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Antileukemia component, dehydroeburicoic acid from  Antrodia camphorata
induces DNA damage and apoptosis in vitro and in vivo models

Ying-Chi  Du a,1 , Fang-Rong Chang a,b,c,d,1 , Tung-Ying Wu a , Yu-Ming Hsu a , Mohamed El-Shazly a,e ,
Chieh-Fu Chen f , Ping-Jyun Sung g,h , Yan-Yu Lin a , Yi-Hsin Lin a , Yang-Chang Wu a,i,j,k,∗∗, Mei-Chin Lu a,g,h,∗


a Graduate  Institute of Natural Products, College of Pharmacy, Kaohsiung  Medical University, Kaohsiung  807, Taiwan
b Cancer Center, Kaohsiung  Medical University Hospital, Kaohsiung  807, Taiwan
c Research and Development Center of Chinese Herbal  Medicines and New Drugs, College of Pharmacy, Kaohsiung  Medical University, Kaohsiung  807, Taiwan
d Department of Marine Biotechnology and Resources, National Sun Yat-sen University, Kaohsiung  804, Taiwan
e Department of Pharmacognosy and Natural Products Chemistry, Faculty  of Pharmacy, Ain-Shams University, Organization of African Unity Street 11566, Abassia, Cairo, Egypt
f Chih-Ying Plant Research and Development Foundation, Taipei City 100, Taiwan
g Graduate  Institute of Marine Biotechnology, National Dong Hwa University, Pingtung 944, Taiwan
h National Museum of Marine Biology  & Aquarium, Pingtung 944, Taiwan
i School of Chinese Medicine, College of Chinese Medicine, China Medical University, Taichung  404, Taiwan
j Natural Medicinal Products Research Center, China Medical University Hospital, Taichung  404, Taiwan
k Center for Molecular Medicine, China Medical University Hospital, Taichung  404, Taiwan



a  r t i c  l e 	i n f o

a  b s  t r a  c  t



Keywords:
Antrodia camphorata Dehydroeburicoic acid (DeEA) DNA damage
Apoptosis
Topoisomerase II inhibitor

Antrodia camphorata (AC) is a native Taiwanese mushroom which is used in  Asian folk  medicine as a chemopreventive agent. The triterpenoid-rich fraction (FEA) was obtained from the ethanolic extract of AC and characterized by high  performance liquid chromatography (HPLC). FEA caused DNA damage in leukemia HL 60 cells which was characterized by phosphorylation of H2A.X and Chk2. It also exhibited apoptotic effect  which was correlated to  the  enhancement of PARP cleavage  and to  the  activation of caspase 3. Five major triterpenoids, antcin K (1), antcin C (2), zhankuic acid C (3), zhankuic acid A (4), and dehydroeburicoic acid (5) were  isolated from FEA. The cytotoxicity of FEA major components (1–5) was investigated showing that dehydroeburicoic acid (DeEA) was the most potent cytotoxic component. DeEA activated DNA damage and apoptosis biomarkers similar to FEA and also inhibited topoisomerase II. In HL 60 cells xenograft animal model,  DeEA treatment resulted in a marked decrease of tumor weight and size without any signiﬁcant decrease in mice  body  weights. Taken together, our  results provided the ﬁrst evidence that  pure AC component inhibited tumor growth in vivo model backing the traditional anticancer use of AC in Asian countries.

© 2012 Elsevier GmbH. All rights reserved.



Introduction

Antrodia camphorata (AC), also known as Antrodia cinnamomea or  Taiwanofungus  camphoratus,  is an endemic  fungus  in  Taiwan which only  parasitizes   in  the  internal  heartwood or  the  dark humid wood surface of Cinnamomum kanehirai (Bull camphor tree)
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(Ao et al. 2009;  Lu et al. 2009a).  Mature AC fruiting bodies  are regarded  as the  colored  gems of the  forests,  ruby  in  Taiwanese forest,  due to  their  colorful orange  to  brown-red appearance.  It takes one year for AC fruiting bodies to grow to the size of one Euro forcing  the price  of one kilogram to reach 10,000–28,000  D . Due to the slow growth rate and the high price of wild fruiting bodies, AC is widely cultured.
AC, which is known in folk medicine as “chang-chih” has a long history in the prevention and treatment of several life threatening diseases including cancer, inﬂammatory disorders,  and hepatitis (Geethangili and Tzeng 2009;  Huang et al. 2010;  Lu et al. 2009b; Shen et al. 2003;  Yeh et al. 2009).  Currently, AC is used as food dietary supplement for cancer prevention and hepatoprotection in several Asian and European  countries. Its products are commer- cially  available  in China, Japan, Korea, Malaysia, and Singapore. It is also marketed in the United  Kingdom under  the name Antrodia camphorata.
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