
the action of phase II bio-transformation (Gibson and 
Skett, 2001). Humans are exposed to harmful foreign 
chemicals and materials from dietary, therapeutic, 
environmental, and occupational sources. Defense 
mechanisms have evolved to protect against toxic 
insults per se. The CYP superfamily is the most im-
portant enzyme system in terms of phase I-catalyzed 
oxidative biotransformations that result in the 
formation of biologically reactive metabolites 
(Gonzalez and Gelboin, 1994). There are multiple 
CYP enzymes that catalyze activation of a number of 
environmental pro-carcinogens to ultimate carcino-
genic metabolites (Guengerich and Shimada, 1998; 
Guengerich, 2000). CYP1A1, CYP1A2, and 
CYP1B1 have been shown to be the major enzymes 
in the metabolism of potential pro-carcinogens such 
as polycyclic aromatic hydrocarbons (PAHs), nitro-
PAHs, and aryl and heterocyclic arylamines (HAA) 
(Gelboin, 1980; Petry et al., 1996; Shimada et al., 
1996; Sjogren et al., 1996; Shimada et al., 2002). 
Oxygenation of carcinogenic PAH and HAA (pro-
carcinogens) gives rise to arene oxides, diol epoxides, 
and other electrophilic reactive species (ultimate 
carcinogens) that form DNA and protein adducts, 
leading to tumor formation and toxicity (Gelboin, 
1980; Miller and Miller, 1981; Conney, 1982; Jerina, 
1983). The levels of CYP enzymes in individuals 
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have been reported to be one of the key determinants 
in understanding different susceptibilities of humans 
to chemical carcinogenesis (Pelkonen and Nebert, 
1982; Guengerich, 1988; Hecht, 1999; Shimada, 
2000; Guengerich, 2000). In addition to being 
substrates, PAHs are also inducers of CYP1A1 and 
CYP1A2 genes. The mechanisms of transcriptional 
regulation of these two genes are not the same. 
CYP1A1 is expressed constitutively in several 
extrahepatic tissues, but not in the liver. However, 
while CYP1A1 expression has been demonstrated in 
the liver after inducer treatment, CYP1A2 is 
constitutively and inducibly expressed only in the 
liver (Kimura et al., 1986; Iwanari et al., 2002). Aryl 
hydrocarbon receptor (AhR) has been shown to play 
central roles in the regulation and induction of 
CYP1A1 and CYP1A2 by a prototype inducer, 
2,3,7,8-tetra-chlorodibenzo-p-dioxin (TCDD; Whi-
tlock, 1999). In addition to the two members of the 
CYP1A subfamily, CYP1B1, a relatively new 
member of the superfamily 1 (Savas et al., 1994; 
Brake, 1999; Ryu and Hodgson, 1999), has been 
postulated to be involved in the metabolism of PAHs 
such as TCDD through AhR and the AhR nuclear 
translocator (ARNT)-mediated pathway (Savas et al., 
1994; Ryu and Hodgson, 1999). Constitutive 
expression of CYP1B1 was detected in steroidogenic 
tissues such as adrenal glands, ovaries, and testes, but 
it was not detected in xenobiotic-metabolizing organs 
such as liver, kidney, and lung (Iwanari et al., 2002; 
Savas et al., 1994). Since CYP1 is responsible for 
activating carcinogenic aromatic amines and hetero-
cyclic amines, to which we are exposed to every day 
via tobacco smoke, cooked food, automobile exhaust, 
and industrial processes where such exposures have 
been causatively linked to an increased incidence of 
cancers in certain population (Procter, 2001), the 
metabolic activation of CYP1 is a critical step for risk 
assessment of cancer, and its regulation is also of 
clear interest. 

Phytomedicine: Andrographis paniculata 
An herb is a plant or plant part used for its scent, 

flavor, or therapeutic properties. Herbal medicinal 
products are dietary supplements that are taken to 
improve health. Many herbs have been used for a 
long time for claimed health benefits. Herbs are eaten 
in combinations, in relatively large, unmeasured 
quantities under highly socialized conditions. The 
real challenge lies not in proving whether herbs have 
health benefits, but in defining what these benefits 

are and developing the methods to expose them by 
scientific means (Tapsell et al., 2006).  

The metabolism of a drug can be altered by 
another drug or foreign chemical and such inter-
actions can often be clinically significant. The 
observed induction and inhibition of CYP enzymes 
by natural products in the presence of a prescribed 
drug has (among other reasons) led to the general 
acceptance that natural therapies can have adverse 
effects, contrary to the popular beliefs. Herbal 
medicines such as St. John’s wort (Hypericum 
perforatum), garlic (Allium sativum), ginseng (Panax 
ginseng), echinacea (Echinacea angustifolia, E. 
purpurea, E. pallida), saw palmetto (Serenoa 
repens), and ginkgo (Ginkgo biloba) have given rise 
to serious clinical interactions when co-administered 
with prescription medicines (Obach, 2000; Izzo and 
Ernst, 2001; Delgoda and Westlake, 2004; Strandell 

et al., 2004). Such adversities have spurred various 
pre-clinical and in vitro investigations on a series of 
other herbal remedies, with their clinical relevance 
remaining to be established. Although the presence of 
numerous active ingredients in herbal medicines 
complicates experimentation, the observable inter-
actions with CYP enzymes warrant systematic 
studies. Hence metabolism-based interactions can be 
predicted and potential adverse drug reactions 
avoided more readily. 

Andrographis paniculata Nees. (Family Acantha-
ceae), traditionally employed for centuries in Asia 
and Europe as a folklore remedy for a wide spectrum 
of ailments, or an herbal supplement for health 
promotion, is nowadays incorporated into a number 
of herbal medicinal preparations. It is found in the 
Indian Pharmacopoeias and is a prominent com-
ponent in at least 26 Ayurvedic formulas (Madav et 
al., 1995). In traditional Chinese medicine, it is an 
important “cold property” herb used to rid the body 
of heat, as in fevers, and to dispel toxins from the 
body (Deng, 1978). In Scandinavian countries, it is 
commonly used to prevent and treat the common cold 
(Caceres et al., 1997). Andrographis paniculata is 
one of the top 10 herbal medicines, which the Thai 
FDA has promoted as an alternative medicinal 
therapy for fever and inflammation.  

Andrographolide is the most medicinally active 
phytochemical found in the plant, including other 
constituents such as deoxyandrographolide, 19β-D-
glucoside, neo-andrographolide, 14-deoxy-11,12-di-
dehydroandrographolide, homoandrographolide, an-
drographan, andrographosterin, and stigmasterol 
(Cava et al., 1965; Chem and Liang, 1982; Shama et 
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al., 1992; Siripong et al., 1992). Extensive research 
has revealed that the whole-plant extract possesses 
many useful bioactivities, such as anti-inflammatory 
(Shen et al., 2002), antiviral (Calabrese et al, 2000), 
anticancer (Kumar et al., 2004), and immuno-
stimulatory (Puri et al., 1993; Iruretagoneya et al., 
2005) activities. On the other hand, male repro-
ductive toxicity (Akbarsha and Murugaian, 2000) and 
cytotoxicity (Nanduri et al., 2004) of this plant have 
been reported as well. Pharmacokinetic studies 
showed that andrographolide is quickly absorbed and 
extensively metabolized in rats and humans 
(Panossian et al., 2000). Andrographolide metabolites 
are mainly identified as sulfonic acid adducts and 
sulfate compounds (He et al., 2003a, b, c), as well as 
glucuronide conjugations (Cui et al., 2005). One of 
the metabolites, 14-deoxy-12(R)-sulfoandrographo-
lide, was reported to be identical to the anti-
inflammatory drug, Lianbizhi, which being clinically 
used in China (Meng, 1981). To gain additional 
insight into metabolic pathway of Andrographis 
paniculata, study of its components within the 
chemical pool of the plant affecting regulatory 
pathway of CYPs expression is of current interest. 

Potential of Andrographis paniculata on CYPs 
induction 

Besides attempts to determine the regulatory 
mechanism of CYPs expression by chemicals or 
endogenous factors, herbal medicines and/or their 
active constituents, as well as chemical-herbal medi-
cine interactions are worth investigating to discover 
their influences on the regulatory pathway of CYPs 
expression. Understanding such regulation may 
ascertain how restoration of health or recovery from 
disease can be accomplished by consuming herbal 
medicines. 

Phytochemicals present in herbal medicines have 
been reported to possess many pharmacological 
activities. Extensive studies have been performed to 
explore their potential for treatment or prevention of 
ailments. The aerial parts of Andrographis paniculata 
have been traditionally used as a hepatoprotective 
and hepatostimulative agent in Southeast Asian 
folklore remedy to treat a broad range of disorders 
including liver disorders and jaundice (Kapil et al., 
1993; Trivedi and Rawal, 2000). The extract of 
Andrographis paniculata including andrographolide, 
a major diterpenoid component and its analogues 
have been reported to exhibit a marked effect on 
hepatic bio-transformation enzymes, i.e., aniline 
hydroxylase, N- and O-demethylase (Choudhary and 

Poddar, 1984), alanine aminotransferase and 
aspartate aminotransferase (Trivedi and Rawal, 
2000), including phase II enzymes, i.e., glutathione S-
transferase and DT-diaphorase (Singh et al., 2001). 
Modulatory influence of Andrographis paniculata 
extract on a responsive isoform of hepatic CYPs was 
recently reported in mouse hepatic microsomes 
compared to typical CYP-inducers (3-MC for 
CYP1A and PB for CYP2B), in terms of total CYP 
content and related alkoxyresorufin O-dealkylase 
activities (Jarukamjorn et al., 2006). In mice 
administered with either the aqueous or alcoholic 
extract of Andrographis paniculata including 3-MC 
treated mice, the CYP content was comparable to the 
untreated mice, whereas for those PB treated, the 
CYP content was markedly increased. The purified 3-
MC-induced CYP1A1 and CYP1A2 showed subs-
trate-selectivity for ethoxyresorufin and methoxy-
resorufin, respectively (Burke et al., 1994), while that 
of pentoxyresorufin was selectively measured 
CYP2B10 in PB-induced microsome (Sakuma et al., 
1999; Jarukamjorn et al., 1999). 3-MC significantly 
increased EROD and MROD, whereas PROD was 
markedly elevated by PB. With respect to treatment-
duration, the increase of EROD and PROD activities 
by the extract of Andrographis paniculata show a 
time-dependent pattern (Jarukamjorn et al., 2006). 
These results conveyed CYP1A1 and CYP2B10 as 
responsive CYP isoforms for Andrographis panicu-
lata.  

How the components within the chemical pool of 
the crude extract of Andrographis paniculata affect 
the hepatic CYP pathway is not well understood; to 
date evaluation of the individual chemical com-
ponents present in the plant extract on the aspect of 
specific CYP isoforms has not been carried out. The 
impact of andrographolide, a major diterpenoid 
isolated from this plant, on hepatic CYP enzymes, 
especially CYP1 family, is further crucial step in the 
field of bio-tranformation and drug interaction. The 
results of such an inquiry might provide valuable 
guidelines for the rational administration and pre-
cautions for the use of the herbal plant. Moreover, 
since several confounding substances in the crude 
extract contribute effectively in a synergistic or anta-
gonistic pattern to the expression of bioactivation and 
detoxification machinery as well as the hepatic 
microsomal CYP-associated activity’s profile, their 
inserted pathways cannot be precluded. 
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Impact of andrographolide on CYP1 family 
Andrographolide (3-[2-[decahydro-6-hydroxy-5-

(hydroxylmethyl)- 5,8a-dimethyl-2-methylene-1-nap-
thalenyl]ethylidene] dihydro-4-hydroxy-2(3H)-fura-
none) is the major diterpenoid constituent of the plant 
Andrographis paniculata, and has been reported to 
show hepatoprotective activity in mice against carbon 
tetrachloride and paracetamol intoxication (Handa 
and Sharma, 1990a; Handa and Sharma, 1990b), and 
to possess pharmacological activity, including 
inhibition of iNOS expression (Chiou et al., 1998; 
Chiou et al., 2000), Mac-1 expression, and ROS 
production (Shen et al., 2000; Shen et al., 2002), and 
a protective effect against cytotoxicity (Kapil et al., 
1993). This compound has recently been shown to 
work as an anti-inflammatory agent by reducing the 
generation of ROS in human neutrophils (Shen et al., 
2002), as well as preventing microglia activation 
(Wang et al., 2004) and interfering with T cell 
activation (Iruretagoneya et al., 2005).  

The different mechanisms of transcriptional 
regulation among CYP1A1, CYP1A2, and CYP1B1 
(Guengerich and Shimada, 1998; Iwanari et al., 
2002), explained the observations that androgra-
pholide-inducibility of the expression of those 
isoenzymes differed: andrographolide extensively 
induced CYP-1A1 expression, while it induced 
CYP1A2 less markedly, and did not induce CYP1B1 
expression (Jaruchotikamol et al., 2007). Androgra-
pholide significantly up-regulated the expression 
level of CYP1A1 mRNA, protein, and enzyme in a 
concentration-dependent manner in monolayer-cultu-
red hepatocytes. In addition, a robust increased 
expression of UGT1A6 mRNA, which belongs to a 
battery of AhR-mediated genes by andrographolide 
was noted (our unpublished observations). Co-
treatment with andrographolide and B[a]A synergisti-
cally enhanced the expression of CYP1A1 mRNA, in 
which the expression was blocked by resveratrol, an 
AhR antagonist (Jaruchotikamol et al., 2007). These 
observations hint at the possibility that an AhR-
mediated transcription activation pathway partici-
pates in the synergistic effect of concomitant treat-
ment with andrographolide and B[a]A on CYP1A1 
mRNA expression. The increase of luciferase activity 
seen in TCDD-treated cells transfected with the 
3×(DRE), with no enhancement by co-treatment with 
andrographolide, supported a possibility of androgra-
pholide induced CYP1A1 after AhR activation. 
Therefore, andrographolide might influence the 
expression mechanism of CYP1A1 by enhanced 

efficiency of mRNA processing or inhibition of 
mRNA turnover.  

CONCLUSION AND PERSPECTIVES 

As alteration of CYP activities lead in some cases 
to severe clinical events, an approach to investigating 
the effects of herbal medicines on the regulation of 
CYP enzymes and determining critical potential 
CYPs interaction with pharmaceuticals are of clear 
necessity. For example, reduction of an HIV-1 
protease inhibitor indinavir by St John's wort could 
lead to the development of drug resistance and 
treatment failure (Izzo and Ernst, 2001). 

Compared with the typical CYP1A inducers, 
andrographolide, a single substance extracted from 
Andrographis paniculata, interestingly demonstrated 
a marked synergistic modification of the induction of 
CYP1A1 mRNA expression (Jaruchotikamol et al., 
2007). The expression of CYP1A1 markedly 
influences the activation of human-related chemical 
carcinogens (Kimura et al., 1986; Nemoto et al., 
1989; Nemoto and Sakurai, 1992; Iwanari et al., 
2002). Some possible advice for the rational 
administration and precautions for using the herbal 
medicine Andrographis paniculata, therefore, is 
considerably recommended. Moreover some risks 
associated with the use of Andrographis paniculata 
or andrographolide might be of clear interest, and 
further evaluation of andrographolide analogs and/or 
their metabolites seems worthwhile. However, since 
resveratrol possesses several pharmacological ac-
tions, which suggests involvements of several 
signaling pathways (Chun et al., 1999; Le Corre et 
al., 2006; Park et al., 2007), further investigations not 
restricted to the AhR-mediated pathway to reveal the 
synergistic mechanism might be of value and awaits 
elucidation.  

A couple of recent publications concerning 
CYP1A induction and drug development testing 
stated that a candidate drug, which exhibited CYP1A 
inducibility might be generally discontinued for fear 
of possible toxic or carcinogenic effects (Nebert et 
al., 2004; Uno et al., 2004). However, although 
potential induction of drug-drug interactions and 
bioactivation of toxic or carcinogenic compounds due 
to the induction of CYP1A1/CYP1A2 have been a 
concern for safety in drug development, induction of 
CYP1A has rarely been the deciding factor to 
determine whether a compound should be dropped 
for further testing because of its inducibility of 
CYP1A (Valles et al., 1995; Gastel, 2001). In the 
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field of drug development, a drug candidate is 
dropped only if it has very serious safety issues or 
clinically relevant drug-drug interactions (Farrell and 
Murray, 1990). According to these controversies, 
some advice for the rational administration, risks, and 
precautions for using the herbal medicine Andro-
graphis paniculata and/or andrographolide should be 
heeded. 
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